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September 23, 2020 
 

Project No. 12809.001 

 
Bridge 1355 Sepulveda, LLC 
11100 Santa Monica Boulevard, Suite 700 
Los Angeles, California 90025 
 
Attention: Mr. Tom Fitzpatrick 
 
Subject: Geotechnical Investigation 
  Proposed Warehouse/Industrial Development 
  1355 West Sepulveda Boulevard 
 Torrance Area, City of Los Angeles, California 
 
 
In accordance with your authorization, Leighton Consulting, Inc. (Leighton) has 
conducted this geotechnical investigation for the proposed warehouse/industrial 
development at the roughly 7.4-acre site located at 1355 West Sepulveda Boulevard in 
the Torrance area in the City of Los Angeles, California.  The site is currently developed 
as the Mulligan Miniature Golf Park.  The purpose of this study has been to collect 
subsurface data at the site, evaluate the proposed development with respect to the site 
conditions and provide geotechnical recommendations for design and construction of 
the development.  
 
Based on this investigation, construction of the proposed warehouse/industrial 
development is feasible from a geotechnical standpoint.  The most significant 
geotechnical issues at the site are those related to the potential for strong seismic 
shaking, and potentially compressible soils.  Good planning and design of the project 
can limit the impact of these constraints.  This report presents our findings, conclusions, 
and geotechnical recommendations for the project. 
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We appreciate the opportunity to work with you on the development of this project.  If 
you have any questions regarding this report, please call us at your convenience. 

Respectfully submitted, 

LEIGHTON CONSULTING, INC. 

Jason D. Hertzberg, GE 2711 
Principal Engineer 

Steven G. Okubo, CEG 2706 
Project Geologist 

Luis Perez-Milicua, PE 89389 
Project Enginer 

LP/JDH/SGO/rsm 

Distribution: (1) Addressee 
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1.0  INTRODUCTION 

1.1 Site Location and Description 

The property is approximately 7.4-acres in area and is located at 1355 West 
Sepulveda Boulevard in the Torrance area in the City of Los Angeles, California. 
The majority of the property is developed as the Mulligan Miniature Golf 
amusement center, which includes parking areas and drive aisles in the west, 
northwest and northeast, amusement buildings in the north, former batting cages, 
miniature golf course and go-cart track to the south and southwest.  The 
amusement park appears to have been constructed between 1982 and 1994.  A 
building was present on the site before 1975, which appears to have been 
remodeled and expanded for use in the amusement park. The park appears to 
have ceased operations sometime in late 2019 to early 2020. 
 
A mostly vacant parcel, not a part of the amusement park, is present in the south 
central portion of the property and fronts Sepulveda Boulevard to the south.  A 
large metal structure is present in the central portion of the parcel.  This or a 
similar structure has been present since the early 1960s.  This structure is 
reportedly a ready mix tower associated with an Associated Ready Mix and 
Concrete Plant that was formerly onsite (1361 Sepulveda Blvd). Cement trucks 
can be seen in aerial photographs taken in this area in the mid to late 2000s until 
around 2011.  End-dumped piles of soil can be observed in this area in photos 
taken in 2013. 
 
Topographic maps reviewed appear to indicate oil wells were present in the 
southern portion of the site along future Sepulveda Blvd and were drilled after 
1930. Aerial photographs also appear to show an oil well onsite in the early 
1950’s.  Evidence of the wells is not obvious in subsequent aerial photographs. 

 
The site is located in the United States Geological Survey (USGS) Torrance 
California 7.5-Minute Series Quadrangle, is generally flat with an average 
elevation of approximately 60 feet above sea level with slight gradient to the east.  

1.2 Proposed Development 

The Conceptual Grading Plan for the site prepared by WestLAND Group, Inc.,  
dated July 2020 includes construction of a single, approximate 174,211-square-
foot warehouse building with associated utility, drainage, parking hardscape and 
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landscape improvements. The western portion of the proposed building includes 
dock-high truck loading docks.   
 
Based on the earthwork exhibit dated September 15, 2015, we understand that 
site earthwork will generally include cuts of up to 4 feet and fills of up to 2 feet.  
Areas west of the proposed building will have about 3 to 4 feet of cut for the truck 
loading docks. A copy of this earthwork exhibit is included in Appendix F. 

1.3 Previous Work 

Southern California Geotechnical conducted a geotechnical investigation of the 
site earlier this year (SoCalGeo, 2020).  Their work included excavation of 
6 borings to a maximum depth of 25 feet, laboratory testing and analysis.  Based 
on their work they concluded that development of the site is feasible.  We have 
reviewed SoCalGeo’s report and where appropriate incorporated the data from 
their report. 
 
A 12,000-gallon underground storage tank was reportedly removed from the 
central portion of the site in 2012 with observation and testing by Roux 
Associates, Inc. (Roux, 2012, 2013).  That tank was used to refuel cement trucks 
in the former ready mix concrete plant. The removal extended to a depth of about 
15 feet below the existing ground surface.  

1.4 Purpose of Investigation 

The purpose of this study has been to evaluate the geotechnical conditions with 
respect to the proposed development and to provide geotechnical 
recommendations for design and construction of the development.  

1.5 Scope of Investigation 

Our geotechnical exploration included hollow-stem auger soil borings, laboratory 
testing and geotechnical analysis to evaluate existing geotechnical conditions 
and to develop the conclusions and recommendations contained in this report. 
The scope of our study has included the following tasks: 

 
• Background Review:  We reviewed available, relevant geotechnical geologic 

maps and reports and aerial photographs available from our in-house library 
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or available online or those provided by you.  This included review of the 
geotechnical report prepared by SoCalGeo (2020). 

• Utility Coordination:  We contacted Underground Services Alert (USA) prior to 
excavating borings so that utility companies could mark utilities onsite. We 
also subcontracted a private utility locator to further locate any near-surface 
underground private utilities in the area of our proposed borings.  We 
coordinated our work with you and the site representative. 

• Field Exploration:  A total of 5 hollow-stem auger borings were logged and 
sampled onsite to evaluate subsurface conditions.  The borings were drilled 
by a subcontracted drill rig operation to depths ranging from 21.5 to 51.5 feet 
below the existing ground surface (bgs).  Relatively undisturbed soil samples 
were obtained at selected intervals within the borings using a California Ring 
Sampler.  Standard Penetration Tests (SPT) were conducted at selected 
depths and samples were obtained.  Representative bulk soil samples were 
also collected at shallow depths from the borings.  

Excavations were backfilled and tamped with soil cuttings and patched with 
cold asphalt patch if drilled in asphalt pavement areas. Logs of the 
geotechnical borings are presented in Appendix B.  The boring logs from 
SoCalGeo (2020) are also provided. Approximate boring locations are shown 
on the accompanying Boring Location Map, Figure 2. 

