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Re: Geotechnical Engineering Evaluation Report 
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Gentlemen: 

Submitted herewith 1s the report of the Geotechnical Engineering evaluation study 

conducted by this office for Perris Travel Plaza at the referenced vacant site. 

The project site is located just northwest corner of Trumble Road and Ethanac Road 

Intersection, and east of Freew~y 215 in Perris, San Bernardino County, California as 

shown on Vicinity Map (Plate A) and Google Map (Plate D). 

Based on our study findings, it is our opinion that the site is suitable for the proposed 

development from a geotechnical-engineering standpoint, provided that the 

recommendations of this report are successfully implemented. 

Phone: (949) 453-0406 27 Mauchly, Suite 210, Irvine, CA 92618 Fax: (949) 453-0409 
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The closest known active faults capable of producing major earthquakes are the Elsinore 

(GI) (6.89 Mw) and Elsinore (W + GI) (7.27 Mw) faults, which are located 

approximately 9.56 miles (15.3 km) away from the project site. 

The site does not lie within Alquist-Priolo Earthquake Fault Zone as designated by the 

California Geological Survey (CGS). The potential for direct surface fault rupture at the 

site is considered unlikely. 

The investigation was made m accordance with generally accepted geotechnical 

engineering principles and procedures and included such field and laboratory tests 

considered necessary under the circumstances. 

In the opinion of the undersigned, the accompanying report has been substantiated by 

mathematical and other data and presents fairly the design information requested by your 

organization. 

Respectfully Submitted, 

Geotechnical Solutions, Inc. 

Dharma Shakya, PhD, PE, GE 
Principal Geotechnical Engineer 

~~ 
Abraham S. Baha, PE, M. ASCE 
Sr. Principal 

Distribution: (3+pdf) Addressee 
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1.0 INTRODUCTION 

1.1 Purpose and Scope 

The primary objectives of this study were to explore subsurface conditions beneath the 

project site and evaluate the existing earth materials relative to foundation support and 

lateral pressure design factors, seismic conditions and earthquake-induced liquefaction 

potential. 

In general, the study objectives were met by a visual reconnaissance of the site and 

vicinity, review of available tentative development plans, exploratory drilling and 

sampling of earth materials, laboratory testing, seismic evaluations, geologic hazards 

study, and engineering analysis. The general scope and objectives of the study were 

established in collaboration with the client/project team. Items considered in our study 

relevant to this site included the following: 

- Near surface and subsurface soil types, 

- Expansion potential, 

- Settlement and hydro-collapse potential, 

- Bearing capacity and Foundation Design Parameters, 

- Slabs-on-grade, 

- Lateral earth pressures, 

- Drainage considerations, 

- Temporary excavation support, 

- Corrosion potential, 

- Groundwater conditions, 

- Likely excavation conditions, 

- Seismic Conditions, 

- Earthquake induced liquefaction potential, 
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- Pavements, 

- Grading considerations, and 

- Construction observation and testing considerations. 

To address these, the following scope of work was executed: 

1. Review of preliminary project plans, available documents, and coordination with 

the owner's representatives and project design professionals. 

2. Site reconnaissance. 

3. Evaluation of seismic conditions for the subject location. 

4. Excavator and Backhoe drilling, sampling and logging twelve (11) test holes to 

investigate subsurface conditions. 

5. Laboratory testing of soil samples obtained from subsurface explorations, to 

determine their physical and engineering properties. 

6. Geotechnical analysis of the data obtained. 

7. Developing conclusions and recommendations for foundation design. 

8. Preparation of this report. 

1.2 Project Description 

Based on the information provided, the proposed Travel Plaza Perris will have total site 

area of 14.67 acres including 0.9 acre for the pond area and will consist mainly of 

constructing the Auto Fueling Island / Canopy, Truck Fueling Island / Canopy, Cat Scale, 

Aboveground (AST's) and underground (UST's) storage tanks, store building, shop 

building, pond area, and truck approaches at the location shown on Plot Plan and Boring 

Location Map (Plate B in Appendix A). 
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Also, the project consists of heavy-duty asphalt pavement for parking and driveways with 

some rigid concrete pavement sections to accommodate 98 auto parking and 135 truck 

parking. 

1.3 Site Description and Topography 

The project site is located just northwest of Trumble Road and Ethanac Road Intersection 

and just east of freeway 215 as shown on Vicinity Map (Plate A) and Google Map (Plate 

D) in Appendix A. At the time of our field exploration, the site was vacant and covered 

mostly with grass and weeds all around. 

The site is relatively flat at an elevation of 1,426 feet above the sea level. No hilly terrain 

or drainage problems exist at the subject property. 

1.4 Site Geologic Setting 

The Peninsular Ranges province is one of the largest geomorphic units in western North 

America. Basically, it extends from the Tranverse Ranges geomorphic province and the 

Los Angeles Basin, roughly 900 miles south to the tip of Baja California. This province 

varies in width from about 30 to 100 miles. It is bounded on the west by the Pacific 

Ocean, on the south by the Gulf of California and on the east by the Colorado Desert 

Province. The Peninsular Ranges are essentially a series of northwest-southeast oriented 

fault blocks. Three major fault zones are found in this province. The Elsinore Fault zone 

and the San Jacinto Fault zones trend northwest-southeast and are found in the near the 

middle of the province. The San Andreas Fault zone borders the northeasterly margin of 

the province. 

