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 Subject: GEOTECHNICAL INVESTIGATION 

SKYLONDA FIRE STATION NO. 58 
 17290 SKYLINE BOULEVARD 
 WOODSIDE, CALIFORNIA 
 #PCOO8, RESOLUTION NO. 073246 
 
Dear Ms. Yee: 

We are pleased to transmit herewith our report covering the subject geotechnical investigation.  The 
scope of our services was described in our proposal dated November 12, 2014. 

This report contains a summary of geotechnical recommendations developed for the design of the 
facility, as well as the results of our field exploration, laboratory testing, and engineering analyses 
that form the basis of our recommendations. 

We understand that this report will be part of the bridging documents package that prospective 
design)build teams will use to prepare their bids.  We anticipate that recommendations contained in 
this report will be incorporated into all contract documents prepared by the selected design)build 
team and that we would be given the opportunity to review those contract documents for 
conformance with our recommendations.  We also anticipate that supplementary geotechnical 
recommendations aimed at addressing design issues arising during the design)build phase will be 
provided by the geotechnical engineer for the design)build team. 

We greatly appreciate the opportunity to be of service to you on this project.  If you have questions 
regarding this report, please contact us. 

Sincerely, 
 
RUTHERFORD + CHEKENE 
 
 
 
 
John C. Burton, GE #177 
Geotechnical Engineer 
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INTRODUCTION 

General 

This report summarizes the results of the findings of the geotechnical investigation performed for 

the Skylonda Fire Station No. 58, at 17290 Skyline Boulevard in Woodside, San Mateo County, 

California.  The location of the site is shown in Figure 1 ) Site Vicinity Map. 

The overall geotechnical investigation program consists of the following two phases: 

1. Gathering of geotechnical data through field exploration and laboratory testing. 

2. Interpretation and analysis of the geotechnical data for the sole purpose of developing 

recommendations for design. 

Site Description 

The project site is located on the existing Skylonda Fire Station No. 58 property, along the 

southwest side of Skyline Boulevard and north of its intersection with La Honda Road.  The fire 

station adjoins the property of Alice’s Restaurant on the southeast, and is bounded by Linwood 

Way on the northwest.  Skyline Boulevard forms the northeasterly edge of the property, and the 

southwesterly boundary is along Blakewood Way and the adjacent reservoir. 

The existing fire station consists of three buildings placed roughly in a line along the Skyline 

Boulevard side of the property: the apparatus building, the office building, and the barracks 

building.  The apparatus building is a metal structure, while the office and barracks buildings are 

older wooden structures.  Access to the site is currently via a driveway that enters from the 

parking area for Alice’s Restaurant and runs along the southwest side of the barracks and office 

buildings, to a wide and flat paved area in front of the apparatus building.  An access driveway 

continues to a second entrance onto Linwood Way. 

Site Elevations 

We have based the site elevations in this report on a site plan with topographic map background, 

prepared by BKF Engineers of Redwood City, dated February 12, 2015 and provided to us by the 

County of San Mateo. 

Project Description 

As we understand from our site meeting on October 28, 2014, the project as currently proposed 

will consist of constructing a new building to house the office and barracks functions, then 

demolishing the existing office and barracks buildings, and constructing a new access driveway 

directly onto Skyline Boulevard, approximately in the area now occupied by the office building.  

The new office/barracks building will be located southwest of the existing apparatus building, 

which will remain.  The new building is anticipated to be a two)level structure, either with its 
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main level at the existing driveway elevation and a lower level stepping down the slope to the 

southwest, or with its main level at the existing driveway elevation with a second level above.  

The sanitary sewer leach field that currently serves the facility is located under the paved 

driveway.  It will be upgraded to current code requirements, in the existing location, and overlain 

by permeable paving. 

Preliminary Geotechnical Investigation – BAGG Engineers (2013) 

A preliminary geotechnical and geologic evaluation report
1
 was prepared in 2013 by BAGG 

Engineers.  Their evaluation was based on literature research and site reconnaissance; site)

specific investigations or laboratory testing was not performed at that time.  The BAGG report 

addresses the regional and site geology and seismicity, as well as geologic hazards at the site.  

The BAGG report indicated that the site conditions are generally favorable for the proposed 

project, with no major geologic hazards specific to the site, such as liquefaction, fault rupture, 

lateral spreading, slope instability, flooding, or expansive soil.  Our findings from the present 

investigation concur with their preliminary findings, so these aspects are not duplicated here. 

Previous Geotechnical Investigation – Cleary Consultants (1996) 

A geotechnical investigation was performed on the site and a report
2
 was prepared in 1996 by 

Cleary Consultants, Inc.  Their investigation was performed for a new barracks/office building 

planned in a location similar to the currently)proposed project.  The investigation included 

six borings, laboratory testing of samples, engineering analysis, and geotechnical 

recommendations.  The Cleary report was not available until very late in the current 

investigation, but its subsurface information has been incorporated in this report and augments 

the basis for our recommendations.  The locations of Cleary’s 1996 borings and subsurface 

profiles are shown on Fig. 2 – Site and Boring Location Plan, and boring logs, laboratory test 

data and subsurface profiles from the Cleary report are reproduced and included as Appendix F. 

Summary of Field Exploration and Laboratory Testing 

We performed field exploration and laboratory test programs to gather subsurface information 

and laboratory test data for use in subsequent engineering analysis of the various components of 

the project. 

The field exploration program involved the drilling and sampling of five exploratory borings.  

Details regarding this exploration program are contained in Section 4.  The subsurface 

information gathered is presented in Appendix B. 

                                                 
1  Preliminary Geotechnical & Geologic Report, Skylonda Fire Station No. 58, 17290 Skyline Boulevard, 

San Mateo County, California, by BAGG Engineers, dated November 27, 2013 (BAGG Job No. 

MWAAR)01)00). 
2  Geotechnical Investigation, New Barracks and Office Building, Skylonda Fire Station, 17290 Skyline 

Boulevard, Woodside, San Mateo County, California, by Cleary Consultants, Inc., dated March 29, 1996 

(Cleary Project No. 869.1). 
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The laboratory testing program consists of index, strength and corrosivity tests.  Details 

regarding the laboratory test program are also contained in Section 4.  The results of the index 

and strength tests are presented in Appendix C, and the results of the corrosivity tests are 

presented in Appendix E. 

Limitations 

1. This report has been prepared for the exclusive use of the County of San Mateo 

Department of Public Works and its consultants for specific application to the Skylonda 

Fire Station No. 58 project as described herein.  In the event that there are any changes 

in ownership, nature, location or design of the project, the information contained in this 

report shall not be considered valid unless the project changes are reviewed by 

Rutherford + Chekene. 

2. Any conclusions contained in this report are based in part upon the data obtained from 

exploratory borings and laboratory testing performed as part of this and previous 

investigations.  The nature and extent of variations between the borings may not 

become evident until construction.  If variations are discovered, it will be necessary to 

re)evaluate any conclusions contained in this report. 

3. Simplified interpretations of geotechnical data have been made to facilitate the 

geotechnical analysis performed for this project.  Such interpretations, while adequate 

for the analysis performed, are inadequate for estimating quantities for the purposes of 

developing construction costs or submitting bids for this project.  These interpretations 

should therefore not be used for purposes other than the stated intended purpose. 

4. This report should not be part of the contract documents for the proposed project 

described herein.  Instead, the report should serve as a guide for preparing design 

drawings and specifications that are part of the contract documents. 

