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1.0 INTRODUCTION 
 
 
This project was conducted under a contract (contractually known as Dumbarton and Antioch Toll 
Bridge Geotechnical Investigation) with the Bay Area Toll Authority (BATA), while the California 
Department of Transportation (Caltrans) provided technical oversight. The geotechnical 
investigation was conducted for the Dumbarton Toll Bridge and Antioch Toll Bridge separately, 
and a number of reports were prepared for each of the two bridges.  
 
This report presents the results of foundation analyses undertaken by Earth Mechanics, Inc. (EMI) 
as part of larger geotechnical investigation for the seismic evaluation of the Antioch Toll Bridge in 
the San Joaquin/Sacramento River Delta of California. The materials covered in this report are 
primarily related to foundation evaluation, pile capacity estimates, and soil-structure interaction. 
While geology, subsurface conditions, and ground motion study are briefly discussed in this report, 
two separate reports have been prepared to document these subjects in details.  
 
 
1.1 Background 
 
The Antioch Bridge (officially named as the Senator John A. Nejedly Bridge) crosses the San 
Joaquin River linking the City of Oakley (southern) and the Sherman Island (northern), California. 
This 1.8 mile long bridge is signed as part of State Route 160. The location of the Antioch Bridge 
and photograph of the structure are shown in Figure 1-1. The bridge is formerly known as the San 
Joaquin River Bridge. 
 
The current Antioch Toll Bridge was designed in the middle 1970's and the construction was 
completed in 1978, replacing the original 1926-era lift span structure. The bridge consists of the 
Main Channel crossing, South and North Approaches, and a slab structure in the north end. Unlike 
the other toll bridges in California, the Antioch Bridge has only one lane going in each direction. It 
has bicycle and pedestrian access. The superstructure is comprised of two steel girders resting on a 
concrete bent cap supported on two hollow concrete columns. While the Antioch Toll Bridge 
construction incorporated seismic resistant features as required by the post-1971 San Fernando 
earthquake codes, recent significant changes in seismic design practice prompted Caltrans to 
initiate vulnerability studies in 2004 (Caltrans, 2005). The studies were unable to conclusively 
determine the performance of the bridge during a design earthquake normally adopted for this kind 
of bridge. The studies found that a comprehensive geotechnical study was necessary to determine 
whether seismic retrofit work is needed for the bridge, thus initiating the onset of this project. The 
findings from this project provide necessary geotechnical data for the development of seismic 
retrofit strategy finalized in early 2009. 
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1.2 Scope of Work 
 
The overall geotechnical investigation program conducted by EMI consists of the following three 
major elements for the Antioch Toll Bridge: 
 
Geotechnical Site Characterization: A number of soil borings (both marine and on-land), CPT 
soundings (marine and on-land), geophysical measurements, in-situ testing, laboratory testing, 
subsurface interpretation, and characterization of engineering properties of soils are performed. 
Faulting study was also conducted to clarify the existence of Antioch Fault and the possibility of 
surface fault rupturing. The operation of the field program, findings from the in-situ and laboratory 
testing, Logs-of-Test Borings (LOTBs), the interpreted subsurface conditions and the faulting study 
are documented in an EMI report entitled “Geotechnical Site Characterization for Antioch Bridge 
Seismic Retrofit Project.”  
 
Ground Motion Study: The ground motion study includes probabilistic and deterministic seismic 
hazard analyses incorporating the 2007 Delta Risk Management Study by URS, development of 
reference rock motion criteria for the Safety Evaluation Earthquake (SEE), generation of spectrum 
compatible time histories for site response analyses, and kinematic soil-structure interaction 
analyses to develop ARS (Acceleration Response Spectrum) design curves and pier-specific 
kinematic time histories. The findings are documented in an EMI report is entitled “Ground Motion 
Study for Antioch Bridge Seismic Retrofit Project.” 
 
Foundation Analysis: Detailed analyses of the foundations are conducted. The analyses include 
characterizations of lateral soil supports (p-y curves), and axial soil supports (t-z and q-u curves) 
along the pile. Pile capacity evaluations are conducted by performing axial and lateral load-
deformation analyses on a single pile. The pile groups are characterized by linearized 6×6 stiffness 
and mass matrices to be used in a global bridge model for seismic response evaluation. 
Liquefaction potential and associated settlement is also evaluated at susceptible locations. The 
results are provided in this report entitled “Foundation Analysis for Antioch Bridge Seismic 
Retrofit Project.”  
 
 
1.3 Organization of the Report  
 
In addition to this introductory section, the report has been organized into the following sections:  
 

• Section 2 – Local geology and geotechnical conditions are briefly described including 
idealized subsurface conditions along the bridge alignment and the soil 
profile and geotechnical soil parameters at individual pier locations; 

• Section 3 – Site ground motion study is briefly summarized, which includes:  
development of  ARS design curves, site response analyses and  kinematic 
motions analyses for selected piers; 

• Section 4 – The foundation system of the existing bridge is described, and its foundation 
performance is evaluated in terms of axial loading conditions and lateral 
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loading conditions. Liquefaction potential and associated settlement is 
evaluated at locations where loose sands are encountered. Soil support 
curves (p-y, t-z, and q-u curves) and pile capacities are provided; 

• Section 5 – The condensed stiffness and mass matrices for each pier are presented 
according to soil-structure interaction analysis, and a verification study of 
our sub-structuring scheme on a selected pier is included; 

• Section 6 – Our main conclusions are summarized. 
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FIGURE 1-1: LOCATION AND PHOTO OF ANTIOCH TOLL BRIDGE 
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2.0 SUBSURFACE CONDITIONS 

 
 
This section presents a brief summary of local geology, idealized subsurface conditions, and soil 
strata for each pier location according to site investigation results along the bridge alignment in 
order to support the foundation analyses of the Antioch Bridge. Detailed descriptions for the field 
program including soil boring, geophysical testing, laboratory testing, geotechnical interpretation, 
and logs of test boring, are provided in a dedicated report entitled “Geotechnical Site 
Characterization for Antioch Bridge Seismic Retrofit Project.”        
 
 
2.1 Local Geology 
 
The Antioch Toll Bridge spans the San Joaquin River along the eastern margin of the California 
Coast Range, a geomorphic province characterized by northwest-southeast trending ranges and 
valleys formed as a result of ongoing motion along the Pacific-North American plate boundary. 
The San Joaquin River flows north from its headwaters in the southern Sierra Nevada range and 
turns to the west where it joins the Sacramento River, 4 miles west of the bridge. The uplifted Coast 
Ranges west of the San Joaquin/Sacramento River confluence have created a unique topographic 
condition resulting in an inverted delta, a deposit fan forming as the river drops much of its 
sediment in a low-lying inland valley. The bedrock in the Antioch Bridge vicinity includes folded 
and faulted late Jurassic to Tertiary-aged rocks of the Great Valley Group (east) and the Franciscan 
Complex (west). The bedrock is overlain by channelized sands and gravels eroded from underlying 
bedrock, fine-grained deltaic sediments at the channel base, and up to 40' of peaty deposits north of 
the channel. 
 
The Antioch Toll Bridge is located in the northeast corner of the San Francisco Bay region, whose 
seismicity is controlled by the northwest trending, right-lateral San Andreas fault system, 
comprised of several major and minor fault strands as shown in Figure 2-1 (source: 
http://sfgeo.wr.usgs.gov). A total of 15 earthquakes of moment magnitude (M) ≥ 6.0 occurring in 
this area from 1850 to present are associated with the San Andreas fault system. The sub-parallel 
San Andreas and Hayward fault zones strike ~N35°W to N37°W and cut through the crust at 
variably high angles. The San Andreas fault on the San Francisco Peninsula is relatively young 
strand that has undergone ~15 miles of right-lateral offset in the past 3.3-1.3 Ma. The Hayward 
fault system, including the Hayward, Calaveras, Rodgers Creek, and Healdsburg faults, has 
undergone ~ 65 miles of cumulative offset in the past 12 Ma.  
 
Seismicity of the Antioch Toll Bridge is also affected by smaller local faults such as the Greenville, 
the Pittsburg/Kirby Hills, and the Midland faults. A more detailed description about the seismic 
source of the site can be found in Section 3.1. The seismic sources considered in the seismic hazard 
study do not include Antioch fault as it is not considered active by several researchers. The Antioch 
fault has been removed from Alquist-Priolo Special Studies Zone, and Caltrans has removed the 
Antioch fault from the updated seismic hazard map. Fault rupturing across the Antioch Bridge was 
evaluated, and it was determined that possibility of this event is highly unlikely.   
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2.2 Idealized Subsurface Conditions 
 
As part of the geotechnical investigation program, EMI conducted extensive site explorations in the 
marine and on-land areas for the Antioch Bridge, with borings and CPT probing penetrating to 
depths of about 210 ft below the modern San Joaquin channel. A number of earlier investigations 
were also conducted prior to EMI’s exploration program. A separate site characterization report has 
been prepared for the project documenting geology, site investigation, field and laboratory testing, 
and interpretation of geotechnical conditions along the bridge. The materials and sediments 
underlying the bridge, which belong to the late Pleistocene to Holocene deposition, is a typical of 
the San Joaquin/Sacramento River Delta geology. According to the current investigation results and 
previous work, the in-situ lithological units can be interpreted and grouped into the following 
principal strata:  
 

• Artificial Fill – Approximately 30 feet of loose, fine-grained, well-graded sand present 
at the top of the south side of the bridge; 

• Loose Sand – Loose silty sand and sand with peat existing in the southern channel area 
from elevation +5 to -50 ft; 

• Clayey Peat  – Laterally continuous soft clay and peat present north of the main channel 
from elevation +5 to -60 ft; 

• Medium Sand – Laterally continuous, medium dense, poorly-graded sand present about 
at the elevation -80 ft in the main channel and -20 ft in the south approach and the north 
end of slab bridge span, with thickness varying from 10 to 60 feet ; 

• Stiff Clay – Discontinuous thin lenses of interbedded firm to stiff, plastic clay and 
medium dense, clayey sand extending laterally from the southern abutment structure to 
the vicinity of Piers 17 and 18 from elevation -30 to -40 ft; 

• Dense Sand – Laterally continuous, dense to very dense interbedded sands, gravelly 
sands and sandy gravels present from elevation -20 to -100 ft; 

• Hard Clay – Hard to stiff, yellowish brown to olive gray silty clay (Montezuma 
Formation) found continuously below the elevation of -100 to -120 ft with thickness 
greater than 100 feet; 

 
Figure 2-2 presents the idealized subsurface soil profile developed along the bridge. Within the 
limits of the bridge alignment, the subsurface conditions underlying the site are rather uniform and 
flat-lying in the region north of the main channel, with considerable variation in the area beneath 
the South Approach span. 
 
 
2.3 Liquefaction Potential  
 
Liquefaction is defined as the transformation of a geo-medium from a solid to a liquefied state due 
to increased pore water pressure and reduced shear strength. Liquefaction often takes place in loose 
to medium silty sands or sands capped by impermeable sediment seams below water table and at 
the relatively shallow depth (< 50 ft), when subjected to strong vibrations such as earthquakes. The 
denseness of a granular material can be easily identified by the SPT or CPT sounding. As referred 
to the idealized soil stratification profile of Figure 2-2, the liquefaction susceptible regions are 
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located at the southern part of the bridge from Abutment 1 to Pier 19 as well as near the northern 
half of the slab bridge span from Pier 47 to Abutment 71. Liquefaction assessment is performed for 
these pier locations, and the analysis results are presented in Section 4.2. 
  
 
2.4 Idealized Soil Strata and Property Data for Each Pier 
 
As described in the following sections, various foundation analyses were conducted along the 
bridge, which required the idealized soil profile and engineering property data at each pier location. 
Table 2-1 presents the idealized soil properties adopted for the different lithological units at the site. 
The idealized soil strata at all Antioch Bridge and slab bridge piers are presented in Appendix A, in 
which engineering soil properties used and foundation data are also included.  
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TABLE 2-1: IDEALIZED SOIL PROPERTIES ALONG THE BRIDGE 

Soil Profile I: South Approach: Abutment P01 (Sta. 134+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 
Fill (Sand) +20 115 - - 32 701 350~450 

Medium Sand +5 120 - - 33 901/602 450~800 
Dense Sand -35 125 - - 36 902 800~1000 
Hard Clay -103 125 4000 0.005 - - 1000~1200 

Note: 1 above GWT; 2 below GWT. 
 

Soil Profile II: South Approach: Pier P02 ~ Pier P07 (Sta. 135+00 ~ 146+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 

Loose Sand3 +8 ~ +10 115 - - 30 451 300~400 
Medium Sand4 +2 120 - - 32 701/502 400~500 

Soft Clay -10 ~ +2 115 600 0.015 - - 300~400 
Medium Sand5 -26 ~ -12 120 - - 33 602 400~700 
Dense Sand6 -48 ~ -34 125~128 - - 36~38 90~1152 700~1000 

Hard Clay -103 ~ -102 125 4000 0.005 - - 1000~1200 
Note: 1 above GWT; 2 below GWT; 3 disappears near Pier 07; 4 only apperas near Pier 02; 
          5 a soft clay sub-layer 3'~5' thick appears between Pier 02 and Pier 05 ; 
          6 a firm clay sub-layer 4'~14' thick appears between Pier 05 and Pier 07 (See below for their properties). 
 

Soil Profile III: South Approach: Pier P08 ~ Pier P16 (Sta. 147+00 ~ 164+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 

Loose Sand -27 ~ -16 115 - - 30 33 300~450 
Medium Sand -37 ~ -18 120 - - 33 60 450~700 

Firm Clay -48 ~ -28 120 1000 0.01 - - 500~600 
Dense Sand -54 ~ -43 128 - - 38 115 600~1000 
Hard Clay -120 ~ -98 125 4000 0.005 - - 1000~1200 

 

Soil Profile IV: South Approach: Pier P08 ~ Pier P16 (Sta. 147+00 ~ 164+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 

Loose Sand -40 ~ -34 115 - - 30 33 300~400 
Medium Sand -60 ~ -37 120 - - 34 70 400~700 
Dense Sand -86 ~ -72 128 - - 38 115 600~1000 
Hard Clay -117 ~ -107 125 4000 0.005 - - 1000~1200 

 

Soil Profile V: Main Channel Pier P20 ~ North Approach Pier 40 (Sta. 175+00 ~ 219+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 
Soft Clay -46 ~ -9 110 300 0.02 - - 250~450 

Medium Sand -79 ~ -63 120 - - 34 70 500~700 
Dense Sand1 -101 ~ -78 125~128 - - 36~38 90~115 700~1000 

Hard Clay -115 ~ -98 125 4000 0.005 - - 900~1200 
Note: 1 does not appear between Pier 27 and Pier 31. 
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TABLE 2-1: IDEALIZED SOIL PROPERTIES ALONG THE BRIDGE  (Cont.) 

Soil Profile VI: North Approach Abutment 41 ~ Slab Bridge Pier 56 (Sta. 220+00 ~ 224+50) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 
Soft Clay1 -11 ~ -7 110 300 0.02 - - 250~450 

Medium Sand -69 ~ -30 120 - - 34 70 500~700 
Dense Sand -85 ~ -81 128 - - 38 115 700~900 
Hard Clay -109 ~ -100 125 4000 0.005 - - 900~1200 

Note: 1 a medium sand pocket 8' thick appears between Pier 47 and Pier 50. 
 

Soil Profile VII: Slab Bridge: Pier 57 ~ Abut 71 (Sta. 224+50 ~ 228+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 
Soft Clay -13 ~ -12 110 300 0.02 - - 250~350 

Medium Sand1 -25 ~ -23 120 - - 34 70 400~700 
Dense Sand -80 ~ -77 128 - - 38 115 700~900 
Hard Clay -108 ~ -100 125 4000 0.005 - - 900~1200 

Note: 1 a soft clay pocket 5' thick appears between Pier 57 and Pier 58. 
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FIGURE 2-1: MAJOR FAULT SYSTEM IN SAN FRANCISCO BAY AREA 
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FIGURE 2-2: IDEALIZED SOIL PROFILE ALONG ANTIOCH BRIDGE 
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FIGURE 2-2: IDEALIZED SOIL PROFILE ALONG ANTIOCH BRIDGE (Cont.) 
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FIGURE 2-2: IDEALIZED SOIL PROFILE ALONG ANTIOCH BRIDGE (Cont.) 
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FIGURE 2-2: IDEALIZED SOIL PROFILE ALONG ANTIOCH BRIDGE (Cont.) 
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3.0 GROUND MOTIONS 

 
 
This section presents a brief summary of ground motion study work. Details can be found in a 
separate ground motion report entitled “Ground Motion Study for Antioch Bridge Seismic Retrofit 
Project,” which has been prepared for documenting probabilistic and deterministic seismic hazard 
study, spectrum-compatible earthquake time histories, site response analysis, and soil-structure 
interaction analysis in depth with supporting tables and illustrations. 
 
 
3.1 Seismic Hazard Study 
 
The analytical technique adopted for the probabilistic seismic hazard analysis (PSHA) follows the 
original work developed by Cornell (1968), except with the extension considering both the aleatory 
variability and the epistemic uncertainty of ground motion prediction. The site relative to the major 
faults in the region is shown in Figure 3-1, and the local seismic sources in the delta area are shown 
in Figure 3-2. The bridge is located about 74 km east of the San Andreas fault, 16 km east of the 
Greenville fault, and 15 km east of the Pittsburg/Kirby Hills fault. The Midland fault dips toward 
the site, with the shortest distance to the site at 11 km. For the delta region, the source 
characterization developed by URS (2007) for the Delta Risk Management Study was adopted, 
while for the other major faults, the seismic source characterization was based on the 2003 USGS 
Working Group on Earthquake Probabilities in Northern California (WG 2003). 
 
For the magnitude density function describing how the fault slip-rate is distributed in different size 
earthquakes, the characteristic model (Youngs and Coppersmith 1995) was used for major faults, 
and Y&C model with a weight of 0.7 and a normal distribution with a weight of 0.3 was adopted 
for the faults in the delta region. The rupture dimension model is based on the relations for fault 
area and fault width (Wells and Coppersmith 1994) for all source types. Five attenuation 
relationships developed as part of PEER Next Generation Attenuation (NGA) program were used 
in the probabilistic seismic hazard analysis. These attenuation relations were made for a spectral 
damping of 5% and adjusted to account for near-fault directivity effects. The near-fault directivity 
effects were based on a modified form of the Somerville et al. (1997) fault-rupture directivity 
model (as described in Abrahamson, 2000), comprising two period-dependent scaling factors: one 
dealing with the increase in shaking intensity in the average horizontal component and another 
reflecting the directional nature of the shaking intensity. 
 
Uniform hazard spectra (UHS) at six return periods (100-, 300-, 475-, 1,000-, 1,500- and 2,000-
years) were then computed, including the fault normal (FN) and fault parallel (FP). Figure 3-3 
shows a series of uniform hazard spectra for the FN component, as well as the result of 
deterministic analyses conducted for the Southern Midland fault using 50th 

percentile (mean) and 
84th percentile (mean plus one standard deviation). Vertical spectrum was developed from a V/H 
ratio applied to the average of the fault normal and fault parallel components. 
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From several discussions with Caltrans and the Seismic Peer Review Panel for the toll bridges, the 
1,000-year return period ground motion was considered appropriate and selected as the Safety 
Evaluation Earthquake (SEE) for seismic retrofit evaluation of the Antioch Bridge. Figure 3-4 
presents the reference rock spectra for the SEE scenario showing the fault normal (FN), fault 
parallel (FP), and vertical components.  
 
 
3.2 Spectrum Compatible Time Histories 
 
Seven sets of spectrum compatible time histories were developed by modifying seed motions 
(usually actual earthquake records) so that their spectra are similar to the SEE reference rock 
spectra. Various methods have been developed to perform the spectrum matching. A commonly 
used method adjusts the Fourier amplitude spectrum based on the ratio of the target response 
spectrum to the time history response spectrum while keeping the Fourier phase of the reference 
history fixed. An alternative approach adjusts the time history in the time domain by adding 
wavelets to the reference time history which used in this project. 
   
As part of the spectral matching procedure, a baseline correction was also applied to the ground 
motions in acceleration, velocity, and displacement. The baseline is computed by fitting the 
displacement time history to a high order polynomial (order 4 to 7) and excluding the constant and 
linear terms.  The second derivative of this displacement baseline is computed and it is subtracted 
from the acceleration ground motion. 
 

The following are a summary of seven seed motions that have been used to generate spectrum-
compatible time histories: 

● Set 1:  1989 Loma Prieta Earthquake (M=6.9), Saratoga – Aloha Ave at 13.0 km 

● Set 2:  1987 Superstition Hill Earthquake (M=6.3), Wildlife Liquefaction Array at 24.7 km 

● Set 3:  1987 Whittier Earthquake (M=6.0), Northridge-Saticoy St. at 39.8 km 

● Set 4:  1979 Imperial Valley Earthquake (M=6.5), EC CO Center FF at 7.6 km 

● Set 5:  1979 Imperial Valley Earthquake (M=6.5), Calexico Fire Station at 10.6 km 

● Set 6:  1994 Northridge Earthquake (M=6.7), Century City, LACC  at 25.7 km 

● Set 7:  1981 Taiwan Earthquake (M=6.3), SMART1 M07 at 21.0 km 

 
 
3.3 Seismic Response and Kinematic SSI Analysis 
 
For the development of ARS design criteria, six representative piers were selected to conduct site 
response and kinematic soil-pile interaction analyses. The six selected piers are: South Approach 
Piers 03 and 12 (20"×20" square concrete piles, the former with a buried pile cap and the latter with 
a cantilevered one); Main Channel Piers 19 and 21 (54-inch diameter concrete hollow piles with a 
long cantilever pile length above mud-line); North Approach Piers 30 (20"×20" square concrete 
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piles with a buried pile cap) and Pier 39 (30-inch steel pipe piles with a cantilevered portion above 
mud-line). The exterior piles for each of the six selected piers are highly battered outward. 
 
Small-strain shear modulus Gmax is best estimated from shear wave velocity values that are 
measured in the field and by using the relationship of Gmax = ρVs

2, where ρ is mass density and Vs 
is shear wave velocity. Soil dynamic properties in terms of normalized shear modulus and damping 
curves have been studied by many researchers. For the site response analyses, we adopted the Seed 
et al. (1986) relationship for sand and the Vucetic and Dobry (1991) relationship for clays. To deal 
with potential variations in the determination of in situ soil properties, the following parametric 
studies were considered: 1) the best-estimate case established from the down-hole shear wave 
velocity measurements; 2) a lower bound case; and 3) an upper bound case. Scaling factors of 0.75 
and 1.25 were used as multiplication factors on the best-estimate shear-wave velocity for lower and 
upper bound scenarios.  
 
Site response analyses were conducted using the computer program SHAKE91 (Idriss and Sun, 
1992), an equivalent linear analysis. The program SHAKE91 has been used for solving one-
dimensional shear wave propagation problems for three decades. Engineers have accumulated 
knowledge from the performance of SHAKE in predicting ground response during earthquakes. To 
avoid an unrealistic prediction of free-field motion for a long soil column, a relatively short soil 
column was used for our site response analyses. A transmitting boundary was selected near 
Elevation (El.) -200 feet where an average shear wave velocity of 1200 feet per second (366 m/sec) 
is anticipated, which was a controlling parameter in the NGA attenuation models. 
 
To rigorously develop the design response spectra for the pile-supported structure, soil-pile 
interaction was considered. The method is based on a linear theory making use of the sub-
structuring procedure (see Section 5 for detail). The first step involved linearization of p-y curves 
by performing a lateral pushover analysis of a single pile to a representative displacement level 
expected during the earthquake. A pile foundation model was then created in which each pile was 
supported on elastic soil springs that were excited by depth-varying, free-field motions computed 
from the site response analyses. Sub-structuring was performed to compute resultant forces acting 
at the pile-cap level. The resultant forces were divided by the foundation stiffness to result in so-
called kinematic motions. The kinematic motions formed the basis for development of ARS design 
curves for the bridge structure. The kinematic motion is calculated at the pile cap level and 
implicitly contains the statically condensed forces transmitted from the ground to the superstructure 
along the entire embedded pile length. Therefore, the effects of the depth-varying shaking intensity 
in the soil column, the depth-varying soil stiffnesses, and the pile properties are included in the 
solution. The following pile properties were used in conducting kinematic soil-pile interaction 
analyses (also see Section 5.3):  
 
 • 54-inch diameter concrete piles (Main Channel  Piers 17 ~ 21) 

Effective pile EI = 8.47×1011 lb-in2.
 

(Infilled section) 

Effective pile EI = 6.44×1011 lb-in2.
 

(Hollow section) 

 • 30-inch diameter steel pipe piles (Piers 39,40) 
Effective pile EI = 2.35×1011 lb-in2.

 

 

 • 14-inch square concrete piles (Abutment 1 and Pier 41) 
Effective pile EI = 6.95×109 lb-in2.
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 • 24-inch square concrete piles (the rest of bridge piers) 
Effective pile EI = 6.07×1010 lb-in2.

 

 

 • 12-inch square concrete piles (slab bridge piers) 
Effective pile EI = 3.11×109 lb-in2.

 

 

 
A fixed pile head condition was assumed in all the cases. The analyses were conducted with the in-
house computer program KIPS, which is dedicated to performing kinematic soil-pile interaction 
analyses (Earth Mechanics, Inc., 1999). Considering seven motion sets and three levels of shear 
wave velocity, 21 kinematic spectra (spectral accelerations and displacements) for each selected 
pier were computed, from which their mean and mean plus one standard deviation spectra were 
then obtained.  
 
 
3.4 ARS Design Curves 
 
The shape of response spectra as obtained from the kinematic soil-pile interaction analyses 
sometimes contains multiple peaks and valleys. For practical use and simplicity for the design 
process, it was decided that the final ARS recommendations should be constrained by a well-
behaved ARS curve shape for both spectral acceleration and displacement (i.e., the final ARS 
curves should be smoothed-out). Discussions with the structural designers led to a decision to keep 
a minimum number of ARS design curves for the response spectrum analyses. From a review of the 
kinematic spectra from the six piers, it appears that three sets of ARS curves would be adequate to 
cover horizontal seismic loading for the entire bridge:  

 
• ARS Curve 1: Recommended for design of the South Approach piers (1~16), or the 

entire Antioch Bridge at all piers as the most simplified but the most conservative 
design basis 

• ARS Curve 2: Recommended for designing the Main Channel piers (17~21), 
representing 54-inch diameter concrete hollow piles with a long cantilever pile 
extending above mud-line 

• ARS Curve 3: Recommended for designing the North Approach piers (22~41) 
founded on smaller piles driven through the very soft peat layer 

 
For the vertical spectrum, we recommend using the reference vertical motion spectrum from PSHA 
without further site response analysis. The recommended SEE design spectra for 5 percent damping 
are presented on Figure 3-5.  
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FIGURE 3-1: FAULT MAP AROUND PROJECT SITE (RED STARS FOR THE SITE) 
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FIGURE 3-2: SEISMIC SOURCES IN THE DELTA REGION (RED FAULTS-WG03; OTHERS- URS,2007) 
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FIGURE 3-3: UNIFORM HAZARD SPECTRA AND MCE SPECTRA (SPECTRAL ACCELERATION) 
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FIGURE 3-4: REFERENCE ROCK SPECTRA FOR THE SAFETY EVALUATION EARTHQUAKE 
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FIGURE 3-5: ARS DESIGN CURVES FOR SAFETY EVALUATION EARTHQUAKE (SEE) 
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4.0 FOUNDATION EVALUATION 

 
 
This section presents the description of foundations along the bridge, and the important issues on 
evaluation of these foundations in terms of axial loading conditions and lateral loading conditions. 
Liquefaction potential and associated settlement is evaluated at potentially susceptible locations. In 
addition, soil support characteristics depicting p-y, t-z, and q-u curves for individual pile are 
tabulated which can be used for pushover analyses and estimating pile capacities. To assist 
modeling of the foundations in the global bridge models for seismic response evaluation, 
foundation stiffness, mass, and damping matrices are provided in Section 5.3.  
 
 
4.1 Foundation Description 
 
The entire existing bridge is composed of Main Channel, South and North Approaches, and a slab 
structure in the north end; all supported on pile foundations (see Figure 4-1). Tables 4-1 and 4-2 
summarize the number of piles per bent, pile top and pile tip elevations, pile group layout, pile type 
and size, and design load of the pile for Antioch Bridge and slab bridge piers.  
 
The South Approach consists of Abutment 1 and Pier 2 through Pier 16, with Abutment 1 founded 
on 14-inch square concrete piles and Piers 2 to 16 on 24-inch square concrete piles. Abutment 1 and 
Pier 2 through Pier 6 have buried pile caps and the remaining piers have pile caps cantilevered 
above the mud-line with cantilever height varying from 15 to 28 ft. The Main Channel span 
contains Piers 17 to 21, each supported on 54-inch diameter concrete hollow piles with a pile cap 
cantilevered 27 to 52 ft above the mud-line. The North Approach consists of Piers 22 through 41, 
with Pier 22 through Pier 38 supported on 24-inch square concrete piles, Piers 39 and 40 on 30-inch 
diameter steel pipe piles in-filled with concrete, and Pier 41 founded on 14-inch square concrete 
piles. Piers 39 and 40 have pile caps cantilevered 10 to 20 ft above the mud-line, and the remaining 
piers have embedded pile caps. The design load of a single 54-inch diameter concrete hollow pile is 
500 tons. The design load of a single 24-inch square or 30-inch diameter pile is 250 tons, and that 
of a single 14-inch square pile is 100 tons. 
 
All the pile caps of Antioch Bridge piers are rectangular-shaped on a plan view. The cap width 
varies from 24 to 48 feet, the cap length varies from 39 to 56 feet, and the cap thickness is between 
and 7 and 11 feet. Pier 19 in the middle of main crossing channel has the largest cap dimension. 
The number of piles per pier varies from 12 to 30. The exterior piles for each Antioch Bridge pier 
(except Abutment 1 and Pier 41) are highly battered outward with angle 1 (horizontal) to 3 
(vertical), for providing higher lateral resistance. The elevation of pile top is between -21 and +5 
feet, while that of pile tip is between -112 and -40 feet. The elevation of mud-line varies from -46 
to 10 feet, with the lowest value near Pier 20.  
 
The slab structure at the end of the North Approach is composed of 30 piers (Pier 42 through Pier 
70 and Abutment 71), each supported on extensions of four 12-inch square concrete vertical piles 
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with a slender cap-beam near the mud-line elevation. The design load of a single 12-inch square 
pile is 70 tons. The pile layout for each pier can be also found in Appendix A. 
 
 
4.2 Liquefaction Assessment 
 
The adopted procedure of quantitative liquefaction evaluation is mainly based on the collaborative 
work of Youd and others (2001), which provides the state-of-the-art summary of consensus 
recommendations on the extensive developments, after the “simplified procedure” for evaluating 
soil liquefaction resistance pioneered by Seed and Idriss in 1964. The following briefly describes 
the definition of safety factor and the criteria based on standard penetration and cone penetration 
tests. Further details can be found in their original paper.  
 
The factor of safety against liquefaction of a soil sub-layer (FS) is defined by the ratio of soil cyclic 
resistance ratio (CRR) to soil cyclic stress ratio (CSR), as follows: 
 

CSR
KKMSFCRR

CSR
CRRFS ασ ⋅⋅⋅

== 5.7  

 
in which CRR7.5 is the cyclic resistance ratio for magnitude 7.5 earthquake, MSF is the magnitude 
scaling factor, Kσ is the correction factor for high overburden pressure, Kα is the correction factor 
for sloping ground, and CSR can be expressed by the ratio of average shear stress (τav) to effective 
overburden pressure (σ'v0), as follows: 
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in which amax is the peak horizontal acceleration at ground surface, σv0 is the total overburden 
pressure, and rd is the stress reduction coefficient, as function of depth. 
 
For the standard penetration tests (SPT), CRR7.5 can be statistically approximated by  
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in which (N1)60cs is the clean-sand SPT blow count normalized to an overburden pressure of 100kPa 
(1tsf) and a hammer energy ratio of 60%, and equals to: 
 

SRBENmcs CCCCCNNN ⋅⋅⋅⋅⋅⋅+=+= βαβα 601601 )()(  
 
where α and β are correction coefficients for fine content, Nm is the measured SPT blow count and 
CN, CE, CB, CR and CS are SPT correction coefficients for overburden pressure, energy ratio, 
borehole diameter, rod length and sampling method, respectively. 
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For the cone penetration tests (CPT), CRR7.5 can be approximated by  
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in which (qc1N)cs is the clean-sand cone penetration resistance normalized to an overburden pressure 
of 100kPa, and equals to: 
 

a

c
QcNcccsNc p

q
CKqKq ⋅⋅=⋅= )()( 11  

 
where Kc is the correction factor for grain characteristics, CQ is a normalizing factor, qc is the field 
cone penetration resistance at tip, and pa is 1atm of pressure. 
 
The results of liquefaction assessment conducted on Abutment 1 through Pier 19 at the southern 
segments of the bridge and 4 selected piers near the northern half of the slab bridge span are 
summarized in Table 4-3. The SPT or CPT soundings nearest to each of these piers were chosen for 
performing analysis, providing the representative results to these pier locations. The peak ground 
acceleration (amax) of each pier location was computed from the SHAKE runs of the seven input 
motion sets. A moment magnitude of 6.6 was adopted for the site. When a soil layer has a FS less 
than unity, it is classified as liquefiable; several successive liquefiable layers make up a potential 
liquefaction zone. Individual liquefiable layers are identified in Table 4-3. From evaluation of these 
results, the following observations and recommendations can be made: 
 

• The soil strata at the southern end of the bridge span (from Abutment 1 to Pier 4) are 
generally non-liquefiable, because none or only few thin liquefiable zones exists for 
these pier locations; 

• On the other hand, the subsoil at the remaining portion of south bridge span and the 
northern half of the slab bridge span contains liquefiable zone(s) with total thickness 
varying from 20 to 45 feet; these liquefiable zones might be continuous or localized 
along these regions; 

• The influence of these liquefiable zones on foundation performance is examined in 
Section 4.6. 

 

4.3 Axial Loading Conditions 
 
Vertical loads on the foundation are resisted by the underlying piles which are axially loaded. The 
pile resistance is developed when there is relative movement between the pile and the surrounding 
soil. The load-displacement relation between the pile shaft and soil is characterized by the so-called 
t-z curve, while that between the pile tip and soil represents the q-u curve. For a well-designed pile, 
the soil adjacent to the pile should provide a sufficient capacity to withstand the applied load 



 

4-4 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

without bearing failure so that the pile does not undergo exceeding settlement under the working 
load condition. In this section, the t-z and q-u curves of all Antioch Bridge and slab bridge piers are 
presented, their axial load-deformation (Q-δ) curves in terms of pile head load versus pile head 
displacement relationship are developed, and their ultimate bearing capacity values computed using 
CPT data are compared with the capacity estimated from the conventional pile capacity 
calculations. 
 
 
4.3.1 t-z and q-u Curves 
 
Determination of the ultimate skin friction resistance (tmax) and end bearing capacity (qmax) as well 
as development of the t-z and q-u curves are described in this section. The developed t-z and q-u 
curves are used in the following section for generating Q-δ curves (pile head load vs. pile head 
deformation), in the soil-structure interaction analysis for forming 6×6 condensed matrices and 
kinematic motions (see Section 5-3), and in the finite element analysis of the bridge model for 
simulating the nonlinear soil springs distributed along the piles. 
 
The ultimate skin friction resistance (tmax) in the t-z curve can be obtained by multiplying a unit skin 
friction of soil (fs) with the pile circumference, and therefore the t-z curves are developed per a linear 
pile length basis. The general formula for soil unit skin friction (fs) is given in the following equation, 
depending upon the soil type: 
 

cfclay
Kfsand

s

vs

 :
tan':

α
δσ

=
=

 

 
where K is the lateral earth pressure coefficient whose value depends on the pile installation 
method, σv' is the effective overburden pressure, δ is the friction angle between the pile material 
and the soil as function of soil internal friction angle (φ'), c is the undrained shear strength, and α is 
the adjustment factor depending on (c, σv'). In the project, K=1.0 and δ=0.75φ' were adopted for 
sand layers, and α varying from 0.8 to 1.0 was used for clays. The real shape of in-situ t-z curves is 
affected by the pile installation method, the roughness of pile surface, soil type and depth. The t-z 
curve adopted in the project is based on the work developed by Vijayvergiya in 1977, as shown in the 
following equation in a normalized form: 
 

cc z
zB

z
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t

00
max

−=  

 
where t is the actual skin resistance, (A0, B0) are empirical coefficients, z is the actual relative 
displacement between the pile surface and soil, and zc is the ultimate relative displacement between 
the pile surface and soil. It is noted that the skin friction behavior becomes purely plastic when z 
exceeds zc. In the project, we adopted A0=2 and B0=1 for both sand and clay, zc=0.2 inch for sand 
and zc=0.01D (where D is pile diameter) for clay. Accordingly, the normalized t-z curves for both 
sand and clay can be approximated by the following table and plotted in Figure 4-2: 
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 t/tmax z/zc  
 0.000 0.000  
 0.397 0.050  
 0.532 0.100  
 0.694 0.200  
 0.795 0.300  
 0.865 0.400  
 0.949 0.600  
 1.000 1.000  
 1.000 ∞  
 
The ultimate end bearing force (qmax) in the q-u curve can be obtained by multiplying a unit end 
bearing capacity at the pile tip (qt) with the pile-tip area (A). The general formula for soil end bearing 
capacity (qt) is presented in the following equation, also depending upon the soil type: 
 

cNqclay
Nqsand

ct

vqt
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=
= σ

 

 
where (Nq, Nc) are bearing capacity factors depending on φ', failure mode and pile geometry, σv' is 
the effective overburden pressure at tip, and c  is the average undrained shear strength beneath the 
tip. Figure 4-3 depicts several bearing capacity factor Nq versus internal friction angle relationships 
(Fang, 1991). It can be seen that there are appreciable variations among different theories in 
determining the end bearing capacity factors. The uncertainty is compounded by different pile 
installation methods. In the project, Nq varying from 25 to 105 was adopted for sand layers and 
Nc=9 was used for clays. The shape of in-situ q-u curves is affected by the pile installation method, 
the pile tip geometry, soil type and depth. The q-u curve adopted in the project is also based on the 
work developed by Vijayvergiya in 1977, as shown in the following equation: 
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where q is the actual end bearing resistance, C0 is an empirical coefficient, u is the actual end 
settlement at the tip, and uc is the ultimate end settlement. It is also observed that the end bearing 
behavior becomes purely plastic when u exceeds uc. In the project, we adopted C0=1/3 and uc=0.1D 
for both sand and clay. Note that since the displacement for mobilizing full end bearing is 
relatively large compared to skin friction, the contribution of end bearing resistance will be 
small during load transfer analyses. The normalized q-u curves for both sand and clay can be 
approximated by the following table and also plotted in Figure 4-2: 
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 q/qmax u/uc  
 0.00 0.00  

 0.45 0.10  
 0.63 0.25  
 0.79 0.50  
 1.00 1.00  

 1.00 ∞  
 

In order to compute the t-z curves along an in-situ pile and q-u curve at its tip, the following 
parameters are required, namely, pile diameter D, pile circumference and tip area, a series of 
selected depth values from pile top to tip, (γ, c) of soft clay, and (γ, φ') of sand. All these values can 
be found in Table 2-1 and in the generalized soil profiles provided in Appendix A. The coordinates 
of t-z and q-u curves of all Antioch Bridge and slab bridge piers developed using these parameters 
are listed in Appendix B. These t-z and q-u curves are applicable for both the vertical pile and 
battered pile as long as they are aligned along the pile axis. Also, the presented data are for loading 
in compression only, whereas a scale factor of 0.75 can be applied on soil skin resistance (t) for 
tensile loading and there is no end bearing resistance in tension.  
 
 
4.3.2 Axial Load versus Deformation Analysis 
 
From the complete axial pile-head load versus pile-head deformation (Q-δ) curve of a pile, one can 
readily find the pile head settlement for any axial load being applied at the pile top, and vice versa. 
Once the t-z and q-u curves of a pile are developed and its cross-section area (A) and Young's 
modulus (E) are given, the Q-δ curve of the soil-pile system can be generated. Figure 4-4a shows a 
schematic of an embedded pile, and the pile top is subjected to a boundary condition of prescribed 
load or displacement (Q1 or δ1). Figure 4-4b depicts that this soil-pile system is modeled as a series 
of nodes (from 1 to N) connected by N-1 sets of elastic axial springs (stiffness=EA/∆li), with N sets 
of t-z soil springs attached at the pile nodes and one q-u soil spring at the tip node. Because of the 
nonlinear nature of t-z and q-u curves, iterative solution schemes are usually adopted. This kind of 
boundary value problem can be readily solved using most modern computer codes.  
 
In this project, the BMCOL program developed by Matlock et al. (1981) in the axial mode was 
used to compute the Q-δ curves of the piles of Antioch Bridge and slab bridge piers. The input data 
required include: the pile geometry and deformability, a series of t-z curves along the pile, one q-u 
curve at the tip, and a series of desired prescribed settlements δ's at pile top.  For all piles 
investigated, the prescribed δ's are -3, -2, -1, -0.5, -0.25, -0.1, 0, 0.1, 0.25, 0.5, 1, 2, 3, 4, and 6 
inches. The complete Q-δ curves of all Antioch Bridge and slab bridge piers developed using these 
parameters are presented in Appendix C. These Q-δ curves represent the pile behavior along the 
pile axis regardless of the plumb pile or battered pile. The following pile properties were used in 
conducting the axial load versus deformation analyses:  
 
 • 54-inch diameter concrete piles (Main Channel Piers 17 ~ 21) 
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Pile AE = 8.62×109 lb.
 

(Infilled section) 

Pile AE = 4.47×109 lb.
 

(Hollow section) 

 • 30-inch diameter steel pipe piles (Piers 39,40) 
Pile AE = 3.77×109 lb.

 

 

 • 14-inch square concrete piles (Abutment 1 and Pier 41) 
Pile AE = 8.1×108 lb.

 

 

 • 24-inch square concrete piles (the rest of bridge piers) 
Pile AE = 2.44×109 lb.

 

 

 • 12-inch square concrete piles (slab bridge piers) 
Pile AE = 5.19×108 lb.

 

 

 
 
4.3.3 Pile Capacity Evaluation 
 
Design Load: As summarized in Tables 4.1 and 4.2, five types of piles are used: 54-inch diameter 
concrete hollow pile, 30-inch diameter steel pile, 14-inch square concrete pile, 24-inch square 
concrete pile, and 12-inch square concrete pile. The design loads of these piles as documented on 
the as-built drawings are 500 tons, 250 tons, 100 tons, 250 tons, and 70 tons, respectively. The 
prevailing pile design practice in the U.S. requires a minimum static factor of safety of 2.0 and 
therefore these piles should have ultimate geotechnical capacities of 1000 tons, 500 tons, 200 tons, 
500 tons, and 140 tons, respectively, as minimum values. 
 
During construction of the bridge, a pile load testing program was undertaken to verify the ultimate 
pile capacities. The load testing was conducted on production piles at the following locations: 
 

South Approach: 24-inch square piles at Pier 5 
Main Channel:  54-inch diameter piles at Pier 19 
North Approach: 24-inch square piles at Piers 28 and 37 

 
Ultimate Pile Capacity: To estimate long term ultimate capacities of the piles, conventional pile 
capacity evaluation was made which generally involves summing of the skin friction resistance and 
end bearing resistance. While summation of tmax (peak value of t-z curves) multiplied by its tributary 
length along the pile plus qmax (peak value of q-u curves) at the tip yields some measures of the static 
ultimate bearing capacity of a single pile, we elected to use the load resistance at a pile-head 
displacement of 3 inches from the Q-δ curve as the ultimate pile capacity. This explicitly considered 
displacement compatibility between skin friction and end bearing. The estimated ultimate pile 
capacity along with the design load for each pile is presented in Figure 4-5. The ultimate pile 
capacities estimated from the Q-δ curve have been compared with results from a computer program, 
APILE, and the comparison is found to be in agreement (the solution from APILE are not included 
in this report). In addition, following the discussions with the Peer Review Panel members, CPT 
data were used directly to estimate the pile capacities for comparison with the conventional pile 
design practice. In the following, a brief description of the CPT-based pile capacity calculation 
method is provided. 
 
As depicted in Figure 2-2, the Antioch Bridge has one CPT probing conducted at every pier for 
most cases. The CPT sounding provides soil properties on a continuous basis, which has greater 
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advantage over conventional soil borings using SPT samplings with a 5-foot interval. When 
foundation soils are stratified with thin beds of different soil types, the CPT-based pile capacity 
method can capture the variations within short distances. For this purpose, the computer program 
CPeT-IT was used, which was recently developed by GeoLogismiki (http://www.geologismiki.gr) 
in collaboration with Peter Robertson of Gregg Drilling & Testing Inc. 
 
The program CPeT-IT is coded to follow a LCPC method (Bustamante and Gianeselli, 1982), 
which is based on the analysis of 197 pile load tests with a wide range of foundation and soil types. 
This partly explains the reportedly good results with the LCPC method. The program also provides 
simple guidance to account for different pile installations. In this method, the pile unit end bearing, 
qp, is calculated from the equivalent average cone resistance, qca, multiplied by an end bearing 
coefficient, kc, whereas the pile unit side friction, fp, is calculated from measured qc values divided 
by a friction coefficient, α, as shown in the following equations:  
 

/αqfqkq cpcacp ==  ;  
 
Selection of these coefficients (kc,α) and the limiting value of unit side friction (fp) depends upon 
the soil and pile type, and their recommended values are listed in Table 4-4, which was developed 
on the basis of calibration with the pile load test results with variety of pile types and soil 
conditions. To evaluate the pile unit end bearing, equivalent average cone resistance (qca) is taken 
as the mean value of the cone tip resistance within one pile diameter (D) zone around the pile tip 
(0.5D above and 0.5D below the pile tip). Only the measured qc is used for the estimation of both 
side friction and pile end bearing resistance. This is considered an advantage by many due to the 
difficulties associated in interpreting sleeve friction (fs) in CPT data. However, both sleeve friction 
and tip resistance are used for interpretation of soil behavior which proves to be an important 
parameter for selection of the friction and end bearing coefficients. Figure 4-6 shows the 
illustration of sample pile capacity calculation at Pier 04 using the CPT data (S03). The ultimate 
pile capacities estimated using CPT data for all piers are also shown on Figure 4-5 for comparison.   
 
 
4.4 Lateral Loading Conditions 
 
During an earthquake, lateral loading of a deep foundation is resisted by flexural properties of the 
pile and lateral soil supports along the pile. The lateral soil supports to the pile is mobilized when 
there is a relative displacement between the pile and the surrounding soil according to the 
deflection profile of the pile. This lateral load-deflection relation between the pile and soil is 
generally known as p-y curve. In this section, the lateral soil support (p-y) curves of all Antioch 
Bridge and slab bridge piers are developed, and the response results of the piles subjected to lateral 
push-over loading are presented. 
 
 
4.4.1 p-y Curves 
 
Determination of the ultimate lateral bearing capacity (pu) and the lateral soil support (p-y) curves 
of a pile in soils is mainly based on the API Recommended Practice 2A-WSD (1993). The 
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developed p-y curves are used in the soil-structure interaction analysis for forming 6×6 condensed 
stiffness matrices and kinematic motions (also see Section 5-3), and in the finite element analysis of 
the bridge for simulating the nonlinear soil springs attached to the piles. The following briefly 
describes the elements of soil support behaviors for clayey and sandy soils. For the static loads, the 
ultimate lateral bearing capacity (pu) for piles in soft clay at a certain depth below soil surface (X), 
increases from 3c to 9c as X increases from 0 to XR, according to: 
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where pu is ultimate lateral bearing capacity (in unit of force per pile length), c is the undrained 
shear strength, D is the pile diameter, γ is the effective soil unit weight, J is the dimensionless 
empirical constant varying from 0.25 to 0.5 (usually taken as 0.5), and XR is the critical depth equal 
to 6D/(J+γD/c). Note that consistent units should be used for the parameters in the above equation. 
The lateral soil resistance-deflection relationships for piles in soft clay are generally non-linear. The 
normalized p-y curves of soft clay for the short-term static load case can be represented by the 
following table: 
 
 p/pu y/yu  
 0.000 0.000  
 0.250 0.016  
 0.500 0.125  
 0.720 0.375  
 1.000 1.000  
 1.000 ∞  
 
where p is the actual lateral resistance, y is the actual lateral deflection, and yu is the ultimate lateral 
deflection when pu takes place (which equals to 20 times ε50, the strain occurring at 50% the 
maximum stress on laboratory undrained compression tests of undisturbed soil samples). On the 
other hand, the ultimate lateral bearing capacity (pu) for piles in sand may be assigned as the 
smaller one of the following two equations: 
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where (γ, D, X) are defined as above, and (C1, C2, C3) are the empirical coefficients as function of 
soil internal friction angle (φ'), as shown in Figure 4-7. The lateral soil resistance-deflection 
relationships for sand are also non-linear and in the absence of more defining information may be 
approximated by the following expression: 
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where (p, y) are defined as above, and A is the loading factor which is 0.9 for cyclic loading and 
3.0-0.8X/D for static loading, k is the initial modulus of subgrade reaction as function of φ' (also see 
Figure 4-7), f represents the corresponding normalized function, and yu is the ultimate lateral 
deflection approximated by 3Apu/(kX). The normalized p-y curves of sand can be represented by the 
following table: 
 
 p/pu y/yu  
 0.00 0.00  
 0.10 0.03  
 0.46 0.17  
 0.76 0.33  
 0.91 0.50  
 1.00 1.00  
 1.00 ∞  
 
Figure 4-2 also depicts the normalized p-y curves of soft clay and sand used in the project. In order 
to compute the p-y curves along an in-situ pile, the following parameters are required, namely, pile 
diameter D, a series of selected depth X values from pile top to tip,  (γ, J, c, ε50) of soft clay, and (γ, 
φ', k) of sand. All these values can be found in Table 2-1 and in the generalized soil profiles 
provided in Appendix A. A p-multiplier of 0.5 was applied for pu to collectively account for 
potential soil cyclic softening and pile group effect for the main bridge and approach piers. For the 
slab bridge, a p-multiplier of 1.0 may be used for larger pile spacing. The coordinates of p-y curves 
of all Antioch Bridge and slab bridge piers developed using these parameters are listed in Appendix 
D. No differentiation on the p-y curves is made between the vertical pile and battered pile since the 
p-y curves describe the soil behavior perpendicular to the pile axis. The same sets of p-y curves 
should be attached normal to the pile axis for the plumbed pile and battered pile.     
 
 
4.4.2 Lateral Push-Over Analysis 
 
In this project, the LPILEplus 5.0 program developed by Ensoft, Inc. (2004) was used to perform the 
lateral push-over analyses of the piles of Antioch Bridge and slab bridge piers. The input data 
included the pile flexural properties, soil properties, and a series of desired prescribed boundary 
conditions at pile top. Fixed-head condition at the pile top (y=prescribed,θ=0) is used, and the 
prescribed y's are 1, 2, 3, 4, 5 and 6 inches for all the Antioch piles (the lateral displacements are 
prescribed perpendicular to the pile axis). The resultant depth-varying deflection, moment, and shear 
diagrams along the pile as well as pile top moment and shear versus pile top deflection curves are 
included in Appendix E. The following flexural properties were used for the single pile lateral 
push-over analyses: 
 
 • 54-inch diameter concrete piles (Main Channel  Piers 17 ~ 21) 

Effective pile EI = 8.47×1011 lb-in2.
 

(Infilled section) 

Effective pile EI = 6.44×1011 lb-in2.
 

(Hollow section) 

 • 30-inch diameter steel pipe piles (Piers 39,40) 
Effective pile EI = 2.35×1011 lb-in2.

 

 

 • 14-inch square concrete piles (Abutment 1 and Pier 41) 
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Effective pile EI = 6.95×109 lb-in2.
 

 

 • 24-inch square concrete piles (the rest of bridge piers) 
Effective pile EI = 6.07×1010 lb-in2.

 

 

 • 12-inch square concrete piles (slab bridge piers) 
Effective pile EI = 3.11×109 lb-in2.

 

 

 
 
4.5 Nonlinear Soil Springs for Pile Cap 
   
The pile caps for much of the approach foundations are buried in the soils. For these piers, in 
addition to the piles, the pile caps would also offer additional resistance against lateral movement 
derived from passive pressure in the soil. The recommendations for pile cap springs are presented 
in this section. The estimated values of passive soil resistance depend largely on the undrained 
shear strength of the soil, and to some extent on the pile cap configuration, i.e., the contact 
dimension for longitudinal and transverse loading directions. The reaction of soil passive resistance 
can be modeled as two soil springs attached to the pile cap; one in the longitudinal direction, and 
one in the transverse direction. For this purpose, tri-linear soil springs were developed, and their 
coordinates are tabulated in Table 4-5. 
  
 
4.6 Liquefaction-induced Settlement 
   
The results of liquefaction assessment discussed in Section 4.1 indicate the existence of fairly thick 
liquefiable zones beneath a large portion of southern segments of the bridge span and the northern 
half of the slab bridge span. In order to investigate the effect on foundation performance, evaluation 
of liquefaction-induced ground settlement as well as pile settlement was made. Prediction of 
liquefaction-induced ground settlement was mainly based on the empirical work of Tokimatsu and 
Seed (1987), and Ishihara and Yoshimine (1992), in which post-liquefaction volumetric strain was 
estimated from cyclic shear strain, standard penetration resistance, or safety factor against 
liquefaction. The computed values of ground settlement are presented in the last column of Table 4-
3, which represents ground surface settlement of a free-field condition (without pile).  Depending 
on the thickness of the liquefied soil and the portion of pile length in the liquefied soil, the pile 
settlement is expected to be much smaller than the free-field soil settlement.  
 
To estimate the pile settlement resulting from the liquefaction-induced free-field ground settlement, 
a down-drag analysis was conducted at selected locations (Piers 10, 11, 17, 18, 19, 64, and 69). The 
down drag behavior was performed for two cases; one without the down drag mechanism and one 
with the down drag mechanism. Comparison between the two cases enables determination of 
additional settlement due to the down-drag loading. The BMCOL program with the axial mode was 
used to compute the Q-δ curves for the two cases. In the case without the down drag mechanism, 
one end of the t-z curves is fixed before the pile is loaded axially resulting in a load-deformation 
(Q-δ) curve that is normally observed. A separate analysis with the down drag mechanism is 
simulated by pulling down the t-z curves, according to applicable ground settlement profile, 
followed by gradually increasing axial loads on the pile top.   
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The difference in pile settlements with and without the down drag mechanism at the service load 
level yields the liquefaction induced foundation settlement. Foundation settlements on the order of 
0.2 to 0.4 inches were estimated from the analyses; the results are provided in Appendix F. 
However, since the mechanism used to study the pile settlement is an extremely ideal case, these 
foundation settlements computed from the down-drag analysis should be regarded as qualitative 
assessment.   
 
The performance criterion adopted for the Antioch Bridge is based on a no-collapse scenario for the 
Safety Evaluation Earthquake representing a 1,000-year return period ground motion. Judging from 
the down-drag analysis results and the project-specific design criteria, the performance of 
foundation for liquefaction-induced settlement is acceptable.  
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TABLE 4-1: SUMMARY OF FOUNDATION INFORMATION FOR BRIDGE PIERS 

Pier  Pile Top Pile Tip ML Pile Group Number Pile Pile Design 
Number Elevation Elevation Elevation Layout of Piles Type Dimension Load 

  (ft) (ft) (ft)         (ton) 
Abut 1 15.00  -30.00  20.00  5+6bN

1 11 Square Concrete 14"×14" 100.00  
2  0.50  -40.00  9.00  3b×4b

2 12 Square Concrete 24"×24" 250.00  
3  -1.00  -45.00  10(8) 3b×4b 12 Square Concrete 24"×24" 250.00  
4  -2.00  -50.00  10.00  5b×4b 20 Square Concrete 24"×24" 250.00  
5  -2.00  -45.00  9.00  3b×5b 15 Square Concrete 24"×24" 250.00  
6  -1.00  -55.00  8.00  3b×4b 12 Square Concrete 24"×24" 250.00  
7  5.00  -55.00  -6.00  3b×4b 12 Square Concrete 24"×24" 250.00  
8  5.00  -60.00  -16.00  3b×4b 12 Square Concrete 24"×24" 250.00  
9  4.00  -60.00  -18.00  5b×5b 25 Square Concrete 24"×24" 250.00  
10  4.00  -63.00  -16.00  5b×5b 25 Square Concrete 24"×24" 250.00  
11  4.00  -63.00  -19.00  5b×4b 20 Square Concrete 24"×24" 250.00  
12  4.00  -60.00  -20(-19) 5b×4b 20 Square Concrete 24"×24" 250.00  
13  4.00  -66.00  -23(-22) 5b×4b 20 Square Concrete 24"×24" 250.00  
14  4.00  -60.00  -25(-20) 3b×6b 18 Square Concrete 24"×24" 250.00  
15  4.00  -65.00  -25(-24) 3b×6b 18 Square Concrete 24"×24" 250.00  
16  4.00  -70.00  -27(-26) 3b×6b 18 Square Concrete 24"×24" 250.00  
17  2.00  -92.00  -34.00  5b×5b 25 Prestr. concrete hollow 54"φOD,40"φID 500.00  
18  2.00  -92.00  -34.00  5b×5b 25 Prestr. concrete hollow 54"φOD,40"φID 500.00  
19  2.00  -98.00  -40.00  5b×6b 30 Prestr. concrete hollow 54"φOD,40"φID 500.00  
20  2.00  -100.00  -46(-44) 5b×6b 30 Prestr. concrete hollow 54"φOD,40"φID 500.00  
21  2.00  -98.00  -19(-20) 5b×5b 25 Prestr. concrete hollow 54"φOD,40"φID 500.00  
22  -14.00  -98.00  -9.00  7b×7b 49 Square Concrete 24"×24" 250.00  
23  -16.00  -103.00  -12.00  5b×4b 20 Square Concrete 24"×24" 250.00  
24  -17.00  -105.00  -13.00  5b×4b 20 Square Concrete 24"×24" 250.00  
25  -18.00  -103.00  -13.00  5b×4b 20 Square Concrete 24"×24" 250.00  
26  -18.50  -105.00  -13.00  5b×6b 30 Square Concrete 24"×24" 250.00  
27  -19.50  -105.00  -14.00  5b×6b 30 Square Concrete 24"×24" 250.00  
28  -20.00  -103.00  -14.00  4b×6b 24 Square Concrete 24"×24" 250.00  
29  -21.00  -105.00  -15.00  4b×6b 24 Square Concrete 24"×24" 250.00  
30  -21.00  -112.00  -16.00  4b×6b 24 Square Concrete 24"×24" 250.00  
31  -19.00  -112.00  -16.00  3b×6b 18 Square Concrete 24"×24" 250.00  
32  -19.00  -112.00  -17.00  3b×6b 18 Square Concrete 24"×24" 250.00  
33  -19.00  -112.00  -17.00  3b×6b 18 Square Concrete 24"×24" 250.00  
34  -18.00  -112.00  -17.00  3b×5b 15 Square Concrete 24"×24" 250.00  
35  -18.00  -112.00  -17.00  3b×5b 15 Square Concrete 24"×24" 250.00  
36  -18.00  -106.00  -17.00  3b×5b 15 Square Concrete 24"×24" 250.00  
37  -18.50  -111.00  -16.00  3b×6b 18 Square Concrete 24"×24" 250.00  
38  -19.00  -111.00  -15.00  5b×4b 20 Square Concrete 24"×24" 250.00  
39  2.00  -103.00  -7(-10) 3b×4b 12 Steel Pipe 30"φ 250.00  
40  2.50  -103.00  -12.00  3b×4b 12 Steel Pipe 30"φ 250.00  
41  -13.00  -95.00  -7.00  2×6 14 Square Concrete 14"×14" 100.00  

Note: 1 two rows of piles with 5 piles in the south row and 6 battered piles in the north row;  
 2 3 piles in the longitudinal direction and 4 piles in the transverse direction with subscript b for the 

exterior piles battered at 1/3 slope.  
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TABLE 4-2: SUMMARY OF FOUNDATION INFORMATION FOR SLAB BRIDGE PIERS 

Pier  Pile Top Pile Tip ML Pile Group Number Pile Pile Design 
Number Elevation Elevation Elevation Layout of Piles Type Dimension Load 

  (ft) (ft) (ft)         (ton) 
42  -12.00  -90.00  -13.00  1×41 4 Square concrete 12"×12" 70.00  
43  -12.00  -90.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
44  -12.00  -90.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
45  -12.00  -90.00  -12.00  1×4 4 Square concrete 12"×12" 70.00  
46  -12.00  -90.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
47  -12.00  -90.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
48  -12.00  -90.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
49  -12.00  -90.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
50  -12.00  -90.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
51  -12.00  -90.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
52  -12.00  -85.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
53  -12.00  -85.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
54  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
55  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
56  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
57  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
58  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
59  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
60  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
61  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
62  -13.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
63  -15.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
64  -15.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
65  -15.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
66  -15.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
67  -15.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
68  -15.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
69  -15.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  
70  -15.00  -80.00  -13.00  1×4 4 Square concrete 12"×12" 70.00  

Abut 71 -13.00  -80.00  -7.00  1×4 4 Square concrete 12"×12" 70.00  
Note: 1 1 pile in the longitudinal direction and 4 piles in the transverse direction.  
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TABLE 4-3: SUMMARY OF LIQUEFACTION ANALYSES 

 

Location Sounding Mudline 
Elevation (ft) 

Tip 
Elevation (ft) amax (g) Potential Liquefaction Zones 

 Elevations (ft) 
Seismic 

Settlement (in)

Abut 1 B-06-01 28.7 -30.0 0.417 Not Significant in 50 feet depth 0.1 

Pier 2 06-CPT-1 9.6 -40.0 0.430 -17.1 to -19.8, -34.2 to -36.2 2.2 

Pier 3 06-CPT-2 10.4 -45.0 0.399 Not Significant in 50 feet depth 0.5 

Pier 4 06-CPT-3 10.5 -50.0 0.394 -9.4 to -10.2, -11.3 to -14.1 1.4 

Pier 5 06-CPT-4 9.5 -45.0 0.442 -17.9 to -42.2 6.2 

Pier 6 B-06-02 8.7 -55.0 0.393 -13.0 to -40.0 5.6 

Pier 7 06-CPT-5 -2.5 -55.0 0.426 -5.7 to -12.9, -14.6 to -15.9, -34.9 to -44.4 5.2 

Pier 8 06-CPT-6 -12.0 -60.0 0.432 -16.2 to 19.8, -34.9 to -49.0 4.8 

Pier 9 06-CPT-7 -15.0 -60.0 0.474 -22.1 to -29, -44.8 to -52.0, -54.9 to -56.3 8.5 

Pier 10 06-CPT-8 -8.5 -63.0 0.507 -14.0 to -36.0, -41.6 to -50.7, -55.7 to -60.3 8.1 

Pier 11 06-CPT-9 -10.5 -63.0 0.522 -14.4 to -37.0, -39.6 to -41.3, -42.9 to -47.8, 
-51.4 to -54.4 10.0 

Pier 12 06-CPT-10 -15.0 -60.0 0.428 -22.1 to -38.8, -43.8 to -46.4 6.8 

Pier 13 B-06-03 -13.1 -66.0 0.500 -30.0 to -55.0, -57.5 to -62.5 8.8 

Pier 14 06-CPT-11 -18.0 -60.0 0.483 -22.5 to -42.8 5.9 

Pier 15 06-CPT-12 -20.0 -65.0 0.473 -26.2 to -40.6, -43.5 to -44.5 5.0 

Pier 16 06-CPT-13 -21.0 -70.0 0.488 -25.8 to -40.3 5.1 

Pier 17 06-CPT-14 -22.0 -92.0 0.474 -27.2 to -72.4 11.9 

Pier 18 B-06-04 -19.6 -92.0 0.387 -52 to -69.6 16.2 

Pier 19 06-CPT-15 -39.0 -98.0 0.504 -43.5 to -80.2 9.7 

Pier 49 06-CPT-34 -8.0 -90.0 0.357 -14.6 to -23.1, -34.1 to -45.9 3.8 

Pier 57 B-06-09 -11.3 -80.0 0.366 -28.0 to -64.0 7.1 

Pier 64 06-CPT-35 -8.0 -80.0 0.378 -19.7 to -58.0 10.3 

Pier 69 B-06-10 -11.8 -80.0 0.384 -29.0 to -64.0 9.6 
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TABLE 4-4: END BEARING AND FRICTIONAL FACTORS (KC,α) USED IN THE LCPC METHOD 
 

  Factor, kc 
Nature of soil qc (MPa) Group I Group II 

Soft clay and mud < 1 0.40 0.50 
Moderately compact clay 1 to 5 0.35 0.45 
Silt and loose sand ≤ 5 0.40 0.50 
Compact to stiff clay and compact silt > 5 0.45 0.55 
Soft chalk ≤ 5 0.20 0.30 
Moderately compact sand and gravel 5 to 12 0.40 0.50 
Weathered to fragmented chalk > 5 0.20 0.40 
Compact to very compact sand and gravel > 12 0.30 0.40 

Group I: plain bored piles; mud bored piles; micro piles (grouted under low pressure); cased bored piles; 
hollow auger bored piles; piers; barrettes. 
Group II: cast screwed piles; driven precast piles; prestressed tubular piles; driven cast piles; jacked metal 
piles; micropiles (small diameter piles grouted under high pressure with diameter < 250mm); driven grouted 
piles (low pressure grouting); driven metal piles; driven rammed piles; jacket concrete piles; high pressure 
grouted piles of larger diameter. 

 
  Category 
  Coefficient, α Maximum limit of fp (MPa) 
  I II I II III 

Nature of soil qc (MPa) A B A B A B A B A B 
Soft clay and mud < 1 30 90 90 30 0.015 0.015 0.015 0.015 0.035  
Moderately compact clay 1 to 5 40 80 40 80 0.035

(0.08)
0.035 
(0.08) 

0.035 
(0.08) 

0.035 0.08 ≥0.12

Silt and loose sand ≤ 5 60 150 60 120 0.035 0.035 0.035 0.035 0.08 - 
Compact to stiff clay and compact silt > 5 60 120 60 120 0.035

(0.08)
0.035 
(0.08) 

0.035 
(0.08) 

0.035 0.08 ≥0.12

Soft chalk ≤ 5 100 120 100 120 0.035 0.035 0.035 0.035 0.08 - 
Moderately compact sand and gravel 5 to 12 100 200 100 200 0.08

(0.12)
0.035 
(0.08) 

0.08 
(0.12) 

0.08 0.12 ≥0.12

Weathered to fragmented chalk > 5 60 80 60 80 0.12
(0.15)

0.08 
(0.12) 

0.12 
(0.15) 

0.12 0.15 ≥0.12

Compact to very compact sand and gravel > 12 150 300 150 200 0.12
(0.15)

0.08 
(0.12) 

0.12 
(0.15) 

0.12 0.15 ≥0.12

Category - IA: plain bored piles; mud bored piles; hollow auger piles; micropiles (grouted under low pressure); cast screwed piles; piers; 
barrettes. IB: cased bored piles; driven cast piles. IIA: driven precast piles; prestressed tubular piles; jacket concrete piles. IIB: driven 
metal piles; jacked metal piles. IIA: driven grouted piles; driven rammed piles. IIIB: high pressure grouted piles of larger diameter > 
250mm; micropiles (grouted under high pressure). 
Note: Maximum limit skin friction, fp: bracket values apply to careful execution and minimum distance of soil due to construction.  
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TABLE 4-5: TRI-LINEAR SOIL SPRINGS FOR PILE CAPS 

Longitudinal Direction Transverse Direction 
Point 1  Point 2  Point 3  Point 1  Point 2  Point 3  Pier  

Number 
  

Soil 
Spring 

Elevation 
(ft) 

∆1 
(in) 

P1 
(kips) 

∆2 
(in) 

P2 
(kips) 

∆3 
(in) 

P3 
(kips) 

∆1 
(in) 

P1 
(kips) 

∆2 
(in) 

P2 
(kips) 

∆3 
(in) 

P3 
(kips) 

1  16.25  0.00  0.0  0.20  59.3  2.64  118.5 0.00 0.0  0.20  275.6 2.64 551.3 
2  4.00  0.00  0.0  0.30  424.6 4.87  849.3 0.00 0.0  0.30  690.0 4.87 1380.1 
3  2.50  0.00  0.0  0.59  152.6 9.52  305.1 0.00 0.0  0.59  247.9 9.52 495.9 
4  2.00  0.00  0.0  0.28  699.0 6.48  1398.0 0.00 0.0  0.28  832.7 6.48 1665.3 
5  2.00  0.00  0.0  0.30  557.4 6.06  1114.8 0.00 0.0  0.30  975.5 6.06 1951.0 
6  2.50  0.00  0.0  0.30  290.0 5.06  579.9 0.00 0.0  0.30  471.2 5.06 942.3 
7  5.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
8  5.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
9  4.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
10  4.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
11  4.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
12  4.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
13  4.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
14  4.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
15  4.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
16  4.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
17  2.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
18  2.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
19  2.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
20  2.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
21  2.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
22  -11.50  0.00  0.0  0.61  98.2  6.00  196.4 0.00 0.0  0.61  98.2  6.00 196.4 
23  -14.00  0.00  0.0  0.58  54.1  4.80  108.2 0.00 0.0  0.58  64.4  4.80 128.9 
24  -15.00  0.00  0.0  0.58  54.1  4.80  108.2 0.00 0.0  0.58  64.4  4.80 128.9 
25  -15.50  0.00  0.0  0.61  69.5  6.00  139.1 0.00 0.0  0.61  92.0  6.00 184.1 
26  -15.75  0.00  0.0  0.62  77.3  6.60  154.6 0.00 0.0  0.62  93.2  6.60 186.4 
27  -16.75  0.00  0.0  0.62  77.3  6.60  154.6 0.00 0.0  0.62  93.2  6.60 186.4 
28  -17.00  0.00  0.0  0.63  82.6  7.20  165.1 0.00 0.0  0.63  102.6 7.20 205.2 
29  -18.00  0.00  0.0  0.63  82.6  7.20  165.1 0.00 0.0  0.63  102.6 7.20 205.2 
30  -18.50  0.00  0.0  0.61  67.5  6.00  135.0 0.00 0.0  0.61  83.9  6.00 167.7 
31  -17.50  0.00  0.0  0.54  27.4  3.60  54.8  0.00 0.0  0.54  52.5  3.60 105.0 
32  -18.00  0.00  0.0  0.47  19.6  2.40  39.1  0.00 0.0  0.47  37.5  2.40 75.0  
33  -18.00  0.00  0.0  0.47  19.6  2.40  39.1  0.00 0.0  0.47  37.5  2.40 75.0  
34  -17.50  0.00  0.0  0.34  6.8  1.20  13.5  0.00 0.0  0.34  11.8  1.20 23.6  
35  -17.50  0.00  0.0  0.34  6.8  1.20  13.5  0.00 0.0  0.34  11.8  1.20 23.6  
36  -17.50  0.00  0.0  0.34  6.8  1.20  13.5  0.00 0.0  0.34  11.8  1.20 23.6  
37  -17.25  0.00  0.0  0.51  22.0  3.00  44.1  0.00 0.0  0.51  42.2  3.00 84.5  
38  -17.00  0.00  0.0  0.58  54.1  4.80  108.2 0.00 0.0  0.58  64.4  4.80 128.9 
39  2.00  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
40  2.50  0.00  0.0  0.00  0.0  0.00  0.0  0.00 0.0  0.00  0.0  0.00 0.0  
41  -11.50  0.00  0.0  0.32  11.6  6.07  23.1  0.00 0.0  0.32  61.9  6.07 123.9 
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FIGURE 4-1: ANTIOCH BRIDGE PIERS 
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FIGURE 4-2: NORMALIZED t-z, q-u AND p-y CURVES FOR SOFT CLAY AND SAND 
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FIGURE 4-3: BEARING CAPACITY FACTOR Nq VERSUS INTERNAL FRICTION ANGLE 
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FIGURE 4-4: MODELLING OF AXIAL LOAD VERSUS DEFORMATION BEHAVIOR 
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FIGURE 4-5: AXIAL PILE CAPACITY VERSUS PIER NUMBER OF ANTIOCH PIERS 
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FIGURE 4-6: CALCULATION RESULTS OF PILE BEARING CAPACITY BY CPeT-IT (S03) 
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FIGURE 4-7: COEFFICIENTS (C1, C2, C3) AND INITIAL MODULUS (K) AS FUNCTION OF φ' 
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5.0 SOIL-STRUCTURE INTERACTION 

 
 
Pile foundations supporting a bridge can be modeled in several ways for seismic response evaluation. 
Figure 5-1 illustrates some of the modeling approaches adopted in the Toll Bridge Seismic Retrofit 
Program; namely, Complete Model, Sub-structure Model 1 and Sub-structure Model 2. They all 
offered satisfactory results depending on the objectives of the global bridge model. The Complete 
Model includes all foundation members in the global bridge model, in which the piles are explicitly 
modeled with beam elements and t-z and p-y soil springs distributed along each pile. Then, depth-
varying free field motions are used to excite the foundation. On the other hand, Sub-structure Model 1 
and Sub-structure Model 2 involve a cut-off line at convenient interface and the structure immediately 
above the interface line is subjected to some kind of equivalent stiffness matrix and kinematic motion 
to represent the contribution of the sub-structure (foundation) below. In this project, the Sub-structure 
Model 2 with the cut-off line at pile cap was adopted for primary design. As such, the entire pile-
foundation below the pile-cap was represented by 6×6 stiffness, mass, and damping matrices, and 
kinematic motion to excite the global bridge structure. A special study was also conducted on a 
stand-alone pier to check validity of the models shown in Figure 5-1. 
 
The sections that follow describe the formulation of foundation stiffness matrix using the sub-
structuring approach. A more detailed formulation of kinematic motion and its discussion can be 
found in an MCEER report (Lam and Law, 2000). A set of stiffness matrices were developed at the 
pile-cap level to represent the entire pile group of each Antioch Bridge pier. Other than foundation 
stiffness matrices, we also provided mass matrices, damping matrices and kinematic motions 
(forcing functions) for seismic response analyses.  
 
 
5.1 Method of Sub-structuring 
 
To develop a foundation stiffness matrix and kinematic motion (forcing function) for a substructure 
system, we consider a global structural model (total system) consisting of superstructure, pile-cap, 
and pile-foundation, as shown in Figure 5-2. For the purpose of discussion, we neglect the damping 
term and assume a lumped mass system. The global bridge structure is excited by depth-varying 
input ground motions {xg(t)} along the pile length, and the equations of motion can be written as, 
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where {xs}, {xc} and {xp} are displacement vectors of the superstructure, pile-cap, and pile 
degrees of freedom, respectively relative to the earth inertia reference frame (i.e, total 
displacements). The pile-cap would have 6 degrees of freedom (three translations, and three 
rotations). We assume that mass of the pile is small, and can be ignored, i.e, [mp]=0. Typically, this is 
the case because inertial forces of the piles are relatively small in relation to the more massive 
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superstructure and therefore, neglecting the foundation inertial effect does not normally cause 
significant error. Then the system of equations becomes 
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With the pile mass assumed to be zero, static condensation can be conducted to eliminate the pile 
degrees of freedom. Dynamic response analysis in the time domain can be conducted via the 
following equation derived from the first two sets of the above equation: 
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which only involves the superstructure {xs} and the pile cap variables {xc}, and where [K] and {f} 
in the above equation are defined as: 
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It is noted that the resultant dynamic equations of motion contain only pile-cap and superstructure 
degrees of freedom, and in fact the solutions to these equations are what the structure engineers are 
seeking, which represent demands for the superstructure and the pile-cap.  The original global 
structural model is now reduced to a system of the superstructure and pile-cap which is 
connected with the ground by an equivalent stiffness matrix of [K] and is subjected to an 
equivalent force of {f}, as shown Figure 5-3a. This transformation of the original problem into the 
substructure system consisting only of superstructure and pile-cap is entirely based on classical 
static condensation. The stiffness and loading of pile foundation appear in the form of 6×6 
condensed stiffness matrix [K] and a 6×1 time-series forcing function {f} applied at the pile-cap 
level. Both the stiffness matrix [K] (which is constant with time) and the forcing {f} (which is 
time dependent related to the time histories of the depth-varying free-field input ground 
motion{xg(t)}) can be pre-calculated without knowledge of the response of the superstructure or the 
pile cap. Instead of using the forcing function {f} explicitly on the right hand side of the equations, 
we introduce a 6×1 vector {X}, such that 
 

[K]{X}}{ =f  
 

From the above equation, it can be noted that loading from ground excitation is introduced into the 
overall structure as a right hand vector in a form of a displacement vector {X} times the foundation 
stiffness [K] 
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Upon inspection of the above reduced equations of motion, {X} represents some form of rigid-base 
motion. The system becomes the superstructure and pile cap, connected with the ground by the 
stiffness matrix [K], and the ground is subjected to the rigid-base motion of {X}, as shown Figure 
5-3b. This six-component motion {X} is termed "kinematic motion", and is a major element in 
defining ARS design criteria.  
 
It is interesting to note the form of stiffness matrix. For a vertical pile group, the form of pile group 
stiffness matrix is identical to that of a single pile, and has the following terms for a fixed head 
condition 
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in which kx, ky, kz and kθx, kθy, kθz are stiffness coefficients corresponding to translational and 
rotational degrees of freedom associated with the X ,Y and Z axes, respectively. The X- and Y-
coordinates are taken as horizontal axes, and the Z-coordinate is the vertical axis. For a bettered 
pile group, the off-diagonal terms of the pile group stiffness matrix could become opposite sign 
from the vertical pile group. 
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Changes in the signs of the off-diagonal terms can be explained by rotation of the pile cap as 
depicted in Figure 5-4. Since the axial pile stiffness is generally an order of magnitude greater than 
the lateral stiffness, a small battered angle of the piles could lead to back-ward rotation of the pile 
cap.   
 
 
5.2 Treatment of Mass and Damping 
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The substructuring approach using static condensation, as mentioned above, provides rigorous 
solutions for massless piles. However for piles with some limited mass, the method is only 
approximate and the error depends on the relative magnitude of the pile mass to the superstructure 
mass. The solution can be greatly improved by implementing a condensed mass in the foundation 
substructure, which can be derived from a free vibration system of pile-cap and piles as shown in 
Figure 5-5. This is to maintain the fundamental mode of vibration of the entire foundation system in 
the condensed substructure which consists of 6 degrees of freedom (3 translation and 3 rotational 
modes) at the pile cap. One approach would be based on computation of Eigen values for the soil-pile 
system representing the entire foundation. The condensed mass, [M], can be approximated by 
 

[K]1[M] 2ω
=  

 
where [K] is the condensed stiffness matrix (6×6) obtained from static condensation and ω is an 
angular frequency. The value for ω is often chosen as the fundamental frequency (1st  mode) for each of 
the six axes (3 translation and 3 rotation) of the entire foundation. By doing so, the condensed 
model consisting of 6×6 mass matrix [M] and 6×6 stiffness matrix [K] would reproduce the same 
6 fundamental modes of vibration as the original foundation prior to adding the superstructure. In 
fact, matching of six modes of vibration is the best one can achieve for a condensed system that has 
only six degrees of freedom. It is not feasible to have more than six vibration modes for a six-d.o.f 
system. 
 
In many cases, however, computation of natural frequencies and mode shapes for a large pile group 
can be time consuming. A method similar to static condensation can be employed to reduce the 
number of degrees of freedom for a dynamic system which reduces the expense of computing Eigen 
value and Eigen vector. This condensation algorithm is known in the literature as Guyan reduction, 
mass condensation, dynamic condensation, or Eigen value economization. In the context of pile 
foundation, free vibration characteristics of the pile-cap/pile system can be expressed as, 
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where the subscript c denotes the pile-cap d.o.f and the subscript p denotes the pile d.o.f. In order to 
obtain a relation between {xc} and {xp}, we temporarily ignore all the mass, and the above equation 
reduces to 
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Substituting the above equation into the free-vibration Eigen value equation and pre-multiplying by 
[T]T yields the condensed Eigen-value problem as follows 
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0}[M]){xω([K] c
2 =−  

 
where the reduced stiffness and mass matrices are symmetric and are given by 
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It can be seen that [T] plays a similar role as Ritz vectors in the Raleigh-Ritz method. Furthermore, it 
is noted the condensed mass [M] is banded and is a combination of both mass and stiffness 
coefficients. If the piles carry no mass, then [K] is the same matrix as produced by static 
condensation. If damping matrix appears in the equation of motion, the same principle can be 
employed to obtain a condensed damping matrix [C] as 
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=  

 
However, in typical seismic response analysis of global bridge foundation damping is not used 
explicitly. Global damping parameters such as those based on Raleigh damping coefficients are 
generally used. 
 
 
5.3 Foundation Stiffness, Mass and Damping 
 
The method of sub-structuring is an approach based on a linear theory, and it provides approximate 
solutions to the problems with non-linear foundation behavior. Though p-y and t-z curves are highly 
non-linear, the overall behavior of foundation system, which consists of pile and soil supports, is 
mildly non-linear within the range of seismic loading. 
 
The first step towards developing the foundation stiffness matrix involved linearization of the p-y 
curves by performing lateral pushover analysis of the single pile to a representative displacement 
level expected during the earthquake. The structural engineers provided their initial estimates on 
peak foundation displacements, while we used 65% of the peak displacement values as 
representative displacement levels. Once the p-y curves were linearized on the basis of lateral 
pushover analysis, the problem became beams on elastic springs, and the method of sub-structuring 
was applied to obtain the condensed stiffness matrix. These stiffness matrices were then used in the 
next round of the global analysis to compute displacement demands. Iteration was adopted to 
ensure that the displacements used to linearize the soil stiffness were compatible with the seismic 
demands. 
   
Stiffness matrices were developed at the bottom of the pile cap (equivalent to Sub-structure Model 
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2 depicted in Figure 5-1) for all Antioch Bridge and slab bridge piers, presuming a fixed head 
condition.  The stiffness matrices are listed in Appendix G. The coordinate system adopted for the 
stiffness calculation is such that the X-direction is along the bridge axis, Y-direction is transverse to 
the bridge axis, and Z-direction is vertical. The mass matrices and damping matrices are also 
provided in the same tables. Formulation of the mass matrix follows the procedure based on Guyan 
reduction discussed above, and therefore the condensed mass matrix is fully populated; however for 
simplicity, the off-diagonal terms have been neglected. Using the stiffness matrix and the mass 
matrix, a damping matrix was developed assuming a 5% damping ratio for all six modes of vibration 
(3 translation and 3 rotation). Computation of the above condensed matrices were also conducted 
with the in-house computer program KIPS.  
 
 
5.4 Comparison Study of Different Foundation Modeling 
 
At the onset of seismic response analyses of the bridge, the structural designers evaluated the most 
appropriate foundation model to be used for the primary design of bridge. To assist the decision 
making, two of the four models shown in Figure 5-1 were studied using Pier 17 as a stand alone 
bent without adjacent piers (see Figure 5-6).   
 
The first model was a complete SSI model considering all piles as structure members with non-
linear soil springs attached to the piles. Free-field motions provided depth-varying ground 
excitation. The second model was Sub-structure Model 2, adopting a cut-off line at the pile-cap and 
a 6×6 stiffness matrix to represent the entire pile group.  
 
The Office of Earthquake Engineering conducted the time history analyses of the Pier 17 stand -
alone models with the two foundation representations. The superstructure response of the bridge 
from each of the model is shown in Figure 5-7. The solutions are shown to be very comparable; the 
minor variations are attributed to non-linear springs used in some of the foundation models.    
 
 
5.5 Nonlinear Pushover Analyses  
Static nonlinear pushover analyses were conducted at three piers to assist Caltrans structural 
designers for the independent check of displacement capacities, and to evaluate whether foundation 
stiffnesses used for the seismic analyses were consistent with the displacement demands.  Piers 11, 
19 and 30 were selected; 24” x 24” square concrete piles are used at Piers 11 and 30, and 54” 
diameter hollow concrete pile at Pier 19.  The pushover analyses involved modeling the 
pile/footing connection with a non-linear moment-rotation spring, characterizing the pre-stressed 
pile section with a moment-curvature relationship, and representing the soil supports with non-
linear p-y curves.  Findings from the single pile and limited pile-group push-over analyses are 
provided in Appendix H.  

Dr. Nigel Priestley provided the characterizations of the pile/footing connection (moment-rotation 
spring) and pre-stressed pile section (moment-curvature relationship) for a typical 24” x 24” square 
concrete pile, and a 54 inch diameter prestressed concrete pile.  For each pile type, three different 
axial loads were examined. Priestley’s report describing limit states and the level of strains used are 
also included in Appendix H.  
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FIGURE 5-1:  FOUNDATION MODELING SCHEMES FOR SOIL-STRUCTURE INTERACTION 
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FIGURE 5-2:  COMPLETE MODEL FOR SOIL-STRUCTURE INTERACTION 
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FIGURE 5-3:  SUBSTRUCTURE MODEL 2 FOR SOIL-STRUCTURE INTERACTION 
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FIGURE 5-4:  ROTATION OF A PILECAP SUBJECTED TO HORIZONTAL LOADING 
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FIGURE 5-5:  MODEL FOR FOUNDATION MASS 
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FIGURE 5-6:  TWO SSI MODELS USED FOR ANTIOCH PIER 17 
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FIGURE 5-7:  COMPARATIVE STUDY RESULTS FOR ANTIOCH PIER 17 
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6.0 CONCLUSIONS 

 
This report presents foundation analysis works conducted for the existing Antioch Toll Bridge, with 
emphasis on the foundation design and modeling issues. The following are a summary of materials 
discussed in the report: 
 
(1) The subsurface conditions underlying the site are typical of the San Joaquin/Sacramento 

River Delta geology and mainly composed of sand (loose to dense), clayey peat, and clay 
(stiff to hard). The engineering properties of these soil units are provided at all piers along 
the bridge.  

(2) The seismicity is controlled by local faults in the delta region. The seismic study 
incorporated the 2007 Delta Risk Management Study by URS. Reference rock spectra 
corresponding to the 1,000-year return period ground motions were selected as the Safety 
Evaluation Earthquake (SEE) for seismic retrofit evaluation, based on a probabilistic 
approach. 

(3) The Antioch fault is believed to be inactive. Hazards arising from fault rupturing are 
determined to be remote possibilities.   

(4) Three sets of ARS curves for the SEE event are developed for three groups of piers along 
the bridge alignment, based on the results of seismic response and SSI analyses conducted 
at six representative piers with seven spectrum-compatible motions. 

(5) Liquefaction potential and associated settlement are evaluated at susceptible locations. 
(6) Soil supports in terms of t-z curves along the pile and the end bearing q-u curves at pile tip 

for all bridge piers and trestle bents are provided. They were used in pile capacity analyses, 
development of foundation stiffness matrix, and direct modeling of soil springs in the 
complete foundation model. 

(7) The axial pile-head load versus pile-head deformation (Q-δ) curves are evaluated. Design 
loads and ultimate pile capacities are discussed including results from conventional pile 
capacity calculations, and findings from a CPT-based pile capacity method.   

(8) The lateral soil supports (p-y curves) along the pile and the results of the lateral push-over 
analyses on a single pile are presented. The development of p-y curves is based on API code; 
however a p-multiplier of 0.5 was adopted for seismic design; it is intended to collectively 
account for cyclic degradation and pile group effects.    

