
GEOTECHNICAL REPORT 
  



THIS PAGE LEFT BLANK INTENTIONALLY 



FUGRO CONSULTANTS, INC. 

  

 

GEOTECHNICAL REPORT 
PRICE CANYON ROAD PHASE 2 WIDENING  

(STA. 255+00 TO 310+00±) 
SAN LUIS OBISPO COUNTY, CALIFORNIA 

Prepared for: 
SAN LUIS OBISPO COUNTY 

December 2015 
Fugro Project No. 04.6213.0051 

 

 

 



December 11, 2015 
Project No. 04.6213.0051 

County of San Luis Obispo  
Public Works Department 
County Government Center, Room 207 
San Luis Obispo, California 93408 

Attention:        Mr. Mike Britton 

Subject: Geotechnical Report, Price Canyon Road Phase 2 Widening (Sta. 255+00 to 
310+00±), San Luis Obispo County, California 

Dear Mr. Britton: 

Fugro is pleased to submit this Geotechnical Report for the design of the Phase 2 
widening of Price Canyon Road in San Luis Obispo County.  The purpose of this report is to 
provide geotechnical recommendations for the design of the widening.  This report was 
prepared in accordance with the scope of services presented in our proposal dated March 28, 
2013, and authorized by the County Blanket Purchase Order No. 25008152 dated April 15, 
2013. 

Preliminary recommendations and conceptual alternatives for the road widening were 
presented in our memorandum to the County of San Luis Obispo (hereafter referred to as the 
County) dated June 17, 2013 (Fugro, 2013).  The limits of the improvements that were originally 
addressed in the draft version of this report were reviewed and agreed upon during our meeting 
with the County on July 18, 2013.  Following our submittal of the draft report, the road alignment 
and the scope of improvements to accommodate the new alignment were modified.  Some of 
the modified scope of improvements were addressed in our memorandum dated June 10, 2015 
(Fugro, 2015) and has been incorporated into this final report.   

This report presents data collected from the field exploration, corrosion survey, geologic 
mapping, and laboratory testing programs performed between 2011 and 2015; results of slope 
stability analyses; and recommendations for the design of the roadway widening, pavements 
and slopes.  Recommendations are provided for the design of geosynthetic reinforced 
embankments and rock dowel retaining systems that will be used to support portions of the 
widening.  Recommendations in this report supersede previous recommendations presented in 
Fugro project submittals. 
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Please contact the undersigned if you have questions regarding this report, or require 
additional information. 
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FUGRO CONSULTANTS, INC. Reviewed by: 

Gresham D. Eckrich, PE, CEG Jerko Kocijan, PhD, PE, GE 
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1.0 SITE AND PROJECT DESCRIPTION 

This project consists of the design of the Phase 2 widening of Price Canyon Road in San 
Luis Obispo County.  The overall project will consist of widening approximately 1.7 miles of 
Price Canyon Road between State Route 227 and Ormonde Road.  The widening will provide 
8-foot wide shoulders to accommodate Class II bike lanes.  Phase 1 of the project included 0.7 
miles of widening south of State Route 227 to about 1,200 feet south of Corral de Piedra Road. 
Phase 2 of the project will extend the project approximately 1 mile south of the Phase 1 project 
limits.  The location of the site is shown on Plate 1 – Vicinity Map.  The layout of the site and the 
approximate proposed alignment is shown on Plates 2a to 2c – Field Exploration Plan.   

1.1 SITE DESCRIPTION 

The existing site grade, topography, and cross sections for the widening are shown on 
preliminary plans prepared by the County of San Luis Obispo (2015).  Stationing referenced 
herein corresponds to stationing shown on these preliminary plans.  Price Canyon Road is a 
2-lane route (one lane in each direction) that runs roughly north-south between the City of 
Pismo Beach and the unincorporated town of Edna on Highway 227.  The roadway is located in 
a generally rural setting and passes through the Arroyo Grande Oil Field that is developed on 
both sides of the roadway and currently operated by Freeport-McMoRan Oil & Gas (FMO&G). 
The lands along the alignment are generally grass-covered rolling hills that are also used for 
cattle grazing.  The existing grade along the centerline of Price Canyon Road ranges from 
approximately elevation (el.) 133-1/2 feet above mean sea level (MSL) at about Station (Sta.) 
255+00 near the southern terminus of Phase 2, to approximately el. 228-1/2 feet above MSL at 
about Sta. 300+00. 

The existing roadway is paved with asphalt concrete pavement with narrow 
(approximately 2-foot wide) shoulders.  The pavement appears to be in generally good 
condition.  The County of San Luis Obispo completed an overlay of Price Canyon Road in 2001 
that involved relatively extensive wheel-path dig-outs prior to placing the overlay.  The existing 
roadway is constructed with a combination of embankment fills and cuts.  Existing 10- to 15-foot 
high embankment fills cross natural 
drainages within the project limits, with 
the higher slopes located along the 
northbound side of the roadway.  
Existing corrugated metal pipe culverts 
facilitate drainage flowing west to east 
below the roadway.  The existing 
embankment slopes are generally 
sloped at a 1.5H:1V (horizontal to 
vertical) inclination, typically have no or 
minimal vegetation, and are locally 
eroded.  This erosion occurs particularly 
around the outlet of existing culverts, 
which has undermined the edge of the    Photo 1.  Station 266+00, Facing North

 



San Luis Obispo County 
December 11, 2015 (Project No. 04.6213.0051) 

M:\WP\2015\04.62130051\COR\REPORT 1215\04 62130051_Report_12_11 15.doc2 2 

existing pavement and asphalt concrete dikes along sections of the existing roadway. 
Additionally, it appears the existing pavement was typically constructed without any separation 
between the edge of pavement and top of slope. 

Three (3) relatively deep through-cuts are located along the Phase 2 alignment.  Along 
the existing cut slopes we identified three (3) predominant sandstone units: heavily bituminous 
sandstone, slightly bituminous sandstone, and non-bituminous sandstone.  The existing cut 
slopes are inclined at approximately 1H:1V and are up to approximately 58 feet high.  We 
understand the slopes were graded to the existing inclinations during the construction of Price 
Canyon Road in the 1960’s. 

We observed evidence of 
groundwater seepage along the base of 
cut slopes and through the existing 
pavement, particularly along the 
southbound shoulder of the alignment.  
Existing cut slopes in weakly-cemented, 
non-bituminous sandstone are relatively 
eroded and have generated sediment, 
debris and rockfall that accumulates 
along the base of cut slopes and 
occasionally impacts the traveled way.  

Localized depressions in the sandstone were observed at the top of existing cut slopes 
in the heavily bituminous and slightly bituminous units.  These depressions are more vegetated 
than the surrounding slope face and appear to be paleo-drainage channels that have been filled 
with generally loose sandy sediment.  

Tar seeps that daylight on existing cut 
slopes were observed in the vicinity of Stations 
258+00, 273+00, and from about Sta. 287+00 to 
Sta. 289+00.  The estimated daylighting tar seep 
locations are shown on Plate 3. 

1.2 PROPOSED PROJECT 

The proposed project consists of the Phase 2 widening of the existing roadway for 
Class II bike lanes.  The roadway will be widened roughly along its existing centerline alignment 
in both directions by approximately 8 feet.  There will be at least 2 feet of catchment provided 
between the new edge of pavement/curb line where the roadway is in cut.  Widening will provide 
for at least 3 feet of catchment between the new edge of pavement and the top of embankment 

Photo 2.  Station 296+00, Facing East 

Photo 3.  Station 273+00, Facing West 
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slopes.  At some locations, the widening design will need to consider spatial limitations due to 
right-of-way limits or presence of environmentally- and culturally-sensitive areas. 

Existing cut slopes will be widened with a 1H:1V inclination by conventional grading 
where there is sufficient space.  Where there is insufficient space, vertical cuts will be retained 
using rock dowels and reinforced shotcrete facing, or using a gravity cantilevered retaining wall.  
Vertical cuts are anticipated to vary in height from approximately 2-1/2 to 16 feet. 

Embankments and fill slopes will be widened by conventional embankment fill slopes 
with a 1.5:H:1V inclination, or by geosynthetic reinforced embankments (GREs) with a 1H:1v 
inclination where there is sufficient space.  Where there is insufficient space, near-vertical GREs 
with a 1.5H:1V backslope will be constructed.  GREs are anticipated to vary in height from 
approximately 4 to 15 feet. 

The following table summarizes our understanding of the extent for various types of 
widening concepts. 

Table 1a. Summary of Phase 2 Widening Improvements – Southbound (Left) Lane 

Approximate Station 
Limits Approximate 

Length (ft) 
Approximate 

Maximum Cut/Fill 
Slope Height (ft) 

Widening Concept 
Begin End 

256+00 266+25 1,025 6 1H:1V Cut Slope 

266+27 268+65 238 10 GRE Wall with 1.5H:1V 
Backslope 

269+00 274+50 550 48 1H:1V Cut Slope 

274+50 277+50 300 2 1.5H:1V Conventional Fill Slope 

280+57 284+55 398 9 GRE Wall with 1.5H:1V 
Backslope  

284+66 290+15 549 32 1H:1V Cut Slope 

290+53 293+43 290 6 1.5H:1V Conventional Fill Slope 

294+64 298+70 406 11.5 Rock Dowel Wall 

298+70 301+07 237 4.5 Rock Dowel OR Conventional 
Cantilevered Wall 
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Table 1b. Summary of Phase 2 Widening Improvements – Northbound (Right) Lane 

Approximate Station 
Limits 

Approximate 
Length (ft) 

Approximate 
Maximum Cut/Fill 
Slope Height (ft) 

Widening Concept 
Begin End 

254+77 264+26 949 7 1.5H:1V Conventional Fill Slope 

264+40 270+06 566 15 1H:1V GRE Slope 

270+10 274+28 418 46 1H:1V Cut Slope 

274+28 278+12 384 9 1.5H:1V Conventional Fill Slope 

280+54 283+52 298 8 1H:1V GRE Slope 

283+12 287+00 388 20 1.5H:1V Conventional Fill Slope 

290+32 293+25 293 13 1.5H:1V Conventional Fill Slope 

293+25 294+78 153 10 1H:1V Cut Slope 

294+78 301+02 624 16 Rock Dowel Wall 

301+58 305+16 358 10 GRE Wall with 1.5H:1V 
Backslope 

2.0 WORK PERFORMED 

2.1 PURPOSE 

The purpose of this report is to provide geotechnical recommendations for the design of 
the Phase 2 widening.  The primary geotechnical considerations that we evaluated for the 
project are characterization of the subsurface materials, alternatives to widen the roadway, 
slope stability, design of cut slopes in rock with vertical retention systems, and design of fill 
slopes using geosynthetic reinforcement. 

Elements of the scope of work described below were performed in September and 
October 2011 as part of the Fugro (2011) study.  At that time, the project alignment extended 
from about Sta. 295+00 to the southern terminus of Phase 1 at approximately Sta. 310+00.  

2.2 SCOPE OF WORK 

To evaluate the geotechnical considerations for the project, we performed the following: 

• Consulted with the County to review our approach to providing geotechnical
services, and obtain background information, existing topography, cross sections,
and previous plans available for use in our evaluation;
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• Prepared a health and safety plan for our work, visited the site to mark the locations
of the explorations and review site conditions, obtained an encroachment permit from
the County for the drilling, and contacted Underground Services Alert (USA) to
review the locations relative to underground utilities;

• Performed a three-day field effort to drill borings along the project extent to depths up
to approximately 40½ feet below the road surface, map various geologic features
observed at the site, and obtain rock samples from outcrops in the project area;

• Performed laboratory tests on soil and rock samples recovered from the field
exploration;

• Prepared two (2) memoranda (Fugro 2011, 2013) to summarize geotechnical
conditions at the site, characteristics of the observed slope instability, conditions that
impact the project and existing roadway, and geotechnical alternatives to construct
new slopes along the project alignment;

• Prepared one (1) memorandum (Fugro, 2015) providing geotechnical input for civil
design of the proposed rock dowel retaining walls;

• Evaluated the stability of proposed rock dowel walls and GRE slope concepts as a
basis for providing the recommendations in this report; and

• Prepared this Geotechnical Report for the design of the improvements, with
supporting graphics and the field and laboratory data collected, and providing our
opinions and recommendations regarding:

o Geologic setting;
o Soil, rock and groundwater conditions encountered and observed along the

alignment;
o Pavement structural section for the widening based on R-value testing and traffic

index values provided by the County;
o Need for subsurface drainage;
o Embankment widening, grading and allowable inclination for unreinforced slopes;
o Cut and fill slope inclinations for rock and soil slopes that will be widened;
o Retaining wall design;
o Design of geosynthetic reinforced slopes (long term design strength, minimum

embedment and vertical spacing of geosynthetic) that may be needed to reduce
impacts to fill slopes;

o Design of rock slopes with dowels including slope inclination, anchor depths and
inclinations, grouting and testing of dowels, pressures on facing, and horizontal
and vertical spacing of dowels to support slopes;

o Corrosion considerations for culverts, concrete, and rock dowels based on
Caltrans design guidelines; and

o Suitability of on-site soil, rock and bituminous sandstone for use as embankment
fill.
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2.3 FIELD EXPLORATION PROGRAM 

Field exploration program consisted of drilling and sampling eight (8) hollow-stem auger 
borings, two (2) hand auger borings, collecting rock samples, geologic mapping, and installation 
of rock temperature monitors (thermisters).  Field exploration program was performed in two 
stages.  The first stage, performed on September 27, 2011, consisted of four (4) hollow-stem 
auger borings, and geologic mapping of the existing through-cut from about Sta. 293+00 to 
301+00. The second stage, performed on May 17, 2013 and May 21, 2013, consisted of four (4) 
hollow-stem auger borings and two (2) hand auger borings, and mapping of geologic features of 
the proposed alignment south of Sta. 293+00.  During both stages, we collected block samples 
of rock from existing cut slope faces for subsequent testing.  The logs for the borings are 
presented in Appendix A.  The boring and sample locations and selected geologic features 
observed at the site are shown on Plates 2a to 2c. 

2.3.1 Hollow Stem Auger Drilling 

The drilling subcontractor for the project was S/G Drilling Company of Lompoc, 
California.  S/G used a CME85 truck-mounted drill rig equipped with 8-inch-diameter 
hollow-stem augers to advance eight (8) borings along Price Canyon Road to depths of 
between 9 to 40.5 feet. The County provided traffic control for the drilling on September 27, 
2011, and Statewide Safety and Signs of Nipomo, California, provided traffic control for the 
drilling on May 17, 2013.  The borings were sampled using a 2-inch outside diameter standard 
penetration test (SPT) split-spoon sampler and a 3-inch outside diameter modified California 
split-spoon sampler.  The SPT sampler was used without liners.  The modified California 
sampler was used with brass liners.  The samplers were driven into the materials at the bottom 
of the drill hole using a 140-pound automatic trip hammer with a 30-inch drop.  The blow count 
(N-value) is the number of blows from the hammer that were needed to drive the sampler 1 foot 
after the sampler had been seated at least 6 inches into the material at the bottom of the hole.  
Refusal is noted where the blowcount exceeded 50 blows during seating.  Bulk samples were 
collected from the drill cuttings retrieved from the auger flights.  The borings were backfilled with 
sand-cement slurry and topped with rapid set concrete and colored black in accordance with the 
encroachment permit requirements.  The sample intervals, N-values, a description of the 
subsurface conditions encountered, and other field and laboratory data are presented on the 
logs of the borings in Appendix A. 

2.3.2 Block Samples  

Block samples were taken by hand from various outcrops exposed on the existing rock 
cuts along Price Canyon Road during the field exploration programs.  Descriptions of samples 
obtained are included in the laboratory results.  The locations of the samples are noted on 
Plates 2a to 2c. 

2.3.3 Geologic Mapping 

Geologic mapping consisted of noting selected geologic features observed at the site 
such as rock types at outcroppings, springs, and measuring predominant discontinuity (bedding 
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and joint) orientations.  Discontinuity measurements generally consisted of using a hand-held 
compass to estimate the strike and dip of bedding and joint planes within the rock.   

2.3.4 Culvert Survey 

Culverts identified on the Phase 2 widening plans provided by the County (2013) were 
surveyed for evidence of sedimentation, corrosion, and erosion near the inlet and outlets. 
Surface soil and water samples were collected from culvert locations for further corrosivity 
testing.  Observations from the culvert survey are presented in Section 6.7 and the results of 
resistivity and corrosivity testing are presented in Appendix B. 

2.3.5 Thermister Installation  

We installed three thermisters on June 18, 2012, to monitor the temperature of the cut 
slope face at about Sta. 300+65.  The thermisters were installed to depths of 1-inch, 6-inches, 
and 13-inches.  We placed the thermisters in 3/8-inch pilot holes and temperature-sealed the 
holes with insulating foam.  Data collected from the thermisters is presented in Appendix C. 

2.4 LABORATORY TESTING 

Laboratory testing was performed on selected samples obtained during the field 
exploration program.  Tests were performed to measure unit weight, moisture content, 
laboratory compaction (modified Proctor), direct shear strength, consolidated undrained triaxial 
shear strength, unconfined compressive strength, and creep-limited unconfined compressive 
strength.  Creep-limited unconfined compressive strength tests were performed using a stress 
controlled, step loading test method.  The tests were performed in general accordance with the 
applicable standards of ASTM and Caltrans test methods.  Results of laboratory testing are 
presented in Appendix B. 

2.5 PREVIOUS STUDIES 

We reviewed previous geotechnical and geologic reports prepared for the site and in the 
general vicinity of the project area.  The following reports containing pertinent geotechnical 
information were considered in preparation of this report: 

• Fugro prepared a (2001) preliminary geotechnical report for widening of Price 
Canyon Road from Highway 227 to 1.7 miles south of Highway 227.  The report 
provided technical input to the preparation of the Project Report and evaluated 
impacts associated with geologic hazards and geotechnical considerations for the 
project.  Field exploration consisted of geologic mapping and site visits to observe 
geotechnical conditions along the existing roadway alignment. 

• Fugro prepared a (2008) geotechnical report for the design of the Phase 1 widening 
of Price Canyon Road from Highway 227 to 0.7 miles south of Highway 227, 
including widening the existing bridges at Coral de Piedra Creek and over Union 
Pacific Railroad.  The field program included 14 borings along Price Canyon Road, 
north of the Phase 2 widening alignment.  
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• Fugro prepared a (2012) geotechnical report for the design of trenchless installation
of three (3) pipe casings below Price Canyon Road.  The field program included one
(1) boring drilled on Price Canyon Road at about Sta. 283+80 of the Phase 2
widening alignment, and four (4) borings immediately east and west of Price Canyon
Road.

The approximate locations of the referenced borings are shown on Plates 2a to 2c. 

2.6 GENERAL CONDITIONS 

Fugro prepared the conclusions, recommendations, and professional opinions of this 
report in accordance with the generally accepted geotechnical principles and practices at this 
time and location.  This warranty is in lieu of all other warranties, either expressed or implied. 
This report was prepared for the exclusive use of the County of San Luis Obispo and their 
authorized agents only.  It is not intended to address issues or conditions pertinent to other 
parties, projects or for other uses.  The report and the drawings contained herein are not 
intended to act as construction drawings or specifications.  Explorations and services have not 
been requested nor performed to assess the presence or absence of hazardous or toxic 
materials. 

The scope of services did not include any environmental assessments for the presence 
or absence of hazardous/toxic materials in the soil, surface water, groundwater, or atmosphere. 
Any statements, or absence of statements, in this report or data presented herein regarding 
odors, unusual or suspicious items, or conditions observed are strictly for descriptive purposes 
and are not intended to convey engineering judgment regarding potential hazardous/toxic 
assessment. 

Soil and rock deposits can vary in type, strength, and other geotechnical properties 
between points of observations and exploration.  Additionally, groundwater and soil moisture 
conditions also can vary seasonally or for other reasons.  Therefore, we do not and cannot have 
a complete knowledge of the subsurface conditions underlying the site.  The conclusions and 
recommendations presented in this report are based upon the findings at the points of 
exploration, and interpolation and extrapolation of information between and beyond the points of 
observation, and are subject to confirmation based on the conditions revealed by construction. 

3.0 SITE CONDITIONS 

3.1 GEOLOGIC SETTING 

The site is within the Coast Ranges geologic and geomorphic province.  The Coast 
Ranges province consists of north-northwest-trending sedimentary, volcanic, and igneous rocks 
extending from the Transverse Ranges to the south into northern California.  Within the project 
vicinity, the Coast Ranges province is dominated by the San Luis Range.   

The regional geology as mapped by Hall (1973) is shown on Plate 3.  Hall maps the 
project alignment as surficial sediments of alluvium that overlie sedimentary bedrock of the 
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Tertiary-age Pismo Formation.  The alluvial sediments are deposited within southeast-trending 
drainages that cross beneath Price Canyon Road and flow to Pismo Creek. 