The Perris Block is a large mass of granitic rock generally bounded by the San Jacinto 

Fault, the Elsinore Fault, the Santa Ana River and a non-defined southeast boundary. The 

Perris Block has had a history of vertical land movements of several thousand feet due to 

shifts in the Elsinore and San Jacinto Faults. The primary source of strong seismic ground 

shaking in the project area is the Elsinore Fault Zone and San Jacinto Fault Zone. Other 
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regional fault zone of significance that could affect the project area is the San Andreas. 

The Site Regional Geology Map is shown on the enclosed Plate D. 

The site is underlain by alluvial soils over Cretaceous aged igneous rocks (Val Verde 

Tonalite). The materials encountered onsite generally consist of alluvial soils consist of 

dense to very dense silty sand to sand. The tonalite bedrock is grey in color and 

moderately weathered and becomes harder with depth. It should be noted that Special 

handling and coring could be required during the caisson excavation. 

The most significant geologic hazard to the project is the potential for moderate to severe 

ground shaking resulting from earthquakes generated on the faults close to the site. The 

site is not located in an Alquist-Priolo Special Studies zone for earthquake rupture 

hazard. The potential for direct surface fault rupture in the project area is considered very 

low. 

1.5 Other Geologic Hazards 

Since the site is located in a relatively flat area, we do not consider landslides or other 

forms of natural slope instability to represent a hazard to the project. The site is not 

located near any impounded bodies of water therefore tsunamis and seiches are not 

considered a potential hazard to the project. The proposed project is an area of stable soil 

conditions with low shrink-swell potential; hence, no impact is anticipated. 

In addition to possible strong earthquake ground motion at the site, the secondary effects 

of earthquake-induced liquefaction, and earthquake-induced landsliding, were 

considered. Guidelines for evaluating and mitigation seismic hazards in California (CGS, 

2008, SP-117 A) summarize procedures for evaluating the earthquake-induced landslide 

and liquefaction potential. 

1.5.1 Earthquake-Induced Liquefaction 

The site has not been evaluated for earthquake-induced liquefaction potential as per 
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California Geologic Survey (Plate F, Appendix A). Liquefaction is discussed in more 

detail in the proceeding sections. 

1.5.2 Induced Flooding 

The site lies far and/or high enough from the coast or large inland body of water to 

preclude the hazards of tsunami or seiche waves or inundation from the rupture of an up­

gradient reservoir. 

1.5.3 Eathquake-Induced Landsliding 

The site has not been evaluated by California Geologic Survey (CGS) for earthquake­

induced landsliding potential. Since the site is far enough from steep slopes, landsliding 

will be unlikely. 

2.0 FIELD EXPLORATION 

2.1 Scope 

Hollow Stem auger was used to drill. Eleven (11) borings were drilled to get soil 

samples from the depths varying from 10- to 51.5-feet below the existing ground level in 

the proposed development areas. The Boring Logs, B-1 through B-11 are shown on the 

Plot Plan and Boring Location Map (Plate B) in Appendix A. 

2.2 Drilling and Sampling Procedures 

A continuous record of the materials encountered during the drilling was made by our 

field engineer and Log of all the borings are presented on Appendix A The lines 

designating the interface between soil strata on the log of Test Holes represent 

approximate boundaries. The transition between strata may be gradual. Undisturbed 

samples were secured at frequent intervals from various locations for laboratory testing. 

Core samples and bulk samples were secured at frequent depth intervals for laboratory 

examination and testing. Both California standard ring samples (CA) and split spoon 
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samples with Penetration test (SPT) blow counts were obtained for further evaluation. 

Disturbed bulk samples, representative of the surficial subgrade materials were also 

obtained. 

The relative sampler penetration resistance (SPT) exhibited by the deposits sample is 

tabulated in the Blow per Foot column of the pertinent test hole log. Recorded blow 

counts for 12 inches of sampler penetration were generally indicative of medium to high 

shear resistance (140 pounds hammer at a 30-inch drop). 

2.3 Field Tests and Measurements 

The drilled holes were examined and logged in the field. Representative samples were 

obtained to classify the soils. The Unified Soil Classification System (USCS) was used to 

classify the soils. The soil classification symbols appear on the boring logs and are briefly 

described in Appendix A. Local and regional geologic characteristics were used to 

estimate the seismic design criteria. 

In addition, relatively undisturbed California ring samples were obtained for laboratory 

testing. The attached logs tabulate data based on laboratory classification tests and visual 

observation by the field geologist at the site. 

2.4 Standard Penetration Resistance 

A sediment is considered to be susceptible to transformation to a fluid mass during a 

strong seismic event only if the packing of the grains (relative density) is relatively low. 