(9) Modeling approaches used in the Toll Bridge Program are discussed, and mathematical 
derivation of 6×6 foundation stiffness, mass and damping matrices is presented. The 
foundation stiffness matrices, mass matrices, and damping matrices are provided for all 
bridge piers and trestle bents in the seismic response analyses of the global bridge model. 
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8.0 APPENDIX A: IDEALIZED SOIL CONDITIONS AND 

FOUNDATION DATA 
 

 
FIGURE A-1. IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT ABUTMENT 1 
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9.0 APPENDIX B: T-Z AND Q-U CURVES 

 
 

TABLE B-1:  ABUTMENT 1 - t-z AND q-u CURVES 
 

Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 1.5  Clay 314.2  0.20  124.7 0.01  167.1 0.02 218.0 0.04 249.8  0.06 271.7 0.08 298.1 0.12 314.2 0.20  
2 -1.0  Clay 314.2  0.20  124.7 0.01  167.1 0.02 218.0 0.04 249.8  0.06 271.7 0.08 298.1 0.12 314.2 0.20  
3 -4.0  Clay 222.5  0.20  88.3  0.01  118.4 0.02 154.4 0.04 176.9  0.06 192.5 0.08 211.2 0.12 222.5 0.20  
4 -8.0  Clay 130.9  0.20  52.0  0.01  69.6  0.02 90.8  0.04 104.1  0.06 113.2 0.08 124.2 0.12 130.9 0.20  
5 -13.0  Clay 130.9  0.20  52.0  0.01  69.6  0.02 90.8  0.04 104.1  0.06 113.2 0.08 124.2 0.12 130.9 0.20  
6 -18.0  Clay 130.9  0.20  52.0  0.01  69.6  0.02 90.8  0.04 104.1  0.06 113.2 0.08 124.2 0.12 130.9 0.20  
7 -23.0  Clay 130.9  0.20  52.0  0.01  69.6  0.02 90.8  0.04 104.1  0.06 113.2 0.08 124.2 0.12 130.9 0.20  
8 -28.0  Clay 130.9  0.20  52.0  0.01  69.6  0.02 90.8  0.04 104.1  0.06 113.2 0.08 124.2 0.12 130.9 0.20  
9 -33.0  Clay 130.9  0.20  52.0  0.01  69.6  0.02 90.8  0.04 104.1  0.06 113.2 0.08 124.2 0.12 130.9 0.20  
10 -38.0  Clay 130.9  0.20  52.0  0.01  69.6  0.02 90.8  0.04 104.1  0.06 113.2 0.08 124.2 0.12 130.9 0.20  
11 -43.0  Clay 130.9  0.20  52.0  0.01  69.6  0.02 90.8  0.04 104.1  0.06 113.2 0.08 124.2 0.12 130.9 0.20  
12 -48.0  Clay 350.4  0.20  139.1 0.01  186.4 0.02 243.2 0.04 278.6  0.06 303.1 0.08 332.6 0.12 350.4 0.20  
13 -53.0  Sand 600.9  0.20  238.6 0.01  319.7 0.02 417.1 0.04 477.7  0.06 519.8 0.08 570.3 0.12 600.9 0.20  
14 -58.0  Sand 662.9  0.20  263.2 0.01  352.7 0.02 460.1 0.04 527.0  0.06 573.4 0.08 629.1 0.12 662.9 0.20  
15 -63.0  Sand 724.9  0.20  287.8 0.01  385.6 0.02 503.1 0.04 576.3  0.06 627.0 0.08 687.9 0.12 724.9 0.20  
16 -68.0  Sand 786.9  0.20  312.4 0.01  418.6 0.02 546.1 0.04 625.5  0.06 680.6 0.08 746.7 0.12 786.9 0.20  

                   
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   359.0  2.00  161.6 0.20  226.2 0.50  283.6 1.00  359.0  2.00        
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10.0 APPENDIX C: Q-δ CURVES 
 
 

TABLE C-1:  ABUTMENT 1 - Q-δ CURVES 
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11.0 APPENDIX D: P-Y CURVES 

 
 

TABLE D-1:  ABUTMENT 1 - p-y CURVES 
 

Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 1.5  Clay 276.0  4.00  69.0  0.06  138.0  0.50  198.7  1.50  276.0  4.00  276.0  8.00  
2 -1.0  Clay 332.5  4.00  83.1  0.06  166.3  0.50  239.4  1.50  332.5  4.00  332.5  8.00  
3 -4.0  Clay 288.3  6.00  72.1  0.10  144.2  0.75  207.6  2.25  288.3  6.00  288.3  12.00  
4 -8.0  Clay 187.5  8.00  46.9  0.13  93.8  1.00  135.0  3.00  187.5  8.00  187.5  16.00  
5 -13.0  Clay 187.5  8.00  46.9  0.13  93.8  1.00  135.0  3.00  187.5  8.00  187.5  16.00  
6 -18.0  Clay 187.5  8.00  46.9  0.13  93.8  1.00  135.0  3.00  187.5  8.00  187.5  16.00  
7 -23.0  Clay 187.5  8.00  46.9  0.13  93.8  1.00  135.0  3.00  187.5  8.00  187.5  16.00  
8 -28.0  Clay 187.5  8.00  46.9  0.13  93.8  1.00  135.0  3.00  187.5  8.00  187.5  16.00  
9 -33.0  Clay 187.5  8.00  46.9  0.13  93.8  1.00  135.0  3.00  187.5  8.00  187.5  16.00  
10 -38.0  Clay 187.5  8.00  46.9  0.13  93.8  1.00  135.0  3.00  187.5  8.00  187.5  16.00  
11 -43.0  Clay 187.5  8.00  46.9  0.13  93.8  1.00  135.0  3.00  187.5  8.00  187.5  16.00  
12 -48.0  Clay 4336.4  4.49  1084.1  0.07  2168.2  0.56  3122.2  1.68  4336.4  4.49  4336.4  8.98  
13 -53.0  Sand 9460.3  1.00  946.0  0.03  4351.7  0.17  7189.8  0.33  8608.9  0.50  9460.3  1.00  
14 -58.0  Sand 10435.3  1.02  1043.5  0.03  4800.2  0.17  7930.8  0.34  9496.1  0.51  10435.3 1.02  
15 -63.0  Sand 11410.2  1.03  1141.0  0.03  5248.7  0.18  8671.8  0.34  10383.3 0.52  11410.2 1.03  
16 -68.0  Sand 12385.2  1.05  1238.5  0.03  5697.2  0.18  9412.7  0.35  11270.5 0.52  12385.2 1.05  
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12.0 APPENDIX E: LATERAL PUSH-OVER CURVES 

 

FIGURE E-1:  ABUTMENT 1 – LATERAL PUSH-OVER CURVES 
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13.0 APPENDIX F: Q-δ CURVES AT LIQUEFIED STATE 
 
 

TABLE F-1:  PIER 10 - Q-δ CURVES AT LIQUEFIED STATE 

Axial Load versus Settlement
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14.0 APPENDIX G: 6×6 MATRICES 
 
 

TABLE G-1:  ABUTMENT 1A - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
6x6 Stiffness Matrix     

DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z
1.4110E+05 0.0000E+00 0.0000E+00 0.0000E+00 -1.6750E+07 0.0000E+00
0.0000E+00 1.4110E+05 0.0000E+00 1.6750E+07 0.0000E+00 -1.9540E+05
0.0000E+00 0.0000E+00 5.1920E+06 0.0000E+00 7.1890E+06 0.0000E+00
0.0000E+00 1.6750E+07 0.0000E+00 4.6930E+11 0.0000E+00 -2.3190E+07

-1.6750E+07 0.0000E+00 7.1890E+06 0.0000E+00 5.7860E+09 0.0000E+00
0.0000E+00 -1.9540E+05 0.0000E+00 -2.3190E+07 0.0000E+00 1.2690E+10

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z

1.8870E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.8870E+02 0.0000E+00 0.0000E+00 0.0000E+00 -2.6130E+02
0.0000E+00 0.0000E+00 7.3890E+02 0.0000E+00 1.0230E+03 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 6.6200E+07 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.0230E+03 0.0000E+00 2.3940E+05 0.0000E+00
0.0000E+00 -2.6130E+02 0.0000E+00 0.0000E+00 0.0000E+00 1.6970E+07

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z

1.0244E+03 0.0000E+00 0.0000E+00 0.0000E+00 -1.1848E+05 0.0000E+00
0.0000E+00 1.0244E+03 0.0000E+00 1.1848E+05 0.0000E+00 -1.4187E+03
0.0000E+00 0.0000E+00 3.6829E+04 0.0000E+00 5.0995E+04 0.0000E+00
0.0000E+00 1.1848E+05 0.0000E+00 3.3289E+09 0.0000E+00 -1.6404E+05

-1.1848E+05 0.0000E+00 5.0995E+04 0.0000E+00 4.0961E+07 0.0000E+00
0.0000E+00 -1.4187E+03 0.0000E+00 -1.6404E+05 0.0000E+00 9.2134E+07

Note: units = lb,in,sec;  Stiffness (translation=lb/in, rotation=lb-in/rad), mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad), Damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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15.0 APPENDIX H: NONLINEAR PUSHOVER ANALYSES 
 



 

8-1 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
8.0 APPENDIX A:  IDEALIZED CONDITIONS AND FOUNDATION 

DATA 
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FIGURE A-1:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT ABUTMENT 1 
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FIGURE A-2:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 2 
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FIGURE A-3:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 3 
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FIGURE A-4: IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 4 
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FIGURE A-5: IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 5 
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FIGURE A-6:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 6 
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FIGURE A-7: IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 7 
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FIGURE A-8: IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 8 
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FIGURE A-9:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 9 
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FIGURE A-10: IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 10 
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FIGURE A-11:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 11 
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FIGURE A-12:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 12 
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FIGURE A-13:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 13 
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FIGURE A-14:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 14 
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FIGURE A-15: IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 15 
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FIGURE A-16: IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 16 
 

 



 

8-18 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

FIGURE A-17:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 17 
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FIGURE A-18:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 18 
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FIGURE A-19:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 19 
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FIGURE A-20:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 20 
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FIGURE A-21:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 21 
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FIGURE A-22:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 22 
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FIGURE A-23:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 23 
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FIGURE A-24: IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 24 
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FIGURE A-25:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 25 
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FIGURE A-26:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 26 
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FIGURE A-27:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 27 
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FIGURE A-28:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 28 
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FIGURE A-29:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 29 
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FIGURE A-30:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 30 
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FIGURE A-31:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 31 
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FIGURE A-32:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 32 
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FIGURE A-33:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 33 
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FIGURE A-34:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 34 
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FIGURE A-35:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 35 
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FIGURE A-36:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 36 
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FIGURE A-37:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 37 
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FIGURE A-38:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 38 
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FIGURE A-39:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 39 
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FIGURE A-40:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIER 40 
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FIGURE A-41:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT ABUTMENT 41 
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FIGURE A-42:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIERS 42~46 
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FIGURE A-43:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIERS 47~51 
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FIGURE A-44:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIERS 52 AND 53 
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FIGURE A-45:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIERS 54~56 
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FIGURE A-46:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIERS 57 AND 58 
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FIGURE A-47:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIERS 59~62 
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FIGURE A-48:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIERS 63~67 
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FIGURE A-49:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT PIERS 68~70 
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FIGURE A-50:  IDEALIZED SOIL CONDITIONS AND FOUNDATION DATA AT ABUTMENT 71 
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9.0 APPENDIX B: T-Z AND Q-U CURVES 
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TABLE B-1:  ABUTMENT 1 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 15.0  Sand 99.6  0.20  39.5  0.01  53.0  0.02 69.1  0.04 79.1  0.06 86.1  0.08 94.5  0.12 99.6  0.20  
2 10.0  Sand 199.1  0.20  79.0  0.01  105.9 0.02 138.2 0.04 158.3  0.06 172.2 0.08 189.0 0.12 199.1 0.20  
3 5.0  Sand 300.4  0.20  119.2 0.01  159.8 0.02 208.5 0.04 238.8  0.06 259.8 0.08 285.1 0.12 300.4 0.20  
4 0.0  Sand 386.1  0.20  153.3 0.01  205.4 0.02 267.9 0.04 306.9  0.06 333.9 0.08 366.4 0.12 386.1 0.20  
5 -5.0  Sand 446.1  0.20  177.1 0.01  237.3 0.02 309.6 0.04 354.6  0.06 385.9 0.08 423.3 0.12 446.1 0.20  
6 -10.0  Sand 497.7  0.20  197.6 0.01  264.8 0.02 345.4 0.04 395.7  0.06 430.5 0.08 472.3 0.12 497.7 0.20  
7 -15.0  Sand 549.4  0.20  218.1 0.01  292.3 0.02 381.2 0.04 436.7  0.06 475.2 0.08 521.3 0.12 549.4 0.20  
8 -20.0  Sand 601.0  0.20  238.6 0.01  319.7 0.02 417.1 0.04 477.8  0.06 519.9 0.08 570.3 0.12 601.0 0.20  
9 -25.0  Sand 652.6  0.20  259.1 0.01  347.2 0.02 452.9 0.04 518.8  0.06 564.5 0.08 619.3 0.12 652.6 0.20  
10 -30.0  Sand 704.2  0.20  279.6 0.01  374.7 0.02 488.7 0.04 559.9  0.06 609.2 0.08 668.3 0.12 704.2 0.20  

                             
    qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
    (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   374.3  1.40  168.4 0.14  235.8 0.35  295.7 0.70  374.3  1.40        
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TABLE B-2:  PIER 2 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 0.5  Sand 292.4  0.20  116.1 0.01  155.5 0.02 202.9 0.04 232.4  0.06 252.9 0.08 277.5 0.12 292.4 0.20  
2 -3.0  Sand 357.0  0.20  141.7 0.01  189.9 0.02 247.8 0.04 283.8  0.06 308.8 0.08 338.8 0.12 357.0 0.20  
3 -6.0  Sand 417.0  0.20  165.6 0.01  221.9 0.02 289.4 0.04 331.5  0.06 360.7 0.08 395.8 0.12 417.0 0.20  
4 -10.0  Sand 403.5  0.22  160.2 0.01  214.6 0.022 280.0 0.044 320.8  0.066 349.0 0.088 382.9 0.132 403.5 0.22  
5 -14.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
6 -19.0  Clay 515.1  0.22  204.5 0.01  274.0 0.022 357.5 0.044 409.5  0.066 445.6 0.088 488.8 0.132 515.1 0.22  
7 -22.0  Sand 701.2  0.20  278.4 0.01  373.0 0.02 486.6 0.04 557.5  0.06 606.6 0.08 665.5 0.12 701.2 0.20  
8 -26.0  Sand 767.6  0.20  304.7 0.01  408.4 0.02 532.7 0.04 610.2  0.06 664.0 0.08 728.5 0.12 767.6 0.20  
9 -30.0  Sand 581.5  0.22  230.9 0.01  309.4 0.022 403.6 0.044 462.3  0.066 503.0 0.088 551.8 0.132 581.5 0.22  
10 -35.0  Clay 661.8  0.22  262.7 0.01  352.1 0.022 459.3 0.044 526.1  0.066 572.4 0.088 628.0 0.132 661.8 0.22  
11 -40.0  Sand 1007.8  0.20  400.1 0.01  536.1 0.02 699.4 0.04 801.2  0.06 871.7 0.08 956.4 0.12 1007.8 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   918.1  2.40  413.2 0.24  578.4 0.60  725.3 1.20  918.1  2.40        
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TABLE B-3:  PIER 3 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -1.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
2 -5.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
3 -10.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
4 -15.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
5 -20.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
6 -25.0  Clay 514.3  0.22  204.2 0.01  273.6 0.022 356.9 0.044 408.8  0.066 444.8 0.088 488.0 0.132 514.3 0.22  
7 -29.0  Sand 700.9  0.20  278.2 0.01  372.9 0.02 486.4 0.04 557.2  0.06 606.2 0.08 665.1 0.12 700.9 0.20  
8 -33.0  Sand 769.6  0.20  305.5 0.01  409.4 0.02 534.1 0.04 611.8  0.06 665.7 0.08 730.3 0.12 769.6 0.20  
9 -38.0  Sand 886.6  0.20  352.0 0.01  471.7 0.02 615.3 0.04 704.9  0.06 766.9 0.08 841.4 0.12 886.6 0.20  
10 -41.0  Sand 1004.5  0.20  398.8 0.01  534.4 0.02 697.1 0.04 798.6  0.06 868.9 0.08 953.3 0.12 1004.5 0.20  
11 -45.0  Sand 1084.3  0.20  430.5 0.01  576.8 0.02 752.5 0.04 862.0  0.06 937.9 0.08 1029.0 0.12 1084.3 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   1021.4  2.40  459.6 0.24  643.5 0.60  806.9 1.20  1021.4  2.40        
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TABLE B-4:  PIER 4 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -2.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
2 -7.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
3 -12.0  Clay 471.4  0.22  187.2 0.01  250.8 0.022 327.2 0.044 374.8  0.066 407.8 0.088 447.4 0.132 471.4 0.22  
4 -16.0  Sand 618.2  0.20  245.4 0.01  328.9 0.02 429.1 0.04 491.5  0.06 534.8 0.08 586.7 0.12 618.2 0.20  
5 -20.0  Sand 693.5  0.20  275.3 0.01  368.9 0.02 481.3 0.04 551.3  0.06 599.9 0.08 658.1 0.12 693.5 0.20  
6 -25.0  Sand 777.6  0.20  308.7 0.01  413.7 0.02 539.6 0.04 618.2  0.06 672.6 0.08 737.9 0.12 777.6 0.20  
7 -30.0  Sand 590.9  0.22  234.6 0.01  314.4 0.022 410.1 0.044 469.8  0.066 511.1 0.088 560.8 0.132 590.9 0.22  
8 -33.0  Clay 655.0  0.22  260.0 0.01  348.5 0.022 454.6 0.044 520.7  0.066 566.6 0.088 621.6 0.132 655.0 0.22  
9 -37.0  Sand 985.4  0.20  391.2 0.01  524.2 0.02 683.9 0.04 783.4  0.06 852.4 0.08 935.1 0.12 985.4 0.20  
10 -41.0  Sand 1056.2  0.20  419.3 0.01  561.9 0.02 733.0 0.04 839.7  0.06 913.6 0.08 1002.3 0.12 1056.2 0.20  
11 -45.0  Sand 1195.2  0.20  474.5 0.01  635.8 0.02 829.5 0.04 950.2  0.06 1033.8 0.08 1134.2 0.12 1195.2 0.20  
12 -50.0  Sand 1351.9  0.20  536.7 0.01  719.2 0.02 938.2 0.04 1074.8  0.06 1169.4 0.08 1283.0 0.12 1351.9 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   1273.6  2.40  573.1 0.24  802.4 0.60  1006.1 1.20  1273.6  2.40        
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TABLE B-5:  PIER 5 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -2.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
2 -7.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
3 -12.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
4 -17.0  Clay 494.2  0.22  196.2 0.01  262.9 0.022 342.9 0.044 392.9  0.066 427.4 0.088 469.0 0.132 494.2 0.22  
5 -21.0  Sand 663.7  0.20  263.5 0.01  353.1 0.02 460.6 0.04 527.7  0.06 574.1 0.08 629.9 0.12 663.7 0.20  
6 -25.0  Sand 739.0  0.20  293.4 0.01  393.1 0.02 512.8 0.04 587.5  0.06 639.2 0.08 701.3 0.12 739.0 0.20  
7 -30.0  Sand 569.4  0.22  226.1 0.01  302.9 0.022 395.2 0.044 452.7  0.066 492.5 0.088 540.4 0.132 569.4 0.22  
8 -34.0  Clay 641.6  0.22  254.7 0.01  341.3 0.022 445.2 0.044 510.0  0.066 554.9 0.088 608.8 0.132 641.6 0.22  
9 -38.0  Sand 962.9  0.20  382.3 0.01  512.3 0.02 668.3 0.04 765.5  0.06 833.0 0.08 913.8 0.12 962.9 0.20  
10 -43.0  Sand 1090.6  0.20  433.0 0.01  580.2 0.02 756.9 0.04 867.1  0.06 943.4 0.08 1035.0 0.12 1090.6 0.20  
11 -45.0  Sand 1199.8  0.20  476.3 0.01  638.3 0.02 832.6 0.04 953.8  0.06 1037.8 0.08 1138.6 0.12 1199.8 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   1130.2  2.40  508.6 0.24  712.1 0.60  892.9 1.20  1130.2  2.40        
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TABLE B-6:  PIER 6 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -1.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
2 -5.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
3 -9.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
4 -14.0  Clay 452.2  0.22  179.5 0.01  240.6 0.022 313.9 0.044 359.5  0.066 391.2 0.088 429.2 0.132 452.2 0.22  
5 -18.0  Sand 584.3  0.20  232.0 0.01  310.9 0.02 405.5 0.04 464.5  0.06 505.4 0.08 554.5 0.12 584.3 0.20  
6 -23.0  Sand 668.4  0.20  265.4 0.01  355.6 0.02 463.9 0.04 531.4  0.06 578.2 0.08 634.3 0.12 668.4 0.20  
7 -28.0  Sand 756.9  0.20  300.5 0.01  402.7 0.02 525.3 0.04 601.7  0.06 654.7 0.08 718.3 0.12 756.9 0.20  
8 -33.0  Sand 845.4  0.20  335.6 0.01  449.8 0.02 586.7 0.04 672.1  0.06 731.3 0.08 802.3 0.12 845.4 0.20  
9 -38.0  Sand 987.5  0.20  392.1 0.01  525.4 0.02 685.3 0.04 785.1  0.06 854.2 0.08 937.2 0.12 987.5 0.20  
10 -43.0  Sand 1138.6  0.20  452.0 0.01  605.7 0.02 790.2 0.04 905.1  0.06 984.8 0.08 1080.5 0.12 1138.6 0.20  
11 -48.0  Sand 862.5  0.22  342.4 0.01  458.9 0.022 598.6 0.044 685.7  0.066 746.1 0.088 818.5 0.132 862.5 0.22  
12 -51.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
13 -55.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   976.3  2.40  439.3 0.24  615.1 0.60  771.3 1.20  976.3  2.40        
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TABLE B-7:  PIER 7 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -6.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
2 -10.0  Clay 360.0  0.24  142.9 0.01  191.5 0.024 249.8 0.048 286.2  0.072 311.4 0.096 341.6 0.144 360.0 0.24  
3 -14.0  Clay 266.8  0.22  105.9 0.01  141.9 0.022 185.2 0.044 212.1  0.066 230.8 0.088 253.2 0.132 266.8 0.22  
4 -19.0  Sand 217.8  0.20  86.5  0.01  115.9 0.02 151.2 0.04 173.2  0.06 188.4 0.08 206.7 0.12 217.8 0.20  
5 -24.0  Sand 306.4  0.20  121.6 0.01  163.0 0.02 212.6 0.04 243.6  0.06 265.0 0.08 290.7 0.12 306.4 0.20  
6 -29.0  Sand 394.9  0.20  156.8 0.01  210.1 0.02 274.0 0.04 313.9  0.06 341.6 0.08 374.7 0.12 394.9 0.20  
7 -34.0  Sand 486.2  0.22  193.0 0.01  258.7 0.022 337.4 0.044 386.6  0.066 420.6 0.088 461.4 0.132 486.2 0.22  
8 -38.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
9 -43.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
10 -48.0  Clay 715.1  0.22  283.9 0.01  380.4 0.022 496.3 0.044 568.5  0.066 618.5 0.088 678.6 0.132 715.1 0.22  
11 -51.0  Sand 938.4  0.20  372.5 0.01  499.2 0.02 651.2 0.04 746.0  0.06 811.7 0.08 890.5 0.12 938.4 0.20  
12 -55.0  Sand 1027.4  0.20  407.9 0.01  546.6 0.02 713.0 0.04 816.8  0.06 888.7 0.08 975.0 0.12 1027.4 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   1192.1  2.40  536.5 0.24  751.0 0.60  941.8 1.20  1192.1  2.40        
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TABLE B-8:  PIER 8 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -16.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -18.0  Sand 45.6  0.20  18.1  0.01  24.2  0.02 31.6  0.04 36.2  0.06 39.4  0.08 43.2  0.12 45.6  0.20  
3 -23.0  Sand 120.8  0.20  48.0  0.01  64.3  0.02 83.9  0.04 96.1  0.06 104.5 0.08 114.7 0.12 120.8 0.20  
4 -28.0  Sand 349.2  0.22  138.6 0.01  185.8 0.022 242.4 0.044 277.6  0.066 302.1 0.088 331.4 0.132 349.2 0.22  
5 -31.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
6 -34.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
7 -39.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
8 -44.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
9 -49.0  Clay 626.7  0.22  248.8 0.01  333.4 0.022 434.9 0.044 498.2  0.066 542.1 0.088 594.7 0.132 626.7 0.22  
10 -52.0  Sand 761.6  0.20  302.3 0.01  405.2 0.02 528.5 0.04 605.5  0.06 658.8 0.08 722.7 0.12 761.6 0.20  
11 -56.0  Sand 850.6  0.20  337.7 0.01  452.5 0.02 590.3 0.04 676.3  0.06 735.8 0.08 807.2 0.12 850.6 0.20  
12 -60.0  Sand 945.6  0.20  375.4 0.01  503.1 0.02 656.3 0.04 751.8  0.06 818.0 0.08 897.4 0.12 945.6 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   940.5  2.40  423.2 0.24  592.5 0.60  743.0 1.20  940.5  2.40        

 



 

9-9 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

TABLE B-9:  PIER 9 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -18.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -23.0  Sand 76.3  0.20  30.3  0.01  40.6  0.02 52.9  0.04 60.6  0.06 66.0  0.08 72.4  0.12 76.3  0.20  
3 -27.0  Sand 151.6  0.20  60.2  0.01  80.7  0.02 105.2 0.04 120.6  0.06 131.2 0.08 143.9 0.12 151.6 0.20  
4 -31.0  Sand 360.2  0.22  143.0 0.01  191.6 0.022 250.0 0.044 286.4  0.066 311.6 0.088 341.8 0.132 360.2 0.22  
5 -36.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
6 -41.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
7 -46.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
8 -51.0  Clay 629.9  0.22  250.1 0.01  335.1 0.022 437.2 0.044 500.8  0.066 544.9 0.088 597.8 0.132 629.9 0.22  
9 -55.0  Sand 779.9  0.20  309.6 0.01  414.9 0.02 541.3 0.04 620.0  0.06 674.6 0.08 740.1 0.12 779.9 0.20  
10 -60.0  Sand 892.7  0.20  354.4 0.01  474.9 0.02 619.5 0.04 709.7  0.06 772.2 0.08 847.2 0.12 892.7 0.20  

                             
    qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
    (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   887.8  2.40  399.5 0.24  559.3 0.60  701.4 1.20  887.8  2.40        
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TABLE B-10:  PIER 10 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -16.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -20.0  Sand 58.1  0.20  23.1  0.01  30.9  0.02 40.3  0.04 46.2  0.06 50.3  0.08 55.1  0.12 58.1  0.20  
3 -24.0  Sand 116.2  0.20  46.1  0.01  61.8  0.02 80.6  0.04 92.4  0.06 100.5 0.08 110.3 0.12 116.2 0.20  
4 -28.0  Sand 191.7  0.20  76.1  0.01  102.0 0.02 133.1 0.04 152.4  0.06 165.9 0.08 182.0 0.12 191.7 0.20  
5 -33.0  Sand 282.5  0.20  112.2 0.01  150.3 0.02 196.1 0.04 224.6  0.06 244.4 0.08 268.1 0.12 282.5 0.20  
6 -38.0  Sand 371.0  0.20  147.3 0.01  197.4 0.02 257.5 0.04 295.0  0.06 320.9 0.08 352.1 0.12 371.0 0.20  
7 -43.0  Sand 474.3  0.22  188.3 0.01  252.3 0.022 329.2 0.044 377.1  0.066 410.3 0.088 450.1 0.132 474.3 0.22  
8 -46.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
9 -50.0  Clay 634.0  0.22  251.7 0.01  337.3 0.022 440.0 0.044 504.0  0.066 548.4 0.088 601.7 0.132 634.0 0.22  
10 -54.0  Sand 782.1  0.20  310.5 0.01  416.1 0.02 542.8 0.04 621.8  0.06 676.6 0.08 742.3 0.12 782.1 0.20  
11 -58.0  Sand 883.1  0.20  350.6 0.01  469.8 0.02 612.8 0.04 702.0  0.06 763.8 0.08 838.0 0.12 883.1 0.20  
12 -63.0  Sand 995.9  0.20  395.4 0.01  529.8 0.02 691.1 0.04 791.7  0.06 861.4 0.08 945.1 0.12 995.9 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   990.4  2.40  445.7 0.24  624.0 0.60  782.4 1.20  990.4  2.40        

 



 

9-11 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

TABLE B-11:  PIER 11 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -19.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -23.0  Sand 58.1  0.20  23.1  0.01  30.9  0.02 40.3  0.04 46.2  0.06 50.3  0.08 55.1  0.12 58.1  0.20  
3 -27.0  Sand 116.2  0.20  46.1  0.01  61.8  0.02 80.6  0.04 92.4  0.06 100.5 0.08 110.3 0.12 116.2 0.20  
4 -31.0  Sand 187.3  0.20  74.4  0.01  99.7  0.02 130.0 0.04 148.9  0.06 162.0 0.08 177.8 0.12 187.3 0.20  
5 -35.0  Sand 269.2  0.20  106.9 0.01  143.2 0.02 186.8 0.04 214.0  0.06 232.9 0.08 255.5 0.12 269.2 0.20  
6 -40.0  Sand 421.2  0.22  167.2 0.01  224.1 0.022 292.3 0.044 334.9  0.066 364.3 0.088 399.7 0.132 421.2 0.22  
7 -43.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
8 -46.0  Clay 555.1  0.22  220.4 0.01  295.3 0.022 385.2 0.044 441.3  0.066 480.1 0.088 526.8 0.132 555.1 0.22  
9 -49.0  Sand 618.4  0.20  245.5 0.01  329.0 0.02 429.2 0.04 491.6  0.06 534.9 0.08 586.9 0.12 618.4 0.20  
10 -53.0  Sand 713.4  0.20  283.2 0.01  379.5 0.02 495.1 0.04 567.1  0.06 617.1 0.08 677.0 0.12 713.4 0.20  
11 -58.0  Sand 826.2  0.20  328.0 0.01  439.5 0.02 573.4 0.04 656.8  0.06 714.6 0.08 784.0 0.12 826.2 0.20  
12 -63.0  Sand 944.9  0.20  375.1 0.01  502.7 0.02 655.8 0.04 751.2  0.06 817.3 0.08 896.7 0.12 944.9 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   939.7  2.40  422.9 0.24  592.0 0.60  742.4 1.20  939.7  2.40        
 



 

9-12 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

TABLE B-12:  PIER 12 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -19.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -23.0  Sand 58.1  0.20  23.1  0.01  30.9  0.02 40.3  0.04 46.2  0.06 50.3  0.08 55.1  0.12 58.1  0.20  
3 -27.0  Sand 119.8  0.20  47.6  0.01  63.8  0.02 83.2  0.04 95.3  0.06 103.7 0.08 113.7 0.12 119.8 0.20  
4 -32.0  Sand 190.6  0.20  75.7  0.01  101.4 0.02 132.2 0.04 151.5  0.06 164.8 0.08 180.8 0.12 190.6 0.20  
5 -35.0  Sand 258.5  0.20  102.6 0.01  137.5 0.02 179.4 0.04 205.5  0.06 223.6 0.08 245.3 0.12 258.5 0.20  
6 -39.0  Sand 444.2  0.22  176.4 0.01  236.3 0.022 308.3 0.044 353.2  0.066 384.3 0.088 421.6 0.132 444.2 0.22  
7 -44.0  Clay 568.1  0.22  225.5 0.01  302.2 0.022 394.2 0.044 451.6  0.066 491.4 0.088 539.1 0.132 568.1 0.22  
8 -48.0  Sand 583.6  0.20  231.7 0.01  310.5 0.02 405.0 0.04 464.0  0.06 504.8 0.08 553.9 0.12 583.6 0.20  
9 -52.0  Sand 678.6  0.20  269.4 0.01  361.0 0.02 471.0 0.04 539.5  0.06 587.0 0.08 644.0 0.12 678.6 0.20  
10 -56.0  Sand 773.6  0.20  307.1 0.01  411.6 0.02 536.9 0.04 615.0  0.06 669.2 0.08 734.1 0.12 773.6 0.20  
11 -60.0  Sand 868.6  0.20  344.8 0.01  462.1 0.02 602.8 0.04 690.5  0.06 751.3 0.08 824.3 0.12 868.6 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   863.9  2.40  388.7 0.24  544.2 0.60  682.4 1.20  863.9  2.40        
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TABLE B-13:  PIER 13 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -22.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -27.0  Sand 72.6  0.20  28.8  0.01  38.6  0.02 50.4  0.04 57.7  0.06 62.8  0.08 68.9  0.12 72.6  0.20  
3 -32.0  Sand 145.3  0.20  57.7  0.01  77.3  0.02 100.8 0.04 115.5  0.06 125.6 0.08 137.8 0.12 145.3 0.20  
4 -37.0  Sand 225.3  0.20  89.4  0.01  119.9 0.02 156.4 0.04 179.1  0.06 194.9 0.08 213.8 0.12 225.3 0.20  
5 -40.0  Sand 300.0  0.20  119.1 0.01  159.6 0.02 208.2 0.04 238.5  0.06 259.5 0.08 284.7 0.12 300.0 0.20  
6 -44.0  Sand 366.4  0.20  145.5 0.01  194.9 0.02 254.3 0.04 291.3  0.06 316.9 0.08 347.7 0.12 366.4 0.20  
7 -48.0  Sand 467.6  0.22  185.6 0.01  248.7 0.022 324.5 0.044 371.7  0.066 404.5 0.088 443.7 0.132 467.6 0.22  
8 -51.0  Clay 533.3  0.24  211.7 0.01  283.7 0.024 370.1 0.048 424.0  0.072 461.3 0.096 506.1 0.144 533.3 0.24  
9 -54.0  Clay 610.4  0.22  242.3 0.01  324.7 0.022 423.6 0.044 485.3  0.066 528.0 0.088 579.3 0.132 610.4 0.22  
10 -58.0  Sand 735.0  0.20  291.8 0.01  391.0 0.02 510.1 0.04 584.3  0.06 635.8 0.08 697.5 0.12 735.0 0.20  
11 -62.0  Sand 830.0  0.20  329.5 0.01  441.6 0.02 576.0 0.04 659.8  0.06 717.9 0.08 787.7 0.12 830.0 0.20  
12 -66.0  Sand 925.0  0.20  367.2 0.01  492.1 0.02 641.9 0.04 735.4  0.06 800.1 0.08 877.8 0.12 925.0 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   919.9  2.40  414.0 0.24  579.6 0.60  726.8 1.20  919.9  2.40        
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TABLE B-14:  PIER 14 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -20.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -24.0  Sand 58.1  0.20  23.1  0.01  30.9  0.02 40.3  0.04 46.2  0.06 50.3  0.08 55.1  0.12 58.1  0.20  
3 -28.0  Sand 116.2  0.20  46.1  0.01  61.8  0.02 80.6  0.04 92.4  0.06 100.5 0.08 110.3 0.12 116.2 0.20  
4 -32.0  Sand 187.3  0.20  74.4  0.01  99.7  0.02 130.0 0.04 148.9  0.06 162.0 0.08 177.8 0.12 187.3 0.20  
5 -36.0  Sand 269.2  0.20  106.9 0.01  143.2 0.02 186.8 0.04 214.0  0.06 232.9 0.08 255.5 0.12 269.2 0.20  
6 -41.0  Sand 421.2  0.22  167.2 0.01  224.1 0.022 292.3 0.044 334.9  0.066 364.3 0.088 399.7 0.132 421.2 0.22  
7 -45.0  Clay 546.1  0.22  216.8 0.01  290.5 0.022 379.0 0.044 434.2  0.066 472.4 0.088 518.3 0.132 546.1 0.22  
8 -50.0  Sand 618.2  0.20  245.4 0.01  328.9 0.02 429.1 0.04 491.5  0.06 534.8 0.08 586.7 0.12 618.2 0.20  
9 -55.0  Sand 737.0  0.20  292.6 0.01  392.1 0.02 511.5 0.04 585.9  0.06 637.5 0.08 699.4 0.12 737.0 0.20  
10 -60.0  Sand 855.7  0.20  339.7 0.01  455.2 0.02 593.9 0.04 680.3  0.06 740.2 0.08 812.1 0.12 855.7 0.20  

                             
    qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
    (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   851.0  2.40  383.0 0.24  536.2 0.60  672.3 1.20  851.0  2.40        
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TABLE B-15:  PIER 15 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -24.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -27.0  Sand 47.2  0.20  18.7  0.01  25.1  0.02 32.8  0.04 37.5  0.06 40.8  0.08 44.8  0.12 47.2  0.20  
3 -31.0  Sand 110.6  0.20  43.9  0.01  58.8  0.02 76.8  0.04 87.9  0.06 95.7  0.08 105.0 0.12 110.6 0.20  
4 -35.0  Sand 188.4  0.20  74.8  0.01  100.2 0.02 130.7 0.04 149.8  0.06 163.0 0.08 178.8 0.12 188.4 0.20  
5 -40.0  Sand 380.8  0.22  151.2 0.01  202.6 0.022 264.3 0.044 302.7  0.066 329.4 0.088 361.4 0.132 380.8 0.22  
6 -45.0  Clay 508.9  0.22  202.0 0.01  270.8 0.022 353.2 0.044 404.6  0.066 440.2 0.088 483.0 0.132 508.9 0.22  
7 -50.0  Sand 543.9  0.20  215.9 0.01  289.4 0.02 377.5 0.04 432.4  0.06 470.5 0.08 516.2 0.12 543.9 0.20  
8 -55.0  Sand 662.6  0.20  263.1 0.01  352.5 0.02 459.9 0.04 526.8  0.06 573.2 0.08 628.8 0.12 662.6 0.20  
9 -60.0  Sand 781.3  0.20  310.2 0.01  415.7 0.02 542.3 0.04 621.2  0.06 675.9 0.08 741.5 0.12 781.3 0.20  
10 -65.0  Sand 900.1  0.20  357.3 0.01  478.8 0.02 624.7 0.04 715.6  0.06 778.6 0.08 854.2 0.12 900.1 0.20  

                             
    qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
    (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   895.2  2.40  402.8 0.24  564.0 0.60  707.2 1.20  895.2  2.40        
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TABLE B-16:  PIER 16 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -26.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -30.0  Sand 58.1  0.20  23.1  0.01  30.9  0.02 40.3  0.04 46.2  0.06 50.3  0.08 55.1  0.12 58.1  0.20  
3 -34.0  Sand 125.9  0.20  50.0  0.01  67.0  0.02 87.4  0.04 100.1  0.06 108.9 0.08 119.5 0.12 125.9 0.20  
4 -38.0  Sand 200.1  0.20  79.5  0.01  106.5 0.02 138.9 0.04 159.1  0.06 173.1 0.08 189.9 0.12 200.1 0.20  
5 -42.0  Sand 384.4  0.22  152.6 0.01  204.5 0.022 266.8 0.044 305.6  0.066 332.5 0.088 364.8 0.132 384.4 0.22  
6 -46.0  Clay 491.7  0.22  195.2 0.01  261.6 0.022 341.2 0.044 390.9  0.066 425.3 0.088 466.6 0.132 491.7 0.22  
7 -50.0  Sand 503.4  0.20  199.9 0.01  267.8 0.02 349.4 0.04 400.2  0.06 435.5 0.08 477.8 0.12 503.4 0.20  
8 -55.0  Sand 616.2  0.20  244.6 0.01  327.8 0.02 427.7 0.04 489.9  0.06 533.0 0.08 584.8 0.12 616.2 0.20  
9 -60.0  Sand 734.9  0.20  291.8 0.01  391.0 0.02 510.1 0.04 584.3  0.06 635.7 0.08 697.5 0.12 734.9 0.20  
10 -65.0  Sand 853.7  0.20  338.9 0.01  454.2 0.02 592.4 0.04 678.7  0.06 738.4 0.08 810.1 0.12 853.7 0.20  
11 -70.0  Sand 972.4  0.20  386.0 0.01  517.3 0.02 674.8 0.04 773.1  0.06 841.1 0.08 922.8 0.12 972.4 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   1128.3  2.40  507.7 0.24  710.8 0.60  891.3 1.20  1128.3  2.40        
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TABLE B-17:  PIER 17 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -34.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -37.0  Sand 104.0  0.20  41.3  0.01  55.4  0.02 72.2  0.04 82.7  0.06 90.0  0.08 98.7  0.12 104.0 0.20  
3 -42.0  Sand 250.5  0.20  99.5  0.01  133.3 0.02 173.9 0.04 199.2  0.06 216.7 0.08 237.7 0.12 250.5 0.20  
4 -47.0  Sand 412.3  0.20  163.7 0.01  219.4 0.02 286.2 0.04 327.8  0.06 356.7 0.08 391.3 0.12 412.3 0.20  
5 -52.0  Sand 574.2  0.20  227.9 0.01  305.5 0.02 398.5 0.04 456.5  0.06 496.7 0.08 544.9 0.12 574.2 0.20  
6 -57.0  Sand 736.0  0.20  292.2 0.01  391.6 0.02 510.8 0.04 585.1  0.06 636.6 0.08 698.5 0.12 736.0 0.20  
7 -62.0  Sand 897.8  0.20  356.4 0.01  477.7 0.02 623.1 0.04 713.8  0.06 776.6 0.08 852.1 0.12 897.8 0.20  
8 -67.0  Sand 1059.7  0.20  420.7 0.01  563.7 0.02 735.4 0.04 842.4  0.06 916.6 0.08 1005.6 0.12 1059.7 0.20  
9 -72.0  Sand 1318.0  0.20  523.2 0.01  701.2 0.02 914.7 0.04 1047.8  0.06 1140.1 0.08 1250.8 0.12 1318.0 0.20  
10 -77.0  Sand 1600.3  0.20  635.3 0.01  851.4 0.02 1110.6 0.04 1272.2  0.06 1384.2 0.08 1518.7 0.12 1600.3 0.20  
11 -82.0  Sand 1810.1  0.20  718.6 0.01  963.0 0.02 1256.2 0.04 1439.0  0.06 1565.7 0.08 1717.8 0.12 1810.1 0.20  
12 -87.0  Sand 2019.9  0.20  801.9 0.01  1074.6 0.02 1401.8 0.04 1605.8  0.06 1747.2 0.08 1916.9 0.12 2019.9 0.20  
13 -92.0  Sand 2229.7  0.20  885.2 0.01  1186.2 0.02 1547.4 0.04 1772.6  0.06 1928.7 0.08 2116.0 0.12 2229.7 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   2251.8  5.40  1013.3 0.54  1418.6 1.35  1778.9 2.70  2251.8  5.40        
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TABLE B-18:  PIER 18 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -34.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -37.0  Sand 77.0  0.20  30.6  0.01  41.0  0.02 53.4  0.04 61.2  0.06 66.6  0.08 73.1  0.12 77.0  0.20  
3 -40.0  Sand 166.8  0.20  66.2  0.01  88.8  0.02 115.8 0.04 132.6  0.06 144.3 0.08 158.3 0.12 166.8 0.20  
4 -45.0  Sand 282.3  0.20  112.1 0.01  150.2 0.02 195.9 0.04 224.5  0.06 244.2 0.08 267.9 0.12 282.3 0.20  
5 -50.0  Sand 410.7  0.20  163.0 0.01  218.5 0.02 285.0 0.04 326.5  0.06 355.2 0.08 389.7 0.12 410.7 0.20  
6 -55.0  Sand 539.0  0.20  214.0 0.01  286.8 0.02 374.1 0.04 428.5  0.06 466.3 0.08 511.5 0.12 539.0 0.20  
7 -60.0  Sand 710.1  0.20  281.9 0.01  377.8 0.02 492.8 0.04 564.5  0.06 614.3 0.08 673.9 0.12 710.1 0.20  
8 -63.0  Sand 865.6  0.20  343.6 0.01  460.5 0.02 600.7 0.04 688.1  0.06 748.7 0.08 821.4 0.12 865.6 0.20  
9 -66.0  Sand 978.9  0.20  388.6 0.01  520.8 0.02 679.3 0.04 778.2  0.06 846.7 0.08 928.9 0.12 978.9 0.20  
10 -71.0  Sand 1124.5  0.20  446.4 0.01  598.2 0.02 780.4 0.04 894.0  0.06 972.7 0.08 1067.2 0.12 1124.5 0.20  
11 -76.0  Sand 1286.4  0.20  510.7 0.01  684.3 0.02 892.7 0.04 1022.7  0.06 1112.7 0.08 1220.8 0.12 1286.4 0.20  
12 -81.0  Sand 1448.2  0.20  574.9 0.01  770.4 0.02 1005.0 0.04 1151.3  0.06 1252.7 0.08 1374.3 0.12 1448.2 0.20  
13 -86.0  Sand 1712.4  0.20  679.8 0.01  911.0 0.02 1188.4 0.04 1361.4  0.06 1481.2 0.08 1625.1 0.12 1712.4 0.20  
14 -89.0  Sand 1958.6  0.20  777.6 0.01  1042.0 0.02 1359.3 0.04 1557.1  0.06 1694.2 0.08 1858.7 0.12 1958.6 0.20  
15 -92.0  Sand 2084.5  0.20  827.5 0.01  1109.0 0.02 1446.6 0.04 1657.2  0.06 1803.1 0.08 1978.2 0.12 2084.5 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   2105.2  5.40  947.3 0.54  1326.2 1.35  1663.1 2.70  2105.2  5.40        
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TABLE B-19:  PIER 19 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -40.0  Sand 0.0  0.20  0.0  0.01  0.0  0.02 0.0  0.04 0.0  0.06 0.0  0.08 0.0  0.12 0.0  0.20  
2 -44.0  Sand 92.9  0.20  36.9  0.01  49.4  0.02 64.5  0.04 73.9  0.06 80.4  0.08 88.2  0.12 92.9  0.20  
3 -48.0  Sand 191.6  0.20  76.1  0.01  101.9 0.02 133.0 0.04 152.3  0.06 165.8 0.08 181.9 0.12 191.6 0.20  
4 -53.0  Sand 302.0  0.20  119.9 0.01  160.6 0.02 209.6 0.04 240.1  0.06 261.2 0.08 286.6 0.12 302.0 0.20  
5 -58.0  Sand 445.0  0.20  176.7 0.01  236.8 0.02 308.8 0.04 353.8  0.06 384.9 0.08 422.3 0.12 445.0 0.20  
6 -61.0  Sand 586.6  0.20  232.9 0.01  312.1 0.02 407.1 0.04 466.4  0.06 507.5 0.08 556.7 0.12 586.6 0.20  
7 -65.0  Sand 716.1  0.20  284.3 0.01  381.0 0.02 497.0 0.04 569.3  0.06 619.4 0.08 679.6 0.12 716.1 0.20  
8 -70.0  Sand 869.9  0.20  345.3 0.01  462.8 0.02 603.7 0.04 691.5  0.06 752.4 0.08 825.5 0.12 869.9 0.20  
9 -75.0  Sand 1094.1  0.20  434.3 0.01  582.0 0.02 759.3 0.04 869.8  0.06 946.4 0.08 1038.3 0.12 1094.1 0.20  
10 -78.0  Sand 1321.3  0.20  524.5 0.01  702.9 0.02 917.0 0.04 1050.4  0.06 1142.9 0.08 1253.9 0.12 1321.3 0.20  
11 -83.0  Sand 1510.1  0.20  599.5 0.01  803.4 0.02 1048.0 0.04 1200.5  0.06 1306.2 0.08 1433.1 0.12 1510.1 0.20  
12 -88.0  Sand 1719.9  0.20  682.8 0.01  915.0 0.02 1193.6 0.04 1367.3  0.06 1487.7 0.08 1632.2 0.12 1719.9 0.20  
13 -93.0  Sand 1929.7  0.20  766.1 0.01  1026.6 0.02 1339.2 0.04 1534.1  0.06 1669.2 0.08 1831.3 0.12 1929.7 0.20  
14 -98.0  Sand 2139.5  0.20  849.4 0.01  1138.2 0.02 1484.8 0.04 1700.9  0.06 1850.7 0.08 2030.4 0.12 2139.5 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   2160.7  5.40  972.3 0.54  1361.2 1.35  1707.0 2.70  2160.7  5.40        
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TABLE B-20:  PIER 20 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -44.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
2 -49.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
3 -54.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
4 -59.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
5 -64.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
6 -69.0  Clay 543.4  0.37  215.7 0.02  289.1 0.037 377.1 0.074 432.0  0.111 470.1 0.148 515.7 0.222 543.4 0.37  
7 -73.0  Sand 806.2  0.20  320.1 0.01  428.9 0.02 559.5 0.04 641.0  0.06 697.4 0.08 765.1 0.12 806.2 0.20  
8 -78.0  Sand 960.0  0.20  381.1 0.01  510.7 0.02 666.2 0.04 763.2  0.06 830.4 0.08 911.0 0.12 960.0 0.20  
9 -83.0  Sand 1190.4  0.20  472.6 0.01  633.3 0.02 826.2 0.04 946.4  0.06 1029.7 0.08 1129.7 0.12 1190.4 0.20  
10 -86.0  Sand 1413.4  0.20  561.1 0.01  751.9 0.02 980.9 0.04 1123.6  0.06 1222.6 0.08 1341.3 0.12 1413.4 0.20  
11 -90.0  Sand 1581.2  0.20  627.7 0.01  841.2 0.02 1097.4 0.04 1257.1  0.06 1367.8 0.08 1500.6 0.12 1581.2 0.20  
12 -95.0  Sand 1780.5  0.20  706.9 0.01  947.2 0.02 1235.7 0.04 1415.5  0.06 1540.2 0.08 1689.7 0.12 1780.5 0.20  
13 -100.0  Sand 1990.3  0.20  790.2 0.01  1058.9 0.02 1381.3 0.04 1582.3  0.06 1721.7 0.08 1888.8 0.12 1990.3 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   2010.1  5.40  904.5 0.54  1266.3 1.35  1587.9 2.70  2010.1  5.40        
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TABLE B-21:  PIER 21 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -20.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
2 -25.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
3 -30.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
4 -35.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
5 -40.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
6 -45.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
7 -50.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
8 -55.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
9 -60.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4  0.54  
10 -65.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7  0.216 335.4  0.324 353.4  0.54  
11 -70.0  Clay 353.4  0.54  140.3 0.03  188.0 0.054 245.3 0.108 281.0  0.162 305.7 0.216 335.4 0.324 353.4 0.54  
12 -75.0  Clay 1045.5  0.37  415.1 0.02  556.2 0.037 725.6 0.074 831.2  0.111 904.4 0.148 992.2 0.222 1045.5 0.37  
13 -78.0  Sand 1821.5  0.20  723.1 0.01  969.0 0.02 1264.1 0.04 1448.1  0.06 1575.6 0.08 1728.6 0.12 1821.5 0.20  
14 -83.0  Sand 2010.3  0.20  798.1 0.01  1069.5 0.02 1395.2 0.04 1598.2  0.06 1738.9 0.08 1907.8 0.12 2010.3 0.20  
15 -88.0  Sand 2220.1  0.20  881.4 0.01  1181.1 0.02 1540.8 0.04 1765.0  0.06 1920.4 0.08 2106.9 0.12 2220.1 0.20  
16 -93.0  Sand 2429.9  0.20  964.7 0.01  1292.7 0.02 1686.4 0.04 1931.8  0.06 2101.9 0.08 2306.0 0.12 2429.9 0.20  
17 -98.0  Sand 2639.7  0.20  1048.0 0.01  1404.3 0.02 1832.0 0.04 2098.6  0.06 2283.4 0.08 2505.1 0.12 2639.7 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   1777.2  5.40  799.8 0.54  1119.7 1.35  1404.0 2.70  1777.2  5.40        
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TABLE B-22:  PIER 22 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -14.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -18.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -23.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -28.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -33.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -38.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -43.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -48.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -53.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -58.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -63.0  Clay 522.4  0.22  207.4 0.01  277.9 0.022 362.6 0.044 415.3  0.066 451.9 0.088 495.8 0.132 522.4 0.22  
12 -66.0  Sand 872.3  0.20  346.3 0.01  464.1 0.02 605.4 0.04 693.5  0.06 754.5 0.08 827.8 0.12 872.3 0.20  
13 -69.0  Sand 936.4  0.20  371.8 0.01  498.2 0.02 649.9 0.04 744.4  0.06 810.0 0.08 888.6 0.12 936.4 0.20  
14 -74.0  Sand 1018.8  0.20  404.5 0.01  542.0 0.02 707.1 0.04 810.0  0.06 881.3 0.08 966.9 0.12 1018.8 0.20  
15 -79.0  Sand 1110.4  0.20  440.8 0.01  590.7 0.02 770.6 0.04 882.8  0.06 960.5 0.08 1053.8 0.12 1110.4 0.20  
16 -84.0  Sand 1202.0  0.20  477.2 0.01  639.5 0.02 834.2 0.04 955.6  0.06 1039.7 0.08 1140.7 0.12 1202.0 0.20  
17 -89.0  Sand 1383.9  0.20  549.4 0.01  736.2 0.02 960.4 0.04 1100.2  0.06 1197.1 0.08 1313.3 0.12 1383.9 0.20  
18 -93.0  Sand 1573.4  0.20  624.6 0.01  837.1 0.02 1091.9 0.04 1250.9  0.06 1361.0 0.08 1493.2 0.12 1573.4 0.20  
19 -98.0  Sand 1686.2  0.20  669.4 0.01  897.1 0.02 1170.2 0.04 1340.5  0.06 1458.6 0.08 1600.2 0.12 1686.2 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   1677.0  2.40  754.7 0.24  1056.5 0.60  1324.8 1.20  1677.0  2.40        

 



 

9-23 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

TABLE B-23:  PIER 23 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -16.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -26.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -31.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -36.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -41.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -46.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -51.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -56.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -61.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -66.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -71.0  Clay 584.7  0.22  232.1 0.01  311.0 0.022 405.8 0.044 464.8  0.066 505.7 0.088 554.9 0.132 584.7 0.22  
13 -75.0  Sand 1006.0  0.20  399.4 0.01  535.2 0.02 698.1 0.04 799.7  0.06 870.2 0.08 954.7 0.12 1006.0 0.20  
14 -79.0  Sand 1083.8  0.20  430.3 0.01  576.6 0.02 752.2 0.04 861.6  0.06 937.5 0.08 1028.5 0.12 1083.8 0.20  
15 -84.0  Sand 1170.8  0.20  464.8 0.01  622.9 0.02 812.5 0.04 930.8  0.06 1012.8 0.08 1111.1 0.12 1170.8 0.20  
16 -89.0  Sand 1350.6  0.20  536.2 0.01  718.5 0.02 937.3 0.04 1073.7  0.06 1168.2 0.08 1281.7 0.12 1350.6 0.20  
17 -93.0  Sand 1537.9  0.20  610.6 0.01  818.2 0.02 1067.3 0.04 1222.7  0.06 1330.3 0.08 1459.5 0.12 1537.9 0.20  
18 -98.0  Sand 1650.7  0.20  655.3 0.01  878.2 0.02 1145.6 0.04 1312.3  0.06 1427.9 0.08 1566.5 0.12 1650.7 0.20  
19 -103.0  Sand 1769.5  0.20  702.5 0.01  941.4 0.02 1228.0 0.04 1406.7  0.06 1530.6 0.08 1679.2 0.12 1769.5 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   1075.4  2.40  484.0 0.24  677.5 0.60  849.6 1.20  1075.4  2.40        
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TABLE B-24:  PIER 24 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -17.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -20.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -24.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -29.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -34.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -39.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -44.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -49.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -54.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -59.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -64.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -69.0  Clay 537.5  0.22  213.4 0.01  286.0 0.022 373.1 0.044 427.3  0.066 465.0 0.088 510.1 0.132 537.5 0.22  
13 -72.0  Sand 907.1  0.20  360.1 0.01  482.6 0.02 629.6 0.04 721.2  0.06 784.7 0.08 860.9 0.12 907.1 0.20  
14 -76.0  Sand 980.4  0.20  389.2 0.01  521.6 0.02 680.4 0.04 779.4  0.06 848.1 0.08 930.4 0.12 980.4 0.20  
15 -81.0  Sand 1067.4  0.20  423.8 0.01  567.9 0.02 740.8 0.04 848.6  0.06 923.3 0.08 1013.0 0.12 1067.4 0.20  
16 -86.0  Sand 1240.0  0.20  492.3 0.01  659.7 0.02 860.6 0.04 985.8  0.06 1072.6 0.08 1176.8 0.12 1240.0 0.20  
17 -90.0  Sand 1420.2  0.20  563.8 0.01  755.6 0.02 985.6 0.04 1129.1  0.06 1228.5 0.08 1347.8 0.12 1420.2 0.20  
18 -95.0  Sand 1533.0  0.20  608.6 0.01  815.6 0.02 1063.9 0.04 1218.7  0.06 1326.1 0.08 1454.8 0.12 1533.0 0.20  
19 -100.0  Sand 1651.7  0.20  655.7 0.01  878.7 0.02 1146.3 0.04 1313.1  0.06 1428.8 0.08 1567.5 0.12 1651.7 0.20  
20 -105.0  Sand 1770.5  0.20  702.9 0.01  941.9 0.02 1228.7 0.04 1407.5  0.06 1531.5 0.08 1680.2 0.12 1770.5 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   782.6  2.40  352.2 0.24  493.0 0.60  618.2 1.20  782.6  2.40        
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TABLE B-25:  PIER 25 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -18.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -25.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -30.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -35.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -40.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -45.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -50.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -55.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -60.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -65.0  Clay 511.9  0.22  203.2 0.01  272.3 0.022 355.2 0.044 406.9  0.066 442.8 0.088 485.7 0.132 511.9 0.22  
12 -69.0  Sand 860.3  0.20  341.6 0.01  457.7 0.02 597.1 0.04 684.0  0.06 744.2 0.08 816.5 0.12 860.3 0.20  
13 -73.0  Sand 933.6  0.20  370.6 0.01  496.7 0.02 647.9 0.04 742.2  0.06 807.6 0.08 886.0 0.12 933.6 0.20  
14 -77.0  Sand 1006.9  0.20  399.7 0.01  535.7 0.02 698.8 0.04 800.5  0.06 870.9 0.08 955.5 0.12 1006.9 0.20  
15 -81.0  Sand 1154.3  0.20  458.3 0.01  614.1 0.02 801.1 0.04 917.7  0.06 998.5 0.08 1095.5 0.12 1154.3 0.20  
16 -84.0  Sand 1300.8  0.20  516.4 0.01  692.0 0.02 902.7 0.04 1034.1  0.06 1125.2 0.08 1234.4 0.12 1300.8 0.20  
17 -87.0  Sand 1383.9  0.20  549.4 0.01  736.2 0.02 960.4 0.04 1100.2  0.06 1197.1 0.08 1313.3 0.12 1383.9 0.20  
18 -92.0  Sand 1490.7  0.20  591.8 0.01  793.1 0.02 1034.6 0.04 1185.1  0.06 1289.5 0.08 1414.7 0.12 1490.7 0.20  
19 -97.0  Sand 1609.5  0.20  639.0 0.01  856.2 0.02 1117.0 0.04 1279.5  0.06 1392.2 0.08 1527.4 0.12 1609.5 0.20  
20 -102.0  Sand 1378.2  0.20  547.1 0.01  733.2 0.02 956.5 0.04 1095.7  0.06 1192.1 0.08 1307.9 0.12 1378.2 0.20  
21 -103.0  Sand 1094.6  0.20  434.6 0.01  582.3 0.02 759.7 0.04 870.2  0.06 946.9  0.08 1038.8 0.12 1094.6 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   773.9  2.40  348.3 0.24  487.6 0.60  611.4 1.20  773.9  2.40        
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TABLE B-26:  PIER 26 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -18.5  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -23.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -28.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -33.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -38.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -43.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -48.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -53.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -58.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -63.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -68.0  Clay 539.1  0.22  214.0 0.01  286.8 0.022 374.2 0.044 428.6  0.066 466.4 0.088 511.6 0.132 539.1 0.22  
12 -73.0  Sand 924.1  0.20  366.9 0.01  491.6 0.02 641.3 0.04 734.6  0.06 799.3 0.08 876.9 0.12 924.1 0.20  
13 -78.0  Sand 1080.8  0.20  429.1 0.01  575.0 0.02 750.1 0.04 859.2  0.06 934.9 0.08 1025.7 0.12 1080.8 0.20  
14 -81.0  Sand 1233.3  0.20  489.6 0.01  656.1 0.02 855.9 0.04 980.5  0.06 1066.8 0.08 1170.4 0.12 1233.3 0.20  
15 -85.0  Sand 1328.3  0.20  527.3 0.01  706.6 0.02 921.8 0.04 1056.0  0.06 1149.0 0.08 1260.5 0.12 1328.3 0.20  
16 -90.0  Sand 1441.1  0.20  572.1 0.01  766.7 0.02 1000.1 0.04 1145.7  0.06 1246.5 0.08 1367.6 0.12 1441.1 0.20  
17 -95.0  Sand 1559.8  0.20  619.2 0.01  829.8 0.02 1082.5 0.04 1240.0  0.06 1349.2 0.08 1480.3 0.12 1559.8 0.20  
18 -100.0  Sand 1352.0  0.20  536.7 0.01  719.3 0.02 938.3 0.04 1074.8  0.06 1169.5 0.08 1283.0 0.12 1352.0 0.20  
19 -105.0  Sand 1120.2  0.20  444.7 0.01  596.0 0.02 777.4 0.04 890.6  0.06 969.0  0.08 1063.1 0.12 1120.2 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   792.0  2.40  356.4 0.24  499.0 0.60  625.7 1.20  792.0  2.40        
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TABLE B-27:  PIER 27 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -19.5  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -23.5  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -28.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -33.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -38.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -43.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -48.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -53.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -58.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
10 -63.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
11 -68.0  Clay 522.4  0.22  207.4 0.01  277.9 0.022 362.6 0.044 415.3  0.066 451.9 0.088 495.8 0.132 522.4 0.22  
12 -71.0  Sand 876.9  0.20  348.1 0.01  466.5 0.02 608.5 0.04 697.1  0.06 758.5 0.08 832.2 0.12 876.9 0.20  
13 -75.0  Sand 950.1  0.20  377.2 0.01  505.5 0.02 659.4 0.04 755.4  0.06 821.9 0.08 901.7 0.12 950.1 0.20  
14 -80.0  Sand 1037.1  0.20  411.7 0.01  551.8 0.02 719.8 0.04 824.5  0.06 897.1 0.08 984.2 0.12 1037.1 0.20  
15 -85.0  Sand 1128.7  0.20  448.1 0.01  600.5 0.02 783.3 0.04 897.3  0.06 976.3 0.08 1071.2 0.12 1128.7 0.20  
16 -90.0  Sand 1220.3  0.20  484.5 0.01  649.2 0.02 846.9 0.04 970.1  0.06 1055.6 0.08 1158.1 0.12 1220.3 0.20  
17 -95.0  Sand 1311.9  0.20  520.8 0.01  697.9 0.02 910.4 0.04 1042.9  0.06 1134.8 0.08 1245.0 0.12 1311.9 0.20  
18 -100.0  Sand 1405.4  0.20  558.0 0.01  747.7 0.02 975.4 0.04 1117.3  0.06 1215.7 0.08 1333.8 0.12 1405.4 0.20  
19 -105.0  Sand 1503.0  0.20  596.7 0.01  799.6 0.02 1043.1 0.04 1194.9  0.06 1300.1 0.08 1426.3 0.12 1503.0 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   756.3  2.40  340.3 0.24  476.4 0.60  597.4 1.20  756.3  2.40        
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TABLE B-28:  PIER 28 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -20.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -24.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -29.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -34.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -39.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -44.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -49.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -54.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -59.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
10 -64.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
11 -69.0  Clay 534.6  0.22  212.2 0.01  284.4 0.022 371.0 0.044 425.0  0.066 462.4 0.088 507.3 0.132 534.6 0.22  
12 -73.0  Sand 910.3  0.20  361.4 0.01  484.3 0.02 631.8 0.04 723.7  0.06 787.4 0.08 863.9 0.12 910.3 0.20  
13 -78.0  Sand 997.3  0.20  395.9 0.01  530.6 0.02 692.1 0.04 792.9  0.06 862.7 0.08 946.5 0.12 997.3 0.20  
14 -83.0  Sand 1088.9  0.20  432.3 0.01  579.3 0.02 755.7 0.04 865.7  0.06 941.9 0.08 1033.4 0.12 1088.9 0.20  
15 -88.0  Sand 1180.5  0.20  468.7 0.01  628.0 0.02 819.3 0.04 938.5  0.06 1021.1 0.08 1120.3 0.12 1180.5 0.20  
16 -93.0  Sand 1272.1  0.20  505.0 0.01  676.7 0.02 882.8 0.04 1011.3  0.06 1100.3 0.08 1207.2 0.12 1272.1 0.20  
17 -98.0  Sand 1363.6  0.20  541.4 0.01  725.5 0.02 946.4 0.04 1084.1  0.06 1179.5 0.08 1294.1 0.12 1363.6 0.20  
18 -103.0  Sand 1455.2  0.20  577.7 0.01  774.2 0.02 1009.9 0.04 1156.9  0.06 1258.8 0.08 1381.0 0.12 1455.2 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   549.2  2.40  247.1 0.24  346.0 0.60  433.8 1.20  549.2  2.40        
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TABLE B-29:  PIER 29 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -24.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -28.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -33.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -38.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -43.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -48.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -53.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -58.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
10 -63.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
11 -68.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -73.0  Clay 552.7  0.22  219.4 0.01  294.0 0.022 383.6 0.044 439.4  0.066 478.1 0.088 524.5 0.132 552.7 0.22  
13 -76.0  Sand 937.4  0.20  372.2 0.01  498.7 0.02 650.6 0.04 745.2  0.06 810.9 0.08 889.6 0.12 937.4 0.20  
14 -80.0  Sand 1010.7  0.20  401.2 0.01  537.7 0.02 701.4 0.04 803.5  0.06 874.2 0.08 959.1 0.12 1010.7 0.20  
15 -85.0  Sand 1097.7  0.20  435.8 0.01  584.0 0.02 761.8 0.04 872.7  0.06 949.5 0.08 1041.7 0.12 1097.7 0.20  
16 -90.0  Sand 1189.3  0.20  472.1 0.01  632.7 0.02 825.3 0.04 945.5  0.06 1028.7 0.08 1128.6 0.12 1189.3 0.20  
17 -95.0  Sand 1280.8  0.20  508.5 0.01  681.4 0.02 888.9 0.04 1018.3  0.06 1107.9 0.08 1215.5 0.12 1280.8 0.20  
18 -100.0  Sand 1372.4  0.20  544.8 0.01  730.1 0.02 952.5 0.04 1091.1  0.06 1187.1 0.08 1302.4 0.12 1372.4 0.20  
19 -105.0  Sand 1464.0  0.20  581.2 0.01  778.8 0.02 1016.0 0.04 1163.9  0.06 1266.4 0.08 1389.3 0.12 1464.0 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   736.6  2.40  331.5 0.24  464.1 0.60  581.9 1.20  736.6  2.40        
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TABLE B-30:  PIER 30 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -25.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -30.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -35.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -40.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -45.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -50.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -55.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -60.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -65.0  Clay 485.8  0.22  192.8 0.01  258.4 0.022 337.1 0.044 386.2  0.066 420.2  0.088 461.0  0.132 485.8  0.22  
11 -68.0  Sand 806.4  0.20  320.1 0.01  429.0 0.02 559.6 0.04 641.1  0.06 697.5 0.08 765.2 0.12 806.4 0.20  
12 -72.0  Sand 841.2  0.20  334.0 0.01  447.5 0.02 583.8 0.04 668.7  0.06 727.6 0.08 798.3 0.12 841.2 0.20  
13 -77.0  Sand 930.8  0.20  369.5 0.01  495.2 0.02 646.0 0.04 740.0  0.06 805.1 0.08 883.3 0.12 930.8 0.20  
14 -82.0  Sand 1030.3  0.20  409.0 0.01  548.1 0.02 715.0 0.04 819.1  0.06 891.2 0.08 977.8 0.12 1030.3 0.20  
15 -87.0  Sand 1129.8  0.20  448.5 0.01  601.1 0.02 784.1 0.04 898.2  0.06 977.3 0.08 1072.2 0.12 1129.8 0.20  
16 -92.0  Sand 1229.4  0.20  488.1 0.01  654.0 0.02 853.2 0.04 977.3  0.06 1063.4 0.08 1166.7 0.12 1229.4 0.20  
17 -97.0  Sand 1328.9  0.20  527.6 0.01  707.0 0.02 922.2 0.04 1056.5  0.06 1149.5 0.08 1261.1 0.12 1328.9 0.20  
18 -102.0  Sand 1428.4  0.20  567.1 0.01  759.9 0.02 991.3 0.04 1135.6  0.06 1235.6 0.08 1355.6 0.12 1428.4 0.20  
19 -107.0  Sand 1084.6  0.20  430.6 0.01  577.0 0.02 752.7 0.04 862.2  0.06 938.2  0.08 1029.3 0.12 1084.6 0.20  
20 -112.0  Sand 1182.3  0.20  469.4 0.01  629.0 0.02 820.5 0.04 940.0  0.06 1022.7 0.08 1122.0 0.12 1182.3 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   522.5  2.40  235.1 0.24  329.1 0.60  412.7 1.20  522.5  2.40        
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TABLE B-31:  PIER 31 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -19.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -24.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -29.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -34.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -39.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -44.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -49.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -54.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -59.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -64.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -69.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -74.0  Clay 552.7  0.22  219.4 0.01  294.0 0.022 383.6 0.044 439.4  0.066 478.1 0.088 524.5 0.132 552.7 0.22  
13 -77.0  Sand 937.4  0.20  372.2 0.01  498.7 0.02 650.6 0.04 745.2  0.06 810.9 0.08 889.6 0.12 937.4 0.20  
14 -81.0  Sand 1010.7  0.20  401.2 0.01  537.7 0.02 701.4 0.04 803.5  0.06 874.2 0.08 959.1 0.12 1010.7 0.20  
15 -86.0  Sand 1097.7  0.20  435.8 0.01  584.0 0.02 761.8 0.04 872.7  0.06 949.5 0.08 1041.7 0.12 1097.7 0.20  
16 -91.0  Sand 1189.3  0.20  472.1 0.01  632.7 0.02 825.3 0.04 945.5  0.06 1028.7 0.08 1128.6 0.12 1189.3 0.20  
17 -96.0  Sand 1280.8  0.20  508.5 0.01  681.4 0.02 888.9 0.04 1018.3  0.06 1107.9 0.08 1215.5 0.12 1280.8 0.20  
18 -101.0  Sand 1372.4  0.20  544.8 0.01  730.1 0.02 952.5 0.04 1091.1  0.06 1187.1 0.08 1302.4 0.12 1372.4 0.20  
19 -106.0  Sand 1249.6  0.20  496.1 0.01  664.8 0.02 867.2 0.04 993.4  0.06 1080.9 0.08 1185.9 0.12 1249.6 0.20  
20 -112.0  Sand 1120.1  0.20  444.7 0.01  595.9 0.02 777.4 0.04 890.5  0.06 968.9  0.08 1063.0 0.12 1120.1 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   594.0  2.40  267.3 0.24  374.2 0.60  469.2 1.20  594.0  2.40        
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TABLE B-32:  PIER 32 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -19.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -23.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -27.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -32.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -37.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -42.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -47.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -52.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -57.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -62.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -67.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -72.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
13 -77.0  Clay 572.4  0.22  227.2 0.01  304.5 0.022 397.2 0.044 455.1  0.066 495.1 0.088 543.2 0.132 572.4 0.22  
14 -81.0  Sand 986.0  0.20  391.4 0.01  524.6 0.02 684.3 0.04 783.9  0.06 852.9 0.08 935.7 0.12 986.0 0.20  
15 -86.0  Sand 1073.0  0.20  426.0 0.01  570.8 0.02 744.7 0.04 853.0  0.06 928.1 0.08 1018.3 0.12 1073.0 0.20  
16 -91.0  Sand 1164.6  0.20  462.3 0.01  619.6 0.02 808.2 0.04 925.8  0.06 1007.4 0.08 1105.2 0.12 1164.6 0.20  
17 -96.0  Sand 1256.2  0.20  498.7 0.01  668.3 0.02 871.8 0.04 998.6  0.06 1086.6 0.08 1192.1 0.12 1256.2 0.20  
18 -101.0  Sand 1453.7  0.20  577.1 0.01  773.4 0.02 1008.9 0.04 1155.7  0.06 1257.4 0.08 1379.5 0.12 1453.7 0.20  
19 -107.0  Sand 1344.5  0.20  533.8 0.01  715.3 0.02 933.1 0.04 1068.9  0.06 1163.0 0.08 1276.0 0.12 1344.5 0.20  
20 -112.0  Sand 1119.1  0.20  444.3 0.01  595.3 0.02 776.6 0.04 889.7  0.06 968.0 0.08 1062.0 0.12 1119.1 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   791.2  2.40  356.0 0.24  498.5 0.60  625.0 1.20  791.2  2.40        
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TABLE B-33:  PIER 33 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -19.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -24.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -29.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -34.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -39.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -44.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -49.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -54.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -59.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -64.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -69.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
13 -74.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
14 -79.0  Clay 583.0  0.22  231.4 0.01  310.1 0.022 404.6 0.044 463.4  0.066 504.3 0.088 553.2 0.132 583.0 0.22  
15 -82.0  Sand 993.4  0.20  394.4 0.01  528.5 0.02 689.4 0.04 789.7  0.06 859.3 0.08 942.7 0.12 993.4 0.20  
16 -85.0  Sand 1057.5  0.20  419.8 0.01  562.6 0.02 733.9 0.04 840.7  0.06 914.7 0.08 1003.6 0.12 1057.5 0.20  
17 -90.0  Sand 1139.9  0.20  452.5 0.01  606.4 0.02 791.1 0.04 906.2  0.06 986.0 0.08 1081.8 0.12 1139.9 0.20  
18 -95.0  Sand 1231.5  0.20  488.9 0.01  655.2 0.02 854.7 0.04 979.0  0.06 1065.2 0.08 1168.7 0.12 1231.5 0.20  
19 -100.0  Sand 1415.4  0.20  561.9 0.01  753.0 0.02 982.3 0.04 1125.3  0.06 1224.3 0.08 1343.2 0.12 1415.4 0.20  
20 -104.0  Sand 1601.1  0.20  635.6 0.01  851.8 0.02 1111.1 0.04 1272.8  0.06 1384.9 0.08 1519.4 0.12 1601.1 0.20  
21 -108.0  Sand 1368.6  0.20  543.3 0.01  728.1 0.02 949.8 0.04 1088.1  0.06 1183.9 0.08 1298.8 0.12 1368.6 0.20  
22 -112.0  Sand 1117.0  0.20  443.5 0.01  594.3 0.02 775.2 0.04 888.0  0.06 966.2 0.08 1060.1 0.12 1117.0 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   789.8  2.40  355.4 0.24  497.5 0.60  623.9 1.20  789.8  2.40        
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TABLE B-34:  PIER 34 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -18.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -24.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -29.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -34.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -39.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -44.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -49.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -54.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -59.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -64.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -69.0  Clay 516.4  0.22  205.0 0.01  274.7 0.022 358.4 0.044 410.6  0.066 446.7 0.088 490.1 0.132 516.4 0.22  
13 -74.0  Sand 878.7  0.20  348.8 0.01  467.4 0.02 609.8 0.04 698.5  0.06 760.0 0.08 833.8 0.12 878.7 0.20  
14 -79.0  Sand 970.2  0.20  385.2 0.01  516.2 0.02 673.3 0.04 771.3  0.06 839.3 0.08 920.8 0.12 970.2 0.20  
15 -84.0  Sand 1061.8  0.20  421.5 0.01  564.9 0.02 736.9 0.04 844.1  0.06 918.5 0.08 1007.7 0.12 1061.8 0.20  
16 -89.0  Sand 1153.4  0.20  457.9 0.01  613.6 0.02 800.5 0.04 916.9  0.06 997.7 0.08 1094.6 0.12 1153.4 0.20  
17 -94.0  Sand 1285.8  0.20  510.5 0.01  684.1 0.02 892.4 0.04 1022.2  0.06 1112.2 0.08 1220.2 0.12 1285.8 0.20  
18 -98.0  Sand 1420.3  0.20  563.9 0.01  755.6 0.02 985.7 0.04 1129.1  0.06 1228.6 0.08 1347.9 0.12 1420.3 0.20  
19 -103.0  Sand 1521.3  0.20  604.0 0.01  809.3 0.02 1055.8 0.04 1209.4  0.06 1315.9 0.08 1443.7 0.12 1521.3 0.20  
20 -108.0  Sand 1343.6  0.20  533.4 0.01  714.8 0.02 932.4 0.04 1068.1  0.06 1162.2 0.08 1275.1 0.12 1343.6 0.20  
21 -112.0  Sand 1141.0  0.20  453.0 0.01  607.0 0.02 791.9 0.04 907.1  0.06 987.0 0.08 1082.8 0.12 1141.0 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   806.7  2.40  363.0 0.24  508.2 0.60  637.3 1.20  806.7  2.40        
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TABLE B-35:  PIER 35 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -18.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -25.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -30.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -35.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -40.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -45.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -50.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -55.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -60.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -65.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -70.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
13 -75.0  Clay 561.8  0.22  223.1 0.01  298.9 0.022 389.9 0.044 446.7  0.066 486.0 0.088 533.2 0.132 561.8 0.22  
14 -80.0  Sand 969.5  0.20  384.9 0.01  515.8 0.02 672.8 0.04 770.7  0.06 838.6 0.08 920.0 0.12 969.5 0.20  
15 -85.0  Sand 1061.0  0.20  421.2 0.01  564.5 0.02 736.4 0.04 843.5  0.06 917.8 0.08 1006.9 0.12 1061.0 0.20  
16 -90.0  Sand 1152.6  0.20  457.6 0.01  613.2 0.02 799.9 0.04 916.3  0.06 997.0 0.08 1093.8 0.12 1152.6 0.20  
17 -95.0  Sand 1290.3  0.20  512.3 0.01  686.5 0.02 895.5 0.04 1025.8  0.06 1116.1 0.08 1224.5 0.12 1290.3 0.20  
18 -100.0  Sand 1435.4  0.20  569.9 0.01  763.7 0.02 996.2 0.04 1141.2  0.06 1241.7 0.08 1362.2 0.12 1435.4 0.20  
19 -105.0  Sand 1541.8  0.20  612.1 0.01  820.2 0.02 1070.0 0.04 1225.7  0.06 1333.6 0.08 1463.1 0.12 1541.8 0.20  
20 -110.0  Sand 1353.5  0.20  537.4 0.01  720.1 0.02 939.3 0.04 1076.1  0.06 1170.8 0.08 1284.5 0.12 1353.5 0.20  
21 -112.0  Sand 1126.3  0.20  447.1 0.01  599.2 0.02 781.7 0.04 895.4  0.06 974.3 0.08 1068.9 0.12 1126.3 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   796.3  2.40  358.3 0.24  501.7 0.60  629.1 1.20  796.3  2.40        
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TABLE B-36:  PIER 36 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -18.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -25.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -30.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -35.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -40.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -45.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -50.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -55.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -60.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -65.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -70.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
13 -75.0  Clay 557.3  0.22  221.2 0.01  296.5 0.022 386.7 0.044 443.0  0.066 482.0 0.088 528.8 0.132 557.3 0.22  
14 -79.0  Sand 951.2  0.20  377.6 0.01  506.0 0.02 660.1 0.04 756.2  0.06 822.7 0.08 902.6 0.12 951.2 0.20  
15 -83.0  Sand 1029.0  0.20  408.5 0.01  547.4 0.02 714.1 0.04 818.1  0.06 890.1 0.08 976.5 0.12 1029.0 0.20  
16 -88.0  Sand 1116.0  0.20  443.1 0.01  593.7 0.02 774.5 0.04 887.2  0.06 965.3 0.08 1059.1 0.12 1116.0 0.20  
17 -93.0  Sand 1291.9  0.20  512.9 0.01  687.3 0.02 896.6 0.04 1027.1  0.06 1117.5 0.08 1226.1 0.12 1291.9 0.20  
18 -97.0  Sand 1469.6  0.20  583.4 0.01  781.8 0.02 1019.9 0.04 1168.3  0.06 1271.2 0.08 1394.7 0.12 1469.6 0.20  
19 -101.0  Sand 1570.5  0.20  623.5 0.01  835.5 0.02 1089.9 0.04 1248.6  0.06 1358.5 0.08 1490.4 0.12 1570.5 0.20  
20 -106.0  Sand 1683.3  0.20  668.3 0.01  895.5 0.02 1168.2 0.04 1338.2  0.06 1456.1 0.08 1597.5 0.12 1683.3 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   930.1  2.40  418.5 0.24  586.0 0.60  734.8 1.20  930.1  2.40        
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TABLE B-37:  PIER 37 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -18.5  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -24.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -29.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -34.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -39.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -44.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -49.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -54.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -59.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -64.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -69.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
13 -74.0  Clay 557.3  0.22  221.2 0.01  296.5 0.022 386.7 0.044 443.0  0.066 482.0 0.088 528.8 0.132 557.3 0.22  
14 -78.0  Sand 955.7  0.20  379.4 0.01  508.4 0.02 663.3 0.04 759.8  0.06 826.7 0.08 907.0 0.12 955.7 0.20  
15 -83.0  Sand 1042.7  0.20  414.0 0.01  554.7 0.02 723.7 0.04 829.0  0.06 902.0 0.08 989.6 0.12 1042.7 0.20  
16 -88.0  Sand 1134.3  0.20  450.3 0.01  603.5 0.02 787.2 0.04 901.8  0.06 981.2 0.08 1076.5 0.12 1134.3 0.20  
17 -93.0  Sand 1311.5  0.20  520.7 0.01  697.7 0.02 910.2 0.04 1042.7  0.06 1134.5 0.08 1244.6 0.12 1311.5 0.20  
18 -97.0  Sand 1490.4  0.20  591.7 0.01  792.9 0.02 1034.4 0.04 1184.9  0.06 1289.2 0.08 1414.4 0.12 1490.4 0.20  
19 -101.0  Sand 1591.4  0.20  631.8 0.01  846.6 0.02 1104.4 0.04 1265.1  0.06 1376.5 0.08 1510.2 0.12 1591.4 0.20  
20 -106.0  Sand 1704.2  0.20  676.6 0.01  906.6 0.02 1182.7 0.04 1354.8  0.06 1474.1 0.08 1617.2 0.12 1704.2 0.20  
21 -111.0  Sand 1822.9  0.20  723.7 0.01  969.8 0.02 1265.1 0.04 1449.2  0.06 1576.8 0.08 1729.9 0.12 1822.9 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   805.8  2.40  362.6 0.24  507.6 0.60  636.6 1.20  805.8  2.40        
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TABLE B-38:  PIER 38 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -19.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -22.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -27.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -32.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -37.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -42.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -47.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -52.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -57.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -62.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -67.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -72.0  Clay 554.3  0.22  220.0 0.01  294.9 0.022 384.7 0.044 440.6  0.066 479.4 0.088 526.0 0.132 554.3 0.22  
13 -77.0  Sand 954.3  0.20  378.9 0.01  507.7 0.02 662.3 0.04 758.7  0.06 825.5 0.08 905.7 0.12 954.3 0.20  
14 -82.0  Sand 1045.9  0.20  415.2 0.01  556.4 0.02 725.9 0.04 831.5  0.06 904.7 0.08 992.6 0.12 1045.9 0.20  
15 -87.0  Sand 1137.5  0.20  451.6 0.01  605.1 0.02 789.4 0.04 904.3  0.06 983.9 0.08 1079.5 0.12 1137.5 0.20  
16 -92.0  Sand 1229.1  0.20  487.9 0.01  653.9 0.02 853.0 0.04 977.1  0.06 1063.1 0.08 1166.4 0.12 1229.1 0.20  
17 -97.0  Sand 1411.8  0.20  560.5 0.01  751.1 0.02 979.8 0.04 1122.3  0.06 1221.2 0.08 1339.8 0.12 1411.8 0.20  
18 -101.0  Sand 1599.6  0.20  635.1 0.01  851.0 0.02 1110.1 0.04 1271.7  0.06 1383.7 0.08 1518.1 0.12 1599.6 0.20  
19 -106.0  Sand 1707.3  0.20  677.8 0.01  908.3 0.02 1184.8 0.04 1357.3  0.06 1476.8 0.08 1620.2 0.12 1707.3 0.20  
20 -111.0  Sand 1820.6  0.20  722.8 0.01  968.5 0.02 1263.5 0.04 1447.4  0.06 1574.8 0.08 1727.7 0.12 1820.6 0.20  
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TABLE B-39:  PIER 39 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -10.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
2 -15.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
3 -20.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
4 -25.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
5 -30.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
6 -35.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
7 -40.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
8 -45.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
9 -50.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3  0.30  
10 -55.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8  0.12 186.3  0.18 196.3 0.30  
11 -60.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
12 -65.0  Clay 451.0  0.25  179.1 0.01  240.0 0.025 313.0 0.05 358.6  0.075 390.2 0.1 428.0 0.15 451.0 0.25  
13 -68.0  Sand 736.4  0.20  292.4 0.01  391.8 0.02 511.1 0.04 585.4  0.06 637.0 0.08 698.8 0.12 736.4 0.20  
14 -73.0  Sand 805.4  0.20  319.7 0.01  428.5 0.02 558.9 0.04 640.3  0.06 696.6 0.08 764.3 0.12 805.4 0.20  
15 -78.0  Sand 912.3  0.20  362.2 0.01  485.3 0.02 633.1 0.04 725.3  0.06 789.1 0.08 865.8 0.12 912.3 0.20  
16 -82.0  Sand 1021.3  0.20  405.5 0.01  543.3 0.02 708.8 0.04 812.0  0.06 883.4 0.08 969.2 0.12 1021.3 0.20  
17 -87.0  Sand 1106.7  0.20  439.4 0.01  588.8 0.02 768.1 0.04 879.9  0.06 957.3 0.08 1050.3 0.12 1106.7 0.20  
18 -92.0  Sand 1241.1  0.20  492.7 0.01  660.3 0.02 861.3 0.04 986.7  0.06 1073.5 0.08 1177.8 0.12 1241.1 0.20  
19 -97.0  Sand 1387.9  0.20  551.0 0.01  738.4 0.02 963.2 0.04 1103.4  0.06 1200.5 0.08 1317.1 0.12 1387.9 0.20  
20 -103.0  Sand 1507.9  0.20  598.7 0.01  802.2 0.02 1046.5 0.04 1198.8  0.06 1304.4 0.08 1431.0 0.12 1507.9 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   887.9  3.00  399.5 0.30  559.3 0.75  701.4 1.50  887.9  3.00        
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TABLE B-40:  PIER 40 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -12.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
2 -15.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
3 -18.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
4 -23.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
5 -28.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
6 -33.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
7 -38.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
8 -43.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
9 -48.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3  0.30  
10 -53.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8  0.12 186.3  0.18 196.3  0.30  
11 -58.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
12 -63.0  Clay 196.3  0.30  78.0  0.02  104.5 0.03 136.3 0.06 156.1  0.09 169.8 0.12 186.3 0.18 196.3 0.30  
13 -68.0  Clay 532.2  0.25  211.3 0.01  283.1 0.025 369.4 0.05 423.1  0.075 460.4 0.1 505.1 0.15 532.2 0.25  
14 -72.0  Sand 908.6  0.20  360.7 0.01  483.4 0.02 630.5 0.04 722.3  0.06 785.9 0.08 862.2 0.12 908.6 0.20  
15 -77.0  Sand 994.0  0.20  394.6 0.01  528.8 0.02 689.8 0.04 790.2  0.06 859.8 0.08 943.3 0.12 994.0 0.20  
16 -82.0  Sand 1083.9  0.20  430.3 0.01  576.6 0.02 752.2 0.04 861.7  0.06 937.6 0.08 1028.6 0.12 1083.9 0.20  
17 -87.0  Sand 1255.8  0.20  498.6 0.01  668.1 0.02 871.5 0.04 998.4  0.06 1086.3 0.08 1191.8 0.12 1255.8 0.20  
18 -91.0  Sand 1429.4  0.20  567.5 0.01  760.4 0.02 992.0 0.04 1136.4  0.06 1236.4 0.08 1356.5 0.12 1429.4 0.20  
19 -95.0  Sand 1522.7  0.20  604.5 0.01  810.1 0.02 1056.7 0.04 1210.5  0.06 1317.1 0.08 1445.0 0.12 1522.7 0.20  
20 -99.0  Sand 1615.9  0.20  641.5 0.01  859.7 0.02 1121.4 0.04 1284.6  0.06 1397.8 0.08 1533.5 0.12 1615.9 0.20  
21 -103.0  Sand 1709.2  0.20  678.5 0.01  909.3 0.02 1186.2 0.04 1358.8  0.06 1478.4 0.08 1622.0 0.12 1709.2 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   944.4  3.00  425.0 0.30  594.9 0.75  746.0 1.50  944.4  3.00        
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TABLE B-41:  PIER 41 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -13.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
2 -16.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
3 -19.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
4 -24.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
5 -29.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
6 -34.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
7 -39.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
8 -44.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
9 -49.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7  0.14  
10 -54.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9  0.056 110.7  0.084 116.7  0.14  
11 -59.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
12 -64.0  Clay 116.7  0.14  46.3  0.01  62.1  0.014 81.0  0.028 92.8  0.042 100.9 0.056 110.7 0.084 116.7 0.14  
13 -69.0  Clay 342.7  0.17  136.1 0.01  182.3 0.017 237.9 0.034 272.5  0.051 296.5 0.068 325.2 0.102 342.7 0.17  
14 -73.0  Sand 590.2  0.20  234.3 0.01  314.0 0.02 409.6 0.04 469.2  0.06 510.5 0.08 560.1 0.12 590.2 0.20  
15 -77.0  Sand 632.9  0.20  251.3 0.01  336.7 0.02 439.2 0.04 503.2  0.06 547.5 0.08 600.6 0.12 632.9 0.20  
16 -81.0  Sand 675.6  0.20  268.2 0.01  359.4 0.02 468.9 0.04 537.1  0.06 584.4 0.08 641.2 0.12 675.6 0.20  
17 -85.0  Sand 774.7  0.20  307.5 0.01  412.1 0.02 537.6 0.04 615.9  0.06 670.1 0.08 735.2 0.12 774.7 0.20  
18 -90.0  Sand 887.0  0.20  352.1 0.01  471.9 0.02 615.6 0.04 705.2  0.06 767.3 0.08 841.8 0.12 887.0 0.20  
19 -95.0  Sand 956.3  0.20  379.6 0.01  508.7 0.02 663.6 0.04 760.2  0.06 827.2 0.08 907.5 0.12 956.3 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   369.9  1.40  166.4 0.14  233.0 0.35  292.2 0.70  369.9  1.40        
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TABLE B-42:  PIERS 42~46 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -12.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
2 -16.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
3 -21.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
4 -26.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
5 -31.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
6 -36.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
7 -41.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
8 -46.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
9 -51.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0  0.12  
10 -56.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0  0.12  
11 -61.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
12 -66.0  Clay 278.6  0.16  110.6 0.01  148.2 0.016 193.4 0.032 221.5  0.048 241.0 0.064 264.4 0.096 278.6 0.16  
13 -70.0  Sand 477.9  0.20  189.7 0.01  254.2 0.02 331.6 0.04 379.9  0.06 413.4 0.08 453.5 0.12 477.9 0.20  
14 -75.0  Sand 521.4  0.20  207.0 0.01  277.4 0.02 361.8 0.04 414.5  0.06 451.0 0.08 494.8 0.12 521.4 0.20  
15 -80.0  Sand 567.2  0.20  225.2 0.01  301.7 0.02 393.6 0.04 450.9  0.06 490.6 0.08 538.2 0.12 567.2 0.20  
16 -85.0  Sand 658.7  0.20  261.5 0.01  350.4 0.02 457.2 0.04 523.7  0.06 569.8 0.08 625.1 0.12 658.7 0.20  
17 -90.0  Sand 757.1  0.20  300.6 0.01  402.8 0.02 525.4 0.04 601.9  0.06 654.9 0.08 718.5 0.12 757.1 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   251.0  1.20  112.9 0.12  158.1 0.30  198.3 0.60  251.0  1.20        
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TABLE B-43:  PIERS 47~51 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -12.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
2 -15.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
3 -18.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
4 -23.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
5 -28.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
6 -33.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
7 -38.0  Clay 168.9  0.16  67.1  0.01  89.9  0.016 117.2 0.032 134.3  0.048 146.1 0.064 160.3 0.096 168.9 0.16  
8 -42.0  Sand 258.4  0.20  102.6 0.01  137.5 0.02 179.3 0.04 205.4  0.06 223.5 0.08 245.2 0.12 258.4 0.20  
9 -47.0  Sand 189.5  0.16  75.2  0.01  100.8 0.016 131.5 0.032 150.7  0.048 163.9 0.064 179.8 0.096 189.5  0.16  
10 -51.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0  0.12  
11 -55.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
12 -59.0  Clay 253.2  0.16  100.5 0.01  134.7 0.016 175.7 0.032 201.3  0.048 219.0 0.064 240.3 0.096 253.2 0.16  
13 -62.0  Sand 420.2  0.20  166.8 0.01  223.5 0.02 291.6 0.04 334.0  0.06 363.5 0.08 398.8 0.12 420.2 0.20  
14 -65.0  Sand 452.2  0.20  179.5 0.01  240.6 0.02 313.9 0.04 359.5  0.06 391.2 0.08 429.2 0.12 452.2 0.20  
15 -70.0  Sand 493.4  0.20  195.9 0.01  262.5 0.02 342.5 0.04 392.3  0.06 426.8 0.08 468.3 0.12 493.4 0.20  
16 -75.0  Sand 539.2  0.20  214.1 0.01  286.9 0.02 374.2 0.04 428.7  0.06 466.4 0.08 511.7 0.12 539.2 0.20  
17 -80.0  Sand 585.0  0.20  232.3 0.01  311.2 0.02 406.0 0.04 465.1  0.06 506.0 0.08 555.2 0.12 585.0 0.20  
18 -85.0  Sand 677.8  0.20  269.1 0.01  360.6 0.02 470.4 0.04 538.9  0.06 586.3 0.08 643.3 0.12 677.8 0.20  
19 -90.0  Sand 777.4  0.20  308.6 0.01  413.6 0.02 539.5 0.04 618.1  0.06 672.5 0.08 737.8 0.12 777.4 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   386.6  1.20  174.0 0.12  243.6 0.30  305.4 0.60  386.6  1.20        
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TABLE B-44:  PIERS 52 AND 53 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -12.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
2 -15.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
3 -19.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
4 -24.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
5 -29.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
6 -34.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
7 -39.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
8 -44.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
9 -49.0  Clay 209.0  0.16  83.0  0.01  111.2 0.016 145.1 0.032 166.2  0.048 180.8 0.064 198.4 0.096 209.0  0.16  
10 -54.0  Sand 340.9  0.20  135.4 0.01  181.4 0.02 236.6 0.04 271.0  0.06 294.9  0.08 323.6  0.12 340.9  0.20  
11 -59.0  Sand 386.7  0.20  153.5 0.01  205.7 0.02 268.4 0.04 307.5  0.06 334.5 0.08 367.0 0.12 386.7 0.20  
12 -64.0  Sand 432.5  0.20  171.7 0.01  230.1 0.02 300.2 0.04 343.9  0.06 374.1 0.08 410.5 0.12 432.5 0.20  
13 -69.0  Sand 478.3  0.20  189.9 0.01  254.5 0.02 331.9 0.04 380.3  0.06 413.7 0.08 453.9 0.12 478.3 0.20  
14 -74.0  Sand 524.1  0.20  208.1 0.01  278.8 0.02 363.7 0.04 416.7  0.06 453.3 0.08 497.4 0.12 524.1 0.20  
15 -79.0  Sand 572.2  0.20  227.2 0.01  304.4 0.02 397.1 0.04 454.9  0.06 494.9 0.08 543.0 0.12 572.2 0.20  
16 -85.0  Sand 624.8  0.20  248.1 0.01  332.4 0.02 433.6 0.04 496.7  0.06 540.5 0.08 593.0 0.12 624.8 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   353.7  1.20  159.2 0.12  222.8 0.30  279.4 0.60  353.7  1.20        

 



 

9-45 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

TABLE B-45:  PIERS 54~56 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -13.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
2 -16.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
3 -20.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
4 -25.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
5 -30.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
6 -35.0  Clay 152.3  0.16  60.4  0.01  81.0  0.016 105.7 0.032 121.0  0.048 131.7 0.064 144.5 0.096 152.3 0.16  
7 -40.0  Sand 227.4  0.20  90.3  0.01  121.0 0.02 157.8 0.04 180.8  0.06 196.7 0.08 215.8 0.12 227.4 0.20  
8 -45.0  Sand 273.2  0.20  108.5 0.01  145.3 0.02 189.6 0.04 217.2  0.06 236.3 0.08 259.3 0.12 273.2 0.20  
9 -50.0  Sand 319.0  0.20  126.6 0.01  169.7 0.02 221.4 0.04 253.6  0.06 275.9 0.08 302.7 0.12 319.0  0.20  
10 -55.0  Sand 364.8  0.20  144.8 0.01  194.1 0.02 253.2 0.04 290.0  0.06 315.5  0.08 346.2  0.12 364.8  0.20  
11 -60.0  Sand 410.6  0.20  163.0 0.01  218.4 0.02 284.9 0.04 326.4  0.06 355.2 0.08 389.6 0.12 410.6 0.20  
12 -65.0  Sand 456.4  0.20  181.2 0.01  242.8 0.02 316.7 0.04 362.8  0.06 394.8 0.08 433.1 0.12 456.4 0.20  
13 -70.0  Sand 502.2  0.20  199.4 0.01  267.1 0.02 348.5 0.04 399.2  0.06 434.4 0.08 476.5 0.12 502.2 0.20  
14 -75.0  Sand 547.9  0.20  217.5 0.01  291.5 0.02 380.3 0.04 435.6  0.06 474.0 0.08 520.0 0.12 547.9 0.20  
15 -80.0  Sand 593.7  0.20  235.7 0.01  315.9 0.02 412.1 0.04 472.0  0.06 513.6 0.08 563.5 0.12 593.7 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   261.4  1.20  117.6 0.12  164.7 0.30  206.5 0.60  261.4  1.20        
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TABLE B-46: PIERS 57 AND 58 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -13.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
2 -16.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
3 -20.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
4 -24.0  Clay 110.6  0.16  43.9  0.01  58.9  0.016 76.8  0.032 88.0  0.048 95.7  0.064 105.0 0.096 110.6 0.16  
5 -29.0  Sand 144.2  0.20  57.2  0.01  76.7  0.02 100.1 0.04 114.6  0.06 124.7 0.08 136.8 0.12 144.2 0.20  
6 -34.0  Sand 190.0  0.20  75.4  0.01  101.1 0.02 131.8 0.04 151.0  0.06 164.3 0.08 180.3 0.12 190.0 0.20  
7 -39.0  Sand 235.8  0.20  93.6  0.01  125.4 0.02 163.6 0.04 187.4  0.06 203.9 0.08 223.7 0.12 235.8 0.20  
8 -44.0  Sand 281.5  0.20  111.8 0.01  149.8 0.02 195.4 0.04 223.8  0.06 243.5 0.08 267.2 0.12 281.5 0.20  
9 -49.0  Sand 327.3  0.20  130.0 0.01  174.1 0.02 227.2 0.04 260.2  0.06 283.1 0.08 310.6 0.12 327.3  0.20  
10 -54.0  Sand 373.1  0.20  148.1 0.01  198.5 0.02 258.9 0.04 296.6  0.06 322.8  0.08 354.1  0.12 373.1  0.20  
11 -59.0  Sand 418.9  0.20  166.3 0.01  222.9 0.02 290.7 0.04 333.0  0.06 362.4 0.08 397.5 0.12 418.9 0.20  
12 -64.0  Sand 464.7  0.20  184.5 0.01  247.2 0.02 322.5 0.04 369.4  0.06 402.0 0.08 441.0 0.12 464.7 0.20  
13 -69.0  Sand 512.8  0.20  203.6 0.01  272.8 0.02 355.9 0.04 407.7  0.06 443.6 0.08 486.6 0.12 512.8 0.20  
14 -75.0  Sand 319.0  0.16  126.6 0.01  169.7 0.016 221.4 0.032 253.6  0.048 275.9 0.064 302.7 0.096 319.0 0.16  
15 -80.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   341.5  1.20  153.7 0.12  215.1 0.30  269.8 0.60  341.5  1.20        
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TABLE B-48:  PIERS 59~62 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -13.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
2 -16.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
3 -20.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
4 -24.0  Clay 104.6  0.16  41.5  0.01  55.6  0.016 72.6  0.032 83.1  0.048 90.4  0.064 99.2  0.096 104.6 0.16  
5 -28.0  Sand 129.7  0.20  51.5  0.01  69.0  0.02 90.0  0.04 103.1  0.06 112.2 0.08 123.1 0.12 129.7 0.20  
6 -33.0  Sand 173.2  0.20  68.8  0.01  92.2  0.02 120.2 0.04 137.7  0.06 149.9 0.08 164.4 0.12 173.2 0.20  
7 -38.0  Sand 219.0  0.20  87.0  0.01  116.5 0.02 152.0 0.04 174.1  0.06 189.5 0.08 207.9 0.12 219.0 0.20  
8 -43.0  Sand 264.8  0.20  105.1 0.01  140.9 0.02 183.8 0.04 210.5  0.06 229.1 0.08 251.3 0.12 264.8 0.20  
9 -48.0  Sand 310.6  0.20  123.3 0.01  165.2 0.02 215.6 0.04 246.9  0.06 268.7 0.08 294.8 0.12 310.6  0.20  
10 -53.0  Sand 356.4  0.20  141.5 0.01  189.6 0.02 247.3 0.04 283.3  0.06 308.3  0.08 338.2  0.12 356.4  0.20  
11 -58.0  Sand 402.2  0.20  159.7 0.01  214.0 0.02 279.1 0.04 319.7  0.06 347.9 0.08 381.7 0.12 402.2 0.20  
12 -63.0  Sand 448.0  0.20  177.8 0.01  238.3 0.02 310.9 0.04 356.1  0.06 387.5 0.08 425.1 0.12 448.0 0.20  
13 -68.0  Sand 493.8  0.20  196.0 0.01  262.7 0.02 342.7 0.04 392.5  0.06 427.1 0.08 468.6 0.12 493.8 0.20  
14 -73.0  Sand 539.6  0.20  214.2 0.01  287.0 0.02 374.5 0.04 428.9  0.06 466.7 0.08 512.0 0.12 539.6 0.20  
15 -78.0  Sand 620.3  0.20  246.3 0.01  330.0 0.02 430.5 0.04 493.2  0.06 536.6 0.08 588.7 0.12 620.3 0.20  
16 -80.0  Sand 690.1  0.20  274.0 0.01  367.1 0.02 478.9 0.04 548.6  0.06 596.9 0.08 654.9 0.12 690.1 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   343.2  1.20  154.4 0.12  216.2 0.30  271.1 0.60  343.2  1.20        
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TABLE B-48: PIERS 63~67 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -15.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
2 -20.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
3 -25.0  Clay 102.3  0.16  40.6  0.01  54.4  0.016 71.0  0.032 81.3  0.048 88.5  0.064 97.1  0.096 102.3 0.16  
4 -28.0  Sand 120.6  0.20  47.9  0.01  64.1  0.02 83.7  0.04 95.9  0.06 104.3 0.08 114.4 0.12 120.6 0.20  
5 -32.0  Sand 157.2  0.20  62.4  0.01  83.6  0.02 109.1 0.04 125.0  0.06 136.0 0.08 149.2 0.12 157.2 0.20  
6 -37.0  Sand 200.7  0.20  79.7  0.01  106.8 0.02 139.3 0.04 159.6  0.06 173.6 0.08 190.5 0.12 200.7 0.20  
7 -42.0  Sand 246.5  0.20  97.9  0.01  131.1 0.02 171.1 0.04 196.0  0.06 213.2 0.08 233.9 0.12 246.5 0.20  
8 -47.0  Sand 292.3  0.20  116.0 0.01  155.5 0.02 202.8 0.04 232.4  0.06 252.8 0.08 277.4 0.12 292.3 0.20  
9 -52.0  Sand 338.1  0.20  134.2 0.01  179.9 0.02 234.6 0.04 268.8  0.06 292.4 0.08 320.8 0.12 338.1  0.20  
10 -57.0  Sand 383.9  0.20  152.4 0.01  204.2 0.02 266.4 0.04 305.2  0.06 332.0  0.08 364.3  0.12 383.9  0.20  
11 -62.0  Sand 429.7  0.20  170.6 0.01  228.6 0.02 298.2 0.04 341.6  0.06 371.7 0.08 407.7 0.12 429.7 0.20  
12 -67.0  Sand 475.4  0.20  188.8 0.01  252.9 0.02 330.0 0.04 378.0  0.06 411.3 0.08 451.2 0.12 475.4 0.20  
13 -72.0  Sand 521.2  0.20  206.9 0.01  277.3 0.02 361.7 0.04 414.4  0.06 450.9 0.08 494.7 0.12 521.2 0.20  
14 -77.0  Sand 603.7  0.20  239.7 0.01  321.2 0.02 419.0 0.04 479.9  0.06 522.2 0.08 572.9 0.12 603.7 0.20  
15 -80.0  Sand 681.1  0.20  270.4 0.01  362.3 0.02 472.7 0.04 541.5  0.06 589.1 0.08 646.3 0.12 681.1 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   338.7  1.20  152.4 0.12  213.4 0.30  267.6 0.60  338.7  1.20        
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TABLE B-49:  PIERS 68~70 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -15.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
2 -19.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
3 -24.0  Clay 106.9  0.16  42.4  0.01  56.8  0.016 74.2  0.032 85.0  0.048 92.4  0.064 101.4 0.096 106.9 0.16  
4 -29.0  Sand 136.6  0.20  54.2  0.01  72.7  0.02 94.8  0.04 108.6  0.06 118.2 0.08 129.6 0.12 136.6 0.20  
5 -34.0  Sand 182.4  0.20  72.4  0.01  97.0  0.02 126.6 0.04 145.0  0.06 157.8 0.08 173.1 0.12 182.4 0.20  
6 -39.0  Sand 228.2  0.20  90.6  0.01  121.4 0.02 158.4 0.04 181.4  0.06 197.4 0.08 216.5 0.12 228.2 0.20  
7 -44.0  Sand 274.0  0.20  108.8 0.01  145.8 0.02 190.1 0.04 217.8  0.06 237.0 0.08 260.0 0.12 274.0 0.20  
8 -49.0  Sand 319.8  0.20  126.9 0.01  170.1 0.02 221.9 0.04 254.2  0.06 276.6 0.08 303.5 0.12 319.8 0.20  
9 -54.0  Sand 365.6  0.20  145.1 0.01  194.5 0.02 253.7 0.04 290.6  0.06 316.2 0.08 346.9 0.12 365.6 0.20  
10 -59.0  Sand 411.3  0.20  163.3 0.01  218.8 0.02 285.5 0.04 327.0  0.06 355.8 0.08 390.4 0.12 411.3 0.20  
11 -64.0  Sand 457.1  0.20  181.5 0.01  243.2 0.02 317.3 0.04 363.4  0.06 395.4 0.08 433.8 0.12 457.1 0.20  
12 -69.0  Sand 502.9  0.20  199.7 0.01  267.6 0.02 349.0 0.04 399.8  0.06 435.0 0.08 477.3 0.12 502.9 0.20  
13 -74.0  Sand 551.0  0.20  218.7 0.01  293.1 0.02 382.4 0.04 438.0  0.06 476.6 0.08 522.9 0.12 551.0 0.20  
14 -80.0  Sand 603.7  0.20  239.7 0.01  321.1 0.02 418.9 0.04 479.9  0.06 522.2 0.08 572.9 0.12 603.7 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   341.7  1.20  153.8 0.12  215.3 0.30  270.0 0.60  341.7  1.20        
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TABLE B-50:  ABUTMENT 71 - t-z AND q-u CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -8.0  Sand 35.3  0.20  14.0  0.01  18.8  0.02 24.5  0.04 28.1  0.06 30.6  0.08 33.5  0.12 35.3  0.20  
2 -12.0  Sand 74.7  0.16  29.7  0.01  39.8  0.016 51.9  0.032 59.4  0.048 64.6  0.064 70.9  0.096 74.7  0.16  
3 -16.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
4 -20.0  Clay 100.0  0.12  39.7  0.01  53.2  0.012 69.4  0.024 79.5  0.036 86.5  0.048 94.9  0.072 100.0 0.12  
5 -24.0  Clay 140.9  0.16  55.9  0.01  75.0  0.016 97.8  0.032 112.0  0.048 121.9 0.064 133.7 0.096 140.9 0.16  
6 -29.0  Sand 204.7  0.20  81.3  0.01  108.9 0.02 142.1 0.04 162.8  0.06 177.1 0.08 194.3 0.12 204.7 0.20  
7 -34.0  Sand 250.5  0.20  99.5  0.01  133.3 0.02 173.9 0.04 199.2  0.06 216.7 0.08 237.7 0.12 250.5 0.20  
8 -39.0  Sand 296.3  0.20  117.6 0.01  157.6 0.02 205.6 0.04 235.6  0.06 256.3 0.08 281.2 0.12 296.3 0.20  
9 -44.0  Sand 342.1  0.20  135.8 0.01  182.0 0.02 237.4 0.04 272.0  0.06 295.9 0.08 324.6 0.12 342.1  0.20  
10 -49.0  Sand 387.9  0.20  154.0 0.01  206.4 0.02 269.2 0.04 308.4  0.06 335.5  0.08 368.1  0.12 387.9  0.20  
11 -54.0  Sand 433.7  0.20  172.2 0.01  230.7 0.02 301.0 0.04 344.8  0.06 375.1 0.08 411.5 0.12 433.7 0.20  
12 -59.0  Sand 479.5  0.20  190.3 0.01  255.1 0.02 332.7 0.04 381.2  0.06 414.7 0.08 455.0 0.12 479.5 0.20  
13 -64.0  Sand 525.2  0.20  208.5 0.01  279.4 0.02 364.5 0.04 417.6  0.06 454.3 0.08 498.5 0.12 525.2 0.20  
14 -69.0  Sand 571.0  0.20  226.7 0.01  303.8 0.02 396.3 0.04 454.0  0.06 493.9 0.08 541.9 0.12 571.0 0.20  
15 -74.0  Sand 619.1  0.20  245.8 0.01  329.4 0.02 429.7 0.04 492.2  0.06 535.5 0.08 587.5 0.12 619.1 0.20  
16 -80.0  Sand 671.8  0.20  266.7 0.01  357.4 0.02 466.2 0.04 534.1  0.06 581.1 0.08 637.5 0.12 671.8 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   380.3  1.20  171.1 0.12  239.6 0.30  300.4 0.60  380.3  1.20        
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FIGURE C-1:  ABUTMENT 1 - Q-δ  CURVES 
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FIGURE C-2:  PIER 2 - Q-δ  CURVES 
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FIGURE C-3:  PIER 3 - Q-δ  CURVES 
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FIGURE C-4:  PIER 4 - Q-δ  CURVES 
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FIGURE C-5:  PIER 5 - Q-δ  CURVES 
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FIGURE C-6:  PIER 6 - Q-δ  CURVES 
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FIGURE C-7:  PIER 7 - Q-δ  CURVES 
 

Axial Load versus Settlement

-200

-100

0

100

200

300

400

500

600

700

800

-3 -2 -1 0 1 2 3 4 5 6

Settlement (in)

A
xi

al
 L

oa
d 

(to
n)

Pier 07

 



 

10-8 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

FIGURE C-8:  PIER 8 - Q-δ  CURVES 
 

Axial Load versus Settlement

-200

-100

0

100

200

300

400

500

600

700

-3 -2 -1 0 1 2 3 4 5 6

Settlement (in)

A
xi

al
 L

oa
d 

(to
n)

Pier 08

 



 

10-9 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

FIGURE C-9:  PIER 9 - Q-δ  CURVES 
 

Axial Load versus Settlement

-200

-100

0

100

200

300

400

500

600

-3 -2 -1 0 1 2 3 4 5 6

Settlement (in)

A
xi

al
 L

oa
d 

(to
n)

Pier 09

 



 

10-10 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

FIGURE C-10:  PIER 10 - Q-δ  CURVES 
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FIGURE C-11:  PIER 11 - Q-δ  CURVES 
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FIGURE C-12:  PIER 12 - Q-δ  CURVES 
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FIGURE C-13:  PIER 13 - Q-δ  CURVES 
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FIGURE C-14:  PIER 14 - Q-δ  CURVES 
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FIGURE C-15:  PIER 15 - Q-δ  CURVES 
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FIGURE C-16:  PIER 16 - Q-δ  CURVES 
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FIGURE C-17:  PIER 17 - Q-δ  CURVES 
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FIGURE C-18:  PIER 18 - Q-δ  CURVES 
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FIGURE C-19:  PIER 19 - Q-δ  CURVES 
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FIGURE C-20:  PIER 20 - Q-δ  CURVES 
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FIGURE C-21:  PIER 21 - Q-δ  CURVES 
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FIGURE C-22:  PIER 22 - Q-δ  CURVES 
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FIGURE C-23:  PIER 23 - Q-δ  CURVES 
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FIGURE C-24:  PIER 24 - Q-δ  CURVES 
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FIGURE C-25:  PIER 25 - Q-δ  CURVES 
 

