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FOUNDATION REPORT 

1. INTRODUCTION 

This Foundation Report (FR) was prepared for the proposed widening of the existing Friars Road 
Overcrossing (OC) at State Route (SR) 163 in the City of San Diego, California. The approximate 
site location is depicted on the Vicinity Map, Figure 1. This FR is based on subsurface exploration 
and laboratory tests performed by Southern California Soil and Testing (SCS&T), Inc. The purpose 
of the investigation was to evaluate general subsurface geologic and geotechnical conditions along 
the proposed OC widening and to provide geotechnical recommendations for use in preparing project 
plans and specifications. 

The recommendations presented herein are based on our review of the subsurface and laboratory data 
obtained by SCS&T, engineering analyses, and our experience with similar soil and geologic 
conditions. The logs of test boring (LOTB) sheets in Caltrans format, as-built plans and LOTB sheets, 
laboratory test results, and analyses and calculations are presented as Appendices A, B, C, and D, 
respectively.  

2. SCOPE OF SERVICES 

We performed the following scope of services:  

• Reviewed published geologic maps, aerial photographs, as-built plans, project plans, in-house 
documents, and other literature pertaining to the site to aid in evaluating geologic conditions 
and hazards that may be present. 

• Reviewed as-built plans for Friars Road OC prepared by California Department of 
Transportation, dated December 2, 1968. 

• Reviewed as-built plans for Friars Road OC Earthquake Retrofit Project No. 272 prepared by 
the California Department of Transportation, dated December 9, 1997. 

• Reviewed as-built LOTB sheet for Friars Road OC prepared by California Department of 
Transportation, dated December 2, 1968. 

• Reviewed the Geotechnical Design Report for SR 163/Friars Road Interchange Modification 
Project performed by SCS&T. 

• Reviewed the Structure Foundation Investigation for Friars Road at SR 163 Interchange 
Project (Bridge No. 57-0595) prepared by SCS&T. 

• Reviewed the project plans prepared by T. Y. Lin International for the Friars Road OC 
Widening project. 

• Reviewed subsurface data and laboratory test results performed by SCS&T. 
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• Performed engineering analyses to evaluate liquefaction potential, seismic design criteria, 
and foundation design criteria. 

• Prepared this FR in general accordance with Caltrans’ Foundation Report Preparation for 
Bridge Foundations, December 2009. 

SCS&T prepared a Structure Foundation Investigation for the project (Friars Road Overcrossing 
[Widen]) dated July 2009. This FR supersedes the Structure Foundation Investigation for the project.  

3. PROJECT DESCRIPTION 

3.1 Background and Site Description 

The project site is located approximately ½ mile north of Interstate 8 on the SR 163 corridor in the 
City of San Diego, California. The approximate site coordinates are 32.771560° (latitude) 
and -117.161362° (longitude).  

The proposed improvements are part of the Friars Road and SR 163 Interchange Improvements 
project. The Vicinity Map, Figure 1, shows the approximate location of the site with respect to 
surrounding improvements. Based on the current plans and project information, the existing OC 
structure will be widened. 

3.2 Existing Structures 

The SR 163 corridor is oriented in a north-south direction and Friars Road crosses over SR 163 in an 
east-west direction. At the existing OC structure, SR 163 is comprised of a divided highway with four 
northbound (NB) lanes and four southbound (SB) lanes. Based on the as-built plans, the existing 
Friars Road OC (Bridge No. 57-0595) is a two span, cast-in-place concrete box girder structure 
supported on four column bents and seat type abutments and intersects SR 163 at an approximate 
skew angle of 35°20’24”. The bridge was constructed in 1970 and seismically retrofitted in 1996. The 
existing OC structure extends 390 feet from approximately Station (Sta.) 17+52 to approximately Sta. 
21+42 along the original Friars Road centerline (‘F’ Line). The OC is approximately 114 feet wide 
and accommodates three 12-foot lanes, a 5-foot-wide outside shoulder in each direction, a 4-foot-
wide sidewalk along the eastbound (EB) direction with metal railing, and a slightly raised concrete 
median with varying widths. The existing Abutments 1 and 3 are supported on a combination of 
vertical and battered driven steel H-piles (HP 10x57) with average pile tip elevations of 19.8 feet and 
14.4 feet above mean sea level (MSL), respectively. The existing bent is supported on driven steel H-
piles (HP 10x57) with an average pile tip elevation of 15.1 feet above MSL. However, the subsequent 
seismic retrofit consisted of increasing the size of the pile caps at Bent 2 and installing higher 
capacity 75-ton driven steel HP 10x57 piles with a specified tip elevation of 10 feet MSL. No other 
support locations were modified as part of the seismic retrofit. 
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All elevations used in this report are based on the current project plans that refer to the current 
datum of NAD83 and NAVD88. We understand that the as-built plans of this project were based on 
the original datum of NGVD29. According to conversations with Dokken Engineering, a vertical 
transformation of +2.10 feet should be applied to convert the original datum (NGVD29) of these as-
built plans to the current datum (NAD83 and NAVD88).  

3.3 Proposed Structure 

Information regarding the proposed structure are based on the Project Plans for 65% Unchecked 
Details on Friars Road OC (Widen) prepared by T. Y. Lin International, dated March 2012, and 
subsequent communications. We understand the project consists of widening the existing OC 
approximately 12½ feet on the south side (eastbound direction) and 28½ feet on the north side 
(westbound direction) to accommodate four lanes in each direction with an approximate total width 
of 155 feet. The proposed OC widening will match the existing bridge at approximately 390 feet long 
from approximately Station (Sta.) 63+62 to approximately Sta. 67+51 along the new Friars Road 
centerline (‘FR’ Line). The proposed Friars Road OC (widening portions) will be supported by two 
abutments with associated wingwalls and one interior bent located in line with the existing structure 
supports. The widened abutments will be supported on Class 140 driven steel H-piles (HP 10x57) 
similar to the existing abutment foundations while the bent will be supported on 9-foot-diameter cast-
in-drilled-hole (CIDH) piles.  

Two proposed abutment walls (West Ground Anchor Wall and East Ground Anchor Wall) consisting 
of a combination of tieback walls and Caltrans Standard Plan Type 1 walls will be located in front of 
the abutments in order to accommodate the widening of SR 163 underneath the Friars Road OC. 
Geotechnical design recommendations for the proposed ground anchor walls will be provided in 
separate reports submitted under separate cover. 

3.4 Pertinent Project Information 

We reviewed the following documents related to the project:  

1. California Department of Transportation, As-built plans, Friars Road Overcrossing, dated 
December 2, 1968.  

2. California Department of Transportation, As-built Log of Test Borings (LOTBs), Friars Road 
Overcrossing, dated December 2, 1968.  

3. Geocon Incorporated, Preliminary Recommendation Letter, SR 163/ Friars Road Interchange 
Project, San Diego, California, dated September 27, 2012 (Geocon Project No. G1447-52-01). 

4. Geocon Incorporated, Foundation Report, Friars Road / State Route 163 Interchange 
Project, Friars Road Overcrossing (Widen), (Bridge No. 57-0595), 11-SD-163-PM 3.8/5.5, 
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EA 11225-085781, San Diego, California, dated November 30, 2012 (Geocon Project No. 
G1447-52-01). 

5. Geocon Incorporated, Foundation Report-Memorandum No. 1, Friars Road / State Route 163 
Interchange Project, Friars Road Overcrossing (Widen), (Bridge No. 57-0595), 11-SD-163-
PM 4.4, Contract No. 11-085781, San Diego, California, dated January 14, 2014 (Geocon 
Project No. G1447-52-01). 

6. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Geotechnical Design 
Report, SR 163/Friars Road Interchange Modification PM 3.8-5.8, dated July 23, 2012. 

7. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Geotechnical Design 
Report, SR 163/Friars Road Interchange Modification PM 3.8-5.8, Log of Test Borings 
(LOTBs) Sheets 1, 2, 3, 4, and 14 of 19  ,dated July 23, 2012. 

8. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Friars Road at SR 163, 
Log of Test Borings (LOTBs) Sheet 1 of 1, dated 2012. 

9. Southern California Soil & Testing, Inc. (SCS&T No. 0911163), Preliminary Foundation 
Report, Friars Road at SR163 Interchange, East Tieback Wall Number 2, 11-SD-163-6.2/9.3 
(3.8/5.8), EA No. 11-085780, San Diego, California, dated May 12, 2010. 

10. Southern California Soil & Testing, Inc. (SCS&T No. 0911163), Preliminary Foundation 
Report, Friars Road at SR163 Interchange, West Tieback Wall Number 1, 11-SD-163-6.2/9.3 
(3.8/5.8), EA No. 11-085780, San Diego, California, dated May 12, 2010. 

11. Southern California Soil & Testing, Inc. (SCS&T No. 0311116), Structure Foundation 
Investigation, Friars Road at SR163 Interchange, Bridge No. 57-595, 11-SD-163-RO69-84, 
EA No. 11-085780, San Diego, California ,dated July 9, 2009. 

12. Southern California Soil and Testing, Inc., Structure Foundation Investigation, Friars Road 
at SR 163 Interchange (Bridge No. 57-0595), dated July 9, 2009. 

4. EXCEPTIONS TO POLICY 

Unless otherwise stated in the report, this report was prepared in general conformance with Caltrans’ 
current policy. 

5. FIELD INVESTIGATION AND TESTING PROGRAM 

The field investigation for this FR was performed by SCS&T on October 8 and 9, 2003 (Borings A-
03-002 and A-03-003) and May 18 (Boring A-12-044), October 3 (Boring A-12-053), and 5 
(Boring A-12-054), 2012. These exploratory borings were drilled by SCS&T along the proposed 
Friars Road OC widening alignment and associated improvements as depicted on the Site Plan, 
Figure 2. Table 5 is a summary of the field investigation information including approximate boring 
locations, surface elevations, and boring depths. 
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TABLE 5 
SUMMARY OF BORINGS 

Boring No. 
Approximate Boring Location 

Boring 
Depth (feet) Location in 

Structure 
Station No. / 
Alignment Offset (feet) Elevation (feet) 

A-03-002 Bent 2 244+60 
‘FR’ Line 0R 47.5 35.0 

A-03-003 Abut 3  447+20 
‘FR’ Line 185R 59.0 60.0 

A-12-044 Abut 3 245+12 
‘SR 163’ Line 176R 76.0 70.0 

A-12-053 Bent 2 243+00 
‘SR 163’ Line 4L 43.0 100.0 

A-12-054 Abut 1 244+00 
‘SR 163’ Line 200L 57.0 125.0 

 

Five exploratory borings (A-03-002, A-03-003, A-12-044, A-12-053, and A-12-054) were performed 
by SCS&T to approximate depths of up to 125 feet using a mobile drill rig equipped with 8-inch-
diameter, hollow-stem augers.  

In-situ testing and sampling during drilling were performed in general conformance with current 
Caltrans’ Soil and Rock Logging, Classification and Presentation Manual (2010 Edition). Soil 
samples were collected from near the ground surface and at approximately 2½- to 5-foot intervals to 
the total depths explored. Relatively undisturbed samples  were obtained by driving a 3-inch outside-
diameter (OD), 2.5-inch inside-diameter (ID) split-spoon sampler (Modified California sampler) into 
the "undisturbed" soil mass with blows from a 140-pound hammer (auto) falling 30 inches. The 
sampler was equipped with 6-inch-long by 2½-inch-diameter brass sample tubes to facilitate sample 
removal and laboratory testing. SPTs were performed by driving a 2-inch OD and a 1.4-inch ID split-
spoon SPT sampler 18 inches in general accordance with ASTM D1586. The number of blows 
required to drive the samplers (blow counts) the last 12 inches of the 18-inch sample drive (or portion 
thereof) are reported on the LOTB sheets prepared by SCS&T (in Caltrans format), which are 
included in Appendix A.  

6. LABORATORY TESTING PROGRAM 

SCS&T performed laboratory tests on samples from borings (A-03-002, A-03-003, A-12-044, A-12-
053, and A-12-054) in general conformance with California Test Methods (CTM) and generally 
accepted test methods of the American Society for Testing and Materials (ASTM). Pertinent  
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laboratory test results from these borings are presented and were used in design purposes within this 
FR. SCS&T performed the following laboratory tests: 

• In-place dry density and moisture content:  ASTM D2937 (CTM 226) 
• Grain Size Distribution/Percent Passing No. 200 Sieve:  ASTM D422 
• pH and Resistivity:  CTM 643 
• Sulfate Content:  CTM 417 
• Chloride Content:  CTM 422 
• Consolidation:  ASTM D2435 
• Direct Shear:  ASTM D3080 

In-place dry density and moisture content laboratory test results are shown on the LOTBs presented 
in Appendix A. All other laboratory test results are presented in Appendix C of this report.  

7. SITE GEOLOGY AND SUBSURFACE CONDITIONS 

7.1 Topography and Geology 

Private and commercial properties occupy the area surrounding the Friars Road/SR 163 Interchange. 
The general topography of the project location is relatively flat with a gentle slope descending from 
the northwest to the southeast. Based on previous analyses performed by SCS&T (Geotechnical 
Design Report, July 2009), it was stated that an existing cut slope comprised of formational material 
commonly identified as Stadium Conglomerate is located northwest of the existing OC. The slope 
ranges between about 30 feet and 100 feet in height at inclinations of between about 1:1 
(horizontal:vertical) and 1½:1 (horizontal:vertical). At the location of Friars Road/ SR 163 
Interchange, embankments for Friars Road and the interchange ramps are raised above the 
surrounding area where runoff flows into the existing drainage systems. The existing drainage 
systems include swales, drainage inlets, and storm drains that collect offsite and surface runoff. Most 
of the existing drainage systems at the project site eventually discharge into the San Diego River, 
which is located near the southern portion of the project. The San Diego River flows from east to 
west.  

A Regional Geologic Map is presented as Figure 3. The site is located in the Coastal Plains 
physiographic province of San Diego County and is underlain by the Tertiary Friars Formation (Tf), 
Tertiary Stadium Conglomerate (Tst), Quaternary very old paralic deposits (Qvop), alluvium (Qal), and 
artificial fill (Qaf) as mapped by Kennedy and Tan (2008). The approximate distribution of these 
materials at the proposed OC widening, as presented as Figure 4 (Geologic Cross-Section A-A’), is 
based on SCS&T’s surface investigation, LOTBs, and our review of the local geologic and topographic 
maps.  
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Existing fill associated with the approach embankments are located on the east and west portions of the 
site. The thickness of the fill is estimated to be up to approximately 30 feet. Very old paralic deposits 
cap the mesas/hillsides in the northwestern portion of the project. These deposits consist of well-
cemented, poorly sorted, cobble in siltstone and sandstone matrices. We expect that cobbles up to 
12 inches in diameter exist within the very old paralic deposits. Quaternary alluvium associated with the 
San Diego River plain (Mission Valley) and the tributary drainage canyons that connect with the river 
plain underlie most of the site. The thickness of the alluvium is anticipated to exceed 80 feet toward the 
southern portion of the site and decreases near the hillsides. The alluvium consists of interbedded layers 
of sand, gravel, cobble, and clay. We expect that cobbles up to 12 inches in diameter also exist within 
the Quaternary alluvium. The Stadium Conglomerate is the primary bedrock unit underlying the very 
old paralic deposits in the north and alluvial deposits in the southern portion of the project. The 
conglomerate is exposed in cut slopes on the site. The Stadium Conglomerate is comprised of sandy 
cobble with cross-bedded lenses of medium to coarse sandstone. Boulders up to approximately 
24 inches in diameter typically occur within the Stadium Conglomerate. Locally, the Stadium 
Conglomerate is moderately to well-cemented. The Friars Formation underlies the Stadium 
Conglomerate within the San Diego River Plain. The Friars Formation is comprised of non-marine and 
lagoonal sandstone interbedded with layers of siltstone and claystone. The Friars Formation contains 
zones of varying degrees of cementation. The Stadium Conglomerate and Friars Formation were not 
observed to outcrop on the site. 

7.2 Types of Soil and Rock 

Based on the results of the previous investigation performed by SCS&T, the study area is generally 
underlain by fill and alluvium overlying Stadium Conglomerate and Friars Formation. The LOTBs 
from SCS&T are in general agreement of the types of soil material encountered at the study area. The 
fill material generally consists of medium dense to very dense silty gravel, poorly-graded gravel, 
clayey sand, and silty sand with varying amounts of silt, sand, and cobbles. The alluvial soils 
generally consist of medium dense to very dense clayey sand, poorly-graded sand, clayey gravel, and 
silty sand with varying amounts of gravel and sand as well as stiff sandy lean clay overlying stadium 
conglomerate (sedimentary rock conglomerate) and friars formation (sedimentary rock sandstone and 
claystone).  

Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009), it was 
stated that well-cemented zones should be expected within the formational materials. Flowing sands, 
cobbles, and boulders should be expected during foundation drilling. Construction considerations for 
the following materials are further described in Section 14 of this report. 
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7.2.1 Previously Placed Fill and Alluvium 

Onsite fill soils were likely placed over existing alluvium during the original construction of the 
approach embankments for the interchange. The previously placed fill was encountered in all borings 
(Borings A-03-002, A-03-003, A-12-044, A-12-053, and A-12-054) from the ground surface 
(approximate Elevations +43 to +76 feet MSL) to approximately 30 feet below ground surface 
(approximate Elevations +17 to +50.5 feet MSL). Alluvium was encountered in borings (Borings A-
03-003, A-12-044, and A-12-053) from below the previously placed fill (approximate Elevations +17 
to +50.5 feet MSL) to approximately 41 to 68 feet below ground surface (approximate Elevations -4 
to +18 feet MSL). All borings were drilled at the existing Friars Road OC and near the existing 
embankments of the SR 163 NB loop off-ramp and SB loop on-ramp. The fill and alluvium consists 
primarily of tan to brown, medium dense to very dense, silty gravel, poorly-graded gravel, clayey 
sand, silty sand, poorly-graded sand, and clayey gravel with varying amounts of silt, sand, gravel, and 
cobbles as well as stiff sandy lean clay. We expect that cobbles up to 12 inches in diameter exist within 
the fill and alluvium material. 

Previously placed fill is primarily located within the proposed abutment widening areas. Foundations 
for the new abutment widening will consist of driven steel H-piles that will extend through the 
existing fill (where present) and bear within the underlying alluvium and sedimentary bedrock 
(Stadium Conglomerate and Friars Formation). Therefore, extensive removals of existing fill are not 
considered necessary to provide suitable foundation support. The alluvium and underlying 
formational material are considered suitable for support of the proposed OC widening structure and 
associated wingwalls.  

7.2.2 Stadium Conglomerate (Tst) and Friars Formation (Tf)  

Stadium Conglomerate and Friars Formation consist of sedimentary rock and was encountered in 
borings conducted by SCS&T as underlying the fill/alluvial deposits. Stadium Conglomerate was 
encountered in borings (A-03-002, A-03-003, A-12-044, A-12-053, and A-12-054) from beneath the 
previously placed fill/alluvial deposits from approximately 14 to 68 feet below ground surface 
(approximate Elevations -4 to +43 feet MSL) to approximately 35 to 74 feet below ground surface 
(approximate Elevations -17 to +12.5 feet MSL) . Although boulders were not indicated on the 
LOTBs, boulders up to approximately 24 inches in diameter typically occur within the Stadium 
Conglomerate and should be anticipated. Friars Formation was encountered in borings (A-12-053 and 
A-12-054) underlying the Stadium Conglomerate from approximately 58 to 74 feet below ground 
surface (approximate Elevations -15 to -17 feet MSL) to maximum explored depths ranging from 
approximately 100 to 125 feet below ground surface (approximate Elevations -57 to -68 feet MSL).  

The Stadium Conglomerate encountered in the borings consists primarily of massive cobble 
conglomerate and fine-grained massive sandstone. The Friars Formation encountered consists 
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primarily of fine-grained massive sandstone and massive claystone. These formations generally 
exhibit good bearing characteristics for support of the proposed OC widening. However, due to the 
encountered depth to rock of approximately 25 to 68 feet below ground surface at the proposed 
widening structure support locations, deep foundations will be required in order to provide adequate 
structural support into formational materials. 

7.3 Pertinent Soil Conditions or Geologic Hazards 

The following sections discuss other potential geologic hazards evaluated for the project including 
landslides, embankment failures, ground subsidence, expansive soils, and collapsible soils.  

7.3.1 Landslides 

Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009) and the 
review of the Landslide Hazard Identification Map No. 33 (1995), the project site is located in 
Landslide Hazard Areas 1, 2, and Subarea 3-1. Area 1 is classified as Least Susceptible to slope 
instability. Landslides and other features related to slope instability are non-existent to very rare 
within this area due primarily to lack of steep slopes. Land within Area 1 will probably remain 
relatively stable unless the topography is radically modified. Area 2 is classified as Marginally 
Susceptible to slope instability. Area 2 includes gentle to moderate slopes, where slope angles are 
generally less than 15 degrees. This area includes low-lying bottoms of broad valleys and basins and 
large elevated surfaces of Pleistocene terrace deposits. Landslides and other slope failures are rare 
within this area, although slope hazards are possible on some steeper slopes within the area or along 
its borders. Subarea 3-1 is classified as Generally Susceptible to slope instability and may contain 
slopes that are at or near their stability limits due to a combination of weak materials and steep 
slopes. Although most slopes within Area 3-1 do not currently contain landslide deposits, they can be 
expected to fail, locally, when adversely modified. 

No indications of gross, deep-seated, slope failures were noted during SCS&T’s geotechnical 
investigations. The materials comprising the Stadium Conglomerate typically have relatively high 
shear strengths and are not known to have a potential for deep-seated, gross, slope failure. Thus, the 
potential for gross, deep-seated, slope failures to affect the proposed OC widening is considered low. 
However, shallow surficial failures where soil, gravel, and cobble erode from the faces of steep, 
sparsely vegetated slopes are quite common. The Landslide Hazards Map is presented as Figure 5. 

7.3.2 Embankment Failures 

No embankment failures were observed during the investigations performed by SCS&T.  
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7.3.3 Ground Subsidence 

Ground subsidence occurs where underlying loose geologic units undergo a densification process. 
Subsidence can result from the extraction of mineral resources and/or groundwater, as well as the 
rapid settlement induced by seismic activity. The potential for ground subsidence is considered low at 
the site.  

7.3.4 Expansive Soils 

Expansive soils possess a high swelling or shrinking potential due to change in moisture content. The 
common materials associated with high expansion potential are clays. The majority of the onsite soil 
is medium- to coarse-grained with varying amounts of fines, gravels, and cobbles and are identified 
as relatively no to low plasticity. Proposed foundations will be supported below a depth where 
significant moisture variation is expected. Thus, the potential for expansive soils to affect the 
proposed foundations is considered low.  

7.3.5 Collapsible Soils 

Collapsible soils are unsaturated soils that undergo a large volume change upon saturation, even 
without increase in external loads. Soils that generally display collapsible potential are porous and 
have a low dry density. Generally no porous or honeycomb structure was reported previously. 
Surficial soils described as loose will be removed and recompacted as outlined in the 
recommendations of this report. Thus, the potential for collapsible soils onsite is considered low. 

7.4 Depth to Bedrock 

The depth to rock-like materials (Stadium Conglomerate and Friars Formation) varies from 
approximately 14 to 63 feet as illustrated on the LOTB sheets as shown in Appendix A. 

7.5 Groundwater 

Groundwater was observed in each of the borings at approximate elevations ranging from 18 to 
29 feet MSL (approximately 17.5 to 58 feet below ground surface) during SCS&T’s investigation. 
The As-Built LOTB shows groundwater at approximate elevations of 34 and 39 feet MSL. We expect 
the groundwater to be near the water levels mentioned in the borings at the approximate proposed 
locations of the bridge and associated wingwalls. The presence of groundwater should be considered 
and incorporated into the design and construction of proposed foundations. 

Fluctuations in the level of groundwater may occur due to variations in rainfall, temperature, and 
other factors. Depth to groundwater can also vary significantly due to localized pumping, irrigation 
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practices, and seasonal fluctuations. Therefore, it is possible that groundwater may be higher or lower 
than the levels observed during our investigation. 

8. SCOUR EVALUATION 

The site is not located in the vicinity of flowing channels or any large bodies of water, so scour is not 
expected to affect the proposed improvements. 

9. CORROSION EVALUATION 

Corrosion parameter testing was performed by SCS&T on seven samples obtained from Borings A-
03-002, A-03-003, and A-12-044, which were selected at random to represent surficial onsite soil for 
the proposed Friars Road OC widening project.  

According to Caltrans’ Corrosion Guidelines (Version 1.0, September 2003), a site is considered 
corrosive to foundation elements if chloride concentration is greater than 0.05 percent (%), or sulfate 
concentration greater than 0.2%, or the potential of hydrogen (pH) is 5.5 or less. Resistivity, pH, 
chlorides content, and soluble-sulfate content tests were performed on one sample selected at random 
to generally evaluate the corrosion potential to subsurface structures. These tests were performed in 
accordance with CTM. 643, CTM 417, and CTM 422. The results are summarized in Table 9, which 
indicates that the site need not be considered a corrosive environment in accordance with Caltrans 
criteria. The results are presented in Appendix C and should be considered for design of underground 
structures. 

TABLE 9 
SOIL CORROSION TEST SUMMARY 

Boring No. / 
Sample No. 

Sample  
Depth (feet) 

Resistivity 
(ohm centimeters) pH Chloride 

Content (%) 
Sulfate 

Content (%) 

A-03-002/1-3.5 1 to 3.5 1,870 8.7 0.001 0.007 
A-03-002/12.5 12.5 - 9 - 0.001 

A-03-002/26-28 26 to 28 935 8.4 0.015 0.017 
A-03-003/1-3.5 1 to 3.5 2,204 8.1 0.007 0.008 
A-03-003/32-34 32 to 34 1,336 7.1 0.006 0.025 

A-03-003/45 45 - 7.1 0.023 0.016 
A-12-044/1-5 1 to 5 1,750 9.2 0.002 0.003 

Note:   (-) Represents negligible exposure. 

Proposed improvements in contact with the ground should be designed and constructed in accordance 
with Caltrans’ Standard Specifications and good construction practices. Geocon does not practice in 
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the field of corrosion engineering. If corrosion sensitive improvements are planned, we recommend 
that further evaluations by a corrosion engineer be performed to incorporate the necessary precautions 
to avoid premature corrosion on corrosion sensitive structures in direct contact with the soils. 

10. SEISMIC RECOMMENDATIONS 

10.1 Faulting 

Much of Southern California, including the San Diego County area, is characterized by a series of 
Quaternary fault zones that typically consist of several individual en echelon faults generally striking 
in a northerly to northwesterly direction. Some of these fault zones (and the individual faults within 
the zone) are classified as active while others are classified as potentially active according to the 
criteria of the California Geologic Survey. Active fault zones are those that have shown conclusive 
evidence of faulting during the Holocene Epoch (the most recent 11,000 years). Potentially active 
faults have demonstrated movement during the Pleistocene Epoch (11,000 to 1.6 million years before 
the present), but no movement during Holocene time. 

The fault most likely to have a significant impact on the site is the Newport-Inglewood-Rose Canyon 
fault (San Diego Section) located approximately 3.5 km southwest of the site. 

10.2 Seismic Ground Motion and Design Response Spectrum 

Design seismic recommendations including seismic ground motion of the site and the design 
response spectrum for the bridge widening were developed in accordance with Caltrans’ 2009 
Seismic Design Procedure. This procedure is based on current Caltrans’ Seismic Design Criteria 
(Appendix B), Deterministic PGA Map, ARS Online Report, Geotechnical Services Design Manual, 
and USGS probabilistic seismic hazard analysis and tools. Site-specific information used in the 
procedure included the latitude of 32.771560° and the longitude of -117.161362°. 

Based on Caltrans’ web-based ARS Online application (V1.0.4) and associated reports, the site is 
located approximately 3.5 kilometers (km) northeast of Newport-Inglewood-Rose Canyon fault zone, 
San Diego section (Caltrans Fault ID 224). A portion of the 2007 Deterministic PGA Map showing 
the site and nearby regional faults is presented as Figure 6, Regional Fault Map. Key information for 
the fault is summarized in Table 10. 
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TABLE 10 
FAULT INFORMATION 

Fault Name Newport-Inglewood-Rose Canyon (San Diego Section) 

Fault ID# 224 

MMax 7.5 

Fault Type RLSS 

Fault Dip 90° 

Dip Direction Vertical 

Top of Rupture 0 km 

Bottom of Rupture 13 km 

RRUP 3.5 km 

Z1.0 191 m & 241 m* 

Z2.5 2.0 km 

*Z1.0 of 191 m for Vs30 of 420 m/sec, 241 m for Vs30 of 380 m/sec.  

The site is not located within a deep sedimentary basin in accordance with Caltrans’ 2009 Seismic 
Design Procedure. Based on the currently available project plans and LOTB sheets prepared by T. Y. 
Lin International and SCS&T, respectively, the site is underlain by fill soils and/or alluvial soils over 
sedimentary formational materials (Stadium Conglomerate and Friars Formation). A shear wave 
velocity in the upper 30 meters (Vs30) of approximately 380 meters  per second (m/sec) is considered 
appropriate for the soil profile at Bent 2 and Abutment 3 locations. For the soil Profile at Abutment 1 
location, a Vs30 of approximately 420 m/sec is considered appropriate. 

Both the deterministic and probabilistic response spectrums of the site were estimated using Caltrans’ 
Deterministic Response Spectrum Spreadsheet, Probabilistic Response Spectrum Spreadsheet (after 
USGS), 2008 USGS National Seismic Hazard Map, and the ARS Online web tools. The design 
response spectrum is the upper envelope of the spectral values of deterministic response spectrum and 
the probabilistic response spectrum, as well as the upper envelop of the results for Vs30 of 380 m/sec 
and 420 m/sec in this case. The peak horizontal ground acceleration at the site is estimated as 0.48g. 
The recommended design response spectrum is shown on the Recommended Design Response 
Spectrum, Figure 7. The seismic analyses and calculations are presented in Appendix D. 

10.3 Liquefaction 

Liquefaction is a phenomenon in which loose, saturated, and relatively cohesionless soil deposits 
located beneath the groundwater table lose strength during strong ground motions. Primary factors 
controlling liquefaction include intensity and duration of ground accelerations, characteristics of the 
subsurface soil, in-situ stress conditions, and depth to groundwater.  



 

Geocon Project No. G1447-52-01 - 14 - November 30, 2012 
  Revised January 16, 2014 

Based on the City of San Diego Seismic Safety Map (2008) as shown on Figure 8, the proposed OC 
widening and associated wingwalls is located in Geologic Hazard Category 32. Hazard Category 32 
represents areas with a low potential for liquefaction underlain by fluctuating groundwater with 
minor drainages. Based on the LOTBs prepared by SCS&T, the soil material at the site generally 
consisted of loose to very dense sands, clayey sands, silty sands, gravels, silty and clayey gravels, and 
stiff lean clay overlying moderately hard sedimentary bedrock (Stadium Conglomerate and Friars 
Formation). The loose clayey sand layer (approximately 7 feet thick) was only identified in Boring A-
03-002 at approximately 6 feet below ground surface with no groundwater present until 
approximately 20 feet below ground surface. Groundwater in the other borings (A-03-003, A-12-044, 
A-12-053, and A-12-054) was encountered in dense to very dense clayey sand, silty sand, stiff sandy 
lean clay, and moderately hard sedimentary rock (Stadium Conglomerate).  

We evaluated the potential for liquefaction at the site using methodology of Youd, et al. (2001), in 
general accordance with California Geologic Survey (CGS) Special Publication 117A (CGS, 2008). 
In accordance with Caltrans guidelines, we used the Maximum Credible Earthquake (MCE) 
Moment Magnitude of 7.5 and Peak Bedrock Acceleration (PBA) of 0.48g in our analysis. Based 
on the results of our analysis, the potential for liquefaction and associated impacts at the site is 
considered low. 

10.4 Seismic-induced Settlement 

As a result of strong ground motions, seismic-induced settlement may be expected in areas underlain 
by liquefiable soils, unconsolidated alluvial deposits, and/or loose granular soils. The potential for 
seismic-induced settlement at the site is considered very low due to the presence of primarily medium 
dense to very dense fill/alluvium over sedimentary bedrock (Stadium Conglomerate and Friars 
Formation) and the lack of liquefiable soil.  

10.5 Tsunami 

Tsunamis are large sea waves caused by submarine earthquakes, landslides, or volcanic eruptions. 
The potential of tsunamis to occur at the site is considered to be very low due to the relatively large 
distance from the coastline to the site. 

10.6 Slope Stability 

Planned earthwork will include fill slopes along portions of the approach embankments. Assuming 
that fill materials meet Caltrans’ specifications for structure backfill, 2H:1V (horizontal to vertical) 
fill slopes should have an adequate factor of safety against deep-seated and shallow failures under 
static and seismic loading. 
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11. AS-BUILT FOUNDATION DATA 

The existing Friars Road OC is a two span, cast-in-place concrete box girder structure supported on 
four column bents and seat type abutments. The abutments and bents are supported by driven steel H-
piles (HP 10x57).  

The existing OC extends approximately 390 linear feet with a typical width of approximately 
114 feet. The relevant as-built data available to Geocon are listed below: 

1. As-Built Plan, Earthquake Retrofit Project No. 272, Friars Road Overcrossing, Bridge 
No. 57-0595, dated July 29, 1996. 

2. As-Built Plan, General Plan, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 1 of 15, 
dated December 2, 1968. 

3. As-Built Plan, Foundation Plan, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 3 of 
15, dated December 2, 1968. 

4. As-Built Plan, Log of Test Borings, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 15 
of 15, dated December 2, 1968. 

5. As-Built Plan, Log of Test Borings, Friars Road Overcrossing, Bridge No. 57-595, Sheet 8 
of 8, dated July 29, 1996. 

Based on the available original as-built data, the abutments and bent for the existing OC structure are 
supported by 65-ton capacity driven steel HP 10x57 piles with average tip elevations of 19.8 feet 
(Abutment 1), 15.1 feet (Bent 2), and 14.4 feet (Abutment 3) MSL. Approximate pile lengths at 
Abutment 1 range from approximately 16.5 to 28 feet. Approximate pile lengths at Bent 2 range from 
approximately 21 to 23.5 feet. Approximate pile lengths at Abutment 3 range from approximately, 
and 40.5 to 47 feet. 

The existing OC structure was seismically retrofitted in 1996 that consisted of increasing the size of 
all existing pile caps at Bent 2 support location supported on higher capacity 75-ton driven steel 
HP 10x57 piles with a specified tip elevation of 10 feet MSL. No other support locations required 
seismic retrofit modifications. 

All elevations for the existing structures used in this report are based on the datum of the referenced 
as-built plans. 

Groundwater was encountered during the original explorations at approximate elevations of 34 and 
39 feet MSL. The referenced as-built plans including the LOTB sheets are included in Appendix B.  
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12. FOUNDATION RECOMMENDATIONS 

According to Caltrans’ guidelines selected by the project, foundation design for abutments and bents 
are based on Working Stress Design (WSD) and Load and Resistance Factor Design (LRFD), 
respectively. The available foundation design data is summarized in Table 12 below. Our 
recommendations are presented in the following sections based on the currently available project 
information. All data should be verified during final project design. 

TABLE 12 
FOUNDATION DESIGN DATA 

Support No. Foundation Type Cut-Off Elevation (ft) Design Loading (tons) 

Abut 1 Right Class 140, HP 10x57 49.0 70 

Abut 1 Left Class 140, HP 10x57 59.5 70 

Bent 2 Right 9’ CIDH 41.0 1,440 

Bent 2 Left 9’ CIDH 45.0 2,545 

Abut 3 Right Class 140, HP 10x57 58.0 70 

Abut 3 Left Class 140, HP 10x57 64.5 70 
 

12.1 Shallow Foundations 

Based on the subsurface conditions encountered in SCS&T borings, a shallow foundation system is 
not considered appropriate for the support of the proposed bridge due to large estimated settlements. 
Geotechnical recommendations regarding portions of wingwalls supported on shallow foundations, if 
any, are presented in Section 12.3 of this report. 

12.2 Deep Foundations 

Deep foundations are considered appropriate foundation types to mitigate the potential settlements 
and differential settlements associated with spread footings. The geotechnical capacities of pile 
foundations will be derived from both the skin friction along pile shaft and end bearing in dense 
formational materials at depth. Because the proposed bridge will be supported on piles with pile tips 
adequately embedded into dense granular soil, settlement of piles due to negative skin friction and/or 
downdrag loads is not expected. Foundation information and our recommendations are presented in 
Table 12. If pile spacing is at least 3 times the pile diameter, no reduction in axial capacity for group 
effects is considered necessary. We have assumed that the lateral load demands will not exceed the 
load that will result in a deflection of more than ¼ inch at the top of each pile. 

Foundation information and our recommendations are presented in Tables 12.2.1, 12.2.2, and 12.2.3 
in accordance with Caltrans’ LRFD procedure for bridge foundations. 
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TABLE 12.2.1 
FRIARS ROAD OC (WIDEN) 

FOUNDATION RECOMMENDATIONS FOR ABUTMENTS 

Support Pile Type 
Cut-off 

Elevation 
(feet) 

LRFD Service-I 
Limit State Load 

per Support 
(kips) 

LRFD 
Service-I 

Limit State 
Total Load 

per Pile (kips) 
(Compression) 

Nominal 
Resistance 

(kips) 

Design Tip 
Elevations 

(feet) 

Specified Tip 
Elevation 

(feet) 

Nominal 
Driving 

Resistance 
Required 

(kips) Total Permanent 

Abut 1R Class 140 
HP10x57 49.0 790 647 140 280 22.0 (a) 

25.0 (d) 22.0 300 

Abut 1L Class 140 
HP10x57 59.5 1,407 1,173 140 280 28.5 (a) 

35.5 (d) 28.5 300 

Abut 3R Class 140 
HP10x57 58.0 712 576 140 280 11.5 (a) 

28.0 (d) 11.5 300 

Abut 3L Class 140 
HP10x57 64.5 1,297 1,073 140 280 14.0 (a) 

34.5 (d) 14.0 300 

Notes: 
1. Design tip elevations are controlled by: (a) Compression, and (d) Lateral Load. 
2. The nominal driving resistance required is equal to the nominal resistance needed to support the factored 

load plus driving resistance from the unsuitable penetrated soil layers (very soft, liquefiable, scourable, 
etc.), if any, which do not contribute to the design resistance. 

3. Design tip elevation for lateral load is provided by structure design. 

TABLE 12.2.2 
FRIARS ROAD OC (WIDEN) 

FOUNDATION RECOMMENDATIONS FOR BENT 

Support Pile 
Type 

Cut-off 
Elevation 

(feet) 

Service-I 
Limit State 
Load per 
Support 

(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored 
Nominal Resistance 

(kips) 
Design Tip  
Elevations 

(feet) 

Specified Tip 
Elevation 

(feet) Strength Limit Extreme Limit 

Comp. 
(φ=0.7) 

Tension 
(φ =0.7) 

Comp. 
(φ =1.0) 

Tension 
(φ =1.0) 

Bent 2R 9’ CIDH 41.0 2,040 1 2,877 0 1,883 0 
-19.0 (a-I) 
-14.0 (a-II) 
-49.0 (d) 

-49.0 

Bent 2L 9’ CIDH 45.0 3,696 1 5,086 0 3,194 0 
-51.0 (a-I) 
-14.0 (a-II) 
-52.5 (d) 

-52.5 

Notes: 
1. Design tip elevations are controlled by:   (a-I) Compression (Strength Limit), (a-II) Compression (Extreme 

Event), and (d) Lateral Load.  
2. The nominal driving resistance required is equal to the nominal resistance needed to support the factored 

load plus driving resistance from the unsuitable penetrated soil layers (very soft, liquefiable, scourable, 
etc.), if any, which do not contribute to the design resistance. 

3. Design tip elevation for lateral load is provided by structure design. 
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TABLE 12.2.3 
FRIARS ROAD OC (WIDEN) 

RECOMMENDED PILE DATA 

Support 
No Pile Type 

Cut-off 
Elevation 

(feet) 

Nominal Resistance (kips) Design Tip 
Elevations 

(feet) 

Specified Tip 
Elevation 

(feet) 

Nominal Driving 
Resistance (kips) 

Compression Tension 

Abut 1R Class 140 
HP10x57 49.0 280 0 22.0 (a) 

25.0 (d) 22.0 300 

Abut. 1L Class 140 
HP10x57 59.5 280 0 28.5 (a) 

35.5 (d) 28.5 300 

Bent 2R 9’ CIDH 41.0 4,110 0 -19.0 (a) 
-49.0 (d) -49.0 NA 

Bent 2L 9’ CIDH 45.0 7,270 0 -51.0 (a) 
-52.5 (d) -52.5 NA 

Abut 3R Class 140 
HP10x57 58.0 280 0 11.5 (a) 

28.0 (d) 11.5 300 

Abut 3L Class 140 
HP10x57 64.5 280 0 14.0 (a) 

34.5 (d) 14.0 300 

Notes: 
1. Design tip elevations are controlled by:   (a) compression, and (d) lateral load. 
2. The specified tip elevation should not be raised above the design tip elevations for lateral load. 
3. Design tip elevation for lateral load is provided by structure design. 

Settlement of piles imposing the design load is expected to be approximately one inch. Settlements 
should be essentially complete shortly after completion of the bridge superstructure. If pile spacing is 
at least 3 times the pile diameter, no reduction in axial capacity for group effects is considered 
necessary.  

We understand that the specified pile length should not be less than the critical length for which 
greater lengths do not results in a significant reduction in deflection at the pile top. Our recommended 
soil and pile parameters for LPILE analyses including the soil unit weights, soil friction angles, soil 
modulus, soil shear strength, and soil strain value are provided in Tables 12.2.4 through 12.2.9 below.  
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TABLE 12.2.4 
FRIARS ROAD OC (WIDEN) 

RECOMMENDED SOIL PARAMETERS FOR LPILE ANALYSIS (ABUT 1R) 

Soil 
Layer 

Soil Model 
(LPILE) 

Elevation (feet) Unit Weight 
(pci) 

Friction 
Angle (°) 

K 
(pci) Top Bottom 

1 Sand 49.0 40.0 0.0694 33 90 

2 Sand 40.0 29.0 0.0362 36 100 

3 Sand 29.0 -19.0 0.0362 40 100 

4 Sand -19.0 -44.0 0.0362 45 125 

5 Sand -44.0 --- 0.0362 45 125 

 

TABLE 12.2.5 
FRIARS ROAD OC (WIDEN) 

RECOMMENDED SOIL PARAMETERS FOR LPILE ANALYSIS (ABUT 1L) 

Soil 
Layer 

Soil Model 
(LPILE) 

Elevation (feet) Unit Weight 
(pci) 

Friction 
Angle (°) 

K 
(pci) Top Bottom 

1 Sand 59.5 41.5 0.0694 33 90 

2 Sand 41.5 29.0 0.0694 36 100 

3 Sand 29.0 -17.5 0.0362 40 100 

4 Sand -17.5 -42.5 0.0362 45 125 

5 Sand -42.5 --- 0.0362 45 125 

 

TABLE 12.2.6 
FRIARS ROAD OC (WIDEN) 

RECOMMENDED SOIL PARAMETERS FOR LPILE ANALYSIS (BENT 2R) 

Soil 
Layer 

Soil Model 
(LPILE) 

Elevation (feet) Unit Weight 
(pci) 

Friction 
Angle (°) 

K 
(pci) Top Bottom 

1 Sand 41.0 25.5 0.0694 33 95 

2 Sand 25.5 -4.0 0.0362 36 100 

3 Sand -4.0 -14.0 0.0362 40 110 

4 Sand -14.0 -27.0 0.0362 45 125 

5 Sand -27.0 -57.0 0.0362 45 125 

6 Sand -57.0 --- 0.0362 45 125 
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TABLE 12.2.7 
FRIARS ROAD OC (WIDEN) 

RECOMMENDED SOIL PARAMETERS FOR LPILE ANALYSIS (BENT 2L) 

Soil 
Layer 

Soil Model 
(LPILE) 

Elevation (feet) Unit Weight 
(pci) 

Friction 
Angle (°) 

K 
(pci) Top Bottom 

1 Sand 45.0 35.0 0.0694 33 95 

2 Sand 35.0 25.5 0.0362 36 100 

3 Sand 25.5 18.0 0.0362 40 110 

4 Sand 18.0 8.0 0.0362 45 125 

5 Sand -8.0 -53.0 0.0362 45 125 

6 Sand -53.0 --- 0.0362 45 125 

 

TABLE 12.2.8 
FRIARS ROAD OC (WIDEN) 

RECOMMENDED SOIL PARAMETERS FOR LPILE ANALYSIS (ABUT 3R) 

Soil 
Layer 

Soil Model 
(LPILE) 

Elevation (feet) Unit Weight 
(pci) 

Friction 
Angle (°) 

K 
(pci) Top Bottom 

1 Sand 58.0 45.5 0.0694 29 80 

2 Sand 45.5 28.5 0.0694 30 80 

3 Sand 28.5 9.5 0.0694 32 80 

4 Sand 9.5 18.0 0.0694 32 80 

5 Sand 18.0 10.0 0.0362 32 60 

6 Sand 10.0 --- 0.0362 45 125 

 

TABLE 12.2.9 
FRIARS ROAD OC (WIDEN) 

RECOMMENDED SOIL PARAMETERS FOR LPILE ANALYSIS (ABUT 3L) 

Soil 
Layer 

Soil Model 
(LPILE) 

Elevation (feet) Unit Weight 
(pci) 

Friction 
Angle (°) 

K 
(pci) Top Bottom 

1 Sand 64.5 46.0 0.0694 29 80 

2 Sand 46.0 29.0 0.0694 30 80 

3 Sand 29.0 18.0 0.0694 32 80 

4 Sand 18.0 10.0 0.0362 32 60 

5 Sand 10.0 6.0 0.0362 45 125 

6 Sand 6.0 --- 0.0362 45 125 
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If multiple rows of pile are planned at support locations with a center-to-center spacing of 3- to 5-pile 
diameters, p-multipliers should be applied to account for reduced lateral resistance due to pile-soil-
pile interaction per current AASHTO LRFD Bridge Design Specification.  

12.2.1 Special Considerations for CIDH Piles 

Excavations for CIDH piles should be possible with normal, dry and/or wet method drilling 
techniques. In general, sedimentary rock consisting of massive cobble conglomerate, sandstone, and 
claystone were encountered in the borings. Concretions or cemented zones are common in these 
sedimentary units. The contractor should be aware that difficult drilling could be encountered and 
should have appropriate excavating tools for drilling cemented sedimentary rock.  

CIDH pile installations below the groundwater level will likely require pumping of water from the 
borehole and/or wet construction methods. If groundwater is encountered, the contractor should be 
prepared to use the wet construction methods for the CIDH piles, and the use of temporary casing 
may be required. Geocon should be contacted if permanent casing is proposed, since the geotechnical 
capacity may be affected. If casing is used, to prevent binding of the drilling tool, the casing diameter 
should be at least 8 inches greater than the CIDH pile. Because the CIDH piles will develop some 
support in end bearing, all loose material should be removed from the borehole prior to placement of 
reinforcing steel and concrete. Experience indicates that backspinning the auger does not sufficiently 
clean the borehole. A flat cleanout plate will be necessary. If boreholes are left open overnight or for 
extended periods of time, cleaning and/or re-drilling of the hole will be necessary. The concrete 
should be placed in such a way as to minimize segregation of the aggregate. Tremies should be 
utilized for concrete placed below groundwater. Initial set of the concrete should be achieved before 
an adjacent borehole is drilled. Casing, if used should be removed as concrete is placed. The level of 
the concrete should be maintained above the level of the bottom of the casing. 

The standard specification that allows the contractor to revise specified pile tip elevations is intended 
for driven piles only. Tip elevation revision is generally not allowed for drilled shafts. An engineered 
length for skin friction resistance primarily controls the specified CIDH pile depth, and the drilling 
process has no inherent measurement (analogous to blow count) to verify the resistance. 

The contract items for CIDH piles are as shown in Caltrans’ 2005 Bridge Design Aids, Chapter 11. 
Standard sizes for CIDH augers and steel casings are also within Bridge Design Aids and Caltrans’ 
LRFD 2008, Memos to Designers, Section 3, Deep Foundations. These sizes are preferred for CIDH 
piles with or without permanent casing. Because the contractor may own and reuse temporary 
casings, the indicated sizes are required whenever a temporary casing is expected. 
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12.2.2 Special Considerations for Driven Piles 

Selected HP piles are the allowed alternatives to Caltrans Standard Plan Class piles for the subject 
design loads. Due to the presence of dense to very dense and hard layers and the possibility of 
difficult driving of the piles based upon the soils encountered in the borings, the contractor shall have 
all equipment available onsite to install the piles to the design tip elevation per the Caltrans Standard 
Specifications, Section 49-1.05. The piling contractor shall consider mitigation measures, including 
but not limited to predrilling and use of hydraulic hammer system, to reduce the pile driving noise at 
abutments. The predrilling, if performed, should not exceed one-half of pile embedment in length. 
The hole should have a diameter not greater than the smallest dimension of the pile cross section. For 
this project, jetting of piles is not an allowable method of pile installation. 

12.2.3 Pile Load Testing 

Due to the relatively uniform subsurface condition and limited number of piles expected for the 
project, a static pile load testing program to evaluate driven pile axial capacity is not considered 
necessary. However, a dynamic pile load testing program based on the wave equation analyses and 
CAPWAP to evaluate whether specified pile tip elevations are appropriate to meet design capacities 
is recommended. We recommended that the number of tests on driven piles, if any, should not be less 
than 5. The tests should be performed in accordance with Caltrans criteria and/or ASTM procedures, 
as appropriate. Both end of driving (EOD) and beginning of re-strike (BOR) data should be collected 
to assess how much soil setup or relaxation occurred after initial driving. 

12.3 Wing Walls 

The project designer should evaluate the design conditions of the retaining structures (restrained or 
non-restrained) and use the appropriate design parameters. Structures allowed to rotate more than 
0.001H (where H equals the retained height of the wall) at the top of the wall are considered non-
restrained. Non-restrained walls having a level backfill surface should be designed for an active soil 
pressure equivalent to the pressure exerted by a fluid density of 36 pounds per cubic foot (pcf) in 
accordance with Caltrans’ Bridge Design Specifications Section 3.11.5.5. Restrained walls should be 
designed for an equivalent fluid pressure of 55 pcf. Non-restrained walls supported 2H:1V backfill 
should be designed for an equivalent fluid pressure of 50 pcf. Soil placed for wingwall backfill 
should meet the requirements outlined in Section 12.4 of this report. 

The new wingwalls will be cantilever type retaining walls. An allowable bearing capacity of 2,000 
pounds per square foot (psf) can be used provided the walls are at least 18 inches wide and founded 
12 inches below adjacent grades bearing entirely in structural fill. Lateral loads can be resisted by an 
allowable passive earth pressure equivalent to a fluid density of 300 pcf for footings or shear keys 
poured neat against properly compacted fill soils with horizontal ground. The passive pressure should 



 

Geocon Project No. G1447-52-01 - 23 - November 30, 2012 
  Revised January 16, 2014 

be taken as 150 pcf for walls founded on a 2H:1V descending slope. The upper 12 inches of material 
not protected by floor slabs or pavement should not be included in the design for lateral resistance. 
An allowable friction coefficient of 0.40 may be used for resistance to sliding between soil and 
concrete. This friction coefficient may be combined with the allowable passive earth pressure when 
determining resistance to lateral loads. An earthquake surcharge of 0.24 times the total unit weight 
times the wall height may be used for seismic induced loading on the walls. 

All retaining walls should be provided with a drainage system adequate to prevent the buildup of 
hydrostatic forces. The drainage system should consist of weepholes or backdrains. The above 
recommendations assume a properly compacted granular backfill material with no hydrostatic forces. 
If conditions different than those described are anticipated, or if specific drainage details are desired, 
Geocon should be contacted for additional recommendations. 

12.4 Wall Backfill and Approach Fill Earthwork 

All grading should be performed in conformance with Sections 6-3, 19-3, 19-5, and 19-6 of the 
Caltrans Standard Specifications or equivalent. Backfill placed behind abutment walls, retaining 
walls and wing walls should have a very low- to low-expansion potential. The extent and placement 
of the low-expansive soils should conform to Caltrans Standard Specifications 19-5.03. Backfill 
should have an Expansion Index (EI) no greater than 50 and a Sand Equivalent of 20 or greater. 
Ponding or jetting of backfill should not be permitted.  

Backfill placed within the full width of the embankment and within 150 feet of the abutment is 
considered structural backfill. All structural backfill should be compacted to 95 percent of the 
maximum density as determined by CTM 216. All compaction on the project should be based on this 
test method. All other backfill should be compacted to a minimum of 90 percent relative compaction. 
Near surface, loose soils at abutment locations are not adequate for the support of new fill loads, and 
partial removal and recompaction will be necessary prior to the placement of structural backfill and 
foundation construction. 

Surface settlements can be expected where substantial thicknesses of new fill will be placed. We have 
assumed up to 20 feet of new fill will be placed at the abutment locations. Settlements will occur both 
as a result of compression in alluvium beneath the new fill, and as a result of compression within the 
new fill itself. Total settlement of embankment fills within 150 feet of the abutments is estimated to 
be less than one inch assuming that new fills are granular in nature. Settlement is expected to be 
essentially complete shortly after placement. No settlement period is considered necessary. 

Structural fill should be compacted in horizontal lifts not exceeding 8 inches (loose thickness) and 
brought to final design elevations. Each lift should be moisture-conditioned and compacted. New fill 
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should be benched into existing embankment fill as the fill is placed. Benches should extend at least 3 
feet laterally into the existing embankment fill. 

12.4.1 Additional Considerations 

Consideration should be given to the use of surface treatments to minimize surficial erosion until 
adequate erosion-resistant vegetation can become established. All roadway drainage should be 
directed to appropriate collection and discharge facilities to prevent run-off from flowing over the 
tops of slopes.  

13. GENERAL NOTES TO DESIGNER 

This report is prepared based on the currently available project information including the proposed 
structures and foundations described herein. Geocon must be contacted for review and possible 
revised recommendations if the proposed structures and foundations are changed.  

14. CONSTRUCTION CONSIDERATIONS 

Areas to be developed should be cleared and stripped of obstructions, trees, bushes, grass, roots, and 
the upper few inches of soil containing organic debris. Soils/organics removed by stripping can be 
transported offsite or stockpiled for use in landscaping. Existing drainage and utility lines or other 
existing subsurface structures that are not to be utilized, if any, should be removed, destroyed or 
abandoned in compliance with applicable regulations. 

Relevant specifications and important design criteria that were used in the geotechnical design of the 
foundations include: 

• Sections 6-3, 19-3, 19-5, and 19-6 of Caltrans’ Standard Specifications. Backfill should have 
an Expansion Index (EI) no greater than 50 and a Sand Equivalent of 20 or greater. Ponding 
or jetting of backfill should not be permitted. All structural backfill should be compacted to 
95 percent of the maximum density as determined by CTM 216. 

• Remedial grading should be performed to provide a relatively uniform soil mat beneath the 
footing and no oversized rock (with a maximum dimension of 12 inches or greater) within 
5 feet of the footing. 

• Retaining walls not restrained at the top and having a level backfill surface should be 
designed for an active soil pressure equivalent to the pressure exerted by a fluid density of 36 
pcf in accordance with Caltrans’ Bridge Design Specifications 3.20.1. Walls supporting 
2H:1V backfill should be designed for an equivalent fluid pressure of 50 pcf. 

• All retaining walls should be provided with a drainage system adequate to prevent the 
buildup of hydrostatic forces. 
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Excavation and trench depths greater than 5 feet will need to be sloped and shored in accordance with 
Cal-OSHA guidelines for the safety and stability of adjacent existing improvements. Existing fill and 
alluvium, if encountered, can be considered as OSHA Type B soil for excavation purposes (Type C 
where seepage is freely flowing). For temporary construction purposes, a slope ratio of 1H:1V may 
be used for cuts in existing fill or alluvium not exceeding 20 feet to a depth 5 feet above the water 
table. Formational materials can likely be considered a Type A soil with a slope ratio of ¾ H:1V. The 
top of the excavation should be a minimum of 15 feet from the edge of existing improvements. 
Excavations steeper than those recommended or closer than 15 feet from an existing improvement 
should be shored in accordance with applicable OSHA codes and regulations. 

Temporary excavations should be in compliance with applicable governing agency regulations. The 
Contractor should also execute a monitoring program for structures in proximity to deep excavations 
so that appropriate modifications to the excavation/shoring system can be implemented to minimize 
the surface deflection or structure damage in a timely manner, if warranted. 

Excavation of the onsite materials can be accomplished using conventional heavy-duty excavation 
equipment. Excavation difficulty should be expected within the very dense and hard formational 
materials. Heavy ripping will generate oversize materials not suitable for backfill. 

The existing bridge footings and structures should be protected and monitored during proposed 
bridge widening and site improvements. 

Foundation excavations should be observed by a representative of Geocon prior to the placement of 
reinforcing steel and concrete. If unanticipated soil conditions are encountered, foundation 
modifications may be required. 

Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009), it was 
stated that subsurface well-cemented zones should be expected within the formational materials. 
These areas will require rock-breaking equipment. In addition, buried hard rock requiring special 
handling should be anticipated. Contract documents should specify that the contractor mobilize 
equipment capable of excavating, breaking, and drilling hard rock. Flowing sands, cobbles, and 
boulders should also be expected during drilling. Casing and/or drilling mud will most likely be 
needed to maintain open drilled shafts.  

15. DISCLAIMER AND CONTACT INFORMATION 

The recommendations contained in this report are based on specific project information regarding 
structure type, location, and design loads that have been provided by Dokken Engineering and T. Y. 
Lin International. If any changes are made during final project design, Geocon should review those 
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changes to determine if these foundation recommendations are still applicable. Any questions 
regarding the above recommendations should be directed to the attention of Mr. Joe Vettel, 858-558-
6900, at the San Diego Office of Geocon. 

16. CLOSURE 

16.1 Foundation and Grading Plan Review 

Geocon should review the grading plans and foundation plans prior to final design submittal to 
evaluate whether additional analysis and/or recommendations are required. 

