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To: DON NGUYEN-TAN Date: September 10, 2013 
Acting Branch Chief 
Division of Engineering Services, Structure Design  File: 05-SLO-1-73.0/74.1 
Office of Bridge Design – Central, Branch 6 0512000009 (EA 05-1A7001) 
 Br. No. 49E-0022 
Attn: Mike Cullen Elephant Trunk Retaining Wall 
 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES  

Subject: FOUNDATION REPORT FOR ELEPHANT TRUNK RETAINING WALL 

Scope of Work 

A Foundation Report (FR) is provided for the Elephant Trunk Retaining Wall, a timber lagged 
soldier pile wall with subhorizontal ground anchors.  Work performed for this report includes a 
literature search, field mapping, a subsurface investigation, and installing and monitoring 
instrumentation. 

Project Description and Background 

The project area is located in a rural part of northern San Luis Obispo County on Route 1.  State 
Route 1 in the project area is a two-lane conventional highway with sharp curves and steep 
grades.  The highway closely follows the Pacific Coast between Cambria and Carmel.  Route 1 is 
designated a rural minor arterial and federal aid primary route.  It serves regional and 
interregional traffic, and is shared by recreational users, commuters, cyclists, and limited 
commercial traffic. 

The Elephant Trunk Slide consists of two sections of unstable roadway.  The slide areas are 
below the roadway on the westerly side of the highway.  Longitudinal cracks in the roadway 
delineate the upper limits of the slides at both locations.  The southerly location is approximately 
600 feet long and covers parts of both the northbound and the southbound lanes.  The northerly 
location is approximately 150 feet long and is confined to the southbound lane.  The landslides 
creep at a variable rate; movement appears to coincide with sustained periods of precipitation.  
Movement was pronounced during the winter of 2010/2011, with settlement of the roadway 
resulting in vertical offsets of up to 9 inches.  Caltrans Maintenance has been keeping the road 
traversable by periodically paving the affected areas with cold-mix asphalt concrete. 

During the winter of 1998 a portion of the southbound lane between the two slide areas failed 
catastrophically.  The slipout was repaired by removing the highway embankment and 
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reconstructing it with geogrid reinforcement.  That section of roadway has remained stable, 
although some of the geogrid has been exposed due to erosion. 

A project was constructed during late 2009/early 2010 to install horizontal drains and landslide 
monitoring instrumentation in the two unstable areas.  Eight arrays of four 100-foot horizontal 
drains were installed, five arrays in the cut slopes above the roadway, and three arrays in the fill 
slopes below the roadway.  Two slope inclinometer casings with attached Time Domain 
Reflectometry (TDR) cables were grouted into 110-foot, six-inch diameter vertical borings to 
monitor future landslide movement.  Five 80-foot deep open standpipe observations wells were 
constructed as part of the project to monitor groundwater elevations.  It was hoped that the 
horizontal drains would lower the groundwater table sufficiently to halt further movement of the 
landslides.  The project was not successful.  Only two of the horizontal drains intercepted water 
and landslide movement has not slowed perceptibly. 

It is now proposed to construct a timber lagged soldier pile retaining wall with subhorizontal 
ground anchors across both areas of instability to mitigate existing damage to the roadway and to 
prevent further movement of the landslides onto the highway. 

The following datum was used to reference horizontal and vertical positions of the proposed 
structure: 

• Horizontal: North American Datum of 1983 (NAD83 (1991.35)) 
• Vertical: North American Vertical Datum of 1988 (NAVD88) 

Pertinent Reports and Investigations 

The following publications were used to assist in the assessment of site conditions: 

1. Caltrans ARS Online (v2.1.06). 

2. Caltrans Seismic Design Criteria, Version 1.6, November 2012. 

3. Geologic Map of San Luis Obispo County, California, Compiled by Lew Rosenberg. 

4. Preliminary Foundation Report, Caltrans Office of Geotechnical Design – South 2, 
Branch B, July 7, 2011. 

5. Preliminary Geotechnical Report for Elephant Trunk Bend Landslide, Caltrans Office of 
Geotechnical Design – West, Branch B, March 23, 2007. 
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Field Investigation and Testing Program 

A subsurface investigation consisting of eight vertical borings and two horizontal borings was 
conducted by Caltrans Office of Geotechnical Design – South 2, Design Branch B during April 
2011 through June 2011 to determine soil and rock conditions, depth to landslide movement, and 
groundwater elevations.  Eight slope inclinometer casings were installed, one in each of the 
vertical borings.  Continuous soil and rock samples were obtained from the borings using a core 
barrel apparatus retrieved via wire line.  Rock and soils were visually classified in accordance 
with the Caltrans Soil and Rock Logging, Classification, and Presentation Manual (June 2010).  
A supplemental subsurface investigation consisting of two vertical borings was conducted by 
Caltrans Office of Geotechnical Design – North, Design Branch D in October 2012.  Two 
additional slope inclinometer casings were installed to better define the landslide failure surface 

Table 1: 2011/2012 Subsurface Investigation Summary 

Boring No. Completion 
Date 

Drill Rig 
Type 

Hammer 
Type 

Hammer 
Efficiency 

(%) 

Location Ground 
Surface 

Elevation 
(ft) 

Boring 
Depth/ 

Length1 
(ft) 

Station 
(“CL” Line) Offset 

R-11-001 4/22/2011 CME 85 Automatic 68 502+17 1’ Rt 412.8 95 

R-11-002 4/25/2011 CME 85 Automatic 68 504+24 2’ Lt 425.4 62 

R-11-003 4/27/2011 CME 85 Automatic 68 505+08 CL 430.9 77 

R-11-004 5/5/2011 CME 85 Automatic 68 501+59 CL 410.2 99 

R-11-005 5/7/2011 CME 85 Automatic 68 509+47 2’ Lt 462.4 90.5 

R-11-006 5/8/2011 CS-2000 Automatic 84 502+21 56’ Lt 388.2 80 

R-11-007 5/10/2011 CME 85 Automatic 68 507+81 16’ Rt 450.8 92.2 

R-11-008 5/11/2011 CS-2000 Automatic N/A 502+12 35’ Lt 394.9 99 

R-11-009 5/19/2011 CS-2000 Automatic N/A 504+05 65’ Lt 386.4 90 

R-11-010 6/16/2011 CS-2000 Automatic 84 508+64 5’ Lt 456.1 88 

R-12-001 10/9/2012 CS-2000 Automatic 84 501+58 29’ Lt 406.9 55 

R-12-002 10/4/2012 CS-2000 Automatic 84 503+95 78’ Lt 381.0 75.5 

                                            
1 R-11-008 and R-11-009 are horizontal borings 
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A seismic refraction study was performed in the project area to better understand the subsurface 
conditions and to correlate the geotechnical borings.  Five existing piezometers and/or slope 
inclinometer casings were utilized for a tomography seismic survey designed to image beneath 
the roadway and adjacent embankment.  Two additional profiles were acquired parallel to and 
below the roadway on a bench cut into the hillside.  A summary of the study results is presented 
in the attachments to this report. 

Laboratory Testing Program 

Soil samples obtained during the subsurface investigation were submitted to the Headquarters 
Geotechnical Laboratory for corrosion potential testing.  Rock samples were submitted for 
unconfined compressive strength testing. 

Site and Subsurface Conditions 

Topography and Drainage 

The project area is located along the Pacific coast in the Santa Lucia Range of the Coast Ranges 
geomorphic province.  Terrain consists of sparsely to moderately vegetated, steep sided 
mountains with steeply incised drainages. 

There are three minor drainages within the project limits.  Water from the drainages is conveyed 
across the roadway in 18” culverts that drain to the Pacific Ocean. 

Climate 

The project area has a mild marine climate.  The average minimum temperatures vary from the 
low to mid 40’s (degrees Fahrenheit) in the early winter to the low 50’s in late summer/early fall.  
The average maximum temperatures vary locally from the high 50’s in the winter near Point 
Piedras Blancas to the south to the mid 70’s in the late summer at Big Sur State Park to the north.  
Average annual precipitation is approximately 20 inches at Point Piedras Blancas, and 
approximately 41 inches at Big Sur State Park.  Almost all of the precipitation falls between 
November and April.  It is not uncommon for the area to experience high intensity, short duration 
rainfall events that deposit as much as 4 inches of rain in a 24 hour period. 

Regional Geology 

The geology of the area is a product of subduction, where an oceanic crustal tectonic plate 
descends beneath a continental plate.  During subduction of the sea floor, the relatively dense 
basalt and underlying rocks were pushed beneath the edge of the North American continent.  
However, the sediments above the basalt were resistant to subduction due to their relatively low 
density.  These sediments instead collected at the upper surface of the subduction zone.  Some 
rocks were carried deep into the subduction zone and then returned to the upper surface by the 
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pressure-induced flow of lower density rocks.  The result of this activity was the formation of a 
mélange, now known as the Franciscan Formation (also known as the Franciscan Group and 
Franciscan Series).  A typical mélange is composed of a sheared matrix of shale containing 
blocks of basalt, chert, serpentinite, gabbro, and metamorphic rocks.  The blocks range from 
pebble size to many miles in length.   

Site Geology 

The project area is underlain by landslide deposits and Franciscan Formation.  A geologic map of 
the project area is included in the attachments to this report. 

Soil Conditions  

The subsurface investigations in the project area generally encountered fill and landslide debris 
overlying metamorphic rock.  The fill and landslide debris varies in thickness across the site, 
ranging from about 4 feet thick in boring RC-11-007, located near the head scarp of the northerly 
slide, to about 58 feet thick in boring RC-11-004, located within the southerly slide area.  The fill 
and landslide debris consists generally of very loose to very dense clayey sand with gravel and 
cobbles, sandy silt, and poorly graded gravel with clay. 