The Pismo Formation is extensively exposed in road cuts along Price Canyon Road. 
The Pismo Formation exposed along the project alignment is composed of the Edna Member. 
Hall (1973) described the Edna Member in the site vicinity with the following subunits: Tmpe, 
Tmpe2, Tmpe3 and Tmpec.  Tmpe is bituminous sandstone that includes active tar seeps.  
Tmpe2 and Tmpe3 represent non-bituminous sandstone units composed mostly of fine and 
coarse sand, respectively, with varying degrees of cementation.  Tmpec is described as a 
pebbly conglomerate unit.  Based on our observations, the various units appear to be locally 
interbedded along the project alignment.  Our geologic mapping generally characterized the 
Tmpe and Tmpec units as heavily bituminous sandstone (TmpeHB) or slightly bituminous 
sandstone (TmpeSB), and the Tmpe2 and Tmpe3 units as non-bituminous sandstone (TmpeNB).   

Paso Robles Formation (Qpr) is mapped by Hall (1973) along a relatively short length of 
the proposed alignment near the southern terminus of the project.  Hall (1973) describes the 
Paso Robles Formation as sandstone, siltstone and claystone with Monterey Formation clasts.  
We mapped sediments characteristic of the Paso Robles Formation near the southern terminus 
of the project, from about Sta. 260+50 to Sta. 265+25. 

The geologic structure in the site vicinity consists of northwest-southeast trending faults 
and folds, mainly associated with the Edna Fault Zone and the Pismo syncline (Hall, 1973).  Hall 
(1973) also mapped the Indian Knob fault trending northwest-southeast through the site near 
the northern terminus of the project.  Regional mapping by Hall (Plate 3) shows the bedding 
dips 37 to 44 degrees, with predominantly southwest and northwest dip directions resulting from 
the folded synclinal structures.  Our measurements of bedding planes along the Phase 2 
alignment indicate a dip magnitude ranging from about 35 to 49 degrees and a predominantly 
southwest dip direction.  

Antonellini et al. (1999) mapped the Price Canyon Road area in detail, and attributed the 
bitumen (tar) to structural traps within the sandstone unit, formed by deformation bands and 
small-offset bedrock faults within the sandstone.  Antonellini et al. (1999) reported two (2) 
predominant bedrock faults, estimated to dip 15 to 30 degrees to the north-northwest and south-
southeast, and two (2) deformation bands estimated to dip 24 degrees to the southwest (sub-
parallel to bedding) and 40 degrees to the southeast.  Consistent with the observations of 
Antonellini et al. (1999), we observed sharp boundaries between the bituminous and non-
bituminous sandstone, commonly associated with sets of deformation bands, in which 
sandstone grains are crushed and re-crystallized, forming a permeability barrier.   

Fugro measured three (3) predominant discontinuity planes in road cuts along the Phase 
2 alignment.  Our measurements of the first and second plane were generally consistent with 
bedrock fault planes or deformation bands reported by Antonellini et al. (1999): measurements 
of plane (1) dip about 12 to 33 degrees with an azimuth dip direction range of about 124 to 142, 
and measurements of plane (2) dip about 23 to 45 degrees with an azimuth dip direction range 
of about 309 to 341.  Our measurements of the third discontinuity plane, characterized as a 
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bedrock joint, indicate a dip of about 36 to 46 degrees with an azimuth dip direction range of 
about 016 to 024. 

3.2 SUBSURFACE CONDITIONS 

Our description of the soil and groundwater conditions is based on the results of the field 
exploration and laboratory testing programs.  The locations of the borings are shown on 
Plates 2a to 2c.  Logs of the borings and corresponding field data are presented in Appendix A. 
The subsurface conditions encountered at the site consist of a variable thickness of artificial fill 
and alluvium overlying the Edna Member of the Pismo Formation bedrock.  The subsurface 
conditions and geologic units encountered in the borings advanced for this study are 
summarized below.  Our interpretation of the subsurface conditions at Station 281+00 is shown 
on Plate 4.  

Artificial Fill (af).  Artificial fill materials were encountered in each boring with the 
exception of HA-101, which was drilled off of Price Canyon Road.  Artificial fill materials were 
encountered from the ground surface to depths of up to approximately 12 feet below the ground 
surface.  The artificial fill consisted of loose to very dense bituminous to non-bituminous silty 
sand (SM) and sand with silt (SP-SM). The artificial fill materials commonly had strong 
hydrocarbon odors and an oily texture.  Artificial fill materials encountered during our field 
exploration appear to be associated with grading activities performed during construction of 
Price Canyon Road.  Where encountered, the artificial fill materials were underlain by alluvium 
or Pismo Formation sandstone. 

Alluvium (Qal).  Alluvium was encountered beneath the artificial fill materials in borings 
DH-1, DH-4, DH-5 and DH-6.  Alluvium was encountered to depths up to about 34 feet below 
the existing ground surface, with the deeper alluvial deposits generally encountered in 
explorations performed in the southeast-trending drainages that cross beneath Price Canyon 
Road.  The alluvium encountered in the borings consisted of loose to medium dense silty sand 
(SM).  The thickness of the alluvium ranged from about 1 to 25 feet.  Where encountered, the 
alluvium was underlain by Pismo Formation sandstone with the exception of boring DH-1, where 
alluvium was encountered to the termination depth of about 20.5 feet. 

Paso Robles Formation (Qpr).  Paso Robles Formation was not encountered in 
borings, however, we mapped sediments characteristic of the Paso Robles Formation near the 
southern terminus of the project, from about Sta. 260+50 to Sta. 265+25. The soil observed 
along the existing road cut was characterized as silty sand with predominantly diatomaceous 
siltstone gravel (SM).   

Pismo Formation Sandstone – Edna Member (Tmpe).  The Edna Member of the 
Pismo Formation bedrock (sandstone) was encountered below the artificial fill or alluvium in 
each of the borings with the exception of borings DH-1 and DH-7 to the maximum depths 
explored (approximately 40½ feet below the existing ground surface in boring DH-6).  As 
encountered, the Edna Member predominantly consisted of moderately weathered to 
decomposed, moderately soft to very soft sandstone.  The sediments comprising the sandstone 
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are classified as “poorly-graded sand with silt (SP-SM)”, and “silty sand (SM)”.  Decomposed 
sandstone units are characterized in terms of soil consistency as very loose to medium dense.  

The Edna Member is exposed by through-cuts along the project alignment, and appears 
to be the parent material from which the artificial fill material and alluvium are generally derived.  
Within the project extent, we have characterized the Pismo Formation sandstone as three (3) 
predominant geologic units: heavily bituminous sandstone (TmpeHB), well-cemented slightly 
bituminous sandstone (TmpeSB), and weakly-cemented non-bituminous sandstone (TmpeNB). 
These sandstone units were differentiated according to the engineering properties we estimated 
for the design of proposed cut slopes.  Where the units were difficult to distinguish based on 
field observations, we mapped the slope as interbedded sandstone (TmpeINT). 

TmpeHB Unit.  The heavily bituminous unit (TmpeHB) is effectively an “oil sand” with a 
bitumen content typically exceeding 10-percent by dry weight.  Existing slopes in the TmpeHB 
unit are prone to raveling and sloughing, particularly during periods of hot weather.  As the 
thermister data on Plates C-1 and C-2 indicate, thermal differences within about 13 inches of 
the slope surface can vary up to approximately 34 degrees (F) daily and approximately 90 
degrees (F) annually.  High temperatures and thermal variations likely contribute to weathering 
of the TmpeHB unit that is common during hot summer months.  Relative to slope stability, slopes 
in the TmpeHB unit are prone to long-term creep and we considered the creeping behavior of the 
TmpeHB unit when estimating strength parameters for slope stability analyses. 

TmpeSB Unit.  The slightly bituminous unit (TmpeSB) has a typically bitumen content of 
about 1- to 2-percent by dry weight that generally provides cementation and resistance to 
weathering. Existing slopes in the TmpeSB unit have performed well relative to stability, with little 
erosion or rockfall. 

TmpeNB Unit. The non-bituminous unit (TmpeNB) is weakly- to non-cemented and highly 
erodible where subject to runoff or seepage.  Cut slopes within this unit are commonly 
vegetated as the face has weathered and allowed roots to establish on the face.  The rock is 
predominantly decomposed (soil-like) and relatively permeable as significant groundwater 
seepage was observed within this unit.  Seepage within the TmpeNB unit has caused severe 
erosion and undercutting of slopes along the project alignment.  Between about Stations 
293+50 and 296+50, the unit is capped by a harder unit of moderately cemented rock.  In some 
areas, the cut has eroded and undermined the top of the slope resulting in overhangs, 
occasional large rockfalls, and erosional debris deposited along the base of the slope and into 
the traveled way. 

A summary of the main material properties for the above described soil and bedrock 
materials is presented below: 
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Table 2. Summary of Main Material Properties 

Geologic 
Unit Soil/Rock 

Range of  
Dry Unit 
Weights 

(pcf) 

Range of 
Moisture 
Contents  

(%) 

SPT Field 
N60-Value 

Range 

Unconfined 
Compressive 
Strength (ksf) 

Creep-Limited 
Unconfined 

Compressive Strength 
(ksf) 

Af 

Loose to very dense silty 
SAND (SM) and poorly 
graded SAND with silt 
(SP-SM)  

100-117 3-9 21 to >50 – – 

Qal Loose to medium dense 
silty SAND (SM) 100-103 9-14 5 to 22 – – 

Qpr Silty SAND with gravel 
(SM)  – – – – – 

TmpeHB – 
Heavily 

Bituminous 

Moderately soft, 
moderately weathered 
Sandstone: silty SAND 
(SM) 

107 11 >50 to 
Refusal 20.5 - 94.4 0.5 – 20.0 

TmpeSB – 
Slightly 

Bituminous 

Moderately soft to very 
soft, moderately 
weathered to 
decomposed 
Sandstone: dense to 
very dense silty SAND 
(SM) 

103-113 4-19 >50 to 
Refusal 10.2 – 17.6 – 

TmpeNB – 
Non-

Bituminous 

Very soft, decomposed 
Sandstone: loose to 
medium dense silty 
SAND (SM) and poorly 
graded SAND with silt 
(SP-SM) 

– – 7 to 311 – – 

Note: 
1.Corrected N60 blowcounts of 2 and 5 measured in boring DH-3 below approximately 7 feet likely not representative of in-situ 
conditions due to sands “flowing” into the boring excavation. 

3.3 GROUNDWATER 

Groundwater was encountered in selected borings at depths ranging from approximately 
3 to 18 feet below the existing ground surface during our September 2011 and May 2013 field 
exploration programs.  The depths to groundwater correspond to groundwater elevations 
ranging between el. 165 and 222 feet (MSL). Seeps and vegetation indicative of seepage were 
observed on cut slopes within the project extent, particularly in the vicinity of Stations 271+00 
and 299+00, at heights up to about 10 feet above the road level.  A summary of the 
groundwater levels observed during the exploration programs is tabulated below.  It should be 
noted that groundwater and soil moisture conditions will vary seasonally due to changes in 
runoff, storm conditions, rainfall and other factors. 
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Table 3. Summary of Groundwater Levels Encountered 

Boring 
Ground Elevation 

(feet, MSL) 

Depth below 
Ground 

(feet) 

Groundwater 
Elevation 

(feet) 

Date Observed 

(m/d/y) 
Notes 

DH-1 226  – – – Not encountered to 20.5’ depth 

DH-2 227 9 218 9/27/2011   

DH-3 224 3 222 9/27/2011   

DH-4 216 12.5 203.5 9/27/2011   

DH-5 192  – – – Not encountered to 24.3’ depth 

DH-6 183 18 165 5/17/2013   

DH-7 168.5 – – – Not encountered to 10' depth 

DH-8 153 – – – Not encountered to 19.6’ depth 

3.4 SEISMICITY 

3.4.1 Recent Seismicity 

The site is located in a seismically active region of Central California that is prone to 
moderate to large earthquakes.  We understand that the bridge over Union Pacific Railroad 
immediately north of the project terminus was impacted by the December 22, 2003 magnitude 
6.5 earthquake that occurred near the town of San Simeon.  The earthquake, now known as the 
San Simeon Earthquake, has been generally attributed to the Oceanic fault zone located in the 
Santa Lucia Mountains, north of Cambria and west of the City of Paso Robles.  Fault rupture 
likely occurred following a reverse or oblique-reverse type fault mechanism. 

The epicenter of the San Simeon earthquake was located approximately 40 miles 
northwest of the project site.  A ShakeMap for the site developed by the California Integrated 
Seismic Network (CISN, 2003) shows that the project site likely experienced moderate ground 
motion during the earthquake.  The peak horizontal ground accelerations at the project site, as 
estimated from the ShakeMap, was between approximately 0.06g and 0.12g. 

3.4.2 Acceleration Response Spectrum 

A design acceleration response spectrum (ARS) curve for the site was estimated using 
ARS Online and guidelines set forth in Appendix B of the Caltrans Seismic Design Criteria.  The 
project site is within a seismically active region of California.  We performed a fault search of the 
project area using current Caltrans Seismic Design Criteria and utilizing the Caltrans ARS 
Online V2.1.05 (Caltrans 2013).  ARS Online is updated on an ongoing basis and was accessed 
on October 6, 2015 through the Caltrans website. 

ARS Online displays information for faults included in the Caltrans (2012) Fault 
Database Version 2B and calculates both deterministic and probabilistic acceleration response 
spectra (ARS) as described in Appendix B of the Caltrans Seismic Design Criteria.  ARS Online 
was used as a basis for developing the seismic design criteria and recommended response 
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spectra for the site.  The table below presents a list of three faults that are considered to be 
seismic sources closest to the site identified using ARS Online and site coordinates 
corresponding to Latitude 35.190131 and Longitude -120.616364. 

Table 4. Proximal Faults 

Fault Name Fault Type1 
Rx Distance 

(km)2 

Rjb 
Distance 

(km)3 

Maximum 
Magnitude 

(Mmax)4 

San Luis Range (So. Margin) 
(ID 238)  

Reverse dipping  
45 degrees northeast 5.83 0.0 7.1 

Los Osos 
(ID 232) 

Reverse dipping 
 45 degrees southeast 0.66 0.66 6.9 

Oceanic – West Huasna 
(ID 223) 

Reverse dipping 
 58 degrees southwest 7.83 3.45 6.9 

Notes: 
1) Fault type per Caltrans (2012) Fault Database Version 2B.
2) Horizontal perpendicular distance to the fault trace (*fictitious fault trace for sites offset from the mapped fault location) or surface
projection of the top of rupture plane measured perpendicular to the fault from the site per ARS Online and Caltrans Geotechnical 
Services Design Manual.   
3) Rjb is the shortest distance to the fault rupture plane.
4) Mmax values per ARS Online and Caltrans (2012) Database.

The site is located within Seismic Zone 4 and the recommended design spectra 
estimated from the ARS Online analysis for 5 percent damping is shown on Plate 5.  In 
accordance with Caltrans guidelines, the design ARS curve is taken as the upper envelope of 
the deterministic and probabilistic ARS curves.  The ARS probabilistic spectrum corresponds to 
a probably of exceedance of 5-percent in 50 years (i.e. a return period of 975 years).  The 
design ARS curve is primarily defined by the deterministic spectrum estimated for the San Luis 
Range (So. Margin) Fault producing an M7.1 earthquake with an estimated peak ground 
acceleration of 0.78g.  Based on a brief review of the United States Geological Survey 
(USGS,2008) online probabilistic deaggregation tool, the estimated peak ground acceleration of 
0.78g corresponds to a probably of exceedance between 1-percent and 2-percent in 50 years 
(i.e. a return period between 2,475 and 4,975 years).  

A near-fault factor was applied to the ARS curve because the site is located less than 15 
miles (25km) from a potentially controlling fault.  Application of the adjustment factor consists of 
a 20 percent increase in spectral acceleration for periods greater than 1 second and is linearly 
tapered to zero percent increase from a period of 1 second to 0.5 seconds.   

We estimated the shear wave velocity for materials encountered in the borings using 
correlations to blowcounts and a presumptive value for rock as presented in the Caltrans 
Geotechnical Services 2009 Design Manual.  An average shear wave velocity of approximately 
350 meters/sec was estimated for the top 100 feet of soil at the site, which corresponds to a Soil 
Profile Type D. 
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3.5 LIQUEFACTION HAZARD 

Liquefaction is the loss of soil strength due to an increase in soil pore-water pressure 
resulting from seismic ground shaking.  Liquefaction typically occurs in loose to medium dense 
granular soil below the groundwater table.  Alluvium or sediment deposited along various creeks 
and drainages that are crossed or border Price Canyon Road might be susceptible to 
liquefaction during an earthquake.  Fugro’s scope of work, as discussed with the County (Fugro, 
2013b) on August 8, 2013, excludes a detailed assessment of the lateral limits of potentially 
liquefiable soils and quantification of the potential consequences of liquefaction.  Therefore, our 
geotechnical evaluation did not include quantitative analyses of liquefaction potential, including 
strength reductions typically assumed for potentially liquefiable soils in seismic slope stability 
analyses. 

On a qualitative basis, we note that loose to medium dense alluvial soils that are 
potentially susceptible to liquefaction were encountered in borings excavated within the alluvial 
drainages between about Sta. 274+50 and Sta. 284+50 at depths ranging from about 4 to 30 
feet, between about Sta. 290+00 and Sta. 293+00 at depths ranging from about 12 to 19 feet, 
and between about Sta. 301+50 and Sta. 310+00 at depths ranging from about 6-1/2 to 20-1/2 
feet depth.  In these areas groundwater was encountered at depths ranging between about 12-
1/2 and 37 feet below the ground surface, or not encountered at all (DH-1 and DH-5 excavated 
to termination depths of 20.5 and 24.3 feet, respectively).   

The depth of potentially liquefiable soils appears to vary between different alluvial 
drainages crossed by Price Canyon Road, and the hazard associated with liquefaction during 
the design earthquake event will depend on localized groundwater conditions.  If liquefaction 
occurs, possible adverse impacts that might occur include road embankment settlement, lateral 
displacements of unreinforced and reinforced slopes, and reinforced wall settlement and 
displacements.  The likelihood of liquefaction occurring is largely dependent on seasonal factors 
and other factors affecting groundwater levels, with deeper water levels reducing the likelihood 
of liquefaction and possibly adverse soil behavior during the design earthquake event.  If the 
County would like to consider the impacts of liquefaction on the proposed project, Fugro should 
perform additional analysis. 

4.0 SLOPE STABILITY ANALYSES 

Slope stability analyses were performed to evaluate the stability of proposed cut and fill 
slopes within the project extent, and as basis for providing recommendations for geosynthetic 
reinforced embankments (GRE) and rock dowel walls.  The ground surface profile along the 
evaluated sections was developed using topography and cross section information provided by 
the County of San Luis Obispo (2014, 2015). 

The slope stability analyses were performed using limit equilibrium method as coded in 
the computer program SLIDE (Rocscience, 2014).  SLIDE was used to estimate factors of 
safety for slope stability under static and pseudostatic loading conditions.  SLIDE requires the 
user to input the surface and subsurface profile boundaries; soil properties including unit weight, 
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soil strength (friction angle and cohesion, or undrained shear strength), groundwater levels, and 
the analysis method to be used. 

The internal stability (i.e. the potential for tensile or pullout failure) of slope 
reinforcements (e.g. geosynthetics and rock dowels) was evaluated as part of our stability 
assessment using the computer program SLIDE (Rocscience, 2014), which directly 
incorporated the proposed geosynthetic reinforcement elements. 

4.1 BACKGROUND  

We understand the slopes were graded to the existing inclinations during the 
construction of Price Canyon Road in the 1960’s.  In general, the cut and fill slopes are of 
significant height and inclination.  No information from the original construction efforts is 
available to us that would indicate engineering calculations were performed to support the 
design of these slopes.  Therefore, it cannot be assumed that the existing slopes meet the 
current standard of practice relative to slope stability requirements.  However, based on our 
observations, the slopes have been generally stable under a range of environmental loads 
(excluding significant seismic loads) over the past 50+ years.  

For a comparison between the existing conditions and proposed improvements and to 
check the validity of our estimated engineering parameters, we performed slope stability 
analyses to estimate the stability of existing slopes.  The results of our assessment are 
discussed below and presented graphically in Appendix D. 

4.1.1 Site Constraints 

We understand the proposed road widening is subject to right-of-way constraints near 
the toe of slopes below proposed reinforced and unreinforced slopes.  The proposed road 
widening is also subject to construction constraints at the top of proposed embankments that 
limit the dimensions of proposed slopes.  Construction will need to accommodate two (2) 10-foot 
traffic lanes during the day, and construction easements are not anticipated to be flexible during 
construction. 

In addition, sections of the proposed road widening are subject to right-of-way or 
environmental constraints that limit the length and depth of rock dowels.  Specifically, this 
applies to the proposed alignment between about Sta. 294+70 and 296+10 along the 
northbound slope and between about Sta. 294+80 and 295+50 along the southbound slope. 
For these areas, our assessment considered viable design alternatives without exceeding a 
rock dowel length of 15 to 20 feet. 