 
• Geotechnical Laboratory Testing:  Geotechnical laboratory tests were 

conducted on selected relatively undisturbed and bulk soil samples obtained 
during our field investigation.  This laboratory testing program was designed 
to evaluate engineering characteristics of site soils.  Laboratory tests 
conducted during this investigation include: 

˗ In situ moisture content and dry density 

˗ Sieve analysis for grain-size distribution 

˗ Swell-Settlement 

˗ Maximum dry density and optimum moisture content 

˗ Expansion Index 

˗ Water-soluble sulfate concentration in the soil 

˗ Resistivity, chloride content and pH 
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In-situ moisture content and dry density are provide on the boring logs.  
Remaining tests are provided in Appendix C, Laboratory Test Results.  
Laboratory results from SoCalGeo (2020) are also provided. 

 
• Engineering Analysis:  Data obtained from our background review, along with 

data from our field exploration and geotechnical laboratory testing was 
evaluated and analyzed to develop geotechnical conclusions and provide 
preliminary recommendations presented in this report. 

• Report Preparation:  Results of our geotechnical exploration have been 
summarized in this report, presenting our findings, conclusions and 
preliminary geotechnical recommendations for design and construction of the 
proposed development. 
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2.0  FINDINGS 

2.1 Regional Geologic Conditions 

The site is located within the Los Angeles Basin in the northern portion of the 
Peninsular Range Geomorphic Province of California.  Geologic units of the 
region consist of Pleistocene and Holocene aged colluvium/alluvium along with 
Miocene, Pliocene, and Pleistocene siltstones, sandstones, and conglomerates 
of the Puente, Fernando, and La Habra Formations.  Major structural features 
surrounding this region include the north-northwest trending Whittier Fault and 
Puente Hills to the north and northeast, the Elysian Park Fold and Thrust Belt 
and Compton Thrust Fault to the northwest and west, and the Newport-
Inglewood Fault offshore to the southwest.  In addition, this is an area of large-
scale crustal disturbance as the relatively northwestward-moving Peninsular 
Range Province collides with the Transverse Range Province (including the San 
Gabriel Mountains) to the north.  Several active or potentially active faults have 
been mapped in the region and are believed to accommodate compression 
associated with this collision. The Newport-Inglewood is the closest known active 
fault and is located approximately 5½ miles northeast of the site, transecting the 
southern slopes of the Puente Hills.  The site is mapped as being underlain by 
slightly elevated, dissected alluvial soil deposits. 

2.2 Subsurface Soil Conditions 

Based upon our review of pertinent geotechnical literature and our subsurface 
exploration, the site is underlain by alluvial soil deposits mantled with artificial fill. 
Artificial fill, was reported by SoCalGeo to depths up to 7 feet in the central and 
southern portion of the site and consisted of loose to medium dense silty sand.  
They reported some debris, glass and brick fragments in the fill.  We observed 
only minor artificial fill in our borings.  Based on the site topography, artificial fill 
may be present under the miniature golf course where we could not access. 
 
An underground storage tank was present in the area of the former ready mix 
plant. The approximate location of the removed tank is shown on the Boring 
Location Map, Figure 2.  The UST was removed in 2012 (Roux, 2012).  It 
appears the roughly 15-foot-deep excavation was backfilled with gravel. We 
could find no documentation that the backfill was compacted. 
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The alluvial soil encountered within our borings generally consisted of 
combinations of sand and silt, with some clay interspersed.  In general, the 
alluvial soil in the upper 15 feet consisted of medium dense to dense silty sand. 
These soils tended to be moist.  SoCalGeo reported some very moist soils. Clay 
layers were generally encountered at depths of 15 to 25 feet.  Cross-sections 
showing the encountered subsurface conditions are provided in Figures 3A 
and 3B. 
 
The moisture content of the near surface soils ranged from 4 to 15 percent, and 
the dry density of the near surface soil ranged from 92 to 115 pcf.  Laboratory 
testing performed shows the near-surface soils maximum dry density in a range 
from 123.5 to 132 pcf at 8.5 to 9 percent optimum moisture content. 

 2.2.1 Compressible and Collapsible Soil 

Soil compressibility refers to a soil’s potential for settlement when 
subjected to increased loads as from a fill surcharge.  Based on this study, 
undocumented artificial fill and the upper portion of native soils are 
considered slightly to moderately compressible. Complete removal of 
undocumented fill and partial removal of near surface alluvium is 
recommended to reduce the potential for adverse total and differential 
settlement of the proposed improvements. 
 
Collapse potential refers to the potential settlement of a soil under existing 
stresses upon being wetted.  Based on testing by Leighton and 
SoCalGeo, the onsite soils are anticipated to have a negligible collapse 
potential when inundated with water. 

2.2.2 Expansive Soils 

Expansive soils contain significant amounts of clay particles that swell 
considerably when wetted and shrink when dried.  Foundations constructed 
on these soils are subjected to large uplifting forces caused by the swelling.  
Without proper measures taken, heaving and cracking of building 
foundations and slabs-on-grade could result. 
 
A near surface sample of the soil collected during our study was tested for 
expansion potential yielding an expansion Index of 1.  SoCalGeo testing 
yielded an expansion Index of 19 for near-surface soils. Based on this 
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testing the onsite near-surface soil is expected to have a very low to low 
expansion potential. 

2.2.3 Sulfate Content 

Water-soluble sulfates in soil can react adversely with concrete.  However, 
concrete in contact with soil containing sulfate concentrations of less than 
0.1 percent by weight is considered to have negligible sulfate exposure 
based on American Concrete Institute (ACI) provisions, adopted by the 
2019 CBC (CBC, 2019, Chapter 19, and ACI 318, 2014).   
 
A near-surface soil sample was tested during this investigation for soluble 
sulfate content. The results of these tests indicate sulfate contents of less 
than 0.02 percent by weight, indicating negligible sulfate exposure. 
SoCalGeo (2020) also indicated negligible levels of soluble sulfates. 
Recommendations for concrete in contact with the soil are provided in 
Section 3.11. 

2.2.4 Resistivity, Chloride and pH 

Soil corrosivity to ferrous metals can be estimated by the soil’s electrical 
resistivity, chloride content and pH.  In general, soil having a minimum 
resistivity less than 1,000 ohm-cm is considered severely corrosive.  Soil 
with a chloride content of 500 parts-per-million (ppm) or more is considered 
corrosive to ferrous metals. 
 
As a screening for potentially corrosive soil, representative soil samples 
were tested during this investigation to determine minimum resistivity, 
chloride content, and pH.  The tests indicated a minimum resistivity of 
1,898 ohm-cm, chloride content of 81 ppm, and pH of 7.9.  SoCalGeo 
(2020) indicated resistivity of 1,840 ohm-cm, chloride content of 15mg/kg 
and a pH of 7.9 Based on these results, the onsite soil is considered 
corrosive to ferrous metals. 

