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INTRODUCTION 

 

Purpose and Scope 

 

The purpose of this geotechnical study report is to provide preliminary recommendations regarding 

foundation design, grading and site drainage for construction of the proposed city center 

development. 

 

The scope of our work included: 

 

• Review of available literature, geologic maps and previously published geotechnical reports 
pertinent to the site. 

 
• Drilling six exploratory borings throughout the site. 
 
• Sampling and laboratory testing of subsurface materials from the boreholes. 
 
• Analyzing the geotechnical data. 
 
• Reporting our findings and providing preliminary recommendations. 
 

Site-specific, detailed geotechnical explorations will be required once the development plans for the 

individual buildings are known.  The foundation recommendations for the construction of the 

proposed development as contained in this report are preliminary in nature. 

 

This report was prepared for the exclusive use of the City of San Ramon and its design team 

consultants.  In the event that any changes are made in the character, design or layout of the 

development, the conclusions and recommendations contained in this report should be reviewed by 

ENGEO Incorporated to determine whether modifications to the report are necessary.  This 

document may not be reproduced in whole or in part by any means whatsoever, nor may it be 

quoted or excerpted without the express written consent of ENGEO Incorporated. 
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Site Location and Description 

 

The San Ramon City Center site consists of a nearly rectangular-shaped property, located on both 

sides of Bollinger Canyon Road and east of Camino Ramon in San Ramon, California as shown on 

the Site Vicinity Map, Figure 1.  The site is approximately 18 acres in size and contains 2 parcels: 

an 11-acre parcel situated north of Bollinger Canyon Road and a 7-acre parcel south of 

Bollinger Canyon Road. 

 

According to the grading plans and phone conversations with representatives of the City of 

San Ramon, it is our understanding that fill was placed on both parcels during grading of 

Bishop Ranch 1 and 3.  Compaction information regarding the placement of the existing fill is not 

available. 

 

During our field explorations in January 2001, the site is slightly higher than the existing roadway, 

about 4 to 5 feet, and is covered with scattered seasonal vegetation.  Rows of mature trees are 

currently located at the edge of the southern parcel near the Bollinger Canyon Road.  Minor 

construction materials are stockpiled at the site.  In addition, a large soil stockpile is located at the 

southern parcel.  

 

Proposed Development 

 

As shown on Figure 2, the proposed City Center will contain buildings housing a community 

performing arts/cultural arts facility, city administrative offices, a library, retail stores, a children’s 

museum, and an open, outdoor plaza with extensive landscape and hardscape features. 

 

Based on the existing topography, in order to provide drainable pad grades, site grading consisting 

of minor cuts and fills will be necessary.  It is our understanding that the stockpile of soil located 
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within the southern parcel will be removed and utilized as fill material during site grading.  It is our 

understanding that the proposed city center buildings will be low-rise to medium-rise buildings.  

These buildings may contain underground level(s) planned for parking.  Therefore, building loads 

are expected to be moderate.  
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LITERATURE REVIEW 

 

Site Geology 

 

According to published geologic maps by Dibblee (1980), Crane (Figure 3, 1995) and 

Graymer et al. (1996), the site is underlain by Quaternary alluvium.  The alluvium in the 

San Ramon Valley typically consists of interbedded clay and clayey sand and gravel that may be up 

to several hundred feet thick near the center of the valley.  The thickness of the alluvium decreases 

toward the edges of the valley. 

 

Site Soils 

 

According to the soil survey map (Figure 4) by United States Department of Agriculture (1977), 

the site soils on the eastern edge of the site are characterized as Pescadero Clay Loam (Pb); the 

central area as Conejo Clay Loam (CeA), and the southwestern corner as Clear Lake Clay (Cc).  

The description and characteristics of these soils are summarized in the following table: 

 

Soil Type Description Shrink-Swell 
Potential 

Corrosivity to 
Uncoated Steel

Pescadero Clay 
Loam (Pb) 

Poorly-drained soils form in alluvium 
from sedimentary rock 

High to 
Moderate Very High 

Conejo Clay Loam 
(CeA) 

Nearly-level well-drained soils situated 
in valleys Moderate Moderate 

Clear Lake Clay 
(Cc) 

Poorly-drained soils in basins in the 
coastal valleys High Very High 

 

Faulting and Seismicity 

 

No active faults are known to pass through the property, according to published geologic maps 

(Wagner, 1976; Dibblee, 1980; Crane, 1995; Graymer et al., 1996).  The nearest State of California 
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zoned, active1 faults are the Calaveras and Concord faults, located about ¾ mile west of the site and 

9 miles northeast of the site, respectively.  Several inactive or potentially active faults are located off 

site, near the property.  In our review of aerial photographs, we did not observe any geomorphic 

evidence of recently active faulting.  An inferred concealed fault has been mapped approximately at 

the east boundary of the property by Dibblee (1980), Crane (1995) and Graymer et al. (1996).  