4.2 DESIGN CRITERIA 

Design criteria that were used to evaluate the stability of cut and fill slopes along the 
proposed widening were based on California Geologic Survey (CGS, 2008) and AASHTO LRFD 
guidelines that were submitted in our memo to the County on April 26, 2013.  Those criteria are 
summarized below. 
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• Slopes having an estimated factor of safety of at least 1.5 were considered stable
when considering the overall stability of embankment and vertical cut slopes under
static loading conditions.  This minimum factor of safety is generally consistent with
Federal Highway Administration (FHWA, 2009) recommendations for geosynthetic-
reinforced slopes and FHWA (2003) recommendations for reinforced walls.  Our
assessment of slopes in bituminous materials considered creep behavior at stresses
significantly below maximum strength levels, and focused on anticipated stress
levels rather than factor of safety calculations using maximum strength.

• Pseudostatic loading was used as a screening level analysis to help evaluate
whether or not a slope may be vulnerable to movement or deformation in response
to earthquake loads.  The design earthquake is estimated to be a M7.1 earthquake
resulting in a peak ground acceleration of approximately 0.78g at the site.  For the
design earthquake, a horizontal pseudostatic coefficient (kh) of 0.39 was estimated
for a threshold slope displacement of approximately 2 inches, on the basis of CGS
(2008) guidelines.

• Existing natural or graded slopes that will not be modified by the widening were not
analyzed because the improvements would not change their stability relative to the
existing condition.  In other words, we did not check if existing slopes that will not be
modified by the widening meet the above slope stability criteria.

4.3 PROPOSED 1H:1V CUT SLOPES 

Where there is sufficient space, the County plans to construct new slopes at an 
approximately 1H:1V inclination, with the assumption that the performance of these slopes will 
be similar to the performance of existing site slopes cut into similar materials with a similar 
inclination.  Although it is doubtful that the existing slopes were designed to meet the current 
standard of practice relative to slope stability requirements, based on our observations, the 
slopes’ performance does not indicate any deep seated instability under a range of loading 
conditions (excluding significant seismic loads) over the past 50+ years.  However, the slopes 
have been subject to erosion and/or rockfall and have generated sediment, debris and rockfall 
that accumulates along the base of cut slopes and occasionally impacts the traveled way.     

We understand that the County has elected to construct new cut slopes at a 1H:1V 
inclination by applying a “no better, no worse” approach to the change in conditions.  Therefore, 
Fugro did not perform slope stability design of the proposed 1H:1V cut slopes.  We understand 
that the County plans to provide 2 feet of separation between the new edge of pavement/curb 
and the toe of proposed cut slopes to reduce the impact of eroded material and rockfall on the 
traveled way.  In addition, we suggest that County consider providing a separation barrier to 
further reduce the possible impact of eroded material and rockfall on the traveled way and 
implementing preventative measures to reduce erosion potential.  Regular maintenance will be 
required to remove eroded material from the 2-foot separation zone.  Periodic removal of 
eroded material and rockfall from the traveled way could also be required.   
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If the County would like to assess alternatives and evaluate the stability of existing and 
proposed 1H:1V cut slopes, Fugro can perform additional analyses.   

4.4 PROPOSED REINFORCED EMBANKMENTS 

4.4.1 Existing Conditions 

Where 1H:1V GRE slopes and a GRE wall are proposed, existing conditions include 
slopes descending from the roadway with inclinations ranging from about 1.5H:1V to about 
2H:1V, with slope heights as high as approximately 40 feet or greater. 

4.4.2 Proposed Road Widening Dimensions 

The locations of the proposed GRE slopes and GRE wall relative to project stationing 
are shown on the County (2014, 2015) drawings.  The proposed improvements will include 
widening of the road by about 5 to 15 feet.  GRE slopes will be constructed on existing fill 
embankments designed with a 1H:1V inclination, except where the project limits are constrained 
by the County’s right-of-way, which will be accommodated by near-vertical GRE walls with the 
unreinforced slopes above the proposed embankments (backslope) inclined at about 1.5H:1V.  

Tables 5a and 5b summarize the maximum GRE slope and GRE wall heights, and 
maximum total slope heights (height of reinforced slope and the slope below the reinforced 
slope) for northbound and southbound sides of the road along the proposed improvement 
sections.  We note that total slope heights were estimated on the basis of topographic 
information shown on the County (2014, 2015) drawings, which may not include the toe of 
existing slopes along sections of the project alignment.  Particularly from about Sta. 260+00 to 
about Sta. 270+00, the total slope heights are likely greater than those estimated in Table 5b. 

Table 5a.  Description of Reinforced Embankments, Southbound (Left) Lane 

GRE Widening 
Concept 

Project Stationing Length 
Maximum GRE 

Slope/Wall 
Height 

Maximum Total 
Slope Height 

Begin End Feet feet feet 

Near-vertical Wall with 
1.5H:1V Backslope 266+27 268+65 238 10 10 

Near-vertical Wall with 
1.5H:1V Backslope 280+57 284+55 398 9 12 
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Table 5b.  Description of Reinforced Embankments, Northbound (Right) Lane 

GRE Widening 
Concept 

Project Stationing Length 
Maximum GRE 

Slope/Wall 
Height 

Maximum Total 
Slope Height 

Begin End feet feet Feet 

1H:1V Slope 264+40 270+06 566 15 40 or greater 

1H:1V Slope 280+54 283+52 298 8 23 

Near-vertical Wall with 
1.5H:1V Backslope 301+58 305+16 358 10 16 

1H:1V Slope 320+35 323+30 295 8 17 

4.4.3 Representative Cross Sections 

Three (3) cross sections were developed from the County (2014, 2015) drawings to 
evaluate the external and internal stability of the proposed reinforced slopes.  Table 6 presents 
a list of the evaluated cross sections, estimated GRE slope height, wall height, backslope 
height, total slope height and applicable subsurface profiles.  

Table 6. Cross Sections Evaluated for Reinforced Embankment Design 

Cross Section 

GRE 
Slope 
Height  

GRE Wall 
Height 

Back Slope 
Height 

Total Slope 
Height Subsurface Profile 

Modeled in Analyses 
feet Feet Feet Feet 

Northbound 
 

    

Station 266+00 9 
(at 1H:1V) -- -- 29 or greater Artificial Fill overlying Non-

bituminous Sandstone 

Station 268+00 15 
(at 1H:1V) -- -- 40 or greater 

Artificial Fill overlying 
Slightly Bituminous 
Sandstone 

Station 303+00 -- 7.5 2.5 16 Artificial Fill overlying 
Alluvium 

4.5 PROPOSED CONVENTIONAL FILL SLOPES 

4.5.1 Existing Conditions 

Where 1.5H:1V unreinforced, conventional fill slopes are proposed, existing conditions 
include slopes descending from the roadway with inclinations ranging from about 1.5H:1V to 
about 4H:1V, with slope heights as high as approximately 26 feet. 
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4.5.2 Proposed Road Widening Dimensions 

The locations of the proposed conventional, unreinforced fill slopes relative to project 
stationing are shown on the County (2014, 2015) drawings.  The proposed improvements will 
include widening of the road by about 5 to 15 feet.  Unreinforced fill slopes will be designed with 
a 1.5H:1V inclination, which is generally the same inclination as existing slopes.  Tables 7a and 
7b summarize the maximum unreinforced fill slope heights and total slope heights (height of 
conventional fill slope and slope below the fill) for opposite sides of the road along the proposed 
improvement sections. 

Table 7a.  Description of 1.5H:1V Conventional Fill Slopes, Southbound (Left) Lane 

Project Stationing Length  Maximum Fill 
Slope Height 

Maximum Total 
Slope Height 

Begin End Feet feet Feet 

274+50 277+50 300 2 2 

290+53 293+43 290 7 7 

301+50 303+50 200 3 3 

Table 7b.  Description of 1.5H:1V Conventional Fill Slopes, Northbound (Right) Lane 

Project Stationing Length  Maximum Fill 
Slope Height 

Maximum Total 
Slope Height 

Begin End Feet feet Feet 

254+77 264+26 949 7 16 

274+28 278+12 384 9 9 

283+12 287+00 388 20 26 

290+32 293+25 293 13 18 

4.5.1 Representative Cross Section 

One (1) cross section was developed from the County (2014, 2015) drawings to evaluate 
the stability of the proposed conventional, unreinforced fill slopes.  Table 8 presents the 
evaluated cross section’s estimated fill slope height, estimated total slope height and applicable 
subsurface profile. 
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Table 8. Cross Section Evaluated for Conventional Fill Slope Design 

Cross Section 
Fill Slope 

Height  
Total Slope 

Height 
Subsurface Profile  

Modeled in Analyses 

feet feet  

Northbound 
 

  

Station 286+00 18 26 Artificial Fill overlying Alluvium and 
Slightly Bituminous Sandstone 

4.6 PROPOSED RETAINING WALLS 

4.6.1 Existing Conditions 

Along the section of road where retention systems are proposed (from about Sta. 
294+64 to about Sta. 301+07), existing conditions include slopes ascending from the roadway 
at near 1H:1V inclination, with total slope heights (height of wall and slope above proposed wall) 
as high as approximately 47 feet. 

4.6.2 Proposed Road Widening and Associated Cut Heights   

The locations of the proposed retaining walls relative to project stationing are shown on 
preliminary drawings (Cannon, 2015).  The proposed improvements will include widening of the 
road by about 15 to 20 feet, and associated excavation cuts into the base of existing cut slopes, 
which extend to about the edge of the road.  Because the slopes are at an inclination of about 
1H:1V, widening of 15 to 20 feet will result in significant vertical cuts.  Tables 9a and 9b 
summarize the range of cut slope heights for northbound and southbound sides of the road, and 
the maximum total slope heights (height of proposed wall and slope above the wall) along the 
proposed improvement sections.  

A retaining wall system including rock dowels in multiple rows with reinforced shotcrete 
facing is planned along most of the proposed wall alignment.  Where the cut slope height is 
relatively short, a gravity cantilevered retaining wall is being considered in an effort to optimize 
costs. 

From about Sta. 294+80 to about Sta. 295+25 on the southbound slope, the existing 
slopes above the proposed rock dowel wall are inclined at about 1H:1V or steeper.  Based on 
Cannon’s (2015) drawings, we understand the proposed design will include cutting the slope 
above the wall to an approximately 1H:1V inclination. The stability of 1H:1V cut slopes is 
discussed in detail below. 
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Table 9a.  Description of Retaining Walls, Southbound Slope (Cannon [2015] Wall No. 1) 

Wall Type Project Stationing Length Design Cut Height 
(feet) 

Maximum 
Total 
Slope 
Height 

 Begin End feet Min. Max. feet 

Rock Dowel 294+64 298+70 406 3.0 11.5 46 

Rock Dowel OR 
Conventional 
Cantilevered 

298+70 301+07 237 2.5 4.5 47 

Table 9b.  Description of Retaining Walls, Northbound Slope (Cannon [2015] Wall No. 2) 

Wall Type Project Stationing Length Design Cut Height 
(feet) 

Maximum 
Total Slope 

Height 

 Begin End feet Min. Max. feet 

Rock Dowel 294+78 301+02 634 5.5 16.0 34 

4.6.3 Representative Cross Sections 

Ten (10) cross sections were developed from the County (2014) drawings to evaluate 
the external and internal stability of the proposed walls, considering different wall geometries 
and subsurface conditions.  Our analyses assumed a vertical wall face.  Table 10 presents a list 
of the evaluated cross sections, estimated cut slope height, estimated total slope height 
considering the unsupported inclined slope above the wall, and applicable subsurface profile 
(i.e., unit of Pismo Formation sandstone). 

Although the slightly bituminous sandstone (TmpeSB) unit was mapped from about Sta. 
297+00 to 297+40, the length of the unit along the proposed wall is short relative to the mapped 
lengths of non-bituminous sandstone (TmpeNB), heavily bituminous sandstone (TmpeHB), and 
the interbedded (TmpeINT) sandstone units.  Therefore, our evaluation and recommendations 
focused on the non-bituminous sandstone (TmpeNB) and heavily bituminous sandstone 
(TmpeHB) units.  The engineering parameters for the heavily bituminous sandstone unit were 
applied to slope sections where slightly bituminous sandstone and interbedded bituminous 
sandstone units were mapped. 
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Table 10. Cross Sections Evaluated for Wall Design 

Cross Section 

Vertical Cut 
Height  Total Slope Height Subsurface Profile   

(Pismo Formation 
Sandstone Unit) 

Modeled in Analyses feet feet 

Northbound 
 

  

Station 295+50 10 15 Non-Bituminous 

Station 296+00 5 18 Non-Bituminous 

Station 297+00  11.5 25 Heavily Bituminous 

Station 299+76  16 34 Heavily Bituminous 

Station 300+60 14 15 Non-Bituminous 

Station 300+75 12 15 Non-Bituminous 

Southbound 
 

  

Station 295+75 8 25 Non-Bituminous 

Station 297+80 7.5 44 Heavily Bituminous 

Station 299+50 4.5 47 Heavily Bituminous 

Station 300+60 2.5 20 Non-Bituminous 

4.7 ANALYSIS APPROACH 

4.7.1 Reinforced Embankments and Conventional Fill Slopes 

Static Stability Criteria.  For our evaluation of fill slopes reinforced by geosynthetics 
and unreinforced conventional fill slopes, a minimum estimated factor of safety of 1.5 was 
considered stable for static loading conditions.  However, it should be noted that existing slopes 
not impacted by the proposed improvements, above and below the proposed fill slopes 
evaluated, may have a factor of safety less than 1.5 and were not evaluated for additional 
mitigation.  Additionally, while new unreinforced fill embankments inclined at about 1.5H:1V 
meet the target factor of safety with respect to failure surfaces involving a significant soil mass, 
some surficial sloughing and erosion is likely, consistent with our observations of existing slopes 
with a similar inclination.  It is our understanding that the anticipated surficial sloughing and 
erosion will be addressed by regular maintenance.  Mitigation alternatives for surficial sloughing 
and erosion control are presented in Section 6.2.3.   

Seismic Stability Criteria.  Slopes were first checked using the pseudostatic screening 
analysis, discussed in Section 4.2 for 2 inches seismic displacement considering a seismic 
coefficient of 0.39.  We note this procedure is generally consistent with the reinforced 
embankment design recommendations of FHWA (2009), which recommends a seismic 
coefficient value equal to one-half of the design PGA.  Slopes that did not pass the screening 
analysis were further analyzed to estimate the slope seismic displacement using the simplified 
procedures outlined by Bray and Travasarou (2007). 
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For the displacement procedures, we performed limit-equilibrium slope stability analyses 
to estimate the yield coefficient (ky) of the slopes.  The yield coefficient (ky) is defined as the 
seismic coefficient corresponding to an estimated factor of safety equal to 1.0 in a pseudostatic 
stability analysis.  In other words, seismic coefficients corresponding to slope factors of safety 
greater than or less than 1.0 are not yield coefficients.  The ky values were used to estimate an 
average slope displacement corresponding to a 50-percent probably of exceedance level. 

Groundwater.  The groundwater surface used in the analyses of new embankments 
was estimated based on the depth to groundwater encountered in the borings. Groundwater 
was encountered at depths ranging from approximately 3 to 18 feet below the roadway in 
borings DH-2, DH-3 DH-4, and DH-6 performed during our September 2011 and May 2013 field 
exploration programs. 

If surficial seepage or groundwater in borings was not encountered near a cross section 
evaluated for our slope stability assessment, the groundwater was modeled at a depth of about 
10 feet below the road or at the contact between overlying soils and the relatively impermeable 
slightly bituminous sandstone (TmpeSB) and heavily bituminous sandstone (TmpeHB) units. 

Traffic Surcharge. Traffic loading was modeled as an equivalent uniform surcharge 
pressure of 240 pounds per square foot (psf), uniformly distributed across both traffic lanes.  

4.7.2 Retaining Walls 

Earth Material Complexity.  The slopes to be retained are largely composed of the 
slightly and heavily bituminous materials.  Due to the bitumen content in the material matrix, 
there is a potential for the material to creep under loads significantly below the material peak 
strength assessed by conventional strength testing.  Furthermore, the creep potential of the 
bituminous materials is dependent on the material temperature, which varies in the surficial 
zone daily and throughout the year.  Therefore, assessment of the global stability of the 
bituminous slopes was focused on developing an engineering solution to keep stress levels 
within the slope below the stress levels that would likely initiate excessive creep.  For the 
surficial zones where stress levels that would likely result in significant creep are low due to 
surface temperature variations, our evaluation accounted for the maximum loads likely to occur 
from the material’s creep potential.  Our design approach considerations for the creep potential 
of the bituminous materials are explained in further detail below. 

Static Stability Criteria.  We evaluated the proposed rock dowel walls generally based 
on methods presented in FHWA (2003) using limit equilibrium methods to calculate the overall 
stability and loads on the structural elements (walls and dowels).  Because of anticipated 
behavior differences between the heavily bituminous and non-bituminous materials, the wall 
sections were analyzed using different approaches and methodologies.  The non-bituminous 
materials are expected to behave similar to granular soils, and for our analyses of those 
sections, we applied resistance factors to input parameters in accordance with AASHTO LRFD 
guidelines and FHWA (2003).  The behavior of slopes cut into heavily-bituminous materials will 
be controlled by the creeping nature and creep-limiting stress levels in the material, which 
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appears to be temperature-related, and the assessment process involved stability analyses and 
a review of the likely failure and loading mechanisms. 

Seismic Stability Criteria.  In accordance with the pseudostatic screening analysis 
discussed in Section 4.2, slopes subjected to a 0.39 seismic coefficient (i.e. about one-half the 
design PGA) with an estimated factor of safety greater than 1.0 were considered to be stable 
during the design seismic event with relatively small slope movements expected.  We note this 
procedure is generally consistent with the recommendations of FHWA (2003), which 
recommends a seismic coefficient value between one-half and two-thirds of the design PGA. 

Groundwater.  Seeps and vegetation indicative of seepage were observed on the 
southbound cut slopes within the project extent, particularly in the vicinity of Stations 271+00 
and 299+00, at heights up to about 10 feet above the toe of cut slopes.  For our stability 
analyses of proposed cut slopes, the water surface was modeled daylighting on the slope 
surface up to about 10 feet above the toe of the southbound lane slope and at the toe of the 
northbound lane slope, which is generally consistent with the active groundwater seeps we 
observed during the exploration program. 

4.8 ENGINEERING PARAMETERS 

4.8.1 Reinforced Embankments and Conventional Fill Slopes 

The subsurface profiles of reinforced embankments and conventional fill slopes are 
anticipated to consist of existing and new artificial fill (af) underlain by alluvium (Qal) and/or 
Pismo Formation sandstone. The new artificial fill will likely be composed of sandy soils derived 
from proposed cut slopes in the Pismo Formation sandstone.  Basic engineering parameters for 
soils modeled in our slope stability analyses of reinforced and unreinforced fill slopes are 
tabulated in Table 11.  Effective shear strength parameters for these predominantly sandy soils 
were selected for slope stability analyses based on laboratory direct shear and consolidated 
undrained triaxial tests performed on driven ring and remolded samples obtained from the field 
exploration program.  

Laboratory test results are presented in Appendix B, and a plot of results from direct 
shear testing of artificial and alluvium samples is presented on Plate C-3.  For our analysis of 
new and existing artificial, we assigned the material an effective cohesion of 100 psf, which in 
our opinion is consistent with lab test results and appropriately represents pore suction 
anticipated for generally dense to very dense unsaturated soils.  Observed surficial sloughing is 
likely the result of saturation of surface soils and an associated loss of unsaturated cohesion 
effects.  For the alluvium, we assigned the material an effective cohesion of zero to represent 
the loose to medium dense state of the predominantly sandy alluvial soils encountered.  The 
non-bituminous sandstone (TmpeNB) unit is expected to behave similar to granular soils. 
Therefore, we assigned similar strength parameters, with a slightly greater cohesion (200 psf) 
estimated to account for the weak cementation of the unit. 
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The estimated undrained shear strength for the slightly bituminous (TmpeSB) unit was 
based on laboratory unconfined compressive strength tests performed on block samples taken 
by hand from various outcrops exposed on the existing rock cuts. 

Table 11.  Engineering Parameters for Fill Embankment Analyses 

Soil/Rock Unit 
Unit 

Weight 
(pcf) 

Shear Strength 
Parameters 

Cohesion 
(psf) 

Friction 
Angle 

(degrees) 

Existing Artificial Fill (af_1) 1 120 100 35 

New Artificial Fill (af_2) 1 120 100 35 

Alluvium (Qal) 1 105 0 35 

Pismo Formation Sandstone   

Non-bituminous (Tmpe_NB) 1 125 200 35 

Slightly bituminous (Tmpe_SB) 125 5,0002 -- 

Notes: 
1 Strength parameters are based on triaxial and direct shear test 

results  
2 Based on peak strength in unconfined compressive strength testing   
of Slightly Bituminous materials. 

4.8.1 Geosynthetic Reinforcement 

Placement of geosynthetic reinforcement to improve slope stability was considered in 
the analyses of reinforced embankments.  We modeled the vertical spacing, strength, and 
lengths of geosynthetic reinforcement.  The analyses were used to estimate the configuration of 
the reinforcement needed to provide a static factor of safety of at least 1.5 for the proposed 
GRE slopes and GRE wall. 