16.2 Limitations and Uniformity of Conditions 

The recommendations of this report pertain only to the site investigated and are based upon the 
assumption that soil conditions do not deviate from those disclosed in the investigation. If any 
variations or undesirable conditions are encountered during construction, or if the proposed 
construction will differ from that anticipated herein, Geocon should be notified so that supplemental 
recommendations can be given. The evaluation or identification of the potential presence of 
hazardous or corrosive materials was not part of the scope of services provided by Geocon. 

This report is issued with the understanding that it is the responsibility of the owner or his 
representative to ensure that the information and recommendations contained herein are brought to 
the attention of the architect and engineer for the project and incorporated into the plans, and that the 
necessary steps are taken to see that the contractor and subcontractors carry out such 
recommendations in the field. 

The findings of this report are valid as of the present date. However, changes in the conditions of a 
property can occur with the passage of time, whether due to natural processes or the works of man on 
this or adjacent properties. In addition, changes in applicable or appropriate standards may occur, 
whether they result from legislation or the broadening of knowledge. Accordingly, the findings of this 
report may be invalidated wholly or partially by changes outside our control. Therefore, this report is 
subject to review and should not be relied upon after a period of three years. Our professional 
services were performed in accordance with generally acceptable geotechnical engineering principles 
and practices in the site area at this time. No warranty is provided, express or implied. 
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Hammer Energy Correction Factors
Reference: Youd, et al, Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER/NSF Workshops on Evaluation of Liquefaction
Resistance of Soils, Journal of Geotechnical and Environmental Engineering, October, 2001, Vol. 127, No. 10
Project Name: Date: 11/6/2012
Project Number:

Hole Diameter, Inches: 8 Hole Diameter Correction, CB: 1.15
Average Unit Weight, (pcf): 120
Adjustment Factor for 350 LB Hammer Above Groundwater 1.00 <-- Enter 1.0 if an adjustment is not required; Applied to "MC" Samples
Adjustment Factor for 350 LB Hammer Below Groundwater 1.00 <-- Enter 1.0 if an adjustment is not required; Applied to "MC" Samples
Approximate Depth to Groundwater 20

*Auto, Cathead, or Downhole Hammer

Energy Correction, CE (1.0 Safe-T-Driver/Cathead, 1.3 Automatic)

Sample Depth, Feet
Field Blow 
Count (per 

Foot)

Type of 
Sampler
(MC or 
SPT)

Hammer
Type*

(A/C/D)

Equiv. SPT 
Blow Count, 

N
'v, psf

Overburden
Pressure

Correction,
CN

Energy Ratio 
Correction,

CE

Rod Length 
Correction,

CR

Sampling
Correction,

CS

N1|60
Blowcounts

(Pror to Fines)

A-03-002: 5 5.0 14 SPt a 14.0 600.0 1.70 1.3 0.75 1.10 29.35
A-03-002: 7 7.0 11 MC a 7.3 840.0 1.54 1.3 0.80 1.00 13.53

A-03-002: 10.5 10.5 14 MC a 9.3 1260.0 1.26 1.3 0.85 1.00 14.94
A-03-002: 13 13.0 50 MC a 33.3 1560.0 1.13 1.3 0.85 1.00 47.96
A-03-002: 15 15.0 100 MC a 66.7 1800.0 1.05 1.3 0.85 1.00 89.30
A-03-002: 20 20.0 100 SPT a 100.0 2400.0 0.91 1.3 0.95 1.10 100.00
A-03-002: 25 25.0 100 SPT a 100.0 2688.0 0.86 1.3 0.95 1.10 100.00
A-03-002: 30 30.0 100 SPT a 100.0 2976.0 0.82 1.3 1.00 1.10 100.00
A-03-002: 33 33.0 100 SPT a 100.0 3148.8 0.80 1.3 1.00 1.10 100.00

A-03-002: 34.5 34.5 100 SPT a 100.0 3235.2 0.79 1.3 1.00 1.10 100.00

Friars Road/SR 163
G1447-52-01

Adjust for each GWT Level



Liquefaction Analysis Using SPT

Project Name:
Project Number:

A-03-002

amax/g 0.48 Include K  (Y/N) N
Magnitude 7.50 Use NCEER CRR 7.5 (1) or Rauch CRR 7.5 (2) 2
Groundwater Depth, Ft 20.0 1
Reference Pressure, p a 2000
Unit Weight of Water 62.4
Soil Unit Weight, pcf 120

MWF Idriss(1997) = (M) 2.56/102.24 From Graph

Depth, ft N1|60

Fines
Content,
FC (%)

N1|60,
Adj. for 
Fines

, psf ', psf rd K NCEER
CRR7.5

RAUCH
CRR7.5

CSR
M=7.5

Liquefaction
Potential

Factor of 
Safety

Volumetric
Strain, %

Settlement,
in.

1 29 15 32.9 120.0 120.0 1.00 1.00 0.800 0.800 0.312 Above GWT 2.564
2 29 15 32.9 240.0 240.0 1.00 1.00 0.800 0.800 0.311 Above GWT 2.570
3 29 15 32.9 360.0 360.0 0.99 1.00 0.800 0.800 0.311 Above GWT 2.576
4 29 15 32.9 480.0 480.0 0.99 1.00 0.800 0.800 0.310 Above GWT 2.582
5 29 15 32.9 600.0 600.0 0.99 1.00 0.800 0.800 0.309 Above GWT 2.588
6 14 35 21.8 720.0 720.0 0.99 1.00 0.239 0.239 0.308 Above GWT 0.776
7 14 35 21.8 840.0 840.0 0.99 1.00 0.239 0.239 0.308 Above GWT 0.777
8 15 35 23.0 960.0 960.0 0.98 1.00 0.255 0.257 0.307 Above GWT 0.837
9 15 35 23.0 1080.0 1080.0 0.98 1.00 0.255 0.257 0.306 Above GWT 0.839

10 15 35 23.0 1200.0 1200.0 0.98 1.00 0.255 0.257 0.306 Above GWT 0.841
11 15 35 23.0 1320.0 1320.0 0.98 1.00 0.255 0.257 0.305 Above GWT 0.843
12 50 35 65.0 1440.0 1440.0 0.97 1.00 0.800 0.800 0.304 Above GWT 2.629
13 50 35 65.0 1560.0 1560.0 0.97 1.00 0.800 0.800 0.304 Above GWT 2.635
14 89 35 111.8 1680.0 1680.0 0.97 1.00 0.800 0.800 0.303 Above GWT 2.641
15 89 35 111.8 1800.0 1800.0 0.97 1.00 0.800 0.800 0.302 Above GWT 2.646
16 89 35 111.8 1920.0 1920.0 0.97 1.00 0.800 0.800 0.302 Above GWT 2.652
17 89 35 111.8 2040.0 2040.0 0.96 1.00 0.800 0.800 0.301 Above GWT 2.659
18 89 35 111.8 2160.0 2160.0 0.96 1.00 0.800 0.800 0.300 Above GWT 2.665
19 89 35 111.8 2280.0 2280.0 0.96 1.00 0.800 0.800 0.299 Above GWT 2.672
20 89 35 111.8 2400.0 2400.0 0.96 1.00 0.800 0.800 0.299 NL 2.679
21 100 35 125.0 2520.0 2457.6 0.95 1.00 0.800 0.800 0.305 NL 2.620
22 100 35 125.0 2640.0 2515.2 0.95 1.00 0.800 0.800 0.312 NL 2.567
23 100 35 125.0 2760.0 2572.8 0.95 1.00 0.800 0.800 0.318 NL 2.519
24 100 35 125.0 2880.0 2630.4 0.95 1.00 0.800 0.800 0.323 NL 2.477
25 100 35 125.0 3000.0 2688.0 0.94 1.00 0.800 0.800 0.328 NL 2.439
26 100 35 125.0 3120.0 2745.6 0.94 1.00 0.800 0.800 0.333 NL 2.404
27 100 35 125.0 3240.0 2803.2 0.93 1.00 0.800 0.800 0.337 NL 2.374 0.75 0.09
28 100 35 125.0 3360.0 2860.8 0.93 1.00 0.800 0.800 0.341 NL 2.347 0.75 0.09
29 100 35 125.0 3480.0 2918.4 0.93 1.00 0.800 0.800 0.344 NL 2.323 0.75 0.09
30 100 35 125.0 3600.0 2976.0 0.92 1.00 0.800 0.800 0.348 NL 2.302 0.75 0.09
31 100 0 100.0 3720.0 3033.6 0.92 1.00 0.800 0.800 0.350 NL 2.284 0.75 0.09
32 100 0 100.0 3840.0 3091.2 0.91 1.00 0.800 0.800 0.353 NL 2.268 0.75 0.09
33 100 0 100.0 3960.0 3148.8 0.90 1.00 0.800 0.800 0.355 NL 2.255
34 100 0 100.0 4080.0 3206.4 0.90 1.00 0.800 0.800 0.356 NL 2.245
35 100 0 100.0 4200.0 3264.0 0.89 1.00 0.800 0.800 0.358 NL 2.237

Total Settlement, S LIQ (in.) = 0.54
Total Liquifiable Layers = 6

Boring:

Minimum Factor of Safety for Liquefaction
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FOUNDATION REPORT 

1. INTRODUCTION 

This Foundation Report (FR) was prepared for the proposed West Ground Anchor Wall (Bridge No. 
57E-0126) as part of the Friars Road Overcrossing (OC) at State Route (SR) 163 Interchange project 
in the City of San Diego, California. The approximate site location is depicted on the Vicinity Map, 
Figure 1. This FR is based on subsurface exploration and laboratory tests performed by Southern 
California Soil and Testing (SCS&T), Inc. The purpose of the investigation was to evaluate general 
subsurface geologic and geotechnical conditions along the proposed West Ground Anchor Wall 
alignment and to provide geotechnical recommendations for use in preparing project plans and 
specifications. 

The recommendations presented herein are based on our review of the subsurface and laboratory data 
obtained by SCS&T, engineering analyses, and our experience with similar soil and geologic 
conditions. The logs of test boring (LOTB) sheets in Caltrans format, as-built plans and LOTB sheets, 
laboratory test results, and analyses and calculations are presented as Appendices A, B, C, and D, 
respectively.  

2. SCOPE OF SERVICES 

We performed the following scope of services:  

• Reviewed published geologic maps, aerial photographs, as-built plans, project plans, in-house 
documents, and other literature pertaining to the site to aid in evaluating geologic conditions 
and hazards that may be present. 

• Reviewed as-built plans for Friars Road OC prepared by California Department of 
Transportation, dated December 2, 1968. 

• Reviewed as-built plans for Friars Road OC Earthquake Retrofit Project No. 272 prepared by 
the California Department of Transportation, dated December 9, 1997. 

• Reviewed as-built LOTB sheet for Friars Road OC prepared by California Department of 
Transportation, dated December 2, 1968. 

• Reviewed the Geotechnical Design Report for SR 163/Friars Road Interchange Modification 
Project prepared by SCS&T. 

• Reviewed the Structure Foundation Investigation for Friars Road at SR 163 Interchange 
Project (Bridge No. 57-0595) prepared by SCS&T. 

• Reviewed the Preliminary Foundation Report for Friars Road at SR 163 Interchange, West 
Tieback Wall Number 1 (Bridge No. 57E-0126) prepared by SCS&T. 
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• Reviewed the project plans prepared by T. Y. Lin International for the Friars Road OC 
Widening project, including the plans for the West Ground Anchor Wall. 

• Reviewed subsurface data and laboratory test results collected by SCS&T. 

• Performed engineering analyses to evaluate liquefaction potential, seismic design criteria, 
and foundation design criteria. 

• Prepared this FR in general accordance with Caltrans’ Foundation Report Preparation for 
Bridge Foundations, December 2009. 

SCS&T prepared a Preliminary Foundation Report (PFR) for the project (West Ground Anchor Wall 
project) dated May 2010. This FR supersedes the PFR for the project.  

3. PROJECT DESCRIPTION 

3.1 Background and Site Description 

The project site is located approximately ½ mile north of Interstate 8 on the SR 163 corridor in the 
City of San Diego, California. The approximate site coordinates are 32.771560° (latitude) 
and -117.161362° (longitude).  

The proposed improvements are part of the Friars Road and SR 163 Interchange Improvements 
project. The Vicinity Map, Figure 1, shows the approximate location of the site with respect to 
surrounding improvements. Based on the current plans and project information, the SR 163 
southbound (SB) direction below the existing Friars Road OC on the west side will be widened and 
will require a ground anchor retaining wall and Caltrans Standard Plan Type 1 (Case 2) cantilever 
type retaining walls on either end. 

3.2 Existing Structures 

The SR 163 corridor is oriented in a north-south direction and Friars Road crosses over SR 163 in an 
east-west direction. At the existing OC structure, SR 163 is comprised of a divided highway with four 
northbound (NB) lanes and four southbound (SB) lanes. Based on the as-built plans, the existing 
Friars Road OC (Bridge No. 57-0595) is a two span, cast-in-place concrete box girder structure 
supported on four column bents and seat type abutments and intersects SR 163 at an approximate 
skew angle of 35°20’24”. The bridge was constructed in 1970 and seismically retrofitted in 1996. The 
existing OC structure extends 390 feet from approximately Station (Sta.) 17+52 to approximately 
Sta. 21+42 along the original Friars Road centerline (‘F’ Line). The OC is approximately 114 feet 
wide and accommodates three 12-foot lanes, a 5-foot-wide outside shoulder in each direction, a 4-
foot-wide sidewalk along the eastbound (EB) direction with metal railing, and a slightly raised 
concrete median with varying widths. The existing Abutments 1 and 3 are supported on a 
combination of vertical and battered driven steel H-piles (HP 10x57) with average pile tip elevations 
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of 19.8 feet and 14.4 feet above mean sea level (MSL), respectively. The existing bent is supported 
on driven steel H-piles (HP 10x57) with an average pile tip elevation of 15.1 feet above MSL. 
However, the subsequent seismic retrofit consisted of increasing the size of the pile caps at Bent 2 
and installing higher capacity 75-ton driven steel HP 10x57 piles with a specified tip elevation of 10 
feet MSL. No other support locations were modified as part of the seismic retrofit. 

All elevations used in this report are based on the current project plans that refer to the current 
datum of NAD83 and NAVD88. We understand that the as-built plans of this project were based on 
the original datum of NGVD29. According to conversations with Dokken Engineering, a vertical 
transformation of +2.10 feet should be applied to convert the original datum (NGVD29) of these as-
built plans to the current datum (NAD83 and NAVD88).  

3.3 Proposed Structure 

Information regarding the proposed structure are based on the Project Plans for Final PS&E on West 
Ground Anchor Wall prepared by T. Y. Lin International, dated September 6, 2013. We understand 
the project consists of widening the SR 163 SB direction on the west side in order to accommodate 
the SR 163 on- and off-ramps modifications for the Friars Road at SR 163 Interchange project. The 
widening of SR 163 SB direction (west side) will require a ground anchor retaining wall with 
Caltrans Standard Plan Type 1 (Case 2) cantilever type retaining walls on either end in order to 
support the existing abutment (Abutment 1) embankment. The proposed West Ground Anchor Wall 
structure will extend approximately 230.75 feet from approximately Station (Sta.) 10+90 to 
approximately Sta. 13+20.75 along the wall alignment. The Caltrans Standard Plan Type 1 (Case 2) 
cantilever type retaining walls connect from both the north and south ends of the proposed ground 
anchor wall. The proposed Type 1 north and south retaining walls will be approximately 54.75 feet 
and 98 feet in length, respectively, with a maximum height of approximately 16 feet. Bottom of 
footing elevations range from approximately 34.95 feet to 48.14 feet MSL. The proposed ground 
anchor retaining wall will be constructed using top-down method with multiple lifts at approximately 
5 feet each. The existing Abutment 1 structure will be located approximately 9 to 10 feet from the 
face of the proposed ground anchor wall. 

3.4 Pertinent Project Information 

We reviewed the following documents related to the project:  

1. California Department of Transportation, As-built plans, Friars Road Overcrossing, dated 
December 2, 1968.  

2. California Department of Transportation, As-built Log of Test Borings (LOTBs), Friars Road 
Overcrossing, dated December 2, 1968.  
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3. Geocon Incorporated, Preliminary Recommendation Letter, SR 163/ Friars Road Interchange 
Project, San Diego, California, dated September 27, 2012 (Geocon Project No. G1447-52-
01). 

4. Geocon Incorporated, Foundation Report, Friars Road / State Route 163 Interchange 
Project, West Abutment Wall (Bridge No. 57E-0126), 11-SD-163-PM 3.8/5.5, EA 11225-
085781, San Diego, California, dated November 30, 2012. (Geocon Project No. G1447-52-
01). 

5. Geocon Incorporated, Foundation Report-Memorandum No. 1, Friars Road / State Route 163 
Interchange Project, West Abutment Wall (Bridge No. 57E-0126), 11-SD-163-PM 3.8/5.5, 
EA 11225-085781, San Diego, California, dated October 25, 2013. (Geocon Project No. 
G1447-52-01). 

6. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Geotechnical Design 
Report, SR 163/Friars Road Interchange Modification PM 3.8-5.8, dated Jul  23, 2012. 

7. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Geotechnical Design 
Report, SR 163/Friars Road Interchange Modification PM 3.8-5.8, Log of Test Borings 
(LOTBs) Sheets 1, 2, 3, 4, and 14 of 19  ,dated July 23, 2012. 

8. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Friars Road at SR 163, 
Log of Test Borings (LOTBs) Sheet 1 of 1, dated 2012. 

9. Southern California Soil & Testing, Inc. (SCS&T No. 0911163), Preliminary Foundation 
Report, Friars Road at SR163 Interchange, East Tieback Wall Number 2, 11-SD-163-6.2/9.3 
(3.8/5.8), EA No. 11-085780, San Diego, California, dated May 12, 2010. 

10. Southern California Soil & Testing, Inc. (SCS&T No. 0911163), Preliminary Foundation 
Report, Friars Road at SR163 Interchange, West Tieback Wall Number 1, 11-SD-163-6.2/9.3 
(3.8/5.8), EA No. 11-085780, San Diego, California, dated May 12, 2010. 

11. Southern California Soil & Testing, Inc. (SCS&T No. 0311116), Structure Foundation 
Investigation, Friars Road at SR163 Interchange, Bridge No. 57-595, 11-SD-163-RO69-84, 
EA No. 11-085780, San Diego, California, dated July 9, 2009. 

12. Southern California Soil and Testing, Inc., Structure Foundation Investigation, Friars Road 
at SR 163 Interchange (Bridge No. 57-0595), dated July 9, 2009. 

13. T. Y. Lin International, Project Plans for 65% Unchecked Details on Friars Road 
Overcrossing (Widen), dated September 21, 2012. 

14. T. Y. Lin International, Project Plans for 65% Unchecked Details on West Abutment Wall 
(Bridge No. 57E-0126), dated September 21, 2012.  

15. T. Y. Lin International, Project Plans for Final PS&E, West Ground Anchor Wall (Bridge 
No. 57E0126), dated September 6, 2013. 

4. EXCEPTIONS TO POLICY 

Unless otherwise stated in the report, this report was prepared in general conformance with Caltrans’ 
current policy. 
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5. FIELD INVESTIGATION AND TESTING PROGRAM 

The field investigation for this FR was performed by SCS&T on October 3 (Boring A-12-053) and 5 
(Boring A-12-054), 2012. These exploratory borings were drilled by SCS&T near the proposed West 
Ground Anchor Wall alignment as depicted on the Site Plan, Figure 2. Table 5 is a summary of the 
field investigation information including approximate boring locations, surface elevations, and boring 
depths. 

TABLE 5 
SUMMARY OF BORINGS 

Boring No. 
Approximate Boring Location 

Boring 
Depth (feet) Location in 

Structure 
Station No. / 
Alignment Offset (feet) Elevation (feet) 

A-03-002 Bent 2 244+60 
‘FR’ Line 0R 47.5 35.0 

A-03-003 Abut 3  447+20 
‘FR’ Line 185R 59.0 60.0 

A-12-044 Abut 3 245+12 
‘SR 163’ Line 176R 76.0 70.0 

A-12-053 Bent 2 243+00 
‘SR 163’ Line 4L 43.0 100.0 

A-12-054 Abut 1 244+00 
‘SR 163’ Line 200L 57.0 125.0 

 

Two exploratory borings (A-12-053 and A-12-054) were performed by SCS&T to approximate 
depths of up to 125 feet using a mobile drill rig equipped with 8-inch-diameter, hollow-stem augers.  

In-situ testing and sampling during drilling were performed in general conformance with current 
Caltrans’ Soil and Rock Logging, Classification and Presentation Manual (2010 Edition). Soil 
samples were collected from near the ground surface and at approximately 2½- to 5-foot intervals to 
the total depths explored. Relatively undisturbed samples were obtained by driving a 3-inch outside-
diameter (OD), 2.5-inch inside-diameter (ID) split-spoon sampler (Modified California sampler) into 
the "undisturbed" soil mass with blows from a 140-pound hammer (auto) falling 30 inches. The 
sampler was equipped with 6-inch-long by 2½-inch-diameter brass sample tubes to facilitate sample 
removal and laboratory testing. SPTs were performed by driving a 2-inch OD and a 1.4-inch ID split-
spoon SPT sampler 18 inches in general accordance with ASTM D1586. The number of blows 
required to drive the samplers (blow counts) the last 12 inches of the 18-inch sample drive (or portion 
thereof) are reported on the LOTB sheets prepared by SCS&T (in Caltrans format), which are 
included in Appendix A.  
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6. LABORATORY TESTING PROGRAM 

SCS&T performed laboratory tests on samples from three borings (A-03-002, A-03-003, and A-12-
044) associated with the Friars Road at SR 163 Interchange project in general conformance with 
California Test Methods (CTM) and generally accepted test methods of the American Society for 
Testing and Materials (ASTM). Due to the lack of soil sample recovery in Borings A-12-053 and 
A-12-054, laboratory testing could not be performed on samples from these borings. Pertinent 
laboratory test results from these nearby borings are presented and were used for design purposes 
within this FR. SCS&T performed the following laboratory tests: 

• In-place dry density and moisture content:  ASTM D2937 (CTM 226) 
• Grain Size Distribution/Percent Passing No. 200 Sieve:  ASTM D422 
• pH and Resistivity:  CTM 643 
• Sulfate Content:  CTM 417 
• Chloride Content:  CTM 422 
• Consolidation:  ASTM D2435 
• Direct Shear:  ASTM D3080 

In-place dry density and moisture content laboratory test results are shown on the LOTBs presented 
in Appendix A. All other laboratory test results are presented in Appendix C of this report.  

7. SITE GEOLOGY AND SUBSURFACE CONDITIONS 

7.1 Topography and Geology 

Private and commercial properties occupy the area surrounding the Friars Road/SR 163 Interchange. 
The general topography of the project location is relatively flat with a gentle slope descending from 
the northwest to the southeast. Based on previous analyses performed by SCS&T (Geotechnical 
Design Report, July 2009), it was stated that an existing cut slope comprised of formational material 
commonly identified as Stadium Conglomerate is located northwest of the existing OC. The slope 
ranges between about 30 feet and 100 feet in height at inclinations of between about 1:1 
(horizontal:vertical) and 1½:1 (horizontal:vertical). At the location of Friars Road/ SR 163 
Interchange, embankments for Friars Road and the interchange ramps are raised above the 
surrounding area where runoff flows into the existing drainage systems. The existing drainage 
systems include swales, drainage inlets, and storm drains that collect offsite and surface runoff. Most 
of the existing drainage systems at the project site eventually discharge into the San Diego River, 
which is located near the southern portion of the project. The San Diego River flows from east to 
west.  

A Regional Geologic Map is presented as Figure 3. The site is located in the Coastal Plains 
physiographic province of San Diego County and is underlain by the Tertiary Friars Formation 
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(Tf), Tertiary Stadium Conglomerate (Tst), Quaternary very old paralic deposits (Qvop), alluvium 
(Qal), and artificial fill (Qaf) as mapped by Kennedy and Tan (2008). The approximate distribution 
of these materials at the proposed West Ground Anchor Wall, as presented as Figure 4 (Geologic 
Cross-Section A-A′), is based on SCS&T’s surface investigation, LOTBs, and our review of the 
local geologic and topographic maps.  

Existing fill associated with the approach embankments are located on the east and west portions of 
the site. The thickness of the fill is estimated to be up to approximately 30 feet. Very old paralic 
deposits cap the mesas/hillsides in the northwestern portion of the project. These deposits consist of 
well-cemented, poorly sorted, cobble in siltstone and sandstone matrices. We expect that cobbles up 
to 12 inches in diameter exist within the very old paralic deposits. Quaternary alluvium associated 
with the San Diego River plain (Mission Valley) and the tributary drainage canyons that connect with 
the river plain underlie most of the site. The thickness of the alluvium is anticipated to exceed 80 feet 
toward the southern portion of the site and decreases near the hillsides. The alluvium consists of 
interbedded layers of sand, gravel, cobble, and clay. We expect that cobbles up to 12 inches in 
diameter also exist within the Quaternary alluvium. The Stadium Conglomerate is the primary 
bedrock unit underlying the very old paralic deposits in the north and alluvial deposits in the southern 
portion of the project. The conglomerate is exposed in cut slopes on the site. The Stadium 
Conglomerate is comprised of sandy cobble with cross-bedded lenses of medium to coarse sandstone. 
Boulders up to approximately 24 inches in diameter typically occur within the Stadium 
Conglomerate. Locally, the Stadium Conglomerate is moderately to well-cemented. The Friars 
Formation underlies the Stadium Conglomerate within the San Diego River Plain. The Friars 
Formation is comprised of non-marine and lagoonal sandstone interbedded with layers of siltstone 
and claystone. The Friars Formation contains zones of varying degrees of cementation. The Stadium 
Conglomerate and Friars Formation were not observed to outcrop on the site. 

7.2 Types of Soil and Rock 

Based on the results of the previous investigation performed by SCS&T, the study area is generally 
underlain by fill and alluvium overlying Stadium Conglomerate and Friars Formation. The LOTBs 
from SCS&T are in general agreement of the types of soil material encountered at the study area. The 
fill material generally consists of dense silty sands and clayey sand with varying amounts of gravels 
and cobbles. Below the fill in Boring A-12-053, alluvium generally consists of dense silty sand with 
varying amounts of gravels and cobbles. Below the alluvium in Boring A-12-053 and fill in Boring 
A-12-054, sedimentary rock generally consisting of Stadium Conglomerate overlying Friars 
Formation. Stadium Conglomerate generally consists of moderately hard massive cobble 
conglomerate. Friars Formation generally consists of moderately hard massive sandstone and 
claystone. 
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Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009), it was 
stated that well-cemented zones should be expected within the formational materials. Construction 
considerations for the following materials are further described in Section 14 of this report. 

7.2.1 Previously Placed Fill and Alluvium 

Onsite fill soils were likely placed over existing alluvium during the original construction of the 
approach embankments for the interchange. The previously placed fill was encountered in both 
borings (Borings A-12-053 and A-12-054) from the ground surface (approximate Elevations +43 to 
+57 feet MSL) to approximately 6 to 14 feet below ground surface (approximate Elevations +37 to 
+43 feet MSL). Alluvium was encountered in Boring A-12-053 from below the previously placed fill 
(approximate Elevation +37 feet MSL) to approximately 47 feet below ground surface (approximate 
Elevation -4 feet MSL). Borings A-12-053 and A-12-054 were drilled near the proposed West 
Ground Anchor Wall alignment. The fill and alluvium consists primarily of brown to dark brown, 
dense, silty sand and clayey sand with varying amounts of gravels and cobbles. We expect that 
cobbles up to 12 inches in diameter exist within the fill and alluvium material. 

Previously placed fill is located within the proposed West Ground Anchor Wall areas. The alluvium 
and underlying formational material is considered suitable for direct support of the proposed West 
Ground Anchor Wall structure. The existing fill is not suitable for direct support of the retaining 
structure foundations. Therefore, possible removals of existing fill may be considered necessary to 
provide suitable foundation support.  

7.2.2 Stadium Conglomerate (Tst) and Friars Formation (Tf)  

Stadium Conglomerate and Friars Formation consist of sedimentary rock and was encountered in 
borings conducted by SCS&T as underlying the fill/alluvial deposits. Stadium Conglomerate was 
encountered in borings (A-12-053 and A-12-054) from beneath the previously placed fill/alluvial 
deposits from approximately 14 to 47 feet below ground surface (approximate Elevations +43 
to -4 feet MSL) to approximately 58 to 74 feet below ground surface (approximate Elevations -15 
to -17 feet MSL). Although boulders were not indicated on the LOTBs, boulders up to approximately 
24 inches in diameter typically occur within the Stadium Conglomerate and should be anticipated. 
Friars formation was encountered in both borings underlying the Stadium Conglomerate from 
approximately 58 to 74 feet below ground surface (approximate Elevations -15 to -17 feet MSL) to 
maximum explored depths ranging from approximately 100 to 125 feet below ground surface 
(approximate Elevations -57 to -68 feet MSL).  

The Stadium Conglomerate encountered in the borings consists primarily of massive cobble 
conglomerate and fine-grained massive sandstone. The Friars Formation encountered consists 
primarily of fine-grained massive sandstone and massive claystone.  
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7.3 Pertinent Soil Conditions or Geologic Hazards 

The following sections discuss other potential geologic hazards evaluated for the project including 
landslides, embankment failures, ground subsidence, expansive soils, and collapsible soils.  

7.3.1 Landslides 

Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009) and the 
review of the Landslide Hazard Identification Map No. 33 (1995), the project site is located in 
Landslide Hazard Areas 1, 2, and Subarea 3-1. Area 1 is classified as Least Susceptible to slope 
instability. Landslides and other features related to slope instability are non-existent to very rare 
within this area due primarily to lack of steep slopes. Land within Area 1 will probably remain 
relatively stable unless the topography is radically modified. Area 2 is classified as Marginally 
Susceptible to slope instability. Area 2 includes gentle to moderate slopes, where slope angles are 
generally less than 15 degrees. This area includes low-lying bottoms of broad valleys and basins and 
large elevated surfaces of Pleistocene terrace deposits. Landslides and other slope failures are rare 
within this area, although slope hazards are possible on some steeper slopes within the area or along 
its borders. Subarea 3-1 is classified as Generally Susceptible to slope instability and may contain 
slopes that are at or near their stability limits due to a combination of weak materials and steep 
slopes. Although most slopes within Area 3-1 do not currently contain landslide deposits, they can be 
expected to fail, locally, when adversely modified. 

No indications of gross, deep-seated, slope failures were noted during SCS&T’s geotechnical 
investigations. The materials comprising the Stadium Conglomerate typically have relatively high 
shear strengths and are not known to have a potential for deep-seated, gross, slope failure. Thus, the 
potential for gross, deep-seated, slope failures to affect the proposed OC widening is considered low. 
However, shallow surficial failures where soil, gravel, and cobble erode from the faces of steep, 
sparsely vegetated slopes are quite common. The Landslide Hazards Map is presented as Figure 5. 

7.3.2 Embankment Failures 

No embankment failures were observed during the investigations performed by SCS&T.  

7.3.3 Ground Subsidence 

Ground subsidence occurs where underlying loose geologic units undergo a densification process. 
Subsidence can result from the extraction of mineral resources and/or groundwater, as well as the 
rapid settlement induced by seismic activity. The potential for ground subsidence is considered low at 
the site.  
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7.3.4 Expansive Soils 

Expansive soils possess a high swelling or shrinking potential due to change in moisture content. The 
common materials associated with high expansion potential are clays. The majority of the onsite soil 
is medium- to coarse-grained with varying amounts of fines, gravels, and cobbles and are identified 
as relatively no to low plasticity. Proposed foundations will be supported below a depth where 
significant moisture variation is expected. Thus, the potential for expansive soils to affect the 
proposed foundations is considered low.  

7.3.5 Collapsible Soils 

Collapsible soils are unsaturated soils that undergo a large volume change upon saturation, even 
without increase in external loads. Soils that generally display collapsible potential are porous and 
have a low dry density. Generally no porous or honeycomb structure was reported previously. 
Surficial soils described as loose will be removed and recompacted as outlined in the 
recommendations of this report. Thus, the potential for collapsible soils onsite is considered low. 

7.4 Depth to Bedrock 

The depth to rock-like materials (Stadium Conglomerate and Friars Formation) varies from 
approximately 14 to 47 feet as illustrated on the LOTB sheets as shown in Appendix A.  

7.5 Groundwater 

Groundwater was observed in each of the borings (Borings A-12-053 and A-12-054) at approximate 
elevations ranging from 25.5 to 29 feet MSL (approximately 17.5 to 28 feet below ground surface) 
during SCS&T’s investigation. The As-Built LOTB encountered groundwater at approximate 
elevations of 34 and 39 feet MSL. We expect the groundwater to be near the water levels mentioned 
in the borings at the approximate proposed location of the West Ground Anchor Wall. The presence 
of groundwater should be considered and incorporated into the design and construction of proposed 
foundations. 

Fluctuations in the level of groundwater may occur due to variations in rainfall, temperature, and 
other factors. Depth to groundwater can also vary significantly due to localized pumping, irrigation 
practices, and seasonal fluctuations. Therefore, it is possible that groundwater may be higher or lower 
than the levels observed during our investigation. 

8. SCOUR EVALUATION 

The site is not located in the vicinity of flowing channels or any large bodies of water, so scour is not 
expected to affect the proposed improvements. 
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9. CORROSION EVALUATION 

Corrosion parameter testing was performed by SCS&T on seven samples obtained from Borings A-
03-002, A-03-003, and A-12-044, which were selected at random to represent surficial onsite soil for 
the proposed Friars Road/SR 163 Interchange project.  

According to Caltrans’ Corrosion Guidelines (Version 1.0, September 2003), a site is considered 
corrosive to foundation elements if chloride concentration is greater than 0.05 percent (%), or sulfate 
concentration greater than 0.2%, or the potential of hydrogen (pH) is 5.5 or less. Resistivity, pH, 
chlorides content, and soluble-sulfate content tests were performed on one sample selected at random 
to generally evaluate the corrosion potential to subsurface structures. These tests were performed in 
accordance with CTM. 643, CTM 417, and CTM 422. The results are summarized in Table 9, which 
indicates that the site need not be considered a corrosive environment in accordance with Caltrans 
criteria. The results are presented in Appendix C and should be considered for design of underground 
structures. 

TABLE 9 
SOIL CORROSION TEST SUMMARY 

Boring No. / 
Sample No. 

Sample Depth 
(feet) 

Resistivity 
(ohm centimeters) pH Chloride 

Content (%) 
Sulfate 

Content (%) 

A-03-002/1-3.5 1 to 3.5 1,870 8.7 0.001 0.007 
A-03-002/12.5 12.5 - 9 - 0.001 

A-03-002/26-28 26 to 28 935 8.4 0.015 0.017 
A-03-003/1-3.5 1 to 3.5 2,204 8.1 0.007 0.008 
A-03-003/32-34 32 to 34 1,336 7.1 0.006 0.025 

A-03-003/45 45 - 7.1 0.023 0.016 
A-12-044/1-5 1 to 5 1,750 9.2 0.002 0.003 

Note:   (-) Represents negligible exposure. 

Proposed improvements in contact with the ground should be designed and constructed in 
accordance with Caltrans’ Standard Specifications and good construction practices. Geocon does 
not practice in the field of corrosion engineering. If corrosion sensitive improvements are planned, 
we recommend that further evaluations by a corrosion engineer be performed to incorporate the 
necessary precautions to avoid premature corrosion on corrosion sensitive structures in direct 
contact with the soils. 
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10. SEISMIC RECOMMENDATIONS 

10.1 Faulting 

Much of Southern California, including the San Diego County area, is characterized by a series of 
Quaternary fault zones that typically consist of several individual en echelon faults generally striking 
in a northerly to northwesterly direction. Some of these fault zones (and the individual faults within 
the zone) are classified as active while others are classified as potentially active according to the 
criteria of the California Geologic Survey. Active fault zones are those that have shown conclusive 
evidence of faulting during the Holocene Epoch (the most recent 11,000 years). Potentially active 
faults have demonstrated movement during the Pleistocene Epoch (11,000 to 1.6 million years before 
the present), but no movement during Holocene time. 

The fault most likely to have a significant impact on the site is the Newport-Inglewood-Rose Canyon 
fault (San Diego Section) located approximately 3.5 km southwest of the site. 

10.2 Seismic Ground Motion and Design Response Spectrum 

Design seismic recommendations including seismic ground motion of the site and the design 
response spectrum for the bridge widening were developed in accordance with Caltrans’ 2009 
Seismic Design Procedure. This procedure is based on current Caltrans’ Seismic Design Criteria 
(Appendix B), Deterministic PGA Map, ARS Online Report, Geotechnical Services Design Manual, 
and USGS probabilistic seismic hazard analysis and tools. Site-specific information used in the 
procedure included the latitude of 32.771560° and the longitude of -117.161362°. 

Based on Caltrans’ web-based ARS Online application (V1.0.4) and associated reports, the site is 
located approximately 3.5 kilometers (km) northeast of Newport-Inglewood-Rose Canyon fault zone, 
San Diego section (Caltrans Fault ID 224). A portion of the 2007 Deterministic PGA Map showing 
the site and nearby regional faults is presented as Figure 6, Regional Fault Map. Key information for 
the fault is summarized in Table 10. 
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TABLE 10 
FAULT INFORMATION 

Fault Name Newport-Inglewood-Rose Canyon (San Diego Section) 

Fault ID# 224 

MMax 7.5 

Fault Type RLSS 

Fault Dip 90° 

Dip Direction Vertical 

Top of Rupture 0 km 

Bottom of Rupture 13 km 

RRUP 3.5 km 

Z1.0 191 m & 241 m* 

Z2.5 2.0 km 

*Z1.0 of 191 m for Vs30 of 420 m/sec, 241 m for Vs30 of 380 m/sec.  

The site is not located within a deep sedimentary basin in accordance with Caltrans’ 2009 Seismic 
Design Procedure. Based on the currently available project plans and LOTB sheet prepared by T. Y. 
Lin International and SCS&T, respectively, the site is underlain by fill soils and/or alluvial soils over 
sedimentary formational materials (Stadium Conglomerate and Friars Formation). A shear wave 
velocity in the upper 30 meters (Vs30) of approximately 420 meters  per second (m/sec) is considered 
appropriate for the soil profile at Abutment 1 near the planned West Ground Anchor Wall. 

Both the deterministic and probabilistic response spectrums of the site were estimated using Caltrans’ 
Deterministic Response Spectrum Spreadsheet, Probabilistic Response Spectrum Spreadsheet (after 
USGS), 2008 USGS National Seismic Hazard Map, and the ARS Online web tools. The design 
response spectrum is the upper envelope of the spectral values of deterministic response spectrum and 
the probabilistic response spectrum, as well as the upper envelop of the results for Vs30 of 420 m/sec 
in this case. The peak horizontal ground acceleration at the site is estimated as 0.48g. The 
recommended design response spectrum is shown on the Recommended Design Response Spectrum, 
Figure 7. The seismic analyses and calculations are presented in Appendix D. 

10.3 Liquefaction 

Liquefaction is a phenomenon in which loose, saturated, and relatively cohesionless soil deposits 
located beneath the groundwater table lose strength during strong ground motions. Primary factors 
controlling liquefaction include intensity and duration of ground accelerations, characteristics of the 
subsurface soil, in-situ stress conditions, and depth to groundwater.  

Based on the City of San Diego Seismic Safety Map (2008) as shown on Figure 8, the proposed OC 
widening and associated wingwalls is located in Geologic Hazard Category 32. Hazard Category 32 
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represents areas with a low potential for liquefaction underlain by fluctuating groundwater with 
minor drainages. Based on the LOTBs prepared by SCS&T, the soil material at the site generally 
consisted of dense clayey sands and silty sands with varying amounts of gravels and cobbles 
overlying moderately hard sedimentary bedrock (Stadium Conglomerate and Friars Formation). 
Groundwater in borings (A-12-053 and A-12-054) was encountered in dense clayey sand and 
moderately hard sedimentary rock (Stadium Conglomerate).  

We evaluated the potential for liquefaction at the site using methodology of Youd, et al. (2001), in 
general accordance with California Geologic Survey (CGS) Special Publication 117A (CGS, 2008). 
In accordance with Caltrans guidelines, we used the Maximum Credible Earthquake (MCE) 
Moment Magnitude of 7.5 and Peak Bedrock Acceleration (PBA) of 0.48g in our analysis. Based 
on the results of our analysis, the potential for liquefaction and associated impacts at the site is 
considered low. 

10.4 Seismic-induced Settlement 

As a result of strong ground motions, seismic-induced settlement may be expected in areas underlain 
by liquefiable soils, unconsolidated alluvial deposits, and/or loose granular soils. The potential for 
seismic-induced settlement at the site is considered very low due to the presence of primarily medium 
dense to very dense fill/alluvium over sedimentary bedrock (Stadium Conglomerate and Friars 
Formation) and the lack of liquefiable soil.  

10.5 Tsunami 

Tsunamis are large sea waves caused by submarine earthquakes, landslides, or volcanic eruptions. 
The potential of tsunamis to occur at the site is considered to be very low due to the relatively large 
distance from the coastline to the site. 

10.6 Slope Stability 

Planned earthwork will include fill slopes along portions of the approach embankments. Assuming 
that fill materials meet Caltrans’ specifications for structure backfill, 2H:1V (horizontal to vertical) 
fill slopes should have an adequate factor of safety against deep-seated and shallow failures under 
static and seismic loading. 

11. AS-BUILT FOUNDATION DATA 

The existing Friars Road OC is a two span, cast-in-place concrete box girder structure supported on 
four column bents and seat type abutments. The abutments and bents are supported by driven steel H-
piles (HP 10x57).  



 

Geocon Project No. G1447-52-01 - 15 - November 30, 2012 
  Revised August 15, 2014 

The existing OC extends approximately 390 linear feet with a typical width of approximately 
114 feet. The relevant as-built data available to Geocon are listed below: 

1. As-built Plan, Earthquake Retrofit Project No. 272, Friars Road Overcrossing, Bridge 
No. 57-0595, dated July 29, 1996. 

2. As-Built Plan, General Plan, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 1 of 15, 
dated December 2, 1968. 

3. As-Built Plan, Foundation Plan, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 3 of 
15, dated December 2, 1968. 

4. As-Built Plan, Log of Test Borings, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 15 
of 15, dated December 2, 1968. 

Based on the available original as-built data, the abutments and bent for the existing OC structure are 
supported by 65-ton capacity driven steel HP 10x57 piles with average tip elevations of 19.8 feet 
(Abutment 1), 15.1 feet (Bent 2), and 14.4 feet (Abutment 3) MSL. Approximate pile lengths at 
Abutment 1 range from approximately 16.5 to 28 feet. Approximate pile lengths at Bent 2 range from 
approximately 21 to 23.5 feet. Approximate pile lengths at Abutment 3 range from approximately, 
and 40.5 to 47 feet. 

The existing OC structure was seismically retrofitted in 1996 that consisted of increasing the size of 
all existing pile caps at Bent 2 support location supported on higher capacity 75-ton driven steel HP 
10x57 piles with a specified tip elevation of 10 feet MSL. No other support locations required seismic 
retrofit modifications. 

All elevations for the existing structures used in this report are based on the datum of the referenced 
as-built plans. 

Groundwater was encountered during the original explorations at approximate elevations of 34 and 
39 feet MSL. The referenced as-built plans including the LOTB sheets are included in Appendix B.  

12. FOUNDATION RECOMMENDATIONS 

12.1 Ground Anchor Wall 

12.1.1 Description 

The SR 163 widening along the SB lanes on the west side beneath the existing Friars Road OC will 
require a ground anchor retaining wall and Caltrans Standard Plan Type 1 (Case 2) cantilever type 
retaining walls. Specifically, the ground anchor retaining wall will be approximately 230.75 feet long 
with a proposed maximum height of approximately 20 feet. Bottom of wall elevations will range 
from approximately 34.28 feet to 45.22 feet MSL from south to north, respectively. The ground 
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anchor wall is proposed to have three vertical rows of ground anchors with maximum horizontal 
spacing of approximately 4½ to 14 feet at a proposed inclination of 10 degrees. The proposed ground 
anchor wall will be approximately 9 to 10 feet away from the existing Friars Road OC west abutment 
(Abutment 1) in order to accommodate the additional lanes for SR 163 SB direction. Geotechnical 
recommendations regarding the proposed Caltrans Standard Plan Type 1 (Case 2) cantilever type 
retaining walls are presented in Section 12.2 of this report. 

Borings A-12-053 and A-12-054 were drilled near the ground anchor retaining wall alignment using a 
truck-mounted drill rig. The subsurface conditions generally consisted of previously placed 
embankment fill ranging from approximately 6 to 14 feet in thickness overlying alluvium and/or 
sedimentary rock (Stadium Conglomerate and Friars Formation). The fill material generally consisted 
of dense silty sands and clayey sand with varying amounts of gravels and cobbles. Below the fill in 
Boring A-12-053, alluvium generally consisting of dense silty sand with varying amounts of gravels 
and cobbles. Groundwater was encountered in both borings at approximate Elevations of 25.5 feet 
(Boring A-12-053) and 29 feet (Boring A-12-054) MSL. Below the alluvium in Boring A-12-053 and 
fill in Boring A-12-054, sedimentary rock generally consisting of Stadium Conglomerate overlying 
Friars Formation. Stadium Conglomerate generally consists of moderately hard massive cobble 
conglomerate. Friars Formation generally consists of moderately hard massive sandstone and 
claystone. 

12.1.2 Design Parameters 

The designer of the ground anchor retaining wall should verify locations of existing piles associated 
with the west Abutment (Abutment 1) in order to ensure the proposed ground anchor locations are not 
in conflict with the existing structure.  

Ground anchor retaining walls consist of installing ground anchors into slopes or excavations in a 
top-down construction sequence. Lagging or shotcrete facing should keep pace with excavation and 
anchor construction. Generally, the excavation should not be advanced deeper than 5 feet below the 
bottom of lagging or facing at any time. These unsupported gaps of up to 5 feet should only be 
allowed to stand for short periods of time (two days or less) in order to reduce the potential for soil 
sloughing and caving. Test sections may be completed during construction to observe if deeper cuts 
will stand. Based on the proposed ground anchor wall plans prepared by T. Y. Lin  International, we 
understand that the wall will be constructed in three lifts with heights, top to bottom, of 5, 5, and 
5 feet, respectively. We performed a stability analysis for the temporary excavation conditions during 
construction of each lift phase. The results of the stability analysis indicate global stability for each 
lift phase (Factor of Safety > 1.0); however, the granular soils could be prone to minor raveling and 
caving.  
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The proposed ground anchor retaining wall should have a minimum embedment depth of 3 feet into 
competent soil of the base of the wall as per Load and Resistance Factor Design (LRFD) Bridge Design 
Specifications (BDS) C11.9.5.2.  

The proposed ground anchor retaining wall should be designed using the following soil properties, 
equivalent fluid pressures, allowable friction coefficient, and earthquake surcharge: 

• Total Unit Weight of Soil (γtot) = 120 pounds per cubic foot 
• Internal Angle of Friction (Φ) = 32.5 degrees 
• Cohesion = 150 pounds per square foot 
• Active Equivalent Fluid Pressure = 36 pounds per cubic foot 
• Passive Equivalent Fluid Pressure = 300 pounds per cubic foot 
• At-rest Equivalent Fluid Pressure = 55 pounds per cubic foot 
• Allowable Friction Coefficient = 0.40 
• Earthquake Surcharge = 0.24* γtot*H (where H is the design height of the ground anchor 

wall) 

For the ground anchor retaining wall, we recommend using the apparent earth pressure distribution 
provided on LRFD BDS Figure 3.11.5.7.1-1(b) Apparent Earth Pressure Distributions for Anchored 
Walls Constructed from the Top Down in Cohesionless Soils for Walls with Multiple Levels of 
Ground Anchors. 

Anchor pullout capacity is influenced by soil conditions, method of anchor hole advancement, hole 
diameter, bonded length, grout type, and grouting pressure. The contractor must determine the 
ultimate anchor bond stress based on the selected construction method. 

The minimum horizontal spacing of anchors should be the larger of three times the diameter of the 
bonded zone or 5 feet as per LRFD BDS Section 11.9.4.2. If smaller spacings are required to develop 
the required load, consideration may be given to differing anchor inclinations between alternating 
anchors. Based on the wall geometry and location of the existing Abutment 1 piles, we recommend a 
minimum ground anchor unbonded length of 20 feet. The contractor must determine the minimum 
bonded length of the anchor based on the selected construction method as stated on the project plans. 

Corrosion protection of the ground anchors is recommended since it will be a permanent structure. 
Corrosion protection shall be applied in accordance with the provisions of LRFD Bridge 
Construction Specifications, Section 6 Ground Anchors. 

Settlement for the ground anchor retaining wall can cause reduction in anchor loads, and therefore 
should be considered in design. A settlement profile behind anchored walls for cohesionless soil is 



 

Geocon Project No. G1447-52-01 - 18 - November 30, 2012 
  Revised August 15, 2014 

presented in LRFD BDS Figure C11.9.3.1-1. The majority of the settlement is expected to be 
completed during construction.  

The ground anchor retaining walls should be provided with a drainage system adequate to prevent the 
buildup of hydrostatic forces.  

12.1.3 Ground Anchor Testing Program 

Normally, ground anchors are contractor-designed and installed, and there are numerous 
construction methods available. Anchor capacity is a function of construction method, depth of 
anchor, batter, diameter of the bonded section, and the length of the bonded section. Experience has 
shown that the use of pressure grouting during formation of the bonded portion of the anchor will 
increase the rock-grout bond stress. A pressure grouting tube should be installed during the 
construction of the anchor. Post grouting should be performed if adequate capacity cannot be 
obtained by other construction methods. Non-shrink grout with a minimum 28-day compressive 
strength of 4,000 psi should be used. 

Two types of load tests should be performed on the ground anchors. Load testing should be 
performed in accordance with the guidelines of the Federal Highway Administration (FHWA 1999) 
or approved equivalent procedures. Performance tests are performed on a limited number of anchors 
to confirm the contractor’s design, installation methods, and capacity. Proof tests are typically 
performed on the remaining anchors to verify adequate capacity. 

Following a successful load test, we recommend that anchors be locked off at 80% of the anchor’s 
allowable working load. Anchor test acceptance criteria should be established in the project plans and 
specifications. Acceptance criteria should include minimum and maximum elongation (displacement) 
and maximum allowable creep movement. Anchor stressing/testing should be conducted only after 
sufficient curing and strength has developed within the anchor grout. Anchors that fail to meet project 
specified test criteria should be locked off at an appropriate load and additional anchors should be 
constructed. Appropriate corrosion protection should be provided for the anchors. 

12.2 Type 1 (Case 2) Retaining Wall 

The proposed cantilever type retaining walls will connect at both the north and south ends of the 
ground anchor wall and extend around the Abutment 1 embankment. The cantilever type retaining 
walls will consist of a Caltrans Standard Type 1 Case 2 (Caltrans Standard Plan RSP B3-1B) supported 
on a spread footing. The proposed cantilever type retaining walls along the north and south ends of 
the ground anchor retaining wall will be approximately 54.75 feet and 98 feet in length, respectively, 
with a maximum height of approximately 16 feet. Bottom of footing elevations range from 
approximately 34.95 feet to 48.14 feet MSL. 
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Borings A-12-053 and A-12-054 were drilled near the Type 1 retaining walls alignment using a 
truck-mounted drill rig. The subsurface conditions generally consisted of previously placed 
embankment fill ranging from approximately 6 to 14 feet in thickness overlying alluvium and/or 
sedimentary rock (Stadium Conglomerate and Friars Formation). The fill material generally consisted 
of dense silty sands and clayey sand with varying amounts of gravels and cobbles. Below the fill in 
Boring A-12-053, alluvium generally consisting of dense silty sand with varying amounts of gravels 
and cobbles. Groundwater was not encountered in both borings at approximate Elevations of 25.5 feet 
(Boring A-12-053) and 29 feet (Boring A-12-054) MSL. Below the alluvium in Boring A-12-053 and 
fill in Boring A-12-054, sedimentary rock generally consisting of Stadium Conglomerate overlying 
Friars Formation. Stadium Conglomerate generally consists of moderately hard massive cobble 
conglomerate. Friars Formation generally consists of moderately hard massive sandstone and 
claystone. The Type 1 retaining walls bottom of footings will be located within existing fill, alluvium, 
or formational material. 

12.2.1 Foundation Subgrade 

The alluvium and formational material is considered suitable for direct support of the proposed Type 
1 retaining walls. The existing fill is not suitable for direct support of the Type 1 retaining wall 
foundations. Therefore, possible removals of existing fill may be necessary to provide suitable 
foundation support. If existing fill is encountered, we recommend that the Type 1 retaining wall 
footings be supported on a minimum of 2 feet of structural fill. This will require remedial grading in 
the form of removal and re-compaction of at least 2 feet below footings. The fill below the footings 
and the outer portion of the embankment fill should consist of structural fill compacted to a minimum 
of 95 percent of the maximum density.  

12.2.2 Design Parameters 

The proposed Caltrans Standard Type 1 (Case 2) cantilever type retaining wall may be supported on a 
conventional spread footing (as detailed on Caltrans Standard Plan RSP B3-1B) founded on 
undisturbed alluvium, underlying formational material, or structural fill as recommended herein. 

Retaining walls capable of rotating 0.001 radians can be designed using active earth pressures.  
Walls supporting level backfill should be designed for an active equivalent fluid pressure of 36 pcf in 
accordance with Caltrans’ Bridge Design Specifications 3.20.1. Walls supporting 2H:1V backfill 
should be designed for an equivalent fluid pressure of 50 pcf. For retaining walls subject to vehicular 
loads within a horizontal distance equal to two-thirds the wall height, a surcharge equivalent of 2 feet 
of fill soil (unit weight of 120 pcf) should be added. Soil placed for retaining wall backfill should 
meet the requirements outlined in Section 12.3 of this report.  

Resistance to lateral loads will be provided by friction along the base of the wall foundation and/or by 
passive earth pressure against the front face of the footing. The allowable passive pressure should be 
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taken as 300 pcf assuming a horizontal surface extends at least 5 feet or three times the depth of the 
footing, whichever is deeper; beyond the face of the footing for walls. An allowable coefficient of 
friction of 0.40 is recommended for footings on properly compacted fill, relatively undisturbed 
alluvium, or formational materials. This friction coefficient may be combined with the allowable 
passive earth pressure when determining resistance to lateral loads. The upper 12 inches of soil in 
front of the wall should not be relied on for passive resistance unless the ground surface is covered 
with asphalt or concrete. 

An allowable bearing capacity of 3,000 pounds per square foot (psf) can be used provided that wall 
heights do not exceed 20 feet and the footings bear entirely in compacted fill, relatively undisturbed 
alluvium, or formational materials. The total settlement of wall footings in structural fill imposing the 
maximum toe pressure of 2,700 psf is not expected to exceed one inch. Differential settlement is 
expected to be 50 percent of the total settlement. The majority of the settlement is expected to be 
completed during construction. 

All wing walls should be provided with a drainage system adequate to prevent the buildup of 
hydrostatic forces. The drainage system should consist of weepholes or backdrains. The above 
recommendations assume a properly compacted granular backfill material with no hydrostatic forces. 
If conditions different than those described are anticipated, or if specific drainage details are desired, 
Geocon should be contacted for additional recommendations. 

12.3 Wall Backfill  

All grading should be performed in conformance with Sections 6-3, 19-3, 19-5, and 19-6 of the 
Caltrans Standard Specifications or equivalent. Backfill placed behind retaining walls should have a 
very low- to low-expansion potential. The extent and placement of the low-expansive soils should 
conform to Caltrans Standard Specifications 19-5.03. Backfill should have an Expansion Index (EI) 
no greater than 50 and a Sand Equivalent of 20 or greater. Ponding or jetting of backfill should not be 
permitted.  

All structural backfill should be compacted to 95 percent of the maximum density as determined by 
CTM 216. All compaction on the project should be based on this test method. Backfill should be 
compacted in horizontal lifts not exceeding 8 inches (loose thickness) and brought to final design 
elevations. Each lift should be moisture-conditioned and compacted. Backfill should be benched into 
existing embankment fill as the fill is placed. Benches should extend at least 3 feet laterally into the 
existing embankment fill. 

12.3.1 Additional Considerations 

Consideration should be given to the use of surface treatments to minimize surficial erosion until 
adequate erosion-resistant vegetation can become established. All roadway drainage should be 
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directed to appropriate collection and discharge facilities to prevent run-off from flowing over the 
tops of slopes.  

13. GENERAL NOTES TO DESIGNER 

This report is prepared based on the currently available project information including the proposed 
structures and foundations described herein. Geocon must be contacted for review and possible 
revised recommendations if the proposed structures and foundations are changed.  

14. CONSTRUCTION CONSIDERATIONS 

Areas to be developed should be cleared and stripped of obstructions, trees, bushes, grass, roots, and 
the upper few inches of soil containing organic debris. Soils/organics removed by stripping can be 
transported offsite or stockpiled for use in landscaping. Existing drainage and utility lines or other 
existing subsurface structures that are not to be utilized, if any, should be removed, destroyed or 
abandoned in compliance with applicable regulations. 

Relevant specifications and important design criteria that were used in the geotechnical design of the 
foundations include: 

• Sections 6-3, 19-3, 19-5, and 19-6 of Caltrans’ Standard Specifications. Backfill should have 
an Expansion Index (EI) no greater than 50 and a Sand Equivalent of 20 or greater. Ponding 
or jetting of backfill should not be permitted. All structural backfill should be compacted to 
95 percent of the maximum density as determined by CTM 216. 

• Remedial grading should be performed to provide a relatively uniform soil mat beneath the 
footing and no oversized rock (with a maximum dimension of 12 inches or greater) within 
5 feet of the footing. 

• Retaining walls not restrained at the top and having a level backfill surface should be 
designed for an active soil pressure equivalent to the pressure exerted by a fluid density of 36 
pcf in accordance with Caltrans’ Bridge Design Specifications 3.20.1. Walls supporting 
2H:1V backfill should be designed for an equivalent fluid pressure of 50 pcf. 