Underlying the fill and landslide debris is metamorphic bedrock consisting predominantly of 
massive, fine-grained meta sandstone with scattered thin interbeds of meta shale.  The meta 
sandstone ranges from slightly weathered to decomposed, from very hard to very soft, and from 
slightly fractured to very intensely fractured.   

Groundwater 

Table 2 summarizes the highest measured groundwater levels and the dates they were recorded.  
Records of all groundwater measurements are included in the attachments to this report.  
Groundwater monitoring will continue until permanent mitigation for the landslide is in place. 

Groundwater levels are highly variable across the project site.  Rather than being confined to an 
aquifer, groundwater appears to migrate through fractures in rock and along the interface 
between the landslide deposits and bedrock. 
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Table 2: Groundwater Levels 

Instrument 
 ID 

Station 
(“CL” Line) Offset Date 

Surface 
Elevation 

(feet) 

Depth to 
Groundwater 

(feet) 

Groundwater 
Elevation 

(feet) 
P1-10 502+05 12’ Lt. 3/28/2011 410.7 35.2 375.5 
P2-10 503+76 11’ Lt. 3/28/2011 422.9 37.0 385.9 
P3-10 507+19 2’ Lt. 3/28/2011 445.2 65.9 379.3 
P4-10 509+55 5’ Lt. 3/28/2011 463.0 36.5 426.5 
P5-10 511+18 11’ Lt. 5/17/2011 473.5 36.5 437.0 
SI1-10 503+97 10’ Lt. 12/18/2012 423.5 Dry -- 
SI2-10 510+88 11’ Lt. 12/18/2012 471.7 86.2 385.5 
SI3-11 502+17 1’ Rt. 4/27/2011 412.8 32.8 380.0 
SI4-11 504+24 2’ Lt. 4/27/2011 425.4 26.4 399.0 
SI5-11 505+08 CL 5/3/2011 430.9 52.3 378.6 
SI6-11 501+59 CL 5/11/2011 410.2 27.2 383.0 
SI7-11 509+47 2’ Lt. 5/17/2011 462.4 66.8 395.6 
SI8-11 502+21 56’ Lt. 5/17/2011 388.2 5.8 382.4 
SI9-11 507+81 16’ Rt. 5/17/2011 450.8 71.2 379.6 
SI10-11 508+63 5’ Lt. 3/8/2012 456.1 70.2 385.9 

Scour Evaluation 

Scour is not an issue of concern at the project location. 

Corrosion Evaluation 

Representative soil samples taken during the subsurface investigation were tested for corrosion 
potential.  The Department considers a site corrosive to foundation elements if one or more of the 
following conditions exist for the representative soil and/or water samples taken at the site: 

• Chloride concentration is greater than or equal to 500 ppm 
• Sulfate concentration is greater than or equal to 2000 ppm 
• The pH is 5.5 or less 

Since resistivity serves as an indicator parameter for the possible presence of soluble salts, tests 
for sulfate and chloride are usually not performed unless the resistivity of the soil is 1,000 ohm-
cm or less. 
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Table 3: Corrosion Test Summary 

Boring Depth 
Minimum 
Resistivity 
(Ohm-Cm) 

pH 
Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm) 

R-11-002 7’-48’ 1315 7.42 N/A N/A 
R-11-003 7’-38’ 2156 7.67 N/A N/A 
R-11-004 4’-25’ 1348 6.85 N/A N/A 
R-11-005 1’-20’ 1404 7.90 N/A N/A 
R-11-006 0’-50’ 3049 6.76 N/A N/A 

Corrosive if: ≤ 1000 ≤ 5.5 ≥ 500 ≥ 2000 

Based on corrosion test results, the project site would be considered non-corrosive.  However 
since the project area is located within 1000 feet of the Pacific Ocean, the site is considered 
corrosive. 

Seismic Recommendations 

The project site is potentially subject to strong ground motions from nearby earthquake sources.  
Table 4 lists the active and potentially active faults in the project vicinity as described in 
Caltrans 2012 Fault Database.  Corresponding Moment Magnitudes and distances to the project 
site are also given.  A fault map is included in the attachments to this report. 

Table 4: Active and Potentially Active Faults 

Fault Fault 
ID2 

Moment 
Magnitude 

of 
Maximum 
Credible 

Earthquake
3 

Type 
of 

Fault
4 

Distance to 
Fault from 

Project 
Area 

(kilometers) 

San Gregorio fault zone (Sur Region section-
Sur fault) 178 7.4 SS 1.1 

San-Simeon fault zone (Arroyo Laguna 
section) 418 7.3 SS 1.1 

Oceanic-West Huasna 223 6.9 R 6.4 

                                            
2 Caltrans 2012 Fault Database Identifier 
3 According to Caltrans 2012 Fault Database 
4 SS strike-slip fault; R=reverse fault; N=normal fault 
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A design response spectrum for the project area was estimated using Caltrans ARS Online 
(v2.1.06), a web-based tool that calculates both deterministic and probabilistic acceleration 
response spectra for any location in California based on criteria provided in Appendix B of 
Caltrans Seismic Design Criteria.  The procedure used by ARS Online was developed to 
calculate the minimum seismic design requirements for bridges on State highways.  The method 
calculates design response spectra over a range of periods.  The design response spectrum is 
based on the envelope of a deterministic and a probabilistic spectrum.  The deterministic 
spectrum is calculated as the arithmetic average of median response spectra computed using the 
Chiou & Youngs and Campbell & Bozorgnia ground motion prediction equations (CY-CB 
GMPE).  These equations are applied to all faults in or near California considered to be active in 
the last 700,000 years (late Quaternary age) and capable of producing a moment magnitude 
earthquake of 6.0 or greater. 

The probabilistic spectrum is obtained from the 2008 USGS Seismic Hazard Map for the 5% in 
50 years probability of exceedance (or 975 year return period).  The spectral values are adjusted 
with a soil amplification factor based on an average of the Boore-Atkinson (2008), Campbell 
Bozorgnia (2008), and Chiou-Youngs (2008) ground motion prediction models.  For sites 
underlain by soils having an average shear wave velocity for the upper 30 meters of soil (VS30) of 
less than 300 meters per second, the 2009 USGS Probabilistic Seismic Hazard Analysis 
Interactive Deaggregation Tool is used to develop the probabilistic spectrum. 

The design response spectrum is the envelope of the deterministic spectrum for the San Gregorio 
fault zone (Sur Region section-Sur fault) and the probabilistic spectrum.  Soil amplification 
factors for a VS30 of 270 meters per second were used in the analysis.  The 270 meters per second 
VS30 value is an average shear wave velocity for Type D soils.  The peak ground acceleration at 
the project site is estimated to be 0.5 g (gravity). 

No known active or potentially active faults project towards or cross the highway alignment 
within the project limits.  Therefore, there is low potential for surface fault rupture to occur and 
no mitigation efforts are necessary. 

Based on inspection of the boring records from the 2011 and 2012 subsurface investigations, 
liquefaction potential at the project site is estimated to be low.  For liquefaction to occur, three 
elements in combination are necessary: loose granular soils, saturated soil conditions, and strong 
ground shaking.  Loose granular soils were not encountered at an elevation where they would be 
saturated with ground water. 

Geotechnical Analysis 

Slope stability analyses were performed using SLOPE/W 2007 to model a cross section taken at 
approximately “CL” Station 502+20.  Four points were used to estimate the existing failure 
surface: the location of the longitudinal cracking on the roadway surface, the estimated failure 
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elevation in SI3-11 (25 feet below original grade), the estimated failure elevation in SI8-11 (50 
feet below original grade), and the toe of the slide.  The toe of the slide was visually located on 
the slope, and was mapped using a Global Position Satellite (GPS) survey.  The SLOPE/W 
model was a simplified three layer model in which soil strength parameters of the landslide 
material were back calculated using an interpreted piezometic groundwater surface and a factor 
of safety of 1.0.  The estimated geotechnical parameters of the site soils/rock are as follows: 

Table 5: Soil/Rock Properties 

Location Phi Cohesion 
(psf) 

Total Unit 
Weight 
(pcf) 

Earth Pressure Coefficient 

Active Passive 

Above Dredge Line 26° 0 125 0.39 3.81 
Below Dredge Line 35° 0 130 0.27 9.69 

The ground anchor forces required to resist the landslide forces were evaluated in accordance 
with FHWA Geotechnical Engineering Circular No. 4 and Section 5.5.5.7.1 of Caltrans’ Bridge 
Design Specifications (BDS).  Per BDS 5.5.5.7.1, the required horizontal resisting force provided 
by the retaining wall (PTOTAL) shall be the greater of 1.44 times the resultant of the active earth 
pressure, calculated using Coulomb’s theory with the soil parameters listed above and ignoring 
wall friction (δ), or the force required to resist landslide forces and provide a global slope 
stability factor of safety of 1.3, as determined in a slope stability analysis.  Required horizontal 
resisting forces were calculated for retaining wall design heights of 20 feet, 30 feet, 40 feet and 
50 feet.  The slope stability analyses were executed using the Normal Method of Slices 
performed by hand solutions.  The wall was assumed to be free draining in the analyses.  The 
slope stability PTOTAL was taken as the greater of the horizontal resisting force required for a 
factor of safety of 1.3 in a static analysis, or the required horizontal resisting force to achieve a 
1.1 factor of safety in a pseudo-static analysis.  The pseudo-static analysis is intended to model 
seismic loading by applying a horizontal force to the wall equal to the weight of the retained soil 
multiplied by one-third of the peak ground acceleration.  The slope stability analysis and the 
active earth pressure analysis both considered a traffic surcharge of 240 pounds per square foot 
on the roadway.  Analyses results are listed in Table 6. 