5. We cannot be responsible for the impacts of any changes in geotechnical or geologic 

standards, practices, or regulations subsequent to the performance of our services if we 

are not consulted subsequent to the changes. 

6. We can neither vouch for the accuracy of information supplied by others, nor accept 

consequences for use of segregated portions of this report without consultation with 

our office. 

7. The opinions set forth in this report are not based upon an examination of the location 

or condition of utility lines or other subsurface structures on the property.  Those 

performing the construction must assume any risks arising from the locations or 

conditions of such lines. 

8. Rutherford + Chekene assumes no responsibility for the management of contaminated 

or hazardous materials that may be found on the site. 



RUTHERFORD + CHEKENE 

Geotechnical Investigation 0 #2014)128G  April 10, 2015 

Skylonda Fire Station No. 58, Woodside, California  Page 5 

a. Rutherford + Chekene has not performed investigations to determine the presence 

of contaminated or hazardous materials.  The Owner must provide the results of 

any such investigations to the Contractor. 

b. The Construction Contractor is responsible for ensuring that personnel within the 

work area are protected from hazardous materials.  If hazardous materials are 

discovered, the Contractor must immediately notify the Owner and cease work 

until conditions can be maintained in accordance with all applicable regulations. 
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SITE CONDITIONS AND GEOLOGIC HAZARDS 
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GEOLOGY AND SEISMICITY 

Regional Geology 

The site is located in the Coast Ranges geomorphic province that is characterized by northwest)

southeast trending valleys and ridges.  These are controlled by folds and faults that resulted from 

the collision of the Farallon and North American plates.  As the Farallon plate subducted under 

the North American plate, the rising Pacific plate collided with the North America plate, creating 

the subsequent right)lateral)strike)slip shearing along the San Andreas Fault zone.  Regional 

geologic mapping
3
 identifies the site vicinity to be within the Sky Londa Assemblage and 

underlain by Lambert shale, of Oligocene to lower Miocene age. 

Site Geology 

The youngest deposit on the site consists of fill placed during grading and construction of the 

existing fire station.  Fill is present on the southwest side of the apparatus yard, which was likely 

created by cutting into the hill toward Skyline Blvd. and placing the excavated materials as fill.  

The wedge of fill formed in this process meets the original grade on the slope above Blakewood 

Drive.  Boring RC)2, located near the outer edge of the fill, encountered 9 feet of fill.  Other 

borings (RC)1, 3 & 4), located farther back from the top of the fill slope, encountered between 

3 and 6 feet of fill.  Borings by Cleary Consultants (1996) encountered similar thicknesses of fill, 

in the range of 4.6 to 6.3 feet.  The fill wedge is expected to taper out near the middle of the yard. 

Beneath the fill and in undisturbed areas of the site, native colluvial soil occurs over the bedrock.  

Colluvium is absent in places, and variable in thickness where it occurs.  In our borings, it varied 

from 1.5 to 5 feet in thickness in three borings and was absent in two borings.  Similarly, in the 

Cleary borings, it ranged from zero (in one boring) to 5.7 feet thick.  The colluvium consists 

generally of dark brown stiff sandy clay. 

The predominant formation at the site is the Lambert shale bedrock.  Although the Lambert 

Shale formation overall is referred to as shale, the rocks within the formation present on the site 

are claystones, siltstones, and sandstones.  In general, these rocks are thin)bedded with low 

hardness, and are friable and deeply to moderately weathered.  These materials are exposed in 

the open cut face behind the east wall of the apparatus building, where they were excavated to 

create the building pad. 

Faulting and Seismicity 

Major Active Faults:  The San Andreas Fault Zone lies approximately 2 km east)northeast of the 

site.  The Fault Zone splits from a very linear trace in Central California approximately 95 km 

southwest of the San Francisco Peninsula.  The Hayward–Calaveras fault system trends up the 

east side of the San Francisco Bay, while the San Andreas fault proper follows the Peninsula on 

                                                 
3
  Brabb, E.E., Graymer, R.W. and Jones, D.L., Geology of the Onshore Part of San Mateo County, 

California: A Digital Database, USGS Open)File Report 98)137, 1998. 
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the west side of the Bay.  The Hayward fault is about 32 km northeast of the site and the 

Calaveras fault is about 40 km east)northeast of the site.  A third strike)slip fault zone, the San 

Gregorio, is about 13 km west)southwest of the site.  It crosses the westernmost part of the 

Peninsula at Año Nuevo and Pillar Point and then trends offshore toward the Golden Gate where 

it merges with the San Andreas fault before the main trace trends north through Bolinas and 

Tomales Bays. 

Monte Vista Fault and the Foothills Thrust System:  The thrust and reverse faulting that has been 

mapped along the northeastern foot of the Santa Cruz Mountains are geologic structures, 

subsidiary to the San Andreas Fault Zone, and can be attributed to the compressional tectonic 

environment.  At the southern end of the Peninsula, the northeast flank of the Santa Cruz 

Mountains marks the start, and widest expression, of the northwest trending Foothills Thrust 

System.  At the northern end of the Peninsula, the Foothills Thrust System appears to die out to 

the north in a narrow band of two or three surface traces of the Serra Fault Zone.  No trace of the 

thrust system has been mapped. 

The Monte Vista fault is a potentially active fault mapped approximately 4.8 km southeast of the 

site.  Several sub)parallel, generally southwest)dipping faults including the Monte Vista fault 

(Dibblee, 1966; Sorg and McLaughlin, 1975; William Cotton and Associates, 1978) trend along 

the northeast flank of the Santa Cruz Mountains from the vicinity of Los Gatos/Highway 17 

northwest to just northwest of Page Mill Road in Palo Alto.  These faults expose older rocks in 

their southwest walls suggestive of thrusting or reverse)slip.  The fault geometry is compatible 

with uplift of the Santa Cruz Mountains relative to the Santa Clara Valley. 

The Foothills Thrust System is believed to place Franciscan Complex bedrock over alluvial 

deposits in the Santa Clara Valley.  The age of the youngest alluvial deposits juxtaposed with 

Franciscan Complex rocks is estimated at approximately 20,000 years old (Late Pleistocene; 

CDMG, 1980).  Mapping of the fault zone characteristically shows Santa Clara Formation 

gravels cut by the faulting, indicating an age of younger than 1 million years. 

The Pilarcitos fault, considered inactive, is mapped about 0.8 km northeast of the site. 

Seismicity:  The site lies in the seismically active San Francisco Bay region and is subject to 

frequent ground shaking.  Significant earthquake scenarios associated with faults nearest the site 

were presented in Table 1 of the BAGG preliminary report, so are not repeated here. 

The site does not lie within a known active fault zone.  No other faults were identified on the site 

during our investigation. 

A number of historical earthquakes have affected the area, including the 1906 San Francisco 

earthquake and the 1989 Loma Prieta earthquake.  During a major earthquake on any one of the 

nearby active faults, the site may experience strong ground shaking. 