Crane (Figure 3) identifies the fault as the “Leading Edge Blind Thrust, Mount Diablo Domain” 

(a “blind” thrust fault does not extend to the surface).  The inferred concealed fault is not considered 

active by the State of California or by local geotechnical consultants.  

 

Recent geologic studies funded by the United States Geologic Survey (Unruh and Sawyer, 1997) 

suggest that the core of Mount Diablo may be underlain at depth (several thousand feet) by an active 

“blind” thrust fault system.  According to Unruh and Sawyer (1997), the “Leading Edge Thrust” 

mapped by Crane may not actually be the location of the blind-thrust system.  According to their 

cross sections, the leading edge of the buried Mount Diablo thrust fault may exist at depths of 5 to 

7 kilometers below the surface, somewhere in the vicinity of the Tassajara Anticline, approximately 

11/2 miles northeast of the site.  They did not identify any active surface faults in the site vicinity. 

 

The regional seismicity of the Bay Area has recently been evaluated by the Working Group on 

Northern California Earthquake Probabilities (WGEP, 1999).  The Working Group periodically 

attempts to summarize seismic risk in the Bay Area by presenting probabilities of M 6.7 or greater 

earthquakes on active Bay Area faults for a 30-year return interval.  The most recent summary gives 

a 70 percent aggregate probability for the entire Bay Area.  The Calaveras Fault, Greenville Fault 

and the Mount Diablo thrust system are assigned 18 percent, 6 percent and 4 percent probabilities, 

respectively.  

 

                                                 
1 An active fault is defined by the State Mining and Geology Board as one that has had surface displacement within 
Holocene time (about the last 10,000 years) (Hart, 1992).  The State of California has prepared maps designating zones 
for special studies that contain these active earthquake faults. 
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Numerous small earthquakes occur every year in the region, and large (>M7) earthquakes have been 

recorded and can be expected to occur in the future.  Table I lists distances to known active and 

potentially active faults located within 60 miles of the site and summarizes their published 

maximum moment earthquake magnitudes and 1997 UBC fault type designations.  Figure 5 shows 

the approximate locations of these faults.  
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FIELD EXPLORATION 

 

Field Exploration 

 

Our field explorations were conducted on January 22 and January 29, 2001.  The field exploration 

consisted of drilling six test borings.  Three borings were advanced at each parcel, with at least one 

boring drilled to a maximum depth of about 70 feet.  The approximate locations of these borings are 

shown on Figure 2.  The borings were approximately located by taping or pacing from existing 

features. 

 

Test borings were drilled using a truck-mounted B-24 drill rig with 4-inch-diameter continuous 

flight augers.  Soil samples recovered during drilling were retrieved using a 3-inch O.D. 

California-type split-spoon sampler fitted with 6-inch-long brass liners and a 2-inch O.D. standard 

penetration test split-spoon sampler. 

 

The standard penetration test (SPT) requires a 2-inch-diameter split-spoon sampler, which is 

advanced with a 140-pound hammer with a 30-inch drop.  The penetration of the 2-inch-diameter 

sampler into the native materials is field recorded as the number of blows needed to drive the 

sampler 18 inches in 6-inch increments.  SPT results on the boring logs are recorded as the number 

of blows required for the last one foot of penetration.  

 

Bore holes were logged in the field by an ENGEO Geologist.  The field logs were then used to 

develop the report bore logs (Figures 6 through 11).  The logs depict subsurface conditions within 

the borings for the date of drilling; however, subsurface conditions may vary with time. 
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Laboratory Testing 

 

Samples recovered during bore-hole drilling were tested to determine the following soil 

characteristics: 

Test ASTM 
Designation 

Location of Results 
Within this Report 

Natural Unit Weights and Moisture Contents D-2216 Boring Logs 

Atterberg Limits D-4318 Appendix A 

Gradation and Percent Passing No. 200 Sieve D-422 Appendix A 

Unconfined Compression Strength D-2166 Appendix A 

Consolidation  D-4186 Appendix A 
 

The purpose of these tests is explained in Table II.  The laboratory test results are shown on the bore 

logs (Figures 6 through 11) and are summarized on Table III.  Individual test results are presented as 

figures in Appendix B. 

 

Subsurface Stratigraphy 

 

A layer of fill encountered throughout the site consists of silty clay with trace of metallic and wood 

debris.  This fill ranges from 4 to 61/2 feet thick and is very stiff to hard in consistency. 

 

The native soil predominantly consists of sandy to silty clay interbedded with silty sand to clayey 

and gravelly sand.  The on-site clayey soil is very stiff in the upper 14 to 15 feet, becomes very 

moist to saturated and stiff below the groundwater table to a depth of about 30 feet below ground 

surface and grades to very stiff to hard below 30 feet.  The sandy deposit is typically medium dense 

and becomes very dense at depths.  
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The fill and native material found at the site have a Plasticity Index ranging from 22 to 30.  This is 

an indication that the soil materials have a moderate to very high shrink-swell potential. 