Sediments with high relative densities cannot reduce their total volume through the 

compactive effort induced by the ground shaking. 

The number of blows necessary to drive a standard sampler (1 ½" I.D.)-12 inches into the 

individual stratum is a measurement of a specific property that has been correlated to 

relative density. The sampling (penetration) resistance offered by sediment from 
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successive blows delivered by a 140-pound hammer falling 30 inches is counted. The 

number of blows to drive the standard sampler full 12 inches is recorded as the N-Value. 

The on-site material yielded penetration resistance which indicates dense to very dense 

alluvial soils, fine to coarse grained, dry to slightly moist with trace of silt were 

encountered within the boring depth. The standard penetration resistances of the on-site 

materials at 5-feet intervals are presented on the boring logs (Appendix A). 

3.0 LABORATORY TESTING AND SUMMARY METHODS 

Laboratory testing was programmed following a review of field investigation data and 

after considering the various foundations, floor slabs, and grading elements to be 

evaluated. In general, this includes physical testing to establish foundation-bearing 

characteristics, and classification tests. 

A. In-Place Moisture & Density (ASTM D2216 & D2937) 

In-situ moisture content and density were determined for all the undisturbed core samples 

obtained during test boring drilling operations. Test results are tabulated on Plates 1-1 

through 1-11, Log of Test Holes. 

B. Mechanical Analysis (ASTM D-422) 

The texture composition of a selected typical sample determined by the hydrometer test 

method was as follows: 

Boring 
Depth (Feet) Percent Sand Percent Silt Percent Clay 

No. 

B-2 0-3 72 10 18 

B-7 0-3 61 17 22 

B-8 0-3 56 22 22 
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B-9 
11 

0-3 
11 

C. Direct Shear (ASTM D-3080) 

68 
11 

12 
11 

20 

Direct shear test was performed on the representative sample of native soil and was 

considered most pertinent in the design of mat/ spread footings, and moderately deep 

pier. Tests were performed in the saturated condition at the field density. Individual test 

results are shown on Plate J. 

D. Expansion (ASTM D-4829) 

Expansion characteristics were determined by the Expansion Index test on a typical bulk 

sample considered to be generally representative of the near subgrade soils. Test results 

were as follows: 

Test Boring Moisture Dry Density Expansion 
Remarks 

No. Content(%) (pcf) Index 

B-8 8.6 115.2 18 Very Low Expansive 

According to the test results, the underlying soils generally exhibit very low expansive 

potential. 

E. Consolidation (ASTM D-2435) 

Consolidation (load deformation) tests were perfonned on undisturbed samples at 

selected depths. Plotted test results are presented on Plates K, L, and M. 

F. Chemical Sulfate Analysis (CAL 417-A Method) 

Chemical sulfate analysis was perfonned on a representative sample by the CAL 417-A 

method. A soluble sulfate of 390 parts per million was indicated, which is negligible 

exposure to concrete, however we recommend using Type II Portland cement for the 

foundation elements in contact with the underlying soil. 
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G. R-Value Test (ASTM D-2844) 

Representative samples of the subgrade soils were obtained and tested to determine the 

R-value. The material is thought to be typical and presumed to be representative of the 

subgrade soils. Testing was performed in general accordance with the latest revisions to 

the Department of Transportation, State of California, Material & Research Test Method 

No. 301. Pavement design recommendations are based on the latest Traffic Indices (Tl's) 

and recently tested R-value. 

An R-Value test was conducted on a representative sample of the near surface soil 

consisting of clayey sand with trace of silt. The specimens were tested in a state as near 

to full saturation as possible to simulate the condition the soil might attain at typical field 

density and under adverse moisture conditions. The R-Value for a representative soil was 

determined to be 30. Test results are as follows: 

The R-Value for a representative soil was determined to be 40. Test results are as 

follows: 

Test Moisture@ Density Exudation Stabilometer 
Number Compaction(%) (pcf) Pressure (psi) "R"-Value 

a 7.4 120.5 200 37 

b 7.1 122.0 350 42 

C 6.7 123.8 450 47 

* Interpolated 300 psi by Exudation, Rv = 40 

4.0 SUBSURFACE DISCUSSION 

4.1 General 

The recommendations presented are based on entirely upon data derived from a limited 

number of samples obtained from widely spaced borings. The attached logs, B-1 through 
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B-11 presented in Appendix A are indicators of subsurface conditions only at the specific 

locations and times noted. This report assumes the uniformity of the geology and soil 

structure between the borings, however variations can and often do exist. Whenever there 

is any deviation, difference or change is encountered or becomes known, we should be 

contacted. 

4.2 Material and Soil Conditions Summary 

No appreciable artificial fill was encountered at the boring locations during the 

exploratory drilling. The upper and underlying natural soils are older alluvium, light 

brown to dark brown, dry to slightly moist, generally fine to coarse grained, medium 

dense to very dense, sand with gravel, and some rock fragments as well. A more detailed 

soil profiles are shown on Plates 1-1 through 1-11, Log of Test Hole (Appendix A). 