The U.S. Geological Survey’s 2007 Working Group on California Earthquake Probabilities 

(2008) has compiled the earthquake fault research for the San Francisco Bay area in order to 
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estimate the probability of fault segment rupture.  They have determined that the overall 

probability of moment magnitude 6.7 or greater earthquake occurring in the San Francisco Bay 

Region during the next 30 years is 63 percent.  The highest probabilities are assigned to the 

Hayward/Rodgers Creek and the Northern segment of the San Andreas faults.  These 

probabilities are 31 and 21 percent, respectively (USGS, 2008). 
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SUBSURFACE CONDITIONS AND GEOLOGIC HAZARDS  

Soil Conditions 

The project site is underlain by bedrock of the Lambert shale formation, covered by varying 

amounts of colluvial soil and artificial fill.  These earth materials fall under the following 

three categories: 

1. Fill:  The fills placed to create the southwest portion of the apparatus yard were likely 

derived from the excavation of the apparatus building pad.  The fill materials consist 

primarily of moist, soft to stiff, sandy clay of medium plasticity with variable amounts 

of gravel.  We have no records indicating that the fill was compacted as engineered fill.  

While the overall behavior of the fill appears to have been good, because of the lack of 

documentation and its variable consistency, new structures should not be supported on 

the existing fill. 

2. Colluvium
4
:  The natural colluvial soils consist of a variable thickness of dark brown 

stiff sandy clay of medium plasticity.  In some places, colluvium is not present over 

bedrock.  Where present, undisturbed and firm colluvium is a suitable bearing material 

to support new structures. 

3. Bedrock:  The Lambert Shale formation bedrock at the site consists primarily of 

claystone, siltstone, and sandstone.  In general, these rocks are thin)bedded with low 

hardness, and are friable and deeply to moderately weathered.  The Lambert formation 

forms the primary foundation stratum for new structures, which can be supported either 

on drilled piers extending into the rock, or on spread footings bearing on rock. 

Groundwater Conditions 

A continuous groundwater body was not encountered in the borings.  However, perched 

groundwater was encountered in two of the borings (RC)2 and RC)4) located near the middle of 

the planned building.  In both cases, the perched groundwater was encountered within the 

bedrock.  In boring RC)4, perched groundwater occurred at a depth of 16.5 feet (approximate 

elevation 1467.0), while at boring RC)2, located about 40 feet to the southwest, i.e. in a 

downslope direction, the perched groundwater was encountered at a depth of 19 feet 

(approximate elevation 1463.2).  The observed water surface gradient of 4.3 feet vertical in 

40 feet horizontal, or about 11%, between the two borings suggests that this perched 

groundwater occurs in a more permeable (more heavily fractured and less clayey) zone of rock 

and is flowing is a direction roughly parallel to the original ground surface slope. 

Groundwater was similarly encountered in the Cleary investigation, during March 1996.  Our 

interpretation of the Cleary logs suggests that the groundwater surface measured in 1996 was 

                                                 
4
  Colluvium:  Unconsolidated sediments that have been deposited by the action of gravity and slope 

processes. 
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about three feet higher than we measured in December 2014 in the planned building area.  Cleary 

also observed and mapped three seeps (groundwater slowly seeping from the ground surface, 

similar to a spring) in the toe of the slope along Blakewood Way.  The location of the mapped 

seeps is shown on Fig. 2 – Site and Boring Location Plan, and the relationship between the 

interpreted groundwater level in 1996 and the recent measurements is shown in Fig. 3 – 

Subsurface Profile A)A.  These conditions would be consistent with a sloped groundwater 

surface parallel to, but higher than, the surface measured in our recent borings.  No evidence of 

seeps was observed along Blakewood Way during a site visit on March 30, 2015 (similar time of 

year to when seeps were mapped by Cleary).  A lower groundwater surface this year is also 

consistent with the drought conditions that have prevailed over the last couple of years. 

The groundwater encountered in our investigation, as well as by Cleary in 1996, is below the 

planned basement level, so is unlikely to affect the basement construction itself.  However, 

drilled piers are likely to extend to elevations where perched groundwater could be encountered 

during pier installation.  Subdrainage and waterproofing of the basement level should also be 

provided in anticipation that perched groundwater could occur at higher elevations and build up 

beneath the basement floor slab and behind the basement wall. 

Geologic Hazards 

Geologic hazards at the site were evaluated by the recent BAGG preliminary study, including 

faulting and fault)related ground surface rupture; liquefaction; lateral spreading; slope instability; 

flooding; tsunami and seiches; and expansive soils.  The potential for these hazards at the site 

was deemed to be low to nil.  In the course of the present investigation, we have not discovered 

any evidence contrary to their conclusions, therefore we concur with BAGG’s findings and do 

not repeat them here. 
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MITIGATION OF THE POTENTIAL IMPACTS OF HAZARDS 

Mitigation of Potential Geologic Hazards 

The following subsections of this report discuss mitigation of the two geologic hazards that were 

considered to have a high likelihood of occurrence: strong ground shaking and soil corrosivity. 

Ground Shaking 

The primary approach to mitigating the potential impacts of ground shaking on the proposed 

facility is to design the new building in accordance with the current seismic design code.  We 

have therefore developed recommendations for seismic design parameters in accordance with the 

2013 California Building Code (CBC).  Criteria for the seismic design of new project elements 

are presented in a subsequent section of this report under the subheading “Seismic Design 

Criteria.” 

Soil Corrosivity 

We recommend that adequate cover should be provided on reinforcement for foundations, and 

buried utility lines should be corrosion)protected according to the recommendations of a 

qualified Corrosion Engineer. 
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DESIGN RECOMMENDATIONS 

Seismic Design Criteria 

The primary approach to mitigating the potential impacts of ground shaking on the proposed 

improvements is to design them in accordance with current seismic design codes.  We have 

therefore developed recommendations for seismic design parameters in accordance with the 

2013 California Building Code (CBC), as presented below. 

Latitude and Longitude:  The project site has the following coordinates: 

Latitude: 37.38746 degrees North 

Longitude: 122.26685 degrees West 

Site Class/Soil Profile Type:  C – Very Dense Soil and Soft Rock 

Seismic Design Parameters for Site Class C:  The seismic design parameters in the table below for 

Soil Profile SC are applicable.  The parameters can also be obtained from the United States 

Geological Survey (USGS) website: (http://earthquake.usgs.gov/designmaps/us/application.php), 

“US Seismic Design Maps.” 

Table 1 

2013 CBC Seismic Design Parameters Based on Mapped Spectral Accelerations 

Site Class C 

Mapped Spectral Response Acceleration 

Parameters 

SS 

(From 0.2 sec Mapped Spectral Accelerations) 
2.474 

S1 

(From 1.0 sec. Mapped Spectral Accelerations) 
1.094 

Site Coefficients 

Fa 

(From Table 1613.3.3(1) of 2013 CBC) 
1.0 

Fv 

(From Table 1613.3.3(2) of 2013 CBC) 
1.3 

Adjusted MCE Spectral Acceleration 

Parameters 

SMS = FaSS 2.474 

SM1 = FvS1 1.423 

Design Spectral Acceleration Parameters 

SDS = 2/3SMS 1.649 

SD1 = 2/3SM1 0.949 

Foundations 0 General 

New structures and improvements on the site may be supported using two types of foundations.  

All major structures and large retaining walls should be supported on drilled piers founded in the 

Lambert Shale formation bedrock.  The overlying stiff and undisturbed colluvial soils, where 
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they occur, may also be included for the purposes of computing pier lengths.  Minor retaining 

walls and other sitework may be supported on shallow spread footings. 

Drilled Piers 

All major structures and large retaining walls should be supported on drilled cast)in)place 

concrete piers designed and constructed according to the recommendations presented below.  