 

Groundwater 

 

Groundwater was encountered during drilling in all of the borings, at depths between 15 and 20 feet 

below existing ground surface.  All ENGEO bore holes were backfilled on the day of drilling with 

backfill materials approved by the Contra Costa County Health Services Department.  Fluctuations 

in groundwater levels may occur seasonally and over a period of years because of precipitation, 

changes in drainage patterns, irrigation and other factors.  Future irrigation may cause an overall rise 

in groundwater levels. 
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DISCUSSION AND CONCLUSIONS 

 

Seismic Hazards 

 

Potential seismic hazards resulting from a nearby moderate to major earthquake can generally be 

classified as primary and secondary.  The primary effect is ground rupture also called surface 

faulting.  The common secondary seismic hazards include ground shaking, ground lurching, soil 

liquefaction and lateral spreading.  These hazards are discussed in the following sections.  Based on 

topographic data, risk from regional subsidence or uplift, landslides, tsunamis or seiches is 

considered low to unlikely at the site. 

 

Ground Rupture.  Since there are no known active faults crossing the site and the property is not 

within an Alquist-Priolo Earthquake Fault Zone, the likelihood of ground rupture is considered 

remote.  The inferred concealed fault mapped near the site is considered to be a “blind” feature 

related to the area-wide uplift of Mount Diablo.  The feature is inferred to be located at a depth of 

several kilometers; the map location is not well known, but could actually be a few miles to the 

north, associated with the Tassajara Anticline.  We therefore conclude that the “blind” thrust system 

does not pose a significant surface rupture risk for the project. 

 

Ground Shaking.  An earthquake of moderate to high magnitude generated within the San Francisco 

Bay Region could cause considerable ground shaking at the site, similar to that which has occurred 

in the past.  To mitigate the shaking effects, all structures should be designed using sound 

engineering judgment and the 1997 Uniform Building Code (UBC) requirements, as a minimum, 

making special provisions for the building occupancy type as required by the code. 

 

Seismic design provisions of current building codes generally prescribe minimum lateral forces, 

applied statically to the structure, combined with the gravity forces of dead-and-live loads.  The 

code prescribed lateral forces are generally considered to be substantially smaller than the 
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comparable forces that would be associated with a major earthquake.  Therefore, structures should 

be able to: (1) resist minor earthquakes without damage, (2) resist moderate earthquakes without 

structural damage but with some nonstructural damage, and (3) resist major earthquakes without 

collapse but with some structural as well as nonstructural damage.  Conformance to the current 

building code recommendations does not constitute any kind of guarantee that significant structural 

damage would not occur in the event of a maximum magnitude earthquake; however, it is 

reasonable to expect that a well-designed and well-constructed structure will not collapse or cause 

loss of life in a major earthquake (SEAOC, 1996). 

 

Building Code Seismic Information.  The project area is located within Seismic Zone 4 with seismic 

zone factor (Z) of 0.4 as given in Figure 16-2 and Table 16-I in the UBC.  Based on site conditions, 

the soil profile at the site can be classified as a stiff soil profile (SD) as defined in Table 16-J.  As 

indicated on Tables 16-Q and 16-R, the seismic coefficients, Ca and Cv, will be 0.44Na and 0.64Nv, 

respectively.  The closest active fault is the Calaveras fault, 1.2 km west of the site, a type B fault.  

Near source factors (Na and Nv) for the Calaveras fault are 1.3 and 1.6, respectively. 

 

Lurching.  Ground lurching is a result of the rolling motion imparted to the ground surface during 

energy released by an earthquake.  Such rolling motion can cause ground cracks to form.  The 

potential for the formation of these cracks is considered greater at contacts between deep alluvium 

and bedrock.  Such an occurrence is possible at the site as in other locations in the Bay Area, but 

based on the site location, it is our opinion that the offset is expected to be very minor. 

 

Liquefaction.  Liquefaction is a phenomenon in which saturated cohesionless soils are subject to a 

temporary, but essentially total, loss of shear strength because of pore pressure buildup under the 

reversing cyclic shear stresses associated with earthquakes. 

 

As discussed previously, on-site soils comprise sandy to silty clay interbedded with silty sand to 

clayey and gravelly sand.  Layers of sandy soils were encountered below a depth of 15 feet.  The 
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sandy material ranges from one foot to 6 feet thick.  Groundwater was encountered in our borings at 

depths of approximately 15 to 20 feet below ground surface.  For analysis purposes, groundwater 

was assumed to be at a depth of 15 feet below grade. 