• All retaining walls should be provided with a drainage system adequate to prevent the 
buildup of hydrostatic forces. 

Excavation and trench depths greater than 5 feet will need to be sloped and shored in accordance with 
Cal-OSHA guidelines for the safety and stability of adjacent existing improvements. Existing fill and 
alluvium, if encountered, can be considered as OSHA Type B soil for excavation purposes (Type C 
where seepage is freely flowing). For temporary construction purposes, a slope ratio of 1H:1V may 
be used for cuts in existing fill or alluvium not exceeding 20 feet to a depth five feet above the water 
table. Formational materials can likely be considered a Type A soil with a slope ratio of ¾ H:1V. The 
top of the excavation should be a minimum of 15 feet from the edge of existing improvements. 
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Excavations steeper than those recommended or closer than 15 feet from an existing improvement 
should be shored in accordance with applicable OSHA codes and regulations. 

Temporary excavations should be in compliance with applicable governing agency regulations. The 
Contractor should also execute a monitoring program for structures in proximity to deep excavations 
so that appropriate modifications to the excavation/shoring system can be implemented to minimize 
the surface deflection or structure damage in a timely manner, if warranted. 

Excavation of the onsite materials can be accomplished using conventional heavy-duty excavation 
equipment. Excavation difficulty should be expected within the very dense and hard formational 
materials. Heavy ripping will generate oversize materials not suitable for backfill. 

The existing bridge footings and structures should be protected and monitored during proposed 
bridge widening and site improvements. 

Foundation excavations should be observed by a representative of Geocon prior to the placement of 
reinforcing steel and concrete. If unanticipated soil conditions are encountered, foundation 
modifications may be required. 

Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009), it was 
stated that subsurface well-cemented zones should be expected within the formational materials. 
These areas will require rock-breaking equipment. In addition, buried hard rock requiring special 
handling should be anticipated. Contract documents should specify that the contractor mobilize 
equipment capable of excavating, breaking, and drilling hard rock.  

15. DISCLAIMER AND CONTACT INFORMATION 

The recommendations contained in this report are based on specific project information regarding 
structure type, location, and design loads that have been provided by Dokken Engineering and T. Y. 
Lin International. If any changes are made during final project design, Geocon should review those 
changes to determine if these foundation recommendations are still applicable. Any questions 
regarding the above recommendations should be directed to the attention of Mr. Joe Vettel, 858-558-
6900, at the San Diego Office of Geocon. 

16. CLOSURE 

16.1 Foundation and Grading Plan Review 

Geocon should review the grading plans and foundation plans prior to final design submittal to 
evaluate whether additional analysis and/or recommendations are required. 
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16.2 Limitations and Uniformity of Conditions 

The recommendations of this report pertain only to the site investigated and are based upon the 
assumption that soil conditions do not deviate from those disclosed in the investigation. If any 
variations or undesirable conditions are encountered during construction, or if the proposed 
construction will differ from that anticipated herein, Geocon should be notified so that supplemental 
recommendations can be given. The evaluation or identification of the potential presence of 
hazardous or corrosive materials was not part of the scope of services provided by Geocon. 

This report is issued with the understanding that it is the responsibility of the owner or his 
representative to ensure that the information and recommendations contained herein are brought to 
the attention of the architect and engineer for the project and incorporated into the plans, and that the 
necessary steps are taken to see that the contractor and subcontractors carry out such 
recommendations in the field. 

The findings of this report are valid as of the present date. However, changes in the conditions of a 
property can occur with the passage of time, whether due to natural processes or the works of man on 
this or adjacent properties. In addition, changes in applicable or appropriate standards may occur, 
whether they result from legislation or the broadening of knowledge. Accordingly, the findings of this 
report may be invalidated wholly or partially by changes outside our control. Therefore, this report is 
subject to review and should not be relied upon after a period of three years. Our professional services 
were performed in accordance with generally acceptable geotechnical engineering principles and 
practices in the site area at this time. No warranty is provided, express or implied. 
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Hammer Energy Correction Factors
Reference: Youd, et al, Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER/NSF Workshops on Evaluation of Liquefaction

Resistance of Soils, Journal of Geotechnical and Environmental Engineering, October, 2001, Vol. 127, No. 10

Project Name: Date: 11/6/2012
Project Number:

Hole Diameter, Inches: 8 Hole Diameter Correction, CB: 1.15
Average Unit Weight, (pcf): 120
Adjustment Factor for 350 LB Hammer Above Groundwater 1.00 <-- Enter 1.0 if an adjustment is not required; Applied to "MC" Samples
Adjustment Factor for 350 LB Hammer Below Groundwater 1.00 <-- Enter 1.0 if an adjustment is not required; Applied to "MC" Samples
Approximate Depth to Groundwater 20

*Auto, Cathead, or Downhole Hammer

Energy Correction, CE (1.0 Safe-T-Driver/Cathead, 1.3 Automatic)

Sample Depth, Feet
Field Blow 
Count (per 

Foot)

Type of 
Sampler 
(MC or 
SPT)

Hammer 
Type* 

(A/C/D)

Equiv. SPT 
Blow Count, 

N
'v, psf

Overburden 
Pressure 

Correction, 
CN

Energy Ratio 
Correction, 

CE

Rod Length 
Correction, 

CR

Sampling 
Correction, 

CS

N1|60 
Blowcounts 

(Pror to Fines)

A-03-002: 5 5.0 14 SPt a 14.0 600.0 1.70 1.3 0.75 1.10 29.35
A-03-002: 7 7.0 11 MC a 7.3 840.0 1.54 1.3 0.80 1.00 13.53

A-03-002: 10.5 10.5 14 MC a 9.3 1260.0 1.26 1.3 0.85 1.00 14.94
A-03-002: 13 13.0 50 MC a 33.3 1560.0 1.13 1.3 0.85 1.00 47.96
A-03-002: 15 15.0 100 MC a 66.7 1800.0 1.05 1.3 0.85 1.00 89.30
A-03-002: 20 20.0 100 SPT a 100.0 2400.0 0.91 1.3 0.95 1.10 100.00
A-03-002: 25 25.0 100 SPT a 100.0 2688.0 0.86 1.3 0.95 1.10 100.00
A-03-002: 30 30.0 100 SPT a 100.0 2976.0 0.82 1.3 1.00 1.10 100.00
A-03-002: 33 33.0 100 SPT a 100.0 3148.8 0.80 1.3 1.00 1.10 100.00

A-03-002: 34.5 34.5 100 SPT a 100.0 3235.2 0.79 1.3 1.00 1.10 100.00

Friars Road/SR 163
G1447-52-01

Adjust for each GWT Level



Liquefaction Analysis Using SPT

Project Name:
Project Number:

A-03-002

amax/g 0.48 Include K (Y/N) N
Magnitude 7.50 Use NCEER CRR 7.5 (1) or Rauch CRR 7.5 (2) 2
Groundwater Depth, Ft 20.0 1
Reference Pressure, p a 2000
Unit Weight of Water 62.4
Soil Unit Weight, pcf 120

MWF Idriss(1997) = (M) 2.56/102.24 From Graph

Depth, ft N1|60

Fines 
Content, 
FC (%)

N1|60, 
Adj. for 
Fines

, psf ', psf rd K
NCEER 
CRR7.5 

RAUCH 
CRR7.5

CSR 
M=7.5

Liquefaction 
Potential

Factor of 
Safety

Volumetric 
Strain, %

Settlement, 
in.

1 29 15 32.9 120.0 120.0 1.00 1.00 0.800 0.800 0.312 Above GWT 2.564
2 29 15 32.9 240.0 240.0 1.00 1.00 0.800 0.800 0.311 Above GWT 2.570
3 29 15 32.9 360.0 360.0 0.99 1.00 0.800 0.800 0.311 Above GWT 2.576
4 29 15 32.9 480.0 480.0 0.99 1.00 0.800 0.800 0.310 Above GWT 2.582
5 29 15 32.9 600.0 600.0 0.99 1.00 0.800 0.800 0.309 Above GWT 2.588
6 14 35 21.8 720.0 720.0 0.99 1.00 0.239 0.239 0.308 Above GWT 0.776
7 14 35 21.8 840.0 840.0 0.99 1.00 0.239 0.239 0.308 Above GWT 0.777
8 15 35 23.0 960.0 960.0 0.98 1.00 0.255 0.257 0.307 Above GWT 0.837
9 15 35 23.0 1080.0 1080.0 0.98 1.00 0.255 0.257 0.306 Above GWT 0.839

10 15 35 23.0 1200.0 1200.0 0.98 1.00 0.255 0.257 0.306 Above GWT 0.841
11 15 35 23.0 1320.0 1320.0 0.98 1.00 0.255 0.257 0.305 Above GWT 0.843
12 50 35 65.0 1440.0 1440.0 0.97 1.00 0.800 0.800 0.304 Above GWT 2.629
13 50 35 65.0 1560.0 1560.0 0.97 1.00 0.800 0.800 0.304 Above GWT 2.635
14 89 35 111.8 1680.0 1680.0 0.97 1.00 0.800 0.800 0.303 Above GWT 2.641
15 89 35 111.8 1800.0 1800.0 0.97 1.00 0.800 0.800 0.302 Above GWT 2.646
16 89 35 111.8 1920.0 1920.0 0.97 1.00 0.800 0.800 0.302 Above GWT 2.652
17 89 35 111.8 2040.0 2040.0 0.96 1.00 0.800 0.800 0.301 Above GWT 2.659
18 89 35 111.8 2160.0 2160.0 0.96 1.00 0.800 0.800 0.300 Above GWT 2.665
19 89 35 111.8 2280.0 2280.0 0.96 1.00 0.800 0.800 0.299 Above GWT 2.672
20 89 35 111.8 2400.0 2400.0 0.96 1.00 0.800 0.800 0.299 NL 2.679
21 100 35 125.0 2520.0 2457.6 0.95 1.00 0.800 0.800 0.305 NL 2.620
22 100 35 125.0 2640.0 2515.2 0.95 1.00 0.800 0.800 0.312 NL 2.567
23 100 35 125.0 2760.0 2572.8 0.95 1.00 0.800 0.800 0.318 NL 2.519
24 100 35 125.0 2880.0 2630.4 0.95 1.00 0.800 0.800 0.323 NL 2.477
25 100 35 125.0 3000.0 2688.0 0.94 1.00 0.800 0.800 0.328 NL 2.439
26 100 35 125.0 3120.0 2745.6 0.94 1.00 0.800 0.800 0.333 NL 2.404
27 100 35 125.0 3240.0 2803.2 0.93 1.00 0.800 0.800 0.337 NL 2.374 0.75 0.09
28 100 35 125.0 3360.0 2860.8 0.93 1.00 0.800 0.800 0.341 NL 2.347 0.75 0.09
29 100 35 125.0 3480.0 2918.4 0.93 1.00 0.800 0.800 0.344 NL 2.323 0.75 0.09
30 100 35 125.0 3600.0 2976.0 0.92 1.00 0.800 0.800 0.348 NL 2.302 0.75 0.09
31 100 0 100.0 3720.0 3033.6 0.92 1.00 0.800 0.800 0.350 NL 2.284 0.75 0.09
32 100 0 100.0 3840.0 3091.2 0.91 1.00 0.800 0.800 0.353 NL 2.268 0.75 0.09
33 100 0 100.0 3960.0 3148.8 0.90 1.00 0.800 0.800 0.355 NL 2.255
34 100 0 100.0 4080.0 3206.4 0.90 1.00 0.800 0.800 0.356 NL 2.245
35 100 0 100.0 4200.0 3264.0 0.89 1.00 0.800 0.800 0.358 NL 2.237

Total Settlement, S LIQ (in.) = 0.54
Total Liquifiable Layers = 6

Boring:

Minimum Factor of Safety for Liquefaction

Friars Road/SR 163
G1447-52-01





Project Name:
Project No.
Date:
Support Location:

Vertical Stress of Loaded Area (Allowable Bearing Capacity (ksf)): qo = 8.1
Poisson's Ratio (taken at 1/3 to 2/3 B): v = 0.35
Young's Modulus, ksf (taken at 1/3 to 2/3 B): Es = 2500
Footing Length (feet) L = 44
Footing Width (feet) B = 22

Footing Contact Area (ft^2) = A = 968
L/B = L/B = 2

Combined Shape/Rigidity Factor  (from Table 4.4.7.2.2B) Bz = 1.06

0.08345 (feet)
1.001394 (inches)
25.43542 (mm)

Elastic Settlement:

Friars Road
G1447-52-01

West Abutment Wall
7-Nov-12

Determination of Elastic Settlement
qpn = 8.1 ksf
qpn > 2.1 ksf ,
therefore, GOOD!
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Project No. G1447-52-01 
May 22, 2015 
 
 
 
Dokken Engineering 
5675 Ruffin Road, Suite 250  
San Diego, California 92123 
 
Attention: Mr. Chris Thomas 
 
Subject:  FOUNDATION REPORT – MEMORANDUM NO. 2 
 FRIARS ROAD/STATE ROUTE 163 INTERCHANGE PROJECT 
 WEST GROUND ANCHOR WALL (BRIDGE NO. 57E0126) 
 11-SD-163-PM 4.4; CONTRACT NO. 11-085781 
 SAN DIEGO, CALIFORNIA 
 
References: 1. Foundation Report, Friars Road/State Route 163 Interchange Project, West Ground 

Anchor Wall (Bridge No. 57E0126), 11-SD-163-PM 4.4, Contract No. 11-085781, 
San Diego, California, prepared by Geocon Incorporated, dated November 30, 2012, 
revised August 15, 2014 (Project No. G1447-52-01). 

 2. Project Plans, West Ground Anchor Wall, Bridge No. 57E0126, Post Miles 4.4, 
Sheets 1 through 17 of 17 Sheets, prepared by T.Y. Lin International, undated (Final 
PS&E). 

Dear Mr. Thomas: 
 
In accordance with your request, we have prepared this memorandum addressing the design updates 
of the subject wall. 
 
We understand that the beginning segment of the subject wall, approximately 13’-10” in length and 
approximately 13½ to 17 feet in height, will be a soldier pile wall. Specifically, this segment of wall 
will be supported by three solider piles installed in 30-inch-diameter drilled holes extending 
approximately 16½ to 26 feet below the bottom of the wall. We consider the update appropriate from 
a geotechnical engineering standpoint. The contractor should have adequate drilling equipment 
available onsite for excavating in Stadium Conglomerate and Friars Formation. 
 
We also understand that an existing 60-inch-diameter RCP will be protected in place during 
construction. A layout verification by the project structure engineer (T.Y. Lin International) indicates 
unlikely conflict between the existing 60-inch-diameter RCP and the proximate, planned Tie 15 
ground anchor. However, as a construction consideration, the contractor should verify the locations of 
the existing 60-inch-diameter RCP and/or other underground utilities in field prior to starting 
construction. In addition, the contractor should execute a monitoring program so appropriate 
modifications to the planned ground anchors can be implemented in a timely manner to avoid conflict 
with the existing 60-inch-diameter RCP and/or other underground utilities.  
 



Project No. G1447-52-01 - 2 - May 22, 2015 

If there are any questions regarding this memorandum, or if we may be of further service, please 
contact the undersigned at your convenience. 
 
Very truly yours,  
 
GEOCON INCORPORATED  
 
 
 
 
Yong Wang 
GE 2775 

 Joseph J. Vettel 
GE 2401 

 
YW:JJV:dmc 
 
(e-mail) Addressee 
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Project No. G1447-52-01 
November 30, 2012 
Revised August 15, 2014 
 
 
 
Dokken Engineering 
5675 Ruffin Road, Suite 250  
San Diego, California 92123 
 
Attention: Mr. Gerard Lumabas 
 
Subject: FOUNDATION REPORT 
 FRIARS ROAD/STATE ROUTE 163 INTERCHANGE PROJECT 
 EAST GROUND ANCHOR WALL 
 (BRIDGE NO. 57E0127) 
 11-SD-163-PM 4.4  
 CONTRACT NO. 11-085781 
 SAN DIEGO, CALIFORNIA 
 
Dear Mr. Lumabas: 
 
In accordance with your request, we herein submit our Foundation Report (FR) for the proposed East 
Ground Anchor Wall (Bridge No. 57E0127) for the Friars Road Overcrossing at State Route 163 
Interchange project in the City of San Diego, California. The accompanying report presents the 
findings and conclusions from our study.  
 
Please contact the undersigned at your convenience if you have any questions regarding this FR, or if 
we may be of further service. 
 
Very truly yours, 
 
GEOCON CONSULTANTS, INC. 
 
 
 
 
Joseph J. Vettel  
GE 2401 

 Yong Wang 
GE 2775 

 
YW:JJV:dmc 
 
(e-mail) Addressee 
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FOUNDATION REPORT 

1. INTRODUCTION 

This Foundation Report (FR) was prepared for the proposed East Ground Anchor Wall (Bridge No. 
57E-0127) as part of the Friars Road Overcrossing (OC) at State Route (SR) 163 Interchange project 
in the City of San Diego, California. The approximate site location is depicted on the Vicinity Map, 
Figure 1. This FR is based on subsurface exploration and laboratory tests performed by Southern 
California Soil and Testing (SCS&T), Inc. The purpose of the investigation was to evaluate general 
subsurface geologic and geotechnical conditions along the proposed East Ground Anchor Wall 
alignment and to provide geotechnical recommendations for use in preparing project plans and 
specifications. 

The recommendations presented herein are based on our review of the subsurface and laboratory data 
obtained by SCS&T, engineering analyses, and our experience with similar soil and geologic 
conditions. The logs of test boring (LOTB) sheets in Caltrans format, as-built plans and LOTB sheets, 
laboratory test results, and analyses and calculations are presented as Appendices A, B, C, and D, 
respectively.  

2. SCOPE OF SERVICES 

We performed the following scope of services:  

• Reviewed published geologic maps, aerial photographs, as-built plans, project plans, in-house 
documents, and other literature pertaining to the site to aid in evaluating geologic conditions 
and hazards that may be present. 

• Reviewed as-built plans for Friars Road OC prepared by California Department of 
Transportation, dated December 2, 1968. 

• Reviewed as-built plans for Friars Road OC Earthquake Retrofit Project No. 272 prepared by 
the California Department of Transportation, dated December 9, 1997. 

• Reviewed as-built LOTB sheet for Friars Road OC prepared by California Department of 
Transportation, dated December 2, 1968. 

• Reviewed the Geotechnical Design Report for SR 163/Friars Road Interchange Modification 
Project prepared by SCS&T. 

• Reviewed the Structure Foundation Investigation for Friars Road at SR 163 Interchange 
Project (Bridge No. 57-0595) prepared by SCS&T. 

• Reviewed the Preliminary Foundation Report for Friars Road at SR 163 Interchange, East 
Tieback Wall Number 2 (Bridge No. 57E-0127) prepared by SCS&T. 
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• Reviewed the project plans prepared by T. Y. Lin International for the Friars Road OC 
Widening project, including the plans for the East Ground Anchor Wall. 

• Reviewed subsurface data and laboratory test results collected by SCS&T. 

• Performed engineering analyses to evaluate liquefaction potential, seismic design criteria, 
and foundation design criteria. 

• Prepared this FR in general accordance with Caltrans’ Foundation Report Preparation for 
Bridge Foundations, December 2009. 

SCS&T prepared a Preliminary Foundation Report (PFR) for the project (East Ground Anchor Wall 
project) dated May 2010. This FR supersedes the PFR for the project.  

3. PROJECT DESCRIPTION 

3.1 Background and Site Description 

The project site is located approximately ½ mile north of Interstate 8 on the SR 163 corridor in the 
City of San Diego, California. The approximate site coordinates are 32.771560° (latitude) 
and -117.161362° (longitude).  

The proposed improvements are part of the Friars Road and SR 163 Interchange Improvements 
project. The Vicinity Map, Figure 1, shows the approximate location of the site with respect to 
surrounding improvements. Based on the current plans and project information, the SR 163 
northbound (NB) direction below the existing Friars Road OC on the east side will be widened and 
will require a ground anchor retaining wall and Caltrans Standard Plan Type 1 (Case 2) cantilever 
type retaining walls on either end. 

3.2 Existing Structures 

The SR 163 corridor is oriented in a north-south direction and Friars Road crosses over SR 163 in an 
east-west direction. At the existing OC structure, SR 163 is comprised of a divided highway with four 
northbound (NB) lanes and four southbound (SB) lanes. Based on the as-built plans, the existing 
Friars Road OC (Bridge No. 57-0595) is a two span, cast-in-place concrete box girder structure 
supported on four column bents and seat type abutments and intersects SR 163 at an approximate 
skew angle of 35°20’24”. The bridge was constructed in 1970 and seismically retrofitted in 1996. The 
existing OC structure extends 390 feet from approximately Station (Sta.) 17+52 to approximately Sta. 
21+42 along the original Friars Road centerline (‘F’ Line). The OC is approximately 114 feet wide 
and accommodates three 12-foot lanes, a 5-foot-wide outside shoulder in each direction, a 4-foot-
wide sidewalk along the eastbound (EB) direction with metal railing, and a slightly raised concrete 
median with varying widths. The existing abutments (Abutment 1 and 3) are supported on a 
combination of vertical and battered driven steel H-piles (HP 10x57) with average pile tip elevations 
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of 19.8 feet and 14.4 feet above mean sea level (MSL), respectively. The existing bent is supported 
on driven steel H-piles (HP 10x57) with an average pile tip elevation of 15.1 feet above MSL. 
However, the subsequent seismic retrofit consisted of increasing the size of the pile caps at Bent 2 
and installing higher capacity 75-ton driven steel HP 10x57 piles with a specified tip elevation of 10 
feet MSL. No other support locations were modified as part of the seismic retrofit. 

All elevations used in this report are based on the current project plans that refer to the current 
datum of NAD83 and NAVD88. We understand that the as-built plans of this project were based on 
the original datum of NGVD29. According to conversations with Dokken Engineering, a vertical 
transformation of +2.10 feet should be applied to convert the original datum (NGVD29) of these as-
built plans to the current datum (NAD83 and NAVD88).  

3.3 Proposed Structure 

Information regarding the proposed structure are based on the Project Plans for Final PS&E on East 
Ground Anchor Wall prepared by T. Y. Lin International, dated September 6, 2013. We understand 
the project consists of widening the SR 163 NB direction on the east side in order to accommodate 
the on- and off-ramps modifications for the Friars Road at SR 163 Interchange project. The widening 
of SR 163 NB direction (east side) will require a ground anchor retaining wall and Caltrans Standard 
Plan Type 1 (Case 2) cantilever type retaining walls on either end in order to support the existing 
abutment (Abutment 3) embankment. The proposed East Ground Anchor Wall structure will extend 
approximately 190 feet from approximately Station (Sta.) 10+80 to approximately Sta. 12+70 along 
the wall alignment. The Caltrans Standard Plan Type 1 (Case 2) cantilever type retaining walls 
connect from both the north and south ends of the proposed ground anchor retaining wall. The 
proposed Type 1 retaining walls will be approximately 57.75 feet and 91.67 feet in length on the 
north and south sides, respectively, with a maximum height of approximately 16 feet. Bottom of 
footing elevations range from approximately 40.73 feet to 58.23 feet MSL. The proposed ground 
anchor retaining wall will be constructed using top-down method with multiple lifts at approximately 
5 feet each. The existing Abutment 3 structure will be located approximately 13½ to 16¼ feet from 
the face of the proposed ground anchor wall. 
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3.4 Pertinent Project Information 

We reviewed the following documents related to the project:  

1. California Department of Transportation, As-built plans, Friars Road Overcrossing, dated 
December 2, 1968.  

2. California Department of Transportation, As-built Log of Test Borings (LOTBs), Friars Road 
Overcrossing, dated December 2, 1968.  

3. Geocon Incorporated, Preliminary Recommendation Letter, SR 163/ Friars Road Interchange 
Project, San Diego, California, dated September 27, 2012 (Geocon Project No. G1447-
52-01). 

4. Geocon Incorporated, Foundation Report, Friars Road / State Route 163 Interchange 
Project, East Abutment Wall (Bridge No. 57E-0127), 11-SD-163-PM 3.8/5.5, EA 11225-
085781, San Diego, California, dated November 30, 2012. (Geocon Project No. G1447-
52-01). 

5. Geocon Incorporated, Foundation Report-Memorandum No. 1, Friars Road / State Route 163 
Interchange Project, East Abutment Wall (Bridge No. 57E-0127), 11-SD-163-PM 3.8/5.5, EA 
11225-085781, San Diego, California, dated October 25, 2013. (Geocon Project No. G1447-
52-01). 

6. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Geotechnical Design 
Report, SR 163/Friars Road Interchange Modification PM 3.8-5.8, dated July 23, 2012. 

7. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Geotechnical Design 
Report, SR 163/Friars Road Interchange Modification PM 3.8-5.8, Log of Test Borings 
(LOTBs) Sheets 1, 2, 3, 4, and 14 of 19, dated July 23, 2012. 

8. Southern California Soil and Testing, Inc. (SCS&T No. 1111191P), Friars Road at SR 163, 
Log of Test Borings (LOTBs) Sheet 1 of 1, dated 2012. 

9. Southern California Soil & Testing, Inc. (SCS&T No. 0911163), Preliminary Foundation 
Report, Friars Road at SR163 Interchange, East Tieback Wall Number 2, 11-SD-163-6.2/9.3 
(3.8/5.8), EA No. 11-085780, San Diego, California, dated May 12, 2010. 

10. Southern California Soil & Testing, Inc. (SCS&T No. 0911163), Preliminary Foundation 
Report, Friars Road at SR163 Interchange, West Tieback Wall Number 1, 11-SD-163-6.2/9.3 
(3.8/5.8), EA No. 11-085780, San Diego, California, dated May 12, 2010. 

11. Southern California Soil & Testing, Inc. (SCS&T No. 0311116), Structure Foundation 
Investigation, Friars Road at SR163 Interchange, Bridge No. 57-595, 11-SD-163-RO69-84, 
EA No. 11-085780, San Diego, California, dated July 9, 2009. 

12. Southern California Soil and Testing, Inc., Structure Foundation Investigation, Friars Road at 
SR 163 Interchange (Bridge No. 57-0595), dated July 9, 2009. 
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13. T. Y. Lin International, Project Plans for 65% Unchecked Details on Friars Road 
Overcrossing (Widen), dated September 21, 2012. 

14. T. Y. Lin International, Project Plans for 65% Unchecked Details on East Abutment Wall 
(Bridge No. 57E-0127), dated September 21, 2012. 

15. T. Y. Lin International, Project Plans for Final PS&E, East Ground Anchor Wall (Bridge 
No. 57E0127), dated September 6, 2013. 

4. EXCEPTIONS TO POLICY 

Unless otherwise stated in the report, this report was prepared in general conformance with Caltrans’ 
current policy. 

5. FIELD INVESTIGATION AND TESTING PROGRAM 

The field investigation for this FR was performed by SCS&T on October 8, 2003 (Boring A-03-003) 
and May 18, 2012 (Boring A-12-044). These exploratory borings were drilled by SCS&T near the 
proposed East Ground Anchor Wall alignment as depicted on the Site Plan, Figure 2. Table 5 is a 
summary of the field investigation information including approximate boring locations, surface 
elevations, and boring depths. 

TABLE 5 
SUMMARY OF BORINGS 

Boring No. 
Approximate Boring Location 

Boring 
Depth (feet) Location in 

Structure 
Station No. / 
Alignment Offset (feet) Elevation (feet) 

A-03-003 East Ground 
Anchor Wall  

447+20 
‘FR’ Line 185R 59.0 60.0 

A-12-044 East Ground 
Anchor Wall 

245+12 
‘SR 163’ Line 176R 76.0 70.0 

 

Two exploratory borings (A-03-003 and A-12-044) were performed by SCS&T to approximate 
depths of up to 70 feet using a mobile drill rig equipped with 8-inch-diameter, hollow-stem augers.  

In-situ testing and sampling during drilling were performed in general conformance with current 
Caltrans’ Soil and Rock Logging, Classification and Presentation Manual (2010 Edition). Soil 
samples were collected from near the ground surface and at approximately 2½- to 5-foot intervals to 
the total depths explored. Relatively undisturbed samples were obtained by driving a 3-inch outside-
diameter (OD), 2.5-inch inside-diameter (ID) split-spoon sampler (Modified California sampler) into 
the "undisturbed" soil mass with blows from a 140-pound hammer (auto) falling 30 inches. The 
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sampler was equipped with 6-inch-long by 2½-inch-diameter brass sample tubes to facilitate sample 
removal and laboratory testing. SPTs were performed by driving a 2-inch OD and a 1.4-inch ID split-
spoon SPT sampler 18 inches in general accordance with ASTM D1586. The number of blows 
required to drive the samplers (blow counts) the last 12 inches of the 18-inch sample drive (or portion 
thereof) are reported on the LOTB sheets prepared by SCS&T (in Caltrans format), which are 
included in Appendix A.  

6. LABORATORY TESTING PROGRAM 

SCS&T performed laboratory tests on samples obtained from the two borings (A-03-003 and A-12-
044) associated with the Friars Road at SR 163 Interchange project in general conformance with 
California Test Methods (CTM) and generally accepted test methods of the American Society for 
Testing and Materials (ASTM). Pertinent laboratory test results from these nearby borings are 
presented and were used for design purposes within this FR. SCS&T performed the following 
laboratory tests: 

• In-place dry density and moisture content:  ASTM D2937 (CTM 226) 
• Grain Size Distribution/Percent Passing No. 200 Sieve:  ASTM D422 
• pH and Resistivity:  CTM 643 
• Sulfate Content:  CTM 417 
• Chloride Content:  CTM 422 
• Consolidation:  ASTM D2435 
• Direct Shear:  ASTM D3080 

In-place dry density and moisture content laboratory test results are shown on the LOTBs presented 
in Appendix A. All other laboratory test results are presented in Appendix C of this report.  

7. SITE GEOLOGY AND SUBSURFACE CONDITIONS 

7.1 Topography and Geology 

Private and commercial properties occupy the area surrounding the Friars Road/SR 163 
Interchange. The general topography of the project location is relatively flat with a gentle slope 
descending from the northwest to the southeast. Based on previous analyses performed by SCS&T 
(Geotechnical Design Report, July 2009), it was stated that an existing cut slope comprised of 
formational material commonly identified as Stadium Conglomerate is located northwest of the 
existing OC. The slope ranges between about 30 feet and 100 feet in height at inclinations of 
between about 1:1 (horizontal:vertical) and 1½:1 (horizontal:vertical). At the location of Friars 
Road/ SR 163 Interchange, embankments for Friars Road and the interchange ramps are raised 
above the surrounding area where runoff flows into the existing drainage systems. The existing 
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drainage systems include swales, drainage inlets, and storm drains that collect offsite and surface 
runoff. Most of the existing drainage systems at the project site eventually discharge into the San 
Diego River, which is located near the southern portion of the project. The San Diego River flows 
from east to west.  

A Regional Geologic Map is presented as Figure 3. The site is located in the Coastal Plains 
physiographic province of San Diego County and is underlain by the Tertiary Friars Formation (Tf), 
Tertiary Stadium Conglomerate (Tst), Quaternary very old paralic deposits (Qvop), alluvium (Qal), 
and artificial fill (Qaf) as mapped by Kennedy and Tan (2008). The approximate distribution of these 
materials at the proposed East Ground Anchor Wall, as presented as Figure 4 (Geologic Cross-
Section A-A′), is based on SCS&T’s surface investigation, LOTBs, and our review of the local 
geologic and topographic maps.  

Existing fill associated with the approach embankments are located on the east and west portions of 
the site. The thickness of the fill is estimated to be up to approximately 30 feet. Very old paralic 
deposits cap the mesas/hillsides in the northwestern portion of the project. These deposits consist of 
well-cemented, poorly sorted, cobble in siltstone and sandstone matrices. We expect that cobbles up 
to 12 inches in diameter exist within the very old paralic deposits. Quaternary alluvium associated 
with the San Diego River plain (Mission Valley) and the tributary drainage canyons that connect with 
the river plain underlie most of the site. The thickness of the alluvium is anticipated to exceed 80 feet 
toward the southern portion of the site and decreases near the hillsides. The alluvium consists of 
interbedded layers of sand, gravel, cobble, and clay. We expect that cobbles up to 12 inches in 
diameter also exist within the Quaternary alluvium. The Stadium Conglomerate is the primary 
bedrock unit underlying the very old paralic deposits in the north and alluvial deposits in the southern 
portion of the project. The conglomerate is exposed in cut slopes on the site. The Stadium 
Conglomerate is comprised of sandy cobble with cross-bedded lenses of medium to coarse sandstone. 
Boulders up to approximately 24 inches in diameter typically occur within the Stadium 
Conglomerate. Locally, the Stadium Conglomerate is moderately to well-cemented. The Friars 
Formation underlies the Stadium Conglomerate within the San Diego River Plain. The Friars 
Formation is comprised of non-marine and lagoonal sandstone interbedded with layers of siltstone 
and claystone. The Friars Formation contains zones of varying degrees of cementation. The Stadium 
Conglomerate and Friars Formation were not observed to outcrop on the site. 

7.2 Types of Soil and Rock 

Based on the results of the previous investigation performed by SCS&T, the study area is generally 
underlain by fill and alluvium overlying Stadium Conglomerate. The LOTBs from SCS&T are in 
general agreement of the types of soil material encountered at the study area. The fill material 
generally consists of medium dense to dense silty gravel and clayey sand with varying amounts of 



 

Geocon Project No. G1447-52-01 - 8 - November 30, 2012 
  Revised August 15, 2014 

gravels and cobbles. Below the fill, alluvium generally consists of medium dense to dense clayey 
sand, poorly-graded sand, and clayey gravel and stiff sandy lean clay with varying amounts of gravels 
and cobbles. Below the alluvium, sedimentary rock generally consisting of Stadium Conglomerate. 
Stadium Conglomerate generally consists of moderately hard massive cobble conglomerate.  

Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009), it was 
stated that well-cemented zones should be expected within the formational materials. Construction 
considerations for the following materials are further described in Section 14 of this report. 

7.2.1 Previously Placed Fill and Alluvium 

Onsite fill soils were likely placed over existing alluvium during the original construction of the 
approach embankments for the interchange. The previously placed fill was encountered in both 
borings (Borings A-03-003 and A-12-044) from the ground surface (approximate Elevations +59 to 
+76 feet MSL) to approximately 10 to 31 feet below ground surface (approximate Elevations +49 to 
+45 feet MSL). Alluvium was encountered in borings (Borings A-03-003 and A-12-044) from below 
the previously placed fill (approximate Elevations +49 to +45 feet MSL) to approximately 41 to 68 
feet below ground surface (approximate Elevation +18 to +8 feet MSL). Borings A-12-053 and A-12-
054 were drilled near the proposed East Ground Anchor Wall alignment. The fill and alluvium 
consists primarily of light tan to brown, medium dense to dense, silty gravel, clayey sand, and poorly-
graded sand and stiff sandy lean clay with varying amounts of gravels and cobbles. We expect that 
cobbles up to 12 inches in diameter exist within the fill and alluvium material. 

Previously placed fill is located within the proposed East Ground Anchor Wall areas. The alluvium is 
considered suitable for direct support of the proposed East Ground Anchor Wall structure. The 
existing fill is not suitable for direct support of the retaining structure foundations. Therefore, 
possible removals of existing fill may be considered necessary to provide suitable foundation support.  

7.2.2 Stadium Conglomerate (Tst)  

Stadium Conglomerate consists of sedimentary rock and was encountered in borings conducted by 
SCS&T as underlying the fill/alluvial deposits. Stadium Conglomerate was encountered in borings 
(A-03-003 and A-12-044) from beneath the previously placed fill/alluvial deposits from 
approximately 41 to 68 feet below ground surface (approximate Elevations +18 to +8 feet MSL) to 
approximately 60 to 70 feet below ground surface (approximate Elevations -1 to +6 feet MSL). 
Although boulders were not indicated on the LOTBs, boulders up to approximately 24 inches in 
diameter typically occur within the Stadium Conglomerate and should be anticipated.  
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The Stadium Conglomerate encountered in the borings consists primarily of massive cobble 
conglomerate and fine-grained massive sandstone.  

7.3 Pertinent Soil Conditions or Geologic Hazards 

The following sections discuss other potential geologic hazards evaluated for the project including 
landslides, embankment failures, ground subsidence, expansive soils, and collapsible soils.  

7.3.1 Landslides 

Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009) and the 
review of the Landslide Hazard Identification Map No. 33 (1995), the project site is located in 
Landslide Hazard Areas 1, 2, and Subarea 3-1. Area 1 is classified as Least Susceptible to slope 
instability. Landslides and other features related to slope instability are non-existent to very rare 
within this area due primarily to lack of steep slopes. Land within Area 1 will probably remain 
relatively stable unless the topography is radically modified. Area 2 is classified as Marginally 
Susceptible to slope instability. Area 2 includes gentle to moderate slopes, where slope angles are 
generally less than 15 degrees. This area includes low-lying bottoms of broad valleys and basins and 
large elevated surfaces of Pleistocene terrace deposits. Landslides and other slope failures are rare 
within this area, although slope hazards are possible on some steeper slopes within the area or along 
its borders. Subarea 3-1 is classified as Generally Susceptible to slope instability and may contain 
slopes that are at or near their stability limits due to a combination of weak materials and steep 
slopes. Although most slopes within Area 3-1 do not currently contain landslide deposits, they can be 
expected to fail, locally, when adversely modified. 

No indications of gross, deep-seated, slope failures were noted during SCS&T’s geotechnical 
investigations. The materials comprising the Stadium Conglomerate typically have relatively high 
shear strengths and are not known to have a potential for deep-seated, gross, slope failure. Thus, the 
potential for gross, deep-seated, slope failures to affect the proposed OC widening is considered low. 
However, shallow surficial failures where soil, gravel, and cobble erode from the faces of steep, 
sparsely vegetated slopes are quite common. The Landslide Hazards Map is presented as Figure 5. 

7.3.2 Embankment Failures 

No embankment failures were observed during the investigations performed by SCS&T.  

7.3.3 Ground Subsidence 

Ground subsidence occurs where underlying loose geologic units undergo a densification process. 
Subsidence can result from the extraction of mineral resources and/or groundwater, as well as the 
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rapid settlement induced by seismic activity. The potential for ground subsidence is considered low at 
the site.  

7.3.4 Expansive Soils 

Expansive soils possess a high swelling or shrinking potential due to change in moisture content. The 
common materials associated with high expansion potential are clays. The majority of the onsite soil 
is medium- to coarse-grained with varying amounts of fines, gravels, and cobbles and are identified 
as relatively no to low plasticity. Proposed foundations will be supported below a depth where 
significant moisture variation is expected. Thus, the potential for expansive soils to affect the 
proposed foundations is considered low.  

7.3.5 Collapsible Soils 

Collapsible soils are unsaturated soils that undergo a large volume change upon saturation, even 
without increase in external loads. Soils that generally display collapsible potential are porous and 
have a low dry density. Generally no porous or honeycomb structure was reported previously. 
Surficial soils described as loose will be removed and recompacted as outlined in the 
recommendations of this report. Thus, the potential for collapsible soils onsite is considered low. 

7.4 Depth to Bedrock 

The depth to rock-like materials (Stadium Conglomerate) varies from approximately 41 to 68 feet as 
illustrated on the LOTB sheets as shown in Appendix A.  

7.5 Groundwater 

Groundwater was observed in each of the borings (Borings A-03-003 and A-12-044) at approximate 
elevations ranging from 25.6 to 18 feet MSL (approximately 33 to 58 feet below ground surface) 
during SCS&T’s investigation. The As-Built LOTB encountered groundwater at approximate 
elevations of 34 and 39 feet MSL. We expect the groundwater to be near the water levels mentioned 
in the borings at the approximate proposed location of the East Ground Anchor Wall. The presence of 
groundwater should be considered and incorporated into the design and construction of proposed 
foundations. 

Fluctuations in the level of groundwater may occur due to variations in rainfall, temperature, and 
other factors. Depth to groundwater can also vary significantly due to localized pumping, irrigation 
practices, and seasonal fluctuations. Therefore, it is possible that groundwater may be higher or lower 
than the levels observed during our investigation. 
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8. SCOUR EVALUATION 

The site is not located in the vicinity of flowing channels or any large bodies of water, so scour is not 
expected to affect the proposed improvements. 

9. CORROSION EVALUATION 

Corrosion parameter testing was performed by SCS&T on four samples obtained from Borings A-03-
003 and A-12-044, which were selected at random to represent surficial onsite soil for the proposed 
Friars Road/SR 163 Interchange project.  

According to Caltrans’ Corrosion Guidelines (Version 1.0, September 2003), a site is considered 
corrosive to foundation elements if chloride concentration is greater than 0.05 percent (%), or sulfate 
concentration greater than 0.2%, or the potential of hydrogen (pH) is 5.5 or less. Resistivity, pH, 
chlorides content, and soluble-sulfate content tests were performed on one sample selected at random 
to generally evaluate the corrosion potential to subsurface structures. These tests were performed in 
accordance with CTM. 643, CTM 417, and CTM 422. The results are summarized in Table 9, which 
indicates that the site need not be considered a corrosive environment in accordance with Caltrans 
criteria. The results are presented in Appendix B and should be considered for design of underground 
structures. 

TABLE 9 
SOIL CORROSION TEST SUMMARY 

Boring No. / 
Sample No. 

Sample Depth 
(feet) 

Resistivity 
(ohm centimeters) pH Chloride 

Content (%) 
Sulfate 

Content (%) 

A-03-003/1-3.5 1 to 3.5 2,204 8.1 0.007 0.008 
A-03-003/32-34 32 to 34 1,336 7.1 0.006 0.025 

A-03-003/45 45 - 7.1 0.023 0.016 
A-12-044/1-5 1 to 5 1,750 9.2 0.002 0.003 

Note:   (-) Represents negligible exposure. 

Proposed improvements in contact with the ground should be designed and constructed in accordance 
with Caltrans’ Standard Specifications and good construction practices. Geocon does not practice in 
the field of corrosion engineering. If corrosion sensitive improvements are planned, we recommend 
that further evaluations by a corrosion engineer be performed to incorporate the necessary precautions 
to avoid premature corrosion on corrosion sensitive structures in direct contact with the soils. 
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10. SEISMIC RECOMMENDATIONS 

10.1 Faulting 

Much of Southern California, including the San Diego County area, is characterized by a series of 
Quaternary fault zones that typically consist of several individual en echelon faults generally striking 
in a northerly to northwesterly direction. Some of these fault zones (and the individual faults within 
the zone) are classified as active while others are classified as potentially active according to the 
criteria of the California Geologic Survey. Active fault zones are those that have shown conclusive 
evidence of faulting during the Holocene Epoch (the most recent 11,000 years). Potentially active 
faults have demonstrated movement during the Pleistocene Epoch (11,000 to 1.6 million years before 
the present), but no movement during Holocene time. 

The fault most likely to have a significant impact on the site is the Newport-Inglewood-Rose Canyon 
fault (San Diego Section) located approximately 3.5 km southwest of the site. 

10.2 Seismic Ground Motion and Design Response Spectrum 

Design seismic recommendations including seismic ground motion of the site and the design 
response spectrum for the bridge widening were developed in accordance with Caltrans’ 2009 
Seismic Design Procedure. This procedure is based on current Caltrans’ Seismic Design Criteria 
(Appendix B), Deterministic PGA Map, ARS Online Report, Geotechnical Services Design Manual, 
and USGS probabilistic seismic hazard analysis and tools. Site-specific information used in the 
procedure included the latitude of 32.771560° and the longitude of -117.161362°. 

Based on Caltrans’ web-based ARS Online application (V1.0.4) and associated reports, the site is 
located approximately 3.5 kilometers (km) northeast of Newport-Inglewood-Rose Canyon fault zone, 
San Diego section (Caltrans Fault ID 224). A portion of the 2007 Deterministic PGA Map showing 
the site and nearby regional faults is presented as Figure 6, Regional Fault Map. Key information for 
the fault is summarized in Table 10. 

  



 

Geocon Project No. G1447-52-01 - 13 - November 30, 2012 
  Revised August 15, 2014 

TABLE 10 
FAULT INFORMATION 

Fault Name Newport-Inglewood-Rose Canyon (San Diego Section) 

Fault ID# 224 

MMax 7.5 

Fault Type RLSS 

Fault Dip 90° 

Dip Direction Vertical 

Top of Rupture 0 km 

Bottom of Rupture 13 km 

RRUP 3.5 km 

Z1.0 191 m & 241 m* 

Z2.5 2.0 km 

*Z1.0 of 191 m for Vs30 of 420 m/sec, 241 m for Vs30 of 380 m/sec.  

The site is not located within a deep sedimentary basin in accordance with Caltrans’ 2009 Seismic 
Design Procedure. Based on the currently available project plans and LOTB sheet prepared by T. Y. 
Lin International and SCS&T, respectively, the site is underlain by fill soils and/or alluvial soils over 
sedimentary formational materials (Stadium Conglomerate and Friars Formation). A shear wave 
velocity in the upper 30 meters (Vs30) of approximately 380 meters  per second (m/sec) is considered 
appropriate for the soil profile at Abutment 3 location adjacent to the East Ground Anchor Wall.  

Both the deterministic and probabilistic response spectrums of the site were estimated using Caltrans’ 
Deterministic Response Spectrum Spreadsheet, Probabilistic Response Spectrum Spreadsheet (after 
USGS), 2008 USGS National Seismic Hazard Map, and the ARS Online web tools. The design 
response spectrum is the upper envelope of the spectral values of deterministic response spectrum and 
the probabilistic response spectrum, as well as the upper envelop of the results for Vs30 of 380 m/sec 
and 420 m/sec in this case. The peak horizontal ground acceleration at the site is estimated as 0.48g. 
The recommended design response spectrum is shown on the Recommended Design Response 
Spectrum, Figure 7. The seismic analyses and calculations are presented in Appendix D. 

10.3 Liquefaction 

Liquefaction is a phenomenon in which loose, saturated, and relatively cohesionless soil deposits 
located beneath the groundwater table lose strength during strong ground motions. Primary factors 
controlling liquefaction include intensity and duration of ground accelerations, characteristics of the 
subsurface soil, in-situ stress conditions, and depth to groundwater.  
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Based on the City of San Diego Seismic Safety Map (2008) as shown on Figure 8, the proposed OC 
widening and associated wingwalls is located in Geologic Hazard Category 32. Hazard Category 32 
represents areas with a low potential for liquefaction underlain by fluctuating groundwater with 
minor drainages. Based on the LOTBs prepared by SCS&T, the soil material at the site generally 
consisted of medium dense to dense silty gravel, poorly-graded sand, clayey sand, and clayey gravel 
and stiff sandy lean clay with varying amounts of gravels and cobbles overlying moderately hard 
sedimentary bedrock (Stadium Conglomerate). Groundwater in borings (A-03-003 and A-12-044) 
was encountered in dense clayey sand and stiff sandy lean clay.  

We evaluated the potential for liquefaction at the site using methodology of Youd, et al. (2001), in 
general accordance with California Geologic Survey (CGS) Special Publication 117A (CGS, 2008). 
In accordance with Caltrans guidelines, we used the Maximum Credible Earthquake (MCE) 
Moment Magnitude of 7.5 and Peak Bedrock Acceleration (PBA) of 0.48g in our analysis. Based 
on the results of our analysis, the potential for liquefaction and associated impacts at the site is 
considered low. 

10.4 Seismic-induced Settlement 

As a result of strong ground motions, seismic-induced settlement may be expected in areas underlain 
by liquefiable soils, unconsolidated alluvial deposits, and/or loose granular soils. The potential for 
seismic-induced settlement at the site is considered very low due to the presence of primarily medium 
dense to very dense fill/alluvium over sedimentary bedrock (Stadium Conglomerate and Friars 
Formation) and the lack of liquefiable soil.  

10.5 Tsunami 

Tsunamis are large sea waves caused by submarine earthquakes, landslides, or volcanic eruptions. 
The potential of tsunamis to occur at the site is considered to be very low due to the relatively large 
distance from the coastline to the site. 

10.6 Slope Stability 

Planned earthwork will include fill slopes along portions of the approach embankments. Assuming 
that fill materials meet Caltrans’ specifications for structure backfill, 2H:1V (horizontal to vertical) 
fill slopes should have an adequate factor of safety against deep-seated and shallow failures under 
static and seismic loading. 
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11. AS-BUILT FOUNDATION DATA 

The existing Friars Road OC is a two span, cast-in-place concrete box girder structure supported on 
four column bents and seat type abutments. The abutments and bents are supported by driven steel H-
piles (HP 10x57).  

The existing OC extends approximately 390 linear feet with a typical width of approximately 114 
feet. The relevant as-built data available to Geocon are listed below: 

1. As-built Plan, Earthquake Retrofit Project No. 272, Friars Road Overcrossing, Bridge 
No. 57-0595, dated July 29, 1996. 

2. As-Built Plan, General Plan, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 1 of 15, 
dated December 2, 1968. 

3. As-Built Plan, Foundation Plan, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 3 
of 15, dated December 2, 1968. 

4. As-Built Plan, Log of Test Borings, Friars Road Overcrossing, Bridge No. 57-0595, Sheet 15 
of 15, dated December 2, 1968. 

Based on the available original as-built data, the abutments and bent for the existing OC structure are 
supported by 65-ton capacity driven steel HP 10x57 piles with average tip elevations of 19.8 feet 
(Abutment 1), 15.1 feet (Bent 2), and 14.4 feet (Abutment 3) MSL. Approximate pile lengths at 
Abutment 1 range from approximately 16.5 to 28 feet. Approximate pile lengths at Bent 2 range from 
approximately 21 to 23.5 feet. Approximate pile lengths at Abutment 3 range from approximately, 
and 40.5 to 47 feet. 

The existing OC structure was seismically retrofitted in 1996 that consisted of increasing the size of 
all existing pile caps at Bent 2 support location supported on higher capacity 75-ton driven steel HP 
10x57 piles with a specified tip elevation of 10 feet MSL. No other support locations required seismic 
retrofit modifications. 

All elevations for the existing structures used in this report are based on the datum of the referenced 
as-built plans. 

Groundwater was encountered during the original explorations at approximate elevations of 34 and 
39 feet MSL. The referenced as-built plans including LOTB sheets are included in Appendix B.  
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12. FOUNDATION RECOMMENDATIONS 

12.1 Ground Anchor Wall 

12.1.1 Description 

The SR 163 widening along the NB lanes on the east side beneath the existing Friars Road OC will 
require a ground anchor retaining wall and Caltrans Standard Plan Type 1 (Case 2) cantilever type 
retaining walls on either end. Specifically, the proposed ground anchor retaining wall will be 
approximately 190 feet long with a proposed maximum height of approximately 17 feet. Bottom of 
wall elevations will range from approximately 42.45 feet to 48.80 feet MSL from south to north, 
respectively. The ground anchor retaining wall is proposed to have three vertical rows of ground 
anchors with maximum horizontal spacing of approximately 10¼ to 14 feet at a proposed inclination 
of 10 degrees. The face of the proposed ground anchor retaining wall will be approximately 13½ to 
16¼ feet away from the existing Friars Road OC east abutment (Abutment 3) in order to 
accommodate the additional lanes for SR 163 NB direction. Geotechnical recommendations 
regarding the proposed Caltrans Standard Plan Type 1 (Case 2) cantilever type retaining walls are 
presented in Section 12.2 of this report. 

Borings A-03-003 and A-12-044 were drilled near the proposed ground anchor retaining wall 
alignment using a truck-mounted drill rig. The subsurface conditions generally consisted of 
previously placed embankment fill ranging from approximately 10 to 31 feet in thickness overlying 
alluvium and/or sedimentary rock (Stadium Conglomerate). The fill material generally consisted of 
medium dense to dense silty gravels and clayey sand with varying amounts of gravels and cobbles. 
Below the fill, alluvium generally consisting of medium dense to dense clayey sand, poorly-graded 
sand, and clayey gravel and stiff sandy lean clay with varying amounts of gravels and cobbles. 
Groundwater was encountered in both borings at approximate Elevations of 25.6 feet (Boring A-03-
003) and 18 feet (Boring A-12-044) MSL. Below the alluvium, sedimentary rock generally consisting 
of Stadium Conglomerate. Stadium Conglomerate generally consists of moderately hard massive 
cobble conglomerate.  

12.1.2 Design Parameters 

The designer of the ground anchor retaining wall should verify locations of existing piles associated 
with the east Abutment (Abutment 3) in order to ensure the proposed ground anchor locations are not 
in conflict with the existing structure.  

Ground anchor retaining walls consist of installing ground anchors into slopes or excavations in a 
top-down construction sequence. Lagging or shotcrete facing should keep pace with excavation and 
anchor construction. Generally, the excavation should not be advanced deeper than 5 feet below the 
bottom of lagging or facing at any time. These unsupported gaps of up to 5 feet should only be 
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allowed to stand for short periods of time (two days or less) in order to reduce the potential for soil 
sloughing and caving. Test sections may be completed during construction to observe if deeper cuts 
will stand. Based on the proposed ground anchor wall plans prepared by T.Y. Lin International, we 
understand that the wall will be constructed in three lifts with heights, top to bottom, of 5, 5, and 
5 feet, respectively. We performed a stability analysis for the temporary excavation conditions during 
construction of each lift phase. The results of the stability analysis indicate global stability for each 
lift phase (Factor of Safety > 1.0); however, the granular soils could be prone to minor raveling and 
caving.  

The proposed ground anchor retaining wall should have a minimum embedment depth of 3 feet into 
competent soil of the base of the wall as per Load and Resistance Factor Design (LRFD) Bridge 
Design Specifications (BDS) C11.9.5.2.  

The proposed ground anchor retaining wall should be designed using the following soil properties, 
equivalent fluid pressures, allowable friction coefficient, and earthquake surcharge: 

• Total Unit Weight of Soil (γtot) = 120 pounds per cubic foot 
• Internal Angle of Friction (Φ) = 32.5 degrees 
• Cohesion = 200 pounds per square foot 
• Active Equivalent Fluid Pressure = 36 pounds per cubic foot 
• Passive Equivalent Fluid Pressure = 300 pounds per cubic foot 
• At-rest Equivalent Fluid Pressure = 55 pounds per cubic foot 
• Allowable Friction Coefficient = 0.40 
• Earthquake Surcharge = 0.24* γtot*H (where H is the design height of the ground anchor 

wall) 

For the ground anchor retaining wall, we recommend using the apparent earth pressure distribution 
provided on LRFD BDS Figure 3.11.5.7.1-1(b) Apparent Earth Pressure Distributions for Anchored 
Walls Constructed from the Top Down in Cohesionless Soils for Walls with Multiple Levels of 
Ground Anchors. 

Anchor pullout capacity is influenced by soil conditions, method of anchor hole advancement, hole 
diameter, bonded length, grout type, and grouting pressure. The contractor must determine the 
ultimate anchor bond stress based on the selected construction method. 

The minimum horizontal spacing of anchors should be the larger of three times the diameter of the 
bonded zone or 5 feet as per LRFD BDS Section 11.9.4.2. If smaller spacings are required to develop 
the required load, consideration may be given to differing anchor inclinations between alternating 
anchors. Based on the wall geometry and location of the existing Abutment 3 piles, we recommend a 
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minimum ground anchor unbonded length of 25 feet. The contractor must determine the minimum 
bonded length of the anchor based on the selected construction method as stated on the project plans. 

Corrosion protection of the ground anchors is recommended since it will be a permanent structure. 
Corrosion protection shall be applied in accordance with the provisions of LRFD Bridge 
Construction Specifications, Section 6 Ground Anchors. 

Settlement for the ground anchor wall can cause reduction in anchor loads, and therefore should be 
considered in design. A settlement profile behind anchored walls for cohesionless soil is presented in 
LRFD BDS Figure C11.9.3.1-1. The majority of the settlement is expected to be completed during 
construction.  

The ground anchor retaining walls should be provided with a drainage system adequate to prevent the 
buildup of hydrostatic forces.  

12.1.3 Ground Anchor Testing Program 

Normally, ground anchors are contractor-designed and installed, and there are numerous 
construction methods available. Anchor capacity is a function of construction method, depth of 
anchor, batter, diameter of the bonded section, and the length of the bonded section. Experience has 
shown that the use of pressure grouting during formation of the bonded portion of the anchor will 
increase the soil-grout bond stress. A pressure grouting tube should be installed during the 
construction of the anchor. Post grouting should be performed if adequate capacity cannot be 
obtained by other construction methods. Non-shrink grout with a minimum 28-day compressive 
strength of 4,000 psi should be used. 

Two types of load tests should be performed on the ground anchors. Load testing should be 
performed in accordance with the guidelines of the Federal Highway Administration (FHWA 1999) 
or approved equivalent procedures. Performance tests are performed on a limited number of anchors 
to confirm the contractor’s design, installation methods, and capacity. Proof tests are typically 
performed on the remaining anchors to verify adequate capacity. 

Following a successful load test, we recommend that anchors be locked off at 80% of the anchor’s 
allowable working load. Anchor test acceptance criteria should be established in the project plans and 
specifications. Acceptance criteria should include minimum and maximum elongation (displacement) 
and maximum allowable creep movement. Anchor stressing/testing should be conducted only after 
sufficient curing and strength has developed within the anchor grout. Anchors that fail to meet project 
specified test criteria should be locked off at an appropriate load and additional anchors should be 
constructed. Appropriate corrosion protection should be provided for the anchors. 
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12.2 Type 1 (Case 2) Retaining Walls 

The proposed cantilever type retaining walls will connect at both the north and south ends of the 
ground anchor retaining wall and extend around the Abutment 3 embankment. The cantilever type 
retaining walls of the East Ground Anchor Wall will consist of a Caltrans Standard Type 1 Case 2 
retaining wall (Caltrans Standard Plan RSP B3-1B) supported on a spread footing. The proposed Type 
1 retaining wall along the north and south ends of the ground anchor retaining wall will be 
approximately 57.75 feet and 91.67 feet in length, respectively, with a maximum height of 
approximately 16 feet. Bottom of footing elevations range from approximately 40.73 feet to 58.23 
feet MSL. 