Table 6: Wall Loading 

Analysis Method for Force Determination  PTOTAL (kips/ft) 
H = 20 ft H = 30 ft H = 40 ft H = 50 ft 

Coulomb Active Earth Pressure Resultant x 1.44 16.7 35.6 61.6 94.5 
Limit Equilibrium Slope Stability 15.4 29.8 55.2 85.9 
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Foundation Recommendations 

It is proposed to stabilize the highway against landslide forces by constructing an anchored 
soldier pile wall.  Recommended design lagged heights are 50 feet between “CL” Station 501+55 
and Station 503+25, 30 feet between Station 503+65 and Station 506+30, 10 feet between 
Station 506+30 and Station 506+70, and 30 feet between Station 507+80 and Station 510+25.  
See the attached General Plan (GP) for an elevation view of the proposed retaining wall. 

Pile sections will consist of side-by-side W14 X 53 steel piles centered in 36” diameter drilled 
holes.  Subhorizontal ground anchors will be installed through the space between the flanges of 
adjacent steel pile sections.  Four rows of ground anchors are recommended for the 50-foot 
design height, with a maximum horizontal spacing between piles of 8’ 0”.  Three rows of ground 
anchors are recommended for the 40-foot design height, with a maximum horizontal spacing 
between piles of 8’ 0”.  Two rows of ground anchors are recommended for the 30-foot design 
height, with a maximum horizontal spacing between piles of 9’ 4”.  One row of ground anchors 
is recommended for the 20-foot design height, with a maximum horizontal spacing between piles 
of 9’ 4”.  Recommended ground anchor unbonded lengths are presented in Table 7.  Unbonded 
lengths were calculated to extend a minimum of 10 feet past the estimated landslide failure plane 
to ensure construction of the bonded zone in competent material. 

Table 7: Ground Anchor Recommendations 

Ground Anchor Row Unbonded Length (ft) 
Design H = 20’ Design H = 30’ Design H = 40’ Design H = 50’ 

A 32 33 34 40 
B N/A 28 29 36 
C N/A N/A 25 32 
D N/A N/A N/A 28 

Soil excavated from in front of the wall to facilitate installation of lagging and subhorizontal 
ground anchors may be replaced at a maximum slope inclination of 1.5:1 (H:V), sloping up from 
the bottom of the excavation to a minimum 8-foot wide bench.  The bench should slope away 
from the wall at approximately 5% to drain surface water away from the wall.  The ends of the 
bench should be sloped up to highway elevation at a maximum slope of 1.5:1.  

It is recommended that a chimney drain be constructed in front of the wall to provide an outlet 
for any water that moves through the buried portion of the lagging.  Fully encapsulate a two-foot 
wide layer of Class 1, Type B or Class 3 permeable material in Class B geosynthetic filter fabric 
from the bench down to the bottom of lagging.  Place an 8” diameter slotted pipe 6” above the 
base of the permeable material to collect and convey water from the permeable layer.  Outlet the 
slotted collector pipe with a solid pipe section sloped to drain through the slope in front the wall.  
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Pile axial loads consist of the vertical component of the ground anchor forces plus the tributary 
load from the concrete barrier and barrier slab at each pile.  Piles are assumed to obtain their 
axial resistance in side resistance only.  The contribution of skin friction from the top 5 feet and 
bottom 1-hole diameter of pile were neglected in the calculation of required pile embedment.  
Pile lengths below the bottom of lagging required to resist axial loads are listed in Table 8.  Due 
to the potential for continued movement of the soil replaced in front of the lagging, consideration 
of the development of passive pile resistance is recommended to begin at 5 feet below the bottom 
of lagging elevation.  Negligible pile settlement is anticipated. 

Table 8: Solider Pile Recommendations 

Lagged Height 
(feet) Pile Type 

Service Load 
(Compression) 

(kips) 

Required Nominal Axial 
Compression Resistance:  

ϕ =0.45 
(kips) 

Recommended 
Pile Length  

Below Lagging 
(feet) 

20 36” Drilled Hole 110 244 26 
30 36” Drilled Hole 151 336 32 
40 36” Drilled Hole 215 478 42 
50 36” Drilled Hole 290 644 54 

Construction Considerations 

Global stability of the proposed anchored soldier pile wall with Service 1 Limit State loads 
controls the required force to be applied to the wall by the ground anchors.  As such, the lock-off 
loads (LL’s) specified on the plans should equal 1.0 times the Factored Design Loads (FDL’s) 
specified on the plans to ensure that the full resisting force required for adequate global stability 
is applied to the wall.  Factored Test Load (FTL) should equal 1.5 times the Factored Design 
Load (FDL) to verify anchor resistance, establish load-deformation behavior, and verify the 
unbonded length. 

Caving conditions may be encountered during drilling for the piles and subhorizontal ground 
anchors due to the presence of loose soils near the surface and the intensely fractured nature of 
the rock underlying the fill and landslide deposits.  The use of temporary casings, placement of 
tremie seals, or other methods may be required to maintain excavation stability.  

Difficult drilling can be expected for the piles and the subhorizontal ground anchors due to the 
presence of hard rock.  Unconfined compressive strengths of intact rock samples taken from the 
geotechnical borings ranged from approximately 1,500 psi to over 17,000 psi. 

Due to the narrow width of the roadway in the project area, complete closures of the highway 
may be necessary to facilitate drilling for the soldier piles.  It should be anticipated that road 
closures will only be permitted at night. 
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Construction of a working bench in front of the wall may be difficult due to the steep slopes and 
narrow roadway width.  Excavation of the southbound lane may be required to gain access to the 
slopes in front of the proposed retaining wall layout line, resulting in the need to backfill behind 
the soldier piles and lagging.  Proper compaction of the retaining wall backfill prior to stressing 
of ground anchors is essential to prevent deflection of the solider piles into the backfill.  Per 
Standard Specification Section 19-3.03E(3), a minimum backfill height behind the lagging of 5 
feet above the level of ground anchors shall be provided prior to drilling and installing the 
ground anchors. 

Difficult excavation can be expected in front of the retaining wall between approximate “CL” 
Stations 506+30 and 508+00 due to the presence of geogrid reinforcement in the existing slope.  
Difficult excavation can also be expected near the bottom of the lagging between Stations 
501+25 and 506+30 and between Stations 507+80 and 510+25 because the lower portions of the 
wall within those limits may be lagged into hard rock. 

Depending on the time of year of construction and the amount of precipitation received, 
groundwater may be encountered while drilling the pile and subhorizontal ground anchor holes.  
Soldier pile and subhorizontal ground anchor installations may require dewatering before placing 
concrete.  The contractor shall propose provisions to control groundwater in pile excavations and 
ground anchor borings in the pile installation plan and in the shop drawings for the ground 
anchors. 

Grout loss may occur during the installation of subhorizontal ground anchors due to the intensely 
fractured nature of the rock.  Controlling measures such as the use of “grout socks” might reduce 
the potential for grout loss. 

Supplemental Project Information 

Standard Specification 2-1.06B “Supplemental Project Information”, discloses to bidders and 
contractors a list of pertinent information available for their inspection prior to bid opening. 
Items listed to be included in the Information Handout will be provided in Acrobat (.pdf) format 
to the Addressee of this report via electronic mail.  

Data and information attached with the project plans are: 

A.  Log of Test Borings. 

Data and information included in the Information Handout provided to the Bidders and 
Contractors are: 

A.  Foundation Report for Elephant Trunk Slide Retaining Wall dated September 10, 2013. 
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Data and information available for inspection at the District Office: 

A.  Borehole core samples. 

The District Office is located at 50 Higuera Street, San Luis Obispo, California, 93401.  Contact 
Sam Nimri at (805) 549-3116 to arrange for inspection of the borehole core samples. 
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State of California       Business, Transportation and Housing Agency 
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 Be energy efficient! 
 
To: Mike Finegan Date: December 12, 2012  
 Geotechnical Design South  
 Division of Engineering Services  File: 05-SLO-1-73/74.1 
    Project 05-1200-0009 
 
Attention:  Dan Applebaum 
 
 
From: DEPARTMENT OF TRANSPORTATION 
 DIVISION OF ENGINEERING SERVICES 
 GEOTECHNICAL SERVICES-MS#5 
 
Subject: Seismic Refraction Survey, Elephant Trunk Slide Retaining Wall 
 
 

Introduction 

This memo documents the results of a refraction seismic survey to assist in the design of 
roadway improvements at Elephant Trunk Slide on Highway 1 in San Luis Obispo County.  
The project involves repair of failing retaining walls at that location.  The survey was 
employed to assist in assessing the engineering characteristics of soil and rock at that 
location.  Five existing piezometers were utilized for a tomography seismic survey designed 
to image beneath the roadway and adjacent embankment.  Two additional profiles were 
acquired parallel to and below the roadway on a bench cut.  Seismic profile locations are 
shown on Plate 1. 
 

Results and Discussion 

Line SI-2-10 

Plate 2 shows the results of our findings at SI-2-10.  Both the velocity model and pseudo ray 
path (“hit plot”) model are presented. This was the only profile that did not have an 
associated Log of Test Boring (LOTB).  An LOTB was not available for this piezometer.  
The velocity model indicates three primary velocity units, interpreted as landslide and 
sidecast debris over an older, possibly saturated slide deposit.  Both slide units appear to 
overlie unconformably the higher-velocity material interpreted as weathered metamorphic 
rock.  The model has excellent ray path coverage, according to the ray path model.  The 
minimum velocity presented is 428 m/s (1404 ft/s) and the maximum velocity was 2978m/s 
(9770 ft/s). 