Axial Load versus Settlement

-400

-200

0

200

400

600

800

-3 -2 -1 0 1 2 3 4 5 6

Settlement (in)

A
xi

al
 L

oa
d 

(to
n)

Pier 25

 



 

10-26 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

FIGURE C-26:  PIER 26 - Q-δ  CURVES 
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FIGURE C-27:  PIER 27 - Q-δ  CURVES 
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FIGURE C-28:  PIER 28 - Q-δ  CURVES 
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FIGURE C-29:  PIER 29 - Q-δ  CURVES 
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FIGURE C-30:  PIER 30 - Q-δ  CURVES 
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FIGURE C-31:  PIER 31 - Q-δ  CURVES 
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FIGURE C-32:  PIER 32 - Q-δ  CURVES 
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FIGURE C-33:  PIER 33 - Q-δ  CURVES 
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FIGURE C-34:  PIER 34 - Q-δ  CURVES 
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FIGURE C-35:  PIER 35 - Q-δ  CURVES 
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FIGURE C-36:  PIER 36 - Q-δ  CURVES 
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FIGURE C-37:  PIER 37 - Q-δ  CURVES 
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FIGURE C-38:  PIER 38 - Q-δ  CURVES 
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FIGURE C-39:  PIER 39 - Q-δ  CURVES 
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FIGURE C-40:  PIER 40 - Q-δ  CURVES 
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FIGURE C-41:  PIER 41 - Q-δ  CURVES 
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FIGURE C-42:  PIERS 42~46 - Q-δ  CURVES 
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FIGURE C-43:  PIERS 47~51 - Q-δ  CURVES 
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FIGURE C-44:  PIERS 52 AND 53 - Q-δ  CURVES 
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FIGURE C-45:  PIERS 54~56 - Q-δ CURVES 
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FIGURE C-46:  PIERS 57 AND 58 - Q-δ  CURVES 
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FIGURE C-47:  PIERS 59~62 - Q-δ  CURVES 
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FIGURE C-48:  PIERS 63~67 - Q-δ  CURVES 
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FIGURE C-49:  PIERS 68~70 - Q-δ  CURVES 
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FIGURE C-50:  ABUTMENT 71 - Q-δ  CURVES 
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TABLE D-1:  ABUTMENT 1 – p-y CURVES 
 

Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 15.0  Sand 326.4  0.47  32.6  0.01  150.1  0.08  248.0  0.15  297.0  0.23  326.4  0.47  
2 10.0  Sand 1156.0  0.83  115.6  0.02  531.7  0.14  878.5  0.27  1051.9  0.41  1156.0  0.83  
3 5.0  Sand 2597.4  1.09  259.7  0.03  1194.8  0.19  1974.0  0.36  2363.6  0.55  2597.4  1.09  
4 0.0  Sand 4213.6  1.76  421.4  0.05  1938.3  0.30  3202.4  0.58  3834.4  0.88  4213.6  1.76  
5 -5.0  Sand 4765.2  1.59  476.5  0.05  2192.0  0.27  3621.5  0.52  4336.3  0.79  4765.2  1.59  
6 -10.0  Sand 5316.7  1.48  531.7  0.04  2445.7  0.25  4040.7  0.49  4838.2  0.74  5316.7  1.48  
7 -15.0  Sand 5868.3  1.40  586.8  0.04  2699.4  0.24  4459.9  0.46  5340.1  0.70  5868.3  1.40  
8 -20.0  Sand 6419.8  1.34  642.0  0.04  2953.1  0.23  4879.1  0.44  5842.1  0.67  6419.8  1.34  
9 -25.0  Sand 6971.4  1.29  697.1  0.04  3206.8  0.22  5298.3  0.43  6344.0  0.65  6971.4  1.29  
10 -30.0  Sand 7522.9  1.25  752.3  0.04  3460.6  0.21  5717.4  0.41  6845.9  0.63  7522.9  1.25  
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TABLE D-2:  PIER 2 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 0.5  Sand 952.2  0.80  95.2  0.02  438.0  0.14  723.7  0.26  866.5  0.40  952.2  0.80  
2 -3.0  Sand 1550.3  1.29  155.0  0.04  713.1  0.22  1178.2  0.43  1410.8  0.65  1550.3  1.29  
3 -6.0  Sand 2135.4  1.42  213.5  0.04  982.3  0.24  1622.9  0.47  1943.3  0.71  2135.4  1.42  
4 -10.0  Sand 1753.4  4.40  175.3  0.13  806.6  0.75  1332.6  1.45  1595.6  2.20  1753.4  4.40  
5 -14.0  Clay 450.0  7.20  112.5  0.12  225.0  0.90  324.0  2.70  450.0  7.20  450.0  14.40  
6 -19.0  Clay 3269.5  4.51  817.4  0.07  1634.8  0.56  2354.1  1.69  3269.5  4.51  3269.5  9.01  
7 -22.0  Sand 7240.8  1.95  724.1  0.06  3330.8  0.33  5503.0  0.64  6589.1  0.97  7240.8  1.95  
8 -26.0  Sand 8199.8  1.95  820.0  0.06  3771.9  0.33  6231.8  0.64  7461.8  0.98  8199.8  1.95  
9 -30.0  Sand 4703.1  4.56  470.3  0.14  2163.4  0.77  3574.3  1.50  4279.8  2.28  4703.1  4.56  
10 -35.0  Clay 5134.8  4.53  1283.7  0.07  2567.4  0.57  3697.1  1.70  5134.8  4.53  5134.8  9.06  
11 -40.0  Sand 10765.1  1.83  1076.5  0.05  4952.0  0.31  8181.5  0.60  9796.3  0.92  10765.1 1.83  
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TABLE D-3:  PIER 3 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -1.0  Clay 339.8  7.20  85.0  0.12  169.9  0.90  244.7  2.70  339.8  7.20  339.8  14.40  
2 -5.0  Clay 405.8  7.20  101.5  0.12  202.9  0.90  292.2  2.70  405.8  7.20  405.8  14.40  
3 -10.0  Clay 450.0  7.20  112.5  0.12  225.0  0.90  324.0  2.70  450.0  7.20  450.0  14.40  
4 -15.0  Clay 450.0  7.20  112.5  0.12  225.0  0.90  324.0  2.70  450.0  7.20  450.0  14.40  
5 -20.0  Clay 450.0  7.20  112.5  0.12  225.0  0.90  324.0  2.70  450.0  7.20  450.0  14.40  
6 -25.0  Clay 3639.4  4.46  909.8  0.07  1819.7  0.56  2620.3  1.67  3639.4  4.46  3639.4  8.92  
7 -29.0  Sand 7524.8  1.69  752.5  0.05  3461.4  0.29  5718.8  0.56  6847.5  0.85  7524.8  1.69  
8 -33.0  Sand 8220.8  1.67  822.1  0.05  3781.5  0.28  6247.8  0.55  7480.9  0.84  8220.8  1.67  
9 -38.0  Sand 11176.7  1.62  1117.7  0.05  5141.3  0.28  8494.3  0.54  10170.8 0.81  11176.7 1.62  
10 -41.0  Sand 14167.8  1.61  1416.8  0.05  6517.2  0.27  10767.5 0.53  12892.7 0.80  14167.8 1.61  
11 -45.0  Sand 15374.8  1.61  1537.5  0.05  7072.4  0.27  11684.8 0.53  13991.0 0.81  15374.8 1.61  
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TABLE D-4:  PIER 4 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -2.0  Clay 404.6  7.20  101.2  0.12  202.3  0.90  291.3  2.70  404.6  7.20  404.6  14.40  
2 -7.0  Clay 450.0  7.20  112.5  0.12  225.0  0.90  324.0  2.70  450.0  7.20  450.0  14.40  
3 -12.0  Clay 2304.1  4.39  576.0  0.07  1152.0  0.55  1658.9  1.65  2304.1  4.39  2304.1  8.78  
4 -16.0  Sand 5464.2  1.75  546.4  0.05  2513.5  0.30  4152.8  0.58  4972.4  0.88  5464.2  1.75  
5 -20.0  Sand 6946.3  1.93  694.6  0.06  3195.3  0.33  5279.2  0.64  6321.1  0.96  6946.3  1.93  
6 -25.0  Sand 8306.1  1.98  830.6  0.06  3820.8  0.34  6312.7  0.65  7558.6  0.99  8306.1  1.98  
7 -30.0  Sand 4850.8  4.56  485.1  0.14  2231.4  0.78  3686.6  1.51  4414.2  2.28  4850.8  4.56  
8 -33.0  Clay 5109.9  4.55  1277.5  0.07  2554.9  0.57  3679.1  1.71  5109.9  4.55  5109.9  9.09  
9 -37.0  Sand 10526.1  1.87  1052.6  0.06  4842.0  0.32  7999.8  0.62  9578.8  0.93  10526.1 1.87  
10 -41.0  Sand 11282.5  1.84  1128.3  0.06  5190.0  0.31  8574.7  0.61  10267.1 0.92  11282.5 1.84  
11 -45.0  Sand 14801.3  1.80  1480.1  0.05  6808.6  0.31  11249.0 0.59  13469.2 0.90  14801.3 1.80  
12 -50.0  Sand 19062.8  1.77  1906.3  0.05  8768.9  0.30  14487.7 0.58  17347.2 0.88  19062.8 1.77  
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TABLE D-5:  PIER 5 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -2.0  Clay 382.5  7.20  95.6  0.12  191.3  0.90  275.4  2.70  382.5  7.20  382.5  14.40  
2 -7.0  Clay 450.0  7.20  112.5  0.12  225.0  0.90  324.0  2.70  450.0  7.20  450.0  14.40  
3 -12.0  Clay 450.0  7.20  112.5  0.12  225.0  0.90  324.0  2.70  450.0  7.20  450.0  14.40  
4 -17.0  Clay 2845.2  4.44  711.3  0.07  1422.6  0.55  2048.5  1.66  2845.2  4.44  2845.2  8.88  
5 -21.0  Sand 6691.0  1.86  669.1  0.06  3077.9  0.32  5085.1  0.61  6088.8  0.93  6691.0  1.86  
6 -25.0  Sand 7846.5  1.92  784.6  0.06  3609.4  0.33  5963.3  0.63  7140.3  0.96  7846.5  1.92  
7 -30.0  Sand 4621.0  4.54  462.1  0.14  2125.7  0.77  3512.0  1.50  4205.1  2.27  4621.0  4.54  
8 -34.0  Clay 4966.4  4.52  1241.6  0.07  2483.2  0.56  3575.8  1.69  4966.4  4.52  4966.4  9.04  
9 -38.0  Sand 10239.2  1.82  1023.9  0.05  4710.0  0.31  7781.8  0.60  9317.7  0.91  10239.2 1.82  
10 -43.0  Sand 13751.0  1.77  1375.1  0.05  6325.5  0.30  10450.8 0.58  12513.4 0.88  13751.0 1.77  
11 -45.0  Sand 16917.0  1.74  1691.7  0.05  7781.8  0.30  12857.0 0.57  15394.5 0.87  16917.0 1.74  
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TABLE D-6:  PIER 6 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -1.0  Clay 343.6  7.20  85.9  0.12  171.8  0.90  247.4  2.70  343.6  7.20  343.6  14.40  
2 -5.0  Clay 411.1  7.20  102.8  0.12  205.5  0.90  296.0  2.70  411.1  7.20  411.1  14.40  
3 -9.0  Clay 450.0  7.20  112.5  0.12  225.0  0.90  324.0  2.70  450.0  7.20  450.0  14.40  
4 -14.0  Clay 2158.4  4.33  539.6  0.07  1079.2  0.54  1554.0  1.62  2158.4  4.33  2158.4  8.66  
5 -18.0  Sand 5125.2  1.64  512.5  0.05  2357.6  0.28  3895.2  0.54  4663.9  0.82  5125.2  1.64  
6 -23.0  Sand 6945.7  1.87  694.6  0.06  3195.0  0.32  5278.7  0.62  6320.6  0.93  6945.7  1.87  
7 -28.0  Sand 8085.5  1.87  808.6  0.06  3719.3  0.32  6145.0  0.62  7357.8  0.94  8085.5  1.87  
8 -33.0  Sand 9031.0  1.84  903.1  0.06  4154.3  0.31  6863.6  0.61  8218.2  0.92  9031.0  1.84  
9 -38.0  Sand 12265.7  1.78  1226.6  0.05  5642.2  0.30  9321.9  0.59  11161.8 0.89  12265.7 1.78  
10 -43.0  Sand 16054.0  1.75  1605.4  0.05  7384.8  0.30  12201.0 0.58  14609.1 0.87  16054.0 1.75  
11 -48.0  Sand 9151.6  3.27  915.2  0.10  4209.7  0.56  6955.2  1.08  8327.9  1.64  9151.6  3.27  
12 -51.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
13 -55.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
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TABLE D-7:  PIER 7 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -6.0  Clay 150.0  7.20  37.5  0.12  75.0  0.90  108.0  2.70  150.0  7.20  150.0  14.40  
2 -10.0  Clay 217.5  7.20  54.4  0.12  108.8  0.90  156.6  2.70  217.5  7.20  217.5  14.40  
3 -14.0  Clay 352.5  3.82  88.1  0.06  176.2  0.48  253.8  1.43  352.5  3.82  352.5  7.64  
4 -19.0  Sand 1045.6  0.67  104.6  0.02  481.0  0.11  794.7  0.22  951.5  0.34  1045.6  0.67  
5 -24.0  Sand 1946.3  0.90  194.6  0.03  895.3  0.15  1479.2  0.30  1771.1  0.45  1946.3  0.90  
6 -29.0  Sand 3122.0  1.13  312.2  0.03  1436.1  0.19  2372.7  0.37  2841.0  0.57  3122.0  1.13  
7 -34.0  Sand 2661.3  3.08  266.1  0.09  1224.2  0.52  2022.6  1.02  2421.8  1.54  2661.3  3.08  
8 -38.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
9 -43.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
10 -48.0  Clay 7870.0  3.18  1967.5  0.05  3935.0  0.40  5666.4  1.19  7870.0  3.18  7870.0  6.35  
11 -51.0  Sand 16230.0  1.57  1623.0  0.05  7465.8  0.27  12334.8 0.52  14769.3 0.78  16230.0 1.57  
12 -55.0  Sand 17883.2  1.59  1788.3  0.05  8226.3  0.27  13591.2 0.52  16273.7 0.79  17883.2 1.59  
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TABLE D-8:  PIER 8 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -16.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -18.0  Sand 98.8  0.56  9.9  0.02  45.5  0.10  75.1  0.19  89.9  0.28  98.8  0.56  
3 -23.0  Sand 354.8  0.42  35.5  0.01  163.2  0.07  269.6  0.14  322.9  0.21  354.8  0.42  
4 -28.0  Sand 748.3  2.73  74.8  0.08  344.2  0.46  568.7  0.90  681.0  1.36  748.3  2.73  
5 -31.0  Clay 633.7  4.80  158.4  0.08  316.8  0.60  456.2  1.80  633.7  4.80  633.7  9.60  
6 -34.0  Clay 710.6  4.80  177.6  0.08  355.3  0.60  511.6  1.80  710.6  4.80  710.6  9.60  
7 -39.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
8 -44.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
9 -49.0  Clay 5291.3  3.05  1322.8  0.05  2645.6  0.38  3809.7  1.14  5291.3  3.05  5291.3  6.10  
10 -52.0  Sand 11786.0  1.42  1178.6  0.04  5421.5  0.24  8957.3  0.47  10725.2 0.71  11786.0 1.42  
11 -56.0  Sand 14663.3  1.59  1466.3  0.05  6745.1  0.27  11144.1 0.53  13343.6 0.80  14663.3 1.59  
12 -60.0  Sand 16459.3  1.63  1645.9  0.05  7571.3  0.28  12509.1 0.54  14978.0 0.81  16459.3 1.63  
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TABLE D-9:  PIER 9 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -18.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -23.0  Sand 185.5  0.42  18.6  0.01  85.3  0.07  141.0  0.14  168.8  0.21  185.5  0.42  
3 -27.0  Sand 539.4  0.50  53.9  0.01  248.1  0.08  410.0  0.16  490.9  0.25  539.4  0.50  
4 -31.0  Sand 824.4  2.74  82.4  0.08  379.2  0.47  626.6  0.90  750.2  1.37  824.4  2.74  
5 -36.0  Clay 709.3  4.80  177.3  0.08  354.7  0.60  510.7  1.80  709.3  4.80  709.3  9.60  
6 -41.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
7 -46.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
8 -51.0  Clay 5252.3  3.04  1313.1  0.05  2626.1  0.38  3781.6  1.14  5252.3  3.04  5252.3  6.09  
9 -55.0  Sand 12389.2  1.46  1238.9  0.04  5699.0  0.25  9415.8  0.48  11274.1 0.73  12389.2 1.46  
10 -60.0  Sand 15538.2  1.61  1553.8  0.05  7147.6  0.27  11809.0 0.53  14139.7 0.80  15538.2 1.61  
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TABLE D-10:  PIER 10 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -16.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -20.0  Sand 159.3  0.60  15.9  0.02  73.3  0.10  121.1  0.20  145.0  0.30  159.3  0.60  
3 -24.0  Sand 325.4  0.62  32.5  0.02  149.7  0.10  247.3  0.20  296.1  0.31  325.4  0.62  
4 -28.0  Sand 769.9  0.72  77.0  0.02  354.1  0.12  585.1  0.24  700.6  0.36  769.9  0.72  
5 -33.0  Sand 1707.0  0.84  170.7  0.03  785.2  0.14  1297.3  0.28  1553.4  0.42  1707.0  0.84  
6 -38.0  Sand 2818.2  1.07  281.8  0.03  1296.3  0.18  2141.8  0.35  2564.5  0.53  2818.2  1.07  
7 -43.0  Sand 2477.1  3.05  247.7  0.09  1139.5  0.52  1882.6  1.01  2254.2  1.52  2477.1  3.05  
8 -46.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
9 -50.0  Clay 5452.0  3.05  1363.0  0.05  2726.0  0.38  3925.4  1.14  5452.0  3.05  5452.0  6.10  
10 -54.0  Sand 12841.0  1.47  1284.1  0.04  5906.9  0.25  9759.2  0.48  11685.3 0.73  12841.0 1.47  
11 -58.0  Sand 15267.3  1.58  1526.7  0.05  7022.9  0.27  11603.1 0.52  13893.2 0.79  15267.3 1.58  
12 -63.0  Sand 17333.8  1.60  1733.4  0.05  7973.5  0.27  13173.7 0.53  15773.8 0.80  17333.8 1.60  
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TABLE D-11:  PIER 11 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -19.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -23.0  Sand 159.3  0.60  15.9  0.02  73.3  0.10  121.1  0.20  145.0  0.30  159.3  0.60  
3 -27.0  Sand 325.4  0.62  32.5  0.02  149.7  0.10  247.3  0.20  296.1  0.31  325.4  0.62  
4 -31.0  Sand 769.9  0.72  77.0  0.02  354.1  0.12  585.1  0.24  700.6  0.36  769.9  0.72  
5 -35.0  Sand 1517.8  0.79  151.8  0.02  698.2  0.13  1153.5  0.26  1381.2  0.40  1517.8  0.79  
6 -40.0  Sand 1662.0  2.91  166.2  0.09  764.5  0.49  1263.1  0.96  1512.4  1.46  1662.0  2.91  
7 -43.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
8 -46.0  Clay 3596.6  2.92  899.1  0.05  1798.3  0.36  2589.5  1.09  3596.6  2.92  3596.6  5.84  
9 -49.0  Sand 8045.0  1.17  804.5  0.03  3700.7  0.20  6114.2  0.38  7320.9  0.58  8045.0  1.17  
10 -53.0  Sand 10453.5  1.34  1045.4  0.04  4808.6  0.23  7944.7  0.44  9512.7  0.67  10453.5 1.34  
11 -58.0  Sand 13902.6  1.55  1390.3  0.05  6395.2  0.26  10565.9 0.51  12651.3 0.77  13902.6 1.55  
12 -63.0  Sand 16446.7  1.63  1644.7  0.05  7565.5  0.28  12499.5 0.54  14966.5 0.81  16446.7 1.63  
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TABLE D-12:  PIER 12 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -19.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -23.0  Sand 160.5  0.61  16.1  0.02  73.8  0.10  122.0  0.20  146.1  0.30  160.5  0.61  
3 -27.0  Sand 327.9  0.62  32.8  0.02  150.8  0.11  249.2  0.20  298.4  0.31  327.9  0.62  
4 -32.0  Sand 858.5  0.81  85.8  0.02  394.9  0.14  652.4  0.27  781.2  0.41  858.5  0.81  
5 -35.0  Sand 1400.8  0.88  140.1  0.03  644.4  0.15  1064.6  0.29  1274.7  0.44  1400.8  0.88  
6 -39.0  Sand 1455.4  2.94  145.5  0.09  669.5  0.50  1106.1  0.97  1324.4  1.47  1455.4  2.94  
7 -44.0  Clay 3103.3  2.87  775.8  0.05  1551.7  0.36  2234.4  1.08  3103.3  2.87  3103.3  5.75  
8 -48.0  Sand 7480.5  1.12  748.0  0.03  3441.0  0.19  5685.2  0.37  6807.2  0.56  7480.5  1.12  
9 -52.0  Sand 9818.0  1.29  981.8  0.04  4516.3  0.22  7461.7  0.43  8934.4  0.65  9818.0  1.29  
10 -56.0  Sand 12469.1  1.47  1246.9  0.04  5735.8  0.25  9476.5  0.48  11346.9 0.73  12469.1 1.47  
11 -60.0  Sand 15221.9  1.61  1522.2  0.05  7002.1  0.27  11568.6 0.53  13851.9 0.81  15221.9 1.61  
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TABLE D-13:  PIER 13 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -22.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -27.0  Sand 163.2  0.49  16.3  0.01  75.1  0.08  124.0  0.16  148.5  0.25  163.2  0.49  
3 -32.0  Sand 482.1  0.73  48.2  0.02  221.8  0.12  366.4  0.24  438.7  0.37  482.1  0.73  
4 -37.0  Sand 1160.1  0.87  116.0  0.03  533.7  0.15  881.7  0.29  1055.7  0.44  1160.1  0.87  
5 -40.0  Sand 1878.0  0.87  187.8  0.03  863.9  0.15  1427.2  0.29  1708.9  0.43  1878.0  0.87  
6 -44.0  Sand 2783.1  1.05  278.3  0.03  1280.2  0.18  2115.2  0.35  2532.6  0.53  2783.1  1.05  
7 -48.0  Sand 2307.1  3.02  230.7  0.09  1061.3  0.51  1753.4  1.00  2099.5  1.51  2307.1  3.02  
8 -51.0  Clay 750.0  4.80  187.5  0.08  375.0  0.60  540.0  1.80  750.0  4.80  750.0  9.60  
9 -54.0  Clay 4841.2  3.01  1210.3  0.05  2420.6  0.38  3485.7  1.13  4841.2  3.01  4841.2  6.01  
10 -58.0  Sand 11464.2  1.38  1146.4  0.04  5273.5  0.24  8712.8  0.46  10432.4 0.69  11464.2 1.38  
11 -62.0  Sand 14307.6  1.56  1430.8  0.05  6581.5  0.26  10873.8 0.51  13019.9 0.78  14307.6 1.56  
12 -66.0  Sand 16100.2  1.59  1610.0  0.05  7406.1  0.27  12236.1 0.52  14651.2 0.80  16100.2 1.59  
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TABLE D-14:  PIER 14 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -20.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -24.0  Sand 159.3  0.60  15.9  0.02  73.3  0.10  121.1  0.20  145.0  0.30  159.3  0.60  
3 -28.0  Sand 325.4  0.62  32.5  0.02  149.7  0.10  247.3  0.20  296.1  0.31  325.4  0.62  
4 -32.0  Sand 769.9  0.72  77.0  0.02  354.1  0.12  585.1  0.24  700.6  0.36  769.9  0.72  
5 -36.0  Sand 1517.8  0.79  151.8  0.02  698.2  0.13  1153.5  0.26  1381.2  0.40  1517.8  0.79  
6 -41.0  Sand 1662.0  2.91  166.2  0.09  764.5  0.49  1263.1  0.96  1512.4  1.46  1662.0  2.91  
7 -45.0  Clay 3143.4  2.88  785.9  0.05  1571.7  0.36  2263.3  1.08  3143.4  2.88  3143.4  5.76  
8 -50.0  Sand 8121.0  1.18  812.1  0.04  3735.7  0.20  6172.0  0.39  7390.1  0.59  8121.0  1.18  
9 -55.0  Sand 11192.3  1.39  1119.2  0.04  5148.5  0.24  8506.1  0.46  10185.0 0.70  11192.3 1.39  
10 -60.0  Sand 14750.7  1.60  1475.1  0.05  6785.3  0.27  11210.5 0.53  13423.1 0.80  14750.7 1.60  
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TABLE D-15:  PIER 15 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -24.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -27.0  Sand 131.0  0.66  13.1  0.02  60.3  0.11  99.6  0.22  119.2  0.33  131.0  0.66  
3 -31.0  Sand 295.3  0.48  29.5  0.01  135.8  0.08  224.4  0.16  268.7  0.24  295.3  0.48  
4 -35.0  Sand 768.7  0.58  76.9  0.02  353.6  0.10  584.2  0.19  699.6  0.29  768.7  0.58  
5 -40.0  Sand 1109.5  2.81  111.0  0.08  510.4  0.48  843.2  0.93  1009.7  1.40  1109.5  2.81  
6 -45.0  Clay 2382.5  2.82  595.6  0.05  1191.3  0.35  1715.4  1.06  2382.5  2.82  2382.5  5.63  
7 -50.0  Sand 6251.9  1.05  625.2  0.03  2875.9  0.18  4751.4  0.35  5689.2  0.52  6251.9  1.05  
8 -55.0  Sand 8975.8  1.26  897.6  0.04  4128.9  0.21  6821.6  0.42  8168.0  0.63  8975.8  1.26  
9 -60.0  Sand 12186.8  1.47  1218.7  0.04  5605.9  0.25  9262.0  0.49  11090.0 0.74  12186.8 1.47  
10 -65.0  Sand 15666.7  1.66  1566.7  0.05  7206.7  0.28  11906.7 0.55  14256.7 0.83  15666.7 1.66  
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TABLE D-16:  PIER 16 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -26.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -30.0  Sand 159.3  0.60  15.9  0.02  73.3  0.10  121.1  0.20  145.0  0.30  159.3  0.60  
3 -34.0  Sand 372.6  0.53  37.3  0.02  171.4  0.09  283.2  0.17  339.1  0.26  372.6  0.53  
4 -38.0  Sand 898.5  0.62  89.8  0.02  413.3  0.11  682.8  0.21  817.6  0.31  898.5  0.62  
5 -42.0  Sand 1104.9  2.80  110.5  0.08  508.3  0.48  839.7  0.93  1005.5  1.40  1104.9  2.80  
6 -46.0  Clay 2193.0  2.80  548.2  0.04  1096.5  0.35  1578.9  1.05  2193.0  2.80  2193.0  5.59  
7 -50.0  Sand 5310.3  0.96  531.0  0.03  2442.7  0.16  4035.8  0.32  4832.3  0.48  5310.3  0.96  
8 -55.0  Sand 7841.6  1.18  784.2  0.04  3607.1  0.20  5959.6  0.39  7135.8  0.59  7841.6  1.18  
9 -60.0  Sand 10860.0  1.39  1086.0  0.04  4995.6  0.24  8253.6  0.46  9882.6  0.69  10860.0 1.39  
10 -65.0  Sand 14365.5  1.60  1436.5  0.05  6608.1  0.27  10917.8 0.53  13072.6 0.80  14365.5 1.60  
11 -70.0  Sand 16925.5  1.67  1692.6  0.05  7785.7  0.28  12863.4 0.55  15402.2 0.84  16925.5 1.67  
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TABLE D-17:  PIER 17 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -34.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -37.0  Sand 330.3  1.17  33.0  0.04  151.9  0.20  251.0  0.39  300.6  0.59  330.3  1.17  
3 -42.0  Sand 1077.9  0.96  107.8  0.03  495.8  0.16  819.2  0.32  980.9  0.48  1077.9  0.96  
4 -47.0  Sand 1391.5  0.76  139.2  0.02  640.1  0.13  1057.6  0.25  1266.3  0.38  1391.5  0.76  
5 -52.0  Sand 2466.1  0.98  246.6  0.03  1134.4  0.17  1874.2  0.32  2244.1  0.49  2466.1  0.98  
6 -57.0  Sand 3838.5  1.19  383.8  0.04  1765.7  0.20  2917.2  0.39  3493.0  0.60  3838.5  1.19  
7 -62.0  Sand 5508.8  1.41  550.9  0.04  2534.0  0.24  4186.7  0.46  5013.0  0.70  5508.8  1.41  
8 -67.0  Sand 7476.9  1.62  747.7  0.05  3439.4  0.28  5682.4  0.53  6804.0  0.81  7476.9  1.62  
9 -72.0  Sand 11737.8  1.70  1173.8  0.05  5399.4  0.29  8920.7  0.56  10681.4 0.85  11737.8 1.70  
10 -77.0  Sand 17662.3  1.79  1766.2  0.05  8124.6  0.30  13423.3 0.59  16072.7 0.89  17662.3 1.79  
11 -82.0  Sand 22079.0  2.00  2207.9  0.06  10156.3 0.34  16780.1 0.66  20091.9 1.00  22079.0 2.00  
12 -87.0  Sand 26982.9  2.21  2698.3  0.07  12412.1 0.38  20507.0 0.73  24554.4 1.11  26982.9 2.21  
13 -92.0  Sand 32373.8  2.43  3237.4  0.07  14891.9 0.41  24604.1 0.80  29460.1 1.21  32373.8 2.43  
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TABLE D-18:  PIER 18 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -34.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -37.0  Sand 287.8  1.45  28.8  0.04  132.4  0.25  218.7  0.48  261.9  0.73  287.8  1.45  
3 -40.0  Sand 596.8  1.51  59.7  0.05  274.5  0.26  453.6  0.50  543.1  0.75  596.8  1.51  
4 -45.0  Sand 831.6  1.15  83.2  0.03  382.5  0.19  632.0  0.38  756.7  0.57  831.6  1.15  
5 -50.0  Sand 1343.7  1.27  134.4  0.04  618.1  0.22  1021.2  0.42  1222.7  0.64  1343.7  1.27  
6 -55.0  Sand 2159.2  1.56  215.9  0.05  993.2  0.26  1641.0  0.51  1964.8  0.78  2159.2  1.56  
7 -60.0  Sand 3797.6  1.53  379.8  0.05  1746.9  0.26  2886.2  0.51  3455.8  0.77  3797.6  1.53  
8 -63.0  Sand 5470.2  1.35  547.0  0.04  2516.3  0.23  4157.3  0.44  4977.9  0.67  5470.2  1.35  
9 -66.0  Sand 6615.4  1.48  661.5  0.04  3043.1  0.25  5027.7  0.49  6020.0  0.74  6615.4  1.48  
10 -71.0  Sand 8762.3  1.69  876.2  0.05  4030.7  0.29  6659.4  0.56  7973.7  0.85  8762.3  1.69  
11 -76.0  Sand 11207.2  1.91  1120.7  0.06  5155.3  0.32  8517.4  0.63  10198.5 0.95  11207.2 1.91  
12 -81.0  Sand 13949.8  2.12  1395.0  0.06  6416.9  0.36  10601.9 0.70  12694.4 1.06  13949.8 2.12  
13 -86.0  Sand 20523.8  2.17  2052.4  0.07  9440.9  0.37  15598.1 0.72  18676.6 1.09  20523.8 2.17  
14 -89.0  Sand 27073.7  2.14  2707.4  0.06  12453.9 0.36  20576.0 0.71  24637.0 1.07  27073.7 2.14  
15 -92.0  Sand 30265.5  2.27  3026.6  0.07  13922.1 0.39  23001.8 0.75  27541.6 1.13  30265.5 2.27  
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TABLE D-19:  PIER 19 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -40.0  Sand 0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  0.0  0.00  
2 -44.0  Sand 359.9  1.36  36.0  0.04  165.6  0.23  273.5  0.45  327.5  0.68  359.9  1.36  
3 -48.0  Sand 689.1  1.31  68.9  0.04  317.0  0.22  523.7  0.43  627.0  0.65  689.1  1.31  
4 -53.0  Sand 862.2  1.00  86.2  0.03  396.6  0.17  655.2  0.33  784.6  0.50  862.2  1.00  
5 -58.0  Sand 1794.2  1.05  179.4  0.03  825.3  0.18  1363.6  0.35  1632.7  0.52  1794.2  1.05  
6 -61.0  Sand 2827.2  0.96  282.7  0.03  1300.5  0.16  2148.7  0.32  2572.8  0.48  2827.2  0.96  
7 -65.0  Sand 3984.6  1.14  398.5  0.03  1832.9  0.19  3028.3  0.38  3625.9  0.57  3984.6  1.14  
8 -70.0  Sand 5701.1  1.36  570.1  0.04  2622.5  0.23  4332.9  0.45  5188.0  0.68  5701.1  1.36  
9 -75.0  Sand 9290.3  1.46  929.0  0.04  4273.5  0.25  7060.6  0.48  8454.1  0.73  9290.3  1.46  
10 -78.0  Sand 12937.9  1.48  1293.8  0.04  5951.4  0.25  9832.8  0.49  11773.5 0.74  12937.9 1.48  
11 -83.0  Sand 16788.3  1.70  1678.8  0.05  7722.6  0.29  12759.1 0.56  15277.3 0.85  16788.3 1.70  
12 -88.0  Sand 21128.7  1.91  2112.9  0.06  9719.2  0.33  16057.8 0.63  19227.1 0.96  21128.7 1.91  
13 -93.0  Sand 25959.2  2.13  2595.9  0.06  11941.2 0.36  19729.0 0.70  23622.9 1.06  25959.2 2.13  
14 -98.0  Sand 31279.7  2.34  3128.0  0.07  14388.7 0.40  23772.6 0.77  28464.5 1.17  31279.7 2.34  
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TABLE D-20:  PIER 20 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -44.0  Clay 168.8  21.60  42.2  0.35  84.4  2.70  121.5  8.10  168.8  21.60  168.8  43.20  
2 -49.0  Clay 244.6  21.60  61.2  0.35  122.3  2.70  176.1  8.10  244.6  21.60  244.6  43.20  
3 -54.0  Clay 320.5  21.60  80.1  0.35  160.3  2.70  230.8  8.10  320.5  21.60  320.5  43.20  
4 -59.0  Clay 396.4  21.60  99.1  0.35  198.2  2.70  285.4  8.10  396.4  21.60  396.4  43.20  
5 -64.0  Clay 472.3  21.60  118.1  0.35  236.1  2.70  340.0  8.10  472.3  21.60  472.3  43.20  
6 -69.0  Clay 2119.9  11.33  530.0  0.18  1060.0  1.42  1526.3  4.25  2119.9  11.33  2119.9  22.67  
7 -73.0  Sand 5044.0  1.24  504.4  0.04  2320.3  0.21  3833.5  0.41  4590.1  0.62  5044.0  1.24  
8 -78.0  Sand 6950.2  1.46  695.0  0.04  3197.1  0.25  5282.2  0.48  6324.7  0.73  6950.2  1.46  
9 -83.0  Sand 11031.3  1.56  1103.1  0.05  5074.4  0.26  8383.8  0.51  10038.5 0.78  11031.3 1.56  
10 -86.0  Sand 15157.9  1.57  1515.8  0.05  6972.6  0.27  11520.0 0.52  13793.7 0.78  15157.9 1.57  
11 -90.0  Sand 18430.1  1.74  1843.0  0.05  8477.8  0.30  14006.9 0.57  16771.4 0.87  18430.1 1.74  
12 -95.0  Sand 22958.7  1.96  2295.9  0.06  10561.0 0.33  17448.6 0.65  20892.4 0.98  22958.7 1.96  
13 -100.0  Sand 27974.3  2.17  2797.4  0.07  12868.2 0.37  21260.5 0.72  25456.6 1.09  27974.3 2.17  
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TABLE D-21:  PIER 21 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -20.0  Clay 168.8  21.60  42.2  0.35  84.4  2.70  121.5  8.10  168.8  21.60  168.8  43.20  
2 -25.0  Clay 245.0  21.60  61.3  0.35  122.5  2.70  176.4  8.10  245.0  21.60  245.0  43.20  
3 -30.0  Clay 321.3  21.60  80.3  0.35  160.6  2.70  231.3  8.10  321.3  21.60  321.3  43.20  
4 -35.0  Clay 397.5  21.60  99.4  0.35  198.8  2.70  286.2  8.10  397.5  21.60  397.5  43.20  
5 -40.0  Clay 473.8  21.60  118.4  0.35  236.9  2.70  341.1  8.10  473.8  21.60  473.8  43.20  
6 -45.0  Clay 506.3  21.60  126.6  0.35  253.1  2.70  364.5  8.10  506.3  21.60  506.3  43.20  
7 -50.0  Clay 506.3  21.60  126.6  0.35  253.1  2.70  364.5  8.10  506.3  21.60  506.3  43.20  
8 -55.0  Clay 506.3  21.60  126.6  0.35  253.1  2.70  364.5  8.10  506.3  21.60  506.3  43.20  
9 -60.0  Clay 506.3  21.60  126.6  0.35  253.1  2.70  364.5  8.10  506.3  21.60  506.3  43.20  
10 -65.0  Clay 506.3  21.60  126.6  0.35  253.1  2.70  364.5  8.10  506.3  21.60  506.3  43.20  
11 -70.0  Clay 506.3  21.60  126.6  0.35  253.1  2.70  364.5  8.10  506.3  21.60  506.3  43.20  
12 -75.0  Clay 11924.3  11.72  2981.1  0.19  5962.2  1.47  8585.5  4.40  11924.3 11.72  11924.3 23.45  
13 -78.0  Sand 26357.4  1.98  2635.7  0.06  12124.4 0.34  20031.6 0.65  23985.3 0.99  26357.4 1.98  
14 -83.0  Sand 31774.5  2.19  3177.4  0.07  14616.3 0.37  24148.6 0.72  28914.8 1.10  31774.5 2.19  
15 -88.0  Sand 37681.6  2.41  3768.2  0.07  17333.5 0.41  28638.0 0.80  34290.2 1.20  37681.6 2.41  
16 -93.0  Sand 44078.8  2.63  4407.9  0.08  20276.2 0.45  33499.9 0.87  40111.7 1.31  44078.8 2.63  
17 -98.0  Sand 50966.0  2.84  5096.6  0.09  23444.3 0.48  38734.1 0.94  46379.0 1.42  50966.0 2.84  
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TABLE D-22:  PIER 22 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -14.0  Clay 126.1  9.60  31.5  0.15  63.0  1.20  90.8  3.60  126.1  9.60  126.1  19.20  
2 -18.0  Clay 167.0  9.60  41.7  0.15  83.5  1.20  120.2  3.60  167.0  9.60  167.0  19.20  
3 -23.0  Clay 218.0  9.60  54.5  0.15  109.0  1.20  157.0  3.60  218.0  9.60  218.0  19.20  
4 -28.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -33.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -38.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -43.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -48.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -53.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -58.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -63.0  Clay 4814.6  5.42  1203.7  0.09  2407.3  0.68  3466.5  2.03  4814.6  5.42  4814.6  10.84  
12 -66.0  Sand 10036.4  1.26  1003.6  0.04  4616.7  0.21  7627.7  0.42  9133.1  0.63  10036.4 1.26  
13 -69.0  Sand 10668.6  1.27  1066.9  0.04  4907.6  0.22  8108.2  0.42  9708.4  0.64  10668.6 1.27  
14 -74.0  Sand 11722.3  1.29  1172.2  0.04  5392.3  0.22  8909.0  0.43  10667.3 0.64  11722.3 1.29  
15 -79.0  Sand 12776.0  1.30  1277.6  0.04  5877.0  0.22  9709.8  0.43  11626.2 0.65  12776.0 1.30  
16 -84.0  Sand 13829.7  1.32  1383.0  0.04  6361.7  0.22  10510.6 0.43  12585.0 0.66  13829.7 1.32  
17 -89.0  Sand 20256.8  1.36  2025.7  0.04  9318.1  0.23  15395.2 0.45  18433.7 0.68  20256.8 1.36  
18 -93.0  Sand 27283.5  1.41  2728.3  0.04  12550.4 0.24  20735.4 0.47  24828.0 0.71  27283.5 1.41  
19 -98.0  Sand 29350.0  1.43  2935.0  0.04  13501.0 0.24  22306.0 0.47  26708.5 0.72  29350.0 1.43  
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TABLE D-23:  PIER 23 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -16.0  Clay 115.9  9.60  29.0  0.15  57.9  1.20  83.4  3.60  115.9  9.60  115.9  19.20  
2 -21.0  Clay 167.0  9.60  41.7  0.15  83.5  1.20  120.2  3.60  167.0  9.60  167.0  19.20  
3 -26.0  Clay 218.0  9.60  54.5  0.15  109.0  1.20  157.0  3.60  218.0  9.60  218.0  19.20  
4 -31.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -36.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -41.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -46.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -51.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -56.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -61.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -66.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -71.0  Clay 5250.0  5.42  1312.5  0.09  2625.0  0.68  3780.0  2.03  5250.0  5.42  5250.0  10.84  
13 -75.0  Sand 11117.9  1.26  1111.8  0.04  5114.2  0.21  8449.6  0.42  10117.3 0.63  11117.9 1.26  
14 -79.0  Sand 11960.9  1.28  1196.1  0.04  5502.0  0.22  9090.3  0.42  10884.4 0.64  11960.9 1.28  
15 -84.0  Sand 13014.6  1.29  1301.5  0.04  5986.7  0.22  9891.1  0.43  11843.2 0.65  13014.6 1.29  
16 -89.0  Sand 19147.4  1.34  1914.7  0.04  8807.8  0.23  14552.0 0.44  17424.1 0.67  19147.4 1.34  
17 -93.0  Sand 25879.7  1.39  2588.0  0.04  11904.7 0.24  19668.6 0.46  23550.6 0.69  25879.7 1.39  
18 -98.0  Sand 27946.3  1.41  2794.6  0.04  12855.3 0.24  21239.2 0.47  25431.1 0.71  27946.3 1.41  
19 -103.0  Sand 30012.8  1.43  3001.3  0.04  13805.9 0.24  22809.7 0.47  27311.7 0.72  30012.8 1.43  
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TABLE D-24:  PIER 24 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -17.0  Clay 115.9  9.60  29.0  0.15  57.9  1.20  83.4  3.60  115.9  9.60  115.9  19.20  
2 -20.0  Clay 146.5  9.60  36.6  0.15  73.3  1.20  105.5  3.60  146.5  9.60  146.5  19.20  
3 -24.0  Clay 187.4  9.60  46.8  0.15  93.7  1.20  134.9  3.60  187.4  9.60  187.4  19.20  
4 -29.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -34.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -39.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -44.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -49.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -54.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -59.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -64.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -69.0  Clay 4988.8  5.42  1247.2  0.09  2494.4  0.68  3591.9  2.03  4988.8  5.42  4988.8  10.84  
13 -72.0  Sand 10384.7  1.26  1038.5  0.04  4777.0  0.21  7892.4  0.41  9450.1  0.63  10384.7 1.26  
14 -76.0  Sand 11227.7  1.27  1122.8  0.04  5164.7  0.22  8533.0  0.42  10217.2 0.64  11227.7 1.27  
15 -81.0  Sand 12281.4  1.29  1228.1  0.04  5649.4  0.22  9333.8  0.43  11176.0 0.65  12281.4 1.29  
16 -86.0  Sand 18149.5  1.34  1814.9  0.04  8348.8  0.23  13793.6 0.44  16516.0 0.67  18149.5 1.34  
17 -90.0  Sand 24617.1  1.39  2461.7  0.04  11323.9 0.24  18709.0 0.46  22401.6 0.70  24617.1 1.39  
18 -95.0  Sand 26683.7  1.41  2668.4  0.04  12274.5 0.24  20279.6 0.47  24282.1 0.71  26683.7 1.41  
19 -100.0  Sand 28750.2  1.44  2875.0  0.04  13225.1 0.24  21850.2 0.47  26162.7 0.72  28750.2 1.44  
20 -105.0  Sand 30816.8  1.46  3081.7  0.04  14175.7 0.25  23420.7 0.48  28043.3 0.73  30816.8 1.46  
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TABLE D-25:  PIER 25 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -18.0  Clay 126.1  9.60  31.5  0.15  63.0  1.20  90.8  3.60  126.1  9.60  126.1  19.20  
2 -21.0  Clay 156.7  9.60  39.2  0.15  78.4  1.20  112.8  3.60  156.7  9.60  156.7  19.20  
3 -25.0  Clay 197.6  9.60  49.4  0.15  98.8  1.20  142.3  3.60  197.6  9.60  197.6  19.20  
4 -30.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -35.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -40.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -45.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -50.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -55.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -60.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -65.0  Clay 4640.5  5.42  1160.1  0.09  2320.2  0.68  3341.1  2.03  4640.5  5.42  4640.5  10.84  
12 -69.0  Sand 9898.8  1.26  989.9  0.04  4553.5  0.21  7523.1  0.42  9007.9  0.63  9898.8  1.26  
13 -73.0  Sand 10741.8  1.28  1074.2  0.04  4941.2  0.22  8163.8  0.42  9775.0  0.64  10741.8 1.28  
14 -77.0  Sand 11584.8  1.29  1158.5  0.04  5329.0  0.22  8804.4  0.43  10542.1 0.65  11584.8 1.29  
15 -81.0  Sand 16914.5  1.34  1691.5  0.04  7780.7  0.23  12855.1 0.44  15392.2 0.67  16914.5 1.34  
16 -84.0  Sand 22641.3  1.39  2264.1  0.04  10415.0 0.24  17207.4 0.46  20603.6 0.69  22641.3 1.39  
17 -87.0  Sand 23881.2  1.40  2388.1  0.04  10985.4 0.24  18149.7 0.46  21731.9 0.70  23881.2 1.40  
18 -92.0  Sand 25947.8  1.43  2594.8  0.04  11936.0 0.24  19720.3 0.47  23612.5 0.71  25947.8 1.43  
19 -97.0  Sand 28014.3  1.45  2801.4  0.04  12886.6 0.25  21290.9 0.48  25493.0 0.73  28014.3 1.45  
20 -102.0  Sand 17846.0  1.79  1784.6  0.05  8209.2  0.30  13563.0 0.59  16239.9 0.89  17846.0 1.79  
21 -103.0  Sand 5684.7  2.11  568.5  0.06  2615.0  0.36  4320.4  0.69  5173.1  1.05  5684.7  2.11  
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TABLE D-26:  PIER 26 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -18.5  Clay 131.2  9.60  32.8  0.15  65.6  1.20  94.5  3.60  131.2  9.60  131.2  19.20  
2 -23.0  Clay 177.2  9.60  44.3  0.15  88.6  1.20  127.6  3.60  177.2  9.60  177.2  19.20  
3 -28.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
4 -33.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -38.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -43.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -48.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -53.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -58.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -63.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -68.0  Clay 4901.7  5.42  1225.4  0.09  2450.8  0.68  3529.2  2.03  4901.7  5.42  4901.7  10.84  
12 -73.0  Sand 10632.0  1.27  1063.2  0.04  4890.7  0.22  8080.4  0.42  9675.2  0.63  10632.0 1.27  
13 -78.0  Sand 15904.7  1.32  1590.5  0.04  7316.2  0.22  12087.6 0.43  14473.3 0.66  15904.7 1.32  
14 -81.0  Sand 21363.6  1.37  2136.4  0.04  9827.2  0.23  16236.3 0.45  19440.8 0.68  21363.6 1.37  
15 -85.0  Sand 23016.8  1.39  2301.7  0.04  10587.7 0.24  17492.8 0.46  20945.3 0.69  23016.8 1.39  
16 -90.0  Sand 25083.4  1.42  2508.3  0.04  11538.3 0.24  19063.3 0.47  22825.8 0.71  25083.4 1.42  
17 -95.0  Sand 27149.9  1.44  2715.0  0.04  12489.0 0.24  20633.9 0.48  24706.4 0.72  27149.9 1.44  
18 -100.0  Sand 17333.2  1.77  1733.3  0.05  7973.3  0.30  13173.2 0.59  15773.2 0.89  17333.2 1.77  
19 -105.0  Sand 5817.7  2.11  581.8  0.06  2676.2  0.36  4421.5  0.70  5294.1  1.05  5817.7  2.11  

 



 

11-27 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

TABLE D-27:  PIER 27 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -19.5  Clay 131.2  9.60  32.8  0.15  65.6  1.20  94.5  3.60  131.2  9.60  131.2  19.20  
2 -23.5  Clay 172.1  9.60  43.0  0.15  86.0  1.20  123.9  3.60  172.1  9.60  172.1  19.20  
3 -28.0  Clay 218.0  9.60  54.5  0.15  109.0  1.20  157.0  3.60  218.0  9.60  218.0  19.20  
4 -33.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -38.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -43.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -48.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -53.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -58.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -63.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -68.0  Clay 4814.6  5.42  1203.7  0.09  2407.3  0.68  3466.5  2.03  4814.6  5.42  4814.6  10.84  
12 -71.0  Sand 10036.4  1.26  1003.6  0.04  4616.7  0.21  7627.7  0.42  9133.1  0.63  10036.4 1.26  
13 -75.0  Sand 10879.4  1.27  1087.9  0.04  5004.5  0.22  8268.3  0.42  9900.2  0.64  10879.4 1.27  
14 -80.0  Sand 11933.1  1.29  1193.3  0.04  5489.2  0.22  9069.1  0.43  10859.1 0.65  11933.1 1.29  
15 -85.0  Sand 12986.7  1.31  1298.7  0.04  5973.9  0.22  9869.9  0.43  11817.9 0.65  12986.7 1.31  
16 -90.0  Sand 14040.4  1.32  1404.0  0.04  6458.6  0.22  10670.7 0.44  12776.8 0.66  14040.4 1.32  
17 -95.0  Sand 15094.1  1.33  1509.4  0.04  6943.3  0.23  11471.5 0.44  13735.7 0.67  15094.1 1.33  
18 -100.0  Sand 16147.8  1.34  1614.8  0.04  7428.0  0.23  12272.3 0.44  14694.5 0.67  16147.8 1.34  
19 -105.0  Sand 17201.5  1.35  1720.2  0.04  7912.7  0.23  13073.1 0.45  15653.4 0.68  17201.5 1.35  
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TABLE D-28:  PIER 28 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -20.0  Clay 136.3  9.60  34.1  0.15  68.2  1.20  98.1  3.60  136.3  9.60  136.3  19.20  
2 -24.0  Clay 177.2  9.60  44.3  0.15  88.6  1.20  127.6  3.60  177.2  9.60  177.2  19.20  
3 -29.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
4 -34.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -39.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -44.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -49.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -54.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -59.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -64.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -69.0  Clay 4901.7  5.42  1225.4  0.09  2450.8  0.68  3529.2  2.03  4901.7  5.42  4901.7  10.84  
12 -73.0  Sand 10421.3  1.26  1042.1  0.04  4793.8  0.21  7920.2  0.42  9483.4  0.63  10421.3 1.26  
13 -78.0  Sand 11475.0  1.28  1147.5  0.04  5278.5  0.22  8721.0  0.42  10442.2 0.64  11475.0 1.28  
14 -83.0  Sand 12528.7  1.30  1252.9  0.04  5763.2  0.22  9521.8  0.43  11401.1 0.65  12528.7 1.30  
15 -88.0  Sand 13582.4  1.31  1358.2  0.04  6247.9  0.22  10322.6 0.43  12360.0 0.66  13582.4 1.31  
16 -93.0  Sand 14636.1  1.32  1463.6  0.04  6732.6  0.22  11123.4 0.44  13318.8 0.66  14636.1 1.32  
17 -98.0  Sand 15689.8  1.33  1569.0  0.04  7217.3  0.23  11924.2 0.44  14277.7 0.67  15689.8 1.33  
18 -103.0  Sand 16743.5  1.34  1674.3  0.04  7702.0  0.23  12725.0 0.44  15236.5 0.67  16743.5 1.34  
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TABLE D-29:  PIER 29 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -21.0  Clay 136.3  9.60  34.1  0.15  68.2  1.20  98.1  3.60  136.3  9.60  136.3  19.20  
2 -24.0  Clay 167.0  9.60  41.7  0.15  83.5  1.20  120.2  3.60  167.0  9.60  167.0  19.20  
3 -28.0  Clay 207.8  9.60  52.0  0.15  103.9  1.20  149.6  3.60  207.8  9.60  207.8  19.20  
4 -33.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -38.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -43.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -48.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -53.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -58.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -63.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -68.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -73.0  Clay 5162.9  5.42  1290.7  0.09  2581.5  0.68  3717.3  2.03  5162.9  5.42  5162.9  10.84  
13 -76.0  Sand 10733.0  1.26  1073.3  0.04  4937.2  0.21  8157.1  0.41  9767.0  0.63  10733.0 1.26  
14 -80.0  Sand 11576.0  1.27  1157.6  0.04  5324.9  0.22  8797.7  0.42  10534.1 0.64  11576.0 1.27  
15 -85.0  Sand 12629.7  1.29  1263.0  0.04  5809.6  0.22  9598.5  0.43  11493.0 0.64  12629.7 1.29  
16 -90.0  Sand 13683.4  1.30  1368.3  0.04  6294.3  0.22  10399.3 0.43  12451.8 0.65  13683.4 1.30  
17 -95.0  Sand 14737.0  1.32  1473.7  0.04  6779.0  0.22  11200.2 0.43  13410.7 0.66  14737.0 1.32  
18 -100.0  Sand 15790.7  1.33  1579.1  0.04  7263.7  0.23  12001.0 0.44  14369.6 0.66  15790.7 1.33  
19 -105.0  Sand 16844.4  1.34  1684.4  0.04  7748.4  0.23  12801.8 0.44  15328.4 0.67  16844.4 1.34  
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TABLE D-30:  PIER 30 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -21.0  Clay 126.3  9.60  31.6  0.15  63.1  1.20  90.9  3.60  126.3  9.60  126.3  19.20  
2 -25.0  Clay 167.3  9.60  41.8  0.15  83.6  1.20  120.4  3.60  167.3  9.60  167.3  19.20  
3 -30.0  Clay 218.5  9.60  54.6  0.15  109.3  1.20  157.3  3.60  218.5  9.60  218.5  19.20  
4 -35.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -40.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -45.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -50.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -55.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -60.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -65.0  Clay 4415.1  5.43  1103.8  0.09  2207.5  0.68  3178.9  2.04  4415.1  5.43  4415.1  10.85  
11 -68.0  Sand 9241.8  1.27  924.2  0.04  4251.2  0.22  7023.7  0.42  8410.0  0.63  9241.8  1.27  
12 -72.0  Sand 10090.6  1.29  1009.1  0.04  4641.7  0.22  7668.8  0.42  9182.4  0.64  10090.6 1.29  
13 -77.0  Sand 11151.6  1.31  1115.2  0.04  5129.7  0.22  8475.2  0.43  10147.9 0.65  11151.6 1.31  
14 -82.0  Sand 12212.6  1.32  1221.3  0.04  5617.8  0.22  9281.6  0.44  11113.4 0.66  12212.6 1.32  
15 -87.0  Sand 13273.6  1.34  1327.4  0.04  6105.8  0.23  10087.9 0.44  12079.0 0.67  13273.6 1.34  
16 -92.0  Sand 14334.6  1.35  1433.5  0.04  6593.9  0.23  10894.3 0.44  13044.5 0.67  14334.6 1.35  
17 -97.0  Sand 15395.6  1.36  1539.6  0.04  7082.0  0.23  11700.7 0.45  14010.0 0.68  15395.6 1.36  
18 -102.0  Sand 10871.4  1.71  1087.1  0.05  5000.9  0.29  8262.3  0.56  9893.0  0.85  10871.4 1.71  
19 -107.0  Sand 5654.1  2.07  565.4  0.06  2600.9  0.35  4297.1  0.68  5145.3  1.04  5654.1  2.07  
20 -112.0  Sand 6022.0  2.09  602.2  0.06  2770.1  0.36  4576.7  0.69  5480.0  1.05  6022.0  2.09  
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TABLE D-31:  PIER 31 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -19.0  Clay 105.7  9.60  26.4  0.15  52.8  1.20  76.1  3.60  105.7  9.60  105.7  19.20  
2 -24.0  Clay 156.7  9.60  39.2  0.15  78.4  1.20  112.8  3.60  156.7  9.60  156.7  19.20  
3 -29.0  Clay 207.8  9.60  52.0  0.15  103.9  1.20  149.6  3.60  207.8  9.60  207.8  19.20  
4 -34.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -39.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -44.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -49.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -54.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -59.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -64.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -69.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -74.0  Clay 5162.9  5.42  1290.7  0.09  2581.5  0.68  3717.3  2.03  5162.9  5.42  5162.9  10.84  
13 -77.0  Sand 10733.0  1.26  1073.3  0.04  4937.2  0.21  8157.1  0.41  9767.0  0.63  10733.0 1.26  
14 -81.0  Sand 11576.0  1.27  1157.6  0.04  5324.9  0.22  8797.7  0.42  10534.1 0.64  11576.0 1.27  
15 -86.0  Sand 12629.7  1.29  1263.0  0.04  5809.6  0.22  9598.5  0.43  11493.0 0.64  12629.7 1.29  
16 -91.0  Sand 13683.4  1.30  1368.3  0.04  6294.3  0.22  10399.3 0.43  12451.8 0.65  13683.4 1.30  
17 -96.0  Sand 14737.0  1.32  1473.7  0.04  6779.0  0.22  11200.2 0.43  13410.7 0.66  14737.0 1.32  
18 -101.0  Sand 15790.7  1.33  1579.1  0.04  7263.7  0.23  12001.0 0.44  14369.6 0.66  15790.7 1.33  
19 -106.0  Sand 11127.6  1.67  1112.8  0.05  5118.7  0.28  8457.0  0.55  10126.2 0.84  11127.6 1.67  
20 -112.0  Sand 5852.3  2.03  585.2  0.06  2692.0  0.35  4447.7  0.67  5325.6  1.02  5852.3  2.03  
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TABLE D-32:  PIER 32 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -19.0  Clay 95.4  9.60  23.9  0.15  47.7  1.20  68.7  3.60  95.4  9.60  95.4  19.20  
2 -23.0  Clay 136.3  9.60  34.1  0.15  68.2  1.20  98.1  3.60  136.3  9.60  136.3  19.20  
3 -27.0  Clay 177.2  9.60  44.3  0.15  88.6  1.20  127.6  3.60  177.2  9.60  177.2  19.20  
4 -32.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -37.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -42.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -47.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -52.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -57.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -62.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -67.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -72.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
13 -77.0  Clay 5337.1  5.42  1334.3  0.09  2668.5  0.68  3842.7  2.03  5337.1  5.42  5337.1  10.84  
14 -81.0  Sand 11292.1  1.26  1129.2  0.04  5194.3  0.21  8582.0  0.42  10275.8 0.63  11292.1 1.26  
15 -86.0  Sand 12345.8  1.28  1234.6  0.04  5679.0  0.22  9382.8  0.42  11234.6 0.64  12345.8 1.28  
16 -91.0  Sand 13399.4  1.29  1339.9  0.04  6163.7  0.22  10183.6 0.43  12193.5 0.65  13399.4 1.29  
17 -96.0  Sand 14453.1  1.31  1445.3  0.04  6648.4  0.22  10984.4 0.43  13152.3 0.65  14453.1 1.31  
18 -101.0  Sand 21105.3  1.35  2110.5  0.04  9708.4  0.23  16040.0 0.45  19205.8 0.68  21105.3 1.35  
19 -107.0  Sand 17313.7  1.71  1731.4  0.05  7964.3  0.29  13158.4 0.57  15755.5 0.86  17313.7 1.71  
20 -112.0  Sand 5811.6  2.04  581.2  0.06  2673.3  0.35  4416.8  0.67  5288.6  1.02  5811.6  2.04  
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TABLE D-33:  PIER 33 – p-y CURVES 
Node # Elevation Soil tmax zc t1 z1 t2 z2 t3 z3 t4 z4 t5 z5 t6 z6 t7 z7 
  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 

1 -19.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
2 -21.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
3 -24.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
4 -29.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
5 -34.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
6 -39.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
7 -44.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
8 -49.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
9 -54.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0  0.24  
10 -59.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0  0.096 189.8  0.144 200.0  0.24  
11 -64.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
12 -69.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
13 -74.0  Clay 200.0  0.24  79.4  0.01  106.4 0.024 138.8 0.048 159.0  0.072 173.0 0.096 189.8 0.144 200.0 0.24  
14 -79.0  Clay 583.0  0.22  231.4 0.01  310.1 0.022 404.6 0.044 463.4  0.066 504.3 0.088 553.2 0.132 583.0 0.22  
15 -82.0  Sand 993.4  0.20  394.4 0.01  528.5 0.02 689.4 0.04 789.7  0.06 859.3 0.08 942.7 0.12 993.4 0.20  
16 -85.0  Sand 1057.5  0.20  419.8 0.01  562.6 0.02 733.9 0.04 840.7  0.06 914.7 0.08 1003.6 0.12 1057.5 0.20  
17 -90.0  Sand 1139.9  0.20  452.5 0.01  606.4 0.02 791.1 0.04 906.2  0.06 986.0 0.08 1081.8 0.12 1139.9 0.20  
18 -95.0  Sand 1231.5  0.20  488.9 0.01  655.2 0.02 854.7 0.04 979.0  0.06 1065.2 0.08 1168.7 0.12 1231.5 0.20  
19 -100.0  Sand 1415.4  0.20  561.9 0.01  753.0 0.02 982.3 0.04 1125.3  0.06 1224.3 0.08 1343.2 0.12 1415.4 0.20  
20 -104.0  Sand 1601.1  0.20  635.6 0.01  851.8 0.02 1111.1 0.04 1272.8  0.06 1384.9 0.08 1519.4 0.12 1601.1 0.20  
21 -108.0  Sand 1368.6  0.20  543.3 0.01  728.1 0.02 949.8 0.04 1088.1  0.06 1183.9 0.08 1298.8 0.12 1368.6 0.20  
22 -112.0  Sand 1117.0  0.20  443.5 0.01  594.3 0.02 775.2 0.04 888.0  0.06 966.2 0.08 1060.1 0.12 1117.0 0.20  

                             
   qmax uc q1 u1 q2 u2 q3 u3 q4 u4       
   (kips) (in) (kips) (in) (kips) (in) (kips) (in) (kips) (in)       
   789.8  2.40  355.4 0.24  497.5 0.60  623.9 1.20  789.8  2.40        
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TABLE D-34:  PIER 34 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -18.0  Clay 85.2  9.60  21.3  0.15  42.6  1.20  61.4  3.60  85.2  9.60  85.2  19.20  
2 -21.0  Clay 115.9  9.60  29.0  0.15  57.9  1.20  83.4  3.60  115.9  9.60  115.9  19.20  
3 -24.0  Clay 146.5  9.60  36.6  0.15  73.3  1.20  105.5  3.60  146.5  9.60  146.5  19.20  
4 -29.0  Clay 197.6  9.60  49.4  0.15  98.8  1.20  142.3  3.60  197.6  9.60  197.6  19.20  
5 -34.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -39.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -44.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -49.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -54.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -59.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -64.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -69.0  Clay 4640.5  5.42  1160.1  0.09  2320.2  0.68  3341.1  2.03  4640.5  5.42  4640.5  10.84  
13 -74.0  Sand 10109.6  1.27  1011.0  0.04  4650.4  0.22  7683.3  0.42  9199.7  0.63  10109.6 1.27  
14 -79.0  Sand 11163.3  1.29  1116.3  0.04  5135.1  0.22  8484.1  0.42  10158.6 0.64  11163.3 1.29  
15 -84.0  Sand 12217.0  1.30  1221.7  0.04  5619.8  0.22  9284.9  0.43  11117.4 0.65  12217.0 1.30  
16 -89.0  Sand 13270.7  1.32  1327.1  0.04  6104.5  0.22  10085.7 0.43  12076.3 0.66  13270.7 1.32  
17 -94.0  Sand 16538.4  1.34  1653.8  0.04  7607.7  0.23  12569.2 0.44  15049.9 0.67  16538.4 1.34  
18 -98.0  Sand 19951.8  1.37  1995.2  0.04  9177.8  0.23  15163.3 0.45  18156.1 0.68  19951.8 1.37  
19 -103.0  Sand 21450.9  1.39  2145.1  0.04  9867.4  0.24  16302.7 0.46  19520.3 0.69  21450.9 1.39  
20 -108.0  Sand 14290.7  1.73  1429.1  0.05  6573.7  0.29  10860.9 0.57  13004.5 0.87  14290.7 1.73  
21 -112.0  Sand 5925.6  2.08  592.6  0.06  2725.8  0.35  4503.5  0.69  5392.3  1.04  5925.6  2.08  
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TABLE D-35:  PIER 35 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -18.0  Clay 85.2  9.60  21.3  0.15  42.6  1.20  61.4  3.60  85.2  9.60  85.2  19.20  
2 -21.0  Clay 115.9  9.60  29.0  0.15  57.9  1.20  83.4  3.60  115.9  9.60  115.9  19.20  
3 -25.0  Clay 156.7  9.60  39.2  0.15  78.4  1.20  112.8  3.60  156.7  9.60  156.7  19.20  
4 -30.0  Clay 207.8  9.60  52.0  0.15  103.9  1.20  149.6  3.60  207.8  9.60  207.8  19.20  
5 -35.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -40.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -45.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -50.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -55.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -60.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -65.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -70.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
13 -75.0  Clay 5162.9  5.42  1290.7  0.09  2581.5  0.68  3717.3  2.03  5162.9  5.42  5162.9  10.84  
14 -80.0  Sand 11154.5  1.26  1115.4  0.04  5131.1  0.21  8477.4  0.42  10150.6 0.63  11154.5 1.26  
15 -85.0  Sand 12208.2  1.28  1220.8  0.04  5615.8  0.22  9278.2  0.42  11109.4 0.64  12208.2 1.28  
16 -90.0  Sand 13261.9  1.30  1326.2  0.04  6100.5  0.22  10079.0 0.43  12068.3 0.65  13261.9 1.30  
17 -95.0  Sand 16528.3  1.32  1652.8  0.04  7603.0  0.22  12561.5 0.44  15040.7 0.66  16528.3 1.32  
18 -100.0  Sand 20240.1  1.35  2024.0  0.04  9310.4  0.23  15382.5 0.45  18418.5 0.68  20240.1 1.35  
19 -105.0  Sand 21739.3  1.37  2173.9  0.04  10000.1 0.23  16521.8 0.45  19782.7 0.69  21739.3 1.37  
20 -110.0  Sand 14470.3  1.72  1447.0  0.05  6656.3  0.29  10997.4 0.57  13167.9 0.86  14470.3 1.72  
21 -112.0  Sand 5849.2  2.05  584.9  0.06  2690.6  0.35  4445.4  0.68  5322.8  1.03  5849.2  2.05  
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TABLE D-36:  PIER 36 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -18.0  Clay 85.2  9.60  21.3  0.15  42.6  1.20  61.4  3.60  85.2  9.60  85.2  19.20  
2 -21.0  Clay 115.9  9.60  29.0  0.15  57.9  1.20  83.4  3.60  115.9  9.60  115.9  19.20  
3 -25.0  Clay 156.7  9.60  39.2  0.15  78.4  1.20  112.8  3.60  156.7  9.60  156.7  19.20  
4 -30.0  Clay 207.8  9.60  52.0  0.15  103.9  1.20  149.6  3.60  207.8  9.60  207.8  19.20  
5 -35.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -40.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -45.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -50.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -55.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -60.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -65.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -70.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
13 -75.0  Clay 5162.9  5.42  1290.7  0.09  2581.5  0.68  3717.3  2.03  5162.9  5.42  5162.9  10.84  
14 -79.0  Sand 10943.8  1.26  1094.4  0.04  5034.1  0.21  8317.3  0.42  9958.8  0.63  10943.8 1.26  
15 -83.0  Sand 11786.7  1.28  1178.7  0.04  5421.9  0.22  8957.9  0.42  10725.9 0.64  11786.7 1.28  
16 -88.0  Sand 12840.4  1.29  1284.0  0.04  5906.6  0.22  9758.7  0.43  11684.8 0.65  12840.4 1.29  
17 -93.0  Sand 18910.3  1.34  1891.0  0.04  8698.8  0.23  14371.9 0.44  17208.4 0.67  18910.3 1.34  
18 -97.0  Sand 25579.8  1.39  2558.0  0.04  11766.7 0.24  19440.7 0.46  23277.6 0.70  25579.8 1.39  
19 -101.0  Sand 27233.1  1.41  2723.3  0.04  12527.2 0.24  20697.1 0.47  24782.1 0.70  27233.1 1.41  
20 -106.0  Sand 29299.6  1.43  2930.0  0.04  13477.8 0.24  22267.7 0.47  26662.6 0.72  29299.6 1.43  

 



 

11-37 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

TABLE D-37:  PIER 37 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -18.5  Clay 100.5  9.60  25.1  0.15  50.3  1.20  72.4  3.60  100.5  9.60  100.5  19.20  
2 -21.0  Clay 126.1  9.60  31.5  0.15  63.0  1.20  90.8  3.60  126.1  9.60  126.1  19.20  
3 -24.0  Clay 156.7  9.60  39.2  0.15  78.4  1.20  112.8  3.60  156.7  9.60  156.7  19.20  
4 -29.0  Clay 207.8  9.60  52.0  0.15  103.9  1.20  149.6  3.60  207.8  9.60  207.8  19.20  
5 -34.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -39.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -44.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -49.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -54.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -59.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -64.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -69.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
13 -74.0  Clay 5162.9  5.42  1290.7  0.09  2581.5  0.68  3717.3  2.03  5162.9  5.42  5162.9  10.84  
14 -78.0  Sand 10943.8  1.26  1094.4  0.04  5034.1  0.21  8317.3  0.42  9958.8  0.63  10943.8 1.26  
15 -83.0  Sand 11997.5  1.28  1199.7  0.04  5518.8  0.22  9118.1  0.42  10917.7 0.64  11997.5 1.28  
16 -88.0  Sand 13051.1  1.29  1305.1  0.04  6003.5  0.22  9918.9  0.43  11876.5 0.65  13051.1 1.29  
17 -93.0  Sand 19197.2  1.34  1919.7  0.04  8830.7  0.23  14589.8 0.44  17469.4 0.67  19197.2 1.34  
18 -97.0  Sand 25942.7  1.39  2594.3  0.04  11933.7 0.24  19716.5 0.46  23607.9 0.70  25942.7 1.39  
19 -101.0  Sand 27596.0  1.41  2759.6  0.04  12694.1 0.24  20972.9 0.47  25112.3 0.71  27596.0 1.41  
20 -106.0  Sand 29662.5  1.43  2966.3  0.04  13644.8 0.24  22543.5 0.47  26992.9 0.72  29662.5 1.43  
21 -111.0  Sand 31729.1  1.45  3172.9  0.04  14595.4 0.25  24114.1 0.48  28873.5 0.73  31729.1 1.45  
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TABLE D-38:  PIER 38 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -19.0  Clay 115.9  9.60  29.0  0.15  57.9  1.20  83.4  3.60  115.9  9.60  115.9  19.20  
2 -22.0  Clay 146.5  9.60  36.6  0.15  73.3  1.20  105.5  3.60  146.5  9.60  146.5  19.20  
3 -27.0  Clay 197.6  9.60  49.4  0.15  98.8  1.20  142.3  3.60  197.6  9.60  197.6  19.20  
4 -32.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
5 -37.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
6 -42.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
7 -47.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
8 -52.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
9 -57.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
10 -62.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
11 -67.0  Clay 225.0  9.60  56.3  0.15  112.5  1.20  162.0  3.60  225.0  9.60  225.0  19.20  
12 -72.0  Clay 5075.8  5.42  1269.0  0.09  2537.9  0.68  3654.6  2.03  5075.8  5.42  5075.8  10.84  
13 -77.0  Sand 10980.3  1.27  1098.0  0.04  5051.0  0.22  8345.1  0.42  9992.1  0.63  10980.3 1.27  
14 -82.0  Sand 12034.0  1.28  1203.4  0.04  5535.7  0.22  9145.9  0.42  10951.0 0.64  12034.0 1.28  
15 -87.0  Sand 13087.7  1.30  1308.8  0.04  6020.4  0.22  9946.7  0.43  11909.8 0.65  13087.7 1.30  
16 -92.0  Sand 14141.4  1.31  1414.1  0.04  6505.0  0.22  10747.5 0.43  12868.7 0.66  14141.4 1.31  
17 -97.0  Sand 20681.1  1.36  2068.1  0.04  9513.3  0.23  15717.6 0.45  18819.8 0.68  20681.1 1.36  
18 -101.0  Sand 27820.3  1.41  2782.0  0.04  12797.3 0.24  21143.4 0.46  25316.4 0.70  27820.3 1.41  
19 -106.0  Sand 29886.8  1.43  2988.7  0.04  13747.9 0.24  22714.0 0.47  27197.0 0.71  29886.8 1.43  
20 -111.0  Sand 31953.4  1.45  3195.3  0.04  14698.5 0.25  24284.6 0.48  29077.6 0.72  31953.4 1.45  
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TABLE D-39:  PIER 39 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -10.0  Clay 93.8  12.00  23.4  0.19  46.9  1.50  67.5  4.50  93.8  12.00  93.8  24.00  
2 -15.0  Clay 147.4  12.00  36.9  0.19  73.7  1.50  106.1  4.50  147.4  12.00  147.4  24.00  
3 -20.0  Clay 201.0  12.00  50.3  0.19  100.5  1.50  144.7  4.50  201.0  12.00  201.0  24.00  
4 -25.0  Clay 254.7  12.00  63.7  0.19  127.3  1.50  183.4  4.50  254.7  12.00  254.7  24.00  
5 -30.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
6 -35.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
7 -40.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
8 -45.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
9 -50.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
10 -55.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
11 -60.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
12 -65.0  Clay 4438.2  6.78  1109.6  0.11  2219.1  0.85  3195.5  2.54  4438.2  6.78  4438.2  13.56  
13 -68.0  Sand 9173.0  1.58  917.3  0.05  4219.6  0.27  6971.5  0.52  8347.4  0.79  9173.0  1.58  
14 -73.0  Sand 10136.1  1.61  1013.6  0.05  4662.6  0.27  7703.4  0.53  9223.9  0.80  10136.1 1.61  
15 -78.0  Sand 12533.0  1.55  1253.3  0.05  5765.2  0.26  9525.1  0.51  11405.1 0.77  12533.0 1.55  
16 -82.0  Sand 15027.9  1.49  1502.8  0.04  6912.8  0.25  11421.2 0.49  13675.4 0.75  15027.9 1.49  
17 -87.0  Sand 16354.2  1.52  1635.4  0.05  7522.9  0.26  12429.2 0.50  14882.3 0.76  16354.2 1.52  
18 -92.0  Sand 20413.2  1.55  2041.3  0.05  9390.1  0.26  15514.0 0.51  18576.0 0.78  20413.2 1.55  
19 -97.0  Sand 25031.9  1.60  2503.2  0.05  11514.7 0.27  19024.3 0.53  22779.0 0.80  25031.9 1.60  
20 -103.0  Sand 27295.0  1.63  2729.5  0.05  12555.7 0.28  20744.2 0.54  24838.5 0.82  27295.0 1.63  
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TABLE D-40:  PIER 40 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -12.0  Clay 93.8  12.00  23.4  0.19  46.9  1.50  67.5  4.50  93.8  12.00  93.8  24.00  
2 -15.0  Clay 127.4  12.00  31.8  0.19  63.7  1.50  91.7  4.50  127.4  12.00  127.4  24.00  
3 -18.0  Clay 161.0  12.00  40.3  0.19  80.5  1.50  115.9  4.50  161.0  12.00  161.0  24.00  
4 -23.0  Clay 217.0  12.00  54.3  0.19  108.5  1.50  156.3  4.50  217.0  12.00  217.0  24.00  
5 -28.0  Clay 273.1  12.00  68.3  0.19  136.5  1.50  196.6  4.50  273.1  12.00  273.1  24.00  
6 -33.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
7 -38.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
8 -43.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
9 -48.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
10 -53.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
11 -58.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
12 -63.0  Clay 281.3  12.00  70.3  0.19  140.6  1.50  202.5  4.50  281.3  12.00  281.3  24.00  
13 -68.0  Clay 6235.9  6.78  1559.0  0.11  3118.0  0.85  4489.9  2.54  6235.9  6.78  6235.9  13.56  
14 -72.0  Sand 13244.3  1.58  1324.4  0.05  6092.4  0.27  10065.7 0.52  12052.3 0.79  13244.3 1.58  
15 -77.0  Sand 14561.4  1.60  1456.1  0.05  6698.3  0.27  11066.7 0.53  13250.9 0.80  14561.4 1.60  
16 -82.0  Sand 15878.5  1.62  1587.9  0.05  7304.1  0.28  12067.7 0.53  14449.5 0.81  15878.5 1.62  
17 -87.0  Sand 23403.9  1.68  2340.4  0.05  10765.8 0.29  17786.9 0.55  21297.5 0.84  23403.9 1.68  
18 -91.0  Sand 31678.7  1.74  3167.9  0.05  14572.2 0.30  24075.8 0.58  28827.6 0.87  31678.7 1.74  
19 -95.0  Sand 33745.2  1.77  3374.5  0.05  15522.8 0.30  25646.4 0.58  30708.1 0.88  33745.2 1.77  
20 -99.0  Sand 35811.8  1.79  3581.2  0.05  16473.4 0.30  27216.9 0.59  32588.7 0.89  35811.8 1.79  
21 -103.0  Sand 37878.3  1.81  3787.8  0.05  17424.0 0.31  28787.5 0.60  34469.3 0.90  37878.3 1.81  
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TABLE D-41:  PIER 41 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -13.0  Clay 95.1  5.60  23.8  0.09  47.6  0.70  68.5  2.10  95.1  5.60  95.1  11.20  
2 -16.0  Clay 120.8  5.60  30.2  0.09  60.4  0.70  87.0  2.10  120.8  5.60  120.8  11.20  
3 -19.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
4 -24.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
5 -29.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
6 -34.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
7 -39.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
8 -44.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
9 -49.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
10 -54.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
11 -59.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
12 -64.0  Clay 131.3  5.60  32.8  0.09  65.6  0.70  94.5  2.10  131.3  5.60  131.3  11.20  
13 -69.0  Clay 3214.9  3.16  803.7  0.05  1607.4  0.40  2314.7  1.19  3214.9  3.16  3214.9  6.33  
14 -73.0  Sand 6790.2  0.73  679.0  0.02  3123.5  0.12  5160.6  0.24  6179.1  0.37  6790.2  0.73  
15 -77.0  Sand 7281.9  0.74  728.2  0.02  3349.7  0.13  5534.3  0.25  6626.6  0.37  7281.9  0.74  
16 -81.0  Sand 7773.7  0.75  777.4  0.02  3575.9  0.13  5908.0  0.25  7074.0  0.38  7773.7  0.75  
17 -85.0  Sand 11249.5  0.78  1124.9  0.02  5174.8  0.13  8549.6  0.26  10237.0 0.39  11249.5 0.78  
18 -90.0  Sand 15439.0  0.81  1543.9  0.02  7102.0  0.14  11733.7 0.27  14049.5 0.40  15439.0 0.81  
19 -95.0  Sand 16644.5  0.82  1664.5  0.02  7656.5  0.14  12649.8 0.27  15146.5 0.41  16644.5 0.82  
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TABLE D-42:  PIERS 42~46 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -12.0  Clay 70.4  4.80  17.6  0.08  35.2  0.60  50.7  1.80  70.4  4.80  70.4  9.60  
2 -16.0  Clay 103.4  4.80  25.8  0.08  51.7  0.60  74.4  1.80  103.4  4.80  103.4  9.60  
3 -21.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
4 -26.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
5 -31.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
6 -36.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
7 -41.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
8 -46.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
9 -51.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
10 -56.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
11 -61.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
12 -66.0  Clay 2581.5  2.71  645.4  0.04  1290.7  0.34  1858.6  1.02  2581.5  2.71  2581.5  5.42  
13 -70.0  Sand 5471.9  0.63  547.2  0.02  2517.1  0.11  4158.6  0.21  4979.4  0.32  5471.9  0.63  
14 -75.0  Sand 5998.7  0.64  599.9  0.02  2759.4  0.11  4559.0  0.21  5458.8  0.32  5998.7  0.64  
15 -80.0  Sand 6525.6  0.65  652.6  0.02  3001.8  0.11  4959.4  0.21  5938.3  0.32  6525.6  0.65  
16 -85.0  Sand 9598.6  0.67  959.9  0.02  4415.3  0.11  7294.9  0.22  8734.7  0.34  9598.6  0.67  
17 -90.0  Sand 13178.0  0.70  1317.8  0.02  6061.9  0.12  10015.3 0.23  11992.0 0.35  13178.0 0.70  
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TABLE D-43:  PIERS 47~51 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -12.0  Clay 62.2  4.80  15.6  0.08  31.1  0.60  44.8  1.80  62.2  4.80  62.2  9.60  
2 -15.0  Clay 86.9  4.80  21.7  0.08  43.5  0.60  62.6  1.80  86.9  4.80  86.9  9.60  
3 -18.0  Clay 111.6  4.80  27.9  0.08  55.8  0.60  80.4  1.80  111.6  4.80  111.6  9.60  
4 -23.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
5 -28.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
6 -33.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
7 -38.0  Clay 1318.9  2.71  329.7  0.04  659.4  0.34  949.6  1.02  1318.9  2.71  1318.9  5.42  
8 -42.0  Sand 3052.1  0.64  305.2  0.02  1403.9  0.11  2319.6  0.21  2777.4  0.32  3052.1  0.64  
9 -47.0  Sand 1793.0  2.73  179.3  0.08  824.8  0.46  1362.7  0.90  1631.6  1.36  1793.0  2.73  
10 -51.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
11 -55.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
12 -59.0  Clay 2315.5  2.72  578.9  0.04  1157.7  0.34  1667.1  1.02  2315.5  2.72  2315.5  5.45  
13 -62.0  Sand 4834.5  0.65  483.5  0.02  2223.9  0.11  3674.3  0.22  4399.4  0.33  4834.5  0.65  
14 -65.0  Sand 5150.7  0.66  515.1  0.02  2369.3  0.11  3914.5  0.22  4687.1  0.33  5150.7  0.66  
15 -70.0  Sand 5677.5  0.66  567.7  0.02  2611.6  0.11  4314.9  0.22  5166.5  0.33  5677.5  0.66  
16 -75.0  Sand 6204.3  0.67  620.4  0.02  2854.0  0.11  4715.3  0.22  5645.9  0.34  6204.3  0.67  
17 -80.0  Sand 6731.2  0.68  673.1  0.02  3096.3  0.12  5115.7  0.22  6125.4  0.34  6731.2  0.68  
18 -85.0  Sand 9878.4  0.70  987.8  0.02  4544.1  0.12  7507.6  0.23  8989.4  0.35  9878.4  0.70  
19 -90.0  Sand 13532.1  0.73  1353.2  0.02  6224.8  0.12  10284.4 0.24  12314.2 0.36  13532.1 0.73  
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TABLE D-44:  PIERS 52 AND 53 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -12.0  Clay 54.0  4.80  13.5  0.08  27.0  0.60  38.9  1.80  54.0  4.80  54.0  9.60  
2 -15.0  Clay 78.7  4.80  19.7  0.08  39.3  0.60  56.6  1.80  78.7  4.80  78.7  9.60  
3 -19.0  Clay 111.6  4.80  27.9  0.08  55.8  0.60  80.4  1.80  111.6  4.80  111.6  9.60  
4 -24.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
5 -29.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
6 -34.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
7 -39.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
8 -44.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
9 -49.0  Clay 1754.2  2.71  438.6  0.04  877.1  0.34  1263.0  1.02  1754.2  2.71  1754.2  5.42  
10 -54.0  Sand 3922.8  0.64  392.3  0.02  1804.5  0.11  2981.3  0.21  3569.7  0.32  3922.8  0.64  
11 -59.0  Sand 4449.7  0.65  445.0  0.02  2046.8  0.11  3381.7  0.21  4049.2  0.32  4449.7  0.65  
12 -64.0  Sand 4976.5  0.66  497.7  0.02  2289.2  0.11  3782.1  0.22  4528.6  0.33  4976.5  0.66  
13 -69.0  Sand 5503.3  0.67  550.3  0.02  2531.5  0.11  4182.5  0.22  5008.0  0.33  5503.3  0.67  
14 -74.0  Sand 6030.2  0.67  603.0  0.02  2773.9  0.11  4582.9  0.22  5487.5  0.34  6030.2  0.67  
15 -79.0  Sand 6557.0  0.68  655.7  0.02  3016.2  0.12  4983.3  0.22  5966.9  0.34  6557.0  0.68  
16 -85.0  Sand 7189.3  0.68  718.9  0.02  3307.1  0.12  5463.8  0.23  6542.2  0.34  7189.3  0.68  
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TABLE D-45:  PIERS 54~56 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -13.0  Clay 54.0  4.80  13.5  0.08  27.0  0.60  38.9  1.80  54.0  4.80  54.0  9.60  
2 -16.0  Clay 78.7  4.80  19.7  0.08  39.3  0.60  56.6  1.80  78.7  4.80  78.7  9.60  
3 -20.0  Clay 111.6  4.80  27.9  0.08  55.8  0.60  80.4  1.80  111.6  4.80  111.6  9.60  
4 -25.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
5 -30.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
6 -35.0  Clay 1101.2  2.71  275.3  0.04  550.6  0.34  792.8  1.02  1101.2  2.71  1101.2  5.42  
7 -40.0  Sand 2616.7  0.64  261.7  0.02  1203.7  0.11  1988.7  0.21  2381.2  0.32  2616.7  0.64  
8 -45.0  Sand 3143.5  0.66  314.4  0.02  1446.0  0.11  2389.1  0.22  2860.6  0.33  3143.5  0.66  
9 -50.0  Sand 3670.4  0.67  367.0  0.02  1688.4  0.11  2789.5  0.22  3340.0  0.34  3670.4  0.67  
10 -55.0  Sand 4197.2  0.68  419.7  0.02  1930.7  0.12  3189.9  0.22  3819.5  0.34  4197.2  0.68  
11 -60.0  Sand 4724.1  0.69  472.4  0.02  2173.1  0.12  3590.3  0.23  4298.9  0.34  4724.1  0.69  
12 -65.0  Sand 5250.9  0.69  525.1  0.02  2415.4  0.12  3990.7  0.23  4778.3  0.35  5250.9  0.69  
13 -70.0  Sand 5777.7  0.70  577.8  0.02  2657.8  0.12  4391.1  0.23  5257.7  0.35  5777.7  0.70  
14 -75.0  Sand 6304.6  0.70  630.5  0.02  2900.1  0.12  4791.5  0.23  5737.2  0.35  6304.6  0.70  
15 -80.0  Sand 6831.4  0.71  683.1  0.02  3142.5  0.12  5191.9  0.23  6216.6  0.35  6831.4  0.71  
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TABLE D-46:  PIERS 57 AND 58 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -13.0  Clay 54.0  4.80  13.5  0.08  27.0  0.60  38.9  1.80  54.0  4.80  54.0  9.60  
2 -16.0  Clay 78.7  4.80  19.7  0.08  39.3  0.60  56.6  1.80  78.7  4.80  78.7  9.60  
3 -20.0  Clay 111.6  4.80  27.9  0.08  55.8  0.60  80.4  1.80  111.6  4.80  111.6  9.60  
4 -24.0  Clay 510.2  2.65  127.5  0.04  255.1  0.33  367.3  0.99  510.2  2.65  510.2  5.30  
5 -29.0  Sand 1658.8  0.66  165.9  0.02  763.1  0.11  1260.7  0.22  1509.5  0.33  1658.8  0.66  
6 -34.0  Sand 2185.7  0.68  218.6  0.02  1005.4  0.12  1661.1  0.22  1989.0  0.34  2185.7  0.68  
7 -39.0  Sand 2712.5  0.69  271.3  0.02  1247.8  0.12  2061.5  0.23  2468.4  0.35  2712.5  0.69  
8 -44.0  Sand 3239.4  0.70  323.9  0.02  1490.1  0.12  2461.9  0.23  2947.8  0.35  3239.4  0.70  
9 -49.0  Sand 3766.2  0.71  376.6  0.02  1732.5  0.12  2862.3  0.23  3427.3  0.35  3766.2  0.71  
10 -54.0  Sand 4293.1  0.71  429.3  0.02  1974.8  0.12  3262.7  0.24  3906.7  0.36  4293.1  0.71  
11 -59.0  Sand 4819.9  0.72  482.0  0.02  2217.2  0.12  3663.1  0.24  4386.1  0.36  4819.9  0.72  
12 -64.0  Sand 5346.8  0.72  534.7  0.02  2459.5  0.12  4063.5  0.24  4865.5  0.36  5346.8  0.72  
13 -69.0  Sand 5873.6  0.72  587.4  0.02  2701.9  0.12  4463.9  0.24  5345.0  0.36  5873.6  0.72  
14 -75.0  Sand 3309.2  2.76  330.9  0.08  1522.2  0.47  2515.0  0.91  3011.3  1.38  3309.2  2.76  
15 -80.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
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TABLE D-47:  PIERS 59~62 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -13.0  Clay 45.7  4.80  11.4  0.08  22.9  0.60  32.9  1.80  45.7  4.80  45.7  9.60  
2 -16.0  Clay 70.4  4.80  17.6  0.08  35.2  0.60  50.7  1.80  70.4  4.80  70.4  9.60  
3 -20.0  Clay 103.4  4.80  25.8  0.08  51.7  0.60  74.4  1.80  103.4  4.80  103.4  9.60  
4 -24.0  Clay 445.7  2.63  111.4  0.04  222.9  0.33  320.9  0.99  445.7  2.63  445.7  5.26  
5 -28.0  Sand 1424.8  0.64  142.5  0.02  655.4  0.11  1082.8  0.21  1296.5  0.32  1424.8  0.64  
6 -33.0  Sand 1993.2  0.68  199.3  0.02  916.9  0.12  1514.9  0.22  1813.8  0.34  1993.2  0.68  
7 -38.0  Sand 2520.1  0.69  252.0  0.02  1159.2  0.12  1915.3  0.23  2293.3  0.35  2520.1  0.69  
8 -43.0  Sand 3046.9  0.70  304.7  0.02  1401.6  0.12  2315.7  0.23  2772.7  0.35  3046.9  0.70  
9 -48.0  Sand 3573.8  0.71  357.4  0.02  1643.9  0.12  2716.1  0.23  3252.1  0.35  3573.8  0.71  
10 -53.0  Sand 4100.6  0.71  410.1  0.02  1886.3  0.12  3116.5  0.24  3731.6  0.36  4100.6  0.71  
11 -58.0  Sand 4627.5  0.72  462.7  0.02  2128.6  0.12  3516.9  0.24  4211.0  0.36  4627.5  0.72  
12 -63.0  Sand 5154.3  0.72  515.4  0.02  2371.0  0.12  3917.3  0.24  4690.4  0.36  5154.3  0.72  
13 -68.0  Sand 5681.2  0.72  568.1  0.02  2613.3  0.12  4317.7  0.24  5169.8  0.36  5681.2  0.72  
14 -73.0  Sand 6208.0  0.73  620.8  0.02  2855.7  0.12  4718.1  0.24  5649.3  0.36  6208.0  0.73  
15 -78.0  Sand 9166.4  0.75  916.6  0.02  4216.5  0.13  6966.4  0.25  8341.4  0.37  9166.4  0.75  
16 -80.0  Sand 12011.2  0.77  1201.1  0.02  5525.1  0.13  9128.5  0.25  10930.2 0.38  12011.2 0.77  
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TABLE D-48:  PIERS 63~67 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -15.0  Clay 54.0  4.80  13.5  0.08  27.0  0.60  38.9  1.80  54.0  4.80  54.0  9.60  
2 -20.0  Clay 95.1  4.80  23.8  0.08  47.6  0.60  68.5  1.80  95.1  4.80  95.1  9.60  
3 -25.0  Clay 445.7  2.63  111.4  0.04  222.9  0.33  320.9  0.99  445.7  2.63  445.7  5.26  
4 -28.0  Sand 1245.5  0.59  124.5  0.02  572.9  0.10  946.5  0.20  1133.4  0.30  1245.5  0.59  
5 -32.0  Sand 1782.5  0.67  178.2  0.02  819.9  0.11  1354.7  0.22  1622.1  0.34  1782.5  0.67  
6 -37.0  Sand 2309.3  0.69  230.9  0.02  1062.3  0.12  1755.1  0.23  2101.5  0.34  2309.3  0.69  
7 -42.0  Sand 2836.2  0.70  283.6  0.02  1304.6  0.12  2155.5  0.23  2580.9  0.35  2836.2  0.70  
8 -47.0  Sand 3363.0  0.71  336.3  0.02  1547.0  0.12  2555.9  0.23  3060.4  0.35  3363.0  0.71  
9 -52.0  Sand 3889.9  0.71  389.0  0.02  1789.3  0.12  2956.3  0.24  3539.8  0.36  3889.9  0.71  
10 -57.0  Sand 4416.7  0.72  441.7  0.02  2031.7  0.12  3356.7  0.24  4019.2  0.36  4416.7  0.72  
11 -62.0  Sand 4943.6  0.72  494.4  0.02  2274.0  0.12  3757.1  0.24  4498.6  0.36  4943.6  0.72  
12 -67.0  Sand 5470.4  0.72  547.0  0.02  2516.4  0.12  4157.5  0.24  4978.1  0.36  5470.4  0.72  
13 -72.0  Sand 5997.3  0.73  599.7  0.02  2758.7  0.12  4557.9  0.24  5457.5  0.36  5997.3  0.73  
14 -77.0  Sand 8879.5  0.75  888.0  0.02  4084.6  0.13  6748.4  0.25  8080.4  0.37  8879.5  0.75  
15 -80.0  Sand 11854.9  0.77  1185.5  0.02  5453.3  0.13  9009.7  0.25  10788.0 0.38  11854.9 0.77  
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TABLE D-49:  PIERS 68~70 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -15.0  Clay 62.2  4.80  15.6  0.08  31.1  0.60  44.8  1.80  62.2  4.80  62.2  9.60  
2 -19.0  Clay 95.1  4.80  23.8  0.08  47.6  0.60  68.5  1.80  95.1  4.80  95.1  9.60  
3 -24.0  Clay 445.7  2.63  111.4  0.04  222.9  0.33  320.9  0.99  445.7  2.63  445.7  5.26  
4 -29.0  Sand 1571.8  0.66  157.2  0.02  723.0  0.11  1194.5  0.22  1430.3  0.33  1571.8  0.66  
5 -34.0  Sand 2098.6  0.68  209.9  0.02  965.4  0.12  1594.9  0.22  1909.7  0.34  2098.6  0.68  
6 -39.0  Sand 2625.5  0.69  262.5  0.02  1207.7  0.12  1995.3  0.23  2389.2  0.35  2625.5  0.69  
7 -44.0  Sand 3152.3  0.70  315.2  0.02  1450.1  0.12  2395.7  0.23  2868.6  0.35  3152.3  0.70  
8 -49.0  Sand 3679.1  0.71  367.9  0.02  1692.4  0.12  2796.1  0.23  3348.0  0.36  3679.1  0.71  
9 -54.0  Sand 4206.0  0.72  420.6  0.02  1934.8  0.12  3196.5  0.24  3827.4  0.36  4206.0  0.72  
10 -59.0  Sand 4732.8  0.72  473.3  0.02  2177.1  0.12  3597.0  0.24  4306.9  0.36  4732.8  0.72  
11 -64.0  Sand 5259.7  0.72  526.0  0.02  2419.5  0.12  3997.4  0.24  4786.3  0.36  5259.7  0.72  
12 -69.0  Sand 5786.5  0.73  578.7  0.02  2661.8  0.12  4397.8  0.24  5265.7  0.36  5786.5  0.73  
13 -74.0  Sand 6313.4  0.73  631.3  0.02  2904.2  0.12  4798.2  0.24  5745.2  0.36  6313.4  0.73  
14 -80.0  Sand 6945.6  0.73  694.6  0.02  3195.0  0.12  5278.6  0.24  6320.5  0.36  6945.6  0.73  
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TABLE D-50:  ABUTMENT 71 – p-y CURVES 
Node # Elevation Soil pu yu p1 y1 p2 y2 p3 y3 p4 y4 p5 y5 

  (ft) Type (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) (lb/in) (in) 
1 -8.0  Sand 144.4  0.29  14.4  0.01  66.4  0.05  109.7  0.10  131.4  0.14  144.4  0.29  
2 -12.0  Sand 269.1  2.64  26.9  0.08  123.8  0.45  204.5  0.87  244.9  1.32  269.1  2.64  
3 -16.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
4 -20.0  Clay 112.5  4.80  28.1  0.08  56.3  0.60  81.0  1.80  112.5  4.80  112.5  9.60  
5 -24.0  Clay 1011.7  2.73  252.9  0.04  505.9  0.34  728.4  1.02  1011.7  2.73  1011.7  5.45  
6 -29.0  Sand 2437.8  0.67  243.8  0.02  1121.4  0.11  1852.7  0.22  2218.4  0.33  2437.8  0.67  
7 -34.0  Sand 2964.6  0.68  296.5  0.02  1363.7  0.12  2253.1  0.23  2697.8  0.34  2964.6  0.68  
8 -39.0  Sand 3491.5  0.69  349.1  0.02  1606.1  0.12  2653.5  0.23  3177.2  0.35  3491.5  0.69  
9 -44.0  Sand 4018.3  0.70  401.8  0.02  1848.4  0.12  3053.9  0.23  3656.7  0.35  4018.3  0.70  
10 -49.0  Sand 4545.1  0.71  454.5  0.02  2090.8  0.12  3454.3  0.23  4136.1  0.35  4545.1  0.71  
11 -54.0  Sand 5072.0  0.71  507.2  0.02  2333.1  0.12  3854.7  0.23  4615.5  0.36  5072.0  0.71  
12 -59.0  Sand 5598.8  0.71  559.9  0.02  2575.5  0.12  4255.1  0.24  5094.9  0.36  5598.8  0.71  
13 -64.0  Sand 6125.7  0.72  612.6  0.02  2817.8  0.12  4655.5  0.24  5574.4  0.36  6125.7  0.72  
14 -69.0  Sand 6652.5  0.72  665.3  0.02  3060.2  0.12  5055.9  0.24  6053.8  0.36  6652.5  0.72  
15 -74.0  Sand 7179.4  0.72  717.9  0.02  3302.5  0.12  5456.3  0.24  6533.2  0.36  7179.4  0.72  
16 -80.0  Sand 7811.6  0.72  781.2  0.02  3593.3  0.12  5936.8  0.24  7108.5  0.36  7811.6  0.72  
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12.0 APPENDIX E: LATERAL PUSH-OVER CURVES
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FIGURE E-1:  ABUTMENT 1 – LATERAL PUSH-OVER CURVES 
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FIGURE E-2:  PIER 2 – LATERAL PUSH-OVER CURVES 
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FIGURE E-3:  PIER 3 – LATERAL PUSH-OVER CURVES 
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FIGURE E-4:  PIER 4 – LATERAL PUSH-OVER CURVES 
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FIGURE E-5:  PIER 5 – LATERAL PUSH-OVER CURVES 
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FIGURE E-6:  PIER 6 – LATERAL PUSH-OVER CURVES 
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FIGURE E-7:  PIER 7 – LATERAL PUSH-OVER CURVES 
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FIGURE E-8:  PIER 8 – LATERAL PUSH-OVER CURVES 
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FIGURE E-9:  PIER 9 – LATERAL PUSH-OVER CURVES 
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FIGURE E-10:  PIER 10 – LATERAL PUSH-OVER CURVES 
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FIGURE E-11:  PIER 11 – LATERAL PUSH-OVER CURVES 
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FIGURE E-12:  PIER 12 – LATERAL PUSH-OVER CURVES 
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FIGURE E-13:  PIER 13 – LATERAL PUSH-OVER CURVES 
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FIGURE E-14:  PIER 14 – LATERAL PUSH-OVER CURVES 
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FIGURE E-15:  PIER 15 – LATERAL PUSH-OVER CURVES 
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FIGURE E-16:  PIER 16 – LATERAL PUSH-OVER CURVES 
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FIGURE E-17:  PIER 17 – LATERAL PUSH-OVER CURVES 
 