Borings A-03-003 and A-12-044 were drilled near the Type 1 retaining wall alignment using a truck-
mounted drill rig. The subsurface conditions generally consisted of previously placed embankment 
fill ranging from approximately 10 to 31 feet in thickness overlying alluvium and sedimentary rock 
(Stadium Conglomerate). The fill material generally consisted of medium dense to dense silty gravels 
and clayey sand with varying amounts of gravels and cobbles. Below the fill, alluvium generally 
consisting of medium dense to dense clayey sand, poorly-graded sand, and clayey gravel and stiff 
sandy lean clay with varying amounts of gravels and cobbles. Groundwater was encountered in both 
borings at approximate Elevations of 25.6 feet (Boring A-03-003) and 18 feet (Boring A-12-044) 
MSL. Below the alluvium, sedimentary rock generally consisting of Stadium Conglomerate. Stadium 
Conglomerate generally consists of moderately hard massive cobble conglomerate. The Type 1 
retaining walls bottom of footings will be located within existing fill or alluvium. 

12.2.1 Foundation Subgrade 

The alluvium is considered suitable for direct support of the proposed Type 1 retaining walls. The 
existing fill is not suitable for direct support of the Type 1 retaining wall foundations. Therefore, 
possible removals of existing fill may be necessary to provide suitable foundation support. If existing 
fill is encountered, we recommend that the wing wall footings be supported on a minimum of 2 feet 
of structural fill. This will require remedial grading in the form of removal and re-compaction of at 
least 2 feet below footings. The fill below the footings and the outer portion of the embankment fill 
should consist of structural fill compacted to a minimum of 95 percent of the maximum density.  

12.2.2 Design Parameters 

The proposed Caltrans Standard Type 1 (Case 2) cantilever type retaining walls may be supported on 
a conventional spread footing (as detailed on Caltrans Standard Plan RSP B3-1B) founded on 
undisturbed alluvium or structural fill as recommended herein. 
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Retaining walls capable of rotating 0.001 radians can be designed using active earth pressures. Walls 
supporting level backfill should be designed for an active equivalent fluid pressure of 36 pcf in 
accordance with Caltrans’ Bridge Design Specifications 3.20.1. Walls supporting 2H:1V backfill 
should be designed for an equivalent fluid pressure of 50 pcf. For retaining walls subject to vehicular 
loads within a horizontal distance equal to two-thirds the wall height, a surcharge equivalent of 2 feet 
of fill soil (unit weight of 120 pcf) should be added. Soil placed for retaining wall backfill should 
meet the requirements outlined in Section 12.3 of this report.  

Resistance to lateral loads will be provided by friction along the base of the wall foundation and/or by 
passive earth pressure against the front face of the footing. The allowable passive pressure should be 
taken as 300 pcf assuming that a horizontal surface extends at least 5 feet or three times the depth of 
the footing, whichever is deeper; beyond the face of the footing for walls. An allowable coefficient of 
friction of 0.40 is recommended for footings on properly compacted fill or relatively undisturbed 
alluvium. This friction coefficient may be combined with the allowable passive earth pressure when 
determining resistance to lateral loads. The upper 12 inches of soil in front of the wall should not be 
relied on for passive resistance unless the ground surface is covered with asphalt or concrete. 

An allowable bearing capacity of 3,000 pounds per square foot (psf) can be used provided that wall 
heights do not exceed 20 feet and the footings bear entirely in compacted fill or relatively undisturbed 
alluvium. The total settlement of wall footings in structural fill imposing the maximum toe pressure 
of 2,100 psf is not expected to exceed one inch. Differential settlement is expected to be 50 percent of 
the total settlement. The majority of the settlement is expected to be completed during construction. 

All retaining walls should be provided with a drainage system adequate to prevent the buildup of 
hydrostatic forces. The drainage system should consist of weepholes or backdrains. The above 
recommendations assume a properly compacted granular backfill material with no hydrostatic forces. 
If conditions different than those described are anticipated, or if specific drainage details are desired, 
Geocon should be contacted for additional recommendations. 

12.3 Wall Backfill  

All grading should be performed in conformance with Sections 6-3, 19-3, 19-5, and 19-6 of the 
Caltrans Standard Specifications or equivalent. Backfill placed behind retaining walls should have a 
very low- to low-expansion potential. The extent and placement of the low-expansive soils should 
conform to Caltrans Standard Specifications 19-5.03. Backfill should have an Expansion Index (EI) 
no greater than 50 and a Sand Equivalent of 20 or greater. Ponding or jetting of backfill should not be 
permitted.  
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All structural backfill should be compacted to 95 percent of the maximum density as determined by 
CTM 216. All compaction on the project should be based on this test method. Backfill should be 
compacted in horizontal lifts not exceeding 8 inches (loose thickness) and brought to final design 
elevations. Each lift should be moisture-conditioned and compacted. Backfill should be benched into 
existing embankment fill as the fill is placed. Benches should extend at least 3 feet laterally into the 
existing embankment fill. 

12.3.1 Additional Considerations 

Consideration should be given to the use of surface treatments to minimize surficial erosion until 
adequate erosion-resistant vegetation can become established. All roadway drainage should be 
directed to appropriate collection and discharge facilities to prevent run-off from flowing over the 
tops of slopes.  

13. GENERAL NOTES TO DESIGNER 

This report is prepared based on the currently available project information including the proposed 
structures and foundations described herein. Geocon must be contacted for review and possible 
revised recommendations if the proposed structures and foundations are changed.  

14. CONSTRUCTION CONSIDERATIONS 

Areas to be developed should be cleared and stripped of obstructions, trees, bushes, grass, roots, and 
the upper few inches of soil containing organic debris. Soils/organics removed by stripping can be 
transported offsite or stockpiled for use in landscaping. Existing drainage and utility lines or other 
existing subsurface structures that are not to be utilized, if any, should be removed, destroyed or 
abandoned in compliance with applicable regulations. 

Relevant specifications and important design criteria that were used in the geotechnical design of the 
foundations include: 

• Sections 6-3, 19-3, 19-5, and 19-6 of Caltrans’ Standard Specifications. Backfill should have 
an Expansion Index (EI) no greater than 50 and a Sand Equivalent of 20 or greater. Ponding 
or jetting of backfill should not be permitted. All structural backfill should be compacted to 
95 percent of the maximum density as determined by CTM 216. 

• Remedial grading should be performed to provide a relatively uniform soil mat beneath the 
footing and no oversized rock (with a maximum dimension of 12 inches or greater) within 5 
feet of the footing. 
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• Retaining walls not restrained at the top and having a level backfill surface should be 
designed for an active soil pressure equivalent to the pressure exerted by a fluid density of 36 
pcf in accordance with Caltrans’ Bridge Design Specifications 3.20.1. Walls supporting 
2H:1V backfill should be designed for an equivalent fluid pressure of 50 pcf. 

• All retaining walls should be provided with a drainage system adequate to prevent the 
buildup of hydrostatic forces. 

Excavation and trench depths greater than 5 feet will need to be sloped and shored in accordance with 
Cal-OSHA guidelines for the safety and stability of adjacent existing improvements. Existing fill and 
alluvium, if encountered, can be considered as OSHA Type B soil for excavation purposes (Type C 
where seepage is freely flowing). For temporary construction purposes, a slope ratio of 1H:1V may 
be used for cuts in existing fill or alluvium not exceeding 20 feet to a depth five feet above the water 
table. Formational materials can likely be considered a Type A soil with a slope ratio of ¾H:1V. The 
top of the excavation should be a minimum of 15 feet from the edge of existing improvements. 
Excavations steeper than those recommended or closer than 15 feet from an existing improvement 
should be shored in accordance with applicable OSHA codes and regulations. 

Temporary excavations should be in compliance with applicable governing agency regulations.  
The Contractor should also execute a monitoring program for structures in proximity to deep 
excavations so that appropriate modifications to the excavation/shoring system can be implemented 
to minimize the surface deflection or structure damage in a timely manner, if warranted. 

Excavation of the onsite materials can be accomplished using conventional heavy-duty excavation 
equipment. Excavation difficulty should be expected within the very dense and hard formational 
materials. Heavy ripping will generate oversize materials not suitable for backfill. 

The existing bridge footings and structures should be protected and monitored during proposed 
bridge widening and site improvements. 

Foundation excavations should be observed by a representative of Geocon prior to the placement of 
reinforcing steel and concrete. If unanticipated soil conditions are encountered, foundation 
modifications may be required. 

Based on previous analyses performed by SCS&T (Geotechnical Design Report, July 2009), it was 
stated that subsurface well-cemented zones should be expected within the formational materials. 
These areas will require rock-breaking equipment. In addition, buried hard rock requiring special 
handling should be anticipated. Contract documents should specify that the contractor mobilize 
equipment capable of excavating, breaking, and drilling hard rock.  
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15. DISCLAIMER AND CONTACT INFORMATION 

The recommendations contained in this report are based on specific project information regarding 
structure type, location, and design loads that have been provided by Dokken Engineering and T. Y. 
Lin International. If any changes are made during final project design, Geocon should review those 
changes to determine if these foundation recommendations are still applicable. Any questions 
regarding the above recommendations should be directed to the attention of Mr. Joe Vettel, 858-558-
6900, at the San Diego Office of Geocon. 

16. CLOSURE 

16.1 Foundation and Grading Plan Review 

Geocon should review the grading plans and foundation plans prior to final design submittal to 
evaluate whether additional analysis and/or recommendations are required. 

16.2 Limitations and Uniformity of Conditions 

The recommendations of this report pertain only to the site investigated and are based upon the 
assumption that soil conditions do not deviate from those disclosed in the investigation. If any 
variations or undesirable conditions are encountered during construction, or if the proposed 
construction will differ from that anticipated herein, Geocon should be notified so that supplemental 
recommendations can be given. The evaluation or identification of the potential presence of 
hazardous or corrosive materials was not part of the scope of services provided by Geocon. 

This report is issued with the understanding that it is the responsibility of the owner or his 
representative to ensure that the information and recommendations contained herein are brought to 
the attention of the architect and engineer for the project and incorporated into the plans, and that the 
necessary steps are taken to see that the contractor and subcontractors carry out such 
recommendations in the field. 

The findings of this report are valid as of the present date. However, changes in the conditions of a 
property can occur with the passage of time, whether due to natural processes or the works of man on 
this or adjacent properties. In addition, changes in applicable or appropriate standards may occur, 
whether they result from legislation or the broadening of knowledge. Accordingly, the findings of this 
report may be invalidated wholly or partially by changes outside our control. Therefore, this report is 
subject to review and should not be relied upon after a period of three years. Our professional 
services were performed in accordance with generally acceptable geotechnical engineering principles 
and practices in the site area at this time. No warranty is provided, express or implied. 
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Hammer Energy Correction Factors
Reference: Youd, et al, Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER/NSF Workshops on Evaluation of Liquefaction

Resistance of Soils, Journal of Geotechnical and Environmental Engineering, October, 2001, Vol. 127, No. 10

Project Name: Date: 11/6/2012
Project Number:

Hole Diameter, Inches: 8 Hole Diameter Correction, CB: 1.15
Average Unit Weight, (pcf): 120
Adjustment Factor for 350 LB Hammer Above Groundwater 1.00 <-- Enter 1.0 if an adjustment is not required; Applied to "MC" Samples
Adjustment Factor for 350 LB Hammer Below Groundwater 1.00 <-- Enter 1.0 if an adjustment is not required; Applied to "MC" Samples
Approximate Depth to Groundwater 20

*Auto, Cathead, or Downhole Hammer

Energy Correction, CE (1.0 Safe-T-Driver/Cathead, 1.3 Automatic)

Sample Depth, Feet
Field Blow 
Count (per 

Foot)

Type of 
Sampler 
(MC or 
SPT)

Hammer 
Type* 

(A/C/D)

Equiv. SPT 
Blow Count, 

N
'v, psf

Overburden 
Pressure 

Correction, 
CN

Energy Ratio 
Correction, 

CE

Rod Length 
Correction, 

CR

Sampling 
Correction, 

CS

N1|60 
Blowcounts 

(Pror to Fines)

A-03-002: 5 5.0 14 SPt a 14.0 600.0 1.70 1.3 0.75 1.10 29.35
A-03-002: 7 7.0 11 MC a 7.3 840.0 1.54 1.3 0.80 1.00 13.53

A-03-002: 10.5 10.5 14 MC a 9.3 1260.0 1.26 1.3 0.85 1.00 14.94
A-03-002: 13 13.0 50 MC a 33.3 1560.0 1.13 1.3 0.85 1.00 47.96
A-03-002: 15 15.0 100 MC a 66.7 1800.0 1.05 1.3 0.85 1.00 89.30
A-03-002: 20 20.0 100 SPT a 100.0 2400.0 0.91 1.3 0.95 1.10 100.00
A-03-002: 25 25.0 100 SPT a 100.0 2688.0 0.86 1.3 0.95 1.10 100.00
A-03-002: 30 30.0 100 SPT a 100.0 2976.0 0.82 1.3 1.00 1.10 100.00
A-03-002: 33 33.0 100 SPT a 100.0 3148.8 0.80 1.3 1.00 1.10 100.00

A-03-002: 34.5 34.5 100 SPT a 100.0 3235.2 0.79 1.3 1.00 1.10 100.00

Friars Road/SR 163
G1447-52-01

Adjust for each GWT Level



Liquefaction Analysis Using SPT

Project Name:
Project Number:

A-03-002

amax/g 0.48 Include K (Y/N) N
Magnitude 7.50 Use NCEER CRR 7.5 (1) or Rauch CRR 7.5 (2) 2
Groundwater Depth, Ft 20.0 1
Reference Pressure, p a 2000
Unit Weight of Water 62.4
Soil Unit Weight, pcf 120

MWF Idriss(1997) = (M) 2.56/102.24 From Graph

Depth, ft N1|60

Fines 
Content, 
FC (%)

N1|60, 
Adj. for 
Fines

, psf ', psf rd K
NCEER 
CRR7.5 

RAUCH 
CRR7.5

CSR 
M=7.5

Liquefaction 
Potential

Factor of 
Safety

Volumetric 
Strain, %

Settlement, 
in.

1 29 15 32.9 120.0 120.0 1.00 1.00 0.800 0.800 0.312 Above GWT 2.564
2 29 15 32.9 240.0 240.0 1.00 1.00 0.800 0.800 0.311 Above GWT 2.570
3 29 15 32.9 360.0 360.0 0.99 1.00 0.800 0.800 0.311 Above GWT 2.576
4 29 15 32.9 480.0 480.0 0.99 1.00 0.800 0.800 0.310 Above GWT 2.582
5 29 15 32.9 600.0 600.0 0.99 1.00 0.800 0.800 0.309 Above GWT 2.588
6 14 35 21.8 720.0 720.0 0.99 1.00 0.239 0.239 0.308 Above GWT 0.776
7 14 35 21.8 840.0 840.0 0.99 1.00 0.239 0.239 0.308 Above GWT 0.777
8 15 35 23.0 960.0 960.0 0.98 1.00 0.255 0.257 0.307 Above GWT 0.837
9 15 35 23.0 1080.0 1080.0 0.98 1.00 0.255 0.257 0.306 Above GWT 0.839

10 15 35 23.0 1200.0 1200.0 0.98 1.00 0.255 0.257 0.306 Above GWT 0.841
11 15 35 23.0 1320.0 1320.0 0.98 1.00 0.255 0.257 0.305 Above GWT 0.843
12 50 35 65.0 1440.0 1440.0 0.97 1.00 0.800 0.800 0.304 Above GWT 2.629
13 50 35 65.0 1560.0 1560.0 0.97 1.00 0.800 0.800 0.304 Above GWT 2.635
14 89 35 111.8 1680.0 1680.0 0.97 1.00 0.800 0.800 0.303 Above GWT 2.641
15 89 35 111.8 1800.0 1800.0 0.97 1.00 0.800 0.800 0.302 Above GWT 2.646
16 89 35 111.8 1920.0 1920.0 0.97 1.00 0.800 0.800 0.302 Above GWT 2.652
17 89 35 111.8 2040.0 2040.0 0.96 1.00 0.800 0.800 0.301 Above GWT 2.659
18 89 35 111.8 2160.0 2160.0 0.96 1.00 0.800 0.800 0.300 Above GWT 2.665
19 89 35 111.8 2280.0 2280.0 0.96 1.00 0.800 0.800 0.299 Above GWT 2.672
20 89 35 111.8 2400.0 2400.0 0.96 1.00 0.800 0.800 0.299 NL 2.679
21 100 35 125.0 2520.0 2457.6 0.95 1.00 0.800 0.800 0.305 NL 2.620
22 100 35 125.0 2640.0 2515.2 0.95 1.00 0.800 0.800 0.312 NL 2.567
23 100 35 125.0 2760.0 2572.8 0.95 1.00 0.800 0.800 0.318 NL 2.519
24 100 35 125.0 2880.0 2630.4 0.95 1.00 0.800 0.800 0.323 NL 2.477
25 100 35 125.0 3000.0 2688.0 0.94 1.00 0.800 0.800 0.328 NL 2.439
26 100 35 125.0 3120.0 2745.6 0.94 1.00 0.800 0.800 0.333 NL 2.404
27 100 35 125.0 3240.0 2803.2 0.93 1.00 0.800 0.800 0.337 NL 2.374 0.75 0.09
28 100 35 125.0 3360.0 2860.8 0.93 1.00 0.800 0.800 0.341 NL 2.347 0.75 0.09
29 100 35 125.0 3480.0 2918.4 0.93 1.00 0.800 0.800 0.344 NL 2.323 0.75 0.09
30 100 35 125.0 3600.0 2976.0 0.92 1.00 0.800 0.800 0.348 NL 2.302 0.75 0.09
31 100 0 100.0 3720.0 3033.6 0.92 1.00 0.800 0.800 0.350 NL 2.284 0.75 0.09
32 100 0 100.0 3840.0 3091.2 0.91 1.00 0.800 0.800 0.353 NL 2.268 0.75 0.09
33 100 0 100.0 3960.0 3148.8 0.90 1.00 0.800 0.800 0.355 NL 2.255
34 100 0 100.0 4080.0 3206.4 0.90 1.00 0.800 0.800 0.356 NL 2.245
35 100 0 100.0 4200.0 3264.0 0.89 1.00 0.800 0.800 0.358 NL 2.237

Total Settlement, S LIQ (in.) = 0.54
Total Liquifiable Layers = 6

Boring:

Minimum Factor of Safety for Liquefaction

Friars Road/SR 163
G1447-52-01





Project Name:
Project No.
Date:
Support Location:

Vertical Stress of Loaded Area (Allowable Bearing Capacity (ksf)): qo = 3.9
Poisson's Ratio (taken at 1/3 to 2/3 B): v = 0.25
Young's Modulus, ksf (taken at 1/3 to 2/3 B): Es = 1500
Footing Length (feet) L = 79
Footing Width (feet) B = 17

Footing Contact Area (ft^2) = A = 1343
L/B = L/B = 4.647059

Combined Shape/Rigidity Factor  (from Table 4.4.7.2.2B) Bz = 1.06

0.084271 (feet)
1.011249 (inches)
25.68572 (mm)

Elastic Settlement:

Friars Road
G1447-52-01

East Abutment Wall
7-Nov-12

Determination of Elastic Settlement
qpn = 3.9 ksf
qpn > 2.1 ksf,
therefore GOOD!



  
 
 
 
 
 
 
 
 
 

 

Memorandum 
 
February 29, 2016 SCST No. 1111191P 
 Report 8 
Mary Elizabeth Northeimer, PE 
Project Engineer 
Dokken Engineering 
5675 Ruffin Road, Suite 250 
San Diego, California 92123 
 
Subject: FOUNDATION REPORT FOR SOLDIER PILE RETAINING WALLS 

RW73 LOCATIONS 1 AND 2 AND RW245 STA 10+00 TO 10+88.5 
SR-163/FRIARS ROAD INTERCHANGE 
POST MILES 4.1 TO 4.9 
CONTRACT NO. 11-085781 
PROJECT ID 1100000064 
SAN DIEGO, CALIFORNIA 

 
Dear Ms. Northeimer:  

1. INTRODUCTION 

In response to your request, we prepared this Foundation Report (FR) for the subject retaining 
walls that will be specially designed soldier pile retaining walls.  We understand that the soldier 
pile walls will be constructed to minimize impacts to existing utilities and structures located 
adjacent to the walls.   

1.1. Proposed Structure 

The soldier pile retaining walls will have pre-cast concrete panels and cast-in-place concrete 
faces.  The walls will retain between 5 feet and 12½ feet of soil.  The grade behind the walls 
will range from level to a 2:1 (horizontal:vertical) slope.   

1.2. Scope of Work 

Our scope of work for the preparation of this report included performing a literature review in 
an effort to obtain geological and geotechnical data pertaining to the planned walls.  For our 
analyses and preparation of this report, we used the information presented in the project 
Geotechnical Design Report (GDR), Reference 35.   

Field Exploration: Boring A-12-046, drilled during the GDR investigation, is located in the 
vicinity of the planned walls.  Figure 4A presents the Log of Test Borings 
sheet with boring A-12-046.   
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2. FINDINGS 

2.1. Site Description 

SR-163 is generally oriented in a north-south direction and Friars Road crosses over SR-163. 
The project site extends along SR-163 between Station 211+00 and Station 316+00 and 
along Friars Road between Station 51+00 and 85+00.  The mainline of this portion of SR-163 
is comprised of a divided highway with 4 northbound lanes and 4 southbound lanes.  The 
Friars Road interchange includes an overcrossing with on- and off-ramps in the northbound 
and southbound directions to both eastbound and westbound Friars Road.  The overcrossing 
is supported on two abutments and one bent. 

The southern portion of the project area crosses Mission Valley, a floodplain landform of the 
San Diego River.  Several bents support the San Diego River Bridge. Water flows within the 
riverbed and will rise during flood events.  The remaining portion of the project traverses up 
the northern flank of Mission Valley.  Embankments ranging up to approximately 23 feet in 
height and cut slopes, ranging up to approximately 100 feet in depth, are located along the 
roadway alignments. 

The planned soldier pile retaining walls will be located northeast of the northbound on-ramp 
to SR-163 and north of Friars Road, adjacent to a storm drain channel and an existing 
parking lot.  Figure 1 presents a site vicinity map.  Figures 2A and 2B show the planned wall 
locations.  

2.2. Regional Geology and Site Seismicity 

The project site is located within the coastal plain of the Peninsular Range Geomorphic 
Province of California.  The Peninsular Ranges are a group of mountain ranges that extend 
900 miles from the Transverse Ranges and the Los Angeles Basin in Southern California to 
the southern tip of Mexico’s Baja California.  The southern segment of the Peninsular Ranges 
in Southern California is referred to as the San Diego Embayment.  The San Diego 
Embayment consists of thick sequences of marine and non-marine sediments.  The 
sedimentary rocks within the San Diego Embayment form an eastward thinning wedge of 
continental margin deposits that extend from Oceanside to the US-Mexico border.   

The site is located in a seismically active area.  The closest known active fault is the Rose 
Canyon fault zone (San Diego section), which is located about 2.3 miles (3.7 kilometers) 
west-southwest of the site.  The site is not located in an Alquist-Priolo Earthquake Fault 
Zone, and there are no unzoned faults Holocene or younger that underlie or project toward 
the site (USGS, 2012).  Therefore, the probability of fault rupture is low. 
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3. GEOTECHNICAL CONDITIONS 

3.1. Site Geology 

The project site is located in the Coastal Plains Physiographic Province of San Diego County 
and is underlain by the Tertiary-age Friars Formation (Tf), Stadium Conglomerate (Tst), 
Quaternary-age very old paralic deposits (Qvop), alluvium (Qya) and fill (Qaf).  The planned 
soldier pile retaining walls will retain fill placed during mass grading for the Murray Canyon 
Bridge that crosses Friars Road.  The soldier piles will obtain support from the alluvial soils.  
Descriptions of the subsurface materials anticipated along the wall alignments are presented 
below.  Figure 3 presents the regional geology in the vicinity of the site.  Figures 4A and 4B 
present the Log of Test Borings (LOTB) in the vicinity of the walls. 

Fill: Fill soils underlie much of the site and are associated with the existing improvements.  
These materials consist of clayey and silty sand with cobbles that were most likely derived 
from excavation in the Stadium Conglomerate and alluvium.  The depth of the fill in the 
vicinity of the soldier pile walls is estimated to range up to about 12 feet in thickness. 

Alluvium: Alluvial sediments associated with the San Diego River and the tributary drainage 
canyons that enter the river plain underlie most of the project area. The alluvial deposits are 
anticipated to attain thicknesses in excess of 80 feet toward the southern portion of the 
project alignment.  The thickness of the alluvium decreases near the hillsides.  The alluvial 
deposits consist of gray, brown and tan, interbedded sand, gravel, cobble, silt and clay.  It is 
anticipated that abundant gravel and cobbles up to about 12 inches in size exist within the 
alluvial sediments. 

3.2. Groundwater 

We observed groundwater in borings drilled within alluvial areas.  The groundwater elevation 
ranged in elevation between about 12 feet above Mean Sea Level (MSL) and about 38 MSL.   
Groundwater levels are expected to fluctuate seasonally in the alluvial areas.  Groundwater 
in the vicinity of the planned walls is anticipate at the approximate elevation of the adjacent 
storm drain channel bottom.    

4. CONCLUSIONS AND RECOMMENDATIONS 

4.1. Passive Pressure 

Passive pressure for the design of the retaining walls can be taken as 300 pounds per square 
per foot of depth.  This pressure can be increased by ⅓ for seismic loading.  An internal 

friction angle of 34 degrees can be used to determine the nominal sliding resistance between 
soil and concrete cast against soil for the foundation.    
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4.2. Active Pressure 

The active soil pressure for the design of unrestrained earth retaining structures with level 
backfills can be taken as equivalent to the pressure of a fluid weighing 40 pounds per cubic 
foot (pcf).   An increase in soil pressure equivalent to an additional 2 feet of retained soil can 
be used to account for transient loads that may include traffic loads or temporary conditions.  
Alternatively, surcharge loads can be determined in accordance with Article 3.6.1.2 of the 
AASHTO LRFD Bridge Design Specifications with Caltrans Amendments. If any other 
surcharge loads are anticipated, the project geotechnical engineer should be contacted for 
the necessary increase in soil pressure. The project designer should provide waterproofing 
specifications and details.  These pressures assume a granular drained backfill condition. 

4.3. Seismic Pressure 

The following equivalent fluid weights can be used for the seismic design of retaining walls.   

  Condition Equivalent Fluid Weight – Seismic 
  Active  55 pounds per cubic foot 
  At-Rest  75 pounds per cubic foot 
  Passive 390 pounds per cubic foot 

The equivalent fluid weights for seismic loading were determined using the Mononobe-Okabe 
method presented in Appendix A11 of the AASHTO LRFD Bridge Design Specifications with 
California Amendments. The at-rest condition was estimated using an increase ratio similar 
to the active condition.  The horizontal acceleration coefficient of 0.23 (50% of the peak 
ground acceleration of 0.45g) was used to determine the seismic earth pressures.  The 
resultant of the seismic active and at-rest pressures should be applied at a depth of 0.5H 
from the top of the wall where H is equal to the total height of the wall. 

4.4. Retaining Wall Backfill 

Excavated material and import soil used as wall backfill should meet the specifications for 
Caltrans structure backfill.  The Engineer should the approve proposed imported soil prior to 
transport to the site.   

4.5. Drainage 

The earth pressures recommended above do not include hydrostatic pressures.  A drainage 
system consisting of geocomposite drain strips placed between the wall and the retained soil 
discharging through weep holes at the base of the wall would provide acceptable drainage to 
relief hydrostatic pressures.   

4.6. Corrosion 

The on-site materials tested for the preparation of the GDR indicated the site is not underlain 
by corrosive materials.   
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4.7. Construction Considerations 

The contractor may encounter difficulties during drilling of soldier piles due to the presence of 
cobbles and boulders.  Caving conditions are likely to occur.  Groundwater elevation in the 
drilled shafts should be expected to coincide with the flow line elevation of the adjacent 
drainage channel.  Drilled holes will most likely require dewatering or the placement of 
concrete in wet conditions.  Dewatering may require temporarily re-routing the flowing water.   

5. LIMITATIONS 

The characterization of geotechnical conditions along the wall alignments and presented in this 
report are based on the review of the design information provided, proposed project features, 
geologic maps, geologic literature, archival reports, exploration by SCST, and laboratory testing.  
The evaluations and recommendations contained in this report are based on the information 
discovered and data gathered.  If conditions are encountered during the project that appear to 
differ from the conditions conveyed in this report, or if construction difficulties related to soil 
conditions are encountered, the project’s Resident Engineer should be contacted to assist with 

the assessment of the prevailing geotechnical conditions and to assist in formulating appropriate 
strategies to facilitate project completion.  Should project design features vary significantly from 
those described in this report, an updated report should be prepared by SCST to address the 
geotechnical considerations. 
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EXECUTIVE SUMMARY 
 

This report presents the findings and conclusions of the pavement study performed by Southern 

California Soil & Testing, Inc. (SCS&T) for the widening of Friars Road in the city of San Diego, 

California. 

We understand that Friars Road will be widened between Avenida De Las Tiendas and Frazee 

Road.  The pavement study consisted of performing a subsurface exploration, sampling subgrade 

soils, testing collected samples in the laboratory, analyzing the data, developing design 

recommendations, and preparing this report.  Additionally, Falling Weight Deflectometer (FWD) 

Testing was performed.  

An SCS&T geologist observed the drilling of 12 cores through the existing pavement and obtained 

subgrade soil samples for laboratory testing.  The existing pavement sections encountered along 

Friars Road consist of asphalt concrete underlain by aggregate base.  The asphalt concrete ranged 

between 4 inches and 8 inches thick at the locations cored.  The aggregate base ranged between 8 

inches and 19½ inches thick.  The subgrade is comprised of silty and clayey sand with gravel, and 

clayey gravel with silt and sand.  Selected subgrade samples were tested to evaluate pertinent 

engineering properties and pavement support characteristics to assist in the development of 

geotechnical conclusions and recommendations. 

Distress was observed along the westbound lanes of Friars Road east of SR-163.  The distress 

consists of cracking that appears to reflect trench lines for utilities.  In our opinion, grind and overlay 

of the existing pavement along Friars Road as part of the widening improvements is feasible. 

Recommendations for overlaying Friars Road and new pavement sections are contained in the 

body of this report. 



 

 

1. INTRODUCTION 

1.1 GENERAL 

This report presents the findings and conclusions of the pavement study performed by Southern 

California Soil & Testing, Inc. (SCS&T) for the widening of Friars Road in the city of San Diego, 

California. 

We understand that Friars Road will be widened between Avenida De Las Tiendas and Frazee 

Road.  The pavement study consisted of performing a subsurface exploration, sampling subgrade 

soils, testing collected samples in the laboratory, analyzing the data, developing design 

recommendations, and preparing this report.  Additionally, Falling Weight Deflectometer (FWD) 

Testing was performed.  

1.2 SCOPE OF WORK 

The scope of work performed by SCS&T consisted of the following: 

1. Drilling 12 cores through existing pavements and sampling subgrade soils encountered; 

2. Performing laboratory tests on selected soil samples; 

3. Presenting our findings regarding the existing structural section (including wearing surface 

types and thickness, base types and thickness, subgrade material types and soil 

classification); 

4. Calculating the proposed flexible pavement section recommendations; 

5. Providing recommendations for compaction; subgrade preparation; and 

6. Preparation of this report. 

2. FIELD EXPLORATION AND LABORATORY TESTING 

2.1 FIELD EXPLORATION 

An SCS&T geologist observed the drilling of 12 cores through the existing pavement section and 

obtained subgrade soil samples for laboratory testing.  A truck mounted rig equipped with a solid-

flight auger drilled the core holes to a depth of about 3 feet below the existing ground surface.  

Figures 2 and 3 present the approximate core locations.  Appendix I presents a summary of the 

subsurface conditions encountered in the core locations.  Soils are classified according to the 

Unified Soil Classification System, presented on Figure I-1.  Selected samples from the corings 

were tested to evaluate pertinent classification and engineering properties and enable 

development of geotechnical conclusions and recommendations.  Additionally, Falling Weight 

Deflectometer (FWD) Testing was performed.   
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The core holes were backfilled and compacted with native soils and capped with Portland cement 

concrete immediately after obtaining soil samples. 

2.2 LABORATORY TESTING 

Laboratory tests consisted of grain size distributions, and R-value tests. Brief descriptions of the 

laboratory test procedures and the test results are presented in Appendix II. 

2.3 FALLING WEIGHT DEFLECTOMETER TESTING 

The Falling Weight Deflectometer (FWD) is a non-destructive hydraulic test apparatus that 

measures the stiffness of a pavement by applying a dynamic load.  The deflection at the point 

where the force is applied is measured and compared to the tolerable deflection as determined by 

the Caltrans Highway Design Manual.  The Caltrans specified deflection reduction at the surface, 

as percent, is then calculated and equated to the thickness of asphalt needed to bring the 

measured deflection during the FWD test within a tolerable deflection.  FWD tests were performed 

along Friars Road between Avenida De Las Tiendas and Frazee Road on May 28, 2012.  

Appendix III presents the test results. 

3. SITE CONDITIONS 

3.1 SURFACE CONDITIONS 

The surface of Friars Road is paved with asphalt concrete.  Distress was observed along the 

westbound lanes of Friars Road east of SR-163.  The distress consists of cracking that appears to 

reflect trench lines for utilities.  

Gutters are located along both sides of Friars Road.  Surface drainage is well developed.  The final 

grades required for drainage and related improvements, and the current City of San Diego street 

design standards or other applicable standards, will affect the selection of the new pavement 

section and overlay thickness. 

3.2 EXISTING PAVEMENT COMPONENT THICKNESSES 

The existing pavement sections encountered consist of asphalt concrete underlain by aggregate 

base.  The asphalt concrete ranged between 4 inches and 8 inches thick at the locations cored.  

The aggregate base ranged between 8 inches and 19½ inches thick at the locations cored.  The 

subgrade is comprised of silty and clayey sand with gravel, and clayey gravel with silt and sand.  

Table 1 presents the existing pavement sections measured at 12 locations along Friars Road. 

Figure I-2 in Appendix I presents a summary of the existing pavement component thicknesses and 

relevant data. 
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Table 1 – Existing Pavement Sections 

Core 
Identification 

Location Description 
Asphalt Concrete 
Thickness, inches 

Aggregate Base 
Thickness, inches 

C-1 
Eastbound Friars Road, 

West of SR 163 
7 8 

C-2 
Eastbound Friars Road, 

West of SR 163 
7 9 

C-3 
Eastbound Friars Road, 

West of SR 163 
4 8 

C-4 
Eastbound Friars Road, 

East of SR 163 
4 8 ½ 

C-5 
Eastbound Friars Road, 

East of SR 163 
4½ 19½ 

C-6 
Eastbound Friars Road, 

East of SR 163 
6 10 

C-7 
Westbound Friars Road, 

East of SR 163 
5½ 10½ 

C-8 
Westbound Friars Road, 

East of SR 163 
4½ 18½ 

C-9 
Westbound Friars Road, 

East of SR 163 
4½ 8½ 

C-10 
Westbound Friars Road, 

West of SR 163 
5 9 

C-11 
Westbound Friars Road, 

West of SR 163 
8 9 

C-12 
Westbound Friars Road, 

West of SR 163 
7 8 

 

3.3 SUBSURFACE CONDITIONS 

Fill consisting of loose to medium dense silty and clayey sand with gravel, and clayey gravel with 

silt and sand was encountered below the pavement sections at all the core locations.  In general, 

the fill was moist at the time of the field exploration program. 

No groundwater was encountered in the core holes.  No caving was observed within our core 

locations. 
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4. CONCLUSIONS AND RECOMMENDATIONS 

4.1 SUBGRADE PREPARATION AND GRADING 

Where the pavement is to be constructed, the subgrade surface exposed following removal of the 

existing pavement components and any excavation required to reach final subgrade should be 

checked by the Engineer.  Any areas judged unsuitable for pavement support by the Engineer 

should be excavated to expose firm material as determined by the Engineer. 

The surface exposed by pavement removal and excavation, if any, should be scarified to a depth 

of 12 inches, moisture conditioned to near optimum moisture content and compacted to at least 

95% relative compaction.  The optimum moisture content and maximum dry density for the 

determination of relative compaction should be based on the Caltrans test method 216.  A 

geotextile such as Tensar® TX-5 or equivalent can be placed on the prepared subgrade to assist 

in the support of the pavement section where determined appropriate by the Engineer. 

Existing soils that are free of organic material and that do not contain rocks larger than 6 inches in 

maximum dimension will be suitable for placement as compacted fill in over-excavated areas.  

Imported soils, if any, should not contain organic material or rocks greater than 3 inches in 

maximum dimension.  Imported material should have an Expansion Index of 20 or less and should 

be approved by the Engineer prior to placement. 

New fill soils, if any, and base courses for pavements, should be placed in 6-inch to 8-inch loose 

lifts, moisture conditioned to near optimum moisture content and compacted to at least 95% 

relative compaction. 

4.2 PAVEMENT STRUCTURAL SECTIONS 

A total of five R-value tests were performed on representative subgrade samples obtained from the 

core locations and previous borings along Friars Road.  Additional tests should be performed 

during final grading, when actual subgrade materials can be determined.  Dokken Engineering 

provided Traffic Indices (TIs).  Based on this information, the flexible pavement structural sections 

were calculated.  Table 2 presents these pavement sections. 
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Table 2 – Pavement Recommendations 

Location 
Traffic 
Index 

R-Value used 
for design 

Asphalt Concrete 
Thickness, inches 

Aggregate BaseNote 1 
Thickness, inches 

Friars Road 12.5 20 8 24 

Ulric Street 10.5 30 7 15 

Frazee Road  10.5 20 7 18½ 

Note 1: Aggregated base shall in conform to Class 2 Aggregate Base in Section 26-1.02 of the Standard Specifications of The 
State of California Department of Transportation. 

The project designers can also consider alternate pavement sections.  Final pavement alternatives 

will be developed in consultation with Dokken Engineering, Caltrans and city representatives.  

Unsuitable subgrade material should be removed and replaced with suitable material as identified 

by the project geotechnical engineer.  The removal should extend to a depth beyond the influence 

of the planned construction. 

4.3 PAVEMENT SECTION REHABILITATION ALTERNATIVES 

4.3.1 Removal and Replacement of Existing Pavement Section 

In our opinion, the existing pavement section along Frazee Road is considered inadequate for 

the anticipated traffic conditions, TI of 10.5.  Removal and replacement of the existing 

pavement section is an acceptable rehabilitation alternative.  The new pavement section 

recommended for Frazee Road is presented in Table 2. 

4.3.2 Cold Milling and Placement of a New Asphalt Concrete Surface  

In our opinion, the FWD testing results along Friars Road are within the Caltrans specified 

tolerable deflection and are considered adequate for the anticipated traffic load.  Additionally, 

the pavement section observed along Ulric Street is performing adequately.  In our opinion, 

cold milling and placement of a new asphalt concrete (AC) along Friars Road and Ulric Street 

is an acceptable rehabilitation alternative.  However, concrete backfilled utility lines are 

exposed on the surface of Ulric Street.  

Rehabilitation of the roadways through street-wide cold milling and placement of a new asphalt 

concrete wearing surface is a feasible rehabilitation alternative.  However, localized areas of 

pavement removal and replacement should be expected.  Street-wide cold milling should 
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extend to a depth of at least 2 inches.  It is suggested that a paving fabric such as GlasGrid® or 

an equivalent be used as part of the overlay construction option.  Existing pavement 

thicknesses will vary, care should be taken to ensure the milling machine does not loosen the 

underlying materials.  Subsequent to grinding all observable cracks should be filled prior to 

placement of the new AC surface.  Additionally, complete reconstruction should be performed 

areas that appear un-stable as determined by the engineer. The removed AC material should 

then be replaced with at least 2 inches of asphalt concrete, cross slopes permitting. 

4.4 GEOTECHNICAL ENGINEERING DURING CONSTRUCTION 

The geotechnical engineer should review project plans and specifications prior to bidding and 

construction to check that the intent of the recommendations in this report has been incorporated.  

Observations and tests should be performed during construction. If the conditions encountered 

during construction differ from those anticipated based on the subsurface exploration program, the 

presence of the geotechnical engineer during construction will enable an evaluation of the exposed 

conditions and modifications of the recommendations in this report or development of additional 

recommendations in a timely manner.  

5. CLOSURE 

SCS&T should be advised of any changes in the project scope so that the recommendations 

contained in this report can be evaluated with respect to the revised plans.  The findings in this 

report are valid as of the date of this report. Changes in the condition of the roadways can occur 

with time. In addition, changes in the standards of practice and government regulations can occur. 

Thus, the findings in this report may be invalidated wholly or in part by changes beyond our 

control. This report should not be relied upon after a period of two years without a review by us 

verifying the suitability of the conclusions and recommendations to site conditions at that time. 

In the performance of our professional services, we comply with that level of care and skill 

ordinarily exercised by members of our profession currently practicing under similar conditions and 

in the same locality. Subsurface conditions can vary from those encountered at the test boring or 

coring locations, and our data, interpretations, and recommendations are based solely on the 

information obtained by us. We will be responsible for those data, interpretations, and 

recommendations, but will not be responsible for interpretations by others of the information 

developed. Our services consist of professional consultation and observation only, and no 

warranty of any kind whatsoever, express or implied, is made or intended in connection with the 

work performed or to be performed by us, or by our proposal for consulting or other services, or by 

our furnishing of oral or written reports or findings. 
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 TEST CORING SUMMARY 
 
 
 
 



By: Date:

Job Number: I-1Figure:    

EL

1111191-2

FRIARS ROAD WIDENINGSOUTHERN CALIFORNIA
SOIL & TESTING, INC.  7/24/2012



C-1 Friars Road Avenida De Las Tiendas
Eastbound 

Number 3 lanenote 1 Asphalt Concrete 7 8 SC

C-2 Friars Road Ulric Street
Eastbound 

Number 2 lane
Asphalt Concrete 7 9 SC

C-3 Friars Road State Rounte 163
Eastbound 

Number 1 lane
Asphalt Concrete 4 8 SM

C-4 Friars Road State Rounte 163
Eastbound 

Number 3 lane
Asphalt Concrete 4 8½ GC

C-5 Friars Road Frazee Road
Eastbound 

Number 2 lane
Asphalt Concrete 4½ 19½ SC

C-6 Friars Road Frazee Road
Eastbound 

Number 1 lane
Asphalt Concrete 6 10 GM

C-7 Friars Road Frazee Road
Westbound 

Number 2 lane
Asphalt Concrete 5½ 10½ GC

C-8 Friars Road Frazee Road
Westbound 

Number 1 lane
Asphalt Concrete 4½ 18½ GC

C-9 Friars Road State Route 163
Westbound 

Number 1 lane
Asphalt Concrete 4½ 8½ SC

C-10 Friars Road State Route 163
Westbound 

Number 1 lane
Asphalt Concrete 5 9 GC

C-11 Friars Road Ulric Street
Westbound 

Number 2 lane
Asphalt Concrete 8 9 GW-GM

C-12 Friars Road Avenida De Las Tiendas
Westbound 

Number 3 lane
Asphalt Concrete 7 8 SC

Note 1: Number 3 lane is the most outer travel lane within the same traffic diection. 

By: EL Date: 7/24/2012
Job Number: 1111191-2

Core 
Identification

Aggregate Base Course
 Thickness, inches

Wearing Surface 
Thickness, inches

Approximate Coring LocationStreet Wearing Surface TypeNearest Cross Street USCS

Fill - Clayey Gravel with Sand. 

Fill - Clayey Sand. 

Fill - Clayey Gravel with Sand. 

Fill - Clayey Sand with Gravel.  

Fill - Silty Gravel. 

Summary of Subgrade Condition

Fill - Clayey Sand. 

Fill - Clayey Sand. 

Fill - Silty Sand. 

Figure I - 2

FRIARS ROAD WIDENING
SOUTHERN CALIFORNIA 

SOIL & TESTING, INC.

Fill - Clayey Gravel with Sand. 

Fill - Clayey Sand with Garevl. 

Fill - Clayey Gravel with Sand. 

Fill - Well-graded Gravel with Silt and Sand.
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APPENDIX II 
LABORATORY TEST RESULTS 

 
SUMMARY 

 
The laboratory test program was design to fit the specific need of this project and was limited to 

testing on-site materials.  A brief description of each type of test is presented below. Results are 

given on the following pages:  

 CLASSIFICATION: Field classifications were verified in the laboratory by visual 

examination. The final soil classifications are in accordance with the Unified Soil 

Classification System. 

 GRAIN SIZE DISTRIBUTION: The grain size distributions were determined for 4 samples in 

accordance with ASTM D 422.  The results are presented on Figures II-1 through II-4.   

 R-VALUE:  R-values were determined for representative subgrade soils in accordance with 

California Test 301.  The results are summarized on Figure II-5. 
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DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-2
7/24/2012

II-1

FRIARS ROAD WIDENING

BY: AKN/EL

SM ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

C-3 subgrade
SILTY SAND with GRAVELDESCRIPTION
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DATE:
JOB NUMBER: FIGURE:

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

C-5 subgrade CLAYEY SAND with 
GRAVEL

DESCRIPTION

SC ATTERBERG LIMITS

LIQUID LIMIT

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-2
7/24/2012

II-2

FRIARS ROAD WIDENING

BY: AKN/EL
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DATE:
JOB NUMBER: FIGURE:

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

C-9 subgrade CLAYEY SAND with 
GRAVEL

DESCRIPTION

SC ATTERBERG LIMITS

LIQUID LIMIT

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-2
7/24/2012

II-3

FRIARS ROAD WIDENING

BY: AKN/EL
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DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-2
7/24/2012

II-4

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

GW-GM ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

C-11 subgrade WELL GRADED GRAVEL 
with SILT and SAND

DESCRIPTION
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BY: DATE:

JOB NO.: FIGURE:1111191-2

    SOUTHERN CALIFORNIA
    SOIL & TESTING, INC.

FRIARS ROAD WIDENING

AKN/EL

30

7/24/2012

II-5

C-10 subgrade Clayey SAND with GRAVEL

R - Value

Caltran Test 301

R- Value

71

SAMPLE IDENTIFICATION

C-6 subgrade

DESCRIPTION

Silty SAND with GRAVEL

A-03-007 at 1 foot to 4½ feetNote1 Tan silty SAND

Note 1: “Geotechnical Design Report, SR-163/Friars Road Interchange Modification, PM 3.8-5.8, 
            EA Number 11225-085781, EFIS PID 1100000064, San Diego, California”; prepared by 
            Southern California Soil & Testing, Inc., dated July 18, 2012 (SCS&T No. 1111191-1).

22

A-12-030 at 1 foot to 5 feetNote 1 Brown clayey SAND 37

A-12-033 at 1 foot to 5 feetNote 1 Brown clayey SAND 53
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APPENDIX III 
FALLING WEIGHT DEFLECTOMETER TESTING RESULTS  



 

Friars Road
Location: Friars Road Frazee Road to Ave. De Las Tiendas Date: 2012-05-28 22:52:25

Project: 38168

Friars Road Westbound Lane 1
    

00+00 Friars Road Westbound Lane 1

Notes: Begin Testing Friars Road; Friars Road Westbound Lane 1; CL of 
Frazee Road

Pvt Temp: 0° F

 GPS: 0.00000° Lat, 0.00000° Lon
 Limit   NIS  

 
    

00+49 Friars Road Westbound Lane 1

Notes: Median, Raised Pvt Temp: 0° F

 GPS: 0.00000° Lat, 0.00000° Lon
 Limit   NIS  

 
    

01+06 (test 1) Friars Road Westbound Lane 1

Notes: Pvt Temp: 102.5° F

Avg FWD1: 6.00667 GPS: 32.77252° Lat, -117.15762° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.79 6.07 4.45 3.92 3.3 2.85 2.17 1.6 1.23 4.06 4.9
8.79 5.99 4.43 3.88 3.27 2.83 2.17 1.59 1.21 4.09 4.9
8.72 5.96 4.43 3.9 3.28 2.82 2.16 1.6 1.24 4.13 4.87
    

02+02 (test 2) Friars Road Westbound Lane 1

Notes: Pvt Temp: 101.8° F

Avg FWD1: 7.53333 GPS: 32.77237° Lat, -117.15788° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.81 7.55 5.71 4.95 3.97 3.26 2.33 1.53 1.07 5.69 6.76
8.89 7.54 5.71 4.93 4 3.25 2.29 1.54 1.07 5.68 6.69
8.91 7.51 5.73 4.95 3.98 3.3 2.31 1.53 1.11 5.69 6.73
    

02+28 Friars Road Westbound Lane 1

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77237° Lat, -117.15788° Lon
 Limit   NIS  

 
    

03+02 (test 3) Friars Road Westbound Lane 1

Notes: Pvt Temp: 101.4° F

Avg FWD1: 13.7033 GPS: 32.77224° Lat, -117.15816° Lon



 Limit   NIS  
Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.69 13.88 10.46 8.91 6.86 5.2 3.33 2.28 1.72 10.61 12.47
8.74 13.65 10.36 8.85 6.8 5.21 3.37 2.28 1.77 10.48 12.25
8.72 13.58 10.36 8.84 6.79 5.22 3.43 2.33 1.82 10.42 12.23
    

03+59 Friars Road Westbound Lane 1

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77224° Lat, -117.15816° Lon
 Limit   NIS  

 
    

04+00 (test 4) Friars Road Westbound Lane 1

Notes: Pvt Temp: 103.6° F

Avg FWD1: 14.04 GPS: 32.77214° Lat, -117.15846° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 14.21 10.48 8.83 6.78 5.28 3.38 2.4 1.81 11.44 13.17
8.69 14.03 10.44 8.84 6.79 5.33 3.42 2.39 1.84 11.22 12.91
8.76 13.88 10.4 8.82 6.81 5.34 3.45 2.42 1.87 11.1 12.76
    

05+11 (test 5) Friars Road Westbound Lane 1

Notes: Pvt Temp: 102.9° F

Avg FWD1: 5.3 GPS: 32.77207° Lat, -117.15881° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.16 5.35 4.3 3.85 3.2 2.67 2.17 1.6 1.23 4.15 4.76
9.03 5.29 4.27 3.79 3.16 2.64 2.16 1.55 1.25 4.11 4.73
9.11 5.26 4.25 3.79 3.18 2.65 2.14 1.59 1.28 4.1 4.66
    

05+98 (test 6) Friars Road Westbound Lane 1

Notes: Pvt Temp: 105.1° F

Avg FWD1: 5.15333 GPS: 32.77204° Lat, -117.15909° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.01 5.2 3.93 3.38 2.67 2.15 1.31 0.78 0.65 3.8 4.52
8.91 5.14 3.9 3.35 2.65 2.12 1.3 0.78 0.6 3.73 4.43
8.94 5.12 3.89 3.35 2.68 2.11 1.28 0.78 0.6 3.7 4.42
    

06+94 (test 7) Friars Road Westbound Lane 1

Notes: Pvt Temp: 105.1° F

Avg FWD1: 4.92333 GPS: 32.77201° Lat, -117.15940° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.08 4.93 3.91 3.56 3.09 2.66 2.01 1.35 1.22 3.9 4.39
9.03 4.93 3.92 3.57 3.06 2.67 2.04 1.35 0.91 3.92 4.32
9.11 4.91 3.91 3.57 3.08 2.68 2.04 1.36 0.94 3.89 4.33
    

07+23 Friars Road Westbound Lane 1

Notes: CL of 163 North Onramp Pvt Temp: 0° F

 GPS: 32.77201° Lat, -117.15940° Lon
 Limit   NIS  

 
    



08+06 (test 8) Friars Road Westbound Lane 1

Notes: Longitudinal Cracks Pvt Temp: 102.5° F

Avg FWD1: 3.89 GPS: 32.77197° Lat, -117.15975° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.06 3.9 3.05 2.8 2.46 2.15 1.72 1.18 0.87 2.77 3.34
8.98 3.86 3 2.78 2.45 2.12 1.76 1.16 0.82 2.67 3.33
9.11 3.91 3.03 2.81 2.46 2.13 1.78 1.19 0.87 2.73 3.33
    

09+02 (test 9) Friars Road Westbound Lane 1

Notes: Pvt Temp: 102.5° F

Avg FWD1: 4.73 GPS: 32.77193° Lat, -117.16006° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 4.78 3.62 3.21 2.71 2.33 1.81 1.15 0.81 3.51 4.08
8.96 4.69 3.59 3.18 2.65 2.28 1.77 1.14 0.82 3.45 4.06
9.03 4.72 3.6 3.22 2.7 2.34 1.82 1.17 8.2 3.47 4.06
    

10+02 (test 10) Friars Road Westbound Lane 1

Notes: Pvt Temp: 104.4° F

Avg FWD1: 5.77333 GPS: 32.77188° Lat, -117.16038° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.81 5.76 4.29 3.83 3.19 2.66 1.96 1.27 0.71 4.41 5.02
8.91 5.8 4.34 3.82 3.24 2.72 2.02 1.29 0.9 4.45 5.06
8.94 5.76 4.35 3.84 3.22 2.7 2.01 1.28 6.98 4.44 5.05
    

10+95 (test 11) Friars Road Westbound Lane 1

Notes: Lateral Cracks Pvt Temp: 103.6° F

Avg FWD1: 11.1767 GPS: 32.77182° Lat, -117.16067° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 11.33 8.98 7.87 6.42 5.13 2.88 1.49 0.8 9.15 10.37
8.67 11.14 8.88 7.81 6.37 5.07 2.97 1.52 1.02 9.11 10.21
8.74 11.06 8.84 7.78 6.34 5.07 2.89 1.52 0.95 9 10.11
    

11+05 Friars Road Westbound Lane 1

Notes: Begin Bridge Pvt Temp: 0° F

 GPS: 32.77182° Lat, -117.16067° Lon
 Limit   NIS  

 
    

14+96 Friars Road Westbound Lane 1

Notes: End Bridge Pvt Temp: 0° F

 GPS: 32.77182° Lat, -117.16067° Lon
 Limit   NIS  

 
    

16+00 (test 12) Friars Road Westbound Lane 1

Notes: Pvt Temp: 98.5° F

Avg FWD1: 3.36333 GPS: 32.77125° Lat, -117.16216° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10



9.06 3.37 2.58 2.31 1.93 1.67 1.28 0.85 0.59 2.46 2.83
9.01 3.35 2.52 2.28 1.96 1.68 1.38 0.87 0.59 2.4 2.8
9.13 3.37 2.54 2.3 1.94 1.66 1.3 0.82 0.56 2.43 2.82
    

17+03 (test 13) Friars Road Westbound Lane 1

Notes: Pvt Temp: 99.6° F

Avg FWD1: 4.65667 GPS: 32.77109° Lat, -117.16244° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.13 4.67 3.52 3.15 2.68 2.23 1.61 1.2 0.83 3.79 4.35
9.08 4.66 3.55 3.12 2.65 2.24 1.67 1.22 0.84 3.81 4.33
9.03 4.64 3.55 3.15 2.66 2.22 1.65 1.2 0.83 3.75 4.32
    

18+01 (test 14) Friars Road Westbound Lane 1

Notes: Slight Raveling, Near Traffic Sensors Pvt Temp: 97.4° F

Avg FWD1: 7.41 GPS: 32.77095° Lat, -117.16270° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 7.45 5.84 5.08 4.03 3.32 2.26 1.47 1.03 5.57 6.56
8.86 7.38 5.82 5.04 4.02 3.34 2.27 1.44 1.02 5.58 6.51
8.94 7.4 5.83 5.05 4.01 3.32 2.29 1.47 1.02 5.57 6.51
    

18+90 Friars Road Westbound Lane 1

Notes: CL of Ulric Street Pvt Temp: 0° F

 GPS: 32.77095° Lat, -117.16270° Lon
 Limit   NIS  

 
    

19+98 (test 15) Friars Road Westbound Lane 1

Notes: Pvt Temp: 101.8° F

Avg FWD1: 3.54333 GPS: 32.77065° Lat, -117.16324° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.18 3.59 2.63 2.34 1.99 1.66 1.4 0.92 0.62 2.56 2.95
9.11 3.54 2.59 2.32 1.94 1.66 1.38 0.91 0.66 2.59 2.88
9.2 3.5 2.58 2.29 1.95 1.68 1.4 0.9 0.65 2.52 2.86
    

21+07 (test 16) Friars Road Westbound Lane 1

Notes: Pvt Temp: 101.8° F

Avg FWD1: 4.52 GPS: 32.77050° Lat, -117.16354° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.25 4.55 3.45 3.06 2.54 2.16 1.64 1.22 0.86 3.41 3.97
9.16 4.54 3.44 3.05 2.53 2.15 1.62 1.2 0.89 3.44 3.94
9.11 4.47 3.42 3.02 2.5 2.15 1.6 1.2 0.89 3.32 3.9
    

21+91 Friars Road Westbound Lane 1

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77050° Lat, -117.16354° Lon
 Limit   NIS  

 
    

22+09 (test 17) Friars Road Westbound Lane 1



Notes: Pvt Temp: 85° F

Avg FWD1: 3.17667 GPS: 32.77037° Lat, -117.16383° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.23 3.19 2.34 2.11 1.86 1.64 1.35 0.98 0.72 2.25 2.61
9.25 3.2 2.33 2.12 1.84 1.63 1.33 0.99 0.75 2.23 2.6
9.11 3.14 2.3 2.09 1.88 1.63 1.33 0.97 0.72 2.23 2.58
    

23+05 (test 18) Friars Road Westbound Lane 1

Notes: Pvt Temp: 104° F

Avg FWD1: 4.41333 GPS: 32.77026° Lat, -117.16412° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.01 4.47 2.53 2.27 1.88 1.58 1.31 0.87 0.73 2.49 2.97
9.11 4.42 2.52 2.27 1.89 1.58 1.33 0.85 0.66 2.46 2.95
9.11 4.35 2.55 2.25 1.88 1.57 1.29 0.86 0.63 2.45 2.97
    