Line SI-10-11 

Plate 3 shows the results of our findings at SI-10-11.  The velocity model indicates landslide 
and sidecast debris thickening about 14 meters (45.93 ft.) down slope of the boring, and 
overlying older landslide material and weathered bedrock. The tie with SI-10-11 indicates the 
contact between older slide material and weathered metamorphic rock is not well delineated 
in this model, implying insufficient velocity contrast between the two units.  The basal unit is 
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interpreted as competent metamorphic rock. The ray path model indicates excellent ray path 
coverage. 

Line SI-9-11 

Plate 4 shows the results of our findings at SI-9-11.  Three velocity units are shown, 
consisting of landslide debris over weathered and intensely fractured metamorphic rock, 
grading to fractured and very hard metamorphic bedrock.  The LOTB for RC-11-007 
describes metamorphic rock beginning 3 ft (.91 m) below the ground surface.  This zone has 
a seismic velocity of 2000 m/s (6561 ft/s) and higher, indicative of rock at the upper limits of 
rippability.  LOTB indicates fracturing is intense and rock appears slightly weathered.  The 
higher velocities are interpreted as less weathered and fractured, very hard, metamorphic 
rock.  Some uncertainty exists in this model due to lack of ray path coverage, and is indicated 
by stippled areas where it occurred.  Ray path coverage was not satisfactory within the 
stippled regions.  Unlike the other profiles, the borehole was located in the northbound lane, 
so the distance from the borehole to the first geophone was 9.0 meters (29.5ft) 

Line SI-5-11 

Plate 5 shows the results of our findings at SI-5-11.  The velocity model indicates three 
velocity units, interpreted as landslide and sidecast debris about 5 meters (16.4 ft) thick over 
older landslide material, in turn overlying higher velocity metamorphic rock.  The LOTB 
describes rock beginning at 34 feet (10.36 m) below ground surface (bgs).  Rock velocity is 
variable and equals or exceeds 2000 m/s (6561 ft/s), the upper limit of rippability.  The ray 
path model indicates incomplete coverage within the high velocity zone, as shown by the 
stippled regions in the model. 

Line SI-6-11 

Plate 6 shows the results of our findings at SI-6-11, the southern most boring on this project.  
The velocity model indicates three primary velocity units.  The first unit is recent landslide 
and sidecast debris about 3.0 to 5.0m (9.8- 16.4 ft) thick.  The second unit is older landslide 
debris approximately 15.0 m (49.0ft) thick with an average seismic velocity of 1500m/s 
(4921ft/s).  The third velocity unit is interpreted as meta-sandstone described in the LOTB at 
17.8 m (58.4 ft) bgs.  Its seismic velocity is > 2000m/s (6562 ft/s ).  Below the bedrock 
elevation, the LOTB describes soft zones and decomposed material indicative of slower 
seismic velocity and correlates with the velocity model.  The hit plot for this model indicates 
acceptable ray path coverage except for one significant zone of anomalously low velocity 
approximately 13 m (42.6 ft) west of the roadway (indicated by the stippled zone).  Although 
poorly constrained in this zone, the excellent tie with Line ETS-2 at that location supports the 
existence of the low velocity zone.  (Note:  ETS-2 surface elevations were not tied to a 
benchmark and were estimated, resulting in a mis-tie between Line SI-6-11 and Line ETS-2 
of about 2 meters.  We corrected this manually at the tie point shown in Plates 6 and 8.) 

Seismic Refraction Lines ETS-1& ETS-2 

Plates 7 and 8 show the results of our findings for seismic refraction lines ETS-1 and ETS-2, 
located on a narrow bench below the existing highway. These seismic lines overlap by 10 
meters (32.80 ft).  Based on LOTB descriptions for RC-11-003 and the seismic velocities 
encountered, a three-layer model is indicated consisting of sidecast and recent landslide 
debris over an older landslide, which lies unconformably over metamorphic bedrock.  The 
quality of the ray path coverage is acceptable on both profiles.  We note that the low velocity 
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zone on Line SI-6-11 also appears on Line ETS-2 (Plate 8).  (Note:  ETS-2 surface elevations 
were not tied to a benchmark and were estimated, resulting in a mis-tie between Line SI-6-11 
and Line ETS-2 of about 2 meters.  We corrected this manually at the tie point shown in 
Plates 6 and 8.) 
 

Data Acquisition and Processing 

Interpretation of the downhole survey results used SeisOpt Pro (www.optimsoftware.com). 
The program utilizes a quasi-tomographic, controlled Monte-Carlo inversion to develop a 
globally optimized velocity model of the subsurface (Pullammanappallil and Louie, 1994). 
The methodology uses only first arrival time data and profile geometry as input. No initial 
assumptions of velocity structure or layering are required. As such, the method is well suited 
for investigation of areas dominated by complex shallow structure, significant velocity 
gradients and variable topography.  

In general, seismic tomography inversion techniques develop “best-fit” velocity models by 
iteratively comparing observed arrival data to calculated arrival times derived from generated 
velocity structures. A final model is produced when the calculated times match observed data 
within a specified error. An advantage of tomography is that it produces a minimum-curve 
envelope (a boundary defined by those ray paths traversing the maximum shot-receiver 
distances in the shortest time) that defines a maximum depth of investigation--no information 
is available below the envelope--whereas only estimates of investigation depth are possible 
using traditional layer analysis.  

In cases where insufficient data exist, the inversion process may generate false models. 
Therefore, as with any refraction interpretation technique, multiple shotpoints along a survey 
profile provide greater data coverage for analysis and aid in generating a more accurate 
model.  

Data were acquired using a Geometrics Strataview 24 channel seismograph with 14 Hz land 
geophones. Geophone spacing for the profiles was 1 meter (3.208 feet). Within the 
piezometers, small explosive charges were utilized as seismic sources.  At the surface, a 
hammer and striker plate was used.  Use of the piezometer shots provided better constraint to 
the bedrock geometry. During data acquisition, profile geometry (shot and phone locations) 
and waveform data from each geophone were recorded and stored in seismograph memory. 
Both profile geometry and refraction data were backed-up to paper printouts after each shot, 
and all data were backed-up to electronic storage media upon completion of the survey. The 
refraction data were processed to determine first arrival times and prepared for input to 
SeisOpt Pro. Profile geometry, P-wave arrival times and ground surface elevations were 
assigned for each profile.  

The final models used for interpretation are presented in this report. Both velocity models 
and hit count plots are presented. The velocity models differ from traditional refraction 
profiles in that velocities are presented by pixel rather than by layer. The hit count plot is a 
pseudo ray-trace model showing the number of seismic rays crossing each pixel. More 
evenly distributed hits (ray crossings) and higher hits per cell are positively correlated with 
improved accuracy in the model. 

The seismic refraction profiles in this report are presented in terms of velocity units.  A 
velocity unit is a three-dimensional unit, which due to its elastic properties and density, 
propagates seismic waves at a characteristic velocity or within a characteristic velocity range.  
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At least one velocity is present within a geological rock unit. In addition, each zone of 
weathering or fracturing within that geological unit can constitute its own velocity unit.  
Conversely, when two rock units propagate seismic waves at the same velocity and are 
adjacent to each other (e.g., saturated sand and weathered rock), both units would be part of 
the same velocity unit.  Lastly, discontinuous velocities might result from variation in the 
degree of alteration within a rock unit (i.e., physical and chemical weathering) and should be 
considered in the interpretation of the data.  

 
Thank you for the opportunity to work on this project.  If you have any questions or need 
additional assistance, please contact me at (916) 227-1307 or Mr. Bill Owen at (916) 227-0227. 
 
 
Report by:     Reviewed By: 

 
Dennison Leeds               William Owen, PGP 1031 
Engineering Geologist   Chief, Geophysics and Geology Branch 
Geophysics and Geology Branch 
 
 
 
 
DL/WO 
Project File:  05_SLO_001_73-74.1_2012_SEI 
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Project:  0512000009 SI-2-10 
Velocity and Hit Count Models 

Plate 2 

05-SLO-001-73-74.1 
Elephant Trunk Slide 

Date: Nov.30, 2012 

Hit Count 
Final velocity model and pseudo ray path model for Line SI-2-10.  Shots (gray diamonds) and geophone locations (black 
triangles) are shown. Model is interpreted as three velocity units.  Blue colored zone is slide debris approximately 5.0 m (16.4 ft) 
thick with a seismic velocity of approximately 900 m/s (2952 ft/s).  Green zone is interpreted as older slide material or intensely-
weathered metamorphic rock, with seismic velocity between 1500-1700 m/s (4921-5577 ft/s).  The yellow and red colored zone is 
interpreted as metamorphic rock with a seismic velocity range of 2300 m/s to 2900 m/s (7545 ft/s to 9512 ft/s). The hit plot 
indicates subsurface ray path coverage is excellent. 
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Project:  0512000009 SI-10-11 
Velocity and Hit Count Models 

Plate  3 

05-SLO-001-73-74.1 
Elephant Trunk Slide 

Date: Nov. 30, 2012 

Final velocity model for SI-10-11(top) and pseudo ray path model(bottom).  Interpreted borehole log and tie with line SI-11-010 
also shown.  Shots (gray diamonds) and geophones locations (black triangles) shown.  Model is interpreted as three velocity 
units.  The blue zone is interpreted as landslide debris varying in thickness from 6.0 m (19.6 ft.) to more than 10.0m (32.8 ft.) with 
a seismic velocity approximately 800 m/s (2624 ft/s).  The green zone is interpreted as undifferentiated older landslide material 
over weathered metamorphic rock, ranging in thickness from 9.0m (29.5ft.) to 11.0 m (36.0ft) and seismic velocity ranging from 
1250m/s (4101 ft/s) to 2000 m/s (6562 ft/s).  This zone appears truncated about 13 meters (42.65ft) from the boring.  The red 
colored zone is interpreted as metamorphic rock with a seismic velocity of 2600 m/s (8530 ft/s).  The hit plot model indicates 
excellent ray path coverage. 