4.3 Groundwater 

Surface water on this site is the likely result of precipitation or surface run-off from 

surrounding sites. Overall site drainage is in a north and northwesterly direction. 

Provisions for surface drainage will need to be accounted for by the project civil 

engmeer. 

We recommend that all surface runoff should not be allowed to pond above or flow freely 

over adjacent slope surfaces. Collected water should be conveyed via a non-erosive 

device to a suitable storm drain system. 

Groundwater was not encountered at a drilled hole depth of 51.5-feet during the field 

study. No springs or perennial stream flow in local drainages exist based on older 

topographic maps. 

The nearest well, 05S03WION0015 as shown on Closest Well Groundwater Data (Plate 

H-1) and groundwater well data (Plate H-2) indicated the highest groundwater elevation 

to be 1331.86 above mean sea level. The elevation of our project area is about 1,426 feet. 
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Thus we believe the historic groundwater depth was around 95-feet below the existing 

ground surface. 

Groundwater is not anticipated to affect the site adversely. However, these observations 

reflect site conditions at the time of the investigation and do not preclude changes in local 

groundwater conditions, localized seepage due to variations in rainfall, heavy irrigation, 

damaged structure (pipes, etc.), or altered site drainage pattern(s). 

Proper surface drainage is imperative to collect and convey any surface water off site to a 

suitable storm drain system. 

4.4 Faulting and Seismicity 

The project site is located in the highly seismic Southern California region within the 

influence of several fault systems that are considered to be active or potentially active. 

An active fault is defined by the State of California as a "sufficiently active and well­

defined fault" that has exhibited surface displacement within the Holocene time (about 

the last 11,000 years). 

A potentially active fault is defined by the State as a fault with a history of movement 

within Pleistocene time (between 11,000 and 1.6 million years ago). 

No faults have been mapped trending towards or through the site area. The site area does 

not lie within an Alquist-Priolo Earthquake Fault Zone as designated by the California 

Geological Survey (CGS) (Hart, 1997). For this reason, the potential for direct surface 

rupture is considered unlikely. 

4.4.1 Faults Close to the Site 

USGS National Seismic Hazard Maps for Source parameters interactive query has 

been used to determine the closest fault to the site within 50 miles and has been 

tabulated on Table - 1 in Appendix B. 
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The closest known active faults capable of producing major earthquakes are the 

Elsinore (GI) and Elsinore (W + GI) Faults, which are both located approximately 

9.56 miles (15.3 km) away from the project site. The Elsinore (GI) Fault has been 

assigned to 6.89 Mw magnitude and slip rate of 5 mm/year and Elsinore (W + GI) 

Fault has been assigned to 7.27 Mw magnitude and slip rate ofN/A. 

4.4.2 U.S.G.S. Earthquake Hazard Program 

Latest Interactive U.S.G.S. Earthquake Hazard Program using Unified Hazard Tool 

has been utilized for Conterminous U.S. 2008 (v3.2.x) and peak ground acceleration. 

Peak Horizontal Ground Acceleration for 10% probability of 

exceedance in 50 years i.e. return period of 475 years 0.4423g 

Peak Horizontal Ground Acceleration for 5% probability of 

exceedance in 50 years i.e. return period of 975 years 0.5487g 

Peak Horizontal Ground Acceleration for 2% probability of 

exceedance in 50 years i.e. return period of 2,475 years 0.6906g 

Interactive Hazard Curve and Uniform Hazard Response Spectrum have been 

plotted and presented in Appendix B. 

4.4.3 Seismic Factors 

The following are the geotechnical parameters for earthquake design data in 

accordance with ASCE 7-16 and the latest CBC 2019. The details are presented in 

Appendix B: 
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Latitude: 33. 7441 ° and Longitude: -117.1658° 

NO. PARAMETERS VALUES 

1 0.2-Second Mapped Spectral Response 1.428g 
Accelerations, Ss (MCER Ground Motion) 

2 I-Second Mapped Spectral Response 0.532g 
Accelerations, St (MCER Ground Motion) 

3 Site Class D 

4 Site Amplification Factor at 0.2 sec, Fa 1.0 

According to Section 11.4.4, Fa should not be less 1.2 

than 1.2 

5 Site Amplification Factor at 1.0 sec, Fv, however, Null 

according to Table 11.4.2, F v should be 1. 77 
1.77 

6 Site Modified Spectral Acceleration Value, SMs 1.714g 
SMs = Fa Ss = 1.2 X 1.428 = 1.714 

1.714g 

7 Site Modified Spectral Acceleration Value, SM1 Null 
SMt = F v St = 1. 77 x 0.532 = 0.942 

0.942g 

8 Numeric Seismic Design value at 0.2 sec SA, 1.143g 
Sos= 2/3 of SMs = 2/3 x 1.714 = 1.143 

1.143g 

9 Numeric Seismic Design value at 1.0 sec SA, Null 
Sot = 2/3 of SM1 = 2/3 x 0.942 = 0.628 

0.628g 

Other seismic parameters are as follows: 
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Closest Fault Distance 

