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1.0 INTRODUCTION 
 
This preliminary report is an updated report of the geotechnical conditions within the proposed 
Triangle Specific Plan site located south of Murrieta Hot Springs Road and between I-15 and I-
215 in the City of Murrieta, California. Our scope of services for this geotechnical update 
included the following: 

• Review of previously published geotechnical/geologic reports and maps prepared for this and 
adjacent sites, as well as other pertinent in-house and readily available documents regarding 
geotechnical/geological conditions at the subject site (Appendix A). 

• Site reconnaissance to observe and document the current surface conditions. 

• Provide seismic design parameters in accordance with the 2007 California Building Code. 

• Preparation of this report, compiling our previous exploratory borings and laboratory test 
data pertinent to this area and providing our preliminary geotechnical recommendations for 
foundation design and earthwork construction. 
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2.0  PROJECT DESCRIPTION 

2.1 Site Description 

The proposed mixed use development, located south of Murrieta Hot Springs Road, between 
the I-15 and I-215 Freeways, encompasses approximately 64.3 acres, “Golden Triangle”, 
within the City of Murrieta, California, (see Figure 1, Site Location Map).  Site topography 
slopes gently downward and away from the east central highpoint elevation toward the low-
lying drainage crossing the southerly area and toward the west and I-15.  Total relief on the 
site is on the order of 50 feet. 

The site was partially graded in 1998 for a previously planned entertainment center 
(RogersDale U.S.A.) under the observation and testing by Leighton and Associates, Inc. 
(Leighton, 1998c).  The recent past grading resulted in the creation of several graded pads 
and a large (excavation depression) for a previously planned arena. Several large stockpiles 
associated with previous site grading are still present until this date.   

A minor natural drainage channel was also filled and a storm drain constructed in the 
northwest corner of the site.  This work was performed under the observation and testing by 
others and documentation of this grading was not available for our review. Remnants of past 
improvements such as a residential trailer park, some building foundations and slabs, well 
pumps, and several power poles for an active power line remain on the site as well as several 
areas of stockpiled debris associated with demolition of previous improvements.   

Vegetation consists of a light to moderate stand of native grasses and weeds.  Several aging 
palm trees and pepper trees exist on the site. 

2.2 Proposed Development 

Based on our review of the Preliminary Utility & Grading Exhibit, (RBF, 2007) Plate 1, it is 
our understanding that the proposed project will consist of a mixed-use commercial 
development that will include office buildings, retail/entertainment centers, hotel, parking 
structures, and associated underground utilities, driveways, parking lots, and off site 
improvements. It is anticipated that cuts and fills of up to 25 feet in height will be required 
to achieve finish grades.  Remedial grading will be required to remove compressible 
alluvium, colluvium and areas of undocumented fill and highly weathered bedrock. 
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3.0  INVESTIGATION AND LABORATORY TESTING 

3.1 Research 

 As part of our geotechnical investigation update, existing in-house preliminary and as-
graded soil reports, published geologic literature (Appendix A) identifying geologic rock 
units, faulting and seismicity were reviewed. In addition, unpublished geotechnical and 
environmental survey reports (Appendix A) prepared for this site were reviewed and 
conditions re-evaluated where appropriate. Our relevant field and laboratory test data are 
included herein and remain valid for this site.  Where appropriate, unpublished geotechnical 
reports prepared for adjacent sites and sites with similar geologic environments in the 
general vicinity were also reviewed and referenced in Appendix A. 

3.2 Field Investigations 

3.2.1 Site Reconnaissance 

Based on the results of our recent site reconnaissance, the overall surface conditions 
are essentially the same as those observed during our previous site investigation 
(Leighton, 2006) and described above. 

3.2.2 Previous Field Investigations  

During previous site subsurface investigations, Leighton drilled thirty (30) 8-inch 
diameter hollow-stem auger borings throughout the site. The boring locations were 
determined based on the previous development plans. Geologists from our office 
conducted sampling and logging of the borings which ranged in depth from 16.5 to 
51.5 feet below the existing ground surface. Additionally, thirty-one exploratory 
trenches were excavated, sampled, and logged throughout the site for the previously 
proposed RogersDale U.S.A. development. The exploratory backhoe trenches were 
excavated throughout the site to visually evaluate near surface soil characteristics and 
to determine limits of surficial and formational materials. Logs of previous borings 
and trenches are presented in Appendix B and their approximate locations are 
depicted on Plate 1. During the drilling and trenching operations, bulk and relatively 
undisturbed samples were obtained from the borings for laboratory testing and 
evaluation. The relatively undisturbed in-place samples were obtained utilizing a 
modified California drive sampler driven 12 inches with a 140 pound hammer 
dropping 30 inches, in general accordance with ASTM Test Method D3550.  
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  In addition to the previous work by Leighton, exploratory boring logs from other 
previous investigations of the site (Moore and Taber, 1992) are included in Appendix 
B. The approximate locations of the exploratory borings are depicted on the 
Geotechnical Map (Plate 1). 

3.3 Laboratory Testing  

 During the course of the previous field investigations and partial site grading, soil materials 
were visually classified in the field according to the Unified Soil Classification System. 
Laboratory tests were performed on the representative bulk and relatively undisturbed 
samples from the Leighton borings, test pits and during previous site grading to provide a 
basis for development of site-specific design parameters.  Selected samples were tested for 
the following parameters: in-situ moisture content and density, expansion potential, shear 
strength, consolidation/collapse potential, maximum dry density, optimum moisture content, 
R-Value and soil corrosion (sulfate content, chloride content, minimum resistivity and pH).  
The results of our prior phases of laboratory testing along with summaries of the testing 
procedures are presented in Appendix C.  In-situ moisture and density determination is 
presented on the boring logs (Appendix B). 