The strength properties of the geosynthetic reinforcement were estimated in accordance 
with the recommendations of AASHTO LRFD Guidelines and FHWA (2009).  In accordance 
with the recommendations of AASHTO, a resistance factor of 0.9 was applied to the tensile and 
pullout strength parameters.  
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Table 12.  Engineering Parameters for Geosynthetic Reinforcement 

Resistance 
Factor 

Tensile 
Strength (lb/ft) 

Pullout Factors Pullout Strength 
Strip 

Coverage 
(percent) F* α Adhesion 

(psf) 

Friction 
Angle, φ 
(degrees) 

0.9 1,3801 0.8 tan φ 0.8 0 212 90 

Notes: 
1 Long-Term Design Strength (LTDS)  = 1,540 lb/ft multiplied by 0.9 resistance factor; LTDS based 
on strength properties of Tensar UX1400HS Structural Geogrid embedded in Sand 
2 Equivalent friction angle (ρ) where tan ρ = 0.9 * α *  F* = 0.9* 0.8 * 0.8 tan φ 

4.8.2 Rock Dowel Walls 

The subsurface profiles of slopes retained by rock dowels are anticipated to consist of 
Pismo Formation sandstone.  As noted above, our evaluation and recommendations focused on 
the non-bituminous sandstone (TmpeNB) and heavily bituminous sandstone (TmpeHB) units.  The 
engineering parameters for the heavily bituminous sandstone unit were applied to slope 
sections where slightly bituminous sandstone and interbedded bituminous and non-bituminous 
sandstone units were mapped. 

Basic engineering parameters for both the non-bituminous sandstone and heavily 
bituminous sandstone units are tabulated in Table 13 below.  The selected engineering 
parameters were developed based on review of the laboratory testing program performed, and 
review of existing conditions in the field.  Because of the creep potential of the heavily 
bituminous sandstone (TmpeHB) unit, the following sections discuss in greater detail our 
interpretation of the anticipated behavior of these materials under the expected loading and 
environmental conditions. 

Table 13.  Engineering Parameters for Rock Dowel Wall Analyses 

Sandstone Unit 
Unit 

Weight 
(pcf) 

Long-Term, Static 
Shear Strength 

Parameters 

Long Term 
Stress 
without 

Progressive 
Creep 
(psf) 

Short-Term, Seismic 
Shear Strength 

Parameters 
Ultimate 

Bond 
Strength 

(ksf) Cohesion 
(psf) 

Friction 
Angle 

(degrees) 
Cohesion 

(psf) 
Friction 
Angle 

(degrees) 

Non-bituminous1 125 200 35 -- 200 35 3.5 

Heavily-bituminous 125 -- -- 9002 5,0003 -- 0.94 

Notes: 
1  Strength parameters for non-bituminous materials are based on triaxial and direct shear test results. 
2  Back-calculated parameter based on a slope stability assessment of existing slopes as the stress level along the 

failure surface with the lowest calculated factor of safety. 
3 Based on peak strength in unconfined compressive strength testing of bituminous materials. 
4 Based on the stress level that is expected to limit the potential for progressive long term creep. See Note 2. 
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4.8.3 Heavily Bituminous Sandstone (TmpeHB) Behavior 

Peak Strength.  A number of unconfined compressive strength (UCS) tests were 
performed on bituminous samples recovered from the surface and the results are included in 
Appendix B.  These results indicate that bituminous materials have a peak UCS strength of 17.6 
to 94.4 kips per square foot (ksf), which corresponds to a peak shear strength of about 8.8 to 
47.2 ksf.  These values indicate that under short-term loading (e.g., seismic loading), these 
materials can provide significant resistance to transient loads when insufficient time is available 
to allow creep to develop.  Therefore, a short-term shear strength of 5,000 psf was selected for 
use in the analyses of seismic loading. 

Creep and Stress Conditions Under Long-Term Loading.  The UCS tests performed 
on bituminous materials also indicate the heavily bituminous sandstone (TmpeHB) unit is prone 
to long-term creep.  As noted above, the material can support high peak compressive stresses 
under short-term loading.  However, when subjected to stresses for a prolonged period of time, 
the material can exhibit progressive creep and eventual failure at much smaller stresses (less 
than 1 ksf in some of the tests performed).  Based on our laboratory test results, creep is more 
likely to occur as the temperature of the material increases; however, insufficient data is 
available to develop a rigorous correlation between creep, temperature, and induced stresses.  
Notwithstanding the lack of a rigorous correlation, our evaluation assessed allowable stresses in 
the rock mass based on the type of loading and the expected temperature range of different 
segments of the rock slope during the design life. 

For our evaluation of stresses in the formation at depth, we performed back-analysis of 
global stability of existing slopes to estimate the minimum stress level at which the heavily 
bituminous sandstone (TmpeHB) is not expected to progressively creep.  The results of our back-
analysis are presented on Plate D-23. Because the existing slopes have been in place for  
50+ years, we can assume that the current stress levels are below the stresses that result in 
progressive creep for the anticipated material and temperature at depth.  As noted above, the 
maximum slope height of bituminous sandstone in the proposed wall area is about 47 feet, with 
an inclination of about 1H:1V.  For the calculated factor of safety of 1, shear stresses along the 
potential failure surface within the slope are on the order of about 0.9 ksf.  Therefore, if the 
proposed retaining wall design does not result in shear stresses above 0.9 ksf within the slope 
material at depth, the heavily bituminous slope is anticipated to maintain long term stability 
without progressive creep. 

Based on this back-analysis of the existing slope, we performed analyses for proposed 
slope geometries, and estimated wall configurations and rock dowel dimensions for which the 
calculated shear stresses in the improved slope are at or below 0.9 ksf (i.e. stress conditions for 
the improved slope are equal to or less than the existing slope).  However, because the 
analyses included calculation of shear stress conditions along the potential critical failure 
surface, rather than trying to calculate a global factor of safety, the slope stability analyses were 
performed to target a calculated factor of safety of 1.  This approach differs from calculating 
factors of safety for long-term global stability recommended by FHWA (2003) and AASHTO 
LRFD Guidelines.  This distinction between stress level-based analyses and global slope 
stability analyses should be noted when reviewing the results of our analyses. 
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Creep in Thermal Variation Zone.  Existing slopes in the heavily bituminous unit are 
prone to surficial raveling and sloughing, particularly during periods of hot weather.  This 
behavior appears to correlate to the temperature variations that can be significant in the surficial 
portions of the rock mass, which are heated by the sun during the day.  Thermister data 
collected at about Sta. 300+65 presented on Plates C-1 and C-2 indicate that within 13 inches 
of the rock surface, temperatures can vary up to approximately 34 degrees (F) daily and 
approximately 90 degrees (F) annually. High temperatures can increase the potential for creep 
in heavily bituminous materials, and temperature variations (volume change associated with 
heating and cooling) can promote development and propagation of fractures.  

Plate C-2 presents annual temperature extremes measured at 1, 6 and 13 inches from 
the rock slope face.  A simple extrapolation of the annual extreme temperatures indicates the 
zone of significant thermal variation extends to a depth of about 3 to 3-1/2 feet (36 to 42 inches) 
below the rock slope surface.  Based on the same extrapolation, the temperature of rock at 
depth appears to be at about 60 to 62 degrees (F).  Although the interpreted zone of thermal 
variation extends to a depth of about 3 to 3-1/2 feet, major thermal variations are expected to 
occur at depths less than about 3 to 3-1/2 feet.  The peak temperature measured at 1-inch 
depth was about 125 degrees (F) – approximately 65 degrees higher than rock at depth, while 
at 13 inches depth, the peak temperature measured was about 80 to 82 degrees, only 
20 degrees higher than rock at depth. 

Because progressive creep in bituminous materials appears to be exacerbated by 
increased temperatures, the shallow zone with high peak temperatures will be more susceptible 
to creep-related failures than rock at depth.  This is evident from field observations (e.g. at about 
Sta. 275+00), where sloughing of the heavily bituminous materials seems to be limited to zones 
with a thickness of about 6 to 12 inches.  Therefore, in our development of retaining wall design 
recommendations, we have included considerations for materials highly prone to creep and the 
associated loss of stability within the thermal variation zone. 

4.8.4 Ultimate Bond Strength of Rock Dowels  

Non-Bituminous Sandstone (TmpeNB) Unit. For our analyses of rock dowel walls 
retaining the non-bituminous sandstone (TmpeNB) unit, we estimated the bond strength between 
the grouted rock dowel and non-bituminous material will be approximately 3.5 ksf, which is 
within the ranges recommended by FHWA (2003) and AASHTO LRFD for dense sands.  In our 
opinion, this granular soil bond strength represents the anticipated strength behavior of the 
weakly-cemented non-bituminous sandstone (TmpeNB). 

Heavily Bituminous Sandstone (TmpeHB) Unit.  For our analyses of rock dowel walls 
retaining the heavily bituminous sandstone (TmpeHB) unit, we assumed the bond strength 
between the grouted rock dowel and heavily bituminous material would be prone to long-term 
creep.  Therefore, the allowable bond strength was estimated to be equal to the back-calculated 
stress level of 0.9 ksf, which is anticipated to preclude progressive creep.  In addition, the bond 
strength was adjusted by a reduction factor of 0.5 (i.e., factor of safety of 2), and the bond 
strength was neglected within a 3-foot depth from the slope surface to account for the 
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anticipated thermal variation zone discussed above.  The effective bond length (i.e., total bond 
length minus the 3-foot thermal variation zone) is depicted on Plate C-4. 

Pullout tests will be performed prior to construction to provide verification of the bond 
strength we assumed for the sandstone units.  Pull-out tests will need to implement special 
considerations to assess the long-term creep behavior of heavily bituminous materials. 

5.0 RESULTS OF STABILITY ASSESSMENT 

The results of our slope stability assessment indicate proposed unreinforced fill slopes, 
reinforced embankments (designed with the reinforcement configurations recommended below) 
and vertical retention systems (supported by the rock dowel configurations recommended 
below) are estimated to exceed the minimum factors of safety recommended for static loading 
by design guidelines (AASHTO LRFD and FHWA). 

In addition, our slope stability assessment indicates the proposed unreinforced and 
reinforced embankments are susceptible to seismically-induced displacements, with slope 
displacements ranging between 3 and 7 inches estimated for the design seismic event.  Based 
on our discussions with the County, we understand mitigation of susceptibility to seismic 
displacements along deeper-seated critical surfaces, which would likely require reinforcement 
placed beyond the site constraints discussed in Section 4.1.1, is beyond the scope of the 
Phase 2 widening project.  However, it is our opinion that the performance of the improved 
slopes will be the similar to existing slopes during the design earthquake.  As noted in Section 
3.4.2, the design PGA considered in our pseudo-static stability analyses corresponds to a 
probably of exceedance between 1-percent and 2-percent in 50 years (i.e. a return period 
between 2,475 and 4,975 years). 

Rock dowel configurations and dimensions were selected to provide slopes subjected to 
a 0.39 seismic coefficient (i.e. about one-half the design PGA) with an estimated factor of safety 
greater than 1.0.  Therefore, relatively small slope movements are expected for slopes 
supported by the rock dowel configurations and dimensions recommended below, during the 
design seismic event.  

The results of our slope stability assessment for generalized profiles of the proposed cut 
and fill slopes are discussed further below and presented graphically in Appendix D. 

5.1 REINFORCED EMBANKMENTS 

The results of our slope stability assessment of selected GRE slopes and wall sections 
are tabulated below.  
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Table 14. Slope Stability Results for Reinforced Slope Design 

Cross Section 

Factor of Safety (FS) 

Estimated 
Seismic 

Displacement 
(inches) 

Existing Proposed GRE Configuration 

Static Seismic1 Static Seismic1 
Vertical 
Spacing 

(feet) 
Length 
(feet) 

Northbound 
 

      

Station 266+00 1.92 0.88 1.75 0.902 2 10 3 

Station 268+00 1.86 0.99 1.85 0.993 2 10 3 

Station 303+00 1.92 0.91 1.75 0.912 2 4 to 164 45 

Notes: 
1 Factor of safety for seismic coefficient = 0.39 
2 Yield coefficient = 0.32 
3 Yield coefficient = 0.38 
4 Length of geosynthetic reinforcement varies due to inclination of temporary construction excavation 
slope. The slope stability model assumed a minimum embedment of 2 feet into the temporary slope, 
inclined at about 1.5H:1V. Refer to Plate 7. 
5 Strength reduction of the potentially liquefiable alluvium unit (Qal) during the design earthquake was 
not considered in our pseudostatic slope stability analysis. 

Static.  Our assessment of the three (3) cross sections evaluated with the GRE 
configurations and dimensions noted above indicate the estimated factors of safety for global 
static stability exceed the minimum factor of safety (1.5) recommended by AASHTO LRFD and 
FHWA (2009) guidelines.  

Seismic.  For seismic stability, we estimated factors of safety less than 1.0 when the 
slopes were subjected to a seismic coefficient of 0.39. Therefore, we estimated yield coefficients 
(ky) for the three (3) cross sections evaluated and estimated approximately 3 to 4 inches of 
seismically-induced displacement.  As discussed in Section 3.5, the effects of liquefaction and 
associated strength reduction of potentially liquefiable alluvial soils (Qal) during the design 
earthquake was not considered in our pseudostatic slope stability analysis of Sta. 303+00. 

As indicated in Table 14, the estimated factors of safety for seismic stability are about 
the same or greater than those estimated for existing conditions.  The critical failure surfaces for 
both existing and proposed global stability models were limited in depth by the slightly 
bituminous sandstone unit (Sta. 268+00) or the base of the slope model (Sta. 266+00, Sta. 
303+00).  It should be noted the slope heights in our models were estimated on the basis of 
topographic information shown on the County (2014, 2015) drawings, which may not include the 
toe of existing slopes along sections of the project alignment.  Particularly from about Sta. 
260+00 to about Sta. 270+00, the total slope heights are likely greater than those estimated in 
Table 5b.  In general, greater slope heights may result in deeper critical failure surfaces and 
lower factors of safety estimated by slope stability analyses, especially where the existing 
subsurface profile includes relatively weak bedrock (e.g., the non-bituminous sandstone 
[TmpeNB] unit and Paso Robles Formation [Qpr]). 
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The global stability failure mode assessment includes an evaluation of critical failure 
planes passing behind the reinforced soil zone.  By extending the length of reinforcement 
deeper into the slope, the critical failure surface will also be extended deeper and an acceptable 
estimated global factor of safety may be achieved.  However, extending reinforcement to 
provide slopes subjected to a 0.39 seismic coefficient (i.e. about one-half the design PGA) with 
an estimated factor of safety greater than 1.0 would likely require reinforcement placed beyond 
the site constraints discussed in Section 4.1.1 

5.2 CONVENTIONAL FILL SLOPES 

Results of our slope stability assessment of the representative unreinforced, 
conventional fill slope section are tabulated below.  

Table 15. Slope Stability Results for Conventional Fill Slope Design 

Cross Section 

Factor of Safety (FS) 

Existing Proposed Estimated Seismic 
Displacement 

(inches) Static Seismic1 Static Seismic1 

Northbound 
 

    

Station 286+00 1.56 0.78 1.58 0.842 73 
Notes: 
1 Factor of safety for seismic coefficient = 0.39 
2 Yield coefficient = 0.27 
3 Strength reduction of the potentially liquefiable alluvium unit (Qal) during the 
design earthquake was not considered in our pseudostatic slope stability analysis. 

Static.  Our assessment of the one (1) cross section indicated the estimated factor of 
safety for global static stability at Sta. 286+00 exceeds the minimum factor of safety (1.5) 
recommended by AASHTO LRFD guidelines. 

Seismic.  The factor of safety estimated by our pseudostatic screening analysis for 6- 
and 2-inches displacement was less than 1.0 for Sta. 286+00.  We estimated a yield coefficient 
(ky) and corresponding slope displacement for the proposed fill slope in accordance with the 
CGS (2008) methodology.  Based on the calculated yield coefficient, we estimate a seismically-
induced slope displacement of about 7 inches at Sta. 286+00.  As discussed in Section 3.5, the 
effects of liquefaction and associated strength reduction of potentially liquefiable alluvial soils 
(Qal) during the design earthquake was not considered in our pseudostatic slope stability 
analysis of Sta. 286+00. 

As indicated in Table 15, the calculated factor of safety for seismic stability is greater 
than the factor of safety estimated for existing conditions.  The critical failure surfaces for both 
existing and proposed stability models were limited in depth by the slightly bituminous 
sandstone unit at Sta. 286+00. 
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In general, similar stability conditions are anticipated where conventional fill slope 
heights are less than the total slope heights, as described in Tables 7a and 7b.  In contrast to 
reinforced slopes and due to the similar strength properties anticipated for new and existing fill 
along the project alignment, extending the embedment (i.e. keying and benching into the 
existing slope) of the proposed fill slope is not anticipated to impact the depth of the critical 
failure surface, which in turn, would improve the estimated factor of safety.  Geosynthetic 
reinforcement of the proposed embankments will likely improve the seismic stability and mitigate 
the potential for seismically-induced displacements of fill slopes. 

5.3 SURFICIAL SLOUGHIING OF FILL SLOPES 

Based on our observations of existing slopes at similar inclinations, surficial sloughing 
and erosion of the new fill embankments inclined at about 1.5H:1V or steeper is anticipated.  
Graded slopes inclined at about 1.5H:1V or steeper should be adequately vegetated or 
stabilized with secondary geogrid-type reinforcements to help limit the potential for surficial 
instability. Relatively deep-rooted vegetation suitable for sandy soils should be selected to 
stabilize embankment slopes. Mitigation alternatives for surficial sloughing and erosion are 
presented in Section 6.2.3.   

5.4 ROCK DOWEL WALLS - NON-BITUMINOUS (TMPENB) SECTIONS 

5.4.1 Global Slope and Wall Stability 

The results of our slope stability analyses were used to develop our recommendations 
below for rock dowel configurations within the non-bituminous sandstone (TmpeNB).  Based on 
our analyses, non-bituminous sandstone slopes supported by the rock dowel configurations 
recommended below meet the minimum factors of safety recommended by AASHTO LRFD and 
FHWA (2003). 

5.4.2 Seismic Stability 

Rock dowel configurations and dimensions were selected to provide slopes subjected to 
a 0.39 seismic coefficient (i.e. about one-half the design PGA) with an estimated factor of safety 
greater than 1.0.  Therefore, relatively small slope movements (e.g., less than about 2 inches) 
are expected for slopes supported by the rock dowel configurations and dimensions 
recommended below, during the design seismic event. 

5.5 ROCK DOWEL WALLS - HEAVILY BITUMINOUS SANDSTONE (TMPEHB) SECTIONS 

5.5.1 Global Slope and Wall Stability 

FHWA (2003) defines global slope stability as one of the failure modes to be evaluated 
when designing rock dowel walls.  The global stability failure mode assessment includes an 
evaluation of critical failure planes passing behind the zone penetrated by rock dowels.  The 
goal of our design (and the associated selection of rock dowel lengths) is to keep stress levels 
along the critical failure plane below the target stress levels associated with avoiding long-term 
creep potential (see Table 13 and associated discussion in Section 4.8.3).  By extending rock 
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dowels deeper into the slope, the critical failure surface will also be extended deeper and the 
associated stresses along the critical failure surface will be lowered to the target levels. 

Because of the creep potential of the heavily bituminous sandstone (TmpeHB) at the 
project site, the acceptable slope condition was not defined by a material strength, but rather as 
a stress level that will not result in progressive creep of the heavily bituminous materials.  This 
stress level was estimated on the basis of back-analyses of existing slope configurations (height 
and inclination), as discussed in Section 4.8.3.  Therefore, to select the minimum rock dowel 
lengths, we assessed the state of stresses along the critical failure surface for the proposed 
slope configurations at different typical sections (cut height and rock dowel length) to confirm 
that the calculated stress levels were below the stress levels estimated from back-analyses of 
existing, stable slopes.  In our opinion, the new wall and slope configurations will perform similar 
to existing slopes, as the improved stress levels will be at or below the stress levels before 
improvement (i.e., stress levels that the slopes have maintained for several decades). 

5.5.2 Internal Wall Stability 

To evaluate the expected loading mechanisms and possible failure scenarios within the 
rock dowel wall, our analyses included the temperature-controlled behavior of the heavily 
bituminous materials (TmpeHB) near the slope surface.  Because of its higher creep potential 
due to exposure to higher temperatures, this surficial zone could have a significant impact on 
the loads applied to the wall facing and through the facing onto the rock dowels.  If not 
adequately accounted for, it could potentially lead to flexural and shear failure within the facing, 
or pullout of the rock dowels. 

We assessed minimum rock dowel lengths based on analyses of the internal wall 
stability, which accounted for loads from the surficial thermal variation zone of bituminous 
materials.  The simplified kinematic block model developed to consider possible loading by the 
heavily bituminous sandstone material’s surficial thermal variation zone is depicted on Plates C-
4 and C-5.  When selecting the minimum rock dowel lengths, we applied the FHWA (2003) 
recommended rock resistance factor of 0.5 to the target ultimate bond stresses along rock 
dowels when calculating the allowable pullout resistance of rock dowels. 

5.5.3 Seismic Stability 

As noted above, based on our laboratory test results, the strength of the heavily 
bituminous sandstone is relatively high when subjected to short-term, rapid loading.  Therefore, 
the global factors of safety under seismic loading are anticipated to exceed the minimums 
recommended by AASHTO LRFD and FHWA (2003). 