Fault Name 

Earthquake Magnitude 

Slip Rate (mm/year) 

9.56 miles (15.3 km) 

Elsinore (GI) & Elsinore (W + GI) Faults 

6.89 Mw & 7 .27 Mw 

5.0 &NIA 

PGAM Site Modified Peak Ground Acceleration 0.600g 

1.143g 5% Damped Design Spectral Acceleration at short period, Sos 

5% Damped Design Spectral Acceleration at 1-sec period, Sot 

Seismic Design Category 

0.628g 

D 

Risk Category 

Soil Site Class 

4.5 Design Values 

II 

D 

Representative values were selected from the test data and other sources for design and is 

tabulated below: 

Field Density 

Expansion Index 

Angle of Internal Friction (Ult/Peak) 

Cohesion (Ult/Peak) Remolded 

Subgrade K-Value 

14 

120 pcf 

0 & 18 

32/33 & 34/35 deg. 

200/250 & 200/250 psf 

100 pci 
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5.1 Site Preparation 

5.1.1 General 

5.0 SITE CONSIDERATIONS 

It is our professional opinion that the proposed construction will not be subject to 

geologic hazard from settlement, slippage, or landslide, provided the 
I 

recommendations of this report are incorporated into the proposed construction. It 

is also our opinion that the proposed construction will not adversely affect the 

geologic stability of the site or adjacent properties provided the recommendations 

contained in this report are incorporated into the proposed construction. 

The validity of the conclusions contained in this report is based on compliance 

with the recommendations presented in this section. Any excavating, trenching, or 

disturbances that occur after completion of the earthwork must be backfilled, 

compacted and tested in accordance with the recommendations contained herein. 

If any unobserved and untested earthwork, trenching, or backfilling occurs, then 

the conclusions and recommendations in this report may not be relied on. 

5.1.2 Site Clearing 

Prior to grading, all grasses, bushes, shrubs and debris including construction 

materials should entirely be removed from the site and disposed of off-site. 

Existing any undesirable materials should also be removed and hauled off-site. 

Existing utilities (if Any) should be removed and relocated as required. Any 

construction debris or ant buried or other contaminated exposed during site 

clearance should be removed and hauled away from the site. The resulting 

excavation from any removal should be cleared of loose material then backfilled 

with compacted soil. Oversized rocks greater than 6 inches should be removed. 
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5.1.3 Excavation 

Excavations into the on-site soils may encounter a variety of challenges for 

example, firm alluvium, gravels, some fragments of rocks etc. Caving on clean 

sands may be encountered. The contractor should be made responsible for 

designing and constructing stable, temporary excavations as required to maintain 

stability of the excavation sides. All excavations should be sloped or shored in the 

interest of safety following local and federal regulations including current OSHA 

excavation and trench safety standards. 

Heavy equipment for breaking the very dense and firm alluvium may be required 

for the excavations for shallow foundations, drilled shafts, and utility trenches for 

the proposed construction. The speed and ease of excavation are dependent on the 

nature of the deposit, the type of equipment used, and the skill and experience of 

the equipment operator. 

5.1.4 ASTs Pad Preparation 

At the locations where Above Ground Storage tanks (ASTs) are located, proof-roll 

the exposed subgrade to observe for any loose or disturbed soils that may remain. 

Remove and replace any loose or disturbed soils prior to placing any additional fill 

materials required to reach the finished subgrade elevation. 

5.1.5 Compliance 

Recommendations for foundations and slabs-on-grade supported on compacted 

fills or prepared subgrade depend upon compliance with the Site Preparation 

recommendations and Recommended Earthwork Specifications in Appendix C. 

To assess compliance, observation and testing should be performed under the 

direction of a geotechnical engineer. Please contact us to provide observation and 

testing services. 
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5.2 Lateral Earth Pressures 

5.2.1 Lateral Passive Resistance 

Horizontal forces may be resisted by passive pressure acting on the side and 

sliding resistance. The passive pressure may be 300 psf per foot of embedment 

from the lowest adjacent grade up to a maximum of 4,500 psf. 

Friction between base of footings and/or floor slabs, and the underlying soils may 

be assumed to be 40 percent of the dead loads. 

The allowable bearing capacity and the allowable resistance of horizontal forces 

may be increased one-third for transient forces. 

Friction and lateral pressure may be combined, but not to exceed two-thirds of the 

allowable lateral pressure. 

5.2.2 Retaining Wall Recommendations (If Any) 

The retaining wall structures may be supported by shallow footings bearing on 

compacted fill or competent subgrade soil. Following bearing values may be used 

for foundation design. 

Shallow footings for the wall and/or secondary structure may be designed for an 

allowable bearing value of 1,500 pounds per square foot (psf) embedded at least 

18 inches, a minimum width of 12 inches, placed over a minimum of 12-inches 

thick engineered fill compacted to 90% relative density or over a competent 

subgrade soil. This basic bearing value may be increased by 200 psf for each one­

foot increase in depth, and by 100 psf for each additional 12 inches in width to a 

maximum value of 2,500 psf. 