 



 

12-18 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

FIGURE E-18:  PIER 18 – LATERAL PUSH-OVER CURVES 
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FIGURE E-19:  PIER 19 – LATERAL PUSH-OVER CURVES 
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FIGURE E-20:  PIER 20 – LATERAL PUSH-OVER CURVES 
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FIGURE E-21:  PIER 21 – LATERAL PUSH-OVER CURVES 
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FIGURE E-22:  PIER 22 – LATERAL PUSH-OVER CURVES 
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FIGURE E-23:  PIER 23 – LATERAL PUSH-OVER CURVES 
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FIGURE E-24:  PIER 24 – LATERAL PUSH-OVER CURVES 
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FIGURE E-25:  PIER 25 – LATERAL PUSH-OVER CURVES 
 

 



 

12-26 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

FIGURE E-26:  PIER 26 – LATERAL PUSH-OVER CURVES 
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FIGURE E-27:  PIER 27 – LATERAL PUSH-OVER CURVES 
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FIGURE E-28:  PIER 28 – LATERAL PUSH-OVER CURVES 
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FIGURE E-29:  PIER 29 – LATERAL PUSH-OVER CURVES 
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FIGURE E-30:  PIER 30 – LATERAL PUSH-OVER CURVES 
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FIGURE E-31:  PIER 31 – LATERAL PUSH-OVER CURVES 
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FIGURE E-32:  PIER 32 – LATERAL PUSH-OVER CURVES 
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FIGURE E-33:  PIER 33 – LATERAL PUSH-OVER CURVES 
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FIGURE E-34:  PIER 34 – LATERAL PUSH-OVER CURVES 
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FIGURE E-35:  PIER 35 – LATERAL PUSH-OVER CURVES 
 

 



 

12-36 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

FIGURE E-36:  PIER 36 – LATERAL PUSH-OVER CURVES 
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FIGURE E-37:  PIER 37 – LATERAL PUSH-OVER CURVES 
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FIGURE E-38:  PIER 38 – LATERAL PUSH-OVER CURVES 
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FIGURE E-39:  PIER 39 – LATERAL PUSH-OVER CURVES 
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FIGURE E-40:  PIER 40 – LATERAL PUSH-OVER CURVES 
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FIGURE E-41:  PIER 41 – LATERAL PUSH-OVER CURVES 
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FIGURE E-42:  PIERS 42~46 – LATERAL PUSH-OVER CURVES 
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FIGURE E-43:  PIERS 47~51 – LATERAL PUSH-OVER CURVES 
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FIGURE E-44:  PIERS 52 AND 53 – LATERAL PUSH-OVER CURVES 
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FIGURE E-45:  PIERS 54~56 – LATERAL PUSH-OVER CURVES 
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FIGURE E-46:  PIERS 57 AND 58 – LATERAL PUSH-OVER CURVES 
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FIGURE E-47:  PIERS 59~62 – LATERAL PUSH-OVER CURVES 
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FIGURE E-48:  PIERS 63~67 – LATERAL PUSH-OVER CURVES 
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FIGURE E-49:  PIERS 68~70 – LATERAL PUSH-OVER CURVES 
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FIGURE E-50:  ABUTMENT 71 – LATERAL PUSH-OVER CURVES 
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13.0 APPENDIX F:  Q-δ CURVES AT LIQUEFIED STATE
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FIGURE  F-1:  PIER 10 - Q-δ CURVES AT LIQUEFIED STATE 
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FIGURE  F-2:  PIER 11 - Q-δ CURVES AT LIQUEFIED STATE 

Axial Load versus Settlement
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FIGURE  F-3:  PIER 17 - Q-δ CURVES AT LIQUEFIED STATE 

Axial Load versus Settlement
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FIGURE  F-4:  PIER 18- Q-δ CURVES AT LIQUEFIED STATE 

Axial Load versus Settlement
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FIGURE  F-5:  PIER 19- Q-δ CURVES AT LIQUEFIED STATE 

Axial Load versus Settlement
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FIGURE  F-6:  PIER 64 - Q-δ CURVES AT LIQUEFIED STATE 

Axial Load versus Settlement
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FIGURE  F-7:  PIER 69 - Q-δ CURVES AT LIQUEFIED STATE 

Axial Load versus Settlement
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14.0 APPENDIX G: 6×6 MATRICES
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TABLE G-1:  ABUTMENT 1 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 11 Pile Cross-Section = 14x14 inch Footing Bottom El = +15' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

8.1290E+05 0.0000E+00 -5.4540E+05 0.0000E+00 -1.2480E+07 0.0000E+00
0.0000E+00 6.3110E+05 0.0000E+00 2.8840E+07 0.0000E+00 6.0260E+06
-5.4540E+05 0.0000E+00 3.7750E+06 0.0000E+00 -9.8660E+06 0.0000E+00
0.0000E+00 2.8840E+07 0.0000E+00 1.0410E+11 0.0000E+00 1.6960E+10
-1.2480E+07 0.0000E+00 -9.8660E+06 0.0000E+00 6.0340E+09 0.0000E+00
0.0000E+00 6.0260E+06 0.0000E+00 1.6960E+10 0.0000E+00 2.3570E+10

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.5570E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 2.4740E+01 0.0000E+00 0.0000E+00 0.0000E+00 5.8580E+01
0.0000E+00 0.0000E+00 2.1320E+02 0.0000E+00 -2.5250E+02 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 5.7510E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 -2.5250E+02 0.0000E+00 1.9190E+05 0.0000E+00
0.0000E+00 5.8580E+01 0.0000E+00 0.0000E+00 0.0000E+00 1.0220E+06

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.7551E+03 0.0000E+00 -3.8579E+03 0.0000E+00 -8.8279E+04 0.0000E+00
0.0000E+00 4.4676E+03 0.0000E+00 2.0400E+05 0.0000E+00 4.2634E+04
-3.8579E+03 0.0000E+00 2.6733E+04 0.0000E+00 -6.9823E+04 0.0000E+00
0.0000E+00 2.0400E+05 0.0000E+00 7.3716E+08 0.0000E+00 1.1997E+08
-8.8279E+04 0.0000E+00 -6.9823E+04 0.0000E+00 4.2709E+07 0.0000E+00
0.0000E+00 4.2634E+04 0.0000E+00 1.1997E+08 0.0000E+00 1.6687E+08

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-2:  PIER 2 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 12 Pile Cross-Section = 24x24 inch Footing Bottom El = +0.5' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.8500E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.4660E+07 0.0000E+00 
0.0000E+00 1.7470E+06 0.0000E+00 -4.8360E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.1890E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -4.8360E+07 0.0000E+00 1.7180E+11 0.0000E+00 0.0000E+00 
1.4660E+07 0.0000E+00 0.0000E+00 0.0000E+00 7.1200E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.7220E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.6970E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 1.6010E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.6850E+02 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 1.4380E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.1180E+06 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.7130E+06 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3110E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.0370E+05 0.0000E+00 
0.0000E+00 1.2380E+04 0.0000E+00 -3.4208E+05 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 5.0945E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.4208E+05 0.0000E+00 1.2173E+09 0.0000E+00 0.0000E+00 
1.0370E+05 0.0000E+00 0.0000E+00 0.0000E+00 5.0435E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.0541E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-3:  PIER 3 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 12 Pile Cross-Section = 24x24 inch Footing Bottom El = -1.0' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

7.8050E+05 0.0000E+00 0.0000E+00 0.0000E+00 8.9120E+07 0.0000E+00 
0.0000E+00 6.6030E+05 0.0000E+00 -1.2850E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.0330E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.2850E+08 0.0000E+00 1.6160E+11 0.0000E+00 0.0000E+00 
8.9120E+07 0.0000E+00 0.0000E+00 0.0000E+00 6.4000E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9090E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.2740E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 2.1790E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.2090E+02 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 1.5520E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.5250E+06 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.4280E+06 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.5527E+03 0.0000E+00 0.0000E+00 0.0000E+00 6.3040E+05 0.0000E+00 
0.0000E+00 4.7011E+03 0.0000E+00 -9.0896E+05 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 4.9849E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -9.0896E+05 0.0000E+00 1.1453E+09 0.0000E+00 0.0000E+00 
6.3040E+05 0.0000E+00 0.0000E+00 0.0000E+00 4.5348E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3593E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-4:  PIER 4 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 20 Pile Cross-Section = 24x24 inch Footing Bottom El = -2' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.8350E+06 0.0000E+00 0.0000E+00 0.0000E+00 7.3980E+07 0.0000E+00 
0.0000E+00 1.9580E+06 0.0000E+00 -1.9850E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.2800E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.9850E+08 0.0000E+00 3.2530E+11 0.0000E+00 0.0000E+00 
7.3980E+07 0.0000E+00 0.0000E+00 0.0000E+00 2.0180E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.2100E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.6830E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 2.7970E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.2950E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 3.0130E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7930E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.9140E+06 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3018E+04 0.0000E+00 0.0000E+00 0.0000E+00 5.2330E+05 0.0000E+00 
0.0000E+00 1.3889E+04 0.0000E+00 -1.4041E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.0723E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.4041E+06 0.0000E+00 2.3052E+09 0.0000E+00 0.0000E+00 
5.2330E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.4300E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.1139E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-5:  PIER 5 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 15 Pile Cross-Section = 24x24 inch Footing Bottom El = -2' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.2550E+06 0.0000E+00 0.0000E+00 0.0000E+00 9.8640E+07 0.0000E+00 
0.0000E+00 1.0090E+06 0.0000E+00 -1.1510E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.2380E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.1510E+08 0.0000E+00 2.2870E+11 0.0000E+00 0.0000E+00 
9.8640E+07 0.0000E+00 0.0000E+00 0.0000E+00 8.6610E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.5460E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.4090E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 2.2120E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 8.8050E+02 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 2.0290E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.7230E+06 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.0550E+06 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

8.9110E+03 0.0000E+00 0.0000E+00 0.0000E+00 6.9774E+05 0.0000E+00 
0.0000E+00 7.1681E+03 0.0000E+00 -8.1417E+05 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.5469E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -8.1417E+05 0.0000E+00 1.6206E+09 0.0000E+00 0.0000E+00 
6.9774E+05 0.0000E+00 0.0000E+00 0.0000E+00 6.1358E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.5181E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-6:  PIER 6 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 12 Pile Cross-Section = 24x24 inch Footing Bottom El = -1' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.0690E+06 0.0000E+00 0.0000E+00 0.0000E+00 7.4230E+07 0.0000E+00 
0.0000E+00 9.4030E+05 0.0000E+00 -1.1630E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.7490E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.1630E+08 0.0000E+00 1.8060E+11 0.0000E+00 0.0000E+00 
7.4230E+07 0.0000E+00 0.0000E+00 0.0000E+00 7.2840E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9290E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.9180E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 1.7930E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 8.4220E+02 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 1.8100E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.4420E+06 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.2920E+06 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

7.5885E+03 0.0000E+00 0.0000E+00 0.0000E+00 5.2507E+05 0.0000E+00 
0.0000E+00 6.6763E+03 0.0000E+00 -8.2266E+05 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 5.4931E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -8.2266E+05 0.0000E+00 1.2800E+09 0.0000E+00 0.0000E+00 
5.2507E+05 0.0000E+00 0.0000E+00 0.0000E+00 5.1614E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.0792E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-7:  PIER 7 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 12 Pile Cross-Section = 24x24 inch Footing Bottom El = +5' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.5940E+05 0.0000E+00 0.0000E+00 0.0000E+00 9.1470E+07 0.0000E+00 
0.0000E+00 4.4540E+05 0.0000E+00 -1.2880E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.4890E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.2880E+08 0.0000E+00 1.4880E+11 0.0000E+00 0.0000E+00 
9.1470E+07 0.0000E+00 0.0000E+00 0.0000E+00 5.8840E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2100E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.3960E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 2.2620E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.3880E+02 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 2.0190E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.1850E+06 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.6770E+06 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.9904E+03 0.0000E+00 0.0000E+00 0.0000E+00 6.4702E+05 0.0000E+00 
0.0000E+00 3.1822E+03 0.0000E+00 -9.1108E+05 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 4.6032E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -9.1108E+05 0.0000E+00 1.0554E+09 0.0000E+00 0.0000E+00 
6.4702E+05 0.0000E+00 0.0000E+00 0.0000E+00 4.1721E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.6523E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-8:  PIER 8 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 12 Pile Cross-Section = 24x24 inch Footing Bottom El = +5' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.4820E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.0630E+08 0.0000E+00 
0.0000E+00 3.3290E+05 0.0000E+00 -1.4400E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.4480E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.4400E+08 0.0000E+00 1.4550E+11 0.0000E+00 0.0000E+00 
1.0630E+08 0.0000E+00 0.0000E+00 0.0000E+00 5.6290E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.3980E+09 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.0410E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 2.9070E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.0030E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 2.1580E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.6800E+06 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.5850E+06 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.2128E+03 0.0000E+00 0.0000E+00 0.0000E+00 7.5192E+05 0.0000E+00 
0.0000E+00 2.3954E+03 0.0000E+00 -1.0186E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 4.5751E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.0186E+06 0.0000E+00 1.0322E+09 0.0000E+00 0.0000E+00 
7.5192E+05 0.0000E+00 0.0000E+00 0.0000E+00 3.9925E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.3529E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-9:  PIER 9 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 25 Pile Cross-Section = 24x24 inch Footing Bottom El = +4' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.5200E+05 0.0000E+00 0.0000E+00 0.0000E+00 2.1050E+08 0.0000E+00 
0.0000E+00 6.5200E+05 0.0000E+00 -2.8280E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.3540E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.8280E+08 0.0000E+00 3.2200E+11 0.0000E+00 0.0000E+00 
2.1050E+08 0.0000E+00 0.0000E+00 0.0000E+00 2.0020E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6160E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.2390E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 6.2390E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.1050E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.8090E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9090E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2810E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.6991E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.4890E+06 0.0000E+00 
0.0000E+00 4.6991E+03 0.0000E+00 -2.0004E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.6070E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.0004E+06 0.0000E+00 2.2844E+09 0.0000E+00 0.0000E+00 
1.4890E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.4202E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.1749E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 



 

14-10 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

 
 

TABLE G-10:  PIER 10 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 25 Pile Cross-Section = 24x24 inch Footing Bottom El = +4' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.7490E+05 0.0000E+00 0.0000E+00 0.0000E+00 2.0770E+08 0.0000E+00 
0.0000E+00 6.7490E+05 0.0000E+00 -2.8010E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.3580E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.8010E+08 0.0000E+00 3.2350E+11 0.0000E+00 0.0000E+00 
2.0770E+08 0.0000E+00 0.0000E+00 0.0000E+00 2.0130E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7270E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.0160E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 6.0160E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.1810E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.9790E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.0120E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.1940E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.8580E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.4692E+06 0.0000E+00 
0.0000E+00 4.8580E+03 0.0000E+00 -1.9813E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.6364E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.9813E+06 0.0000E+00 2.2953E+09 0.0000E+00 0.0000E+00 
1.4692E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.4281E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2522E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-11:  PIER 11 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 20 Pile Cross-Section = 24x24 inch Footing Bottom El = +4' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.8740E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.6750E+08 0.0000E+00 
0.0000E+00 6.0300E+05 0.0000E+00 -2.8540E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.0920E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.8540E+08 0.0000E+00 2.6440E+11 0.0000E+00 0.0000E+00 
1.6750E+08 0.0000E+00 0.0000E+00 0.0000E+00 1.6140E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.1770E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.1550E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.2890E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.7320E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.0370E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.4020E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9250E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.5197E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.1848E+06 0.0000E+00 
0.0000E+00 4.3392E+03 0.0000E+00 -2.0188E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.7486E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.0188E+06 0.0000E+00 1.8759E+09 0.0000E+00 0.0000E+00 
1.1848E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.1450E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.5944E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-12:  PIER 12 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 20 Pile Cross-Section = 24x24 inch Footing Bottom El = +4.0' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.7620E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.6130E+08 0.0000E+00 
0.0000E+00 5.8820E+05 0.0000E+00 -2.7560E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.0580E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.7560E+08 0.0000E+00 2.5650E+11 0.0000E+00 0.0000E+00 
1.6130E+08 0.0000E+00 0.0000E+00 0.0000E+00 1.5670E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.1660E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.0730E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.2030E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.6810E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 3.9190E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.3320E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.8940E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.4393E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.1410E+06 0.0000E+00 
0.0000E+00 4.2333E+03 0.0000E+00 -1.9495E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.5073E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.9495E+06 0.0000E+00 1.8199E+09 0.0000E+00 0.0000E+00 
1.1410E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.1117E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.5123E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-13:  PIER 13 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 20 Pile Cross-Section = 24x24 inch Footing Bottom El = +4' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.5910E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.6990E+08 0.0000E+00 
0.0000E+00 5.7380E+05 0.0000E+00 -2.8690E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.0810E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.8690E+08 0.0000E+00 2.6100E+11 0.0000E+00 0.0000E+00 
1.6990E+08 0.0000E+00 0.0000E+00 0.0000E+00 1.5910E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.0390E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.4290E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.5680E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.7970E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.1890E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.4920E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.0270E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.3233E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.2018E+06 0.0000E+00 
0.0000E+00 4.1366E+03 0.0000E+00 -2.0294E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.6717E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.0294E+06 0.0000E+00 1.8521E+09 0.0000E+00 0.0000E+00 
1.2018E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.1289E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.6325E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-14:  PIER 14 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 18 Pile Cross-Section = 24x24 inch Footing Bottom El = +4' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.8950E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.7400E+08 0.0000E+00 
0.0000E+00 3.4620E+05 0.0000E+00 -1.7220E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.6350E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.7220E+08 0.0000E+00 2.6470E+11 0.0000E+00 0.0000E+00 
1.7400E+08 0.0000E+00 0.0000E+00 0.0000E+00 8.2850E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.4180E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.9350E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 4.5500E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.4980E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 3.9810E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.1420E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6340E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.9462E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.2308E+06 0.0000E+00 
0.0000E+00 2.5124E+03 0.0000E+00 -1.2181E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.8363E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.2181E+06 0.0000E+00 1.8779E+09 0.0000E+00 0.0000E+00 
1.2308E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.8764E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.0259E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-15:  PIER 15 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 18 Pile Cross-Section = 24x24 inch Footing Bottom El = +4' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.7330E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.8040E+08 0.0000E+00 
0.0000E+00 3.2530E+05 0.0000E+00 -1.7850E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.7400E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.7850E+08 0.0000E+00 2.6670E+11 0.0000E+00 0.0000E+00 
1.8040E+08 0.0000E+00 0.0000E+00 0.0000E+00 8.2850E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3100E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.3170E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 4.9130E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.5860E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.2160E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2100E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7620E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.8369E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.2761E+06 0.0000E+00 
0.0000E+00 2.3696E+03 0.0000E+00 -1.2626E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.9118E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.2626E+06 0.0000E+00 1.8924E+09 0.0000E+00 0.0000E+00 
1.2761E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.8774E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.5124E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-16:  PIER 16 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 18 Pile Cross-Section = 24x24 inch Footing Bottom El = +4' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.6650E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.8400E+08 0.0000E+00 
0.0000E+00 3.1560E+05 0.0000E+00 -1.8220E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.8120E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.8220E+08 0.0000E+00 2.6820E+11 0.0000E+00 0.0000E+00 
1.8400E+08 0.0000E+00 0.0000E+00 0.0000E+00 8.2950E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2580E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.5900E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.1640E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.6710E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.4430E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2740E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.8530E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.7926E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.3015E+06 0.0000E+00 
0.0000E+00 2.3045E+03 0.0000E+00 -1.2888E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.9639E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.2888E+06 0.0000E+00 1.9033E+09 0.0000E+00 0.0000E+00 
1.3015E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.8853E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.1573E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-17:  PIER 17 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 25 Pile Diameter = 54 inch Footing Bottom El = +2' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.5410E+06 0.0000E+00 0.0000E+00 0.0000E+00 3.6130E+08 0.0000E+00 
0.0000E+00 1.5410E+06 0.0000E+00 -3.6130E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.5360E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.6130E+08 0.0000E+00 7.0110E+11 0.0000E+00 0.0000E+00 
3.6130E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.0110E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.2100E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.6940E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 3.6940E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.6580E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 2.2120E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2120E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6940E+08 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.1416E+04 0.0000E+00 0.0000E+00 0.0000E+00 2.5557E+06 0.0000E+00 
0.0000E+00 1.1416E+04 0.0000E+00 -2.5557E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.8074E+05 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.5557E+06 0.0000E+00 4.9902E+09 0.0000E+00 0.0000E+00 
2.5557E+06 0.0000E+00 0.0000E+00 0.0000E+00 4.9902E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.3366E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-18:  PIER 18 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 25 Pile Diameter = 54 inch Footing Bottom El = +2' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.4300E+06 0.0000E+00 0.0000E+00 0.0000E+00 3.5590E+08 0.0000E+00 
0.0000E+00 1.4300E+06 0.0000E+00 -3.5590E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.4270E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.5590E+08 0.0000E+00 6.7060E+11 0.0000E+00 0.0000E+00 
3.5590E+08 0.0000E+00 0.0000E+00 0.0000E+00 6.7060E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.6120E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.8490E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 3.8490E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.7480E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 2.2340E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2340E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7660E+08 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.0653E+04 0.0000E+00 0.0000E+00 0.0000E+00 2.5175E+06 0.0000E+00 
0.0000E+00 1.0653E+04 0.0000E+00 -2.5175E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.7304E+05 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.5175E+06 0.0000E+00 4.7747E+09 0.0000E+00 0.0000E+00 
2.5175E+06 0.0000E+00 0.0000E+00 0.0000E+00 4.7747E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.9237E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-19:  PIER 19 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 30 Pile Diameter = 54 inch Footing Bottom El = +2.0' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.5750E+06 0.0000E+00 0.0000E+00 0.0000E+00 4.7910E+08 0.0000E+00 
0.0000E+00 1.3740E+06 0.0000E+00 -4.9260E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.8920E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -4.9260E+08 0.0000E+00 1.0900E+12 0.0000E+00 0.0000E+00 
4.7910E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.8640E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.8340E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.0470E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 4.9910E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.2650E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.2320E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.8940E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.8400E+08 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.1846E+04 0.0000E+00 0.0000E+00 0.0000E+00 3.3890E+06 0.0000E+00 
0.0000E+00 1.0416E+04 0.0000E+00 -3.4845E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.0633E+05 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.4845E+06 0.0000E+00 7.7693E+09 0.0000E+00 0.0000E+00 
3.3890E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.6031E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.9380E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-20:  PIER 20 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 30 Pile Diameter = 54 inch Footing Bottom El = +2' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3290E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.5870E+08 0.0000E+00 
0.0000E+00 1.1260E+06 0.0000E+00 -5.7230E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.8950E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -5.7230E+08 0.0000E+00 1.0650E+12 0.0000E+00 0.0000E+00 
5.5870E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.6170E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.5760E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.0420E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.9900E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.3160E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.4090E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.0150E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.4130E+08 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.0244E+04 0.0000E+00 0.0000E+00 0.0000E+00 3.9520E+06 0.0000E+00 
0.0000E+00 8.8013E+03 0.0000E+00 -4.0482E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.0662E+05 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -4.0482E+06 0.0000E+00 7.5949E+09 0.0000E+00 0.0000E+00 
3.9520E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.4301E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.4208E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-21:  PIER 21 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 25 Pile Diameter = 54 inch Footing Bottom El = +2.0' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.2870E+06 0.0000E+00 0.0000E+00 0.0000E+00 3.9250E+08 0.0000E+00 
0.0000E+00 1.2870E+06 0.0000E+00 -3.9250E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.3940E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.9250E+08 0.0000E+00 6.4660E+11 0.0000E+00 0.0000E+00 
3.9250E+08 0.0000E+00 0.0000E+00 0.0000E+00 6.4660E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.5200E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.1120E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 4.1120E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.0900E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 2.0860E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.0860E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.8900E+08 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

9.6779E+03 0.0000E+00 0.0000E+00 0.0000E+00 2.7764E+06 0.0000E+00 
0.0000E+00 9.6779E+03 0.0000E+00 -2.7764E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.7061E+05 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.7764E+06 0.0000E+00 4.6029E+09 0.0000E+00 0.0000E+00 
2.7764E+06 0.0000E+00 0.0000E+00 0.0000E+00 4.6029E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.1685E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-22:  PIER 22 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 49 Pile Cross-Section = 24x24 inch Footing Bottom El = -14' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.4020E+06 0.0000E+00 0.0000E+00 0.0000E+00 4.6320E+08 0.0000E+00 
0.0000E+00 1.4020E+06 0.0000E+00 -4.6320E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.7820E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -4.6320E+08 0.0000E+00 7.9240E+11 0.0000E+00 0.0000E+00 
4.6320E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.9240E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.5170E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.2540E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 1.2540E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 5.2050E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 1.4340E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.4340E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.9090E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.0092E+04 0.0000E+00 0.0000E+00 0.0000E+00 3.2765E+06 0.0000E+00 
0.0000E+00 1.0092E+04 0.0000E+00 -3.2765E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.9751E+05 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.2765E+06 0.0000E+00 5.6251E+09 0.0000E+00 0.0000E+00 
3.2765E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.6251E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.7063E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-23:  PIER 23 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 20 Pile Cross-Section = 24x24 inch Footing Bottom El = -16' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.2490E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.5880E+08 0.0000E+00 
0.0000E+00 7.4000E+05 0.0000E+00 -2.7630E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.1020E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.7630E+08 0.0000E+00 2.6760E+11 0.0000E+00 0.0000E+00 
1.5880E+08 0.0000E+00 0.0000E+00 0.0000E+00 1.6350E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7870E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.1920E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.3720E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.1350E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.9670E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9560E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9230E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.4928E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.1233E+06 0.0000E+00 
0.0000E+00 5.3095E+03 0.0000E+00 -1.9544E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.8249E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.9544E+06 0.0000E+00 1.8998E+09 0.0000E+00 0.0000E+00 
1.1233E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.1607E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2909E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-24:  PIER 24 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 20 Pile Cross-Section = 24x24 inch Footing Bottom El = -17' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.3070E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.6190E+08 0.0000E+00 
0.0000E+00 7.4760E+05 0.0000E+00 -2.8120E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.1180E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.8120E+08 0.0000E+00 2.7140E+11 0.0000E+00 0.0000E+00 
1.6190E+08 0.0000E+00 0.0000E+00 0.0000E+00 1.6580E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7930E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.2210E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.4020E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.1530E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 5.0070E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9800E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9340E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.5342E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.1452E+06 0.0000E+00 
0.0000E+00 5.3637E+03 0.0000E+00 -1.9891E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.9383E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.9891E+06 0.0000E+00 1.9268E+09 0.0000E+00 0.0000E+00 
1.1452E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.1770E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2953E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-25:  PIER 25 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 20 Pile Cross-Section = 24x24 inch Footing Bottom El = -18' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.4260E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.6550E+08 0.0000E+00 
0.0000E+00 7.6170E+05 0.0000E+00 -3.2970E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.1400E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.2970E+08 0.0000E+00 3.5000E+11 0.0000E+00 0.0000E+00 
1.6550E+08 0.0000E+00 0.0000E+00 0.0000E+00 1.6870E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.1030E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.1980E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.3730E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.0920E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 6.2190E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.8960E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2590E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.6181E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.1707E+06 0.0000E+00 
0.0000E+00 5.4630E+03 0.0000E+00 -2.3322E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 8.0931E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.3322E+06 0.0000E+00 2.4844E+09 0.0000E+00 0.0000E+00 
1.1707E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.1974E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.5191E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-26:  PIER 26 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 30 Pile Cross-Section = 24x24 inch Footing Bottom El = -18.5' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.0320E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.6710E+08 0.0000E+00 
0.0000E+00 9.1260E+05 0.0000E+00 -2.7330E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.7390E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.7330E+08 0.0000E+00 3.6640E+11 0.0000E+00 0.0000E+00 
2.6710E+08 0.0000E+00 0.0000E+00 0.0000E+00 2.5580E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.6600E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

7.8920E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 7.7150E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 3.2040E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 6.4510E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.4070E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.6290E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

7.4102E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.8894E+06 0.0000E+00 
0.0000E+00 6.5631E+03 0.0000E+00 -1.9332E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.2346E+05 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.9332E+06 0.0000E+00 2.6008E+09 0.0000E+00 0.0000E+00 
1.8894E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.8156E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9183E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-27:  PIER 27 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 30 Pile Cross-Section = 24x24 inch Footing Bottom El = -19.5' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.1200E+06 0.0000E+00 0.0000E+00 0.0000E+00 3.1480E+08 0.0000E+00 
0.0000E+00 9.8290E+05 0.0000E+00 -3.2200E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.9890E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.2200E+08 0.0000E+00 4.1620E+11 0.0000E+00 0.0000E+00 
3.1480E+08 0.0000E+00 0.0000E+00 0.0000E+00 2.8980E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.7510E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

7.8450E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 7.6800E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 3.0400E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 6.1200E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.1810E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.6190E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

8.0320E+03 0.0000E+00 0.0000E+00 0.0000E+00 2.2268E+06 0.0000E+00 
0.0000E+00 7.0599E+03 0.0000E+00 -2.2777E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.4112E+05 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.2777E+06 0.0000E+00 2.9526E+09 0.0000E+00 0.0000E+00 
2.2268E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.0558E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9825E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-28:  PIER 28 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 24 Pile Cross-Section = 24x24 inch Footing Bottom El = -20' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

9.1880E+05 0.0000E+00 0.0000E+00 0.0000E+00 2.5250E+08 0.0000E+00 
0.0000E+00 6.9060E+05 0.0000E+00 -2.6790E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.3170E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.6790E+08 0.0000E+00 4.5280E+11 1.1440E-05 0.0000E+00 
2.5250E+08 0.0000E+00 0.0000E+00 0.0000E+00 2.0080E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.0830E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.4590E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 6.1150E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.4910E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 8.3240E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.5410E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9850E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.5894E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.7861E+06 0.0000E+00 
0.0000E+00 4.9704E+03 0.0000E+00 -1.8950E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.3507E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.8950E+06 0.0000E+00 3.2145E+09 8.0922E-08 0.0000E+00 
1.7861E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.4253E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2225E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-29:  PIER 29 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 24 Pile Cross-Section = 24x24 inch Footing Bottom El = -21' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

9.0590E+05 0.0000E+00 0.0000E+00 0.0000E+00 2.4550E+08 0.0000E+00 
0.0000E+00 6.8300E+05 0.0000E+00 -2.6040E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.2870E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.6040E+08 0.0000E+00 4.4280E+11 0.0000E+00 0.0000E+00 
2.4550E+08 0.0000E+00 0.0000E+00 0.0000E+00 1.9650E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.0660E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.4850E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 6.1340E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.5300E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 8.4520E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.5960E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9950E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.4985E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.7366E+06 0.0000E+00 
0.0000E+00 4.9169E+03 0.0000E+00 -1.8420E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.1390E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.8420E+06 0.0000E+00 3.1440E+09 0.0000E+00 0.0000E+00 
1.7366E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.3950E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2106E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-30:  PIER 30 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 24 Pile Cross-Section = 24x24 inch Footing Bottom El = -21.0' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

9.4310E+05 0.0000E+00 0.0000E+00 0.0000E+00 2.6800E+08 0.0000E+00 
0.0000E+00 7.0320E+05 0.0000E+00 -2.8410E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.3820E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.8410E+08 0.0000E+00 4.7440E+11 0.0000E+00 0.0000E+00 
2.6800E+08 0.0000E+00 0.0000E+00 0.0000E+00 2.1000E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.1020E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.5250E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 6.1510E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.6570E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 8.8740E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.7750E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.0060E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.7622E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.8957E+06 0.0000E+00 
0.0000E+00 5.0600E+03 0.0000E+00 -2.0096E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.8128E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.0096E+06 0.0000E+00 3.3681E+09 0.0000E+00 0.0000E+00 
1.8957E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.4907E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2362E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-31:  PIER 31 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 18 Pile Cross-Section = 24x24 inch Footing Bottom El = -19' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

8.0710E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.6220E+08 0.0000E+00 
0.0000E+00 4.7000E+05 0.0000E+00 -1.6040E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.5880E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.6040E+08 0.0000E+00 2.6440E+11 0.0000E+00 0.0000E+00 
1.6220E+08 0.0000E+00 0.0000E+00 0.0000E+00 8.3370E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9230E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.1520E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 4.5730E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.0250E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 5.3750E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.5400E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6680E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.7810E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.1473E+06 0.0000E+00 
0.0000E+00 3.3884E+03 0.0000E+00 -1.1346E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.8104E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.1346E+06 0.0000E+00 1.8778E+09 0.0000E+00 0.0000E+00 
1.1473E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.9188E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3835E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-32:  PIER 32 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 18 Pile Cross-Section = 24x24 inch Footing Bottom El = -19' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

8.3080E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.6130E+08 0.0000E+00 
0.0000E+00 4.9140E+05 0.0000E+00 -1.5950E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.6720E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.5950E+08 0.0000E+00 2.6700E+11 0.0000E+00 0.0000E+00 
1.6130E+08 0.0000E+00 0.0000E+00 0.0000E+00 8.4420E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.0170E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.0300E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 4.4470E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.0200E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 5.3630E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.5370E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6250E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.9470E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.1410E+06 0.0000E+00 
0.0000E+00 3.5381E+03 0.0000E+00 -1.1282E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.8698E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.1282E+06 0.0000E+00 1.8961E+09 0.0000E+00 0.0000E+00 
1.1410E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.9930E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.4494E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-33:  PIER 33 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 18 Pile Cross-Section = 24x24 inch Footing Bottom El = -19' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

8.2210E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.5830E+08 0.0000E+00 
0.0000E+00 4.8800E+05 0.0000E+00 -1.5650E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 9.5270E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.5650E+08 0.0000E+00 2.6310E+11 0.0000E+00 0.0000E+00 
1.5830E+08 0.0000E+00 0.0000E+00 0.0000E+00 8.3300E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.0060E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.0430E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 4.4590E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.0270E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 5.3810E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.5420E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6290E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.8856E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.1198E+06 0.0000E+00 
0.0000E+00 3.5142E+03 0.0000E+00 -1.1070E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 6.7673E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.1070E+06 0.0000E+00 1.8686E+09 0.0000E+00 0.0000E+00 
1.1198E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.9138E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.4417E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-34:  PIER 34 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 15 Pile Cross-Section = 24x24 inch Footing Bottom El = -18' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.6420E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.3920E+08 0.0000E+00 
0.0000E+00 4.2970E+05 0.0000E+00 -1.5490E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 8.3010E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.5490E+08 0.0000E+00 1.9930E+11 0.0000E+00 0.0000E+00 
1.3920E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.1840E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3220E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.2890E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 3.9050E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.6790E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 3.8660E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2800E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2470E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.7582E+03 0.0000E+00 0.0000E+00 0.0000E+00 9.8465E+05 0.0000E+00 
0.0000E+00 3.0941E+03 0.0000E+00 -1.0957E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 5.8952E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.0957E+06 0.0000E+00 1.4152E+09 0.0000E+00 0.0000E+00 
9.8465E+05 0.0000E+00 0.0000E+00 0.0000E+00 5.0995E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.5254E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-35:  PIER 35 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 15 Pile Cross-Section = 24x24 inch Footing Bottom El = -18' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.5560E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.3610E+08 0.0000E+00 
0.0000E+00 4.2540E+05 0.0000E+00 -1.5150E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 8.1520E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.5150E+08 0.0000E+00 1.9590E+11 0.0000E+00 0.0000E+00 
1.3610E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.0720E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3150E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.2880E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 3.9030E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.6830E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 3.8740E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2830E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2470E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.6973E+03 0.0000E+00 0.0000E+00 0.0000E+00 9.6272E+05 0.0000E+00 
0.0000E+00 3.0636E+03 0.0000E+00 -1.0717E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 5.7899E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.0717E+06 0.0000E+00 1.3911E+09 0.0000E+00 0.0000E+00 
9.6272E+05 0.0000E+00 0.0000E+00 0.0000E+00 5.0204E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.4759E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-36:  PIER 36 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 15 Pile Cross-Section = 24x24 inch Footing Bottom El = -18' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.7100E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.4160E+08 0.0000E+00 
0.0000E+00 4.3310E+05 0.0000E+00 -1.5760E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 8.4200E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.5760E+08 0.0000E+00 2.0210E+11 0.0000E+00 0.0000E+00 
1.4160E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.2740E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3280E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.2300E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 3.8730E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.5820E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 3.6440E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2070E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2350E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.8054E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.0016E+06 0.0000E+00 
0.0000E+00 3.1177E+03 0.0000E+00 -1.1148E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 5.9781E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.1148E+06 0.0000E+00 1.4347E+09 0.0000E+00 0.0000E+00 
1.0016E+06 0.0000E+00 0.0000E+00 0.0000E+00 5.1622E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.5662E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-37:  PIER 37 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 18 Pile Cross-Section = 24x24 inch Footing Bottom El = -18.5' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

8.4190E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.7530E+08 0.0000E+00 
0.0000E+00 4.8260E+05 0.0000E+00 -1.7340E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.0200E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.7340E+08 0.0000E+00 2.8060E+11 0.0000E+00 0.0000E+00 
1.7530E+08 0.0000E+00 0.0000E+00 0.0000E+00 8.7990E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9620E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.1490E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 4.5870E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.9790E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 5.2520E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.5050E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6700E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.0272E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.2400E+06 0.0000E+00 
0.0000E+00 3.4778E+03 0.0000E+00 -1.2266E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.2427E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.2266E+06 0.0000E+00 1.9922E+09 0.0000E+00 0.0000E+00 
1.2400E+06 0.0000E+00 0.0000E+00 0.0000E+00 6.2451E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.4112E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-38:  PIER 38 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 20 Pile Cross-Section = 24x24 inch Footing Bottom El = -19' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.6060E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.7920E+08 0.0000E+00 
0.0000E+00 7.8760E+05 0.0000E+00 -3.0870E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 1.2130E+07 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -3.0870E+08 0.0000E+00 2.9310E+11 0.0000E+00 0.0000E+00 
1.7920E+08 0.0000E+00 0.0000E+00 0.0000E+00 1.7870E+11 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.8180E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.2180E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 5.4000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.1650E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 5.0340E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9960E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9320E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.7457E+03 0.0000E+00 0.0000E+00 0.0000E+00 1.2676E+06 0.0000E+00 
0.0000E+00 5.6466E+03 0.0000E+00 -2.1836E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 8.6105E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -2.1836E+06 0.0000E+00 2.0803E+09 0.0000E+00 0.0000E+00 
1.2676E+06 0.0000E+00 0.0000E+00 0.0000E+00 1.2682E+09 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3130E+08 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-39:  PIER 39 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 12 Pile Diameter = 30 inch Footing Bottom El = +2.0' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.7010E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.1060E+08 0.0000E+00 
0.0000E+00 4.3310E+05 0.0000E+00 -1.5550E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.7030E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.5550E+08 0.0000E+00 1.8340E+11 0.0000E+00 0.0000E+00 
1.1060E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.6780E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2130E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.3720E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 6.0780E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.1660E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.6600E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6590E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7920E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

4.1216E+03 0.0000E+00 0.0000E+00 0.0000E+00 7.8234E+05 0.0000E+00 
0.0000E+00 3.1484E+03 0.0000E+00 -1.0999E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 5.4790E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.0999E+06 0.0000E+00 1.3038E+09 0.0000E+00 0.0000E+00 
7.8234E+05 0.0000E+00 0.0000E+00 0.0000E+00 5.4543E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.8305E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-40:  PIER 40 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 12 Pile Diameter = 30 inch Footing Bottom El = +2.5' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

5.4130E+05 0.0000E+00 0.0000E+00 0.0000E+00 1.0670E+08 0.0000E+00 
0.0000E+00 4.0950E+05 0.0000E+00 -1.4990E+08 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 7.4060E+06 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.4990E+08 0.0000E+00 1.7670E+11 0.0000E+00 0.0000E+00 
1.0670E+08 0.0000E+00 0.0000E+00 0.0000E+00 7.4190E+10 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.1470E+10 

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

6.4630E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 6.1660E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 2.1940E+03 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 4.7190E+07 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6800E+07 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.8180E+07 

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.9192E+03 0.0000E+00 0.0000E+00 0.0000E+00 7.5475E+05 0.0000E+00 
0.0000E+00 2.9827E+03 0.0000E+00 -1.0603E+06 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 5.2693E+04 0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 -1.0603E+06 0.0000E+00 1.2565E+09 0.0000E+00 0.0000E+00 
7.5475E+05 0.0000E+00 0.0000E+00 0.0000E+00 5.2714E+08 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.3673E+07 

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-41:  PIER 41 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 14 Pile Cross-Section = 14x14 inch Footing Bottom El = -13' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

9.7540E+04 0.0000E+00 0.0000E+00 0.0000E+00 -8.4950E+06 0.0000E+00
0.0000E+00 9.7540E+04 0.0000E+00 8.4950E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 4.4690E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 8.4950E+06 0.0000E+00 1.4290E+11 0.0000E+00 0.0000E+00
-8.4950E+06 0.0000E+00 0.0000E+00 0.0000E+00 6.2260E+09 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.1950E+09

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

7.1900E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 7.1900E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 4.4590E+02 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 1.4120E+07 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.8560E+05 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.3550E+06

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

7.0000E+02 0.0000E+00 0.0000E+00 0.0000E+00 -6.0090E+04 0.0000E+00
0.0000E+00 7.0000E+02 0.0000E+00 6.0090E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 3.1674E+04 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 6.0090E+04 0.0000E+00 1.0128E+09 0.0000E+00 0.0000E+00
-6.0090E+04 0.0000E+00 0.0000E+00 0.0000E+00 4.4108E+07 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2929E+07

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-42:  PIERS 42~46 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -12' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.0440E+04 0.0000E+00 0.0000E+00 0.0000E+00 -1.5160E+06 0.0000E+00
0.0000E+00 2.0440E+04 0.0000E+00 1.5160E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 9.9510E+05 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.5160E+06 0.0000E+00 2.4820E+10 0.0000E+00 0.0000E+00
-1.5160E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.0650E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.0560E+08

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3460E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.3460E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 8.9580E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 2.2160E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.3290E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.4646E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.0724E+04 0.0000E+00
0.0000E+00 1.4646E+02 0.0000E+00 1.0724E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.0514E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.0724E+04 0.0000E+00 1.7588E+08 0.0000E+00 0.0000E+00
-1.0724E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.4607E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.6229E+06

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-43:  PIERS 47~51 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -12' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.9990E+04 0.0000E+00 0.0000E+00 0.0000E+00 -1.5170E+06 0.0000E+00
0.0000E+00 1.9990E+04 0.0000E+00 1.5170E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.1460E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.5170E+06 0.0000E+00 2.8560E+10 0.0000E+00 0.0000E+00
-1.5170E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.0610E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.9430E+08

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3590E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.3590E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 8.4660E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 2.0940E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.3620E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.4330E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.0731E+04 0.0000E+00
0.0000E+00 1.4330E+02 0.0000E+00 1.0731E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 8.1182E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.0731E+04 0.0000E+00 2.0231E+08 0.0000E+00 0.0000E+00
-1.0731E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.4579E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.5434E+06

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-44:  PIERS 52 AND 53 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -12' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.9320E+04 0.0000E+00 0.0000E+00 0.0000E+00 -1.5090E+06 0.0000E+00
0.0000E+00 1.9320E+04 0.0000E+00 1.5090E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.0500E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.5090E+06 0.0000E+00 2.6170E+10 0.0000E+00 0.0000E+00
-1.5090E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.0790E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.7790E+08

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3460E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.3460E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 8.4560E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 2.0910E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.3300E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3854E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.0674E+04 0.0000E+00
0.0000E+00 1.3854E+02 0.0000E+00 1.0674E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.4391E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.0674E+04 0.0000E+00 1.8541E+08 0.0000E+00 0.0000E+00
-1.0674E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.4706E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.4270E+06

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-45:  PIERS 54 ~56 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -13' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.9520E+04 0.0000E+00 0.0000E+00 0.0000E+00 -1.5250E+06 0.0000E+00
0.0000E+00 1.9520E+04 0.0000E+00 1.5250E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.0340E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.5250E+06 0.0000E+00 2.5790E+10 0.0000E+00 0.0000E+00
-1.5250E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.0930E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.8280E+08

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3370E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.3370E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 8.1730E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 2.0220E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.3070E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.3994E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.0787E+04 0.0000E+00
0.0000E+00 1.3994E+02 0.0000E+00 1.0787E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.3255E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.0787E+04 0.0000E+00 1.8271E+08 0.0000E+00 0.0000E+00
-1.0787E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.4805E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.4613E+06

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-46:  PIERS 57 AND 58 – PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -13' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.2780E+04 0.0000E+00 0.0000E+00 0.0000E+00 -2.4480E+06 0.0000E+00
0.0000E+00 3.2780E+04 0.0000E+00 2.4480E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.0860E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 2.4480E+06 0.0000E+00 2.7140E+10 0.0000E+00 0.0000E+00
-2.4480E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.7640E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.1070E+08

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.0020E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.0020E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 8.0930E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 2.0020E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.4790E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.3327E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.7316E+04 0.0000E+00
0.0000E+00 2.3327E+02 0.0000E+00 1.7316E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.6932E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.7316E+04 0.0000E+00 1.9226E+08 0.0000E+00 0.0000E+00
-1.7316E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.9551E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.7692E+06

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-47:  PIERS 59~62 – PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -13' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.0270E+04 0.0000E+00 0.0000E+00 0.0000E+00 -2.3350E+06 0.0000E+00
0.0000E+00 3.0270E+04 0.0000E+00 2.3350E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.1340E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 2.3350E+06 0.0000E+00 2.8320E+10 0.0000E+00 0.0000E+00
-2.3350E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.7100E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.4870E+08

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.0180E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.0180E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.8960E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 1.9530E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.5190E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.1554E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.6517E+04 0.0000E+00
0.0000E+00 2.1554E+02 0.0000E+00 1.6517E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 8.0325E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.6517E+04 0.0000E+00 2.0060E+08 0.0000E+00 0.0000E+00
-1.6517E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.9169E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.3312E+06

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-48:  PIERS 63~67 – PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -15' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.3570E+04 0.0000E+00 0.0000E+00 0.0000E+00 -2.5000E+06 0.0000E+00
0.0000E+00 3.3570E+04 0.0000E+00 2.5000E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.1240E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 2.5000E+06 0.0000E+00 2.8080E+10 0.0000E+00 0.0000E+00
-2.5000E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.8160E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.3020E+08

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

9.5940E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 9.5940E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.7970E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 1.9280E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.3730E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.3880E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.7684E+04 0.0000E+00
0.0000E+00 2.3880E+02 0.0000E+00 1.7684E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.9616E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.7684E+04 0.0000E+00 1.9890E+08 0.0000E+00 0.0000E+00
-1.7684E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.9919E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.9056E+06

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-49:  PIERS 68~70 – PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -15' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.9640E+04 0.0000E+00 0.0000E+00 0.0000E+00 -2.7840E+06 0.0000E+00
0.0000E+00 3.9640E+04 0.0000E+00 2.7840E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.1430E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 2.7840E+06 0.0000E+00 2.8560E+10 0.0000E+00 0.0000E+00
-2.7840E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.9500E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.8050E+08

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

9.4500E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 9.4500E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.7650E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 1.9200E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.3370E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.8172E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.9693E+04 0.0000E+00
0.0000E+00 2.8172E+02 0.0000E+00 1.9693E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 8.0960E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.9693E+04 0.0000E+00 2.0229E+08 0.0000E+00 0.0000E+00
-1.9693E+04 0.0000E+00 0.0000E+00 0.0000E+00 2.0867E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.9683E+06

 

Note: units = lb,in,sec; stiffness (translation=lb/in, rotation=lb-in/rad); mass (translation=lb-sec2/in, 
rotation=lb-in-sec2/rad); damping (translation=lb-sec/in, rotation=lb-in-sec/rad). 
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TABLE G-50:  ABUTMENT 71 - PILE GROUP CONDENSED MATRICES AT PILE-CAP 
 
Number of Piles = 4 Pile Cross-Section = 12x12 inch Footing Bottom El = -8' 
      

 6x6 Stiffness Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

3.5750E+04 0.0000E+00 0.0000E+00 0.0000E+00 -2.1330E+06 0.0000E+00
0.0000E+00 3.5750E+04 0.0000E+00 2.1330E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 1.2750E+06 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 2.1330E+06 0.0000E+00 3.7060E+10 0.0000E+00 0.0000E+00
-2.1330E+06 0.0000E+00 0.0000E+00 0.0000E+00 2.5010E+08 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.0320E+09

 6x6 Mass Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

1.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.1000E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 7.8050E+01 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 2.2540E+06 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.1780E+05

 6x6 Damping Matrix     
DIS-X DIS-Y DIS-Z ROT-X ROT-Y ROT-Z 

2.5442E+02 0.0000E+00 0.0000E+00 0.0000E+00 -1.5088E+04 0.0000E+00
0.0000E+00 2.5442E+02 0.0000E+00 1.5088E+04 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 9.0297E+03 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 1.5088E+04 0.0000E+00 2.6246E+08 0.0000E+00 0.0000E+00
-1.5088E+04 0.0000E+00 0.0000E+00 0.0000E+00 1.7691E+06 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.3443E+06
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Introduction 
 
Earth Mechanics, Inc (EMI) provided CALTRANS designers pile group stiffness in a form of 
6x6 stiffness matrix for the following conditions: 
 

1. A fixed head assumption for all piles.  This essentially represents the initial 
undamaged condition of the piles. 

2. A pinned head assumption for the piles that are battered in the transverse direction. 
All vertical piles and those piles that are battered in the longitudinal direction 
remain fixed at the pile top.  This approximately represents pile-top hinging at 
these piles that are battered in the transverse direction.  

3. In addition to all scenarios described in 2, the t-z and q-u curves of the piles that 
are battered in the transverse direction are taken half.  This effectively represents 
loss in axial pile capacity as well as plastic hinging for those transversely battered 
piles.  

4. A pinned head assumption for all piles.  This essentially represents plastic hinging 
of all the piles. 

 
The question to be answered is which stiffness matrix is appropriate for the demand 
calculations of the global bridge model.  To answer this, we have conducted non-linear 
pushover analyses and made comparisons of the pushover analysis results with the 
component of the stiffness coefficients used in the demand calculations. 
 
For this study, we have chosen two different pile types at the following locations: 
 
 24” x 24” Square Concrete Piles:  Piers 11 and Pier 30 
 54” Diameter Hollow Concrete Pile: Pier 19 
 

Single Pile Pushover Analysis 
 
Single pile pushover analyses were conducted with the moment-curvature relationship of the 
concrete pile section and the moment-rotation relationship of the pile-top/pile-cap connection 
provided by Professor Nigel Priestley. Soil supports were modeled by non-linear p-y curves.  
The analyses were performed for different axial loads as the moment-curvature and moment-
rotation relationships vary with axial loads. 
 
From our single pile pushover analysis, the solutions in terms of the pile-head shear versus 
pile-head deflection relationship are provided. Various limit states, such as limit-yield (LS1), 
serviceability (LS2), damage-control (LS3), and ultimate (LS4) are indicated on the pushover 
solutions. The details of the analysis as reviewed by Professor Nigel Priestley have been 
documented in an earlier report.  
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To make the comparison with the linear stiffness employed in the demand analysis, we have 
taken the single pile stiffness matrix for (1) the fixed head condition and (2) the pinned head 
condition.  The linear stiffness is depicted as a straight line on the pushover solutions.  
 
The time history analyses with isolation bearings provided the following peak displacement 
demands from three sets of earthquake time histories: 
 
 Pier 11:   6 inches (0.15 m) 
 Pier 19:   3 inches (0.08 m) 
 Pier 30:   1.5 inched (0.04 m)  
 
Given the peak displacement demands, the linear stiffness with the fixed head assumption is 
appropriate for the demand calculations for all three piers.  
 

Pile Group Pushover Analysis 
 
Further pushover analyses were conducted on the pile group.  A row of piles lined up the 
transverse direction was chosen for the pile group analysis, as follows: 
 
 Pier 11:  4 piles total (2 battered piles and 2 vertical piles)  
 Pier 19:  6 piles total (2 battered piles and 4 vertical piles)  
 Pier 30:  6 piles total (2 battered piles and 4 vertical piles)  
 
The schematic of the pile group arrangement is provided in the attachment.  It was anticipated 
that one of the battered pile would experience the largest axial load and the other battered pile 
would experience the smallest axial load during the lateral push.  Hence, the moment-
curvature and moment-rotation curves of the battered piles were assigned accordingly.   
 
A vertical dead load was applied to the pile group prior to lateral pushing. The dead load was 
taken as the pile design load multiplied by the number of piles.  Based on the pile group 
pushover analysis, the solution in terms of horizontal load versus horizontal displacement is 
provided. Occurrence of each limit state for each pile is noted on the solution.  
 
Similar to the single pile pushover analysis, a comparison of the pile group pushover analysis 
result with the linear pile group stiffness is illustrated on the solution.  Again, judging from 
the peak displacement demand reported by the designers, the fixed head assumption is valid 
for the pile group stiffness matrix for the demand calculation.    
 
Also noted from the solutions, the displacement demands do not reach limits state LS3.  
Hence, pile damage is not anticipated.     
 
In addition to pile group response, pile deflection, moment, and curvature profiles of each 
pile are provided in the attachment.   
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Single Pile Pushover Analysis 
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ANTIOCH BRIDGE PILE ANALYSES 
 

PRELIMINARY REPORT (PIER 19) 
 

Nigel Priestley 
 

1. Introduction: 
 
This preliminary report gives results of moment-curvature, moment-rotation, and 
displacement capacity of  a typical 54 in (1.372m) diameter prestressed pile at Pier 19. 
Analyses were separately carried out for the pile/footing connection detail, and for the 
prestressed section below the dowel connection. The following data were applicable (or 
assumed for the analyses: 
 
 Connection: 
  Dowels: 12#14 grade 60 rebar: yield assumed: fy = 455MPa (66ksi) 
          ultimate assumed    : fu = 683MPa (99ksi) 
  P.C.D. of dowels: 857mm (33.7in) 
  Concrete: f’c = 1.3x6000psi            i.e. f’c = 53.8MPa (7.8ksi) 
  Cover to confinement: 76mm (3in) 
  Confinement: W20 spiral (12.7mm dia., pitch=2in) 
        : fyh =420MPa (60ksi) 
  (note: This yield strength may be conservative, but has little influence) 
  Axial Loads: Three levels considered: 500tons, 1500tons, -250tons 
       (4450kN, 13344kN, -2225kN) 
 
 Prestressed Section: 
  Prestressing:  28x0.6in strands (Total area = 3922mm2 =6.08in2) 
  Cover to prestressing: 89mm (3.5in) 
  Initial stress: 1172MPa (170ksi) 
  Yield stress:  1500MPa (217.5ksi) 
  Ultimate stress 1863MPa (270ksi) 
  Confinement: W20 spiral – as for footing connection) 
  Axial Loadds: Three levels considered: 500tons, 1500tons, 25tons 
       (4450kN, 13344kN, 223kN) 
 
 Data for Deflection Calculations: 
  Pile free length to mudline: 12.8m (42ft) 
  Depth below mudline to max. moment  2.0m (6.6ft) (assumed) 
  Depth to effective fixity for elastic deflections: 3.0m (9.8ft) (assumed) 
  Plastic hinge length at footing connection:  
   mmdfL bdyP 6075.4445503.003.0 =××==    
  Plastic hinge length in-ground (conservative estimate) 
   mxDL PP 06.2372.15.15.1 ===  
 
 Limit States Considered: 
  Yield: For footing connection, εs = 0.002275, or εc = 0.002 (whichever first) 
             Prestressed: εp = 0.0075 or εc = 0.002 (whichever first) 
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  Serviceability: Footing Conn: εs = 0.015 or εc = 0.004 (whichever first) 
   Prestressed: (same as footing connection) 
 
  Damage Control: Footing Conn:  εs = 0.07, or εc = 0.0147 (energy balance) 
   Prestressed: εp = 0.04 or εc = 0.008 
 
  Ultimate: Footing Connection:  εs =0.07 
   Prestressed: Same as Damage control. 
 
Notes on Above: 
 
1. For the prestressed section, it is assumed that the hollow has been filled with concrete. It is 
not clear from the plans whether this is the case for the full length of the pile. 
 
2. The depths to maximum moment and effective fixity for elastic displacements are 
“guesses” based on EMI values for Dumbarton Bridge. Small adjustments are to be expected. 
 
3. The plastic hinge length for the in-ground hinge, at 1.5Dp  is small compared with the 
normally assumed value of 2Dp. However, the latter value is based on smaller diameter piles, 
and with higher shear force. I feel that the value of 1.5Dp is more appropriate. 
 
4. The ultimate condition for the pile/footing connection is based on an “ultimate” dowel 
strain of 70% of a uniaxial value of 0.10, and hence takes account of reduction of ultimate 
strain as a consequence of cyclic response under EQ loading. 
 
5. The damage control and ultimate conditions for the in-ground hinge are based on an 
extreme fibre compression strain of 0.008, based on theoretical and experimental results. At 
higher strains the cover deteriorates, and the plastic hinge length reduces rapidly. Although 
larger plastic rotations may occur, they should not be relied on. 
 
6. The analysis program including prestressing is unstable for low or negative axial 
compression. As a consequence, the minimum axial compression for the prestressed section is 
223kN, while the footing connection is analyzed for a tension force of 250 tons. Note, 
however, that the critical in-ground section will be subjected to higher compressive loading 
than the top of the pile, due to the pile weight (approx. 37.5kN/m, or about 500kN total) 
 
2. Pile/Footing Connection Characteristics 
 
2.1 Moment-Curvature Response: 
 
Moment-curvature characteristics are based on analyses considering strain-hardening of the 
reinforcement and confinement of the core concrete, using the Mander et al model. Results of 
the analyses are plotted in Fig. 1, and listed in Table 1.  In Fig.1 a bilinear approximation to 
the moment-curvature curves is included, and the various limit states are identified by solid 
circles. 
 
It will be noted that at the upper limit of axial compression (1500tons) the analyses indicate a 
significant strength drop (about 5%) just before the damage-control limit state. This is a 
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consequence of cover spalling, but is unlikely to be realistic, as the confinement provided by 
the footing concrete above the critical section, and by the additional strength resulting from 
prestress immediately below the critical section has been found in experiments to inhibit the 
strength drop predicted by moment-curvature analysis.  Despite this apparent strength drop, 
the ultimate curvature is larger for the section with high axial compression than for the same 
section with lower axial compression. This is because the critical case for the ultimate 
curvature is steel fracture, and with high axial compression, the distance from the neutral axis 
to the extreme dowel position is reduced as the axial compression increases. 
 
2.2 Moment-Rotation Response: 
 
The moment-rotation response of the pile/footing connection is shown in Fig.2 in quadri-
linear  and bilinear forms, with the quadrilinear curve defined by the four limit states. It will 
be seen than the plastic rotation capacity of the section is close to 0.05 for the critical case of 
maximum axial tension, and more than 0.05 for other cases. The rotation at the yield limit 
state (LS1) corresponds to elastic strain penetration of the dowel bars into the footing, and is 
typically about 0.0013. Rotational values at the four limit states are included in Table 1. 
 
3. Prestressed Section Characteristics 
 
3.1 Moment-Curvature Response: 
 
Moment-curvature response of the prestressed section at three different axial load levels, 
together with bilinear approximations, are shown in Fig.3, with the limit states identified by 
solid circles. Note that only LS1, LS2 and LS3 are shown, since the ultimate limit state (LS4) 
is the same as the damage-control (LS3) limit state. Values for moment and curvature for the 
limit states are listed in Table 2.  
 
It will be noted that the moment capacities of the prestressed section for a given limit state 
and axial load level are lower than for the dowel connection –typically by between 0% and 
20%, though a maximum discrepancy of 24% exists for the ultimate limit state with an axial 
compression of 500 tons. This raises the possibility that plastic hinging could develop at the 
lower end of the dowels, some 3.04m below the pile/footing connection. However, if we 
conservatively assume that the point of contraflexure in the pile is 8m below the pile/footing 
connection, the maximum moment in the prestressed section, above the point of contraflexure 
will be approximately 63% of the peak moment at the pile/footing connection. Since this is 
lower than the minimum strength ratio of 76% it follows that hinging will never develop in 
the prestressed section above the point of contraflexure. Note also that the implication of the 
relative strength ratio is that some minor inelasticity may develop in the prestressed portion of 
the pile. This will be beneficial, in that it will increase the displacement capacity of the pile, 
without jeopardizing strength. 
 
3.2 Moment-Rotation Response: 
 
Key values of the rotational capacity of the in-ground hinge at the serviceability and ultimate 
limit states are also listed in Table 2. Note that there is no yield rotation, as strain penetration 
does not occur at the critical in-ground location. Since there are only two data points for each 
limit state, plots of rotational capacity are not provided. 
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4. Displacement Capacity 
 
Approximate displacement capacities have been estimated based on the stiffness of the 
prestressed section at 75% of nominal capacity, and the rotational capacities of the top plastic 
hinge, as listed in Table 1. These values should be expected to contain errors up to about 10%. 
More accurate values can only be obtained based on pushover analyses using the moment-
rotation characteristics defined in Table 1. 
 
For the Antioch bridge, the critical assessment concern is the displacement capacity of the 
piles at the ultimate limit state. It will be seen from Table 3 that the displacement capacity for 
this limit state is not very sensitive to the axial load level, and a value of 0.85m could be 
considered to be conservative. 
 
No attempt has been made to estimate the displacement capacity based on the rotation 
capacity of the in-ground hinge. There are too reasons for this. 1) The displacement at which 
the in-ground hinge yields cannot be estimated with any accuracy based on the simple modes 
used for this analysis. An inelastic pushover analysis would be required. 2) If the assessment 
criterion is “No collapse” it is hard to see how a failure of the in-ground hinge would lead to 
structural failure of the bridge. The in-ground hinge is confined by ground that has to be 
competent to cause a plastic hinge to form, and confinement of the pile by the soil will ensure 
that catastrophic failure doesn’t occur. Nevertheless, I recommend that displacement capacity 
based on rotation capacity of the in-ground hinge to assessed by a push-over analysis. 
 
 
Nigel Priestley, April 29,2008  
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TABLE 1: PILE/FOOTING LIMIT-STATE DEFORMATIONS 
 

LIMIT-STATE VALUES P=4450kN P=13344kN P=-2225kN 
First-Yield Moment (kNm) 5142 8443 2224 
First-Yield Curvature (m-1) 0.00321 0.00371 0.00263 
First-Yield Rotation (rad) 0.00125 0.00129 0.00136 
Serviceability Moment (kNm) 6609 9663 3798 
Serviceability Curvature (m-1) 0.0137 0.0990 0.01638 
Serviceability Rotation (rad) 0.00706 0.00472 0.00860 
Damage-Control Moment (kNm) 7313 9600 4650 
Damage-Control Curvature (m-1) 0.04906 0.03147 0.0631 
Damage-Control Rotation (rad) 0.0285 0.0178 0.0369 
Ultimate Moment (kNm) 7313 9200 4750 
Ultimate Curvature (m-1) 0.0862 0.1094 0.0791 
Ultimate Rotation (rad) 0.0511 0.0651 0.0466 
Bilinear Yield Moment (kNm) 6609 9600 3798 
Bilinear Yield Curvature (m-1) 0.00413 0.00425 0.00449 
Bilinear Ultimate Moment (kNm) 7313 9600 4750 
Bilinear Ultimate Curvature (m-1) 0.0862 0.1094 0.0791 
 
 

TABLE 2: PRESTRESSED SECTION LIMIT-STATE DEFORMATIONS 
 

LIMIT-STATE VALUES P=4450kN P=13344kN P=223kN 
First-Yield Moment (kNm) 4514 7405 2849 
First-Yield Curvature (m-1) 0.00175 0.00242 0.00182 
First-Yield Rotation (rad) 0 0 0 
Serviceability Moment (kNm) 5678 8597 3756 
Serviceability Curvature (m-1) 0.00972 0.00802 0.00897 
Serviceability Rotation (rad) 0.0155 0.0107 0.0136 
Ultimate Moment (kNm) (also LS3) 5489 8217 3815 
Ultimate Curvature (m-1) (also LS3) 0.02489 0.0171 0.03343 
Ultimate Rotation (rad)    (also LS3) 0.0467 0.0294 0.0639 
Bilinear Yield Moment (kNm) 5588 8400 3756 
Bilinear Yield Curvature (m-1) 0.0022 0.0281 0.00239 
Bilinear Ultimate Moment (kNm) 5588 8400 3815 
Bilinear Ultimate Curvature (m-1) 0.02489 0.0171 0.03343 
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TABLE 3: DISPLACEMENT CAPACITIES BASED ON PILE/FOOTING 

ROTATION CAPACITY 
 
LIMIT STATE VALUES P=4450kN P=13344kN P=-2225kN 
EI pile  (kNm2) 2.5x106 4.05x106 1.2x106 

First yield displacement (m) 0.107 0.110 0.107 
Serviceability Displacement (m) 0.201 0.180 0.286 
Damage Control Displacement (m) 0.528 0.373 0.725 
Ultimate Displacement (m) 0.863 1.073 0.868 
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ANTIOCH BRIDGE PILE ANALYSIS 
 

PRELIMINARY REPORT (PIER 30) 
 

Nigel Priestley 
 

1. Introduction: 
 
This preliminary report gives results of moment-curvature and moment-rotation capacity of a 
typical square 24in. prestressed pile at Pier 30. Analyses were carried out separately for the 
pile/footing connection detail, and for the prestressed section below the dowel connection. 
The following data were applicable, (or assumed) for the analyses. 
 
 Connection:  
  Dowels: 6#11 Grade 60 bars. Assumed 1in. (25.4mm) clear between inside of 
10.5in dia. void and inner spiral.  
  Cover to outer spiral = 3in (76mm) 
  Spiral W11 @ 76mm pitch 
  Material properties, as for  Pier 19 
 
 Prestressed Section: 
   Prestressing:  Number of strands is not given. 12x0.6in strands 
  (Total area = 1680mm2 ). 
  PCD of prestressing = 422mm 
  Initial stress = 1096MPa 
  Yield stress =  1500MPa 
  Ultimate stress = 1862MPa (270ksi)  
  Confinement W11 spiral @ 76mm. 
 
 Deflection Calculations: 
 
  Since the pile cap is embedded in the bay muds, simple deflection calculations 
based on an assumed depth to fixity were inappropriate. Hence this report only provides the 
appropriate moment-curvature and moment-rotation characteristics to be used in a push-over 
analysis. However, the following data were assumed for the plastic hinge lengths: 
  Plastic hinge length at footing connection:  
   mmdfL bdyP 4669.3445503.003.0 =××==    
  Plastic hinge length in-ground (conservative estimate) 
   mmxDL PP 22.161.022 ===  
 
 
Limit States Considered: 
 
  Yield: For footing connection, εs = 0.002275, or εc = 0.002 (whichever first) 
             Prestressed: εp = 0.0075 or εc = 0.002 (whichever first) 
 
  Serviceability: Footing Conn: εs = 0.015 or εc = 0.004 (whichever first) 
   Prestressed: (same as footing connection) 



Antioch Bridge. Pier 30 Moment-Curvature, NP, May8,08 2 

 
  Damage Control: Footing Conn:  εs = 0.07, or εc = 0.0147 (energy balance) 
   Prestressed: εp = 0.04 or εc = 0.008 
 
  Ultimate: Footing Connection:  εs =0.07 
   Prestressed: Same as Damage control. 
 
Notes: 
1. The program used for moment-curvature analysis did not have the capability for analysis of 
rectangular prestressed piles with a circular inner core, or a circular disposition of dowels. 
Instead, two alternative approximations were used. The first used a rectangular section with a 
rectangular disposition of dowels and confinement. The second used an equivalent circular 
section with slightly increased diameter, but exact modelling of the prestressing or the dowel 
disposition. It was found that the strengths and limit state curvatures agreed to within about 
5%. Since stability problems were found in the analyses with the circular section 
approximation, the equivalent square section with square reinforcement disposition was used 
to generate the following results. 
 
2. Analyses were carried out for the nominal design load of 250 tons (2223kN), an upper limit 
of 750tons (6668kN) and, for the footing connection, a lower limit of 5.6tons (50kN). The 
program was unstable for lower axial loads for both the footing connection and the 
prestressed section. However, it was clear from the trends exhibited for the higher load levels 
that low compressive, or tensile axial forces would not create critical conditions. 
 
3. Since the footing is embedded in the soft surficial bay muds, the plastic hinge length for the 
in-ground hinge is likely to be considerable. Based on experimental results at UCSD, a 
conservative estimate of 2DP (1.22m) was assumed. 
 
4. Experiments (UCSD) have shown that the presence of prestress at the top of the pile 
inhibits spalling of the cover concrete, particularly where the moment gradient is high, as will 
be the case with embedded footings. To represent this, the cover for the pile/footing 
connection was conservatively reduced to 36mm for the analyses.  For the in-ground hinge, 
the soil confinement will also eliminate cover spalling until a peak surface strain of 0.008 
(corresponding to LS3 and LS4). As a consequence, the effective cover was reduced to 20mm 
(the minimum value for which stable analytical results could be obtained)  for the in-ground 
hinge calculations. 
 
2. Pile/Footing Connection Characteristics 
 
2.1 Moment-Curvature Response:  
 
Results of the analyses are plotted in Fig.4 and listed in Table 4. A bilinear approximation to 
the moment-curvature curves is included and the various limit states are identified in Fig.4 by 
solid circles. It will be noted that the strength drop after the serviceability limit state is 
significant, as a consequence of spalling of the extensive cover. This is particularly apparent 
for the high axial load limit of 750tons. 
 
It will be noted that the curvatures associated with a particular limit state decrease as the axial 
load increases. 
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2.2 Moment-Rotation Response:  
 
The moment-rotation response of the pile/footing connection is shown in Fig.5 in quadri-
linear  and bilinear forms, with the quadrilinear curve defined by the four limit states. It will 
be seen than the plastic rotation capacity of the section is close to 0.03 for the critical case of 
maximum axial compression, and more than 0.04 for other cases. The rotation at the yield 
limit state (LS1) corresponds to elastic strain penetration of the dowel bars into the footing, 
and is typically about 0.002. Rotational values at the four limit states are included in Table 4. 
 
3 Prestressed Section Characteristics 
 
3.1 Moment-Curvature Response: 
 
Moment-curvature response of the prestressed section at two different axial load levels, 
together with bilinear approximations, are shown in Fig.6, with the limit states identified by 
solid circles. Note that only LS1, LS2 and LS3 are shown, since the ultimate limit state (LS4) 
is the same as the damage-control (LS3) limit state. Values for moment and curvature for the 
limit states are listed in Table 5.  
 
It will be noted that the prestressed section moment capacity, for a given limit state, exceeds 
the capacity of the dowel connection. There is thus no possibility of hinging developing in the 
piles immediately below the dowels.  
 
3.2 Moment-Rotation Response: 
 
Key values of the rotational capacity of the in-ground hinge at the serviceability and ultimate 
limit states are also listed in Table 5. Note that there is no yield rotation, as strain penetration 
does not occur at the critical in-ground location. Since there are only two data points for each 
limit state, plots of rotational capacity are not provided. 
 
4. Elastic Stiffness of piles for Deflection Calculations 
 
Pile Stiffness for the elastic component of deflection calculations should be based on 
moment-curvature response of the prestressed section at a moment of about 75% of nominal 
flexural strength. This resulted in the following elastic stiffness values: 
 
 Axial load = 2223 kN   EI = 225,000kNm2 
 
 Axial load = 6668  kN  EI = 308,000kNm2  
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TABLE 4: 24in PILE/FOOTING LIMIT-STATE DEFORMATIONS 

 
LIMIT-STATE VALUES P=2223kN P=6668kN P=50kN 
First-Yield Moment (kNm) 937 1073 618 
First-Yield Curvature (m-1) 0.0103 0.00623 0.00950 
First-Yield Rotation (rad) 0.0024 0.00145 0.00221 
Serviceability Moment (kNm) 1062 1350 790 
Serviceability Curvature (m-1) 0.0221 0.0151 0.0296 
Serviceability Rotation (rad) 0.0079 0.00557 0.0116 
Damage-Control Moment (kNm) 980 1246 780 
Damage-Control Curvature (m-1) 0.0589 0.0435 0.0775 
Damage-Control Rotation (rad) 0.0250 0.0188 0.0339 
Ultimate Moment (kNm) 900 1150 760 
Ultimate Curvature (m-1) 0.0884 0.0653 0.1163 
Ultimate Rotation (rad) 0.0388 0.0290 0.0520 
Bilinear Yield Moment (kNm) 980 1250 780 
Bilinear Yield Curvature (m-1) 0.0117 0.00784 0.0121 
Bilinear Yield Rotation (rad) 0.00251 0.00169 0.00279 
Bilinear Ultimate Moment (kNm) 980 1250 780 
Bilinear Ultimate Curvature (m-1) 0.0884 0.0653 0.116 
Bilinear Ultimate Rotation (rad) 0.0388 0.0290 0.0520 
 
 
 

TABLE 5: 24in. PRESTRESSED SECTION LIMIT-STATE DEFORMATIONS 
 
LIMIT-STATE VALUES P=2223kN P=6668kN 
First-Yield Moment (kNm) 975 1452 
First-Yield Curvature (m-1) 0.00720 0.00878 
First-Yield Rotation (rad) 0 0 
Serviceability Moment (kNm) 1067 1480 
Serviceability Curvature (m-1) 0.0242 0.0126 
Serviceability Rotation (rad) 0.0222 0.0093 
Ultimate Moment (kNm) (also LS3) 1015 1351 
Ultimate Curvature (m-1) (also LS3) 0.0477 0.0265 
Ultimate Rotation (rad)    (also LS3) 0.0509 0.0262 
Bilinear Yield Moment (kNm) 1050 1400 
Bilinear Yield Curvature (m-1) 0.0060 0.0050 
Bilinear Ultimate Moment (kNm) 1050 1400 
Bilinear Ultimate Curvature (m-1) 0.0477 0.0265 
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1.0 INTRODUCTION 
This Geotechnical Site Characterization Report presents the results of a geotechnical 
investigation and data analyses conducted by Earth Mechanics, Inc. (EMI) for the Antioch 
Toll Bridge Geotechnical Investigation project.  This work was conducted under contract 
with the Bay Area Toll Authority (BATA), with the California Department of 
Transportation (Caltrans) providing technical oversight for the project.  The project is 
located in the northeastern portion of the San Francisco Bay area, in the San Joaquin River 
Delta as indicated on the Site Location Map, Figure 1-1. 

1.1 Purpose and Scope of Work 
The overall geotechnical investigation program conducted by EMI consists of the 
following three major elements for the Antioch Toll Bridge: 

Geotechnical Site Characterization: A number of soil borings (both marine and on-land), 
CPT soundings (marine and on-land), geophysical measurements, in-situ testing, 
laboratory testing, subsurface interpretation, and characterization of engineering properties 
of soils are performed. Faulting study was also conducted to clarify the existence of 
Antioch Fault and the possibility of surface fault rupturing. The operation of the field 
program, findings from the in-situ and laboratory testing, Logs-of-Test Borings (LOTBs), 
the interpreted subsurface conditions and the faulting study are documented in this report 
entitled “Geotechnical Site Characterization for Antioch Bridge Seismic Retrofit Project.”  

Ground Motion Study: The ground motion study includes probabilistic and deterministic 
seismic hazard analyses incorporating the 2007 Delta Risk Management Study by URS, 
development of reference rock motion criteria for the Safety Evaluation Earthquake (SEE), 
generation of spectrum compatible time histories for site response analyses, and kinematic 
soil-structure interaction analyses to develop ARS (Acceleration Response Spectrum) 
design curves and pier-specific kinematic time histories. The findings are documented in 
an EMI report is entitled “Ground Motion Study for Antioch Bridge Seismic Retrofit 
Project.” 

Foundation Analysis: Detailed analyses of the foundations are conducted. The analyses 
include characterizations of lateral soil supports (p-y curves), and axial soil supports (t-z 
and q-u curves) along the pile. Pile capacity evaluations are conducted by performing axial 
and lateral load-deformation analyses on a single pile. The pile groups are characterized by 
linearized 6x6 stiffness and mass matrices to be used in a global bridge model for seismic 
response evaluation. Liquefaction potential and associated settlement is also evaluated at 
susceptible locations. The results are provided in an EMI report entitled “Foundation 
Analysis for Antioch Bridge Seismic Retrofit Project.”  

The purpose of the geotechnical site investigation is to collect data in order for the 
characterization of geologic deposits and subsurface properties along the Antioch Toll 
Bridge alignment. The geotechnical site investigation services provided for this project 
include the following tasks: 



 

1-2 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

• On-land and over-water field explorations including drilling and logging of soil 
borings, in-situ seismic wave velocity measurements, in-situ shear strength 
measurements, and an offshore geophysical survey. 

• Laboratory testing to characterize materials properties for selected soil and rock 
samples. 

• Interpretation subsurface information and preparation of this report presenting 
the geotechnical data obtained. 

The geotechnical data collected and presented in this report were used in the determination 
of the performance of the bridge during a design earthquake and in the evaluation of 
seismic retrofit work needed for the bridge.   

1.2 Project Description and Background 
The project is located along the 1.6 mile-long Antioch Toll Bridge (officially known as the 
Senator John A. Nejedly Bridge).  The bridge crosses the San Joaquin River and links 
Antioch, California (Contra Costa County) in the south with Sacramento County, 
California in the north via California State Highway 160 (Figure 1-1).  

The original Antioch Bridge was privately owned and operated from its inception in 1926 
to 1940, when it was purchased by the State of California. The older bridge was replaced 
in 1978 with the current structure; a portion of the former bridge still exists as a fishing 
pier southeast of the modern bridge in the town of Antioch. The southern abutment of the 
Antioch Toll Bridge is located in the northeastern corner of Antioch and the northern 
abutment extends 4,000 feet onto Sherman Island in Sacramento County. The high-level, 
steel plate girder structure is 1.6 miles long and 40 feet wide with a narrow shoulder in 
each direction for bicyclists, pedestrians, and emergency use. The bridge accomodates one 
lane of traffic in each direction.  The navigational clearance of the modern bridge is 135 
vertical feet and horizontal 400 feet. 

The entire bridge is composed of Main Channel, South and North Approaches, and a slab 
structure in the north end (see Figure 1-2); all supported on pile foundations. The South 
Approach consists of Abutment 1 and Pier 2 through Pier 16, with Abutment 1 founded on 
14-inch square concrete piles and Piers 2 to 16 on 24-inch square concrete piles.  The Main 
Channel span contains Piers 17 to 21, each supported on 54-inch diameter concrete hollow 
piles with a pile cap cantilevered 27 to 52 ft above the mud-line. The North Approach 
consists of Piers 22 through 41, with Pier 22 through Pier 38 supported on 24-inch square 
concrete piles, Piers 39 and 40 on 30-inch diameter steel pipe piles in-filled with concrete, 
and Pier 41 founded on 14-inch square concrete piles.  

The slab structure at the end of the North Approach is composed of 30 piers (Pier 42 
through Pier 70 and Abutment 71), each supported on extensions of four 12-inch square 
concrete vertical piles with a slender cap-beam near the mud-line elevation.  

While the Antioch Toll Bridge construction incorporated seismic resistant features as 
required by the post-1971 San Fernando earthquake codes, recent significant changes in 
seismic design practice prompted Caltrans to initiate vulnerability studies in 2004 
(Caltrans, 2005).  The studies were unable to conclusively determine the performance of 
the bridge during a maximum credible earthquake.  The vulnerability studies recommended 
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that a comprehensive geotechnical study be conducted to determine whether seismic 
retrofit work is needed for the bridge.  

In addition to this investigation, other current major projects in the region include a wide-
ranging study recently begun by the California Department of Water Resources on the 
engineering integrity of levees in the Sacramento-San Joaquin Delta.   

• A Department of Water Resources report entitled “Seismic Hazards in 
Sacramento-San Joaquin Delta”, October 1980 (DWR, 1980) 

• A report for CALFED Bay – Delta Program, “Seismic Vulnerability of the 
Sacramento – San Joaquin Delta Levees, April, 2000 (CALFED, 2000) 

• A URS Corporation memo report entitled “Delta Risk Management Study (DRMS) 
Phase 1, Topical Area: Draft Seismology”, conducted for the Department of Water 
Resources dated February 1, 2007 (URS, 2007) 

1.3 Datum 
Coordinates and elevations were determined through field surveying using a Thales 
ProMark3 differential global positioning system (DGPS) with GNSS processing software 
accurate to approximately 8 horizontal feet and 2-3 vertical feet. Locations are reported in 
feet using the California Coordinate System of 1983 (CCS83), California Zones 2 & 3 
(Sacramento County and Contra Costa County, respectively) and are referenced to the 
(horizontal) North American Datum of 1983 (NAD83). Elevations are reported in feet and 
are referenced to the (vertical) National Geodetic Vertical Datum of 1929 (NGVD29). 
NGVD 29 was used rather than the North American Vertical Datum of 1988 (NAVD88) to 
maintain contiguity with existing as-built plans. Elevations for the over-water survey sites 
were initially referenced to river/tide-stage data from the California Department of Water 
Resources, San Joaquin River at the Antioch gauging station which uses NAVD88 as a 
vertical datum. The elevations were subsequently adjusted to the NGVD29 datum using a 
correction value established for the ANH (B95020) station in October 2006. 

1.4 Report Organization 
This report summarizes results of the geotechnical investigation in the following sections:  

• Section 1.0 provides an introduction to the subject; 

• Section 2.0 describes the site exploration program; 

• Section 3.0 summarizes the laboratory testing program; 

• Section 4.0 provides geology and subsurface conditions; 

• Section 5.0 presents engineering properties of soil and design parameters; and 

• Section 6.0 provides the references. 

These text sections are followed by: 

• Figures consisting of maps, soil profiles and data plots, 

• Appendix A: Logs of Previous Explorations, 
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• Appendix B: Logs of Test Borings (LOTB), 

• Appendix C: Suspension Logging Results, 

• Appendix D: Cone Penetration Test Results, 

• Appendix E: Geophysical Survey and Bathymetry Data, 

• Appendix F: Laboratory Tests and Data,  

• Appendix G: Site Exploration Photos,  

• Appendix H: Review of Potential Seismic Sources, and 

• Appendix I: Review of Antioch Fault  

1.5 Previous Reports              
The following existing reports document previous studies of interest to this project: 

• “Antioch Toll Bridge: Seismic Vulnerability Study” prepared by Caltrans-
DES/OEE, 2005. 

• “Log of Test Borings, San Joaquin River Bridge, Drawings 98 to 106” By 
Caltrans, 1975. 
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2.0 FIELD INVESTIGATIONS 

2.1 Review of Existing Data 
We reviewed a variety of references related the geotechnical, geologic, and seismic conditions 
near the Antioch Toll Bridge and the southern San Francisco Bay.  Selected references are 
listed at the end of this report in Section 6.0.   Along the bridge alignment, explorations prior 
to the current project consist of soil borings and penetration tests performed by Caltrans in 
1964, 1967, 1970, and 1974 for the San Joaquin River Bridge (the Antioch Toll Bridge) 
project.   

A total of 37 soil borings and 15 penetration test borings were drilled during these periods. 
The deepest borings penetrated to elevation -220 feet. Findings from these drilling activities 
from different years were summarized on nine sheets of boring logs in 1975 during design of 
the San Joaquin River Bridge.  Logs of these borings are presented in Appendix A.   

In 2006, Caltrans drilled a deep borehole between Bents 3 and 4 of the Antioch Toll Bridge 
for installation of a downhole seismic array.  The boring was approximately 350 feet deep and 
was logged for compression and shear wave velocities prior to installation of the seismic 
array. On Sherman Island side, DWP made measurements of shear wave and compression 
wave velocities in a 150 feet deep borehole in 1994.  These shear wave velocity 
measurements were reviewed and the data are included on the idealized soil profile. 

2.2 Present Field Investigation 
2.2.1 General 
During the period of November 6, 2006 to April 20, 2007, Earth Mechanics Inc. (EMI) 
conducted a geotechnical investigation along existing piers and abutment structures of the 
Antioch Toll Bridge. The field investigation was carried out both on-land and over-water, and 
consisted of ten soil borings, six downhole seismic suspension loggings, and 38 cone 
penetrometer tests (CPT).    Whenever possible, on-land sites were located directly under the 
bridge structure on both the north (Sherman Island) and south (Antioch) sides of the bridge. 
Where access under the bridge was not possible, sites were located ~ 20’ adjacent to the 
structure. Over-water sites were located west of the pier supports in the San Joaquin River.  
Boreholes and CPT soundings ranged in depth from approximately 69 to 261 ft and have 
designations consistent with hole assignment criteria detailed in the Caltrans soil logging 
manual (Caltrans, 2007).  These are based on borehole type (e.g., CPT) and relative position 
(e.g., 06-03). Summaries of the soil and CPT borings are presented in Table 2-1. Soil and CPT 
boring locations are shown in Figure 2-1.  A geologic cross section is presented in Figure 2-2. 

Of the ten soil borings, eight were positioned on-land (06-01 and 06-02, and 06-05 through 
06-10) and the remaining two were positioned over-water (06-03 and 06-04). Over-water 
drilling was conducted from 1/30/2007 to 2/2/2007. On-land drilling was conducted from 
11/6/2006 through 11/18/2006 at five locations of the six locations; the final on-land borehole 
(06-05) was inaccessible due to wet conditions and was drilled April 12, 2007. On-land 
drilling required two ~10 hour day shifts per site; over-water drilling was conducted around-
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the-clock and lasted ~29 to 34 hours per location depending on site conditions and borehole 
depth. Logs of test borings (LOTBs) are presented in Appendix B. 

In addition to drilling and sampling, downhole seismic suspension logging was performed at 
six borehole locations (06-02, 06-03, 06-04, 06-05, 06-07, and 06-08). Results of the 
suspension logging are presented in Appendix C.   

25 on-land and 13 additional over-water sites were selected for CPT testing. On-land CPT 
were performed as seismic soundings; the remaining tests were performed as conventional 
soundings. CPT durations ranged from ~1 to 4 hours depending on site location and 
conditions. Most CPT were conducted from 11/13/06 to 11/22/06; three (06-CPT-19, 06-
CPT-35 and 06-CPT-36) were delayed until 4/20/2007 due to soft ground conditions.  Results 
of the CPT borings are presented in Appendix D. 
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Table 2-1.  Summary of Soil Borings and CPTs 

 

  Coordinates (CCS83; CA-Zone 2 and 
3, NAD83) Dates Drilled 

  
Boring 

Northing Easting Start Date End Date 

Total Depth 
(ft) 

06-01 2195074.61 6201159.23 11/6/06 11/7/06 121.5 
06-02 2196002.65 6201136.19 11/14/06 11/15/06 200.5 
06-05 2200250.22 6201188.25 4/12/07 4/13/07 101.5 
06-06 2201249.40 6201199.57 11/8/06 11/9/06 121.5 
06-07 2202447.25 6201216.19 11/20/06 11/21/06 260.5 
06-08 2203762.66 6201259.24 11/17/06 11/18/06 121.5 
06-09 2204182.20 6201181.09 11/8/06 11/9/06 121.5 O
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06-10 2204562.70 6201185.83 11/6/06 11/7/06 121.5 
06-03 2197414.69 6201067.72 1/30/07 1/31/07 -10.8 
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06-04 2198565.36 6201079.97 2/1/07 2/2/07 -22.3 
06-CPT-01 2195275.71 6201093.60 11/14/06 11/14/06 93.50 
06-CPT-02 2195453.17 6201084.80 11/13/06 11/13/06 88.75 
06-CPT-03 2195608.14 6201086.45 11/14/06 11/14/06 83.50 
06-CPT-04 2195849.98 6201086.76 11/14/06 11/14/06 77.59 
06-CPT-18 2200003.30 6201244.05 11/17/06 11/17/06 100.23 
06-CPT-19 2200475.40 6201189.46 04/20/07 04/20/07 59.6 
06-CPT-20 2200651.27 6201193.95 11/21/06 11/21/06 100.06 
06-CPT-21 2200845.74 6201195.47 11/21/06 11/21/06 100.23 
06-CPT-22 2201044.52 6201199.95 11/21/06 11/21/06 100.06 
06-CPT-23 2201448.06 6201202.04 11/20/06 11/20/06 100.23 
06-CPT-24 2201665.03 6201204.06 11/20/06 11/20/06 100.06 
06-CPT-25 2201837.09 6201208.10 11/16/06 11/16/06 100.23 
06-CPT-26 2202061.78 6201210.56 11/15/06 11/15/06 101.05 
06-CPT-27 2202277.81 6201211.19 11/15/06 11/15/06 100.23 
06-CPT-28 2202662.82 6201213.64 11/15/06 11/15/06 100.23 
06-CPT-29 2202854.83 6201214.16 11/16/06 11/16/06 100.23 
06-CPT-30 2203055.75 6201216.11 11/16/06 11/16/06 100.23 
06-CPT-31 2203162.61 6201214.86 11/20/06 11/20/06 88.09 
06-CPT-32 2203351.53 6201269.12 11/17/06 11/17/06 100.23 
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06-CPT-33 2203637.08 6201285.57 11/22/06 11/22/06 100.23 
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Table 2-1 (continued).  Summary of Soil Borings and CPTs 

 

2.2.2 Drilling and Soil Sampling Operations 
General Drilling and Sampling Procedures.  

All soil borings were drilled by Gregg Drilling, located in Martinez, CA and East Palo Alto, 
CA using mud-rotary-wash drilling methods. Soils were generally sampled at ~5 ft intervals 
for ~100 ft; below the uppermost ~100 ft, sample intervals were altered to every ~10 ft. 
Sampling alternated between Standard Penetration Test (SPT) and California Modified (MC) 
samplers. Shelby tube (ST) and Pitcher tube (PT) samplers were used at on-land sites at 
depths where soils were expected to be predominantly fine-grained. The precise depth interval 
for sampling with Shelby/Pitcher tubes was determined in the field when drilling conditions 
(i.e., blow counts or degree of resistance encountered) suggested soils were the appropriate 
density/consistency for lab tests.  SPT sampling was conducted to analyze grain size 
distributions and moisture content; California Modified, Shelby and Pitcher tube sampling 
were conducted for consolidation tests and shear tests that require that require soil samples 
that are relatively undisturbed. 

Coordinates (CCS83; CA-Zone 3, 
NAD83) Dates Drilled   Boring 

Northing Easting Start Date End Date 

Total Depth 
(ft) 

06-CPT-34 2203950.48 6201189.53 11/13/06 11/13/06 100.06 
06-CPT-35 2204418.70 6201197.87 11/13/06 11/13/06 100.23 
06-CPT-36 2204975.60 6201205.14 04/20/07 04/20/07 62 
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06-CPT-37 2205388.55 6201213.02 04/20/07 04/20/07 60 
06-CPT-05 2196246.50 6201038.83 2/5/07 2/5/07 -7.0 
06-CPT-06 2196478.81 6201056.74 2/3/07 2/3/07 -11.4 
06-CPT-07 2196624.27 6201077.50 2/10/07 2/10/07 -10.8 
06-CPT-08 2196824.26 6201085.70 2/9/07 2/9/07 -10.0 
06-CPT-09 2197024.05 6201084.71 2/9/07 2/9/07 -10.9 
06-CPT-10 2197224.23 6201090.78 2/8/07 2/8/07 -13.9 
06-CPT-11 2197624.08 6201067.48 2/8/07 2/8/07 -20.4 
06-CPT-12 2197824.22 6201092.67 2/7/07 2/7/07 -21.2 
06-CPT-13 2198024.28 6201095.98 2/6/07 2/6/07 -23.1 
06-CPT-14 2198234.26 6201087.28 2/5/07 2/5/07 -19.8 
06-CPT-15 2198840.80 6201120.82 2/12/07 2/12/07 -34.3 
06-CPT-16 2199327.93 6201051.78 2/11/07 2/11/07 -44.6 
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06-CPT-17 2199655.20 6201044.38 2/11/07 2/11/07 -12.3 
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Standard Penetration Tests (SPT) and California Modified (MC) samplers were driven using a 
140-lb hammer free falling from a height of 30 inches. The number of blows required to 
advance the sampler 18 inches was recorded to determine penetration resistance. Blow counts 
were recorded for each 6” interval; counts from the last 12” were used to calculate 
consistency and density values. Where the count exceeded 50 blows in the first 6”, the blow 
count was recorded as ‘0’ or, ‘refusal’ and hammer driving for that depth increment was 
terminated. Where the count exceeded 50 blows in the second or third 6” interval, driving for 
that depth increment was terminated and blow counts were recorded as the number of blows 
driven below the first 6”, per number of inches penetrated before meeting resistance (i.e., > 50 
blows per <12”).  

SPT split-tube samplers, 18” in length, with inner and outer diameters of 1.4” and 2.0” 
respectively, were used in the drilling. SPT samples were placed in plastic sampling bags and 
tightly sealed with twist ties and electric tape. MC split-spoon samplers, 18” in length, with 
inner and outer diameters of 2.5” and 3.0” respectively, were lined with one-inch brass rings. 
Generally, the lowest 6 rings (6” of sample) that were relatively undisturbed by the drilling 
and extraction processes were encased in 6” plastic-lined sampling tubes, capped, and sealed 
with electrical tape. Shelby and Pitcher tubes were pushed with a continuous motion using the 
drill rig’s hydraulic system. After the push was completed, the drill rod string was rotated to 
shear off the sample at the cutting edge. The sample tubes were then capped, sealed with 
electric tape, and kept in an upright position. All samples were logged in the field and moved 
to storage in a refrigerated trailer. 

On-land Drilling and Sampling Procedures  
On-land drilling procedures involved the use of a truck-mounted Failing 1500 drill rig 
equipped with a 3.87” diameter tri-cone drill bit operated by Gregg Drilling out of their East 
Palo Alto, CA office.  In addition to alternating SPT and MC sampling, hand–augured bulk 
samples were collected from the first four ft of each borehole. Soil sampling was conducted 
with alternating SPT, MC and Shelby/Pitcher tube samplers varying depths between ~100’ 
and ~250’ at each of the eight on-land sites (06-01, 06-02, and 06-05 through 06-10). 

Over-water Drilling and Sampling Procedures  
Over-water drilling was conducted using Gregg Drilling’s Quin Delta, equipped with a 
Mobile B-80/22 mud-rotary drill rig, mounted ~ 30 ft from the bow. The 110’ long ship was 
navigated into position next to the pier structures so boreholes could be drilled as closely as 
possible to the pier footings. The ship’s design, with a shallow (3 ft) draft and long (80 ft) 
spuds, allowed for stable anchoring in the fluctuating channel conditions of the San Joaquin 
River delta.  

An on-board, real-time DGPS system was used for navigation and calculating tide elevations. 
At each site, prior to drilling, initial water depth (depth to mudline) was measured using a 
weighted tape. Water depths ranged from 0 to 50+ feet depending on channel bathymetry and 
tidal fluctuations (up to 8 ft). Elevations were referenced to river/tide-stage data from the 
Antioch gauging station, and depths were monitored and readjusted for river stage/tidal 
fluctuations in order to maintain consistent sampling intervals and to conduct tests at target 
elevations. Depth corrections in the field were based on charts provided by the NOAA’s 
Electronic Navigational Charts database. 
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Soil Logging 
Soil logging was conducted in accordance with procedures defined in Caltrans Soil and Rock 
Logging Classification Manual (Caltrans, 2006). Caltrans has recently released an updated 
version of this manual; however, it was not available at the time of the field investigation.  
Logs include borehole location, time and date of drilling, sample depths, blow counts, percent 
recovery, in-situ test depths, and soil classification with soil descriptions. Soil samples were 
classified using the Unified Soil Classification System (USCS); bedrock was not encountered 
in any of the boreholes. Field-based estimates of soil properties (i.e., color, soil moisture, 
grain size, etc.) were used for initial soil description and classification; classifications were 
subsequently modified based on quantitative values from laboratory tests. 

SPT Energy Calibration 
SPT energy calibrations were conducted to correct for the energy loss transferred to the 
drilling rod with each hammer blow. To conduct SPT energy calibrations, instrumented 
sections are attached to rods that measure strain and elevation with each hammer blow. SPT 
energy calibrations were conducted with Gregg Drilling’s Pile Driving Analyzer® (PDA).  
The N values calculated by the PDA were adjusted to the normalized (60% energy ration) 
standard for energy transferred to the rods. All equipment and analyses conform to ASTM 
D6066.  

Borehole Abandonment and Waste Disposal 
At the completion of drilling, boreholes were backfilled with grout, and soil and drilling-mud 
waste was placed into labeled 55-gallon steel drums that were removed from site by Waste 
Management, Kettleman City, CA. The contents of the drums were tested for Title 22 metals 
(EPA 6010B/7471A), volatile organics/BTEX (EPA 5030B/8260B), and total recoverable 
petroleum hydrocarbons (EPA 418.1). Based on the testing, the contents were classified as 
non-hazardous and suitable for disposal at approved waste repositories. 

2.2.3 Logs of Test Borings 
Ten Logs of Test Borings are provided in Appendix B. The soil logs generally follow the 
Caltrans’ standard format and give borehole locations and depths, condensed descriptions of 
boring operations, blowcounts, descriptions and classifications of soils, and annotated 
references to soil laboratory tests.   

2.2.4 Down-hole Seismic Suspension Logging  
Down-hole seismic suspension logging (P-S logging) was conducted to supplement 
stratigraphic information and establish shear wave velocity profiles of the subsurface.     

P-S logging was performed at six locations, both on-land and over-water, by GEOVision of 
Corona, CA between the dates of 11/16/2006 and 2/2/07 using the OYO Model 170 
Suspension Logging system. Detailed descriptions of the instrumentation, procedures results 
and analysis of the seismic suspension logging are presented in Appendix D. 
 



 

2-7 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

2.2.5 Cone Penetration Tests 
Cone penetration tests (CPT) were performed over-water and on-land, respectively, at 38 
locations.  Detailed results of CPT borings are presented in Appendix D. 

CPT Procedures 
Over-water CPT were carried out aboard the Gregg Drilling’s Quin Delta drill ship from 
02/03/07 and 02/12/07. Soundings were conducted using a 20-ton capacity cone with an equal 
end area friction sleeve of 225 cm2, a tip area of 15 cm2 (60° apex), and a tip end area ratio of 
0.85. Appendix D provides data for corrected tip stress (qt), sleeve friction (fs,), friction ratios 
(Rf), correlations to normalized SPT blow counts (SPT N/60), pore water pressure (u2) and 
model soil behavior type (SBT).  All measurements of qc, fs, and u2 were taken at 5 cm 
intervals and values were plotted as a function of depth, providing a virtually continuous, real-
time log of soils properties.    

Seismic CPT Procedures 
On-land seismic CPTs were carried out by Gregg Drilling from 11/13/06 to 4/20/07. Seismic 
CPT were conducted every five feet using the same cone, sleeve, tip, etc. as described above. 
The geophone offset distance was 0.66 feet and the source offset distance was 1.67 feet. 
Corrections for offset distances between the seismic beam and both geophone sets were 
applied in velocity calculations. To check waveform consistency and maintain desired signal 
resolution with depth, a minimum of two waves were recorded for each test and the input 
sensitivity was increased with depth. Shear wave data were sampled at a frequency of 20 kHz 
and compression wave data were sampled at 50 kHz. Wave form plots and data for shear 
wave velocity calculations are presented in Appendix D.   

2.2.6 Offshore Geophysical Survey  
An offshore geophysical program for the Antioch and Dumbarton Bridges was conducted by 
Golder Associates Inc. in December of 2006. The program consisted of multibeam 
bathymetry, sidescan sonar and subbottom/seismic reflection profiling. The report by Golder 
Associates, presented as Appendix E, provides information on testing equipment and 
procedures, analyses, and information on surficial data from the Bay floor, including a 
bathymetry map.  The Microstation contour files and raw data for the bathymetry map is 
presented on a CD included with this report.  This data has been electronically submitted to 
Caltrans.  The bathymetry data on the CD includes: the "original" points gathered in the 
MLLW vertical control system; the original points "translated" into the NGVD29 vertical 
control system; and files showing both the NGVD29 elevation and the MLLW elevations. 