Drilled piers should be designed to resist axial compressive and uplift loads through friction 

between the shaft walls and the surrounding Lambert Shale formation bedrock and overlying 

firm undisturbed colluvial soil, where it occurs.  Skin friction contributions within the existing 

fill materials should be neglected.  The end)bearing capacity of the drilled piers should also be 

neglected because the end)bearing contribution is likely to be mobilized only at unacceptably 

large settlements. 

Size and Spacing:  We recommend using drilled piers with a minimum diameter of 18 inches.  

Drilled piers should have a minimum center)to)center spacing of three times the pier diameter. 

Axial Compressive Loads:  The average values of allowable skin friction for the drilled piers 

given in Table 2 can be used for design. 

Table 2 

Allowable Skin Friction for Drilled Piers 

Under Axial Compressive Loading 

Load Case 
Average Allowable Skin Friction 

(psf) 

Dead + Live Loads 600 

Dead + Live + Seismic 800 

Ultimate Axial Compressive Loads:  If it is necessary to obtain ultimate values, multiply the 

allowable values given in Table 2 by two. 

Axial Uplift Loads:  The allowable uplift capacity for drilled piers may be taken as 3/4 of the 

allowable axial compressive capacity for the loading condition under consideration. 

Settlement:  The settlement of drilled piers designed and constructed in accordance with these 

recommendations is expected to be less than one)quarter inch. 

Lateral Resistance:  The pier length required to resist lateral forces may be determined by the 

code pole formula (2013 CBC, Section 1807.3), using a lateral soil resistance value of 

375 psf/foot, beginning at the top of the native soil or rock (neglect lateral bearing within 

existing fill materials). 

Reinforcing:  Piers should be reinforced for their full length.  Reinforcing should be determined 

by the structural engineer according to the requirements of the structure. 
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Drilling Conditions:  The ground conditions for drilling and casting piers are expected to be 

generally favorable.  However, perched groundwater may be encountered, which would require 

dewatering of the holes before casting, or placement of concrete by the tremie method 

if dewatering is not effective.  The Lambert Shale formation bedrock is expected to be drillable 

using conventional truck)mounted auger drilling equipment with a kelly bar system capable 

of exerting a substantial crowd force, together with an auger fitted with rock)drilling teeth 

(rock auger). 

Observation:  The drilled pier installation process should be observed by the Geotechnical 

Engineer on a continuous basis, to verify the subsurface conditions assumed in developing 

the pier design recommendations, and to confirm that proper pier installation procedures have 

been followed. 

Spread Footings 

Minor structures and low retaining walls (site walls) may be supported on conventional shallow 

spread footings, bearing in firm native colluvial soils or Lambert Shale formation bedrock 

(not existing fill).  To avoid the potential for differential settlement to occur between portions of 

a structure supported on different foundation systems, i.e. drilled piers and spread footings, the 

two systems should not be used in combination to support a single structure.  Where a spread 

footing supported structure, such as a site wall, abuts a drilled pier supported structure, an 

isolation joint should be provided to accommodate differential settlement due to the expected 

difference in foundation behavior. 

Spread footings should be designed in accordance with the bearing pressures presented in 

Table 3.  The footings should have a minimum width of 18 inches and should be embedded at 

least 18 inches below the lowest adjacent grade. 

Table 3 

Allowable Bearing Pressures for Footings 

Loading Condition 
Bearing 

Pressure (psf) 

Immediate Total 

Settlement (in.) 

Differential 

Settlement (in.) 

Dead + Live Loads 2,500 0.5 0.5 

Dead + Live + Seismic Loads 3,500 ))) ))) 

Lateral loads applied to a footing may be resisted by:  1) friction at the base of the footing; and 

2) passive pressure against the side of the footing perpendicular to the applied force.  These 

components of resistance may be assumed to act together at the limit state, and so may be added 

to estimate the total resistance available. 

The horizontal frictional resistance, Fbase, at the interface of soil and a footing may be taken at: 

  Fbase = 0.30 x Applied Bearing Pressure (psf) 
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A passive pressure beginning at zero at surrounding grade, increasing with depth as a 270 pounds 

per cubic foot equivalent fluid pressure, may be assumed to act against the side of the footing. 

Construction of Footings  

To assure that the recommended bearing pressure and passive and frictional resistances are 

developed from all footings, they should be cast directly against firm native earth materials. 

The following measures are recommended to minimize the potential detrimental impacts of 

footings excavations on foundation performance: 

1. Footing excavations should be thoroughly cleaned of all loose materials immediately 

prior to concrete placement.  Usually, the effort to clean the excavations is hampered by 

the presence of reinforcing bars in the excavations, making this a less)preferred 

approach than the option described below for creating acceptable bearing conditions. 

2. The bottom of the foundation excavations may be covered with a thin lean concrete 

layer after suitable bearing conditions have been established.  This lean concrete layer 

would ensure that the bearing conditions are maintained, provide a firm surface for 

placing the footing reinforcement, and ensure adequate concrete cover on the bottom 

reinforcing bars.  Also, any loose materials that accumulate in the excavation can be 

easily removed using air)blowing techniques.  We recommend that the Contractor 

utilize this approach if footings are to be installed during the rainy season. 

We should be given the opportunity to observe the bearing conditions prior to the placement of 

reinforcement and immediately before concrete placement.  Remedial work should be 

performed, if necessary, until the bearing conditions are deemed to be satisfactory by the 

Geotechnical Engineer.  The responsibility to maintain suitable bearing conditions and control 

sloughing of the sides of the excavation should remain with the Contractor. 

Where materials exposed in footing excavations are disturbed (as determined by the 

Geotechnical Engineer) by the excavation operations, a reasonably smooth surface should be 

prepared for foundation placement by removal of loose materials as directed by the 

Geotechnical Engineer. 

Retaining Walls 

Retaining walls should be designed to resist lateral earth pressures plus additional lateral 

pressures that may be caused by earthquakes and/or surcharge loads, as described below.  The 

design lateral earth pressures recommended below do not include contributions from hydrostatic 

pressures.  Thus, a subdrain system should be provided behind retaining walls. 

Retaining walls should be designed to resist lateral earth pressures from:  1) the static case and 

surcharge)induced pressures, if any; and 2) the dynamic case and surcharge)induced pressures, 

if any.  The recommended design lateral earth pressures are as follows: 
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1. Static Loading:  Use the following static equivalent fluid pressures for cantilever or top)

restrained walls, with the slope gradient applicable to the surface slope of the retained 

soil.  For slope gradients between the values given, determine the applicable design 

pressures by linear interpolation. 

Retained Soil Slope 

(horizontal: vertical) 
Cantilever Wall  

(pcf) 
Top0Restrained Wall  

(pcf) 

Horizontal (level) 40 60 

3:1 45 69 

2:1 57 87 

2. Seismic Surcharge Loadings:  For a wall height of H feet, the dynamic earth pressure 

increment imposed by an earthquake should be assumed to be a uniform pressure of the 

magnitude indicated in the table below.  The associated static lateral earth pressure 

should be equal to the static value for cantilever walls and may be reduced to the value 

indicated in the table below for top)restrained walls.  The total lateral earth pressure for 

either the cantilever or the top)restrained case is equal to the sum of the dynamic earth 

pressure increment and the static earth pressure. 

