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According to field Maintenance, this connector ramp has had similar issues in the past and based 
on the As-Built Plans, in 1992 (Contract No. 04-487044), under CCO #12, the existing pavement 
structural section was excavated to the depth of about 4.5 ft and replaced with new fill including 
a 2.1 feet thick new pavement section including an ATPB layer and edge drain. 

 
1.2 Conclusions  

 
Based on the above, we conclude the following: 
 

• Based on our joint site visit with our geologist, review of our subsurface investigation 
and As-Built LOTB sheets, we believe that problem at this location is not due to the 
slope/slide failure.  The pavement cracking/settlement issue appears to be primarily due 
to the combination of foundation settlement, settlement within the embankment itself, 
centrifugal forces due to moving traffic, and the existing edge drain. 

  

• We back calculated the post construction settlement time due to the 30 ft high 
embankment fill and is estimated to be about 20 years. Since the original fill was placed 
prior to 1969, it is reasonable to conclude that the settlement is completed.  However, the 
rise in groundwater as a result of SCVWD groundwater recharge program could be the 
reason for the recent settlement problem.   

 

• The above mentioned 630 ft longitudinal crack is located right above the existing edge 
drain.  This implies that the primary reason for this surficial crack may be due to the 
presence of ATPB layer and the edge drain. 

 

• The water in the edge drain has to travel a very long distance (500’±) to drain over the 
slope or into the existing DI.  However, based on our experience, we believe most of the 
water collected by the edge drain seeps into the embankment rather than reaching the 
outlets or the DI’s, saturating the embankment fill.  We believe, this has caused 
settlements within the embankment fill in addition to the post construction foundation 
settlement due to SCVWD recharge program.  

 

• The ATPB layer and the edge drain consist of granular material (one size crushed rock) 
bonded with sticky tar, so it has minimal lateral resistance capacity.  Considering this, the 
continuous post construction foundation settlement, the embankment 10% cross slope, 
centrifugal forces due to moving traffic and close proximity of the edge drain to the 
embankment slope, the 630 ft longitudinal pavement crack has occurred at this location. 

 

• Based on the lab test results, it appears the foundations soils are relatively saturated 
(moisture content varies from 8% to 52.1%) and above optimum moisture content, as well 
as the presence of expansive soils (Plasticity Index varies between 15 and 29. 
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• The departure slabs of the connector ramp at Minor Ave OC have settled about 5 inches.  
Refer to the attached Photo Exhibit A.   
 

2.  SCOPE OF WORK 
 
The following tasks were performed for the preparation of this Foundation Report: 

• Field mapping 

• Field geotechnical exploration, including drilling five borings 

• Review of the previously prepared memorandums by this office 

• Laboratory testing on selected samples for Moisture Content, Atterberg limits and Corrosion 

 
3. REGIONAL AND SITE GEOLOGIC SETTING  

 
3.1 Regional Geologic Overview 

The project is located in the Coast Range Geomorphic Province of Central California, a series of 
northwest-trending mountain ranges (2,000 to 4,000, occasionally 6,000 feet elevation above sea 
level), and intermountain valleys, bounded in the east by the Great Valley and to the west by the 
Pacific Ocean.  The Coast Ranges are composed of thick Cenozoic sedimentary and volcanic 
strata overlying Mesozoic metamorphic basement rock. The northern and southern ranges are 
separated by a depression containing the San Francisco Bay.  The Coast Ranges are subparallel 
to the active San Andreas Fault, which is more than 600 miles long, extending from Pt. Arena to 
the Gulf of California. 
  
 3.2 Site Geology 

According to the geologic map of the area, the project is underlain by Holocene-aged (present to 
10,000 years) levee deposits (Qhl) and Quaternary-age (present to 2.6 million years) older 
alluvial fan deposits (Qhf2) (Wentworth and others, 1999).   The levee deposits are described as 
loose, moderately to well-sorted sandy or clayey silt grading to sandy or silty clay.  These 
deposits are porous and permeable and provide conduits for transport of ground water. Levee 
deposits border stream channels, usually both banks, and slope away to flatter floodplains and 
basins.  The older alluvial fan deposits are described as brown dense gravely and clayey sand or 
clayey gravel that fines upward to sandy clay. These deposits display various sorting qualities. 
All of these deposits can be related to modern stream courses. They are distinguished from 
younger alluvial fans and fluvial deposits by higher topographic position, greater degree of 
dissection, and stronger profile development. They are less permeable than younger deposits, and 
locally contain fresh water mollusks and extinct Pleistocene vertebrate fossils. The relevant 
portion of the map is included as Figure 1, Geologic Map. 
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3.3 Seismicity 

Geologists and seismologists recognize the San Francisco Bay Area as one of the most active 
seismic regions in the United States.  There are three major faults that trend in a northwest 
direction through the Bay Area, which have generated about 12 earthquakes per century large 
enough to cause significant structural damage.  These earthquakes occur on faults that are part of 
the San Andreas Fault system that extends for at least 700 miles along the California Coast, and 
includes the San Andreas, Hayward, and Calaveras Faults.  The San Andreas Fault is located 
approximately 17.95 miles southwest of the site.  The Hayward and Calaveras Faults are located 
approximately 6.3 and 9.1 miles northeast of the site, respectively (See Figure 2, San Francisco 
Bay Region Earthquake Probability Map).   Additionally, according to the Caltrans ARS v1.0.4, 
the Silver Creek Fault is mapped 2.5 miles northeast of the site. 
 