Recommended bearing values are for dead plus live loads and may be increased 

by one-third for combined dead, live, and transient forces such as wind load and 

seismic forces. 
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It is recommended that all foundations be reinforced per structural design, but no 

less than a minimum reinforcement of 2#5 bars top and 2#5 bars at the bottom. 

It is estimated that total settlement will be less than 0.50" and differential 

settlement will be less than 0.25" over a horizontal distance of 30 feet. 

5.2.3 Active Pressure 

Recommended active lateral soil pressure values for design of drained retaining 

wall are as follows: 

Surface Slope of Equivalent 
Retained Material Fluid Weight (pct) Allowable Bearing 

(Horizontal: Vertical) (Native Backfill) Capacity 

Level 35 1,500 psf 

A Pipe and gravel drain ( 4" perforated PVC embedded in at least three cubic feet 

of gravel per lineal foot of pipe wrapped with Mirafi geofabric ION or equivalent) 

should be provided on the retained earth side and near the base of all the retaining 

walls. Backfill should consist of sand and/or gravel. While all backfills should be 

compacted to the required degree, care should be taken when working close to the 

walls to prevent excessive pressure. 

5.2.4 At-Rest Earth Pressure (If Any) 

Retaining walls (basement walls, underground vault, if applicable) should be 

designed for at-rest conditions. The recommended earth pressure for at-rest 

conditions is an equivalent fluid density of 60 pounds per cubic foot without 

surcharge loading. 

Note: 

The equivalent fluid pressures presented herein do not include the lateral pressures 

arising from the presence of the following: 
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Appendix B 

Recommended Earthwork Specifications 
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RECOMMENDED EARTHWORK SPECIFICATIONS 

1.0 General 

1.1 Description 

1.1.1 These specifications cover preparation of the subject site to receive fills, the type 

of soils suitable for use in fills, the compaction standards, and the methods of testing 

compacted fills. 

1.1.2 The Contractor shall furnish all labor, supervision, equipment, operations, and 

materials to excavate to the required grade, support existing underground facilities, 

stockpile material, compact fill and backfill, and fine grade. The work of the Contractor 

shall include all clearing and grubbing, removing existing unsatisfactory material, 

preparing areas to be filled, spreading and compacting of fill in the areas to be filled and 

all other work necessary to complete the grading of the filled areas. It shall be the 

Contractor's responsibility to place, spread, moisten or dry, and compact the fill in strict 

accordance with these specifications to the lines and grades indicated on project plans or 

as directed in writing by the Civil Engineer. 

1.1.3 Deviations from these specifications will be permitted only upon written 

authorization from the Owner or his representative. 

1.2 Role of the Geotechnical Engineer 

1.2.1 Construction - The Owner will employ a Geotechnical Consultant to observe and 

test this work as it is being performed. The Contractor shall cooperate with the 

Geotechnical Consultant and allow his unrestricted access to the site as required for the 

performance of his duties. 

The Contractor shall provide a minimum notice of 48 hours to the Geotechnical Engineer 

before beginning or restarting earthwork operations that will require the presence of the 

Geotechnical Engineer or his representative on site. 
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1.2.2 Subsurface Investigations - A geotechnical engineering report for design purposes 

was prepared by Geotechnical Solutions, Inc., Irvine, California. Any recommendations 

made in the geotechnical report or subsequent reports are made part of these 

specifications. These reports are available for review upon request to the Owner. 

1.2.3 Observation and Testing - The Geotechnical Engineer's representative shall 

observe the clearing and grubbing, excavation, filling and compacting operations and 

shall take density tests in the fill material so that he can state his opinion as to whether or 

not the fill was constructed in accordance with the specifications. All fill will be tested 

shortly after its placement to ascertain that the required compaction is achieved. A 

minimum of one density test will be made on each 500 cubic yards of fill placed, with a 

minimum of at least one test per every 2 feet of vertical height of fill. If the surface is 

disturbed, the density tests shall be made in the compacted materials below the disturbed 

zone. When these tests indicate that the density or water content of any layer of fill or 

portion thereof does not meet the specified density or water content, the particular layer 

or portions thereof shall be reworked until the specified density and water content have 

been obtained. 

After the completion of grading, the Geotechnical Engineer will prepare a written opinion 

of grading. Neither the testing performed by the Geotechnical Consultant nor his opinion 

as to whether or not the fill was constructed in accordance with these Specifications shall 

relieve the Contractor of his responsibility to construct the fills in accordance with the 

Contract Documents. 

1.3 Reference Standards 

The following ASTM (American Society for Testing and Materials) codes and standards 

shall be used to the extent indicated by references herein. The most recent revision of the 

standards shall be used. 