Retained Soil Slope 

(horizontal: vertical) 
Seismic Increment 

(psf) 

Reduced Static Pressure 

for top0restrained wall 

(equivalent fluid, pcf) 

Horizontal (level) 15H 50 

3:1 18H 57 

2:1 22H 72 

3. Surcharge2Induced Pressures:  A uniform lateral pressure equal to the uniform vertical 

pressure that could occur behind a wall, multiplied by the surcharge coefficient shown 

in the table below, should be used to account for a surcharge directly behind walls.  This 

approach applies only to loadings separate from and in addition to the slope conditions 

accounted for in 2, above. 

Retained Soil Slope 

(horizontal: vertical) 
Surcharge Coefficient 

(cantilever wall) 

Surcharge Coefficient 

(top0restrained wall) 

Horizontal (level) 0.31 0.47 

3:1 0.36 0.55 

2:1 0.46 0.70 

4. Other Surcharge2Related Issues:  Surcharge pressures on retaining walls resulting from 

loads, such as foundations, that are located some distance behind the walls should be 
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evaluated on a case)by)case basis.  In general, it can be assumed that there will be no 

surcharging influence from loads that are applied outside, or below, a 1.5:1 (horizontal: 

vertical) line.  Within such an influence zone, however, surcharge effects should be 

evaluated individually. 

A subdrain system should be installed to prevent hydrostatic pressures from developing against 

the retaining wall.  The subdrain should consist of prefabricated drainage panels (Miradrain, or 

equal) with filter fabric on the side facing the earth, draining either into weep holes through the 

wall, or into a collector pipe running along the bottom of the wall.  As alternatives to 

prefabricated drainage panels, clean drain rock or permeable material at least one foot thick may 

be used.  If clean drain rock is used, it should be encased in filter fabric to prevent infiltration of 

the adjacent soil backfill.  If permeable backfill material is used without filter fabric, it should 

conform to the gradation requirements for Class 2 Permeable Material as specified by the 

California Department of Transportation (Caltrans) Standard Specifications, Section 68. 

Slabs 

Interior Slabs:  The design requirements for interior slabs)on)ground can be summarized as 
follows:  a) prevent dampness and efflorescence in the slab; and b) support anticipated loads on 
the slab.  To fulfill these objectives, the following section is recommended for slab)on)grade 
floors: 

1. Reinforced concrete slab of minimum five)inch thickness.  The amount of reinforcing 
should be determined by the designer, taking into account the anticipated use, expected 
loads on the slab, and desired performance. 

2. Impervious membrane of good quality, per ASTM E1745, Class C.  The membrane 
should be Stego Wrap or approved equal. 

3. Granular cushion, with a minimum nominal thickness of four)inches and consisting of 
broken stone or crushed or uncrushed gravel, angular and free of deleterious matter.  
The gradation should conform to the following: 

U.S. Series Sieve Size 

Percentage Passing Sieve  

(Dry Weight Composition) 

3/4)inch 100 

No. 4 0)10 

No. 200 0)2 

The granular cushion should be compacted with a vibro)plate before subsequent construction.  If 

preventing dampness and efflorescence is not necessary, the membrane can be eliminated. 

Subdrainage and Waterproofing at Basement Floor Slabs:  To provide additional protection 

against moisture and dampness in the basement, in the event that groundwater levels rise above 

those observed in this investigation, we recommend installing a drainage blanket and subdrain 

system beneath the basement floor slab.  The drainage blanket should consist of a minimum 
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12)inch thick layer of clean ¾)inch drain rock, with a subdrain system of perforated collection 

piping leading to discharge points outside the building.  Subdrain piping size and spacing should 

be selected by the building designer to suit the building layout.  A basement floor level 

waterproofing system should be selected based on the planned occupancy of the space and its 

sensitivity to moisture. 

Exterior Slabs:  For exterior slabs)on)grade subjected to pedestrian traffic only (i.e. sidewalks or 
walkways), a minimum four)inch thick nominally reinforced concrete slab on prepared subgrade 
should be adequate, where moisture control is not required. 

Site Preparation 

The site areas affected by new improvements should be cleared of all obstructions, including 

pavement, base rock, demolition debris, trees, tree stumps and major roots, abandoned utilities, 

old footings and/or foundation members, and deleterious materials.  Holes resulting from the 

removal of old footings and foundation members, underground structures, or improvements that 

extend below the existing grade should be cleared thoroughly and then backfilled with suitable 

material compacted to the requirements described in “Engineered Fill and Backfill Placement.” 

Clearing should typically extend at least five feet beyond the footprint of new structures.  

Concrete, bricks, wood, and other debris should be hauled off the site.  Soils exposed after 

clearing and stripping should be reviewed by the Geotechnical Engineer before subsequent 

construction is performed.  Unless stripped materials are considered suitable for landscaping 

purposes or other re)use on site, they should be hauled off the site and disposed of properly. 

If an existing below)grade structural element such as a utility structure is encountered within the 

footprint of proposed construction, it should be removed to at least three feet below the subgrade 

for new footings, concrete slabs and other flatwork, and the pit should be properly backfilled 

with site)derived or imported materials in accordance with “Fill and Backfill Materials” and 

“Engineered Fill and Backfill Placement.” 

In the areas of new improvements, unpaved portions of the site should be stripped to the depth 

necessary to remove organic materials, debris and any other unsuitable materials.  The stripping 

depth may be in the range of 6 to 9 inches below existing grade, or less.  Concrete, wood, and 

other debris should be hauled off the site.  In the existing paved areas, the asphalt and subgrade 

should be stripped to expose clean native soil or fill. 

Excavation and Slopes 

General:  Conventional excavation and earthwork equipment should be satisfactory for mass 

grading, foundation and basement excavations, and utility trenching on this site. 

Sloped Excavations:  During the excavation operations, temporary cut slopes should be used, 

where feasible, to prevent movement of materials exposed on the excavation walls.  A temporary 

slope gradient of 1:1 (horizontal: vertical) or flatter should be used.  The Lambert Shale 

formation bedrock is friable and therefore potentially susceptible to erosion, slaking, and 
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raveling if exposed to wetting and drying.  Exposure of temporary slopes to the elements should 

be minimized as much as possible. 

Permanent cut and fill slopes should have a gradient of 2:1 (horizontal: vertical) or flatter, in 

order to ensure stability, encourage plant growth, and minimize erosion.  A steeper gradient 

(1.5:1) could be considered for cuts in the Lambert Shale formation, with the understanding that 

there might be increased periodic maintenance costs for using a gradient that is steeper than 2:1 

(horizontal: vertical) for a permanent cut slope. 

To provide erosion protection, permanent slopes should be initially stabilized with straw plugs 

and then planted with plants, grasses, and shrubs consistent with the approved landscaping plan. 

The Contractor should be aware that slope height, slope inclination, and excavation depths 

(including utility trench excavations) should in no case exceed those specified in local, state, or 

federal safety regulations, e.g. OSHA Health and Safety Standards for Excavations, 29 CFR 

Part 1926, or successor regulations. 

Subgrade Preparation 

After the site has been cleared and stripped of unsuitable materials and graded/excavated to the 

required subgrade elevation, the exposed surface should be reviewed by the Geotechnical 

Engineer to determine if zones of potentially expansive clay soils are present in the subgrade 

surface.  If potentially expansive clays are exposed, they should be removed (“over)excavated”) 

to a depth of at least 12 inches below the slab subgrade elevation and be replaced with 

non)expansive engineered fill; see “Engineered Fill and Backfill Placement,” below. 