 The above field and laboratory testing information remain valid for the current site 
conditions and was the basis for our updated recommendations included in this report. 
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 4.0  SUMMARY OF GEOTECHNICAL FINDINGS 

4.1 Site Constraints and Opportunities 

 Review of the most recent County of Riverside Seismic Hazard Maps, Alquist-Priolo 
Earthquake Fault Hazard Maps, and relevant site specific reports indicates that the site is not 
constrained by identified geologic hazards such as liquefaction, subsidence or ground surface 
rupture.  Compressible surficial soils present a moderate site constraint which has been 
addressed in this update investigation report and our recommendations for remediation have 
been included in Section 5.0 of this report. 

 Opportunities for the site include very low to low expansion potential of the majority of site 
soil material, favorable load-bearing characteristics, and site soils that are readily excavatable 
and compactable with conventional earth-moving equipment. 

4.2 Regional Geology 

 The site is located in the Perris Block of the Peninsular Range Geomorphic Province of 
California.  More specifically, the property is located less than a mile east of a fault controlled, 
down dropped graben, known as the Elsinore Trough (Kennedy, 1977).  Portions of the graben 
are believed to contain as much as 3000 feet of alluvium which has accumulated since 
Miocene time (Mann, 1955).  The Elsinore Trough is bounded on the northeast by Splays of 
the Wildomar Fault and on the southwest by the Willard Fault.  The Murrieta Creek Fault is 
located between and generally parallels the Wildomar and Willard faults in its closest 
proximity to the site.  The Murrieta Hot Springs Fault, a roughly east-west-trending transverse 
splay of the Elsinore Fault Zone, crosses to the north of the site. These faults are all part of the 
Elsinore Fault Zone, which extends from the San Gabriel River Valley southeasterly to the 
United States-Mexican border. The Wildomar, Murrieta Creek, and Murrieta Hot Springs 
faults are considered active and the Willard fault is considered potentially active (Hart, 1994; 
Jennings, 1994, Leighton, 1990).  

 The Santa Ana Mountains lie along the western side of the Elsinore Fault Zone and the Perris 
Block is located along the eastern side of the fault zone.  The mountain ranges are underlain 
by pre-Cretaceous metasedimentary and metavolcanic rocks and Cretaceous plutonic rocks of 
the Southern California batholith.  Tertiary sediments, volcanics and Quaternary sediments 
flank the mountain ranges.  The Tertiary and Quaternary rocks are generally comprised of 
non-marine sediments consisting of sandstones, mudstones, conglomerates, and locally 
volcanic units. 
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4.3 Site Geologic Units 

 Our field explorations, observations, and a review of the pertinent literature (Appendix A) 
indicate that earth materials within the site consist of several surficial units including fill soils 
placed under our supervision, fill soil placed under the observation and testing by others, 
undocumented fill soils, topsoil/colluvium and alluvium, and one bedrock unit locally known 
as Pauba formation.  Local areas of undocumented fills were found within the northwestern 
and central eastern portions of the site.  The general site geology is depicted on the 
Geotechnical Map (Plate 1). Detailed descriptions of the earth materials encountered in each 
excavation are provided in Appendix B.  A general description of each unit follows. 

 4.3.1 Undocumented Fill (map symbol - Afu) 

   The most significant area of undocumented fill soils is associated with the previous 
trailer park in the northeastern section of the site.  These fill materials consist of brown 
to reddish brown, moist to wet, medium dense, clayey, fine to medium sands. Some 
concrete and asphalt debris was observed in the stockpiled soils near Murrieta Hot 
Springs Road.  This area of undocumented fill as encountered may range in thickness 
from less than one foot thick to approximately five feet. Fill soils associated with the 
previously placed stockpiles adjacent to the “RogersDale Arena” may be more than 15 
feet thick. In addition, all previous exploratory trenches were loosely backfilled and 
should be considered as undocumented fill. The undocumented fill soils are considered 
unsuitable for the support of additional fills and/or structural improvements in their 
present state. The clean undocumented fill is suitable for use as compacted fill.  Please 
refer to Section 5.2.2 for removal recommendations. 

4.3.2 Fill Placed under Leighton Observation and Testing (map symbol – Af) 

   Artificial fill soils were placed under the observation and testing of Leighton personnel 
during grading for portions of the previously proposed RogersDale USA Development 
(Leighton, 1998c). These materials are located in the central portion of the site and their 
approximate extent and thickness are shown on the Geotechnical Map (Plate 1). The 
documented fill materials are considered suitable for support of structural improvements 
and/or additional engineered fill placement within the proposed development areas. The 
As-Graded geotechnical report was prepared by Leighton for the previously proposed 
site and the geotechnical data necessary for the current proposed development has been 
included in this report.  Please refer to Section 5.2.2 for moisture and scarification 
recommendations. 
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4.3.3 Fill Placed by Others (map symbol - Afo) 

   Fill soils were placed under the observation and testing by others in the northwestern 
corner of the site in conjunction with the grading for the widening of Murrieta Hot 
Springs Road.  These fills and the underlying material were logged and sampled within 
two borings in this area.  Our preliminary analysis indicates these materials should be 
suitable for support of the proposed structural improvements in this area.  The as-graded 
geotechnical report prepared by others should also be provided to this office when 
available for review and consideration of recommendations for development in the 
northwest corner of the site. Additional evaluation may be performed during site 
grading to confirm the fill soils are placed on firm, noncompressable bedrock. 

 4.3.4 Topsoil (not a mapped unit) 

   A stratum of topsoil has developed over most of the undisturbed or ungraded surface of 
the site. This stratum consists of porous, brown to dark brown, dry to wet, loose to 
medium dense, silty to clayey, fine to medium sand and sandy clay.  Because of its 
potentially compressible nature, this material is considered unsuitable for support of 
additional fills and/or structural improvements in its present state. The topsoil when 
cleared of organic matter is considered suitable for use as compacted fills.  Please refer 
to Section 5.2.2 for removal recommendations. 