Seismologic and geologic experts convened by the U. S. Geological Survey concluded that there 
is a 62 percent probability for at least one "large" earthquake of magnitude 6.7 or greater in the 
Bay Area before 2032.  They also maintain that there could be more than one earthquake of this 
magnitude and that numerous "moderate" earthquakes of about magnitude 6 are probable before 
2032.  The San Andreas Fault is estimated to have a 21 percent probability of producing a 
magnitude 6.7 or larger earthquake by the Year 2032 (WGCEP, 2003).  The probability of the 
Hayward, Calaveras, and Greenville Faults producing a similar size earthquake during the same 
time period is 27 percent, 11 percent and 3 percent, respectively (See Figure 2, San Francisco 
Bay Region Earthquake Probability Map). 
 
3.4 Geologic Hazards 

The site may be affected by activity along any of the active faults discussed above.  Earthquake 
induced hazards can be categorized as primary and secondary seismic effects. 
 
Primary seismic effects such as ground rupture or surface deformation resulting from differential 
movement along a fault trace are not expected to occur on the site since there are no active faults 
mapped within the project limits. 
 
Secondary seismic effects result from various soil responses to ground acceleration.  These 
effects result from activity of any nearby active faults. 
 
Liquefaction of Natural Ground – Liquefaction is a process by which soil deposits below the 
water table temporarily lose strength and behave as a viscous liquid rather than a solid, typically 
during a moderate to large earthquake.  In general, very loose to medium dense, clean fine- to 
medium-grained sand and very soft to firm; low plasticity silts that are relatively free of clay are 
most susceptible to liquefaction.  Earthquake-induced ground shaking can cause these loose or 
soft materials to densify, resulting in increased pore water pressures and an upward movement of 
groundwater that may result in a liquefied condition.  Depending on the weight of the structure, 
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the depth to the liquefied stratum, and the nature of the overlying soils, structures situated above 
such temporarily liquefied soils may sink or tilt, causing significant structural damage.   
 

According to the Liquefaction Susceptibility Map, the project is located in an area where historic 
occurrence of liquefaction, or local, geological, geotechnical and groundwater conditions 
indicate a potential for permanent ground displacements such that mitigation as defined in Public 
Resources Code Section 2693(c) (see Figure 3,  Seismic Hazard Map-Liquefaction Susceptibility 
Map).   
 

Cracking – Lurch cracks may develop in the silty and clayey soil overlying the site.  The 
potential for lurch cracking will be higher in the rainy periods when the soil is saturated.  In our 
opinion, the hazard from cracking will be considered minimal, provided that it is designed and 
constructed in accordance with the recommendations of this report. 
 

Differential Compaction – During moderate and large earthquakes, soft or loose, natural or fill 
soils can become densified and consolidate, often unevenly across a site.  Based on our 
subsurface investigation, it appears that portions of the existing fill material below the roadway 
are loose and, in our opinion, may be subject to differential compaction.  In our opinion, 
differential compaction of the fill should not have an impact on the proposed project, provided 
that it is designed and constructed in accordance with the recommendations of this report. 
 

Ground Shaking - As noted in the Seismicity section above, moderate to large earthquakes are 
probable along several active faults in the greater Bay Area.  Therefore, strong ground shaking 
should be expected at some time during the design life of the proposed development.  The 
improvements should be designed in accordance with current earthquake resistant standards. 
 

Shrink Swell –Since the site is underlain by clay and silts there is a moderate shrink swell 
potential. The soil expansion and/or contraction can cause foundations to shift and roadways to 
crack.  Suitable base material will be needed.  In cut areas, underdrains may be warranted in 
order to keep moisture from moving beneath roadways. 

 
 4. FOUNDATION SOIL AND GROUNDWATER  
 

Five Power borings (R-13-001, R-13-002, A-13-003, A-13-004 and A-13-005) were drilled 
utilizing 6 inches hollow stem auger and rotary wash drilling methods with Standard Penetration 
Test (SPT) sampling in September 2013, within the project limits to the depths of 51.5 ft, 36.5 ft, 
36.5 ft, 31.5 and 25.5 ft, respectively. The boring describe the subsurface soils as approximately 
45 feet of very soft to hard sandy lean clay (of which there are about 30 ft of embankment fill).  
Boring R-13-001 describes the remainder of the subsurface soils as stiff elastic silt. The 
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unconfined compressive strength of the clayey soils (using a pocket penetrometer) was estimated 
to range between 0.75 and 4.0 tsf.  The SPT blow counts range from less than 1 (push) to 17 
blows per foot.  Boring R-13-001 was converted to Slide Indicator/Piezometer in order to 
monitor the ground water and any future roadway movement. 