 

Evaluations of liquefaction potential of the on-site clayey to silty sand layers encountered in the 

borings have been completed as part of this study. 

 

The analyses were performed using the Standard Penetration Test (SPT) values as shown on the 

boring logs.  The methodologies used in the evaluation were developed by Seed et al. (1983), Youd 

(1993), Finn (1996), and Youd and Idriss (1997).  The Calaveras fault, located about ¾ mile from 

the project area, is predicted to be capable of producing a maximum probable earthquake of moment 

magnitude of 6.8.  Based on an attenuation relationship by Idriss (1994), a horizontal ground 

acceleration of 0.58g is used in the analyses. 

 

The analyses indicate that isolated layers of sandy material encountered in our field explorations 

may be liquefiable during strong earthquake shaking as indicated below. 

 

Boring Depth 
(feet) 

Soil 
Description Consistency Analysis Result 

15.5-16.5 Silty/Clayey 
Sand Medium Dense Marginally Liquefiable 

54-60 Clayey Sand Medium Dense Potentially Liquefiable B-1 

60-66 Gravelly Sand Very Dense Not Considered Potentially Liquefiable 

B-4 6.5-8 Silty Sand Medium Dense Not Considered Potentially Liquefiable 
since above Groundwater Table 

11.5-14 Silty Sand Medium Dense Not Considered Potentially Liquefiable 
since above Groundwater Table 

46-47 Silty Sand Medium Dense Potentially Liquefiable 
55.5-59 Clayey Sand Very Dense Not Considered Potentially Liquefiable 

B-5/B-6 

59-70 Gravelly Sand Very Dense Not Considered Potentially Liquefiable 
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Additional borings or cone penetration test (CPT) soundings are recommended to further examine 

the extent and limits of these potentially liquefiable soils.  However, based on the depth and 

thickness of the layers encountered, we would not expect a ground failure hazard, but, as described 

below, earthquake-induced settlement should be evaluated. 

 

Densification Due to Earthquake Shaking.  Densification of the sandy soils above and below the 

groundwater level can cause settlement during an earthquake.  Based on methodology by Tokimatsu 

and Seed (1987), densification due to earthquake shaking may result in up to approximately ½ to 

1½ inches of settlement in localized areas.  As recommended earlier, additional explorations are 

necessary to refine this estimate. 

 

Lateral Spreading.  Lateral spreading is a failure within a nearly horizontal soil zone (possibly due 

to liquefaction) which causes the overlying soil mass to move toward a free face, or down a gentle 

slope.  It is our opinion that lateral spreading at the site is unlikely since the site sandy soils, which 

are considered potentially liquefiable, are thin and isolated. 

 

Existing Fills 

 

Fill material, about 4 to 61/2 feet thick, was found within the proposed site.  It is our understanding 

that this fill material is compacted engineered fill and was placed during construction of the adjacent 

development, namely Bishop Ranch 1 and 3.  However, compaction information of the placement 

of existing fill is not available. 

 

Any fill, which is found to be below the compaction standard as described in the “Fill Placement” 

section, should be removed and recompacted under the observation of the project Geotechnical 

Engineer. 
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Clay Consolidation 

 

Based on the boring data and laboratory test results, the on-site clayey soil is very stiff in the upper 

14 to 15 feet, becomes very moist to saturated and stiff below the groundwater table to a depth of 

about 30 feet below ground surface and grades to very stiff to hard below 30 feet.  The thickness of 

the stiff clay is about 121/2 to 20 feet.   

 

Settlement at the subject site could be generated from: (1) consolidation of the alluvial deposit 

where fills will be placed, (2) compression of the fills due to their own weight, and (3) consolidation 

of soils beneath foundation systems due to building loads.  According to the site elevations and 

existing street grades, it is anticipated only minor grading will be required.  The results of 

consolidation test indicate that clay is overconsolidated.  Based on these test results, we do not 

expect settlement to be a significant constraining factor for the project.  However, detailed 

evaluation of the clay consolidation due to additional building and fill loads should be conducted 

during the future geotechnical exploration of individual buildings, based on supplemental field 

exploration data, laboratory test results and actual loading information. 

 

Expansive Soils 

 

An additional area of concern regarding the geotechnical aspects of the project is the moderate to 

very high expansion potential of the on-site native and fill soils.  Expansive soils shrink and swell as 

a result of moisture changes.  This can cause heaving and cracking of slabs-on-grade, pavements 

and structures founded on shallow foundations.  Building damage due to volume changes associated 

with expansive soils can be reduced by: (1) using a rigid mat or slab foundation which is designed 

to resist the deflections associated with the soil expansion, (2) deepening the foundations to below 

the zone of moisture fluctuation, or (3) using footings at normal depths but bottomed on a layer of 

soil receiving special subgrade treatment. 
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The recommended foundation systems for the City Center includes conventional spread and strip 

footings for light building load conditions, and deep foundations, such as driven or drilled piles, for 

the moderate- to high-load conditions.  Preliminary design concepts for these foundation types are 

presented under the “Foundations” section of this report.  The recommendations provided are 

preliminary in nature and should be used for planning purposes only. 