 4.3.5 Alluvium (map symbol Qal) 

   Alluvial materials were encountered within the natural drainages of the site. The 
alluvium consists of brown to gray-brown, moist to wet, loose to medium dense, silty, 
fine to medium coarse sand. The alluvial deposits were observed to be locally porous 
and may be unsuitable for the support of the proposed additional fills and/or structural 
improvements in its present state. Partial removal of the alluvium will be required 
depending on field conditions. The alluvial soils are considered suitable for use as 
compacted fill. Please refer to Section 5.2.2 of this report for removal recommendations. 

 4.3.6 Colluvium (map symbol Col/Qp) 

Colluvial or highly weathered Pauba materials may be encountered over most of the 
ungraded portions of the site and may underlie other surficial soils. These materials, 
which grade from topsoil to unweathered Pauba, consist of brown to reddish-brown, 
moist to wet silty to clayey sand. Colluvial soils were observed to be very porous and, 
locally, to contain abundant roots.  These materials are considered unsuitable for the 
support of fills and/or structural improvements in their present state. Colluvial soils 
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are considered suitable for use as compacted fill. Please refer to Section 5.2.2 of this 
report for removal recommendations. 

 4.3.7 Pauba Formation (map symbol Qp) 

   The Pauba Formation encountered generally consists of olive, red-brown to brown, 
damp to moist, medium dense to very dense, silty to clean fine to coarse sands and 
sandy silts. Unweathered Pauba Formation is considered suitable for use as fill 
material and the support of additional fills and/or structural improvements. 

4.4 Groundwater 

 Groundwater was not encountered in any borings during our previous investigations. Near 
surface (perched) groundwater seepage was encountered in past exploratory trenches within 
the low-lying alluvial deposits. This water is believed to have been a result of heavy rains 
prior to the time of the field investigation. Canyon subdrain system may be required in the 
southeastern portion of the site based on review of final site grading plans.  

4.5 Rippability 

 All trenches and borings were excavated without difficulty utilizing a conventional rubber-
tired backhoe and hollow stem auger drill rig respectively. Rippability of the on-site 
materials is expected to be readily accomplished with standard heavy earthmoving 
equipment in good condition. Some localized cemented sandstone may be encountered, but 
should be limited in extent and generally rippable. 

4.6 Faulting and Seismicity 

 Murrieta, like the rest of Southern California, is located within a seismically active region as 
a result of being located near the active margin between the North American and Pacific 
tectonic plates.  The principal source of seismic activity is movement along the northwest-
trending regional faults such as the San Andreas, San Jacinto and Elsinore fault zones.  
These fault systems produce approximately 55 millimeters per year of slip between the 
plates.  The Elsinore fault zone is estimated to accommodate roughly 10 to 15 percent of the 
plate boundary slip (WGCEP, 1995).  The location of the site in relationship to known major 
faults in the Temecula Valley Region, are depicted in Figure 2, Regional Fault Map. 

The California Geologic Survey (CGS) defines an “active fault” as one that has had surface 
displacement within the Holocene Epoch (roughly the last 11,000 years), and a potentially 
active fault as any which has been active during the Quaternary Period (approximately the 
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last 1,600,000 years).  These definitions are used in delineating Earthquake Fault Zones as 
mandated by the Alquist-Priolo Geologic Hazard Zones Act of 1972 and as subsequently 
revised in 1999 (Hart, 1999) as the Alquist-Priolo Earthquake Fault Zoning Act.  The intent 
of the act is to require fault investigations on sites located within Special Studies Zones to 
preclude new construction of certain inhabited structures across the trace of active faults.  
The subject site is not included within any Earthquake Fault Zones as created by the 
Alquist-Priolo Earthquake Fault Zoning Act nor is it in any Riverside County delineated 
special studies fault zones.  Our review of geologic literature pertaining to the site area 
indicates that there are no known active or potentially active faults located within the subject 
property.  Evidence for active or potentially active faulting was not encountered during our 
field investigation or review of pertinent reports and aerial photographs.  The nearest active 
faults are the Wildomar branch of the Elsinore Fault located approximately 2,800 feet 
southwest of the site and the Murrieta Hot Springs Fault which is located approximately 
1,600 feet north of Murrieta Hot Springs Road.  Portions of the Murrieta Hot Springs Fault 
are believed to be active (Leighton, 1991b) and the Fault is included as a Riverside County 
special study fault zone. However this fault has not been included in the State of California 
Earthquake Fault Hazard Maps. 

4.6.1 Seismic Design Parameters 

Our evaluation of the regional seismicity included a deterministic analysis using 
EQFAULT (Blake, 2000b). Based on our deterministic analysis, the maximum 
moment magnitude earthquake is currently estimated to be magnitude 6.8Mw (Blake, 
2000b) and the maximum associated peak site acceleration is reported as 0.68g. The 
effect of seismic shaking may be mitigated by adhering to the current California 
Building Code and seismic design parameters suggested by the Structural Engineers 
Association of California.  Seismic design parameters calculated in accordance with 
the 2007 California Building Code are outlined below: 

Seismic Design Parameters (CBC 2007) 

Design Parameters Reference - CBC 2007 Design Value 

Site Class Table 1613.5.2 D 
Mapped Spectral Acceleration 

at Short Period (SS) Figure 1613.5(3) 1.7 g 

Mapped Spectral Acceleration 
at 1 Second (S1) 

Figure 1613.5(4) 0.6 g 

Design Spectral Acceleration 
at Short Period (SDS) Equation 16-39 1.1 g 

Design Spectral Acceleration 
at 1 Second (SD1) Equation 16-40 0.6 g 
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The design values were calculated utilizing a software program published by United 
States Geological Survey (USGS) which follows the procedures stated in American 
Society of Civil Engineers (ASCE) Publication ASCE 7-05 and CBC Chapter 16, 
Section 1613.  