5.6 STABILITY OF CUT SLOPES ABOVE WALLS 

It should be noted that existing slopes above the proposed walls may have a factor of 
safety less than 1.5, but were not evaluated for stability because the proposed widening is 
unlikely to adversely impact any potential failure surfaces daylighting on the slopes above the 
proposed walls.  Surficial sloughing and erosion of material above the walls is anticipated and 
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maintenance measures should be implemented to address the potential for slope material to 
collect behind the proposed walls. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

We prepared the conclusions and recommendations for this report based on our 
geotechnical evaluation of site conditions and discussions with the County.  

6.1 SUMMARY OF FINDINGS 

• The site is underlain by artificial fill, alluvium, moderately fractured and moderately 
weathered to decomposed sandstone of the Pismo Formation Edna Member, and 
sediments of the Paso Robles Formation.  The alluvium was encountered to depths 
of up to about 34 feet below the existing ground surface, with the alluvial deposits 
generally encountered within the southeast-trending drainages that cross the project 
alignment.  Groundwater was encountered at depths ranging from approximately 3 to 
18 feet below the existing ground surface.  Seeps were observed up to about 10 feet 
above the toe of existing cut slopes.  

• The proposed project will consist of widening Price Canyon Road in both directions.  
There will be at least 2 feet of catchment provided between the new edge of 
pavement/curb line where the roadway is in cut.  Widening will provide for at least 3 
feet of catchment between the new edge of pavement and the top of embankment 
slopes.  A typical roadway widening section is shown on Plate 6. 

• Proposed unreinforced fill slopes and reinforced embankments (designed with the 
reinforcement configurations recommended below) were designed to meet or exceed 
the minimum factors of safety recommended for static loading by design guidelines 
(AASHTO LRFD and FHWA).  The proposed embankments are susceptible to 
displacements during the design earthquake, with seismic slope displacement 
estimates ranging between 3 and 7 inches.  However, it is our opinion that the 
performance of the improved slopes will be the same or slightly better than the 
existing slope during the design earthquake.  Based on our discussions with the 
County, we understand mitigation of seismically-induced displacements that would 
require improvements outside of the site constraints is beyond the scope of the 
Phase 2 widening project. 

• The results of our analyses of proposed rock dowel walls were used to develop our 
recommendations below for rock dowel configurations and dimensions.  Based on 
our analyses, rock slopes supported by the rock dowel configurations recommended 
below meet the minimum factors of safety recommended by AASHTO LRFD and 
FHWA (2003). 

• The site is within Seismic Zone 4 and has been subjected to strong ground motions 
during historical earthquakes.  Based on our experience in the project vicinity, 
alluvium encountered within the project extent is vulnerable to liquefaction that could 
result in settlement and instability of proposed embankments.  Fugro (2013a) 
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discussed the possibility that there may be alluvium or sediment deposited along 
various creeks and drainages that are crossed or border Price Canyon Road that 
have a potential to liquefy in response to an earthquake.  Based on discussions with 
the County, our geotechnical evaluation did not include quantitative analyses of 
liquefaction potential and slope stability analyses did not assume strength reductions 
typically associated with potentially liquefiable soils. 

• Existing cut slopes experience small rockfall and erosion.  Rockfall typically consists 
of elongated slabs of bituminous rock (typically less than about 6 inches thick and a 
couple of feet in maximum dimension) that are loosened by weathering of the rock 
near the face of the cut due to thermal variations.  We recommend that at least 2 feet 
of catchment be provided along the base of new slopes, and that a drainage ditch 
and debris fence be provided along the top of vertical retention systems to reduce 
the potential for rock, water, and debris to launch off the top of the wall into the bike 
lane and traveled way. 

• The bituminous material should be evaluated for environmental compliance prior to 
acceptance of the material as site fill.  Groundwater and surface water percolation 
through the bituminous material should be considered in the environmental 
assessment.  Our scope of services did not include environmental considerations. 
Bituminous material deemed acceptable by an environmental assessment should be 
broken down and processed to meet the requirements and recommendations for the 
various fill material types specified herein. 

6.1.1 Grading – General Suggested Material Specifications 

The following presents suggested specifications for materials discussed or 
recommended in this report. 

Aggregate Base (AB) should be Class 2 conforming to Section 26-1.02A, "Class 2 
Aggregate Base," of the Standard Specifications.  Class 3 aggregate base that incorporates 
reclaimed material can be used as aggregate base, provided the Class 3 material meets the 
gradation and quality requirements for the Class 2 material. 

Asphalt Concrete (AC) shall be Type A conforming to Section 39, “Asphalt Concrete,” 
of the Standard Specifications.  Asphalt binder shall be grade PG 64-10. 

Compacted fill material (general) should consist of imported or on-site material free of 
organics, oversize rock (greater than 3 inches), trash, debris, corrosive, and other deleterious 
materials.  Fill materials should comply with all specified material requirements for the area 
where the material is being placed.  Fill material placed within 3 feet of finished grade in 
pavement areas should meet the design R-value for that area.  It is recommended that possible 
import sources areas are reviewed by the geotechnical engineer prior to being brought to the 
site to avoid transporting inappropriate fill materials.   

Drainage material shall conform to 2010 Caltrans Standard Specifications for Class 2 
permeable material, Section 68-2.02F.  ASTM C-33 No. 8 coarse aggregate (pea gravel) can be 
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used in lieu of Class 2 permeable material provided the materials are enclosed in a filter fabric.  
As an alternative, prefabricated geocomposite drainage panels can be placed behind retaining 
walls. 

Geogrid Reinforcement shall conform to 2010 Caltrans Standard Specifications for 
geogrid reinforcement, Section 88-1.02D.  Geogrid shall be a regular network of integrally 
connected polymer tensile elements with aperture geometry sufficient to permit significant 
mechanical interlock with the surrounding soil.   

Geogrid shall meet the following requirements: 

1. Geogrid shall have an open area between 50 and 90 percent. 

2. Primary reinforcement shall have a Long Term Design Strength (LTDS) of at least 1,540 
pounds per foot in the machine direction as determined by the Geosynthetic Research 
Institute Test Method GG4 and FHWA-NHI-00-043. 

3. At the LTDS in the machine direction, the maximum strain shall not exceed 5 percent. 

4. Intermediate geogrid reinforcement shall have a tensile strength at 5 percent strain of at 
least 500 pounds per foot in the machine and cross machine direction as determined by 
ASTM D6637. 

5. Geogrid shall be resistant to naturally occurring alkaline and acidic soil conditions and to 
attack by bacteria. 

6. Geogrid shall be stabilized with at least 1 percent carbon black to be resistant to the 
effects of long-term exposure to ultra-violet rays.  

Geosynthetic Reinforced Embankment (GRE) Wall Backfill shall consist of material 
conforming to Section 47-2.02C of the 2010 Caltrans Standard Specifications, with the 
exception of oversized rock size, and shall have a sand equivalent value of at least 30.  Material 
shall be free of organics, oversized rocks (greater than 1-1/2 inches) trash, debris, corrosive and 
other deleterious material.  Material should be non-expansive soil having at least 50 percent 
material passing the U.S. Standard No. 4 sieve, no more than 15 percent passing the U.S. 
Standard No. 200 sieve.  It is recommended that possible import sources be reviewed by the 
geotechnical engineer prior to being brought to the site to avoid transporting inappropriate fill 
materials. 

Geosynthetic Reinforced Embankment (GRE) Slope Backfill shall consist of material 
conforming to Section 19-6.02C of the 2010 Caltrans Standard Specifications.  Material shall be 
free of organics, oversized rocks (greater than 1-1/2 inches) trash, debris, corrosive and other 
deleterious material.  Material should be non-expansive soil having at least 20-percent material 
passing the U.S. Standard No. 4 sieve, no more than 50 percent passing the U.S. Standard No. 
200 sieve.  It is recommended that possible import sources be reviewed by the geotechnical 
engineer prior to being brought to the site to avoid transporting inappropriate fill materials.   
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Geotextile for separation (filter fabric) shall consist of geotextile that conforms to the 
requirements outlined in the 2010 Caltrans Standard Specifications for Filter Fabric-underdrains, 
Section 88-1.02B, Class C. 

Geocomposite drain shall consist of a manufactured plastic core not less than ¼-inch 
thick with both sides covered with a layer of filter fabric that will provide a continuous drainage 
void in the horizontal and vertical directions.  Geocomposite drain placed behind retaining walls 
shall have an impermeable backing.  Geocomposite drain to be embedded in the ground shall 
be double-sided with filter fabric covering both sides of the drainage void. 

The drain shall produce a flow rate through the drainage void of at least 10 gallons per 
minute per foot of width at a hydraulic gradient of 1.0 under a maximum externally applied 
pressure of 2,000 psf.  The core materials and filter fabric shall be capable of maintaining the 
drainage void for the entire height of the geocomposite drain.  Filter fabric shall be integrally 
bonded to the core materials with the drainage void.  Core material manufactured from 
impermeable plastic sheets having non-connecting corrugations shall not be permitted. 

The fabric shall overlap a minimum of 6 inches at all joints and wrap around the exterior 
edges of the drain a minimum of 6 inches beyond the edge. If additional fabric is needed to 
provide overlaps at joints and to wrap around the edges of core material, the added fabric shall 
overlap the fabric on the geocomposite drain at least 6 inches and be attached thereto. 

Should the fabric on the geocomposite drain be torn or punctured: 1) the damaged 
section shall be replaced completely if damage is done to the core material, or 2) if the core 
material is not damaged than the repair can be performed by placing a piece of fabric that is 
large enough to cover the damaged area and provide a 1-foot overlap. 

Retaining wall backfill material shall consist of imported material conforming to 
Caltrans Standard Specifications for Structure Backfill, Section 19-3.02B and have a sand 
equivalent greater than 20.  Material shall be free of organics, oversized rocks (greater than 
3 inches) trash, debris, corrosive and other deleterious material.  Material should be non-
expansive soil having at least 35 percent material passing the U.S. Standard No. 4 sieve. 

Rock Dowels shall consist of anchorage assemblies, bar reinforcement, sheathing and 
grout in conformance with 2010 Caltrans Standard Specifications Section 46-3.02.  Bar 
reinforcement shall be minimum Grade 75 and have a minimum yield load of 75 kips. 

6.1.2 Use of On-site Soil 

We expect that on-site non-bituminous material cleansed of organic or other deleterious 
material should be suitable for use as compacted embankment fill or as backfill for standard 
(reinforced concrete) retaining walls.   

Materials with significant bituminous content should be evaluated for environmental 
compliance prior to acceptance of the material as site fill.  Groundwater and surface water 
percolation through the bituminous material should be considered in the environmental 
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assessment. From a geotechnical engineering perspective, material with bituminous content 
should not be used as fill by itself due to the potential for creep.  Therefore, bituminous material, 
if deemed acceptable by an environmental assessment, should be broken down, processed and 
mixed with non-bituminous material to meet the requirements for the various fill material types 
specified herein.  On a preliminary basis, we recommend that the bituminous material content in 
backfill be limited to no more than 2.5 percent.  Material considered to have a higher bitumen 
content should be uniformly mixed or blended with non-bituminous material at a ratio of not 
more than 1 part bituminous material with 3 parts non-bituminous material prior to use as fill for 
the project.   

We observed cobble- to boulder-sized rock materials (greater than 12 inches) along 
portions of the existing embankment slopes.  The oversized materials appear friable, and can 
likely be broken down to a suitable size for compaction using conventional heavy earthwork 
equipment. 

According to Earth Systems Pacific (2013), there is generally 20-percent shrinkage 
during placement of fill derived from excavations of the sandstone in the adjacent Arroyo 
Grande Oil Field.  

6.1.3 Clearing and Grubbing 

Clearing and grubbing should be performed in accordance with Section 16 of the 2010 
Caltrans Standard Specifications.  Prior to commencing grading operations in areas that will 
receive compacted fill, soil containing debris, organics, pavement, uncompacted fill, or other 
unsuitable materials, should be removed.  Depressions or disturbed areas left from the removal 
of such material should be replaced with compacted fill.  

Soft or yielding materials have relatively low strength and can compromise the stability of 
the embankment slope if left in place.  We recommend that any soft, loose, or yielding materials 
encountered during fill placement be removed and be replaced with properly compacted fill 
material prior to placing the next layer.  

6.1.4 Fill Placement 

In areas to receive the fill, soil exposed subgrade should be scarified to a depth of 9 
inches, moisture conditioned, and compacted in-place to at least 90 percent relative compaction 
per ASTM 1557, with lift thicknesses not exceeding 8 inches. If the subgrade is in competent 
rock or undisturbed soil observed by the authorized geotechnical professional, fill can be placed 
directly on the undisturbed material.  Fill materials can then be placed to finished grade 
according to the recommendations of this report. 

Fill should be placed and compacted to at least the minimum relative compaction 
recommended in this report.  The moisture content of the fill should be between 2 percent below 
to 2 percent above the optimum.  Each layer should be spread evenly and should be thoroughly 
blade-mixed during the spreading to provide relative uniformity of material within each layer. Fill 
materials should be mechanically compacted. Ponding or jetting should not be permitted.  Rock, 
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gravel and other oversized material, greater than 3 inches in diameter, should be removed from 
the fill material being placed.  Rocks should not be nested and voids should be filled with 
compacted material. 

When the moisture content of the fill material is below that sufficient to achieve the 
recommended compaction, water should be added to the fill.  While water is being added, the fill 
should be bladed and mixed to provide relatively uniform moisture content throughout the 
material.  When the moisture content of the fill material is excessive, the fill material should be 
aerated by blading or other methods.  Fill should be spread in lifts no thicker than approximately 
8 inches prior to being compacted.  Fill and backfill materials may need to be placed in thinner 
lifts to achieve the recommended compaction with the equipment being used. 

6.1.5 Compaction 

Fill placement and grading operations should be performed according to the grading 
recommendations of this report.  Relative compaction should be assessed based on the latest 
approved edition of ASTM D1557.  Gravel, crushed rock, and drainage materials that cannot be 
tested per applicable standards should be compacted with at least 4 coverages with a vibratory 
plate or by track walking with construction equipment for each 2 feet of material that is placed.  
We recommend that fill material be placed in various locations compacted to the minimum 
relative compaction presented in the following table: 

Table 16. Recommended Relative Compaction 

Fill Use / Location 
Recommended Minimum  

Relative Compaction 
(ASTM D1557) 

General 90 % U.O.N. 

Utility trench bedding and pipe zone, and backfill materials 90 % U.O.N. 

Backfill in non-pavement areas 90 % U.O.N. 

Fill or backfill placed within 3 feet of finished grade  
in pavement areas 95 % 

Asphalt concrete, aggregate base or subbase 95 % 

Retaining wall backfill 90 % U.O.N. 

Conventional embankment slope backfill 95 % U.O.N. 

Geosynthetic Reinforced Embankment (GRE) wall/slope backfill 95 % U.O.N. 

 U.O.N. = unless otherwise noted 
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6.2 EMBANKMENT SLOPE DESIGN 

6.2.1 Conventional Embankment Slopes 

The proposed conventional embankment slopes can be designed at a 1.5H:1V 
inclination provided the embankment is constructed of the general backfill materials described 
herein, drainage from the roadway is not permitted to run over the top of the slope, and suitable 
mitigation measures are provided to control surficial sloughing and erosion.  We understand the 
widening will include a separation of about 3 feet between the new edge of pavement and top of 
slope. A typical section for design of embankments is presented on Plate 7 – Embankment 
Details.  Measures to reduce the susceptibility of embankment slopes to surficial sloughing and 
erosion should be included in the design and are discussed in Section 6.2.3.  As noted above, 
the existing conventional embankment slopes have experienced localized erosion around the 
outlet of existing culverts, and there is some undercutting of the existing edge of pavement and 
asphalt dike because there is no setback between the existing pavement and the top of the 
slope.  

Where new embankment is constructed against an existing slope or embankment, the 
new fill materials should be keyed and benched into the existing slope according to the Caltrans 
Standard Specifications.  The specified removal should be cut into the existing slope a minimum 
of 6 feet horizontally as the embankment fill is brought up in layers.  The horizontal limits of the 
cut should be considered in the design of the project traffic staging plans for embankment 
widening. Excavated soil that is suitable for use as fill can be incorporated into the compacted 
fill as the excavation and fill placement progresses.  The outer 5 feet measured horizontally from 
the embankment slope may be compacted to 90-percent relative compaction per ASTM 1557, 
excluding the zones noted in Section 19-5.03B of the 2010 Caltrans Standard Specifications. 

Slope construction and grading will typically require equipment work at or beyond the toe 
of the finished slope.  Construction access or limitations to access should be considered in the 
design and construction documents. 

6.2.2 Geosynthetic Reinforced Embankments and Walls 

Typical sections for design of GRE slopes and GRE walls are presented on Plate 7 – 
Embankment Details.  The configuration and dimensions of reinforcement were estimated from 
slope stability analyses as discussed in Sections 4.0 and 5.0 of this report.  Based on our slope 
stability assessment, the vertical spacing of reinforcement should be no greater than 2 feet.  
The length of geosynthetic material should be 10 feet or extend at least 2 feet into the existing 
slope face, whichever results in a greater length.  Coverage of the reinforcement should be 100-
percent of the working surface. 

The face of the GRE slope should be wrapped with layers of geogrid. The wrapped face 
should then be covered in shotcrete or an alternative facing material to provide a durable and 
fire resistant facing that is also resistant to erosion and sunlight.   
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The design of temporary slopes is the responsibility of the contractor. The contractor 
should evaluate and design a suitable inclination for the temporary slope with consideration of 
the construction and worker safety in accordance with OSHA and other applicable 
requirements. The geologic conditions exposed by the excavations should be reviewed by the 
contractor and geotechnical professional during construction to further evaluate the stability and 
characteristics of the material once it is exposed. 

Geogrid should comply with the suggested materials specifications of this report as listed 
in Section 6.1.1.  The base of the excavation should be scarified to a depth of 9 inches, 
moisture conditions and compacted in-place to at least 95-percent relative compaction.  

Placement of the GRE should be initiated at the base of the excavation, which should be 
embedded a minimum of 2 feet below the adjacent grade.  The foundations surface shall be 
inspected and approved by the Owner’s Geotechnical Engineer prior to reinforcement 
placement.  Subsequent reinforcements should be placed as the fill placement progresses at 
intervals not exceeding 2 feet. The length of reinforcement for successive layers should extend 
from the GRE face to the back of the excavation (temporary construction slope).  

Geogrid Placement. Geosynthetic reinforcement should be placed level and laid such 
that the working tensile strength of the material is oriented perpendicular to the roadway 
centerline. Spliced and sewn joints should not be used in the direction of the working tensile 
stress. 

Because portions of the planned GRE slope may be located on slight horizontal curves, 
layers of geogrid placed perpendicular to the roadway centerline may overlap with adjacent 
layers of reinforcement. A few inches of soil backfill should be placed between reinforcement 
layers where these overlaps in adjacent layers of reinforcement occur. 

Drainage.  A layer of drainage material should be placed on the temporary construction 
backslope behind the GRE backfill material. The drain should extend upward from the base of 
the excavation to 5 feet below finished grade (see Plate 7).  The purpose of the drain is to 
intercept groundwater flowing from the backslope into the GRE.  A perforated collector pipe 
should be placed at the base of the drainage material. The collector pipe should be placed in 1 
cubic foot of pea gravel per foot of drain.  The pea gravel should be fully encased in a filter 
fabric.  The subsequent drainage material should be placed such that a continuous 1-foot thick 
layer of the material is maintained against the temporary slope.  

The backfill drain should outlet to a solid pipe. The pipe should discharge beyond the 
slope face. Splash blocks or rock should be provided at the pipe outlet to protect against 
erosion. Drainage materials should conform to the suggested materials specifications in this 
report. 

GRE Backfill.  Fill for the construction of GRE slopes and walls should comply with the 
suggested materials specifications of this report, as listed in Section 6.1.1, and should be free of 
sharp objects that may come in contact with the geosynthetic reinforcement.  Embankment fill 
material should be compacted to at least 95-percent relative compaction per ASTM 1557, with 
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lift thicknesses not exceeding 6 inches. The backfill density requirement within three (3) feet of 
the wall facing or slope should be 90-percent relative compaction per ASTM 1557.  During 
spreading and compacting of the backfill material, at least 6 inches of soil, measured vertically, 
should be maintained between the geosynthetic reinforcement and construction equipment.  
Equipment or vehicles should not be operated or driven directly on the geosynthetic 
reinforcement, unless specifically permitted with supporting data supplied by the manufacturer.  
The face of the GRE wall or slope should be prepared or supported such that the minimum 
compaction requirement is achievable at the face.  The contractor should submit the materials 
and methods to be used for construction of the GRE for review by the geotechnical professional 
in advance of construction. 

6.2.3 Surficial Sloughing and Erosion Considerations 

As noted above, surficial sloughing and erosion of the new fill embankments inclined at 
about 1.5H:1V or steeper is anticipated.  To improve surficial stability and protect against 
erosion of reinforced and unreinforced embankments and slopes, either intermediate geogrid 
type reinforcements or suitable vegetation with adequate rooting should be included in the 
design. 