2.3 Groundwater 

Groundwater was not encountered in any of our borings drilled to a maximum 
depth of 51 feet bgs during our investigation.  Several water wells are present 
within about a 1.7-mile radius of the site.  Well data dating back to 1934 (CDRW, 
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2018, LA County DPW, 2020 and Water Replenishment District, 2020) indicates 
water levels in the area at depths in excess of 50 feet with most recent water 
levels in the range of 80 feet below the ground surface.  
 
We reviewed the Seismic Hazard Report for the Torrance 7.5-minute quadrangle 
(CGS, 1998), in which ahistoric high groundwater contour of 10 feet is mapped 
approximately 1 mile southeast of the site on Plate 1.2 of that report.  However, 
groundwater contours west of that area are not shown on that plate.  
Furthermore, the project site ground surface is about 40 feet higher in elevation 
to the closest mapped historic high groundwater contour.  Thus, shallow 
groundwater contours are not mapped for the site.  
 
Based on our review of available groundwater data, we have used a historic high 
groundwater elevation in excess of 50 feet below the ground surface for our 
liquefaction analysis. 

2.3.1 Regional Subsidence 

Regional ground subsidence generally occurs due to rapid and intensive 
removal of subterranean fluids, typically water or oil.  It is generally 
attributed to the consolidation of sediments as the fluid in the sediment is 
removed.  The total load of the soils in partially saturated or saturated 
deposits is born by their granular structure and the fluid.  When the fluid is 
removed, the load is born by the sediment alone and it settles.   

No reports of regional subsidence have been reported in the site vicinity, 
and lack of intense removal of significant quantities of water or oil 
extraction in the area makes the potential for ground subsidence very low 
and less than a significant impact.  

2.4 Faulting and Seismicity 

In general, the primary seismic hazards for sites in the region include surface 
rupture along active faults and strong ground shaking. The potential for fault 
rupture and seismic shaking are discussed below. 
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2.4.1 Surface Faulting 

Based on our research, no active faults appear to have been mapped on 
or trending toward the site.  The closest mapped active or potentially 
active faults are presented in the following table. 

Fault Name Approximate Distance  
from Site 

Palos Verde 2.7 miles to the south 
Compton Thrust 3.2 miles to the northeast 

Newport-Inglewood 5.5 miles to the east 
 
A listing of active faults within a 62-mile search radius is presented in 
Appendix D. Based on our understanding of the current geologic 
framework, the potential for future surface rupture of active faults onsite is 
considered very low.  

2.4.2 Seismic Design Parameters 

The site is anticipated to experience strong ground shaking during the life 
of the project resulting from an earthquake occurring along one or more of 
the major active or potentially active faults in southern California.  
Accordingly, the project should be designed in accordance with all 
applicable current codes and standards utilizing the appropriate seismic 
design parameters to reduce seismic risk as defined by California 
Geological Survey (CGS) Chapter 2 of Special Publication 117a (CGS, 
2008).  Through compliance with these regulatory requirements and the 
utilization of appropriate seismic design parameters selected by the 
design professionals, potential effects relating to seismic shaking can be 
reduced.   
 
The following parameters should be considered for design under the 2019 
CBC: 
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2019 CBC Parameters (CBC or ASCE 7-16 reference) 
Value   

2019 CBC 

Site Latitude and Longitude: 33.8154, -118.3018 

Site Class Definition (1613.2.2, ASCE 7-16 Ch 20)  D 

Mapped Spectral Response Acceleration at 0.2s Period (1613.2.1), Ss  1.760 g 

Mapped Spectral Response Acceleration at 1s Period (1613.2.1), S1  0.639 g 

Short Period Site Coefficient at 0.2s Period (T1613.2.3(1)), Fa  1.000 

Long Period Site Coefficient at 1s Period (T1613.2.3(2)), Fv  1.700* 

Adjusted Spectral Response Acceleration at 0.2s Period (1613.2.3), SMS  1.760 g 

Adjusted Spectral Response Acceleration at 1s Period (1613.2.3), SM1  1.086* g 

Design Spectral Response Acceleration at 0.2s Period (1613.2.4), SDS  1.173 g 

Design Spectral Response Acceleration at 1s Period (1613.2.4), SD1  0.724* g 

Mapped MCEG peak ground acceleration (11.8.3.2, Fig 22-9 to 13), PGA 0.777 g 

Site Coefficient for Mapped MCEG PGA (11.8.3.2), FPGA  1.100 

Site-Modified Peak Ground Acceleration (1803.5.12; 11.8.3.2), PGAM 0.854 g 
* Per Table 11.4-2 of Supplement 1 of ASCE 7-16, this value of Fv may only be used to calculate Ts [that note 

is not included in Table 1613A.2.3(2)]; note that SD1 and SM1 are functions of Fv.  In addition, per 
Exception 2 of 11.4.8 of ASCE 7-16, special equations for Cs are required.  This is in lieu of a site-
specific ground motion hazard analysis per ASCE 7-16 Chapter 21.2. 

** Site Class D, and all of the resulting parameters in this table, may only be used for structures without 
seismic isolation or seismic damping systems.  

Based on the 2019 CBC Table 1613.2.3(2) footnote c., Fv should be 
determined in accordance with Section 11.4.8 of ASCE 7-16, since the 
mapped spectral response acceleration at 1 second is greater than 0.2g 
for Site Class D; in accordance with Section 11.4.8 of ASCE 7-16, a site-
specific seismic analysis is required.  However, the values provided in the 
table above may be utilized if design is performed in accordance with 
Exception (2) in Section 11.4.8 of ASCE 7-16, with special requirements 
for the seismic response coefficient (Cs), and Fv is only used for 
calculation of Ts.  This exception does not apply (and the values in the 
table above would not be applicable) for proposed structures with seismic 
isolation or seismic damping systems.  The project structural engineer 
should review the seismic parameters.  A site-specific seismic ground 
motion analysis can be performed upon request. 
 
Hazard deaggregation was estimated using the USGS Interactive 
Deaggregations utility.  The results of this analysis indicate that the 
predominant modal earthquake has a magnitude of approximately 7.3 
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(MW) at a distance on the order of 5.0 kilometers for the Maximum 
Considered Earthquake (2% probability of exceedance in 50 years). 

 
2.5 Secondary Seismic Hazards 

 
In general, secondary seismic hazards for sites in the region could include soil 
liquefaction, earthquake-induced settlement, lateral displacement, landsliding, 
and earthquake-induced flooding.  The potential for secondary seismic hazards 
at the site is discussed below. 