24+08 (test 19) Friars Road Westbound Lane 1

Notes: LTP Pvt Temp: 104.7° F

Avg FWD1: 3.67 GPS: 32.77017° Lat, -117.16443° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.16 3.72 2.21 1.87 1.47 1.16 0.98 0.49 0.29 2.05 2.63
9.03 3.64 2.18 1.86 1.46 1.15 1 0.51 0.29 2.03 2.6
9.11 3.65 2.17 1.88 1.48 1.14 1 0.49 0.29 2.02 2.58
    

25+03 (test 20) Friars Road Westbound Lane 1

Notes: Pvt Temp: 105.8° F

Avg FWD1: 5.38 GPS: 32.77009° Lat, -117.16473° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.89 5.4 4.12 3.59 2.92 2.33 1.77 1.03 0.69 4.49 5.02
8.89 5.36 4.09 3.57 2.93 2.3 1.79 1.03 0.7 4.42 4.93
8.89 5.38 4.1 3.59 2.92 2.31 1.79 1.03 0.69 4.44 4.96
    

25+24 Friars Road Westbound Lane 1

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77009° Lat, -117.16473° Lon
 Limit   NIS  

 
    

26+01 (test 21) Friars Road Westbound Lane 1

Notes: Pvt Temp: 108.4° F

Avg FWD1: 8.73333 GPS: 32.77004° Lat, -117.16504° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.84 8.83 6.87 6.07 5.02 4.12 2.92 1.87 1.18 7.06 8.03
8.86 8.63 6.76 5.96 4.91 4.02 2.91 1.85 1.14 6.9 7.82
8.96 8.74 6.83 6.05 5 4.1 2.92 1.86 1.14 6.94 7.93
    

27+30 Friars Road Westbound Lane 1

Notes: CL of Ave. De Las Tiendas Pvt Temp: 0° F

 GPS: 32.77004° Lat, -117.16504° Lon
 Limit   NIS  



 

Frairs Road Eastbound Lane 1
    

00+00 Frairs Road Eastbound Lane 1

Notes: Frairs Road Eastbound Lane 1; CL of Avenida De Las Tiendas Pvt Temp: 0° F

 GPS: 32.77004° Lat, -117.16504° Lon
 Limit   NIS  

 
    

00+79 Frairs Road Eastbound Lane 1

Notes: Median, Raised Pvt Temp: 0° F

 GPS: 32.77004° Lat, -117.16504° Lon
 Limit   NIS  

 
    

01+15 (test 22) Frairs Road Eastbound Lane 1

Notes: Alligator Cracks Pvt Temp: 109.5° F

Avg FWD1: 9.65 GPS: 32.76994° Lat, -117.16503° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.69 9.67 8.44 7.91 7.07 6.31 5.01 3.71 2.64 8.68 9.19
8.67 9.64 8.43 7.9 7.04 6.27 4.99 3.73 2.62 8.62 9.16
8.79 9.64 8.45 7.93 7.07 6.29 4.97 3.73 2.65 8.65 9.23
    

01+99 (test 23) Frairs Road Eastbound Lane 1

Notes: Alligator Cracks in LWT Pvt Temp: 108° F

Avg FWD1: 8.15333 GPS: 32.76998° Lat, -117.16477° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.79 8.21 6.79 6.32 5.61 5.03 4.12 3.11 2.34 6.73 7.5
8.62 8.08 6.68 6.24 5.5 4.96 4.07 3.08 2.3 6.57 7.33
8.79 8.17 6.8 6.34 5.62 5.05 4.11 3.14 2.35 6.66 7.4
    

03+09 (test 24) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 108° F

Avg FWD1: 7.03333 GPS: 32.77007° Lat, -117.16442° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.86 7.06 5.54 5.29 4.83 4.37 3.58 2.53 1.83 5.41 5.88
8.94 7.05 5.52 5.3 4.82 4.35 3.51 2.54 1.68 5.44 5.87
8.79 6.99 5.52 5.26 4.82 4.37 3.54 2.52 1.69 5.38 5.84
    

03+33 Frairs Road Eastbound Lane 1

Notes: Begin Patch Pvt Temp: 0° F

 GPS: 32.77007° Lat, -117.16442° Lon
 Limit   NIS  

 
    

03+56 Frairs Road Eastbound Lane 1

Notes: End Patch Pvt Temp: 0° F

 GPS: 32.77007° Lat, -117.16442° Lon



 Limit   NIS  
 
    

04+00 (test 25) Frairs Road Eastbound Lane 1

Notes: Next to Catch Basin Pvt Temp: 108.4° F

Avg FWD1: 6.92667 GPS: 32.77015° Lat, -117.16414° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 7.01 5.99 5.48 4.81 4.21 3.15 2.25 1.57 5.94 6.58
8.94 6.9 5.88 5.41 4.73 4.12 3.11 2.19 1.54 5.81 6.43
8.91 6.87 5.86 5.41 4.73 4.14 3.11 2.2 1.54 5.81 6.45
    

05+10 (test 26) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 110.2° F

Avg FWD1: 2.62 GPS: 32.77027° Lat, -117.16382° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.98 2.62 1.87 1.65 1.4 1.24 0.97 0.68 0.48 1.68 2.21
9.13 2.65 1.87 1.66 1.39 1.23 0.97 0.68 0.5 1.64 2.19
8.96 2.59 1.81 1.59 1.37 1.22 0.93 0.65 0.49 1.67 2.15
    

05+44 Frairs Road Eastbound Lane 1

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77027° Lat, -117.16382° Lon
 Limit   NIS  

 
    

06+08 (test 27) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 109.9° F

Avg FWD1: 2.99 GPS: 32.77040° Lat, -117.16354° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.98 3 2.3 2.12 1.91 1.7 1.48 1.07 0.79 2.28 2.59
8.91 3 2.28 2.13 1.93 1.69 1.48 1.06 0.83 2.27 2.57
8.94 2.97 2.28 2.12 1.9 1.67 1.48 1.09 0.81 2.24 2.53
    

06+98 Frairs Road Eastbound Lane 1

Notes: LTP Pvt Temp: 0° F

 GPS: 32.77040° Lat, -117.16354° Lon
 Limit   NIS  

 
    

06+98 (test 28) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 109.9° F

Avg FWD1: 3.39 GPS: 32.77052° Lat, -117.16329° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 3.42 2.57 2.39 2.16 1.98 1.72 1.38 1.1 2.53 2.94
9.03 3.38 2.56 2.37 2.11 1.94 1.72 1.37 1.11 2.51 2.91
8.94 3.37 2.56 2.36 2.11 1.92 1.73 1.33 1.1 2.51 2.86
    

07+96 (test 29) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 110.2° F



Avg FWD1: 4.23333 GPS: 32.77067° Lat, -117.16302° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.98 4.28 3.18 2.81 2.34 1.97 1.55 1.1 0.81 3.18 3.7
8.89 4.23 3.11 2.77 2.33 1.95 1.55 1.09 0.79 3.16 3.67
9.01 4.19 3.12 2.8 2.31 1.95 1.54 1.11 0.81 3.18 3.67
    

08+58 Frairs Road Eastbound Lane 1

Notes: CL of Ulric Street Pvt Temp: 0° F

 GPS: 32.77067° Lat, -117.16302° Lon
 Limit   NIS  

 
    

09+11 (test 30) Frairs Road Eastbound Lane 1

Notes: Lateral Cracks Pvt Temp: 111.7° F

Avg FWD1: 15.0833 GPS: 32.77084° Lat, -117.16272° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.74 15.16 12.03 10.66 8.68 7.15 4.84 3.36 2.49 11.52 13.35
8.79 15.08 12.04 10.73 8.67 7.17 4.86 3.32 2.47 11.48 13.23
8.79 15.01 11.95 10.62 8.63 7.11 4.81 3.33 2.48 11.4 13.18
    

10+03 (test 31) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 112.1° F

Avg FWD1: 9.31333 GPS: 32.77098° Lat, -117.16246° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 9.45 7.32 6.43 5.09 4.03 2.65 1.61 1.1 7.34 8.49
8.91 9.32 7.27 6.37 5.04 4.04 2.62 1.61 1.11 7.27 8.35
8.91 9.17 7.2 6.29 4.96 3.98 2.62 1.57 1.12 7.09 8.24
    

11+02 (test 32) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 112.4° F

Avg FWD1: 8.51 GPS: 32.77113° Lat, -117.16220° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.79 8.61 6.59 5.58 4.34 3.42 2.29 1.24 0.74 6.5 7.52
8.86 8.5 6.54 5.56 4.3 3.39 2.31 1.26 0.78 6.44 7.41
8.81 8.42 6.48 5.5 4.28 3.37 2.26 1.22 0.79 6.39 7.35
    

12+02 (test 33) Frairs Road Eastbound Lane 1

Notes: Lateral Cracks Pvt Temp: 110.2° F

Avg FWD1: 16.2233 GPS: 32.77127° Lat, -117.16192° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.74 16.56 13.76 12.3 9.72 7.57 4.35 2.34 1.45 13.03 14.85
8.74 16.25 13.58 12.14 9.64 7.5 4.31 2.35 1.42 12.92 14.61
8.64 15.86 13.33 11.92 9.44 7.33 4.23 2.28 1.43 12.49 14.27
    

12+14 Frairs Road Eastbound Lane 1

Notes: Begin Bridge Pvt Temp: 0° F

 GPS: 32.77127° Lat, -117.16192° Lon
 Limit   NIS  

 



    

16+12 Frairs Road Eastbound Lane 1

Notes: End Bridge Pvt Temp: 0° F

 GPS: 32.77127° Lat, -117.16192° Lon
 Limit   NIS  

 
    

17+03 (test 34) Frairs Road Eastbound Lane 1

Notes: Lateral Cracks Pvt Temp: 111.7° F

Avg FWD1: 6.00333 GPS: 32.77179° Lat, -117.16042° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.08 5.99 4.56 4 3.27 2.82 2.09 1.48 1.1 4.26 5.16
9.11 6 4.61 4.02 3.32 2.82 2.11 1.52 1.08 4.29 5.18
9.11 6.02 4.62 4.02 3.3 2.82 2.08 1.47 1.08 4.22 5.16
    

17+20 Frairs Road Eastbound Lane 1

Notes: LTP Pvt Temp: 0° F

 GPS: 32.77179° Lat, -117.16042° Lon
 Limit   NIS  

 
    

18+06 (test 35) Frairs Road Eastbound Lane 1

Notes: Longitudinal Cracks Pvt Temp: 111° F

Avg FWD1: 13.1033 GPS: 32.77185° Lat, -117.16009° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 13.24 9.63 8.11 6.26 4.85 3.17 1.99 1.41 10.1 11.89
8.94 13.09 9.58 8.13 6.26 4.88 3.25 2.01 1.4 10.05 11.71
8.96 12.98 9.55 8.05 6.25 4.86 3.19 2.01 1.43 9.95 11.6
    

19+05 (test 36) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 112.1° F

Avg FWD1: 17.1233 GPS: 32.77188° Lat, -117.15977° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.79 17.36 13.01 11.02 8.45 6.49 3.92 2.42 1.71 13.39 15.6
8.94 17.18 12.93 11 8.44 6.51 3.93 2.41 1.73 13.27 15.4
8.86 16.83 12.75 10.83 8.33 6.42 3.88 2.37 1.68 13.05 15.15
    

20+07 (test 37) Frairs Road Eastbound Lane 1

Notes: CL of 163 North Onramp Pvt Temp: 108° F

Avg FWD1: 7.24667 GPS: 32.77192° Lat, -117.15945° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 7.26 5.49 4.93 4.19 3.55 2.74 1.83 1.38 5.46 6.51
9.03 7.28 5.52 4.97 4.2 3.55 2.77 1.84 1.35 5.36 6.43
8.94 7.2 5.5 4.92 4.18 3.54 2.76 1.83 1.32 5.3 6.33
    

21+03 (test 38) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 109.5° F

Avg FWD1: 6.02333 GPS: 32.77195° Lat, -117.15914° Lon
 Limit   NIS  



Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.54 6 4.71 4.27 3.73 3.26 2.41 1.53 1.07 5.03 5.66
8.59 6.04 4.75 4.3 3.74 3.25 2.42 1.55 1.1 5.04 5.67
8.69 6.03 4.72 4.3 3.76 3.25 2.43 1.55 1.08 5.02 5.68
    

22+02 (test 39) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 109.9° F

Avg FWD1: 12.8 GPS: 32.77199° Lat, -117.15882° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.79 12.93 10.06 8.66 6.8 5.35 3.39 2.11 1.51 9.84 11.46
8.76 12.71 9.97 8.61 6.74 5.32 3.4 2.08 1.5 9.71 11.23
8.81 12.76 10.02 8.66 6.79 5.32 3.39 2.1 1.5 9.79 11.3
    

23+04 (test 40) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 107.3° F

Avg FWD1: 5.87333 GPS: 32.77204° Lat, -117.15849° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.91 5.95 4.21 3.64 2.85 2.34 1.83 1.23 0.94 4.16 5.12
8.79 5.87 4.18 3.58 2.83 2.34 1.82 1.24 0.94 4.19 5.04
8.74 5.8 4.15 3.56 2.8 2.31 1.81 1.26 0.98 4.08 4.96
    

23+77 Frairs Road Eastbound Lane 1

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77204° Lat, -117.15849° Lon
 Limit   NIS  

 
    

24+07 (test 41) Frairs Road Eastbound Lane 1

Notes: Near Traffic Sensors Pvt Temp: 109.1° F

Avg FWD1: 7.79333 GPS: 32.77213° Lat, -117.15818° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 7.86 5.79 4.97 3.84 3.06 2.07 1.46 1.17 5.58 6.77
9.01 7.89 5.87 4.99 3.86 3.09 2.17 1.47 1.15 5.47 6.74
8.81 7.63 5.71 4.85 3.73 2.89 2 1.36 1.05 5.27 6.54
    

25+03 (test 42) Frairs Road Eastbound Lane 1

Notes: Pvt Temp: 110.2° F

Avg FWD1: 5.14667 GPS: 32.77224° Lat, -117.15790° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.35 5.17 3.93 3.4 2.82 2.39 1.9 1.21 0.81 4.1 4.77
8.45 5.14 3.86 3.4 2.82 2.36 1.86 1.19 0.8 4.03 4.73
8.4 5.13 3.91 3.4 2.83 2.38 1.88 1.2 0.85 4.1 4.67
    

25+15 Frairs Road Eastbound Lane 1

Notes: Lateral Trench, LTP Pvt Temp: 0° F

 GPS: 32.77224° Lat, -117.15790° Lon
 Limit   NIS  

 
    

Frairs Road Eastbound Lane 1



26+08 (test 43)
Notes: Alligator Cracks, Lateral Cracks Pvt Temp: 110.6° F

Avg FWD1: 5.32333 GPS: 32.77240° Lat, -117.15761° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.94 5.37 3.62 3.1 2.47 2.01 1.45 0.88 0.57 3.54 4.33
9.08 5.36 3.66 3.14 2.51 2.05 1.47 0.89 0.57 3.53 4.29
8.79 5.24 3.57 3.07 2.48 1.99 1.46 0.88 0.58 3.49 4.23
    

27+40 Frairs Road Eastbound Lane 1

Notes: CL of Frazee Road Pvt Temp: 0° F

 GPS: 32.77240° Lat, -117.15761° Lon
 Limit   NIS  

 

Friars Road Westbound Lane 2
    

00+00 Friars Road Westbound Lane 2

Notes: Friars Road Westbound Lane 2; CL of Frazee Road Pvt Temp: 0° F

 GPS: 32.77240° Lat, -117.15761° Lon
 Limit   NIS  

 
    

00+59 (test 44) Friars Road Westbound Lane 2

Notes: Pvt Temp: 107.7° F

Avg FWD1: 5.56 GPS: 32.77262° Lat, -117.15754° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.01 5.61 3.89 3.31 2.63 2.2 1.77 1.14 0.86 3.95 4.94
8.96 5.56 3.88 3.3 2.64 2.21 1.77 1.1 0.84 3.96 4.89
9.01 5.51 3.88 3.29 2.63 2.2 1.8 1.14 0.83 3.91 4.85
    

01+61 (test 45) Friars Road Westbound Lane 2

Notes: Lateral Cracks Pvt Temp: 106.2° F

Avg FWD1: 12.1767 GPS: 32.77245° Lat, -117.15780° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.86 12.32 10.12 8.77 6.83 5.2 2.96 1.82 1.19 8.79 10.45
8.89 12.19 10.04 8.68 6.75 5.18 3.01 1.86 1.23 8.71 10.31
8.81 12.02 9.93 8.6 6.72 5.14 2.94 1.84 1.22 8.63 10.2
    

02+27 Friars Road Westbound Lane 2

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77245° Lat, -117.15780° Lon
 Limit   NIS  

 
    

02+55 (test 46) Friars Road Westbound Lane 2

Notes: Pvt Temp: 106.9° F

Avg FWD1: 16.0267 GPS: 32.77232° Lat, -117.15806° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.52 16.16 11.99 10.12 7.61 5.81 3.63 2.22 1.88 12.5 14.47



8.64 16.06 12 10.14 7.66 5.87 3.67 2.25 1.63 12.44 14.29
8.67 15.86 11.86 10.06 7.6 5.81 3.61 2.22 1.6 12.22 14.03
    

03+53 Friars Road Westbound Lane 2

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77232° Lat, -117.15806° Lon
 Limit   NIS  

 
    

03+68 (test 47) Friars Road Westbound Lane 2

Notes: Alligator Cracks, Alligator Cracks in LWT Pvt Temp: 108° F

Avg FWD1: 18.0733 GPS: 32.77219° Lat, -117.15840° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.81 18.41 13.09 10.77 7.8 5.78 3.26 2.24 1.8 12.89 15.3
8.67 17.93 12.83 10.63 7.72 5.74 3.3 2.23 1.77 12.64 14.93
8.59 17.88 12.89 10.68 7.83 5.87 3.39 2.36 1.92 12.65 14.91
    

04+60 (test 48) Friars Road Westbound Lane 2

Notes: Pvt Temp: 110.2° F

Avg FWD1: 7.31333 GPS: 32.77212° Lat, -117.15868° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.76 7.38 5.2 4.47 3.53 2.99 2.25 1.72 1.38 5.75 6.61
8.72 7.27 5.17 4.42 3.5 2.99 2.24 1.7 1.36 5.66 6.48
8.74 7.29 5.15 4.41 3.49 2.95 2.23 1.69 1.33 5.62 6.48
    

05+63 (test 49) Friars Road Westbound Lane 2

Notes: Pvt Temp: 106.9° F

Avg FWD1: 3.24333 GPS: 32.77208° Lat, -117.15901° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.64 3.25 2.57 2.32 1.97 1.69 1.21 0.77 0.56 2.57 2.89
8.67 3.23 2.52 2.31 1.96 1.66 1.18 0.8 0.57 2.56 2.85
8.67 3.25 2.51 2.3 1.98 1.67 1.18 0.79 0.59 2.56 2.84
    

06+45 (test 50) Friars Road Westbound Lane 2

Notes: Near Traffic Sensors Pvt Temp: 108.8° F

Avg FWD1: 4.63333 GPS: 32.77205° Lat, -117.15928° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.94 4.68 3.92 3.63 3.21 2.8 2.11 1.44 0.94 3.87 4.27
8.89 4.65 3.93 3.61 3.16 2.8 2.15 1.47 0.98 3.88 4.25
8.74 4.57 3.9 3.57 3.12 2.73 2.07 1.43 0.97 3.81 4.17
    

07+12 Friars Road Westbound Lane 2

Notes: CL of 163 North Onramp Pvt Temp: 0° F

 GPS: 32.77205° Lat, -117.15928° Lon
 Limit   NIS  

 
    

07+65 (test 51) Friars Road Westbound Lane 2

Notes: Pvt Temp: 111° F



Avg FWD1: 3.51667 GPS: 32.77201° Lat, -117.15966° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.79 3.53 2.71 2.48 2.22 1.95 1.54 1.11 11.97 2.79 3.01
8.72 3.47 2.67 2.46 2.21 1.9 1.51 1.09 0.74 2.71 2.93
8.84 3.55 2.7 2.5 2.24 1.94 1.57 1.12 0.77 2.77 2.98
    

08+50 (test 52) Friars Road Westbound Lane 2

Notes: Pvt Temp: 109.5° F

Avg FWD1: 3.74 GPS: 32.77198° Lat, -117.15993° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.03 3.77 2.76 2.54 2.21 1.92 1.48 1.02 0.72 2.82 3.18
8.86 3.73 2.77 2.5 2.2 1.87 1.5 1.04 0.74 2.83 3.12
8.89 3.72 2.76 2.49 2.16 1.87 1.46 1.01 0.73 2.8 3.11
    

09+60 (test 53) Friars Road Westbound Lane 2

Notes: Pvt Temp: 108° F

Avg FWD1: 4.50667 GPS: 32.77193° Lat, -117.16028° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 4.47 3.36 3 2.53 2.05 1.53 0.97 0.71 3.36 3.77
8.72 4.54 3.39 3.03 2.55 2.08 1.58 1 0.7 3.41 3.82
8.81 4.51 3.36 3.02 2.55 2.07 1.48 0.97 0.7 3.38 3.82
    

10+50 (test 54) Friars Road Westbound Lane 2

Notes: Pvt Temp: 107.3° F

Avg FWD1: 4.14333 GPS: 32.77187° Lat, -117.16057° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.94 4.19 3.19 2.92 2.53 2.12 1.64 1.09 0.76 3.29 3.72
8.94 4.13 3.19 2.89 2.48 2.12 1.62 1.06 0.74 3.24 3.66
8.84 4.11 3.2 2.9 2.46 2.09 1.64 1.04 0.73 3.29 3.68
    

10+94 Friars Road Westbound Lane 2

Notes: Begin Bridge Pvt Temp: 0° F

 GPS: 32.77187° Lat, -117.16057° Lon
 Limit   NIS  

 
    

14+81 Friars Road Westbound Lane 2

Notes: End Bridge Pvt Temp: 0° F

 GPS: 32.77187° Lat, -117.16057° Lon
 Limit   NIS  

 
    

15+57 (test 55) Friars Road Westbound Lane 2

Notes: Pvt Temp: 104.7° F

Avg FWD1: 4.43667 GPS: 32.77133° Lat, -117.16207° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.89 4.45 3.49 3.14 2.68 2.25 1.53 1 0.7 3.66 4.05
8.76 4.45 3.43 3.12 2.61 2.26 1.52 1.01 0.66 3.59 3.96
8.74 4.41 3.4 3.11 2.62 2.25 1.52 1.02 0.67 3.58 3.93



    

16+53 (test 56) Friars Road Westbound Lane 2

Notes: Pvt Temp: 106.9° F

Avg FWD1: 3.82333 GPS: 32.77119° Lat, -117.16233° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 3.8 3 2.7 2.27 1.91 1.45 0.94 0.69 3.04 3.44
8.94 3.83 3.02 2.69 2.24 1.9 1.47 0.98 0.68 3.02 3.43
8.94 3.84 3.02 2.69 2.25 1.9 1.45 0.97 0.7 3.02 3.4
    

17+55 (test 57) Friars Road Westbound Lane 2

Notes: Pvt Temp: 104.7° F

Avg FWD1: 4.04667 GPS: 32.77104° Lat, -117.16261° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.69 4.1 2.71 2.24 1.84 1.6 1.39 0.84 0.54 2.88 3.45
8.69 4.05 2.68 2.25 1.81 1.56 1.36 0.85 0.49 2.83 3.43
8.54 3.99 2.66 2.21 1.81 1.55 1.33 0.8 0.58 2.83 3.38
    

18+29 (test 58) Friars Road Westbound Lane 2

Notes: Near Traffic Sensors Pvt Temp: 97.4° F

Avg FWD1: 10.98 GPS: 32.77093° Lat, -117.16281° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 11.04 8.19 6.89 5.06 3.94 2.43 1.28 0.79 7.73 9.42
8.76 11.02 8.21 6.9 5.04 3.9 2.43 1.28 0.8 7.66 9.38
8.69 10.88 8.11 6.87 5.03 3.89 2.44 1.26 0.78 7.6 9.26
    

18+81 Friars Road Westbound Lane 2

Notes: CL of Ulric Street Pvt Temp: 0° F

 GPS: 32.77093° Lat, -117.16281° Lon
 Limit   NIS  

 
    

19+60 (test 59) Friars Road Westbound Lane 2

Notes: Pvt Temp: 109.9° F

Avg FWD1: 4.48333 GPS: 32.77073° Lat, -117.16317° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.94 4.5 3.22 2.81 2.32 1.92 1.48 0.96 0.65 3.17 3.77
8.96 4.47 3.23 2.82 2.32 1.94 1.51 0.97 0.66 3.08 3.72
9.06 4.48 3.24 2.84 2.33 1.96 1.48 0.96 0.67 3.12 3.72
    

20+57 (test 60) Friars Road Westbound Lane 2

Notes: Near Manhole Pvt Temp: 106.6° F

Avg FWD1: 6.32667 GPS: 32.77059° Lat, -117.16343° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

9.18 6.41 4.44 3.96 3.35 2.9 2.49 1.67 1.25 4.3 5.03
9.16 6.32 4.39 3.93 3.35 2.9 2.47 1.62 1.2 4.27 4.96
9.06 6.25 4.41 3.92 3.31 2.89 2.48 1.64 1.21 4.29 4.94
    

21+53 (test 61) Friars Road Westbound Lane 2

Notes: Pvt Temp: 108° F



Avg FWD1: 4.02333 GPS: 32.77046° Lat, -117.16371° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 4.07 3.22 2.97 2.64 2.4 2.05 1.49 1.22 3.21 3.59
8.91 4 3.19 2.92 2.59 2.31 2 1.51 1.2 3.2 3.54
9.03 4 3.19 2.91 2.62 2.35 2.02 1.52 1.18 3.2 3.53
    

21+86 Friars Road Westbound Lane 2

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77046° Lat, -117.16371° Lon
 Limit   NIS  

 
    

22+58 (test 62) Friars Road Westbound Lane 2

Notes: Longitudinal Cracks Pvt Temp: 107.7° F

Avg FWD1: 3.93333 GPS: 32.77033° Lat, -117.16402° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.91 3.96 2.43 2.12 1.83 1.62 1.35 0.91 0.62 2.28 2.82
8.91 3.92 2.4 2.14 1.82 1.63 1.29 0.9 0.66 2.31 2.83
8.98 3.92 2.45 2.18 1.84 1.61 1.36 0.9 0.63 2.32 2.81
    

23+49 (test 63) Friars Road Westbound Lane 2

Notes: Longitudinal Cracks, Near Patch Pvt Temp: 105.5° F

Avg FWD1: 5.68667 GPS: 32.77024° Lat, -117.16429° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.89 5.71 4.44 4.01 3.41 2.93 2.32 1.62 1.19 4.53 4.99
8.89 5.67 4.43 4 3.42 2.94 2.32 1.63 1.18 4.54 5
8.96 5.68 4.46 4.03 3.44 2.96 2.33 1.64 1.22 4.53 5.03
    

24+53 (test 64) Friars Road Westbound Lane 2

Notes: Pvt Temp: 107.7° F

Avg FWD1: 2.96 GPS: 32.77015° Lat, -117.16461° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.81 2.92 2.13 2.02 1.83 1.67 1.54 1.1 0.79 2.09 2.32
8.91 2.99 2.16 2.03 1.88 1.71 1.58 1.11 0.82 2.08 2.36
8.91 2.97 2.15 2.06 1.9 1.72 1.57 1.12 0.83 2.1 2.35
    

25+14 Friars Road Westbound Lane 2

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77015° Lat, -117.16461° Lon
 Limit   NIS  

 
    

25+59 (test 65) Friars Road Westbound Lane 2

Notes: Pvt Temp: 108° F

Avg FWD1: 7.8 GPS: 32.77008° Lat, -117.16494° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.84 7.9 5.88 5.04 3.93 3.1 2.12 1.24 0.81 5.84 6.84
8.86 7.75 5.77 4.96 3.88 3.05 2.11 1.19 0.78 5.72 6.71
8.86 7.75 5.79 4.98 3.88 3.04 2.12 1.19 0.82 5.7 6.74



    

27+24 Friars Road Westbound Lane 2

Notes: CL of Avenida De Las Tiendas Pvt Temp: 0° F

 GPS: 32.77008° Lat, -117.16494° Lon
 Limit   NIS  

 

Friars Road Eastbound Lane 2
    

00+00 Friars Road Eastbound Lane 2

Notes: Friars Road Eastbound Lane 2; CL of Avenida De Las Tiendas Pvt Temp: 0° F

 GPS: 32.77008° Lat, -117.16494° Lon
 Limit   NIS  

 
    

00+68 (test 66) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 108° F

Avg FWD1: 14.8633 GPS: 32.76990° Lat, -117.16515° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.52 15.34 11.13 9.24 6.84 4.92 2.5 1.26 0.82 12.01 14.11
8.52 14.88 10.86 9.04 6.75 4.85 2.52 1.29 0.8 11.69 13.61
8.4 14.37 10.53 8.79 6.52 4.71 2.4 1.22 0.78 11.25 13.14
    

01+61 (test 67) Friars Road Eastbound Lane 2

Notes: Longitudinal Cracks Pvt Temp: 111° F

Avg FWD1: 9.93333 GPS: 32.76994° Lat, -117.16485° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.76 10.12 7.76 6.75 5.38 4.21 2.61 1.64 1.16 7.49 8.78
8.59 9.89 7.58 6.63 5.26 4.19 2.57 1.66 1.18 7.3 8.56
8.69 9.79 7.58 6.59 5.23 4.17 2.58 1.64 1.19 7.23 8.49
    

02+55 (test 68) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 110.2° F

Avg FWD1: 5.48333 GPS: 32.77000° Lat, -117.16456° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.81 5.52 4.52 4.1 3.46 2.93 2.3 1.47 1.02 4.6 5.04
8.86 5.49 4.47 4.05 3.43 2.9 2.35 1.47 1.01 4.52 4.97
8.76 5.44 4.45 4.02 3.4 2.85 2.32 1.46 1.02 4.52 4.91
    

03+55 (test 69) Friars Road Eastbound Lane 2

Notes: Longitudinal Cracks Pvt Temp: 106.6° F

Avg FWD1: 8.60333 GPS: 32.77008° Lat, -117.16425° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.67 8.77 6.29 5.69 4.72 3.8 2.6 1.44 0.84 6.33 7.04
8.59 8.52 6.16 5.56 4.62 3.72 2.53 1.46 0.83 6.2 6.89
8.59 8.52 6.19 5.56 4.65 3.73 2.55 1.45 0.84 6.16 6.87
    

04+62 (test 70) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 105.5° F



Avg FWD1: 4.57667 GPS: 32.77019° Lat, -117.16393° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.74 4.61 3.26 2.81 2.23 1.74 1.33 0.85 0.57 3.35 3.96
8.67 4.51 3.21 2.75 2.17 1.71 1.28 0.83 0.52 3.26 3.88
8.89 4.61 3.28 2.8 2.22 1.76 1.34 0.84 0.54 3.33 3.92
    

05+39 Friars Road Eastbound Lane 2

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77019° Lat, -117.16393° Lon
 Limit   NIS  

 
    

05+59 (test 71) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 89.4° F

Avg FWD1: 3.74 GPS: 32.77031° Lat, -117.16365° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.64 3.77 1.57 1.41 1.27 1.13 0.98 0.63 0.53 1.4 1.92
8.69 3.73 1.56 1.43 1.26 1.13 1.01 0.66 0.44 1.44 1.9
8.69 3.72 1.59 1.43 1.29 1.12 1.01 0.65 0.45 1.42 1.86
    

06+64 (test 72) Friars Road Eastbound Lane 2

Notes: Longitudinal Cracks Pvt Temp: 106.9° F

Avg FWD1: 4.03667 GPS: 32.77045° Lat, -117.16336° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.76 4.05 3.06 2.75 2.37 2.06 1.64 1.24 0.9 3.19 3.59
8.76 4.03 3.07 2.73 2.34 2.05 1.65 1.24 0.94 3.21 3.58
8.72 4.03 3.05 2.71 2.34 2.02 1.63 1.21 0.89 3.19 3.53
    

07+55 (test 73) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 109.5° F

Avg FWD1: 3.39667 GPS: 32.77059° Lat, -117.16311° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.67 3.38 2.36 2.11 1.86 1.62 1.39 1.03 0.79 2.44 2.78
8.89 3.42 2.41 2.14 1.88 1.63 1.46 1.03 0.8 2.52 2.81
8.76 3.39 2.34 2.13 1.87 1.66 1.44 1.05 0.79 2.46 2.75
    

08+59 Friars Road Eastbound Lane 2

Notes: CL of Ulric Street Pvt Temp: 0° F

 GPS: 32.77059° Lat, -117.16311° Lon
 Limit   NIS  

 
    

09+50 (test 74) Friars Road Eastbound Lane 2

Notes: Lateral Cracks Pvt Temp: 108.8° F

Avg FWD1: 6.71333 GPS: 32.77088° Lat, -117.16258° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.79 6.76 5.12 4.48 3.67 3.08 2.21 1.42 0.99 5.14 5.94
8.86 6.71 5.1 4.47 3.67 3.07 2.21 1.42 0.97 5.16 5.9
8.74 6.67 5.05 4.41 3.61 3.03 2.16 1.37 0.99 5.1 5.81



    

10+76 (test 75) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 107.3° F

Avg FWD1: 13.1767 GPS: 32.77106° Lat, -117.16224° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.67 13.29 9.97 8.31 6.27 4.64 2.66 1.4 0.97 10.32 11.86
8.62 13.11 9.91 8.29 6.26 4.62 2.69 1.41 1.1 10.2 11.66
8.69 13.13 9.91 8.33 6.29 4.68 2.7 1.38 0.87 10.18 11.62
    

11+51 (test 76) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 107.7° F

Avg FWD1: 7.31 GPS: 32.77118° Lat, -117.16203° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.64 7.32 5.45 4.68 3.64 2.88 1.87 1.21 0.8 5.34 6.4
8.84 7.36 5.5 4.7 3.67 2.9 1.88 1.25 0.8 5.41 6.4
8.62 7.25 5.4 4.62 3.64 2.87 1.85 1.22 0.83 5.3 6.29
    

12+00 Friars Road Eastbound Lane 2

Notes: Begin Bridge Pvt Temp: 0° F

 GPS: 32.77118° Lat, -117.16203° Lon
 Limit   NIS  

 
    

15+99 Friars Road Eastbound Lane 2

Notes: End Bridge Pvt Temp: 0° F

 GPS: 32.77118° Lat, -117.16203° Lon
 Limit   NIS  

 
    

16+58 (test 77) Friars Road Eastbound Lane 2

Notes: Lateral Cracks Pvt Temp: 110.6° F

Avg FWD1: 6.34667 GPS: 32.77173° Lat, -117.16053° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.98 6.33 4.47 3.75 2.93 2.36 1.92 1.3 0.93 4.46 5.32
9.01 6.35 4.51 3.79 2.95 2.37 1.91 1.3 0.9 4.45 5.24
9.13 6.36 4.52 3.8 2.97 2.39 1.92 1.33 0.91 4.43 5.23
    

17+57 (test 78) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 111.3° F

Avg FWD1: 5.33333 GPS: 32.77179° Lat, -117.16022° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 5.36 3.77 3.28 2.73 2.3 1.8 1.18 0.85 3.66 4.47
8.94 5.3 3.8 3.3 2.76 2.3 1.84 1.18 0.8 3.6 4.36
8.98 5.34 3.85 3.33 2.73 2.31 1.84 1.14 0.79 3.61 4.4
    

18+57 (test 79) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 110.2° F

Avg FWD1: 10.8567 GPS: 32.77184° Lat, -117.15990° Lon
 Limit   NIS  



Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 10.98 7.54 6.21 4.56 3.41 2.17 1.3 0.95 8.76 10.3
8.5 10.78 7.42 6.12 4.49 3.38 2.21 1.31 0.98 8.6 10.14
8.52 10.81 7.46 6.13 4.47 3.4 2.19 1.27 0.91 8.57 10.12
    

19+62 (test 80) Friars Road Eastbound Lane 2

Notes: Longitudinal Cracks Pvt Temp: 108° F

Avg FWD1: 7.69667 GPS: 32.77187° Lat, -117.15956° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.69 7.76 5.48 4.59 3.5 2.76 1.73 1.01 0.64 5.75 6.85
8.69 7.67 5.42 4.55 3.47 2.75 1.7 1.03 0.62 5.75 6.76
8.67 7.66 5.45 4.56 3.48 2.78 1.7 1.02 0.62 5.73 6.78
    

20+54 (test 81) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 107.3° F

Avg FWD1: 6.25333 GPS: 32.77190° Lat, -117.15926° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.5 6.22 4.47 3.85 3.03 2.41 1.68 0.89 0.57 4.78 5.6
8.42 6.22 4.46 3.81 3.02 2.4 1.66 0.92 0.54 4.7 5.57
8.57 6.32 4.56 3.87 3.1 2.45 1.73 0.95 0.56 4.78 5.62
    

21+51 (test 82) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 106.6° F

Avg FWD1: 6.02667 GPS: 32.77193° Lat, -117.15895° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.72 6.04 4.39 3.76 2.93 2.35 1.58 0.96 0.67 4.21 5.16
8.74 6.03 4.41 3.79 2.94 2.35 1.55 0.96 0.66 4.19 5.13
8.74 6.01 4.41 3.78 2.92 2.33 1.58 0.93 0.66 4.24 5.14
    

22+50 (test 83) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 105.5° F

Avg FWD1: 5.37667 GPS: 32.77198° Lat, -117.15863° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.89 5.45 4.17 3.62 2.95 2.42 1.8 1.18 0.89 4.11 4.72
8.81 5.31 4.06 3.6 2.89 2.42 1.75 1.13 0.92 4.04 4.59
8.84 5.37 4.1 3.63 2.94 2.42 1.75 1.15 0.9 4.06 4.65
    

23+56 (test 84) Friars Road Eastbound Lane 2

Notes: Longitudinal Cracks Pvt Temp: 108° F

Avg FWD1: 6.38 GPS: 32.77206° Lat, -117.15830° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.67 6.44 4.75 4.13 3.27 2.65 1.99 1.32 1.06 4.64 5.34
8.72 6.37 4.72 4.05 3.22 2.62 1.94 1.33 1.01 4.61 5.27
8.62 6.33 4.69 4.05 3.21 2.62 1.94 1.31 1.01 4.55 5.25
    

23+72 Friars Road Eastbound Lane 2

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77206° Lat, -117.15830° Lon
 Limit   NIS  

 



    

24+57 (test 85) Friars Road Eastbound Lane 2

Notes: Longitudinal Cracks Pvt Temp: 110.2° F

Avg FWD1: 5.29333 GPS: 32.77216° Lat, -117.15800° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.54 5.28 3.74 3.2 2.51 2.02 1.54 0.9 0.66 3.62 4.35
8.57 5.29 3.78 3.22 2.52 2.05 1.57 0.92 0.66 3.61 4.32
8.69 5.31 3.8 3.25 2.53 2.07 1.55 0.91 0.64 3.63 4.36
    

25+13 Friars Road Eastbound Lane 2

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77216° Lat, -117.15800° Lon
 Limit   NIS  

 
    

25+50 (test 86) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 108.4° F

Avg FWD1: 4.36667 GPS: 32.77229° Lat, -117.15774° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 4.41 2.89 2.45 1.99 1.68 1.2 0.78 0.55 2.87 3.56
8.59 4.38 2.9 2.49 2 1.67 1.21 0.81 0.58 2.87 3.57
8.57 4.31 2.9 2.46 1.99 1.65 1.2 0.82 0.55 2.87 3.49
    

26+52 (test 87) Friars Road Eastbound Lane 2

Notes: Pvt Temp: 111.7° F

Avg FWD1: 5.6 GPS: 32.77245° Lat, -117.15748° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.94 5.64 4.35 3.87 3.21 2.74 2.08 1.47 1.01 4.36 5.07
8.79 5.59 4.31 3.84 3.17 2.72 2.07 1.44 1.01 4.29 4.97
8.79 5.57 4.31 3.84 3.16 2.75 2.07 1.46 1 4.29 4.94
    

27+37 Friars Road Eastbound Lane 2

Notes: CL of Frazee Road Pvt Temp: 0° F

 GPS: 32.77245° Lat, -117.15748° Lon
 Limit   NIS  

 

Friars Road Westbound Lane 3
    

00+00 Friars Road Westbound Lane 3

Notes: Friars Road Westbound Lane 3; CL of Frazee Road Pvt Temp: 0° F

 GPS: 32.77245° Lat, -117.15748° Lon
 Limit   NIS  

 
    

00+57 Friars Road Westbound Lane 3

Notes: Curb and Gutter Pvt Temp: 0° F

 GPS: 32.77245° Lat, -117.15748° Lon
 Limit   NIS  



 
    

01+05 (test 88) Friars Road Westbound Lane 3

Notes: Pvt Temp: 109.9° F

Avg FWD1: 7.14333 GPS: 32.77257° Lat, -117.15768° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.79 7.26 5.36 4.62 3.67 2.97 2.14 1.4 0.99 5.26 6.28
8.74 7.06 5.25 4.52 3.63 2.91 2.1 1.37 0.98 5.14 6.09
8.81 7.11 5.3 4.59 3.64 2.97 2.13 1.39 0.98 5.18 6.09
    

02+02 (test 89) Friars Road Westbound Lane 3

Notes: Lateral Cracks, Longitudinal Cracks Pvt Temp: 111.7° F

Avg FWD1: 7.04667 GPS: 32.77242° Lat, -117.15794° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.91 7.02 5.44 4.7 3.75 3.06 2.12 1.42 0.92 5.33 6.08
8.98 7.05 5.47 4.77 3.78 3.07 2.15 1.42 0.96 5.44 6.14
9.01 7.07 5.5 4.77 3.8 3.08 2.11 1.42 0.94 5.39 6.13
    

03+23 (test 90) Friars Road Westbound Lane 3

Notes: Lateral Cracks, Longitudinal Cracks, Near Manhole; Lane becomes 
freeway onramp

Pvt Temp: 111° F

Avg FWD1: 15.6933 GPS: 32.77227° Lat, -117.15829° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.67 15.97 11.83 10.01 7.48 5.54 3.21 2.2 1.75 11.79 14.13
8.5 15.59 11.66 9.88 7.39 5.52 3.13 2.24 1.75 11.53 13.78
8.59 15.52 11.68 9.92 7.42 5.51 3.15 2.24 1.76 11.48 13.71
    

09+80 Friars Road Westbound Lane 3

Notes: Lane 3 returns Pvt Temp: 0° F

 GPS: 32.77227° Lat, -117.15829° Lon
 Limit   NIS  

 
    

10+12 (test 91) Friars Road Westbound Lane 3

Notes: Lateral Cracks, Longitudinal Cracks Pvt Temp: 111.3° F

Avg FWD1: 4.53333 GPS: 32.77192° Lat, -117.16047° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.59 4.51 3.48 3.08 2.6 2.19 1.63 1.02 0.74 3.19 3.7
8.57 4.52 3.48 3.09 2.6 2.2 1.63 1.03 0.73 3.2 3.69
8.57 4.57 3.5 3.13 2.63 2.22 1.65 1.04 0.72 3.2 3.7
    

10+83 Friars Road Westbound Lane 3

Notes: Begin Bridge Pvt Temp: 0° F

 GPS: 32.77192° Lat, -117.16047° Lon
 Limit   NIS  

 
    

14+70 Friars Road Westbound Lane 3

Notes: End Bridge Pvt Temp: 0° F



 GPS: 32.77192° Lat, -117.16047° Lon
 Limit   NIS  

 
    

15+07 (test 92) Friars Road Westbound Lane 3

Notes: Longitudinal Cracks Pvt Temp: 107.3° F

Avg FWD1: 5.54667 GPS: 32.77142° Lat, -117.16196° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 5.53 4.06 3.59 2.93 2.38 1.72 0.95 0.61 4.04 4.87
8.76 5.57 4.1 3.6 2.95 2.38 1.7 0.96 0.59 4.08 4.88
8.76 5.54 4.09 3.61 2.9 2.38 1.71 0.96 0.62 4.04 4.86
    

16+08 (test 93) Friars Road Westbound Lane 3

Notes: Longitudinal Cracks Pvt Temp: 108° F

Avg FWD1: 5.16333 GPS: 32.77128° Lat, -117.16224° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.67 5.15 3.87 3.43 2.88 2.39 1.63 1.05 0.7 3.8 4.41
8.79 5.19 3.9 3.45 2.9 2.4 1.65 1.07 0.7 3.81 4.39
8.72 5.15 3.86 3.45 2.87 2.37 1.67 1.03 0.68 3.79 4.39
    

17+07 (test 94) Friars Road Westbound Lane 3

Notes: Pvt Temp: 108.8° F

Avg FWD1: 3.98667 GPS: 32.77113° Lat, -117.16250° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.96 4.02 2.83 2.54 2.2 1.97 1.54 1.16 0.81 2.86 3.33
8.89 3.95 2.83 2.55 2.2 1.97 1.53 1.15 0.81 2.8 3.27
8.91 3.99 2.85 2.54 2.26 1.97 1.61 1.18 0.79 2.84 3.29
    

18+01 (test 95) Friars Road Westbound Lane 3

Notes: Near Traffic Sensors Pvt Temp: 106.9° F

Avg FWD1: 13.21 GPS: 32.77099° Lat, -117.16276° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.25 13.46 10.05 8.27 6 4.18 2.48 1.53 0.92 10.41 12.14
8.25 13.21 9.96 8.24 6 4.18 2.52 1.49 0.93 10.34 11.99
8.23 12.96 9.83 8.15 5.93 4.11 2.45 1.48 0.94 7.05 11.77
    

18+79 Friars Road Westbound Lane 3

Notes: CL of Ulric Street Pvt Temp: 0° F

 GPS: 32.77099° Lat, -117.16276° Lon
 Limit   NIS  

 
    

20+03 (test 96) Friars Road Westbound Lane 3

Notes: Pvt Temp: 116.5° F

Avg FWD1: 4.62 GPS: 32.77070° Lat, -117.16332° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.94 4.62 4 3.87 3.58 3.28 2.62 1.91 1.36 3.76 4.1
9.03 4.64 4.04 3.91 3.57 3.28 2.63 1.91 1.34 3.74 4.1
9.06 4.6 4.03 3.88 3.56 3.28 2.66 1.92 1.35 3.76 4.08



    

21+11 (test 97) Friars Road Westbound Lane 3

Notes: Pvt Temp: 112.8° F

Avg FWD1: 4.53333 GPS: 32.77054° Lat, -117.16361° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.86 4.56 3.78 3.51 3.09 2.69 2.18 1.6 1.41 3.76 4.1
8.79 4.54 3.74 3.46 3.03 2.68 2.17 1.59 1.2 3.75 4.05
8.72 4.5 3.72 3.44 3.04 2.66 2.16 1.58 1.15 3.7 4.05
    

21+86 Friars Road Westbound Lane 3

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77054° Lat, -117.16361° Lon
 Limit   NIS  

 
    

22+13 (test 98) Friars Road Westbound Lane 3

Notes: Pvt Temp: 115.7° F

Avg FWD1: 3.42 GPS: 32.77041° Lat, -117.16391° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.84 3.4 3.17 3.03 2.82 2.56 2.17 1.58 1.18 3.04 3.19
8.96 3.42 3.18 3.07 2.84 2.6 2.21 1.63 1.16 3 3.21
9.06 3.44 3.21 3.11 2.85 2.65 2.26 1.65 1.22 3.03 3.21
    

23+01 (test 99) Friars Road Westbound Lane 3

Notes: Pvt Temp: 117.9° F

Avg FWD1: 6.12 GPS: 32.77031° Lat, -117.16417° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.86 6.13 4.92 4.55 4.02 3.62 3.22 2.28 1.74 5.09 5.5
8.84 6.11 4.88 4.52 4.01 3.65 3.23 2.26 1.72 5.03 5.46
8.84 6.12 4.91 4.55 4.02 3.66 3.2 2.27 1.74 5.07 5.48
    

23+15 Friars Road Westbound Lane 3

Notes: Begin Patch Pvt Temp: 0° F

 GPS: 32.77031° Lat, -117.16417° Lon
 Limit   NIS  

 
    

24+02 (test 100) Friars Road Westbound Lane 3

Notes: On Patch Pvt Temp: 118.7° F

Avg FWD1: 4.81 GPS: 32.77022° Lat, -117.16448° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.74 4.83 4.44 4.2 3.83 3.44 2.99 2.13 1.77 4.75 4.94
8.84 4.78 4.38 4.14 3.8 3.42 2.95 2.09 1.52 4.74 4.87
8.89 4.82 4.4 4.21 3.83 3.46 2.98 2.12 1.53 4.77 4.9
    

25+04 (test 101) Friars Road Westbound Lane 3

Notes: On Patch Pvt Temp: 120.8° F

Avg FWD1: 6.18667 GPS: 32.77014° Lat, -117.16479° Lon
 Limit   NIS  



Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.86 6.26 5.7 5.37 4.83 4.34 3.52 2.48 1.72 6.65 6.61
8.72 6.12 5.56 5.23 4.71 4.22 3.4 2.39 1.7 6.45 6.44
8.86 6.18 5.6 5.28 4.74 4.26 3.42 2.43 1.72 6.49 6.49
    

25+80 Friars Road Westbound Lane 3

Notes: End Patch Pvt Temp: 0° F

 GPS: 32.77014° Lat, -117.16479° Lon
 Limit   NIS  

 
    

26+09 (test 102) Friars Road Westbound Lane 3

Notes: Near Traffic Sensors Pvt Temp: 120.5° F

Avg FWD1: 10.4633 GPS: 32.77008° Lat, -117.16513° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 10.5 8.64 7.69 6.28 5.08 3.32 1.87 1.12 8.22 9.39
8.59 10.35 8.54 7.56 6.22 5.02 3.3 1.87 1.12 8.11 9.22
8.84 10.54 8.7 7.71 6.32 5.13 3.37 1.92 1.15 8.21 9.37
    

27+13 Friars Road Westbound Lane 3

Notes: CL of Avenida De Las Tiendas Pvt Temp: 0° F

 GPS: 32.77008° Lat, -117.16513° Lon
 Limit   NIS  

 

Friars Road Eastbound Lane 3
    

00+00 Friars Road Eastbound Lane 3

Notes: Friars Road Eastbound Lane 3; CL of Avenida De Las Tiendas Pvt Temp: 0° F

 GPS: 32.77008° Lat, -117.16513° Lon
 Limit   NIS  

 
    

00+61 Friars Road Eastbound Lane 3

Notes: Curb and Gutter Pvt Temp: 0° F

 GPS: 32.77008° Lat, -117.16513° Lon
 Limit   NIS  

 
    

01+03 (test 103) Friars Road Eastbound Lane 3

Notes: Pvt Temp: 75.8° F

Avg FWD1: 4.60667 GPS: 32.76987° Lat, -117.16504° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.86 4.63 3.11 2.68 2.14 1.76 1.53 1.06 0.82 3.12 3.9
8.86 4.6 3.12 2.69 2.15 1.8 1.5 1.08 0.88 3.15 3.85
9.01 4.59 3.1 2.69 2.17 1.83 1.47 1.06 0.83 3.16 3.88
    

02+07 (test 104) Friars Road Eastbound Lane 3

Notes: Longitudinal Cracks Pvt Temp: 108.8° F

Avg FWD1: 8.94 GPS: 32.76993° Lat, -117.16471° Lon



 Limit   NIS  
Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.84 9.05 6.84 5.96 4.82 3.93 2.79 1.71 1.2 6.86 7.95
8.67 8.85 6.74 5.91 4.77 3.9 2.67 1.67 1.16 6.71 7.77
8.76 8.92 6.81 5.96 4.84 3.93 2.69 1.72 1.2 6.79 7.82
    

03+03 (test 105) Friars Road Eastbound Lane 3

Notes: Longitudinal Cracks Pvt Temp: 116.5° F

Avg FWD1: 7.21667 GPS: 32.77000° Lat, -117.16442° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.76 7.26 6.2 5.77 5.07 4.55 3.51 2.47 1.66 5.94 6.45
8.74 7.16 6.09 5.7 5.03 4.46 3.49 2.45 1.62 5.86 6.4
8.84 7.23 6.16 5.74 5.05 4.5 3.52 2.45 1.63 5.89 6.46
    

04+07 (test 106) Friars Road Eastbound Lane 3

Notes: Longitudinal Cracks Pvt Temp: 63.7° F

Avg FWD1: 7.45 GPS: 32.77009° Lat, -117.16409° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.69 7.43 5.4 4.88 4.18 3.61 2.74 1.98 1.39 5.95 6.72
8.81 7.51 5.44 4.92 4.23 3.64 2.76 1.99 1.46 5.91 6.74
8.74 7.41 5.37 4.85 4.17 3.58 2.75 1.98 1.36 5.89 6.64
    

05+06 (test 107) Friars Road Eastbound Lane 3

Notes: Pvt Temp: 71° F

Avg FWD1: 4.48 GPS: 32.77020° Lat, -117.16380° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.89 4.53 3.47 3.08 2.55 2.11 1.64 1.01 0.68 3.78 4.2
8.76 4.47 3.4 3.02 2.49 2.08 1.6 1.02 0.64 3.68 4.11
8.69 4.44 3.39 2.99 2.48 2.08 1.59 1 7.53 3.7 4.1
    

05+46 Friars Road Eastbound Lane 3

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77020° Lat, -117.16380° Lon
 Limit   NIS  

 
    

06+03 (test 108) Friars Road Eastbound Lane 3

Notes: Longitudinal Cracks Pvt Temp: 111.3° F

Avg FWD1: 4.44 GPS: 32.77033° Lat, -117.16352° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.76 4.46 3.39 2.99 2.6 2.19 1.77 1.21 0.84 3.3 3.78
8.79 4.42 3.36 3.01 2.56 2.21 1.76 1.21 0.85 3.25 3.77
8.79 4.44 3.38 3.02 2.58 2.16 1.78 1.2 0.85 3.26 3.78
    

07+09 (test 109) Friars Road Eastbound Lane 3

Notes: Pvt Temp: 113.9° F

Avg FWD1: 3.34 GPS: 32.77048° Lat, -117.16323° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.86 3.38 2.37 2.16 1.85 1.64 1.48 1.02 0.91 2.23 2.68



8.81 3.32 2.35 2.1 1.84 1.63 1.5 1 0.77 2.18 2.6
8.79 3.32 2.35 2.12 1.81 1.65 1.51 1.01 0.77 2.16 2.61
    

08+01 (test 110) Friars Road Eastbound Lane 3

Notes: Longitudinal Cracks Pvt Temp: 115.7° F

Avg FWD1: 4.16667 GPS: 32.77062° Lat, -117.16298° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.84 4.14 3 2.73 2.4 2.14 1.82 1.21 0.85 2.96 3.37
8.96 4.21 3.06 2.79 2.45 2.14 1.85 1.21 0.85 2.98 3.41
8.94 4.15 3.04 2.77 2.43 2.16 1.82 1.19 0.83 2.94 3.35
    

08+66 Friars Road Eastbound Lane 3

Notes: CL of Ulric Street Pvt Temp: 0° F

 GPS: 32.77062° Lat, -117.16298° Lon
 Limit   NIS  

 
    

09+10 (test 111) Friars Road Eastbound Lane 3

Notes: Pvt Temp: 112.1° F

Avg FWD1: 5.67667 GPS: 32.77078° Lat, -117.16269° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.81 5.72 4.47 4.02 3.45 2.99 2.38 1.57 1.11 4.72 5.24
8.74 5.68 4.47 4.01 3.47 2.95 2.39 1.57 1.14 4.68 5.17
8.74 5.63 4.45 3.99 3.43 2.96 2.39 1.56 1.11 4.64 5.13
    

10+08 (test 112) Friars Road Eastbound Lane 3

Notes: Pvt Temp: 108.8° F

Avg FWD1: 7.65 GPS: 32.77093° Lat, -117.16242° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.74 7.68 5.81 5.08 3.95 3.12 2.08 1.25 0.83 5.93 6.62
8.59 7.58 5.77 5.01 3.9 3.07 2.04 1.22 0.77 5.85 6.56
8.84 7.69 5.87 5.12 3.99 3.15 2.06 1.27 0.82 5.95 6.67
    

11+10 (test 113) Friars Road Eastbound Lane 3

Notes: Pvt Temp: 106.9° F

Avg FWD1: 7.99 GPS: 32.77108° Lat, -117.16215° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.59 8 5.74 4.65 3.41 2.61 1.66 0.95 0.65 5.55 6.61
8.67 7.94 5.73 4.63 3.4 2.55 1.64 0.95 0.63 5.49 6.55
8.79 8.03 5.76 4.69 3.43 2.59 1.66 0.96 0.63 5.55 6.62
    

12+00 Friars Road Eastbound Lane 3

Notes: Begin Bridge Pvt Temp: 0° F

 GPS: 32.77108° Lat, -117.16215° Lon
 Limit   NIS  

 
    

15+96 Friars Road Eastbound Lane 3

Notes: End Bridge Pvt Temp: 0° F



 GPS: 32.77108° Lat, -117.16215° Lon
 Limit   NIS  

 
    

16+15 (test 114) Friars Road Eastbound Lane 3

Notes: Lateral Cracks Pvt Temp: 113.9° F

Avg FWD1: 6.15667 GPS: 32.77166° Lat, -117.16066° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.86 6.19 4.82 4.36 3.7 3.17 2.27 1.38 1 4.96 5.56
8.86 6.14 4.83 4.36 3.68 3.13 2.28 1.37 0.97 4.95 5.5
8.91 6.14 4.83 4.35 3.69 3.16 2.26 1.39 0.97 4.95 5.51
    

17+07 (test 115) Friars Road Eastbound Lane 3

Notes: Lateral Cracks Pvt Temp: 116.8° F

Avg FWD1: 4.99667 GPS: 32.77173° Lat, -117.16038° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.94 5.04 3.76 3.41 2.95 2.57 1.89 1.33 1.03 3.58 4.24
8.81 4.96 3.69 3.34 2.91 2.5 1.86 1.31 1.44 3.59 4.19
8.84 4.99 3.73 3.36 2.9 2.54 1.87 1.3 0.94 3.53 4.2
    

18+13 (test 116) Friars Road Eastbound Lane 3

Notes: Lateral Cracks, Longitudinal Cracks Pvt Temp: 120.8° F

Avg FWD1: 12.5533 GPS: 32.77178° Lat, -117.16004° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.76 12.75 9.66 8.13 6.1 4.61 2.78 1.57 0.99 9.58 11.04
8.62 12.38 9.43 7.95 5.97 4.51 2.73 1.53 1.03 9.35 10.74
8.81 12.53 9.61 8.1 6.04 4.61 2.78 1.53 1.02 9.45 10.89
    

19+05 (test 117) Friars Road Eastbound Lane 3

Notes: Lateral Cracks, Longitudinal Cracks Pvt Temp: 120.1° F

Avg FWD1: 6.09333 GPS: 32.77182° Lat, -117.15974° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.98 6.18 4.52 3.91 3.17 2.61 1.88 1.17 0.7 4.7 5.44
8.81 6.06 4.46 3.86 3.13 2.61 1.87 1.16 0.7 4.61 5.34
8.86 6.04 4.43 3.84 3.09 2.61 1.82 1.14 0.7 4.57 5.34
    

20+08 (test 118) Friars Road Eastbound Lane 3

Notes: Lateral Cracks, Longitudinal Cracks Pvt Temp: 116.5° F

Avg FWD1: 10.38 GPS: 32.77185° Lat, -117.15941° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.62 10.48 7.09 6.04 4.61 3.43 2.05 1.1 0.64 7.62 8.89
8.59 10.34 7.01 5.99 4.55 3.38 2.07 1.08 0.63 7.54 8.79
8.64 10.32 7.03 5.99 4.57 3.38 2.1 1.1 0.65 7.51 8.76
    

21+04 (test 119) Friars Road Eastbound Lane 3

Notes: Lateral Cracks, Longitudinal Cracks Pvt Temp: 115° F

Avg FWD1: 8.43667 GPS: 32.77188° Lat, -117.15910° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10



8.54 8.53 6.46 5.72 4.72 3.93 2.68 1.51 0.83 6.73 7.63
8.4 8.34 6.34 5.64 4.6 3.86 2.63 1.5 0.81 6.57 7.48
8.57 8.44 6.42 5.7 4.71 3.89 2.65 1.52 0.83 6.66 7.56
    

22+02 (test 120) Friars Road Eastbound Lane 3

Notes: Lateral Cracks, Longitudinal Cracks Pvt Temp: 112.8° F

Avg FWD1: 5.83667 GPS: 32.77192° Lat, -117.15879° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.67 5.85 4.02 3.44 2.77 2.27 1.78 1.09 0.75 4.29 5.07
8.76 5.85 4.09 3.47 2.76 2.29 1.83 1.12 0.77 4.28 5.07
8.72 5.81 4.06 3.48 2.77 2.25 1.81 1.11 0.79 4.29 5.06
    

23+06 (test 121) Friars Road Eastbound Lane 3

Notes: Longitudinal Cracks Pvt Temp: 111.7° F

Avg FWD1: 12.27 GPS: 32.77199° Lat, -117.15846° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.4 12.37 8.33 6.66 4.62 3.2 1.69 1 0.78 8.74 10.76
8.4 12.17 8.22 6.61 4.57 3.16 1.65 1.01 0.76 8.62 10.56
8.54 12.27 8.3 6.66 4.6 3.17 1.69 1.01 0.79 8.66 10.61
    

24+02 (test 122) Friars Road Eastbound Lane 3

Notes: Pvt Temp: 114.3° F

Avg FWD1: 10.8733 GPS: 32.77207° Lat, -117.15817° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.5 10.79 7.64 6.25 4.62 3.5 2.24 1.44 1.17 7.97 9.48
8.5 10.81 7.68 6.32 4.67 3.52 2.3 1.49 1.21 7.96 9.47
8.72 11.02 7.78 6.41 4.72 3.58 2.31 1.5 1.17 8.11 9.61
    

24+42 Friars Road Eastbound Lane 3

Notes: RTP Pvt Temp: 0° F

 GPS: 32.77207° Lat, -117.15817° Lon
 Limit   NIS  

 
    

25+02 (test 123) Friars Road Eastbound Lane 3

Notes: Pvt Temp: 113.9° F

Avg FWD1: 8.53333 GPS: 32.77218° Lat, -117.15788° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.42 8.55 6.17 5.32 4.27 3.51 2.45 1.63 1.14 7.37 8.32
8.28 8.45 6.08 5.26 4.21 3.44 2.41 1.64 1.12 7.29 8.2
8.5 8.6 6.22 5.36 4.28 3.51 2.47 1.67 1.16 7.34 8.3
    

25+21 Friars Road Eastbound Lane 3

Notes: Lateral Trench Pvt Temp: 0° F

 GPS: 32.77218° Lat, -117.15788° Lon
 Limit   NIS  

 
    

26+00 (test 124) Friars Road Eastbound Lane 3



Notes: Pvt Temp: 113.5° F

Avg FWD1: 4.47333 GPS: 32.77233° Lat, -117.15761° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.84 4.53 3.06 2.6 2.1 1.7 1.28 0.83 0.5 3.04 3.66
8.84 4.47 3.05 2.58 2.1 1.7 1.26 0.78 0.49 2.96 3.63
8.81 4.42 3.02 2.57 2.06 1.7 1.25 0.81 0.48 2.96 3.58
    

26+87 (test 125) Friars Road Eastbound Lane 3

Notes: Near Traffic Sensors Pvt Temp: 113.5° F

Avg FWD1: 7.91667 GPS: 32.77248° Lat, -117.15739° Lon
 Limit   NIS  

Force FWD1 FWD2 FWD3 FWD4 FWD5 FWD6 FWD7 FWD8 FWD9 FWD10

8.67 8.01 6.02 5.29 4.48 3.71 2.67 1.64 1.4 5.95 7.09
8.67 7.89 5.96 5.24 4.39 3.67 2.65 1.62 1.02 5.8 6.89
8.69 7.85 5.98 5.26 4.41 3.67 2.64 1.6 1.09 5.83 6.87
    

27+50 Friars Road Eastbound Lane 3

Notes: CL of Frazee Road Pvt Temp: 0° F

 GPS: 32.77248° Lat, -117.15739° Lon
 Limit   NIS  

 



 
 
 
 
 
 
 
 
 

 
 
September 30, 2013 SCS&T No. 1111191P 
 Report 7R 
Mr. Gerard Lumabas 
Dokken Engineering 
5675 Ruffin Road, Suite 250 
San Diego, California 92123 
 
Subject: ADDENDUM REPORT 
  RW 10 STATION 10+00 TO 10+88.5 
 SR-163/FRIARS ROAD INTERCHANGE MODIFICATION 
 PM 3.8-5.8 
 EA NUMBER 11225-085781 
 EFIS PID 1100000064 
  SAN DIEGO, CALIFORNIA  

Reference:  “Revised February 28, 2013 Geotechnical Design Report, SR-163/Friars Road 
Interchange Modification, PM 3.8-5.8, EA Number 11225-085781, EFIS PID 
1100000064, San Diego, California”; prepared by Southern California Soil and 
Testing, Inc. dated February 28, 2013.  (SCS&T 1111191-1R2) 

Dear Mr. Lumabas: 

In accordance with your request, Southern California Soil and Testing, Inc. (SCS&T) prepared 

this letter as an addendum to the referenced report.  We understand retaining wall (RW) 10 has 

been added to the subject project.  The purpose of this addendum is to verify the 

recommendations contained in the geotechnical design report can be used for the design of 

RW-10.   