 4.6.2 Ground Shaking 

   The seismic hazard most likely to impact the site is ground-shaking resulting from an 
earthquake on one of the major regional faults.  The design earthquake is considered to 
be a 6.8 magnitude event on the nearby Wildomar (Elsinore) Fault, which is expected 
to produce peak ground acceleration at the site of 0.68g.  Ground shaking originating 
from earthquakes along other active faults in the region (Murrieta Creek, Murrieta Hot 
Springs, etc.) is expected to be less due to smaller anticipated earthquake magnitudes 
and/or greater distances from the site.   

   The effects of seismic shaking can be reduced by adhering to the most recent edition of 
the Uniform Building Code and design parameters of the Structural Engineers 
Association of California. 

 4.6.3 Liquefaction 

   Liquefaction of cohesionless soils can be caused by strong vibratory motion due to 
earthquakes.  Research and historical data indicate that loose granular soils or soils of 
low plasticity below a near surface ground water table are most susceptible to 
liquefaction.  Liquefaction is characterized by a loss of shear strength in the affected 
soil layers, thereby causing the soil to flow as a liquid.  This effect may be manifested 
at the ground surface by settlement and/or sand boils.  In order for the potential effects 
of liquefaction to be manifested at the ground surface, the soils generally have to be 
granular, loose to medium dense, saturated relatively near the ground surface and must 
be subjected to a sufficient magnitude and duration of ground shaking. 

   Based on the observation of our previous subsurface exploration and the findings of 
referenced geotechnical report (Appendix A), the site is underlain by shallow, medium 
dense to very dense bedrock unit (Pauba formation). In addition, near surface soft 
alluvial deposits (soils susceptible to liquefaction) on the site will be removed and 
recompacted during remedial grading. It is our opinion that (due to the depth to 
groundwater (>50ft) and proposed dense fill soils over Pauba formation) the potential 
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for liquefaction and associated settlement to surface structures due to the design 
earthquake event is considered low for this site. 

4.7 Hydroconsolidation and Subsidence 

 Damage to structures and ground cracking due to hydroconsolidation of recent alluvial 
deposits has occurred in the “California Oaks” area of Murrieta to the north of the site 
(approximately 0.5 to 3 miles) and withdrawal of groundwater causing ground subsidence in 
Temecula has occurred to the south and southwest (approximately 1.0 to 2 miles). The County 
of Riverside has identified these areas as the "California Oaks" zone, "Silver Hawk" zone and 
Temecula "Subsidence" zone, respectively.   

 Considering the nature of the site, observations and results of the laboratory testing, it is 
concluded that this site does not exist in a collapsible soil environment.  Also, alluvial soils 
and other earth materials, which are subject to hydroconsolidation, are to be removed and 
recompacted (see section 5.2.2).  Therefore, the potential for damage to surface structures due 
to hydroconsolidation is considered to be negligible. 

 The "Temecula Subsidence" zone was established as a result of ground cracking due to 
groundwater withdrawal where the cracking occurred along a pre-existing fault trace. The 
subject site is not located within the Temecula subsidence zone and the lack of onsite faulting 
makes the probability of ground cracking onsite due to groundwater withdrawal very unlikely. 

4.8 Evaluation of Photo Lineaments 

A review of pertinent aerial photographs was previously performed to identify geomorphic 
features, vegetation, tonal lineaments that may have been produced by faulting (Leighton, 
1998a). 

A site specific subsurface fault investigation was previously performed by Moore & Taber 
Agra (M & T Agra, 1992) to evaluate several lineaments suggested by others (Geofon, 1988).  
This referenced investigation concluded that active or potentially active faulting has not 
occurred on this site.  Additionally, no faulting or indications of potential faulting were 
observed during the previous site grading (Leighton, 1998c). 

We observed no other geomorphic features or lineaments crossing the subject property or 
trending in the direction of the property from a distance of approximately one-half mile from 
the site. 
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 5.0  CONCLUSIONS AND RECOMMENDATIONS 

5.1 General 

 Based on our geotechnical investigation, it is our opinion that the proposed development is 
feasible from a geotechnical standpoint and may be constructed provided the following 
recommendations are implemented during grading and incorporated into the design and 
construction.  The following sections discuss the principal geotechnical concerns affecting site 
development and grading and provides preliminary foundation design recommendations.  
Additional building specific subsurface investigation may be recommended based on our 
review of final development plans. 

5.2 Earthwork 

 Earthwork should be performed in accordance with the General Earthwork and Grading 
Specifications in Appendix D and the following recommendations.  The recommendations 
contained in Appendix D are general grading specifications provided for typical grading 
projects and some of the recommendations may not be strictly applicable to this project. The 
specific recommendations contained in the text of this report supersede the general 
recommendations in Appendix D. The contract between the developer and earthwork 
contractor should be worded such that it is the responsibility of the contractor to place the fill 
properly in accordance with the recommendations of this report and the specifications in 
Appendix D, notwithstanding the testing and observation of the geotechnical consultant. 

 5.2.1 Site Preparation 

   Prior to grading, the proposed structural improvement areas (i.e. all pavements areas, 
structural buildings, etc.) of the site should be cleared of surface and subsurface 
obstructions.  Heavy vegetation and any debris present should be disposed of off site.  
Clean concrete, asphalt and masonry block may be reduced to pieces generally less 
than 12-inches in maximum dimension and placed in deeper fill areas.  These oversize 
materials should be placed in the parking areas and a minimum of 10 feet below finish 
grade or 2 feet below the deepest utility. All areas prepared to receive fill or 
improvements should be observed by a representative of Leighton prior to scarification. 
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 5.2.2 Removal and Recompaction 