2.5.1 Liquefaction Potential 

Liquefaction is the loss of soil strength or stiffness due to a buildup of 
pore-water pressure during severe ground shaking.  Liquefaction is 
associated primarily with loose (low density), saturated, fine-to-medium 
grained, cohesionless soils.  As the shaking action of an earthquake 
progresses, the soil grains are rearranged and the soil densifies within a 
short period of time.  Rapid densification of the soil results in a buildup of 
pore-water pressure.  When the pore-water pressure approaches the total 
overburden pressure, the soil reduces greatly in strength and temporarily 
behaves similarly to a fluid.  Effects of liquefaction can include sand boils, 
settlement, and bearing capacity failures below structural foundations. 

 
The site is not mapped in a zone of required investigation on the Seismic 
Hazard Zone Map for the Torrance Quadrangle (CGS, 2009) and shallow 
groundwater conditions are not expected at the site (see Section 2.3 and 
CGS, 1998).  
 
Based on the dense nature of the soil and the absence of shallow 
groundwater, the subsurface soils are not considered susceptible to 
liquefaction.  

2.5.2 Seismically Induced Settlement 

Seismically induced settlement consists of dry dynamic settlement (above 
groundwater) and liquefaction-induced settlement (below groundwater).  
During a strong seismic event, seismically induced settlement can occur 
within loose to moderately dense sandy soil due to reduction in volume 
during and shortly after an earthquake event.  Settlement caused by ground 
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shaking is often nonuniformly distributed, which can result in differential 
settlement. 
 
We have performed analyses to estimate the potential for seismically 
induced settlement using the method of Tokimatsu and Seed, and based on 
Martin and Lew (1999), considering the maximum considered earthquake 
(MCE) peak ground acceleration (PGAm).  The results of our analyses 
indicate that the onsite soils are susceptible to low seismic settlement (1.2 
inch or less, with maximum differential settlement of 0.6 inch over a 
horizontal distance of 40 feet based on the MCE). Results of our seismic 
settlement analysis is presented in Appendix D. 

2.5.3 Lateral Displacement/Spread 

Depending on the site topography, modes of seismically induced lateral 
ground displacement associated with soil liquefaction consist of ground 
oscillation (typically with ground slope less than 0.3 percent), lateral spread 
(typically with 0.3 to 5 percent ground slope), or flow failure (typically ground 
slope greater than 5 percent).  Because liquefaction is not considered a 
hazard at the site, seismically induced lateral ground displacements are 
also not considered to be hazards at the site.  
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3.0  CONCLUSIONS AND RECOMMENDATIONS 

Based on this study, construction of the proposed development is feasible from a 
geotechnical standpoint.  No severe geologic or soils related issues were identified that 
would preclude development of the site for the proposed improvements.  The most 
significant geotechnical issues at the site are those related to the potential for strong 
seismic shaking, and potentially compressible soils. Good planning and design of the 
project can limit the impact of these constraints. Remedial recommendations for these 
and other geotechnical issues are provided in the following sections.   
 
Although not identified during this investigation, abandoned septic tanks, seepage pits, 
or other buried structures, trash pits, or items related to past site uses are probably 
present.  As such items are encountered during grading, they will require further 
evaluation and special consideration. 

3.1 General Earthwork and Grading 

 All grading should be performed in accordance with the General Earthwork and 
Grading Specifications presented in Appendix E, unless specifically revised or 
amended below or by future recommendations based on final development plans. 

3.1.1 Site Preparation 

  Prior to construction, the site should be cleared of debris, which should be 
disposed of offsite.  Any underground obstructions should be removed.  
Resulting cavities should be properly backfilled and compacted.  Efforts 
should be made to locate existing utility lines.  Those lines should be 
removed or rerouted if they interfere with the proposed construction, and 
the resulting cavities should be properly backfilled and compacted.  Trees 
should be removed and grubbed out. 
 
The parcel includes existing structures; existing foundation systems should 
be removed. 

3.1.2 Removal of Uncontrolled Artificial Fill 

Prior to overexcavation and recompaction of the onsite alluvial soil, any 
clean uncontrolled artificial fill should be removed and may be used as 
compacted fill for the project, provided any deleterious materials are 
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removed from the site.  Across most of the site, undocumented fill is 
expect to be a few feet in thickness, but up to 7 feet locally. The depth of 
undocumented fill is expected to range to about 15 feet in the area of the 
former underground storage tank. 

3.1.3 Overexcavation and Recompaction 

To reduce the potential for adverse total and differential settlement of the 
proposed structures, the underlying subgrade soil should be prepared in 
such a manner that a uniform response to the applied loads is achieved.   
 
All artificial fill should be removed, including the shallow artificial fill 
encountered within borings, the former tank removal backfill (see Section 
2.2), and any other oreas where artificial fill is encountered.  In addition, for 
the proposed structures, we recommend that the onsite soils be 
overexcavated to a minimum depth of 5 feet below the existing ground 
surface or 3 feet below the bottom of the proposed footings, whichever is 
deeper, across the building pad. Where possible, the removal bottom 
should extend horizontally a minimum of 5 feet from the outside edges of 
the building footprint and footings (including columns connected to the 
buildings), or a distance equal to the depth of overexcavation below the 
footings, whichever is farther.  During overexcavation, the soil conditions 
should be observed by Leighton to further evaluate these recommendations 
based on actual field conditions encountered.  A firm removal bottom 
should be established across the building footprint to provide uniform 
foundation support for the proposed structure.  Leighton should observe 
and test the removal bottom prior to placing fill.  Deeper overexcavation and 
recompaction may be recommended locally until a firm removal bottom is 
achieved. 
 
Areas outside of the proposed structures planned for new asphalt or 
concrete pavement (such as parking areas or fire lanes), flatwork (such as 
sidewalks), site walls and low retaining walls (taller walls should be 
overexcavated per the recommendations for buildings), areas to receive fill, 
and other improvements, should be overexcavated to a minimum depth of 
18 inches below existing grade or 18 inches below proposed subgrade 
(including the footing subgrade for walls), whichever is deeper.    
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After completion of the overexcavation, and prior to fill placement, the 
exposed surfaces should be scarified to a minimum depth of 6 inches, 
moisture conditioned to or slightly above optimum moisture content, and 
recompacted to a minimum 90 percent relative compaction, relative to the 
ASTM D 1557 laboratory maximum density. 

3.1.4 Fill Placement and Compaction 

Onsite soil to be used for compacted structural fill should also be free of 
organic material debris and oversized material (greater than 8 inches in 
largest dimension).  Any soil to be placed as fill, whether onsite or imported 
material, should be reviewed and possibly tested by Leighton. 