8.5 EARTH RETAINING SYSTEMS 

8.5.1 Foundations 

Shallow spread footings founded in compacted fill, competent alluvium, very old paralic 

deposits or Stadium Conglomerate can be used to support of the majority of the planned 

retaining walls.  However, RW 10 will consist of a soldier-beam and lagging wall supported 

on CIDH piles.  The recommendations presented in this report can be used for the design of 

RW 10.  Additionally, Appendix I presents L-Pile analyses performed specifically for the RW 

10.  Standard plan conditions are applicable to the walls presented in Table 3.  Table 3 

presents the retaining wall foundation type recommendations. 
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Table 3 - Retaining Wall Recommendations 

Wall 
Identification 

Wall Station 
Height 

Feet (H) 
Foundatio

n Type 

Minimum  
Embedment  

Depth to Bottom  
of Footing 

(Feet) 

Ground 
Line 

Friction 
Angle (Φ) 
Degrees 

RW #55 
“FR” 55+18.98 to 

56+29.99 
4.0-5.0 

Spread 
Footing 

4 Case 1 30   

RW #72 
“FR-1” 247+37.32 to 

“FR” 73+67.41 
7.0-15.0 

Spread 
Footing 

4 Case 1 30  

RW #74 
“FR” 73+67.41 to 

75+56.77 
5.0-7.0 

Spread 
Footing 

4 Case 1 30  

RW #75 
“FR” 75+81.62 to 

78+05.11 
6.0-7.0 

Spread 
Footing 

4 Case 1 30  

RW #76 
“FR” 75+64.79 to 

75+87.65 
4.0-5.0 

Spread 
Footing 

4 Case 1 30  

RW #109 
“FR-4” 108+95.89 to 

114+99.93 
4.0-5.0 

Spread 
Footing 

4 Case 1 30  

RW #216 
“R3” 264+49.75 to 

“CW” 98+74.83 
4.0-7.0 

Spread 
Footing 

4 Case 1 30  

RW #245 
“FR-7” 245+22.38 to 

245+69.37 
29.0-38.0 

Spread 
Footing 

7 Case 1 30  

RW #247 
“FR-7” 247+25.00 to 

247+75.00 
5.0-6.0 

Spread 
Footing 

4 Case 2 30  

Case 1: Level ground on both sides of the wall 
Case 2: Level ground on the traffic side of the wall, sloping ground no steeper than 2:1 on opposite side. 
 
8.5.2 Passive Pressure 

Passive pressure for the design of retaining walls can be taken as 300 pounds per square 

per foot of depth.  This pressure can be increased by ⅓ for seismic loading.  An internal 

friction angle of 30 degrees can be used to determine the nominal sliding resistance 

between soil and concrete cast against soil for the foundation.    

8.5.3 Active Pressure 

The active soil pressure for the design of unrestrained earth retaining structures with level 

backfills can be taken as equivalent to the pressure of a fluid weighing 40 pounds per cubic 

foot (pcf).   An increase in soil pressure equivalent to an additional 2 feet of retained soil can 

be used to account for transient loads that may include traffic loads or temporary conditions.  

Alternatively surcharge loads can be determined in accordance with Article 3.6.1.2 of the 

AASHTO LRFD Bridge Design Specifications with Caltrans Amendments. If any other 

surcharge loads are anticipated, the project geotechnical engineer should be contacted for 

the necessary increase in soil pressure. The project designer should provide waterproofing 

specifications and details.  These pressures assume a granular drained backfill condition. 
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EXECUTIVE SUMMARY 

 

This report presents the results of the geotechnical investigation by Southern California Soil and 

Testing, Inc. (SCS&T) for the City of San Diego Friars Road Overcrossing at State Route 163 

interchange project in San Diego, California.  Figure I-1 presents a site vicinity map.  The 

modifications are planned to be designed and constructed in 3 phases.  The phases are:   

 Phase 1 
 Widen Friars Road and Bridge (Tie-Back Walls); 
 Improve Frazee Road and Avenida de Las Tiendas; 
 Improve Freeway Ramp Connections; 
 Construct temporary southbound SR-163 Auxiliary Lane; 
 Construct sound walls. 

 Phase 2 

 Construct new collector bridge; 
 Construct new fly-over bridge from Ulric Street; 
 Construct soil nail wall along southbound lane of SR-163; 
 Construct south bound off-ramp; 
 Construct sound walls. 

 Phase 3 
 Construct permanent SB SR-163 auxiliary lanes; 
 Construct new north bound SR-163 on ramp with auxiliary lanes. 

The main geotechnical considerations affecting the design and construction of the planned 

modification are the: 

 Slopes with inclinations greater that 2:1(horizontal:vertical) that have experienced 

surficial failures; 

 Liquefaction of the materials within the San Diego River plain; 

 Excavation of materials with more than 30% cobbles and boulders. 
 
This report has been prepared as a revised report.  The recommendations presented in this 

report supersede all previous reports. SCS&T prepared the revised report in response to 

comments prepared by Brian Hinman, Caltrans reviewer.   

 

 



 

 

1. INTRODUCTION  

1.1. PROJECT DESCRIPTION 

This Geotechnical Design Report (GDR) presents the results of the geotechnical investigation 

by Southern California Soil and Testing, Inc. (SCS&T) for the City of San Diego Friars Road 

Overcrossing at State Route 163 interchange project in San Diego, California, hereafter referred 

to as project.  Figure I-1 presents a site vicinity map.  The project is planned to be designed and 

constructed in 3 phases.  The phases are:   

 Phase 1 

 Widen Friars Road and Bridge (Ground Anchor Walls); 
 Improve Frazee Road and Avenida de Las Tiendas; 
 Improve Freeway Ramp Connections; 
 Constructing temporary southbound SR-163 Auxiliary Lane; 
 Constructing sound walls. 

 Phase 2 
 Construct new collector bridge; 
 Construct new fly-over bridge from Ulric Street; 
 Construct soil nail wall along southbound lane of SR-163; 
 Construct south bound off-ramp; 
 Construct sound walls. 

 Phase 3 
 Construct permanent SB SR-163 auxiliary lanes; 
 Construct new north bound SR-163 on ramp with auxiliary lanes. 

SCS&T anticipates grading will include cuts and fills along the planned re-alignment of the on- 

and off-ramps, widening of Friars Road and construction of a new bridge over the San Diego 

River.  Fills will be up to about 23 feet high at the abutments.  Excavations within the existing cut 

slopes in the northwest quadrant of the interchange of SR-163 and Friars Road will include the 

construction of a soil nail wall.  The widening of the on- off-ramps and re-alignment of the 

roadways will include construction of retaining walls.    

The purpose of this GDR is to document subsurface geotechnical conditions, provide 

engineering evaluation of site conditions, and provide recommendations relevant to the design 

and construction of the project features.  This report establishes a geotechnical baseline to be 

used in assessing the existence and scope of changed site conditions.   

This report is intended for use by the project design engineer, construction personnel, bidders 

and contractors. 

This GDR is based on site reconnaissance, research of archived resources, subsurface 

exploration, and engineering analyses.  This GDR was prepared in accordance with the 
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guidelines set forth in the Caltrans: Guidelines for Preparing Geotechnical Design Report, 

Version 1.3, December 2006. 

SCS&T prepared a GDR, Structure Foundation Report, and Preliminary Structure Foundation 

Reports for this project between 2003 and 2009. The scope of the project has changed to 

include a bridge over the San Diego River and a flyover from Ulric Street since the preparation 

of the 2003 GDR. 

2. EXISTING FACILITIES AND PROPOSED IMPROVEMENTS 

SR-163 is oriented in a north-south direction and Friars Road crosses over SR-163. The project 

site extends along SR-163 between Station 211+00 and Station 316+00 and along Friars Road 

between Station 51+00 and 85+00.  Figure I-2 presents a site plan.  The mainline of this portion 

of SR-163 is comprised of a divided highway with 4 northbound lanes and 4 southbound lanes.  

The Friars Road interchange includes an overcrossing with on- and off-ramps in the northbound 

and southbound directions to both eastbound and westbound Friars Road.  The overcrossing is 

supported on 2 abutments and 1 bent. 

The southern portion of the project area crosses Mission Valley, a floodplain landform of the 

San Diego River.  Several bents support the San Diego River Bridge. Water flows within the 

riverbed and will rise during flood events.  The remaining portion of the project traverses up the 

northern flank of Mission Valley.  Embankments ranging up to approximately 23 feet in height 

and cut slopes, ranging up to approximately 100 feet in depth, are located along the roadway 

alignments.  

2.1. EXISTING FACILITIES 

Existing facilities along the project alignment include the Friars Road overcrossing, SR-163 

Bridge over the San Diego River, fill embankments, graded slopes, underground utilities and 

highway drainage units.  The project site is surrounded by residential developments, retail 

shopping, and hotels.   

2.2. EXISTING ROADWAY 

In the project area, SR-163 consists of an 8-lane Portland Cement Concrete (PCC) freeway with 

asphalt concrete(AC) paved shoulders.  The existing median is paved with AC and concrete 

barriers divide the northbound and southbound lanes.  The Friars Road interchange is a 4 

quadrant interchange.  The traveled way as well as the shoulders of the on- and off- ramps are 

paved with AC.   

In the project area Friars Road consists of a 6-lane AC road.  Pavement distress is moderate 

and is most likely the result of utility repairs and age.  SCS&T prepared a pavement 

rehabilitation report as part of this project.   
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2.3. EXISTING CUT, FILL AND NATURAL SLOPES 

Cut slopes and natural slopes are located within the northwest quadrant of the project, north of 

Friars Road, west of SR-163.  The slopes range in inclination from about 1:1(horizontal:vertical) 

to 2:1(horizontal:vertical).  In general, the slopes are comprised of fill over very old paralic 

deposits and/or Stadium Conglomerate. This fill is most likely associated with the construction of 

the tract of single-family residences located at the top of the slopes.  SCS&T representatives 

observed surficial instability on slopes steeper than 1½:1(horizontal:vertical).  Surficial failures 

along the slopes typically occur during rain events.  Our analyses indicate the cut and natural 

slopes have an adequate factor-of-safety in respect to global stability.  Appendix VI presents our 

analyses. 

Existing fill slopes along the project alignment range in height from about 5 feet to about 20 feet.  

The tallest fill slope is located along the east side of the northbound lane between stations 

200+00 and 300+00. 

Fill slopes appear to be comprised of material derived from nearby cuts of formational material.  

Surface reconnaissance and the subsurface data gathered indicate the material is generally 

comprised of medium dense silty and clayey sands with cobbles.  The majority of the fill slopes 

are vegetated.   

2.4. EXISTING DEVELOPMENT 

Land adjacent to the project is developed with residential, retail and commercial facilities.  

Residential development is located north of Friars Road and west of SR-163 in the northwest 

quadrant.  The Fashion Valley Mall is located in the southwest quadrant, south of Friars Road 

and west of SR-163. 

Commercial developments consisting of office buildings retail centers, and a hotel are located at 

the northeast and southeast quadrants. The slopes adjoining the project have been cut or filled 

for construction of the existing SR-163 alignment or development.  The grading and 

development abuts the state right-of-way. 

2.5. EXISTING UTILITIES 

Utilities present within the limits of the project include underground water, sewer, gas, electrical 

and telecommunication lines; and overhead transmission lines.  Utilities that traverse the project 

alignment of SR-163 are concentrated along the Friars Road overcrossing. 

2.6. EXISTING PAVEMENT SECTIONS 

Table 1 presents the existing pavement sections measured at 12 core locations along Friars 

Road. 
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Table 1 – Existing Pavement Sections 
Core 

Identification 
Location Description 

Asphalt Concrete 
Thickness (inches) 

Aggregate Base 
Thickness (inches) 

C-1 
Eastbound Friars Road, 

West of SR 163 
7 8 

C-2 
Eastbound Friars Road, 

West of SR 163 
7 9 

C-3 
Eastbound Friars Road, 

West of SR 163 
4 8 

C-4 
Eastbound Friars Road, 

East of SR 163 
4 8 ½ 

C-5 
Eastbound Friars Road, 

East of SR 163 
4 ½ 19 ½ 

C-6 
Eastbound Friars Road, 

East of SR 163 
6 10 

C-7 
Westbound Friars Road, 

East of SR 163 
5 ½ 10 ½ 

C-8 
Westbound Friars Road, 

East of SR 163 
4 ½ 18 ½ 

C-9 
Westbound Friars Road, 

West of SR 163 
4 ½ 8 ½ 

C-10 
Westbound Friars Road, 

West of SR 163 
5 9 

C-11 
Westbound Friars Road, 

West of SR 163 
8 9 

C-12 
Westbound Friars Road, 

West of SR 163 
7 8 

 
No significant distress was observed along the existing on- and off-ramps. Distress was 

observed along westbound Friars Road east of SR-163.  The distress consists of cracking that 

appears to reflect trench lines for subsurface utilities.   

2.7. PROPOSED IMPROVEMENTS 

The project is planned to be designed and constructed in 3 phases.  The phases are:   

 Phase 1 

 Widen Friars Road and Bridge (Ground Anchor Walls); 
 Improve Frazee Road and Avenida de Las Tiendas; 
 Improve Freeway Ramp Connections; 
 Constructing temporary southbound SR-163 Auxiliary Lane; 
 Constructing sound walls. 

 Phase 2 

 Construct new collector bridge; 
 Construct new fly-over bridge from Ulric Street; 
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 Construct soil nail wall along southbound lane of SR-163; 
 Construct south bound off-ramp; 
 Construct sound walls. 

 Phase 3 
 Construct permanent SB SR-163 auxiliary lanes; 
 Construct new north bound SR-163 on ramp with auxiliary lanes. 

SCS&T anticipates grading will include cuts and fills along the planned re-alignment of the on- 

and off-ramps, widening of Friars Road and construction of a new bridge over the San Diego 

River.  Fills will be up to about 23 feet high at the abutments.  Excavations within the existing cut 

slopes in the northwest quadrant of the interchange of SR-163 and Friars Road will include the 

construction of a soil nail wall and standard retaining walls.   

2.8. PROPOSED ROADWAY 

The on- off- ramps will include realignments and widening.  The northbound SR-163 off-ramp 

and the northbound SR-163 on-ramp will be widened and realigned.  The southbound SR-163 

off-ramp will be realigned.  The southbound SR-163 on-ramp will be re-aligned and a fly-over 

from Ulric Street onto southbound SR-163 is also planned.  An auxiliary lane is planned along 

southbound SR-163.   

Friars road will also be widened to accommodate additional lanes.    

2.9. PROPOSED SLOPES 

The project will include the grading of cut and fill slopes to accommodate the widening and 

realignment of roadways.  Fill slopes are planned as part of the embankment construction.  All 

fill slopes are planned to be constructed at 2:1(horizontal:vertical) or flatter.  A 

1:1(horizontal:vertical) cut slope is planned along the toe of the existing 1¼:1(horizontal:vertical) 

cut slope located at the northwest quadrant of the site, adjacent to the southbound shoulder of 

SR-163 between Station 248+75 and 261+00.  Our analysis (Appendix VI) indicates the slope 

will have an adequate factor-of-safety in respect to global stability.  However, the existing slope 

as well as the planned 1:1(horizontal:vertical) are subject to surficial sloughing and erosion.   

2.10. PROPOSED BRIDGES 

The Friars Road overcrossing will be widened with 2 additional 12-foot lanes in each direction.  

A fly-over structure is planned from Ulric Street onto southbound SR-163.  Additionally, a new 

bridge is planned along southbound SR-163 between Friars Road and Interstate-8.   

2.11. PROPOSED EARTH RETAINING SYSTEMS 

The use of both Caltrans standard retaining walls and special design walls are proposed for the 

project.  The retaining walls are necessary in areas where the proposed re-alignments and 

widenings are constrained by limited right-of-way and steepened slopes.  Caltrans standard 
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retaining walls proposed for the project include Retaining Wall-55(RW-55), RW-72, RW-74, RW-

75, RW-76, RW-109, RW-216,RW-245 and RW-247.  Caltrans standard retaining walls are 

addressed in this GDR.  The planned location, wall type, and height are presented in Section 

8.0 of this report.   

2.12. PROPOSED SOIL NAIL WALL  

A soil nail wall is planned along the southbound side of SR-163 between Station 247+00 and 

261+50. The wall is planned to range between about 10 feet and 50 feet in height.  The purpose 

of the soil nail wall is to allow for the widening of SR-163 for the construction of auxiliary lanes.   

2.13. PROPOSED CULVERTS 

Extension of the existing Murray Canyon Culvert is proposed on the north side of Friars Road 

near the northbound on-ramp. The Murray Canyon Culvert Extension will be a standard plan 

double box culvert, with a 14-foot high x 25-foot wide opening to convey drainage.  The interior 

of the culvert will be lined with a 3-foot thick layer of Rock Slope Protection to protect the natural 

earth lined channel from scour.  The Rock Slope Protection lining will extend beyond the culvert 

inlet, and will continue into the existing lining of the Murray Canyon Bridge.  It is anticipated that 

the earth over the top of culvert will be a maximum of 3½ feet.  The overall dimension of the 

culvert will be roughly 16 feet by 28 feet (which includes the depths/widths of the culvert roof, 

invert, and walls), and will extend roughly 48 feet from the inlet of the existing Murray Canyon 

Bridge.  The culvert extension will also have 14 feet high wing walls that extend about 15 feet.  

2.14. PROPOSED SOUND WALLS/BERMS 

Sound walls are proposed along SR-163 from Genesee Avenue to just south of Friars Road. 

The sound walls range in height from 6 feet to 14 feet.  

2.15. PROPOSED OVERHEAD SIGN 

Eleven (11) overhead signs are proposed as part of this project. Six (6) overhead signs, of 

which five (5) are lightweight single-post and one (1) is a lightweight butterfly structure, will be 

located along Friars Road. There will be one (1) lightweight structure located on Ulric Street 

facing southbound traffic, and one (1) truss structure located along southbound SR-163 just 

north of the loop off-ramp. There are also three (3) proposed bridge mounted structures that will 

be located on the Friars Road Overcrossing facing northbound traffic.  

The design of appropriate CIDH pile foundations for each sign may be found in the Standard 

Plans. 

 

 



Dokken Engineering  February 28, 2013 
Friars Road and State Route 163, EA NUMBER 11225-085781 SCS&T No. 1111191P-1R2 
San Diego, California  Page 7 

 

3. PERTINENT REPORTS AND INVESTIGATIONS 

A list of pertinent investigations and reports is presented below. 
 

 Southern California Soil & Testing, Inc., “Preliminary Geologic Review, Friars Road at 

SR 163” dated September 22, 2003 (SCS&T Project No. 0311116-1). 

 Southern California Soil & Testing, Inc., “Geotechnical Design Report, Friars Road at 

State Route 163, Bridge Number 57-595, 11-SD-163-R069-84, E/A No. 11-085780, San 

Diego, California”, dated January 6, 2004 (SCS&T No. 0311116-3). 

 Southern California Soil & Testing, Inc., “Structure Foundation Report, Friars Road at SR 

163” dated July 9, 2009 (SCS&T Project No. 0311116-4R2). 

4. PHYSICAL SETTING 

The following section describes the physical setting of the project including: the climate 

topography and drainage; man-made features of engineering and construction significance; 

regional geology and seismicity; and soil survey mapping. 

4.1. CLIMATE 

San Diego has a Mediterranean to semi-arid climate that is characterized by warm, dry 

summers and mild winters with some rain.  San Diego has mild mostly dry weather with 

approximately 200 days above 70 degree Fahrenheit.  The extended summer and dry period 

lasts from May to October.  Temperatures are mild to warm in the summer.  High temperatures 

during the summer range between 70 and 78 degrees Fahrenheit.  Low temperatures during the 

summer range between 55 and 66 degrees Fahrenheit.  Temperatures exceed 90 degrees 

Fahrenheit approximately 4 days a year.  Winter is the rainy period and lasts from November to 

April. Temperatures are mild with periods of moderate to heavy precipitation.  High 

temperatures during the winter range between 66 and 70 degrees Fahrenheit.  Low 

temperatures during winter range between 50 and 56 degrees Fahrenheit.  On average there 

are approximately 10 inches of rainfall in San Diego annually.  However, precipitation may 

range from 3 inches to 30 inches during any given year. 

4.2. TOPOGRAPHY AND DRAINAGE 

Elevations along the SR-163 mainline range from approximately 25 feet above mean sea level 

(MSL) at the southern end of the project alignment to approximately 385 feet MSL at the 

northern end.  An existing cut slope comprised of formational material commonly identified as 

Stadium Conglomerate is located northwest of the existing overcrossing.  The slope ranges 

between about 30 feet and 100 feet in height at inclinations of between about 1:1 

(horizontal:vertical) and 1½:1(horizontal:vertical).  Generally, the project descends from the 

northwest to the southeast.   
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Numerous utility lines are located in the project area.  Vegetation is comprised of various ground 

coverings, mature trees and shrubs, and some native grasses. 

Drainage is accomplished via sheet flow and swales that direct run-off toward drainage inlets to 

storm drains.  Additionally, the southern portion of the project crosses the San Diego River that 

flows from east to west.  

Approximately 50 feet of vertical cut will need to be performed along the toe of the slope located 

northwest of the existing overcrossing.  We understand the project designer has planned a soil 

nail wall at this location. Additional cuts less than 10 feet in depth are planned along the north 

and south sides of Friars Road as part of the widening.  Fills ranging between about 5 feet and 

23 feet are planned as part of the embankment and on- and off-ramp improvements.   

4.3. MAN-MADE AND NATURAL FEATURES OF ENGINEERING AND CONSTRUCTION 
SIGNIFICANCE 

The main features affecting construction are the existing cut slope located in the northwest 

quadrant of the Friars Road and SR-163 interchange, and the San Diego River located at the 

southern portion of the project.  These features will require special site construction and 

foundation considerations.  Numerous utility lines are located in the project area as well as a 

light rail track along the north side of the San Diego River.   

4.4. REGIONAL GEOLOGY AND SEISMICITY 

The project site is located within the coastal plain of the Peninsular Range Geomorphic 

Province of California.  The Peninsular Ranges are a group of mountain ranges that extend nine 

hundred-miles from the Transverse Ranges and the Los Angeles Basin in Southern California to 

the southern tip of Mexico’s Baja California.  The southern segment of the Peninsular Ranges in 

Southern California is referred to as the San Diego Embayment.    The San Diego Embayment 

consists of thick sequences of marine and non-marine sediments.  The sedimentary rocks within 

the San Diego Embayment form an eastward thinning wedge of continental margin deposits that 

extend from Oceanside to the US-Mexico border.   

The fault most likely to have a significant impact on the site is the Newport-Inglewood West 

Fault located approximately 1½ miles west of the site at its closest approach.  The Newport-

Inglewood West Fault is capable of producing a 7.0 magnitude earthquake (California Seismic 

Hazard Map 1996, Mualchin, L.).  The Palos Verde Coronado Banks Fault is approximately 4 

miles west of the site.  The Palos Verde Coronado Banks Fault is capable of producing a 7.5 

magnitude earthquake.  The Elsinore Fault Zone (Julian Segment) is approximately 40 miles 

northeast of the site.  The Elsinore Fault Zone (Julian Segment) is capable of producing a 7.5 

magnitude earthquake. 



Dokken Engineering  February 28, 2013 
Friars Road and State Route 163, EA NUMBER 11225-085781 SCS&T No. 1111191P-1R2 
San Diego, California  Page 9 

 

4.5. SOIL SURVEY MAPPING 

SCS&T did not perform soil survey mapping for this project. 

5. EXPLORATION 

A surface and subsurface investigation was conducted to help characterize the soil conditions 

present within the project alignment such as the presence of groundwater, depth and quality of 

artificial fills, and other conditions that could impact the design or construction of the proposed 

project features. 

5.1. DRILLING AND SAMPLING 

Fifty exploratory borings were drilled to depths of between about 6½ feet and 125 feet below the 

existing ground surface using hollow-stem auger and rotary drilling methods.  Additionally, 5 

cone penetration tests (CPT’s) were performed.  Figure I-2 presents the approximate locations 

of borings and CPT’s.  Drilling was performed under the direction of a SCS&T geologist who 

also logged the test borings and obtained samples for examination and laboratory testing.  

Disturbed samples were obtained from cuttings and during Standard Penetration Testing.  

Standard Penetration Tests were performed by driving a 1.4-inch, inner diameter sampler with a 

140-pound hammer.  Relatively undisturbed samples were obtained in the borings by driving a 

2½-inch, inner diameter, sampler with a 140-pound hammer.  Blow counts for the last 12 inches 

of an 18-inch drive (or less) were recorded and are noted on the Log of Test Borings (LOTB). 

The logs of the test borings are contained in Appendix III.  Subsurface materials are classified in 

accordance with the Caltrans “Soil and Rock Logging Classification Manual, 2010.”  Appendix 

IV presents the CPT results. 

5.2. GEOLOGIC MAPPING 

The project site geologic overview map is presented on Figure I-3 and Figure I-4. Figure I-5 

presents a modified version of the California Division of Mines and Geology, Geologic Map of 

the San Diego 30’ X 60’ Quadrangle, California by Michael P. Kennedy and Siang S. Tan, 2008. 

Fill, alluvium, very old paralic deposits, Stadium Conglomerate and Friars Formation underlie 

the project area.  Figures I-3 and I-4 present the approximate limits of each of these geologic 

units. Figures II-1 through II-3 show geologic cross sections.   

5.3. GEOPHYSICAL STUDIES 

No geophysical studies were conducted for the preparation of this GDR. 

5.4. INSTRUMENTATION 

No instrumentation was performed for the preparation of this GDR. 
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5.5. EXPLORATION NOTES 

All borings were backfilled with bentonite chips or a cement/bentonite slurry.  When borings 

were performed along the shoulder or traveled way, bentonite chips were used to fill the drill 

hole below the pavement elevation and then asphalt or concrete was used to repair the 

pavement section.   

SCS&T representatives did not observe any potentially hazardous materials during our study. 

Difficult drilling due to flowing sands and cobbles were encountered in the borings performed at 

the center bent location of the Friars Road overcrossing. 

6. GEOTECHNICAL TESTING 

The sections below describe the in-situ and laboratory testing program performed for the 

proposed project. 

6.1. IN-SITU TESTING 

Standard Penetration Tests (SPT) and Modified California Samplers were used during the 

subsurface investigation to collect disturbed and undisturbed samples for use in laboratory 

analysis.  SPT were performed using a CME Auto Hammer.  SPT were performed 

approximately every 5 feet during the drilling of each boring. SPT followed ASTM D 1586 using 

a 140 pound hammer with a free fall of 30 inches.   

Cone penetration testing(CPT) was used in locations with deep alluvial material that is 

liquefiable.  The CPT was performed in accordance with ASTM D 5778.   

6.2. LABORATORY TESTING 

Selected samples were tested to evaluate pertinent classification and engineering properties.  

The program included in-situ dry density and moisture content determinations, grain-size 

analyses, consolidation tests, direct shear tests, R-value determinations, and corrosivity tests.  

Dry density and moisture content test results are shown on the LOTB in Appendix III.  

Descriptions of test procedures and laboratory test results are contained in Appendix V 

7. GEOTECHNICAL CONDITIONS 

The following section describes geotechnical conditions that will affect the project. 

7.1. SITE GEOLOGY 

The project site is located in the Coastal Plains Physiographic Province of San Diego County 

and is underlain by the Tertiary-age Friars Formation (Tf), Stadium Conglomerate (Tst), 

Quaternary-age very old paralic deposits (Qvop), alluvium (Qal), and areal fill (Qaf).  The 

approximate distribution of these materials, shown on Figures I-3 and I-4, is based on our 

surface reconnaissance, log of test borings, and review of historical aerial photographs along 

with local geology and topographic maps.   Figure I-5 presents a portion of a local geology map.   
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7.1.1. Lithology 

Fill: Fill materials underlie much of the site and are associated with the existing 

improvements.  These materials are estimated to range to in excess of 30 feet in thickness. 

Alluvium: Alluvial sediments associated with the San Diego River plain (Mission Valley) and 

the tributary drainage canyons that enter the river plain underlie most of the project area. 

The alluvial deposits are anticipated to attain thicknesses in excess of 80 feet toward the 

southern portion of the project alignment.  The thickness of the alluvium decreases near the 

hillsides.  The alluvial deposits consist of gray, brown and tan, interbedded, sand, gravel, 

cobble, silt, and clay.  It is anticipated that abundant gravel and cobble up to about 12 

inches in diameter exist within the alluvial sediments. 

Very old paralic deposits: Very old paralic deposits cap the mesas/hillsides located in the 

northwestern portion of the project.  The very old paralic deposits consist of reddish brown, 

well cemented, poorly sorted, sandy cobble with siltstone and sandstone matrices.  It is 

anticipated that gravel and cobble up to about 12 inches in diameter exist within the very old 

paralic deposits. 

Stadium Conglomerate: The Stadium Conglomerate is the primary bedrock unit underlying 

the very old paralic deposits in the north and alluvial deposits in the southern portion of the 

project.  The conglomerate is exposed on the surface of the cut slopes.  The Stadium 

Conglomerate is comprised of dense to very dense, moist, brown, tannish-brown, and 

reddish- brown, sandy cobble with cross-bedded lenses of medium to coarse sandstone. 

Boulders, ranging up to approximately 24 inches in diameter, do occur within the Stadium 

Conglomerate.  Locally, the Stadium Conglomerate is moderately to well cemented.  

Friars Formation: The Friars Formation underlies the Stadium Conglomerate within the 

San Diego River Plain.    The Friars Formation is comprised of non-marine and lagoonal 

sandstone interbedded with layers of siltstone and claystone.  The Friars formation contains 

zones with varying degrees of cementation.   

7.1.2. Structure 

The sedimentary formations found along coastal San Diego are generally flat lying and 

laterally continuous for long distances.  In the area of SR-163 the very old paralic deposits, 

Stadium Conglomerate and Friars Formation are generally flat.   

No active faults have been identified that transect the project site.  Figure I-6 presents a 

section of the City of San Diego Seismic Safety Study (1995) that shows potentially active 

faults in the vicinity of the project site.   
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Much of Southern California, including the San Diego County area, is characterized by a 

series of Quaternary-age fault zones that typically consist of several individual en echelon 

faults generally striking in a northerly to northwesterly direction. Some of these fault zones 

(and the individual faults within the zone) are classified as active while others are classified 

as potentially active according to the criteria of the California Geologic Survey. Active fault 

zones are those that have shown conclusive evidence of faulting during the Holocene Epoch 

(the most recent 11,000 years).  Potentially active faults have demonstrated movement 

during the Pleistocene Epoch (11,000 to 1.6 million years before the present), but no 

movement during Holocene time. 

7.1.3. Existing Slope Stability 

The project alignment is located within developed properties.  Natural or unaltered slopes do 

not appear to exist within the Caltrans right-of-way but exist within adjoining properties.  

Slopes steeper than 1½:1(horizontal:vertical) within the project area have experienced 

surficial sloughing.  Specifically, the slope located at the northwest quadrant of the site is at 

an inclination of about 1¼:1(horizontal:vertical) at its steepest inclination.  Our analyses 

indicate this slope is globally stable.  However, the slope has experienced surficial failures. 

Existing slopes at inclination of 2:1(horizontal:vertical) appear to be performing adequately.   

7.2. SUBSURFACE CONDITIONS 

The following sections describe the relevant geotechnical conditions that impact project design 

and excavations. 

7.2.1. Soil 

Sedimentary materials underlie the entire project and are exposed on the surface in areas 

previously excavated for existing improvements.  The sedimentary materials are comprised 

of interbeded siltstone, claystone, sandstone and cemented cobble conglomerate occurring 

locally.  The siltstone and claystones are hard.  The sandstone and cobble conglomerate 

are dense.  These formational materials will provide suitable support for roadways and 

retaining structures.   

Alluvial sediments associated with the San Diego River plain (Mission Valley) and the 

tributary drainage canyons that enter the river plain underlie most of the project area.  The 

alluvial deposits consist of gray, brown and tan, interbedded, sand, gravel, cobble, silt, and 

clay.  The alluvium is moist and ranges between medium dense to dense. The alluvium is 

considered suitable for the support of embankments, and standard plan retaining walls.   

Fill forms the embankments and portions of the SR-163 and Friars Road alignments.  The fill 

consists of moist, medium dense silty and clayey sand with cobble. The alluvium is 

considered suitable for the support of embankments, and standard plan retaining walls.     
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7.2.2. Groundwater 

SCS&T representatives observed groundwater in borings performed within alluvial areas.  

The groundwater elevation ranged in elevation between 12 feet above Mean Sea 

Level(MSL) and 38 MSL.   Groundwater levels are expected to fluctuate seasonally in the 

alluvial areas.   

7.2.3. Corrosion 

SCS&T obtained soil samples for corrosivity testing.  Figures V-68 and V-69 of Appendix V 

present the test results.    

7.3. SURFACE WATER 

Drainage is accomplished via sheet flow and swales that direct run-off toward drainage inlets to 

storm drains.    The San Diego River transects the southern portion of the site flowing in an east 

to west direction.  This river flows continuously throughout the year.  Additionally, flooding can 

occur during large rain events.   

7.3.1. Scour 

SCS&T representatives did not observe any scour within the San Diego River.  However, 

the alluvium within the flood plain can be considered scourable. 

7.3.2. Erosion 

SCS&T representatives observed erosion in the cut slopes located at the northwest 

quadrant of the site.  Slopes steeper than 2:1(horizontal:vertical) can be considered 

susceptible to erosion. 

7.4. SITE SEISMICITY 

The fault most likely to have a significant impact on the site is the Newport-Inglewood West 

Fault located approximately 1½ miles west of the site at its closest approach.  The Newport-

Inglewood West Fault is capable of producing a 7.0 magnitude earthquake (California Seismic 

Hazard Map 1996, Mualchin, L.).  The Palos Verde Coronado Banks Fault is approximately 4 

miles west of the site.  The Palos Verde Coronado Banks Fault is capable of producing a 7.5 

magnitude earthquake.  The Elsinore Fault Zone (Julian Segment) is approximately 40 miles 

northeast of the site.  No active or potentially active faults cross the alignment. The area is not 

susceptible to surface rupture.   

8. GEOTECHNICAL ANALYSIS AND DESIGN 

The following section describes the geotechnical analyses, parameters, and design criteria that 

should be used by project designers.  
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8.1. DYNAMIC ANALYSIS AND DESIGN 

Fill, alluvium and formational materials underlie the project site. The alluvium located within the 

San Diego River Plain is potentially liquefiable.  CPT’s performed at the site measured a shear 

wave velocity of about 260 meters per second for the alluvium within the San Diego River Plain.  

The formational materials underlying the site can be considered to be a Type D material.  

Preliminary acceleration response spectrum’s were determined using Caltrans ARS Online 

(V1.0.4).  Appendix VI presents the results.   

8.2. LIQUEFACTION ANALYSIS 

Liquefaction occurs when loose, saturated, generally fine sands and silts experience strong 

ground motions such as those produced by earthquakes.  The soils lose shear strength and 

become liquid.  Four conditions must be present for liquefaction to occur:   

 The soil is below the groundwater table, i.e., saturated; 
 The soil is composed predominantly of poorly graded sands; 
 The soil is loose to medium dense; 
 The soil is subject to a sufficient magnitude and duration of ground shaking. 

Liquefaction beneath the overcrossing is very unlikely due to the dense nature of materials 

below the interchange.  However, the materials encountered along the southern portion of the 

alignment that crosses the San Diego River Plain can be considered liquefiable.  Appendix VI 

presents our liquefaction analyses.   Table 2 presents a summary of our liquefaction analyses. 

Table 2 - Estimated Liquefaction Settlement  
 

Note (1): Analysis method reference in Robertson, P.K. and Wride, C.E., 1998. Cyclic Liquefaction and its Evaluation based on the 
CPT, Canadian Geotechnical Journal, 1998, Vol. 35, August; Evaluation of Liquefaction Resistance of Soils, ASCE, Journal of 
Geotechnical & Geoenvironmental Engineering, Vol. 127, October, pp 817-833.  
Note (2): Analysis method reference in Idriss, I.M. and Boulanger, R.W., 2008. Soil Liquefaction During Earthquake, EERI, April. 
Note (3): Based on site sloping condition. 

Identification 
Analytical 

Depth 
(feet) 

Estimated Vertical Settlement 
(inches) 

Estimated Lateral Spreading(3) 
(inches) 

NCEER 09/ 
R&W 98(1) 

I&B 08(2) 
NCEER 09/ 

R&W 98 
I&B 08 

CPT-1 55½ 11½ 12½ 144 124(3) 
CPT-2 59½ 6 6 47 36½ 
CPT-3 56 9 9½ 106 90 
CPT-4 62½ 9 10½ 112½ 93½ 
CPT-5 69 8 7½ 76 64 

R-12-034 80 - 14½ N/A 30½ 
R-12-038 77 - 11½ N/A 23½ 
R-12-040 81 - 10 N/A 19 
R-12-041 81 - 11½ N/A 27½ 
A-03-008 40 - ½ N/A 1 
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8.3. CUTS AND EXCAVATIONS 

Existing and proposed slopes were described in Section 2.0.  This section presents analyses 

used to determine the stability, rippability and grading factors of materials in proposed cuts or 

excavations.  

8.3.1. Stability 

Abutments 

Generally, fill slopes associated with the abutments should be constructed at a 2:1 

(horizontal:vertical) inclination.  The slope surface should consist of uniform, well-compacted 

soils in order to minimize the potential for erosion.   

SCS&T performed slope stability analyses using GStabl7V.2 software on the north-south 

cross section of Abutment 3.  Information from test borings A-03-003 and A-03-010 was 

used for the analysis.  The analysis indicated a factor of safety of 2.7 under static conditions.  

A Pseudo-Static analysis indicated a factor of safety of 1.7.  A horizontal acceleration of 

.23g was used for the pseudo-static analysis.  Appendix VI presents slope stability 

calculations.  

Permanent Cut Slopes  

Cut slopes associated with new on- and off-ramps are anticipated at the northwest quadrant 

of the site.  However, the final location, height, and inclination of cut slopes are unknown at 

this time. It is anticipated that the slope surface will consist of cobble and sandstone 

associated with the Stadium Conglomerate. Maintenance of the slope faces and 

construction of rock fall barrier, such as a Caltrans Type 60 Concrete Barrier, to contain 

loose cobbles will be needed.  The existing cut slope has an inclination of about 

1¼:1(horizontal:vertical).  We understand the toe of the existing slope will be excavated at 

an inclination of 1:1(horizontal:vertical).  We expect that this excavation will exposed dense, 

well-cemented sandstone and cobble conglomerate.  Our analyses indicate the slope will 

have an adequate factor-of-safety in respect to global stability. However, surficial instability 

should be expected.  Appendix VI presents slope stability calculations for this cut slope.   

Temporary Cut Slopes  

Temporary cut slopes may be defined as slopes that exist for a limited duration to facilitate 

construction of project features.  The configurations of temporary excavations are proposed 

by the Contractor and subject to the approval of the Engineer.  Conceptual temporary cut 

slopes proposed by the Contractor should follow the guidelines set forth in the Caltrans 

Trenching and Shoring Manual and in Section 11.0   
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8.3.2. Excavation Characteristics 

The majority of the fill, alluvium, very old paralic deposits, Stadium Conglomerate and Friars 

Formation are considered rippable with heavy-duty equipment in good working order.  

However, well-cemented zones should be expected within the very old paralic deposits and 

Stadium Conglomerate.  These areas will require rock-breaking equipment, similar to a D9 

with a single-shank ripper.   

Flowing sands, cobbles and boulders should be expected during drilling.  Casing and/or 

drilling mud will most likely be needed to maintain open drilled shafts.   

8.3.3. Grading Factors 

Excavated native materials placed as fill for the abutments and ramps are estimated to 

shrink approximately 5 percent in volume for earthwork estimating purposes.  Boulder size 

materials may be stockpiled for use in landscaping or appropriately handled in accordance 

with the Standard Specifications.   

8.4. EMBANKMENTS 

In order to provide the embankment width necessary to accommodate freeway and ramp 

widening, additional embankment fill will be placed atop existing fill slopes at some locations.  

Observation of the performance of existing embankments and the computer program GSTABL7 

with Stedwin v.2 were used to evaluate the stability of the embankments. 

Fill slopes inclined at an inclination of 2:1(horizontal:vertical) or flatter have an adequate factor-

of-safety in respect to global and surficial stability.   

Fill slopes up to about 23 feet in height are anticipated at the abutments.  Existing soils beneath 

planned embankment areas are granular and will compress rapidly under new fill loads.  Post-

construction surface settlement due to static loads is expected to be less than 2 inches.  

Appendix VI presents our analyses.  Settlement is expected to be complete within 

approximately 30 days after fill loads are applied.  Settlement should be monitored. Construction 

can begin before the 30-day settlement period if measurements indicate settlement is 

essentially complete. 

8.5. EARTH RETAINING SYSTEMS 

8.5.1. Foundations 

Shallow spread footings founded in compacted fill, competent alluvium, very old paralic 

deposits or Stadium Conglomerate can be used to support of the majority of the planned 

retaining walls.  Standard plan conditions are applicable to the walls presented in Table 3.  

Table 3 presents the retaining wall foundation type recommendations. 
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Table 3 - Retaining Wall Recommendations 

Wall Identification Wall Station 
Height 

Feet (H) 
Foundation 

Type 
Ground 

Line 

Friction 
Angle (Φ) 
Degrees 

RW #55 
“FR” 55+18.98 to 

56+29.99 
4.0-5.0 Spread Footing Case 1 30   

RW #72 
“FR-1” 247+37.32 to 

“FR” 73+67.41 
7.0-15.0 Spread Footing Case 1 30  

RW #74 
“FR” 73+67.41 to 

75+56.77 
5.0-7.0 Spread Footing Case 1 30  

RW #75 
“FR” 75+81.62 to 

78+05.11 
6.0-7.0 Spread Footing Case 1 30  

RW #76 
“FR” 75+64.79 to 

75+87.65 
4.0-5.0 Spread Footing Case 1 30  

RW #109 
“FR-4” 108+95.89 to 

114+99.93 
4.0-5.0 Spread Footing Case 1 30  

RW #216 
“R3” 264+49.75 to 

“CW” 98+74.83 
4.0-7.0 Spread Footing Case 1 30  

RW #245 
“FR-7” 245+22.38 to 

245+69.37 
29.0-38.0 Spread Footing Case 1 30  

RW #247 
“FR-7” 247+25.00 to 

247+75.00 
5.0-6.0 Spread Footing Case 2 30  

Case 1: Level ground on both sides of the wall 
Case 2: Level ground on the traffic side of the wall, sloping ground no steeper than 2:1 on opposite side. 
 
8.5.2. Passive Pressure 

Passive pressure for the design of retaining walls can be taken as 300 pounds per square 

per foot of depth.  This pressure can be increased by 1/3 for seismic loading.  An internal 

friction angle of 30 degrees can be used to determine the nominal sliding resistance between 

soil and concrete cast against soil for the foundation.    

8.5.3. Active Pressure 

The active soil pressure for the design of unrestrained earth retaining structures with level 

backfills can be taken as equivalent to the pressure of a fluid weighing 40 pounds per cubic 

foot (pcf).   An increase in soil pressure equivalent to an additional 2 feet of retained soil can 

be used to account for transient loads that may include traffic loads or temporary conditions.  

Alternatively surcharge loads can be determined in accordance with Article 3.6.1.2 of the 

AASHTO LRFD Bridge Design Specifications with Caltrans Amendments. If any other 

surcharge loads are anticipated, the project geotechnical engineer should be contacted for 

the necessary increase in soil pressure. The project designer should provide waterproofing 

specifications and details.  These pressures assume a granular drained backfill condition. 
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8.5.4. At-Rest Pressure 

The at-rest soil pressure for the design of restrained earth retaining structures with level 

backfills can be taken as equivalent to the pressure of a fluid weighing 55 pounds per cubic 

foot (pcf).  An increase in soil pressure equivalent to an additional 2 feet of retained soil can 

be used to account for transient loads that may include traffic loads or temporary conditions.  

Alternatively, surcharge loads can be determined in accordance with Article 3.6.1.2 of the 

AASHTO LRFD Bridge Design Specifications with Caltrans Amendments.   

A granular and drained backfill condition has been assumed. If any other surcharge loads are 

anticipated, the project geotechnical engineer should be contacted for the necessary 

increase in soil pressure.  

8.5.5. Seismic Pressure 

The following equivalent fluid weights can be used for the seismic design of the retaining 

walls.   

  Condition Equivalent Fluid Weight – Seismic 

  Active  55 pounds per cubic foot 
  At-Rest  75 pounds per cubic foot 
  Passive 390 pounds per cubic foot 

The equivalent fluid weights for seismic loading were determined using the Mononobe-

Okabe method presented in Appendix A11 of the AASHTO LRFD Bridge Design 

Specifications. The at-rest condition was estimated using an increase ratio similar to the 

active condition.  The horizontal acceleration coefficient of 0.23 (50% of the peak ground 

acceleration of 0.45g) in the Mononobe -Okabe method presented in Appendix A11 of the 

AASHTO LRFD Bridge Design Specifications.  The resultant of the seismic active and at-rest 

pressures should be applied at a depth of ½H from the top of the wall where H is equal to the 

total height of the wall.   

8.6. SOUND WALLS 

8.6.1. Foundations 

Compacted fill, alluvium, very old paralic deposits or Stadium Conglomerate can be used to 

support the planned sound walls.  The foundation systems for the planned sound walls 

located at the top of the slopes at the northwest quadrant of the site will most likely encounter 

cobbles greater than 6 inches in maximum dimension and ground surfaces that slope at 

inclinations steeper than 2:1(horizontal:vertical).  Based on Caltrans Geotechnical Manual, 

July 2010, cast-in-drilled-hole (CIDH) foundations are the most cost effective alternative.  

The project designer should perform a constructability review prior to determining the final 

foundation type. Table 4 presents the sound wall foundation-type recommendations. 
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Table 4 - Sound Wall Recommendations 

Wall 
Identification 

Wall Station 
Height

(H) 
(Feet) 

Foundati
on Type 

Ground 
Line1 

Friction 
Angle 

(Φ) 
Degree

s 

SW B9 
“CE” 236+48.03 to 

237+55.78 
6.0 Spread Case 1 30 

SW B8 
“MD” 255+76.66 to “FR-

5” 250+60.93 
8 CIDH Case 2 30 

SW B7 
“RG” 254+27.66 to 

“LB” 268+88.79 
8.0 CIDH Case 2 30 

B6 
“CO” 271+57.48 to 

“TA” 281+41.43 
8.0 CIDH Case 2 30 

SW B5A 
“SR-163” 265+22.21 to 

266+29.56 
14.0 Spread Case 2 30 

SW B5B 
“SR-163” 278+64.74 to 

282+01.09 
14.0 Spread Case 2 30 

SW B4 
“SR-163” 281+38.08 to 

290+56.54 
8.0 CIDH Case 2 30 

SWB3 
“JD2” 291+73.65 to 
“SR-163” 300+98.85 

8.0 CIDH Case 2 30 

SWB2 
“SR-163” 299+02.20 to 

304+30.91 
12.0 CIDH Case 2 30 

SWB1 
“GR” 311+03.44 to 

315+89.20 
8.0 Spread Case 2 30 

Case 1: Level ground on both sides of the wall 
Case 2: Level ground on the traffic side of the wall, sloping ground no steeper than 2:1 on opposite side. 

8.7. OVERHEAD SIGN FOUNDATIONS 

Eleven (11) overhead signs are proposed as part of this project. Six (6) overhead signs, of 

which five (5) are lightweight single-post and one (1) is a lightweight butterfly structure, will be 

located along Friars Road. There will be one (1) lightweight structure located on Ulric Street 

facing southbound traffic, and one (1) truss structure located along southbound SR-163 just 

north of the loop off-ramp. There are also three (3) proposed bridge mounted structures that will 

be located on the Friars Road Overcrossing facing northbound traffic.  

The design of appropriate CIDH pile foundations for each sign may be found in the Standard 

Plans. 

In general, the subsurface conditions at the overhead sign locations are suitable for standard 

CIDH pile foundations.  Groundwater and caving should be expected for excavation in alluvium 

and fill.  No caving is expected during pile excavation in the very old paralic deposits or Stadium 

Conglomerate.  Concretions are likely to be encountered for signs drilled along Ulric Street and 

southbound SR-163 just north of the loop off-ramp.   
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9. MATERIAL SOURCES 

No off-site material source has been identified for this project.  Material generated from on-site 

excavations will consist of primarily silty and clayey sand with cobbles and boulders derived 

from very old paralic deposits and Stadium Conglomerate.  The soil generated on-site is 

expected to be suitable for use as structure backfill after removal of oversize rocks.   

10. MATERIAL DISPOSAL 

Examples of material unsuitable embankment subgrade or fill include organic mud, highly 

expansive clay, stockpiled trash, and debris.  The geotechnical site review suggests that the 

majority of the material excavated can be used as fill. 

Material generated during construction that is found to be unsuitable for use as roadway 

subgrade, embankment fill, or topsoil should be placed in a suitable location within the project 

limits or properly disposed.   

11. RECOMMENDATIONS 

11.1. PERMANENT CUT SLOPES 

Permanent cut slope in fill should be excavated at an inclination of 2:1(horizontal:vertical) or 

flatter.  Permanent cut slopes in competent very old paralic deposits or Stadium Conglomerate 

can be excavated at an inclination of 1:1(horizontal:vertical) or flatter up to height of 12½ feet.  

Above a height of 12½ feet permanent cut slopes that expose competent very old paralic 

deposits or Stadium Conglomerate can be excavated at an inclination of 2:1(horizontal:vertical) 

or flatter. 

Cut slopes associated with new on- and off-ramps are anticipated at the northwest quadrant of 

the site.  However, the final location, height, and inclination of cut slopes are unknown at this 

time. It is anticipated that the slope surface will consist of cobble and sandstone associated with 

the Stadium Conglomerate. Maintenance of the slope faces and construction of rock fall barrier, 

such as a Caltrans Type 60 Concrete Barrier, to contain loose cobbles will be needed.  The 

existing cut slope has an inclination of about 1¼:1(horizontal:vertical).  We understand the toe 

(12½ feet above the bottom of the slope) of the existing slope will be excavated at an inclination 

of 1:1(horizontal:vertical).  We expect that this excavation will expose dense, well-cemented 

sandstone and cobble conglomerate.  Our analyses indicate the slope will have an adequate 

factor-of-safety in respect to global stability. However, surficial instability should be expected.  

Appendix VI presents slope stability calculations for this cut slope. 