 Portions of the subject development site are mantled by potentially compressible 
undocumented fill soils, topsoil, colluvium, alluvium and/or highly weathered, porous 
Pauba Formation bedrock. In general, these materials should be subject to complete 
removal and recompaction if they are subjected to additional loads.  The dense Pauba 
formation is generally suitable for support of additional fills and/or structural 
improvements provided field verified by our geotechnical engineer/ geologist. In 
addition, most areas of excavation (beyond areas of existing documented fill) where the 
planned excavation is generally less than 4 feet will require additional excavation to 
expose competent formational bedrock materials. Transition cut/fill building pads will 
require overexcavation to provide a uniform fill mat underlying footings and slabs.  For 
planning purposes, a minimum of 2 feet of properly compacted fill should underlay the 
deepest footings. In the southeastern corner of the site, the encountered alluvium 
extends to a depth of 15 feet below existing grade (Boring LB-17). The depth of 
removal can be reduced (maximum 5 feet) or further evaluated based on additional 
studies since this area is to receive additional fill (~20 feet) in accordance with current 
site plan. In areas underlain by existing compacted fill (Map Symbol Af), the existing 
ground surface should be thoroughly cross ripped a minimum of 12-inches, moisture 
conditioned as necessary and compacted to a minimum 90 percent relative compaction 
(ASTM Test Method D1557). 

After completion of the recommended removal of unsuitable soils, the approved 
surface should be scarified a minimum of 8-inches, moisture conditioned as necessary 
to near optimum and compacted prior to placing fill. 

 5.2.3 Structural Fills 

   The onsite soils are suitable for use as compacted fill, provided they are relatively 
free of organic materials and debris.  Any highly expansive materials if encountered 
should not be placed within 10 feet beneath proposed structures or surface 
improvements.  Mixing, blending and drying back of saturated alluvial soils should be 
anticipated by the earthwork contractor. 

    Areas to receive structural fill and/or other surface improvements should be prepared 
in accordance with Section 5.2.2 and scarified to minimum depth of 8 inches, brought 
to near optimum moisture content, and compacted. The optimum lift thickness to 
produce a uniformly compacted fill will depend on the type and size of compaction 
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equipment used. In general, fill should be placed in uniform lifts not exceeding 8 
inches in thickness and compacted to a minimum 90 percent relative compaction 
(ASTM Test Method D1557). Fill soils should be placed at or above the minimum 
optimum moisture content. Fills placed on slopes steeper than 5 to 1 (horizontal to 
vertical) should be keyed and benched into approved formational soils (see Appendix 
D for benching detail). Placement and compaction of fill should be performed in 
accordance with local grading ordinances under the full-time observation and testing 
of the geotechnical consultant. Oversize materials (i.e. clean concrete, reduce 
masonry block, etc.) may be placed in structural fill areas in accordance with the 
recommendations of Appendix D. 

 5.2.4 Utility Trenches 

   The onsite soils may generally be suitable as trench backfill provided they are screened 
of rocks over 6 inches in diameter and organic matter. Trench backfill should be 
compacted in uniform lifts (not exceeding 8 inches in compacted thickness) by 
mechanical means to at least 90 percent relative compaction (ASTM Test Method 
D1557). 

   Excavation of utility trenches should be performed in accordance with the project 
plans, specifications and all applicable OSHA requirements. The contractor should be 
responsible for providing the "competent person" required by OSHA standards. 
Contractors should be advised that sandy soils (such as fills generated from the onsite 
alluvium) can make excavations particularly unsafe if all safety precautions are not 
taken.  In addition, excavations at or near the toe of slopes and/or parallel to slopes may 
be highly unstable due to the increased driving force and load on the trench wall.  Spoil 
piles due to the excavation and construction equipment should be kept away from the 
sides of the trenches. 

 5.2.5 Shrinkage and Bulking 

   The volume change of excavated onsite materials upon recompaction is expected to 
vary with material type, density, insitu moisture content, location and compaction 
effort.  The in-place and compacted densities of soil materials vary and accurate 
overall determination of shrinkage and bulking cannot be made.  Therefore, we 
recommend site grading include, when possible, a balance area or ability to adjust 
import/export quantities to accommodate some variation.  Based on results of 
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laboratory testing and our experience with similar materials, the following values are 
provided as guidelines: 

    Topsoil, Alluvium, Colluvium and   5 to 10 percent shrinkage 
    Undocumented-reusable Fill 

    Pauba Formation 3 percent bulking to 5 percent shrinkage 

5.3 Slope Stability 

 Our review of the project plan indicates that fill slopes at inclinations of 2:1 (horizontal to 
vertical) or flatter with an approximate maximum height of 30 feet are proposed on site.  
The slopes were analyzed for gross stability utilizing Janbu's analysis method for earth 
slopes.  The results of our analyses indicate that the proposed cut and fill slopes are 
considered grossly stable. The strength parameters assumed in our analyses are based on our 
previous laboratory test results and our experience with similar units.  The parameters 
utilized are summarized in the following table: 

Material Unit Weight 
(pcf) 

Cohesion 
(pcf) 

Angle of 
Internal Friction 

(degrees) 
Compacted Fill 125 100 32 

Pauba Formation 125 200 32 

Properly compacted fill slopes to a maximum height of 30 feet should be surficially stable 
assuming adequate protection against erosion.  In addition, the outer 2 to 3 feet of fill slopes 
generally become less dense with time and become increasingly susceptible to erosion.  
Accordingly, since the onsite soils have a high susceptibility to erosive rilling, vegetation 
selection and ongoing maintenance are imperative to properly performing slopes. 

  To reduce erosion potential drainage should be directed away from the tops of slopes.  
Inadvertent oversteepening of slopes should be avoided during fine grading and 
construction.  Erosion and/or surficial failure potential of fill slopes may be further reduced 
by implementing the following measures during design and construction of slopes. 

• Slope Face Compaction and Finishing 

    In order for the recommended minimum of 90 percent relative compaction to be achieved 
out to the slope face, fill slopes should be overbuilt and trimmed back to expose the 
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properly compacted slope face core or periodically backrolled with increasing height of the 
fill slope with a weighted sheepsfoot compactor and track-walked with a tracked dozer or 
other equivalent proven methods. 