  



 

3-1 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

3.0 LABORATORY TESTING PROGRAM 
Laboratory tests were conducted between the dates of 3/20/2007 and 7/2/2007 by Earth 
Mechanics, Inc., Fountain Valley, CA, by Petra Geotechnical, Inc, Orange County and by 
Cooper Testing Laboratory in Palo Alto, CA. Tests were conducted on soil samples that 
were considered representative of subsurface conditions in general accordance with 
applicable American Society for Testing and Materials (ASTM) standards. The 
Shelby/Pitcher tube samples were x-rayed by Testing Engineers, Inc. of San Leandro, CA 
to identify possible voids, sedimentary discontinuities, coarse-grained intervals, etc.  

Soils were classified in general accordance with ASTM D2488, which is based on the 
Unified Soil Classification System.  Tests conducted for this project included moisture 
content, unit weight, grain size distribution, No. 200 sieve wash, Atterberg limits, 
unconsolidated-undrained triaxial compression tests, unconfined compression tests, direct 
shear, organic content, and corrosivity. 

3.1 Descriptions of Laboratory Tests  
3.1.1 Moisture-Unit Weight Tests (ASTM D-2216 & D-2937) 
The in-situ moisture content in percent of dry weight and total unit weight were 
determined on selected drive samples taken in the field exploration.  The information is 
useful for soil classification and the state of in-situ compaction and water content. Test 
results, in terms of moisture content in percent and unit weight in pound per cubic foot 
are given on the boring logs. 

3.1.2 Grain Size Analyses (ASTM D-422) and Wash on #200 (D-1140) 
Sieve and hydrometer tests as well as wash on #200 sieve were performed on 
representative samples of the various soils to assist in the soils classification. 
Liquefaction analysis and scour evaluation also rely on the grain size data. Particle sizes 
finer than No. 200 are determined using hydrometer tests. Results of these analyses are 
presented on gradation curves describing relative percentages of different particle sizes. 

3.1.3 Atterberg Limits (ASTM D-4318) 
Atterberg Limits Tests were performed to evaluate their plasticity and aid in their 
classification.  The Atterberg Limits include Plastic Limit (PL), Liquid Limit (LL), and 
Plastic Index (PI). PL is defined as moisture content at the point of transition from 
semisolid to plastic state: and LL from plastic to liquid state. PI is difference between 
Plastic Limit and Liquid Limit which is a main parameter in distinguishing clayey soils 
from sandy soils. 

3.1.4 Direct Shear (ASTM D-3080) 
Direct shear tests were run on selected drive samples using a constant strain-rate shear 
machine. Samples were placed in the shear machine, a normal load applied and the 
samples soaked prior to shear.  The samples were sheared to the end of the shear box 
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using an appropriate shearing rate.  The test was repeated on two other samples using 
different normal loads.  The ultimate shearing resistance for each sample was determined 
and a plot prepared indicating the strength parameters, the angle of internal friction (Phi) 
and the cohesion (C).   

3.1.5 Consolidated-Undrained Triaxial (ASTM D-2850) 
 Consolidated-Undrained Triaxial tests were run on clayey soil samples to determine the 
compressive strength of the soils.  Samples with a length to diameter ratio of 2 were 
loaded in a triaxial cell with appropriate confining pressure. However, the sample 
wrapped in rubber membrane is not allowed to consolidate; i.e., drainage is closed.  The 
compressive load and axial deformation were recorded.  

3.1.6 Consolidation (ASTM D-2435) 
Consolidation tests were performed on drive samples to determine the moisture 
sensitivity and compressibility of the typical soils.  This test involved loading samples 
into a consolidometer, which contained porous stones both top and bottom.  Vertical 
loads were applied and the resulting deflections were recorded at various times.  Normal 
loads were applied at a constant load-increment ratio, successive loads being generally 
twice the preceding load.  Moisture infiltration was allowed during the tests to determine 
whether the samples would swell or collapse. Coefficient of consolidation, compression 
index, and swell index can be obtained from the consolidation testing. 

3.1.7 Soil Corrosivity (CA Tests 417/422/532/643) 
Resistivity, pH, soluble sulfate and chloride concentrations were determined for two bulk 
soil samples to evaluate the corrosion potential of common construction materials in 
contact with site soils. The resistivity is measured in ohm-cm, and sulfate and chloride 
contents in parts per million (ppm). According to Caltrans Corrosion Guidelines 
(Caltrans, 2003), a site is considered to be corrosive if the pH is less than 5.5, the chloride 
content is higher than 500 ppm or soluble sulfate content is more than 2,000 ppm.   

3.1.8 Organic Test (ASTM D-2974) 
The percent of organic matter in the soil is determined. It involves determination of ash 
content of an organic soil sample by igniting the oven-dried soil sample. The substance 
remaining after ignition is the ash, and the ash content is expressed as a percentage of the 
mass of the oven-dried sample. Organic matter is determined by subtracting percent 
aimed content from one hundred.   

3.2 Laboratory Tests Results 
A summary of types and distribution of laboratory tests performed are presented in Table 
3-1.  Detailed test results are presented in Appendix G and on the Logs of Test Borings 
(Appendix B).  

Graphical summaries of N-value, unit weight, water content and index properties, 
undrained shear strength, and shear wave velocity taken from suspension logging and 
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seismic CPT are presented in Section 5.   

Discussions of engineering properties, including N-value, unit weight, water content and 
index properties, undrained shear strength, and shear wave velocity taken from 
suspension logging and seismic CPT are presented in Section 5.0. 
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Table 3-1.  Summary of Laboratory Tests 
 

Grain size distribution Plasticity of 
cohesive soils 

Compression 
 Organic material Shear strength Soil corrosivity 

ASTM D-1140 ASTM D422-63/CT 
203 

ASTM D 4318-
84/CT 204 ASTM D 2435/CT 219 ASTM D 2974 ASTM D-2850 ASTM  3080-90 

ASTM G 57-78/CT 643; 
ASTM G 51-77/CT 643; CT 

417; CT 422 

Boring# 
 

W SA AL CN OC UU DS CA 

06-01 

S-2 (+19) 
S-5 (+4) 
D-8 (-11) 
S-11 (-26) 
 

D-4 (+9) 
S-7 (-6) 
D-10 (-21) 
S-15 (-46) 
D-22 (-91) 

    
D-4 (+9) 
D-12 (-31) 
D-20 (-71) 
 

S-1 (+24) 
 

06-02 
D-2 (-1) 
S-7 (-26) 
S-11 (-46) 
S-13 (-56) 

S-1 (+4) 
S-5 (-16) 
S-9 (-36) 

  **S-3 (15’) D-12 (-51) 
D-24 (-125) 

D-2 (-1) 
D-8 (-31) 

S-3 (-6) 
 

06-03       *D-3 (-44)  
06-04       *D-10 (-94)  
06-05     D-3 (-27)    

06-06 D-14 (-75) 
S-19 (-100) 

D-16 (-85) 
D-18 (-95) S-9 (-60) D-3 (-30) 

D-22 (-115) **S-2 (-25) D-6 (-45) 
D-20 (-95) D-16 (-85) D-1 (-20) 

S-7 (-50) 

06-07 D-12 (60’) 
S-13 (64’) 

S-11 (54’) 
S-15 (74’)  D-19 (94’) **S-6 (29’)  D-14 (69’) 

D-16 (79’) 
S-1 (4’) 
D-5 (24’) 

06-08 S-16 (71’) 
S-14 (60.5’) 
S-18 (81’) 
S-20 (91’) 

D-8 (36’) D-5 (21’) 
D-22 (100’) **S-8 (36’) D-10 (46’) 

D-24 (120’) D-15 (66’) S-2 (6’) 
S-8 (26’) 

06-09 

S-4 (-31) 
S-6 (-41) 
S-10 (-61) 
S-14 (-81) 
S-16 (-91) 

D-3 (-26) 
S-8 (-51) 
S-12 (-71) 
D-15 (-86) 

S-20 (-111)   D-13 (-76) 
D-21 (-121) 

D-5 (-36) 
D-11 (-66) 

D-1 (-16) 
 

06-10 

S-1 (-16) 
S-4 (-31) 
S-8 (-51) 
S-12 (-71) 
 

D-3 (-26) 
S-6 (-41) 
S-10 (-61) 
S-14 (-81) 
S-16 (-88) 

S-21 (-114) 
 

D-23 (-132) 
 **S-2 (-21) D-20 (-109) 

 
D-11 (-66) 
 

S-2 (-21) 
 

Notes:    
1) W: % < 200 Sieve ; SA: Particle Size Analysis;  AL: Atterberg Limits:  CN: One Dimensional Consolidation of Soil; UU: Unconsolidated Undrained Triaxial Test; DS:  Direct Shear Test; CA: Measurement of Soil Corrosivity  
2) ASTM = American Society for Testing and Materials; CT = California Test Methods 
3) * Indicates tests performed by Cooper Laboratory, Davis, CA; ** indicates tests performed by Petra Geotechnical, Inc., Orange County, CA; all other tests performed by Earth Mechanics, Inc., Fountain Valley, CA 
4) ‘S’-SPT sample; ‘D’-California Modified sample (elevation) 
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4.0 GEOLOGY AND SUBSURFACE CONDITIONS 

4.1 Regional Geology and Geomorphology 
The Antioch Toll Bridge spans the San Joaquin River along the eastern margin of the 
California Coast Range, a geomorphic province characterized by parallel to subparallel, 
elongated, northwest-southeast trending ranges and valleys formed as a result of ongoing 
motion along the Pacific-North American plate boundary. The San Joaquin River flows 
north from its headwaters in the southern Sierra Nevada range and cuts back to the west 
where it joins the Sacramento River ~ 4 miles west of the Antioch Bridge. At their 
confluence, the San Joaquin/Sacramento Rivers cut through the Coast Ranges into the 
northern San Francisco Bay and continue on to the Pacific Ocean. The uplifted Coast 
Ranges west of the San Joaquin/Sacramento River confluence has created a unique 
topographic condition resulting in the formation of an inverted delta. An inverted delta 
forms as the river drops sediment in a low-lying inland valley, thus creating the fan-
shaped distributaries’ delta; by contrast, a conventional delta forms as sediment is 
dropped into the ocean or another large body of water.  

Once the sediment load is reduced, the rivers retain a single-channel form as they pass 
through the eastern Coast Ranges to the San Francisco Bay. The surficial deposits in the 
San Joaquin River near Antioch are highly influenced by changes in sea level that control 
local base level and the present inland deltaic sedimentation. Sherman Island and other 
delta-formed islands to the north and east are covered with up to 40’ of peaty deposits, 
reflecting the modern conditions of sea level high. The underlying coarse sand and gravel 
in the channel reflect periods of lower sea level/lower base level that initiated earlier 
channel carving providing an outlet to the Bay.  

The bedrock in the Antioch Bridge vicinity includes folded and faulted late Jurassic to 
Tertiary-aged rocks of the Great Valley Group (east) and the Franciscan Complex (west). 
Rock types are highly variable and include greywacke sandstone, chert, shale, and 
volcanic and metamorphic rocks. The bedrock is overlain by channelized sands and 
gravels eroded from underlying bedrock and higher terrain to both the east and west and 
fine-grained deltaic sediments at the channel base and margins. 

4.2 Regional Tectonics and Seismicity  
Figure 4-1 shows major faults in the Bay area. The geology of the San Francisco Bay 
region is controlled by the northwest trending, right-lateral San Andreas fault system that 
comprises several major and minor fault strands with generally similar trends, 
deformation styles, and seismic histories. The fault system accommodates ~1.5 
inches/year of relative dextral shear within the broad boundary (60-120 miles) between 
the Pacific and North American plates. The sub-parallel San Andreas and Hayward fault 
zones strike ~N35°W to N37°W and cut through the crust at variably high angles. The 
San Andreas fault on the San Francisco Peninsula is a relatively young strand that has 
undergone ~15 miles of right-lateral offset in the past 3.3-1.3 Ma (Parsons, et. al., 2002). 
The Hayward fault system, including the Hayward, Calaveras, Rodgers Creek, and 
Healdsburg faults, has undergone ~65 miles of cumulative offset in the past 12 Ma 
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(Graymer, 2003).  

Appendix H presents a detailed discussion of the project tectonics and seismicity by Dr. 
Douglas Hamilton.   

Appendix I is a review of the current understanding of the nature of the Antioch fault.  
Based on the review, it is concluded that the possibility of surface rupture along the 
alignment of the Antioch Bridge resulting from tectonic faulting is extremely remote. 
With respect to the Antioch fault, which is included in the 1996 version of the Caltrans’ 
Seismic Hazard Map, the California Geological Survey (then known as the California 
Division of Mines and Geology, CDMG) has already removed the Antioch fault from 
Alquist-Priolo Special Studies Zone. Upon further research, the team concluded that the 
Antioch fault is not considered active.  Consistent with this position, the Antioch fault 
was not considered as a seismic source in either the 2000 Calfed Bay-Delta Program or 
the 2007 URS reports. Furthermore, Caltrans has removed the Antioch fault from the 
most recent version of the updated seismic hazard map. 

4.3 Stratigraphy of the San Joaquin River, Antioch Bridge 
Section 

Soil borings and CPT conducted for this report extend to depths of ~210 ft below ground 
surface. The following units have been identified and interpreted based on current and 
previous borehole data, and geophysical information. Within the limits of the bridge 
alignment, the subsurface conditions underlying the site are rather uniform and flat-lying 
in the region north of the main channel, with considerable variation in the area beneath 
the South Approach span. A cross section based on CPT data and the soil samples 
recovered from the borings is presented in Figure 2-2.   

4.3.1 Artificial Fill 
Approximately 30 feet of artificial fill was encountered at the top of the southernmost on-
land boring on the south side of the bridge (06-01). Fill generally consisted of loose, fine- 
to very fine-grained, well-graded sand with varying clay and silt content. 

4.3.2 Silty Sand, Clay, and Peat 
Loose silty sand and sand with peat were encountered in the southern channel area from 
depths of approximately +5’ to -50’ mean sea level (msl). Sandy peat deposits are very 
soft to soft and highly organic. The sandy peat grades to loose silty sand that coarsens 
toward the center of the channel laterally and fines downward to soft clay and peat. Sands 
range from fine-grained to medium-grained with trace fine gravels of varying rock types.  
 
Very soft to firm clay and peat deposits appear laterally continuous from depths of 
approximately +5’ to -60’ mean sea level (msl). The clayey peat deposits thicken and 
become more firm from south to north. Clayey peats are organic rich and highly plastic.   

4.3.3 Medium Dense Sand 
Laterally continuous, medium dense sand was encountered at approximately mean sea 
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level of –60-ft. The unit varies irregularly in thickness from <10 feet to ~40 feet with the 
thickness increasing toward the center of the channel. In the southern channel, the sand is 
interbedded with and overlies stiff clay. The sand is poorly-graded and coarsens 
downward, grading from fine sand to coarse-grained sand with trace fine gravel. Upper 
fine-grained units are faintly laminated with occasional thin (¼”) clay lenses. Finer sand 
grains are predominantly clear quartz and micas; subangular to subrounded coarser sands 
and gravels are comprised of hard, black and gray rock fragments with occasional coarse 
milky quartz grains. Wood fragments are rare.   

4.3.4 Stiff Clay 
A discontinuous lens of interbedded firm to stiff, plastic clay and medium dense, clayey 
sand extends laterally from the southern abutment structure to the vicinity of Piers 17 and 
18. The lens is relatively thin (~ > 10 to 20 feet) and is encountered at depths of 
approximately -30 to ~ -40-ft msl. The stiff clay is truncated or pinches out near the 
northern channel margin. 

4.3.5 Sand and Gravel 
Laterally continuous, dense to very dense interbedded sands, gravelly sands and sandy 
gravels are located between the depths of -20’ and -100’ msl. The lower contact with the 
hard, silty clay below (Montezuma Formation?) is abrupt. Apparent thickness varies from 
15’ to 80’ generally thinning and decreasing in gravel content to the north. Beds tend to 
be thin where observed in place in the sampler. Subangular to subrounded sands and 
gravelly sands are poorly-graded to well-graded and generally medium- to coarse-grained 
with little to no fines. Coarse sand and gravels (up to ~ 3 inches) are generally poorly-
graded, subrounded to well-rounded, and compositionally diverse. Rock types include 
dark, hard sandstone, siltstone, volcanic and metamorphic rocks, quartz and chert. 

4.3.6 Hard Clay (Montezuma Formation) 
Hard to stiff, yellowish brown to olive gray silty clay found continuously between 
approximately –100-ft to –120-ft msl. The unit may be greater in thickness than 100 feet, 
but data is limited below –160-ft msl. Silt content, fine sand content and plasticity are 
variable, but generally the unit appears homogenous. The silty clay has faint mottling 
texture and soil carbonate, which occurs both disseminated in the fine-grained material 
and as small (< ¼”) nodules and filaments. The silty clay is likely from the Pleistocene-
aged Montezuma Formation that outcrops to the north in the Montezuma Hills.
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5.0 ENGINEERING PROPERTIES OF SOILS 
The materials and sediments underlying the bridge, which belong to the late Pleistocene 
to Holocene deposition, is a typical of the San Joaquin/Sacramento River Delta geology. 
Figure 2-2 presents the idealized subsurface soil profile developed along the bridge. 
Within the limits of the bridge alignment, the subsurface conditions underlying the site 
are rather uniform and flat-lying in the region north of the main channel, with 
considerable variation in the area beneath the South Approach span.  According to the 
current investigation results and previous work, the in-situ lithological units can be 
interpreted and grouped into the following principal strata:  
 

• Compacted Sand Fill – Approximately 25 feet of medium dense, fine-grained, 
well-graded sand present at the top of the south side of the bridge; 

• Loose Silty Sand and Peat – Loose silty sand and sand with peat existing in 
the southern channel area from elevation +10 to -60 ft; 

• Medium Dense Sand – Laterally continuous, medium dense, poorly-graded 
sand present about at the elevation -80 ft in the main channel and -20 ft in the 
south approach and the north end of slab bridge span, with thickness varying 
from 10 to 60 feet ; 

• Very soft to Firm Clay and Peat  – Laterally continuous soft clay and peat 
present north of the main channel from elevation +10 to -60 ft; 

• Stiff Clay – Discontinuous thin lenses of interbedded firm to stiff, plastic clay 
and medium dense, clayey sand extending laterally from the southern 
abutment structure to the vicinity of Piers 17 and 18 from elevation -30 to -50 
ft; 

• Dense to Very Dense Sand – Laterally continuous, dense to very dense 
interbedded sands, gravelly sands and sandy gravels present from elevation -
20 to -110 ft; 

• Hard Clay, Silty Clay and Clayey Silt – Hard to stiff, yellowish brown to olive 
gray silty clay (Montezuma Formation) found continuously below the 
elevation of -100 to -120 ft with thickness greater than 100 feet; 

• Dense to Very Dense Sand – Isolated lenses of dense to very dense sand were 
occasionally encountered at elevation -200 ft. 

Figures 5-1 to 5-6 show graphical summaries of N-value, unit weight, water content and 
index properties, undrained shear strength, and shear wave velocity taken from 
suspension logging and seismic CPT tests.  Distinct marker colors are used in these 
figures in order to differentiate test results for the eight strata discussed above.  Based on 
Figures 5-1 to 5-6, the engineering properties of the soil strata is evaluated and discussed 
in the following sub sections. 

5.1 Blowcounts 
The subsurface profiles include SPT blowcounts measured in the field and SPT-
equivalent blowcounts correlated from the modified California Drive sampler 
blowcounts. Figure 5-1 shows the variation of these blowcounts measured in all borings 
with elevation. 
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The blowcounts in the compacted sand Fill of the south approach is in the range of 16 to 
22 blows per foot, with an average of 18.  The average blowcounts in the loose suilty 
sand and peat stratum varies from about 1 to 9 blows per foot, with an average blowcount 
of 5.  The laterally continuous medium dense sand layer has an average blowcount of 15 
above elevation -60 ft, and about 20 below that elevation.  The average blowcount for 
very soft clay and peat layer is 2 to 3 blows per foot.  For stiff clay layer the average 
blowcount is about 12. The average blowcount for dense to very dense sand layer above 
elevation -60 ft is 30 blows per feet.  Below the elevation of -60ft the average blowcount 
varies in a wide range, with an average of more than 45.  The average blowcount for hard 
clay and silty clay stratum is about 30 between elevations -100 and -220 feet, and about 
50 below -220 feet.  The average blowcount for dense to very dense sand lenses at 
elevation -200 ft is larger than 50. 

5.2 Unit Weight 
Figure 5-2 summarizes the dry and total (wet) unit weights determined from ring-lined 
California Drive samples plotted with elevations where the samples were retrieved. Other 
than very soft clay and dense to very dense sand samples, generally site soil layers have 
total unit weights in the range of 115 to 125 pcf.  There is considerable scattering in 
measured unit weights for the soft clay samples. The average unit weight for the dense to 
very dense sand layer ranges from 125 to 135 pcf. 

5.3 Water Content 
Moisture (water) contents of soil specimens were determined from both SPT and ring-
lined California Drive samples.  The water content, Liquid Limit (LL), and Plastic Limit 
(PL) measured in all borings are summarized in Figure 5-3. The water contents for the 
very soft clay and peat layer are very high, some approaching Liquid Limit; this suggests 
that these very soft clays may behave like fluid. The dense to very dense sand stratum has 
the lowest water content; between 10 and 25%.  The water contents for majority of other 
soils range from 20 to 35%.  In general, the measured water contents and Plastic Indices 
(PI=LL-PL) are consistent with the soil types and ages of the formations. 

5.4 Undrained Shear Strength 
Figure 5-4 summarizes undrained shear strengths determined from all CPT measurements 
for this project.   For the very soft clay and peat layer underlying the project alignment, 
the undrained shear strengths range from 200 psf at elevation -20 ft to 500 psf at 
elevation -70 ft.  Significant scattering of undrained shear strength data (1,000 psf to 
more than 3,000 psf) can be observed in stiff clay samples.   Most of the piles supporting 
the Antioch Bridge tip into the dense to very dense sand layer, or the hard clay, silty clay 
and clayey silt layer underneath that layer. The undrained shear strength of the later layer 
ranges from 2500 psf to 5000 psf, with significant scattering.  

5.5 Shear Wave Velocity 
Seismic shear wave velocities in the soils were logged using the suspension logging 
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method in some of the borings drilled for the project.  The data was supplemented by the 
suspension logging data collected by others in the area.  These shear wave velocities are 
graphically presented on the idealized soil profiles and are summarized in Figure 5-5 
compiling all the data from the suspension logging.  Shear wave velocities obtained from 
seismic CPT cones are provided in Figure 5-6.  The comparison of shear wave velocity 
data between the suspension logging and seismic CPT is favorable.  

Shear wave velocities show consistent increase in depth between elevations +0 ft and -
110 ft (top of the hard clay, silty clay and clayey silt layer).  They range from 400 to 800 
ft/sec in medium dense sand layer, from 100 to 500 ft/sec in very soft clay and peat layer, 
from 300 to 600 ft/sec in stiff clay layer, and from 650to 1000 ft/sec in dense to very 
dense sand layer.  They show moderate increase below elevation -110 ft in the hard clay, 
silty clay and clayey silt layer; they increase from 900 ft/sec at elevation -110 ft to 1200 
ft/sec at elevation -240 ft. 

5.6 Recommended Pile Design Parameters 
Using the field and laboratory test data from the present investigation and the prior 
studies by others, a set of geotechnical design parameters were adopted for seismic 
evaluations.  A summary of the design soil parameters developed along the bridge are 
presented in Table 5-1. These design soil properties were utilized during foundation 
analysis and ground motion studies. 



 

5-1 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

Table 5-1: Geotechnical Design Parameters along the Bridge 
Soil Profile I: South Approach: Abutment P01 (Sta. 134+00) 

Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 
Fill (Sand) +20 115 - - 32 701 350~450 

Medium Sand +5 120 - - 33 901/602 450~800 
Dense Sand -35 125 - - 36 902 800~1000 
Hard Clay -103 125 4000 0.005 - - 1000~1200 

Note: 1 above GWT; 2 below GWT. 
 

Soil Profile II: South Approach: Pier P02 ~ Pier P07 (Sta. 135+00 ~ 146+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 

Loose Sand3 +8 ~ +10 115 - - 30 451 300~400 
Medium Sand4 +2 120 - - 32 701/502 400~500 

Soft Clay -10 ~ +2 115 600 0.015 - - 300~400 
Medium Sand5 -26 ~ -12 120 - - 33 602 400~700 
Dense Sand6 -48 ~ -34 125~128 - - 36~38 90~1152 700~1000 

Hard Clay -103 ~ -102 125 4000 0.005 - - 1000~1200 
Note: 1 above GWT; 2 below GWT; 3 disappears near Pier 07; 4 only apperas near Pier 02; 
          5 a soft clay sub-layer 3'~5' thick appears between Pier 02 and Pier 05 ; 
          6 a firm clay sub-layer 4'~14' thick appears between Pier 05 and Pier 07 (See below for their 
properties). 
 

Soil Profile III: South Approach: Pier P08 ~ Pier P16 (Sta. 147+00 ~ 164+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 

Loose Sand -27 ~ -16 115 - - 30 33 300~450 
Medium Sand -37 ~ -18 120 - - 33 60 450~700 

Firm Clay -48 ~ -28 120 1000 0.01 - - 500~600 
Dense Sand -54 ~ -43 128 - - 38 115 600~1000 
Hard Clay -120 ~ -98 125 4000 0.005 - - 1000~1200 

 

Soil Profile IV: South Approach: Pier P08 ~ Pier P16 (Sta. 147+00 ~ 164+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 

Loose Sand -40 ~ -34 115 - - 30 33 300~400 
Medium Sand -60 ~ -37 120 - - 34 70 400~700 
Dense Sand -86 ~ -72 128 - - 38 115 600~1000 
Hard Clay -117 ~ -107 125 4000 0.005 - - 1000~1200 

 

Soil Profile V: Main Channel Pier P20 ~ North Approach Pier 40 (Sta. 175+00 ~ 219+00) 
Soil Layer Top Elevation (ft) γ (pcf) c (psf) ε50 φ (°) k (pci) Vs (fps) 
Soft Clay -46 ~ -9 110 300 0.02 - - 250~450 

Medium Sand -79 ~ -63 120 - - 34 70 500~700 
Dense Sand1 -101 ~ -78 125~128 - - 36~38 90~115 700~1000 

Hard Clay -115 ~ -98 125 4000 0.005 - - 900~1200 
Note: 1 does not appear between Pier 27 and Pier 31.
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INTRODUCTION 
 

OYO suspension velocity measurements were performed in three land and two marine borings 

beneath the Antioch Bridge, as a component of the Investigation of the bridge.  Suspension 

logging data acquisition was performed between November 16, 2006 and February 2, 2007 by 

Rob Steller of GEOVision.  The work was performed under subcontract with Earth Mechanics, 

Inc. (EMI), with Jody Castle as the point of contact for EMI. 

 

This report describes the field measurements, data analysis, and results of this work. 
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SCOPE OF WORK 
 

This report presents the results of suspension velocity measurements collected between 

November 16, 2006 and February 2, 2007, in the uncased borings designated 06-02 through 06-

08, as detailed below.  The purpose of these studies was to supplement stratigraphic information 

obtained during EMI’s soil sampling program and to acquire shear wave velocities and 

compressional wave velocities as a function of depth, which, in turn, can be used to characterize 

soil condition and calculate site response. 

 

BORING  DATE APPROX ELEV. COORDINATES (NAD83) 

DESIGNATION LOCATION LOGGED (NGVD) (FEET) EASTING (FT) NORTHING (FT) 

06-02 LAND 11/16/06 +8.7 6,201,136.2 2,196,002.6 
06-03 MARINE 2/1/07 -10.8 6,201,067.7 2,197,414.7 
06-04 MARINE 2/2/07 -22.3 6,201,080.0 2,198,565.4 
06-07 LAND 11/21/06 -17.2 6,201,216.2 2,202,447.3 
06-08 LAND 11/18/06 -7.6 6,201,259.2 2,203,762.7 

(Survey data provided by EMI 4/26/07 cjd) 

 

Table 1. Boring locations and logging dates 

 

The OYO Model 170 Suspension Logging Recorder and Suspension Logging Probe were used to 

obtain in-situ horizontal shear and compressional wave velocity measurements at 1.64 ft 

intervals.  The acquired data was analyzed and a profile of velocity versus depth was produced 

for both compressional and horizontally polarized shear waves. 

 

A detailed reference for the velocity measurement techniques used in this study is: 

Guidelines for Determining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8. 
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SUSPENSION INSTRUMENTATION 
 

Suspension soil velocity measurements were performed using the Model 170 Suspension 

Logging system, manufactured by OYO Corporation.  This system directly determines the 

average velocity of a 3.28 ft high segment of the soil column surrounding the boring of interest 

by measuring the elapsed time between arrivals of a wave propagating upward through the soil 

column.  The receivers that detect the wave, and the source that generates the wave, are moved 

as a unit in the boring producing relatively constant amplitude signals at all depths. 

 

The suspension system probe consists of a combined reversible polarity solenoid horizontal 

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1.  The separation of the two receivers is 3.28 ft, 

allowing average wave velocity in the region between the receivers to be determined by 

inversion of the wave travel time between the two receivers.  The total length of the probe as 

used in this survey is 19 ft, with the center point of the receiver pair 12.1 ft above the bottom end 

of the probe.  The probe receives control signals from, and sends the amplified receiver signals 

to, instrumentation on the surface via an armored 7 conductor cable.  The cable is wound onto 

the drum of a winch and is used to support the probe.  Cable travel is measured to provide probe 

depth data. 

 

The entire probe is suspended by the cable and centered in the boring by nylon "whiskers", 

therefore, source motion is not coupled directly to the boring walls; rather, the source motion 

creates a horizontally propagating impulsive pressure wave in the fluid filling the boring and 

surrounding the source.  This pressure wave is converted to P and SH-waves in the surrounding 

soil and rock as it impinges upon the boring wall.  These waves propagate through the soil and 

rock surrounding the boring, in turn causing a pressure wave to be generated in the fluid 

surrounding the receivers as the soil waves pass their location.  Separation of the P and SH-

waves at the receivers is performed using the following steps: 
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1. Orientation of the horizontal receivers is maintained parallel to the axis of the source, 

maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite directions, 

producing SH-wave signals of opposite polarity, providing a characteristic SH-wave 

signature distinct from the P-wave signal. 

3. The 7.0 ft separation of source and receiver 1 permits the P-wave signal to pass and damp 

significantly before the slower SH-wave signal arrives at the receiver.  In faster soils or rock, 

the isolation cylinder is extended to allow greater separation of the P- and SH-wave signals. 

4. In saturated soils, the received P-wave signal is typically of much higher frequency than the 

received SH-wave signal, permitting additional separation of the two signals by low pass 

filtering. 

5. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significantly greater than the 

dimension of the fluid annulus surrounding the probe (foot versus inch scale), preventing 

significant energy transmission through the fluid medium. 

 

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:  

1. The source is fired in one direction producing dominantly horizontal shear with some vertical 

compression, and the signals from the horizontal receivers situated parallel to the axis of 

motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded.  The repeated source 

pattern facilitates the picking of the P and SH-wave arrivals; reversal of the source changes 

the polarity of the SH-wave pattern but not the P-wave pattern. 

 

The data from each receiver during each source activation is recorded as a different channel on 

the recording system.  The Model 170 has six channels (two simultaneous recording channels), 

each with a 12 bit 1024 sample record.  The recorded data is displayed on a CRT display and on 

paper tape output as six channels with a common time scale.  Data is stored on 3.5 inch floppy 

diskettes for further processing.  Up to 8 sampling sequences can be summed to improve the 

signal to noise ratio of the signals.  
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Review of the displayed data on the CRT or paper tape allows the operator to set the gains, 

filters, delay time, pulse length (energy), sample rate, and summing number to optimize the 

quality of the data before recording.  Verification of the calibration of the Model 170 digital 

recorder is performed every twelve months using a NIST traceable frequency source and 

counter, as outlined in Appendix B.  
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SUSPENSION MEASUREMENT PROCEDURES 
 

The borings were logged uncased, filled with bentonite or polymer based drilling fluid.  The 

boring probe was positioned with the mid-point of the receiver spacing at grade or deck level, 

and the mechanical and electronic depth counters were set to zero.  The probe was lowered to the 

bottom of the boring, stopping at 1.64 ft intervals to collect data, as summarized below. 

 

At each measurement depth the measurement sequence of two opposite horizontal records and 

one vertical record was performed, and the gains were adjusted as required.  The data from each 

depth was printed on paper tape, checked, and recorded on diskette before moving to the next 

depth. 

 

Upon completion of the measurements, the probe zero depth indication at grade or deck level 

was verified prior to removal from the boring. 

 

 

BORING 
NUMBER 

RUN 
NUMBER 

DEPTH 
RANGE 
(FEET) 

DEPTH AS 
DRILLED 
(FEET) 

LOST TO 
SLOUGH/COLLAPSE

(FEET) 

SAMPLE 
INTERVAL 

(FEET) 

DATE 
LOGGED 

06-02 1 1.6 – 187.0 200 0.9 1.64 11/16/06 
06-03 1 41.0 – 70.5 0 1.64 2/1/07 
06-03 2 67.3 – 221.5 235 1.4 1.64 2/1/07 
06-04 1 114.8 – 231.3 250 6.6 1.64 2/2/07 
06-04 2 83.7 – 129.6 0 1.64 2/2/07 
06-04 3 52.5 – 82.0 2.1 1.64 2/2/07 
06-07 1 23.0 – 247.7 260.5 0.7 1.64 11/21/06 

06-08 1 3.3 – 114.8 130 3.1 1.64 11/18/06 

 

Table 2. Logging dates and depth ranges  
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SUSPENSION DATA ANALYSIS 
 

The recorded digital waveforms were analyzed to locate the first minima on the vertical axis 

records, indicating the arrival of P-wave energy.  The difference in travel time between receiver 

1 and receiver 2 (R1-R2) arrivals was used to calculate the P-wave velocity for that 3.28 ft 

segment of the soil column.  When observable, P-wave arrivals on the horizontal axis records 

were used to verify the velocities determined from the vertical axis data.   

 

The P-wave velocity calculated from the travel time over the 7.0 ft interval from source to 

receiver 1 (S-R1) was calculated and plotted for quality assurance of the velocity derived from 

the travel time between receivers.  In this analysis, the depth values as recorded were increased 

by 5.15 ft to correspond to the mid-point of the 7.0 ft S-R1 interval, as illustrated in Figure 1.  

Travel times were obtained by picking the first break of the P-wave signal at receiver 1 and 

subtracting 3.85 milliseconds, the calculated and experimentally verified delay from source 

trigger pulse (beginning of record) to source impact.  This delay corresponds to the duration of 

acceleration of the solenoid before impact. 

 

The recorded digital records were studied to establish the presence of clear SH-wave pulses, as 

indicated by the presence of opposite polarity pulses on each pair of horizontal records.  Ideally, 

the SH-wave signals from the 'normal' and 'reverse' source pulses are very nearly inverted images 

of each other.  Digital FFT - IFFT lowpass filtering was used to remove the higher frequency P-

wave signal from the SH-wave signal.  Different filter cutoffs were used to separate P- and SH-

waves at different depths, ranging from 500 Hz in the slowest zones to 4000 Hz in the regions of 

highest velocity.  At each depth, the filter frequency was selected to be at least twice the 

fundamental frequency of the SH-wave signal being filtered. 
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Generally, the first maxima was picked for the 'normal' signals and the first minima for the 

'reverse' signals, although other points on the waveform were used if the first pulse was distorted.  

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constant mechanical 

bias in the source or by boring inclination.  This variation does not affect the R1-R2 velocity 

determinations, as the differential time is measured between arrivals of waves created by the 

same source actuation.  The final velocity value is the average of the values obtained from the 

'normal' and 'reverse' source actuations. 

 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 7.0 ft 

interval from source to receiver 1 was calculated and plotted for verification of the velocity 

derived from the travel time between receivers.  In this analysis, the depth values were increased 

by 5.15 ft to correspond to the mid-point of the 7.0 ft S-R1 interval.  Travel times were obtained 

by picking the first break of the SH-wave signal at the near receiver and subtracting 3.85 

milliseconds, the calculated and experimentally verified delay from the beginning of the record 

at the source trigger pulse to source impact. 

 

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension record.  In 

Figure 2, the time difference over the 3.28 ft interval of 1.88 milliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 ft/sec.  Whenever possible, time differences 

were determined from several phase points on the SH-waveform records to verify the data 

obtained from the first arrival of the SH-wave pulse.  Figure 3 displays the same record before 

filtering of the SH-waveform record with an 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and 

distortion of the lower frequency SH-wave by residual P-wave signal. 
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SUSPENSION RESULTS 
 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figures 4 through 8.  The suspension 

velocity data shown in these figures are presented in Tables 3 through 7.  P- and SH-wave 

velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data are plotted 

together in Figures A1 through A5 to aid in visual comparison.  It must be noted that R1-R2 data 

is an average velocity over a 3.28 ft segment of the soil column; S-R1 data is an average over 7.0 

ft, creating a significant smoothing relative to the R1-R2 plots.  S-R1 data are presented in 

Tables A1 through A5.  Good correspondence between the shapes of the P- and SH-wave 

velocity curves is observed for both all these data sets.  The velocities derived from S-R1 and 

R1-R2 data are in excellent agreement, providing verification of the higher resolution R1-R2 

data. 

 

Calibration procedures and records for the suspension measurement system are presented in 

Appendix B. 

 

 

SUMMARY 

Discussion of Suspension Results 
 

Both P- and SH-wave velocities were measured using the OYO Suspension Method in two 

uncased land borings and five uncased marine borings to depths up to 247.7 ft beneath the 

Antioch Bridge.  All borings were located in adjacent to a heavily traveled highway bridge, but 

no significant signal contamination from ambient vibration was observed. 
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Quality Assurance 
 

These velocity measurements were performed using industry-standard or better methods for both 

measurements and analyses.  All work was performed under GEOVision quality assurance 

procedures, which include: 

 

• Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumentation 

• Use of standard field data logs 

• Use of independent verification of data by comparison of receiver-to-receiver and source-to-

receiver velocities 

• Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

 

 

Data Reliability 
 
P- and SH-wave velocity measurement using the Suspension Method gives average velocities 

over a 3.28 ft interval of depth.  This high resolution results in the scatter of values shown in the 

graphs.  Individual measurements are very reliable with estimated precision of +/- 5%. 

Standardized field procedures and quality assurance checks add to the reliability of these data. 



 11
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Lower (R1)
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Isolation Cylinder

Combined Sh and 
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with Data
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Figure 1. Concept illustration of P-S logging system 
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Figure 2. Example of filtered (1400 Hz lowpass) record 
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Figure 3. Example of unfiltered record 
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
0.5 1.6 40.55 42.10 15.16 28.75 28.75 9.76 80 185 261 608 
1.0 3.3 39.85 35.40 15.36 28.42 24.15 9.34 88 166 289 545 
1.5 4.9 39.60 39.60 15.30 28.60 28.40 10.75 90 220 296 721 
2.0 6.6 30.10 30.70 14.25 25.10 25.20 11.35 190 345 625 1131 
2.5 8.2 33.20 33.50 13.55 28.20 28.50 11.00 200 392 656 1287 
3.5 11.5 44.70 44.90 14.05 35.90 36.20 10.75 114 303 375 994 
4.0 13.1 51.60 51.30 14.05 39.20 38.20 10.40 78 274 257 899 
4.5 14.8 62.50 62.50 13.00 48.40 48.70 9.80 72 313 235 1025 
5.0 16.4 59.80 61.30 12.06 43.30 44.80 8.66 61 294 199 965 
5.5 18.0 50.00 53.10 10.68 34.30 37.40 7.56 64 321 209 1052 
6.0 19.7 41.20 42.10 9.46 25.70 26.30 6.76 64 370 210 1215 
6.5 21.3 40.40 40.60 8.44 29.20 30.80 6.56 95 532 312 1745 
7.0 23.0 33.80 37.20 7.32 23.80 28.00 6.14 104 847 342 2780 
7.5 24.6 30.15 29.65 6.76 22.70 22.10 5.90 133 1163 437 3815 
8.0 26.2 28.05 27.85 6.78 21.70 21.30 5.84 155 1064 509 3490 
8.5 27.9 26.30 26.15 6.70 20.80 20.70 5.94 183 1316 599 4317 
9.0 29.5 26.05 25.70 6.68 18.65 19.40 5.94 146 1351 479 4434 
9.5 31.2 26.35 26.35 6.54 18.05 17.95 5.60 120 1064 393 3490 

10.0 32.8 23.65 23.65 6.56 17.45 17.15 5.81 157 1333 517 4374 
10.5 34.4 22.50 22.50 6.45 16.45 15.95 5.75 159 1429 521 4687 
11.0 36.1 21.70 21.20 6.45 15.85 15.75 5.73 177 1389 581 4557 
11.5 37.7 20.95 20.85 6.35 15.20 15.10 5.67 174 1471 571 4825 
12.0 39.4 20.60 20.60 6.35 14.65 14.55 5.66 167 1449 547 4755 
12.5 41.0 19.25 19.15 6.41 13.55 13.30 5.72 173 1449 568 4755 
13.0 42.7 18.80 18.65 6.32 13.45 13.40 5.63 189 1449 619 4755 
13.5 44.3 17.25 17.25 6.28 13.55 13.50 5.60 268 1471 881 4825 
14.0 45.9 17.18 17.00 6.20 12.64 12.50 5.52 221 1471 726 4825 
14.5 47.6 17.26 17.12 6.21 12.08 11.96 5.54 193 1493 635 4897 
15.0 49.2 16.62 16.44 6.17 12.22 12.06 5.50 228 1493 747 4897 
15.5 50.9 16.24 16.16 6.19 12.22 12.04 5.53 246 1515 806 4971 
16.0 52.5 16.60 16.40 6.19 12.70 12.52 5.54 257 1538 843 5047 
16.5 54.1 17.00 16.86 6.19 13.52 13.36 5.53 287 1515 940 4971 
17.0 55.8 17.14 17.02 6.17 13.34 13.28 5.52 265 1538 870 5047 
17.5 57.4 17.26 17.14 6.19 13.26 13.12 5.55 249 1563 818 5126 
18.0 59.1 17.08 17.02 6.14 12.86 12.86 5.50 239 1563 783 5126 
18.5 60.7 16.68 16.52 6.11 12.04 11.88 5.46 216 1538 707 5047 
19.0 62.3 16.06 15.92 6.09 11.48 11.40 5.45 220 1562 721 5126 
19.5 64.0 15.10 14.98 6.05 11.38 11.26 5.42 269 1587 882 5208 
20.0 65.6 14.46 14.30 6.03 11.08 10.92 5.42 296 1639 971 5378 
20.5 67.3 14.26 14.10 6.00 10.98 10.82 5.42 305 1724 1000 5657 
21.0 68.9 14.02 13.86 6.00 10.80 10.66 5.41 312 1695 1022 5561 
21.5 70.5 13.70 13.56 5.99 10.78 10.64 5.40 342 1695 1124 5561 
22.0 72.2 13.50 13.34 6.01 10.48 10.30 5.42 330 1695 1083 5561 
22.5 73.8 13.20 13.06 6.01 10.14 10.00 5.42 327 1695 1072 5561 
23.0 75.5 12.56 12.38 6.00 9.82 9.64 5.41 365 1695 1197 5561 
23.5 77.1 12.32 12.14 5.98 9.36 9.14 5.38 336 1667 1101 5468 
24.0 78.7 12.16 12.04 5.98 9.22 9.04 5.38 337 1667 1105 5468 
24.5 80.4 11.76 11.62 5.96 8.98 8.82 5.37 358 1695 1176 5561 
25.0 82.0 11.62 11.50 5.96 9.10 8.94 5.37 394 1695 1292 5561 
25.5 83.7 11.56 11.42 5.95 9.42 9.28 5.36 467 1695 1533 5561 

 
Table 3.  Boring 06-02, Suspension R1-R2 depth, pick times, and velocities 
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
26.0 85.3 12.08 11.92 5.95 10.10 9.94 5.37 505 1724 1657 5657 
26.5 86.9 11.74 11.54 5.93 9.58 9.44 5.37 469 1786 1540 5859 
27.0 88.6 12.06 11.92 5.92 9.84 9.72 5.35 452 1754 1485 5756 
27.5 90.2 12.20 12.06 5.91 10.06 10.02 5.34 478 1754 1570 5756 
28.0 91.9 12.34 12.16 5.93 9.94 9.78 5.36 418 1754 1373 5756 
28.5 93.5 12.58 12.40 5.95 9.74 9.58 5.38 353 1754 1159 5756 
29.0 95.1 12.44 12.28 5.94 9.62 9.48 5.39 356 1818 1168 5965 
29.5 96.8 11.42 11.24 5.91 9.08 8.96 5.36 433 1818 1420 5965 
30.0 98.4 11.68 11.54 5.92 9.00 8.82 5.34 370 1724 1215 5657 
30.5 100.1 11.60 11.42 5.92 8.96 8.80 5.33 380 1695 1247 5561 
31.0 101.7 12.04 11.84 5.89 9.48 9.40 5.31 400 1724 1312 5657 
31.5 103.3 11.38 11.30 5.89 9.16 9.02 5.36 444 1887 1458 6190 
32.0 105.0 11.84 11.72 5.88 10.00 9.88 5.37 543 1942 1783 6371 
32.5 106.6 11.20 11.32 5.92 9.66 9.84 5.39 662 1887 2173 6190 
33.0 108.3 12.88 12.80 5.95 11.34 11.20 5.41 637 1852 2090 6076 
33.5 109.9 13.42 13.34 6.01 11.44 11.32 5.46 500 1802 1640 5911 
34.0 111.5 14.66 14.60 6.04 12.50 12.42 5.46 461 1724 1512 5657 
34.5 113.2 15.28 15.18 6.09 13.02 12.88 5.50 439 1709 1439 5608 
35.0 114.8 16.14 15.94 6.08 13.32 13.20 5.48 360 1681 1180 5514 
35.5 116.5 16.52 16.48 6.08 12.80 12.74 5.47 268 1626 880 5335 
36.0 118.1 17.42 17.32 6.10 12.76 12.64 5.46 214 1563 703 5126 
36.5 119.8 16.78 16.64 6.10 12.26 12.18 5.47 223 1575 731 5167 
37.0 121.4 16.32 16.12 6.09 12.02 11.90 5.48 235 1639 770 5378 
37.5 123.0 16.00 15.88 6.09 11.90 11.78 5.49 244 1667 800 5468 
38.0 124.7 15.66 15.58 6.09 11.42 11.32 5.47 235 1626 772 5335 
38.5 126.3 16.10 16.02 6.10 11.82 11.72 5.48 233 1613 765 5292 
39.0 128.0 15.82 15.74 6.10 12.16 12.08 5.49 273 1639 896 5378 
39.5 129.6 15.76 15.62 6.10 12.40 12.26 5.50 298 1653 976 5423 
40.0 131.2 15.94 15.80 6.10 12.48 12.36 5.49 290 1626 951 5335 
40.5 132.9 16.14 16.00 6.11 12.58 12.44 5.48 281 1575 922 5167 
41.0 134.5 16.12 15.96 6.12 12.04 11.90 5.48 246 1550 806 5087 
41.5 136.2 16.16 15.92 6.11 11.94 11.78 5.47 239 1562 785 5126 
42.0 137.8 15.90 15.74 6.11 11.74 11.58 5.48 240 1575 789 5167 
42.5 139.4 15.48 15.32 6.24 11.44 11.28 5.61 248 1587 812 5208 
43.0 141.1 15.44 15.28 6.22 11.58 11.40 5.59 258 1587 848 5208 
43.5 142.7 15.48 15.38 6.13 11.74 11.58 5.49 265 1575 870 5167 
44.0 144.4 15.58 15.44 6.13 11.82 11.62 5.50 264 1575 866 5167 
44.5 146.0 15.66 15.52 6.14 12.12 12.00 5.51 283 1600 929 5249 
45.0 147.6 15.94 15.74 6.14 12.34 12.20 5.51 280 1575 919 5167 
45.5 149.3 16.02 15.86 6.16 12.30 12.18 5.52 270 1575 887 5167 
46.0 150.9 15.68 15.54 6.13 11.80 11.66 5.49 258 1562 846 5126 
46.5 152.6 14.98 14.88 6.11 11.08 10.92 5.46 254 1538 835 5047 
47.0 154.2 14.40 14.26 6.12 10.46 10.36 5.47 255 1550 837 5087 
47.5 155.8 13.70 13.56 6.04 9.68 9.54 5.40 249 1575 816 5167 
48.0 157.5 12.96 12.80 6.05 9.16 9.02 5.43 264 1613 866 5292 
48.5 159.1 12.06 11.94 5.99 9.20 9.04 5.41 347 1724 1139 5657 
49.0 160.8 11.40 11.26 5.96 8.90 8.76 5.40 400 1786 1312 5859 

            
46.0 150.9 13.34 13.14 5.96 9.38 9.18 5.34 253 1600 828 5249 
46.5 152.6 12.52 12.32 6.02 9.32 9.14 5.43 313 1695 1028 5561 

 
Table 3, continued.  Boring 06-02, Suspension R1-R2 depth, 

pick times, and velocities 
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Depth Pick Times Velocity 
  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 

(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
47.0 154.2 11.78 11.62 5.97 9.14 9.00 5.40 380 1770 1247 5807 
47.5 155.8 11.60 11.40 5.99 9.00 8.78 5.42 383 1770 1257 5807 
48.0 157.5 11.48 11.18 5.99 9.02 8.76 5.43 410 1802 1345 5911 
48.5 159.1 11.50 11.22 5.99 9.08 8.86 5.45 418 1835 1373 6020 
49.0 160.8 11.06 10.92 5.99 9.10 8.90 5.44 503 1802 1649 5911 
49.5 162.4 11.10 10.92 6.00 9.22 9.02 5.43 529 1770 1736 5807 
50.0 164.0 11.48 11.30 6.01 9.48 9.32 5.43 503 1724 1649 5657 
50.5 165.7 11.68 11.50 6.03 9.72 9.56 5.44 513 1709 1682 5608 
51.0 167.3 12.46 12.16 6.17 9.70 9.48 5.56 368 1653 1206 5423 
51.5 169.0 12.66 12.54 6.09 10.00 9.80 5.50 370 1709 1215 5608 
52.0 170.6 12.86 12.68 6.06 10.32 10.12 5.49 392 1739 1287 5706 
52.5 172.2 13.04 12.86 6.14 10.40 10.20 5.55 377 1695 1238 5561 
53.0 173.9 13.16 12.98 6.17 10.34 10.16 5.57 355 1653 1163 5423 
53.5 175.5 13.12 12.98 6.13 10.10 9.94 5.51 330 1613 1083 5292 
54.0 177.2 13.10 12.98 6.11 9.96 9.82 5.50 317 1626 1042 5335 
54.5 178.8 12.82 12.70 6.10 9.90 9.76 5.49 341 1639 1120 5378 
55.0 180.4 12.48 12.46 6.11 9.80 9.76 5.50 372 1639 1220 5378 
55.5 182.1 12.48 12.34 6.10 9.80 9.64 5.50 372 1653 1220 5423 
56.0 183.7 12.36 12.22 6.09 9.76 9.62 5.49 385 1667 1262 5468 
56.5 185.4 12.34 12.20 6.09 9.68 9.52 5.49 375 1667 1229 5468 
57.0 187.0 12.20 12.08 6.07 9.56 9.42 5.48 377 1681 1238 5514 

            

 
Table 3, continued.  Boring 06-02, Suspension R1-R2 depth, 

pick times, and velocities 
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
10.0 32.8           
10.5 34.4           
11.0 36.1           
11.5 37.7           
12.0 39.4           
12.5 41.0 31.40 31.40 5.06 21.90 22.00 4.40 106 1515 347 4971 
13.0 42.7 29.50 29.60 5.08 19.80 19.80 4.40 103 1471 336 4825 
13.5 44.3 41.70 42.00 5.10 31.80 31.90 4.42 100 1471 328 4825 
14.0 45.9 34.00 34.00 5.22 26.80 26.80 4.56 139 1515 456 4971 
14.5 47.6 25.00 25.30 5.14 20.20 20.50 4.50 208 1563 684 5126 
15.0 49.2 23.90 23.90 5.24 19.70 19.70 4.60 238 1563 781 5126 
15.5 50.9 21.75 22.05 5.37 17.70 18.20 4.71 253 1515 831 4971 
16.0 52.5 24.90 23.10 5.18 17.95 18.20 4.55 169 1587 554 5208 
16.5 54.1 21.55 21.90 5.33 18.55 18.45 4.74 310 1695 1017 5561 
17.0 55.8 17.55 17.60 5.11 13.75 14.35 4.45 284 1515 931 4971 
17.5 57.4 24.25 24.65 5.14 18.85 19.15 4.50 183 1562 602 5126 
18.0 59.1 22.05 21.70 5.11 18.25 18.60 4.49 290 1613 951 5292 
18.5 60.7 21.55 21.55 4.94 17.05 17.05 4.31 222 1587 729 5208 
19.0 62.3 20.70 20.80 4.98 16.20 16.55 4.33 229 1538 750 5047 
19.5 64.0 20.50 20.80 4.97 16.75 17.00 4.35 265 1613 869 5292 
20.0 65.6 21.15 21.30 4.96 16.70 16.90 4.34 226 1613 741 5292 
20.5 67.3 21.30 21.10 4.84 16.75 16.55 4.22 220 1613 721 5292 
21.0 68.9 22.15 22.40 4.95 19.00 18.90 4.32 301 1587 987 5208 
21.5 70.5 22.80 23.00 4.97 19.50 19.75 4.33 305 1563 1002 5126 
22.0 72.2           

            
18.0 59.1           
18.5 60.7           
19.0 62.3           
19.5 64.0           
20.0 65.6           
20.5 67.3 21.85 21.90 4.93 16.95 17.25 4.29 209 1563 687 5126 
21.0 68.9 21.05 21.20 4.96 17.60 17.75 4.33 290 1587 951 5208 
21.5 70.5 22.55 22.80 5.02 18.50 18.85 4.40 250 1613 820 5292 
22.0 72.2 23.10 23.20 4.97 19.20 19.30 4.34 256 1587 841 5208 
22.5 73.8 24.05 23.95 4.98 19.50 19.60 4.31 225 1493 737 4897 
23.0 75.5 21.60 21.75 4.95 18.30 18.45 4.31 303 1563 994 5126 
23.5 77.1 16.70 16.85 4.89 13.10 13.05 4.22 270 1493 887 4897 
24.0 78.7 17.05 17.20 5.00 13.15 13.15 4.24 252 1316 825 4317 
24.5 80.4 17.45 17.90 4.91 13.65 13.80 4.26 253 1538 831 5047 
25.0 82.0 16.85 16.85 4.94 13.85 13.95 4.26 339 1471 1112 4825 
25.5 83.7 16.35 16.55 4.91 12.00 12.50 4.31 238 1667 781 5468 
26.0 85.3 14.50 14.65 4.90 11.30 11.45 4.33 313 1754 1025 5756 
26.5 86.9 15.05 15.20 4.94 12.55 12.75 4.33 404 1639 1326 5378 
27.0 88.6 15.20 15.30 4.94 12.15 12.10 4.30 320 1563 1050 5126 
27.5 90.2 15.10 14.20 4.90 11.95 11.85 4.28 364 1613 1193 5292 
28.0 91.9 15.80 15.90 4.82 12.55 12.70 4.21 310 1639 1017 5378 
28.5 93.5 15.90 16.00 4.89 12.50 12.65 4.30 296 1695 972 5561 
29.0 95.1 15.95 16.05 4.88 11.60 11.75 4.23 231 1538 759 5047 
29.5 96.8 13.60 13.75 4.86 9.45 9.60 4.18 241 1471 791 4825 

 
Table 4.  Boring 06-03, Suspension R1-R2 depth, pick times, and velocities 
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
30.0 98.4 13.48 13.68 4.80 9.54 9.68 4.18 252 1600 826 5249 
30.5 100.1 12.98 12.98 4.78 10.32 10.42 4.24 383 1835 1257 6020 
31.0 101.7 12.24 12.36 4.70 9.24 9.36 4.15 333 1802 1094 5911 
31.5 103.3 11.50 11.64 4.71 8.54 8.56 4.16 331 1818 1086 5965 
32.0 105.0 11.68 11.78 4.72 8.28 8.32 4.19 292 1905 957 6249 
32.4 106.3 11.18 11.30 4.72 8.20 8.26 4.21 332 1980 1090 6497 
33.0 108.3 10.96 11.02 4.78 7.94 8.06 4.24 334 1835 1097 6020 
33.5 109.9 10.88 11.04 4.79 8.40 8.52 4.24 400 1802 1312 5911 
34.0 111.5 11.26 11.40 4.81 8.98 9.08 4.23 435 1739 1426 5706 
34.5 113.2 11.92 12.06 4.81 9.40 9.54 4.24 397 1739 1302 5706 
35.0 114.8 12.60 12.72 4.86 9.84 9.98 4.28 364 1724 1193 5657 
35.5 116.5 12.80 12.96 4.86 9.98 10.14 4.28 355 1739 1163 5706 
36.0 118.1 13.02 13.12 4.85 9.94 10.08 4.26 327 1695 1072 5561 
36.5 119.8 13.12 13.26 4.88 9.66 9.78 4.27 288 1639 945 5378 
37.0 121.4 13.02 13.12 4.88 9.26 9.34 4.27 265 1626 870 5335 
37.5 123.0 12.52 12.62 4.85 8.96 9.06 4.25 281 1653 922 5423 
38.0 124.7 11.90 12.00 4.82 8.64 8.74 4.22 307 1681 1006 5514 
38.5 126.3 11.74 11.84 4.82 8.54 8.64 4.22 313 1681 1025 5514 
39.0 128.0 11.54 11.66 4.81 8.46 8.58 4.23 325 1709 1065 5608 
39.5 129.6 11.22 11.36 4.79 8.38 8.50 4.22 351 1770 1151 5807 
40.0 131.2 11.10 11.20 4.83 8.50 8.62 4.27 386 1786 1267 5859 
40.5 132.9 11.14 11.32 4.77 8.46 8.56 4.19 368 1709 1206 5608 
41.0 134.5 11.00 11.10 4.84 8.10 8.20 4.25 345 1709 1131 5608 
41.5 136.2 10.68 10.78 4.77 8.02 8.12 4.20 376 1754 1233 5756 
42.0 137.8 10.56 10.78 4.81 8.12 8.26 4.24 403 1754 1323 5756 
42.5 139.4 10.66 10.76 4.79 8.06 8.18 4.20 386 1695 1267 5561 
43.0 141.1 11.00 11.06 4.82 8.36 8.44 4.23 380 1695 1247 5561 
43.5 142.7 11.56 11.62 4.89 9.14 9.24 4.29 417 1681 1367 5514 
44.0 144.4 11.30 11.46 4.94 8.98 9.08 4.36 426 1724 1396 5657 
44.5 146.0 11.32 11.46 4.82 8.80 8.94 4.24 397 1739 1302 5706 
45.0 147.6 11.56 11.68 4.81 8.50 8.64 4.22 328 1695 1076 5561 
45.5 149.3 11.74 11.84 4.83 8.22 8.34 4.23 285 1653 935 5423 
46.0 150.9 11.44 11.60 4.88 8.46 8.64 4.27 337 1639 1105 5378 
46.5 152.6 11.16 11.22 4.86 8.78 8.86 4.29 422 1754 1384 5756 
47.0 154.2 10.88 10.98 4.88 8.26 8.36 4.29 382 1709 1252 5608 
47.5 155.8 10.78 10.88 4.87 7.90 8.02 4.27 348 1667 1143 5468 
48.0 157.5 10.36 10.48 4.84 7.56 7.70 4.25 358 1681 1176 5514 
48.5 159.1 10.14 10.26 4.83 7.40 7.52 4.22 365 1653 1197 5423 
49.0 160.8 10.22 10.31 4.84 7.84 7.96 4.25 423 1689 1387 5542 
49.5 162.4 10.39 10.51 4.83 8.35 8.49 4.25 493 1739 1616 5706 
50.0 164.0 10.66 10.77 4.85 8.63 8.72 4.27 490 1709 1608 5608 
50.5 165.7 11.01 11.19 4.87 8.70 8.84 4.28 429 1695 1408 5561 
51.0 167.3 11.28 11.42 4.85 8.64 8.78 4.25 379 1667 1243 5468 
51.5 169.0 11.47 11.57 4.87 8.44 8.58 4.26 332 1653 1090 5423 
52.0 170.6 11.56 11.72 4.84 8.63 8.78 4.25 341 1681 1118 5514 
52.5 172.2 11.63 11.73 4.86 8.87 8.99 4.27 364 1695 1193 5561 
53.0 173.9 11.62 11.72 4.87 8.94 9.07 4.28 375 1695 1231 5561 
53.5 175.5 11.35 11.47 4.87 8.75 8.87 4.28 385 1709 1262 5608 
54.0 177.2 11.21 11.31 4.82 8.48 8.56 4.23 365 1695 1197 5561 
54.5 178.8 10.86 10.98 4.82 7.78 7.91 4.23 325 1681 1067 5514 

 
Table 4, continued.  Boring 06-03, Suspension R1-R2 depth, 

pick times, and velocities 
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Depth Pick Times Velocity 
  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 

(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
55.0 180.4 10.57 10.71 4.81 7.34 7.47 4.22 309 1681 1014 5514 
55.5 182.1 10.01 10.13 4.75 7.29 7.40 4.17 367 1724 1204 5657 
56.0 183.7 9.34 9.44 4.74 7.15 7.28 4.19 460 1802 1508 5911 
56.5 185.4 9.06 9.17 4.75 7.04 7.17 4.20 498 1835 1632 6020 
57.0 187.0 8.79 8.93 4.76 6.76 6.90 4.21 493 1818 1616 5965 
57.5 188.6 8.57 8.66 4.75 6.57 6.67 4.18 501 1770 1645 5807 
58.0 190.3 8.23 8.28 4.79 6.32 6.45 4.22 535 1754 1754 5756 
58.5 191.9 8.27 8.36 4.63 6.12 6.30 4.09 475 1835 1559 6020 
59.0 193.6 7.82 8.03 4.60 5.97 6.10 4.06 529 1835 1736 6020 
59.5 195.2 8.04 8.18 4.60 6.13 6.26 4.05 522 1835 1713 6020 
60.0 196.9 8.92 9.09 4.60 7.09 7.29 4.10 551 2000 1808 6562 
60.5 198.5 8.22 8.35 4.72 6.58 6.68 4.18 604 1852 1982 6076 
61.0 200.1 8.28 8.40 4.66 7.01 7.18 4.18 803 2105 2635 6907 
61.5 201.8 8.65 8.78 4.65 7.19 7.34 4.19 690 2174 2263 7132 
62.0 203.4 9.12 9.27 4.76 7.59 7.75 4.20 656 1786 2151 5859 
62.5 205.1 9.48 9.60 4.76 7.48 7.61 4.20 501 1802 1645 5911 
63.0 206.7 9.58 9.64 4.78 7.37 7.50 4.23 460 1818 1508 5965 
63.5 208.3 9.51 9.68 4.76 7.34 7.49 4.21 459 1818 1505 5965 
64.0 210.0 9.52 9.67 4.75 7.43 7.56 4.19 476 1786 1562 5859 
64.5 211.6 9.65 9.77 4.79 7.49 7.59 4.22 461 1754 1512 5756 
65.0 213.3 9.93 10.07 4.79 7.77 7.89 4.22 461 1754 1512 5756 
65.5 214.9 10.12 10.24 4.80 7.98 8.11 4.23 468 1754 1537 5756 
66.0 216.5 10.22 10.35 4.81 8.07 8.18 4.23 463 1739 1519 5706 
66.5 218.2 10.23 10.37 4.82 8.01 8.14 4.24 449 1724 1475 5657 
67.0 219.8 10.30 10.37 4.83 7.96 8.01 4.24 426 1709 1396 5608 
67.5 221.5 10.14 10.24 4.80 7.57 7.67 4.21 389 1695 1277 5561 

            

 
Table 4, continued.  Boring 06-03, Suspension R1-R2 depth, 

pick times, and velocities 
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
14.0 45.9           
14.5 47.6           
15.0 49.2           
15.5 50.9           
16.0 52.5 36.10  5.01 27.75  4.34 120 1504 393 4934 
16.5 54.1  38.35 5.03  28.85 4.36 105 1493 345 4897 
17.0 55.8 33.50  4.97 25.10  4.33 119 1563 391 5126 
17.5 57.4 32.00 31.45 4.97 20.75 20.70 4.33 91 1562 298 5126 
18.0 59.1 27.40 28.15 4.96 17.90 18.10 4.34 102 1600 336 5249 
18.5 60.7 26.20 25.80 4.97 18.20 18.55 4.33 131 1563 430 5126 
19.0 62.3 23.45 23.25 4.97 17.30 17.30 4.33 165 1562 542 5126 
19.5 64.0  22.40 4.96 16.20 16.65 4.32 174 1575 571 5167 
20.0 65.6 25.10 25.10 5.00 16.75 16.80 4.36 120 1575 394 5167 
20.5 67.3 22.85 22.85 4.96 16.80 16.95 4.33 167 1587 549 5208 
21.0 68.9 23.25 23.45 4.96 16.80 17.00 4.34 155 1600 509 5249 
21.5 70.5 22.90 23.15 4.96 18.00 18.25 4.32 204 1575 670 5167 
22.0 72.2 22.95 22.35 4.95 17.70 17.85 4.32 205 1575 673 5167 
22.5 73.8 20.85 21.10 4.90 16.55 16.75 4.29 231 1653 759 5423 
23.0 75.5 20.25 20.45 4.88 14.65 14.75 4.27 177 1639 581 5378 
23.5 77.1 17.25 17.50 4.84 12.35 12.40 4.23 200 1653 656 5423 
24.0 78.7 17.05 17.20 4.81 10.10 10.20 4.20 143 1639 470 5378 
24.5 80.4 15.84 16.00 4.82 8.76 8.86 4.20 141 1626 461 5335 
25.0 82.0 14.46 14.58 4.80 9.86 9.96 4.24 217 1786 712 5859 
25.5 83.7 12.74 12.86 4.79 9.76 9.90 4.24 337 1818 1105 5965 
26.0 85.3 11.88 11.88 4.77 10.10 10.16 4.21 571 1786 1875 5859 
26.5 86.9 12.14 12.24 4.76 10.04 10.14 4.18 476 1724 1562 5657 
27.0 88.6 12.22 12.32 4.75 9.90 9.98 4.16 429 1695 1408 5561 
27.5 90.2 12.42 12.52 4.78 8.64 8.72 4.21 264 1739 866 5706 
28.0 91.9 12.88 12.98 4.71 9.00 9.10 4.16 258 1835 846 6020 
28.5 93.5 12.20 12.32 4.70 9.60 9.70 4.18 383 1905 1257 6249 
29.0 95.1 12.58 12.72 4.75 10.00 10.10 4.23 385 1923 1262 6309 
29.5 96.8 13.90 13.98 4.93 11.58 11.70 4.42 435 1942 1426 6371 
30.0 98.4 14.38 14.52 4.86 12.10 12.22 4.31 437 1818 1433 5965 
30.5 100.1 13.92 13.96 4.88 11.18 11.30 4.29 370 1709 1215 5608 
31.0 101.7 14.02 14.04 4.86 10.70 10.78 4.26 304 1681 997 5514 
31.5 103.3 13.72 13.86 4.87 11.24 11.36 4.27 402 1653 1318 5423 
32.0 105.0 12.62 12.82 4.86 9.22 9.26 4.24 287 1613 943 5292 
32.5 106.6 14.44 14.44 4.85 9.08 9.16 4.24 188 1639 617 5378 
33.0 108.3 12.96 13.02 4.84 8.84 8.94 4.24 244 1681 800 5514 
33.5 109.9 11.74 11.80 4.84 8.78 8.88 4.25 340 1695 1116 5561 
34.0 111.5 11.30 11.40 4.81 8.40 8.52 4.22 346 1681 1135 5514 
34.5 113.2 11.44 11.54 4.82 8.32 8.42 4.22 321 1667 1052 5468 
35.0 114.8 11.28 11.38 4.83 8.26 8.36 4.23 331 1681 1086 5514 
36.0 118.1 10.42 10.54 4.84 8.06 8.16 4.25 422 1709 1384 5608 
36.5 119.8 10.34 10.50 4.84 7.86 8.00 4.25 402 1695 1318 5561 
37.0 121.4 10.38 10.50 4.86 7.58 7.68 4.25 356 1639 1168 5378 
37.5 123.0 10.16 10.24 4.82 7.56 7.64 4.22 385 1667 1262 5468 
38.0 124.7 10.08 10.08 4.75 7.74 7.84 4.16 437 1681 1433 5514 
38.5 126.3 10.10 10.22 4.79 7.78 7.90 4.21 431 1724 1414 5657 
39.0 128.0 10.44 10.50 4.75 8.10 8.22 4.17 433 1724 1420 5657 

 
Table 5.  Boring 06-04, Suspension R1-R2 depth, pick times, and velocities 
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
39.5 129.6 10.66 10.80 4.79 8.46 8.56 4.22 450 1754 1478 5756 
40.0 131.2 10.73 10.90 4.82 8.53 8.68 4.24 452 1724 1485 5657 
40.5 132.9 11.07 11.19 4.84 8.69 8.84 4.26 423 1724 1387 5657 
41.0 134.5 11.28 11.41 4.84 8.87 8.94 4.25 410 1709 1345 5608 
41.5 136.2 11.63 11.75 4.83 8.95 9.09 4.25 375 1724 1229 5657 
42.0 137.8 11.78 11.88 4.81 8.84 8.96 4.24 341 1739 1120 5706 
42.5 139.4 11.54 11.62 4.87 8.86 8.90 4.28 370 1709 1215 5608 
43.0 141.1 11.26 11.40 4.83 8.84 8.94 4.27 410 1802 1345 5911 
43.5 142.7 11.30 11.32 4.81 8.58 8.68 4.23 373 1709 1224 5608 
44.0 144.4 11.46 11.56 4.84 8.34 8.44 4.26 321 1724 1052 5657 
44.5 146.0 11.28 11.36 4.80 8.38 8.46 4.21 345 1709 1131 5608 
45.0 147.6 11.36 11.42 4.82 8.70 8.80 4.25 379 1739 1243 5706 
45.5 149.3 11.62 11.76 4.82 9.18 9.30 4.27 408 1818 1339 5965 
46.0 150.9 12.06 12.16 4.82 9.62 9.70 4.26 408 1786 1339 5859 
46.5 152.6 12.56 12.70 4.90 9.88 9.98 4.32 370 1724 1215 5657 
47.0 154.2 12.84 12.94 4.91 9.82 9.94 4.31 332 1667 1090 5468 
47.5 155.8 12.58 12.64 4.92 9.26 9.28 4.31 299 1639 982 5378 
48.0 157.5 12.28 12.34 4.89 8.88 8.98 4.28 296 1639 971 5378 
48.5 159.1 12.24 12.36 4.93 8.78 8.90 4.31 289 1626 948 5335 
49.0 160.8 12.06 12.14 4.88 8.66 8.74 4.28 294 1653 965 5423 
49.5 162.4 11.64 11.72 4.84 8.94 9.02 4.27 370 1754 1215 5756 
50.0 164.0 11.38 11.46 4.85 9.10 9.18 4.29 439 1786 1439 5859 
50.5 165.7 11.68 11.76 4.83 8.80 8.90 4.23 348 1667 1143 5468 
51.0 167.3 12.24 12.34 4.82 9.08 9.20 4.24 317 1709 1042 5608 
51.5 169.0 12.96 13.02 4.90 10.22 10.32 4.32 368 1724 1206 5657 
52.0 170.6 13.10 13.22 4.87 10.42 10.54 4.28 373 1695 1224 5561 
52.5 172.2 14.00 14.16 4.91 11.12 11.32 4.30 350 1639 1147 5378 
53.0 173.9 14.12 14.22 4.91 11.12 11.22 4.29 333 1626 1094 5335 
53.5 175.5 14.32 14.42 4.93 10.30 10.42 4.29 249 1575 818 5167 
54.0 177.2 14.36 14.50 4.93 10.12 10.26 4.31 236 1626 774 5335 
54.5 178.8 13.56 13.68 4.90 9.56 9.70 4.30 251 1653 822 5423 
55.0 180.4 13.40 13.48 4.88 9.50 9.58 4.27 256 1639 841 5378 
55.5 182.1 12.70 12.80 4.87 9.48 9.58 4.27 311 1667 1019 5468 
56.0 183.7 12.52 12.60 4.88 9.34 9.46 4.27 316 1653 1038 5423 
56.5 185.4 12.14 12.26 4.87 8.96 9.08 4.26 314 1653 1032 5423 
57.0 187.0 11.76 11.92 4.86 8.52 8.70 4.25 310 1626 1016 5335 
57.5 188.6 11.64 11.70 4.87 8.36 8.48 4.26 308 1626 1009 5335 
58.0 190.3 10.88 11.00 4.89 7.86 8.00 4.26 332 1600 1090 5249 
58.5 191.9 10.21 10.33 4.85 7.61 7.79 4.26 389 1695 1277 5561 
59.0 193.6 9.65 9.73 4.81 7.24 7.35 4.23 418 1709 1370 5608 
59.5 195.2 9.16 9.22 4.79 6.60 6.70 4.19 394 1653 1292 5423 
60.0 196.9 8.62 8.72 4.77 6.24 6.38 4.18 424 1681 1390 5514 
60.5 198.5 8.16 8.32 4.77 6.10 6.26 4.20 485 1754 1593 5756 
61.0 200.1 8.20 8.36 4.77 6.38 6.54 4.21 549 1786 1803 5859 
61.5 201.8 8.36 8.52 4.70 6.80 6.94 4.17 637 1887 2090 6190 
62.0 203.4 8.54 8.52 4.73 7.02 7.04 4.18 667 1818 2187 5965 
62.5 205.1 9.10 9.13 4.74 7.45 7.56 4.19 621 1818 2038 5965 
63.0 206.7 9.78 9.87 4.75 8.08 8.14 4.19 583 1770 1913 5807 
63.5 208.3 9.77 9.85 4.75 7.65 7.74 4.19 473 1786 1551 5859 
64.0 210.0 8.79 8.91 4.76 6.63 6.72 4.18 460 1724 1508 5657 

 
Table 5, continued.  Boring 06-04, Suspension R1-R2 depth, 

pick times, and velocities 
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Depth Pick Times Velocity 
  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 

(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
64.5 211.6 8.56 8.68 4.80 6.36 6.51 4.23 458 1739 1502 5706 
65.0 213.3 8.23 8.32 4.74 6.18 6.30 4.16 491 1724 1612 5657 
65.5 214.9 7.96 8.07 4.74 6.18 6.27 4.17 559 1770 1833 5807 
66.0 216.5 7.92 8.06 4.67 6.44 6.58 4.13 676 1869 2217 6132 
66.5 218.2 8.20 8.33 4.71 6.81 6.94 4.19 719 1905 2360 6249 
67.0 219.8 8.63 8.76 4.74 7.24 7.37 4.21 719 1905 2360 6249 
67.5 221.5 8.85 8.99 4.74 7.39 7.53 4.19 685 1802 2247 5911 
68.0 223.1 9.18 9.29 4.74 7.46 7.57 4.19 581 1802 1907 5911 
68.5 224.7 9.43 9.53 4.80 7.35 7.48 4.22 484 1724 1589 5657 
69.0 226.4 9.76 9.87 4.83 7.52 7.63 4.24 446 1709 1465 5608 
69.5 228.0 9.82 9.92 4.81 7.70 7.82 4.24 474 1770 1555 5807 
70.0 229.7 9.75 9.81 4.81 7.79 7.85 4.25 510 1786 1674 5859 
70.5 231.3 9.81 9.90 4.81 7.79 7.90 4.24 498 1739 1632 5706 

            

 
Table 5, continued.  Boring 06-04, Suspension R1-R2 depth, 

pick times, and velocities 
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Figure 7.  Boring 06-07, Suspension P- and SH-wave velocities
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
7.0 23.0 67.10 67.40 18.90 51.90 52.80 12.00 67 145 220 475 
7.5 24.6 60.20 60.20 16.00 48.40 48.60 9.40 85 163 280 533 
8.0 26.2 55.40 54.70 13.10 41.80 42.30 7.20 77 169 252 556 
8.5 27.9 46.30 46.30 10.63 35.90 36.10 6.15 97 223 319 732 
9.0 29.5 43.20 44.50 7.82 32.60 34.00 5.96 95 538 311 1764 
9.5 31.2 41.10 41.80 6.83 31.50 32.50 5.95 106 1136 347 3728 

10.0 32.8 34.90 34.90 6.45 25.30 25.30 5.62 104 1205 342 3953 
10.5 34.4 34.20 33.90 6.35 25.50 25.90 5.62 120 1370 393 4494 
11.0 36.1 35.20 34.50 6.34 24.60 24.70 5.65 98 1449 322 4755 
11.5 37.7 35.50 35.55 6.29 24.35 24.15 5.60 89 1449 291 4755 
12.0 39.4 33.15 33.50 6.24 22.75 23.10 5.55 96 1449 315 4755 
12.5 41.0 30.80 31.00 6.21 22.30 22.60 5.52 118 1449 388 4755 
13.0 42.7 30.85 31.25 6.25 22.85 23.30 5.57 125 1471 411 4825 
13.5 44.3 30.35 31.40 6.38 21.45 22.65 5.76 113 1613 372 5292 
14.0 45.9 34.60 34.95 6.30 25.70 25.60 5.65 110 1538 360 5047 
14.5 47.6 32.40 32.30 6.28 23.30 23.05 5.60 109 1471 358 4825 
15.0 49.2 31.65 31.85 6.24 22.75 22.40 5.59 109 1538 358 5047 
15.5 50.9 31.45 31.70 6.26 23.85 23.50 5.63 127 1587 415 5208 
16.0 52.5 30.40 30.40 6.18 23.15 23.35 5.51 140 1493 459 4897 
16.5 54.1 30.45 30.40 6.25 22.35 22.50 5.42 125 1205 410 3953 
17.0 55.8 31.10 31.40 6.12 23.05 23.10 5.44 122 1471 401 4825 
17.5 57.4 30.20 30.30 6.18 22.40 22.20 5.49 126 1449 413 4755 
18.0 59.1 30.55 30.60 6.14 23.35 23.40 5.47 139 1493 456 4897 
18.5 60.7 34.10 31.90 6.07 28.55 26.35 5.41 180 1515 591 4971 
19.0 62.3 34.55 34.95 6.04 26.25 27.35 5.41 126 1587 413 5208 
19.5 64.0 36.30 36.35 6.19 26.65 27.20 5.55 106 1563 349 5126 
20.0 65.6 32.35 32.25 6.08 26.65 26.80 5.42 179 1515 588 4971 
20.5 67.3 32.45 32.40 6.24 25.95 26.15 5.51 157 1370 515 4494 
21.0 68.9 34.25 34.25 6.23 26.25 26.35 5.57 126 1515 413 4971 
21.5 70.5 32.35 33.55 6.13 28.50 28.00 5.50 213 1587 698 5208 
22.0 72.2 27.45 27.50 6.21 21.60 21.65 5.56 171 1538 561 5047 
22.5 73.8 26.90 27.00 6.02 20.35 20.40 5.33 152 1449 499 4755 
23.0 75.5 25.15 25.05 5.93 18.75 18.95 5.29 160 1563 525 5126 
23.5 77.1 26.45 26.65 6.07 19.75 20.00 5.34 150 1370 492 4494 
24.0 78.7 21.90 21.80 5.97 16.45 16.55 5.34 187 1587 613 5208 
24.5 80.4 19.90 19.95 5.68 15.40 15.40 5.16 221 1923 725 6309 
25.0 82.0 19.50 19.65 5.87 13.80 13.85 5.27 174 1667 571 5468 
25.5 83.7 18.85 18.90 5.95 13.35 13.40 5.28 182 1493 597 4897 
26.0 85.3 17.60 17.45 5.85 12.00 12.10 5.24 183 1639 599 5378 
26.5 86.9 16.40 16.40 5.74 12.00 12.00 5.16 227 1724 746 5657 
27.0 88.6 15.20 15.25 5.73 11.30 11.40 5.21 258 1923 847 6309 
27.5 90.2 14.20 14.26 5.74 11.42 11.48 5.26 360 2062 1180 6765 
28.0 91.9 13.86 13.90 5.80 9.44 9.54 5.26 228 1835 747 6020 
28.5 93.5 13.98 14.02 5.88 9.44 9.56 5.27 222 1639 729 5378 
29.0 95.1 12.36 12.44 5.91 9.52 9.60 5.29 352 1613 1155 5292 
29.5 96.8 11.96 12.04 5.90 9.30 9.38 5.29 376 1639 1233 5378 
30.0 98.4 12.18 12.26 5.92 9.34 9.40 5.28 351 1550 1151 5087 
30.5 100.1 11.94 12.00 5.91 9.34 9.42 5.28 386 1575 1267 5167 
31.0 101.7 11.96 12.02 5.77 9.32 9.40 5.14 380 1587 1247 5208 
31.5 103.3 12.66 12.62 5.90 10.04 10.02 5.27 383 1575 1257 5167 

 
Table 6.  Boring 06-07, Suspension R1-R2 depth, pick times, and velocities 
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
32.0 105.0 12.88 12.98 5.90 10.34 10.42 5.28 392 1600 1287 5249 
32.5 106.6 13.62 13.64 5.89 11.04 11.08 5.27 389 1613 1277 5292 
33.0 108.3 14.04 14.08 5.90 11.48 11.52 5.28 391 1613 1282 5292 
33.5 109.9 14.28 14.36 5.88 11.40 11.44 5.26 345 1600 1131 5249 
34.0 111.5 14.52 14.56 5.88 11.10 11.16 5.27 293 1639 962 5378 
34.5 113.2 14.50 14.60 5.88 10.92 10.98 5.28 278 1653 911 5423 
35.0 114.8 14.32 14.44 5.87 10.56 10.66 5.26 265 1639 870 5378 
35.5 116.5 14.14 14.22 5.88 10.32 10.44 5.27 263 1639 863 5378 
36.0 118.1 13.62 13.74 5.89 10.32 10.46 5.28 304 1653 997 5423 
36.5 119.8 13.28 13.34 5.88 10.28 10.40 5.28 337 1667 1105 5468 
37.0 121.4 13.28 13.36 5.88 10.08 10.20 5.27 314 1626 1032 5335 
37.5 123.0 13.28 13.32 5.87 9.96 10.00 5.25 301 1600 988 5249 
38.0 124.7 13.54 13.62 5.86 10.44 10.48 5.23 321 1587 1052 5208 
38.5 126.3 13.70 13.80 5.85 10.78 10.88 5.23 342 1613 1124 5292 
39.0 128.0 13.74 13.82 5.84 10.92 10.96 5.23 352 1653 1155 5423 
39.5 129.6 14.06 14.14 5.82 11.32 11.38 5.25 364 1754 1193 5756 
40.0 131.2 14.48 14.54 5.84 11.60 11.70 5.25 350 1695 1147 5561 
40.5 132.9 14.22 14.30 5.86 11.00 11.08 5.25 311 1653 1019 5423 
41.0 134.5 13.76 13.82 5.84 10.30 10.38 5.25 290 1695 951 5561 
41.5 136.2 13.16 13.22 5.81 9.54 9.62 5.21 277 1653 909 5423 
42.0 137.8 13.02 13.12 5.81 9.22 9.36 5.19 265 1626 868 5335 
42.5 139.4 12.66 12.72 5.77 9.22 9.24 5.16 289 1626 948 5335 
43.0 141.1 12.40 12.56 5.76 9.72 9.80 5.17 368 1709 1206 5608 
43.5 142.7 11.84 11.92 5.72 9.66 9.90 5.16 476 1802 1562 5911 
44.0 144.4 12.02 12.08 5.81 9.54 9.76 5.26 417 1818 1367 5965 
44.5 146.0 12.14 12.06 5.72 9.08 9.18 5.16 337 1786 1105 5859 
45.0 147.6 11.20 11.40 5.68 8.14 8.20 5.11 319 1754 1048 5756 
45.5 149.3 10.72 10.88 5.73 7.80 7.94 5.18 341 1818 1120 5965 
46.0 150.9 11.72 11.76 5.75 10.18 10.20 5.23 645 1942 2117 6371 
46.5 152.6 12.36 12.52 5.78 10.80 10.92 5.25 633 1905 2076 6249 
47.0 154.2 13.32 13.46 5.82 11.34 11.44 5.26 500 1770 1640 5807 
47.5 155.8 13.88 14.00 5.85 11.20 11.30 5.26 372 1681 1220 5514 
48.0 157.5 14.24 14.34 5.86 10.76 10.88 5.23 288 1600 945 5249 
48.5 159.1 13.92 14.02 5.76 10.16 10.26 5.14 266 1613 873 5292 
49.0 160.8 13.22 13.36 5.78 9.68 9.86 5.17 284 1639 932 5378 
49.5 162.4 12.78 12.86 5.76 9.38 9.48 5.16 295 1653 968 5423 
50.0 164.0 12.84 12.96 5.76 9.70 9.82 5.17 318 1695 1045 5561 
50.5 165.7 12.48 12.56 5.74 9.56 9.70 5.18 346 1770 1135 5807 
51.0 167.3 12.48 12.60 5.73 9.94 10.04 5.18 392 1818 1287 5965 
51.5 169.0 12.88 12.98 5.75 10.48 10.62 5.19 420 1786 1379 5859 
52.0 170.6 13.92 14.08 5.79 11.30 11.32 5.21 372 1739 1220 5706 
52.5 172.2 14.38 14.44 5.80 11.18 11.28 5.22 314 1724 1032 5657 
53.0 173.9 14.48 14.54 5.82 11.70 11.82 5.25 364 1770 1193 5807 
53.6 175.9 14.42 14.60 5.84 11.70 11.82 5.24 364 1681 1193 5514 
54.1 177.5 14.74 14.80 5.86 10.70 10.78 5.23 248 1600 814 5249 
54.6 179.1 14.44 14.54 5.85 10.28 10.36 5.23 240 1600 787 5249 
55.0 180.4 13.82 13.90 5.83 10.28 10.38 5.22 283 1626 929 5335 
55.5 182.1 13.68 13.78 5.84 10.42 10.52 5.23 307 1639 1006 5378 
56.0 183.7 13.54 13.64 5.84 10.24 10.34 5.23 303 1639 994 5378 
56.5 185.4 13.14 13.28 5.81 10.06 10.20 5.21 325 1681 1065 5514 

 
Table 6, continued.  Boring 06-07, Suspension R1-R2 depth, 

pick times, and velocities 
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Depth Pick Times Velocity 
  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 

(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
57.1 187.3 12.94 13.02 5.80 10.18 10.30 5.20 365 1681 1197 5514 
57.5 188.6 13.18 13.26 5.81 10.22 10.30 5.20 338 1639 1108 5378 
58.0 190.3 13.30 13.38 5.82 9.94 10.04 5.21 299 1653 979 5423 
58.5 191.9 13.24 13.32 5.80 10.04 10.16 5.22 314 1709 1032 5608 
59.0 193.6 13.50 13.46 5.84 10.90 11.00 5.26 395 1739 1297 5706 
59.5 195.2 12.98 13.12 5.84 10.24 10.36 5.25 364 1709 1193 5608 
60.0 196.9 13.38 13.52 5.85 10.26 10.40 5.25 321 1667 1052 5468 
60.5 198.5 13.36 13.46 5.84 10.56 10.68 5.25 358 1695 1176 5561 
61.0 200.1 12.72 12.84 5.80 9.54 9.74 5.20 318 1653 1045 5423 
61.5 201.8 12.52 12.84 5.79 9.46 9.76 5.17 326 1613 1069 5292 
62.0 203.4 13.06 13.20 5.74 9.18 9.28 5.13 256 1626 841 5335 
62.5 205.1 11.88 12.04 5.71 9.04 9.24 5.10 355 1639 1163 5378 
63.0 206.7 11.28 11.44 5.69 8.30 8.42 5.11 333 1724 1094 5657 
63.5 208.3 9.84 10.02 5.59 7.50 7.68 5.05 427 1852 1402 6076 
64.0 210.0 9.24 9.26 5.52 7.16 7.26 4.98 490 1852 1608 6076 
64.5 211.6 8.46 8.48 5.47 6.42 6.52 4.93 500 1869 1640 6132 
65.0 213.3 8.06 8.24 5.51 5.96 6.12 4.95 474 1786 1555 5859 
65.5 214.9 9.44 9.42 5.42 7.84 7.78 4.90 617 1905 2025 6249 
66.0 216.5 8.46 8.70 5.41 7.12 7.24 4.97 714 2273 2343 7456 
66.5 218.2 8.78 8.92 5.33 7.98 8.12 5.04 1250 3448 4101 11313 
67.0 219.8 9.70 9.58 5.43 9.10 8.96 5.15 1639 3571 5378 11717 
67.5 221.5 10.76 10.84 5.86 9.90 10.02 5.40 1190 2198 3906 7211 
68.0 223.1 11.84 11.96 5.79 9.98 10.10 5.22 538 1739 1764 5706 
68.5 224.7 12.82 12.88 5.80 10.02 10.16 5.22 362 1709 1189 5608 
69.0 226.4 12.74 12.82 5.79 9.82 9.98 5.20 347 1695 1139 5561 
69.5 228.0 12.60 12.70 5.80 9.62 9.82 5.20 341 1681 1120 5514 
70.0 229.7 12.52 12.62 5.78 9.60 9.82 5.18 350 1667 1147 5468 
70.5 231.3 12.34 12.42 5.77 9.36 9.56 5.17 342 1653 1124 5423 
71.0 232.9 12.04 12.10 5.75 9.14 9.22 5.16 346 1695 1135 5561 
71.5 234.6 11.88 12.00 5.74 9.28 9.50 5.17 392 1754 1287 5756 
72.0 236.2 11.90 11.96 5.73 9.42 9.54 5.17 408 1770 1339 5807 
72.5 237.9 12.02 12.10 5.75 9.46 9.58 5.19 394 1770 1292 5807 
73.0 239.5 12.16 12.26 5.76 9.76 9.90 5.19 420 1770 1379 5807 
73.5 241.1 12.26 12.38 5.78 9.98 10.06 5.22 435 1770 1426 5807 
74.0 242.8 12.54 12.62 5.80 9.92 9.96 5.22 379 1724 1243 5657 
74.5 244.4 12.74 12.82 5.81 9.84 9.94 5.21 346 1681 1135 5514 
75.0 246.1 12.62 12.80 5.82 9.70 9.86 5.21 341 1653 1120 5423 
75.5 247.7 12.56 12.66 5.84 9.72 9.86 5.22 355 1626 1163 5335 

            

 
Table 6, continued.  Boring 06-07, Suspension R1-R2 depth, 

pick times, and velocities 
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Figure 8.  Boring 06-08, Suspension P- and SH-wave velocities
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Depth Pick Times Velocity 

  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 
(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
1.0 3.3 37.40 37.20 10.35 28.60 28.00 7.00 111 299 365 979 
1.5 4.9 38.20 38.20 9.30 27.40 27.40 6.10 93 313 304 1025 
2.0 6.6 39.20 39.10 8.40 28.50 28.60 6.70 94 588 310 1930 
2.5 8.2 39.30 38.90 8.80 28.80 28.70 8.15 97 1538 317 5047 
3.0 9.8 39.30 39.40 8.85 27.60 27.60 7.80 85 952 279 3125 
3.5 11.5 40.40 40.60 9.65 28.40 28.50 8.80 83 1176 272 3860 
4.0 13.1 39.30 39.00 10.05 28.30 28.40 8.95 93 909 304 2983 
4.5 14.8 38.50 38.60 10.45 27.80 27.70 8.80 93 606 304 1988 
5.0 16.4 38.60 39.00 10.65 27.90 27.90 8.70 92 513 301 1682 
5.5 18.0 39.20 39.00 10.50 28.90 28.30 8.50 95 500 312 1640 
6.0 19.7 39.00 38.70 10.45 27.30 27.10 8.25 86 455 282 1491 
6.5 21.3 39.30 39.00 10.10 26.90 26.80 8.05 81 488 267 1600 
7.0 23.0 38.50 38.10 9.70 27.80 27.40 7.85 93 541 307 1773 
7.5 24.6 37.80 37.50 9.25 26.60 26.30 7.45 89 556 293 1823 
8.0 26.2 36.70 36.60 9.28 25.00 24.95 7.52 86 568 281 1864 
8.5 27.9 36.70 36.50 9.46 25.85 25.80 7.80 93 602 304 1976 
9.0 29.5 34.90 34.85 9.20 23.70 23.80 7.64 90 641 295 2103 
9.5 31.2 34.20 34.00 9.20 22.70 22.60 7.78 87 704 287 2310 

10.0 32.8 32.70 32.70 8.82 23.05 23.00 7.14 103 595 339 1953 
10.5 34.4 31.30 31.05 8.65 21.40 21.25 6.66 102 503 333 1649 
11.0 36.1 30.95 30.85 8.18 21.45 21.35 6.65 105 654 345 2144 
11.5 37.7 30.15 29.90 7.52 21.95 21.70 6.12 122 714 400 2343 
12.0 39.4 28.75 28.65 7.22 20.60 20.40 6.07 122 870 400 2853 
12.5 41.0 27.70 27.55 6.93 19.80 19.60 6.15 126 1282 414 4206 
13.0 42.7 26.90 26.75 6.84 19.70 19.45 6.04 138 1250 453 4101 
13.5 44.3 26.15 25.90 6.81 18.45 18.30 6.06 131 1333 429 4374 
14.0 45.9 25.70 25.45 6.74 17.45 17.25 6.03 122 1408 399 4621 
14.5 47.6 25.50 25.30 6.74 17.95 17.85 5.90 133 1190 437 3906 
15.0 49.2 23.75 23.65 6.64 17.35 17.25 5.84 156 1250 513 4101 
15.5 50.9 22.85 22.80 6.53 16.70 16.65 5.86 163 1493 533 4897 
16.0 52.5 22.75 22.60 6.54 17.10 16.95 5.89 177 1538 581 5047 
16.5 54.1 22.15 22.00 6.54 16.20 16.10 5.88 169 1515 554 4971 
17.0 55.8 22.10 22.00 6.54 15.20 15.20 5.86 146 1471 479 4825 
17.5 57.4 21.55 21.45 6.59 15.35 15.40 5.89 163 1429 536 4687 
18.0 59.1 20.45 20.40 6.54 15.40 15.35 5.89 198 1527 650 5009 
18.5 60.7 20.30 20.15 6.53 15.35 15.20 5.87 202 1527 663 5009 
19.0 62.3 20.40 20.30 6.50 15.20 15.00 5.89 190 1653 625 5423 
19.5 64.0 20.05 20.00 6.45 15.20 15.10 5.84 205 1639 673 5378 
20.0 65.6 19.55 19.50 6.46 14.20 14.15 5.81 187 1527 613 5009 
20.5 67.3 19.75 19.65 6.52 14.00 13.95 5.77 175 1333 573 4374 
21.0 68.9 19.30 19.30 6.51 14.45 14.35 5.81 204 1429 670 4687 
21.5 70.5 18.40 18.40 6.43 13.70 13.65 5.76 212 1504 694 4934 
22.0 72.2 18.30 18.35 6.36 13.60 13.60 5.73 212 1587 694 5208 
22.5 73.8 17.80 17.85 6.25 13.95 13.90 5.65 256 1667 841 5468 
23.0 75.5 17.40 17.40 6.27 13.00 12.90 5.68 225 1681 737 5514 
23.5 77.1 17.70 17.60 6.29 13.00 12.85 5.66 212 1587 694 5208 
24.0 78.7 17.85 17.75 6.34 13.50 13.40 5.70 230 1575 754 5167 
24.5 80.4 17.55 17.45 6.31 13.25 13.15 5.66 233 1538 763 5047 
25.0 82.0 17.10 17.00 6.36 12.95 12.85 5.71 241 1538 791 5047 
25.5 83.7 17.14 17.04 6.45 13.58 13.34 5.81 275 1575 904 5167 

 
Table 7.  Boring 06-08, Suspension R1-R2 depth, pick times, and velocities 
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Depth Pick Times Velocity 
  Far-Hn Far-Hr Far-V Near-Hn Near-Hr Near-V V-SH V-P V-SH V-P 

(m) (feet) (millisec) (millisec) (millisec) (millisec) (millisec) (millisec) (m/sec) (m/sec) (ft/sec) (ft/sec) 
26.0 85.3 16.54 16.52 5.93 12.96 12.94 5.32 279 1626 916 5335 
26.5 86.9 16.96 16.82 6.34 12.46 12.28 5.70 221 1562 726 5126 
27.0 88.6 17.66 17.52 6.70 13.12 12.94 6.01 219 1449 719 4755 
27.5 90.2 15.90 15.72 6.23 12.16 11.98 5.61 267 1626 877 5335 
28.0 91.9 15.38 15.32 6.32 11.74 11.66 5.67 274 1527 899 5009 
28.5 93.5 15.40 15.20 6.27 11.96 11.74 5.65 290 1613 951 5292 
29.0 95.1 15.10 14.96 6.26 11.70 11.54 5.62 293 1575 962 5167 
29.5 96.8 15.24 15.10 5.83 10.72 10.50 5.17 219 1515 719 4971 
30.0 98.4 14.60 14.46 6.21 10.52 10.38 5.55 245 1515 804 4971 
30.5 100.1 13.32 13.24 6.12 10.16 9.96 5.49 311 1575 1019 5167 
31.0 101.7 13.12 13.02 6.12 9.70 9.56 5.50 291 1613 954 5292 
31.5 103.3 13.10 12.82 6.10 9.54 9.30 5.50 282 1653 927 5423 
32.0 105.0 12.60 12.46 6.09 9.46 9.16 5.48 311 1639 1019 5378 
32.5 106.6 12.22 12.16 6.09 9.46 9.24 5.50 352 1681 1155 5514 
33.0 108.3 12.12 11.94 6.07 9.52 9.40 5.48 389 1709 1277 5608 
33.5 109.9 12.58 12.38 6.09 10.06 9.90 5.52 400 1770 1312 5807 
34.0 111.5 13.22 13.08 6.08 10.56 10.42 5.52 376 1786 1233 5859 
34.5 113.2 13.64 13.54 6.16 11.02 10.92 5.58 382 1739 1252 5706 
35.0 114.8 13.78 13.74 6.18 11.40 11.28 5.58 413 1681 1356 5514 

            

 
Table 7, continued.  Boring 06-08, Suspension R1-R2 depth, 

pick times, and velocities 



 

 
 
 
 
 
 

APPENDIX A 
 
 

SUSPENSION VELOCITY MEASUREMENT 
 QUALITY ASSURANCE SUSPENSION SOURCE  

TO RECEIVER ANALYSIS RESULTS 
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Figure A-1.  Boring 06-02, R1 - R2 high resolution analysis 

and S-R1 quality assurance analysis P- and SH-wave data
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 Velocity  Velocity Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec) 

V-p 
(ft/sec)

 Depth 
(meters)

V-SH 
(m/sec)

V-p 
(m/sec)

Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

2.0 122  433  6.5 402  1421 26.5 385 1726 86.8 1263 5662 
2.5 139  439  8.1 455  1439  26.9 415  1726  88.4 1361  5662  
2.9 116  388  9.7 379  1272  27.4 391  1726  90.0 1281  5662  
3.4 87  333  11.2 285  1094  27.9 379  1754  91.6 1245  5755  
3.9 76  331  12.8 248  1085  28.4 391  1740  93.1 1281  5708  
4.9 69  358  16.0 227  1176  28.9 408  1740  94.7 1340  5708  
5.3 64  388  17.5 209  1272  29.3 421  1726  96.3 1382  5662  
5.8 69  444  19.1 228  1457  29.8 457  1769  97.9 1500  5802  
6.3 80  546  20.7 264  1791  30.3 473  1814  99.4 1553  5950  
6.8 92  759  22.3 301  2490  30.8 482  1837  101.0 1581  6027  
7.3 102  991  23.8 334  3250  31.3 457  1845  102.6 1500  6053  
7.7 105  1289  25.4 344  4230  31.7 435  1806  104.2 1427  5925  
8.2 113  1427  27.0 369  4681  32.2 385  1754  105.7 1263  5755  
8.7 120  1408  28.6 394  4619  32.7 360  1719  107.3 1182  5639  
9.2 131  1372  30.1 430  4501  33.2 329  1719  108.9 1080  5639  
9.7 141  1321  31.7 461  4334  33.7 310  1665  110.5 1018  5464  