11.2. TEMPORARY CUT SLOPES 

Under no circumstance should temporary cut slopes in fill be excavated at and inclination 

greater than 1:1(horizontal:vertical).  Temporary excavations that expose competent very old 
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paralic deposits or Stadium Conglomerate can be excavated at an inclination of 

½:1(horizontal:vertical) up to a height of 10 feet.  Above a height of 10 feet temporary cut slopes 

that expose competent very old paralic deposits or Stadium Conglomerate can be excavated at 

an inclination of 1:1(horizontal:vertical).  Under no circumstance should temporary cut slopes 

over a height of 10 feet be excavated at an inclination steeper than 1:1(horizontal:vertical).   

For construction of the soil nail wall, temporary excavations can be excavated vertically up to a 

height of 5 feet.   

11.3. PERMANENT FILL SLOPES  

Fill slopes should be constructed at an inclination of 2:1(horizontal:vertical) or flatter. 

11.4. UN-SUITABLE MATERIAL 

SCS&T expects materials with more than 30% cobble and boulders will be excavated.  This 

material will most likely need to be screened or crushed for use as structure fill.   

11.5. REMEDIAL GRADING 

Remedial grading is expected to be required along the southbound side of SR-163 between 

Stations 279+00 and 293+00.  The existing loose fill and alluvium will need to be excavated and 

replaced as engineered fill.  It is expected that about 10,000 cubic yards of material will need to 

be excavated.   

11.6. PAVEMENT STRUCTURAL SECTIONS 

Eleven R-value tests were performed on bulk samples obtained from the borings.  These 

samples are considered to be reasonably representative of materials likely to comprise final 

pavement subgrades along the ramp and mainline alignment (see Appendix V).  The lowest R-

value measured in the tests was 19.  Additional tests should be performed during final grading, 

when actual subgrade materials can be determined.  Dokken Engineering provided Traffic 

Indices (TIs).  Based on this information, the flexible pavement structural sections were 

calculated.  Table 5 presents the preliminary pavement section recommendations. 
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Table 5- Pavement Recommendations 

FRIARS ROAD AT SR 163 IMPROVEMENTS 

Location 
Traffic 
Index 

R-Value 
used for 
design 

AC Pavement 
Section 

JPCP Pavement Section 

Friars Road 12.5 20 8in HMA / 24in AB 
10.0 in JPCP /3in HMA-A    

/7.5in AS 

SR-163 Auxiliary Lanes 12.0 40 8in HMA / 14in AB 
10.0 in JPCP /3in HMA-A 

/7.5in AS 

Ulric Street 10.5 30 7in HMA / 15in AB 10.0 in JPCP / 16in Cl 2 AB 

SR-163 Inside Lanes 11.5 40 7.5in HMA / 13in AB 
10.0 in JPCP /3in HMA-A 

/7.5in AS 

SR-163 Outside Lanes 13.5 40 8.5in HMA / 16in AB 
10.0 in JPCP  /3in HMA-A 

/8.5in AS 

SR-163 
Shoulders 

8.5 40 5in HMA / 10in AB 8.5 in JPCP /12in AB 

SR-163 
(Friars Flyover/Undercrossing) 

11 40 7in HMA / 13in AB 10.0 in JPCP /16in AB 

SR-163 
(Friars Flyover/Undercrossing) 

Shoulders 
8 40 5in HMA / 10in AB 8.5 in JPCP /12in AB 

Ramps 10 40 6in HMA / 11.5in AB 9.0 in JPCP /12in AB 

Ramps 
Shoulders 

8 40 5in HMA / 8in AB 8.5 in JPCP /12in AB 

Collector-Distributor 11 30 7in HMA / 16.5in AB 10 in JPCP /16in AB 

Collector-Distributor 
Shoulders 

8 30 5in HMA / 11in AB 8.5 in JPCP /12in AB 

HMA – Hot Mix Asphalt  
HMA-A = Hot Mix Asphalt (TYPE A)  
JPCP – Jointed Plain Concrete Pavement (with lateral support) Table 623.1E Caltrans Highway Design Manual 
AB – Class 2 Aggregate Base 
AS – Class 4 Aggregate Subbase 

Alternate pavement sections can also be considered.  Final pavement alternatives will be 

developed in consultation with Dokken Engineering, Caltrans and city representatives.  

Unsuitable subgrade material should be removed and replaced with suitable material as 

identified by the project geotechnical engineer.  The removal should extend to a depth beyond 

the influence of the planned construction. 
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11.7. INFILTRATION RATE 

An infiltration basin is proposed to be located within the loop off-ramp in the northeast quadrant 

of the interchange. The basin is proposed to hold 0.5 acre-feet of volume with a maximum 

surface area of 0.3 acres.  

To verify that the soils at the proposed basin site are suitable for infiltration, an SCS&T 

representative performed an infiltration test at the proposed basin site on August 15, 2012.  A 

single test hole was excavated to a depth of approximately 24 inches below the existing ground 

surface.  The test was performed in accordance with ASTM D 3385.  The soil encountered in 

the test location is classified as a poorly graded gravel with silt and sand in accordance with 

ASTM D 2487.  An infiltration rate of approximately 1 inch per hour was measured. Table 6 

presents the field test data. 

Table 6  
Infiltration Field Test Data 

Time     Dt  Inner Ring  Annular Ring  Flow     Infiltration Rate 

Interval  Time  Total   Elev  ΔH  Elev  ΔH  Qf     Inner  Outer

   (hr:min)  Minutes  H(in.)  (in.)  H(in.)  (in.)  ΔH*Vr     in/hr  in/hr 

1 ‐ Start  12:00     14     18     796.5  outer     5 

End  12:30  30.00  11  3  13.5  4.5  235.5  inner  4    

2 ‐ Start  12:30     14     18     442.5  outer     3 

End  13:00  30.00  12.5  1.5  15.5  2.5  117.75  inner  2    

3 ‐ Start  13:00     14     18     442.5  outer     3 

End  13:30  30.00  13  1  15.5  2.5  78.5  inner  1    

4 ‐ Start  13:30     14     18     398.25  outer     2 

End  14:00  30.00  13  1  15.75  2.25  78.5  inner  1    

5 ‐ Start  14:00     14     18     354  outer     2 

End  14:30  30.00  13  1  16  2  78.5  inner  1    

6 ‐ Start  14:30     14     18     309.75  outer     2 

End  15:00  30.00  13  1  16.25  1.75  78.5  inner  1    

 

Based on the results of the infiltration test, the soil observed at the planned basin site is 

acceptable for the purposes of constructing an infiltration basin.  The resident engineer should 

observe the bottom of the planned basin during construction to verify sandy material is present. 

 



Dokken Engineering  February 28, 2013 
Friars Road and State Route 163, EA NUMBER 11225-085781 SCS&T No. 1111191P-1R2 
San Diego, California  Page 24 

 

12. DESIGN ADVISORIES 

1. The material derived from excavations in the fill, alluvium, very old paralic deposits, and 

Stadium Conglomerate within the project will be suitable for use as embankment fill.  It is 

expected that excavations in the conglomerate will expose cobbles and boulders. 

2. The subsurface conditions at each of the proposed overhead sign locations are suitable 

for Caltrans Standard CIDH pile foundations. 

13. CONSTRUCTION CONSIDERATIONS 

1. The on-site soils may generally be excavated with conventional heavy equipment in 

good working order.  It should be expected that the presence of cobble and concretions 

may create occasional difficulties during drilling and trenching operations.  Trenching 

and drilling operations should be capable of excavating through hard concretions. 

2. The total volume of concretions excavated on the project is not expected to exceed 500 

cubic yards.  Excavated concretions will need to be crushed and/or screened prior to use 

as engineered fill. 

3. Approximately 25,000 cubic yards of excavated material will need to be crushed and/or 

screened prior to use as engineered fill.  

4. Groundwater and caving should be expected within drilled shafts in the fill, alluvium and 

formational material.   

5. Temporary cut slopes proposed by the contractor should follow the guidelines set forth in 

the Caltrans Trenching and Shoring Manual.   

Under no circumstance should temporary cut slopes in fill be excavated at and 

inclination greater than 1:1(horizontal:vertical).  Temporary excavations that expose 

competent very old paralic deposits or Stadium Conglomerate can be excavated at an 

inclination of ½:1(horizontal:vertical) up to a height of 10 feet.  Above a height of 10 feet 

temporary cut slopes that expose competent very old paralic deposits or Stadium 

Conglomerate can be excavated at an inclination of 1:1(horizontal:vertical).  Under no 

circumstance should temporary cut slopes over a height of 10 feet be excavated at an 

inclination steeper than 1:1(horizontal:vertical).   

For construction of the soil nail wall, temporary excavations can be excavated vertically 

up to a height of 5 feet. 
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14. ACTUAL VS. REPORTED SITE CONDITIONS 

The characterization of geotechnical conditions along the project alignment and presented in 

this report are based on the review of the design information provided, proposed project 

features, as-built plans, geologic maps, geologic literature, archival reports, exploration by 

SCS&T, and laboratory testing.  The evaluations and recommendations contained in this 

reports, exploration by SCS&T, and laboratory testing.  The evaluations and recommendations 

contained in this report are based on the information discovered and data gathered.  If 

conditions are encountered during the project that appear to differ from the conditions conveyed 

in this report, or if construction difficulties related to soil conditions are encountered, the 

project’s Resident Engineer should be contacted to assist with the assessment of the prevailing 

geotechnical conditions and to assist in formulating appropriate strategies to facilitate project 

completion. 

Should project design features vary significantly from those described in this report an updated 

GDR should be prepared by SCS&T to address the geotechnical considerations. 
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APPENDIX V 
LABORATORY TESTING 

 
The laboratory test program was designed to fit the specific needs of this project and was 

limited to testing on-site materials.  A brief description of each type of test is presented below.  

Results are given on the following pages and on the boring logs in Appendix I. 

Moisture contents and dry densities were determined for numerous relatively undisturbed 

samples.  Results are listed on the log of test borings in Appendix III. 

The grain size distributions of 66 samples were determined in general accordance with ASTM D 

422.  Results are plotted on Pages V-1 through V-66. 

One-dimensional consolidation tests were performed on two relatively undisturbed samples in 

general accordance with ASTM D 2435.  Results are shown on PageV-70 through V-71. 

In addition to in-situ field tests, strength characteristics of the subsurface soils were determined 

in the laboratory by direct shear tests performed on seven relatively undisturbed samples.  

Specimens were submerged and tested at three normal loads.  The direct shear tests were 

performed in general accordance with ASTM D 3080.  Results are shown on Pages V-72 

through V-83. 

A maximum density and optimum moisture content test was performed in accordance with 

ASTM D 1557.  Results are presented on Page V-67. 

R-value tests were performed on eight samples of soil considered reasonably representative of 

final subgrade materials.  The tests were performed in accordance with California Test 301 

procedures.  Results are presented on Page V-67. 

Corrosivity tests were performed on 17 samples.  The pH and minimum resistivity were 

determined in general accordance with California Test 643.  Soluble sulfate content was 

determined in accordance with California Test 417.  Total chloride ion content was determined 

in accordance with California Test 532.  Results are presented on Page V-68 and V-69. 

An Unconfined Compressive Strength test was performed on one sample. The strength was 

determined in general accordance with ASTM D 2938. Results are shown on Page V-84. 

Soil samples not tested are now stored in our laboratory for future reference and analysis, if 

needed.  Unless notified to the contrary, all samples will be disposed of 30 days from the date of 

this report. 
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SAMPLE LOCATION: DESCRIPTION: SILTY SAND PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-12

9 feet to 
10 feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1

FINE COARSEMEDIUMFINE

0

10

0.0010.010.1110100

Grain Size in Millimeters

FINES
SANDGRAVEL

COARSE
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SAMPLE UNIFIED SOIL CLASSIFICATION: SP-SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-008 LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: POORLY-GRADED SAND with SILT PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-13

10 feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1

FINE COARSEMEDIUMFINE
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Grain Size in Millimeters
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COARSE
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SAMPLE UNIFIED SOIL CLASSIFICATION: SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-008 LIQUID LIMIT: N/A
SAMPLE LOCATION: DESCRIPTION: SILTY SAND PLASTIC LIMIT: N/A

PLASTICITY INDEX: NP

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-14

20 feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1

FINECOARSE MEDIUM
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Grain Size in Millimeters

FINES
SANDGRAVEL

COARSE FINE
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SAMPLE UNIFIED SOIL CLASSIFICATION: CL ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-008 LIQUID LIMIT: 43
SAMPLE LOCATION: DESCRIPTION: LEAN CLAY with SAND PLASTIC LIMIT: 23

PLASTICITY INDEX: 20

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-15

30 feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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SAMPLE UNIFIED SOIL CLASSIFICATION: ML ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-008 LIQUID LIMIT: 37
SAMPLE LOCATION: DESCRIPTION: SILT with SAND PLASTIC LIMIT: N/A

PLASTICITY INDEX: N/A

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-16

35½ feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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SAMPLE UNIFIED SOIL CLASSIFICATION: CL ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-008 LIQUID LIMIT: 44
SAMPLE LOCATION: 40 feet DESCRIPTION: LEAN CLAY with SAND PLASTIC LIMIT: 23

PLASTICITY INDEX: 21

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-17

FRIARS ROAD AT STATE ROUTE 163

1111191-1

FINECOARSE MEDIUM
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Grain Size in Millimeters
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COARSE FINE
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SAMPLE UNIFIED SOIL CLASSIFICATION: SM ATTERBERG LIMITS

EXPLORATION NUMBER: LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: SILTY SAND with GRAVEL PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-18

11½ feet to 
13½ feet

A-03-009

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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SAMPLE UNIFIED SOIL CLASSIFICATION: SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-010 LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: SILTY SAND with GRAVEL PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: DATE: 6/28/2012

JOB NUMBER: FIGURE: V-19

9 feet to 
11 feet

GF/EL

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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Grain Size in Millimeters
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SAMPLE UNIFIED SOIL CLASSIFICATION: CL ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-010 LIQUID LIMIT: 35
SAMPLE LOCATION: DESCRIPTION: LEAN CLAY with SAND PLASTIC LIMIT: 22

PLASTICITY INDEX: 13

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-20

12½ feet to 
13½ feet

FRIARS ROAD AT STATE ROUTE 163

0311116
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SAMPLE UNIFIED SOIL CLASSIFICATION: SC ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-012 LIQUID LIMIT: 30
SAMPLE LOCATION: DESCRIPTION: CLAYEY SAND with GRAVEL PLASTIC LIMIT: 14

PLASTICITY INDEX: 16

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-21

20½ feet to 
22½ feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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SAMPLE UNIFIED SOIL CLASSIFICATION: SC ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-012 LIQUID LIMIT: 33
SAMPLE LOCATION: DESCRIPTION: CLAYEY SAND with GRAVEL PLASTIC LIMIT: 17

PLASTICITY INDEX: 16

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-22

28 feet to 
29½ feet

FRIARS ROAD AT STATE ROUTE 163
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SAMPLE UNIFIED SOIL CLASSIFICATION: SP-SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-012 LIQUID LIMIT: -
SAMPLE LOCATION: 33 feet DESCRIPTION: POORLY-GRADED SAND with SILT PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-23

FRIARS ROAD AT STATE ROUTE 163
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SAMPLE UNIFIED SOIL CLASSIFICATION: SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-012 LIQUID LIMIT: -
SAMPLE LOCATION: 35 feet DESCRIPTION: SILTY SAND with GRAVEL PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-24

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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SAMPLE UNIFIED SOIL CLASSIFICATION: GP-GM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-013 LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-25

1 foot to 
3½ feet

POORLY-GRADED GRAVEL with SILT and 
SAND

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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SAMPLE UNIFIED SOIL CLASSIFICATION: SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-013 LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: SILT SAND with GRAVEL PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-26

26 feet to 
29½ feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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SAMPLE UNIFIED SOIL CLASSIFICATION: GW-GM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-015 LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-27

1 foot to 
3½ feet

WELL GRADED GRAVEL with SILT and SAND

FRIARS ROAD AT STATE ROUTE 163
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SAMPLE UNIFIED SOIL CLASSIFICATION: MH ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-017 LIQUID LIMIT: 51
SAMPLE LOCATION: 15 feet DESCRIPTION: ELASTIC SILT with SAND PLASTIC LIMIT: 31

PLASTICITY INDEX: 20

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-28

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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Grain Size in Millimeters
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SAMPLE UNIFIED SOIL CLASSIFICATION: SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-018 LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: SILTY SAND with GRAVEL PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-29

11½ feet 
to 14 feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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COARSE FINE



20

30

40

50

60

70

80

90

100 3/4" 3/8" #4 #8 #16 #30 #50 #100 #2001-1/2"

U.S. Standard Sieve Sizes

Hydrometer

P
er

ce
n

t 
F

in
er

 b
y 

W
ei

g
h

t

3" #10 #40

SAMPLE UNIFIED SOIL CLASSIFICATION: SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-019 LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: SILTY SAND with GRAVEL PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-30

16 feet to 
18 feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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SAMPLE UNIFIED SOIL CLASSIFICATION: SM ATTERBERG LIMITS

EXPLORATION NUMBER: A-03-020 LIQUID LIMIT: -
SAMPLE LOCATION: DESCRIPTION: SILTY SAND with GRAVEL PLASTIC LIMIT: -

PLASTICITY INDEX: -

SOUTHERN CALIFORNIA

SOIL & TESTING, INC. BY: GF/EL DATE: 6/28/2012
JOB NUMBER: FIGURE: V-31

5 feet to 9 
feet

FRIARS ROAD AT STATE ROUTE 163

1111191-1
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6"   3"   3/4"   1-½"   3/8"   #4   #10   #8   #30   #16   #50   #40   #100   #200   

−

−
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DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-32

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

GM ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

A-12-021 at 2 feet to 7 feet SILTY GRAVEL with 
SAND

DESCRIPTION

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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DATE:
JOB NUMBER: FIGURE:

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

A-12-023 at 3 feet to 8 feet POORLY-GRADED SAND 
with SILT 

DESCRIPTION

SP-SM ATTERBERG LIMITS

LIQUID LIMIT

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-33

FRIARS ROAD AND STATE ROUTE 163

BY: RB/AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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DATE:
JOB NUMBER: FIGURE:

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

A-12-028 at 2 feet to 6 feet SILTY SAND with 
GRAVEL

DESCRIPTION

SM ATTERBERG LIMITS

LIQUID LIMIT

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-34

FRIARS ROAD AND STATE ROUTE 163

BY: RB/AKN/EL

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-35

FRIARS ROAD AT STATE ROUTE 163

BY: AKN

SC ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

A-12-031 at 1 foot to 5 feet CLAYEY SAND with 
GRAVEL

DESCRIPTION

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-36

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SC ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

A-12-031 at 15 feet to 20 feet CLAYEY SAND with 
GRAVEL

DESCRIPTION

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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0 010 11101001000

U.S. Standard Sieve Sizes

P
er

ce
n

t 
F

in
er

 b
y 

W
ei

g
h

t
6"   3"   3/4"   1-½"   3/8"   #4   #10   #8   #30   #16   #50   #40   #100   #200   

−

−

−

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-37

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SC

CLAYEY SAND

ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONA-12-032 at 3 feet to 8 feet

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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0 010 11101001000

U.S. Standard Sieve Sizes
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6"   3"   3/4"   1-½"   3/8"   #4   #10   #8   #30   #16   #50   #40   #100   #200   

22
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-034 at 10 feet

Wc/LL 1.1

SM

SILTY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-38

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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25
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

R-12-034 at 30 feet POORLY-GRADED SAND 
with SILT

DESCRIPTION

Wc/LL 1.1

SP-SM ATTERBERG LIMITS

LIQUID LIMIT

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-39

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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30
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-034 at 45 feet

Wc/LL 1.0

SM

SILTY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-40

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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24
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-41

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SP-SM ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

R-12-034  at 50 feet POORLY-GRADED SAND 
with SILT

DESCRIPTION

Wc/LL 1.1

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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22
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-42

FRIARS ROAD AT STATE ROUTE 163

BY: AKN

SW-SM ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

R-12-034 at 70 feet WELL GRADED SAND with 
SILT and GRAVEL

DESCRIPTION

Wc/LL 0.7

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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30
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-034 at 100 feet

SM

SILTY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-43

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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28
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

R-12-038 at 10 feet
POORLY-GRADED SANDDESCRIPTION

Wc/LL 0.7

SP ATTERBERG LIMITS

LIQUID LIMIT

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-44

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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33
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-45

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SM

SILTY SAND

ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-038 at 30 feet

Wc/LL 1.2

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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30
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-038 at 40 feet

Wc/LL 1.0

SM

SILTY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-46

FRAIRS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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8

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-47

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SM

SILTY SAND

ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-038 at 50 feet

Wc/LL 0.7

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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40
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14

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-038 at 90 feet

SM

SILTY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-48

FRIARS ROAD AT STATE ROUTE 163

BY: AKN

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes

P
er

ce
n

t 
F

in
er

 b
y 

W
ei

g
h

t
6"   3"   3/4"   1-½"   3/8"   #4   #10   #8   #30   #16   #50   #40   #100   #200   

30
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-49

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SP-SM ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

R-12-040 at 15 feet POORLY-GRADED SAND 
with SILT

DESCRIPTION

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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27
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-50

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SP-SM ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

R-12-040 at 25 feet POORLY-GRADED SAND 
with SILT

DESCRIPTION

Wc/LL 0.8

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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36
31

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-040 at 45 feet

Wc/LL 0.9

MH

ELASTIC SILT with SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-51

FRIARS ROAD AT STATE ROUTE 163

BY: AKN

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay



0

10

20

30

40

50

60

70

80

90

100

0 010 11101001000

U.S. Standard Sieve Sizes
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31
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-040 at 60 feet

Wc/LL 0.8

ML

SANDY SILT

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-52

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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10

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-040 at 70 feet

SC

CLAYEY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-53

FRIARS ROAD AT STATE ROUTE 163

BY: AKN

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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23
24

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-040 at 100 feet

SC

CLAYEY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-54

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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23
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

R-12-041 at 25 feet
SILTY SAND with GRAVELDESCRIPTION

Wc/LL 1.0

SM ATTERBERG LIMITS

LIQUID LIMIT

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-55

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay



0

10

20

30

40

50

60

70

80

90

100

0 010 11101001000

U.S. Standard Sieve Sizes
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27
16

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-041 at 45 feet

ML

SILT with SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-56

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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25
N/A
N/A

DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONR-12-041 at 60 feet

Wc/LL 1.0

SM

SILTY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-57

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000
Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes

P
er

ce
n

t 
F

in
er

 b
y 

W
ei

g
h

t
6"   3"   3/4"   1-½"   3/8"   #4   #10   #8   #30   #16   #50   #40   #100   #200   
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15

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-58

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SC

CLAYEY SAND

ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONA-12-042 at 1 foot to 4 feet

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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8

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-59

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SC

CLAYEY SAND

ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONA-12-042 at 5 feet to 10 feet

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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U.S. Standard Sieve Sizes
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DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-60

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SC ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

A-12-044 at 1 foot to 5 feet CLAYEY SAND with 
GRAVEL

DESCRIPTION

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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DATE:
JOB NUMBER: FIGURE:

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

A-12-044 at 30 feet 35 feet CLAYEY GRAVEL with 
SAND

DESCRIPTION

GC ATTERBERG LIMITS

LIQUID LIMIT

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-61

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONA-12-044 at 45 feet to 50 feet

CL

SANDY LEAN CLAY

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-62

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay



0

10

20

30

40

50

60

70

80

90

100

0 010 11101001000

U.S. Standard Sieve Sizes

P
er

ce
n

t 
F

in
er

 b
y 

W
ei

g
h

t
6"   3"   3/4"   1-½"   3/8"   #4   #10   #8   #30   #16   #50   #40   #100   #200   

33
19
15

DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-63

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SC ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

A-12-047 at 1 foot to 5 feet
CLAYEY SANDDESCRIPTION

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONA-12-047 at 15 feet

CH

FAT CLAY

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-64

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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DATE:
JOB NUMBER: FIGURE:

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONA-12-049 at 5 feet to 10 feet

SC

CLAYEY SAND

ATTERBERG LIMITS

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-65

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay
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DATE:
JOB NUMBER: FIGURE:

SOUTHERN CALIFORNIA
SOIL & TESTING, INC.

1111191-1
6/28/12

V-66

FRIARS ROAD AT STATE ROUTE 163

BY: AKN/EL

SC

CLAYEY SAND

ATTERBERG LIMITS

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION:

DESCRIPTIONA-12-051 at 5 feet to 10 feet

0.010.11101001000

Grain Size in Millimeters

Cobbles Gravel
Coarse Fine

Sand
Coarse Medium Fine

Silt or Clay



METHOD ASTM - D1557

MAXIMUM OPTIMUM
DRY DENSITY MOISTURE

(pcf) (pcf)

128.2 8.5

BY: DATE:

JOB NO.: FIGURE: V-67

Brown clayey SAND 53

A-12-043 at 1 foot to 5 feet Brown clayey SAND 40

75

A-03-020 at 1 foot to 4½ feet Tan silty SAND 73

A-12-030 at 1 foot to 5 feet Brown clayey SAND 37

56

A-03-009 at 1 foot to 4½ feet Brown silty SAND with GRAVEL 19

A-03-011 at 1 foot to 4½ feet Yellowish brown silty SAND 34

                MAXIMUM DENSITY & OPTIMUM MOISTURE CONTENT         

SAMPLE

R- Value

49

A-03-005 at 1 foot to 3½ feet
Yellowish brown well-graded GRAVEL 

with SILT and SAND
55

A-12-044 at 10 feet to 15 feet Brown clayey SAND with GRAVEL

DESCRIPTION

7/2/2012

    SOUTHERN CALIFORNIA
    SOIL & TESTING, INC.

FRIARS ROAD AT STATE ROUTE 163
EL

R - Value

Caltran Test 301

A-03-007 at 1 foot to 4½ feet Tan silty SAND 22

1111191-1

A-03-008 at 1 foot to 4½ feet Tan silty SAND with GRAVEL

A-03-017 at 1 foot to 4½ feet Tan silty SAND

DESCRIPTION

Tan poorly-graded GRAVEL with SILT

SAMPLE IDENTIFICATION

A-03-002 at 1 foot to 3½ feet

A-12-033 at 1 foot to 5 feet



BY: DATE:

JOB NUMBER FIGURE:

Minimum f'c, Normal-
Weight and Lightweight 
Aggregate Concrete, psi

0.50

0.002

SOLUBLE SULFATE (%)

0.00-0.10

0.10-0.20

RESISTIVITY, pH, SOLUBLE SULFATE, CHLORIDE
Caltrans Corrosion Guidelines, Version 1.0 (September 2003)

ACI 318-05 Building Code Requirements for Structural Concrete                                                     
Table 4.3.1 Requirements for Concrete Exposed to Sulfate-Containing Solutions

II,IP(MS),IS(MS), P(MS), 
I(PM)(MS), I(SM)(MS)

-

4000

Negligible

Moderate

-

CHLORIDE (%)

-

A-03-001 at 10 feet 3100

Cement Type

Maximum Water-
Cementitious Materials 

Ratio, By Weight, 
Normal Weight 

Aggregate Concrete

Sulfate 
Exposure

Water-Soluble Sulfate (SO4) in 

Soil Percentage by Weight

0.005

A-03-002 at 12½ feet

6.7

* Corrosive enivronment as determined by the California Department of Transportation Division of Engineering Services, Materials Engineering and testing 
Services Corrosion Technology Branch, 2003;Corrosion Guidelines Version 1.0, September 2003

>0.05

CHLORIDE

<5.5 >0.2
Corrosive Environment*

RESISTIVITY( Ω - cm) pH SOLUBLE SULFATE

<1000

1111191-1

    SOUTHERN CALIFORNIA
    SOIL & TESTING, INC. GF/EL

FRIARS ROAD AT STATE ROUTE 163

6/28/2012

V-68

pHSAMPLE IDENTIFICATION

V plus pozzolan
V

A-03-001 at 30 feet - 7.5

RESISTIVITY 
(Ω-cm)

0.001

Caltrans Corrosion Criteria

Over 2.00
Severe

Very Severe
4500
4500

0.20-2.00
0.45
0.45

0.012

A-03-002 at 1 ft. to 3½ ft. 1870 8.7 0.007 0.001

- 9 0.001 -

A-03-002 at 26 ft. to 28 ft. 935 8.4 0.017 0.015

A-03-003 at 1 ft. to 3½ ft. 2204 8.1 0.008 0.007

A-03-003 at 32 ft. to 34 ft. 1336 7.7 0.025 0.006

A-03-003 at 45 feet - 7.1 0.016 0.023

A-03-009 at 1 ft. to 3½ ft. 1536 8.8 0.007 0.003

A-03-012 at 1 ft. to 3½ ft. 1403 8.4 0.011 0.004

A-03-015 at 1 ft. to 3½ ft. 868 7.4 0.037 0.018

A-03-017 at 1 ft. to 3½ ft. 1136 8.9 0.049 0.003



RESISTIVITY 
(Ω-cm)

8.2 0.013 0.007

SOLUBLE SULFATE (%)

RESISTIVITY, pH, SOLUBLE SULFATE, CHLORIDE
Caltrans Corrosion Guidelines, Version 1.0 (September 2003)

CHLORIDE (%)

A-12-034 at 25 feet 1800

pH
SAMPLE 

IDENTIFICATION

R-12-038 at 4 ft. to 9 ft. 2300 8.2

0.017 0.005

A-12-044 at 1 ft. to 5 ft. 1750 9.2 0.003 0.002

0.011 0.004

R-12-038 at 80 ft. 1500 8.8

R-12-041 at 10 ft. 1120 7.8 0.018 0.006

BY: DATE:

JOB NO.: FIGURE:

Minimum f'c, Normal-Weight 
and Lightweight Aggregate 

Concrete, psi

0.50

0.00-0.10

0.10-0.20

ACI 318-05 Building Code Requirements for Structural Concrete                                                    
Table 4.3.1 Requirements for Concrete Exposed to Sulfate-Containing Solutions

II,IP(MS),IS(MS), P(MS), 
I(PM)(MS), I(SM)(MS)

-

4000

Negligible

Moderate

-

0.45
0.45

-

Cement Type

Maximum Water-
Cementitious Materials 

Ratio, By Weight, Normal 
Weight Aggregate 

Concrete

Sulfate 
Exposure

Water-Soluble Sulfate 
(SO4) in Soil 

Percentage by Weight

* Corrosive enivronment as determined by the California Department of Transportation Division of Engineering Services, Materials Engineering and 
testing Services Corrosion Technology Branch, 2003;Corrosion Guidelines Version 1.0, September 2003

>0.05

CHLORIDE

<5.5 >0.2
Corrosive Environment*

RESISTIVITY( Ω - cm) pH SOLUBLE SULFATE

<1000

1111191-1

    SOUTHERN CALIFORNIA
    SOIL & TESTING, INC. GF/EL

FRIARS ROAD AT STATE ROUTE 163

6/28/2012

V-69

V plus pozzolan
V

Caltrans Corrosion Criteria

Over 2.00
Severe

Very Severe
4500
4500

0.20-2.00



A-03-003 at 20 feet
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One Dimensional Consolidation

AKN DATE: 6/28/2012
1111191-1 FIGURE: V-70

SOUTHERN CALIFORNIA SOIL 
AND TESTING BY:

JOB NUMBER:

FRIARS ROAD AT STATE ROUTE 163
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A-03-003 at 25 feet
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One Dimensional Consolidation

AKN DATE: 6/28/2012
1111191-1 FIGURE: V-71

SOUTHERN CALIFORNIA SOIL 
AND TESTING BY:

JOB NUMBER:

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

silty SAND (in-situ)

Shear Strength at 31 8
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-72

FRIARS ROAD AT STATE ROUTE 163

A-03-001 at 5 feet
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Confining Pressure (ksf)
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

A-03-002 at 7.2 feet clayey SAND (in-situ)

Shear Strength at 36 162
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-73

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

clayey SAND (in-situ)

Shear Strength at 31 265
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-74

FRIARS ROAD AT STATE ROUTE 163

A-03-002 at 10 feet
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

A-03-003 at 20 feet clayey SAND (in-situ)

Shear Strength at 28 231
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-75

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

A-03-003 at 22 feet clayey SAND (in-situ)

Shear Strength at 31 178
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-76

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

A-03-003 at 25 feet clayey SAND (in-situ)

Shear Strength at 38 85
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-77

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

A-03-003 at 27.2 feet clayey SAND (in-situ)

Shear Strength at 23 1196
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-78

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

A-12-030 at 10 feet

Shear Strength at 36 182
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-79

clayey SAND (in-situ)

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

R-12-040 at 10 feet

Shear Strength at 37 93
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-80

poorly-graded SAND with SILT (in-
situ)

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

R-12-041 at 15 feet

Shear Strength at 32 326
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-81

poorly-graded SAND with SILT (in-
situ)

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

silty SAND with GRAVEL    
(in-situ)

Shear Strength at 37 228
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-82

A-12-044 at         
10 ft to 15 ft

FRIARS ROAD AT STATE ROUTE 163
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Direct Shear Test Results

Shear Strength at 0.2 inches of 
Deformation

INTERNAL COHESION
FRICTION INTERCEPT

SAMPLE DESCRIPTION ANGLE(DEG.) (PSF)

A-12-044 at 40 feet

Shear Strength at 19 307
0.2 inches of Deformation

SOUTHERN CALIFORNIA
SOIL & TESTING BY: RNB DATE: 6/28/2012

JOB NUMBER: 1111191-1 FIGURE: V-83

clayey SAND with GRAVEL (in-situ)

FRIARS ROAD AT STATE ROUTE 163
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By: Date:

Job No.: Figure:

115.2 12.6

UNCONFINED COMPRESSIVE STRENGTH 
(psi)

29.1

SAMPLE
DRY DENSITY 

(pcf)
MOISTURE

(%)

FRIARS ROAD AT STATE ROUTE 163

EL

1111191-1

    SOUTHERN CALIFORNIA
    SOIL & TESTING, INC.

UNCONFINED COMPRESSIVE STRENGTH

A-03-014 at 19 feet

 (ASTM 2938)

V-84

7/2/2012
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FILL SETTLEMENT ANALYSIS

1 2 3 4 5 6 7 8 9 10 11 12
Depth USCS Ground- Total Total Pore Effective Change Cc/ Thickness Layer Sum

(ft) Soil Water Unit Stress Water Stress Stress 1+e of Settlement of
Classif. Depth Weight Pressure Layer Settlement

(ft) (pcf) (psf) (psf) (psf) (psf) 0.01 (ft) (in) (in)

2 GM/SM 33.50 109.00 218.00 0 218.00 2900.00 0.01 2.00 2/7 2/7
4 GM/SM 33.50 109.00 436.00 0 436.00 2900.00 0.01 2.00 1/5 1/2
6 GM/SM 33.50 109.00 654.00 0 654.00 2900.00 0.01 2.00 1/6 2/3
8 GM/SM 33.50 109.00 872.00 0 872.00 2900.00 0.01 2.00 1/7 5/6

10 SC 33.50 96.00 1064.00 0 1064.00 2900.00 0.01 2.00 1/7 1
12 SC 33.50 96.00 1256.00 0 1256.00 2900.00 0.01 2.00 1/8 1
14 SC 33.50 96.00 1448.00 0 1448.00 2900.00 0.01 2.00 1/9 1 1/5
16 SC 33.50 96.00 1640.00 0 1640.00 2900.00 0.01 2.00 1/9 1 1/3
18 SC 33.50 96.00 1832.00 0 1832.00 2900.00 0.01 2.00 9/91 1 2/5
20 SC 33.50 96.00 2024.00 0 2024.00 2900.00 0.01 2.00 24/259 1 1/2
22 SC 33.50 96.00 2216.00 0 2216.00 2900.00 0.01 2.00 15/172 1 4/7
24 SC 33.50 96.00 2408.00 0 2408.00 2900.00 0.01 2.00 29/352 1 2/3
26 SC 33.50 96.00 2600.00 0 2600.00 2900.00 0.01 2.00 77/986 1 3/4
28 SC 33.50 96.00 2792.00 0 2792.00 2900.00 0.01 2.00 32/431 1 4/5
30 SC 33.50 96.00 2984.00 0 2984.00 2900.00 0.01 2.00 23/325 1 8/9
32 SC 33.50 96.00 3176.00 0 3176.00 2900.00 0.01 2.00 19/281 2
34 SW 33.50 130.00 3436.00 31.2 3404.80 2900.00 0.01 2.00 7/109 2
36 SW 33.50 130.00 3696.00 156 3540.00 2900.00 0.01 2.00 61/978 2
38 SW 33.50 130.00 3956.00 280.8 3675.20 2900.00 0.01 2.00 2/33 2 1/7
40 SW 33.50 130.00 4216.00 405.6 3810.40 2900.00 0.001 2.00 2/339 2 1/7
42 SW 33.50 130.00 4476.00 530.4 3945.60 2900.00 0.001 2.00 1/174 2 1/7
44 SW 33.50 130.00 4736.00 655.2 4080.80 2900.00 0.001 2.00 3/536 2 1/6
46 SW 33.50 130.00 4996.00 780 4216.00 2900.00 0.001 2.00 4/733 2 1/6
48 SW 33.50 130.00 5256.00 904.8 4351.20 2900.00 0.001 2.00 1/188 2 1/6
50 SM 33.50 102.00 5460.00 1029.6 4430.40 2900.00 0.001 2.00 2/381 2 1/6
52 SM 33.50 123.00 5706.00 1154.4 4551.60 2900.00 0.001 2.00 3/584 2 1/6
54 SM 33.50 123.00 5952.00 1279.2 4672.80 2900.00 0.001 2.00 4/795 2 1/5
56 SM 33.50 123.00 6198.00 1404 4794.00 2900.00 0.001 2.00 1/203 2 1/5
58 SM 33.50 123.00 6444.00 1528.8 4915.20 2900.00 0.001 2.00 1/207 2 1/5
60 SM 33.50 123.00 6690.00 1653.6 5036.40 2900.00 0.001 2.00 1/211 2 1/5

TOTAL SETTLEMENT (in) 2

SOUTHEREN CALIFORNIA
FRIARS ROAD AT STATE ROUTE 163

By: GF/SV/EL Date: 07/02/12
Job No.: 1111191-1 Figure: VI-1

SOUTHEREN CALIFORNIA       
SOIL AND TESTING
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1  

2  

3  

4  

5  

1

1

1

2

3

W1 W1

bcd
efg

h ij
a

# FS
a 2.7
b 2.8
c 2.8
d 2.8
e 2.8
f 2.8
g 2.8
h 2.8
i 2.8
j 2.8

Soil
Desc.

FILL
Qal
Tst

Soil
Type
No.
1
2
3

Total
Unit Wt.
(kN/m3)
125.0
96.2
130.0

Saturated
Unit Wt.
(kN/m3)

0.0
0.0
0.0

Cohesion
Intercept

(kPa)
100.0
180.0

1000.0

Friction
Angle
(deg)
32.5
31.0
30.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(kPa)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

GSTABL7 v.2  FSmin=2.7
Safety Factors Are Calculated By The Modified Bishop Method
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1  

2  

3  

4  

5  

1

1

1

2

3

W1 W1

bc def
gh ij
a

# FS
a 1.7
b 1.7
c 1.7
d 1.7
e 1.7
f 1.7
g 1.7
h 1.7
i 1.7
j 1.8

Soil
Desc.

FILL
Qal
Tst

Soil
Type
No.
1
2
3

Total
Unit Wt.
(kN/m3)
125.0
96.2
130.0

Saturated
Unit Wt.
(kN/m3)

0.0
0.0
0.0

Cohesion
Intercept

(kPa)
100.0
180.0

1000.0

Friction
Angle
(deg)
32.5
31.0
30.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(kPa)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

Load Value
Peak(A) 0.453(g)
kh Coef. 0.230(g)<

GSTABL7 v.2  FSmin=1.7
Safety Factors Are Calculated By The Modified Bishop Method
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Newport Inglewood-Rose Canyon fault zone (San Diego section)
Fault ID: 224
Maximum Magnitude (MMax): 7.5
Fault Type: RLSS
Fault Dip: 90 Deg
Dip Direction: V
Bottom of Rupture Plane: 13.00 km
Top of Rupture Plane(Ztor): 0.00 km
Rrup 3.59 km
Rjb: 3.59 km
Rx: 3.59 km
Fnorm: 0
Frev: 0 

Period SA(Base 
Spectrum) Basin Factor

Near Fault 
Factor
(Applied)

SA(Final 
Spectrum)

0.01 0.453 1.000 1.000 0.453
0.02 0.463 1.000 1.000 0.463
0.022 0.470 1.000 1.000 0.470
0.025 0.481 1.000 1.000 0.481
0.029 0.496 1.000 1.000 0.496
0.03 0.501 1.000 1.000 0.501
0.032 0.512 1.000 1.000 0.512
0.035 0.529 1.000 1.000 0.529
0.036 0.535 1.000 1.000 0.535
0.04 0.558 1.000 1.000 0.558
0.042 0.570 1.000 1.000 0.570
0.044 0.582 1.000 1.000 0.582
0.045 0.589 1.000 1.000 0.589
0.046 0.595 1.000 1.000 0.595
0.048 0.607 1.000 1.000 0.607
0.05 0.620 1.000 1.000 0.620
0.055 0.652 1.000 1.000 0.652
0.06 0.684 1.000 1.000 0.684
0.065 0.715 1.000 1.000 0.715
0.067 0.727 1.000 1.000 0.727
0.07 0.744 1.000 1.000 0.744
0.075 0.773 1.000 1.000 0.773

Shear Wave Velocity, Vs30: 760 m/s
Latitude: 32.771967
Longitude: -117.160527
Depth to Vs = 1.0 km/s: 24 m 
Depth to Vs = 2.5 km/s: 2.00 km

 
DETERMINISTIC 
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0.08 0.800 1.000 1.000 0.800
0.085 0.826 1.000 1.000 0.826
0.09 0.851 1.000 1.000 0.851
0.095 0.874 1.000 1.000 0.874
0.1 0.896 1.000 1.000 0.896
0.11 0.932 1.000 1.000 0.932
0.12 0.963 1.000 1.000 0.963
0.13 0.988 1.000 1.000 0.988
0.133 0.994 1.000 1.000 0.994
0.14 1.008 1.000 1.000 1.008
0.15 1.023 1.000 1.000 1.023
0.16 1.033 1.000 1.000 1.033
0.17 1.039 1.000 1.000 1.039
0.18 1.044 1.000 1.000 1.044
0.19 1.046 1.000 1.000 1.046
0.2 1.047 1.000 1.000 1.047
0.22 1.014 1.000 1.000 1.014
0.24 0.983 1.000 1.000 0.983
0.25 0.967 1.000 1.000 0.967
0.26 0.949 1.000 1.000 0.949
0.28 0.917 1.000 1.000 0.917
0.29 0.900 1.000 1.000 0.900
0.3 0.884 1.000 1.000 0.884
0.32 0.858 1.000 1.000 0.858
0.34 0.832 1.000 1.000 0.832
0.35 0.820 1.000 1.000 0.820
0.36 0.808 1.000 1.000 0.808
0.38 0.784 1.000 1.000 0.784
0.4 0.761 1.000 1.000 0.761
0.42 0.741 1.000 1.000 0.741
0.44 0.720 1.000 1.000 0.720
0.45 0.711 1.000 1.000 0.711
0.46 0.702 1.000 1.000 0.702
0.48 0.683 1.000 1.000 0.683
0.5 0.667 1.000 1.000 0.667
0.55 0.618 1.000 1.020 0.631
0.6 0.577 1.000 1.040 0.600
0.65 0.542 1.000 1.060 0.574
0.667 0.531 1.000 1.067 0.566
0.7 0.511 1.000 1.080 0.552
0.75 0.484 1.000 1.100 0.532
0.8 0.459 1.000 1.120 0.514
0.85 0.437 1.000 1.140 0.498
0.9 0.417 1.000 1.160 0.484
0.95 0.399 1.000 1.180 0.471
1 0.382 1.000 1.200 0.459
1.1 0.350 1.000 1.200 0.420
1.2 0.323 1.000 1.200 0.387
1.3 0.299 1.000 1.200 0.358
1.4 0.278 1.000 1.200 0.333
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1.5 0.259 1.000 1.200 0.310
1.6 0.241 1.000 1.200 0.289
1.7 0.226 1.000 1.200 0.271
1.8 0.212 1.000 1.200 0.254
1.9 0.199 1.000 1.200 0.239
2 0.188 1.000 1.200 0.226
2.2 0.168 1.000 1.200 0.201
2.4 0.152 1.000 1.200 0.182
2.5 0.144 1.000 1.200 0.173
2.6 0.138 1.000 1.200 0.166
2.8 0.127 1.000 1.200 0.152
3 0.117 1.000 1.200 0.140
3.2 0.108 1.000 1.200 0.130
3.4 0.101 1.000 1.200 0.121
3.5 0.098 1.000 1.200 0.117
3.6 0.095 1.000 1.200 0.114
3.8 0.089 1.000 1.200 0.107
4 0.084 1.000 1.200 0.100
4.2 0.079 1.000 1.200 0.095
4.4 0.075 1.000 1.200 0.090
4.6 0.072 1.000 1.200 0.086
4.8 0.068 1.000 1.200 0.082
5 0.065 1.000 1.200 0.078

 
PROBABILISTIC 
 

Probabilistic Model  
USGS Seismic Hazard Map(2008) 975 Year Return Period

Period SA(Base 
Spectrum) Basin Factor

Near Fault 
Factor
(Applied)

SA(Final 
Spectrum)

0.01 0.309 1.000 1.000 0.309
0.02 0.379 1.000 1.000 0.379
0.022 0.390 1.000 1.000 0.390
0.025 0.405 1.000 1.000 0.405
0.029 0.423 1.000 1.000 0.423
0.03 0.428 1.000 1.000 0.428
0.032 0.436 1.000 1.000 0.436
0.035 0.447 1.000 1.000 0.447
0.036 0.451 1.000 1.000 0.451
0.04 0.465 1.000 1.000 0.465
0.042 0.472 1.000 1.000 0.472
0.044 0.479 1.000 1.000 0.479
0.045 0.482 1.000 1.000 0.482
0.046 0.485 1.000 1.000 0.485
0.048 0.491 1.000 1.000 0.491
0.05 0.497 1.000 1.000 0.497
0.055 0.511 1.000 1.000 0.511
0.06 0.524 1.000 1.000 0.524
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0.065 0.537 1.000 1.000 0.537
0.067 0.542 1.000 1.000 0.542
0.07 0.549 1.000 1.000 0.549
0.075 0.560 1.000 1.000 0.560
0.08 0.571 1.000 1.000 0.571
0.085 0.581 1.000 1.000 0.581
0.09 0.591 1.000 1.000 0.591
0.095 0.601 1.000 1.000 0.601
0.1 0.610 1.000 1.000 0.610
0.11 0.624 1.000 1.000 0.624
0.12 0.637 1.000 1.000 0.637
0.13 0.649 1.000 1.000 0.649
0.133 0.652 1.000 1.000 0.652
0.14 0.660 1.000 1.000 0.660
0.15 0.671 1.000 1.000 0.671
0.16 0.681 1.000 1.000 0.681
0.17 0.691 1.000 1.000 0.691
0.18 0.701 1.000 1.000 0.701
0.19 0.710 1.000 1.000 0.710
0.2 0.718 1.000 1.000 0.718
0.22 0.687 1.000 1.000 0.687
0.24 0.660 1.000 1.000 0.660
0.25 0.647 1.000 1.000 0.647
0.26 0.636 1.000 1.000 0.636
0.28 0.614 1.000 1.000 0.614
0.29 0.604 1.000 1.000 0.604
0.3 0.595 1.000 1.000 0.595
0.32 0.569 1.000 1.000 0.569
0.34 0.546 1.000 1.000 0.546
0.35 0.535 1.000 1.000 0.535
0.36 0.525 1.000 1.000 0.525
0.38 0.506 1.000 1.000 0.506
0.4 0.489 1.000 1.000 0.489
0.42 0.473 1.000 1.000 0.473
0.44 0.458 1.000 1.000 0.458
0.45 0.451 1.000 1.000 0.451
0.46 0.444 1.000 1.000 0.444
0.48 0.431 1.000 1.000 0.431
0.5 0.420 1.000 1.000 0.420
0.55 0.385 1.000 1.020 0.393
0.6 0.356 1.000 1.040 0.371
0.65 0.332 1.000 1.060 0.352
0.667 0.324 1.000 1.067 0.346
0.7 0.311 1.000 1.080 0.335
0.75 0.292 1.000 1.100 0.321
0.8 0.275 1.000 1.120 0.308
0.85 0.261 1.000 1.140 0.297
0.9 0.248 1.000 1.160 0.287
0.95 0.236 1.000 1.180 0.278
1 0.225 1.000 1.200 0.270
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Period SA
0.01 0.453
0.02 0.463
0.022 0.470
0.025 0.481
0.029 0.496
0.03 0.501
0.032 0.512
0.035 0.529
0.036 0.535
0.04 0.558
0.042 0.570
0.044 0.582
0.045 0.589
0.046 0.595
0.048 0.607

1.1 0.204 1.000 1.200 0.245
1.2 0.187 1.000 1.200 0.224
1.3 0.172 1.000 1.200 0.207
1.4 0.160 1.000 1.200 0.192
1.5 0.149 1.000 1.200 0.179
1.6 0.140 1.000 1.200 0.167
1.7 0.131 1.000 1.200 0.157
1.8 0.124 1.000 1.200 0.149
1.9 0.117 1.000 1.200 0.141
2 0.111 1.000 1.200 0.133
2.2 0.100 1.000 1.200 0.119
2.4 0.090 1.000 1.200 0.108
2.5 0.086 1.000 1.200 0.103
2.6 0.082 1.000 1.200 0.098
2.8 0.075 1.000 1.200 0.090
3 0.069 1.000 1.200 0.083
3.2 0.064 1.000 1.200 0.077
3.4 0.060 1.000 1.200 0.072
3.5 0.058 1.000 1.200 0.069
3.6 0.056 1.000 1.200 0.067
3.8 0.052 1.000 1.200 0.062
4 0.049 1.000 1.200 0.059
4.2 0.047 1.000 1.200 0.056
4.4 0.045 1.000 1.200 0.054
4.6 0.043 1.000 1.200 0.051
4.8 0.041 1.000 1.200 0.049
5 0.040 1.000 1.200 0.048

 
 

Envelope Data 
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0.05 0.620
0.055 0.652
0.06 0.684
0.065 0.715
0.067 0.727
0.07 0.744
0.075 0.773
0.08 0.800
0.085 0.826
0.09 0.851
0.095 0.874
0.1 0.896
0.11 0.932
0.12 0.963
0.13 0.988
0.133 0.994
0.14 1.008
0.15 1.023
0.16 1.033
0.17 1.039
0.18 1.044
0.19 1.046
0.2 1.047
0.22 1.014
0.24 0.983
0.25 0.967
0.26 0.949
0.28 0.917
0.29 0.900
0.3 0.884
0.32 0.858
0.34 0.832
0.35 0.820
0.36 0.808
0.38 0.784
0.4 0.761
0.42 0.741
0.44 0.720
0.45 0.711
0.46 0.702
0.48 0.683
0.5 0.667
0.55 0.631
0.6 0.600
0.65 0.574
0.667 0.566
0.7 0.552
0.75 0.532
0.8 0.514
0.85 0.498
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0.9 0.484
0.95 0.471
1 0.459
1.1 0.420
1.2 0.387
1.3 0.358
1.4 0.333
1.5 0.310
1.6 0.289
1.7 0.271
1.8 0.254
1.9 0.239
2 0.226
2.2 0.201
2.4 0.182
2.5 0.173
2.6 0.166
2.8 0.152
3 0.140
3.2 0.130
3.4 0.121
3.5 0.117
3.6 0.114
3.8 0.107
4 0.100
4.2 0.095
4.4 0.090
4.6 0.086
4.8 0.082
5 0.078
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CalFP Friars Road.txt
CALFP Ver. 1.1

       Unit System = E

       Title:  Friars Road
       Traffic Index (TI)  =  12.5
       R.Value of Subgrade (Native Soil)  =  20 
       Required GE  = 0003.20 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.88 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.60    00.16                 00.15    01.60    00.24
      00.20    01.60    00.32                 00.25    01.60    00.40
      00.30    01.60    00.48                 00.35    01.60    00.56
      00.40    01.60    00.64                 00.45    01.60    00.72
      00.50    01.60    00.80                 00.55    01.62    00.89
      00.60    01.67    01.00                 00.65    01.72    01.12
      00.70    01.76    01.23                 00.75    01.80    01.35
      00.80    01.84    01.47                 00.85    01.88    01.60
      00.90    01.91    01.72                 00.95    01.95    01.85
      01.00    01.98    01.98                 01.05    02.01    02.11
      01.10    02.04    02.24                 01.15    02.07    02.38
      01.20    02.10    02.52                 01.25    02.13    02.66
      01.30    02.16    02.81                 01.35    02.19    02.96
      01.40    02.21    03.09                 01.45    02.24    03.25
      01.50    02.27    03.41                 01.55    02.29    03.55
      01.60    02.32    03.71                 01.65    02.34    03.86
      01.70    02.36    04.01                 01.75    02.39    04.18

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.75 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
Page 1
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CalFP Friars Road.txt
years:

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.65    00.00    01.90    00.00    00.00     00.01    0000.00    01.72    
    00.70    00.00    01.80    00.00    00.00     00.01    0000.00    01.76    
    00.75    00.00    01.70    00.00    00.00     00.02    0000.00    01.80    
    00.80    00.00    01.55    00.00    00.00    -00.02    0000.00    01.84    
    00.85    00.00    01.45    00.00    00.00    -00.01    0000.00    01.88    
    00.90    00.00    01.35    00.00    00.00     00.00    0000.00    01.91    
    00.95    00.00    01.20    00.00    00.00    -00.03    0000.00    01.95    
    01.00    00.00    01.10    00.00    00.00    -00.01    0000.00    01.98    
    01.05    00.00    01.00    00.00    00.00     00.01    0000.00    02.01    
    01.10    00.00    00.85    00.00    00.00    -00.02    0000.00    02.04    
    01.15    00.00    00.75    00.00    00.00     00.01    0000.00    02.07    
    01.20    00.00    00.60    00.00    00.00    -00.02    0000.00    02.10    
    01.25    00.00    00.50    00.00    00.00     00.01    0000.00    02.13    

 ***** FINISH *****
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CalFP Ulric Street.txt
    CALFP Ver. 1.1

       Unit System = E

       Title:  Ulric Street
       Traffic Index (TI)  =  10.5
       R.Value of Subgrade (Native Soil)  =  30 
       Required GE  = 0002.35 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.74 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.75    00.18                 00.15    01.75    00.26
      00.20    01.75    00.35                 00.25    01.75    00.44
      00.30    01.75    00.53                 00.35    01.75    00.61
      00.40    01.75    00.70                 00.45    01.75    00.79
      00.50    01.75    00.88                 00.55    01.77    00.97
      00.60    01.82    01.09                 00.65    01.87    01.22
      00.70    01.92    01.34                 00.75    01.96    01.47
      00.80    02.01    01.61                 00.85    02.05    01.74
      00.90    02.09    01.88                 00.95    02.12    02.01
      01.00    02.16    02.16                 01.05    02.20    02.31
      01.10    02.23    02.45                 01.15    02.26    02.60
      01.20    02.30    02.76                 01.25    02.33    02.91
      01.30    02.36    03.07                 01.35    02.39    03.23
      01.40    02.42    03.39                 01.45    02.45    03.55

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.45 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:

     Note:  Positive Residual GE indicates over-design.
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CalFP Ulric Street.txt
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.55    00.00    01.25    00.00    00.00    -00.00    0000.00    01.77    
    00.60    00.00    01.15    00.00    00.00     00.01    0000.00    01.82    
    00.65    00.00    01.05    00.00    00.00     00.02    0000.00    01.87    
    00.70    00.00    00.90    00.00    00.00    -00.02    0000.00    01.92    
    00.75    00.00    00.80    00.00    00.00    -00.00    0000.00    01.96    
    00.80    00.00    00.70    00.00    00.00     00.03    0000.00    02.01    
    00.85    00.00    00.55    00.00    00.00    -00.00    0000.00    02.05    
    00.90    00.00    00.45    00.00    00.00     00.02    0000.00    02.09    
    00.95    00.00    00.35    00.00    00.00     00.05    0000.00    02.12    
    01.00    00.00    00.35    00.00    00.00     00.19    0000.00    02.16    
    01.05    00.00    00.35    00.00    00.00     00.34    0000.00    02.20    
    01.10    00.00    00.35    00.00    00.00     00.49    0000.00    02.23    
    01.15    00.00    00.35    00.00    00.00     00.63    0000.00    02.26    

 ***** FINISH *****
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CalFP SR-163 Inside Lanes.txt
      CALFP Ver. 1.1

       Unit System = E

       Title:  SR-163 Inside Lanes
       Traffic Index (TI)  =  11.5
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0002.21 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.81 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.67    00.17                 00.15    01.67    00.25
      00.20    01.67    00.33                 00.25    01.67    00.42
      00.30    01.67    00.50                 00.35    01.67    00.58
      00.40    01.67    00.67                 00.45    01.67    00.75
      00.50    01.67    00.84                 00.55    01.69    00.93
      00.60    01.74    01.04                 00.65    01.79    01.16
      00.70    01.83    01.28                 00.75    01.88    01.41
      00.80    01.92    01.54                 00.85    01.96    01.67
      00.90    01.99    01.79                 00.95    02.03    01.93
      01.00    02.06    02.06                 01.05    02.10    02.21
      01.10    02.13    02.34                 01.15    02.16    02.48
      01.20    02.19    02.63                 01.25    02.22    02.78
      01.30    02.25    02.93                 01.35    02.28    03.08
      01.40    02.31    03.23                 01.45    02.34    03.39
      01.50    02.36    03.54                 01.55    02.39    03.70
      01.60    02.41    03.86                 01.65    02.44    04.03

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.60 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:
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CalFP SR-163 Inside Lanes.txt