The subgrade under slabs)on)grade, exterior flatwork, paving, or sitework should be scarified to 

a depth of six inches, moisture)conditioned to a moisture content of approximately two percent 

over optimum, and compacted to at least 95 percent relative compaction (based on ASTM Test 

Method D1557).  Any loose site soils encountered that cannot be compacted to 95% should be 

removed (“over)excavated”) to a depth of at least 24 inches below the subgrade surface, or as 

directed by the Geotechnical Engineer, and replaced as engineered fill. 

Any exposed subgrade that will receive fill should be prepared by scarifying to a depth of six 

inches and moisture)conditioning.  The moisture)conditioned material should then be compacted 

to at least 90 percent relative compaction (based on ASTM Test Method D1557).  Moisture 

conditions in the subgrade should be maintained until fill is placed. 

Engineered Fill and Backfill Placement 

In areas designated to receive fill, the subgrade)to)receive)fill should be prepared as described in 

the preceding section.  Approved fill material should then be placed in lifts not exceeding 

eight inches in un)compacted thickness, moisture)conditioned to near the optimum moisture 

content of the material, and compacted to at least 90 percent relative compaction 

(ASTM D1557). 
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In areas to be overlain by a slab)on)grade, exterior flatwork, paving or sitework, each lift of 

engineered fill should be compacted, at suitable moisture content, to a minimum relative 

compaction of 95 percent in the uppermost six inches of all fill and backfill, and a minimum 

90 percent at other depths. 

In addition to being compacted to the required relative compaction, the engineered fill should be 

stable, i.e., not exhibit “pumping” behavior.  Ponding or jetting should not be used to densify fill 

or backfill. 

Fill and Backfill Materials 

Material used for fill and backfill, whether derived from the site or imported from off)site, must 

be granular soil, free of organic matter, which does not exhibit excessive shrinkage or swelling 

behavior when subjected to changes in water content.  Most native site soils and existing fill 

materials are expected to suitable for re)use as fill, with the exception of minor localized zones 

of potentially expansive clays. 

If imported fill material is required, it should contain no environmental contaminants or 

construction debris, and should conform to the following: 

1. Satisfy the following gradation requirements: 

U.S. Sieve Size 

Percentage Passing  

(Dry Unit Composition) 

2 ½)inch 100 

No. 8 25)45 

No. 200 0)10 

2. Be thoroughly compactable without excessive voids. 

3. Meet the following plasticity requirements: 

a. Maximum Plasticity Index of 12 (ASTM D4318). 

b. Maximum Liquid Limit of 35 (ASTM D4318). 

Paving 

Asphalt Concrete Pavement:  We anticipate that asphalt concrete pavement would be constructed 

in parking and roadway areas.  The paved areas could potentially be subjected to traffic loads 

ranging from “infrequent traffic from relatively light loads” to “frequent relatively heavy loads”.  

To account for this range of traffic loads, we are providing design pavement sections for Traffic 

Indices (TIs) of 5.0, 6.0, and 7.0. 

For areas with infrequent traffic from relatively light loads, we recommend using a TI of 5.0.  

Such areas could include parking spaces and aisles.  For areas with more frequent traffic that are 

subjected to relatively light loads, such as roadways with normal vehicle traffic, we recommend 
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using a TI of 6.0.  Furthermore, for any areas subjected to heavy vehicle loads, such as fire 

trucks, we recommend using a TI of 7.0. 

Our pavement design recommendations are summarized below. 

Table 4 

Recommended Asphalt Concrete Pavement Design Sections 

Vehicular Traffic Area 
Assumed Traffic Index 

(TI) 

Thickness of 

Asphalt Concrete 

(in.) 

Thickness of Caltrans 

Class 2 Aggregate Base 

(in.) 

Infrequent Traffic from 

Light Loads (see note) 
5.0 

2 8 

3 6 

Frequent Traffic from 

Light Loads 
6.0 3 9 

Heavily Loaded Areas 7.0 3 12 

Note:  For infrequent traffic from light loads (TI = 5.0), two alternative design sections are 

presented in the table.  The first alternative is based on a minimal thickness of asphalt, while the 

second is based on an increased asphalt thickness and correspondingly reduced base thickness.  

Although both sections are structurally comparable, the section with thicker asphalt is expected 

to offer better wearing surface performance, especially where vehicles are frequently moving and 

turning; it is recommended for areas subjected to such use or where wear and appearance are of 

particular concern. 

These pavement sections are based on the California State Flexible Paving Design Method, using 

the assumed TI values.  Selection of these design traffic parameters were based on assumed use 

and not on a detailed equivalent wheel load analysis or traffic study.  Furthermore, our 

recommended pavement design sections were based on a minimum R)value of 30, which is 

based on a laboratory test of site soils (Boring RC)5).  The Cleary (1996) investigation included 

one R)Value test result of 45 and based its pavement section recommendations on a reduced 

value of 35, which is slightly less conservative than the our sections recommended above. 

It should be noted that the pavement sections described above were not designed to 

accommodate construction traffic.  The Contractor should be aware of this and should 

sequence the construction in such a way that new pavement sections are not subjected to 

construction traffic. 

Concrete Pavement:  For concrete paving subjected to traffic loads equivalent to a TI of 6.0 to 

7.0, the pavement section should typically consist of 6 inches of appropriately reinforced 

concrete slab overlying 9 inches of aggregate base.  Concrete paving or slabs subjected to heavy 

vehicular traffic, such as large fire trucks, should be designed on a special)case basis using an 

accepted rigid paving design methodology that takes into account parameters such as the 

expected wheel loads, frequency, and design life. 
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For slabs)on)grade subjected to pedestrian traffic only, a minimum four)inch thick nominally 

reinforced concrete slab on prepared subgrade should be adequate. 

Unit Pavers:  Where unit pavers are used, the paving system should be designed to support the 

weight of fully loaded fire vehicles wherever the area is accessible to such vehicles.  Pavers in 

other areas should be designed for loadings appropriate for the usage.  In all cases, the soil 

subgrade should be prepared, and the base and pavers should be installed, in accordance with the 

paving supplier’s design recommendations. 

Street Pavement:  Where street paving is breached and needs to be replaced, the existing 

pavement section thickness should be restored if the performance/condition of the existing 

pavement is acceptable. 

Pavement Subgrade Preparation and Drainage 

Paving Subgrade:  The subgrade for all paving types should consist of existing non)organic site 

soils (after stripping) scarified to a depth of six inches, moisture)conditioned, and re)compacted 

to a minimum 95 percent relative compaction (based on ASTM Test Method D1557). 

Pavement Drainage:  Our observations of pavement performance indicate that there is a strong 

correlation between poor pavement drainage conditions and the amount of pavement failures 

(potholes, settlement bowls, alligator cracks, etc.) observed.  For this reason, we recommend that 

new pavement sections should be adequately drained by providing swales, culverts, or subdrains, 

as deemed necessary. 

Aggregate Base Materials 

Where aggregate base material is specified, the furnished material should meet the requirements 

of Class 2 Aggregate Base as described in the California Department of Transportation 

(Caltrans) Standard Specifications.  Aggregate base materials should consist of virgin rock 

aggregates only, unless the Contractor can provide certification that any proposed recycled 

materials are free of hazardous and/or deleterious contaminants.  The Contractor should provide 

written certification from the quarry stating that aggregate base materials meet all the 

requirements of Caltrans Class 2 Aggregate Base. 