 

Successful construction on expansive soils requires special attention during construction.  It is 

imperative to keep exposed soils moist.  It is extremely difficult to remoisturize dry soil (because of 

its clayey nature) without excavation, moisture conditioning and recompaction. 

 

Corrosion Potential 

 

The USDA (1977) classified the on-site soils as having a moderate to very high corrosion potential 

to uncoated steel.  However, testing of the corrosion potential of the on-site soils was not conducted.  

The primary purpose for corrosion testing is to establish concrete design parameters for foundation 

construction, based on the criteria presented in Table 19-A-4 of the 1997 Uniform Building Code 

(UBC).  This testing can be performed during the detailed geotechnical explorations.  

 

Conclusions 

 

It is our opinion, based on this exploration and laboratory test results, that the project site is feasible 

for the proposed development from a geotechnical standpoint.  The recommendations included in 

this report, along with other sound engineering practices, should be incorporated in the design and 

construction of the project.   
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Additional site-specific geotechnical explorations, including additional borings or CPT soundings 

and laboratory testing, should be performed when site development plans for the City Center and 

other buildings are finalized. 
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RECOMMENDATIONS 

 

Grading 

 

We anticipate that most of the site development will consist of cutting and filling to provide 

drainable grades for the site and building pads.  The following recommendations are preliminary in 

nature.  Specific grading recommendations will be provided during final geotechnical explorations 

conducted for individual buildings. 

 

Prior to grading, a notification of at least 48 hours is needed in order for ENGEO to coordinate its 

schedule with the grading contractor.  Grading operations should meet the requirements of the 

"Guide Contract Specifications" included in the Appendix A and must be observed and tested by 

ENGEO's field representative. 

 

Ponding of storm water, except within engineered sediment detention basins, should not be 

permitted at the site, particularly during work stoppage for rainy weather.  Before the grading is 

halted by rain, positive slopes should be provided to direct the surface runoff water in a controlled 

manner. 

 

Demolition and Stripping 

 

Site development will commence with the removal of the existing vegetation and any other 

improvements, as well as excavation and removal of buried structures including utilities, septic 

tanks and their leach fields.  Underground structures, which could act as water traps or could 

deteriorate, should be removed from the project site. 
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All debris, vegetation or loose, soft compressible materials in any location to be graded should also 

be removed as necessary for project requirements.  The Geotechnical Engineer should determine the 

depth of removal of such materials in the field at the time of grading. 

 

Areas to receive fill or structures and those areas that serve as borrow for fill should be stripped of 

existing vegetation.  Topsoil is estimated to be from 3 to 6 inches in thickness depending on 

location.  The Geotechnical Engineer or his/her qualified representative in the field should 

determine the actual depths of removal of these materials.  Subject to approval by the Landscape 

Architect, strippings and organically contaminated soils can be used in landscape areas.  Otherwise, 

such soils should be removed from the project site.  Any topsoil that will be retained for future use 

in landscape areas should be stockpiled in areas where it will not interfere with grading operations. 

 

Excavations resulting from demolition and stripping below design grades should be cleaned to a 

firm undisturbed soil surface determined by the Geotechnical Engineer.  This surface should then be 

scarified, moisture conditioned and backfilled with compacted engineered fill.  The requirements for 

backfill materials and placement operations are the same as those for engineered fill as described in 

the “Fill Placement” section. 

 

No loose or uncontrolled backfilling of depressions resulting from demolition and stripping are 

permitted. 

 

Existing Fills 

 

Any fill which is found to be below the compaction standard as described in the “Fill Placement” 

section, should be removed and recompacted under the observation of the project Geotechnical 

Engineer or his/her representative. 
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Graded Slopes 

 

Cut or fill slopes 8 feet or less in vertical height can be graded at a 2:1 (horizontal:vertical) gradient.  

It is advised that all cuts be viewed by the ENGEO representative for unsuspected slope conditions 

which might be detrimental to slope stability.  Such conditions would include seepage conditions. 

 

Selection of Materials 

 

With the exception of organically contaminated soil containing more than 3 percent organics, the 

site soils are suitable for use as engineered fill.  The Geotechnical Engineer should be informed 

when import materials are planned for the site.  Import materials should conform to Section 2.02B 

of Part I in the “Guide Contract Specifications” and must be approved by the 

Geotechnical Engineer.  A sample of such material should be submitted to the 

Geotechnical Engineer for evaluation by laboratory testing prior to delivery at the site. 