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.60    00.00    01.05    00.00    00.00    -00.01    0000.00    01.74    
    00.65    00.00    00.95    00.00    00.00     00.00    0000.00    01.79    
    00.70    00.00    00.85    00.00    00.00     00.01    0000.00    01.83    
    00.75    00.00    00.75    00.00    00.00     00.03    0000.00    01.88    
    00.80    00.00    00.60    00.00    00.00    -00.01    0000.00    01.92    
    00.85    00.00    00.50    00.00    00.00     00.01    0000.00    01.96    
    00.90    00.00    00.40    00.00    00.00     00.02    0000.00    01.99    
    00.95    00.00    00.35    00.00    00.00     00.11    0000.00    02.03    
    01.00    00.00    00.35    00.00    00.00     00.24    0000.00    02.06    
    01.05    00.00    00.35    00.00    00.00     00.38    0000.00    02.10    
    01.10    00.00    00.35    00.00    00.00     00.52    0000.00    02.13    

 ***** FINISH *****
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CalFP SR-163 Outside Lanes.txt
          CALFP Ver. 1.1

       Unit System = E

       Title:  SR-163 Outside Lanes
       Traffic Index (TI)  =  13.5
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0002.59 ft

       Title:  SR-163 Outside Lanes
       Traffic Index (TI)  =  13.5
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0002.59 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.95 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.54    00.15                 00.15    01.54    00.23
      00.20    01.54    00.31                 00.25    01.54    00.39
      00.30    01.54    00.46                 00.35    01.54    00.54
      00.40    01.54    00.62                 00.45    01.54    00.69
      00.50    01.54    00.77                 00.55    01.56    00.86
      00.60    01.61    00.97                 00.65    01.65    01.07
      00.70    01.69    01.18                 00.75    01.73    01.30
      00.80    01.77    01.42                 00.85    01.80    01.53
      00.90    01.84    01.66                 00.95    01.87    01.78
      01.00    01.91    01.91                 01.05    01.94    02.04
      01.10    01.97    02.17                 01.15    02.00    02.30
      01.20    02.02    02.42                 01.25    02.05    02.56
      01.30    02.08    02.70                 01.35    02.11    02.85
      01.40    02.13    02.98                 01.45    02.16    03.13
      01.50    02.18    03.27                 01.55    02.20    03.41
      01.60    02.23    03.57                 01.65    02.25    03.71
      01.70    02.27    03.86                 01.75    02.30    04.03
      01.80    02.32    04.18                 01.85    02.34    04.33
      01.90    02.36    04.48                 01.95    02.38    04.64

  HMA Safety Factor (GE)          = 0000.20 ft
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CalFP SR-163 Outside Lanes.txt
  HMA Ultimate Depth              = 0001.90 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.70    00.00    01.30    00.00    00.00     00.02    0000.00    01.69    
    00.75    00.00    01.20    00.00    00.00     00.03    0000.00    01.73    
    00.80    00.00    01.05    00.00    00.00    -00.02    0000.00    01.77    
    00.85    00.00    00.95    00.00    00.00    -00.02    0000.00    01.80    
    00.90    00.00    00.85    00.00    00.00    -00.00    0000.00    01.84    
    00.95    00.00    00.75    00.00    00.00     00.01    0000.00    01.87    
    01.00    00.00    00.60    00.00    00.00    -00.02    0000.00    01.91    
    01.05    00.00    00.50    00.00    00.00    -00.00    0000.00    01.94    
    01.10    00.00    00.40    00.00    00.00     00.02    0000.00    01.97    
    01.15    00.00    00.35    00.00    00.00     00.09    0000.00    02.00    
    01.20    00.00    00.35    00.00    00.00     00.22    0000.00    02.02    
    01.25    00.00    00.35    00.00    00.00     00.36    0000.00    02.05    
    01.30    00.00    00.35    00.00    00.00     00.50    0000.00    02.08    

 ***** FINISH *****
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CalFP SR-163 Auxillery Lanes.txt
       CALFP Ver. 1.1

       Unit System = E

       Title:  SR-163 Auxillery Lane
       Traffic Index (TI)  =  12.0
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0002.30 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.84 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.64    00.16                 00.15    01.64    00.25
      00.20    01.64    00.33                 00.25    01.64    00.41
      00.30    01.64    00.49                 00.35    01.64    00.57
      00.40    01.64    00.66                 00.45    01.64    00.74
      00.50    01.64    00.82                 00.55    01.66    00.91
      00.60    01.70    01.02                 00.65    01.75    01.14
      00.70    01.79    01.25                 00.75    01.84    01.38
      00.80    01.88    01.50                 00.85    01.91    01.62
      00.90    01.95    01.76                 00.95    01.99    01.89
      01.00    02.02    02.02                 01.05    02.05    02.15
      01.10    02.09    02.30                 01.15    02.12    02.44
      01.20    02.15    02.58                 01.25    02.18    02.73
      01.30    02.21    02.87                 01.35    02.23    03.01
      01.40    02.26    03.16                 01.45    02.29    03.32
      01.50    02.31    03.47                 01.55    02.34    03.63
      01.60    02.36    03.78                 01.65    02.39    03.94

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.65 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:
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CalFP SR-163 Auxillery Lanes.txt

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.60    00.00    01.15    00.00    00.00    -00.02    0000.00    01.70    
    00.65    00.00    01.05    00.00    00.00    -00.01    0000.00    01.75    
    00.70    00.00    00.95    00.00    00.00    -00.01    0000.00    01.79    
    00.75    00.00    00.85    00.00    00.00     00.01    0000.00    01.84    
    00.80    00.00    00.75    00.00    00.00     00.02    0000.00    01.88    
    00.85    00.00    00.60    00.00    00.00    -00.02    0000.00    01.91    
    00.90    00.00    00.50    00.00    00.00     00.00    0000.00    01.95    
    00.95    00.00    00.40    00.00    00.00     00.03    0000.00    01.99    
    01.00    00.00    00.35    00.00    00.00     00.10    0000.00    02.02    
    01.05    00.00    00.35    00.00    00.00     00.23    0000.00    02.05    
    01.10    00.00    00.35    00.00    00.00     00.38    0000.00    02.09    
    01.15    00.00    00.35    00.00    00.00     00.52    0000.00    02.12    

 ***** FINISH *****
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CalFP SR-163 Shoulders.txt
            CALFP Ver. 1.1

       Unit System = E

       Title:  SR-163 Shoulders
       Traffic Index (TI)  =  08.5
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0001.63 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.60 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.94    00.19                 00.15    01.94    00.29
      00.20    01.94    00.39                 00.25    01.94    00.49
      00.30    01.94    00.58                 00.35    01.94    00.68
      00.40    01.94    00.78                 00.45    01.94    00.87
      00.50    01.94    00.97                 00.55    01.97    01.08
      00.60    02.03    01.22                 00.65    02.08    01.35
      00.70    02.13    01.49                 00.75    02.18    01.64
      00.80    02.23    01.78                 00.85    02.27    01.93
      00.90    02.32    02.09                 00.95    02.36    02.24
      01.00    02.40    02.40                 01.05    02.44    02.56
      01.10    02.48    02.73                 01.15    02.52    02.90

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.15 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
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CalFP SR-163 Shoulders.txt
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.40    00.00    00.80    00.00    00.00     00.02    0000.00    01.94    
    00.45    00.00    00.70    00.00    00.00     00.01    0000.00    01.94    
    00.50    00.00    00.60    00.00    00.00    -00.00    0000.00    01.94    
    00.55    00.00    00.50    00.00    00.00     00.00    0000.00    01.97    
    00.60    00.00    00.40    00.00    00.00     00.03    0000.00    02.03    
    00.65    00.00    00.35    00.00    00.00     00.11    0000.00    02.08    
    00.70    00.00    00.35    00.00    00.00     00.24    0000.00    02.13    
    00.75    00.00    00.35    00.00    00.00     00.39    0000.00    02.18    
    00.80    00.00    00.35    00.00    00.00     00.54    0000.00    02.23    

 ***** FINISH *****
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CalFP SR-163 (Friars Flyover-Undercrossing).txt
      CALFP Ver. 1.1

       Unit System = E

       Title:  SR-163 (Friars Flyover/Undercrossing)
       Traffic Index (TI)  =  11.0
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0002.11 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.77 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.71    00.17                 00.15    01.71    00.26
      00.20    01.71    00.34                 00.25    01.71    00.43
      00.30    01.71    00.51                 00.35    01.71    00.60
      00.40    01.71    00.68                 00.45    01.71    00.77
      00.50    01.71    00.86                 00.55    01.73    00.95
      00.60    01.78    01.07                 00.65    01.83    01.19
      00.70    01.87    01.31                 00.75    01.92    01.44
      00.80    01.96    01.57                 00.85    02.00    01.70
      00.90    02.04    01.84                 00.95    02.07    01.97
      01.00    02.11    02.11                 01.05    02.15    02.26
      01.10    02.18    02.40                 01.15    02.21    02.54
      01.20    02.24    02.69                 01.25    02.27    02.84
      01.30    02.30    02.99                 01.35    02.33    03.15
      01.40    02.36    03.30                 01.45    02.39    03.47
      01.50    02.42    03.63                 01.55    02.44    03.78

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.50 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:
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CalFP SR-163 (Friars Flyover-Undercrossing).txt
     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.55    00.00    01.05    00.00    00.00    -00.01    0000.00    01.73    
    00.60    00.00    00.95    00.00    00.00     00.00    0000.00    01.78    
    00.65    00.00    00.85    00.00    00.00     00.01    0000.00    01.83    
    00.70    00.00    00.75    00.00    00.00     00.02    0000.00    01.87    
    00.75    00.00    00.60    00.00    00.00    -00.01    0000.00    01.92    
    00.80    00.00    00.50    00.00    00.00     00.01    0000.00    01.96    
    00.85    00.00    00.35    00.00    00.00    -00.03    0000.00    02.00    
    00.90    00.00    00.35    00.00    00.00     00.11    0000.00    02.04    
    00.95    00.00    00.35    00.00    00.00     00.24    0000.00    02.07    
    01.00    00.00    00.35    00.00    00.00     00.38    0000.00    02.11    
    01.05    00.00    00.35    00.00    00.00     00.53    0000.00    02.15    

 ***** FINISH *****
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CalFP SR-163 (Friars Flyover-Undercrossing) Shoulders.txt
        CALFP Ver. 1.1

       Unit System = E

       Title:  SR-163 (Friars Flyover/Undercrossing) Shoulders
       Traffic Index (TI)  =  08.5
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0001.63 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.60 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.94    00.19                 00.15    01.94    00.29
      00.20    01.94    00.39                 00.25    01.94    00.49
      00.30    01.94    00.58                 00.35    01.94    00.68
      00.40    01.94    00.78                 00.45    01.94    00.87
      00.50    01.94    00.97                 00.55    01.97    01.08
      00.60    02.03    01.22                 00.65    02.08    01.35
      00.70    02.13    01.49                 00.75    02.18    01.64
      00.80    02.23    01.78                 00.85    02.27    01.93
      00.90    02.32    02.09                 00.95    02.36    02.24
      01.00    02.40    02.40                 01.05    02.44    02.56
      01.10    02.48    02.73                 01.15    02.52    02.90

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.15 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  

Page 1

eliang
Text Box

eliang
Text Box
VI-28



CalFP SR-163 (Friars Flyover-Undercrossing) Shoulders.txt
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.40    00.00    00.80    00.00    00.00     00.02    0000.00    01.94    
    00.45    00.00    00.70    00.00    00.00     00.01    0000.00    01.94    
    00.50    00.00    00.60    00.00    00.00    -00.00    0000.00    01.94    
    00.55    00.00    00.50    00.00    00.00     00.00    0000.00    01.97    
    00.60    00.00    00.40    00.00    00.00     00.03    0000.00    02.03    
    00.65    00.00    00.35    00.00    00.00     00.11    0000.00    02.08    
    00.70    00.00    00.35    00.00    00.00     00.24    0000.00    02.13    
    00.75    00.00    00.35    00.00    00.00     00.39    0000.00    02.18    
    00.80    00.00    00.35    00.00    00.00     00.54    0000.00    02.23    

 ***** FINISH *****
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CalFP Ramps.txt
       CALFP Ver. 1.1

       Unit System = E

       Title:  Ramps
       Traffic Index (TI)  =  10.0
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0001.92 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.70 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.79    00.18                 00.15    01.79    00.27
      00.20    01.79    00.36                 00.25    01.79    00.45
      00.30    01.79    00.54                 00.35    01.79    00.63
      00.40    01.79    00.72                 00.45    01.79    00.81
      00.50    01.79    00.90                 00.55    01.81    01.00
      00.60    01.87    01.12                 00.65    01.92    01.25
      00.70    01.97    01.38                 00.75    02.01    01.51
      00.80    02.05    01.64                 00.85    02.10    01.79
      00.90    02.14    01.93                 00.95    02.18    02.07
      01.00    02.21    02.21                 01.05    02.25    02.36
      01.10    02.29    02.52                 01.15    02.32    02.67
      01.20    02.35    02.82                 01.25    02.38    02.98
      01.30    02.42    03.15                 01.35    02.45    03.31

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.35 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
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CalFP Ramps.txt
    -----------------------------------------------------------------------------------------------------------
                                  
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.50    00.00    00.95    00.00    00.00     00.02    0000.00    01.79    
    00.55    00.00    00.85    00.00    00.00     00.01    0000.00    01.81    
    00.60    00.00    00.75    00.00    00.00     00.03    0000.00    01.87    
    00.65    00.00    00.60    00.00    00.00    -00.01    0000.00    01.92    
    00.70    00.00    00.50    00.00    00.00     00.01    0000.00    01.97    
    00.75    00.00    00.35    00.00    00.00    -00.03    0000.00    02.01    
    00.80    00.00    00.35    00.00    00.00     00.11    0000.00    02.05    
    00.85    00.00    00.35    00.00    00.00     00.25    0000.00    02.10    
    00.90    00.00    00.35    00.00    00.00     00.39    0000.00    02.14    
    00.95    00.00    00.35    00.00    00.00     00.54    0000.00    02.18    

 ***** FINISH *****
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CalFP Ramps Shoulders.txt
       CALFP Ver. 1.1

       Unit System = E

       Title:  Ramps Shoulders
       Traffic Index (TI)  =  08.0
       R.Value of Subgrade (Native Soil)  =  40 
       Required GE  = 0001.54 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.56 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    02.00    00.20                 00.15    02.00    00.30
      00.20    02.00    00.40                 00.25    02.00    00.50
      00.30    02.00    00.60                 00.35    02.00    00.70
      00.40    02.00    00.80                 00.45    02.00    00.90
      00.50    02.00    01.00                 00.55    02.03    01.12
      00.60    02.09    01.25                 00.65    02.14    01.39
      00.70    02.20    01.54                 00.75    02.25    01.69
      00.80    02.30    01.84                 00.85    02.34    01.99
      00.90    02.39    02.15                 00.95    02.43    02.31
      01.00    02.47    02.47                 01.05    02.52    02.65
      01.10    02.55    02.81                 01.15    02.59    02.98

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.10 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
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CalFP Ramps Shoulders.txt
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.40    00.00    00.65    00.00    00.00    -00.02    0000.00    02.00    
    00.45    00.00    00.60    00.00    00.00     00.02    0000.00    02.00    
    00.50    00.00    00.50    00.00    00.00     00.01    0000.00    02.00    
    00.55    00.00    00.40    00.00    00.00     00.02    0000.00    02.03    
    00.60    00.00    00.35    00.00    00.00     00.10    0000.00    02.09    
    00.65    00.00    00.35    00.00    00.00     00.24    0000.00    02.14    
    00.70    00.00    00.35    00.00    00.00     00.39    0000.00    02.20    
    00.75    00.00    00.35    00.00    00.00     00.54    0000.00    02.25    

 ***** FINISH *****
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CalFP Collector-Distributor.txt
       CALFP Ver. 1.1

       Unit System = E

       Title:  Collector-Distributor
       Traffic Index (TI)  =  11.0
       R.Value of Subgrade (Native Soil)  =  30 
       Required GE  = 0002.46 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.77 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    01.71    00.17                 00.15    01.71    00.26
      00.20    01.71    00.34                 00.25    01.71    00.43
      00.30    01.71    00.51                 00.35    01.71    00.60
      00.40    01.71    00.68                 00.45    01.71    00.77
      00.50    01.71    00.86                 00.55    01.73    00.95
      00.60    01.78    01.07                 00.65    01.83    01.19
      00.70    01.87    01.31                 00.75    01.92    01.44
      00.80    01.96    01.57                 00.85    02.00    01.70
      00.90    02.04    01.84                 00.95    02.07    01.97
      01.00    02.11    02.11                 01.05    02.15    02.26
      01.10    02.18    02.40                 01.15    02.21    02.54
      01.20    02.24    02.69                 01.25    02.27    02.84
      01.30    02.30    02.99                 01.35    02.33    03.15
      01.40    02.36    03.30                 01.45    02.39    03.47
      01.50    02.42    03.63                 01.55    02.44    03.78

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.50 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:
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CalFP Collector-Distributor.txt
     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.55    00.00    01.35    00.00    00.00    -00.03    0000.00    01.73    
    00.60    00.00    01.25    00.00    00.00    -00.02    0000.00    01.78    
    00.65    00.00    01.15    00.00    00.00    -00.01    0000.00    01.83    
    00.70    00.00    01.05    00.00    00.00     00.00    0000.00    01.87    
    00.75    00.00    00.95    00.00    00.00     00.02    0000.00    01.92    
    00.80    00.00    00.80    00.00    00.00    -00.02    0000.00    01.96    
    00.85    00.00    00.70    00.00    00.00     00.01    0000.00    02.00    
    00.90    00.00    00.55    00.00    00.00    -00.02    0000.00    02.04    
    00.95    00.00    00.45    00.00    00.00    -00.00    0000.00    02.07    
    01.00    00.00    00.35    00.00    00.00     00.03    0000.00    02.11    
    01.05    00.00    00.35    00.00    00.00     00.18    0000.00    02.15    
    01.10    00.00    00.35    00.00    00.00     00.32    0000.00    02.18    
    01.15    00.00    00.35    00.00    00.00     00.46    0000.00    02.21    

 ***** FINISH *****

Page 2

eliang
Text Box

eliang
Text Box
VI-35



CalFP Collector-Distributor Shoulders.txt
       CALFP Ver. 1.1

       Unit System = E

       Title:  Collector-Distributor Shoulders
       Traffic Index (TI)  =  08.0
       R.Value of Subgrade (Native Soil)  =  30 
       Required GE  = 0001.79 ft

       Base Type   = AB-Class 2

      Base Gravel Factor     = 0001.10
      Base R.Value           = 0078.00
      0.0032*TI*(100-R.VALUE) = 0000.56 ft
      Base MAX. depth        = 0002.00 ft
      Base MIN. depth        = 0000.35 ft

      Depth     GF       GE                    Depth      GF       GE
          (ft)                   (ft)                        (ft)                    (ft)
    -------------------------------------------------------------------------------------------
      00.10    02.00    00.20                 00.15    02.00    00.30
      00.20    02.00    00.40                 00.25    02.00    00.50
      00.30    02.00    00.60                 00.35    02.00    00.70
      00.40    02.00    00.80                 00.45    02.00    00.90
      00.50    02.00    01.00                 00.55    02.03    01.12
      00.60    02.09    01.25                 00.65    02.14    01.39
      00.70    02.20    01.54                 00.75    02.25    01.69
      00.80    02.30    01.84                 00.85    02.34    01.99
      00.90    02.39    02.15                 00.95    02.43    02.31
      01.00    02.47    02.47                 01.05    02.52    02.65
      01.10    02.55    02.81                 01.15    02.59    02.98

  HMA Safety Factor (GE)          = 0000.20 ft
  HMA Ultimate Depth              = 0001.10 ft
  (HMA MAX. Depth shown in Table)

  HMA MIN. Depth (from Base)   = 0000.20 ft

  HMA MIN. Depth (selected)    = 0000.20 ft

Note: Mandatory enhancements should be incorporated for design life greater than twenty 
years:

     Note:  Positive Residual GE indicates over-design.
     Note:  Negative Safety Factor in Base
    -----------------------------------------------------------------------------------------------------------
                                  

Page 1

eliang
Text Box

eliang
Text Box
VI-36



CalFP Collector-Distributor Shoulders.txt
    HMA     TPB    T-Base  B-Base  Subbase  Res-GE  Cost     HMA-GF
       ft           ft           ft           ft           ft            ft          $/y^2
    -----------------------------------------------------------------------------------------------------------
    00.40    00.00    00.90    00.00    00.00    -00.00    0000.00    02.00    
    00.45    00.00    00.80    00.00    00.00    -00.01    0000.00    02.00    
    00.50    00.00    00.70    00.00    00.00    -00.02    0000.00    02.00    
    00.55    00.00    00.60    00.00    00.00    -00.02    0000.00    02.03    
    00.60    00.00    00.50    00.00    00.00     00.01    0000.00    02.09    
    00.65    00.00    00.35    00.00    00.00    -00.02    0000.00    02.14    
    00.70    00.00    00.35    00.00    00.00     00.13    0000.00    02.20    
    00.75    00.00    00.35    00.00    00.00     00.28    0000.00    02.25    
    00.80    00.00    00.35    00.00    00.00     00.43    0000.00    02.30    
    00.85    00.00    00.35    00.00    00.00     00.58    0000.00    02.34    

 ***** FINISH *****
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF

A-03-008

0.440 Based on Caltrans ARS online tool

7.5

4.9

15.6

15.2

Input Parameters:

Peak ground accel (g)=

Earthquake magnitude, M=

Water table depth (m)=

Ave. g above water table (kN/m3)=

Ave. g  below water table (kN/m3)=

100

NO

SPT 
sample 
number 

Depth 
(m)

Measured 
N

Soil type 
(USCS)

Flag "Clay" 
"Unsaturated" 
"Unreliable"

Fines 
content 

(%)

Energy 
ratio, ER 

(%)

CE CB CR CS N60 sVC 

(kPa)

sVC' 

(kPa)

CN (N1)60 DN for 

fines 
content

(N1)60-CS Stress 
reduct. 
Coeff,   

rd

CSR MSF 
for 

sand

Ks for 

sand

CRR for 
M=7.5 & 

sVC'=1atm

CRR Factor of  
Safety

Limiting 
shear 
strain     
glim

Para-
meter     

Fa

Maximum 
shear  
strain    
gmax

DHi     (m) DLDi      

(m)

Vertical 
reconsol. 

Strain     
ev

DSi        

(m)

1 1.2 42 SM Unsaturated 22 75 1.25 1 0.75 1.00 39.4 19 19 1.54 60.7 4.8 65.46 1.00 0.285 1.00 1.10 2.000 n.a. n.a. 0.000 -2.895 0.000 2.100 0.000 0.000 0.00

2 2.1 23 SM Unsaturated 19 75 1.25 1 0.8 1.00 23.0 33 33 1.42 32.6 4.2 36.79 0.99 0.283 1.00 1.10 1.663 n.a. n.a. 0.016 -0.566 0.000 0.914 0.000 0.000 0.00

3 3.0 21 SP Unsaturated 5 75 1.25 1 0.85 1.00 22.3 48 48 1.32 29.4 0.0 29.35 0.98 0.281 1.00 1.10 0.447 n.a. n.a. 0.051 -0.046 0.000 0.914 0.000 0.000 0.00

4 3.8 18 SP Unsaturated 5 75 1.25 1 0.85 1.00 19.1 59 59 1.24 23.7 0.0 23.72 0.97 0.278 1.00 1.08 0.263 n.a. n.a. 0.104 0.309 0.000 0.762 0.000 0.000 0.00

5 4.6 24 SP 5 75 1.25 1 0.95 1.00 28.5 71 71 1.13 32.1 0.0 32.13 0.97 0.276 1.00 1.08 0.658 0.709 2.000 0.034 -0.234 0.000 0.762 0.000 0.000 0.00

Borehole diameter (mm)=

Requires correction for sampler liners (YES/NO)

Rod lengths assumed equal to the depth plus 1.5 m (for the above ground extension).

g ( )

6 5.0 10 SM 21 75 1.25 1 0.95 1.00 11.9 78 77 1.13 13.4 4.6 18.07 0.96 0.278 1.00 1.03 0.184 0.191 0.685 0.197 0.616 0.197 0.428 0.084 0.025 0.01
7 6.0 28 SM 21 75 1.25 1 0.95 1.00 33.3 94 83 1.06 35.3 4.6 39.91 0.95 0.308 1.00 1.06 2.000 2.000 2.000 0.009 -0.797 0.000 1.046 0.000 0.000 0.00
8 7.6 38 SM 21 75 1.25 1 0.95 1.00 45.1 117 91 1.03 46.4 4.6 50.99 0.93 0.343 1.00 1.03 2.000 2.000 2.000 0.000 -1.670 0.000 1.554 0.000 0.000 0.00
9 9.1 14 CL Clay 75 75 1.25 1 1 1.00 17.5 140 99 1.00 n.a. n.a. n.a. 0.91 0.368 1.00 1.01 n.a. n.a. n.a. 0.000 0.000 0.000 1.500 0.000 0.000 0.00
10 10.7 29 ML Clay 58 75 1.25 1 1 1.00 36.3 165 108 0.98 n.a. n.a. n.a. 0.89 0.387 1.00 0.98 n.a. n.a. n.a. 0.000 0.000 0.000 1.600 0.000 0.000 0.00
11 12.2 11 CL Clay 85 75 1.25 1 1 1.00 13.8 187 116 0.97 n.a. n.a. n.a. 0.86 0.400 1.00 0.96 n.a. n.a. n.a. 0.000 0.000 0.000 1.500 0.000 0.000 0.00

LDI= 0.08

Total Settlement (Meters) 0.01
Total Settlement (Inches) 0.4

Lateral Displacement = (Gound Slope* + 0.2)*LDI Total Lateral Displacement= 0.02 meters
*Ground Slope assumed to be 3% 0.8 inches

"Estimating Liquefaction Induced Lateral Displacements Using the Standard Penetration Test

Note - Analysis based on procedure presented in Earthquake Engineering Research Institute 
"Soil Liquefaction During Earthquakes" I.M. Idriss, R.W. Boulanger, April 2008.

LDI: LATERAL DISPLACEMENT INDEX

BY: SHV DATE:

Estimating Liquefaction-Induced Lateral Displacements Using the Standard Penetration Test 
or Cone Penetration Test", G.Zahng, P.K. Robertson, M.ASCE, and R.W.I. Brachman. Journal 
of Geotechnical and Geoenvironmental Engineering, ASCE / August 2004.

6/28/2012
VIJOB NUMBER: 1111191-1 APPENDIX

FRIARS ROAD AT STATE ROUTE 163
SOUTHERN CALIFORNIA        
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF

R-12-034

0.440 Based on a Caltran ARS online tool

7.5

1.8

17.2

18.8

Input Parameters:

Peak ground accel (g)=

Earthquake magnitude, M=

Water table depth (m)=

Ave. g above water table (kN/m3)=

Ave. g  below water table (kN/m3)=

100

NO

SPT 
sample 
number 

Depth 
(m)

Measured 
N

Soil type 
(USCS)

Flag "Clay" 
"Unsaturated" 
"Unreliable"

Fines 
content 

(%)

Energy 
ratio, ER 

(%)

CE CB CR CS N60 sVC 

(kPa)

sVC' 

(kPa)

CN (N1)60 DN for 

fines 
content

(N1)60-CS Stress 
reduct. 
Coeff,   

rd

CSR MSF 
for 

sand

Ks for 

sand

CRR for 
M=7.5 & 

sVC'=1atm

CRR Factor of  
Safety

Limiting 
shear 
strain     
glim

Para-
meter     

Fa

Maximum 
shear  
strain    
gmax

DHi     (m) DLDi      

(m)

Vertical 
reconsol. 

Strain     
ev

DSi        

(m)

1 3.0 3 SM 13 75 1.25 1 0.85 1.00 3.2 54 42 1.64 5.2 2.5 7.77 0.98 0.362 1.00 1.07 0.103 0.111 0.306 0.500 0.945 0.500 2.100 1.050 0.043 0.09

2 4.6 7 SM 13 75 1.25 1 0.95 1.00 8.3 83 56 1.34 11.1 2.5 13.70 0.97 0.411 1.00 1.06 0.145 0.155 0.377 0.317 0.805 0.317 1.524 0.483 0.031 0.05

3 6.1 4 SM 13 75 1.25 1 0.95 1.00 4.8 112 70 1.23 5.8 2.5 8.40 0.95 0.435 1.00 1.03 0.107 0.111 0.254 0.500 0.940 0.500 1.524 0.762 0.041 0.06

4 7.6 13 SM 13 75 1.25 1 0.95 1.00 15.4 140 83 1.09 16.8 2.5 19.36 0.93 0.448 1.00 1.03 0.198 0.203 0.454 0.171 0.551 0.171 1.524 0.260 0.024 0.04

5 9.1 15 SP-SM 7 75 1.25 1 1 1.00 18.8 169 97 1.02 19.1 0.2 19.24 0.91 0.453 1.00 1.01 0.197 0.198 0.438 0.173 0.557 0.173 1.524 0.264 0.024 0.04
6 10 7 17 SP SM 7 75 1 25 1 1 1 00 21 3 198 111 0 96 20 4 0 2 20 58 0 89 0 453 1 00 0 99 0 213 0 210 0 465 0 149 0 487 0 149 1 524 0 227 0 023 0 03

Borehole diameter (mm)=

Requires correction for sampler liners (YES/NO)

Rod lengths assumed equal to the depth plus 1.5 m (for the above ground extension).

6 10.7 17 SP-SM 7 75 1.25 1 1 1.00 21.3 198 111 0.96 20.4 0.2 20.58 0.89 0.453 1.00 0.99 0.213 0.210 0.465 0.149 0.487 0.149 1.524 0.227 0.023 0.03
7 12.2 24 SP-SM 7 75 1.25 1 1 1.00 30.0 226 124 0.93 27.8 0.2 27.90 0.86 0.450 1.00 0.96 0.380 0.365 0.812 0.062 0.049 0.052 1.524 0.079 0.011 0.02
8 13.7 17 SM 31 75 1.25 1 1 1.00 21.3 255 138 0.88 18.7 5.4 24.13 0.84 0.444 1.00 0.95 0.271 0.258 0.580 0.099 0.284 0.099 1.524 0.150 0.020 0.03
9 15.2 26 SP-SM 6 75 1.25 1 1 1.00 32.5 284 152 0.86 27.9 0.0 27.93 0.82 0.438 1.00 0.92 0.381 0.352 0.805 0.061 0.047 0.053 1.524 0.080 0.011 0.02
10 18.3 44 GP-GM 6 75 1.25 1 1 1.00 55.0 341 179 0.86 47.4 0.0 47.44 0.77 0.421 1.00 0.83 2.000 1.662 2.000 0.001 -1.382 0.000 3.048 0.000 0.000 0.00
11 21.3 56 SW-SM 6 75 1.25 1 1 1.00 70.0 398 207 0.83 58.2 0.0 58.18 0.73 0.404 1.00 0.79 2.000 1.578 2.000 0.000 -2.268 0.000 3.048 0.000 0.000 0.00
12 24.1 56 SW-SM 6 75 1.25 1 1 1.00 70.0 450 231 0.81 56.5 0.0 56.51 0.70 0.388 1.00 0.76 2.000 1.511 2.000 0.000 -2.127 0.000 2.743 0.000 0.000 0.00

LDI= 3.36

Total Settlement (Meters) 0.37
Total Settlement (Inches) 14.6

Lateral Displacement = (Gound Slope* + 0.2)*LDI Total Lateral Displacement= 0.77 meters
*Ground Slope assumed to be 3% 30.4 inches

Note - Analysis based on procedure presented in Earthquake Engineering Research Institute 
"Soil Liquefaction During Earthquakes" I.M. Idriss, R.W. Boulanger, April 2008.

LDI: LATERAL DISPLACEMENT INDEX

BY: SHV DATE:

"Estimating Liquefaction-Induced Lateral Displacements Using the Standard Penetration Test 
or Cone Penetration Test", G.Zahng, P.K. Robertson, M.ASCE, and R.W.I. Brachman. Journal 
of Geotechnical and Geoenvironmental Engineering, ASCE / August 2004.
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF

R-12-038

0.440 Based on a Caltran ARS online tool

7.5

3

18.5

19.6

Input Parameters:

Peak ground accel (g)=

Earthquake magnitude, M=

Water table depth (m)=

Ave. g above water table (kN/m3)=

Ave. g  below water table (kN/m3)=

100

NO

SPT 
sample 
number 

Depth 
(m)

Measured 
N

Soil type 
(USCS)

Flag "Clay" 
"Unsaturated" 
"Unreliable"

Fines 
content 

(%)

Energy 
ratio, ER 

(%)

CE CB CR CS N60 sVC 

(kPa)

sVC' 

(kPa)

CN (N1)60 DN for 

fines 
content

(N1)60-CS Stress 
reduct. 
Coeff,   

rd

CSR MSF 
for 

sand

Ks for 

sand

CRR for 
M=7.5 & 

sVC'=1atm

CRR Factor of  
Safety

Limiting 
shear 
strain     
glim

Para-
meter     

Fa

Maximum 
shear  
strain    
gmax

DHi     (m) DLDi      

(m)

Vertical 
reconsol. 

Strain     
ev

DSi        

(m)

1 1.5 17 SP Unsaturated 3 75 1.25 1 0.8 1.00 17.0 28 28 1.62 27.5 0.0 27.51 1.00 0.285 1.00 1.10 0.364 n.a. n.a. 0.065 0.075 0.000 2.100 0.000 0.000 0.00

2 3.0 12 SP 3 75 1.25 1 0.85 1.00 12.8 56 56 1.32 16.8 0.0 16.78 0.98 0.283 1.00 1.07 0.172 0.184 0.650 0.227 0.677 0.227 1.524 0.346 0.026 0.04

3 6.1 17 SP 3 75 1.25 1 0.95 1.00 20.2 116 86 1.07 21.6 0.0 21.63 0.95 0.367 1.00 1.02 0.227 0.233 0.634 0.132 0.429 0.132 3.048 0.403 0.022 0.07

4 7.6 7 SP 3 75 1.25 1 0.95 1.00 8.3 146 101 1.00 8.3 0.0 8.32 0.93 0.385 1.00 1.00 0.107 0.107 0.277 0.500 0.941 0.500 1.524 0.762 0.041 0.06

5 9.1 7 SM 32 75 1.25 1 1 1.00 8.8 176 116 0.93 8.2 5.4 13.62 0.91 0.395 1.00 0.99 0.145 0.143 0.362 0.319 0.808 0.319 1.524 0.487 0.031 0.05
6 10 7 14 SM 32 75 1 25 1 1 1 00 17 5 206 131 0 90 15 7 5 4 21 12 0 89 0 400 1 00 0 96 0 220 0 212 0 532 0 140 0 457 0 140 1 524 0 214 0 022 0 03

Borehole diameter (mm)=

Requires correction for sampler liners (YES/NO)

Rod lengths assumed equal to the depth plus 1.5 m (for the above ground extension).

6 10.7 14 SM 32 75 1.25 1 1 1.00 17.5 206 131 0.90 15.7 5.4 21.12 0.89 0.400 1.00 0.96 0.220 0.212 0.532 0.140 0.457 0.140 1.524 0.214 0.022 0.03
7 12.2 10 SM 42 75 1.25 1 1 1.00 12.5 236 145 0.84 10.5 5.6 16.11 0.86 0.400 1.00 0.96 0.166 0.159 0.397 0.244 0.707 0.244 1.524 0.372 0.027 0.04
8 13.7 25 SM 42 75 1.25 1 1 1.00 31.3 266 160 0.85 26.7 5.6 32.24 0.84 0.398 1.00 0.90 0.669 0.599 1.504 0.034 -0.242 0.012 1.524 0.019 0.002 0.00
9 15.2 12 SM Unreliable 41 75 1.25 1 1 1.00 15.0 295 175 0.78 11.6 5.6 17.22 0.82 0.395 1.00 0.93 0.176 ? ? 0.216 0.657 0.000 1.524 0.000 0.000 0.00
10 16.8 33 SP 5 75 1.25 1 1 1.00 41.3 325 190 0.81 33.3 0.0 33.33 0.80 0.389 1.00 0.85 0.805 0.683 1.753 0.029 -0.318 0.005 1.524 0.008 0.001 0.00
11 19.8 59 GM 15 75 1.25 1 1 1.00 73.8 385 220 0.82 60.3 3.3 63.53 0.75 0.377 1.00 0.77 2.000 1.541 2.000 0.000 -2.727 0.000 3.048 0.000 0.000 0.00
12 23.2 59 GM 15 75 1.25 1 1 1.00 73.8 451 253 0.79 58.1 3.3 61.40 0.71 0.361 1.00 0.73 2.000 1.459 2.000 0.000 -2.543 0.000 3.353 0.000 0.000 0.00

LDI= 2.61

Total Settlement (Meters) 0.30
Total Settlement (Inches) 11.7

Lateral Displacement = (Gound Slope* + 0.2)*LDI Total Lateral Displacement= 0.60 meters
*Ground Slope assumed to be 3% 23.6 inches

Note - Analysis based on procedure presented in Earthquake Engineering Research Institute 
"Soil Liquefaction During Earthquakes" I.M. Idriss, R.W. Boulanger, April 2008.

LDI: LATERAL DISPLACEMENT INDEX

BY: SHV DATE:
SOUTHERN CALIFORNIA        

SOIL & TESTING

"Estimating Liquefaction-Induced Lateral Displacements Using the Standard Penetration Test 
or Cone Penetration Test", G.Zahng, P.K. Robertson, M.ASCE, and R.W.I. Brachman. Journal 
of Geotechnical and Geoenvironmental Engineering, ASCE / August 2004.
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF

R-12-040

0.440 Based on Caltran ARS online tool

7.5

4.2

17.2

18.8

100

Input Parameters:

Peak ground accel (g)=

Earthquake magnitude, M=

Borehole diameter (mm)=

Water table depth (m)=

Ave. g above water table (kN/m3)=

Ave. g  below water table (kN/m3)=

100

NO

SPT 
sample 
number 

Depth 
(m)

Measured 
N

Soil type 
(USCS)

Flag "Clay" 
"Unsaturated" 
"Unreliable"

Fines 
content 

(%)

Energy 
ratio, ER 

(%)

CE CB CR CS N60 sVC 

(kPa)

sVC' 

(kPa)

CN (N1)60 DN for 

fines 
content

(N1)60-CS Stress 
reduct. 
Coeff,   

rd

CSR MSF 
for 

sand

Ks for 

sand

CRR for 
M=7.5 & 

sVC'=1atm

CRR Factor of  
Safety

Limiting 
shear 
strain     
glim

Para-
meter     

Fa

Maximum 
shear  
strain    
gmax

DHi     (m) DLDi      

(m)

Vertical 
reconsol. 

Strain     
ev

DSi        

(m)

1 1.5 17 SP-SM Unsaturated 6 75 1.25 1 0.8 1.00 17.0 26 26 1.65 28.1 0.0 28.12 1.00 0.285 1.00 1.10 0.388 n.a. n.a. 0.060 0.036 0.000 2.100 0.000 0.000 0.00

2 3.0 13 SP-SM Unsaturated 6 75 1.25 1 0.85 1.00 13.8 52 52 1.34 18.5 0.0 18.55 0.98 0.281 1.00 1.08 0.189 n.a. n.a. 0.187 0.592 0.000 1.524 0.000 0.000 0.00

3 4.6 16 SP-SM 6 75 1.25 1 0.95 1.00 19.0 79 76 1.13 21.5 0.0 21.49 0.97 0.290 1.00 1.04 0.226 0.235 0.811 0.134 0.437 0.063 1.524 0.095 0.017 0.03

4 6.0 5 SM 6 75 1.25 1 0.95 1.00 5.9 107 89 1.08 6.4 0.0 6.41 0.95 0.327 1.00 1.01 0.095 0.096 0.292 0.500 0.948 0.500 1.474 0.737 0.047 0.07

5 7.6 12 SP-SM 6 75 1.25 1 0.95 1.00 14.3 137 103 0.99 14.1 0.0 14.15 0.93 0.352 1.00 1.00 0.149 0.149 0.423 0.302 0.788 0.302 1.574 0.475 0.030 0.05
6 9.1 15 SP 6 75 1.25 1 1 1.00 18.8 165 117 0.94 17.6 0.0 17.58 0.91 0.368 1.00 0.98 0.180 0.176 0.480 0.208 0.639 0.208 1.524 0.317 0.026 0.04

Borehole diameter (mm)=

Requires correction for sampler liners (YES/NO)

Rod lengths assumed equal to the depth plus 1.5 m (for the above ground extension).

7 10.7 14 SM 15 75 1.25 1 1 1.00 17.5 194 130 0.89 15.6 3.3 18.88 0.89 0.377 1.00 0.97 0.193 0.187 0.495 0.180 0.576 0.180 1.524 0.275 0.024 0.04
8 12.2 17 SM 15 75 1.25 1 1 1.00 21.3 222 144 0.86 18.3 3.3 21.54 0.86 0.382 1.00 0.95 0.226 0.215 0.563 0.134 0.434 0.134 1.524 0.203 0.022 0.03
9 13.7 4 MH Clay 83 75 1.25 1 1 1.00 5.0 251 158 0.89 n.a. n.a. n.a. 0.84 0.383 1.00 0.87 n.a. n.a. n.a. 0.000 0.000 0.000 1.524 0.000 0.000 0.00
10 15.2 4 MH Clay 83 75 1.25 1 1 1.00 5.0 280 171 0.87 n.a. n.a. n.a. 0.82 0.382 1.00 0.84 n.a. n.a. n.a. 0.000 0.000 0.000 1.524 0.000 0.000 0.00
11 18.3 9 ML Clay 52 75 1.25 1 1 1.00 11.3 337 199 0.84 n.a. n.a. n.a. 0.77 0.375 1.00 0.80 n.a. n.a. n.a. 0.000 0.000 0.000 3.048 0.000 0.000 0.00
12 21.3 3 SC Clay 44 75 1.25 1 1 1.00 3.8 394 226 0.81 n.a. n.a. n.a. 0.73 0.365 1.00 0.76 n.a. n.a. n.a. 0.000 0.000 0.000 3.048 0.000 0.000 0.00
13 24.4 40 GM 15 75 1.25 1 1 1.00 50.0 452 254 0.77 38.5 3.3 41.77 0.69 0.354 1.00 0.73 2.000 1.457 2.000 0.006 -0.938 0.000 3.048 0.000 0.000 0.00

LDI= 2.10

Total Settlement (Meters) 0.25
Total Settlement (Inches) 9.9

Lateral Displacement = (Gound Slope* + 0.2)*LDI Total Lateral Displacement= 0.48 meters
*Ground Slope assumed to be 3% 19.0 inches

Note - Analysis based on procedure presented in Earthquake Engineering Research Institute 
"Soil Liquefaction During Earthquakes" I.M. Idriss, R.W. Boulanger, April 2008.

LDI: LATERAL DISPLACEMENT INDEX

BY: SHV DATE:
SOUTHERN CALIFORNIA        

SOIL & TESTING

"Estimating Liquefaction-Induced Lateral Displacements Using the Standard Penetration Test 
or Cone Penetration Test", G.Zahng, P.K. Robertson, M.ASCE, and R.W.I. Brachman. Journal 
of Geotechnical and Geoenvironmental Engineering, ASCE / August 2004.
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF

R-12-041

0.440 Based on Caltrans ARS online tool

7.5

4.2672

17.2

18.8

100

Input Parameters:

Peak ground accel (g)=

Earthquake magnitude, M=

Borehole diameter (mm)=

Water table depth (m)=

Ave. g above water table (kN/m3)=

Ave. g  below water table (kN/m3)=

100

NO

SPT 
sample 
number 

Depth 
(m)

Measured 
N

Soil type 
(USCS)

Flag "Clay" 
"Unsaturated" 
"Unreliable"

Fines 
content 

(%)

Energy 
ratio, ER 

(%)

CE CB CR CS N60 sVC 

(kPa)

sVC' 

(kPa)

CN (N1)60 DN for 

fines 
content

(N1)60-CS Stress 
reduct. 
Coeff,   

rd

CSR MSF 
for 

sand

Ks for 

sand

CRR for 
M=7.5 & 

sVC'=1atm

CRR Factor of  
Safety

Limiting 
shear 
strain     
glim

Para-
meter     

Fa

Maximum 
shear  
strain    
gmax

DHi     (m) DLDi      

(m)

Vertical 
reconsol. 

Strain     
ev

DSi        

(m)

1 1.5 9 SM Unsaturated 25 75 1.25 1 0.8 1.00 9.0 26 26 1.70 15.3 5.1 20.37 1.00 0.285 1.00 1.10 0.210 n.a. n.a. 0.153 0.498 0.000 2.100 0.000 0.000 0.00

2 3.0 8 SP-SM Unsaturated 10 75 1.25 1 0.85 1.00 8.5 52 52 1.39 11.8 1.1 12.97 0.98 0.281 1.00 1.07 0.140 n.a. n.a. 0.342 0.831 0.000 1.524 0.000 0.000 0.00

3 4.6 5 SP-SM 10 75 1.25 1 0.95 1.00 5.9 79 76 1.17 7.0 1.1 8.11 0.97 0.287 1.00 1.02 0.105 0.108 0.376 0.500 0.943 0.500 1.524 0.762 0.042 0.06

4 6.0 6 SP-SM 10 75 1.25 1 0.95 1.00 7.1 107 89 1.07 7.6 1.1 8.77 0.95 0.324 1.00 1.01 0.110 0.111 0.342 0.500 0.935 0.500 1.474 0.737 0.040 0.06

5 7.6 15 SM 22 75 1.25 1 0.95 1.00 17.8 136 104 0.99 17.6 4.7 22.35 0.93 0.350 1.00 1.00 0.238 0.238 0.679 0.122 0.389 0.097 1.574 0.153 0.021 0.03
6 9.1 11 SP-SM 10 75 1.25 1 1 1.00 13.8 165 117 0.93 12.8 1.1 13.92 0.91 0.366 1.00 0.98 0.147 0.145 0.396 0.309 0.797 0.309 1.524 0.471 0.030 0.05

Borehole diameter (mm)=

Requires correction for sampler liners (YES/NO)

Rod lengths assumed equal to the depth plus 1.5 m (for the above ground extension).

7 10.7 7 SM 25 75 1.25 1 1 1.00 8.8 194 131 0.88 7.7 5.1 12.75 0.89 0.375 1.00 0.97 0.138 0.134 0.358 0.351 0.838 0.351 1.524 0.535 0.032 0.05
8 12.2 10 SM 25 75 1.25 1 1 1.00 12.5 222 145 0.84 10.5 5.1 15.61 0.86 0.380 1.00 0.96 0.161 0.155 0.407 0.258 0.729 0.258 1.524 0.393 0.028 0.04
9 13.7 2 CL Clay 75 75 1.25 1 1 1.00 2.5 251 158 0.89 n.a. n.a. n.a. 0.84 0.382 1.00 0.87 n.a. n.a. n.a. 0.000 0.000 0.000 1.524 0.000 0.000 0.00
10 15.2 6 SC Clay 25 75 1.25 1 1 1.00 7.5 280 172 0.87 n.a. n.a. n.a. 0.82 0.381 1.00 0.84 n.a. n.a. n.a. 0.000 0.000 0.000 1.524 0.000 0.000 0.00
11 18.3 2 SM Unreliable 39 75 1.25 1 1 1.00 2.5 337 199 0.68 1.7 5.6 7.26 0.77 0.374 1.00 0.94 0.100 ? ? 0.500 0.947 0.000 3.048 0.000 0.000 0.00
12 21.3 48 GM 10 75 1.25 1 1 1.00 60.0 394 227 0.81 48.7 1.1 49.80 0.73 0.364 1.00 0.76 2.000 1.523 2.000 0.000 -1.573 0.000 3.048 0.000 0.000 0.00
13 24.4 48 GM 10 75 1.25 1 1 1.00 60.0 452 254 0.79 47.2 1.1 48.38 0.69 0.353 1.00 0.73 2.000 1.455 2.000 0.001 -1.458 0.000 3.048 0.000 0.000 0.00

LDI= 3.05

Total Settlement (Meters) 0.29
Total Settlement (Inches) 11.6

Lateral Displacement = (Gound Slope* + 0.2)*LDI Total Lateral Displacement= 0.70 meters
*Ground Slope assumed to be 3% 27.6 inches

Note - Analysis based on procedure presented in Earthquake Engineering Research Institute 
"Soil Liquefaction During Earthquakes" I.M. Idriss, R.W. Boulanger, April 2008.

LDI: LATERAL DISPLACEMENT INDEX

BY: SHV DATE:
SOUTHERN CALIFORNIA        

SOIL & TESTING

"Estimating Liquefaction-Induced Lateral Displacements Using the Standard Penetration Test 
or Cone Penetration Test", G.Zahng, P.K. Robertson, M.ASCE, and R.W.I. Brachman. Journal 
of Geotechnical and Geoenvironmental Engineering, ASCE / August 2004.
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Friars Road, Location : Bridge over San DIego River

Southern California Soil and Testing

San Diego, California

CPT file : CPT-12-001

6.00 ft
6.00 ft
3
2.60
Based on SBT

No
N/A
N/A
No
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:

 
Sands only
No
N/A

Summary of liquefaction potential

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:08 PM
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

1



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-001

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:08 PM 2
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-001

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:08 PM 3
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-001

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:08 PM 4
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-001

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:08 PM 5
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

F.S. color scheme

Liquefaction and no liquefaction are equally likely

Unlike to liquefy

Almost certain it will not liquefy

LPI color scheme

Very high risk

High risk

Low risk

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

Very likely to liquefy

Almost certain it will liquefy



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-001

C h e c k  f o r  s t r e n g t h  l o s s  p l o t s  ( R o b e r t s o n  ( 2 0 1 0 ) )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:08 PM 6
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-001

E s t i m a t i o n  o f  p o s t - e a r t h q u a k e  s e t t l e m e n t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:08 PM 7
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Abbreviations



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-001

Estimation of post-earthquake lateral Displacements

Geometric parameters: Gently sloping ground without free face (Slope 1.00 %)

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:08 PM 8
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Abbreviations Surface condition



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Friars Road, Location : Bridge over San DIego River

Southern California Soil and Testing

San Diego, California

CPT file : CPT-12-002

6.00 ft
6.00 ft
3
2.60
Based on SBT

No
N/A
N/A
No
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:

 
Sands only
No
N/A

Summary of liquefaction potential

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:11 PM
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

9



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-002

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:11 PM 10
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-002

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:11 PM 11
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-002

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:11 PM 12
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-002

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:11 PM 13
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

F.S. color scheme

Liquefaction and no liquefaction are equally likely

Unlike to liquefy

Almost certain it will not liquefy

LPI color scheme

Very high risk

High risk

Low risk

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

Very likely to liquefy

Almost certain it will liquefy



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-002

C h e c k  f o r  s t r e n g t h  l o s s  p l o t s  ( R o b e r t s o n  ( 2 0 1 0 ) )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:11 PM 14
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
6.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

6.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-002

E s t i m a t i o n  o f  p o s t - e a r t h q u a k e  s e t t l e m e n t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:11 PM 15
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Abbreviations



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-002

Estimation of post-earthquake lateral Displacements

Geometric parameters: Level ground (or gently sloping) with free face (L: 49.00  ft - H: 5.00  ft)

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:11 PM 16
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Abbreviations Surface condition



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Friars Road, Location : Bridge over San DIego River

Southern California Soil and Testing

San Diego, California

CPT file : CPT-12-003

9.50 ft
9.50 ft
3
2.60
Based on SBT

No
N/A
N/A
No
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:

 
Sands only
No
N/A

Summary of liquefaction potential

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:13 PM
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq
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This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-003

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:13 PM 18
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
9.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

9.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-003

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:13 PM 19
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
9.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

9.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-003

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:13 PM 20
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
9.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

9.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-003

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:13 PM 21
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

F.S. color scheme

Liquefaction and no liquefaction are equally likely

Unlike to liquefy

Almost certain it will not liquefy

LPI color scheme

Very high risk

High risk

Low risk

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
9.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

9.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

Very likely to liquefy

Almost certain it will liquefy



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-003

C h e c k  f o r  s t r e n g t h  l o s s  p l o t s  ( R o b e r t s o n  ( 2 0 1 0 ) )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:13 PM 22
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
9.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

9.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-003

E s t i m a t i o n  o f  p o s t - e a r t h q u a k e  s e t t l e m e n t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:13 PM 23
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Abbreviations



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-003

Estimation of post-earthquake lateral Displacements

Geometric parameters: Gently sloping ground without free face (Slope 1.00 %)

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:13 PM 24
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Abbreviations Surface condition



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Friars Road, Location : Bridge over San DIego River

Southern California Soil and Testing

San Diego, California

CPT file : CPT-12-004

12.00 ft
12.00 ft
3
2.60
Based on SBT

No
N/A
N/A
No
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:

 
Sands only
No
N/A

Summary of liquefaction potential

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:17 PM
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq
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This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-004

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:17 PM 26
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
12.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-004

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:17 PM 27
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
12.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-004

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:17 PM 28
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
12.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-004

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:17 PM 29
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

F.S. color scheme

Liquefaction and no liquefaction are equally likely

Unlike to liquefy

Almost certain it will not liquefy

LPI color scheme

Very high risk

High risk

Low risk

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
12.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

Very likely to liquefy

Almost certain it will liquefy



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-004

C h e c k  f o r  s t r e n g t h  l o s s  p l o t s  ( R o b e r t s o n  ( 2 0 1 0 ) )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:17 PM 30
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Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
12.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-004

E s t i m a t i o n  o f  p o s t - e a r t h q u a k e  s e t t l e m e n t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:17 PM 31
Project file: J:\Geotechnical (11)\2011 Job Info\1111191P - Friars & 163 Geotech Report\Liq analysis\CPT\CPT1to5.clq

Abbreviations



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-004

Estimation of post-earthquake lateral Displacements

Geometric parameters: Gently sloping ground without free face (Slope 1.00 %)

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:17 PM 32
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Abbreviations Surface condition



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Friars Road, Location : Bridge over San DIego River

Southern California Soil and Testing

San Diego, California

CPT file : CPT-12-005

15.50 ft
15.50 ft
3
2.60
Based on SBT

No
N/A
N/A
No
No

Clay like behavior
applied:
Limit depth applied:
Limit depth:

 
Sands only
No
N/A

Summary of liquefaction potential

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:20 PM
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This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-005

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:20 PM 34
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Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
15.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-005

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

CLiq v.1.7.1.6 - CPT Liquefaction Assessment Software - Report created on: 6/28/2012, 4:54:20 PM 35
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
15.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-005

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )
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Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
15.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-005

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s
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F.S. color scheme

Liquefaction and no liquefaction are equally likely

Unlike to liquefy

Almost certain it will not liquefy

LPI color scheme

Very high risk

High risk

Low risk

Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
15.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A

Very likely to liquefy

Almost certain it will liquefy



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-005

C h e c k  f o r  s t r e n g t h  l o s s  p l o t s  ( R o b e r t s o n  ( 2 0 1 0 ) )
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Input parameters and analysis data

NCEER (1998)
NCEER (1998)
Based on Ic value
7.50
0.44
15.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.50 ft
3
2.60
Based on SBT
No
N/A

N/A
No
No
Sands only
No
N/A



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-005

E s t i m a t i o n  o f  p o s t - e a r t h q u a k e  s e t t l e m e n t s
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Abbreviations



This software is licensed to: Southern California Soil and Testing CPT name: CPT-12-005

Estimation of post-earthquake lateral Displacements

Geometric parameters: Gently sloping ground without free face (Slope 1.00 %)
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Abbreviations Surface condition



Procedure for the evaluation of soil liquefaction resistance, NCEER (1998)
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Procedure for the evaluation of soil liquefaction resistance (all soils) - Robertson (2010)
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Procedure for the evaluation of soil liquefaction resistance (sandy soils) - Moss et al. (2006)
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Procedure for the evaluation of liquefaction-induced lateral spreading displacements
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Procedure for the estimation of seismic induced settlements in dry sands

Robertson, P.K. and Lisheng, S., 2010, “Estimation of seismic compression in dry soils using the CPT” FIFTH INTERNATIONAL CONFERENCE ON

RECENT ADVANCES IN GEOTECHNICAL EARTHQUAKE ENGINEERING AND SOIL DYNAMICS, Symposium in honor of professor I. M. Idriss, San

Diego, CA
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Liquefaction Potential Index (LPI) calculation procedure

Graphical presentation of the LPI calculation procedure

Calculation of the Liquefaction Potential Index (LPI) is used to interpret the liquefaction assessment calculations in terms of

severity over depth. The calculation procedure is based on the methology developed by Iwasaki (1982) and is adopted by AFPS.

 

To estimate the severity of liquefaction extent at a given site, LPI is calculated based on the following equation:

LPI =
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Public Works Department – Right of Way Design 

525 B St., Suite 750, MS 908A, San Diego, CA 92101 
Tel (619) 533-5200   Fax (619) 236-5175 

July 28, 2015 
 
Mr. Fred Yazdan, PE 
Caltrans District 11  
4050 Taylor Street 
San Diego, California 92110 
 
Subject:  Friars Road/SR-163 Interchange Project – Water Source Letter 
 
Dear Mr. Fred Yazdan: 
 
Sufficient quantity of potable water is available within the project limits for construction of the Friars 
Road/SR-163 Interchange Project.  
 
The Contractor shall be responsible for obtaining and renting a water meter(s) for a fee from the Meter 
Shop Supervisor at Chollas Operations, 2797 Caminito Chollas.  A meter shall be installed whenever 
water is required by the Contractor.  The Contractor shall pay the regular monthly fee for water and a fee 
for quantity of water used. 
 
Any use of water not purchased by the Contractor during construction is subject to a fine of $500 or six 
(6) months imprisonment, or both, under State Penal Code Section 499.  Additionally, the Contractor 
would be subject to a civil liability to the City for such misappropriation. 
 
Please feel free to contact me at (619) 533-4661 or by email at jmanchester@sandiego.gov should you 
have any questions. 
 
 
Best Regards, 

Jeff Manchester 
Jeffrey R Manchester, PE, QSD/P 
Project Manager 
 
 
 
cc: Hanh Nguyen, PE, Caltrans District 11 

Luis Schaar, PE, City of San Diego 
Mary Elizabeth Northeimer, PE, Dokken Engineering 
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