Controlled Low Strength Material (CLSM) 

In cases where backfilling is required (e.g. at utility trenches), Controlled Low Strength Material 

(CLSM) can be used, if approved by the Geotechnical Engineer.  Controlled Low Strength 

Material (also known as flowable compacting fill) should be a flowable and self)compacting 

mixture of Portland cement, fly ash, fine aggregates, water, and entrained air, conforming to 

ACI 229R.  The mix shall have the following properties: 

1. Minimum Compressive Strength:  25 psi at 1 day; 300 psi at 90 days.  Strength shall not 

exceed 1,500 psi at 90 days for applications where future removal may be required 

(utility backfill, for example). 
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2. Slump:  Six inches minimum to ten inches maximum, when tested in accordance with 

ASTM C143. 

Corrosion Potential and Below0Grade Construction 

Soils within the zone of influence of the project consist predominantly of soils which have a 

moderate to high corrosion potential.  To mitigate the potential for corrosion effects, we 

recommend the following for below)grade concrete construction: 

1. Allow for minimum 3)inch concrete cover over reinforcing steel for construction in 

contact with native soils. 

2. Use dense concrete with the following characteristics: 

a. 4000 psi unconfined compression strength 

b. Type 2 Portland cement mixed thoroughly and integrally with 15)20 percent 

fly ash. 

Subsurface utilities should be designed using materials and installation methods appropriate for 

an environment of moderate to high corrosion potential.  A qualified corrosion engineer should 

be hired for detailed recommendations regarding corrosion protection of utilities. 

Drain Rock and Filter Fabric 

Drain rock, if required, should consist of Class 2 Permeable Material, meeting gradation and 

other requirements contained in the California Standard Specifications.  Alternatively, three)

quarter)inch crushed rock encapsulated in filter fabric (Mirafi 140N or equivalent) can be used 

instead of Class 2 Permeable Material.  The Contractor should provide written certification to the 

Geotechnical Engineer stating that drain rock materials meet all the requirements of Caltrans 

Class 2 Permeable Material. 

Surface Drainage and Erosion Control 

Finished grading for surface drainage should be designed to direct surface runoff away from new 

structures toward discharge facilities.  Ponding of surface water should not be allowed adjacent 

to structures.  Downspouts and gutters should be provided, and water from downspouts should be 

directed through non)perforated pipes to storm drains.  Alternatively, drainage culverts may be 

used to direct water from downspouts to storm drains. 

Various best management practices for surface runoff, subsurface seepage, and erosion control 

can be employed either singularly or jointly to mitigate the potential for erosion.  These include 

using curbs to keep runoff on the paved roadway; directing the runoff to strategically placed 

catch basins; providing swales at the toes of slopes to capture surface runoff; directing flow in 

swales to the storm drain system; and using erosion control matting and/or vegetation. 
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Utility Trench Backfilling 

Site)Derived Backfill:  Utility trench backfill generally consists of bedding, initial backfill, and 

final backfill.  The bedding and initial backfill materials are selected based on the type of pipe in 

the trench.  The Civil Engineer or other designers of utility installations should specify the type 

of bedding and initial backfill materials that are appropriate for the utility line in the trench.  Site)

derived soils from the trenches, except those containing organic materials, can be used as final 

backfill material.  The Contractor should selectively stockpile site)derived soils that meet this 

general requirement. 

Compaction Requirements:  Approved initial and final backfill materials should be placed in lifts 

not exceeding eight inches in un)compacted thickness, moisture)conditioned to a moisture 

content of about two percent above the optimum moisture content of the material, and compacted 

to at least 90 percent relative compaction (ASTM D 1557).  In areas where a trench is to be 

overlain by a pavement, the upper 6 inches of the backfill should be compacted to a minimum 

relative compaction of 95 percent. 

Use of Controlled Density Fill (CDF) or Controlled Low Strength Material (CLSM):  

Conventional soil backfilling and compaction of trenches could be problematic for deep trenches 

required in some locations on the site, or under conditions of excessive soil moisture content.  If 

acceptable to the designer from the performance point of view, in these conditions consideration 

should be given to fully or partially backfilling trenches with CDF or CLSM. 

Moisture Flow Control Barriers:  Utility trench backfill, even when properly compacted, can still 

serve as the path of least resistance for flow of moisture from storm water runoff or artificial 

sources.  Moisture flow control barriers made up of low permeability clay soil or concrete should 

be installed at strategic locations to prevent moisture flow into utility structures or buildings. 

Winter Construction 

If earthwork operations are performed during the winter or the rainy season, the potential for 

erosion may increase and provisions would need to be made to minimize erosion. 

Also, provisions should be made to dewater the excavations and to minimize the flow of surface 

runoff into the excavations if earthwork is performed during the rainy season. 

We must note that the moisture content shown on the boring logs for the native soils reflects the 

moisture conditions at the time of the field exploration.  The moisture content of those materials 

should be expected to be much higher if earthwork is performed during the winter or 

rainy season. 

If earthwork operations are performed during the winter or the rainy season, long delays may 

result from the Contractor's inability to properly moisture)condition the mostly clayey, silty and 

sandy surface soils to achieve the required relative compaction.  In that case, lime or cement 

treatment could be employed to make the site soils workable and compactable.  Alternatively, 

geotextile fabric might be used to stabilize exposed wet subgrade in order to facilitate subsequent 
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construction.  Mirafi 500X or approved equal could be used in that case, but subgrade 

stabilization would require at least 12 inches of over)excavation before the placement of 

the fabric.  Once the subgrade soils have been properly stabilized or compacted, a six)inch layer 

of Caltrans Class 2 Aggregate Base can be placed over the subgrade as a cap to maintain suitable 

working conditions, if necessary. 

A gravel surface course may be required on construction traffic roads. 

Impact of Site Conditions on Construction 

Although this investigation was performed primarily for design purposes, a brief discussion of 

the impact of the site conditions on construction is presented for information purposes only.  

The discussion must not be considered a presentation of every possible impact of site conditions 

on construction. 

Unanticipated Structures:  Buried structures or concrete elements might be encountered.  

Efforts should be made to prevent contamination of site)derived fill materials by concrete and 

other debris. 

Dust, Noise, and Vibration Control:  Dust, noise and vibration control may be necessary to 

minimize the impact of construction activities on nearby buildings. 

Rock:  The term “rock” as used in this report encompasses materials ranging from moderately to 

very heavily weathered and fractured material.  However, in compensation for drilling 

or excavation work on this site, no differentiation should be made between rock of 

various hardness. 

Excavation: The rate of drilling through the rock encountered is one of many indicators of 

the ease with which the rock that will be removed.  The drilling rates suggest that the bedrock 

formation could be excavated with slight to moderate effort using conventional 

construction equipment. 
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FIELD EXPLORATION PROGRAM 

Scope 

We conducted a subsurface exploration program on December 19, 2014.  The purpose of the 

exploration was to provide geologic and geotechnical data for the project.  The exploration 

program consisted of the following elements: 

1. Obtaining San Mateo County permit for drilling, as notification to the County of San 

Mateo Environmental Health Department, under Annual Geotechnical Drilling Permit 

No. AGDP)14)1314. 

2. Notifying USA North for subsurface utility marking (Ticket No. 512835) on 

December 8, 2014. 