For both unreinforced and reinforced slopes, intermediate reinforcement should be 
placed at 1-foot to 2-foot vertical intervals between primary reinforcements and be embedded at 
least 5 feet into the slope.  The same geogrid spacing and layout should be used through the 
transition to the adjacent slopes. The intermediate geogrid reinforcement should be biaxial 
material having a tensile strength at 5 percent strain of at least 500 pounds per foot in the 
machine and cross-machine direction.  Each layer of geogrid should be placed level on 
compacted fill with the machine direction oriented parallel to the face of the slope.  

Alternatively, a layer of permanent erosion control matting/blanket should be placed over 
the finished slope to protect against erosion and assist with establishing vegetation on 
embankment slopes. Vegetation should be selected such that roots would help control surficial 
erosion and stabilize the upper 2 to 3 feet of the slope face. 

6.3 CUT SLOPE CONSIDERATIONS 

The existing cut slopes are inclined at about 1H:1V and are generally composed of 
moderately fractured and moderately weathered to decomposed Pismo Formation comprising 
moderately soft to very soft bituminous and non-bituminous sandstones.  The factors that 
control the stability of the existing cut slopes appear to be the strength of bituminous sandstone 
and its propensity to creep, adversely oriented discontinuities (bedding, joints, and fractures in 
the rock), erosion of the non-bituminous sandstone, and seeps that daylight on the existing rock 
slope as groundwater is conveyed along various discontinuities within the rock. Where there is 
sufficient space, the County plans to construct slopes in the heavily bituminous (TmpeHB) and 
slightly bituminous (TmpeSB) sandstone units with an approximately 1h:1v inclination.  

Vertical cut slopes will be about 2-1/2 to 16 feet in height and supported by vertical 
retention systems consisting of rock dowels with reinforced shotcrete facing, or possibly a 
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gravity cantilevered retaining wall where the cut slope height is relatively short. Tables 9a and 
9b summarize anticipated vertical retention systems along the project alignment. Rock dowel 
wall considerations are discussed in further detail below. 

Rockfall and Slope Debris. The existing slopes experience small rockfall and erosion. 
Rockfall typically consists of elongated slabs of bituminous rock (typically less than about 6 
inches thick and a couple of feet in maximum dimension) that are loosened by weathering of the 
rock near the face of the cut due to thermal variations.  There is typically at least 2 feet of 
separation behind the curb and along the base of the existing cut slopes that provides an area 
for debris from the slope to accumulate outside of the paved roadway, although some rockfall 
does enter the roadway.  We recommend that at least 2 feet of catchment be provided along the 
base of the new slopes, and that a ditch and debris fence be provided along the top of walls 
where the toe of the cut will be supported by a vertical retention system to reduce the potential 
for rock, water, and debris to launch off the top of the wall into the bike lane and traveled way. 

6.3.1 Cut Slopes Excavated at 1H:1V Inclination  

The performance of existing cut slopes in each of the sandstone units was discussed in 
Section 3.2 of this report. Existing cut slopes in weakly-cemented, non-bituminous sandstone 
(TmpeNB) are relatively eroded and have generated sediment, debris and rockfall that 
accumulates along the base of cut slopes and occasionally impacts the traveled way.  We 
understand that the County plans to provide 2 feet of separation between the new edge of 
pavement/curb and the toe of proposed cut slopes to reduce the impact of eroded material and 
rockfall on the traveled way.  In addition, we suggest that County consider providing a 
separation barrier to further reduce the possible impact of eroded material and rockfall on the 
traveled way and implementing preventative measures to reduce erosion potential. 

We identified potentially adverse discontinuities and discontinuity intersections along the 
project alignment that do not appear to have impacted existing slopes. However, we 
recommend a geologic review of excavated slopes during construction to identify any potentially 
adverse discontinuities that may be concealed by slope debris or vegetation at present.  

Widening the cut at about the same inclination from the top down may be accomplished 
by bull dozer type equipment, or with long reach equipment operating from the roadway.  The 
height of the cut and the horizontal reach needed to excavate cut slopes at about the same 
inclination (about 4 to 5 feet wide at the top of slope) could be feasible using equipment 
operating from the road level.  Widening the cut will need to consider impacts to traffic. Based 
on our experience, benches at least 10 to 12 feet wide are typically required to allow for the cut 
to be widened from the top down using a bulldozer. Alternatively, equipment would likely need 
to be anchored and tethered down the slope face using winches to perform the excavation. The 
vertical and horizontal limits of cut slopes should be estimated, and an assessment should be 
made to evaluate whether or not equipment could reach the final grades of the excavation.  If 
not, a wider cut should be made that would allow for equipment to work on the cut. 

Localized depressions (paleo channels) in the sandstone were mapped at the top of 
existing cut slopes. These depressions are more vegetated than the surrounding slope face and 
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appear to be paleo-drainage channels that have been filled with generally loose sandy 
sediment. During excavation of the cut slopes, loose material within the depressions should be 
entirely removed from the slope face to reduce the potential for erosion or instability of the 
material during future precipitation events.  

6.3.2 Conventional Cantilevered Retaining Walls 

We understand the project team is considering a conventional cantilevered retaining wall 
where slope cut heights are relatively short, with heights about 4-1/2 feet or less.  We 
understand the cantilevered retaining wall option would be a feasible alternative if the design of 
walls could meet the following requirements (similar to the rock dowel option): 

• Non-Bituminous Slopes – Global factor of safety of 1.5 for failure surfaces behind or 
below the proposed retaining wall; and 

• Heavily Bituminous Slopes – stress levels at the same level or less for failure 
surfaces behind or below the proposed retaining wall. 

Based on our analyses, neither of these requirements are likely to be achieved by 
design because of the following considerations: 

Non-Bituminous Slopes.  The global factors of safety calculated for existing slopes, 
using interpreted soil strength parameters, are generally below 1.5.  Therefore, to achieve a 
global factor of safety equal to or greater than 1.5 requires adding resistance greater than the 
resistance of the material to be excavated.  Slope stability assessments performed for typical 
sections indicate that the retaining wall would need to provide a reaction of approximately 
1.5 kips/ft of sliding resistance to provide sufficient stability against sliding.  Assuming a typical 
allowable sliding coefficient of about 0.45 for the wall foundation, the cantilevered wall would 
need an effective weight of about 3.3 kips/ft. 

Heavily Bituminous Slopes.  The removal of material at the toe of heavily bituminous 
slopes will shorten the length of the critical failure surface and thus increase shear stresses 
along the estimated failure surface.  Maintaining existing stress levels would require resistance 
from the wall equivalent to the resistance provided by the existing slope toe material (resistance 
= shear stress x length of failure surface).  With the existing shear stress levels along the critical 
failure surface estimated to be about 0.9 ksf, removal of about 4 to 5 feet of material along the 
critical failure surface would require a resistance from the wall of about 3.6 to 4.5 kips/ft   
Assuming a typical sliding coefficient of about 0.45 for the wall foundation, the cantilevered wall 
would need an effective weight of about 8 to 10 kips/ft. 

It should be noted that both proposed retention systems, rock dowel and cantilevered 
retaining walls, do not improve the stability of slopes above the wall.  Existing slopes above the 
proposed walls may have a factor of safety less than 1.5, but were not evaluated for stability 
because the proposed widening is unlikely to adversely impact any potential failure surfaces 
daylighting on the slopes above the proposed walls.  
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6.4 ROCK DOWEL WALL CONSIDERATIONS 

Rock dowels should conform to the suggested material specifications in this report. 
Walls should be designed in accordance with the recommendations provided below. The face of 
the cut should be designed with a reinforced shotcrete facing. 

6.4.1 Rock Dowel Schedule and Spacing 

The length of rock dowels, the number of rock dowel rows, and drill hole diameter were 
selected to satisfy limit equilibrium of the rock dowel walls.  Table 17 presents our 
recommended schedule for rock dowels along the proposed wall alignment.  Wall zone number 
and letter designations that were developed on the basis of wall geometries and subsurface 
conditions along the project alignment are defined below.  The northbound and southbound wall 
zones are numbered 1 and 2, respectively, for consistency with the wall number designations 
shown on the Cannon (2015) drawings. 

Table 17. Rock Dowel Schedule 

Project Stationing Wall  
Zone 

No. of 
Dowel 
Rows 

Range of 
Vertical Cut 

Heights 

Maximum 
Total Slope 

Height 
Dowel 
Length 

Design 
Pullout 

Resistance  Subsurface 
Profile 

Begin End feet feet feet plf 

Southbound        

294+64 296+00 1a 2 3 - 8 25 15 3,900 Non- 
Bituminous 

296+00 300+60 1b 21 2.5 - 7.5 47 25 950 Heavily 
Bituminous 

300+60 301+07 1c 1 1 - 2.5 20 10 3,900 Non- 
Bituminous 

Northbound        

294+64 296+00 2a 2 5 - 10 17 10 3,900 Non- 
Bituminous 

296+50 297+00 2b 32 7.5 - 11.5 25 20 950 Heavily 
Bituminous 

297+00 300+60 2c 3 12-16 34 25 950 Heavily 
Bituminous 

300+60 300+98 2d 33 9.5 - 14.5 15 10 3,900 Non- 
Bituminous 

Notes: 
1. Row number can be reduced to 1 if wall height (total facing height) is less than 4 feet. 
2. Row number can be reduced to 2 if wall height (total facing height) is less than 8 feet. 
3. Row number can be reduced to 2 if wall height (total facing height) is less than 12 feet. 

Maximum spacing between rock dowels in the vertical and horizontal directions are 
typically equal and range from 4 to 6.5 feet for conventional drilled and grouted rock dowels.  
For this project, the target dowel spacing of 5 feet was assumed for vertical and horizontal 
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spacing, based on guidance from FHWA (2003).  The vertical distance from the proposed 
bottom of wall to the first row of dowels was assumed to be 2 feet for our analyses. 

Due to the variable slope conditions and geometries along the proposed wall alignment, 
we note the vertical cut retained by the rock dowel wall may range in height from about 2-1/2 to 
16 feet.  As shown in the table above, the number of rows for dowels may be reduced in some 
wall zones for lesser vertical cut heights.  We note that some vertical cuts will be less than the 
sum of the first row height (2 feet) and the recommended vertical spacing (5 feet) for the second 
and third rows, where present.  In addition, along transition zones where the vertical cut 
transitions to a lesser height, a closer vertical spacing will be required.  In general, the top row 
of dowels should be 6 inches below the top of the vertical cut or 5 feet above the row below, 
whichever is a lower elevation on the vertical cut. 

6.4.2 Rock Dowel and Drill Holes 

Steel reinforcing bars used for dowels are commonly threaded.  Bars generally have a 
nominal tensile strength of 60 ksi (Grade 60) or 75 ksi (Grade 75) (FHWA 2003).  Threaded 
bars for typical rock dowel wall applications range from 0.8- to 1.7-inch diameter and up to 
approximately 59 feet in length.  However, bars with a diameter smaller than 1-inch are not as 
common because they tend to bend excessively during handling and installation (FHWA 2003). 

For our analyses, we assumed Grade 75 threaded steel bars with a diameter and an 
area of 1.26 inches and 1-square inch, respectively. 

Nail holes are typically auger drilled to create a 4-to-12-inch diameter hole (FHWA 
2003).  Our evaluation assumed 8-inch drill hole diameters. 

Rock Dowel Pattern.  Rock dowels are typically installed in a square or diamond 
pattern.  Due to the creeping behavior anticipated for the heavily bituminous sandstone 
(TmpeHB) retained by the proposed wall, we recommend a diamond rock dowel pattern to 
accommodate the irregular earth pressures anticipated behind the proposed wall.  In addition, a 
diamond pattern is likely to better accommodate changing wall heights and the gradual 
reduction in spacing between individual rows associated with a change in wall heights. 

Rock Dowel Inclination.  Rock dowels are generally installed at an inclination ranging 
from 10 to 20 degrees from horizontal with a typical inclination of 15 degrees.  An inclination of 
15 degrees was assumed in our evaluation. 

Rock Dowel Pullout Resistance.  Ultimate rock dowel pullout resistances were 
estimated on the basis of ultimate bond strengths between the grouted rock dowel and the rock 
mass, and the diameter of the dowel drill hole.  Typical ultimate bond strength ranges are 
presented in FHWA (2003) and AASHTO (2012), which both recommend applying a resistance 
factor of 0.5 to pullout resistance estimates for rock. 

Due to the interbedded stratigraphy and creep-limited strength properties of the dowel 
embedment material, field verification of the ultimate pullout resistance value used in the design 
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shall be performed in accordance with the FHWA (2003) recommended specifications to assure 
that the dowel design loads can be carried without excessive movement and with an acceptable 
factor of safety during the service life of the wall.  Further discussion of verification load testing 
is provided below. 

6.4.3 Cantilevered Rock Dowel Wall Section 

Typically, for a rock dowel wall retaining system, the wall facing experiences limited 
loading, because the rock slope is stabilized through the dowel-grout-rock interaction at depth. 
However, because of the creep characteristics of the bituminous materials that will be retained 
by the rock dowel wall, loading on the wall facing will be higher than in typical cases.  
Specifically, relatively high loads could occur at the top of the wall facing, above the top rock 
dowel (i.e., within the cantilever portion of the wall facing). 

Because of the thermal variation impacts in the surficial zone, our assessment included 
loading on the wall facing from a surficial block up to several feet thick experiencing creep due 
to thermal variation (see Section 2.1).  Because the design scope does not include stabilization 
of slopes above the proposed walls, our assessment included development of a plausible 
scenario that conservatively accounts for loads possible due to creep of the surficial zone.  To 
account for loading from the creep-related strength behavior of the surficial zone, we 
recommend applying an equivalent fluid weight of 950 pcf from the top of the cut slope to 3 feet 
below the top of the cut slope. 

It should be noted that designing for this load will not preclude creep of the surficial zone 
material.  If the surficial zone is heated sufficiently by environmental conditions, creeping 
material displacement is likely to occur with material collecting in the proposed catchment at the 
top of the wall. 

6.4.4 Facing Design 

Facing for walls supporting both non-bituminous and heavily bituminous slopes should 
be designed to resist loads on the back of the facing and prevent punch-through and flexural 
failures, using methods similar those described in FHWA (2003).  However, we note the design 
pullout resistance assumed for the heavily bituminous material is estimated as a lower bound of 
the likely resistance values in an effort to limit the potential for progressive creep along the 
grout-rock interface. In addition, the actual strength behavior of the heavily bituminous material 
might vary between different dowels, and there is potential for non-uniform load distribution 
between adjacent rock dowels. Therefore, facing design by a prescriptive method such as 
FHWA (2003) might not account for all of the possible loading scenarios.  To account for these 
factors, we recommend the following: 

• Evaluate facing design with closed-form solutions, such as those presented in FHWA 
(2003), considering maximum tensile forces up to 3 times the forces estimated on 
the basis of dowel length and pullout resistance. 

• Perform additional assessments with the load on the back of the facing applied as an 
equivalent fluid weight of 950 pcf from the top of the cut slope to 3 feet below and a 
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uniform pressure of 250 psf below that height.  The transfer of this load to the rock 
dowels should consider the possibility of non-uniform dowel response by assuming 
one of the dowels in a typical vertical segment or a horizontal segment would not 
provide significant resistance.   

6.4.5 Wall Drainage 

Groundwater seeps were observed on the existing southbound slopes and should be 
anticipated during excavation. Migration of groundwater towards the excavation face should be 
prevented and conventional methods to control groundwater, surface water and excess grout 
will be necessary during construction. Drainage should be provided to reduce the potential for 
seeping water to accumulate behind the wall. Typically, weep holes are installed through the 
wall facing along the lower portions of the wall. Additional drainage provisions should be 
provided in accordance with the recommendations of FHWA (2003). 

6.5 SURFACE DRAINAGE 

Surface drainage should be designed such that water is not permitted to run over 
embankment slopes.  Surface drainage should be directed away from the top of slopes with 
curbs and dikes.  Overside drains should be provided to collect surface water and transport the 
water to the base of the slope.  Provisions should be made such that outlet water from the 
drains does not undermine the base of slopes.  Erosion control measures, such as jute matting 
and hydroseeding should be designed to reduce the potential for erosion while vegetation is 
being established on slopes.  On-going maintenance of slopes should be provided as needed to 
assist in establishing appropriate vegetation on the slopes and to repair erosion that occurs 
while vegetation is being established. 

6.6 PAVEMENT STRUCTURAL SECTION 

Structural sections were estimated in accordance with procedures outlined in the 
Caltrans Highway Design Manual.  The structural sections were estimated based on a traffic 
index (TI) of 9, as specified by the County.  On-site embankment fill and subgrade soils 
encountered in our borings generally consisted of silty or bituminous sand. R-value test results 
for samples of sandy subgrade soils collected along Price Canyon Road range from 
approximately 48 to 68.  An R-value of 50 was selected to estimate the thickness of asphalt 
concrete pavements, the maximum that Caltrans recommends for native subgrade soils. 
Structural section recommendations for full depth, two-layer, and three-layer sections composed 
of asphalt concrete (AC), aggregate base (AB) and aggregate subbase (AS) are provided in the 
following table.  Structural section recommendations were calculated based on Caltrans design 
procedures, traffic index provided to us, and the selected subgrade design R-Value.  
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Table 18. Summary of Structural Section Recommendations for Flexible Pavement 

Section 
Pavement Thicknesses 

Asphalt Concrete 
Thickness 

Class 2 Aggregate Base 
Thickness 

Aggregate Subbase 
Thickness 

Full Depth 0.75 ft. –- –- 

2-layer 0.45 ft. 0.55 ft. –- 

3-layer 0.45 ft. 0.45 ft. 0.35 ft. 

AC = asphalt concrete, AB = Aggregate Base, AS = Aggregate Subbase (R=60, on-site or import) 

The most common section is a 2-layer structural section consisting of hot mix asphalt 
concrete over Class 2 aggregate base.  The cost of asphalt concrete is typically high enough 
that using an equivalent section of aggregate base provides sufficient savings to make a full 
depth section undesirable. Because the thickness of the 2- and 3-layer sections are similar, it is 
unlikely that the cost of importing and working a second layer of base material would offset the 
additional equipment and labor costs that would be necessary to place the third layer for the 
section. 

Existing pavement section thicknesses ranged from about 7 to 12 inches for asphalt 
concrete and about 4 to 12 inches for subbase materials. The estimated thicknesses of 
pavement sections are noted on the boring logs presented in Appendix B.  

6.7 CULVERT SURVEY 

As part of our investigation, Fugro surveyed culverts along the project alignment for 
evidence of sedimentation, corrosion, and erosion near the inlet and outlets or culverts.  The 
following table summarizes our observations from the culvert survey.  

Table 19. Summary of Culvert Observations 

Approximate 
Station  
Number 

Diameter 
Pipe 

Thickness 
(mm) 

Condition Remarks 

263+93 18 inches 2 

Rust 
observed on 
entire culvert 
surface. 

Approximately 6 inches of sediment above flowline at inlet. 
Bottom rusted out at outlet.  Approximately 8 feet of erosion 
below outlet. 

267+53 18 inches 2 See remarks 

Bottom rusted out up to centerline at inlet.  Bottom rusted 
out at outlet of culvert at elbow connection to surface 
mounted downslope pipe.  Flowline appears flat or negative 
at elbow. 

275+53 24 inches 2 See remarks Bottom rusted out at inlet approximately 3" from end of 
pipe.  Surface rust along flowline of entire culvert. 
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Approximate 
Station  
Number 

Diameter 
Pipe 

Thickness 
(mm) 

Condition Remarks 

291+70 52 inches 2.6 

Rust 
observed on 
bottom of pipe 
from flowline 
up 12 in. 

No sedimentation, flowing water.  Outlet: approximately 3 
feet of erosion below bottom of culvert.  Existing 
abandoned 8" CMT pipe 1.5' below bottom of culvert; full of 
soil with water seeping through. Inlet: intensely overgrown 
poison oak; not accessed.  Asphalt lined overside drainage 
into culvert inlet & outlet. 

302+50 18 inches 2.0 
No surficial 
rust; good 
condition 

Culvert filled with loose Silty SAND (SM) sediment.  
Sediment level appears constant throughout culvert length.  
No water.  Inlet: bedload filled up to 7" from top.  Outlet: 
bedload filled up to 2" from top. 

308+00 

48-inch 
width, 32.5-
inch height 
(circular 
shape with 
flat bottom) 

2.7 

Rust 
observed on 
bottom of pipe 
from flowline 
up 9 in. 

No sedimentation, no water.  6" waterline through culvert 
supported by chains from crown, hanging 18" from bottom.  
Inlet: riprap channeling inlet, up to 3' diameter.  3" PVC 
within waterline.  Asphalt lined overside drainage into 
culvert inlet & outlet. 

6.8 CORROSION CONSIDERATIONS 

Corrosivity testing was performed on selected soil samples and one water sample 
obtained from the field exploration program by Cooper Testing Labs of Palo Alto, California.  In 
addition, resistivity tests were conducted during the field exploration program.  The results of the 
testing are presented in Appendix B.  The corrosion tests were performed in accordance with 
applicable ASTM and Caltrans test methods.  