            Hit Count 

RC-11-010 
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Velocity and Hit Count Models 

Plate 4 

05-SLO-001-73-74.1 
Elephant Trunk Slide 

Date: Nov.15, 2012 

 

Final velocity and pseudo ray path models for Line SI-9-11.  Shots (gray diamonds) and geophone locations (black triangles) 
are shown.  Stippled areas represent regions of suboptimal model constraint.  LOTB and tie with RC-11-007 shown.  LOTB 
notes slightly weathered, very hard rock at 87.4 ft bgs (26.7 m bgs). ,.Blue unit interpreted as landslide debris, green unit is 
weathered and intensely fractured metamorphics. Red unit is moderately fractured and very hard metamorphic rock.  

RC-11-007 

Hit Count 



Date: Nov.30, 2012 

Final velocity model and pseudo ray path model for Line SI-5-11.  Shots (gray diamonds) and geophone locations (black 
triangles) are shown.  Interpreted borehole log and tie with RC-11-003 shown.  Blue colored zone is slide debris approximately 
5.0 m (16.4 ft)thick with a seismic velocity of approximately 600 m/s (1968 ft/s).  Green zone is interpreted as weathered 
metamorphic rock with a seismic velocity of approximately 1500-1700 m/s (4921-5577 ft/s).  The yellow and red colored zone is 
interpreted as metamorphic rock with a seismic velocity range of 2000 m/s to 3000 m/s (6561 ft/s to 9842 ft/s). The hit plot 
indicates subsurface ray path coverage was acceptable, two small regions of suboptimal coverage within the high velocity rock 
are shown as stippled areas. 

RC-11-003 
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Velocity Plot and Hit Count 

Plate 5 

05-SLO-001-73-74.1 
Elephant Trunk Slide 



 

Final velocity model and pseudo ray path model for SI-6-11.  Generalized borehole log and ties with RC-11-004 and Line ETS-2 
also shown.  Shots (gray diamonds) and geophones (black triangles) shown.  Model is interpreted as three velocity units.  Blue 
zone interpreted as landslide debris, the green zone is interpreted as older landslide debris, the red zone is interpreted as 
metamorphic rock. LOTB for SI-6-11 identifies meta-sandstone at elevation106 m (347.76 ft).  Below 347.76 ft LOTB describes 
poorer quality rock to the bottom of the hole.  The hit plot model indicates acceptable ray path coverage. Stippling represents one 
area of suboptimal ray oath coverage. 
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Hit Count 
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Plate 6 
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Seismic Refraction Line ETS-1 

Plate 7 

05-SLO-001-73-74.1 
Elephant Trunk Slide 

Date: Nov. 30, 2012 

Final velocity model and pseudo ray path model for Seismic Refraction Line ETS-1.  Shots (gray diamonds) and geophone 
locations (black triangles) are shown.  Model is interpreted as three main velocity units.  Blue unit is landslide debris.  Green 
unit is interpreted as metamorphic cobbles.  Red unit is interpreted as slightly weathered metamorphic rock with varying 
intensity of fracturing. 
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Seismic Refraction Line ETS-2 

Plate 8 

05-SLO-001-73-74.1 
Elephant Trunk Slide 

Date: Nov. 30, 2012 

Final velocity model and pseudo ray path model for Line ETS-2.  Shots (gray diamonds) and geophone locations (black 
triangles) are shown..  Model is interpreted as three main velocity units.  Blue unit represents landslide debris, green unit is 
interpreted as additional landslide debris.  Red unit is interpreted as slightly weathered metamorphic rock with varying 
intensity of fracturing.  Generalized log for RC-11-006 and tie with Line SI-6-11 shown.  ETS-2 elevations were not tied to 
SI-6-11, resulting in a mis-tie for surface elevation 
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(Elev. 

412.79 ft)

SI4-11 
(Elev. 

425.45 ft)

SI5-11 
(Elev. 

430.88 ft)

SI6-11 
(Elev. 

410.17 ft)

SI7-11 
(Elev. 

462.49 ft)

SI8-11 
(Elev. 

388.21 ft)

SI9-11 
(Elev. 

450.82 ft)

SI10-11 
(Elev. 

456.11 ft)

10/5/2010 70.6 64.5 Dry @ 70.4' Dry @ 51' Dry @ 47.6' N/R N/R
12/14/2010 68.4 64.6 (mud) 70.8 (mud) 51.3 (mud) 50.4 (mud) N/R N/R
1/19/2011 71.3 Dry @ 64.6 68.2 46.3 Dry @ 50.4 N/R N/R
3/28/2011 35.2 37.0 65.9 36.5 45.5 N/R N/R
4/19/2011 Dry @ 36.7 61.8 (mud) 67.7 40.4 50.4 (dry) N/R N/R
4/27/2011 N/R N/R N/R N/R 50.4 N/R N/R 32.8 26.4
5/3/2011 N/R 61.3 68.5 48.6 N/R N/R N/R 38.1 47.4 52.3

5/11/2011 N/R N/R N/R N/R 50.2 N/R N/R 39.2 47.3 54.6 27.2
5/17/2011 Dry @ 36.5 39.8 68.9 49.4 36.45 N/R N/R 39.6 47.5 52.7 N/R 66.8 5.8 71.2
6/16/2011 N/R 57.8 N/R N/R N/R N/R N/R 46.4 47.8 55.6 39.6 69.5 7.0 72.2 N/R
6/29/2011 N/R 58.9 69.4 (mud) Dry @ 50.2' 43.7 N/A N/R 50.7 47.8 55.8 41 70.1 7.1 73.2 77.2
8/18/2011 N/R 62.2 Dry @ 70.7' Dry @ 50.5' Dry @ 50.3 N/A N/R 69 47.7 66 42.9 71.2 7.4 74.5 77.4
12/8/2011 N/R N/R Dry @ 70.7' Dry @ 50.3' Dry @ 50.2 N/R N/R N/R N/R N/R N/R 73 N/R N/R 75.1
12/21/2011 N/R Dry @ 62.6 N/R N/R N/R N/R N/R 65.1 43.9 62.7 50 N/R N/R 75.45 N/R
3/8/2012 N/R 57.4 Dry @ 70.5' Dry @ 50.1' Dry @ 50.25 N/R N/R N/R 43.75 N/R N/R 76 N/R N/R 70.15

8/21/2012 N/R Dry @ 66.6 Dry @ 70.7' Dry @ 50.4' Dry @ 50.2 N/R N/R 74.95 43.15 Dry @ 73.5 55 77.1 8.2 N/R 76.3
12/18/2012 Dry @ 36.6 63.3 Dry @ 70.2' Dry @ 50.4' 40.7 86.2 Mud @ 66.5 N/R 42.8 N/R N/R Mud @ 77.3 1/8/1900 N/R N/R

GROUNDWATER MONITORING

Notes:  N/R = Not Read
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                                INCLINOMETER RESULTS, ELEV. 423.39 FT
05-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING:  83 ft         
Ao DIRECTION: 250* ( magnetic North)          
Location (WGS-84) : 35* 47.41N 121* 20.36W      
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                                INCLINOMETER RESULTS, ELEV. 470.67 FT
05-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING:  103 ft         
Ao DIRECTION: 250* ( magnetic North)          
Location (WGS-84) : 35* 47.51N 121*20.41W       
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                                INCLINOMTER RESULTS
05-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING:  91 ft         
Ao DIRECTION: 233* ( magnetic North)          
Location (WGS-84) :N 35* 78.964, W 121*33.901        
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                                INCLINOMTER RESULTS
05-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING: 57 ft         
Ao DIRECTION: 211* ( magnetic North)          
Location (WGS-84) : N 35*79.012, W 121*33.939      
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                                INCLINOMTER RESULTS
05-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING: 71 ft         
Ao DIRECTION: 238* ( magnetic North)          
Location (WGS-84) : N 35*79.041, W 121*33.942      
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                                INCLINOMTER RESULTS
05-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
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DEPTH OF INCLINOMETER CASING:  95 ft         
Ao DIRECTION: 229* ( magnetic North)          
Location (WGS-84) :N 35*78.946, W 121*33.894       
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DEPTH OF INCLINOMETER CASING: 83 ft         
Ao DIRECTION: 225* ( magnetic North)          
Location (WGS-84) : N35.79149* W 121.33988*      
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Ao DIRECTION: 223* ( magnetic North)          

Location (WGS-84) : N 35.78962* W 121.33923*      
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05-Slo-001-PM 73.7-73.9

Elephant Trunk Slide      

E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING: 77 ft         

Ao DIRECTION: 223* ( magnetic North)          

Location (WGS-84) : N 35.78962* W 121.33923*      
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Ao DIRECTION: 223* ( magnetic North)          

Location (WGS-84) : N 35.78962* W 121.33923*      
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Elephant Trunk Slide      

E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING: 77 ft         

Ao DIRECTION: 223* ( magnetic North)          

Location (WGS-84) : N 35.78962* W 121.33923*      
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                                INCLINOMTER RESULTS
05-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING: 85 ft         
Ao DIRECTION: * ( magnetic North)          
Location (WGS-84) :       
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                                INCLINOMTER RESULTS
01-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING: 83 ft         
Ao DIRECTION: 222* ( magnetic North)          
Location (WGS-84) : N 35*79.121 & W 121*33.989      

                                INCLINOMTER RESULTS
01-Slo-001-PM 73.7-73.9
Elephant Trunk Slide      
E.A. No: 05-0P350                     

DEPTH OF INCLINOMETER CASING: 83 ft         
Ao DIRECTION: 222* ( magnetic North)          
Location (WGS-84) : N 35*79.121 & W 121*33.989      
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                     RESULT OF SI MONITORING
05-SLO-001-PM74.3
Site: Elephant Trunk SI-12-11
Project ID: 05-1A700-0-1080

Depth of Casing: 75.3 ft
A0 Direction: 228 deg
Location: N35°47.399',W121°20.372'

ETS SI-12-11, A-Axis
0

10

20

30

40

50

60

70

80

D
ep

th
 in

 fe
et

-1.00 -0.50 0.00 0.50 1.00

Cumulative Displacement (in) from 10/23/2012

10/23/2012
11/27/2012
12/18/2012
1/28/2013

ETS SI-12-11, B-Axis
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           RESULT OF SI MONITORING
05-SLO-001-PM74.3
Site; Elephant Trunk SI-12-12
Project ID: 0512000009

Depth of Casing: 55.6 ft
A0 Direction: 232 deg
Location: N35°47.371',W121°20.340'

ETS SI-12-12, A-Axis
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Boring No.