10.1 156  1372  33.3 512  4501  34.1 268  1646  112.0 878  5401  
10.6 162  1507  34.9 531  4944  34.6 255  1585  113.6 836  5201  
11.1 171  1466  36.4 561  4809  35.1 243  1597  115.2 798  5240  
11.6 181  1466  38.0 594  4809  35.6 255  1640  116.8 836  5380  
12.1 192  1497  39.6 629  4910  36.1 257  1627  118.3 844  5339  
12.5 206  1497  41.2 677  4910  36.5 276  1646  119.9 904  5401  
13.0 220  1497  42.7 722  4910  37.0 287  1627  121.5 942  5339  
13.5 237  1518  44.3 778  4979  37.5 293  1634  123.1 962  5360  
14.0 239  1518  45.9 784  4979  38.0 303  1615  124.6 995  5299  
14.5 241  1507  47.5 792  4944  38.5 300  1615  126.2 983  5299  
14.9 268  1518  49.0 878  4979  38.9 282  1615  127.8 924  5299  
15.4 293  1497  50.6 962  4910  39.4 273  1615  129.4 896  5299  
15.9 281  1518  52.2 923  4979  39.9 268  1579  130.9 878  5182  
16.4 270  1529  53.8 886  5015  40.4 270  1574  132.5 886  5162  
16.9 260  1540  55.3 852  5051  40.9 290  1585  134.1 951  5201  
17.3 235  1540  56.9 770  5051  41.3 293  1597  135.7 962  5240  
17.8 243  1529  58.5 798  5015  41.8 300  1603  137.2 983  5259  
18.3 250  1486  60.1 820  4876  42.3 307  1603  138.8 1006  5259  
18.8 257  1562  61.6 844  5125  42.8 307  1597  140.4 1006  5240  
19.3 287  1585  63.2 941  5201  43.3 303  1609  142.0 994  5279  
19.7 303  1609  64.8 994  5279  43.7 290  1579  143.5 951  5182  
20.2 318  1585  66.4 1042  5201  44.2 282  1585  145.1 924  5201  
20.7 329  1685  67.9 1080  5528  44.7 273  1568  146.7 896  5144  
21.2 333  1634  69.5 1094  5360  45.2 279  1568  148.3 914  5144  
21.7 346  1646  71.1 1136  5401  45.7 293  1579  149.8 962  5182  
22.1 355  1646  72.7 1166  5401  46.1 325  1634  151.4 1067  5360  
22.6 355  1659  74.2 1166  5443  46.6 355  1665  153.0 1166  5464  
23.1 391  1646  75.8 1281  5401  47.1 408  1698  154.6 1340  5572  
23.6 415  1659  77.4 1361  5443  47.6 457  1740  156.1 1500  5708  
24.1 442  1672  79.0 1451  5485  48.1 473  1776  157.7 1553  5827  
24.5 465  1685  80.5 1526  5528  48.5 482  1769  159.3 1581  5802  
25.0 465  1685  82.1 1526  5528        
25.5 457  1726  83.7 1500  5662  47.6 437  1733  156.1  1433  5685  
26.0 435  1726  85.3 1427  5662  48.1 455  1733  157.7  1494  5685  

 
Table A-1.  Boring 06-02, S - R1 quality assurance 

analysis P- and SH-wave data



 A-4

 

 

 

 

 

 

 

 
 

 Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

48.6 472  1761 161.0 1550 5779 
49.1 486  1726  162.6 1596  5662  
49.6 491  1698  164.3 1610  5572  
50.1 490  1672  165.9 1608  5485  
50.6 473  1672  167.6 1553  5485  
51.1 448  1672  169.2 1469  5485  
51.6 437  1672  170.8 1433  5485  
52.1 420  1665  172.5 1377  5464  
52.6 407  1653  174.1 1335  5422  
53.1 384  1634  175.8 1258  5360  
53.6 368  1627  177.4 1206  5339  
54.1 365  1615  179.0 1198  5299  
54.6 373  1627  180.7 1223  5339  
55.1 378  1640  182.3 1240  5380  
55.6 389  1653  184.0 1277  5422  
56.1 392  1646  185.6 1286  5401  
56.6 395  1646  187.2 1295  5401  
57.1 404  1659  188.9 1325  5443  
57.6 407  1646  190.5 1335  5401  
58.1 410  1672  192.2 1345  5485  
58.6 416  1665  161.0 1366  5464  

      
 

Table A-1, continued.  Boring 06-02, S - R1 quality assurance 
analysis P- and SH-wave data
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 Figure A-2.  Boring 06-03, R1 - R2 high resolution analysis  
and S-R1 quality assurance analysis
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 Velocity  Velocity Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec) 

V-p 
(ft/sec)

 Depth 
(meters)

V-SH 
(m/sec)

V-p 
(m/sec)

Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

11.6   38.0   31.6 374 1769 103.6  1227 5802 
12.1   39.6    32.1 343  1821  105.2  1124  5975  
12.6  1466 41.2   4809 32.6 385  1821  106.9  1263  5975  
13.1 106  1529  42.9  348  5015  33.1 425  1845  108.5  1393  6053  
13.6 111  1529  44.5  366  5015  33.6 444  1747  110.1  1457  5731  
14.1 131  1551  46.2  430  5088  34.0 467  1719  111.5  1533  5639  
14.6 150  1529  47.8  491  5015  34.6 480  1698  113.4  1574  5572  
15.1 181  1529  49.4  595  5015  35.1 440  1712  115.1  1445  5617  
15.6 238  1529  51.1  782  5015  35.6 402  1685  116.7  1320  5528  
16.1 252  1529  52.7  826  5015  36.1 370  1678  118.3  1215  5507  
16.6 225  1529  54.4  739  5015  36.6 340  1640  120.0  1114  5380  
17.1 235  1529  56.0  772  5015  37.1 335  1627  121.6  1100  5339  
17.6 225  1540  57.6  739  5051  37.6 336  1621  123.3  1104  5319  
18.1 226  1529  59.3  743  5015  38.1 346  1640  124.9  1136  5380  
18.6 247  1529  60.9  812  5015  38.6 372  1659  126.5  1219  5443  
19.1 264  1518  62.6  867  4979  39.1 396  1640  128.2  1300  5380  
19.6 273  1529  64.2  894  5015  39.6 420  1698  129.8  1377  5572  
20.1 278  1551  65.8  912  5088  40.1 428  1705  131.5  1404  5594  
20.6 289  1562  67.5  949  5125  40.6 439  1705  133.1  1439  5594  
21.1 291  1551  69.1  955  5088  41.1 439  1705  134.7  1439  5594  
21.6 276  1585  70.8  906  5201  41.6 448  1705  136.4  1469  5594  
22.1 269  1597  72.4  883  5240  42.1 451  1705  138.0  1481  5594  
22.6 245  1597  74.0  802  5240  42.6 455  1698  139.7  1494  5572  
23.1  1597  75.7   5240  43.1 461  1692  141.3  1513  5550  
23.6  1609  77.3   5279  43.6 469  1705  142.9  1540  5594  

      44.1 467  1698  144.6  1533  5572  
19.6   64.2    44.6 446  1672  146.2  1463  5485  
20.1   65.8    45.1 392  1665  147.9  1287  5464  
20.6   67.5    45.6 381  1665  149.5  1249  5464  
21.1  1585  69.1   5201  46.1 398  1685  151.1  1305  5528  
21.6  1597  70.8   5240  46.6 421  1678  152.8  1382  5507  
22.1 238  1597  72.4  780  5240  47.1 430  1678  154.4  1410  5507  
22.6 250  1597  74.0  819  5240  47.6 420  1705  156.1  1377  5594  
23.1 250  1597  75.7  821  5240  48.1 402  1646  157.7  1320  5401  
23.6 251  1585  77.3  822  5201  48.6 435  1659  159.4  1427  5443  
24.1 250  1585  79.0  821  5201  49.1 471  1678  161.0  1546  5507  
24.6 250  1646  80.6  821  5401  49.6 500  1685  162.6  1640  5528  
25.1 255  1659  82.3  836  5443  50.1 527  1698  164.3  1729  5572  
25.6 256  1659  83.9  841  5443  50.6 478  1667  165.9  1567  5468  
26.1 245  1634  85.5  802  5360  51.1 450  1665  167.6  1475  5464  
26.6 246  1634  87.2  807  5360  51.6 420  1634  169.2  1379  5360  
27.1 264  1585  88.8  867  5201  52.1 412  1672  170.8  1350  5485  
27.6 252  1597  90.5  826  5240  52.6 414  1659  172.5  1358  5443  
28.1 245  1597  92.1  802  5240  53.1 423  1672  174.1  1388  5485  
28.6 249  1659  93.7  816  5443  53.6 413  1672  175.8  1355  5485  
29.1 264  1740  95.4  867  5708  54.1 399  1672  177.4  1310  5485  
29.6 287  1754  97.0  942  5755  54.6 386  1653  179.0  1265  5422  
30.1 324  1783  98.7  1064  5851  55.1 398  1659  180.7  1306  5443  
30.6 360  1798  100.3  1180  5900  55.6 429  1665  182.3  1407  5464  
31.1 382  1814  101.9  1254  5950  56.1 480  1705  184.0  1574  5594  

 
Table A-2.  Boring 06-03, S - R1 quality assurance  

analysis P- and SH-wave data 
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 Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

56.6 523  1705 185.6 1715 5594 
57.1 539  1692  187.2  1769  5550  
57.6 554  1698  188.9  1819  5572  
58.1 583  1698  190.5  1913  5572  
58.6 605  1733  192.2  1983  5685  
59.1 650  1747  193.8  2134  5731  
59.6 690  1821  195.4  2265  5975  
60.1 748  1911  197.1  2455  6269  
60.6 784  1919  198.7  2572  6297  
61.1 740  1919  200.4  2429  6297  
61.6 709  1894  202.0  2325  6213  
62.1 650  1821  203.6  2134  5975  
62.6 586  1733  205.3  1924  5685  
63.1 546  1740  206.9  1791  5708  
63.6 517  1733  208.6  1696  5685  
64.1 514  1705  210.2  1688  5594  
64.6 513  1719  211.8  1684  5639  
65.1 514  1698  213.5  1688  5572  
65.6 519  1698  215.1  1704  5572  
66.1 504  1678  216.8  1652  5507  
66.6 489  1672  218.4  1603  5485  
67.1 462  1653  220.0  1516  5422  
67.6 460  1659  221.7  1510  5443  
68.1 457  1672  223.3  1500  5485  
68.6 471  1659  225.0  1546  5443  
69.1 492  1692  226.6  1614  5550  

      
 

Table A-2, continued.  Boring 06-03, S - R1 quality assurance  
analysis P- and SH-wave data 



 A-8

ANTIOCH BRIDGE BORING 06-04

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75
0 250 500 750 1000 1250 1500 1750 2000

VELOCITY (FEET/SECOND)
D

EP
TH

 B
EL

O
W

 D
EC

K
 (M

ET
ER

S)

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

0 1000 2000 3000 4000 5000 6000

VELOCITY (METERS/SECOND)

D
EP

TH
 B

EL
O

W
 D

EC
K

 (F
EE

T)

R1-R2 Vs

R1-R2 Vp

S-R1 Vs

S-R1 Vp

STEEL CONDUCTOR CASING TO 47 FT

 Figure A-3.  Boring 06-04, R1 - R2 high resolution analysis  
and S-R1 quality assurance analysis
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 Velocity  Velocity Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec) 

V-p 
(ft/sec)

 Depth 
(meters)

V-SH 
(m/sec)

V-p 
(m/sec)

Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

15.6   51.1     41.1 421 1678 134.7  1382 5507 
16.1  1321  52.7   4334  41.6 409  1712  136.4  1342  5617  
16.6  1471  54.4   4825  42.1 395  1678  138.0  1295  5507  
17.1  1507  56.0   4944  42.6 384  1672  139.7  1261  5485  
17.6 100  1540  57.6  327  5051  43.1 384  1733  141.3  1261  5685  
18.1 111  1579  59.3  365  5182  43.6 389  1692  142.9  1277  5550  
18.6 127  1591  60.9  417  5220  44.1 386  1672  144.6  1267  5485  
19.1 146  1591  62.6  479  5220  44.6 395  1698  146.2  1295  5572  
19.6 159  1597  64.2  520  5240  45.1 418  1726  147.9  1371  5662  
20.1 167  1585  65.8  546  5201  45.6 425  1733  149.5  1393  5685  
20.6 175  1579  67.5  573  5182  46.1 418  1692  151.1  1371  5550  
21.1 175  1585  69.1  573  5201  46.6 404  1685  152.8  1325  5528  
21.6 175  1597  70.8  573  5240  47.1 366  1665  154.4  1202  5464  
22.1 168  1597  72.4  551  5240  47.6 339  1609  156.1  1111  5279  
22.6 169  1597  74.0  555  5240  48.1 327  1609  157.7  1074  5279  
23.1 152  1591  75.7  500  5220  48.6 327  1603  159.4  1074  5259  
23.6 160  1646  77.3  524  5401  49.1 360  1634  161.0  1182  5360  
24.1 171  1646  79.0  559  5401  49.6 386  1685  162.6  1267  5528  
24.6 200  1653  80.6  656  5422  50.1 395  1692  164.3  1295  5550  
25.1 250  1705  82.3  821  5594  50.6 395  1678  165.9  1295  5507  
25.6 337  1719  83.9  1106  5639  51.1 392  1653  167.6  1286  5422  
26.1 395  1747  85.5  1295  5731  51.6 389  1665  169.2  1277  5464  
26.6 339  1685  87.2  1111  5528  52.1 393  1672  170.8  1291  5485  
27.1 336  1665  88.8  1104  5464  52.6 374  1678  172.5  1227  5507  
27.6 336  1705  90.5  1104  5594  53.1 318  1672  174.1  1042  5485  
28.1 340  1740  92.1  1117  5708  53.6 298  1634  175.8  978  5360  
28.6 369  1837  93.7  1211  6027  54.1 274  1672  177.4  898  5485  
29.1 404  1853  95.4  1325  6079  54.6 275  1653  179.0  902  5422  
29.6 387  1829  97.0  1271  6001  55.1 306  1659  180.7  1003  5443  
30.1 361  1798  98.7  1186  5900  55.6 318  1659  182.3  1042  5443  
30.6 329  1761  100.3  1080  5779  56.1 339  1665  184.0  1111  5464  
31.1 266  1659  101.9  873  5443  56.6 341  1621  185.6  1118  5319  
31.6 283  1621  103.6  929  5319  57.1 343  1621  187.2  1125  5319  
32.1 292  1640  105.2  957  5380  57.6 349  1627  188.9  1143  5339  
32.6 293  1640  106.9  962  5380  58.1 374  1653  190.5  1227  5422  
33.1 275  1640  108.5  902  5380  58.6 398  1672  192.2  1305  5485  
33.6 329  1653  110.1  1080  5422  59.1 418  1634  193.8  1371  5360  
34.1 377  1646  111.8  1236  5401  59.6 455  1659  195.4  1494  5443  
34.6 377  1646  113.4  1236  5401  60.1 485  1665  197.1  1592  5464  
35.1 398  1653  115.1  1305  5422  60.6 526  1659  198.7  1725  5443  
35.6 418  1665  116.7  1371  5464  61.1 629  1726  200.4  2065  5662  
36.1 428  1659  118.3  1404  5443  61.6 684  1776  202.0  2243  5827  
36.6 431  1653  120.0  1416  5422  62.1 699  1806  203.6  2294  5925  
37.6 448  1659  123.3  1469  5443  62.6 660  1791  205.3  2167  5875  
38.1 469  1653  124.9  1540  5422  63.1 585  1747  206.9  1921  5731  
38.6 498  1653  126.5  1635  5422  63.6 563  1712  208.6  1848  5617  
39.1 498  1705  128.2  1633  5594  64.1 526  1705  210.2  1725  5594  
39.6 491  1685  129.8  1610  5528  64.6 512  1705  211.8  1680  5594  
40.1 473  1698  131.5  1553  5572  65.1 552  1719  213.5  1810  5639  
40.6 453  1678  133.1  1487  5507  65.6 624  1769  215.1  2047  5802  

 
Table A-3.  Boring 06-04, S - R1 quality assurance  

analysis P- and SH-wave data
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 Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

66.1 693  1821 216.8 2272 5975 
66.6 728  1814  218.4  2388  5950  
67.1 718  1791  220.0  2356  5875  
67.6 652  1783  221.7  2141  5851  
68.1 598  1761  223.3  1961  5779  
68.6 536  1733  225.0  1760  5685  
69.1 512  1726  226.6  1680  5662  
69.6 499  1719  228.2  1637  5639  
70.1 494  1726  229.9  1621  5662  
70.6 485  1726  231.5  1592  5662  
71.1 462  1705  233.2  1516  5594  
71.6 458  1698  234.8  1503  5572  
72.1 451  1698  236.5  1481  5572  

      
 

Table A-3, continued.  Boring 06-04, S - R1 quality assurance  
analysis P- and SH-wave data 
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 Figure A-4.  Boring 06-07, R1 - R2 high resolution analysis  
and S-R1 quality assurance analysis
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 Velocity  Velocity Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec) 

V-p 
(ft/sec)

 Depth 
(meters)

V-SH 
(m/sec)

V-p 
(m/sec)

Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

8.6 53  322  28.1  174  1056 33.6 347 1609 110.1  1140 5279 
9.1 57  486  29.8  188  1596  34.1 318  1603  111.8  1042  5259  
9.6 60  951  31.4  196  3120  34.6 291  1591  113.4  954  5220  

10.1 69  1338  33.0  228  4388  35.1 302  1609  115.1  992  5279  
10.6 78  1408  34.7  257  4619  35.6 318  1615  116.7  1042  5299  
11.1 90  1363  36.3  296  4472  36.1 329  1591  118.3  1080  5220  
11.6 102  1381  38.0  334  4530  36.6 341  1609  120.0  1118  5279  
12.1 105  1427  39.6  344  4681  37.1 354  1574  121.6  1162  5162  
12.6 106  1408  41.2  348  4619  37.6 347  1627  123.3  1140  5339  
13.1 109  1417  42.9  359  4650  38.1 360  1574  124.9  1182  5162  
13.6 119  1417  44.5  389  4650  38.6 364  1574  126.5  1194  5162  
14.1 124  1446  46.2  406  4744  39.1 372  1627  128.2  1219  5339  
14.6 122  1390  47.8  399  4559  39.6 351  1634  129.8  1151  5360  
15.1 125  1329  49.4  409  4361  40.1 329  1653  131.5  1080  5422  
15.6 128  1372  51.1  419  4501  40.6 326  1621  133.1  1070  5319  
16.1 127  1399  52.7  417  4589  41.1 313  1609  134.7  1026  5279  
16.6 131  1399  54.4  429  4589  41.6 302  1603  136.4  992  5259  
17.1 134  1381  56.0  439  4530  42.1 323  1653  138.0  1061  5422  
17.6 135  1456  57.6  442  4776  42.6 358  1640  139.7  1174  5380  
18.1 135  1497  59.3  442  4910  43.1 413  1653  141.3  1355  5422  
18.6 135  1486  60.9  444  4876  43.6 452  1712  142.9  1484  5617  
19.1 132  1427  62.6  432  4681  44.1 421  1747  144.6  1382  5731  
19.6 126  1456  64.2  414  4776  44.6 399  1740  146.2  1310  5708  
20.1 127  1486  65.8  417  4876  45.1 404  1719  147.9  1325  5639  
20.6 121  1497  67.5  396  4910  45.6 417  1726  149.5  1369  5662  
21.1 117  1497  69.1  385  4910  46.1 463  1754  151.1  1520  5755  
21.6 117  1540  70.8  383  5051  46.6 588  1837  152.8  1929  6027  
22.1 118  1540  72.4  387  5051  47.1 608  1754  154.4  1995  5755  
22.6 116  1540  74.0  381  5051  47.6 391  1568  156.1  1281  5144  
23.1 117  1540  75.7  385  5051  48.1 329  1646  157.7  1080  5401  
23.6 127  1529  77.3  417  5015  48.6 307  1615  159.4  1009  5299  
24.1 139  1574  79.0  456  5162  49.1 323  1627  161.0  1061  5339  
24.6 151  1634  80.6  494  5360  49.6 341  1659  162.6  1118  5443  
25.1 163  1634  82.3  536  5360  50.1 375  1712  164.3  1232  5617  
25.6 177  1574  83.9  580  5162  50.6 404  1733  165.9  1325  5685  
26.1 198  1712  85.5  650  5617  51.1 418  1769  167.6  1371  5802  
26.6 224  1783  87.2  735  5851  51.6 399  1747  169.2  1310  5731  
27.1 253  1783  88.8  831  5851  52.1 395  1769  170.8  1295  5802  
27.6 295  1798  90.5  968  5900  52.6 379  1747  172.5  1245  5731  
28.1 295  1783  92.1  968  5851  53.1 347  1698  174.1  1140  5572  
28.6 299  1740  93.7  982  5708  53.6 329  1698  175.8  1080  5572  
29.1 327  1609  95.4  1074  5279  54.1 313  1685  177.4  1026  5528  
29.6 425  1585  97.0  1393  5201  54.6 291  1627  179.0  954  5339  
30.1 425  1603  98.7  1393  5259  55.2 297  1621  181.0  975  5319  
30.6 408  1574  100.3  1340  5162  55.7 329  1659  182.6  1079  5443  
31.1 416  1574  101.9  1366  5162  56.2 347  1659  184.3  1140  5443  
31.6 416  1574  103.6  1366  5162  56.6 358  1653  185.6  1174  5422  
32.1 386  1568  105.2  1267  5144  57.1 360  1672  187.2  1182  5485  
32.6 388  1597  106.9  1272  5240  57.6 364  1659  188.9  1195  5443  
33.1 375  1597  108.5  1232  5240  58.1 364  1685  190.5  1194  5528  

 
Table A-4.  Boring 06-07, S - R1 quality assurance  

analysis P- and SH-wave data 
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 Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

58.7 364  1685 192.5 1194 5528 
59.1 364  1685  193.8  1194  5528  
59.6 372  1672  195.4  1219  5485  
60.1 372  1672  197.1  1219  5485  
60.6 347  1627  198.7  1140  5339  
61.1 360  1621  200.4  1182  5319  
61.6 360  1621  202.0  1182  5319  
62.1 358  1615  203.6  1174  5299  
62.6 395  1719  205.3  1295  5639  
63.1 404  1705  206.9  1325  5594  
63.6 421  1885  208.6  1382  6186  
64.1 457  1911  210.2  1500  6269  
64.6 514  1894  211.8  1688  6213  
65.1 660  2058  213.5  2167  6751  
65.6 823  2195  215.1  2700  7201  
66.1 947  2563  216.8  3107  8408  
66.6 1230  2594  218.4  4035  8510  
67.1 1000  2563  220.0  3281  8408  
67.6 738  2365  221.7  2421  7758  
68.1 553  2019  223.3  1814  6624  
68.6 442  1740  225.0  1451  5708  
69.1 384  1659  226.6  1258  5443  
69.6 368  1678  228.2  1206  5507  
70.1 368  1665  229.9  1206  5464  
70.6 379  1698  231.5  1245  5572  
71.1 386  1705  233.2  1267  5594  
71.6 399  1692  234.8  1310  5550  
72.1 413  1698  236.5  1355  5572  
72.6 431  1705  238.1  1416  5594  
73.1 418  1705  239.7  1371  5594  
73.6 408  1698  241.4  1340  5572  
74.1 404  1698  243.0  1325  5572  
74.6 391  1659  244.7  1281  5443  
75.1 375  1640  246.3  1232  5380  
75.6 379  1646  247.9  1245  5401  
76.1 384  1634  249.6  1258  5360  
76.6 391  1705  251.2  1281  5594  
77.1 391  1653  252.9  1281  5422  

      
 

Table A-4, continued.  Boring 06-07, S - R1 quality assurance  
analysis P- and SH-wave data 
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Figure A-5.  Boring 06-08, R1 - R2 high resolution analysis  
and S-R1 quality assurance analysis
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 Velocity  Velocity Velocity Velocity
Depth 

(meters) 
V-SH 

(m/sec) 
V-p 

(m/sec) 
Depth 
(feet) 

V- SH 
(ft/sec) 

V-p 
(ft/sec)

 Depth 
(meters)

V-SH 
(m/sec)

V-p 
(m/sec)

Depth 
(feet) 

V- SH 
(ft/sec)

V-p 
(ft/sec)

2.6 104  907  8.4  341  2975 27.6 290 1591 90.5  953 5220 
3.1 107  1329  10.1  351  4361  28.1 300  1653  92.1  985  5422  
3.6 105  1092  11.7  346  3582  28.6 280  1609  93.7  918  5279  
4.1 107  762  13.4  351  2499  29.1 256  1659  95.4  839  5443  
4.6 107  601  15.0  353  1972  29.6 264  1634  97.0  865  5360  
5.1 106  508  16.6  347  1668  30.1 258  1603  98.7  847  5259  
5.6 106  508  18.3  347  1668  30.6 269  1585  100.3  881  5201  
6.1 106  502  19.9  347  1648  31.1 300  1609  101.9  985  5279  
6.6 106  514  21.6  347  1688  31.6 314  1640  103.6  1031  5380  
7.1 106  540  23.2  347  1773  32.1 334  1726  105.2  1095  5662  
7.6 107  577  24.8  351  1892  32.6 357  1761  106.9  1172  5779  
8.1 111  601  26.5  364  1972  33.1 365  1754  108.5  1196  5755  
8.6 107  677  28.1  351  2222  33.6 366  1747  110.1  1200  5731  
9.1 115  748  29.8  377  2455  34.1 365  1747  111.8  1196  5731  
9.6 120  751  31.4  394  2464  34.6 365  1726  113.4  1196  5662  

10.1 125  711  33.0  409  2333  35.1 336  1653  115.1  1102  5422  
10.6 127  721  34.7  415  2364  35.6 312  1659  116.7  1025  5443  
11.1 131  699  36.3  430  2294  36.1 290  1640  118.3  953  5380  
11.6 131  846  38.0  430  2775  36.6 275  1653  120.0  904  5422  
12.1 141  943  39.6  462  3093        
12.6 140  1039  41.2  459  3408   
13.1 138  1259  42.9  452  4130        
13.6 147  1297  44.5  482  4255        
14.1 156  1237  46.2  510  4058        
14.6 161  1313  47.8  529  4307        
15.1 170  1372  49.4  559  4501        
15.6 181  1408  51.1  594  4619        
16.1 180  1486  52.7  592  4876        
16.6 188  1476  54.4  615  4842        
17.1 198  1486  56.0  649  4876        
17.6 187  1476  57.6  613  4842        
18.1 207  1446  59.3  678  4744        
18.6 217  1529  60.9  712  5015        
19.1 218  1529  62.6  716  5015        
19.6 218  1461  64.2  716  4792        
20.1 218  1568  65.8  716  5144        
20.6 218  1512  67.5  716  4962        
21.1 225  1491  69.1  738  4893        
21.6 243  1529  70.8  797  5015        
22.1 246  1518  72.4  806  4979        
22.6 235  1481  74.0  771  4859        
23.1 259  1562  75.7  849  5125        
23.6 271  1615  77.3  888  5299        
24.1 261  1591  79.0  855  5220        
24.6 283  1603  80.6  929  5259        
25.1 274  1591  82.3  899  5220        
25.6 274  1609  83.9  899  5279        
26.1 276  1579  85.5  905  5182        
26.6 274  1591  87.2  899  5220        
27.1 261  1551  88.8  857  5088        

 
Table A-5.  Boring 06-08, S - R1 quality assurance  

analysis P- and SH-wave data 
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OYO 170 VELOCITY LOGGING SYSTEM 

NIST TRACEABLE 

CALIBRATION PROCEDURE 



Seismic Recorder/Logger Calibration Procedure  
Revision 1.30           Page 1GE

CALIBRATION PROCEDURE FOR 

GEOVision SEISMIC RECORDER/LOGGER 

Reviewed 4/6/06 

Objective

The timing/sampling accuracy of seismic recorders or data loggers is required for 
several GEOVision field procedures including Seismic Refraction, Downhole Seismic 
Velocity Logging, and P-S Suspension Logging.  This procedure describes the method 
for measuring the timing accuracy of a seismic data logger, such as the OYO Model 
170, OYO/Robertson Model 3403, Geometrics Strataview or Geometrics Geode.  The 
objective of this procedure is to verify that the timing accuracy of the recorder is 
accurate to within 1%. 

Frequency of Calibration 
The calibration of each GEOVision seismic data logger is twelve (12) months.  In the 
case of rented seismic data loggers, calibration must be performed prior to use. 

Test Equipment Required 
The following equipment is required.  Item #2 must have current NIST traceable 
calibration.

1. Function generator, Krohn Hite 5400B or equivalent 

2. Frequency counter, HP 5315A or equivalent 

3. Test cables, from item 1 to item 2, and from item 1 to subject data logger. 

Procedure
This procedure is designed to be performed using the accompanying Seismograph 
Calibration Data Sheet with the same revision number.  All data must be entered and 
the procedure signed by the technician performing the test.

1. Record all identification data on the form provided. 

2. Connect function generator to data logger (such as OYO Model 170) using test 
cable

3. Connect the function generator to the frequency counter using test cable. 



Seismic Recorder/Logger Calibration Procedure  
Revision 1.30           Page 2GE

4. Set up generator to produce a 100.0 Hz, 0.25 volt (amplitude is approximate, modify 
as necessary to yield less than full scale waveforms on logger display) peak square 
wave or sine wave.  Verify frequency using the counter and initial space on the data 
sheet.

5. Initialize data logger and record a data record of at least 0.1 second using a 100 
microsecond or less sample period. 

6. Measure the recorded square wave frequency by measuring the duration of 9 cycles 
of data.  This measurement can be made using the data logger display device, or by 
printing out a paper tape.  If a paper tape can be printed, the resulting printout must 
be attached to this procedure.  Record the data in the space provided. 

7. Repeat steps 5 and 6 three more times using separate files.   

Criteria
The duration for 9 cycles in any file must be 90.0 milliseconds plus or minus 0.9 
milliseconds, corresponding to an average frequency for the nine cycles of 100.0 Hz 
plus or minus 1 Hz (obtained by dividing 9 cycles by the duration in milliseconds). 

If the results are outside this range, the data logger must be marked with a GEOVision 
REJECT tag until it can be repaired and retested. 

If results are acceptable affix label indicating the initials of the person performing the 
calibration, the date of calibration, and the due date for the next calibration (12 months). 

Procedure Approval 
Approved by: 

_____John G. Diehl_____________  _____President__________________
Name       Title 

_____________________________  ____April 6, 2006_____________
Signature      Date 

Client Approval (if required): 

_____________________________  _______________________________ 
Name       Title 

_____________________________  _______________________________ 
Signature      Date 





















GEOVision Borehole Geophysics depth wheel verification 

Performed by Robert Steller on September 23, 2006 

Depth reading in #1 Depth reading out Depth reading in #2 
Depth wheel  
S/N 101 
500 pulse/revolution 
Circumference = 983mm 
(3225.07 millifeet) 

100.1 feet 
(30.51 m) 

99.95 feet 
(30.46 m) 

100.05 feet 
(30.50 m) 

Depth wheel  
S/N 102 
500 pulse/revolution 
Circumference = 994mm 
(3261.15 millifeet) 

100.00 feet 
(30.48) m 

100.05 feet 
(30.50 m) 

100.00 feet 
(30.48) m 

Aries winch  
200 pulse/revolution 
Circumference = 305.9mm 
(1003.51 millifeet) 

100.05 feet 
(30.50) m 

100.05 feet 
(30.50 m) 

100.00 feet 
(30.48) m 

Depth wheel  
S/N 103 
500 pulse/revolution 
Circumference = 1000mm 
(3.281 feet) 

Comprobe winch 
500 pulse/revolution 
Circumference = 1000mm 
(3.281 feet) 

All measurements taken with a Stanley 100ft flexible stainless steel tape model number 34-130, and a 
Keeson 300 foot fiberglass tape, both marked in feet, inches and 1/8ths of inches.  Enough cable was 
spooled off of the winch to allow the cable and tape measures to be laid flat on the parking lot surface side-
by-side.  A permanent marker was used to mark a 100.0 foot interval on the cable, and the marks were also 
tagged with electrical tape for visibility.  The cable was then spooled back onto the winch.  When the first 
mark was at the top of the measuring wheel, a matching permanent mark was placed, and the recording 
system (Robertson Micrologger) was set to 0.0 feet depth.  The cable was spooled in to the second mark, 
and the distance was recorded.  The recording system was set to 0.0 feet again, and the cable spooled out to 
the first mark again, and the distance was recorded.  The process was repeated one more time to spool the 
cable back onto the winch, and the distance was recorded. 

Estimated accuracy is of these measurements is +/- 0.1 foot or +/- 0.03m. 



GEOVision Suspension PS probe Receiver 1–Receiver 2 (R1-R2)  
spacing verification 

Performed by Robert Steller on September 23, 2006 

R2 center to R1 
center hanging  
dry 

R2 center to R1 
 center hanging 
 submerged 

R1 bottom to source center hanging 
submerged with 1m isolation tube 
S/N 280068 

Receiver S/N 
30086 

40.2in 
1.02m 

40.0in 
1.02m 

76.0in 
1.93m 

Receiver S/N 
20042 

39.8in 
1.01m 

39.6in 
1.01m 

75.7in 
1.92m 

Receiver S/N 
12008  

40.2in 
1.02m 

40.0in 
1.02m 

76.0in 
1.93m 

All measurements taken with a Lufkin 3.7m flexible steel tape model number HV1034DM, marked in mm 
and 100th of feet.  Probe suspended in 3-inch diameter clear PVC pipe, using chain clamp placed between 
bottom and center of Receiver 2 hard section (See Figure).  Probe “bounced” to establish unrestricted 
hanging length before measurement.  Probe allowed to relax for 5 minutes prior to each measurement.  
Water level set to submerge bottom of Receiver 2 hard section..  Estimated accuracy due to hysterisis in 
rubber section approximately +/- 0.01’ or +/- 0.003m. 
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Golder Associates

FIGURE  3
EXAMPLE OF SIDESCAN SONAR DATA

FROM DUMBARTON BRIDGE
EMI/ANTIOCH & DUMBARTON GEOPHYS/CA

0631380300fig02.fh11  |  Mod: 01/31/07  |  AMP
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Golder Associates0631380300fig03.fh11  |  Mod: 01/31/07  |  AMP

FIGURE  4
EXAMPLE OF SIDESCAN SONAR DATA

FROM ANTIOCH BRIDGE
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Figure G-1: Antioch Toll Bridge 

 



 
Figure G-2:  Representative Soil Column at Antioch Toll Bridge  

 



 

Figure G-3:  Representative Soil Column at Antioch Toll Bridge 



 
Figure G-4: Mobile B-80 Drill Rig on the Quin Delta 

 
 

 



Figure G-5: Quin Delta 



Figure G-6: P- and S-Wave Logging by GEOVision 

 



 
Figure G-7: Drilling and CPT Operations at Antioch Toll Bridge 

 



 
Figure G-8: Drilling and CPT Operations at Antioch Toll Bridge 

 









































Introduction 
Based on our review of current literature and references cited in Mualchin, 1996, we do not 
believe that the Antioch fault satisfies the Caltrans’ Seismic Hazard Map selection criteria for 
inclusion as a seismic source.  The Caltrans’ Seismic Hazard Map is currently under review and 
an updated map is due out later this year or in early 2008.  Martha Merriam, a Caltrans 
engineering geologist working on the map review, has confirmed that the Antioch fault will not 
be included in the updated map (Merriam, 2007). We agree that it is appropriate for Caltrans to 
remove the Antioch fault from the Seismic Hazard Map. 

Reference and Literature Review 
In order to fully appreciate why the Antioch fault should not be considered as a seismic source, it 
is necessary to understand how the Antioch fault came to be included in the 1996 Caltrans 
Seismic Hazard Map.   Mualchin (1996) cited the following sources as references for the Antioch 
fault: 
 

1. Hart, E.W., Bryant, W.A., Smith, T.C., Bedrossian, T.L., and Smith, D.P., 1981, 
Summary report:  Fault evaluation program 1979-1980 area (southern San Francisco bay 
region): California Department of Conservation, Division of Mines and Geology Open-
File Report 81-3SF. 

2. Hart, E.W., Bryant, W.A., and Smith, T.C., 1983, Summary report:  Fault evaluation 
program 1981-1982 area (northern Coast Range region): California Department of 
Conservation, Division of Mines and Geology Open-File Report 83-10SF. 

3. Mualchin L., and Jones, A.L., 1992, Peak Acceleration from Maximum Credible 
Earthquakes in California: California Department of Conservation, Division of Mines and 
Geology Open-File Report 92-01. 

4. Jennings, C.W., 1994, Fault Activity Map of California and Adjacent Areas: California 
Department of Conservation, Division of Mines and Geology, Geologic Data Map No. 6. 

 
In the first reference, Hart, et al., 1981, the Antioch fault is shown on Plate 1 as a previously 
established Alquist-Priolo Special Studies Zone.  However, due to limitations of time and 
resources, not every Alquist-Priolo Special Studies Zone in the study region was formally 
evaluated at that time.  The Antioch fault was not evaluated during the 1979-1980 study, nor is 
there any discussion of the Antioch fault in the report.  When Hart’s 1981 report was published, 
the Antioch fault was considered to be an active fault by the California Division of Mines and 
Geology.  
 
For the second reference, Hart, et al., 1983, the 1981-1982 study area covered by the report 
included only the following counties:  Colusa, Del Norte, Glenn, Humboldt, Lake, Marin, 
Mendocino, Napa, Shasta, Siskiyou, Solano, Sonoma, Tehama, and Trinity counties.  The 
Antioch fault, as shown on the 1996 Caltrans California Seismic Hazard Map, lies entirely within 
Contra Costa County, which was not included in the 1981-1982 study area.  This reference has 
no relevancy for the Antioch fault. 
 
The third reference, Mualchin and Jones, 1992, relied on the California Division of Geology and 



Mines’ (CDMG) (now known as the California Geological Survey) characterization of the 
Antioch fault as a “sufficiently active” and “well-defined” fault in accordance with the Alquist-
Priolo Special Studies Zones Act for its inclusion as a seismic source.  This characterization, 
based on a single map (Burke and Helley, 1973), was revisited in the CDMG’s 1991 Fault 
Evaluation Report FER-228 (Wills, 1991).  As a result of the evaluation report, the Antioch 
North and Antioch South Official Maps of Special Studies Zones were withdrawn effective July 
1, 1993.  The Fault Evaluation Report FER-228 is reproduced in its entirety in Appendix A. 
 
The final reference, Jennings (1994), is cited as the primary source for all faults on 1996 Caltrans 
Seismic Hazard Map by Mualchin.  Jennings shows the Antioch fault as a Quaternary, but not a 
Holocene, active fault.  Jennings cites 4 sources for the Antioch fault: 

 
1. Bortugno, E.J., McJunkin, R.D., and Wagner, D.L., 1991, Map showing recency of 

faulting, San Francisco-San Jose quadrangle, California, 1:250,000: Department of 
Conservation, Division of Mines and Geology Regional Geologic Map Series, Map 5A, 
Sheet 5. 

2. Burke, D. B., and Helley, E.J., 1973, Map showing evidence for recent faulting in the 
vicinity of Antioch, Contra Costa County, California, U.S. Geological Survey 
Miscellaneous Field Studies Map MF-533. 

3. Helley, E.J., and Herd, D.G., 1977, Map showing faults with Quaternary displacement, 
northeastern San Francisco Bay region, California: U.S. Geological Survey 
Miscellaneous Field Studies Map MF-881. 

4. Wills, C.J., 1991, Fault evaluation report FER-228, the Antioch fault, Contra Costa 
County, California, California Department of Conservation, Division of Mines and 
Geology. 

 
Bortugno et al (1991) and Helley and Herd (1977) both relied directly on Burke and Helley’s 
(1973) characterization of the Antioch fault.  Only Wills (1991) conducted new field studies on 
the Antioch fault.  Given the contradictions between Wills’ and Burke and Helley’s findings, 
Jennings chose a conservative approach and shows the Antioch fault as an inferred Quaternary 
fault (Figure 1).  In explanatory text accompanying the map, Jennings (1994) states, “ As with 
the 1975 Fault Map of California, a conservative approach was followed for this new edition—
we felt it is better to show those faults where evidence is questionable rather than to ignore them.  
Hence, some questionable faults may have been included as long as they are based on some 
reasonable data.” 
  
The Antioch fault was formerly thought to be an active fault based solely on the evidence for 
creep presented by Burke and Helley (1973).  Burke and Helley documented evidence at 29 sites 
that they believed were indicative of active creep and Holocene displacement.  In 1991, the 
CDMG conducted a thorough evaluation of the Antioch fault (Wills, 1991 and 1992).  The 
evaluation included a detailed review of Burke and Helley’s map and each of their 29 “actively 
creeping” sites that were the basis for the Antioch fault’s inclusion as an Alquist-Priolo Special 
Studies Zone, review of numerous regional and site-specific fault studies, aerial photography 
analysis, surficial mapping, and trenching.   
 
The evaluation of Burke and Helley’s “actively creeping” sites found no evidence of active creep 



or Holocene movement.  Trenching conducted by the CDMG directly across the mapped trace of 
the fault and through Pliocene to early Pleistocene-aged units did not reveal any evidence of a 
fault.  No geomorphic evidence for active faulting was found.  Reviews of previous site-specific 
fault studies did not uncover compelling evidence of active faulting.  On the basis of Wills’ 
findings, it was recommended that the Special Studies Zones of the Antioch North and Antioch 
South Quadrangles be withdrawn.  The Fault Evaluation Report FER-228 was not considered by 
Mualchin when the Antioch fault was included as a seismic source in 1992 or 1996. 
 
Additionally, San Francisco State University’s 20-year Fault Creep Monitoring Project has found 
no significant movement on the Antioch fault (Galehouse and Lienkemper, 2003 and Galehouse, 
2002).  The average rate of movement at a site monitored for 19.8 years, and adjacent to an 
“active creep” site of Burke and Helley, was virtually zero.  The rate of movement at a second 
site monitored for 7.6 years was about 1 mm/year.  These findings provide additional support to 
Wills’ conclusions.  The findings of the Creep Monitoring Project were not considered by 
Mualchin when the Antioch fault was included as a seismic source in 1992 or 1996. 
 
For the purposes of the Caltrans California Seismic Hazard Map (Mualchin, 1996) the following 
general criteria (with some exceptions) were used to select faults: 
 

1. “late Quaternary” and younger displacement, 
2. fault length greater than or equal to 10 km, 
3. fault located in, or adjacent to, California, and 
4. occurrence of historic earthquakes. 

 
Given the current understanding of the nature of the Antioch fault, we do not believe that the 
Antioch fault sufficiently satisfies these inclusion criteria. 

 
It is assumed that, as Jennings (1994) is used a primary source, Mualchin has also adopted 
Jennings’ definition of “late Quaternary”.  For the purpose of classifying faults, Jennings (1994) 
defined the “late Quaternary” as the time period between the Holocene/Pleistocene boundary 
(10,000 years before present) and approximately 700,000 years before present.  However, the 
“late Quaternary” is an informal and vague geochronological category, undefined by the North 
American Commission on Stratigraphic Nomenclature (NACSN, 2005) or the International 
Commission on Stratigraphy (Ogg, 2004). The only formally defined subdivisions of the 
Quaternary period are the Holocene (present to 10,000 years ago) and the Pleistocene (10,000 to 
1.6 million years ago) epochs.  The term “late Quaternary” does not have a commonly accepted 
definition in professional practice. 
 
The Antioch fault does not display any evidence of Holocene faulting.  However, along the 
Antioch fault trace, there are offsets in Miocene-age bedrock.  When those offsets occurred has 
not been definitively established.  From Wills (1991): 
 

“According to Burke and Helley (1973), the Antioch fault offsets the contact between the 
Miocene Neroly and Cierbo Formations by 1000 feet (about 300 m) right-laterally 
(Figure 2).  DWR (1978) remapped this locality and excavated several trenches across the 
fault.  DWR could verify no more than 46 m of right-lateral offset. 



 
A long-term slip-rate can be calculated from the offset of these late Miocene units.  300 
meters of right-lateral offset (Burke and Helley, 1973) in approximately 10 million years 
since the deposition of the Neroly Formation (Creely and others, 1982; Graham and 
others, 1983) yields an average slip-rate since Miocene time of 0.03 mm/yr.  The 
alternative, lesser offset of 46 m (DWR, 1978) yields an average slip-rate of 0.005 
mm/yr.” 
 

These long-term slip-rates are very low and, when considered in conjunction with bedrock 
offsets on the nearby Davis fault, suggest that perhaps the Antioch fault was only active 
sometime between the Eocene and late Miocene (Wills, 1991).  Therefore, the Antioch fault does 
not appear to satisfy the requirement for “late Quaternary” and younger displacement. 
 
The second requirement of Mualchin is that the fault length be at least 10 km in length.  The 
reason for this requirement is due to the relationship between fault length and the size of an 
earthquake a fault is capable of generating (Wells and Coppersmith, 1994).  The 10 km length 
“correspond(s) to the maximum random earthquake (M6) in California, capable of generating the 
smallest peak accelerations of interest (at about 10 km from the fault) in this project” (Mualchin, 
1996).  Depending on the reference source, the length of the Antioch fault varies between 3 and 
15 km.  Mualchin assigned the Antioch fault a maximum credible earthquake magnitude of 6.75.  
Using the commonly accepted empirical relationship of Wells and Coppersmith, a magnitude of 
6.75 would correspond to a surface rupture length of about 27-28 km, almost twice the greatest 
length given for the Antioch fault. 
 
As shown on Alquist-Priolo Special Studies maps prior to July 1993, the Antioch fault is 
approximately 13 km in length. On the 1996 Caltrans Seismic Hazard Map, the Antioch fault is 
shown as approximately 15 km in length. In Jennings (1994), the inferred length of the Antioch 
fault is approximately 12 km.  In the CDMG fault evaluation report, Wills (1991) reported that 
the “Antioch fault can be traced as a fault in bedrock for approximately two miles, from 
Roosevelt Lane to north of Lone Tree Way in Antioch.”  Wills (1991) further states, 
“Consultants have not found the fault south of Lone Tree Way.  The connection mapped between 
the Antioch fault and the Davis fault apparently does not exist.”   Based on trenching performed 
by the CDMG and others, the Antioch fault does not appear to satisfy the requirement of a 
minimum length of 10 km. 
 
The fourth requirement of Mualchin is the occurrence of historical earthquakes.  Mualchin 
includes those faults that, while they may not have verifiable late Quaternary displacement, are 
associated with historical seismicity.  Examining a map of historical seismicity, the mapped 
Antioch fault is located within a less active belt of seismicity extending from the west side of the 
San Joaquin Valley, through the Antioch area and northward through the Sacramento Valley.  To 
the west of the Antioch fault is a trend of deep (>15-20km), right-lateral, oblique and reverse 
earthquakes.  This trend is not at the same location or orientation as the mapped Antioch fault.  
Historical earthquakes in the Antioch area include the 1965 M4.9 and 1889 M6 earthquakes.  
The 1965 quake occurred on a northwest-trending fault plane at a depth of about 15 km 
(McEvilley and Casaday, 1967).  Aftershocks of the 1965 quake define a north-northeast 
trending fault zone, inconsistent with first-motion studies.  The 1889 earthquake caused small 



fissures to appear along the Main Street (since renamed to I Street) of Antioch.  This street 
crosses a filled slough and the fissures may only represent fill settlement (Wills, 1991).  There is 
no evidence to indicate that this earthquake occurred on the Antioch fault and may have occurred 
on a nearby fault such as the Pittsburg-Kirby Hills fault.  The Antioch fault has not definitively 
satisfied the requirement of historical earthquakes. 

Conclusions 
The Antioch fault’s inclusion in the 1992 version of the Caltrans’ Seismic Hazard Map was 
based on its incorrect characterization as an active fault by the California Geological Survey 
(then known as the California Division of Mines and Geology, CDMG).  It appears that the 
CDMG’s later removal of the Antioch fault as an Alquist-Priolo Special Studies Zone was not 
considered when the 1996 version of the Caltrans’ Seismic Hazard Map was prepared.  Given 
our increased understanding of the nature of the Antioch fault, it is appropriate that Caltrans will 
not include the Antioch fault as a seismic source in the updated Seismic Hazard Map due out 
later this year or in early 2008. 
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Figure 1.  Antioch fault as shown in Jennings (1994) 



Appendix A.  Fault Evaluation Report FER-228, the Antioch fault, Contra Costa 
County, California, California Department of Conservation, Division of Mines and 
Geology 
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Figure 1-1.  Site Location Map and Photo 
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Figure 1-2. Antioch Bridge Pier Number 
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Figure 4-1.  Bay Area Fault Map 
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SITE INVESTIGATION REPORT – Evaluation of Mining and Agricultural Contaminants 
in Surface Soil on Sherman Island Near the Antioch Bridge 

1.0 INTRODUCTION 

This Site Investigation Report for the Antioch Bridge Seismic Retrofit project was prepared by Geocon 
Consultants, Inc. under California Department of Transportation (Caltrans) Contract No. 04A2912 and 
Task Order (TO) 18A1, EA 04-1A5221. 

1.1 Project Description and Proposed Improvements 

The site consists of areas adjacent to the Antioch Bridge located on State Route 160 (SR-160) 
connecting the City of Antioch in Contra Costa County, and Sherman Island in Sacramento County, 
California. The site location is depicted on the Vicinity Map, Figure 1. Caltrans intends to retrofit the 
Antioch Bridge which spans approximately two miles. The project limits extend north from Post Mile 
(PM) 0.8 in Contra Costa County to PM 1.3 at the border of Contra Costa and Sacramento Counties, 
and from PM 0 to PM 1.3 on Sherman Island in Sacramento County. 
 
The site investigation was performed at the Temporary Access Road between Pier 22 and Pier 38, the 
Temporary Contractor Staging and Laydown Area, and the area below the bridge slab span, between 
Bent 42 and Abutment 71. 

1.2 General Objectives 

The purpose of the soil investigation was to evaluate the concentrations of metals and pesticides in soil 
associated with historic mining deposits and use of agricultural chemicals within the project area. 
Construction activities during site preparation may create airborne dust, which may contain potential 
contaminants, and therefore present a health hazard. The information obtained from this investigation 
will be used by Caltrans to identify health and safety concerns during proposed construction activities. 

1.3 Environmental Screening Levels 

The San Francisco Bay Regional Water Quality Control Board (SFRWQCB) has prepared a technical 
report entitled Screening For Environmental Concerns At Sites With Contaminated Soil and 
Groundwater, Interim Final (May 2008), which presents Environmental Screening Levels (ESLs) for 
soil, groundwater, soil gas, and surface water, to assist in evaluating sites impacted by releases of 
hazardous chemicals. The ESLs are conservative values for more than 100 commonly detected 
contaminants, which may be used to compare with environmental data collected at a site. ESLs are 
strictly risk assessment tools and “not regulatory clean up standards.” The presence of a chemical at 
concentrations in excess of an ESL does not necessarily indicate that adverse impacts to human health 
or the environment are occurring; this simply indicates that a potential for adverse risk may exist and 
that additional evaluation is or “may be” warranted (SFRWQCB, 2008). 
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The following ESL tables were used for comparative purposes: Table A – Shallow Soil (≤3 meters 
below ground surface; bgs) – Groundwater is a Current or Potential Source of Drinking Water, and 
Table K-3 – Direct Exposure Soil Screening Levels, Construction/Trench Worker Exposure Scenario. 
The respective ESLs are listed at the end of Tables 1 and 2 for comparative purposes. 

2.0 SCOPE OF SERVICES 

The scope of services requested by Caltrans under TO-18A1, EA 04-1A5221 included the following: 

2.1 Pre-field Activities 

• Prepared a site-specific Health and Safety Plan to provide guidelines on the use of personal 
protective equipment and the health and safety procedures implemented during the field 
activities.  

• Retained the services of Advanced Technology Laboratories (ATL), a Caltrans-approved and 
California-certified analytical laboratory, to perform the chemical analysis of samples. 

2.2 Field Activities 

The field investigation was performed on June 16, 2009, by Chris Merritt and Dave Watts of Geocon, 
under the responsible charge of Richard Day. Mr. Day and Mr. Merritt are Professional Geologists in 
the State of California. The following field activities were performed during soil sampling efforts: 

• Collected 18 four-point composite surface soil samples, using hand tools, for CAM 17 metals 
and pesticides analysis. 

• Transported samples to California-certified environmental laboratories. 

3.0 INVESTIGATIVE METHODS 

3.1 Sampling Procedures 

A total of 72 soil sub-samples were collected from 18 locations that each comprised an approximate 
20-foot diameter area. Soil sampling locations were identified by the Caltrans TO Manager as shown 
on the Site Plans, Figures 2-1 through 2-3. 
 
The soil samples were collected between the ground surface and a depth of six inches using hand tools 
that were decontaminated between each sample location. A total of 72 sub-samples were collected into 
clean glass jars sealed with plastic, Teflon-lined caps. Sample containers were labeled and transported 
to ATL using standard chain-of-custody (COC) documentation. ATL was instructed to combine the 
four sub-samples collected from each location into a total of 18 composites. Soil sampling locations 
were back-filled to surface with soil cuttings. Groundwater was not encountered during the field 
activities. 
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Geocon provided QA/QC procedures during the field activities. These procedures included washing the 
sampling equipment with a Liqui-Nox® solution followed by a double rinse with deionized water. 
Decontamination water was disposed to the ground surface within Caltrans right-of-way in a manner 
not to create runoff, away from drain inlets or potential water bodies.  

3.2 Laboratory Analyses 

Laboratory analyses were performed under a 48-hour turn-around-time. Reproductions of the 
laboratory reports and chain-of-custody documentation are presented as Appendix A. The 18 
composite soil samples were analyzed for CAM17 metals according to Title 22 CCR, Environmental 
Protection Agency (EPA) Test Methods 6010 ICAP and 7471A, and for organochlorine pesticides 
using EPA Method 8081B. 

3.3 Laboratory QA/QC 

QA/QC procedures were performed for each method of analysis with specificity for each analyte listed 
in the test method's QA/QC. The laboratory QA/QC procedures included the following: 

• One method blank for every ten samples, batch of samples or type of matrix, whichever was 
more frequent. 

• One sample analyzed in duplicate for every ten samples, batch of samples or type of matrix, 
whichever was more frequent. 

• One spiked sample for every ten samples, batch of samples or type of matrix; whichever was 
more frequent, with spike made at ten times the detection limit or at the analyte level. 

 
Prior to submitting the samples to the laboratory, the COC documentation was reviewed for accuracy 
and completeness. Reproductions of laboratory reports and COC documentation are presented in 
Appendix A. 

4.0 INVESTIGATIVE RESULTS 

4.1 Subsurface Conditions 

Observations during field activities indicated that surface soil at the project location generally consist 
of brown, gravelly sand and silt. 

4.2 Laboratory Analytical Results 

A summary of the laboratory analytical results for metals and pesticides are presented in Tables 1 and 
2, respectively, and are summarized below: 

• The following metals were not detected above their respective reporting limits (RLs) in the 
samples: antimony, beryllium, cadmium, selenium, silver, and thallium. Remaining CAM 17 
metals were reported in the soil samples as follows: 
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Arsenic concentrations ranged from 4.2 to 11 milligrams per kilogram (mg/kg) 
Barium concentrations ranged from 80 to 190 mg/kg 
Chromium concentrations ranged from 32 to 61 mg/kg 
Cobalt concentrations ranged from 6.7 to 11 mg/kg 
Copper concentrations ranged from 17 to 45 mg/kg 
Lead concentrations ranged from 7.4 to 15 mg/kg 
Mercury concentrations ranged from 0.11 to 0.41 mg/kg 
Nickel concentrations ranged from 35 to 63 mg/kg 
Vanadium concentrations ranged from 39 to 89 mg/kg 
Zinc concentrations ranged from 38 to 110 mg/kg 

 
• The following pesticides were reported in the soil samples: 

4,4’-DDD concentrations ranged from 2.0 to 4.2 micrograms per kilogram (µg/kg) 
4,4’DDE concentrations ranged from less than (<) the RL of 2.0 to 18 µg/kg 
4,4’-DDT concentrations ranged from <2.0 to 29 µg/kg 
Dieldrin above the RL in two samples, at concentrations of 2.5 µg/kg and 3.9 µg/kg 

4.3 Laboratory Quality Assurance/Quality Control 

We reviewed the QA/QC results provided with the laboratory analytical reports. The data indicate 
non-detect results for the method blanks. The data showed acceptable recoveries and relative percent 
differences (RPDs) for all of the analyses. Based on this limited data review, no additional 
qualifications of the soil data are necessary and the data are of sufficient quality for the purposes of this 
report. 
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5.0 CONCLUSIONS 

5.1 CAM 17 Metals 

The CAM 17 metals concentrations in site soil were compared to ESLs (Tables A and K-3, 
SFRWQCB, May 2008) and with published background levels typically present in California soils as 
presented in Background Concentrations of Trace and Major Elements in California Soils (Kearney 
Foundation of Soil Science, Division of Agriculture and Natural Resources, University of California, 
March 1996). Arsenic and vanadium were the only metals with reported concentrations greater than 
their respective ESL values in the soil samples collected at the site. Arsenic was detected in the 
samples at concentrations between 4.2 and 11 mg/kg, exceeding the residential land use ESL of 0.39 
mg/kg and the commercial/industrial land use ESL of 1.6 mg/kg for shallow soil (≤3 meters; 
SFRWQCB, Table A). Vanadium was reported in the soil samples at concentrations between 39 mg/kg 
and 89 mg/kg, exceeding the residential land use ESL of 16 mg/kg for shallow soil. 
 
The means, maximums, ESLs and published background concentrations are summarized in the table 
below: 
 

Metal Mean Maximum 

Shallow Soil 
Commercial/

Industrial 
ESL 

Direct 
Exposure 

Construction 
Worker ESL 

PUBLISHED 
BACKGROUN

D MEAN1

PUBLISHED 
BACKGROUND 

RANGE 1

Arsenic 9.1 11 1.6 15 3.5 0.6 to 11.0 

Vanadium 70 89 200 770 112 39 to 288 

Concentrations reported in milligrams per kilogram (mg/kg) 
1 Kearney Foundation of Soil Science, March 1996 

 
The mean and maximum values for arsenic in the soil samples collected at the Site are greater than the 
residential and commercial/industrial land use ESLs; however, they are less than the direct exposure 
ESL (Table K-3) and within the published background range. The SFRWQCB November 2007 Update 
to Environmental Screening Levels (ESLs) Technical Document states that ambient background 
concentrations of arsenic typically exceed risk-based screening levels. In such instances, it may be 
more appropriate to compare site data to regionally specific established background levels. 
 
The mean and maximum values for vanadium in the soil samples collected at the site is greater than the 
residential land use ESL, however, they are less than the commercial/industrial land use and direct 
exposure ESLs, as well as the published background concentration mean. 
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5.2 Pesticides 

The reported concentrations of pesticides in soil samples collected at the Site are less than their 
respective ESLs, with the exception of dieldrin. Dieldrin was reported in soil samples Comp TAR5 and 
Comp TAR6 at concentrations of 2.5 µg/kg and 3.9 µg/kg, respectively, exceeding the residential and 
commercial/industrial land use ESLs of 2.3 µg/kg. The reported concentrations are below the direct 
exposure ESL of 1,600 µg/kg. 

5.3 Worker Protection 

The contractor(s) should consider developing project-specific safe work practices to prevent or 
minimize worker exposure to impacted soil. The work practices should include protocols for dust 
control and other health and safety protocols and procedures for the handling of metals- and pesticides-
impacted soil. 
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TABLE 1
Summary of CAM17 Metals Results

Antioch Bridge Retrofit
Antioch, California
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 Comp SS1 <2.0 4.2 80 <1.0 <1.0 32 6.7 17 7.4 <1.0 39 <1.0 <1.0 <1.0 39 38 0.26
 Comp SS2 <2.0 8.0 130 <1.0 <1.0 44 8.9 32 8.7 1.1 53 <1.0 <1.0 <1.0 60 110 0.12

 Comp TAR1 <2.0 7.9 110 <1.0 <1.0 34 8.6 26 9.3 1.1 35 <1.0 <1.0 <1.0 49 40 0.16
 Comp TAR2 <2.0 10 100 <1.0 <1.0 38 10 29 11 1.2 40 <1.0 <1.0 <1.0 59 44 0.23
 Comp TAR3 <2.0 8.8 120 <1.0 <1.0 40 10 32 13 1.1 41 <1.0 <1.0 <1.0 57 61 0.26
 Comp TAR4 <2.0 10 120 <1.0 <1.0 38 11 33 11 <1.0 40 <1.0 <1.0 <1.0 58 49 0.41
 Comp TAR5 <2.0 8.8 100 <1.0 <1.0 33 9.0 26 9.8 <1.0 38 <1.0 <1.0 <1.0 50 40 0.23
 Comp TAR6 <2.0 8.6 120 <1.0 <1.0 35 7.5 29 11 1.3 39 <1.0 <1.0 <1.0 53 46 0.17

 Comp TCWA1 <2.0 8.7 170 <1.0 <1.0 59 9.1 43 13 1.1 59 <1.0 <1.0 <1.0 82 61 0.12
 Comp TCWA2 <2.0 8.8 170 <1.0 <1.0 57 9.0 41 14 1.2 57 <1.0 <1.0 <1.0 77 64 0.15
 Comp TCWA3 <2.0 9.5 170 <1.0 <1.0 57 9.4 42 11 1.3 58 <1.0 <1.0 <1.0 81 57 0.12
 Comp TCWA4 <2.0 10 190 <1.0 <1.0 59 9.5 43 14 1.4 59 <1.0 <1.0 <1.0 84 58 0.14
 Comp TCWA5 <2.0 10 190 <1.0 <1.0 61 10 45 12 1.2 63 <1.0 <1.0 <1.0 89 61 0.12
 Comp TCWA6 <2.0 9.3 180 <1.0 <1.0 57 9.6 42 13 2.0 58 <1.0 <1.0 <1.0 80 65 0.13
 Comp TCWA7 <2.0 10 180 <1.0 <1.0 60 10 43 12 1.2 61 <1.0 <1.0 <1.0 85 61 0.11
 Comp TCWA8 <2.0 10 190 <1.0 <1.0 59 9.4 45 14 1.4 60 <1.0 <1.0 <1.0 85 57 0.14
 Comp TCWA9 <2.0 10 170 <1.0 <1.0 61 11 44 12 1.3 63 <1.0 <1.0 <1.0 86 63 0.11

 Comp TCWA10 <2.0 11 190 <1.0 <1.0 58 9.8 43 15 1.6 59 <1.0 <1.0 <1.0 85 59 0.14

ESLs
Residential Land Use 6.1 0.39 750 4.0 1.7 750 40 230 200 40 150 10 20 1.3 16 600 1.3
Comm/Ind Land Use 40 1.6 1,500 8.0 7.4 750 80 230 750 40 150 10 40 16 200 600 10

Construct/Trench Wkr 310 15 2,600 98 39 1.2E+06 94 310,000 750 3,900 260 3,900 3,900 62 770 230,000 58

Notes:
Results are shown in milligrams per kilogram (mg/kg)
Values for chromium are Chromium III, as there is no standard for total chromium

<  = Analyte was not detected above the laboratory reporting limit
ESLs  = Environmental Screening Levels, SFRWQCB, May 2008, Tables A and K-3
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TABLE 2
Summary of Pesticides Results

Antioch Bridge Retrofit
Antioch, California

 Sample ID 4,4-DDD 4,4-DDE 4,4-DDT Dieldrin
Other 

Pesticides

 Comp SS1 2.8 2.1 11 <2.0 ND

 Comp SS2 <2.0 <2.0 3.5 <2.0 ND

 Comp TAR1 <2.0 <2.0 <2.0 <2.0 ND

 Comp TAR2 <2.0 <2.0 <2.0 <2.0 ND

 Comp TAR3 <2.0 <2.0 <2.0 <2.0 ND

 Comp TAR4 <2.0 <2.0 <2.0 <2.0 ND

 Comp TAR5 <2.0 2.2 <2.0 2.5 ND

 Comp TAR6 <2.0 2.3 <2.0 3.9 ND

 Comp TCWA1 <2.0 18 22 <2.0 ND

 Comp TCWA2 <2.0 4.9 11 <2.0 ND

 Comp TCWA3 2.5 14 26 <2.0 ND

 Comp TCWA4 2.0 8.5 20 <2.0 ND

 Comp TCWA5 4.2 14 29 <2.0 ND

 Comp TCWA6 2.0 6.8 13 <2.0 ND

 Comp TCWA7 4.0 12 24 <2.0 ND

 Comp TCWA8 2.1 9.2 16 <2.0 ND

 Comp TCWA9 <2.0 8.3 15 <2.0 ND

 Comp TCWA10 <2.0 7.1 15 <2.0 ND

ESLs
Residential Land Use 2,400 1,700 1,700 2.3 ---

Commercial/Industrial Land Use 10,000 4,000 4,000 2.3 ---
Construction/Trench Worker 120,000 87,000 87,000 1,600 ---

Notes:
Data are presented in micrograms per kilogram (ug/kg).

< = Analyte was not detected above the stated detection limit
ND = No analytes detected above the method detection limit

ESL = Environmental Screening Levels, SFRWQCB (May 2008), Tables A and K-3.
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR1-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-073A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 02:51 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 02:51 PM1.0 mg/Kg 17.9
Barium 6/18/2009 02:51 PM1.0 mg/Kg 1110
Beryllium 6/18/2009 02:51 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 02:51 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 02:51 PM1.0 mg/Kg 134
Cobalt 6/18/2009 02:51 PM1.0 mg/Kg 18.6
Copper 6/18/2009 02:51 PM2.0 mg/Kg 126
Lead 6/18/2009 02:51 PM1.0 mg/Kg 19.3
Molybdenum 6/18/2009 02:51 PM1.0 mg/Kg 11.1
Nickel 6/18/2009 02:51 PM1.0 mg/Kg 135
Selenium 6/18/2009 02:51 PM1.0 mg/Kg 1ND
Silver 6/18/2009 02:51 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 02:51 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 02:51 PM1.0 mg/Kg 149
Zinc 6/18/2009 02:51 PM1.0 mg/Kg 140

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/18/2009 10:00 PM2.0 µg/Kg 1ND
4,4´-DDE 6/18/2009 10:00 PM2.0 µg/Kg 1ND
4,4´-DDT 6/18/2009 10:00 PM2.0 µg/Kg 1ND
Aldrin 6/18/2009 10:00 PM1.0 µg/Kg 1ND
alpha-BHC 6/18/2009 10:00 PM1.0 µg/Kg 1ND
alpha-Chlordane 6/18/2009 10:00 PM1.0 µg/Kg 1ND
beta-BHC 6/18/2009 10:00 PM1.0 µg/Kg 1ND
Chlordane 6/18/2009 10:00 PM8.5 µg/Kg 1ND
delta-BHC 6/18/2009 10:00 PM1.0 µg/Kg 1ND
Dieldrin 6/18/2009 10:00 PM2.0 µg/Kg 1ND
Endosulfan I 6/18/2009 10:00 PM1.0 µg/Kg 1ND
Endosulfan II 6/18/2009 10:00 PM2.0 µg/Kg 1ND
Endosulfan sulfate 6/18/2009 10:00 PM2.0 µg/Kg 1ND
Endrin 6/18/2009 10:00 PM2.0 µg/Kg 1ND
Endrin aldehyde 6/18/2009 10:00 PM2.0 µg/Kg 1ND
Endrin ketone 6/18/2009 10:00 PM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

2 of 55



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR1-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-073A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/18/2009 10:00 PM1.0 µg/Kg 1ND
gamma-Chlordane 6/18/2009 10:00 PM1.0 µg/Kg 1ND
Heptachlor 6/18/2009 10:00 PM1.0 µg/Kg 1ND
Heptachlor epoxide 6/18/2009 10:00 PM1.0 µg/Kg 1ND
Methoxychlor 6/18/2009 10:00 PM5.0 µg/Kg 1ND
Toxaphene 6/18/2009 10:00 PM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/18/2009 10:00 PM20-142 %REC 162.9
 Surr: Tetrachloro-m-xylene 6/18/2009 10:00 PM25-115 %REC 160.1

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 12:59 PM0.10 mg/Kg 10.16

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

3 of 55



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR2-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-074A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 02:54 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 02:54 PM1.0 mg/Kg 110
Barium 6/18/2009 02:54 PM1.0 mg/Kg 1100
Beryllium 6/18/2009 02:54 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 02:54 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 02:54 PM1.0 mg/Kg 138
Cobalt 6/18/2009 02:54 PM1.0 mg/Kg 110
Copper 6/18/2009 02:54 PM2.0 mg/Kg 129
Lead 6/18/2009 02:54 PM1.0 mg/Kg 111
Molybdenum 6/18/2009 02:54 PM1.0 mg/Kg 11.2
Nickel 6/18/2009 02:54 PM1.0 mg/Kg 140
Selenium 6/18/2009 02:54 PM1.0 mg/Kg 1ND
Silver 6/18/2009 02:54 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 02:54 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 02:54 PM1.0 mg/Kg 159
Zinc 6/18/2009 02:54 PM1.0 mg/Kg 144

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/18/2009 10:28 PM2.0 µg/Kg 1ND
4,4´-DDE 6/18/2009 10:28 PM2.0 µg/Kg 1ND
4,4´-DDT 6/18/2009 10:28 PM2.0 µg/Kg 1ND
Aldrin 6/18/2009 10:28 PM1.0 µg/Kg 1ND
alpha-BHC 6/18/2009 10:28 PM1.0 µg/Kg 1ND
alpha-Chlordane 6/18/2009 10:28 PM1.0 µg/Kg 1ND
beta-BHC 6/18/2009 10:28 PM1.0 µg/Kg 1ND
Chlordane 6/18/2009 10:28 PM8.5 µg/Kg 1ND
delta-BHC 6/18/2009 10:28 PM1.0 µg/Kg 1ND
Dieldrin 6/18/2009 10:28 PM2.0 µg/Kg 1ND
Endosulfan I 6/18/2009 10:28 PM1.0 µg/Kg 1ND
Endosulfan II 6/18/2009 10:28 PM2.0 µg/Kg 1ND
Endosulfan sulfate 6/18/2009 10:28 PM2.0 µg/Kg 1ND
Endrin 6/18/2009 10:28 PM2.0 µg/Kg 1ND
Endrin aldehyde 6/18/2009 10:28 PM2.0 µg/Kg 1ND
Endrin ketone 6/18/2009 10:28 PM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR2-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-074A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/18/2009 10:28 PM1.0 µg/Kg 1ND
gamma-Chlordane 6/18/2009 10:28 PM1.0 µg/Kg 1ND
Heptachlor 6/18/2009 10:28 PM1.0 µg/Kg 1ND
Heptachlor epoxide 6/18/2009 10:28 PM1.0 µg/Kg 1ND
Methoxychlor 6/18/2009 10:28 PM5.0 µg/Kg 1ND
Toxaphene 6/18/2009 10:28 PM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/18/2009 10:28 PM20-142 %REC 150.5
 Surr: Tetrachloro-m-xylene 6/18/2009 10:28 PM25-115 %REC 151.3

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 01:01 PM0.10 mg/Kg 10.23

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR3-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-075A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 02:56 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 02:56 PM1.0 mg/Kg 18.8
Barium 6/18/2009 02:56 PM1.0 mg/Kg 1120
Beryllium 6/18/2009 02:56 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 02:56 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 02:56 PM1.0 mg/Kg 140
Cobalt 6/18/2009 02:56 PM1.0 mg/Kg 110
Copper 6/18/2009 02:56 PM2.0 mg/Kg 132
Lead 6/18/2009 02:56 PM1.0 mg/Kg 113
Molybdenum 6/18/2009 02:56 PM1.0 mg/Kg 11.1
Nickel 6/18/2009 02:56 PM1.0 mg/Kg 141
Selenium 6/18/2009 02:56 PM1.0 mg/Kg 1ND
Silver 6/18/2009 02:56 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 02:56 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 02:56 PM1.0 mg/Kg 157
Zinc 6/18/2009 02:56 PM1.0 mg/Kg 161

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/18/2009 10:42 PM2.0 µg/Kg 1ND
4,4´-DDE 6/18/2009 10:42 PM2.0 µg/Kg 1ND
4,4´-DDT 6/18/2009 10:42 PM2.0 µg/Kg 1ND
Aldrin 6/18/2009 10:42 PM1.0 µg/Kg 1ND
alpha-BHC 6/18/2009 10:42 PM1.0 µg/Kg 1ND
alpha-Chlordane 6/18/2009 10:42 PM1.0 µg/Kg 1ND
beta-BHC 6/18/2009 10:42 PM1.0 µg/Kg 1ND
Chlordane 6/18/2009 10:42 PM8.5 µg/Kg 1ND
delta-BHC 6/18/2009 10:42 PM1.0 µg/Kg 1ND
Dieldrin 6/18/2009 10:42 PM2.0 µg/Kg 1ND
Endosulfan I 6/18/2009 10:42 PM1.0 µg/Kg 1ND
Endosulfan II 6/18/2009 10:42 PM2.0 µg/Kg 1ND
Endosulfan sulfate 6/18/2009 10:42 PM2.0 µg/Kg 1ND
Endrin 6/18/2009 10:42 PM2.0 µg/Kg 1ND
Endrin aldehyde 6/18/2009 10:42 PM2.0 µg/Kg 1ND
Endrin ketone 6/18/2009 10:42 PM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR3-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-075A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/18/2009 10:42 PM1.0 µg/Kg 1ND
gamma-Chlordane 6/18/2009 10:42 PM1.0 µg/Kg 1ND
Heptachlor 6/18/2009 10:42 PM1.0 µg/Kg 1ND
Heptachlor epoxide 6/18/2009 10:42 PM1.0 µg/Kg 1ND
Methoxychlor 6/18/2009 10:42 PM5.0 µg/Kg 1ND
Toxaphene 6/18/2009 10:42 PM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/18/2009 10:42 PM20-142 %REC 154.0
 Surr: Tetrachloro-m-xylene 6/18/2009 10:42 PM25-115 %REC 155.6

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 01:02 PM0.10 mg/Kg 10.26

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR4-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-076A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 02:59 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 02:59 PM1.0 mg/Kg 110
Barium 6/18/2009 02:59 PM1.0 mg/Kg 1120
Beryllium 6/18/2009 02:59 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 02:59 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 02:59 PM1.0 mg/Kg 138
Cobalt 6/18/2009 02:59 PM1.0 mg/Kg 111
Copper 6/18/2009 02:59 PM2.0 mg/Kg 133
Lead 6/18/2009 02:59 PM1.0 mg/Kg 111
Molybdenum 6/18/2009 02:59 PM1.0 mg/Kg 1ND
Nickel 6/18/2009 02:59 PM1.0 mg/Kg 140
Selenium 6/18/2009 02:59 PM1.0 mg/Kg 1ND
Silver 6/18/2009 02:59 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 02:59 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 02:59 PM1.0 mg/Kg 158
Zinc 6/18/2009 02:59 PM1.0 mg/Kg 149

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/18/2009 10:56 PM2.0 µg/Kg 1ND
4,4´-DDE 6/18/2009 10:56 PM2.0 µg/Kg 1ND
4,4´-DDT 6/18/2009 10:56 PM2.0 µg/Kg 1ND
Aldrin 6/18/2009 10:56 PM1.0 µg/Kg 1ND
alpha-BHC 6/18/2009 10:56 PM1.0 µg/Kg 1ND
alpha-Chlordane 6/18/2009 10:56 PM1.0 µg/Kg 1ND
beta-BHC 6/18/2009 10:56 PM1.0 µg/Kg 1ND
Chlordane 6/18/2009 10:56 PM8.5 µg/Kg 1ND
delta-BHC 6/18/2009 10:56 PM1.0 µg/Kg 1ND
Dieldrin 6/18/2009 10:56 PM2.0 µg/Kg 1ND
Endosulfan I 6/18/2009 10:56 PM1.0 µg/Kg 1ND
Endosulfan II 6/18/2009 10:56 PM2.0 µg/Kg 1ND
Endosulfan sulfate 6/18/2009 10:56 PM2.0 µg/Kg 1ND
Endrin 6/18/2009 10:56 PM2.0 µg/Kg 1ND
Endrin aldehyde 6/18/2009 10:56 PM2.0 µg/Kg 1ND
Endrin ketone 6/18/2009 10:56 PM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR4-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-076A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/18/2009 10:56 PM1.0 µg/Kg 1ND
gamma-Chlordane 6/18/2009 10:56 PM1.0 µg/Kg 1ND
Heptachlor 6/18/2009 10:56 PM1.0 µg/Kg 1ND
Heptachlor epoxide 6/18/2009 10:56 PM1.0 µg/Kg 1ND
Methoxychlor 6/18/2009 10:56 PM5.0 µg/Kg 1ND
Toxaphene 6/18/2009 10:56 PM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/18/2009 10:56 PM20-142 %REC 151.5
 Surr: Tetrachloro-m-xylene 6/18/2009 10:56 PM25-115 %REC 153.4

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 01:04 PM0.10 mg/Kg 10.41

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR5-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-077A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 03:01 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 03:01 PM1.0 mg/Kg 18.8
Barium 6/18/2009 03:01 PM1.0 mg/Kg 1100
Beryllium 6/18/2009 03:01 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 03:01 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 03:01 PM1.0 mg/Kg 133
Cobalt 6/18/2009 03:01 PM1.0 mg/Kg 19.0
Copper 6/18/2009 03:01 PM2.0 mg/Kg 126
Lead 6/18/2009 03:01 PM1.0 mg/Kg 19.8
Molybdenum 6/18/2009 03:01 PM1.0 mg/Kg 1ND
Nickel 6/18/2009 03:01 PM1.0 mg/Kg 138
Selenium 6/18/2009 03:01 PM1.0 mg/Kg 1ND
Silver 6/18/2009 03:01 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 03:01 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 03:01 PM1.0 mg/Kg 150
Zinc 6/18/2009 03:01 PM1.0 mg/Kg 140

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/18/2009 11:11 PM2.0 µg/Kg 1ND
4,4´-DDE 6/18/2009 11:11 PM2.0 µg/Kg 12.2
4,4´-DDT 6/18/2009 11:11 PM2.0 µg/Kg 1ND
Aldrin 6/18/2009 11:11 PM1.0 µg/Kg 1ND
alpha-BHC 6/18/2009 11:11 PM1.0 µg/Kg 1ND
alpha-Chlordane 6/18/2009 11:11 PM1.0 µg/Kg 1ND
beta-BHC 6/18/2009 11:11 PM1.0 µg/Kg 1ND
Chlordane 6/18/2009 11:11 PM8.5 µg/Kg 1ND
delta-BHC 6/18/2009 11:11 PM1.0 µg/Kg 1ND
Dieldrin 6/18/2009 11:11 PM2.0 µg/Kg 12.5
Endosulfan I 6/18/2009 11:11 PM1.0 µg/Kg 1ND
Endosulfan II 6/18/2009 11:11 PM2.0 µg/Kg 1ND
Endosulfan sulfate 6/18/2009 11:11 PM2.0 µg/Kg 1ND
Endrin 6/18/2009 11:11 PM2.0 µg/Kg 1ND
Endrin aldehyde 6/18/2009 11:11 PM2.0 µg/Kg 1ND
Endrin ketone 6/18/2009 11:11 PM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR5-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-077A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/18/2009 11:11 PM1.0 µg/Kg 1ND
gamma-Chlordane 6/18/2009 11:11 PM1.0 µg/Kg 1ND
Heptachlor 6/18/2009 11:11 PM1.0 µg/Kg 1ND
Heptachlor epoxide 6/18/2009 11:11 PM1.0 µg/Kg 1ND
Methoxychlor 6/18/2009 11:11 PM5.0 µg/Kg 1ND
Toxaphene 6/18/2009 11:11 PM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/18/2009 11:11 PM20-142 %REC 156.5
 Surr: Tetrachloro-m-xylene 6/18/2009 11:11 PM25-115 %REC 160.5

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 01:06 PM0.10 mg/Kg 10.23

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR6-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-078A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 03:08 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 03:08 PM1.0 mg/Kg 18.6
Barium 6/18/2009 03:08 PM1.0 mg/Kg 1120
Beryllium 6/18/2009 03:08 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 03:08 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 03:08 PM1.0 mg/Kg 135
Cobalt 6/18/2009 03:08 PM1.0 mg/Kg 17.5
Copper 6/18/2009 03:08 PM2.0 mg/Kg 129
Lead 6/18/2009 03:08 PM1.0 mg/Kg 111
Molybdenum 6/18/2009 03:08 PM1.0 mg/Kg 11.3
Nickel 6/18/2009 03:08 PM1.0 mg/Kg 139
Selenium 6/18/2009 03:08 PM1.0 mg/Kg 1ND
Silver 6/18/2009 03:08 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 03:08 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 03:08 PM1.0 mg/Kg 153
Zinc 6/18/2009 03:08 PM1.0 mg/Kg 146

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/18/2009 11:25 PM2.0 µg/Kg 1ND
4,4´-DDE 6/18/2009 11:25 PM2.0 µg/Kg 12.3
4,4´-DDT 6/18/2009 11:25 PM2.0 µg/Kg 1ND
Aldrin 6/18/2009 11:25 PM1.0 µg/Kg 1ND
alpha-BHC 6/18/2009 11:25 PM1.0 µg/Kg 1ND
alpha-Chlordane 6/18/2009 11:25 PM1.0 µg/Kg 1ND
beta-BHC 6/18/2009 11:25 PM1.0 µg/Kg 1ND
Chlordane 6/18/2009 11:25 PM8.5 µg/Kg 1ND
delta-BHC 6/18/2009 11:25 PM1.0 µg/Kg 1ND
Dieldrin 6/18/2009 11:25 PM2.0 µg/Kg 13.9
Endosulfan I 6/18/2009 11:25 PM1.0 µg/Kg 1ND
Endosulfan II 6/18/2009 11:25 PM2.0 µg/Kg 1ND
Endosulfan sulfate 6/18/2009 11:25 PM2.0 µg/Kg 1ND
Endrin 6/18/2009 11:25 PM2.0 µg/Kg 1ND
Endrin aldehyde 6/18/2009 11:25 PM2.0 µg/Kg 1ND
Endrin ketone 6/18/2009 11:25 PM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TAR6-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-078A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/18/2009 11:25 PM1.0 µg/Kg 1ND
gamma-Chlordane 6/18/2009 11:25 PM1.0 µg/Kg 1ND
Heptachlor 6/18/2009 11:25 PM1.0 µg/Kg 1ND
Heptachlor epoxide 6/18/2009 11:25 PM1.0 µg/Kg 1ND
Methoxychlor 6/18/2009 11:25 PM5.0 µg/Kg 1ND
Toxaphene 6/18/2009 11:25 PM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/18/2009 11:25 PM20-142 %REC 152.7
 Surr: Tetrachloro-m-xylene 6/18/2009 11:25 PM25-115 %REC 154.7

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 01:08 PM0.10 mg/Kg 10.17

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite SS1-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-079A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 03:10 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 03:10 PM1.0 mg/Kg 14.2
Barium 6/18/2009 03:10 PM1.0 mg/Kg 180
Beryllium 6/18/2009 03:10 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 03:10 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 03:10 PM1.0 mg/Kg 132
Cobalt 6/18/2009 03:10 PM1.0 mg/Kg 16.7
Copper 6/18/2009 03:10 PM2.0 mg/Kg 117
Lead 6/18/2009 03:10 PM1.0 mg/Kg 17.4
Molybdenum 6/18/2009 03:10 PM1.0 mg/Kg 1ND
Nickel 6/18/2009 03:10 PM1.0 mg/Kg 139
Selenium 6/18/2009 03:10 PM1.0 mg/Kg 1ND
Silver 6/18/2009 03:10 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 03:10 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 03:10 PM1.0 mg/Kg 139
Zinc 6/18/2009 03:10 PM1.0 mg/Kg 138

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/18/2009 11:39 PM2.0 µg/Kg 12.8
4,4´-DDE 6/18/2009 11:39 PM2.0 µg/Kg 12.1
4,4´-DDT 6/18/2009 11:39 PM2.0 µg/Kg 111
Aldrin 6/18/2009 11:39 PM1.0 µg/Kg 1ND
alpha-BHC 6/18/2009 11:39 PM1.0 µg/Kg 1ND
alpha-Chlordane 6/18/2009 11:39 PM1.0 µg/Kg 1ND
beta-BHC 6/18/2009 11:39 PM1.0 µg/Kg 1ND
Chlordane 6/18/2009 11:39 PM8.5 µg/Kg 1ND
delta-BHC 6/18/2009 11:39 PM1.0 µg/Kg 1ND
Dieldrin 6/18/2009 11:39 PM2.0 µg/Kg 1ND
Endosulfan I 6/18/2009 11:39 PM1.0 µg/Kg 1ND
Endosulfan II 6/18/2009 11:39 PM2.0 µg/Kg 1ND
Endosulfan sulfate 6/18/2009 11:39 PM2.0 µg/Kg 1ND
Endrin 6/18/2009 11:39 PM2.0 µg/Kg 1ND
Endrin aldehyde 6/18/2009 11:39 PM2.0 µg/Kg 1ND
Endrin ketone 6/18/2009 11:39 PM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite SS1-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-079A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/18/2009 11:39 PM1.0 µg/Kg 1ND
gamma-Chlordane 6/18/2009 11:39 PM1.0 µg/Kg 1ND
Heptachlor 6/18/2009 11:39 PM1.0 µg/Kg 1ND
Heptachlor epoxide 6/18/2009 11:39 PM1.0 µg/Kg 1ND
Methoxychlor 6/18/2009 11:39 PM5.0 µg/Kg 1ND
Toxaphene 6/18/2009 11:39 PM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/18/2009 11:39 PM20-142 %REC 156.3
 Surr: Tetrachloro-m-xylene 6/18/2009 11:39 PM25-115 %REC 158.7

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 01:14 PM0.10 mg/Kg 10.26

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite SS2-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-080A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 03:21 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 03:21 PM1.0 mg/Kg 18.0
Barium 6/18/2009 03:21 PM1.0 mg/Kg 1130
Beryllium 6/18/2009 03:21 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 03:21 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 03:21 PM1.0 mg/Kg 144
Cobalt 6/18/2009 03:21 PM1.0 mg/Kg 18.9
Copper 6/18/2009 03:21 PM2.0 mg/Kg 132
Lead 6/18/2009 03:21 PM1.0 mg/Kg 18.7
Molybdenum 6/18/2009 03:21 PM1.0 mg/Kg 11.1
Nickel 6/18/2009 03:21 PM1.0 mg/Kg 153
Selenium 6/18/2009 03:21 PM1.0 mg/Kg 1ND
Silver 6/18/2009 03:21 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 03:21 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 03:21 PM1.0 mg/Kg 160
Zinc 6/18/2009 03:21 PM1.0 mg/Kg 1110

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/18/2009 11:53 PM2.0 µg/Kg 1ND
4,4´-DDE 6/18/2009 11:53 PM2.0 µg/Kg 1ND
4,4´-DDT 6/18/2009 11:53 PM2.0 µg/Kg 13.5
Aldrin 6/18/2009 11:53 PM1.0 µg/Kg 1ND
alpha-BHC 6/18/2009 11:53 PM1.0 µg/Kg 1ND
alpha-Chlordane 6/18/2009 11:53 PM1.0 µg/Kg 1ND
beta-BHC 6/18/2009 11:53 PM1.0 µg/Kg 1ND
Chlordane 6/18/2009 11:53 PM8.5 µg/Kg 1ND
delta-BHC 6/18/2009 11:53 PM1.0 µg/Kg 1ND
Dieldrin 6/18/2009 11:53 PM2.0 µg/Kg 1ND
Endosulfan I 6/18/2009 11:53 PM1.0 µg/Kg 1ND
Endosulfan II 6/18/2009 11:53 PM2.0 µg/Kg 1ND
Endosulfan sulfate 6/18/2009 11:53 PM2.0 µg/Kg 1ND
Endrin 6/18/2009 11:53 PM2.0 µg/Kg 1ND
Endrin aldehyde 6/18/2009 11:53 PM2.0 µg/Kg 1ND
Endrin ketone 6/18/2009 11:53 PM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite SS2-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-080A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/18/2009 11:53 PM1.0 µg/Kg 1ND
gamma-Chlordane 6/18/2009 11:53 PM1.0 µg/Kg 1ND
Heptachlor 6/18/2009 11:53 PM1.0 µg/Kg 1ND
Heptachlor epoxide 6/18/2009 11:53 PM1.0 µg/Kg 1ND
Methoxychlor 6/18/2009 11:53 PM5.0 µg/Kg 1ND
Toxaphene 6/18/2009 11:53 PM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/18/2009 11:53 PM20-142 %REC 155.9
 Surr: Tetrachloro-m-xylene 6/18/2009 11:53 PM25-115 %REC 160.0

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 01:16 PM0.10 mg/Kg 10.12

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA1-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-081A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 03:24 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 03:24 PM1.0 mg/Kg 18.7
Barium 6/18/2009 03:24 PM1.0 mg/Kg 1170
Beryllium 6/18/2009 03:24 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 03:24 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 03:24 PM1.0 mg/Kg 159
Cobalt 6/18/2009 03:24 PM1.0 mg/Kg 19.1
Copper 6/18/2009 03:24 PM2.0 mg/Kg 143
Lead 6/18/2009 03:24 PM1.0 mg/Kg 113
Molybdenum 6/18/2009 03:24 PM1.0 mg/Kg 11.1
Nickel 6/18/2009 03:24 PM1.0 mg/Kg 159
Selenium 6/18/2009 03:24 PM1.0 mg/Kg 1ND
Silver 6/18/2009 03:24 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 03:24 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 03:24 PM1.0 mg/Kg 182
Zinc 6/18/2009 03:24 PM1.0 mg/Kg 161

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 12:07 AM2.0 µg/Kg 1ND
4,4´-DDE 6/19/2009 12:07 AM2.0 µg/Kg 118
4,4´-DDT 6/19/2009 12:07 AM2.0 µg/Kg 122
Aldrin 6/19/2009 12:07 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 12:07 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 12:07 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 12:07 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 12:07 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 12:07 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 12:07 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 12:07 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 12:07 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 12:07 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 12:07 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 12:07 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 12:07 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA1-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-081A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 12:07 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 12:07 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 12:07 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 12:07 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 12:07 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 12:07 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 12:07 AM20-142 %REC 156.9
 Surr: Tetrachloro-m-xylene 6/19/2009 12:07 AM25-115 %REC 159.7

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 01:18 PM0.10 mg/Kg 10.12

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA2-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-082A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618E 55985QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 03:26 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 03:26 PM1.0 mg/Kg 18.8
Barium 6/18/2009 03:26 PM1.0 mg/Kg 1170
Beryllium 6/18/2009 03:26 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 03:26 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 03:26 PM1.0 mg/Kg 157
Cobalt 6/18/2009 03:26 PM1.0 mg/Kg 19.0
Copper 6/18/2009 03:26 PM2.0 mg/Kg 141
Lead 6/18/2009 03:26 PM1.0 mg/Kg 114
Molybdenum 6/18/2009 03:26 PM1.0 mg/Kg 11.2
Nickel 6/18/2009 03:26 PM1.0 mg/Kg 157
Selenium 6/18/2009 03:26 PM1.0 mg/Kg 1ND
Silver 6/18/2009 03:26 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 03:26 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 03:26 PM1.0 mg/Kg 177
Zinc 6/18/2009 03:26 PM1.0 mg/Kg 164

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 12:21 AM2.0 µg/Kg 1ND
4,4´-DDE 6/19/2009 12:21 AM2.0 µg/Kg 14.9
4,4´-DDT 6/19/2009 12:21 AM2.0 µg/Kg 111
Aldrin 6/19/2009 12:21 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 12:21 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 12:21 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 12:21 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 12:21 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 12:21 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 12:21 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 12:21 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 12:21 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 12:21 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 12:21 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 12:21 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 12:21 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA2-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-082A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618A 56044QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 12:21 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 12:21 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 12:21 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 12:21 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 12:21 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 12:21 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 12:21 AM20-142 %REC 160.9
 Surr: Tetrachloro-m-xylene 6/19/2009 12:21 AM25-115 %REC 161.1

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618B 55982QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 12:54 PM0.10 mg/Kg 10.15

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA3-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-083A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618F 55986QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 04:33 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 04:33 PM1.0 mg/Kg 19.5
Barium 6/18/2009 04:33 PM1.0 mg/Kg 1170
Beryllium 6/18/2009 04:33 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 04:33 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 04:33 PM1.0 mg/Kg 157
Cobalt 6/18/2009 04:33 PM1.0 mg/Kg 19.4
Copper 6/18/2009 04:33 PM2.0 mg/Kg 142
Lead 6/18/2009 04:33 PM1.0 mg/Kg 111
Molybdenum 6/18/2009 04:33 PM1.0 mg/Kg 11.3
Nickel 6/18/2009 04:33 PM1.0 mg/Kg 158
Selenium 6/18/2009 04:33 PM1.0 mg/Kg 1ND
Silver 6/18/2009 04:33 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 04:33 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 04:33 PM1.0 mg/Kg 181
Zinc 6/18/2009 04:33 PM1.0 mg/Kg 157

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 12:35 AM2.0 µg/Kg 12.5
4,4´-DDE 6/19/2009 12:35 AM2.0 µg/Kg 114
4,4´-DDT 6/19/2009 12:35 AM2.0 µg/Kg 126
Aldrin 6/19/2009 12:35 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 12:35 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 12:35 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 12:35 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 12:35 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 12:35 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 12:35 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 12:35 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 12:35 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 12:35 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 12:35 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 12:35 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 12:35 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA3-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-083A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 12:35 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 12:35 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 12:35 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 12:35 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 12:35 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 12:35 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 12:35 AM20-142 %REC 166.2
 Surr: Tetrachloro-m-xylene 6/19/2009 12:35 AM25-115 %REC 166.3

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618C 55983QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 02:41 PM0.10 mg/Kg 10.12

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA4-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-084A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618F 55986QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 04:44 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 04:44 PM1.0 mg/Kg 110
Barium 6/18/2009 04:44 PM1.0 mg/Kg 1190
Beryllium 6/18/2009 04:44 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 04:44 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 04:44 PM1.0 mg/Kg 159
Cobalt 6/18/2009 04:44 PM1.0 mg/Kg 19.5
Copper 6/18/2009 04:44 PM2.0 mg/Kg 143
Lead 6/18/2009 04:44 PM1.0 mg/Kg 114
Molybdenum 6/18/2009 04:44 PM1.0 mg/Kg 11.4
Nickel 6/18/2009 04:44 PM1.0 mg/Kg 159
Selenium 6/18/2009 04:44 PM1.0 mg/Kg 1ND
Silver 6/18/2009 04:44 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 04:44 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 04:44 PM1.0 mg/Kg 184
Zinc 6/18/2009 04:44 PM1.0 mg/Kg 158

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 01:04 AM2.0 µg/Kg 12.0
4,4´-DDE 6/19/2009 01:04 AM2.0 µg/Kg 18.5
4,4´-DDT 6/19/2009 01:04 AM2.0 µg/Kg 120
Aldrin 6/19/2009 01:04 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 01:04 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 01:04 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 01:04 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 01:04 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 01:04 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 01:04 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 01:04 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 01:04 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 01:04 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 01:04 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 01:04 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 01:04 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA4-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-084A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 01:04 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 01:04 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 01:04 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 01:04 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 01:04 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 01:04 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 01:04 AM20-142 %REC 162.4
 Surr: Tetrachloro-m-xylene 6/19/2009 01:04 AM25-115 %REC 162.0

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618C 55983QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 02:43 PM0.10 mg/Kg 10.14

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA5-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-085A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618F 55986QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 04:46 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 04:46 PM1.0 mg/Kg 110
Barium 6/18/2009 04:46 PM1.0 mg/Kg 1190
Beryllium 6/18/2009 04:46 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 04:46 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 04:46 PM1.0 mg/Kg 161
Cobalt 6/18/2009 04:46 PM1.0 mg/Kg 110
Copper 6/18/2009 04:46 PM2.0 mg/Kg 145
Lead 6/18/2009 04:46 PM1.0 mg/Kg 112
Molybdenum 6/18/2009 04:46 PM1.0 mg/Kg 11.2
Nickel 6/18/2009 04:46 PM1.0 mg/Kg 163
Selenium 6/18/2009 04:46 PM1.0 mg/Kg 1ND
Silver 6/18/2009 04:46 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 04:46 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 04:46 PM1.0 mg/Kg 189
Zinc 6/18/2009 04:46 PM1.0 mg/Kg 161

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 01:18 AM2.0 µg/Kg 14.2
4,4´-DDE 6/19/2009 01:18 AM2.0 µg/Kg 114
4,4´-DDT 6/19/2009 01:18 AM2.0 µg/Kg 129
Aldrin 6/19/2009 01:18 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 01:18 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 01:18 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 01:18 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 01:18 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 01:18 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 01:18 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 01:18 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 01:18 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 01:18 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 01:18 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 01:18 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 01:18 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

26 of 55



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA5-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-085A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 01:18 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 01:18 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 01:18 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 01:18 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 01:18 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 01:18 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 01:18 AM20-142 %REC 149.4
 Surr: Tetrachloro-m-xylene 6/19/2009 01:18 AM25-115 %REC 150.6

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618C 55983QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 02:45 PM0.10 mg/Kg 10.12

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA6-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-086A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618F 55986QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 04:49 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 04:49 PM1.0 mg/Kg 19.3
Barium 6/18/2009 04:49 PM1.0 mg/Kg 1180
Beryllium 6/18/2009 04:49 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 04:49 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 04:49 PM1.0 mg/Kg 157
Cobalt 6/18/2009 04:49 PM1.0 mg/Kg 19.6
Copper 6/18/2009 04:49 PM2.0 mg/Kg 142
Lead 6/18/2009 04:49 PM1.0 mg/Kg 113
Molybdenum 6/18/2009 04:49 PM1.0 mg/Kg 12.0
Nickel 6/18/2009 04:49 PM1.0 mg/Kg 158
Selenium 6/18/2009 04:49 PM1.0 mg/Kg 1ND
Silver 6/18/2009 04:49 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 04:49 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 04:49 PM1.0 mg/Kg 180
Zinc 6/18/2009 04:49 PM1.0 mg/Kg 165

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 01:32 AM2.0 µg/Kg 12.0
4,4´-DDE 6/19/2009 01:32 AM2.0 µg/Kg 16.8
4,4´-DDT 6/19/2009 01:32 AM2.0 µg/Kg 113
Aldrin 6/19/2009 01:32 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 01:32 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 01:32 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 01:32 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 01:32 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 01:32 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 01:32 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 01:32 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 01:32 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 01:32 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 01:32 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 01:32 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 01:32 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA6-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-086A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 01:32 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 01:32 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 01:32 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 01:32 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 01:32 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 01:32 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 01:32 AM20-142 %REC 152.9
 Surr: Tetrachloro-m-xylene 6/19/2009 01:32 AM25-115 %REC 154.0

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618C 55983QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 02:47 PM0.10 mg/Kg 10.13

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA7-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-087A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618F 55986QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 04:51 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 04:51 PM1.0 mg/Kg 110
Barium 6/18/2009 04:51 PM1.0 mg/Kg 1180
Beryllium 6/18/2009 04:51 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 04:51 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 04:51 PM1.0 mg/Kg 160
Cobalt 6/18/2009 04:51 PM1.0 mg/Kg 110
Copper 6/18/2009 04:51 PM2.0 mg/Kg 143
Lead 6/18/2009 04:51 PM1.0 mg/Kg 112
Molybdenum 6/18/2009 04:51 PM1.0 mg/Kg 11.2
Nickel 6/18/2009 04:51 PM1.0 mg/Kg 161
Selenium 6/18/2009 04:51 PM1.0 mg/Kg 1ND
Silver 6/18/2009 04:51 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 04:51 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 04:51 PM1.0 mg/Kg 185
Zinc 6/18/2009 04:51 PM1.0 mg/Kg 161