• Slope Landscaping 

    We recommend that all graded slopes be landscaped with drought-tolerant, slope 
stabilizing vegetation as soon as possible to minimize the potential for erosion and 
slumping.  Moisture in the slope face should be maintained relatively constant (i.e., 
prolonged drying and wetting of the slope faces should be avoided).  Burrowing activity by 
rodents and other vermin should be controlled at all times. 

5.4 Surface Drainage and Erosion 

We recommend that measures be taken to properly finish grade each building area, such that 
drainage water from the building area is directed away from building foundations (2 percent 
minimum grade on soil or sod for a distance of 5 feet). Ponding of water should not be 
permitted, and installation of roof gutters which outlet into a drainage system is considered 
prudent.  Planting areas at grades should be provided with positive drainage directed away 
from buildings. Drainage and subdrainage design for these facilities should be provided by the 
design civil engineer and/or landscape architect. 

5.5 Foundation Design 

In the absence of any building specific foundation plans, we anticipate that the site structures 
will most likely be supported on a combination of conventional interior and exterior isolated-
spread footings and continuous perimeter footings. The building foundations will be founded 
on either dense Pauba Formation or properly compacted fill. The proposed foundations and/or 
slabs should be designed in accordance with the structural consultants’ design, the minimum 
geotechnical recommendations presented herein, and applicable provisions of the current 
California Building Code (CBC).  In utilizing the minimum geotechnical foundation 
recommendations, the structural consultant should design the foundation system to acceptable 
deflection criteria for the specific structures. Foundation footings may be designed in 
accordance with the following parameters: 

  A net allowable bearing capacity of 2,000 pounds per square foot (psf), or a modulus 
of subgrade reaction of 150 pci may be used for design of footings founded entirely 
into compacted fill or dense formational materials. This allowable bearing pressure 
may be increased by 500 psf for each additional foot of embedment and/or width, to a 
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maximum vertical bearing value of 3,000 psf if founded on compacted fill and 4,000 
psf if founded on dense/approved Pauba. The footings should extend a minimum of 12 
inches below lowest adjacent grade. A minimum base width of 18 inches for 
continuous footings and a minimum bearing area of 3 square feet (1.75 ft by 1.75 ft) 
for pad foundations should be used. Pad footing should have a minimum embedment 
depth of 24 inches. Additionally, an increase of one-third may be applied when 
considering short-term live loads (e.g. seismic and wind). 

  The passive earth pressure may be computed as an equivalent fluid having a density of 
300 psf per foot of depth, to a maximum earth pressure of 3000 pounds per square foot. 
A coefficient of friction between soil and concrete of 0.35 may be used with dead load 
forces. When combining passive pressure and frictional resistance, the passive pressure 
component should be reduced by one-third. 

The footing width, depth, reinforcement, slab reinforcement, and the slab-on-grade 
thickness should be designed by the structural consultant based on and soil characteristics 
indicated herein and the most recently adopted edition of the CBC. 

5.6 Floor Slab Design 

Slab-on-grade floors utilized with conventional foundations should be designed with a 
minimum thickness as indicated by the project structural engineer consistent with a modulus 
of subgrade reaction of 300 pounds-per-square-inch per inch (pci). A slip-sheet or equivalent 
should be used if crack-sensitive floor coverings (such as ceramic tiles, etc.) are to be placed 
directly on the concrete slab-on-grade. 

It has been a standard of care to install a moisture retarder (2 inches of sand over an 
impermeable membrane over an additional 2 inches of sand) underneath all slabs where 
moisture condensation is undesirable. Moisture vapor retarders may retard but not totally 
eliminate moisture vapor movement from the underlying soils up through the slabs. 
Moisture vapor transmission may be additionally reduced by use of concrete additives. It is 
our opinion that the proposed vapor retarder system should be reviewed and approved by the 
architect or entire design team including concrete subcontractors and manufactures of floor 
coverings.  

Concrete sidewalks and other flatwork (including construction joints) should be designed by 
the project civil engineer and/or landscape engineer and should have a minimum thickness 
of 4 inches. Reinforcement of driveways, sidewalks, patios, or other concrete flatwork is 

   

   

  



 601914-002 
January 11, 2008 

- 18 - 

recommended and may consist of welded wire mesh reinforcement consisting of 6 x 6-10/10 
or No. 3 rebars at 24 inches on center (each way). Reinforcement of these concrete areas is 
suggested as a minimum reinforcement measure, along with keeping pad grade soils at an 
elevated moisture content.  Its installation, however, is referred to the owner. 

5.7 Footing Setback 

 We recommend a minimum horizontal setback distance from the face of slopes for all 
structural footings and settlement-sensitive structures (i.e. fences, walls, signs, etc.).  This 
distance is measured from the outside edge of the footing, horizontally to the slope face (or to 
the face of a retaining wall). 

Slope Height Recommended Footing Setback 

<5 feet 5 feet minimum 
5-15 feet 7 feet minimum 

>15 feet H/2, where H is the slope height, not to 
exceed 10 feet for 2:1 slopes 

 We should note that the soils within a slope setback area possess poor long term lateral 
stability, and improvements (such as retaining walls, sidewalks, fences, pavement, 
underground utilities, etc.) constructed within this setback area may be subject to lateral 
movement and/or differential settlement. 

5.8 Anticipated Settlement 

 Settlement (elastic settlement) of properly compacted fill soils or Pauba materials is expected 
to be minor and may occur due to the application of structural or embankment loads, the 
majority of which typically occurs during and slightly after construction. Based on results of 
consolidation and collapse tests, hydroconsolidation of Pauba material is considered to be 
insignificant. 