 
Groundwater was encountered in borings R-13-001 and R-13-002 at the depths of 42.65 and 20 
ft below roadway surface (MSL 494 ft) during drilling and measured a few days later.  Refer to 
the Log of Test Boring Sheets (LOTB) for details.  The LOTB sheets will be forwarded to you 
when completed and should be included with the contract plans. 

 

5. RECOMMENDATIONS  
 

Based on the above, and since the possibility of slope failure is eliminated at this time (we will 
monitor the recently installed SI for any future roadway movement), we recommend the 
following: 

 
5.1 Existing PCC leave Slab 
 
In order to stabilize the foundation soil beneath the existing leave PCC slab, we recommend 
using soil densification with expanded polyurethane material.  Expanded polyurethane material 
(Permeation grouting) refers to the soil improvement technique of injecting under pressure a 
foam grout to densify and compact the surrounding soil or fill and lift structure.  This high 
density expanded polyurethane foam with a nominal free rise density of 3 pounds will expand up 
to 20 times its original liquid form, exerting an upward anisotropic lifting force of approximately 
3 kips per square foot.  This technique can also be used to lift the existing PCC leave slab to its 
original position. 
 
The advantage of using this material is that it is an impermeable lightweight material, thus, it 
would not add much weight to the foundation soils and it would also act as a sealant at the joint 
eliminating the seepage problem. 
 
According to our field measurement, a 5- inch PCC departure slab lifting may be necessary. 
 

 We recommend injecting polyurethane material by drilling 5/8-inch to ¾-inch holes on 
approximate 4-foot centers.    

 
For leave slab lifting purposes, 1200 pounds of polyurethane material is required to lift the 5 
inches PCC drop. 
 
The polyurethane material quantities are estimated as follows: 
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The total estimated area for PCC slab that require lifting is 480 square feet. We recommend three 
injection points per grout hole at the depths of 5 ft, 10 feet, and 15 feet.  The estimated number 
of grout holes is 30.   
 
A total of about 4500 pounds for soil densification and 1000 pounds is required for 5 inches 
lifting of the PCC leave slab. 
 
The total geotechnical estimated cost is $50,000.00 (5500 pounds x $8.00/pound) = $44,000.00 
and about $6,000.00 of mobilization cost.  See attached Photo Exhibit B for preliminary grout 
holes. 
 
Please consult with District Materials Branch and Office of Structures Design about need of the 
leave slab replacement.   
 

5.2 Roadway Embankment 
 

• Remove the existing structural section including MBGR and excavate to the depth of 4.5 
ft below roadway surface into the existing embankment fill.  The limits of excavation are 
between Stations 14+16 and 19+95.  Please note that if PCC leave slab is determined to 
be replaced, the existing slab should be removed after soil densification described above 
has been completed. 
 

• Replace the excavated area with the geosynthetic reinforced embankment (as per Section 
19-6.02B of the Standard Specifications), using geosynthetic reinforcement with Long 
Term Design Strength of 1500 lb/ft, and glass grid/pavement reinforcement fabric (as per 
Materials Branch recommendation). This will bond the structural section and the 
foundation soils together and resist against any future differential settlement (if any) and 
the pavement cracking.  Refer to the Attached Exhibit C for details. 

 
ATPB layer and edge drain should not be used in the new proposed structural section. 
 
We will work with Materials section for the design of the structural section at design time. 

 
7. CORROSION 
 
Corrosion studies are conducted in accordance with the requirements of California Test Method 
No. 643. 
 
The Department currently considers a site to be corrosive to foundation elements if one or more 
of the following conditions exist: Chloride concentration is greater than or equal to 500 ppm, 
sulfate concentration is greater than or equal to 2000 ppm, or the pH is 5.5 or less.  
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EXHIBIT A-PCC Leave Slab 

Settlement 

04-SCL-280 PM 2.6 

(SB 280 to SB 87 Connector) 

04-1SS520 

November 2013 

 

5”± Settlement 
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EXHIBIT B-PCC Leave Slab 

04-SCL-280 PM 2.6 

(SB 280 to SB 87 Connector) 

04-1SS520 

November 2013 

 

Polyurethane Material Grout 

(15’ deep and 28’ wide -3 

injection points/hole @ 5’, 

10’& 15’depth) for entire 

width of Bridge (Typical 

Pattern) 

 30’Long  
Approach Area 

Grout Leave Slab (30’long) 

& 28’ wide 

4’ Typ. 

28’wide 

   SB 280 to SB 87 
Connector ramp Leave Slab 

Grout holes-

Typical @ 4’ OC 
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