 
All fill soil should be placed in thin, loose lifts, moisture conditioned, as 
necessary to at least 2 percentage points above optimum moisture content, 
and compacted to a minimum 90 percent relative compaction.  However, 
the upper 36 inches of fill under the building pads should be compacted to a 
minimum of 95 percent relative compaction.  Relative compaction should be 
determined in accordance with ASTM Test Method D1557.  Aggregate base 
for pavement should be compacted to a minimum of 95 percent relative 
compaction. 

3.1.5 Import Fill Soil 

Import soil to be placed as fill should be geotechnically accepted by 
Leighton.  Preferably at least 3 working days prior to proposed import to 
the site, the contractor should provide Leighton pertinent information of the 
proposed import soil, such as location of the soil, whether stockpiled or 
native in place, and pertinent geotechnical reports if available.  We 
recommend that a Leighton representative visit the proposed import site 
to observe the soil conditions and obtain representative soil 
samples.  Potential issues may include soil that is more expansive than 
onsite soil, soil that is too wet, soil that is too rocky or too dissimilar to 
onsite soils, oversize material, organics, debris, etc.  

3.1.6 Shrinkage and Subsidence 

  The change in volume of excavated and recompacted soil varies 
according to soil type and location.  This volume change is represented as 
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a percentage increase (bulking) or decrease (shrinkage) in volume of fill 
after removal and recompaction.  This value does not factor in removal of 
debris or other materials.  Subsidence occurs as in-place soil (e.g., natural 
ground) is moisture-conditioned and densified to receive fill, such as in 
processing an overexcavation bottom.  Subsidence is in addition to 
shrinkage due to recompaction of fill soil.  Field and laboratory data used 
in our calculations included laboratory-measured maximum dry densities 
for soil types encountered at the subject site, the measured in-place 
densities of soils encountered and our experience.  We preliminarily 
estimate the following earth volume changes will occur during grading: 

 
Shrinkage Approximately 15 +/- 3 percent 
Subsidence  
(overexcavation bottom processing) 

Approximately 0.15 foot 

 
The level of fill compaction, variations in the dry density of the existing 
soils and other factors influence the amount of volume change.  Some 
adjustments to earthwork volume should be anticipated during grading of 
the site. 

3.1.7 Rippability and Oversized Material 

  Oversized material (rock or rock fragments greater than 8 inches in 
dimension) was not observed during our investigation.  Oversized material 
should not be used within structural fill areas. 

3.2 Shallow Foundation Recommendations 

Overexcavation and recompaction of the footing subgrade should be performed 
as detailed in Section 3.1.  The following recommendations are based on the 
onsite soil conditions and soils with a  very low expansion potential. 

3.2.1 Minimum Embedment and Width 

Based on our preliminary investigation, footings should have a minimum 
embedment per code requirements, with a minimum width of 24 and 
12 inches for isolated and continuous footings, respectively. 
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3.2.2 Allowable Bearing 

An allowable bearing pressure of 2,000 pounds-per-square-foot (psf) may 
be used, based on an assumed embedment depth of 18 inches and 
minimum width described above.  This allowable bearing value may be 
increased by 250 psf per foot increase in depth or width to a maximum 
allowable bearing pressure of 3,250 psf.  If higher bearing pressures are 
required, this should be reviewed on a case-by-case basis and may include 
additional overexcavation and/or soil reinforcement.  These allowable 
bearing pressures are for total dead load and sustained live loads.  Footing 
reinforcement should be designed by the structural engineer. 

3.2.3 Lateral Load Resistance 

Soil resistance available to withstand lateral loads on a shallow foundation 
is a function of the frictional resistance along the base of the footing and the 
passive resistance that may develop as the face of the structure tends to 
move into the soil.  The frictional resistance between the base of the 
foundation and the subgrade soil may be computed using a coefficient of 
friction of 0.35.  The passive resistance may be computed using an 
allowable equivalent fluid pressure of 240 pounds per cubic foot (pcf), 
assuming there is constant contact between the footing and undisturbed 
soil.  The coefficient of friction and passive resistance may be combined 
without further reduction. 

3.2.4 Increase in Bearing and Friction - Short Duration Loads 

The allowable bearing pressure and coefficient of friction values may be 
increased by one-third when considering loads of short duration, such as 
those imposed by wind and seismic forces. 

3.2.5 Settlement Estimates 

The recommended allowable bearing pressure is generally based on a total 
allowable, post-construction static settlement of 1 inch.  Differential 
settlement due to static loading is estimated at ½ inch over a horizontal 
distance of 30 feet.  Since settlement is a function of footing sustained load, 
size and contact bearing pressure, differential settlement can be expected 
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between adjacent columns or walls where a large differential loading 
condition exists.   
 
Seismic differential settlement is assumed to be approximately 0.6 inch over 
a horizontal distance of 40 feet for the design-level earthquake. 

3.3 Recommendations for Slabs-On-Grade 

Concrete slabs-on-grade should be designed by the structural engineer in 
accordance with the current CBC for soil with a very low expansion potential and 
considering the potential for liquefaction and seismic settlement.  Where 
conventional light floor loading conditions exist, the following minimum 
recommendations should be used.  More stringent requirements may be required 
by local agencies, the structural engineer, the architect, or the CBC.  Laboratory 
testing should be conducted at finish grade to evaluate the expansion index of 
near-surface subgrade soils.  In addition, slabs-on-grade should have the 
following minimum recommended components: 
 
• Subgrade Moisture Conditioning:  The subgrade soil should be moisture 

conditioned to at least 2 percentage points above optimum moisture content 
to a minimum depth of 12 inches prior to placing the moisture vapor retarder, 
steel or concrete. 

 
• Moisture Retarder:  A minimum of 10-mil moisture retarder should be placed 

below slabs where moisture-sensitive floor coverings or equipment is 
planned.  The structural engineer should specify pertinent concrete design 
parameters and moisture migration prevention measures, such as whether a 
capillary break should be placed under the vapor retarder and whether or not 
a sand blotter layer should be placed over the vapor retarder.  The moisture 
barrier may be placed directly on subgrade provided gravel or other 
protruding objects that could puncture the moisture retarder are removed from 
the subgrade prior to placement.  A heavier vapor retarder (such as 15 mil 
Stego Wrap) placed directly on prepared subgrade may also be used.  
Moisture retarders can reduce, but not eliminate moisture vapor rise from the 
underlying soils up through the slab.  Moisture retarders should be designed 
and constructed in accordance with applicable American Concrete Institute, 
Portland Cement Association, Post-Tensioning Institute, ASTM International, 
and California Building Code requirements and guidelines. 
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Leighton does not practice in the field of moisture vapor transmission 
evaluation, since this is not specifically a geotechnical issue.  Therefore, we 
recommend that a qualified person, such as the flooring subcontractor and/or 
structural engineer, be consulted with to evaluate the general and specific 
moisture vapor transmission paths and any impact on the proposed 
construction.  That person should provide recommendations for mitigation of 
potential adverse impact of moisture vapor transmission on various 
components of the structures as deemed appropriate. 