Station

Line

Date Sampled

Sample ID

Depth Below OG

USCS Classification

Offset

50 mm (2")

25 mm (1")

19 mm (3/4")

9.5 mm (3/8")

4.75 mm (No. 4)

2.36 mm (No. 8)

1.18 mm (No. 16)

600 um (No. 30)

300 um (No. 50)

150 um (No. 100)

75 um (No. 200)

5 um

1 um
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R
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E

N
T

Liquid Limit

Plasticity Index

Resistivity (ohm-cm)

pH

Sulfates (ppm)

Chlorides (ppm)

Dry Density (pcf)

Dry Density (pcf)

Moisture (%)

Moisture (%)

Specific Gravity

Friction Angle (^)

Cohesion (psf)

C
o
n
s
o
l. Consolidation Index (Cc)

Recompression Index (Cr)

37.5 mm (1�")

12.5 mm (1/2")

ATTACHMENT 8

MATERIALS PROPERTIES SUMMARY

Initial Void Ratio

EXPANSION INDEX

DIRECT

SHEAR

UNCONFINED COMPRESSIVE STRENGTH (psi)

SLO-1-73.0/74.1

RC-11-001 RC-11-002 RC-11-003

502+17 504+24 505+08

2’ Lt.

48.6’-49.3’ 79’-80’ 10’-10.5’ 14’-15’ 7’-38’ 63’-64’ 69.5’-70.5’

19 25 Bulk2 3 22 23

166

3022

164

1647

1315

7.42

2156

7.67

166

11529

166

11029

165

2674

166

2082

4/20/2011 4/22/2011 4/23/2011 4/23/2011 4/27/2011 4/27/2011 4/27/2011

N/A

N/AN/A

N/A

**Test specimen length/diameter ratio not in compliance with test method

63 mm (2�")

1’ Rt.

"CL1" "CL1" "CL1"

CL

7’-48’

Bulk

4/20/2011

ELEPHANT TRUNK RETAINING WALL
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Boring No.

Station

Line

Date Sampled

Sample ID

Depth Below OG

USCS Classification

Offset

50 mm (2")

25 mm (1")

19 mm (3/4")

9.5 mm (3/8")

4.75 mm (No. 4)

2.36 mm (No. 8)

1.18 mm (No. 16)

600 um (No. 30)

300 um (No. 50)

150 um (No. 100)

75 um (No. 200)

5 um

1 um
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Liquid Limit

Plasticity Index

Resistivity (ohm-cm)

pH

Sulfates (ppm)

Chlorides (ppm)

Dry Density (pcf)

Dry Density (pcf)

Moisture (%)

Moisture (%)

Specific Gravity

Friction Angle (^)

Cohesion (psf)

C
o
n
s
o
l. Consolidation Index (Cc)

Recompression Index (Cr)

37.5 mm (1�")

12.5 mm (1/2")

ATTACHMENT 8

MATERIALS PROPERTIES SUMMARY

Initial Void Ratio

EXPANSION INDEX

DIRECT

SHEAR

UNCONFINED COMPRESSIVE STRENGTH (psi)

SLO-1-73.0/74.1

RC-11-004

501+59

CL

5/3/2011

17

43.5’-47’30.3’-30.7’

11 23

60’-60.9’

25

67’-67.7’

26

75’-75.8’

27

78.3’-78.7’

28

83’-83.6’

Bulk

4’-25’

1348

6.85

180

6763**

166

13235

164

10204** 7709

165 166

13010

164

9110**

5/3/2011 5/4/2011 5/4/2011 5/4/2011 5/4/2011 5/4/2011 5/4/2011

N/A

N/A

**Test specimen length/diameter ratio not in compliance with test method

63 mm (2�")

"CL1"

ELEPHANT TRUNK  RETAINING WALL



Page 3 of 6

D
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Boring No.

Station

Line

Date Sampled

Sample ID

Depth Below OG

USCS Classification

Offset

50 mm (2")

25 mm (1")

19 mm (3/4")

9.5 mm (3/8")

4.75 mm (No. 4)

2.36 mm (No. 8)

1.18 mm (No. 16)

600 um (No. 30)

300 um (No. 50)

150 um (No. 100)

75 um (No. 200)

5 um

1 um
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Liquid Limit

Plasticity Index

Resistivity (ohm-cm)

pH

Sulfates (ppm)

Chlorides (ppm)

Dry Density (pcf)

Dry Density (pcf)

Moisture (%)

Moisture (%)

Specific Gravity

Friction Angle (^)

Cohesion (psf)

C
o
n
s
o
l. Consolidation Index (Cc)

Recompression Index (Cr)

37.5 mm (1�")

12.5 mm (1/2")

ATTACHMENT 8

MATERIALS PROPERTIES SUMMARY

Initial Void Ratio

EXPANSION INDEX

DIRECT

SHEAR

UNCONFINED COMPRESSIVE STRENGTH (psi)

SLO-1-73.0/74.1

RC-11-005 RC-11-006

509+47 502+21

56’ Lt.2’ Lt.

5/6/2011 5/6/2011 5/6/2011 5/6/2011 5/6/2011

Bulk 11 12 15 19

1’-20’ 30.8’-31.3’ 35.2’-36’ 47.5’-48.2’ 67’-67.6’

164

7498**

163

9208

162

6489**

164

5385**

5/7/2011 5/7/2011 5/7/2011 5/7/2011

Bulk 21 22 23

0’-50’ 51.5’-52’ 55’-60’ 64.2’-65’

3049

6.76

N/A

N/A

N/A

N/A

1404

7.90

166

7678

32

16

166

2967

**Test specimen length/diameter ratio not in compliance with test method

63 mm (2�")

"CL1" "CL1"

ELEPHANT TRUNK RETAINING WALL
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Boring No.

Station

Line

Date Sampled

Sample ID

Depth Below OG

USCS Classification

Offset

50 mm (2")

25 mm (1")

19 mm (3/4")

9.5 mm (3/8")

4.75 mm (No. 4)

2.36 mm (No. 8)

1.18 mm (No. 16)

600 um (No. 30)

300 um (No. 50)

150 um (No. 100)

75 um (No. 200)

5 um

1 um
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Liquid Limit

Plasticity Index

Resistivity (ohm-cm)

pH

Sulfates (ppm)

Chlorides (ppm)

Dry Density (pcf)

Dry Density (pcf)

Moisture (%)

Moisture (%)

Specific Gravity

Friction Angle (^)

Cohesion (psf)

C
o
n
s
o
l. Consolidation Index (Cc)

Recompression Index (Cr)

37.5 mm (1�")

12.5 mm (1/2")

ATTACHMENT 8

MATERIALS PROPERTIES SUMMARY

Initial Void Ratio

EXPANSION INDEX

DIRECT

SHEAR

UNCONFINED COMPRESSIVE STRENGTH (psi)

SLO-1-73.0/74.1

RC-11-006 RC-11-007

502+21 507+81

56’ Lt. 16’ Rt.

5/7/2011 5/8/2011

24 26

69’-70’ 77.5’-78.5’

164

4768 5180

166

7 9 10 11 13 14 17

5/8/2011 5/8/2011 5/8/2011 5/8/2011 5/8/2011 5/8/2011 5/8/2011

13.5’-14.4’ 19.2’-19.8’ 25.9’-26.6’ 31.6’-32.2’ 38.5’-39.3’ 46’-46.8’ 54.2’-54.7’

165

20576

165

6966**

165

21577

166

13298

166

17367

164

10369

166

9034**

**Test specimen length/diameter ratio not in compliance with test method

63 mm (2�")

"CL1" "CL1"

ELEPHANT TRUNK RETAINING WALL
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Boring No.

Station

Line

Date Sampled

Sample ID

Depth Below OG

USCS Classification

Offset

50 mm (2")

25 mm (1")

19 mm (3/4")

9.5 mm (3/8")

4.75 mm (No. 4)

2.36 mm (No. 8)

1.18 mm (No. 16)

600 um (No. 30)

300 um (No. 50)

150 um (No. 100)

75 um (No. 200)

5 um

1 um

P
A

R
T

I
C

L
E

 S
I
Z

E
 A

N
A

L
Y

S
I
S

P
I

C
O

R
R

O
S

IO
N

D
E

N
SI

T
Y

 A
N

D

In
 S

it
u

O
pt

im
um

M
O

IS
T

U
R

E
 C

O
N

T
E

N
T

Liquid Limit

Plasticity Index

Resistivity (ohm-cm)

pH

Sulfates (ppm)

Chlorides (ppm)

Dry Density (pcf)

Dry Density (pcf)

Moisture (%)

Moisture (%)

Specific Gravity

Friction Angle (^)

Cohesion (psf)

C
o
n
s
o
l. Consolidation Index (Cc)

Recompression Index (Cr)

37.5 mm (1�")

12.5 mm (1/2")

ATTACHMENT 8

MATERIALS PROPERTIES SUMMARY

Initial Void Ratio

EXPANSION INDEX

DIRECT

SHEAR

UNCONFINED COMPRESSIVE STRENGTH (psi)

SLO-1-73.0/74.1

RC-11-007 RC-11-008

507+81

16’ Rt.