D 1556 - "Standard Test Method for Density of Soil in Place by the Sand-Cone Method" 
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D1557 - "Standard Test Methods for Moisture-Density Relations of Soils and Soil 

Aggregate Mixtures Using 10-lb (4.54 kg) and 18-inch (457-mm) Drop" 

D2216 - "Standard Test Method for Laboratory Detennination of Water (Moisture) 

Content of Soil, Rock, and Soil-Aggregate Mixtures" 

D4318 - "Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of 

Soils" 

D4718 - "Standard Practice for Correction of Unit Weight and Water Content for Soils 

Containing Oversize Particles" 

D4829 - "Standard Test Method for Expansion Index of Soils" 

D4944 - "Standard Test Method for Field Determination of Water (Moisture) Content of 

Soil by the Calcium Carbide Gas Pressure Tester Method." 

D5195 - "Standard Test Method for Water Content of Soil and Rock in Place by Nuclear 

Methods (Shallow Depth)" 

D6938 - "Standard Test Methods for Density of Soil and Soil-Aggregate in Place by 

Nuclear Methods (Shallow Depth)" 

D7928 - "Standard Test Method for Particle-Size Distribution (Gradation) of Fine­

Grained Soils Using the Sedimentation (Hydrometer) Analysis" 

1.4 Degree ofFill Compaction 

The degree to which fill is to be compacted is expressed in terms of "relative 

compaction." Relative compaction is defined as the ratio; expressed in percent, of the 

in-place dry density of the compacted fill to the reference maximum dry density. The 

reference maximum dry density shall be obtained following ASTM D1557. Optimum 

water content shall be obtained in the same test used to obtain the reference maximum 

dry density. Correction of the maximum dry density and optimum water content for 
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oversize particles of gravel and cobbles shall be made following ASTM D4718 when, in 

the opinion of the Geotechnical Engineer, such correction is appropriate. The in-place 

density shall be obtained following ASTM D1556 (sand cone method) or ASTM D6938 

(nuclear method-shallow depth) test method. The in-place water content shall be obtained 

following ASTM D4944 (calcium carbide gas pressure meter), ASTM D5195 (nuclear 

method-shallow depth), or ASTM D2216 (oven drying). Correction of the in-place 

density and water content for oversize particles of gravel and cobbles shall be made 

following ASTM D4 718 when, in the opinion of the Geotechnical Engineer, such 

correction is appropriate. 

If any of the test methods specified in this section are judged by the Geotechnical 

Engineer to be impractical or unreliable because the material has a coarse particle size 

distribution, or for other reasons, the Geotechnical Engineer shall establish other 

procedures to obtain the required soil characteristics. 

2. 0 Products 

2.1 Materials 

2.1.1 General - During grading operations, soil types other than those identified in the 

geotechnical investigation report may be encountered by the Contractor. Consult the 

Geotechnical Consultant for his evaluation of the suitability of using these soils a fill 

material prior to placement or disposal. 

2.1.2 General Fill - Materials for compacted fill shall consist of material imported from 

outside the site or excavated from the site that, in the opinion of the Geotechnical 

Engineer, is suitable for use in constructing engineered fills. The material shall not 

contain rocks or hard lumps greater than 6 inches in maximum dimension, and at least 70 

percent (by weight) of its particles shall pass through a U.S. Standard 3/8 inch sieve. 

Material greater than 3 inches, but less than 6 inches in maximum dimension, shall be 

placed by the Contractor so that it is completely surrounded by compacted, finer material; 

15 



Project No.: G-5908-01 
Travel Plaza Perris - Addendum Report 

no nesting of rocks shall be permitted. Do not use any perishable, spongy, hazardous, or 

other undesirable materials as fill. 

2.1.3 Select Fill - Select fill shall meet all criteria for general fill but shall also contain 

no rocks or hard lumps greater than 3 inches in maximum dimension, and at least 80 

percent (by weight) shall pass through a U.S. Standard 3/8-inch sieve. The expansion 

index of select material shall be less than 50 (i.e., 5.0 percent swell) when tested in 

accordance with ASTM D4829. 

3.0 Execution 

3.1 Clearing and Grubbing 

Within the project limits, tile Contractor shall demolish structures as specified on the 

Drawings. 

Unless otherwise indicated on the Drawings or by the Owner in writing, the Contractor 

shall clear and grub all trees, stumps, roots, brush, grass, and other vegetation within 

construction, fill and stockpile areas to a minimum depth of 3 feet below the existing 

ground surface or below finished grade, whichever is deeper, unless otherwise 

recommended by the Geotechnical Engineer's Field Representative. 

Remove cleared and grubbed materials from the site and dispose of them legally. No 

onsite burning or burying of cleared and grubbed materials is permitted. No placement of 

cleared and grubbed materials in topsoil stockpiles is permitted. No mulching of branches 

or roots is pennitted. Incorporating vegetative matter into stockpiled materials, which are 

to be used in fill, is not permitted. 

Stockpile organic-laden topsoil separate from other fill materials. 

Remove any remaining vegetative matter from the deeper excavated soils, which may 

result from roots deeper than those encountered during clearing and grubbing operations. 
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All material thereby removed shall be piled at a location away from the immediate work 

area so as to avoid burying of piled material. 