 
• Concrete Thickness and Reinforcement in Warehouse/Industrial Areas:  

Warehouse/industrial slabs-on-grade should be designed by the structural 
engineer based on anticipated wheel, equipment, and storage loads.  
Considering the site conditions, we recommend a minimum slab thickness of 
6 inches.  Crack control joints should be provided at a maximum spacing of 
15 feet on center.  
 
The structural engineer should consider the following parameters. 
 
Provided that the slab subgrade soils are compacted to a minimum of 95 
percent relative compaction at 1 to 2 percentage points above optimum (as 
measured by ASTM D 1557), an average subgrade spring constant (modulus 
of subgrade reaction, k) of 200 pci (with linear deflections up to ¾ inch and a 
non-linear response for larger deflections) may be assumed for analysis of 
loading on slabs-on-grade.  This value should not be used for estimation of 
actual settlements, but is intended to estimate shears, moments, and local 
distortions.  An alternate check may be used by assuming an allowable 
bearing pressure of 1,200 psf (though the modulus of subgrade reaction 
method is the preferred method).  If soils are allowed to dry out prior to 
placing concrete, the upper 9 inches should be scarified, moisture conditioned 
to 1 to 2 percentage points above optimum moisture content, and 
recompacted to a minimum of 95 percent relative compaction (based on 
ASTM D1557) prior to placing steel or concrete. 

 
• Concrete Thickness--Office Areas:  Slabs-on-grade for office space should be 

at least 4 inches thick (this is referring to the actual minimum thickness, not 
the nominal thickness).  Reinforcing steel should be designed by the 
structural engineer, but as a minimum (for conventionally reinforced, 4-inch-
thick slabs) should be No. 4 rebar placed at 18 inches on center, each 
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direction, mid-depth in the slab.  Crack control joints should be provided at a 
maximum spacing of 15 feet on center for office areas. 

 
Minor cracking of the concrete as it cures, due to drying and shrinkage, is normal 
and should be expected.  However, cracking is often aggravated by a high 
water/cement ratio, high concrete temperature at the time of placement, small 
nominal aggregate size, and rapid moisture loss due to hot, dry, and/or windy 
weather conditions during placement and curing.  Cracking due to temperature 
and moisture fluctuations can also be expected.  Low slump concrete can reduce 
the potential for shrinkage cracking.  Additionally, our experience indicates that 
reinforcement in slabs and foundations can generally reduce the potential for 
concrete cracking.  The structural engineer should consider these components in 
slab design and specifications. 

3.4 Seismic Design Parameters 

Seismic parameters presented in this report should be considered during project 
design.  In order to reduce the effects of ground shaking produced by regional 
seismic events, seismic design should be performed in accordance with the 
current CBC.  The CBC seismic design parameters listed in Table 1 of 
Section 2.4 of this report should be considered for the seismic analysis of the 
subject site. 
 

3.5 Retaining Walls 
 
We recommend that retaining walls be backfilled with very low expansive soil and 
constructed with a backdrain in accordance with the recommendations provided 
on Figure 4 (rear of text).  Using expansive soil as retaining wall backfill will result 
in higher lateral earth pressures exerted on the wall.  Based on these 
recommendations, the following parameters may be used for the design of 
conventional retaining walls: 

 
Static Equivalent Fluid Weight (pcf) 

Condition Level Backfill 
Active 38 pcf 

At-Rest 59 pcf 
Passive 260 pcf (allowable) 

(Maximum of 3,000 psf) 
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The above values do not contain an appreciable factor of safety unless noted, so 
the structural engineer should apply the applicable factors of safety and/or load 
factors during design, as specified by the California Building Code. 
 
Cantilever walls that are designed to yield at least 0.001H, where H is equal to the 
wall height, may be designed using the active condition.  Rigid walls and walls 
braced at the top should be designed using the at-rest condition.  

 
Passive pressure is used to compute soil resistance to lateral structural 
movement.  In addition, for sliding resistance, a frictional resistance coefficient of 
0.35 may be used at the concrete and soil interface.  The lateral passive 
resistance should be taken into account only if it is ensured that the soil providing 
passive resistance, embedded against the foundation elements, will remain intact 
with time. 
 
In addition to the above lateral forces due to retained earth, surcharge due to 
improvements, such as an adjacent structure or traffic loading, should be 
considered in the design of the retaining wall.  Loads applied within a 1:1 
projection from the surcharging structure on the stem of the wall should be 
considered in the design. 
 
A seismic increment load of 43 pcf should be added to the active case when 
checking seismic stability of walls over 6 feet tall. 
 
A soil unit weight of 120 pcf may be assumed for calculating the actual weight of 
the soil over the wall footing. 

3.6  Pavement Design  

Flexible Pavements:  Based on the design procedures outlined in the current 
Caltrans Highway Design Manual, and using an assumed design R-value of 40, 
flexible pavement sections may consist of the following for the Traffic Index 
indicated.  Final pavement design should be based on the Traffic Index 
determined by the project civil engineer and R-value testing provided near the 
end of grading.  
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ASPHALT PAVEMENT SECTION THICKNESS 

Traffic Index 
Asphaltic Concrete (AC) 

Thickness (inches) 
Class 2 Aggregate Base 

Thickness (inches) 

5 or less 3.0 4.0 
6 3.5 5.5 
7 4.0 7.0 
8 5.0 8.0 

 
If the pavement is to be constructed prior to construction of the structures, we 
recommend that the full depth of the pavement section be placed in order to 
support heavy construction traffic.   

 
Rigid Pavements:  For onsite Portland Cement Concrete (PCC) pavement in 
truck drive aisles and parking areas, we recommend a minimum of 7-inch-thick 
concrete with dowels at construction joints, placed on compacted fill subgrade, 
with the upper 8 inches compacted to a minimum of 95 percent relative 
compaction.  In areas with car traffic only, we recommend a minimum of 5-inch-
thick concrete, placed on compacted fill subgrade with the upper 8 inches 
compacted to a minimum of 95 percent relative compaction. 
 
The PCC pavement sections should be provided with crack-control joints spaced 
no more than 15 feet on center each way.  If sawcuts are used, they should have 
a minimum depth of ¼ of the slab thickness and made within 24 hours of 
concrete placement.   
 
Other Pavement Recommendations:  Irrigation adjacent to pavements without 
a deep curb or other cutoff to separate landscaping from the paving may result in 
premature pavement failure. 

 
All pavement construction should be performed in accordance with the Standard 
Specifications for Public Works Construction or Caltrans Specifications.  Field 
observations and periodic testing, as needed during placement of the base 
course materials, should be undertaken to ensure that the requirements of the 
standard specifications are fulfilled.   
 