Minimum saturated resistivity for soil samples values ranged between 798 and 10,472 
ohm-cm. pH values ranged between 5.8 and 7.1.  Chloride content ranged between less than 2 
and 79 parts per million (ppm) and soluble sulfate content ranged between 89 and 681 ppm for 
the samples tested.  The saturated resistivity of the water sample was 4,844 ohm-cm; the 
chlorite content was 34 ppm and the soluble sulfate content was less than 5 ppm for the sample 
tested. 

6.8.1 Reinforced Concrete and Shotcrete 

Existing fill and sandstone materials derived from the Pismo Formation can have a low 
pH and/or high sulfate and chloride contents and are considered potentially corrosive toward 
reinforced concrete and metals.  Reinforced concrete structures should be designed for a 
“corrosive soil environment”.  According to the Highway Design Manual and Bridge Design 
Specifications, concrete should be designed with a minimum cement content of 675 and 658 
pounds per cubic yard, respectively, and a maximum water-to-cement ratio of 0.40.  Cement 
should be either “Type II Modified” or “Type V” cement with a 25 percent mineral admixture 
replacement.  Cover thicknesses for reinforced concrete structures are provided in the Bridge 
Design Specifications. 

Rock dowels used to stabilize rock cuts and temporary backslopes should include 
provisions for double corrosion protection that typically consists of encapsulating the anchor in a 
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plastic sheath and placing a cement grout inside and outside of the sheath.  Cement types for 
grout should also be “Type II Modified” or “Type V” cement to mitigate potentially corrosive 
conditions. 

7.0 CONSTRUCTION CONSIDERATIONS 

7.1 EXCAVATION 

Pismo Formation Edna Member sandstone was encountered at the site as described in 
this report.  The Pismo Formation is of variable quality, fracturing, and strength.  The formation 
will likely contain zones of extremely weak to strong rock based on the geologic classification of 
the material.  We expect that the rock can likely be excavated by ripping and excavating with 
typical heavy construction equipment. 

7.2 CONSTRUCTION SCHEDULE 

As noted above, existing slopes in the heavily bituminous unit are prone to raveling and 
sloughing, particularly during periods of hot weather.  Temperature variations can be significant 
in the surficial portions of the rock mass heated by the sun during the day.  Based on our 
laboratory test results, the heavily bituminous sandstone is likely to exhibit progressive creep 
and eventual failure when subjected to stresses for a prolonged period of time at elevated 
temperatures. 

The construction schedule for excavation of the proposed walls should consider the 
effect of anticipated temperatures.  Thermister data collected at about Sta. 300+65 (refer to 
Plate C-1) shows that within 13 inches of the rock surface, temperatures can vary up to 
approximately 34 degrees (F) daily and approximately 90 degrees (F) annually.  Open 
excavations will likely be more susceptible to raveling and sloughing during the longer, warmer 
days of the summer months than during the shorter days of winter months. 

7.3 STABILITY TESTING 

For each wall zone, stability tests must be conducted by performing staged roadway 
excavation to produce a neat excavated face no more than 3 feet in front of the location of the 
final wall face.  The excavated face must be 20 feet long and parallel to the wall alignment. The 
excavated face should have a constant height within the 20-foot section.  Ramps may be 
excavated outside the 20-foot section to provide construction access.  

The Contractor should propose a stability test excavation height to be approved by the 
Engineer, but the height of the excavated face for initial stability tests should be no greater than 
5 feet.  The excavated face should be left open for the maximum duration anticipated between 
excavation and rock dowel installation during construction. 

The excavated face must maintain its integrity without raveling, sloughing, or 
displacement, measured relative to a fixed reference point, at the completion of the stability test.  
After written approval by the Engineer, the proposed excavation height may be used in that wall 
zone as the stand-up height of the excavated face for the duration observed in the stability test.  
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Subsequent stability tests can be performed at greater heights or lesser durations, after written 
approval by the Engineer. 

When stability testing is not performed, shotcrete must be applied no more than 8 hours 
after the excavation has occurred.  Completion of the shotcrete facing may be delayed up to 
24 hours if the Contractor demonstrates that the integrity of the excavated face is maintained.  
Movement of the wall should be monitored during construction, and any signs of bulging or 
excessive deformation of the excavated soil face should be addressed immediately. 

7.4 ROCK DOWEL LOAD TESTING 

Load testing is essential for verifying the loads used in design and evaluating the results 
of installation methods.  The Engineer or Engineer’s representative should be intimately 
involved with review/development of the construction specifications related to load testing, on-
site during dowel installation and testing, and allowed time to review load test results relative to 
the recommended design. 

Tests should be performed on dowels that have been grouted from the back of the drill 
hole to 3 feet from the excavated surface (i.e., the bonded length should start from 3 feet 
beyond the excavated surface), thereby excluding the anticipated thermal variation zone depth.  

7.4.1 Verification Testing  

Rock dowels will be constructed within existing sandstone cut slopes that are 
interbedded and varied in material type, strength, and behavior.  Pre-production verification 
testing carried out to up to three (3) times the design pullout resistance should be performed to 
confirm the bond strength and pullout capacity used in design and resulting from the 
contractor’s installation methods.  Verification testing should generally follow the load schedule 
provided in the FHWA (2003) recommended specifications. 

Prior to any excavation or drilling for the installation of production or proof rock dowels in 
any wall zone, the Engineer must approve the test results from stability testing and verification 
testing within that wall zone. 

7.4.2 Proof Testing 

Proof testing should be performed on a minimum of 5 percent of the total number of 
production dowels distributed evenly among the wall zones and in general accordance with the 
load schedule recommended by FHWA (2003) for proof testing. 

7.4.3 Supplemental Load Testing 

A minimum of four (4) supplemental load tests should be performed as part of 
verification testing within the heavily bituminous sandstone zones (Wall Zones 1b, 2b and 2c), in 
accordance with FHWA (2003) recommended specifications.  Rock dowels selected for 
supplemental creep testing should be tested for 24-hours at test loads of two (2) and three (3) 
times the design pullout resistance. 
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7.4.4 Caving and Grout Loss 

Caving of sandy material during initial drilling of nail holes could occur within some 
portions of the total dowel length.  The contractor should be prepared to install a temporary 
casing to keep the drill hole open during dowel installation and grouting.  Additionally, grout loss 
within interbedded sandy material should be anticipated and provisions to mitigate excessive 
grout loss or revising grout mix should be incorporated in the project specifications. 

7.5 HYDROCARBONS 

Price Canyon Road passes through an existing oil field that is known to produce a 
relatively “sour” crude.  Bituminous materials, strong hydrocarbon odors, and tars seeps were 
commonly encountered when drilling within the existing embankment fill and underlying rock 
formation.  The odors can be associated with hydrogen sulfide gas.  The contractor’s 
excavation, drilling, and plans for any subsurface work should include provisions for monitoring 
for hydrogen sulfide gas, in addition to other safety provisions that are applicable to that type of 
work. 

7.6 TEMPORARY SLOPES AND SHORING 

Temporary slopes should be braced or sloped according to the requirements of OSHA.  
In accordance with OSHA requirements, the contractor should be responsible for job site safety, 
reviewing the soil conditions encountered during construction, and for the design of temporary 
slopes and shoring systems.  Within the expected depth of excavation for conventional 
embankment and GRE widening, the subsurface conditions are likely to consist of embankment 
fill over alluvium.  Based on OSHA guidelines, temporary slopes excavated within the artificial fill 
materials, alluvium, and non-bituminous sandstone unit (TmpeNB) should be excavated no 
steeper than 1H:1V or should be shored to support Type C soil conditions.  

Slopes should not be considered stable if the slopes are to be excavated below the 
groundwater table or there is a potential for seepage to daylight on the slope face.  Dewatering 
should be performed in advance of excavation if temporary slopes are expected to extend below 
the water table, and the presence of groundwater should be considered in the design of 
temporary slopes and shoring. 

7.7 ADJACENT STRUCTURES AND UTILITIES 

The contractor should be responsible for the design of shoring systems such that the 
construction will not result in settlement or instability of adjacent structures, private property, or 
existing roadway improvements that will not be replaced as part of the project.  In general, 
surcharge loads from existing structures can be neglected if the structure is behind a 1H:1V line 
projected upwards from the nearest bottom edge of a shored trench excavation.  If excavations 
are made within the zone of influence of adjacent structures or foundations, the contractor 
should design the slope or shoring system for the additional surcharge load.  

 

 

 



San Luis Obispo County 
December 11, 2015 (Project No. 04.6213.0051) 

M:\WP\2015\04.62130051\COR\REPORT 1215\04 62130051_Report_12_11 15.doc55 55 

The design of temporary slopes and shoring should also consider support of adjacent 
utilities and pipelines, and be constructed to prevent sloughing of trench backfill, pipe zone, and 
bedding materials from adjacent utilities into the new excavation.  Particular attention should be 
made to pressurized lines that may rely on the lateral support of the ground to constrain the 
pipeline against movement.   

7.8 OPERATIONS AND MAINTENANCE 

Site conditions, particularly relatively steep existing and proposed slopes, are dynamic 
and should be considered in the operation and maintenance of the road.  Erosion, changes in 
drainage, and surficial instability of slopes above or below the proposed improvements are 
some of the factors that should be reviewed on an ongoing basis.  Surficial instability and 
erosion of slopes not impacted by the proposed improvements should be anticipated, especially 
as a result of periods of storm runoff or precipitation, ongoing weathering of slopes, earthquakes 
or other factors.  Ongoing maintenance should be provided to help maintain the slope, clear any 
rockfall or slope debris, and reduce the potential for raveling or erosion along the face of slopes.  

8.0 CONTINUATION OF SERVICES 

The geotechnical evaluation consists of an ongoing process involving the planning, 
design, and construction phases of the project.  To provide this continued service, we 
recommend that the geotechnical engineer be provided the opportunity to review the project 
plans and specifications, and observe portions of the construction. 

8.1 REVIEW OF PLANS AND SPECIFICATIONS 

The geotechnical engineer should review the proposed widening plans and 
specifications for the project.  The purpose of the review is to evaluate if the plans and 
specifications were prepared in general accordance with the recommendations of this report. 

8.2 GEOTECHNICAL OBSERVATION AND TESTING 

Field exploration and site reconnaissance provides only a limited view of the 
geotechnical conditions of the site.  Substantially more information will be revealed during the 
excavation and grading phases of the construction.  Subsurface conditions, excavations and fill 
placement should be observed by the geotechnical professional during construction to evaluate 
if the materials encountered during construction are consistent with those assumed for this 
report. 
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See text and logs for additional description and data 
concerning subsurface conditions.

Subsurface profile is interpolated between points of
exploration and will vary from that shown.

All locations and information are approximate.

Existing ground surface

Interpolated subsurface boundary

Interpreted groundwater surface on July 31, 2012

 

Total depth and completion date of boringTD = 25’
(6/17/10)

 DH-1
130’ SE

Boring number with offset and direction from section line 
when applicable

Approximate groundwater elevation encountered in boring
with interpreted elevation between boring location

Approximate depth interval of boring with sample blow
counts (N-values) noted per Appendix A

 

Wet soil or seepage

 
Boring numberDH-1

af Artificial Fill: Loose to very dense silty sand and
sand with silt

Qal Alluvium: Loose to medium dense silty sand

Tmpe Pismo Formation: Bituminous and non-bituminous
sandstone (very loose to very dense silty sand and
poorly graded sand with silt)
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San Luis Obispo County 
Project No. 04.6213.0051

DESIGN ACCELERATION RESPONSE SPECTRUM
Price Canyon Road Phase 2 Widening

San Luis Obispo County, California
PLATE 5
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PGA of Design Response Spectrum = 0.78g
Design Spectrum per ARS Online
PGA of Probabilistic Spectrum = 0.39g
Probabilistic Spectrum per ARS Online

Based on ARS Online V.2.1.05 accessed on August 12, 2013
Soil Profile: Type D
Estimated Shear Wave Velocity: 350 m/s 
Site Coordinates: 35.190131 lat., -120.616364 long.
Controlling fault: Deterministic - M7.1 on San Luis Range (So. Margin)
Probabilistic Spectrum Corresponds to 975-year Return Period
Spectral Damping = 5 percent

 

 

 



San Luis Obispo County
Project No. 04.6213.0051

PLATE 6

TYPICAL ROADWAY WIDENING
Price Canyon Road Phase 2 Widening

San Luis Obispo County, California

C
PRICE CANYON ROAD

VERTICAL
RETENTION

SYSTEM

DITCH DEBRIS FENCE EXISTING ROCK CUT

NEP 
CURB

NEP 
CURB

TYPICAL THROUGH CUT
1” = 10’

ETW = Existing travel way
NEP = New dge of pavement
TOS = Top of slope

2’ 8’ 12’ 2’8’12’

CUT FILL

C
PRICE CANYON ROAD

PROPOSED
CUT

PROPOSED
FILL

EXISTING
GRADE

ETW NEP TOS

TYPICAL CUT AND FILL
1” = 10’

2’ 8’ 12’ 3’8’12’

ETWNEP



Typical Road Widening with GRE Slope
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San Luis Obispo County
Project No. 04.6213.0051

EMBANKMENT DETAILS
Price Canyon Road Phase 2 Widening

San Luis Obispo County, California

PLATE 7

Typical Road Widening with GRE Slope

TEMPORARY 
CONSTRUCTION SLOPE

EXISTING 
GRADE

DRAINAGE

EEPNEP
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Typical Road Widening with Conventional Graded Slope

R/W

EEP NEP

1.5

1

EXISTING GRADE
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Notes:

Geosyntetic reinforcment length of geosynthetic material should be 10 feet 
or extend at least 2 feet into the existing slope face, whichever results in a 
greater length. See report for additional notes on geosynthetic reinforced 
embankments (GREs).

Unsupported temporary construction slopes should not be steeper than 1h:1v.

EEP = Existing Edge of Pavement

NEP = New Edge of Pavement

Drawings not to scale
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PLATE A-1

San Luis Obispo County
Project No.  04.6213.0051

10

Symbol for:

CA Liner Sampler, driven

Vibracore Sample

Pitcher Sample
Lexan Sample

BASALT

Sonic Soil Core Sample
No Sample Recovered

CA Liner Sampler, Bagged

13

(25)
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Poorly graded SAND (SP)
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G
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D

MATERIAL DESCRIPTION

Silty CLAY (CL-ML)

Silty SAND (SM)

Paving and/or Base Materials

SANDSTONE

Poorly graded GRAVEL (GP)

MUDSTONE

SY
M

BO
L

SILTSTONE

Well graded SAND (SW)

Fat CLAY (CH)

M
AT

ER
IA

L

SA
M
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E 

N
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.

Hand Auger Sample

ANDESITE BRECCIA

7

9

5

Thin-walled Tube, pushed

CONGLOMERATE

3
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D
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O
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-12

-14

-16

-18

-20

-22

-24
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-40

-42

-44

-46

-48

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

25

Silty, Clayey SAND (SC-SM)

(25)

Elastic SILT (MH)

(25)

(25)

Lean CLAY (CL)

Sampler Driving Resistance

p = Pocket Penetrometer

Q = Unconfined Compression
u = Unconsolidated Undrained Triaxial

Initial or perched water level

Seepages encountered
Final ground water level

Bulk Bag Sample (from cuttings)

Number of blows with  140 lb. hammer, falling
30"  to drive sampler  1 ft. after seating
sampler  6"; for example,

CLAYSTONE

LOCATION:

SILT (ML)

2

5

13

9

1

8

7
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ES

Clayey SAND (SC)

The drill hole location referencing local
landmarks or coordinates

Well graded GRAVEL (GW)
BL

O
W
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O

U
N

T 
/

t = Torvane

Blows/ft Description
25

Blow counts for California Liner Sampler
shown in ( )

Geologic Formation noted in bold font at
the top of interpreted interval

Classification of Soils per ASTM D2487
or D2488

Strength Legend

Length of sample symbol approximates
recovery length

Water Level Symbols

SURFACE EL:  Using local, MSL, MLLW or other datum

KEY TO TERMS & SYMBOLS USED ON LOGS

12

m = Miniature Vane

Samplers and sampler dimensions

Soil Texture Symbol

General Notes

Sloped line in symbol column indicates
transitional boundary

    (unless otherwise noted in report text) are as follows:

3 CA Liner Sampler, disturbed

11

1 SPT Sampler, driven

6

8

2

4

12

10

CME Core Sample

BORING LOG KEY VENTURA    F:\FUGRO SLO GEOTECH DOCUMENTS\GINT\GINT PROJECTS\04.6213.0051.GPJ  8/23/13  12:09 p

30"/
30"

20"/
24"

D
EP

TH
, f

t

R
EC

"/D
R

IV
E"

18"/
30"

20"/
24"

EL
EV
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IO

N
, f

t

50 blows drove sampler 3" during
initial 6" seating interval

Ref/3"

50 blows drove sampler 6" after
initial 6" of seating

After driving sampler the initial 6"
of seating, 36 blows drove
sampler through the second 6"
interval, and 50 blows drove the
sampler 5" into the third interval

50/6"

86/11"

25 blows drove sampler 12" after
initial 6" of seating

Rock Quality Designation (RQD) is the
sum of recovered core pieces greater
than 4 inches divided by the length of
the cored interval.

1-3/8" ID, 2" OD

2-3/8" ID, 3" OD

2-3/8" ID, 3" OD

2-7/8" ID, 3" OD

 
 

 

 
 



Reference: Caltrans (2010) Soil and Rock Logging and Presentation Manual, Figure 5-18.

San Luis Obispo County
Project No. 04.6213.0051

PLATE A-2

TERMS AND DEFINITIONS USED FOR ROCK
Price Canyon Road Phase 2 Widening

San Luis Obispo County, California
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ARTIFICIAL FILL (af)
 Approximately 12" asphalt concrete
Poorly graded SAND with silt (SP-SM):  dense, yellowish

brown, moist, slightly cemented
Silty SAND (SM):  dense, dark brown, moist, fine sand

 - dense

ALLUVIUM (Qal)
Silty SAND (SM):  dark brown, moist, fine sand

 - medium dense

 - light grayish brown

 - loose, olive brown
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PLATE A-3
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  Not Encountered

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  N J Derbidge
CHECKED BY:  J Blanchard

Northbound lane in embankment near Station
302+70

MATERIAL DESCRIPTION
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SURFACE EL:  226 ft +/-  (rel. Quincy (2001) Plans datum)

COMPLETION DEPTH:  20.5 ft

DRILLING DATE:  September 27, 2011
BACKFILLED WITH:  Sand-slurry, capped with rapid-set concrete

LOG OF BORING NO. DH-1
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BORING LOG VENTURA    C:\USERS\GECKRICH\DESKTOP\ACTIVE PROJECTS\04.6213.0051 PRICE CYN. RD. ROAD WIDENING\GINT\04.6213.0051.GPJ  11/16/15  01:58 p

Project No.  04.6213.0051
San Luis Obispo County

Price Canyon Road Phase 2 Widening
San Luis Obispo County, California

 
 

 

 
 



107119 11

ARTIFICIAL FILL (af)
 Approximately 12" asphalt concrete
Poorly graded SAND with silt (SP-SM):  dense, yellow,

moist, slightly cemented (subbase)
PISMO FORMATION (Tmpe)
Bituminous SANDSTONE (Rx) "Silty SAND (SM)":  black,

moderately weathered, moderately soft, heavily
bituminous
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PLATE A-4
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  9.0 ft

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  N J Derbidge
CHECKED BY:  J Blanchard

Northbound lane in thru cut near Station
299+10

MATERIAL DESCRIPTION
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SURFACE EL:  227 ft +/-  (rel. Quincy (2001) Plans datum)

COMPLETION DEPTH:  9.2 ft

DRILLING DATE:  September 27, 2011
BACKFILLED WITH:  Sand-slurry, capped with rapid-set concrete

LOG OF BORING NO. DH-2
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BORING LOG VENTURA    C:\USERS\GECKRICH\DESKTOP\ACTIVE PROJECTS\04.6213.0051 PRICE CYN. RD. ROAD WIDENING\GINT\04.6213.0051.GPJ  11/16/15  01:58 p

Project No.  04.6213.0051
San Luis Obispo County

Price Canyon Road Phase 2 Widening
San Luis Obispo County, California

 
 

 

 
 



116127 9

ARTIFICIAL FILL (af)
 Approximately 12" asphalt concrete
Poorly graded SAND with silt (SP-SM):  medium dense,

yellow, moist, slightly cemented (subbase)
PISMO FORMATION (Tmpe)
SANDSTONE (Rx) "Silty SAND (SM)",:  decomposed,

medium dense, brown, moist, non-bituminous

Poorly graded SAND with silt (SP-SM):  medium dense,
light brown, wet

 - loose, material flowing into drill hole after removing
center rod

 - very loose
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PLATE A-5
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  3.0 ft

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  N J Derbidge
CHECKED BY:  J Blanchard

Northbound lane at south end of thru cut near
Station 295+50

MATERIAL DESCRIPTION
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SURFACE EL:  224 ft +/-  (rel. Quincy (2001) Plans datum)

COMPLETION DEPTH:  14.0 ft

DRILLING DATE:  September 27, 2011
BACKFILLED WITH:  Sand-slurry, capped with rapid-set concrete

LOG OF BORING NO. DH-3
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BORING LOG VENTURA    C:\USERS\GECKRICH\DESKTOP\ACTIVE PROJECTS\04.6213.0051 PRICE CYN. RD. ROAD WIDENING\GINT\04.6213.0051.GPJ  11/16/15  01:58 p

Project No.  04.6213.0051
San Luis Obispo County

Price Canyon Road Phase 2 Widening
San Luis Obispo County, California
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ARTIFICIAL FILL (af)
 Approximately 12" asphalt concrete
Poorly graded SAND with silt (SP-SM):  dense, yellow,

moist, slightly cemented (subbase)
Silty SAND (SM):  very dense, brown, moist

 - with bituminous SANDSTONE (Rx) pieces

 - dense

ALLUVIUM (Qal)
Silty SAND (SM):  loose, very dark brown, wet
 - driller notes softer drilling at 12.5'

 - dark grayish brown

PISMO FORMATION (Tmpe)
Bituminous SANDSTONE (Rx) "Silty SAND (SM)":  black,

moderately weathered, moderately soft, slightly
bituminous

Hole caved below 14.5' after augers were removed
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PLATE A-6
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  12.5 ft

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  N J Derbidge
CHECKED BY:  J Blanchard

Northbound lane in embankment near Station
291+85

MATERIAL DESCRIPTION
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SURFACE EL:  216 ft +/-  (rel. Quincy (2001) Plans datum)

COMPLETION DEPTH:  19.6 ft

DRILLING DATE:  September 27, 2011
BACKFILLED WITH:  Sand-slurry, capped with rapid-set concrete

LOG OF BORING NO. DH-4
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BORING LOG VENTURA    C:\USERS\GECKRICH\DESKTOP\ACTIVE PROJECTS\04.6213.0051 PRICE CYN. RD. ROAD WIDENING\GINT\04.6213.0051.GPJ  11/16/15  01:58 p

Project No.  04.6213.0051
San Luis Obispo County

Price Canyon Road Phase 2 Widening
San Luis Obispo County, California
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ARTIFICIAL FILL (af)
 approximately 7" asphalt concrete over approximately 4"

aggregate base
SILTY SAND (SM):  dense, yellow, moist, subrounded to

angular gravel up to 1½"
 - dark brown to black, bituminous, fine to coarse rounded

to well rounded sand

 - very dense

ALLUVIUM (Qal)
SILTY SAND (SM):  loose, yellow, moist

PISMO FORMATION (Tmpe)
Bituminous SANDSTONE (Rx), "Silty SAND (SM)":

moderately to intensely weathered, light brown, moist,
slightly bituminous, fine sand, soft

 - fine to coarse sand, very strong odor
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PLATE A-7
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.