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 01:46 AM2.0 µg/Kg 14.0
4,4´-DDE 6/19/2009 01:46 AM2.0 µg/Kg 112
4,4´-DDT 6/19/2009 01:46 AM2.0 µg/Kg 124
Aldrin 6/19/2009 01:46 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 01:46 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 01:46 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 01:46 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 01:46 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 01:46 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 01:46 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 01:46 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 01:46 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 01:46 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 01:46 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 01:46 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 01:46 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA7-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-087A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 01:46 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 01:46 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 01:46 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 01:46 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 01:46 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 01:46 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 01:46 AM20-142 %REC 161.5
 Surr: Tetrachloro-m-xylene 6/19/2009 01:46 AM25-115 %REC 159.6

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618C 55983QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 02:49 PM0.10 mg/Kg 10.11

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

31 of 55



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA8-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-088A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618F 55986QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 04:54 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 04:54 PM1.0 mg/Kg 110
Barium 6/18/2009 04:54 PM1.0 mg/Kg 1190
Beryllium 6/18/2009 04:54 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 04:54 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 04:54 PM1.0 mg/Kg 159
Cobalt 6/18/2009 04:54 PM1.0 mg/Kg 19.4
Copper 6/18/2009 04:54 PM2.0 mg/Kg 145
Lead 6/18/2009 04:54 PM1.0 mg/Kg 114
Molybdenum 6/18/2009 04:54 PM1.0 mg/Kg 11.4
Nickel 6/18/2009 04:54 PM1.0 mg/Kg 160
Selenium 6/18/2009 04:54 PM1.0 mg/Kg 1ND
Silver 6/18/2009 04:54 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 04:54 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 04:54 PM1.0 mg/Kg 185
Zinc 6/18/2009 04:54 PM1.0 mg/Kg 157

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 02:00 AM2.0 µg/Kg 12.1
4,4´-DDE 6/19/2009 02:00 AM2.0 µg/Kg 19.2
4,4´-DDT 6/19/2009 02:00 AM2.0 µg/Kg 116
Aldrin 6/19/2009 02:00 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 02:00 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 02:00 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 02:00 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 02:00 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 02:00 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 02:00 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 02:00 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 02:00 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 02:00 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 02:00 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 02:00 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 02:00 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA8-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-088A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 02:00 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 02:00 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 02:00 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 02:00 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 02:00 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 02:00 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 02:00 AM20-142 %REC 151.4
 Surr: Tetrachloro-m-xylene 6/19/2009 02:00 AM25-115 %REC 152.8

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618C 55983QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 02:51 PM0.10 mg/Kg 10.14

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA9-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-089A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618F 55986QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 04:56 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 04:56 PM1.0 mg/Kg 110
Barium 6/18/2009 04:56 PM1.0 mg/Kg 1170
Beryllium 6/18/2009 04:56 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 04:56 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 04:56 PM1.0 mg/Kg 161
Cobalt 6/18/2009 04:56 PM1.0 mg/Kg 111
Copper 6/18/2009 04:56 PM2.0 mg/Kg 144
Lead 6/18/2009 04:56 PM1.0 mg/Kg 112
Molybdenum 6/18/2009 04:56 PM1.0 mg/Kg 11.3
Nickel 6/18/2009 04:56 PM1.0 mg/Kg 163
Selenium 6/18/2009 04:56 PM1.0 mg/Kg 1ND
Silver 6/18/2009 04:56 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 04:56 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 04:56 PM1.0 mg/Kg 186
Zinc 6/18/2009 04:56 PM1.0 mg/Kg 163

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 02:15 AM2.0 µg/Kg 1ND
4,4´-DDE 6/19/2009 02:15 AM2.0 µg/Kg 18.3
4,4´-DDT 6/19/2009 02:15 AM2.0 µg/Kg 115
Aldrin 6/19/2009 02:15 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 02:15 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 02:15 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 02:15 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 02:15 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 02:15 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 02:15 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 02:15 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 02:15 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 02:15 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 02:15 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 02:15 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 02:15 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA9-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-089A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 02:15 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 02:15 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 02:15 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 02:15 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 02:15 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 02:15 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 02:15 AM20-142 %REC 153.8
 Surr: Tetrachloro-m-xylene 6/19/2009 02:15 AM25-115 %REC 154.3

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618C 55983QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 02:53 PM0.10 mg/Kg 10.11

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA10-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-090A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: CL

EPA 3050B

RunID: ICP8_090618F 55986QC Batch: PrepDate: 6/17/2009

Antimony 6/18/2009 04:59 PM2.0 mg/Kg 1ND
Arsenic 6/18/2009 04:59 PM1.0 mg/Kg 111
Barium 6/18/2009 04:59 PM1.0 mg/Kg 1190
Beryllium 6/18/2009 04:59 PM1.0 mg/Kg 1ND
Cadmium 6/18/2009 04:59 PM1.0 mg/Kg 1ND
Chromium 6/18/2009 04:59 PM1.0 mg/Kg 158
Cobalt 6/18/2009 04:59 PM1.0 mg/Kg 19.8
Copper 6/18/2009 04:59 PM2.0 mg/Kg 143
Lead 6/18/2009 04:59 PM1.0 mg/Kg 115
Molybdenum 6/18/2009 04:59 PM1.0 mg/Kg 11.6
Nickel 6/18/2009 04:59 PM1.0 mg/Kg 159
Selenium 6/18/2009 04:59 PM1.0 mg/Kg 1ND
Silver 6/18/2009 04:59 PM1.0 mg/Kg 1ND
Thallium 6/18/2009 04:59 PM1.0 mg/Kg 1ND
Vanadium 6/18/2009 04:59 PM1.0 mg/Kg 185
Zinc 6/18/2009 04:59 PM1.0 mg/Kg 159

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

4,4´-DDD 6/19/2009 02:29 AM2.0 µg/Kg 1ND
4,4´-DDE 6/19/2009 02:29 AM2.0 µg/Kg 17.1
4,4´-DDT 6/19/2009 02:29 AM2.0 µg/Kg 115
Aldrin 6/19/2009 02:29 AM1.0 µg/Kg 1ND
alpha-BHC 6/19/2009 02:29 AM1.0 µg/Kg 1ND
alpha-Chlordane 6/19/2009 02:29 AM1.0 µg/Kg 1ND
beta-BHC 6/19/2009 02:29 AM1.0 µg/Kg 1ND
Chlordane 6/19/2009 02:29 AM8.5 µg/Kg 1ND
delta-BHC 6/19/2009 02:29 AM1.0 µg/Kg 1ND
Dieldrin 6/19/2009 02:29 AM2.0 µg/Kg 1ND
Endosulfan I 6/19/2009 02:29 AM1.0 µg/Kg 1ND
Endosulfan II 6/19/2009 02:29 AM2.0 µg/Kg 1ND
Endosulfan sulfate 6/19/2009 02:29 AM2.0 µg/Kg 1ND
Endrin 6/19/2009 02:29 AM2.0 µg/Kg 1ND
Endrin aldehyde 6/19/2009 02:29 AM2.0 µg/Kg 1ND
Endrin ketone 6/19/2009 02:29 AM2.0 µg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-

Client Sample ID: Composite TCWA10-A,B,C,D
Collection Date: 6/16/2009

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: 105982

Lab ID: 105982-090A

DF

Advanced Technology Laboratories Print Date: 19-Jun-09

PQL

ANALYTICAL RESULTS

ORGANOCHLORINE PESTICIDES BY GC/ECD
EPA 8081A

Analyst: HL

EPA 3550B

RunID: GC9_090618B 56045QC Batch: PrepDate: 6/18/2009

gamma-BHC 6/19/2009 02:29 AM1.0 µg/Kg 1ND
gamma-Chlordane 6/19/2009 02:29 AM1.0 µg/Kg 1ND
Heptachlor 6/19/2009 02:29 AM1.0 µg/Kg 1ND
Heptachlor epoxide 6/19/2009 02:29 AM1.0 µg/Kg 1ND
Methoxychlor 6/19/2009 02:29 AM5.0 µg/Kg 1ND
Toxaphene 6/19/2009 02:29 AM50 µg/Kg 1ND
 Surr: Decachlorobiphenyl 6/19/2009 02:29 AM20-142 %REC 151.5
 Surr: Tetrachloro-m-xylene 6/19/2009 02:29 AM25-115 %REC 152.6

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: ILRunID: AA5_090618C 55983QC Batch: PrepDate: 6/17/2009

Mercury 6/18/2009 02:38 PM0.10 mg/Kg 10.14

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

19-Jun-09Date:Advanced Technology Laboratories

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: MB-55985

Batch ID: 55985 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 110025

SeqNo: 1728237

MBLKSampType: TestCode: 6010_S

EPA 3050B

Antimony 2.0ND
Arsenic 1.0ND
Barium 1.0ND
Beryllium 1.0ND
Cadmium 1.00.021
Chromium 1.0ND
Cobalt 1.0ND
Copper 2.0ND
Lead 1.00.252
Molybdenum 1.0ND
Nickel 1.00.064
Selenium 1.0ND
Silver 1.00.022
Thallium 1.0ND
Vanadium 1.00.028
Zinc 1.00.347

Sample ID: LCS-55985

Batch ID: 55985 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 110025

SeqNo: 1728238

LCSSampType: TestCode: 6010_S

EPA 3050B

Antimony 50.00 91.5 80 1202.0 045.742
Arsenic 50.00 92.2 80 1201.0 046.077
Barium 50.00 95.8 80 1201.0 047.920
Beryllium 50.00 93.3 80 1201.0 046.667
Cadmium 50.00 93.0 80 1201.0 0.0209446.543
Chromium 50.00 88.1 80 1201.0 044.061
Cobalt 50.00 96.6 80 1201.0 048.302

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: LCS-55985

Batch ID: 55985 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 110025

SeqNo: 1728238

LCSSampType: TestCode: 6010_S

EPA 3050B

Copper 50.00 94.9 80 1202.0 047.443
Lead 50.00 92.5 80 1201.0 0.252146.508
Molybdenum 50.00 97.9 80 1201.0 048.974
Nickel 50.00 92.4 80 1201.0 0.0635146.276
Selenium 50.00 86.4 80 1201.0 043.203
Silver 50.00 88.1 80 1201.0 0.0220444.051
Thallium 50.00 83.7 80 1201.0 041.856
Vanadium 50.00 96.0 80 1201.0 0.0281648.045
Zinc 50.00 91.2 80 1201.0 0.347445.931

Sample ID: 105982-082ADUP

Batch ID: 55985 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA2-

RunNo: 110025

SeqNo: 1728249

DUPSampType: TestCode: 6010_S

EPA 3050B

Antimony 202.0 0.8435 00.694
Arsenic 201.0 8.787 10.67.899
Barium 201.0 169.9 0.917171.442
Beryllium 201.0 0.1143 00.101
Cadmium 201.0 0.7007 00.694
Chromium 201.0 56.95 1.0956.334
Cobalt 201.0 8.954 0.7648.886
Copper 202.0 40.67 2.8239.541
Lead 201.0 13.53 4.8912.884
Molybdenum 201.0 1.158 3.941.205
Nickel 201.0 56.86 1.4256.061
Selenium 201.0 0 0ND
Silver 201.0 0 0ND
Thallium 201.0 0 0ND
Vanadium 201.0 76.91 1.5875.705
Zinc 201.0 64.25 1.2665.062

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: 105982-082AMS

Batch ID: 55985 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA2-

RunNo: 110025

SeqNo: 1728250

MSSampType: TestCode: 6010_S

EPA 3050B

Antimony 125.0 51.4 25 1062.0 0.843565.135
Arsenic 125.0 77.7 42 1131.0 8.787105.919
Barium 125.0 95.5 19 1401.0 169.9289.252
Beryllium 125.0 78.9 50 1091.0 0.114398.749
Cadmium 125.0 74.5 48 1061.0 0.700793.820
Chromium 125.0 77.7 44 1161.0 56.95154.134
Cobalt 125.0 76.9 47 1071.0 8.954105.044
Copper 125.0 89.0 49 1242.0 40.67151.893
Lead 125.0 72.9 33 1201.0 13.53104.620
Molybdenum 125.0 76.5 46 1111.0 1.15896.758
Nickel 125.0 78.2 43 1111.0 56.86154.640
Selenium 125.0 74.7 43 1041.0 093.411
Silver 125.0 77.9 53 1141.0 097.392
Thallium 125.0 67.8 41 1071.0 084.695
Vanadium 125.0 84.8 48 1161.0 76.91182.939
Zinc 125.0 77.4 24 1291.0 64.25161.018

Sample ID: 105982-082AMSD

Batch ID: 55985 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA2-

RunNo: 110025

SeqNo: 1728251

MSDSampType: TestCode: 6010_S

EPA 3050B

Antimony 125.0 47.3 25 106 202.0 0.8435 65.13 8.3559.911
Arsenic 125.0 76.4 42 113 201.0 8.787 105.9 1.56104.282
Barium 125.0 83.2 19 140 201.0 169.9 289.3 5.45273.893
Beryllium 125.0 77.9 50 109 201.0 0.1143 98.75 1.3097.477
Cadmium 125.0 72.5 48 106 201.0 0.7007 93.82 2.6591.362
Chromium 125.0 76.9 44 116 201.0 56.95 154.1 0.696153.066
Cobalt 125.0 75.0 47 107 201.0 8.954 105.0 2.20102.755
Copper 125.0 87.8 49 124 202.0 40.67 151.9 1.02150.359
Lead 125.0 70.6 33 120 201.0 13.53 104.6 2.74101.796

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: 105982-082AMSD

Batch ID: 55985 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA2-

RunNo: 110025

SeqNo: 1728251

MSDSampType: TestCode: 6010_S

EPA 3050B

Molybdenum 125.0 74.9 46 111 201.0 1.158 96.76 2.1394.722
Nickel 125.0 78.3 43 111 201.0 56.86 154.6 0.0891154.778
Selenium 125.0 73.7 43 104 201.0 0 93.41 1.3892.135
Silver 125.0 76.4 53 114 201.0 0 97.39 2.0295.447
Thallium 125.0 66.0 41 107 201.0 0 84.70 2.5882.534
Vanadium 125.0 84.5 48 116 201.0 76.91 182.9 0.188182.596
Zinc 125.0 74.3 24 129 201.0 64.25 161.0 2.47157.095

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: MB-55986

Batch ID: 55986 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 110035

SeqNo: 1728338

MBLKSampType: TestCode: 6010_S

EPA 3050B

Antimony 2.0ND
Arsenic 1.0ND
Barium 1.0ND
Beryllium 1.0ND
Cadmium 1.00.011
Chromium 1.0ND
Cobalt 1.0ND
Copper 2.0ND
Lead 1.00.234
Molybdenum 1.0ND
Nickel 1.0ND
Selenium 1.0ND
Silver 1.0ND
Thallium 1.0ND
Vanadium 1.0ND
Zinc 1.00.434

Sample ID: LCS-55986

Batch ID: 55986 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 110035

SeqNo: 1728339

LCSSampType: TestCode: 6010_S

EPA 3050B

Antimony 50.00 99.6 80 1202.0 049.779
Arsenic 50.00 101 80 1201.0 050.548
Barium 50.00 103 80 1201.0 051.527
Beryllium 50.00 101 80 1201.0 050.528
Cadmium 50.00 101 80 1201.0 0.0110450.361
Chromium 50.00 94.6 80 1201.0 047.299
Cobalt 50.00 104 80 1201.0 051.983
Copper 50.00 102 80 1202.0 050.822
Lead 50.00 97.9 80 1201.0 0.234049.190

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: LCS-55986

Batch ID: 55986 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 110035

SeqNo: 1728339

LCSSampType: TestCode: 6010_S

EPA 3050B

Molybdenum 50.00 106 80 1201.0 052.964
Nickel 50.00 99.0 80 1201.0 049.507
Selenium 50.00 94.3 80 1201.0 047.144
Silver 50.00 95.3 80 1201.0 047.625
Thallium 50.00 90.7 80 1201.0 045.370
Vanadium 50.00 103 80 1201.0 051.464
Zinc 50.00 98.5 80 1201.0 0.433749.698

Sample ID: 105982-090ADUP

Batch ID: 55986 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA10

RunNo: 110035

SeqNo: 1728348

DUPSampType: TestCode: 6010_S

EPA 3050B

Antimony 202.0 1.182 00.973
Arsenic 201.0 11.02 0.12611.033
Barium 201.0 190.4 0.499191.312
Beryllium 201.0 0.1887 00.193
Cadmium 201.0 0.7284 00.707
Chromium 201.0 58.09 0.85258.586
Cobalt 201.0 9.799 2.0610.003
Copper 202.0 42.94 0.51243.164
Lead 201.0 14.60 4.5313.954
Molybdenum 201.0 1.630 15.11.400
Nickel 201.0 58.68 1.3859.499
Selenium 201.0 0 0ND
Silver 201.0 0 0ND
Thallium 201.0 0 0ND
Vanadium 201.0 84.78 0.072784.843
Zinc 201.0 59.23 1.8358.159

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: 105982-090AMS

Batch ID: 55986 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA10

RunNo: 110035

SeqNo: 1728349

MSSampType: TestCode: 6010_S

EPA 3050B

Antimony 125.0 46.7 25 1062.0 1.18259.590
Arsenic 125.0 75.6 42 1131.0 11.02105.564
Barium 125.0 69.0 19 1401.0 190.4276.574
Beryllium 125.0 77.2 50 1091.0 0.188796.662
Cadmium 125.0 73.1 48 1061.0 0.728492.161
Chromium 125.0 71.9 44 1161.0 58.09147.964
Cobalt 125.0 74.9 47 1071.0 9.799103.456
Copper 125.0 83.8 49 1242.0 42.94147.648
Lead 125.0 69.0 33 1201.0 14.60100.856
Molybdenum 125.0 74.3 46 1111.0 1.63094.466
Nickel 125.0 73.6 43 1111.0 58.68150.646
Selenium 125.0 74.4 43 1041.0 093.030
Silver 125.0 75.6 53 1141.0 094.512
Thallium 125.0 66.2 41 1071.0 082.738
Vanadium 125.0 76.9 48 1161.0 84.78180.866
Zinc 125.0 71.3 24 1291.0 59.23148.360

Sample ID: 105982-090AMSD

Batch ID: 55986 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA10

RunNo: 110035

SeqNo: 1728350

MSDSampType: TestCode: 6010_S

EPA 3050B

Antimony 125.0 47.0 25 106 202.0 1.182 59.59 0.50559.892
Arsenic 125.0 73.9 42 113 201.0 11.02 105.6 2.07103.402
Barium 125.0 72.8 19 140 201.0 190.4 276.6 1.71281.332
Beryllium 125.0 76.5 50 109 201.0 0.1887 96.66 0.82095.873
Cadmium 125.0 71.5 48 106 201.0 0.7284 92.16 2.2490.117
Chromium 125.0 70.3 44 116 201.0 58.09 148.0 1.39145.915
Cobalt 125.0 73.2 47 107 201.0 9.799 103.5 2.10101.311
Copper 125.0 82.2 49 124 202.0 42.94 147.6 1.33145.693
Lead 125.0 67.4 33 120 201.0 14.60 100.9 2.0798.790

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 6010_S

Sample ID: 105982-090AMSD

Batch ID: 55986 TestNo: EPA 6010B Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA10

RunNo: 110035

SeqNo: 1728350

MSDSampType: TestCode: 6010_S

EPA 3050B

Molybdenum 125.0 73.0 46 111 201.0 1.630 94.47 1.6892.892
Nickel 125.0 72.0 43 111 201.0 58.68 150.6 1.31148.682
Selenium 125.0 72.0 43 104 201.0 0 93.03 3.3689.953
Silver 125.0 73.7 53 114 201.0 0 94.51 2.5292.156
Thallium 125.0 65.0 41 107 201.0 0 82.74 1.8781.204
Vanadium 125.0 75.2 48 116 201.0 84.78 180.9 1.17178.762
Zinc 125.0 68.6 24 129 201.0 59.23 148.4 2.30144.990

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 7471_S

Sample ID: MB-55982

Batch ID: 55982 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 110017

SeqNo: 1728100

MBLKSampType: TestCode: 7471_S

Mercury 0.10ND

Sample ID: LCS-55982

Batch ID: 55982 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 110017

SeqNo: 1728101

LCSSampType: TestCode: 7471_S

Mercury 0.8300 109 80 1200.10 00.904

Sample ID: 105982-082A-MS

Batch ID: 55982 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA2-

RunNo: 110017

SeqNo: 1728102

MSSampType: TestCode: 7471_S

Mercury 0.8300 118 70 1300.10 0.14901.126

Sample ID: 105982-082A-MSD

Batch ID: 55982 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA2-

RunNo: 110017

SeqNo: 1728103

MSDSampType: TestCode: 7471_S

Mercury 0.8300 119 70 130 200.10 0.1490 1.126 1.181.139

Sample ID: 105982-082A

Batch ID: 55982 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA2-

RunNo: 110017

SeqNo: 1728105

DUPSampType: TestCode: 7471_S

Mercury 200.10 0.1490 4.130.143

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values

46 of 55



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 7471_S

Sample ID: MB-55983

Batch ID: 55983 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 110024

SeqNo: 1728180

MBLKSampType: TestCode: 7471_S

Mercury 0.10ND

Sample ID: LCS-55983

Batch ID: 55983 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 110024

SeqNo: 1728181

LCSSampType: TestCode: 7471_S

Mercury 0.8300 106 80 1200.10 00.883

Sample ID: 105982-090A-MS

Batch ID: 55983 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA10

RunNo: 110024

SeqNo: 1728182

MSSampType: TestCode: 7471_S

Mercury 0.8300 116 70 1300.10 0.13981.100

Sample ID: 105982-090A-MSD

Batch ID: 55983 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA10

RunNo: 110024

SeqNo: 1728183

MSDSampType: TestCode: 7471_S

Mercury 0.8300 111 70 130 200.10 0.1398 1.100 3.561.061

Sample ID: 105982-090A

Batch ID: 55983 TestNo: EPA 7471A Analysis Date: 6/18/2009

Prep Date: 6/17/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: Composite TCWA10

RunNo: 110024

SeqNo: 1728185

DUPSampType: TestCode: 7471_S

Mercury 200.10 0.1398 6.400.131

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 8081_S

Sample ID: MB-56044

Batch ID: 56044 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: PBS

RunNo: 110053

SeqNo: 1728667

MBLKSampType: TestCode: 8081_S

EPA 3550B

4,4´-DDD 2.0ND
4,4´-DDE 2.0ND
4,4´-DDT 2.0ND
Aldrin 1.0ND
alpha-BHC 1.0ND
alpha-Chlordane 1.0ND
beta-BHC 1.0ND
Chlordane 8.5ND
delta-BHC 1.0ND
Dieldrin 2.0ND
Endosulfan I 1.0ND
Endosulfan II 2.0ND
Endosulfan sulfate 2.0ND
Endrin 2.0ND
Endrin aldehyde 2.0ND
Endrin ketone 2.0ND
gamma-BHC 1.0ND
gamma-Chlordane 1.0ND
Heptachlor 1.0ND
Heptachlor epoxide 1.0ND
Methoxychlor 5.0ND
Toxaphene 50ND
 Surr: Tetrachloro-m-xylene 16.67 93.8 25 11515.639
 Surr: Decachlorobiphenyl 16.67 102 20 14216.934

Sample ID: LCS-56044

Batch ID: 56044 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: LCSS

RunNo: 110053

SeqNo: 1728668

LCSSampType: TestCode: 8081_S

EPA 3550B

Aldrin 16.67 85.2 59 1131.0 014.201

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 8081_S

Sample ID: LCS-56044

Batch ID: 56044 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: LCSS

RunNo: 110053

SeqNo: 1728668

LCSSampType: TestCode: 8081_S

EPA 3550B

Dieldrin 16.67 86.6 59 1082.0 014.431
Endrin 16.67 87.7 41 1322.0 014.613
gamma-BHC 16.67 87.2 60 1111.0 014.541
Heptachlor 16.67 98.2 62 1081.0 016.362
 Surr: Tetrachloro-m-xylene 16.67 81.8 25 11513.629
 Surr: Decachlorobiphenyl 16.67 88.3 20 14214.718

Sample ID: MB-56044MS

Batch ID: 56044 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 110053

SeqNo: 1728669

MSSampType: TestCode: 8081_S

EPA 3550B

4,4´-DDT 16.67 90.4 29 1432.0 015.071
Aldrin 16.67 86.3 44 1311.0 014.383
Dieldrin 16.67 88.3 40 1362.0 014.716
Endrin 16.67 89.4 41 1462.0 014.910
gamma-BHC 16.67 88.6 45 1291.0 014.764
Heptachlor 16.67 94.8 48 1261.0 015.796
 Surr: Tetrachloro-m-xylene 16.67 82.7 25 11513.779
 Surr: Decachlorobiphenyl 16.67 89.9 20 14214.985

Sample ID: MB-56044MSD

Batch ID: 56044 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 110053

SeqNo: 1728670

MSDSampType: TestCode: 8081_S

EPA 3550B

4,4´-DDT 16.67 91.7 29 143 202.0 0 15.07 1.4515.291
Aldrin 16.67 87.6 44 131 201.0 0 14.38 1.5014.601
Dieldrin 16.67 89.8 40 136 202.0 0 14.72 1.6814.965
Endrin 16.67 90.2 41 146 202.0 0 14.91 0.82615.034
gamma-BHC 16.67 90.1 45 129 201.0 0 14.76 1.7115.019
Heptachlor 16.67 94.9 48 126 201.0 0 15.80 0.18415.825

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 8081_S

Sample ID: MB-56044MSD

Batch ID: 56044 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 110053

SeqNo: 1728670

MSDSampType: TestCode: 8081_S

EPA 3550B

 Surr: Tetrachloro-m-xylene 16.67 83.2 25 115 0013.869
 Surr: Decachlorobiphenyl 16.67 90.4 20 142 0015.070

Sample ID: 105982-073ADUP

Batch ID: 56044 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: Composite TAR1-A,

RunNo: 110053

SeqNo: 1728672

DUPSampType: TestCode: 8081_S

EPA 3550B

4,4´-DDD 202.0 0 0ND
4,4´-DDE 202.0 0.9112 00.766
4,4´-DDT 202.0 0 0ND
Aldrin 201.0 0 0ND
alpha-BHC 201.0 0 0ND
alpha-Chlordane 201.0 0 0ND
beta-BHC 201.0 0 0ND
Chlordane 208.5 0 0ND
delta-BHC 201.0 0 0ND
Dieldrin 202.0 0 0ND
Endosulfan I 201.0 0 0ND
Endosulfan II 202.0 0 0ND
Endosulfan sulfate 202.0 0 0ND
Endrin 202.0 0 0ND
Endrin aldehyde 202.0 0 0ND
Endrin ketone 202.0 0 0ND
gamma-BHC 201.0 0 0ND
gamma-Chlordane 201.0 0 0ND
Heptachlor 201.0 0 0ND
Heptachlor epoxide 201.0 0 0ND
Methoxychlor 205.0 0 0ND
Toxaphene 2050 0 0ND
 Surr: Tetrachloro-m-xylene 16.67 62.0 25 115 0010.332

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 8081_S

Sample ID: 105982-073ADUP

Batch ID: 56044 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: Composite TAR1-A,

RunNo: 110053

SeqNo: 1728672

DUPSampType: TestCode: 8081_S

EPA 3550B

 Surr: Decachlorobiphenyl 16.67 59.4 20 142 009.909

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 8081_S

Sample ID: MB-56045

Batch ID: 56045 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: PBS

RunNo: 110054

SeqNo: 1728697

MBLKSampType: TestCode: 8081_S

EPA 3550B

4,4´-DDD 2.0ND
4,4´-DDE 2.0ND
4,4´-DDT 2.0ND
Aldrin 1.0ND
alpha-BHC 1.0ND
alpha-Chlordane 1.0ND
beta-BHC 1.0ND
Chlordane 8.5ND
delta-BHC 1.0ND
Dieldrin 2.0ND
Endosulfan I 1.0ND
Endosulfan II 2.0ND
Endosulfan sulfate 2.0ND
Endrin 2.0ND
Endrin aldehyde 2.0ND
Endrin ketone 2.0ND
gamma-BHC 1.0ND
gamma-Chlordane 1.0ND
Heptachlor 1.0ND
Heptachlor epoxide 1.0ND
Methoxychlor 5.0ND
Toxaphene 50ND
 Surr: Tetrachloro-m-xylene 16.67 94.9 25 11515.827
 Surr: Decachlorobiphenyl 16.67 102 20 14217.063

Sample ID: LCS-56045

Batch ID: 56045 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: LCSS

RunNo: 110054

SeqNo: 1728698

LCSSampType: TestCode: 8081_S

EPA 3550B

Aldrin 16.67 89.3 59 1131.0 014.894

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 8081_S

Sample ID: LCS-56045

Batch ID: 56045 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: LCSS

RunNo: 110054

SeqNo: 1728698

LCSSampType: TestCode: 8081_S

EPA 3550B

Dieldrin 16.67 91.3 59 1082.0 015.224
Endrin 16.67 91.7 41 1322.0 015.278
gamma-BHC 16.67 91.4 60 1111.0 015.236
Heptachlor 16.67 97.8 62 1081.0 016.310
 Surr: Tetrachloro-m-xylene 16.67 84.3 25 11514.049
 Surr: Decachlorobiphenyl 16.67 92.2 20 14215.370

Sample ID: MB-56045MS

Batch ID: 56045 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 110054

SeqNo: 1728699

MSSampType: TestCode: 8081_S

EPA 3550B

4,4´-DDT 16.67 89.9 29 1432.0 014.994
Aldrin 16.67 85.6 44 1311.0 014.275
Dieldrin 16.67 87.5 40 1362.0 014.588
Endrin 16.67 87.7 41 1462.0 014.620
gamma-BHC 16.67 87.9 45 1291.0 014.653
Heptachlor 16.67 93.9 48 1261.0 015.652
 Surr: Tetrachloro-m-xylene 16.67 81.0 25 11513.503
 Surr: Decachlorobiphenyl 16.67 86.2 20 14214.363

Sample ID: MB-56045MSD

Batch ID: 56045 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 110054

SeqNo: 1728700

MSDSampType: TestCode: 8081_S

EPA 3550B

4,4´-DDT 16.67 91.1 29 143 202.0 0 14.99 1.3015.190
Aldrin 16.67 86.9 44 131 201.0 0 14.28 1.5214.494
Dieldrin 16.67 88.8 40 136 202.0 0 14.59 1.4514.801
Endrin 16.67 89.4 41 146 202.0 0 14.62 1.9514.908
gamma-BHC 16.67 89.0 45 129 201.0 0 14.65 1.1914.829
Heptachlor 16.67 95.2 48 126 201.0 0 15.65 1.4015.872

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 8081_S

Sample ID: MB-56045MSD

Batch ID: 56045 TestNo: EPA 8081A Analysis Date: 6/18/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: ZZZZZZ

RunNo: 110054

SeqNo: 1728700

MSDSampType: TestCode: 8081_S

EPA 3550B

 Surr: Tetrachloro-m-xylene 16.67 81.9 25 115 0013.646
 Surr: Decachlorobiphenyl 16.67 87.7 20 142 0014.623

Sample ID: 105982-083ADUP

Batch ID: 56045 TestNo: EPA 8081A Analysis Date: 6/19/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: Composite TCWA3-

RunNo: 110054

SeqNo: 1728702

DUPSampType: TestCode: 8081_S

EPA 3550B

4,4´-DDD 202.0 2.498 1.232.468
4,4´-DDE 202.0 14.09 9.9512.751
4,4´-DDT 202.0 25.73 11.722.891
Aldrin 201.0 0 0ND
alpha-BHC 201.0 0 0ND
alpha-Chlordane 201.0 0 0ND
beta-BHC 201.0 0 0ND
Chlordane 208.5 0 0ND
delta-BHC 201.0 0 0ND
Dieldrin 202.0 0.5877 00.515
Endosulfan I 201.0 0 0ND
Endosulfan II 202.0 0 0ND
Endosulfan sulfate 202.0 0 0ND
Endrin 202.0 0 0ND
Endrin aldehyde 202.0 0 0ND
Endrin ketone 202.0 0 0ND
gamma-BHC 201.0 0 0ND
gamma-Chlordane 201.0 0 0ND
Heptachlor 201.0 0 0ND
Heptachlor epoxide 201.0 0 0ND
Methoxychlor 205.0 0 0ND
Toxaphene 2050 0 0ND
 Surr: Tetrachloro-m-xylene 16.67 61.0 25 115 0010.166

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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3275 Walnut Avenue,  Signal Hill, CA  90755      Tel: 562. 989.4045      Fax: 562.989.4040 

Project: ANTIOCH BRIDGE RETROFIT, E8435-06-18

CLIENT: Geocon Consultants, Inc.
Work Order: 105982

ANALYTICAL QC SUMMARY REPORT
TestCode: 8081_S

Sample ID: 105982-083ADUP

Batch ID: 56045 TestNo: EPA 8081A Analysis Date: 6/19/2009

Prep Date: 6/18/2009

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/Kg

PQL

Client ID: Composite TCWA3-

RunNo: 110054

SeqNo: 1728702

DUPSampType: TestCode: 8081_S

EPA 3550B

 Surr: Decachlorobiphenyl 16.67 60.9 20 142 0010.145

Qualifiers: 
B Analyte detected in the associated Method Blank E Value above quantitation range H Holding times for preparation or analysis exceeded

ND Not Detected at the Reporting Limit R RPD outside accepted recovery limits S Spike/Surrogate outside of limits due to matrix interference
DO Surrogate Diluted Out Calculations are based on raw values
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Preface 
 
Detailed soil and rock descriptions and classifications are an essential part of the information 
developed to support Caltrans’ design and construction processes. Subsurface information for 
any given area is, and can be, generated and accumulated over a prolonged period of time by 
various geotechnical practitioners for different projects and purposes. It is imperative that 
geotechnical practitioners working on Caltrans projects use standardized terminology and 
procedures to maintain consistency in borehole logging and reporting practices. Geotechnical 
Services in the Division of Engineering Services, has published this Manual to ensure the 
Department’s investment in maintaining consistent logging practices.   

This Manual, “Soil and Rock Logging, Classification, and Presentation Manual”, improves 
upon the original version of the manual, “Soil and Rock Logging Classification Manual (Field 
Guide)”, published in 1996, by addressing the following:  
• Serves as a comprehensive reference for Departmental staff, consultants, and contractors 
• Provides standardized soil description and identification procedures utilizing field data 
• Provides standardized soil classification procedures utilizing laboratory data 
• Provides standardized rock description and identification procedures utilizing field and 

laboratory data 
• Serves as a basis for Departmental products and tools, such as:  

– Boring Log presentation formats, 
– Log of Test Boring (LOTB) legend sheets, 
– Descriptive terminology presented in geotechnical reports, and 
– Geotechnical Data Management System 

The information presented in this Manual is based predominantly on American Standards for 
Testing Materials (ASTM) and other publications. These references provide standardized 
methods for identifying, describing, or classifying soil and rock; however, they do not provide 
adequate descriptive terminology and criteria for identifying soil and rock for engineering 
purposes. Consequently, this manual extends, and in some cases modifies these standards to 
include additional descriptive terms and criteria. 

In addition to soil and rock identification, description, or classification, this Manual contains 
instructions that present Departmental standards for borehole and sample identification, 
minimum material requirements for various laboratory tests, and boring log presentation 
formats. 

Geotechnical Services staff and any other organization providing geotechnical reports or 
records of geotechnical investigations for the Department shall use the procedures presented in 
this Manual.  

 
 
 
 
James E. Davis 
Deputy Division Chief, Geotechnical Services 
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Section 1:   
Introduction 
1.1 Intent of this Manual 
The intent of this Manual is to define the 
Department’s practices and procedures for soil and 
rock description, identification, classification, and 
preparation of boring logs.  

Standardized terminology and consistent 
presentation procedures for projects statewide 
benefit the Department’s staff, engineering 
consultants, bidders, and contractors. Geotechnical 
Services staff as well as any other organization 
providing geotechnical reports or records of 
geotechnical investigations to the Department shall 
follow the procedures presented in this Manual. 

The following terms, as defined below, are used 
throughout this Manual to convey the 
Department’s policy: 

Term Definition 

Shall, 
Required 

Mandatory Standard.  The 
associated provisions must be 
used. There is no acceptable 
alternative. 

Should Advisory Standard.  The 
associated provisions are preferred 
practices. 

May, 
Optional 

Permissive Standard.  Use or 
application of the associated 
provisions is left to the discretion of 
the Geoprofessional. 

 

1.2 Limitations  
Although this manual may be used to train new 
employees, this is not its primary intent. 

This manual does not replace education or 
experience and shall be used in conjunction with 
professional judgment. Not all aspects of this 
manual may be applicable in all circumstances and 
should be applied with consideration of a project’s 
many unique aspects. 

This manual does not purport to address all of the 
safety problems, if any, associated with its use. It is 
the responsibility of the user of this standard to 
establish, or adhere to, appropriate safety and 
health practices and determine the applicability of 
regulatory limitations prior to use.  The reader shall 
follow at a minimum, the Caltrans Code of Safe 
Drilling Practices. 

 

1.3 Exceptions to Policy  
Exceptions to the policy and procedures set forth in 
this Manual require prior approval by the 
Geotechnical Services Deputy Division Chief. 
Staff shall use the procedure for obtaining approval 
for an exception, as documented in a memorandum 
to all staff dated June 15, 2007, included in 
Appendix C. 

 

1.4 Revisions to the Manual  
Staff who wish to propose changes to the Manual 
shall do so in accordance with the Soil and Rock 
Logging, Classification, and Presentation Manual 
Committee Charter and Standard Procedures, 
included in Appendix C. 
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1.5 Organization of this Manual 
The Manual is divided into five sections, as 
described below: 

Section 1 
– Explains the intent and organization of this 

Manual and the process for requesting 
exceptions and proposing changes to the 
Manual 

– Presents an overview of the logging process 
and acceptable presentation formats 

Section 2 
– Presents the Department’s field description and 

indentification procedures for soil and rock, 
without the benefit of laboratory testing 

– Explains procedures for handling and labeling 
of samples 

– Explains how to perform a quality check of 
borehole logs and soil and rock samples  

Section 3 
– Describes the Department’s classification 

procedures for soil and rock samples for which 
the data was refined by appropriate laboratory 
tests 

Section 4 
– Presents the process for developing and 

presenting geotechnical information on a Log 
of Test Boring (LOTB) or a Boring Record 
(BR). 

Section 5 
– Specifies presentation content and formats for 

Log of Test Boring (LOTB) and Boring Record 
(BR). 

 

1.6 Overview of the Logging 
Process and Presentation 
Formats 

The Department uses the following formats to 
present subsurface information: 

• Log of Test Boring (LOTB), and/or  

• Boring Record (BR).  

An LOTB is typically associated with a structure 
facility and is attached to Project Plans. A BR is 

typically associated with an earthwork facility and 
is attached to a Geotechnical Report.  

 

The process of creating boring logs, i.e., Log of 
Test Boring (LOTB) and Boring Record (BR) can 
be summarized in four steps:  
• Field sampling and descriptions (Section 2) 
• Quality check of field descriptions (Section 2) 
• Refinement of descriptions, and classification 

of soil, based on laboratory test results, if 
performed (Section 3) 

• Preparation of the boring logs (Sections 4  
and 5) 

(See Figure 1-1.) 
 

Prior to the field investigation, the geoprofessional 
should have general understanding of the local 
soils and geologic information, and know the 
parameters and the basic descriptors required for 
the planned analyses. Specific laboratory tests, 
such as strength, consolidation, or permeability 
may govern the type of drilling and sampling used. 

Recovering and labeling, and accurately describing 
and classifying samples is a detailed process that 
typically necessitates a thorough check of field 
notes and samples in the office before requesting 
laboratory tests. In some cases, the geoprofessional 
may use only field observations. (See Section 2.)  

In other cases, it may be the judgment of the 
geoprofessional that a combination of field 
observations and laboratory test results are needed 
to describe or classify the soil or rock samples, and 
generate appropriate layer descriptions for LOTB 
or BR. (See Sections 2  
and 3.)  
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If the results of laboratory tests change the 
description of the sample generated by field 
observation, the classification and/or description 
resulting from the laboratory tests shall be used on 
the LOTB and/or the BR, and in the geotechnical 
report. Disclosure of the tests on the LOTB and/or 
the BR makes it clear whether the sample or layer 
descriptor was based on visual observation or on 
laboratory test results. (See Sections 4 and 5.) 

Figure 1-1 
Logging and Presentation Process 
 
 
 

 
 

 

 

Prepare 
Boring Logs 
(Sec. 4 & 5) 

YES 

Quality 
Check of 
Field 
Observations 
(Sec. 2) 

Incorporate 
Laboratory Data, 
Refine 
Descriptions, and 
Classify (Sec. 3) 

Field 
Sampling 
and 
Descriptions 
(Sec. 2) 

Laboratory 
Tests? 

NO 
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Section 2:   
Field Procedures for Soil and Rock Logging, Description, 
and Identification 
2.1 Introduction 
This section presents the procedures for logging, 
describing, and identifying soil and rock samples 
in the field based on visual and manual procedures.  

The information presented in this section is 
predominantly based on: 
• American Society for Testing and Materials 

(ASTM) D 2488-06, Standard Practice for 
Description and Identification of Soils (Visual-
Manual Procedure), and 

• The Engineering Geology Field Manual 
published by the Bureau of Reclamation.  

Although ASTM D 2488-06 provides a 
standardized method for indentification of soils, it 
does not provide adequate descriptive terminology 
and criteria for identifying soils for engineering 
purposes. Section 17 of ASTM D 2488-06 states, 
“this practice provides qualitative information 
only,” and Note 4 adds, “The ability to describe 
and identify soils correctly … may also be 
acquired systematically by comparing numerical 
laboratory test results for typical soils of each type 
with their visual and manual characteristics.”  

This Manual extends, and in some cases modifies, 
the ASTM standard to include additional 
descriptive terms and criteria. It is not our intent to 
replace the ASTM standards but to build on them, 
and make them better understood. 

 

The identifications and descriptions in the field 
logs may be corrected, calibrated, or verified later 
based on laboratory test results of selected soil 
samples to develop the final boring logs, as 
described in Section 3. 

The process of correction, calibration, and 
verification in developing the updated logs based 
on laboratory test results can effectively serve the 
purpose of self-training and self-calibration for 
future field identification and description of soil 
samples.  

In addition to soil and rock identification and 
description, this section contains instructions that 
describe proper hole and sample identification 
practices, and minimum material requirements for 
various laboratory tests. 

2.2 General Project and Hole 
Information 

One of the most important aspects of field work is 
properly identifying the location of the project site, 
drilling tools and methods used, and the personnel 
involved in the field work. Figure 2-1 presents the 
information that is required to be recorded for 
every hole. 
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Figure 2-1 
Information Required for Borehole  

Item Description 

1 Date(s) of work 

2 Hole Identification 

3 Project and Site Information: 
• Project Name 
• Structure/Bridge Name and Number (if available) 
• Project Number (Charge District - Expenditure 

Authorization, 8-digits) 

• District 
• County 
• Route 
• Postmile, range and prefix 

4 Borehole Location and Elevation: 
• Location (at least one of the following): 
o Station and offset  
o Latitude and longitude, horizontal datum 
o Northing and Easting, local coordinate reference system 

Note: In the absence of accurate coordinate data, a suitable and verifiable field description may be 
temporarily used. (e.g., postmile and centerline offset, distance to fixed object or benchmark, etc.) 

• Elevation, vertical datum, benchmark description 
• Survey method(s) used, approximate accuracy 

5 Personnel: 
• Logger/Geoprofessional 
• Drillers 

6 Drilling and Sampling Equipment (verify with Driller): 
• Drill rig (manufacturer and model, and Caltrans Equipment Identification number) 
• Drilling method (mud rotary, air rotary, solid auger, hollow stem auger. etc.) 
• Drill rod description (type, diameter) 
• Drill bit description 
• Casing (type, diameter) and installation depth 
• SPT Hammer Type: Safety/Automatic Hammer, etc. 
o Lifting mechanism (for safety hammer) 
o Manufacturer & model 
o Caltrans Equipment Identification number 
o Measured SPT energy efficiency ratio (if available) 

• Type of sampler(s) and size(s) 
o Undisturbed Shelby tube 
o Undisturbed Piston 
o Split spoon (e.g. SPT, Cal Mod, etc.) 
o Core (both rock and soil) 
o Disturbed (include auger cuttings) 
o Other 

7 Groundwater 
• Method (observed while drilling, measured in hole, etc.) 
• Date, time, and depth of each reading 

8 Hole Completion 
• Cause of termination (e.g., drilled to depth, refusal, early termination of traffic control, etc.) 
• Abandonment (e.g., grout, soil cuttings, dry bentonite chips, piezometers installed, slope inclinometer  

installed, TDR, instrumentation, etc.) 
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2.3 Assignment of Hole 
Identification 

Holes shall be identified using the following 
convention: 

HHH – YY – NNN 

Where: 

HHH: The Hole Type or Sounding Codes 
defined in Figure 2-2, which generally 
follow ASTM D 6453-99 

YY: 2-digit year 

NNN: 3-digit number (001-199) 

The numbers 001–099 are reserved for holes 
used to produce a foundation report; numbers 
101–199 are reserved for holes used to produce 
a geotechnical design report. 

The YY-NNN component of the hole identification 
is unique and matched to a Caltrans project 
expenditure authorization number (EA), not to a 
site, structure, or bridge number. If two drilling 
methods are used, such as auger boring followed 
by rotary drilled boring, the prominent tool governs 
the selection of Hole Type Code (HHH). 
Figure 2-2 
Hole Type Code and Description 
Hole Type 
Code Description 

A Auger boring (hollow or solid stem, 
bucket) 

R Rotary drilled boring (both conventional 
and wire-line) 

P Rotary percussion boring (Air) 
HD Hand driven (1-inch soil tube) 
HA Hand auger 
D Driven (dynamic cone penetrometer) 
CPT Cone Penetration Test 
O Other 

 
 

2.4 Soil Description and 
Identification Procedures 

This section presents the method for identification 
and description of soil based on ASTM D 2488-06 
and USBR (2001). The detail of description 
provided for a particular soil should be dictated by 
the complexity and objectives of the project. 
Optional descriptors should be considered by the 
geoprofessional on a project by project basis. 
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2.4.1 Soil Description and Identification 
When describing and identifying soil in the field, 
the geoprofessional shall record the field data 
following the sequence presented in Figure 2-3 
below. Items marked “required” shall be used, 
when applicable, to describe the soil sample to 
ensure complete descriptive coverage.  For 
example, percent cobbles and/or boulders is only 
required if cobbles and/or boulders are encountered. 
Figure 2-3  
Identification and Description Sequence 

Se
qu

en
ce

 

Identification 
Components R

ef
er

 to
 S

ec
tio

n 

R
eq

ui
re

d 

O
pt

io
na

l 

1 Group Name 2.4.2 J  
2 Group Symbol 2.4.2 J  

 Description 
Components   

  

3 Consistency  
(for cohesive soils) 2.4.3 J  

4 Apparent Density  
(for cohesionless soils) 2.4.4 J  

5 Color (in moist condition)  2.4.5 J  
6 Moisture 2.4.6 J  

7 Percent of cobbles or 
boulders 2.4.7 J  

8 Percent or proportion of soils 2.4.8 J  
9 Particle Size Range 2.4.9 J  
10 Particle Angularity 2.4.10  EE  
11 Particle Shape 2.4.11  EE 

12 Plasticity  
(for fine-grained soils) 2.4.12 J  

13 Dry Strength  
(for fine-grained soils) 2.4.13  EE 

14 Dilatency  
(for fine-grained soils) 2.4.14  EE 

15 Toughness  
(for fine-grained soils) 2.4.15  EE 

16 Structure 2.4.16  EE 
17 Cementation  2.4.17 J  

18 Description of Cobbles and 
Boulders 2.4.18 J  

19 Additional Comments  2.4.19  EE 
 

Below are some examples that illustrate the 
application of the descriptive sequence based on 
field procedures. 

Example of a complete descriptive sequence for a 
sample using required and optional components: 

Well-graded SAND with GRAVEL (SW), 
medium dense, brown to light gray, wet, about 
20% coarse subrounded to rounded flat and 
elongated GRAVEL, about 75% coarse to fine 
rounded SAND, about 5% fines, weak 
cementation.    
      

Example of a complete descriptive sequence for a 
soil sample using only required components: 

Well-graded SAND with GRAVEL (SW), 
medium dense, brown to light gray, wet, little 
coarse GRAVEL, mostly coarse to fine SAND, 
few fines, weak cementation. 

Example of a complete descriptive sequence that 
omits the percent or proportion of the primary soil 
constituent, which may be used when the 
percentage or proportion of the primary soil 
constituent can be clearly inferred: 

Well-graded SAND with GRAVEL (SW), 
medium dense, brown to light gray, wet, little 
coarse GRAVEL, few fines, weak cementation. 

 
2.4.1.1  Soil Description for Intensely 

Weathered or Decomposed Rock 
Intensely weathered or decomposed rock that is 
friable and that can be reduced to gravel size or 
smaller by normal hand pressure shall be identified 
and described as rock followed by the soil 
identification or classification, and description in 
parenthesis (per Section 2.5). 
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2.4.2 Group Name and Group Symbol 
Using visual examination and simple manual tests, 
this section provides standardized criteria and 
procedures for describing and identifying soil in 
the field per ASTM D 2488-06. The soil is to be 
identified by assigning a group name and symbol. 
The Figures in this section are to be used for the 
identification of both fine and coarse-grained soil 
and to determine the appropriate group symbol(s) 
and name(s) to be used.  

The ASTM procedure for identifying and 
describing fine-grained and coarse-grained soils is 
only applicable to material passing the 3-inch sieve. 
If the presence of cobbles or boulders or both is 
identified during the site exploration, the 
percentage of cobbles and boulders shall be 
estimated and reported per Section 2.4.7. 

Borderline Symbol – Because ASTM D 2488-06 is 
based on estimates of particle size distribution and 
plasticity characteristics, it may be difficult to 
clearly identify the soil as belonging to one 
category. To indicate that the soil may fall into one 
of two possible basic groups, a borderline symbol 
shall be used with the two symbols separated by a 
slash. For example: SC/CL or CL/CH.  

A borderline symbol shall be used when:  

• The percentage of fines is estimated to be 
between 45 and 55%. One symbol shall be for a 
coarse-grained soil with fines; the other for a 
fine-grained soil, e.g., GM/ML or CL/SC. 

• The percentage of sand and the percentage of 
gravel are estimated to be about the same, e.g., 
GP/SP, SC/GC, GM/SM. 

• The soil could be well graded or poorly graded, 
e.g., GW/GP, SW/SP.  

• The soil could either be a silt or a clay, e.g., 
CL/ML, CH/MH, SC/SM. 

• A fine-grained soil has properties that indicate 
that it is at the boundary between a soil of low 
plasticity and a soil of high plasticity, e.g., 
CL/CH, MH/ML. 

The order of the borderline symbols shall reflect 
similarity to surrounding or adjacent soils. For 
example, soils in a borrow area have been 
identified as CH, and one sample is considered to 
have a borderline symbol of CL and CH. To show 
similarity, the borderline symbol shall be CH/CL. 

The group name for a soil with a borderline symbol 
shall be the group name for the first symbol, except 
for:  
• CL/CH lean to fat clay,  
• ML/CL clayey silt, and 
• CL/ML silty clay  

Borderline symbols should not be used 
indiscriminately. Use of a single group symbol is 
preferable.  

Dual Symbol – A dual symbol is two symbols 
separated by a hyphen, e.g., GP-GM, SW-SC, CL-
ML. They are used to indicate that the soil has been 
identified as having the properties of a 
classification in accordance with ASTM Test 
Method D 2487-06 requiring dual symbols, i.e., 
when the soil has between 5 and 12% fines, or 
when the liquid limit and plasticity index values 
plot in the CL-ML area of the plasticity chart. 
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2.4.2.1 Fine Grained Soils  
A soil is considered to be fine-grained if it contains 50% or more fines. Particles that pass through a Number 
200 sieve are defined as fine-grained. Fine-grained soils shall be assigned the Group Name and Symbol 
according to Figure 2-4, below.  
Figure 2-4 
Flow chart for fine-grained soils (from ASTM D 2488-06) 

G
ro

up
 

Sy
m

bo
l 

Fines Coarseness Sand or Gravel Group Name 

<15% plus No.200  Lean CLAY 
% sand > % gravel Lean CLAY with SAND <30% plus No.200 

15-25% plus No.200 
% sand < % gravel Lean CLAY with GRAVEL 
< 15% gravel SANDY lean CLAY 

% sand > % gravel 
> 15% gravel SANDY lean CLAY with GRAVEL 
< 15% sand GRAVELLY lean CLAY 

CL 

>30% plus No.200 
% sand < % gravel 

> 15% sand GRAVELLY lean CLAY with SAND 
<15% plus No.200  SILT 

% sand > % gravel SILT with SAND <30% plus No.200 
15-25% plus No.200 

% sand < % gravel SILT with GRAVEL 
< 15% gravel SANDY SILT 

% sand > % gravel 
> 15% gravel SANDY SILT with GRAVEL 
< 15% sand GRAVELLY SILT 

ML 

>30% plus No.200 
% sand < % gravel 

> 15% sand GRAVELLY SILT with SAND 
<15% plus No.200  Fat CLAY 

% sand > % gravel Fat CLAY with SAND <30% plus No.200 
15-25% plus No.200 

% sand < % gravel Fat CLAY with GRAVEL 
< 15% gravel SANDY fat CLAY 

% sand > % gravel 
> 15% gravel SANDY fat CLAY with GRAVEL 
< 15% sand GRAVELLY fat CLAY 

CH 

>30% plus No.200 
% sand < % gravel 

> 15% sand GRAVELLY fat CLAY with SAND 
<15% plus No.200  Elastic SILT 

% sand > % gravel Elastic SILT with SAND <30% plus No.200 
15-25% plus No.200 

% sand < % gravel Elastic SILT with GRAVEL 
< 15% gravel SANDY elastic SILT 

% sand > % gravel 
> 15% gravel SANDY elastic SILT with GRAVEL 
< 15% sand GRAVELLY elastic SILT 

MH 

>30% plus No.200 
% sand < % gravel 

> 15% sand GRAVELLY elastic SILT with SAND 
<15% plus No.200  ORGANIC SOIL 

% sand > % gravel ORGANIC SOIL with SAND <30% plus No.200 
15-25% plus No.200 

% sand < % gravel ORGANIC SOIL with GRAVEL 
< 15% gravel SANDY ORGANIC SOIL 

% sand > % gravel 
> 15% gravel SANDY ORGANIC SOIL with 

GRAVEL 
< 15% sand GRAVELLY ORGANIC SOIL 

OL/ 
OH 

>30% plus No.200 

% sand < % gravel 
> 15% sand GRAVELLY ORGANIC SOIL with 

SAND 
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Clay and Silt – Identify the soil as a Lean CLAY (CL), a Fat CLAY (CH), a SILT (ML), or an Elastic SILT 
(MH), using the criteria in Figure 2-5: 
Figure 2-5 
Identification of clayey and silty soils 

Group Symbol Dry Strength Dilatancy Toughness 

ML None to low Slow to rapid Low or thread cannot be formed 

CL Medium to high None to slow Medium 

MH Low to medium None to slow Low to medium 

CH High to very high None High 

 
Organic Soil – Identify the soil as organic, OL/OH, if the soil contains enough organic particles to influence 
the soil properties. Organic soils usually have a dark brown to black color and may have an organic odor. 
Often, organic soils will change color, for example, black to brown, when exposed to the air. Some organic 
soils will lighten in color significantly when air-dried. Organic soils normally will not have a high toughness 
or plasticity. The thread for the toughness test will be spongy.  

Identification of Peat – A sample composed primarily of vegetable tissue in various stages of decomposition 
that has a fibrous to amorphous texture, usually a dark brown to black color, and an organic odor, shall be 
designated as a highly organic soil and shall be identified with the Group Name and Symbol, PEAT (PT), 
and not subjected to the identification procedures described hereafter. 
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2.4.2.2 Coarse-Grained Soil 
A soil is considered coarse-grained if it contains fewer than 50% fines. (Coarse-grain particles will not pass 
through a Number 200 sieve.) Soil is identified as gravel if the percentage of gravel is estimated to be greater 
than the percentage of sand. Soil is identified as sand if the percentage of gravel is estimated to be equal to or 
less than the percentage of sand.  
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Figure 2-7 
Flow chart for coarse-grained soils (from ASTM D-2488-06) 
 

Fines Grade 
Type of 
Fines 

Group 
Symbol Sand/Gravel Group Name 

< 15% sand Well-graded GRAVEL 
Well  GW 

> 15% sand Well-graded GRAVEL with SAND 
< 15% sand Poorly graded GRAVEL 

< 5% 
Poorly  GP 

> 15% sand Poorly graded GRAVEL with SAND 
< 15% sand Well-graded GRAVEL with SILT 

ML or MH GW-GM 
> 15% sand Well-graded GRAVEL with SILT and SAND 
< 15% sand Well-graded GRAVEL with CLAY 

Well 
CL or CH GW-GC 

> 15% sand Well-graded GRAVEL with CLAY and SAND 
< 15% sand Poorly graded GRAVEL with SILT 

ML or MH GP-GM 
> 15% sand Poorly graded GRAVEL with SILT and SAND 
< 15% sand Poorly graded GRAVEL with CLAY 

10% 

Poorly 
CL or CH GP-GC 

> 15% sand Poorly graded GRAVEL with CLAY and SAND 
< 15% sand SILTY GRAVEL 

ML or MH GM 
> 15% sand SILTY GRAVEL with SAND 
< 15% sand CLAYEY GRAVEL 

G
ra

ve
l 

> 15%  
CL or CH GC 

> 15% sand CLAYEY GRAVEL with SAND 
< 15% gravel Well-graded SAND 

Well  SW 
> 15% gravel Well-graded SAND with GRAVEL 
< 15% gravel Poorly graded SAND 

< 5% 
Poorly  SP 

> 15% gravel Poorly graded SAND with GRAVEL 
< 15% gravel Well-graded SAND with SILT 

ML or MH SW-SM 
> 15% gravel Well-graded SAND with SILT and GRAVEL 
< 15% gravel Well-graded SAND with CLAY 

Well 
CL or CH SW-SC 

> 15% gravel Well-graded SAND with CLAY and GRAVEL 
< 15% gravel Poorly graded SAND with SILT 

ML or MH SP-SM 
> 15% gravel Poorly graded SAND with SILT and GRAVEL 
< 15% gravel Poorly graded SAND with CLAY 

10% 

Poorly 
CL or CH SP-SC 

> 15% gravel Poorly graded SAND with CLAY and GRAVEL 
< 15% gravel SILTY SAND 

ML or MH SM 
> 15% gravel SILTY SAND with GRAVEL 
< 15% gravel CLAYEY SAND 

S
an

d 

> 15%  
CL or CH SC 

> 15% gravel CLAYEY SAND with GRAVEL 
 
2.4.3 Consistency (Cohesive Soils) 
The preferred procedure for the determination of consistency of cohesive soils is to obtain relatively 
undisturbed samples and perform field tests with a pocket penetrometer or torvane. (See Appendix A for 
details on the test procedures.) 
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Use the terms and criteria indicated in Figure 2-8 below to describe the consistency of cohesive soils. These 
terms generally follow, with some modifications, AASHTO (1988) and Bureau of Reclamation (2001) 
standards.  
Figure 2-8 
Descriptors for Consistency of Cohesive Soils  

Description 
Pocket 
Penetrometer 
Measurement (tsf) 

Torvane 
Measurement (tsf) Field Approximation 

Very Soft < 0.25 < 0.12 Easily penetrated several inches by fist 

Soft 0.25 to 0.50 0.12 to 0.25 Easily penetrated several inches by thumb 

Medium Stiff 0.50 to 1.0 0.25 to 0.50 Can be penetrated several inches by thumb 
with moderate effort 

Stiff 1 to 2 0.50 to 1.0 Readily indented by thumb but penetrated only 
with great effort 

Very Stiff 2 to 4 1.0 to 2.0 Readily indented by thumbnail 

Hard > 4.0 > 2.0 Indented by thumbnail with difficulty 
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2.4.4 Apparent Density (Cohesionless 
Soils) 

Use the AASHTO (1988) standards to describe the 
apparent density of cohesionless soils, as indicated 
in Figure 2-9 below.  
Figure 2-9 
Descriptors for Apparent Density  
of Cohesionless Soils 

Description SPT N60 (blows/ft) 

Very loose 0 – 4 

Loose 5 – 10 

Medium dense 11 – 30 

Dense 31 – 50 

Very dense >50 

Apparent density of a coarse-grained (cohesionless) 
soil is based on a corrected Standard Penetration 
Test (SPT) N60 value as described in Appendix A 
and provided here: 
 

N60 = Nmeasured X (ERi /60) 

where, 
ERi = Hammer energy ratio 

N values are highly dependent on the energy 
efficiency of the SPT method. Inconsistency in the 
N values across a site may be attributed to 
variations in energy efficiency between different 
drill rigs and crews. 

 
2.4.5 Color 
Color is an important property in identifying 
organic soils, and it may also be useful in 
identifying materials of similar geologic origin 
within a given locality. Use the color name from 
the Munsell Color System to describe the color of a 
moist soil sample at the time of drilling and 
sampling. If the sample contains layers or patches 
of varying colors, record this information and 
describe all observed colors. For example: 

Brown to light yellowish brown 
For additional information, see ASTM D 1535-06, 
Standard Practice for Specifying Color by the 
Munsell System. 

2.4.6 Moisture 
Use the ASTM D 2488-06 standard to describe the 
moisture condition, as indicated in  
Figure 2-10 below. 
Figure 2-10 
Descriptors for Moisture 

Description Criteria 

Dry Absence of moisture, dusty,  
dry to the touch 

Moist Damp but no visible water 
Wet Visible free water, usually soil  

is below water table 
 
2.4.7 Percent of Cobbles or Boulders 
When particles greater than 3 inches in diameter 
are encountered, they shall be identified and 
described as “COBBLES,” or “BOULDERS,” or 
“COBBLES and BOULDERS” as defined in 
Section 2.4.9.  Cobbles and boulders reported as 
present within a matrix shall be estimated, by 
volume, and reported by percentage of total 
volume. 

Estimation of volume of cobbles and/or boulders is 
based upon recovered intersected lengths, drilling 
chatter, and observations and experience of the 
driller and/or geoprofessional. 

A subset of rock descriptors shall be used to 
describe cobbles and boulders as explained in 
Section 2.4.18. Isolated boulders may be treated as 
individual units and described as such. 

For example, if it is estimated that 40% by volume 
of the material is cobbles, describe the sample in 
this way: 

Well-graded SAND with GRAVEL and 
COBBLES (SW), medium dense, brown to light 
gray, wet, about 40% COBBLES, about 20% 
coarse subrounded to rounded flat and 
elongated GRAVEL, about 75% coarse to fine 
rounded SAND, about 5% fines, weak 
cementation; COBBLES consist of sandstone, 
fresh, hard, intersecting lengths from 8 to 10 
inches. 

Note, the percentages of constituents in the 
example do not add up to 100%., as cobbles are 
estimated by total volume, whereas gravel, sand, 
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and fines, are estimated by weight of the total 
sample excluding the cobbles and boulders, per 
Section 2.4.8 

If the sample or layer is estimated to be more than 
50% cobbles and/or boulders by volume, the layer 
shall be described as “COBBLES” or 
“BOULDERS” or “COBBLES and BOULDERS” 
with the soil matrix description following. Note, 
this is a departure from the descriptive sequence in 
Section 2.4.1.  For example, if it is estimated that 
60% by volume of the material was cobbles, 
describe the layer as:  

COBBLES with some well-graded SAND with 
GRAVEL, about 60% COBBLES (sandstone, 
fresh, hard, intersecting lengths from 8 to 10 
inches), matrix consists of medium dense, 
brown to light gray, wet, about 20% coarse 
subrounded to rounded flat and elongated 
GRAVEL, about 75% coarse to fine rounded 
SAND, about 5% fines, weak cementation. 

Note that the Group Symbol is not used in the last 
example, because the cobbles and boulders were 
the predominant material.  

 
2.4.8 Percent or Proportion of Soils 
Use the ASTM D 2488-06 standard to describe the 
estimated percentage (to the nearest 5%) or 
proportion of gravel, sand, and fines, by weight of 
the total sample excluding the cobbles and boulders, 
as shown in Figure 2-11, below. 
Figure 2-11 
Descriptors for percent or proportion of soils 

Description Criteria 

Trace Particles are present but 
estimated to be less than 5% 

Few 5 to 10% 
Little 15 to 25% 
Some 30 to 45% 
Mostly 50 to 100% 

The percentages of gravel, sand, and fines must 
add up to 100 %.  The term “about” shall be used if 
the percentage or proportion of constituents is 
estimated in the field. (The word “about” shall be 

removed if the percentage was revised based on 
laboratory particle size analysis results.) 

2.4.9 Particle Size 
Use the ASTM D 2488-06 standard to describe the 
size of particles, as shown in Figure 2-12, below. 
Figure 2-12 
Descriptors for Particle Size 

Description Size Familiar 
Example 

Boulder >12 in. Larger than a 
basketball 

Cobble 3 to 12 in. Larger than a 
grapefruit or 
orange 

Coarse 
Gravel 

3/4 to 3 in. Larger than a 
walnut or grape 

Fine Gravel No. 4 to 3/4  in. Larger than a pea 
Coarse Sand No. 10 to No. 4 Larger than rock  

salt grain 
Medium Sand No. 40 to No. 10 Larger than 

openings of a 
window screen 

Fine Sand No. 200 to No. 40 Larger than a 
sugar grain 
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2.4.10 Particle Angularity 
Use the ASTM D 2488-06 standard to describe the 
angularity of the sand (coarse sizes only), gravel, 
cobbles, and boulders, as indicated in Figure 2-13 
below. 
Figure 2-13 
Descriptors for particle angularity 

Description Criteria 

Angular Particles have sharp edges and 
relatively plane sides with 
unpolished surfaces 

Subangular Particles are similar to angular 
description, but have rounded 
edges 

Subrounded Particles have nearly plane sides, 
but have well-rounded corners and 
edges 

Rounded Particles have smoothly curved 
sides and no edges 

 

 
 
2.4.11  Particle Shape 
Use the ASTM D 2488-06 standard to describe the 
shape of the gravel, cobbles, and boulders if they 
meet any of the criteria in Figure 2-14.  

The particle shape shall be described as follows 
where length, width, and thickness refer to the 
greatest, intermediate, and least dimensions of a 
particle, respectively.  

 

Figure 2-14 
Descriptors for Particle Shape 

Description Criteria 

Flat Particles with width/thickness > 3 
Elongated Particles with length/width > 3 
Flat and 
Elongated 

Particles meet criteria for both flat 
and elongated 

 
 
2.4.12  Plasticity (for Fine-Grained Soils) 
Use the ASTM D 2488-06 standard to describe the 
plasticity of the material based on observations 
made during the toughness test, as indicated in 
Figure 2-15 below. 
Figure 2-15 
Descriptors for Plasticity 

Description Criteria 

Nonplastic A 1⁄8-in. thread cannot be rolled at 
any water content. 

Low The thread can barely be rolled and 
the lump cannot be formed when 
drier than the plastic limit. 

Medium The thread is easy to roll and not 
much time is required to reach the 
plastic limit. The thread cannot be 
rerolled after reaching the plastic 
limit. The lump crumbles when drier 
than the plastic limit. 

High It takes considerable time rolling  
and kneading to reach the plastic 
limit. The thread can be rerolled 
several times after reaching the 
plastic limit. The lump can be formed 
without crumbling when drier than the 
plastic limit. 

 

 Rounded Angular 

  Subrounded  Subangular 
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2.4.13 Dry Strength (for Fine-Grained Soils) 
Use the ASTM D 2488-06 standard to determine 
dry strength, as indicated in Figure 2-16 below. 
(See Appendix A for details on field test 
procedures.) 
Figure 2-16 
Descriptors for Dry Strength 

Description Criteria 

None The dry specimen crumbles into 
powder with mere pressure of handling.

Low The dry specimen crumbles into 
powder with some finger pressure. 

Medium The dry specimen breaks into pieces or 
crumbles with considerable finger 
pressure 

High The dry specimen cannot be broken 
with finger pressure. Specimen will 
break into pieces between thumb and a 
hard surface. 

Very High The dry specimen cannot be broken 
between the thumb and a hard surface. 

 
2.4.14  Dilatancy (for Fine-Grained Soils) 
Use the ASTM D 2488-06 standard to determine 
dilatancy, as indicated in Figure 2-17 below. (See 
Appendix A for details on field test procedures.) 
Figure 2-17 
Descriptors for dilatancy 
Description Criteria 
None No visible change in the specimen 
Slow Water appears slowly on the surface 

of the specimen during shaking and 
does not disappear or disappears 
slowly upon squeezing 

Rapid Water appears quickly on the surface 
of the specimen during shaking and 
disappears quickly upon squeezing 

 
2.4.15  Toughness (for Fine-Grained Soils) 
Use the ASTM D 2488-06 standard to determine 
toughness, as indicated in Figure 2-18 below. (See 
Appendix A for details on field test procedures.) 

Figure 2-18 
Descriptors for toughness 
Description Criteria 
Low Only slight pressure is required to roll 

the thread near the plastic limit. The 
thread and the lump are weak and soft.

Medium Medium pressure is required to roll the 
thread to near the plastic limit. The 
thread and the lump have medium 
stiffness. 

High Considerable pressure is required to 
roll the thread to near the plastic limit. 
The thread and the lump have very 
high stiffness 

 
2.4.16 Structure 
Use the ASTM D 2488-06 standard to describe the 
structure of intact soils, as indicated in Figure 2-19 
below. 
Figure 2-19 
Descriptors for structure 

Description Criteria 

Stratified Alternating layers of varying 
material or color with layers at least 
¼ in. thick; note thickness. 

Laminated Alternating layers of varying 
material or color with the layers less 
than ¼ in. thick; note thickness. 

Fissured Breaks along definite planes of 
fracture with little resistance to 
fracturing. 

Slickensided Fracture planes appear polished or 
glossy, sometimes striated. 

Blocky Cohesive soil that can be broken 
down into small angular lumps 
which resist further breakdown. 

Lensed Inclusion of small pockets of 
different soils, such as small lenses 
of sand scattered through a mass of 
clay; note thickness. 

Homogeneous Same color and appearance 
throughout. 

 

2.4.17 Cementation 
Use the ASTM D 2488-06 standard to describe the 
cementation of intact coarse-grained soils, as 
indicated in Figure 2-20 below. 
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Figure 2-20 
Descriptors for cementation 

Description Criteria 

Weak Crumbles or breaks with handling or 
little finger pressure. 

Moderate Crumbles or breaks with 
considerable finger pressure. 

Strong Will not crumble or break with finger 
pressure. 

 

2.4.18 Description of Cobbles  
and Boulders 

Use the descriptive sequence for rock in Section 
2.5. of this Manual to describe cobbles and 
boulders. The description shall include, at 
minimum, the following information: 
• Rock identification 
• Weathering 
• Rock hardness 
• Range of intersected lengths of core (An 

“intersected length” is the length of the intact 
core. This is not necessarily the size of the 
cobble or boulder.)  

2.4.19 Additional Comments 
Additional constituents and soil characteristics not 
included in the previous categories may be noted. 
Observations may include: 
• Presence of roots or root holes  
• Presence of mica, gypsum, etc. 
• Presence of voids 
• Surface coatings on coarse-grained particles 
• Oxide staining 
• Cementing agents (e.g. calcium carbonate – see 

Appendix A.7) 
• Odor 
• Depositional history (i.e. Alluvium, Colluvium, 

Aeolian, Lacustrine, Fill) 
• Geologic formation name or soil survey unit 

name 

All soils shall be examined to see if they contain 
materials indicative of man-made fills. Man-made 
fill items shall be listed in each of the soil 
descriptions. Common fill indicators include glass, 

brick, clay pipe, dimensioned lumber, concrete 
debris, in-place pavement sections, asphalt debris, 
metal, plastics, plaster, etc. Other items that may 
suggest fill include buried vegetation mats, tree 
limbs, stumps, etc.  

The size and distribution of fill indicators shall be 
noted. The limits (depth range) of fill material shall 
be determined and identified at each exploration 
location. 

2.4.20 Other Drilling Observations 
Other observations, not included in the descriptive 
sequence, may include: 

• Caving or sloughing of borehole or trench sides  
• Difficulty in drilling or excavating, etc. 
• Generic name (e.g., hard pan, fault gouge, etc.)  
• Ground water inflow, elevation(s), and 

estimated rate(s) 
• Loss of drill fluid circulation 
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2.5 Rock Identification Procedures 
for Borehole Cores 

Rock identification procedures presented in this 
section are based on a hybrid of the International 
Society of Rock Mechanics (ISRM) (1981) 
standards and the Bureau of Reclamation (2001) 
standards. The detail of description provided for a 
particular material shall be dictated by the 
complexity and objectives of the project. Optional 
descriptors should be considered by the 
geoprofessional on a project by project basis. 

Intensely weathered or decomposed rock that is 
friable and that can be reduced to gravel size or 
smaller by normal hand pressure shall also be 
classified as a soil. The material shall be identified 
and described as rock followed by the soil 
identification or classification, and description in 
parenthesis. 

For example: 

IGNEOUS ROCK (GRANITE), massive, light 
gray to light yellowish brown, intensely 
weathered, soft, unfractured, (Lean CLAY with 
SAND (CL), medium stiff, moist, mostly clay, 
little coarse SAND, medium plasticity). 

Note, color is not repeated in the descriptive 
sequence for soil. 

Although not included in the descriptive sequence, 
Core Recovery (REC) and Rock Quality 
Designation (RQD) shall be recorded and 
presented on the boring logs.  Core Recovery shall 
be reported for all rock coring operations as 
described in Appendix A.9.  RQD shall be 
recorded and presented on the boring logs in 
accordance with Appendix A.10. 

2.5.1 Rock Identification and Descriptive 
Sequence for Borehole Cores 

Use the descriptors and the descriptive sequence, 
shown in Figure 2-21, when identifying rock 
specimens collected from exploratory boreholes. 

 
Figure 2-21 
Rock Identification and Descriptive Sequence 
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Identification 
Components R
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1 Rock Name 2.5.2 J  

 Description 
Components 

   

2 Rock Grain-size 2.5.3  EE  

3 Bedding Spacing 2.5.4 J   

4 Color 2.5.5 J  

5 Texture 2.5.6  EE  

6 Weathering Descriptors for 
Intact Rock 2.5.7 J  

7 Rock Hardness 2.5.8 J  

8 Fracture Density 2.5.9 J  

9 Discontinuity Type 2.5.10  EE  

10 
Discontinuity Condition 
(Weathering, Infilling and 
Healing) 

2.5.11  EE  

11 Discontinuity Dip Magnitude 2.5.12  EE  

12 Rate of Slaking  
(Jar Slake Test) 2.5.13  EE  

13 Odor 2.5.14  EE  

14 Additional Comments 2.5.15  EE  
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2.5.2 Rock Name 
Rock name based on field identification in this section is taken from those presented by Zumberge et al. 
(2003). As a general practice, a staff geologist should be consulted if there are questions of the correct 
lithology.  Rock name shall be reported using a combination of the family name (e.g. sedimentary, igneous, 
metamorphic), followed by the rock identification.  The identification can be approximated using Figures 2-
22, 2-23, or 2-24, or specifically identified by a qualified geologist. 

 
Figure 2-22 
Field identification of Igneous rock 

 
Felsic 
(Light Colored) 

Intermediate 
(Intermediate-Colored) 

Mafic 
(Dark-Colored) Ultramafic 

     

Texture Rock Identification 

Phaneritic Granite Diorite Gabbro Peridotite 

Phaneritic with 
Phenocrysts Granite Porphyry Diorite Porphyry Gabbro 

Porphyry 
Peridotite 
Porphyry 

Aphanitic Rhyolite Andesite Basalt 

Aphanitic with 
Phenocrysts Rhyolite Porphyry Andesite Porphyry Basalt 

Porphyry 

Vesicular Pumice, Scoria 

Glassy Obsidian 

Non-vesicular Agglomerate, Breccia, Tuff 
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Figure 2-23 
Field identification of Sedimentary rock 

Origin Textural Features and 
Particle Size Composition Diagnostic Features Color Rock 

Identification 
Angular rock or mineral 
fragments   Sedimentary 

Breccia 
Clastic (Boulders, Gravels, 
Pebbles and granules 
embedded in a matrix of 
cemented sand grains 

Rounded rock or mineral 
fragments   Conglomerate 

Clastic (Coarse sand and 
granules) 

angular fragments of 
feldspar mixed with quartz 
and other mineral grains 

K-feldspar common  Arkose 

Rounded to subrounded 
quartz grains  white, buff, pink, 

brown, tan Quartz Sandstone Clastic (Sand size 
particles) Calcite and/or dolomite 

grains 
effervesces freely with 
cold dilute HCl light-colored Calcarenite 

Clastic (Sand size 
particles mixed with clay 
size particles) 

Quartz and other mineral 
grains mixed with clay  dark gray to gray-

green 
Wacke (Lithic 
Arenite) 

Mineral constituents may 
be identifiable with a hand 
lens 

usually well stratified varies Siltstone 

Mineral constituents not 
identifiable 

fissile, may be scratched 
with fingernail, usually well 
stratified 

varies Shale 

In
or

ga
ni

c 
D

et
rit

al
 M

at
er

ia
ls

 

Clastic (Silt and clay size 
particles) 

Mineral constituents not 
identifiable 

massive (earthy), may be 
scratched with a fingernail varies Claystone 

Dense (Crystalline or 
Oolitic) Calcium Carbonate 

effervesces freely with 
cold dilute HCl, may 
contain fossils, generally 
lacks stratification 

white, gray, black Limestone 

Dense or Crystalline Calcium Magnesium 
Carbonate 

powder effervesces 
weakly with cold dilute 
HCl, may contain fossils, 
generally lacks 
stratification 

varies, but similar 
to Limestone Dolomite 

Dense (Porous) Silica conchoidal fracture, 
scratches glass 

black, white, gray, 
red Chert 

Dense (Amorphous) Hydrous Calcium Sulfate commonly can be 
scratched with a fingernail 

varies, commonly 
pink, buff, white Rock Gypsum 

In
or

ga
ni

c 
C

he
m

ic
al

 
Pr

ec
ip

ita
te

s 

Crystalline Sodium Chloride crystalline, salty taste white to gray Rock Salt 

Calcium Carbonate 
effervesces freely with 
cold dilute HCl, easily 
scratched with a fingernail 

white Chalk 
Earthy (Bioclastic) 

Silica does not react with HCl, 
soft, commonly stratified gray to white Diatomite 

Calcium Carbonate 

effervesces freely with 
cold dilute HCl, shell 
fragments in a massive or 
crystallne matrix  

Fossiliferous 
Limestone 

Bioclastic 

Calcium Carbonate 

effervesces freely with 
cold dilute HCl, shell 
fragments cemented with 
little or no matrix material  

Coquina 

Fibrous (Bioclastic) Plant fibers soft, porous, low specific 
gravity brown Peat 

Mineral free carbonaceous 
plant matter harder than peat, moist brownish to black Lignite 

O
rg

an
ic

 D
et

rit
al

 M
at

er
ia

ls
 

Dense (Bioclastic) 
Mineral free carbonaceous 
plant matter 

harder than lignite, dull 
luster, smudges fingers 
when handled 

black Bituminous Coal 

The names of rocks derived from inorganic detrital materials may be appended to indicate the cementing 
agent, e.g., arkose with calcite cement. 
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Figure 2-24 
Field identification of Metamorphic rock 

Texture Diagnostic Features Composition Color Rock 
Identification 

slaty texture with slaty cleavage, 
dense, microscopic grains  variable, black and 

dark gray common Slate 

phyllitic texture, fine grained to dense, 
"shiny" appearance micaceous minerals are dominant  Phyllite 

schistose texture, medium to fine 
grained, "sparkling" appearance, 
porphyroblasts common 

chlorite, biotite, muscovite, garnet and 
dark elongate silicate minerals, talc, 
feldspar commonly absent 

 Schist 

gneissic texture, coarse grained, 
foliation present as macroscopic grains 
arranged in light and dark bands 

abundant quartz and feldspar in light 
bands and hornblende, augite, garnet 
or biotite in dark bands 

 Gneiss 

Fo
lia

te
d 

granulitic texture, medium to coarse 
grained, even grained, foliation present 
in quartzo-feldspathic rocks 

  Granulite 

Fo
lia

te
d 

or
 

N
on

fo
lia

te
d 

medium to coarse-grained mostly crystals of amphibole, 
sometimes feldspar, mica and talc  Amphibolite 

crystalline, scratches glass, breaks 
across grains as easily as around them quartz 

color variable, 
white, pink, buff, 
brown, red, purple 

Quartzite 

dense, dark colored  
various shades of 
gray, gray-green, 
to nearly black 

Hornfels 

texture of conglomerate but breaks 
across coarse grains as easily as 
around them 

granules, pebbles or cobbles are 
commonly granitic or jasper, chert, 
quartz or quartzite 

 Metaconglomerate 

crystalline, scratches glass, breaks 
across grains as easily as around 
them, fossils in some 

calcite or dolomite white, pink, gray Marble 

microcrystalline texture, usually with 
smooth wavy surfaces serpentine, sometimes with crysotile shades of green Serpentinite 

granulitic texture, medium to coarse 
grained, even grained, foliation lacking 
in pyroxene-plagioclase bearing rocks 

  Granulite 

N
on

fo
lia

te
d 

shiny luster, conchoidal fracture  black Anthracite Coal 

 
2.5.3 Rock Grain-size descriptors 
The rock grain-size descriptors that follow are based on USBR (2001) standards.  
 
Figure 2-25  
Rock grain-size descriptors for Crystalline Igneous rock and Metamorphic rock 

Description Average Crystal Diameter 

Very coarse grained or pegmatitic > 3/8 in 
Coarse-grained 3/16 – 3/8 in 
Medium-grained 1/32 – 3/16 in 
Fine-grained 0.04 – 1/32 in 
Aphanitic <0.04 in 
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Figure 2-26 
Rock grain-size descriptors for Sedimentary and Pyroclastic Igneous rock 

 
Sedimentary (epiclastic) 
Rounded, subrounded, 

subangular 
Volcanic (pyroclastic) USCS 

(soils only) 
Particle Size 

Size 
(inches) Particle or 

Fragment 
Lithified 
Product Fragment Lithified 

Product 
 

Boulder 
 
 
 
 

Cobble 
 
 
 

Coarse Gravel 
 
 
 

Fine Gravel 
 
 
 

Coarse Sand 
 
 
 
 

Medium Sand 
 
 
 

Fine Sand 
 
 

Fines 
Non- 
plastic 
Silt 

 
 

Plastic Clay 

 
 
 

 
12 
10 

 
 
 

 
3 

2.5 
 
 
 

0.8 
 
 

0.19 
0.16 

 
 
 

0.08 
 

0.04 
0.02 

 

0.0165 
0.0098 
0.0049 

 

0.0029 
 

0.0025 
 
 

0.0002 
 
 

 
Boulder 

 
 
 
 

Cobble 
 
 
 
 

Pebble 
 
 
 
 
 
 
 

Granule 
 
 

Very Coarse 
Sand 

Coarse Sand 
Medium Sand 

 
Fine Sand 

 
Very Fine Sand 

 
 

Silt 
 
 

Clay 

 
Boulder 

Conglomerate 
 
 
 

Cobble 
Conglomerate 

 
 
 

Pebble 
Conglomerate 

 
 
 
 
 
 

Granule 
Conglomerate 

 
Sandstone 

(Very Coarse, 
Coarse, 

Medium, Fine, 
or Very Fine) 

 
 
 
 
 

Siltstone, Shale 
 
 

Claystone, 
Shale 

 
Block  

(Angular) 
 
 
 
 
 

Bomb  
(Rounded) 

 
 
 

 
Lapilli 

 
 
 
 
 
 

Coarse 
Ash 

 
 
 
 
 
 
 
 

Fine 
Ash 

 

 
Volcanic 
Breccia 

 
 
 
 
 

Agglomerate 
 
 
 

 
 

Lapilli 
Tuff 

 
 
 
 
 

Coarse 
Tuff 

 
 
 
 
 
 
 
 

Fine 
Tuff 
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2.5.4  Bedding Spacing Descriptors 
Bedding planes are discontinuities along which 
rock mass failure may occur. They also influence 
the hydraulic conductivity and shear strength of the 
rock mass. 

The bedding thickness or spacing, modified from 
USBR (2001), shall be used as indicated in Figure 
2-27 below. 
Figure 2-27 
Bedding Spacing Descriptors 

Description Thickness/Spacing 

Massive Greater than 10 ft. 

Very thickly bedded 3 to 10 ft. 

Thickly bedded 1 to 3 ft. 

Moderately bedded 3-5/8 in. to 1 ft. 

Thinly bedded 1-1/4 to 3-5/8 in. 

Very thinly bedded 3/8 to 1-1/4 in. 

Laminated Less than 3/8 in. 

 
2.5.5 Rock Colors 
Use the color name from the Munsell Rock Color 
Chart, which is based on the National Bureau of 
Standards/Inter Society Color Council system, to 
describe the rock at the time of sampling. If the 
sample contains layers or patches of varying colors, 
record that information and describe and all colors 
observed. 
For additional information, see ASTM D 1535-06, 
Standard Practice for Specifying Color by the 
Munsell System. 
 

2.5.6 Textural Descriptors 
Textural adjectives are employed to describe the 
size and shape of voids within the rock mass that 
are visible to the unaided eye. These voids are 
relevant to the estimation of the hydraulic 
conductivity, unconfined compressive strength, and 
the weathering susceptibility of the intact rock.  

Use the USBR (2001) standard to describe the size 
and shape of voids, as indicated in  
Figure 2-28 below. 
Figure 2-28 
Textural Descriptors    

Description Criteria 

Pitted Pinhole to 3/8 in. openings. 

Vuggy Small opening (usually lined with 
crystals) ranging in diameter from 
3/8 in. to 4 in. 

Cavity An opening larger than 4 in., size 
descriptions are required, and 
adjectives such as small, or large, 
may be used, if defined. 

Honeycombed If numerous enough that only thin 
walls separate individual pits or 
vugs, this term further describes 
the preceding nomenclature to 
indicate cell-like form. 

Vesicular Small openings in volcanic rocks of 
variable shape formed by 
entrapped gas bubbles during 
solidification. 
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2.5.7 Weathering Descriptors for Intact Rock 
Weathering increases the clay content of the intact rock and the amount of separation at grain boundaries. 
Weathered rock masses have lower unconfined compressive strength, lower intact rock shear strength, lower 
shear strength along discontinuities, higher hydraulic conductivity, and are more likely to fail through the 
intact rock. Use USBR (2001) weathering descriptors, as indicated in Figure 2-29 below.  
Figure 2-29 
Weathering Descriptors for Intact Rock 

Diagnostic Features 
Chemical weathering-discoloration 

and/or oxidation 
Texture and 
solutioning 

Description Body of rock 
Fracture 
surfaces 

Mechanical 
weathering-grain 

boundary conditions 
(disaggregation) 

primarily for granitics 
and some coarse-
grained sediments Texture Solutioning 

General 
characteristics 

Fresh No discoloration, not 
oxidized 

No 
discoloration 
or oxidation 

No separation, intact 
(tight) 

No change No solutioning Hammer rings when 
crystalline rocks are 
struck. 

Slightly 
Weathered to 
Fresh 

      

Slightly 
Weathered 

Discoloration or oxidation 
is limited to surface of, or 
short distance from, 
fractures; some feldspar 
crystals are dull 

Minor to 
complete 
discoloration 
or oxidation 
of most 
surfaces 

No visible separation, 
intact (tight) 

Preserved Minor 
leaching of 
some soluble 
minerals may 
be noted 

Hammer rings when 
crystalline rocks are 
stuck. Body of rock not 
weakened. 

Moderately to 
Slightly 
Weathered 

      

Moderately 
Weathered 

Discoloration or oxidation 
extends from fractures 
usually throughout; Fe-
Mg minerals are “rusty,” 
feldspar crystals are 
“cloudy” 

All fracture 
surfaces are 
discolored or 
oxidized 

Partial separation of 
boundaries visible 

Generally 
preserved 

Soluble 
minerals may 
be mostly 
leached 

Hammer does not ring 
when rock is struck. 
Body of rock is slightly 
weakened. 

Intensely to 
Moderately 
Weathered 

      

Intensely 
Weathered 

Discoloration or oxidation 
throughout; all feldspars 
and Fe-Mg minerals are 
altered to clay to some 
extent; or chemical 
alteration produces in situ 
disaggregation, see grain 
boundary conditions 

All fracture 
surfaces are 
discolored or 
oxidized, 
surfaces 
friable 

Partial separation, rock 
is friable; in semiarid 
conditions granitics are 
disaggregated 

Texture altered 
by chemical 
disintegration 
(hydration, 
argillation) 

Leaching of 
soluble 
minerals may 
be complete 

Dull sound when struck 
with hammer, usually 
can be broken with 
moderate to heavy 
manual pressure or by 
light hammer blow 
without reference to 
planes of weakness 
such as incipient or 
hairline fractures, or 
veinlets. Rock is 
significantly weakened. 

Very Intensely 
Weathered 

      

Decomposed Discolored or oxidized 
throughout, but resistant 
minerals such as quartz 
may be unaltered; all 
feldspars and Fe-Mg 
minerals are completely 
altered to clay 

 Complete separation of 
grain boundaries 
(disaggregated) 

Resembles a soil, partial or 
complete remnant rock structure 
may be preserved; leaching of 
soluble minerals usually 
complete 

Can be granulated by 
hand. Resistant minerals 
such as quartz may be 
present as “stringers” or 
“dikes.” 

NOTE:  Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is 
present over significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors shall 
not be used where significant identifiable zones can be delineated. Only two adjacent descriptors shall be combined. 
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2.5.8  Rock Hardness 
Use the modified USBR (2001) descriptors to 
describe the hardness of intact rock, as indicated in 
Figure 2-30 below. 
Figure 2-30 
Descriptors for Rock Hardness 

Description Criteria 

Extremely Hard Specimen cannot be scratched 
with a pocket knife or sharp pick; 
can only be chipped with 
repeated heavy hammer blows 

Very Hard Specimen cannot be scratched 
with a pocket knife or sharp pick.  
Breaks with repeated heavy 
hammer blows. 

Hard Specimen can be scratched with 
a pocket knife or sharp pick with 
difficulty (heavy pressure). Heavy 
Hammer blows required to break 
specimen 

Moderately 
Hard 

Specimen can be scratched with 
a pocket knife or sharp pick with 
light or moderate pressure.  Core 
breaks with moderate hammer 
blows 

Moderately 
Soft 

Specimen can be grooved 1/6 in. 
deep with a pocket knife or sharp 
pick with moderate or heavy 
pressure. Breaks with light 
hammer blow or heavy manual 
pressure. 

Soft Specimen can be grooved or 
gouged easily with a pocket knife 
or sharp pick with light pressure, 
can be scratched with fingernail. 
Breaks with light to moderate 
manual pressure. 

Very Soft Specimen can be readily 
indented, grooved or gouged with 
fingernail, or carved with a pocket 
knife.  Breaks with light manual 
pressure. 

 

2.5.9 Fracture Density 
Fractures are defined in Section 2.5.10. The 
fracture density is based on the spacing of all of the 
fractures observed in recovered core lengths from 
boreholes. This measurement excludes mechanical 
breaks and incipient joints/fractures. It also 
excludes features not identified as fractures, such 
as shears, faults, foliations, and bedding plane 
separations, etc.  

Descriptive criteria presented below are based on 
borehole cores where lengths are measured along 
the core axis. Use the USBR (2001) fracture 
density standard, as indicated in Figure 2-31 below.  
Figure 2-31 
Descriptors for Fracture Density 
Description Observed Fracture Density 

Unfractured No fractures. 
Very slightly fractured Lengths greater than 3 ft. 
Slightly to very slightly 
fractured 

 

Slightly fractured Lengths from 1 to 3 ft. with 
few lengths less than 1 ft. or 
greater than 3 ft. 

Moderately to slightly 
fractured 

 

Moderately fractured Lengths mostly in 4 in. to 1 ft. 
range with most lengths about 
8 in. 

Intensely to moderately 
fractured 

 

Intensely fractured Lengths average from 1 to 4 
in. with scattered fragmented 
intervals with lengths less 
than 4 in. 

Very intensely to 
intensely fractured 

 

Very intensely 
fractured 

Mostly chips and fragments 
with a few scattered short 
core lengths. 

NOTE:  Combination descriptors (such as “very 
intensely to intensely fractured”) are used where equal 
distribution of both fracture density characteristics is 
present over a significant interval or exposure, or where 
characteristics are “in between” the descriptor 
definitions.  Only two adjacent descriptors may be 
combined. 
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2.5.10 Discontinuity Type 
A single description, or range of descriptors, shall 
be used to describe the discontinuities observed 
over the length of the reported fracture density.   

Discontinuity: A collective term used for all 
planes including fractures, joints, faults, shears, 
bedding planes and foliations. Contacts between 
rock bodies of different lithologies may also be 
considered discontinuities. 

Fracture: A term used to describe any break in 
geologic material, excluding shears and shear zones. 
Additional fracture terminology is provided in Figure 
2-32, below. 

Shear: A structural break where differential 
movement has taken place along a surface, or zone 
of failure by a shear couplet, is termed a shear. 
Shears are sometimes characterized by striations, 
slickensides, gouge, breccia, mylonite, or any 
combination of these. Often direction, amount of 
displacement, and continuity may not be known 
because of limited exposures or observations. 

Fault: A shear with significant continuity that can 
be correlated between observations is a fault. 
Faults demonstrate high spatial continuity, and 
therefore occur over significant portions of given 
sites, foundation areas, or regions. The observed 
fault feature may be a segment of a fault or fault 
zone, as defined in the literature. The designation 
of a shear as a fault or fault zone is a site-specific 
determination. 

Shear/Fault Zone: A shear or fault that exhibits 
significant width when measured perpendicular to 
the plane of the shear or fault. The zone may 
consist of gouge, breccia, or many related faults or 
shears together with fractured and crushed rock 
between the shears or faults, or any combination of 
these. In the literature, many fault zones are 
referred to as faults. 

Shear/Fault Disturbed Zone: An associated zone 
of fractures and/or folds adjacent to a shear or a 
shear zone where the country rock has been 
subjected to only minor cataclastic action and may 
be mineralized. If adjacent to a fault or fault zone, 
the term fault-disturbed zone is used. Occurrence, 
orientation, and aerial extent of these phenomena 
depend on the depth of burial (pressure and 

temperature) during shearing, brittleness of the 
geo-materials, and the stress conditions. 

 
Figure 2-32 
Descriptors for Discontinuity Type 
Description  Criteria 
Joint (JT)  

 

 

A relatively planar fracture along 
which there has been little or no  
shearing displacement. 

Foliation Joint 
(FJ) or 
Bedding Joint 
(BJ) 

 
 
 
 
 

A relatively planar fracture that is 
parallel to foliation or bedding 
along which there has been little 
or no shearing displacement. 

Bedding Plane 
Separation 
 

 

 
 
 

A separation along bedding after 
extraction or exposure due to 
stress relief or slaking. 

Incipient Joint 
(IJ) or 
Incipient 
Fracture (IF) 

 A joint or fracture that does not 
continue through the specimen or 
is not seen with the naked eye. 
However when the specimen is 
wetted and then allowed to dry, 
the joint or fracture trace is 
evident. When core is broken, it 
breaks along an existing plane. 

Random 
Fracture (RF) 

 
 
 
 
 

A natural break (fracture) with a 
generally rough, very irregular, 
non-planar surface which does 
not belong to a joint set. 

Mechanical 
Break (MB) 

 A break due to drilling, blasting, 
or handling. Mechanical breaks 
parallel to bedding or foliation are 
called Bedding Breaks (BB) or 
Foliation Breaks (FB), 
respectively. Recognizing 
mechanical breaks may be 
difficult. The absence of 
oxidation, staining, or mineral 
fillings, and often a hackly or 
irregular surface are clues for 
recognition. 

Fracture Zone 
(FZ) 

 
 
 
 
 

Numerous, very closely 
intersecting fractures. Often 
fragmented core cannot be fitted 
together. 
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2.5.11 Discontinuity Condition (Weathering, 
Infilling and Healing) 

Weathering: Descriptors for discontinuity 
weathering or alteration of fracture surfaces and 
fracture fillings (excluding soil materials) are the 
same as those used for weathering and alteration of 
intact rock (per Section 2.5.7, Figure 2-29, third 
column). 
Discontinuity Infilling: Descriptors for hardness of 
fillings, gouges and/or fracture surfaces are the 
same as those presented for intact rock or 
consistency of soils. 
Discontinuity Healing: Discontinuities may be 
filled with air, water, soil, or a crystalline mineral 
material that provides a significant tensile and 
shear strength to the discontinuity. Discontinuity 
healing can be observed when there is a color 
contrast with the bordering intact rock. Features 
often referred to as veins are healed discontinuities.  
In addition to an observation of the amount of the 
discontinuity that has been healed, the healing 
material should be observed and recorded. The 
amount and material of the healing discontinuity is 
relevant to the estimation of discontinuity shear 
strength, discontinuity hydraulic conductivity, and 
to the ease with which the rock can be excavated 
(e.g., open excavation, tunnel, or borehole). 
Use the USBR (2001) standard, as indicated below 
in Figure 2-33 below, to describe the discontinuity 
condition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-33 
Descriptors for Discontinuity Healing 
Descriptor Criteria 
Totally 
Healed 

All fragments bonded, discontinuity is 
completely healed or recemented to a 
degree at least as hard as surrounding 
rock. 

Moderately 
Healed 

Greater than 50 percent of fractured or 
sheared material, discontinuity surface 
or filling is healed or recemented, 
and/or strength of healing agent is less 
hard than surrounding rock. 

Partially 
Healed 

Less than 50 percent of fractured or 
sheared material, discontinuity surface 
or filling is healed or recemented. 

Not Healed Discontinuity surface, fracture zone, 
sheared material, or filling is not healed 
or recemented. Rock fragments or 
filling (if present) held in place by their 
own angularity and/or cohesiveness. 
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2.5.12 Discontinuity Dip Magnitude 
Observation of the magnitude of discontinuity dip 
made with non-oriented core is useful for 
anticipating difficulties that may arise from boring 
piles or shafts in rock masses that contain 
discontinuities that are oriented close to vertical.  

Use the USBR (2001) standard, as indicated below 
in Figure 2-34 below, to describe the magnitude of 
discontinuity dip. 
Figure 2-34 
Discontinuity Dip Magnitude 
 

Vertical 
Hole: 
Apparent dip 
is measured 
and reported. 

 

 

 

 

 

 

 

 

 

 

 
Angle Hole: 
True dip is 
usually not 
known, angle 
is measured 
from core axis 
and is called 
inclination. 

 

2.5.13 Rate of Slaking 
Some rock types are subject to degradation when 
exposed to weathering processes, particularly 
repeated wetting and drying cycles. Rocks that 
exhibit slaking may disintegrate into gravel size 
particles, or they may disaggregate completely to 
the individual constituent particles: clay, silt, and 
sand.  

Rocks that are prone to slaking include: shale, 
siltstone, claystone, weakly welded tuff, and highly 
weathered crystalline igneous and metamorphic 
rocks. Slaking behavior is relevant to the 
performance of cut slopes and the stability of bored 
piles/drilled shafts. See Appendix A for test 
procedures. 
Figure 2-35 
Rate of Slaking 
Jar Slake 
Index, IJ 

Observed Behavior 

1 Degrades to a pile of flakes or mud 
2 Breaks rapidly and forms many chips 
3 Breaks slowly and forms few chips 

4 Breaks rapidly and develops several 
fractures 

5 Breaks slowly and develops few 
fractures 

6 No change to condition of the rock 
fragment 

 
2.5.14 Odor 
Rocks containing significant amounts of organic 
material usually have a distinctive odor of decaying 
vegetation. This is especially apparent in fresh 
samples, but if the samples are dried, the odor often 
may be revived by heating a moistened sample. 
Petroleum products or other chemicals may also 
influence the odor of the sample. Describe the odor, 
if organic, and identify anything unusual, such as 
odor of a petroleum product or other chemical. 