Prior to placement of aggregate base, the subgrade soil should be processed to 
a minimum depth of 6 inches, moisture-conditioned, as necessary, and 
recompacted to a minimum of 95 percent relative compaction.  Aggregate base 
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should be moisture conditioned, as necessary, and compacted to a minimum of 
95 percent relative compaction. 

3.7 Temporary Excavations 

 All temporary excavations, including utility trenches, retaining wall excavations 
and other excavations should be performed in accordance with project plans, 
specifications and all OSHA requirements.   

 
 No surcharge loads should be permitted within a horizontal distance equal to the 

height of cut or 5 feet, whichever is greater from the top of the slope, unless the 
cut is shored appropriately.  Excavations that extend below an imaginary plane 
inclined at 45 degrees below the edge of any adjacent existing site foundation 
should be properly shored to maintain support of the adjacent structures. 

 
 Cantilever shoring should be designed based on an active equivalent fluid 

pressure of 35 pcf.  If excavations are braced at the top and at specific design 
intervals, the active pressure may then be approximated by a rectangular soil 
pressure distribution with the pressure per foot of width equal to 25H, where H is 
equal to the depth of the excavation being shored. 

 
 During construction, the soil conditions should be regularly evaluated to verify 

that conditions are as anticipated.  The contractor should be responsible for 
providing the "competent person" required by OSHA, standards to evaluate soil 
conditions.  Close coordination between the competent person and the 
geotechnical engineer should be maintained to facilitate construction while 
providing safe excavations. 

3.8 Trench Backfill 

 Utility-type trenches onsite can be backfilled with the onsite material, provided it 
is free of debris, significant organic material and oversized material.  Prior to 
backfilling the trench, pipes should be bedded and shaded in a granular material 
that has a sand equivalent of 30 or greater.  The sand should extend 12 inches 
above the top of the pipe.  The bedding/shading sand should be densified in-
place by mechanical means, or in accordance with Greenbook specifications.  
The native backfill should be placed in loose layers, moisture conditioned, as 
necessary, and mechanically compacted using a minimum standard of 90 
percent relative compaction.  The thickness of layers should be based on the 
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compaction equipment used in accordance with the Standard Specifications for 
Public Works Construction (Greenbook). 

3.9 Surface Drainage 

Inadequate control of runoff water and/or poorly controlled irrigation can cause 
the onsite soils to expand and/or shrink, producing heaving and/or settlement of 
foundations, flatwork, walls, and other improvements.  Maintaining adequate 
surface drainage, proper disposal of runoff water, and control of irrigation should 
help reduce the potential for future soil moisture problems. 

 
 Positive surface drainage should be designed to be directed away from 

foundations and toward approved drainage devices, such as gutters, paved 
drainage swales, or watertight area drains and collector pipes. 
 
Surface drainage should be provided to prevent ponding of water adjacent to the 
structures.  In general, the area around the buildings should slope away from the 
building.  We recommend that unpaved landscaped areas adjacent to the 
buildings be avoided.  Roof runoff should be carried to suitable drainage outlets 
by watertight drain pipes or over paved areas. 

3.10 Sulfate Attack and Corrosion Protection 

 Based on the results of laboratory testing, concrete structures in contact with the 
onsite soil will have negligible exposure to water-soluble sulfates in the soil.  
Therefore, common Type II cement may be used for concrete construction.  The 
concrete should be designed in accordance with Table 19.3.2.1 of the American 
Concrete Institute ACI 318-14 provisions (ACI, 2014). 

 
The onsite soil is considered to be corrosive to ferrous metals.  It is recommended 
that any buried pipe be made of non-ferrous material, or that any ferrous pipe be 
protected by dielectric tape, polyethylene sleeves and/or other methods, with 
recommendations from a corrosion engineer.  Corrosion information presented in 
this report should be provided to your underground utility subcontractors.  
Additional testing and evaluation by a corrosion engineer may be warranted if 
metallic utilities are planned. 
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3.11 Additional Geotechnical Services 

 The preliminary geotechnical recommendations presented in this report are 
based on subsurface conditions as interpreted from limited subsurface 
explorations and limited laboratory testing.  Our supplemental geotechnical 
recommendations provided in this report are based on information available at 
the time the report was prepared and may change as plans are developed.  
Additional geotechnical investigation and analysis may be required based on final 
improvement plans.  Leighton should review the site and grading plans when 
available and comment further on the geotechnical aspects of the project.  
Geotechnical observation and testing should be conducted during excavation 
and all phases of grading operations.  Our conclusions and preliminary 
recommendations should be reviewed and verified by Leighton during 
construction and revised accordingly if geotechnical conditions encountered vary 
from our preliminary findings and interpretations. 

 
 Geotechnical observation and testing should be provided: 
 

• After completion of site clearing. 

• During overexcavation of compressible soil. 

• During compaction of all fill materials. 

• After excavation of all footings and prior to placement of concrete. 

• During utility trench backfilling and compaction. 

• During pavement subgrade and base preparation. 

• When any unusual conditions are encountered. 
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4.0  LIMITATIONS 

This report was based in part on data obtained from a limited number of observations, 
site visits, soil excavations, samples, and tests.  Such information is, by necessity, 
incomplete.  The nature of many sites is such that differing soil or geologic conditions 
can be present within small distances and under varying climatic conditions.  Changes 
in subsurface conditions can and do occur over time.  Therefore, our findings, 
conclusions, and recommendations presented in this report are based on the 
assumption that Leighton Consulting, Inc. will provide geotechnical observation and 
testing during construction. 
 
This report was prepared for the sole use of Bridge 1355 Sepulveda, LLC for application 
to the design of the proposed warehouse/industrial development in accordance with 
generally accepted geotechnical engineering practices at this time in California. 
 
See the GBA insert on the following page for important information about this 
geotechnical engineering report. 





This Report’s Recommendations Are 
Confirmation-Dependent
The recommendations included in this report – including any options 
or alternatives – are confirmation-dependent. In other words, they are 
not final, because the geotechnical engineer who developed them relied 
heavily on judgment and opinion to do so. Your geotechnical engineer 
can finalize the recommendations only after observing actual subsurface 
conditions revealed during construction. If through observation your 
geotechnical engineer confirms that the conditions assumed to exist 
actually do exist, the recommendations can be relied upon, assuming 
no other changes have occurred. The geotechnical engineer who prepared 
this report cannot assume responsibility or liability for confirmation-
dependent recommendations if you fail to retain that engineer to perform 
construction observation.

This Report Could Be Misinterpreted
Other design professionals’ misinterpretation of geotechnical-
engineering reports has resulted in costly problems. Confront that risk 
by having your geotechnical engineer serve as a full-time member of the 
design team, to: 
•	 confer with other design-team members, 
•	 help develop specifications, 
•	 review pertinent elements of other design professionals’ 			 
	 plans and specifications, and 
•	 be on hand quickly whenever geotechnical-engineering 			 
	 guidance is needed. 
	