 

Fill Placement 

 

After stripping or subexcavation of the on-site loose soils, the firm undisturbed surface should be 

scarified to a depth of 10 inches, moisture conditioned and recompacted to provide adequate 

bonding with the initial lift of fill.  All fills should be placed in thin lifts.  The lift thickness should 

not exceed 8 inches or the depth of penetration of the compaction equipment used, whichever is 

less.   
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The following compaction control requirements should be applied to all fills: 
 
 Test Procedures:    ASTM D-1557-78. 
 
 Required Moisture Content:   At least 3 percentage points above optimum 

moisture content. 
 
 Minimum Relative Compaction:  Not less than 90 percent. 
 

The final grading plans should be submitted to the Geotechnical Engineer for review. 

 

It is important that all site preparation, including demolition and stripping, be done under the 

observation of a Geotechnical Engineer or his/her field representative and should be carried out 

according to the requirements contained in the “Guide Contract Specifications” in Appendix A. 

 

Foundations 

 

The major consideration in foundation design at the site is the swelling potential of the on-site soils 

and consolidation related to the stiff clayey soil layer.  The effect of heaving and settlement issues 

can be minimized by the choice of a proper foundation system.  The foundation discussion and 

recommendations that follow are preliminary and should be supplemented by addition exploration 

and recommendations once building locations and loads are finalized. 

 

Two foundation systems are recommended below with slab-on-grade floor construction.  Special 

subgrade treatment should be implemented due to the expansive nature of the site soils. 

 

Conventional Footings.  For a light building load condition, it is our opinion that the proposed 

buildings can be supported on a strip and spread footing system.  The footings should be deepened 

to below the zone of moisture fluctuation to minimize the effect of heaving of the potentially 

expansive clays.  For planning purposes, a footing depth of three feet should be anticipated. 
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Depending on building loads and associated settlement predictions, it is possible that structures with 

moderate building loads could also be supported on shallow foundations. 

 

Driven or Drilled Piles.  For a moderate- to high-building load condition, we recommend that the 

proposed structures be supported on deep piles extended into competent material to gain adequate 

bearing.  These piles can be either driven or drilled.   

 

Drainage 

 

The building pads must be positively graded at all times to provide for rapid removal of surface 

water runoff from the foundation systems and to prevent ponding of water under floors or seepage 

toward the foundation systems at any time during or after construction.  Ponded water will cause 

undesirable soil swell and loss of strength. 

 

Ponding of storm water must not be permitted on the building pads during prolonged periods of 

inclement weather.  As a minimum requirement, finished grades should have slopes of at least 3 to 

5 percent within 7 feet from the exterior walls at right angles to them to allow surface water to drain 

positively away from the structures.  For paved areas, the slope gradient can be reduced to 2 percent.  

All surface water should be collected and discharged into the storm drain system.  Landscape 

mounds must not interfere with this requirement.  Sufficient area drains should be constructed 

around the buildings to remove excessive surface water. 

 

All roof storm water should be collected and directed to downspouts.  Storm water from roof 

downspouts should be directed to a solid pipe that discharge to the street or to an approved outlet. 
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Requirements for Landscaping Irrigation 

 

Vegetation should not be planted immediately adjacent to structures.  If planting adjacent to the 

buildings is desired, we recommend using plants that require very little moisture with drip irrigation 

systems. 

 

Sprinkler systems should not be installed where they may cause ponding or saturation of foundation 

soils within 5 feet of the walls or under structures.  Ponding or saturation of foundation soils may 

cause soil swell, consequent loss of strength and movements of the foundation and slabs. 

 

Irrigation of landscaped areas should be strictly limited to that necessary to sustain vegetation.  

Excessive irrigation could result in saturating, weakening and possible swelling of foundation soils.  

The Landscape Architect and prospective owners should be informed of the surface drainage 

requirements included in this report. 

 

If, at any time, the drainage or irrigation requirements cannot be followed, it is very important that 

the foundation soils be protected from adverse wetting caused by poor drainage.  This can be 

accomplished by installing a perimeter subdrain. 

 

Utilities 

 

It is recommended that utility trench backfilling be done under the observation of a 

Geotechnical Engineer.  Pipe zone backfill (i.e. material beneath and immediately surrounding the 

pipe) may consist of a well-graded import or native material less than ¾ inch in maximum 

dimension compacted in accordance with recommendations provided above for engineered fill.  