Consolidation characteristics of compacted fill and Pauba material have been considered in 
conjunction with the recommended allowable bearing capacities to evaluate settlement of 
structures.  We also have assumed that isolated column loads will be less than 150 kips and 
wall loading will be less than 4 kips per linear foot for the proposed buildings. For 
preliminary planning, total settlement should not exceed 1 inch and differential settlement 
should not exceed ½ inch within 30 feet (Angular distortion, 1/720).   
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Additional settlement evaluation should be performed when building and actual foundation 
loads are determined. 

5.9 Lateral Earth Pressures and Resistance 

 Embedded structural walls or cantilever retaining walls should be designed for lateral earth 
pressures exerted on them. The magnitude of these pressures depends on the amount of 
deformation that the wall can yield under load.  If the wall can yield enough (about 0.1 percent 
of wall height) to mobilize the full shear strength of the soil, it can be designed for "active" 
pressure.  If the wall cannot yield under the applied load, the shear strength of the soil cannot 
be mobilized and the earth pressure will be higher.  Such walls should be designed for "at rest" 
conditions.  If a structure moves toward the soils, the resulting resistance developed by the soil 
is the "passive" resistance. 

 For design purposes, the recommended equivalent fluid pressure for each case for walls 
founded above the static ground water table and backfilled with very low to low expansion 
potential soils is provided below. Determination of which condition, active or at-rest is 
appropriate for design will depend on the flexibility of the wall. The effect of any surcharge 
(dead of live load) should be added to the following lateral earth pressures.  Based on our 
investigation, the onsite soils may provide low to very low expansive potential backfill 
material.  All soils considered for wall backfill should be tested and have an expansion 
potential of less than 50 (per CBC 18-I-B).  The passive pressures provided below assume that 
the setback recommendations in Section 5.7 are adhered to and no superimposed loads, such 
as traffic, seismic, etc. are applied. If applicable, these loads should be incorporated into the 
design. 

Equivalent Fluid Weight (pcf) 
Condition Level 2:1 Slope 

Active 35 55 
At-Rest 55 65 

Passive 350 
(Maximum of 3 ksf) 200 

 All retaining wall structures should be provided with appropriate drainage and 
waterproofing.  Typical drainage design is illustrated in Figure 3. As an alternative, an 
approved drainage board system installed in accordance with the manufacturers' 
recommendations may be used. 
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 Wall backfill should be compacted by mechanical methods to at least 90 percent relative 
compaction (based on ASTM Test Method D1557).  Surcharges from adjacent structures, 
traffic, forklifts or other loads adjacent to retaining walls should be considered in the design. 

 Wall footing designs should be in accordance with the previously provided foundation 
design recommendations and reinforced in accordance with structural considerations.  Soil 
resistance developed against lateral structural movement can be obtained from the passive 
pressure value provided above.  Further, for sliding resistance, a friction coefficient of 0.35 
may be used at the concrete and soil interface.  When considering the friction resistance 
along with passive pressure, only 50 percent of the passive pressure should be considered in 
the design. These values may be increased by one-third when considering loads of short 
duration including wind or seismic loads.  The total resistance may be taken as the sum of 
the frictional and passive resistance provided that the passive portion does not exceed two-
thirds of the total resistance. The retaining wall plans and design calculations should be 
reviewed by the geotechnical consultant, prior to construction. 

5.10 Geochemical Issues 

 5.10.1   Concrete 

 Laboratory tests indicate a negligible concentration of soluble sulfates in onsite soils 
(less than 0.10 percent) for tested representative samples (Appendix C).  
Accordingly, concrete in contact with earth materials should be designed in 
accordance with Table 19-A-4 of the California Building Code (CBC, 2007) for a 
soil with a negligible sulfate concentration. 

 5.10.2   Metallic Corrosion 

 Minimum resistivity and pH tests were performed on representative soil samples 
(Moore and Taber, 1992).  Preliminary test results indicate the onsite soils possess a 
low moderate corrosion potential for buried uncoated metal conduits. It is 
recommended that a qualified corrosion engineer be consulted if corrosion sensitive 
materials are to be used. 

5.11  Preliminary Pavement Section Design 

Because of the variability of materials on site, it is not possible to know which soils will be 
placed or exposed at pavement subgrade. In order to provide the following 
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recommendations, we have visually evaluated the onsite soils and utilized R-value test 
results performed on representative samples (Appendix C).  R-Values of 20 and 30 (surface 
materials) and 45 (Pauba materials) have been selected as the basis for calculation of 
preliminary pavement sections for planning purposes.  The following pavement sections are 
provided for the interior driveways and parking areas.  Based on the selected R-values and 
assumed Traffic Indices, we provide the following preliminary sections for planning 
purposes. Pavement sections were determined using the Caltrans method for design of 
flexible pavements.  It is recommended that representative samples of actual subgrade 
materials be obtained and tested as the basis for the final pavement design.  In order to 
minimize pavement sections, selective grading may be considered to place the excavated 
materials from the Pauba formation within 18 inches of proposed subgrade for pavements 
and hardscape. 

• Standard Duty Parking Areas (Traffic Index = 5.0) 

   R-Value = 20:  3.0" AC / 7.0" AB 
R-Value = 30:  3.0" AC / 6.0" AB 

   R-Value = 45:  3.0" AC / 6.0" AB 

• Interior Traffic Lanes (Traffic Index = 6.0) 

   R-Value = 20:  4.0" AC / 9.0” AB 
R-Value = 30:  4.0" AC / 7.0" AB 

   R-Value = 45:  4.0" AC / 6.0" AB 

 Class 2 aggregate base should conform to Section 26 of the State of California, Department of 
Transportation, Standard Specifications.  Concrete pavement should be reinforced at a 
minimum with 6x6-10/10 welded-wire mesh at slab midheight.  Asphalt Concrete, Portland 
Cement Concrete, and base materials should conform to and be placed in accordance with the 
2006 Edition of the "Greenbook", Standard Specifications for Public Works Construction. 