3.2 Compacted Fills 

3.2.1 Preparing Areas to be Filled - Brush, grass, and other objectionable materials 

shall be collected, piled, and disposed of as indicated in Section 3 .1 by the Contractor so 

as to leave the areas that have been cleared with a neat and finished appearance, free from 

unsightly debris. 

Remove all loose soil, uncertified fill, landslide debris, and weathered bedrock to firm 

material or in-situ bedrock, as approved by the Geotechnical Consultant. The Contractor 

shall obtain approval from the Geotechnical Engineer or his representative of stripping 

and site preparation before the compaction of any fill subgrade begins. The surface shall 

then be scarified to a minimum depth of 6 inches until the surface is free from uneven 

features that would tend to prevent uniform compaction by the equipment used, and shall 

be brought to the specified water content and relative compaction. Compact scarified 

materials to a minimum relative compaction of 90 percent, relative to ASTM D1557, 

prior to placement of any fill material. 

3 .2.2 Placing, Spreading, and Compacting, Fill Material - Onsite soil obtained from 

removals, borrow, or cut areas may be reused as compacted fill provided it is free from 

deleterious debris and meets the other requirements of the "Materials" portion of this 

Specification Section. 

Use of soil containing deleterious debris from the clearing and grubbing operation or 

from other sources is not permitted. The fill materials shall be placed by the Contractor in 

horizontal layers not greater than 8 inches thick, measured before compaction. Each layer 

shall be spread evenly and shall be thoroughly mixed during the spreading to obtain 

uniformity of material and moisture in each layer. The moisture content of material used 

for compacted fill should be adjusted to be at or above optimum water content as 

determined by ASTM D1557. When the water content of the fill material is too high, the 
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fill materials shall be aerated by the Contractor by blading, mixing, or other satisfactory 

methods until the water content is as specified. 

After each layer has been placed, mixed, and spread evenly, it shall be thoroughly 

compacted by the Contractor to a relative compaction of at least 90 percent of the 

maximum dry density as determined by ASTM D1557 for general fill, and 95 percent of 

the maximum dry density as determined by ASTM D1557 for select fill, compacted fill 

pads, and the upper 1 foot of pavement subgrade. Compaction shall be accomplished by: 

sheepsfoot rollers; vibratory rollers; multiple-wheel, pneumatic-tired rollers; or other 

types of acceptable compacting equipment. Equipment shall be of such design that it is 

able to compact the fill to the specified density. Compaction shall be continuous over the 

entire area, and the equipment shall make sufficient passes to obtain the desired density 

uniformly. All fill placed on site shall be treated in like manner until finished grades are 

attained. Jetting, puddling, and hydro consolidation techniques shall not be used, 

including backfill of utility trenches. 

The placement of topsoil is subject to the approval of the Geotechnical Engineer. Topsoil 

shall not be placed beneath concrete flatwork, beneath or behind retaining walls, or 

within structural fill. All topsoil material is subject to the same moisture conditioning, 

placement, and compaction requirements as General Fill. Roots, branches and other 

organic debris are not permitted within the compacted topsoil layer. 

When backfilling around footings and compacting behind retaining walls and flexible 

retaining structures, the Contractor shall use lightweight compaction equipment such as 

hand-operated equipment, shoring, or other means to avoid over-stressing structural 

walls. When using lightweight compaction equipment, the fill materials shall be spread 

in horizontal layers not greater than 6 inches thick, measured before compaction. 

As an alternative, sand-cement slurry may be used to backfill trenches. The slurry shall 

have minimum cement content of 3 sacks per cubic yard within the zone of influence of 

foundations and other settlement sensitive structures. A minimum of 2 sacks per cubic 
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yard of slurry shall be used elsewhere within building limits, and a minimum of one sack 

per cubic yard of slurry shall be used elsewhere. Slurry shall not be used in those areas 

where such placement would result in the obstruction of water flow, and is subject to the 

approval of the Geotechnical Engineer. 

3 .3 Protection of Work and Adjacent Properties 

3 .3 .1 During Construction - The Contractor shall grade all excavated surfaces to provide 

good drainage away from construction slopes and prevent ponding of water. He shall 

control surface water and the transport of silt and sediment to avoid damage to adjoining 

properties or to finished work on the site. The Contractor shall take remedial measures to 

prevent erosion of freshly graded areas until such time as permanent drainage and erosion 

control measures have been installed. 

Dispose of all water resulting from dewatering operations legally and in ways that will 

not cause damage to public or private property, or constitute a nuisance or menace to the 

public, in accordance with municipal requirements. 

The Contractor shall make every effort to minimize the amount of dust raised in 

excavating, on haul roads and access roads, and all other work areas in the course of 

construction activities. 

Protect benchmarks, monuments, and other reference points against displacement or 

damage. Repair or replace benchmarks, monuments, and other permanent survey data 

that become displaced or damaged due to the perfonnance of this work. 

3 .3 .2 After Completion - After earthwork is completed and the, Geotechnical Engineer 

has finished his observations of the work, no further excavation, filling or backfilling 

shall be performed except under the observation of the Geotechnical Engineer. 
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