Trench zone backfill (i.e. material placed between the pipe zone backfill and the ground surface) 

may consist of native soil compacted in accordance with recommendations for engineered fill. 
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Where import material is used for pipe zone backfill, we recommend it consist of fine- to 

medium-grained sand or a well-graded mixture of sand and gravel and that this material not be used 

within 2 feet of finish grades.  In general, uniformly-graded gravel should not be used for pipe or 

trench zone backfill due to the potential for migration of:  (1) soil into the relatively large void 

spaces present in this type of material, and (2) water along trenches backfilled with this type of 

material.  All utility trenches entering buildings and paved areas must be provided with an 

impervious seal consisting of native materials or concrete where the trenches pass under the 

building perimeter or curb lines.  The impervious plug should extend at least 3 feet to either side of 

the crossing.  This is to prevent surface-water percolation into the sands under foundations and 

pavements where such water would remain trapped in a perched condition, allowing clays to 

develop their full expansion potential. 

 

Care should be exercised where utility trenches are located beside foundation areas.  Utility trenches 

constructed parallel to foundations should be located entirely above a plane extending down from 

the lower edge of the footing at an angle of 45 degrees.  Utility companies and 

Landscape Architects should be made aware of this information. 

 

Utility trenches in areas to be paved should be constructed in accordance with City of San Ramon 

requirements.  Compaction of trench backfill by jetting should not be allowed at this site.  If there 

appears to be a conflict between City or other agency requirements and the recommendations 

contained in this report, this should be brought to the Owner’s attention for resolution prior to 

submitting bids. 
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LIMITATIONS AND UNIFORMITY OF CONDITIONS 

 

This report is issued with the understanding that it is the responsibility of the owner to transmit the 

information and recommendations of this report to developers, owners, buyers, architects, 

engineers, and designers for the project so that the necessary steps can be taken by the contractors 

and subcontractors to carry out such recommendations in the field.  The conclusions and 

recommendations contained in this report are solely professional opinions. 

 

The professional staff of ENGEO Incorporated strives to perform its services in a proper and 

professional manner with reasonable care and competence but is not infallible.  There are risks of 

earth movement and property damages inherent in land development.  We are unable to eliminate 

all risks or provide insurance; therefore, we are unable to guarantee or warrant the results of our 

work. 

 

This report is based upon field and other conditions discovered at the time of preparation of 

ENGEO's work.  This document must not be subject to unauthorized reuse, that is, reuse without 

written authorization of ENGEO.  Such authorization is essential because it requires ENGEO to 

evaluate the document's applicability given new circumstances, not the least of which is passage of 

time.  If actual field or other conditions necessitate clarifications, adjustments, modifications or 

other changes to ENGEO's work, ENGEO must be engaged to prepare the necessary clarifications, 

adjustments, modifications or other changes before construction activities commence or further 

activity proceeds.  If ENGEO's scope of services does not include on-site construction observation, 

or if other persons or entities are retained to provide such services, ENGEO cannot be held 

responsible for any or all claims arising from or resulting from the performance of such services by 

other persons or entities, and from any or all claims arising from or resulting from clarifications, 

adjustments, modifications, discrepancies or other changes necessary to reflect changed field or 

other conditions. 
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 TABLE I 

REGIONAL FAULTS 
CONSIDERED SIGNIFICANT POTENTIAL SEISMIC SOURCES 

 

FAULT NAME 
Approximate 

Distance 
mi  (km) 

Maximum 
Moment 

Mag. 

Peak 
Site 

Acc. g 

CALAVERAS (No. of Calaveras Res) 0.7  ( 1.2) 6.8 0.578 

CONCORD – GREEN VALLEY 8.6  (13.9) 6.9 0.270 

HAYWARD (Total Length) 9.0  (14.5) 7.1 0.283 

GREENVILLE 9.6  (15.5) 6.9 0.251 

GREAT VALLEY 6 13.7  (22.1) 6.7 0.210 

SAN ANDREAS (1906) 27.4  (44.1) 7.9 0.169 

MONTE VISTA – SHANNON 27.7  (44.5) 6.5 0.107 

RODGERS CREEK 30.6  (49.2) 7.0 0.089 

WEST NAPA 31.8  (51.2) 6.5 0.059 

SAN GREGORIO 33.6  (54.1) 7.3 0.098 

SARGENT 43.2  (69.5) 6.8 0.050 

ZAYANTE-VERGELES 46.7  (75.1) 6.8 0.045 

HUNTING CREEK – BERRYESSA 49.4  (79.5) 6.9 0.046 

POINT REYES 49.4  (79.5) 6.8 0.051 

ORTIGALITA 50.1  (80.6) 6.9 0.045 

MONTEREY BAY – TULARCITOS 58.9  (94.8) 7.1 0.053 
16 FAULTS FOUND WITHIN THE SPECIFIED SEARCH RADIUS.  ** SOURCE: CDMG, OPEN-FILE REPORT 96-08 
 
THE CALAVERAS (NO. OF CALAVERAS RES) FAULT IS CLOSEST TO THE SITE. 
IT IS ABOUT 0.7 MILES AWAY. 
ATTENUATION RELATION: Idriss (1994) Horiz. – Rock/Stiff Soil 
 
MAXIMUM MOMENT MAGNITUDE CALCULATED FROM RUPTURE AREA REGRESSIONS (WELLS 7 COPPERSMITH, 1994): 0.5782 g 
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TABLE II 
 

LABORATORY TESTS - PURPOSE 
 
 
 
1. Natural Unit Weight and Moisture Content (ASTM D-2216) 
 
 Provides in-place density and percentage moisture by dry weight.  These aid in characterizing 

existing and previous ground-water conditions, soil compressibility, and degree of saturation. 
 