You should also confront the risk of constructors misinterpreting this 
report. Do so by retaining your geotechnical engineer to participate in 
prebid and preconstruction conferences and to perform construction 
observation.

Give Constructors a Complete Report and Guidance
Some owners and design professionals mistakenly believe they can shift 
unanticipated-subsurface-conditions liability to constructors by limiting 
the information they provide for bid preparation. To help prevent 
the costly, contentious problems this practice has caused, include the 
complete geotechnical-engineering report, along with any attachments 
or appendices, with your contract documents, but be certain to note 
conspicuously that you’ve included the material for informational 
purposes only. To avoid misunderstanding, you may also want to note 
that “informational purposes” means constructors have no right to rely 
on the interpretations, opinions, conclusions, or recommendations in 
the report, but they may rely on the factual data relative to the specific 
times, locations, and depths/elevations referenced.  Be certain that 
constructors know they may learn about specific project requirements, 
including options selected from the report, only from the design 
drawings and specifications. Remind constructors that they may 

perform their own studies if they want to, and be sure to allow enough 
time to permit them to do so. Only then might you be in a position 
to give constructors the information available to you, while requiring 
them to at least share some of the financial responsibilities stemming 
from unanticipated conditions. Conducting prebid and preconstruction 
conferences can also be valuable in this respect. 

Read Responsibility Provisions Closely
Some client representatives, design professionals, and constructors do 
not realize that geotechnical engineering is far less exact than other 
engineering disciplines. That lack of understanding has nurtured 
unrealistic expectations that have resulted in disappointments, delays, 
cost overruns, claims, and disputes. To confront that risk, geotechnical 
engineers commonly include explanatory provisions in their reports. 
Sometimes labeled “limitations,” many of these provisions indicate 
where geotechnical engineers’ responsibilities begin and end, to help 
others recognize their own responsibilities and risks. Read these 
provisions closely. Ask questions. Your geotechnical engineer should 
respond fully and frankly.

Geoenvironmental Concerns Are Not Covered
The personnel, equipment, and techniques used to perform an 
environmental study – e.g., a “phase-one” or “phase-two” environmental 
site assessment – differ significantly from those used to perform 
a geotechnical-engineering study. For that reason, a geotechnical-
engineering report does not usually relate any environmental findings, 
conclusions, or recommendations; e.g., about the likelihood of 
encountering underground storage tanks or regulated contaminants. 
Unanticipated subsurface environmental problems have led to project 
failures. If you have not yet obtained your own environmental 
information, ask your geotechnical consultant for risk-management 
guidance. As a general rule, do not rely on an environmental report 
prepared for a different client, site, or project, or that is more than six 
months old.

Obtain Professional Assistance to Deal with Moisture 
Infiltration and Mold
While your geotechnical engineer may have addressed groundwater, 
water infiltration, or similar issues in this report, none of the engineer’s 
services were designed, conducted, or intended to prevent uncontrolled 
migration of moisture – including water vapor – from the soil through 
building slabs and walls and into the building interior, where it can 
cause mold growth and material-performance deficiencies. Accordingly, 
proper implementation of the geotechnical engineer’s recommendations 
will not of itself be sufficient to prevent moisture infiltration. Confront 
the risk of moisture infiltration by including building-envelope or mold 
specialists on the design team. Geotechnical engineers are not building-
envelope or mold specialists.
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APPENDIX B 
 

FIELD EXPLORATION 
 
Our field investigation consisted of a surface reconnaissance and a subsurface 
exploration. Five borings (LB-1 through LB-5) were excavated and logged to a maximum 
depth of approximately 51.5 feet below the existing ground surface. These boring logs 
are included as part of this appendix.  Approximate soil boring locations are shown on 
Figure 2, Boring Location Map. 
 
Borings:  On July 10, 2020, 5 hollow-stem-auger borings were drilled, logged and 
sampled to depths ranging from 21.5 feet to 51 feet below the ground surface.  
Encountered soils were logged in the field by our representative and described in 
accordance with the Unified Soil Classification System (ASTM D 2488).  Relatively 
undisturbed soil samples were obtained at selected intervals within these borings using 
both a California ring-lined and Standard Penetration Test (SPT) split-spoon sampler.  
Standard Penetration Test (SPT) resistance blow counts were obtained by dropping a 
140-pound hammer through a 30-inch free fall.  The 2-inch outside diameter split-spoon 
sampler was driven 18 inches and the number of blows was recorded for each 6 inches 
of penetration (ASTM D 1586).  In addition, 2.4-inch inside diameter brass ring samples 
were obtained using a Modified California sampler driven into the soil with the 140-pound 
hammer.  Near surface bulk soil samples were also collected from the borings. 
Representative earth-material samples obtained from these subsurface explorations 
were transported to our geotechnical laboratory for evaluation and appropriate testing. 
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APPENDIX C 
 

GEOTECHNICAL LABORATORY TESTING 
 
The geotechnical laboratory testing program was directed toward a quantitative and 
qualitative evaluation of the physical and mechanical properties of the soils underlying 
the site and to aid in verifying soil classification. 
 
In-Situ Moisture and Density:  The natural water content (ASTM D 2216) and in-situ 
dry density (ASTM D 2937) were determined for recovered relatively undisturbed ring-
lined barrel drive samples, from our subsurface explorations.  Results of these tests are 
shown on the logs at the appropriate sample depths, in Appendix B. 
 
Sieve Analysis:  Sieve analyses (ASTM D 422) were performed on selected 
subsurface soil samples.  These tests were performed to assist in the classification of 
the soil.  Results of these tests are presented on the “Particle Size Analysis of Soils” 
figures.   
 
Collapse Potential: Collapse potential tests were performed on selected soil samples 
in general accordance with ASTM Standard Test Method D 5333.  Test results are 
presented on the “One Dimensional Swell or Settlement” figure. 
 
Modified Proctor compaction Curve:  A laboratory modified Proctor compaction test 
(ASTM D 1557) was performed on a bulk soil sample to determine maximum laboratory 
dry density and optimum moisture content.  Result of this test is presented on the 
following “Modified Proctor Compaction Test” plot in this appendix.   
 
Corrosivity Tests:  To evaluate the corrosion potential of the subsurface soils at the 
site, we tested representative bulk samples collected during our subsurface 
investigation for pH, resistivity and soluble sulfate and chloride content testing.  Results 
of these tests are presented at the end of this appendix. 

















































 

 

APPENDIX D 
 

SUMMARY OF SEISMIC HAZARD ANALYSIS 
  







https://earthquake.usgs.gov/hazards/designmaps/
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