Core Axis

45o 
Inclination 

35o Dip 

Core Axis 
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2.5.15 Additional Comments 
Additional rock characteristics not included in the 
previous categories may be noted. 

2.5.16 Other Drilling Observations 
Other observations (not included in the descriptive 
sequence) that may be presented on the LOTB or 
BR as notes or remarks include: 
• Time for core run 
• Difficulty in drilling or excavating, etc. 
• Generic name (e.g., hard pan, fault gouge, etc.) 
• Ground water inflow, elevation(s), and 

estimated rate(s) 
• Loss of drill fluid circulation 
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2.6 Sample Preparation and 
Identification for Laboratory 
Testing and Storage 

Geoprofessionals who drill, sample, preserve, and 
transport soil samples play an important role in 
ensuring the quality of the laboratory test results. 
When performing field investigations, the 
geoprofessional shall be familiar with the 
procedures contained within the following ASTM 
standards: 

• ASTM D 1586-99, “Test Method for 
Penetration Test and Split-Barrel Sampling of 
Soils” 

• ASTM D 1587-00, “Practice for Thin-Walled 
Tube Sampling of Soils” 

• ASTM D 3550-01, “Practice for Ring-Lined 
Barrel Sampling of Soils” 

• ASTM D 4220-00, “Standard Practices for 
Preserving and Transporting Soil Samples” 

The information that follows explains the 
procedures and information required to submit soil 
samples and request testing services from the 
Caltrans Geotechnical Laboratory, an AASHTO 
Materials Reference Laboratory (AMRL) 
accredited facility located in Sacramento.  

2.6.1 Sample Preparation and 
Identification for Laboratory Testing 
and Storage 

All samples shall be named according to the 
following convention: 

Hole ID – SNN – T 

Where, 

Hole ID: Refer to Section 2.3 

S: The Sample Type Code, as defined in 
Figure 2-36, which generally follow 
ASTM D 6453 

NN: 2-digit sample number (01–99), 
sequenced consecutively from the top 
down. 

T: 1-digit tube number, starting with the 
bottom tube numbered as 1.  

For example: 
A – 06 – 105 – U02 – 3 

Figure 2-36 
Sample Type Codes 

Code Description 

U Undisturbed Shelby tube 
P Undisturbed Piston 
S Split spoon (includes SPT and Cal Mod 

Samplers) 
B Block 
C Core (both rock and soil) 
D Disturbed (include auger cuttings) 
R Reconstituted 
O Other 

 

Label Brass and Shelby Tubes as explained below 
and shown in Figure 2-37, below: 

• Use electrical tape to completely seal the end 
caps onto the sample tubes.  

• Clearly label samples with permanent marker  
• Place the top of the label at the top end of the 

tube to identify the proper orientation of the 
sample as shown above.  

• If the sample tube is only partially filled, use a 
filler, such as newspaper, cloth rags, or sawdust 
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to prevent movement of the sample in the tube 
during shipping and handling. 

• Whenever possible use a wax seal on the end of 
the sample to prevent moisture exchange with 
or contamination by the filler material. 

Label bagged samples as explained below and 
shown in Figure 2-38: 

• Identify the sample by writing directly on the 
plastic bag or attaching an adhesive label. 

• Seal or tie the plastic bag properly to prevent 
loss of moisture. 

 

Figure 2-37 
Brass and Shelby Tube Label 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2-38 
Bagged Sample Label 

 

Sample ID:  ______
Depth:  __________ 
EA:  ____________ 
Date:  ___________ 
Logger:   _________ 

Sample Label

Sample ID:  ______ 
Depth:  __________ 
EA:  ____________ 
Date:  ___________ 
Logger:   

Top of Sample

Sample Label

Bottom of Sample
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2.6.2 Identification of Large Soil Samples 
In addition to the labeling requirements explained above, some soil samples must also be labeled with a 
Sample Identification Card (Caltrans Form TL-101), including: 
• Samples weighing more than 5 lbs.  
• Samples to be tested by the Materials Engineering and Testing Services (METS), test names are followed 

by “**” in Figure 2-39 below. 
Place Form TL-101 inside a sealed plastic bag, then place it inside the large plastic or canvas bag that 
contains the sample.  
Figure 2-39 
Minimum Material Requirements for Various Test Methods 

Test Method(s) Test Name Material 
Required Typical Sample Size/Type TL-101 

Required 
AASHTO T 265-93 
(2004) 
ASTM D 2216-05 

Moisture Content 0.5 lb 1/2 Tube No 

ASTM D 4767-04 Unit Weight 1 lb 1 Tube  No 

AASHTO T 100-06 Specific Gravity 0.5 lb 1/2 Tube No 
ASTM D 422-63 
(2002) Particle-Size Analysis 1 lb 1 Tube  No 

AASHTO T 89-02 
AASHTO T 90-00 
(2004) 

Liquid Limit 
Plastic Limit, Plasticity Index 1 lb 1 Tube  No 

ASTM D 2435-04 

Consolidation 
Undisturbed 
   (2.0" Diameter) 
   (2.5" Diameter)  
Remolded 
   (2.0" Diameter) 

 
 
- 
- 
 
80 lb 

 
 
1 Tube 
1 Tube 
 
2 Full Canvas Bags 

 
 
No 
No 
 
Yes 

ASTM D 4546-03 

Swell Potential 
Undisturbed 
   (2.0" Diameter) 
   (2.5" Diameter) 
Remolded 
   (2.0" Diameter)  

 
 
- 
- 
 
80 lb 

 
 
1 Tube 
1 Tube 
 
2 Full Canvas Bags 

 
 
No 
No 
 
Yes 

ASTM D 5333-03 

Collapse Potential 
Undisturbed 
    (2.0" Diameter) 
    (2.5" Diameter) 
Remolded 
     (2.0" Diameter)    

 
 
- 
- 
 
80 lb 

 
 
1 Tube 
1 Tube 
 
2 Full Canvas Bags 

 
 
No 
No 
 
Yes 

ASTM D 3080-04 
Direct Shear 
   Undisturbed 
   Remolded 

 
- 
80 lb 

 
1 Tube 
2 Full Canvas Bags 

 
No 
Yes 

CTM 216 (Oct 2006) Relative Compaction 
(Compaction Curve Only) 80 lb 2 Full Canvas Bags Yes 
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Test Method(s) Test Name Material 
Required Typical Sample Size/Type TL-101 

Required 

CTM 220 (Nov 
2005) 

Permeability 
Undisturbed 
      Falling Head 
Remolded 
      Falling Head 
      Constant Head 

 
 
- 
 
80 lb 
80 lb 

 
 
1 Tube 
 
2 Full Canvas Bags 
2 Full Canvas Bags 

 
 
No 
 
Yes 
Yes 

ASTM D 2166-06 
ASTM D 2938-95 
(2002) 

Unconfined Compression 
 
- 
 

 
1 Tube or Core 
 

 
No  
 

ASTM D 4767-02 
 
 
 
ASTM D 2850-03 
 

Triaxial CU (3 points) 
Undisturbed 
      (2.0" Diameter) 
      (2.5" Diameter)   
Remolded 
      (2.8" Diameter) 
Triaxial UU (1 point) 
Undisturbed 
      (2.0" Diameter) 
      (2.5" Diameter)   
Remolded 
      (2.8" Diameter) 

 
 
- 
- 
 
80 lb 
 
 
- 
- 
 
80 lb 

 
 
3 Tubes - in series 
3 Tubes - in series 
 
2 Full Canvas Bags 
  
 
 1 Tube 
 1 Tube 
 
2 Full Canvas Bags 

 
 
No 
No 
 
Yes 
 
 
No 
No 
 
Yes 

ASTM D 427-04 Shrinkage Limit 1 lb 1 Tube  No 

ASTM D 5731-05 Point Load -  Rock Core No 

ASTM D 4829-03 Expansion Index 40 lb 1 Full Canvas Bag Yes 
CTM 217 (Nov 
1999) 
AASHTO T 176-02 

Sand Equivalent** 10 lb 1/4 Full Canvas Bag Yes 

CTM 301 (Mar 
2000) 
AASHTO T 190-02 

 R-Value** 80 lb 2 Full Canvas Bags Yes 

CTM 643 (Nov 
1999) 
CTM 417 (Nov 
2006) 
CTM 422 (Nov 
2006) 

Corrosion** 
Sulfates** 
Chlorides** 

10 lb 1/4 Full Canvas Bag Yes 

EPA 9081 

Organic Content** 
PH** 
 
Cation Exchange** 

10 lb 1/4 Full Canvas Bag Yes 

Notes: 

1. ** Tests performed by Materials Engineering and Testing Services (METS) 

2. A 12" by 24" canvas bag completely filled contains approximately 40 lb of material. 

3. A 2" by 4" tube contains approximately 1 lb. of material. 

4. Minimum material weights shown for remolded samples include sufficient material for the development of a 
moisture density curve. 
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5. When calculating the number of triaxial samples that can be obtained from a Shelby tube, use a minimum sample 
length equal to three times the sample diameter. 
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2.6.3 Core Box Layout 
Core boxes shall be labeled as shown in Figure 2-40. 
 
Figure 2-40 
Core Box Layout and Label 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Structure No.:_________ Date:__________ 
 
 

Engineer/Geologist Name 
Geographic/Structure Name 

Dist.-Co.-Rte.-PM 
E.A. 

 

Boring # Core Box #

Structure No:___________ Structure Name:_________ EA:_____________ 
Boring No:__________  Core Box: _____ of ______ 
Depth Interval: ________ to _________ 
Engineer/Geologist Name: _____________  Date__________ 

Label on Side of Core Box 

RUN# ______ 
Depth Interval 
_____To_____ 

Inside of Core Box 

Labeling of Core Blocks 

Use core blocks at beginning 
and end of each run 

Depth = ___ 

Use two blocks in 
segments of no recovery 
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2.7 Quality Check of Field Observations and Samples 
The geoprofessional shall conduct a quality check of his/her field notes and observations once back in the 
office. Sample descriptions and identifications shall be reviewed and revised as necessary to ensure that they 
are in compliance with the procedures presented in this section.  

Descriptors of sample properties that are subject to change due to time or environment, such as moisture or 
RQD, shall not be revised. Samples that are to be stored for laboratory testing or other purposes shall be 
inventoried to ensure correct labeling and accounting. 
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Section 3:   
Procedures for Soil and Rock Description and/or 
Classification Using Laboratory Test Results 
3.1 Introduction 
Section 2 describes the procedures for describing 
and identifying soil and rock samples in the field 
using visual and manual methods and basic field 
testing tools. Most of these field procedures are 
sufficient to generally identify and describe the soil 
and rock in qualitative terms, and are appropriate 
for reporting in final boring records, as described 
later in Sections 4 and 5. In many cases these 
descriptors can be correlated, to some degree, to 
engineering parameters for use in geotechnical 
designs. However, the geoprofessional may want to 
more quantitatively and definitively characterize a 
particular sample using laboratory test results. 

This Section addresses how to apply the results of 
specific laboratory tests to revise and supplement 
the original field observations, identifications, and 
descriptions. The information presented in this 
Section is based largely on the American Society 
for Testing and Materials (ASTM) D 2487-06, 
Standard Practice for Classification of Soils for 
Engineering Purposes (Unified Soil Classification 
System). 

Laboratory test results can be used to 
systematically refine field observations. The 
process of correction, calibration, and verification 
in developing an updated Log of Test Boring 
(LOTB) or Boring Record (BR) based on 
laboratory test results can effectively serve the 
purpose of self-training and self-calibration. This 
process is described in more detail in Section 4 of 
this Manual. 

3.2 Revising Soil Descriptions and 
Assigning Soil Classification 
Using Laboratory Test Results 

Six of the 21 attributes in the identification and 
descriptive sequence for soils, listed previously in 
section 2.4.1, may be revised with laboratory test 
results. They are: 
• Group Name 
• Group Symbol 
• Consistency 
• Percent or Proportion of Soils 
• Particle Size Range 
• Plasticity 

The Group Name and Group Symbol are estimated 
in the field using visual and manual procedures 
based on ASTM D 2488-06, Standard Practice for 
Description and Identification of Soils (Visual-
Manual Procedure). The field method requires the 
user to make judgments on a number of 
observations (e.g., percent of constituents by 
weight, whether a soil is well or poorly graded, and 
whether the soil is a clay or silt or some 
combination thereof).  

Laboratory particle-size analysis, liquid limit, and 
plasticity index provide a quantitative basis for 
classification of the soil. Furthermore, the 
laboratory procedure employs a much more 
comprehensive listing of possible Group Names, as 
compared to field methods. 

Consistency is estimated in the field using one or 
more of three methods (thumb test, Torvane, or 
Pocket Penetrometer), with varying levels of 
accuracy and repeatability. Laboratory triaxial, 
direct shear, and unconfined compression tests 
provide less subjective undrained shear strength 
values that can be correlated to specific consistency 
descriptors. 
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Percent gravel, sand, and fines, and range of 
particle sizes are estimated in the field using visual 
methods (e.g. jar test, visual approximation, etc.). 
The laboratory particle-size analysis test provides a 
quantitative distribution of particle sizes in 
proportion to the total sample weight. It is 
important to recognize that the sample size is 
significant when dealing with gravel or larger sized 
soils. 

Plasticity is estimated in the field in order to 
determine Group Name and Group Symbol for 
fine-grained soils and to provide a plasticity 
descriptor.   The liquid limit and plasticity index 
used in conjunction with ASTM D 2487-06 
provide a Group Name and Group Symbol.  The 
field-based plasticity descriptor is eliminated, as 

the plasticity is inherent in the Group Name and 
Group Symbol. 

3.2.1 Soil Classification and Description 
Descriptive Sequence 

The descriptive sequence presented in the Figure 3-
1 below shall be used when classifying and 
describing soils. Items indicated by a check mark 
in the “Required” column shall be repeated to 
describe all the components of the subject soil to 
provide complete descriptive coverage. To 
incorporate laboratory test data in the classification 
and descriptive sequence, where applicable, refer 
to the sections in this Manual as noted in Figure 3-
1. (See “Lab” column below.) 

 
Figure 3-1 
Classification and Description Sequence 

Refer to Section 

Se
qu

en
ce

 

Classification Components Fi
el

d 

La
b 

R
eq

ui
re

d 

O
pt

io
na

l 

1 Group Name 2.4.2 3.2.2 J  

2 Group Symbol 2.4.2 3.2.2 J  

 Description Components     

3 Consistency (for cohesive soils) 2.4.3 3.2.3 J  

4 Apparent Density (for cohesionless soils) 2.4.4  J  

5 Color (in moist condition)  2.4.5  J  

6 Moisture 2.4.6  J  

7 Percent of cobbles or boulders 2.4.7  J  

8 Percent or proportion of soils 2.4.8 3.2.4 J  

9 Particle Size Range 2.4.9 3.2.5 J  

10 Particle Angularity 2.4.10   EE  

11 Particle Shape 2.4.11   EE  

12 Hardness (for coarse sand and larger particles) 2.4.12   EE  

13 Plasticity (for fine-grained soils)* 2.4.13 3.2.6 J  

14 Dry Strength (for fine-grained soils) 2.4.14   EE  

15 Dilatency (for fine-grained soils) 2.4.15   EE  

16 Toughness (for fine-grained soils) 2.4.16   EE  

17 Calcium Carbonate (Reaction with HCl) 2.4.17   EE  

18 Structure 2.4.18   EE  

19 Cementation  2.4.19  J  

20 Description of Cobbles and Boulders 2.4.20  J  

21 Additional Comments  2.4.21   EE  

* This descriptive component is not reported for the primary soil type if the liquid limit and plasticity index are 
available. (See Section 3.2.7) 



 

Soil and Rock Logging, Classification, and Presentation Manual, Section 3 41 

3.2.2 Group Name and Group Symbol 
This section presents a procedure for classifying 
soils for engineering purposes based on laboratory 
determination of particle-size characteristics, liquid 
limit, and plasticity index. It shall be used when 
precise classification is required. This method is 
based on the ASTM version of the Unified Soil 
Classification System (USCS).  

The ASTM procedure for classifying and 
describing fine-grained and coarse-grained soils is 
only applicable to material passing the 3-inch sieve. 
If the presence of cobbles or boulders or both is 
identified during the site exploration, the 
percentage of cobbles and boulders shall be 
reported per Section 2.4.7. 

 

3.2.2.1 Procedure for Classification of 
Fine-Grained Soils 

If 50% or more by dry weight of the test specimen 
passes the No. 200 sieve, the soil is fine-grained.  
Fine-grained soils are classified using the liquid 

limit and plasticity index in Figures 3-2 and 3-3, 
below.   

Classify the soil as fine-grained: 

• In cases where the liquid limit exceeds 110, or 
the plasticity index exceeds 60, the plasticity 
chart may be expanded by maintaining the same 
scale on both axes and extending the “A” line at 
the indicated slope. 

• The soil is organic if organic matter is present 
in sufficient amounts to influence the liquid 
limit. Typically, organic soils have a dark color 
and an organic odor when moist and warm, and 
may contain visible organic matter. If the 
geoprofessional suspects there is sufficient 
organic matter to influence the soil’s 
classification, consult with the Caltrans 
Geotechnical Laboratory about additional 
laboratory testing.  

 

Figure 3-2 
Classification of Fine-Grained Soils 
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Figure 3-3 
Flow chart for fine-grained soils 

Li
qu

id
 

Li
m

it 

O
rg

an
ic

 

Pl
as

tic
ity

 
In
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Group 
Symbol Fines Coarseness Group Name 

<15% plus  
No. 200  Lean CLAY 

% sand > % gravel Lean CLAY with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel Lean CLAY with GRAVEL 
< 15% gravel SANDY lean CLAY % sand >  

% gravel > 15% gravel SANDY lean CLAY with GRAVEL 
< 15% sand GRAVELLY lean CLAY 

P
I>

7 
an

d 
pl

ot
s 

on
 o

r 
ab

ov
e 

“A
”-

lin
e CL 

>30% plus 
No. 200 % sand <  

% gravel > 15% sand GRAVELLY lean CLAY with SAND 
<15% plus  
No. 200  SILTY CLAY 

% sand > % gravel SILTY CLAY with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel SILTY CLAY with GRAVEL 
< 15% gravel SANDY SILTY CLAY % sand >  

% gravel > 15% gravel SANDY SILTY CLAY with GRAVEL 
< 15% sand GRAVELLY SILTY CLAY 

4<
P

I<
7 

an
d 

pl
ot

s 
on

  
or

 a
bo

ve
 “A

”-
lin

e 

CL-ML 

>30% plus 
No. 200 % sand <  

% gravel > 15% sand GRAVELLY SILTY CLAY with SAND 
<15% plus  
No. 200  SILT 

% sand > % gravel SILT with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel SILT with GRAVEL 
< 15% gravel SANDY SILT % sand >  

% gravel > 15% gravel SANDY SILT with GRAVEL 
< 15% sand GRAVELLY SILT 

In
or

ga
ni

c 

P
I<

4 
or

 p
lo

ts
 b

el
ow

 “A
”-

lin
e 

ML 

>30% plus 
No. 200 % sand <  

% gravel > 15% sand GRAVELLY SILT with SAND 
<15% plus  
No. 200  ORGANIC CLAY 

% sand > % gravel ORGANIC CLAY with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel ORGANIC CLAY with GRAVEL 
< 15% gravel SANDY ORGANIC CLAY % sand >  

% gravel > 15% gravel SANDY ORGANIC CLAY with GRAVEL 
< 15% sand GRAVELLY ORGANIC CLAY 

P
I>

4 
an

d 
pl

ot
s 

on
 o

r 
ab

ov
e 

“A
”-

lin
e 

>30% plus 
No. 200 % sand <  

% gravel > 15% sand GRAVELLY ORGANIC CLAY with SAND 
<15% plus  
No. 200  ORGANIC SILT 

% sand > % gravel ORGANIC SILT with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel ORGANIC SILT with GRAVEL 
< 15% gravel SANDY ORGANIC SILT % sand >  

% gravel > 15% gravel SANDY ORGANIC SILT with GRAVEL 
< 15% sand GRAVELLY ORGANIC SILT 

LL
<5

0 

O
rg

an
ic

 

P
I<

4 
or

 p
lo

ts
 b

el
ow

 “A
”-

lin
e 

OL 

>30% plus 
No. 200 % sand <  

% gravel > 15% sand GRAVELLY ORGANIC SILT with SAND 
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Figure 3-3, continued 
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In

de
x 

Group 
Symbol Fines Coarseness Group Name 

<15% plus  
No. 200  Fat CLAY 

% sand > % gravel Fat CLAY with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel Fat CLAY with GRAVEL 
< 15% gravel SANDY fat CLAY % sand > % 

gravel > 15% gravel SANDY fat CLAY with GRAVEL 
< 15% sand GRAVELLY fat CLAY 

P
lo

ts
 o

n 
or

 a
bo

ve
 “A

”-
lin

e 

CH 

>30% plus 
No. 200 % sand < % 

gravel > 15% sand GRAVELLY fat CLAY with SAND 
<15% plus  
No. 200  Elastic SILT 

% sand > % gravel Elastic SILT with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel Elastic SILT with GRAVEL 
< 15% gravel SANDY elastic SILT % sand > % 

gravel > 15% gravel SANDY elastic SILT with GRAVEL 
< 15% sand GRAVELLY elastic SILT 

In
or

ga
ni

c 

P
lo

ts
 b

el
ow

 “A
”-

lin
e 

MH 

>30% plus 
No. 200 % sand < % 

gravel > 15% sand GRAVELLY elastic SILT with SAND 
<15% plus  
No. 200  ORGANIC CLAY 

% sand > % gravel ORGANIC CLAY with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel ORGANIC CLAY with GRAVEL 
< 15% gravel SANDY ORGANIC CLAY % sand > % 

gravel > 15% gravel SANDY ORGANIC CLAY with GRAVEL 
< 15% sand GRAVELLY ORGANIC CLAY 

P
lo

ts
 o

n 
or

 a
bo

ve
 “A

”-
lin

e 

>30% plus 
No. 200 % sand < % 

gravel > 15% sand GRAVELLY ORGANIC CLAY with SAND 
<15% plus  
No. 200  ORGANIC SILT 

% sand > % gravel ORGANIC SILT with SAND 
<30% plus 
No. 200 15-29% plus 

No. 200 % sand < % gravel ORGANIC SILT with GRAVEL 
< 15% gravel SANDY ORGANIC SILT % sand > % 

gravel > 15% gravel SANDY ORGANIC SILT with GRAVEL 
< 15% sand GRAVELLY ORGANIC SILT 

LL
>5

0 

O
rg

an
ic

 

P
lo

ts
 b

el
ow

 “A
”-

lin
e 

OH 

>30% plus 
No. 200 % sand < % 

gravel > 15% sand GRAVELLY ORGANIC SILT with SAND 
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3.2.2.2 Procedure for Classification of 
Coarse-Grained Soils  

If 50% or more by dry weight of the test specimen 
is retained on the No. 200 sieve the soil is coarse-
grained. Coarse-grained soils are classified using 
the following procedure: 
• Classify the soil as gravel if more than 50% of 

the coarse fraction (plus No. 200 sieve) is 
retained on the No. 4 sieve.  

• Classify the soil as sand if 50% or more of the 
coarse fraction (plus No. 200 sieve) passes 
through the No. 4 sieve. 

• If 12% or less of the test specimen passes 
through the No. 200 sieve, plot the cumulative 
particle-size distribution and compute the 
coefficient of uniformity, Cu, and coefficient of 
curvature, Cc, as given in Equations 1  
and 2.  

Equation 1 
10

60

D
D

Cu =  

Equation 2 ( )
( )6010

2
30

DD
D

Cc
×

=  

Where D10, D30, and D60 are the particle-size 
diameters corresponding to 10, 30, and 60 
percentiles passing on the cumulative particle-
size distribution curve. It may be necessary to 
extrapolate the curve to obtain the D10 diameter. 

Use the above results to determine the 
classification according to Figure 3-4 on the 
following page.
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Figure 3-4 
Flow chart for coarse-grained soils  

 Fines Grade Type of Fines Group 
Symbol Sand/ Gravel Group Name 

< 15% sand Well-graded GRAVEL Cu>4 
1<Cc<3  GW 

> 15% sand Well-graded GRAVEL with SAND 
< 15% sand Poorly graded GRAVEL 

< 5% 
Cu<4 
1>Cc>3  GP 

> 15% sand Poorly graded GRAVEL with SAND 
< 15% sand Well-graded GRAVEL with SILT 

ML or MH GW-GM 
> 15% sand Well-graded GRAVEL with SILT and SAND 

< 15% sand Well-graded GRAVEL with CLAY (or SILTY 
CLAY) 

Cu>4 
1<Cc<3 

CL, CH or CL-ML GW-GC 
> 15% sand Well-graded GRAVEL with CLAY and SAND (or 

SILTY CLAY and SAND) 

< 15% sand Poorly graded GRAVEL with SILT 
ML or MH GP-GM 

> 15% sand Poorly graded GRAVEL with SILT and SAND 

< 15% sand Poorly graded GRAVEL with CLAY (or SILTY 
CLAY) 

5-12% 

Cu<4 
1>Cc>3 

CL, CH or CL-ML GP-GC 
> 15% sand Poorly graded GRAVEL with CLAY and SAND 

(or SILTY CLAY and SAND) 

< 15% sand SILTY GRAVEL 
ML or MH GM 

> 15% sand SILTY GRAVEL with SAND 
< 15% sand CLAYEY GRAVEL 

CL or CH GC 
> 15% sand CLAYEY GRAVEL with SAND 
< 15% sand SILTY, CLAYEY GRAVEL 

G
ra

ve
l 

> 12%  

CL-ML GC-GM 
> 15% sand SILTY, CLAYEY GRAVEL with SAND 

< 15% gravel Well-graded SAND Cu>6 
1<Cc<3  SW 

> 15% gravel Well-graded SAND with GRAVEL 
< 15% gravel Poorly graded SAND 

< 5% 
Cu<6 
1>Cc>3  SP 

> 15% gravel Poorly graded SAND with GRAVEL 
< 15% gravel Well-graded SAND with SILT 

ML or MH SW-SM 
> 15% gravel Well-graded SAND with SILT and GRAVEL 
< 15% gravel Well-graded SAND with CLAY 

Cu>6 
1<Cc<3 

CL, CH or CL-ML SW-SC 
> 15% gravel Well-graded SAND with CLAY and GRAVEL 
< 15% gravel Poorly graded SAND with SILT 

ML or MH SP-SM 
> 15% gravel Poorly graded SAND with SILT and GRAVEL 
< 15% gravel Poorly graded SAND with CLAY 

5-12% 

Cu<6 
1>Cc>3 

CL, CH or CL-ML SP-SC 
> 15% gravel Poorly graded SAND with CLAY and GRAVEL 
< 15% gravel SILTY SAND 

ML or MH SM 
> 15% gravel SILTY SAND with GRAVEL 
< 15% gravel CLAYEY SAND 

CL or CH SC 
> 15% gravel CLAYEY SAND with GRAVEL 
< 15% gravel SILTY, CLAYEY SAND 

S
an

d 

> 12%  

CL-ML SC-SM 
> 15% gravel SILTY, CLAYEY SAND with GRAVEL 
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3.2.3 Consistency (Cohesive Soils) 
Cohesive soil consistency descriptors shall 
conform to terminology and criteria established in 
Figure 3-5 below, generally after Das (1983) and 
Bureau of Reclamation standards (2001). Note that 
the terms to be used have been modified from those 
contained in both references. 

The preferred procedure for the determination of 
consistency of cohesive soils is to obtain relatively 
undisturbed samples and perform laboratory 
triaxial, direct shear, or unconfined compression 
tests. The results from these tests can be correlated 
to specific consistency descriptors as presented in 
Figure 3-5 below. 

A triaxial unconsolidated-undrained (UU) test is 
recommended for strength determination. This can 
be converted to an equivalent unconfined 
compressive strength by multiplying the Undrained 
Shear Strength value by 2. 
Figure 3-5 
Consistency 

Description Unconfined Compressive 
Strength (tsf) 

Very Soft < 0.25 
Soft 0.25 to 0.50 
Medium Stiff 0.50 to 1.0 
Stiff 1 to 2 
Very Stiff 2 to 4 
Hard > 4.0 

 
3.2.4 Percent or Proportion of Soils  
Percentages of gravel, sand, and fines shall be 
reported as percentages based on gradation and 
particle-size analysis (ASTM D 422-63 (2002)). 
Qualitative proportional descriptors (e.g. trace, 

some, etc.) shall not be used when gradation data is 
available. 
Figure 3-6 
Percent or proportion of soils 

Descriptive Term Size 

Gravel 3 inch to No.4 Sieve 
Sand No.4 to No. 200 Sieve 
Fines Passing No. 200 Sieve 

 
3.2.5 Particle Size 
When laboratory particle size analyses are 
performed, the USCS soil descriptions shall be 
further refined using the results and the Figure 3-8 
below. 
Figure 3-8  
Particle size 

Description Size 

Boulder >12 in 
Cobble 3 to 12 in 
Coarse Gravel ¾ to 3 in 
Fine Gravel No.4 to ¾ in 
Coarse Sand No.10 to No.4 
Medium Sand No.40 to No.10 
Fine Sand No. 200 to No.40 
Clay and Silt Passing No. 200 

 
3.2.6 Plasticity (for Fine-Grained Soils) 
Field estimates of plasticity shall not be included in 
the descriptive sequence when USCS 
classifications are based on liquid limit and 
plasticity index, since the plasticity is inherent in 
the group name and group symbol.  
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3.3 Revising Rock Identification and Description for Borehole Cores Using 
Laboratory Test Results 

One additional component, relative strength of intact rock, can be added to the descriptive sequence for rock. 
  
Figure 3-9 
Rock Identification and Descriptive Sequence 

Refer to Section 

Se
qu

en
ce

 

Identification Components Fi
el

d 

La
b 

R
eq

ui
re

d 

O
pt

io
na

l 

1 Rock Name 2.5.2  J  

 Description Components      

2 Rock Grain-size 2.5.3   EE  

3 Bedding Spacing 2.5.4  J   

4 Color 2.5.5  J  

5 Texture 2.5.6   EE  

6 Weathering Descriptors for Intact Rock 2.5.7  J  

7 Relative Strength of Intact Rock  3.3.1 J  
8 Rock Hardness 2.5.8  J  

9 Fracture Density 2.5.9  J  

10 Discontinuity Type 2.5.10   EE  

11 Discontinuity Condition (Weathering, Infilling and Healing) 2.5.11   EE  

12 Discontinuity Dip Magnitude 2.5.12   EE  

13 Rate of Slaking (Jar Slake Test) 2.5.13   EE  

14 Odor 2.5.14   EE  

15 Additional Comments 2.5.15   EE  

 
3.3.1  Strength of Intact Rock  
Absent discontinuities, the strength of intact rock is best determined using unconfined compression 
laboratory testing.  
 
Figure 3-10  
Descriptors for Relative Strength of Intact Rock 

Description Uniaxial Compressive Strength (psi) 

Extremely Strong > 30,000 
Very Strong 14,500 – 30,000 
Strong 7,000 – 14,500 
Medium Strong 3,500 – 7,000 
Weak 700 – 3,500 
Very Weak 150 – 700 
Extremely Weak < 150 
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Section 4:   
Methods of Presentation of Subsurface Information 
 
4.1 Introduction 
The process of creating boring logs, i.e., Log of 
Test Borings (LOTB) and Boring Records (BR) 
can be summarized in four steps:  
• Field sampling and descriptions (Section 2) 
• Quality check of field descriptions (Section 2) 
• Refinement of descriptions, and classification 

of soil, based on laboratory test results, if 
performed (Section 3) 

• Preparation of the boring logs (Sections 4  
and 5) 

This section provides details and guidance for 
incorporating laboratory test data and preparing 
boring logs. Figure 4-1 is a schematic 
representation of the process from obtaining 
subsurface information to the creation of boring 
logs. 

 

4.2 Factual vs. Interpretive 
Subsurface Data 

FHWA guidelines state: “factual subsurface data 
which is pertinent to the project subsurface 
conditions should be presented in an easily 
understood fashion on the contract documents.” 
However, there is an inherent level of professional 
interpretation in describing subsurface conditions 
that cannot be avoided.  
Some examples: 
• Field description and identification procedures, 

according to ASTM D 2488-06, require 
estimation and interpretation. 

• Sampling may occur at discrete intervals, yet 
layer boundaries may fall between sampling 
locations. The boundaries may be identified 
based on visual observations of cuttings during 
boring advancement. There may be uncertainty 
as to the depth at which a material change 
occurs. 

• Continuity of material types between discrete 
sampling locations is sometimes difficult to 
confirm. 

 
Figure 4-1 
 

 
 

Prepare 
Boring Logs 
(Sec. 4 & 5) 

YES 

Quality 
Check of 
Field 
Observations 
(Sec. 2) 

Incorporate 
Laboratory Data, 
Refine 
Descriptions, and 
Classify (Sec. 3) 

Field 
Sampling 
and 
Descriptions 
(Sec. 2) 

Laboratory 
Tests? 

NO 
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4.3 Incorporating Laboratory Data, 
Refining Descriptions, and 
Classifying Soil 

When describing soil or rock, the geoprofessional 
shall use the most reliable data available. Such data 
could be field-generated, or a combination of field- 
and laboratory-generated data. If laboratory tests 
are performed, and in the opinion of the 
geoprofessional, those test results represent the 
actual conditions of the soil or rock, those test 
results shall control the identification, description, 
or classification. 

Laboratory tests are usually not performed on 
every sample, especially on contiguous samples 
within a layer of similar material. Professional 
judgment should be used to apply test results from 
one sample to the descriptor of contiguous samples 
within a boring when the field observations were 
such that the geoprofessional considers that 
particular attribute of the material to be consistent 
across the contiguous samples.  

For example, three contiguous samples were 
determined to be “medium stiff” using the thumb 
method. However, a triaxial test on one of those 
samples indicated that the material was in fact 
“stiff.” In this example, the consistency descriptor 
for the entire layer should be “stiff.”  

 
4.3.1 Subsurface Data Presentation 

Method 
A “layer presentation” method shall be used to 
present soil and rock descriptions on boring logs. 
(See Figure 4-3.) This method presents a single 
primary description for a layer spanning one or 
more contiguous sample locations. However, the 
layer description may vary with depth as 
observations and/or laboratory testing at sample 
locations warrant. This method is used to simplify 

the boring log presentation format and provide 
clarity, especially to prospective bidders.  

 

4.3.2 General Rules and Considerations 
The following general rules apply to the layer 
presentation method: 
• A change in a soil’s Group Symbol or a rock 

type shall result in a new layer within the 
boring log. 

• Reliable laboratory test results shall be used 
when performed to determine the applicable 
descriptors within the descriptive sequence (i.e. 
Group Name and Symbol, consistency, 
gradation properties, plasticity, and rock 
strength).  

• Individual descriptors for contiguous samples 
with the same descriptions and classifications 
should be adjusted based on the test results of 
one or more representative samples. Use of 
more than one test sample is encouraged. 

• When specifying a descriptive range, the range 
shall not span more than one step on the range 
of descriptors. For example, “stiff to very stiff” 
would be acceptable; but “soft to hard” would 
not be acceptable because the range is too 
broad to be useful.  
Exception: Any range of colors is acceptable. 

• The descriptive sequence used to describe a 
layer of soil or rock shall describe that layer in 
its entirety. Where changes are noted at depths 
within the layer, those changes shall replace the 
preceding descriptor and shall apply from that 
depth to the bottom of the layer. 

• The layer presentation of the boring log shall 
enable the reader to derive individual sample 
descriptions based on the layer description and 
sample information provided.
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4.3.3 Example 
The process for developing boring logs has been presented in detail throughout this Manual In general, field 
sample descriptions are corrected and calibrated based on laboratory results, layer boundaries are determined 
by grouping samples within the same group symbol, sample descriptions are consolidated into a single layer 
description, and, finally, description changes are noted with depth within layers. 

The following example demonstrates how a geoprofessional develops a layer presentation, based on field 
descriptions and laboratory test results.  
Figure 4-2 

Depth 
(ft.) Sample Field 

Testing 
Field Description and 

Identification 
Lab 

Testing 
Lab Corrected Description 

and Identification or 
Classification 

Final Layer 
Presentation 

3.5-5 R-07-
001-S01 

SPT Well-graded SAND with 
GRAVEL and COBBLES 
(SW), loose, yellowish 
brown, moist, about 10% 
subrounded COBBLES, 
about 15% coarse to fine 
GRAVEL, about 80% 
coarse to fine SAND, about 
5% fines, (fill) 

 Well-graded SAND with 
GRAVEL and COBBLES (SW), 
loose, yellowish brown, moist, 
about 10% subrounded 
COBBLES, about 15% coarse 
to fine GRAVEL, about 80% 
coarse to fine SAND, about 5% 
fines, (fill) 

8.5-10 R-07-
001-S02 

SPT Well-graded SAND with 
GRAVEL and COBBLES 
(SW), medium dense, 
yellowish brown, moist, 
about 10% subrounded 
COBBLES, about 95% 
coarse to fine SAND, about 
5% fines, (fill) 

PA Well-graded SAND with 
GRAVEL and COBBLES (SW), 
medium dense, yellowish 
brown, moist, about 10% 
subrounded COBBLES, about 
95% coarse to fine SAND, 
about 5% fines, (fill) 

Well-graded SAND with 
GRAVEL and COBBLES 
(SW), loose, yellowish 
brown, moist, about 10% 
subrounded COBBLES, 
about 15% coarse to fine 
GRAVEL, about 80% 
coarse to fine SAND, 
about 5% fines, (fill) 
 
becomes medium dense 

13.5-15 R-07-
001-U03 

PP SANDY lean CLAY (CL), 
medium stiff, dark bluish 
gray, moist, about 35% 
medium SAND, about 65% 
fines, trace shell fragments, 
(bay mud) 

 SANDY lean CLAY (CL), 
medium stiff, dark bluish gray, 
moist, about 35% medium 
SAND, about 65% fines, trace 
shell fragments, (bay mud) 

18.5-20 R-07-
001-U04 

PP SANDY lean CLAY (CL), 
soft, dark bluish gray, 
moist, about 35% medium 
SAND, about 65% fines, 
(bay mud) 

UU, PA, PI SANDY lean CLAY (CL), 
medium stiff, dark bluish gray, 
moist, about 35% medium 
SAND, about 65% fines, (bay 
mud) 

23.5-25 R-07-
001-U05 

PP SANDY lean CLAY (CL), 
medium stiff, dark gray, 
moist, about 35% medium 
SAND, about 65% fines, 
trace shell fragments, (bay 
mud) 

UU, PA, PI SANDY lean CLAY (CL), stiff, 
dark gray, moist, about 35% 
medium SAND, about 65% 
fines, trace shell fragments, 
(bay mud) 

SANDY lean CLAY (CL), 
medium stiff, dark bluish 
gray, moist, about 35% 
medium SAND, about 
65% fines, trace shell 
fragments, (bay mud) 
 
as above except no shell 
fragments  
 
 
 
becomes stiff, dark gray 

28-29 R-07-
001-S06 

SPT SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
intensely weathered, 
moderately soft, intensely 
to moderately fractured 

 SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
intensely weathered, 
moderately soft, intensely to 
moderately fractured 

29-34 R-07-
001-C07 

 SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
moderately to slightly 
weathered, moderately 
hard, moderately fractured 

UC SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
moderately to slightly 
weathered, strong, moderately 
hard, moderately fractured 

34-39 R-07-
001-C08 

 SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
moderately to slightly 
weathered, moderately 
hard, slightly fractured 

UC SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
moderately to slightly 
weathered, strong, moderately 
hard, slightly fractured 

SEDIMENTARY ROCK 
(SHALE), dark bluish 
gray, intensely 
weathered, moderately 
soft, intensely to 
moderately fractured 
 
becomes moderately to 
slightly weathered, 
strong, moderately hard, 
moderately fractured 
 
 
becomes slightly 
fractured 
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The LOTB for the preceding example would appear as follows: 
Figure 4-3 
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Section 5:   
Boring Log and Legend Presentation Formats 
5.1 Introduction 
The Department uses the following formats to present subsurface information: 

• Log of Test Boring (LOTB), and/or  

• Boring Record (BR).  

An LOTB is typically associated with a structure facility and is attached to Project Plans. A BR is typically 
associated with an earthwork facility and is attached to a Geotechnical Report. If a subsurface exploration 
was performed, there shall be at least one type of log presentation. 

 
5.2 Log of Test Boring 
 
Figure 5-1 
Example of LOTB 
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5.2.1 Contents and Characteristics  
of the LOTB 

The Log of Test Boring (LOTB) document is 
presented as an attachment to project plans and 
characterized by the following attributes: 

• Presents the boring logs on an elevation scale. 
• Presents a plan view showing the location of 

each boring relative to an alignment and/or 
existing or planned facility. 

• Presents the type of drilling methods used to 
perform the investigation, the type of sampling 
performed, and how the sampler was advanced.  

• Presents the location and description, both 
graphical and written, of the types of soil and 
rock encountered within the borehole. 

• Presents the types of field and laboratory 
testing performed. 

• Field and Laboratory test data, if presented, 
appear at the end of the descriptive sequence. 

• Optimized for printing on full-size plan sheets 
(24" x 36") and typically reproduced on  
11" x 17" sized paper. 

• Allows presentation of more than one boring 
log per plan sheet. 

• Is accompanied by LOTB legend sheets. 
 
5.2.2 Notes on the LOTB 
Each LOTB sheet shall contain a note section for 
the geoprofessional to present notes deemed to be 
of interest to the reader.  Content of notes is left to 
the discretion of the geoprofessional except that the 
one of the following two notes shall be placed on 
each LOTB sheet: 
If the procedures of this manual were followed 
without exception, then the note shall read: 
 
“This LOTB sheet was prepared in accordance 
with the Caltrans Soil & Rock Logging, 
Classification, and Presentation Manual (Date)” 
 
If an exception to the procedures of this manual has 
been approved and implemented, then the note 
shall be modified to read: 
 
“This LOTB sheet was prepared in accordance 
with the Caltrans Soil & Rock Logging, 

Classification, and Presentation Manual (Date) 
except as noted in (Section) of (Report Title) dated 
(Date)” 
 
Optional notes may include: 

• Changes in drilling equipment 
• Site observations 
• Other drilling observations from Sections 

2.4.20 or 2.5.16. 
 
5.2.3 LOTB Sheet Formatting 
LOTB sheets shall be prepared in accordance with 
this manual and the Caltrans Plans Preparation 
Manual.  The LOTB sheet border shall present the 
following: 
 
5.2.3.1 Signature Block (Upper Right 

Corner) 
a) The State of California Registered Civil 

Engineer, Certified Engineering Geologist, 
or Registered Geologist seal with the 
signature, date, license number, and 
registration certificate expiration date of the 
engineer or geologist in responsible charge 
of the LOTB sheet; 

b) Caltrans District, County, and Route; 
c) Name and address of consultant firm in 

responsible charge of the LOTB sheet (if 
applicable); 

d) Name and address of the lead local agency 
(if applicable); and 

e) A disclaimer stating "The State of 
California or its officers or agents shall not 
be responsible for the accuracy or 
completeness of electronic copies of this 
plan sheet." 

(The Office Engineer will provide the Post 
Miles Total Project, Sheet Number, Total 
Sheets, and Plans Approval Date.) 

 
 

5.2.3.2 Title Block (Bottom, from left to 
right) 

a) Notes stating "DIVISION OF 
ENGINEERING SERVICES" and 
"GEOTECHNICAL SERVICES." For 
consultant-prepared LOTB sheets, instead 
of those notes, show the name of the Design 
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Oversight (i.e., OSFP/OSCM Senior 
Liaison) Engineer and sign-off date. 

b) “FUNCTIONAL SUPERVISOR”: The 
name of the person in charge of the 
functional unit responsible for providing 
oversight of the registered engineer or 
geologist who developed the LOTB sheet. 

c) “DRAWN BY”: The name of the person 
who prepared (drafted) the LOTB sheet 

d) “CHECKED BY”: The name of the person 
who performed the quality control check of 
the LOTB sheet 

e) “FIELD INVESTIGATION BY”: The 
name(s) of the field investigator(s); 

f) A note stating "STATE OF CALIFORNIA, 
DEPARTMENT OF 
TRANSPORTATION" with a scale below 
the sub-block and a label on the left side 
stating "ORIGINAL SCALE IN INCHES 
FOR REDUCED PLANS." For consultant-
prepared LOTB sheets, the note shall state 
"PREPARED FOR THE STATE OF 
CALIFORNIA, DEPARTMENT OF 
TRANSPORTATION." 

g) A note stating "DIVISION OF 
ENGINEERING SERVICES 
STRUCTURE DESIGN." For consultant-
prepared LOTB sheets, instead of this note, 
show the name of the Project Engineer; 

h) The Caltrans Contract Expenditure 
Authorization (CU and EA) numbers; 

i) The State-assigned Bridge (or Structure) 
Number, Kilometer Post, and the State-
assigned Bridge (or Structure) Name; 

j) The initial drawn by and subsequent 
revision dates; and 

k) A label stating "LOG OF TEST BORINGS 
_ OF _" (if applicable).  

(The Office Engineer will provide the Sheet 
Number and Total Sheets Number.) 
 

5.2.3.3 Plan View 
a) Plan View shall be shown at the top of the 

first LOTB sheet. When the site is 
sufficiently large or complex, the first 
LOTB sheet should be used entirely for the 
Plan View. 

b) When multiple LOTB sheets are drafted, 
they shall be numbered with reference to 

the stationing of the control line (i.e., 
showing sheet No. 1 with the lowest 
stationing and the last sheet with the highest 
stationing). 

c) A distinct Plan View of the project site that 
is independent of the Profile View shall be 
shown on the LOTB. 

d) Show the location, description, and 
elevation of the benchmark used for 
determining the top of boring elevations at 
the top left side of the Plan View under the 
heading “BENCHMARK”.  Identify the 
vertical datum (National Geodetic Vertical 
Datum, U.S. Geological Survey, U.S. Coast 
& Geodetic Survey, District, etc.) used to 
determine the benchmark elevations. 

e) Show the scale directly below the Plan 
View label. 

f) Show a North arrow. 
g) Lines or control lines shown in the Plan 

View shall be consistent with those shown 
on the General Plan sheet. 

h) Show stationing and names for control lines. 
Stationing shall increase from left to right.  
Show a minimum of two stations on all 
lines. 

i) Show control line intersection stationing 
and bearings. 

j) Show names and directions of nearest cities. 
k) Show names and directions of stream flows 

when applicable. 
l) Plot boring locations with symbols as 

shown in the legend to identify drilling 
methods (e.g., auger hole, rotary hole, cone 
penetration).  The Hole Identification shall 
be presented with each symbol. 

m) Boring locations are to be identified by 
reference line, station, and offset.  
Coordinates, such as Northing and Easting, 
may also be shown on the LOTB sheets. 

 
5.2.3.4 Profile View 

a) Show the control line, increasing from left 
to right, horizontally across the bottom of 
the Profile View. 

b) Show the elevations and grid lines on both 
the left and right margins.  Numerical 
values shall be in multiples of 10 (i.e. 20, 
10, 0, -10, -20). 
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c) Show the Hole Identification, top of hole 
elevation, stationing, and offset at the top of 
each boring log. 

d) Show types and diameters of each boring as 
shown in the legend. 

e) Show the completion date of boring (m/d/y) 
at the bottom of each boring log. 

f) Show “Terminated at EL. XX’” to indicate 
the bottom of boring elevation. 

g) Show the SPT hammer energy ratio, 
“Hammer Energy Ratio (ERi) = XX%,” at 
the bottom of each boring. 

h) Show date and elevation of groundwater 
measurement. 

i) Show results from field penetration tests at 
relevant elevations along the boring log. 

j) Show types of field and laboratory tests 
with symbols as indicated in the legend, at 
relevant elevations along the right side of 
the boring log. 

k) Show the Profile scales (horizontal and 
vertical) under the heading “PROFILE”. 

 

5.2.3.5 Additional information to be 
included  

a) Show standard note identifying the logging 
practice as follows:   

 
“This LOTB sheet was prepared in 
accordance with the Caltrans Soil & Rock 
Logging, Classification, and Presentation 
Manual”  
 
When a LOTB presents information that 
deviates from the Caltrans Soil & Rock 
Logging, Classification, and Presentation 
Manual standards, the standard note shall 
be modified to read as follows:   
 
“This LOTB sheet was prepared in 
accordance with the Caltrans Soil & Rock 
Logging, Classification, and Presentation 
Manual except as noted in (section) of 
(Report Title) dated (Date)” 
 

b) Descriptions of types of samplers used for 
the field exploration. 

 

5.2.4 As-Built LOTB Sheet Formatting 
As-Built LOTB sheet(s) shall be prepared 
according to the following standards. 
 
5.2.4.1 Obtaining and Reproducing the 

As-Built LOTB Sheet 
a) Reproducible copies of As-Built LOTB 

sheets may be obtained from the Microfilm 
Services Units in the Caltrans District 
Offices.  If the As-Built LOTB sheets 
provided to Local Agencies or consultants 
by the Caltrans District Offices are not 
legible, a full sized copy should be 
requested from Geotechnical Services. 

b) As-Built LOTB sheets shall be size "D" 
(24" by 36"). The As-Built LOTB title 
block shall be sized to fit and placed over 
any open space (preferably toward the top) 
on the As-Built LOTB sheet. 

c) Information on the As-Built LOTB sheet 
shall be clear and legible. In order to 
improve the legibility of the information, it 
may be necessary to darken the line work 
and the notations.  

 

5.2.4.2 Typical Modifications to As-Built 
LOTB Sheets  

a) If As-Built LOTB sheets are shown in 
metric units, the offset and stationing 
location of each boring must be converted 
to imperial units. A table shall be added 
showing the dual dimensions (Metric and 
English) of each boring.  The table shall 
show the station and offset in relation to the 
new English line.  The General Plan will 
show the current English control line. 

 

5.2.4.3 The As-Built LOTB Title Block 
shall include the following 
information for the current 
project 

a) A note stating "GEOTECHNICAL 
SERVICES -- DIVISION OF 
ENGINEERING SERVICES" (if 
applicable). 

b) Caltrans District, County, Route, Post Miles 
- Total Project, State-assigned Bridge (or 
Structure) Number and Name, and 
Expenditure Authorization (CU and EA) 
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numbers. The Office Engineer will provide 
the Sheet Number and Total Sheets Number. 

c) The State of California Registered Civil 
Engineer or Registered Geologist seal with 
the signature, date, license number, and 
registration certificate expiration date of the 
engineer or geologist in responsible charge 
of the LOTB sheet. 

d) A note stating, "As-Built Log of Test 
Borings sheet is considered an 
informational document only. As such, the 
State of California registration seal with 
signature, license number and registration 
certificate expiration date confirm that this 
is a true and accurate copy of the original 
document. It does not attest to the accuracy 
or validity of the information contained in 
the original document. This drawing is 
available and presented only for the 
convenience of any bidder, contractor or 
other interested party." 

e) A sub-box stating "LOG OF TEST 
BORINGS _ OF _" (if applicable). 

e) A note stating "A COPY OF THIS LOG 
OF TEST BORINGS IS AVAILABLE AT 
OFFICE OF STRUCTURE 
MAINTENANCE AND 
INVESTIGATIONS, SACRAMENTO, 
CALIFORNIA" (if applicable). 

 
5.2.5 The LOTB Legend Sheets 
The soil and rock legend sheets are standard forms 
that provide convenient references for the required 
soil and rock description, identification, and/or 
classification components presented in this Manual. 
References for optional descriptors do not appear 
on the legend sheets; however, they are explained 
in this Manual.  To correctly interpret the LOTB, 
the reader shall be familiar with this Manual.  

There are two legend sheets, one predominantly for 
soil and the other for rock, as shown in the Figures 
5-2 and 5-3. 

The legend sheets define the format for the 
graphical presentation of a boring log and 
differentiate among the various borehole and 
sounding types. The legend sheets also present the 
symbols used to identify laboratory tests. 

 

 
GEOTECHNICAL SERVICES – DIVISION OF ENGINEERING SERVICES 

As-Built Log of Test Borings sheet is considered an informational document only. As such, the State of 
California registration seal with signature, license number and registration certificate expiration date 
confirm that is this a true and accurate copy of the original document. It does not attest to the accuracy or 
validity of the information contained in the original document. This drawing is available and presented only 
for the convenience of any bidder, contractor or other interested party.    
DIST. COUNTY ROUTE POST MILES – TOTAL PROJECT SHEET NO. TOTAL SHEETS 

08 SBD 210 10.00-15.00 24 25 
 
 
 
                                                                                                                                                           
REGISTERED ENGINEER – CIVIL                                                        DATE 
 

MAIN STREET OVERCROSSING 
LOG OF TEST BORINGS 5 OF 6 

NOTE: A COPY OF THIS LOG OF TEST BORINGS IS AVAILABLE AT 
OFFICE OF STRUCTURE MAINTENANCE AND INVESTIGATIONS, 
SACRAMENTO, CALIFORNIA  

CU: 12 
EA: 432563 

BRIDGE NO. 
12-3456 
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Four general hole-type formats are graphically 
presented as follows: 

5.2.5.1 Hand Boring 
Hand Driven (HD) (1-inch soil tube) and Hand 
Auger (HA) borings shall be presented using the 
following format: 
Figure 5-4 

 
5.2.5.2 Rotary Boring 
Rotary Drilled Boring or Diamond Core (R), 
Rotary Percussion Boring (Air) (P), Auger Boring 
(A), shall be presented using the following format: 
Figure 5-5 

 
Notes: 
If laboratory tests are not shown as being performed, the soil 
descriptions presented in the LOTB are based solely on the 
visual practices described in this Manual.  

Changes in material with depth shall be noted 
using the following terms: 

Figure 5-6 
Definitions for changes in material 
Term Definition 

Material Change Change in material is 
observed in the sample 
or core, and the location 
of change can be 
accurately measured. 

Estimated Material 
Change 

Change in material 
cannot be accurately 
located because either 
the change is 
gradational or because 
of limitations in the 
drilling/sampling 
methods used. 

Soil/Rock Boundary Material changes from 
soil characteristics to 
rock characteristics and 
that change can be 
measured or estimated. 

 
5.2.5.3 Dynamic Cone Penetration 

Sounding 
The Dynamic Cone Penetration Sounding (D) shall 
be presented using the following format: 
Figure 5-7 
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5.2.5.4 Cone Penetration Test (CPT) 
Sounding 

A Cone Penetration Test (CPT) sounding shall be 
presented using the following format: 
Figure 5-8 

 

5.2.5.5 Rock Coring 
Rock coring logs shall be presented using the 
following format: 
Figure 5-9 

 
5.2.5.6 Hole Type Symbols 
Hole type is identified within the hole 
identification numbering convention (see Section 
2.3) and symbolized on the LOTB as follows: 
Figure 5-10 
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5.2.5.7 Graphical Representation of Material Types 
Soil Group Name and Group Symbol and Rock Type are symbolized on the LOTB as follows: 
Figure 5-11 
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5.3 Boring Records 
Figure 5-12 
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Figure 5-12 (continued) 
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Figure 5-13 
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5.3.1 Content and Characteristics of the 
BR 

A Boring Record (BR) document is presented as an 
attachment to a geotechnical report and is 
characterized by the following attributes: 
• Presents a single borehole record or CPT 

sounding. 
• Presents the borings to an elevation scale. 
• Presents the type of drilling method used to 

perform the investigation, the type of sampling 
performed, and how the sampler was advanced. 

• Presents the location and description, both 
graphical and written, of the types of soil and 
rock encountered within the borehole. 

• Accommodates the presentation of select field 
and laboratory test results.  

• Optimized for printing on 8.5" x 11" sheets 

• Is accompanied by BR Legend Sheets. 

 

5.3.2 Notes on the BR 
If the procedures of this manual were followed 
without exception, then the following note shall 
appear on the first page of the BR: 
 
“This Boring Record was prepared in accordance 
with the Caltrans Soil & Rock Logging, 
Classification, and Presentation Manual (Date)” 
 
If an exception to the procedures of this manual has 
been approved and implemented, then the note 
shall be modified to read: 
 
“This Boring Record was prepared in accordance 
with the Caltrans Soil & Rock Logging, 

Classification, and Presentation Manual (Date) 
except as noted in (Section) of (Report Title) dated 
(Date)” 
 
Optional notes are left to the discretion of the 
geoprofessional and, if are specific to an elevation 
or depth, should be presented at the appropriate 
location in the “Remarks” column.  These notes 
may include: 

• Changes in drilling equipment 
• Other drilling observations from Sections 

2.4.22 or 2.5.17. 
Notes that are more general in content, such as a 
site observation, should be placed within the body 
of the geotechnical report. 
 

5.3.3 The Boring Record Legend Sheets 
The soil and rock legend sheets are standard forms 
that provide convenient references for the required 
soil and rock description, identification, and/or 
classification components presented in this Manual. 
References for optional descriptors do not appear 
on the legend sheets; however, they are explained 
in this Manual.  To correctly interpret the BR, the 
reader shall be familiar with this Manual.  

There are three legend sheets: one predominantly 
for soil and the other for rock, as shown in the 
following figures. 

The legend sheets define the format for the 
graphical presentation of a boring log and 
differentiate among the various borehole and 
sounding types. The legend sheets also present the 
symbols used to identify laboratory tests. 
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Figure 5-14 

 



 

Soil and Rock Logging, Classification, and Presentation Manual, Section 5 69  

Figure 5-15 
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Figure 5-16 
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Appendix A:   
Field Test Procedures 
A.1 Pocket Penetrometer 
The Pocket Penetrometer test is conducted using 
the following general instructions: 

• To begin test, remove protective cap, push ring 
against body so that low side reads 0. 

• Slowly insert piston until engraved mark is 
level with soil. 

• Observe the reading in TSF (KG/SQ CM) using 
low side of ring, (side closest to the piston end): 
record reading and repeat. 

• For weak soils, use 1” adapter foot, multiply 
reading by 0.0625. 

 
A.2 Torvane 
The Torvane test is conducted using the following 
general instructions: 

• To start test, push indicator counter clockwise 
to zero stop. 

• Select reasonably flat surface at least 1 inch in 
diameter. 

• Using midsize vane, one revolution equals 1 
TSF (1KG/SQ CM). 

• One revolution using small and large vane 
equals respectively 2.5 and 0.2 TSF (KG/SQ 
CM). 

• Press pocket vane shear tester into soil to depth 
of blade; maintain constant vertical pressure 
while turning knob clockwise at rate to develop 
failure within 5 to 10 seconds. 

• After failure develops, release remaining spring 
tension slowly.  Pointer will indicate maximum 
shear value until manually reset. 

A.3 Dry Strength 
From the specimen, select enough material to mold 
into a ball about 1 in. (25 mm) in diameter. Mold 
the material until it has the consistency of putty, 
adding water if necessary. From the molded 

material, make at least three test specimens. A test 
specimen shall be a ball of material about 1⁄2 in. 
(12 mm) in diameter. Allow the test specimens to 
dry in air, or sun, or by artificial means, as long as 
the temperature does not exceed 60°C. If the test 
specimen contains natural dry lumps, those that are 
about 1⁄2 in. (12 mm) in diameter may be used in 
place of the molded balls. Test the strength of the 
dry balls or lumps by crushing between the fingers. 
Note the strength as none, low, medium, high, or 
very high in accordance with the criteria in the 
table in Section 2.4.14. If natural dry lumps are 
used, do not use the results of any of the lumps that 
are found to contain particles of coarse sand. The 
presence of high-strength water-soluble cementing 
materials, such as calcium carbonate, may cause 
exceptionally high dry strengths. The presence of 
calcium carbonate can usually be detected from the 
intensity of the reaction with dilute hydrochloric 
acid. 

 

A.4 Dilatancy 
From the specimen, select enough material to mold 
into a ball about 1⁄2 in. (12 mm) in diameter. Mold 
the material, adding water if necessary, until it has 
a soft, but not sticky, consistency. Smooth the soil 
ball in the palm of one hand with the blade of a 
knife or small spatula. Shake horizontally, striking 
the side of the hand vigorously against the other 
hand several times. Note the reaction of water 
appearing on the surface of the soil. Squeeze the 
sample by closing the hand or pinching the soil 
between the fingers, and note the reaction as none, 
slow, or rapid in accordance with the criteria in the 
table in Section 2.4.15. The reaction is the speed 
with which water appears while shaking, and 
disappears while squeezing. 

 

A.5 Toughness 
Following the completion of the dilatancy test, the 
test specimen is shaped into an elongated pat and 
rolled by hand on a smooth surface or between the 
palms into a thread about 1⁄8 in. (3 mm) in 
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diameter. (If the sample is too wet to roll easily, it 
should be spread into a thin layer and allowed to 
lose some water by evaporation.) Fold the sample 
threads and reroll repeatedly until the thread 
crumbles at a diameter of about 1⁄8 in. The thread 
will crumble at a diameter of 1⁄8 in. when the soil 
is near the plastic limit. Note the pressure required 
to roll the thread near the plastic limit. Also, note 
the strength of the thread. After the thread 
crumbles, the pieces should be lumped together 
and kneaded until the lump crumbles. Note the 
toughness of the material during kneading. 
Describe the toughness of the thread and lump as 
low, medium, or high in accordance with the 
criteria in the table in Section 2.4.16. 

 
A.6 Jar Slake Index Test 
Slaking behavior of intact rock specimens is 
quantified as an index. A laboratory index test 
called the Slake Durability Test (ASTM D 4644-04) 
is the most rigorous method of measuring this 
behavior. A simple, but less sensitive method can 
be employed in the field or in the office to screen 
specimens of the Slake Durability test. The “Jar 
Slake Test” method is presented here. A water 
filled jar and a watch are all that are required to 
perform this simple test. The steps are as follows: 
• A fragment of rock is immersed in enough 

water to cover it by 15 mm. It is best if the rock 
is oven dried. It has been reported that damp 
material is relatively insensitive to degradation 
in this test when compared with dry material. 

• After immersion, the fragment is observed 
continuously for the first 10 minutes and 
carefully during the first 30 minutes. When a 
reaction occurs, it is often during the first 30 
minutes. A final observation is made after 24 
hours. 

• The condition of the piece is categorized 
(complete breakdown, partial breakdown, no 
change), as shown in the table in Section 2.5.14  
(Air Force Manual 1983). 

 

A.7 Calcium Carbonate 
Because calcium carbonate is a common cementing 
agent, it is important to report its presence, which 
is done on the basis of the reaction with dilute 
hydrochloric acid (HCl). Use the ASTM D 2488-
06 standard to describe the reaction with HCl, as 
indicated in Figure 2-19 below.  
 
Figure 2-19 
Descriptors for calcium carbonate reaction 
Description Criteria 
None No visible reaction. 
Weak Some reaction, with bubbles forming 

slowly. 
Strong Violent reaction, with bubbles forming 

immediately. 
 
A.8 Standard Penetration Test 
Standard Penetration Tests (SPT) shall be 
conducted according to the following test methods: 
• ASTM D 1586-99, Standard Test Method for 

Penetration Test and Split-Barrel Sampling of 
Soils 

• ASTM D 6066-96, Standard Practice for 
Determining the Normalized Penetration 
Resistance of Sands for Evaluation of 
Liquefaction Potential 

The following guidance is provided: 

• Blow counts shall be reported on the LOTB 
and BR as observed in the field, N, with no 
corrections. 

Where, 

N  The sum of the hammer blows required 
to drive the sampler over the test 
interval from 0.5 to 1.5 ft below the 
cleanout depth. 

• Hammer efficiency shall be noted on the LOTB 
and BR to allow the reader to determine N60 or 
(N1)60. 

Where, 

ERi  Hammer energy ratio 
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N60  Penetration resistance adjusted to a 
60 % drill rod energy ratio per 
ASTM D 6066-96:   N60 = 
Nmeasured X (ERi /60) 

(N1)60  Penetration resistance adjusted for 
energy and normalized to a 1 ton/ft2 
stress level. 

• Blow counts for each of the 6 inch increments 
shall be recorded in the field, but not 
necessarily reported on the LOTB and BR. The 
2nd and 3rd driving intervals shall be summed 
and reported.  
For example: 

1st 6 in. interval: 10 blows 
2nd 6 in. interval: 15 blows 
3rd 6 in. interval: 18 blows 
N reported as “33” 

• For partial increments, the depth of penetration 
shall be reported to the nearest 1 inch, in 
addition to the number of blows.  
For example: 

1st 6 in. interval: 20 blows 
2nd 6 in. interval: 40 blows 
3rd 6 in. interval: 60 blows for 2 inches,  

then refusal 
N reported as “100/8” 

• If the seating interval (1st 6 in. interval) is not 
achieved, note refusal. 
For example: 

1st 6 in. interval: 50 blows for 2 inches,  
then refusal 

N reported as “REF” 

• If a substantial change in material is 
encountered over the course of driving the 
sampler, the 2nd and 3rd driving intervals can be 
reported separately.  
For example: 

1st 6 in. interval: 10 blows 
2nd 6 in. interval: 20 blows 
3rd 6 in. interval: 60 blows for 3 inches,  

then refusal 
N reported as “20/6, 60/3” 

 
A.9 Core Recovery (REC) 
The core recovery value (REC), with few 
exceptions, provides an indication of the success of 
the coring operation in recovering the cored rock. 
Portions of the cored rock mass may not be 
recovered because the fluid used in the drilling 
operations transports portions of the rock mass 
during the coring operation or the rotation of the 
core barrel traps and grinds away portions of the 
rock mass. Diminished core recovery can also be 
attributed to voids within the rock mass. Core 
recovery is expressed as a percentage. 
 

Σ (Length of the recovered  
core pieces, inches)(100%) REC = Total length of the core run, inches 

 
 
A.10 Rock Quality Designation (RQD) 
Rock Quality Designation is an index that relates to 
the degree of fracturing in a rock mass as observed 
in a core specimen. A high value of RQD is 
indicative of a less fractured rock mass or a rock 
mass having widely spaced fractures. RQD is valid 
for core diameters from 1.4 to 3.35 inches.  This 
RQD criteria is generally based on ASTM D 6032-
02.  

 
Σ (Length of intact core pieces > 4 

inches)(100%) RQD = Total length of the core run, inches 
 

 
Used alone, RQD is not sufficient to provide an 
adequate description of rock mass quality. The 
RQD does not account for joint orientation, 
tightness, continuity, and gouge material. The RQD 
shall be used in combination with other geological 
and geotechnical input. 

The RQD denotes the percentage of intact rock 
retrieved from a borehole of any orientation. All 
pieces of intact rock core equal to or greater than 4 
inches long are summed and divided by the total 
length of the core run. An intact core is any 
segment of core between two open, natural 
discontinuities.  
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Appendix B:   
Field Logging Aids 
B.1 Field Sample Logging Forms 
Forms are provided to assist the sample logging 
process in the field.  One form is used specifically 

for soil samples, while the other used for rock 
samples. 
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Soil Sample Field Description & Identification 

Instructions: 
• Field Description and Identification based upon Soil and Rock Logging, Classification, and Presentation Manual, dated July 1, 2007. 
• Shaded fields are required, non-shaded fields are optional. 
• Intensely weathered or decomposed rock that is friable and that can be reduced to gravel size or smaller by normal hand pressure shall be identified and described as rock followed by the soil 

identification or classification, and description in parenthesis. 
 

Project 
      

Logged by 
      

Date 
      

Hole ID 
      

District 
      

County 
      

Route 
      

Postmile 
      

EA 
      

Sample Depth 
      

Sample ID 
      

Drilling Method 
      

Sampler Type and Size 
      

 

SPT Blow Counts 

1st 6 in. interval        

Hammer energy ratio (ERi) 
      

Pocket Penetrometer Measurement 
      

2nd 6 in. interval       

3rd 6 in. interval       
Nmeasured =         

N60 = Nmeasured x (ERi /60) 
      

Torvane Measurement 
      

 

Group Name 
      

Group Symbol 
      

Color  
      

Consistency 
Very Soft 
Soft 
Medium Stiff 
Stiff 
Very Stiff 
Hard 

Apparent Density 
Very loose 
Loose 
Medium dense  
Dense 
Very dense 

Moisture 
Dry 
Moist 
Wet 

Structure 
Stratified 
Laminated 
Fissured 
Slickensided 
Blocky 
Lensed 
Homogeneous 

Cementation  
Weak 
Moderate 
Strong 

Additional Description  
      

 

Rock Identification 
      
 
 

B
ou

ld
er

s 

     % 
Intersected Lengths of Core 
      

Weathering 
Fresh 
Slightly Weathered to Fresh 
Slightly Weathered 
Moderately to Slightly Weathered 
Moderately Weathered 
Intensely to Moderately Weathered 
Intensely Weathered 
Very Intensely Weathered 
Decomposed 

Rock Hardness 
Extremely Hard 
Very Hard 
Hard 
Moderately Hard 
Moderately Soft 
Soft 
Very Soft 

Angularity 
Angular 
Subangular 
Subrounded 
Rounded 

 

Shape 
Flat 
Elongated 
Flat and Elongated  

 

Rock Identification 
      
 
 

C
ob

bl
es

 Pe
rc

en
t (

es
t.)

 
10

0%
 T

ot
al

 b
y 

Vo
lu

m
e 

of
 e

nt
ire

 s
am

pl
e 

     % 
Intersected Lengths of Core 
      

Weathering 
Fresh 
Slightly Weathered to Fresh 
Slightly Weathered 
Moderately to Slightly Weathered 
Moderately Weathered 
Intensely to Moderately Weathered 
Intensely Weathered 
Very Intensely Weathered 
Decomposed 

Rock Hardness 
Extremely Hard 
Very Hard 
Hard 
Moderately Hard 
Moderately Soft 
Soft 
Very Soft 

Angularity 
Angular 
Subangular 
Subrounded 
Rounded 

 

Shape 
Flat 
Elongated 
Flat and Elongated  

 

 

G
ra

ve
l 

     % 

(or) Proportion 
Trace 
Few 
Little 
Some 
Mostly 

Size 
Coarse 
Fine 

Angularity 
Angular 
Subangular 
Subrounded 
Rounded 

Shape 
Flat 
Elongated 
Flat and Elongated 

    

Sa
nd

 

     % 

(or) Proportion 
Trace 
Few 
Little 
Some 
Mostly 

Size 
Coarse 
Medium 
Fine 

Angularity 
 (for coarse only) 

Angular 
Subangular 
Subrounded 
Rounded 

     

Fi
ne

s 

Pe
rc

en
t (

es
t.)

 
10

0%
 T

ot
al

 b
y 

W
ei

gh
t o

f s
oi

ls
 p

or
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n 

     % 

(or) Proportion 
Trace 
Few 
Little 
Some 
Mostly 

Plasticity 
Nonplastic 
Low 
Medium 
High 

Dry Strength 
None 
Low 
Medium 
High 
Very High 

Dilatency 
None 
Slow 
Rapid 

Toughness 
Low 
Medium 
High 
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Rock Sample Field Description & Identification 

Instructions: 
• Field Description and Identification based upon Soil and Rock Logging, Classification, and Presentation Manual, dated July 1, 2007. 
• Shaded fields are required, non-shaded fields are optional. 
• Intensely weathered or decomposed rock that is friable and that can be reduced to gravel size or smaller by normal hand pressure shall be identified and described as rock followed by the soil 

identification or classification, and description in parenthesis. 
 

Project 
      

Logged by 
      

Date 
      

Hole ID 
      

District 
      

County 
      

Route 
      

Postmile 
      

EA 
      

Sample Depth 
      

Sample ID 
      

Drilling or Coring Method 
      

Sampler Type and Size 
      

 

Length of Core Run 
      

Length of the recovered core pieces 
      

Length of intact core pieces > 4 inches 
      

Recovery (REC) 
      

Rock Quality Designation (RQD) 
      

 

Rock Identification 
      
Color  
      

Odor 
      

Additional Description  
      

Family Name 
Sedimentary 
Igneous 
Metamorphic 

Bedding Spacing 
Massive 
Very thickly bedded 
Thickly bedded 
Moderately bedded 
Thinly bedded 
Very thinly bedded 
Laminated 

Texture 
Pitted 
Vuggy 
Cavity 
Honeycombed 
Vesicular 

Rock Grain-Size 
(Crystalline Igneous and Metamorphic Rock) 

Very coarse grained or pegmatitic 
Coarse-grained 
Medium-grained 
Fine-grained 
Aphanitic 

 
(Sedimentary Rock) 

Boulder, Boulder Conglomerate 
Cobble, Cobble Conglomerate 
Pebble, Pebble Conglomerate 
Granule, Granule Conglomerate 
Very Coarse Sand 
Coarse Sand 
Medium Sand 
Fine Sand 
Very Fine Sand 
Silt, Siltstone, Shale 
Clay, Claystone, Shale 

 
(Pyroclastic Igneous Rock) 

Block (Angular), Volcanic Breccia 
Bomb (Rounded), Agglomerate 
Lapilli, Lapilli Tuff 
Coarse Ash, Coarse Tuff 
Fine Ash, Fine Tuff 

Weathering 
Fresh 
Slightly Weathered to Fresh 
Slightly Weathered 
Moderately to Slightly Weathered 
Moderately Weathered 
Intensely to Moderately Weathered 

 
(Requires completion of Soil Sample 
Field Description and Identification 
form) 

Intensely Weathered 
Very Intensely Weathered 
Decomposed 

Rock Hardness 
Extremely Hard 
Very Hard 
Hard 
Moderately Hard 
Moderately Soft 
Soft 
Very Soft 

 

Fracture Density 
Unfractured 
Very slightly fractured 
Slightly to very slightly fractured 
Slightly fractured 
Moderately to slightly fractured 
Moderately fractured 
Intensely to moderately fractured 
Intensely fractured 
Very intensely to intensely fractured 
Very intensely fractured 

Discontinuity Type 
Joint (JT) 
Foliation Joint (FJ) or Bedding Joint (BJ) 
Bedding Plane Separation 
Incipient Joint (IJ) or Incipient Fracture (IF) 
Random Fracture (RF) 
Mechanical Break (MB) 
Fracture Zone (FZ) 

Discontinuity Dip Magnitude 
      

Jar Slake Index, Ij 
1 
2 
3 
4 
5 
6 

Discontinuity Weathering 
Fresh 
Slightly Weathered to Fresh 
Slightly Weathered 
Moderately to Slightly Weathered 
Moderately Weathered 
Intensely to Moderately Weathered 
Intensely Weathered 
Very Intensely Weathered 
Decomposed  

Discontinuity Healing 
Totally Healed 
Moderately Healed 
Partially Healed 
Not Healed 

 
Healing Material:       

Discontinuity Infilling 
Rock: 

Extremely Hard 
Very Hard 
Hard 
Moderately Hard 
Moderately Soft 
Soft 
Very Soft  

 
 

 
Soils: 

Very Soft 
Soft 
Medium Stiff 
Stiff 
Very Stiff 
Hard 
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Soil and Rock Logging, Classification, and Presentation Manual (June 2007) 
Errata Sheet (May 2009) 

 
Section # 
Page # 

Effective 
Date 

Description 

Figure 2-1 
Page 6 

5/01/2009 Item 4, 5th bullet is amended to read: 
 

• Elevation, vertical datum, benchmark description 
(including station and offset) 

Figure 2-1 
Page 6 

5/01/2009 Item 6, 10th bullet is amended to read: 
  

• Measured SPT energy efficiency ratio 
Figure 2-3 
Page 8 

5/01/2009 The following item is amended: 
 
Sequence Item 12 – Plasticity (for fine-grained soils) - 
Optional 

Figure 2-3 
Page 8 

5/01/2009 Sequence 19 is amended and Sequence 20 is added to read: 
 

19 Consistency Field Test Result (tsf) 2.4.3 ●  
20 Additional Comments 2.4.19  ○  

Sec. 2.4.3 
Page 13 

5/01/2009 The first paragraph is amended to read: 

The required procedure for the determination of consistency 
of cohesive soils is to obtain relatively undisturbed samples 
and perform field tests with a pocket penetrometer or torvane. 
(See Appendix A for details on the test procedures.)  The 
pocket penetrometer or torvane test result shall be reported 
near the end of the descriptive sequence (Sequence Item 
#19) when cohesive soils are described.   Use “PP” pocket 
penetrometer and “TV” for pocket torvane, e.g PP = 1.0 

 
Figure 2-9 
Page 15 

5/01/2009 The figure is amended to read: 
 

Description SPT N60 (blows/ft) 

Very loose 0 < N60 < 5 

Loose 5 ≤ N60 < 10 

Medium dense 10 ≤ N60 < 30 

Dense 30 ≤ N60 < 50 

Very dense        N60 ≥ 50  

 - 1 - 



Soil and Rock Logging, Classification, and Presentation Manual (June 2007) 
Errata Sheet (May 2009) 

 
Section # 
Page # 

Effective 
Date 

Description 

Sec. 2.4.4 
Page 15 

8/01/2007 The following text: 
 
ERi = Hammer energy ratio 
 
is amended to read: 
 
ERi = Hammer energy ratio (%) 
 

Sec. 2.4.8 
Page 16 

8/01/2007 The second paragraph is amended to read: 
 
The percentages of gravel, sand, and fines must add up to 100 
%.  The term “about” shall be used if the percentage of 
constituents is estimated in the field. 
 

Sec. 2.4.18 
Page 19 

5/01/2009 The first two bullets are amended to read: 
 

• Rock Identification or Rock Family Name 
• Weathering (optional) 

 
Sec. 2.5 
Page 20 

8/01/2007 The example in Section 2.5 is amended to read: 
 
IGNEOUS ROCK (GRANITE); light gray to light yellowish 
brown intensely weathered; soft, unfractured; (Lean CLAY 
with SAND (CL); medium stiff; moist; little coarse SAND; 
medium plasticity). 
 

Figure 2-21 
Page 20 

5/01/2009 Sequence Item #2 is amended to read: 
 
Rock Grain Size (coarse-grained sedimentary rock – 
Required; other rock – Optional) 

Figure 2-21 
Page 20 

5/01/2009 Sequence Item #3 is amended to read: 
 
Bedding Spacing (sedimentary rock and bedded volcanic 
rock – Required) 

Figure 2-26 
Page 24 

5/01/2009 Figure 2-26 is replaced by Figures 2-26a and 2-26b (attached) 

Sec. 2.5.5 
Page 25 

5/01/2009 The first sentence is amended to read: 
 
Use the color name from the Munsell Soil Color Chart to 
describe the rock at the time of sampling.   

 - 2 - 
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Section # 
Page # 

Effective 
Date 

Description 

Figure 2-30 
Page 27 

8/01/2007 The criteria for “Moderately Soft” are amended to read: 
 
Specimen can be grooved 1/16 in. deep with a pocket knife or 
sharp pick with moderate or heavy pressure. Breaks with light 
hammer blow or heavy manual pressure. 
 

Sec. 2.5.10 
Page 28 

5/01/2009 The 3rd paragraph is amended to read: 
 
Fracture: A term used to describe any break in geologic 
material, including shears and shear zones. Additional 
fracture terminology is provided in Figure 2-32 

Sec. 3.2 
Page 39 

8/01/2007 The first sentence is amended to read: 
 
Six of the 20 attributes in the identification and descriptive 
sequence for soils, listed previously in section 2.4.1, may be 
revised with laboratory test results. 
 

Sec. 4.3.2 
Page 50 

5/01/2009 The following bullet is added to this section: 
 

• Place the following note on the LOTB when rock 
strength is reported.  “Rock strength may be variable 
within a rock unit or descriptive sequence.  Rock 
strength is valid only at the location where the test 
was taken.” 

Sec. 4.3.2 
Page 50 

8/01/2007 The following text is added to the end of Section 4.3.2: 
 
• If a PA and/or PI is reported for any sample within a 

layer, then that layer’s Group Name and Symbol shall be 
a classification based on ASTM D 2487 (Section 3).  The 
proportional terms in Section 2.4.8 shall not be used in 
the layer description. 

• If a layer’s Group Name and Symbol is based exclusively 
on field observations, then the percentages (to the 
nearest 5%) of gravel, sand and fines shall be preceded 
by the term “about”.  Proportional terms per Section 
2.4.8 may be used in lieu of percentages. 

 
Sec. 4.3.3 
Page 51 

5/01/2009 Page 51 is replaced with the attached Page 51. 

 - 3 - 
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Section # 
Page # 

Effective 
Date 

Description 

Figure 4.3 
Page 52 

8/01/2007 The note at the bottom of the log is amended to read: 
 
Terminated at EL –29’ 
 
The descriptive sequence at elevation –13.5 is amended to 
read: 
 
stiff; dark gray; trace shell fragments 
 

Sec. 5.2 
Page 53 

8/01/2007 The termination elevations presented in Figure 5-1 are 
amended to read: 
 
“Terminated at EL –29’” for R-07-001 
“Terminated at EL –39’” for R-07-002 
“Terminated at EL –35’” for R-07-003 
 
The descriptive sequence at elevation –13.5 for Boring R-07-
001 is amended to read: 
 
stiff; dark gray; trace shell fragments 
 

Sec. 5.2.1 
Page 54 

8/01/2007 The 8th bullet is amended to read” 
• Typically allows presentation of more than one boring log 

per plan sheet. 
 

Sec. 5.2.2 
Page 54 

5/01/2009 The 4th paragraph is amended to read: 
 
“This LOTB sheet was prepared in accordance with the 
Caltrans Soil & Rock Logging, Classification, and 
Presentation Manual (Date) except as noted below (list 
description of approved exception(s). 

Sec. 5.2.3.3 
Page 55 

5/01/2009 The first sentence of Item d is amended to read: 
 
• List the name, location (including station and offset), 

physical description, and elevation of the benchmark 
used for determining the top of boring elevations at the 
top left side of the Plan View under the heading 
“BENCHMARK”. 

Figure 5-2 
Page 59 

5/01/2009 Field test symbols for pocket penetrometer and torvane are 
eliminated.   
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Section # 
Page # 

Effective 
Date 

Description 

Sec. 5.2.5 
Page 59 & 60 

8/01/2007 The soil and rock LOTB legend sheets are replaced with new 
sheets to accommodate larger font sizes required by the 
Department.  There are now two soil legend sheets and one 
rock legend sheet. 
 

Sec. 5.3.1 
Page 67 

8/01/2007 The following text is added to the end of Section 5.3.1: 
 
The examples presented in Figures 5-12 and 5-13 are 
intended as examples only and do not represent a 
presentation standard.  Presentation of Boring Records and 
CPT data is left to the geoprofessional. 
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Figure 2-26a 
Rock grain-size descriptors for Sedimentary (epiclastic), rounded, subrounded 
and subangular rock 

 
 USCS 

 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

Particle Size 
Lithified Product 

Boulder Boulder Conglomerate 

Cobble Cobble Conglomerate 

Coarse Gravel Coarse Gravel Conglomerate 

Fine Gravel Fine Gravel Conglomerate 

Coarse Sand Coarse Sandstone 

Medium Sand Medium Sandstone 

Fine Sand Fine Sandstone 

 

 

 
Silt 

 
Siltstone, Shale 

Clay Claystone, Shale 

 
Figure 2-26b 
Rock grain-size descriptors for Pyroclastic Igneous rock 

 
 

Fragment Lithified Product 
Size, X 

(inches) 

Block (Angular) Volcanic Breccia 

Bomb (Rounded)  Agglomerate 

X > 2.5 

Lapilli Lapilli Tuff 0.05 < X ≤ 2.5  

Coarse Ash Coarse Ash Tuff 0.0025 < X ≤ 0.05 

Fine Ash Fine Ash Tuff X ≤ 0.0025 
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4.3.3 Example 
The process for developing boring logs has been presented in detail throughout this Manual In general, 
field sample descriptions are corrected and calibrated based on laboratory results, layer boundaries are 
determined by grouping samples within the same group symbol, sample descriptions are consolidated into 
a single layer description, and, finally, description changes are noted with depth within layers. 

The following example demonstrates how a geoprofessional develops a layer presentation, based on field 
descriptions and laboratory test results.  
Figure 4-2 

Depth 
(ft.) Sample Field 

Testing 
Field Description and 

Identification 
Lab 

Testing 
Lab Corrected Description 

and Identification or 
Classification 

Final Layer 
Presentation 

3.5-5 R-07-
001-S01 

SPT Well-graded SAND with 
GRAVEL and COBBLES 
(SW), loose, yellowish 
brown, moist, about 10% 
subrounded COBBLES, 
about 15% coarse to fine 
GRAVEL, about 80% 
coarse to fine SAND, about 
5% fines, (fill) 

 Well-graded SAND with 
GRAVEL and COBBLES (SW), 
loose, yellowish brown, moist, 
about 10% subrounded 
COBBLES, about 15% coarse 
to fine GRAVEL, about 80% 
coarse to fine SAND, about 5% 
fines, (fill) 

8.5-10 R-07-
001-S02 

SPT Well-graded SAND with 
GRAVEL and COBBLES 
(SW), medium dense, 
yellowish brown, moist, 
about 10% subrounded 
COBBLES, about 15% 
coarse to fine GRAVEL, 
about 80% coarse to fine 
SAND, about 5% fines, (fill) 

PA Well-graded SAND with 
GRAVEL and COBBLES (SW), 
medium dense, yellowish 
brown, moist, about 10% 
subrounded COBBLES, 17% 
coarse to fine GRAVEL, 79% 
coarse to fine SAND, 4% fines, 
(fill) 

Well-graded SAND with 
GRAVEL and COBBLES 
(SW); loose; yellowish 
brown; moist; about 10% 
subrounded COBBLES; 
coarse to fine SAND; 
little coarse to fine 
GRAVEL; trace fines; 
(fill) 
 
medium dense 

13.5-15 R-07-
001-U03 

PP SANDY lean CLAY (CL), 
medium stiff, dark bluish 
gray, moist, about 35% 
medium SAND, about 65% 
fines, trace shell fragments, 
PP=0.8, (bay mud) 

 SANDY lean CLAY (CL), 
medium stiff, dark bluish gray, 
moist, about 35% medium 
SAND, about 65% fines, trace 
shell fragments, (bay mud) 

18.5-20 R-07-
001-U04 

PP SANDY lean CLAY (CL), 
soft, dark bluish gray, 
moist, about 35% medium 
SAND, about 65% fines, 
PP=0.4, (bay mud) 

UU, PA, PI SANDY lean CLAY (CL), 
medium stiff, dark bluish gray, 
moist, 38% medium SAND, 
about 62% fines, (bay mud) 

23.5-25 R-07-
001-U05 

PP SANDY lean CLAY (CL), 
medium stiff, dark gray, 
moist, about 35% medium 
SAND, about 65% fines, 
trace shell fragments, 
PP=0.9, (bay mud) 

UU, PA, PI SANDY lean CLAY (CL), stiff, 
dark gray, moist, 34% medium 
SAND, 66% fines, trace shell 
fragments, (bay mud) 

SANDY lean CLAY (CL), 
medium stiff; dark bluish 
gray; moist; medium 
SAND; trace shell 
fragments; PP=0.8 (bay 
mud) 
 
no shell fragments; 
PP=0.4  
 
 
 
stiff; dark gray; PP=0.9; 
trace shell fragments;  

28-29 R-07-
001-S06 

SPT SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
intensely weathered, 
moderately soft, intensely 
to moderately fractured 

 SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
intensely weathered, 
moderately soft, intensely to 
moderately fractured 

29-34 R-07-
001-C07 

 SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
moderately to slightly 
weathered, moderately 
hard, moderately fractured 

UC SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
moderately to slightly 
weathered, strong, moderately 
hard, moderately fractured 

34-39 R-07-
001-C08 

 SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
moderately to slightly 
weathered, moderately 
hard, slightly fractured 

UC SEDIMENTARY ROCK 
(SHALE), dark bluish gray, 
moderately to slightly 
weathered, strong, moderately 
hard, slightly fractured 

SEDIMENTARY ROCK 
(SHALE); dark bluish 
gray; intensely 
weathered; moderately 
soft; intensely to 
moderately fractured 
 
moderately to slightly 
weathered; strong; 
moderately hard; 
moderately fractured 
 
 
slightly fractured 

 


	04-1A5214Info Handout CD Index.pdf
	                   Contract No. 04-1A5214 
	 
	File Name 
	 
	File Size
	 
	Description
	                                                   WATER QUALITY
	                                                   PERMITS
	        MATERIALS INFORMATION

	 
	File Name 
	 
	File Size
	 
	Description

	 
	File Name 
	 
	File Size
	 
	Description

	 
	File Name 
	 
	File Size
	 
	Description



	04-1A5214IH_CRWQCB Permit.pdf
	04-1A5214IH_CDFG_1602.pdf
	04-1A5214IH_CDFG_2081 ITP.pdf
	04-1A5214IH_NMFS_Permit.pdf
	04-1A5214IH_NMFS_Errata.pdf
	04-1A5214IH_USACE_Permit.pdf
	04-1A5214IH_USFWS_Permit.pdf
	04-1A5214IH_FR_Antioch_Foundation Report.pdf
	04-1A5214IH_FR_Appendix_A.pdf
	04-1A5214IH_FR_Appendix_B.pdf
	04-1A5214IH_FR_Appendix_C.pdf
	04-1A5214IH_FR_Appendix_D.pdf
	04-1A5214IH_FR_Appendix_E.pdf
	04-1A5214IH_FR_Appendix_F.pdf
	04-1A5214IH_FR_Appendix_G.pdf
	04-1A5214IH_FR_Appendix_H.pdf
	Kxx_p30_p19_p11.pdf
	kxx_30_250
	kxx_30_750
	kxx_19_500
	kxx_19_1500

	Pier11_freeRot.pdf
	kyyP11
	deformed
	P1
	P2
	P3
	P4

	Pier19_freeRot.pdf
	KyyP19
	Deformed
	P1
	P2
	P3
	P4
	P5
	P6

	Pier30_freeRot.pdf
	kyyP30
	Deformed
	P1
	P2
	P3
	P4
	P5
	P6


	04-1A5214IH_SC_Antioch_SiteCharRpt.pdf
	04-1A5214IH_SC_Appendix_A.pdf
	04-1A5214IH_SC_Appendix_B.pdf
	acpt_01
	acpt_02
	acpt_03
	acpt_04
	acpt_05
	acpt_06
	acpt_07
	acpt_08
	acpt_09
	acpt_10
	acpt_11
	acpt_12
	acpt_13
	acpt_14
	acpt_15
	acpt_16
	acpt_17

	04-1A5214IH_SC_Appendix_C.pdf
	Antioch AppA.pdf
	Table A-1.  Boring 06-02, S - R1 quality assurance
	Table A-1, continued.  Boring 06-02, S - R1 quality assurance

	Antioch Text.pdf
	INTRODUCTION
	 SCOPE OF WORK
	Table 1. Boring locations and logging dates

	SUSPENSION INSTRUMENTATION
	SUSPENSION MEASUREMENT PROCEDURES
	SUSPENSION DATA ANALYSIS
	SUSPENSION RESULTS
	SUMMARY
	Discussion of Suspension Results
	Quality Assurance
	Data Reliability



	04-1A5214IH_SC_Appendix_D.pdf
	391s01NOR
	391s01STD
	391s02NOR
	391s02STD
	391s03NOR
	391s03STD
	391s04NOR
	391s04STD
	391s18NOR
	391s18STD
	391s20NOR
	391s20STD
	391s21NOR
	391s21STD
	391s22NOR
	391s22STD
	391s23NOR
	391s23STD
	391s24NOR
	391s24STD
	391s25NOR
	391s25STD
	391s26NOR
	391s26STD
	391s27NOR
	391s27STD
	391s28aNOR
	391s28aSTD
	391s28NOR
	391s28STD
	391s29NOR
	391s29STD
	391s30NOR
	391s30STD
	391s31NOR
	391s31STD
	391s32NOR
	391s32STD
	391s33NOR
	391s33STD
	391s34NOR
	391s34STD
	391s35NOR
	391s35STD
	Antioch water plots.pdf
	003c05
	003c06
	003c07
	003c08
	003c09
	003c10
	003c11
	003c12
	003c13
	003c14
	003c15
	003c16
	003c17
	003c05NOR
	003c06NOR
	003c07NOR
	003c08NOR
	003c09NOR
	003c10NOR
	003c11NOR
	003c12NOR
	003c13NOR
	003c14NOR
	003c15NOR
	003c16NOR
	003c17NOR


	04-1A5214IH_SC_Appendix_E1.pdf
	04-1A5214IH_SC_Appendix_E2.pdf
	04-1A5214IH_SC_Appendix_F.pdf
	04-1A5214IH_SC_Appendix_G.pdf
	04-1A5214IH_SC_Appendix_H.pdf
	04-1A5214IH_SC_Appendix_I.pdf
	04-1A5214IH_SC_Figures.pdf
	04-1A5214IH_Site_Investigation.pdf
	E8435-06-18A SI Report FINAL.pdf
	E8435-06-18A SI Report FINAL.pdf
	SITE INVESTIGATION REPORT - Evaluation of Mining and Agricul
	REPORT LIMITATIONS i
	PROJECT TEAM ii
	1.0 Introduction 2
	1.1 Project Description and Proposed Improvements 2
	1.2 General Objectives 2
	1.3 Environmental Screening Levels 2
	2.0 SCOPE OF SERVICES 2
	2.1 Pre-field Activities 2
	2.2 Field Activities 2
	3.0 INVESTIGATIVE METHODS 2
	3.1 Sampling Procedures 2
	3.2 Laboratory Analyses 2
	3.3 Laboratory QA/QC 2
	4.0 INVESTIGATIVE RESULTS 2
	4.1 Subsurface Conditions 2
	4.2 Laboratory Analytical Results 2
	4.3 Laboratory Quality Assurance/Quality Control 2
	5.0 CONCLUSIONS 2
	5.1 CAM 17 Metals 2
	5.2 Pesticides 2
	5.3 Worker Protection 2
	REPORT LIMITATIONS
	PROJECT TEAM
	Affiliation
	SITE INVESTIGATION REPORT – Evaluation of Mining and Agricul


	1.0 INTRODUCTION
	1.1 Project Description and Proposed Improvements
	1.2 General Objectives
	1.3 Environmental Screening Levels

	2.0 SCOPE OF SERVICES
	2.1 Pre-field Activities
	2.2 Field Activities

	3.0 INVESTIGATIVE METHODS
	3.1 Sampling Procedures
	3.2 Laboratory Analyses
	3.3 Laboratory QA/QC

	4.0 INVESTIGATIVE RESULTS
	4.1 Subsurface Conditions
	4.2 Laboratory Analytical Results
	4.3 Laboratory Quality Assurance/Quality Control

	5.0 CONCLUSIONS
	5.1 CAM 17 Metals
	5.2 Pesticides
	5.3 Worker Protection




	04-1A5214IH_Soil_Logging_Manual.pdf
	04-1A5214IH_Soil_Logging_Manual_Errata.pdf
	Section #
	Page #
	Effective Date
	Description
	Figure 2-1
	Figure 2-1
	Figure 2-3
	Figure 2-3
	Sec. 2.4.3
	Page 13
	Figure 2-9
	Sec. 2.4.4
	Sec. 2.4.8
	The second paragraph is amended to read:
	Sec. 2.4.18
	Sec. 2.5
	8/01/2007
	The example in Section 2.5 is amended to read:
	Figure 2-21
	Figure 2-21
	Figure 2-26
	Sec. 2.5.5
	Figure 2-30
	The criteria for “Moderately Soft” are amended to read:
	Sec. 2.5.10
	The 3rd paragraph is amended to read:
	Sec. 3.2
	The first sentence is amended to read:
	Sec. 4.3.2
	Sec. 4.3.2
	The following text is added to the end of Section 4.3.2:
	Sec. 4.3.3
	5/01/2009
	Figure 4.3
	The note at the bottom of the log is amended to read:
	Sec. 5.2
	The termination elevations presented in Figure 5-1 are amended to read:
	Sec. 5.2.1
	Sec. 5.2.2
	Sec. 5.2.3.3
	Figure 5-2
	Sec. 5.2.5
	8/01/2007
	Sec. 5.3.1
	8/01/2007
	The following text is added to the end of Section 5.3.1:
	Page 51.pdf
	4.3.3 Example




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice





 
 
 
 
 
 


 
 
 
 
 
 
 


ANTIOCH BRIDGE INVESTIGATION 


BORINGS 06-02, 06-03, 06-04, 


06-07 AND 06-08, 


SUSPENSION P & S VELOCITIES 


 
  
 
 
 
 
 
 
 
 
 


April 23, 2007 
Report 6554-02-01 







 
 
 


ANTIOCH BRIDGE INVESTIGATION 


BORINGS 06-02, 06-03, 06-04, 


06-07 AND 06-08, 


SUSPENSION P & S VELOCITIES 
 
 
 
 


Prepared for  
 


Earth Mechanics, Inc. 
17660 Newhope Street, Suite E 


Fountain Valley, CA  92708 
(714) 751-3826 
Project #06-155 


 
 


Prepared by 
 


GEOVision Geophysical Services 
1151 Pomona Road, Unit P 
Corona, California  92882 


(951) 549-1234 
Project 6554 


 
 
 


April 23, 2007 
Report 6554-02 Rev 01 


 







 
TABLE OF CONTENTS 


 
 
INTRODUCTION............................................................................................................. 1 
 
 
SCOPE OF WORK ......................................................................................................... 2 
 
 
SUSPENSION INSTRUMENTATION ............................................................................. 3 
 
 
SUSPENSION MEASUREMENT PROCEDURES.......................................................... 6 
 
 
SUSPENSION DATA ANALYSIS................................................................................... 7 
 
 
SUSPENSION RESULTS ............................................................................................... 9 
 
 
SUMMARY 
 
Discussion of Suspension Results .................................................................................. 9 
 
Quality Assurance ......................................................................................................... 10 
 
Data Reliability .............................................................................................................. 10 


i 







 
FIGURES 


 
 
Figure 1.  Concept illustration of P-S logging system.................................................... 11 
 
Figure 2.  Example of filtered (1400 Hz lowpass) record............................................... 12 
 
Figure 3.  Example of unfiltered record ......................................................................... 13 
 
Figure 4. Boring 06-02,  Suspension P- and SH-wave velocities ................................... 14 
 
Figure 5. Boring 06-03,  Suspension P- and SH-wave velocities ................................... 18 
 
Figure 6. Boring 06-04,  Suspension P- and SH-wave velocities ................................... 22 
 
Figure 7. Boring 06-07,  Suspension P- and SH-wave velocities ................................... 26 
 
Figure 8. Boring 06-08,  Suspension P- and SH-wave velocities ................................... 30 
 
 
 


TABLES 
 
 
Table 1.  Boring locations and logging dates................................................................... 2 
 
Table 2.  Logging dates and depth ranges ...................................................................... 6 
 
Table 3. Boring 06-02,  Suspension R1-R2 depth, pick times, and velocities ............... 15 
 
Table 4. Boring 06-03,  Suspension R1-R2 depth, pick times, and velocities ............... 19 
 
Table 5. Boring 06-04,  Suspension R1-R2 depth, pick times, and velocities ............... 23 
 
Table 6. Boring 06-07,  Suspension R1-R2 depth, pick times, and velocities ............... 27 
 
Table 7. Boring 06-08,  Suspension R1-R2 depth, pick times, and velocities ............... 31 
 


ii 







 
APPENDICES 


 
 


APPENDIX A:  Suspension velocity measurement quality assurance suspension source 
to receiver analysis results 


 
 


APPENDIX A FIGURES 
 
Figure A-1.  Boring 06-02,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data ...............................................A-2 
 
Figure A-2.  Boring 06-03,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data ...............................................A-5 
 
Figure A-3.  Boring 06-04,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data ...............................................A-8 
 
Figure A-4.  Boring 06-07,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data .............................................A-11 
 
Figure A-5.  Boring 06-08,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data .............................................A-14 
 
 


iii 







 
 


APPENDIX A TABLES 
 
Table A-1.  Boring 06-02,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data ...............................................A-3 
 
Table A-2.  Boring 06-03,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data ...............................................A-6 
 
Table A-3.  Boring 06-04,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data ...............................................A-9 
 
Table A-4.  Boring 06-07,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data .............................................A-12 
 
Table A-5.  Boring 06-08,  R1 - R2 high resolution analysis and S-R1 quality 


assurance analysis P- and SH-wave data .............................................A-15 
 
 
 
APPENDIX B:  OYO Model 170 suspension velocity logging system NIST traceable 


calibration procedure 


iv 