 
2. Atterberg Limits (ASTM D-4318) 
 
 Performed primarily on cohesive soils.  Includes the Liquid Limit and the Plastic Limit.  From 

these, a Plasticity Index can be computed which allows classification of the soil and is an 
indirect measure of its expansion characteristics. 

 
 
3. Direct Shear (ASTM D-3080) 
 
 Provides shear strength parameters including cohesion c, and angle of internal friction φ, which 

are used in foundation design and slope stability analyses. 
 
 
4. Unconfined Compressive Strength (ASTM D-2166) 
 
 Determined usually on cohesive (clay) materials to establish allowable design foundation 

bearing capacity or estimated shear strength for slope stability studies. 
 
 
5. Expansion Index (UBC 29-2) 
 
 Determines an "Expansion Index" number derived from a measurement of swell for a remolded 

soil sample under relatively light loads and prescribed initial density and moisture level. 
 
 
6. Swell Potential (ASTM D-4546) 
 
 Determines the swell pressure developed by a confined soil when subjected to increased 

moisture.  Also measures volume change due to heave for various initial moisture levels. 
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7. Consolidation (ASTM D-2435) 
 
 Performed on compressible soils.  Provides data for computation of consolidation 

characteristics.  Parameters which can be estimated include Preconsolidation Pressure, Pc and 
Compression Index, Cc.  These are used to estimate foundation and fill settlements. 

 
 
8. Compaction (ASTM D-1557) 
 
 Generates a "Compaction Curve" (unit weight vs. moisture content) from which maximum unit 

weight and optimum moisture content may be estimated.  These are used for field testing of 
engineered fill, and for approximating shrinkage factors in preliminary quantity estimates for 
grading. 

 
 
9. R-Value (ASTM D-2844) 
 
 Performed on subgrade soils to compute the resistance (R) value which is used in design of 

roadway pavement sections. 
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ENGEO INCORPORATED 
TABLE III 

SUMMARY OF LABORATORY TEST RESULTS 

  In-Place Atterberg Limits Shear Test   

 
Boring and 

Sample 
Number 

 
 

Depth 
Feet 

 
Dry Unit 
Weight 

Pcf 

 
Moisture 
Content 

% 

 
Liquid 
Limit 

% 

 
Plastic 
Limit 

% 

 
 

Plasticity 
Index 

 
Angle of 
Internal 
Friction 

 
Unit 

Cohesion 
psf 

Unconfined 
Compressive 

Strength 
psf 

 
Gradation 

(Percent Passing 
No. 200 Sieve) 

1-2 6 98.8 25.6 39 17 22   3,900  

1-3 11 100.2 24.3 48 18 30     

1-4 16         35 

1-7 31 103.0 24.4      5,600  

1-10 46 105.8 22.9        

1-12 56  19.4       31 

1-13 60  12.7        

2-1 3 113.5 13.2        

2-3 11 98.9 24.3        

2-5 21  25.8        

3-2 6 103.1 21.7        

3-4 16 96.2 26.5      1,450  

3-6 26  28.4        

4-1 3 106.8 15.8        

4-2 6 99.0 11.4        

4-4 16 90.4 31.3        

4-6 26  28.8        
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ENGEO INCORPORATED 
TABLE III 

SUMMARY OF LABORATORY TEST RESULTS 

  In-Place Atterberg Limits Shear Test   

 
Boring and 

Sample 
Number 

 
 

Depth 
Feet 

 
Dry Unit 
Weight 

Pcf 

 
Moisture 
Content 

% 

 
Liquid 
Limit 

% 

 
Plastic 
Limit 

% 

 
 

Plasticity 
Index 

 
Angle of 
Internal 
Friction 

 
Unit 

Cohesion 
psf 

Unconfined 
Compressive 

Strength 
psf 

 
Gradation 

(Percent Passing 
No. 200 Sieve) 

5-1 3 101.2 16.2 42 18 24     

5-3 11 112.0 15.5        

5-4 16 93.0 30.8        

5-6 26 94.0 29.9      3,900  

5-8 36 114.2 17.9        

5-10 46 100.7 25.6        

6-1 51 99.5 26.4        

6-2 55.5 126.1 12.6        
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Liquid and Plastic Limits Test Report 
Particle Size Distribution Report 

Unconfined Compression Test Reports 
Consolidation Test Report 




