19 21 27

5/8/2011 5/9/2011 5/9/2011

63’-63.7’ 72.2’-73.2’ 90.2’-90.9’

167

16337

166

14279

163

8448**

12 13 14 15 16

56’-57’ 61.5’-62’ 67.5’-68’ 74’-75’ 76.8’-77.3’

5/9/2011 5/9/2011 5/9/2011 5/10/2011 5/10/2011

165

4057 6402

164 165

11327 12796

165 169

11679

**Test specimen length/diameter ratio not in compliance with test method

63 mm (2�")

"CL1" "CL1"

ELEPHANT TRUNK RETAINING WALL
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D
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Boring No.

Station

Line

Date Sampled

Sample ID

Depth Below OG

USCS Classification

Offset

50 mm (2")

25 mm (1")

19 mm (3/4")

9.5 mm (3/8")

4.75 mm (No. 4)

2.36 mm (No. 8)

1.18 mm (No. 16)

600 um (No. 30)

300 um (No. 50)

150 um (No. 100)

75 um (No. 200)

5 um

1 um
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Liquid Limit

Plasticity Index

Resistivity (ohm-cm)

pH

Sulfates (ppm)

Chlorides (ppm)

Dry Density (pcf)

Dry Density (pcf)

Moisture (%)

Moisture (%)

Specific Gravity

Friction Angle (^)

Cohesion (psf)

C
o
n
s
o
l. Consolidation Index (Cc)

Recompression Index (Cr)

37.5 mm (1�")

12.5 mm (1/2")

ATTACHMENT 8

MATERIALS PROPERTIES SUMMARY

Initial Void Ratio

EXPANSION INDEX

DIRECT

SHEAR

UNCONFINED COMPRESSIVE STRENGTH (psi)

SLO-1-73.0/74.1

RC-11-009 RC-11-010

508+63

5’ Lt.

5/17/2011 5/17/2011

6 7

28’-29’ 33’-34’

166 166

15294 16814

6/15/2011 6/15/2011 6/15/2011 6/16/2011 6/16/2011

14 16 18 20 21

46’-47’ 55.2’-55.7’ 66’-67’ 75.5’-76.5’ 82’-83’

165 165 164 164 164

6335 7474 10231 3908 11504

**Test specimen length/diameter ratio not in compliance with test method

63 mm (2�")

"CL1" "CL1"

ELEPHANT TRUNK RETAINING WALL
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M. Cullen

J. Yang

BEGIN WALL RWLOL 100+00

500+00

EC 500+38.68

BC 500+64.95

R=500’

N39%%d55’04"W

EC 502+05.82

505+00

510+00

BC 504+60.40

R=300’

EC 505+64.41

BC 506+49.33

R=300’

EC 507+63.11

PLAN

1" = 60’

1" = 60’

DEVELOPED MIRROR ELEVATION

34 SPACES @ 8’-0" = 272’-0"

2’-0"

Begin WALL END WALL

2’-0"

100+00 101+00 102+00 103+00 104+00 105+00 106+00 107+00 108+00 109+00 110+00

DATUM Elev 300’-0"

BOTTOM OF 

LAGGING

TYPICAL SECTION

�" = 1’-0"

1’-7" 8’-0"

16’-5"

5"

1
.5

:1
 M

a
x

FG

Approx

OG

INTEGRAL COLORED

SHOTCRETE FACIA

COVERING PILES

CATCH 

POINT

8’-0"

PERMEABLE MATERIAL 

SEE "ROAD PLANS"

BOTTOM OF 

TIMBER LAGGING

UNDERDRAIN SEE

"ROAD PLANS"

LEVEL

LEVEL

LEVEL

LEVEL

15^Typ

15^Typ

15^Typ

15^Typ

UNBONDED

BONDED

LENGTH

LENGTH

FILTER

FABRIC

2 - W14x53 STEEL 

SOLDIER PILES IN 

36"` DRILLED HOLE
BOTTOM 

OF PILE

TOP OF WALL

CALIFORNIA ST-70 

BRIDGE RAIL

R=516.42’

EC 101+09.29

BC 103+63.87

R=316.42

EC 104+73.58

BC 105+58.49

R=283.58’

EC 106+66.05

BC 99+63.80

RWLOL

516.42

316.42

283.58

16^08’33"

19^51’50"

21^43’56"

73.23

55.40

53.43

145.49

109.70

107.56

R À T L

RWLOL CURVE DATA

TO SAN SIM
EON

TO MONTEREY

8’-5"

16’-7"

RWLOL STATION

1022’-8" MEASURED ALONG RWLOL

MEASURED ALONG RWLOL
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BRIDGE RAIL 

PEDESTAL

RWLOL =

� CIDH PILE

CONCRETE 

BARRIER

SLAB

"CL1" LINE

"CL1" LINE

16.42’ Lt "CL1" LINE Sta 510+99.03

16.42’ Lt "CL1" LINE Sta 501+00.00

"CL1" LINE

6’-7"

Begin BARRIER SLAB

6’-7"

N23%%d46’31"W

N23%%d46’31"W

N3%%d54’40"W

N3%%d54’40"W

N25%%d38’36"W

N25%%d38’36"W

  

H. Perez

H. Perez H. PerezM. Cullen

49E0022

06-05-13

Min & Var

2%

Min

� GROUND ANCHOR (A)

� GROUND ANCHOR (B)

� GROUND ANCHOR (D)

� GROUND ANCHOR (C)

3591

M.J. Cullen

C40620

03-31-2015

END BARRIER 

SLAB

80 SPACES @ 9’-4" = 746’-8" MEASURED ALONG RWLOL

ANGLE POINT RWLOL 110+02.00

15.042 Lt "CL1" LINE Sta 511+19.65

END WALL RWLOL 110+22.66

BEARING 

N21^49’44"W

29

R. Melko R. Washington

s108940
Typewritten Text
ATTACHMENT 9

s108940
Typewritten Text

s108940
Typewritten Text
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ENERGY ABSORPTION SYSTEMS









ROAD SAFETY PRODUCTS

ABSORB 350®  |  NoN-RediRective cRash cushioN - sacRificial

• Anchorless InstAllAtIon - no FoundAtIon requIred 

• cost eFFectIve ProtectIon From concrete BArrIer ends

• WorldWIde Proven PerFormAnce

• nchrP 350 AccePted



Lindsay Transportation Solutions Sales and Services, Inc. 
180 River Road • Rio Vista, CA 94571 • +1 707.374.6800 U.S. Toll Free: 888.800.3691 • www.barrriersystemsinc.com

General details for the ABSORB 350 System are subject to change without notice to reflect improvements and upgrades.
Additional information is available from Lindsay Transportation Solutions Sales and Services, Inc. © Lindsay Transportation Solutions, Inc. 

DISTRIBUTED BY:

PHYSICAL SPECIFICATIONS

NOSe ASSemBly
1

Pt # aBs04-03252013

FREquEntly askEd quEstions

Can the nose be angled off the barrier to better face traffic?
yes, as long as all of the aBsoRB 350 modules remain pinned and connected. For 
larger angles, it is recommended that the last barrier section be moved to  
face traffic.

Can the aBsoRB 350 system be moved while filled with water?
yes, the system is rigid enough to be repositioned filled with water by sliding the 
optional wheel / jack assembly under each element. 

What transitions are available?
dozens of transition options are available, including attachments to; standard  
nJ / J / k / F, Wide / X-Wide nJ,  i-lock, smooth Face, JJ Hook, qMB, 
armorGuard®, orion®, BarrierGuard® and ZoneGuard®.

Can the aBsoRB 350 system be used during cold weather? 
since aBsoRB 350 modules have no internal steel parts, the use of any approved 
anti icing chemical is acceptable.

FeATUReS

 » Rapid deployment  
and retrieval 

 » No ground anchoring 
required

 » low initial price 

 » Narrow footprint 

 » can be deployed on 
almost any road surface 

 » Meets NchRP 350 tl-1, 
tl-2, tl-3 test criteria 

 » easily transitioned to 
multiple widths and 
shapes of barriers

 » Nose and transition 
are reusable after most 
design impacts 

 » approved for use in 
permanent and work 
zone locations

naRRoW anCHoRlEss WatER FillEd CRasH CusHion

no ground anchoring, the largest selection of transitions and modular technology 

allow the aBsoRB 350 system to be used in multiple speed conditions. the 

aBsoRB 350 system is ideal for contractors due to the ease of maintenance after 

an impact and quick deployment. at 24” (610 mm) wide, it is ideally suited for 

narrow areas where road and workspace is limited. the aBsoRB 350 system is easy 

to restore after an impact because the system uses uniform modular components.  

the use of standardized modular components also helps to reduce inventory costs. 