3. Performing geophysical survey by NORCAL Geophysical Consultants to 

locate existing leach field and check proposed boring locations for utilities, on 

December 9, 2014. 

4. Mobilization of equipment by HEW Drilling on December 19, 2014. 

5. Drilling, logging and sampling on December 19, 2014. 

6. Grouting of holes and demobilization of equipment on December 19, 2014. 

7. Selection of samples for subsequent geotechnical testing. 

8. Analysis of laboratory test data and preparation of logs of borings. 

Preparatory Activities 

Preparation:  Our staff marked proposed boring locations in the field using white paint.  Borings 

are identified by the prefix “RC)”, followed by a number.  The approximate surface elevations of 

the exploratory holes are shown on the logs of borings. 

Coordination:  We coordinated with the on)site staff of Cal Fire regarding our drilling work and 

maintaining fire department operations without interruption or interference. 

Field logistics were coordinated by our staff in conjunction with field geologist, Rick Ford, 

working as a subconsultant to Rutherford + Chekene.  Cal Fire personnel visited the site briefly 

during the drilling operations. 
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Subsurface Exploration 

Drilling:  Drilling was performed by HEW Drilling Company of East Palo Alto.  HEW deployed 

a truck)mounted CME 75 drilling rig fitted with 6)inch solid stem augers.  Five exploratory 

borings were drilled to the depths shown in the following table: 

Table 5 

Exploratory Boring Depths 

Boring 
Approximate Ground 

Surface Elevation (feet) 

Depth Below Existing 

Ground Surface (feet) 

RC)1 ) 26.5 

RC)2 ) 25.25 

RC)3 ) 25.4 

RC)4 ) 26.5 

RC)5 ) 11.5 

The locations of the borings are shown on Figure 2 ) Site and Boring Location Plan, in 

Appendix A. 

Logging:  The field geologist visually classified the soil using the Unified Soil Classification 

System (USCS) and the rock samples using the applicable classification system. 

Our boring logs contain the information obtained in this exploration program.  The boring logs 

show our interpretation of the subsurface conditions at the boring location on the date indicated, 

and it is not warranted that the logs are representative of subsurface conditions at other locations 

and times.  The stratification lines shown represent the approximate boundaries between material 

types, and the transitions may be gradual.  Also, we have developed soil and subsurface profiles 

by interpolation between the available data points, between which variations may occur in the 

actual conditions.  Logs of the borings are included in Appendix B. 

The locations of the borings were determined by measuring from physical features shown on the 

topographic survey, and surface elevations at the borings were obtained by interpolating between 

contours on the survey.  The locations and elevations of the borings should be considered 

accurate only to the degree implied by the methods used. 

Sampling:  We obtained disturbed samples using a Standard Penetration Test (SPT) split)spoon 

sampler with equipment and procedures in accordance with ASTM Test Method D1586; liners 

were not used in the SPT sampler.  We also obtained larger diameter, less disturbed samples in 

brass liners using a Modified California sampler with an outside diameter of about 2.5 inches and 

an inside diameter of 2.438 inches.  The samplers were driven using a 140)pound automatic 

hammer falling and average of 30 inches.  For each of the samples taken using either method, the 

number of blows required for every six)inch increment of penetration (or fraction thereof) was 



RUTHERFORD + CHEKENE 

Geotechnical Investigation 0 #2014)128G  April 10, 2015 

Skylonda Fire Station No. 58, Woodside, California  Page 31 

recorded.  For each test, the total for the last 12 inches is the blow count.  The blow counts on 

our boring logs represent the actual number of blows recorded during sampling; no conversions 

were made to the blow counts on the logs.  For each sample obtained using an SPT sampler, the 

blow count is the Standard Penetration Test value, N.  Using the method of Fang (1991), the 

actual blow counts of the Modified California sampler may be converted to approximately 

equivalent N values, by multiplying by 0.6. 

At the completion of drilling, we retained representative samples for laboratory testing and future 

reference.  Brass liner samples were capped and labeled.  The SPT samples were placed in 

labeled plastic bags that were sealed. 

Geophysical Survey 

A geophysical survey was performed on December 9, 2014 by NORCAL Geophysical 

Consultants of Cotati, California.  The purpose of the survey was to locate the existing leach 

lines associated with the site sanitary sewer system.  The methods used and the survey findings 

are presented in NORCAL’s report dated January 7, 2015, which is included as Appendix E. 



RUTHERFORD + CHEKENE 

Geotechnical Investigation 0 #2014)128G  April 10, 2015 

Skylonda Fire Station No. 58, Woodside, California  Page 32 

LABORATORY TESTING PROGRAM 

Engineering Properties 

We commissioned Cooper Testing Laboratory (CTL) of Mountain View to perform laboratory 
testing aimed at evaluating index characteristics of selected soil samples from the borings. 

Our program of index property testing consisted of tests on 23 samples to determine their 

moisture contents, according to ASTM D2216.  We also had four samples taken with liner type 

samplers tested to determine their moisture contents and dry densities, in accordance with 

ASTM D2937; these four samples were also tested to determine their unconfined compressive 

strength using procedures in accordance with ASTM D2166.  Sieve analyses were performed on 

four samples to determine their gradation characteristics in accordance with ASTM D422.  

Finally, four samples of clayey soils were tested to determine their Atterberg limits, according 

to ASTM D4318. 

One soil sample taken from boring RC)5 was tested to determine the R)Value in accordance with 

Caltrans Test Method 301. 

The results of the index property tests are presented on the boring logs at the appropriate sample 

depths.  The laboratory test reports are presented in Appendix C. 

Corrosivity Analyses 

We commissioned CERCO Analytical of Pleasanton to perform corrosivity analyses of two soil 

samples taken from the exploratory borings (RC)2 at 5 feet and RC)4 at 5 feet).  Tests were 

performed to measure the resistivity; chloride, sulfate and sulfide ion concentrations; pH; and 

redox potentials of the samples. 

CERCO concluded, based on the resistivity measurements, that both samples are classified as 

moderately corrosive. 

The chloride and sulfate ion concentrations in both samples were none detected, with a detection 

limit of 15mg/kg. 

The pH of the samples ranged from 5.11 to 7.24.  As noted by CERCO, any soils with a pH of 

less than 6.0 are considered to be corrosive to buried iron, steel, mortar)coated steel and 

reinforced concrete structures.  Therefore, corrosion prevention measures need to be considered 

for structures to be placed in this acidic soil. 

The redox potentials are both 350 mV and are indicative of potentially “slightly corrosive” soils 

resulting from anaerobic soil conditions. 

CERCO’s report is contained in Appendix D. 
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deeply weathered. [Lambert Shale]
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very thin-bedded, low hardness, friable, moderately
weathered. [Lambert Shale]

Interbedded SANDSTONE: Pale yellow-gray with
red-brown oxidation

SANDSTONE: Dark gray, thin-bedded, very fine
grained, low hardness, weak, moderately weathered.
[Lambert Shale]
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weak, deeply to moderately weathered. [Lambert Shale]
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APPENDIX C 
Laboratory Test Reports 

Cooper Testing Laboratories, Inc. 
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APPENDIX D 
Corrosivity Analysis 

CERCO Analytical 
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APPENDIX E 
Geophysical Survey Report 

NORCAL Geophysical Consultants, Inc. 
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APPENDIX F 
Excerpts from 

Cleary Consultants Report, 1996 
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