  The upper 12 inches of subgrade soils should be moisture conditioned and compacted to at 
least 90 percent relative compaction based on ASTM Test Method D1557 prior to 
placement of road base.  The base layer should be compacted to at least 95 percent relative 
compaction as determined by ASTM Test Method D1557. 

  If pavement areas are adjacent to heavily watered landscape areas, some deterioration of the 
subgrade load bearing capacity may result.  We recommend some measures of moisture 
control (such as deepened curbs or other moisture barrier materials) be provided to prevent 
the subgrade soils from becoming saturated. 
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6.0 GEOTECHNICAL REVIEW 

Geotechnical review is of paramount importance in engineering practice. The poor performance 
of many foundation and earthwork projects have been attributed to inadequate construction 
review. We recommend that Leighton Consulting be provided the opportunity to review the 
following items. 

6.1  Plans and Specifications 

 The geotechnical engineer should review the project plans and specifications prior to release 
for bidding and construction. Such review is necessary to determine whether the 
geotechnical recommendations have been effectively implemented. Review findings should 
be reported in writing by the geotechnical engineer. 

6.2  Construction Review 

 Observation and testing should be performed by a Leighton Consulting representatives 
during construction.  It should be anticipated that the substrata exposed during construction 
may vary from that encountered in the test borings or trenches. Reasonably continuous 
construction observation and review during site grading and foundation installation allows 
for evaluation of the actual soil conditions and the ability to provide appropriate revisions 
where required during construction. 

 Site preparation, removal of unsuitable soils, approval of imported earth materials, fill 
placement, foundation installation and other site geotechnically-related operations should be 
observed and tested by representatives of Leighton Consulting. 

   

   

  



 601914-002 
January 11, 2008 

- 23 - 

 7.0  Limitations 

This report was prepared for Golden Triangle Development, LLC, based on Golden Triangle 
Development, LLC’s needs, directions and requirements at the time. 

This report was necessarily based in part upon data obtained from a limited number of 
observances, site visits, soil and/or samples, tests, analyses, histories of occurrences, spaced 
subsurface explorations and limited information on historical events and observations.  Such 
information is necessarily incomplete. The nature of many sites is such that differing 
characteristics can be experienced within small distances and under various climatic conditions.  
Changes in subsurface conditions can and do occur over time. This investigation was performed 
with the understanding that the subject site is proposed for commercial development. The client 
is referred to the attached information provided by the Associated Soil and Foundation Engineers 
(ASFE) on geotechnical engineering studies and reports and their applicability. 

This report is not authorized for use by, and is not to be relied upon by any party except, Golden 
Triangle Development, LLC, its successors and assigns as owner of the property, with whom 
Leighton Consulting has contracted for the work.  Use of or reliance on this report by any other 
party is at that party's risk.  Unauthorized use of or reliance on this Report constitutes an 
agreement to defend and indemnify Leighton Consulting, Inc. from and against any liability 
which may arise as a result of such use or reliance, regardless of any fault, negligence, or strict 
liability of Leighton Consulting, Inc. 
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June 29, 2012 
 Proposal No.  603483-001 
Domenigoni-Barton Properties 
31851 Winchester Road 
Winchester, California 92596 
 
Attention: Mr. Andy Domenigoni  
 
Subject: Geotechnical Feasibility Report   

Proposed Below Grade Parking Structures  
The Triangle Commercial Development 
Murrieta, California 

 
In accordance with your request, this report is to provide a geotechnical opinion 
regarding the feasibility of constructing the proposed parking structures at the subject 
site.  In preparation of this report, we have reviewed our “Preliminary Geotechnical 
Report” for this site dated January 11, 2008 and the provided Overall Site Plan – Level 
One prepared by SGPA Architecture.  

P R O J E C T  A N D  S I T E  D E S C R I P T I O N  

We understand that multi-level parking structures/garages are proposed along both the 
east and west sides of the site fronting I-215 and I-15, respectively.  We further 
understand the easterly (I-215) structures lowest level could be founded at 12 to 15 feet 
below existing ground surface (i.e. subterranean floors).     
 
Based on our previous site investigations and geotechnical observations performed 
during past site grading, the subject property is entirely underlain by the Pauba 
Formation with alluvial materials locally within the natural drainages of the site.  Past 
artificial fill materials are also mapped within portions of the site.  The majority of these 
materials have been placed under the observation and testing services of Leighton.  
 
The east side of the site where the proposed subterranean structures are planned is 
underlain alluvial deposits and/or dense Pauba formation.  The alluvial deposits are 
relatively loose to medium dense and extend to a maximum depth of 15 feet below 
ground surface along the existing drainage channel.    
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This site, like the rest of Southern California, is located within a seismically active region 
as a result of being located near the active margin between the North American and 
Pacific tectonic plates.  However, the site is not included within any Earthquake Fault 
Zones as created by the Alquist-Priolo Earthquake Fault Zoning Act nor is it in any 
Riverside County delineated special studies fault zones.   

G E O T E C H N I C A L  O P I N I O N  

Based on the above, it is our opinion that the design and construction of the proposed 
parking structures on this site is feasible from a geotechnical perspective.  Deep 
foundation type (piles) may be required to support certain structures depending on 
required bearing pressures or allowable differential settlement criteria.  In addition, due 
to existing natural drainage within the south side of the site, water proofing measures 
along with installation of underground sumps may be needed to prevent seepage or 
moisture in the subterranean levels during rainy seasons or depending on final site 
drainage design.  

C L O S U R E  

We appreciate the opportunity to be of continued service on this project.  If you have 
any questions, please call us at your convenience.   
 
Respectfully submitted, 
LEIGHTON CONSULTING, INC. 
 

 
 
 
Simon I. Saiid, PE, GE 
Principle Engineer 

 Robert F. Riha, CEG 
Senior Principal Geologist 

 
Distribution:  (1) Addressee 