ABSORB 350®  |  NoN-RediRective cRash cushioN - sacRificial

Classification nR-s

tl-3 length 32’ 9.7 m

Width 24” 610 mm

Height 32” 813 mm

Module 
Weight Empty

110 lb. 50 kg

test level nCHRP 350 tl 1/2/3

INTeRchANgeABle mOdUleS

TRANSITION



 PORTABLE 
TL-2 & TL-3 
END 
TREATMENT

SAVING LIVES BY DESIGN® 

 www.energyabsorption.com

ACZ-350™

ACZ-350ACZ-350™™  

EASY CLEAN-UP
NARROW PROFILE  
MINIMUM INTRUSION
LOW COST/ AFFORDABLE
QUICK/EASY TO MOVE

  OVERVIEW
s ease of useThe ACZ-350 System combiness

edirectiveand NCHRP 350, gating, non-ree

erformance TL-2 and TL-3 crash cushion pee

s partially for work zone protection.  This

be easilyreuseable crash cushion can bb

h No Roadway transported, and installed with

Anchors.

FORMANCESUPERIOR IMPACT PERFF
350 systems The unique design of the ACZ--3

mpacting protects errant drivers from imm

o containsconcrete barrier ends, and alss

ng into the the errant vehicle from vaultin

workzone.

FEATURES AND BENEFITS

  No Vaulting➜

 Safely contains errant vehicle➜

 Accommodates impacts up to 2,000 kg, ➜

  (4,500 lbs) traveling at speeds up to 100  

  km/h (62 mph)

 Simple and Fast Installation➜

 Protects Permanent or Temporary, Steel or  ➜

  Concrete Barrier

  Ideal for Work Zones➜

 No Foundation or Anchoring➜

NON-REDIRECTIVE, GATING CRASH CUSHION SYSTEM

All Crash Cushions defi ned as Non-redirective and Gating require a clear zone.  Clear Zones are areas 

behind the crash cushion that NO workers, machinery, obstructions or other debris could interfere with 

an errant vehicle.  This area should also remain relatively fl at.  If there are any questions or concerns, 

please contact your local Energy Absorption Systems, Inc. representative.



DISTRIBUTED BY:

 35 East Wacker Drive •  Chicago, IL 60601
Tel:  (312) 467-6750  •  Fax:  (312) 467-9625
www.energyabsorption.com

  www.quixtrans.com 

EASY DEPLOYMENT AND REMOVAL 
The ACZ-350 System can be easily unloaded and positioned without 

cranes or heavy equipment. Deployment involves three simple steps:

1. Unload

2. Position and pin barrier sections.

3. Fill Segments with water

SPECIFICATIONS  TL-3 

Length    31’-7” (9.6 m)

Width   1’-10” (.6m)

Height  2’ 9” (.8m)

Weight (empty)  1350 lbs

Weight (full)  6160 lbs

ACZ-350™

ACZ-350ACZ-350™™  

1) STEEL TRANSITION TO MULTIPLE CONCRETE OR STEEL BARRIERS

3) WATER-FILLED PLASTIC 

2) WATER-FILLED, STEEL RE-INFORCED, PLASTIC SEGMENTS

2

3

4) INTEGRATED STEEL NOSE

TL-3  ACZ350

1

4

DISTRIBUTED BY:

Height  

Weight (empty)  1350 lbs

Weight (full)  6160 lbs

ACZ-350™

1) STEEL TRANSITION TO MULTIPLE CONCRETE OR STEEL BARRIERS

3) WATER-FILLED PLASTIC 

2) WATER-FILLED, STEEL RE-INFORCED, PLASTIC SEGMENTS

3

4) INTEGRATED STEEL NOSE

TL-3  ACZ350

2

1

4



DRAWING NUMBER DRAWING NAME
MOST RECENT

REVISION DATE

300-148

SLED END TREATMENT

ANCHORED/UNANCHORED

CONFIGURATIONS

6/9/2011

300-147 SLED END TREATMENT SYSTEM 6/10/2011

300-146 SLED END TREATMENT TL3 6/10/2011

45044-Y SLED END TREATMENT MODULE 6/10/2011

45044-T
SLED END TREATMENT TRANSITION ASSEMBLY

(PAGE 1 OF 6 ONLY)
6/2/2010

SPEED 

CONFIGURATION
TL-2 & TL-3 SPEED CONFIGURATION --

SLED EURO TERMINAL MANUFACTURED BY TRAFFIX DEVICES, INC., 160 AVENIDA LA PATA, 

SAN CLEMENTE, CA 92673 (PHONE: 949-361-5663) AND DISTRIBUTED BY A&A SAFETY. (PHONE: 513-943-

6100 )



75' [22.86] MIN

MIN

20'
[6.09]

[7.7]

SYSTEM LENGTH
25'-3"

MAX 10°

EDGE OF ROADWAY APPROACHING TRAFFIC

CRASH CUSHION 
COMPRESSION ZONE 

(KEEP CLEAR)

OBSTRUCTION 
FREE 

CLEAR ZONE

BEGINNING LENGTH 
OF NEED

TEMPORARY  BARRIER

75' [22.86] MIN

MIN

20'
[6.09]

[7.7]

SYSTEM LENGTH
25'-3"

MAX 10°

EDGE OF ROADWAY APPROACHING TRAFFIC

CRASH CUSHION 
COMPRESSION ZONE 

(KEEP CLEAR)
OBSTRUCTION 

FREE 
CLEAR ZONE

BEGINNING LENGTH
 OF NEED

TEMPORARY  BARRIER

75' [22.86] MIN
[7.7]

SYSTEM LENGTH
25'-3"

MAX 10°

MIN

20'
[6.09]

EDGE OF ROADWAY APPROACHING TRAFFIC

CRASH CUSHION 
COMPRESSION ZONE 

(KEEP CLEAR)
OBSTRUCTION 

FREE 
CLEAR ZONE

BEGINNING LENGTH 
OF NEED

TEMPORARY  BARRIER

75' [22.86] MIN

MIN

20'
[6.09]

[7.7]

SYSTEM LENGTH
25'-3”

OBSTRUCTION 
FREE 

CLEAR ZONE

EDGE OF ROADWAY

APPROACHING TRAFFIC

CRASH CUSHION 
COMPRESSION ZONE 

(KEEP CLEAR)

BEGINNING LENGTH
 OF NEEDTEMPORARY  BARRIER

NOTES: 

1. MINIMUM LENGTHS OF TEMPORARY CONCRETE BARRIER ARE BASED ON UN-ANCHORED LENGTHS

2. SLED END TREATMENT SYSTEM DOES NOT REQUIRE ATTACHMENT TO A FOUNDATION.  THE SYSTEM 
    CAN BE LOCATED ON FIRM SOIL, ASPHALT, OR CONCRETE SURFACES.

3. SLED SYSTEM ANGLED TOWARD TRAFFIC AT ANGLE APPROPRIATE PER STATE AND LOCAL SPECIFICATION FOR 
    GATING CRASH CUSHION.

4. RUN OF BARRIER SHALL MEET THE LENGTH OF NEED CALCULATION

5. SLED SYSTEM TO BE INSTALLED PER MANUFACTURER’S INSTRUCTIONS AND SPECIFICATION 

6. AN APPROPRIATE OBSTRUCTION FREE CLEAR ZONE MUST BE ADJACENT TO THE SLED SYSTEM.  THE 
OBSTRUCTION FREE CLEAR ZONE REPRESENTS THE IMPACT TEST RECOVERY AREA OF APPROXIMATELY 75 FT 
LONG BY 20 FT WIDE.

7. IN ADDITION TO THE RECOMMENDED OBSTRUCTION FREE CLEAR ZONE, AN AREA DIRECTLY ADJACENT TO 
THE CRASH CUSHION (CRASH CUSHION COMPRESSION ZONE) MUST BE KEPT CLEAR
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[7.7]

SYSTEM LENGTH
25'-3"

[508]
20" MAX

TEMPORARY  BARRIER

EXISTING BARRIER 

END OF BARRIER NEED

ROADSIDE INSTALLATION ON APPROACH OF ELEVATED BRIDGES OR ROADWAYS

PLACEMENT OF THE SLED SYSTEM ON ELEVATED BRIDGE DECKS OR ROADWAYS ADJACENT TO EXISTING RAIL OR BARRIER SHALL BE OFFSET AT 
LEAST 20 INCHES [0.5 METER] FROM THE EXISTING RAIL OR BARRIER.

HATCHED AREA TO BE KEPT CLEAR OF ANY OBJECTS

APPROACHING TRAFFIC
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WATER FILLED SECONDARY MODULES

27 1/4"
691.89

MODULE
PRIMARY

EFFECTIVE LENGTH

25'-3"
[7.7 m]

IMPACT SLED
CONTAINMENT

TRANSITION SLED END TREATMENT

[9.0 m]
29'-5 ¾”

CUT AWAY SLED END TREATMENT
ALL SECTIONS CONTAIN INTERNAL MOLDED-IN CABLES.

FRONT

FRONT

FRONT
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45044-T 45044-Y 45044-CIS
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SLED End Treatment TL3



81 1/4"
2063.75

42 13/16"
1087.05

3

4

45 13/16"
1163.31

75 3/4"  PIN TO PIN
1924.30

22 7/16"
570.23

12

SLED END TREATMENT
UNITS: INCHES [mm]
COLOR: YELLOW
EMPTY WEIGHT: APPROX. 160 LBS. [73 kg]
FILLED WEIGHT: APPROX. 2000 LBS [907 kg].
FILL MATERIAL: WATER
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45130 
SLED TRANSITION FRAME

45150L 
SLED TRANSITION PANEL, LEFT

45150R 
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Speed Configuration 

* CIS is ALWAYS empty. 

TL-2 Configuration 

TL-3 Configuration 

CIS-Empty Module 1-Filled Transition Module 2-Filled Module 3-Filled 

Transition Module 1-Filled Module 2-Filled CIS-Empty 
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