M
A

T
E

R
IA

L
S

Y
M

B
O

L

E
LE

V
A

T
IO

N
, f

t

W
A

T
E

R
C

O
N

T
E

N
T

, %

%
 P

A
S

S
IN

G
#2

00
 S

IE
V

E

DEPTH TO WATER:  Not Encountered

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  G Eckrich

CHECKED BY:  J Blanchard

Station 285+14, northbound lane of Price
Canyon Road

MATERIAL DESCRIPTION
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SURFACE EL:  192 ft +/-  (rel. San Luis Obispo County
Plans datum)

COMPLETION DEPTH:  24.3 ft

DRILLING DATE:  May 17, 2013
BACKFILLED WITH:  2-sack Sand Cement Slurry, capped with rapd-set concrete

LOG OF BORING NO. DH-5
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ARTIFICIAL FILL (af)
 approximately 7" asphalt concrete over approximately 6"

aggregate base
SILTY SAND (SM):  very dense, yellow, moist, fine

angular to subrounded gravel up to 1"
Silty SAND (SM):  very dense, brown to black, moist,

bituminous, fine to medium rounded sand

ALLUVIUM (Qal)
Silty SAND (SM):  medium dense, light grayish brown,

fine sand, non-bituminous

 - wet, no change in cuttings
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  18.0 ft

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  G Eckrich

CHECKED BY:  J Blanchard

Station 281+00, northbound lane of Price
Canyon Road

MATERIAL DESCRIPTION
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SURFACE EL:  183 ft +/-  (rel. San Luis Obispo County
Plans datum)

COMPLETION DEPTH:  40.5 ft

DRILLING DATE:  May 17, 2013
BACKFILLED WITH:  2-sack Sand Cement Slurry, capped with rapd-set concrete

LOG OF BORING NO. DH-6
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108129 19

 - no change in cuttings

 - gray

 - dark gray, bituminous

PISMO FORMATION (Tmpe)
Bituminous SANDSTONE "Silty SAND (SM)" (Rx):  light

gray, wet, decomposed, very soft, fine to coarse
subrounded sand, slightly bituminous

 - lenses of clayey SAND (SC)
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PLATE A-8b

U
N

IT
 D

R
Y

W
E

IG
H

T
, p

cf

28

30

32

34

36

38

40

42

44

46

48

50

52

LI
Q

U
ID

LI
M

IT
, %

U
N

IT
 W

E
T

W
E

IG
H

T
, p

cf

The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  18.0 ft

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  G Eckrich

CHECKED BY:  J Blanchard

Station 281+00, northbound lane of Price
Canyon Road

MATERIAL DESCRIPTION
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SURFACE EL:  183 ft +/-  (rel. San Luis Obispo County
Plans datum)

COMPLETION DEPTH:  40.5 ft

DRILLING DATE:  May 17, 2013
BACKFILLED WITH:  2-sack Sand Cement Slurry, capped with rapd-set concrete

LOG OF BORING NO. DH-6
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ARTIFICIAL FILL (af)
 approximately 12" asphalt concrete
SILTY SAND (SM):  very dense, yellow, moist, angular to

subrounded gravel up to 1"

 - brown to black, fine to coarse sand, bituminous
 - medium dense

 - approximately 4" thick stratum of light reddish brown
lean CLAY with sand (CL), non-bituminous

 - bituminous, very strong odor

Poorly-graded SAND with SILT (SP-SM):  medium dense,
brown to black, moist, bituminous
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  Not Encountered

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  G Eckrich

CHECKED BY:  J Blanchard

Station 267+50, northbound lane of Price
Canyon Road

MATERIAL DESCRIPTION
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SURFACE EL:  168.5 ft +/-  (rel. San Luis Obispo County
Plans datum)

COMPLETION DEPTH:  10.0 ft

DRILLING DATE:  May 17, 2013
BACKFILLED WITH:  2-sack Sand Cement Slurry, capped with rapd-set concrete

LOG OF BORING NO. DH-7
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ARTIFICIAL FILL (af)
 approximately 12" asphalt concrete
SILTY SAND (SM):  dense, yellow, moist, angular to

subrounded gravel
 - brown to black, bituminous, fine to coarse sand,

angular chert gravel and cobbles

PISMO FORMATION (Tmpe)
SANDSTONE (Rx) "Silty SAND (SM)":  decomposed,

light grayish brown, fine sand, non-bituminous

 - medium dense, oxidation staining

 - very dense, bituminous, very strong odor
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.

M
A

T
E

R
IA

L
S

Y
M

B
O

L

E
LE

V
A

T
IO

N
, f

t

W
A

T
E

R
C

O
N

T
E

N
T

, %

%
 P

A
S

S
IN

G
#2

00
 S

IE
V

E

DEPTH TO WATER:  Not Encountered

LOCATION:

DRILLING METHOD:  8-inch-dia. Hollow Stem Auger
HAMMER TYPE:  140 lb Automatic Trip

DRILLED BY:  S/G Drilling Company
LOGGED BY:  G Eckrich

CHECKED BY:  J Blanchard

Station 259+50, northbound lane of Price
Canyon Road

MATERIAL DESCRIPTION
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SURFACE EL:  153 ft +/-  (rel. San Luis Obispo County
Plans datum)

COMPLETION DEPTH:  19.6 ft

DRILLING DATE:  May 17, 2013
BACKFILLED WITH:  2-sack Sand Cement Slurry, capped with rapd-set concrete

LOG OF BORING NO. DH-8
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ALLUVIUM (Qal)
Silty SAND with gravel (SM):  brown, dry, bituminous

Refusal on Pismo Formation (Tmpe)

C
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  Not Encountered

LOCATION:

DRILLING METHOD:  Hand Auger
DRILLED BY:  Fugro

LOGGED BY:  B Fagundes
CHECKED BY:  J Blanchard

Station 284+42, approximately 34' east of Price
Canyon Road

MATERIAL DESCRIPTION
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SURFACE EL:  171 ft +/-  (rel. San Luis Obispo County
Plans datum)

COMPLETION DEPTH:  1.2 ft

DRILLING DATE:  May 17, 2013
BACKFILLED WITH:  Native Materials

LOG OF BORING NO. HA-101
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ARTIFICIAL FILL (af)
Silty SAND with gravel (SM):  brown, dry

Clayey SAND with gravel (SC):  brown, dry

 - subangular to angular sandstone fragments

 - moist, less gravel
PISMO FORMATION (Tmpe)
Bituminous SANDSTONE (Rx) "Silty SAND (SM)":

decomposed, gray brown, moist, slightly bituminous,
trace rootlets

 - mottled red brown and gray brown

 - dark gray brown
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PLATE A-12
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location.  Subsurface conditions may differ at other locations and with the passage of time.
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DEPTH TO WATER:  Not Encountered

LOCATION:

DRILLING METHOD:  Hand Auger
DRILLED BY:  Fugro

LOGGED BY:  B Fagundes
CHECKED BY:  J Blanchard

Station 267+30, approximately 30' west of
Price Canyon Road

MATERIAL DESCRIPTION

P
LA

S
T

IC
IT

Y
IN

D
E

X
, %

U
N

D
R

A
IN

E
D

 S
H

E
A

R
S

T
R

E
N

G
T

H
, S

u,
 k

sf

D
E

P
T

H
, f

t

S
A

M
P

LE
R

S

S
A

M
P

LE
 N

O
.

SURFACE EL:  158.5 ft +/-  (rel. San Luis Obispo County
Plans datum)

COMPLETION DEPTH:  12.0 ft

DRILLING DATE:  May 17, 2013
BACKFILLED WITH:  Native Materials

LOG OF BORING NO. HA-102
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A P P E N D I X  B  



CS-2 0.0 CS-2 Silty SAND (SM) 8740 5.82
DH-1 2.0 1 Silty SAND (SM) 115 109 6
DH-1 4.0 3 Silty SAND (SM) 111 104 6
DH-1 19.0 6 Poorly graded SAND with silt (SP-SM) 117 103 14
DH-2 2.0 1 Silty SAND (SM) 119 107 11
DH-2 2.0 C Silty SAND (SM) 8870 7.10 <.0002<0.0089
DH-3 1.0 1 Poorly graded SAND with silt (SP-SM) 127 116 9
DH-3 4.0 B Poorly graded SAND with silt (SP-SM) 68
DH-4 1.0 1 Poorly graded SAND with silt (SP-SM) 126 117 8
DH-4 2.0 A Silty SAND (SM) 126.3 7.7
DH-4 9.0 4 Silty SAND (SM) 110 101 9
DH-5 1.0 1 Silty SAND (SM) 112 106 6 18
DH-5 1.2 A Silty SAND (SM) 3590 6.65
DH-5 24.0 7 Silty SAND (SM) 120 113 6
DH-6 1.2 A Silty SAND (SM) 124.0 8.1 68
DH-6 1.5 1A Silty SAND (SM) 120 110 9
DH-6 4.0 3 Silty SAND (SM) 121 114 6
DH-6 14.0 5 Silty SAND (SM) 109 100 9 14
DH-6 34.0 7 Poorly graded SAND with silt (SP-SM) 129 108 19
DH-7 1.0 A Silty SAND (SM) 1620 6.35 62 681
DH-7 1.5 1 Silty SAND (SM) 118 115 3
DH-7 9.0 4 Poorly graded SAND with silt (SP-SM) 118 111 6 4
DH-8 1.0 1 Silty SAND (SM) 120 114 5
DH-8 1.0 A Silty SAND (SM) 29 1840 6.55 79 183
DH-8 4.0 3 Silty SAND (SM) 107 103 4 30
GS-1 0.0 -- SANDSTONE (Rx) 117 108 8
GS-2 0.0 -- SANDSTONE (Rx) 122 113 8
GS-3 0.0 -- SANDSTONE (Rx), slightly bituminous 114 111 3
GS-4 0.0 -- Heavily Bituminous Sandstone 116 112 4
GS-5 0.0 -- Heavily Bituminous Sandstone 106 104 2
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S-1 0.0 S-1 Slightly Bituminous Sandstone 125
S-2 0.0 S-2 Heavily Bituminous Sandstone 113
S-3 0.0 S-3 Heavily Bituminous Sandstone 125
S-6 0.0 S-6 Heavily Bituminous Sandstone 114
WS-1 0.0 WS-1 Water Sample 4884 7.00 34 <0.0005
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Price Canyon Road Phase 2 Widening
San Luis Obispo County, California
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San Luis Obispo County
Project No. 04.6213.0051

Sample Number:

A B C DSample No

SA
M

PL
E 

ID

Boring Number: DH-01

USCS Classification: Silty SAND (SM): very dark brown, moist

3

Sample Depth: 5.0 ft
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DIRECT SHEAR TEST RESULTS
Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-4a

A B C D

6.4% 6.4% 6.4%

106.8 103.5 102.0

32% 29% 28%

0.52 0.57 0.59

2.42 2.42 2.42

1.00 1.00 1.00

17.4% 17.2% 17.3%

111.1 110.7 110.7

0.46 0.47 0.47

4.69 4.18 3.23

0.001 0.001 0.001

1.0 2.0 2.8

1.46 1.96 2.45

1.29 1.83 2.33

Test Method: ASTM D3080

Peak Shear Stress, ksf
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Water Content, %

Diameter, in

Height, in

Dry Unit Weight, pcf

Void Ratio

Saturation, %

Min. Post-Peak Stress, ksf

---

#16 (1.18mm)
#30 (0.6mm)

#100 (0.150mm)

---

---

Sieve Size

Displacement Rate, in/min

Normal Stress, ksf

Deformation at Peak, %

Sample No.

Water Content, %

Dry Unit Weight, pcf

% Passing

---

---

Void Ratio

3/8-in. (9.5mm)
#4 (4.75mm)

kavg 20ºC, cm/sec ---

2.6

Plasticity Index, %

Liquid Limit, %

#200 (0.075mm)

---

Estimated Gs

---

Plastic Limit, %

---

---

Atterberg Limits
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DIRECT SHEAR TEST RESULTS
Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-4a

 

 

 



Sample Number:

A B C D

13.6% 13.6% 13.6%

101.7 103.4 105.0

58% 60% 63%

0.63 0.60 0.58

2.42 2.42 2.42

1.00 1.00 1.00

17.9% 17.6% 17.0%

110.9 112.0 113.7

0.49 0.48 0.45

6.96 5.25 10.12

0.002 0.002 0.002

1.0 2.0 3.0

1.49 1.63 1.90

1.19 1.54 1.89

Test Method: ASTM D3080

kavg 20ºC, cm/sec ---

2.65

Plasticity Index, %

Liquid Limit, %

#
200 (0.075mm)

---

Estimated Gs

---

Plastic Limit, %

---

---

Atterberg Limits

S
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P

L
E

 I
D

Boring Number: DH-01

USCS Classification: Poorly-graded SAND with silt (SP-SM): olive 

brown, moist

6

Sample Depth: 19.0 ft

Sieve Size

Displacement Rate, in/min

Normal Stress, ksf

Deformation at Peak, %

Sample No.

Water Content, %

Dry Unit Weight, pcf

% Passing

---

---

Void Ratio

3/8-in. (9.5mm)
#
4 (4.75mm)

---

#
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#
30 (0.6mm)

#
100 (0.150mm)

---

---
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DIRECT SHEAR TEST RESULTS

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-4b
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Sample Number:

A B C D

8.8% 8.8% 8.8%

114.3 114.2 114.2

52% 52% 52%

0.45 0.45 0.45

2.41 2.41 2.41

1.00 1.00 1.00

14.9% 14.0% 14.8%

118.4 120.4 118.7

0.40 0.37 0.39

2.49 2.25 2.56

0.001 0.001 0.001

1.1 2.0 3.0

0.95 1.66 2.07

0.73 1.44 1.90

Test Method: ASTM D3080

Saturation, %

Min. Post-Peak Stress, ksf

Ultimate Shear Stress, ksf

Residual Shear Stress, ksf

Deformation at Peak, %

Displacement Rate, in/min

Normal Stress, ksf

Peak Shear Stress, ksf
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Water Content, %

Diameter, in

Height, in

Dry Unit Weight, pcf

Void Ratio

Estimated Gs

---

Plastic Limit, %

---

---

Atterberg Limits

% Passing

---

---

---

Void Ratio

3/8-in. (9.5mm)
#
4 (4.75mm)

Sieve Size

Sample Depth: 2.0 ft

Sample No.

Water Content, %

Dry Unit Weight, pcf

---

#
16 (1.18mm)
#
30 (0.6mm)

#
100 (0.150mm)

---

S
A

M
P

L
E

 I
D

Boring Number: DH-04

USCS Classification: Silty SAND (SM): very dark brown, with 

bitumen

A

kavg 20ºC, cm/sec ---

2.65

Plasticity Index, %

Liquid Limit, %
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---
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San Luis Obispo County

Project No. 04.6213.0051

Sample Number:

A B C D

0.7% 0.7% 0.7%

102.8 105.2 108.0

3% 3% 3%

0.61 0.57 0.53

2.42 2.42 2.42

1.00 1.00 1.00

4.1% 4.1% 4.4%

96.1 101.4 100.7

0.72 0.63 0.64

6.87 5.81 6.88

0.000 0.000 0.000

1.0 2.0 3.0

3.49 4.34 4.31

2.76 3.31 3.65

Test Method: ASTM D3080

Initial shear test of sample carved from a block sample. Sample was reset 

after shearing and retested (see subsequent result on next page)

kavg 20ºC, cm/sec ---

2.65

Plasticity Index, %

Liquid Limit, %

#
200 (0.075mm)

---
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Boring Number: --

USCS Classification: Heavily Bituminus Sandstone

GS-4

Sample Depth: 0.0 ft

#
100 (0.150mm)

---

3/8-in. (9.5mm)
#
4 (4.75mm)

Sieve Size

Sample No.

Water Content, %

Dry Unit Weight, pcf

Saturation, %
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---

Plastic Limit, %

---

---
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---
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San Luis Obispo County

Project No. 04.6213.0051

Sample Number:

A B C D

0.2% 0.2% 0.2%

103.3 105.8 108.6

1% 1% 1%

0.60 0.56 0.52

2.42 2.42 2.42

1.00 1.00 1.00

4.1% 4.1% 4.4%

96.1 101.4 100.7

0.72 0.63 0.64

10.48 8.67 9.74

0.002 0.002 0.002

1.0 2.0 3.0

2.87 3.87 4.34

2.28 3.10 2.93

Test Method: ASTM D3080

kavg 20ºC, cm/sec ---

2.65

Plasticity Index, %

Liquid Limit, %

#
200 (0.075mm)

S
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Boring Number: --

USCS Classification: Heavily Bituminus Sandstone

Water Content, %

Dry Unit Weight, pcf

---
After shearing each specimen horizontally to 0.25" the shear box was 

returned to the origin.  Results presented above represent the second shear 

cycle that was performed after returning the shear box to the origin.

GS-4

Sample Depth: 0.0 ft

Sample No.

Saturation, %

Void Ratio

Atterberg Limits

---

#
16 (1.18mm)
#
30 (0.6mm)

#
100 (0.150mm)

---

3/8-in. (9.5mm)
#
4 (4.75mm)

Sieve Size

Estimated Gs

---

Plastic Limit, %

---

---

% Passing

---

---

---
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Water Content, %
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Deformation at Peak, %

Displacement Rate, in/min
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San Luis Obispo County

Project No. 04.6213.0051

Sample Number:

A B C D

9.1% 9.1% 9.1%

100.7 99.6 98.6

37% 36% 35%

0.64 0.66 0.68

2.42 2.42 2.42

1.00 1.00 1.00

20.1% 19.8% 19.9%

107.7 108.3 108.4

0.54 0.53 0.52

0.07 0.10 0.49

0.002 0.002 0.002

1.0 2.0 3.0

0.87 1.62 2.79

0.77 1.38 2.05

Test Method: ASTM D3080

kavg 20ºC, cm/sec ---

2.65

Plasticity Index, %

Liquid Limit, %

#
200 (0.075mm)

---

S
A

M
P

L
E

 I
D

Boring Number: DH-6

USCS Classification: Silty SAND (SM): light olive brown mottled 

w/dark yellowish brown, moist

5

Dry Unit Weight, pcf

Saturation, %

Sample Depth: 14.0 ft

Specimen

Water Content, %

Void Ratio

Atterberg Limits

---

#
16 (1.18mm)
#
30 (0.6mm)

#
100 (0.150mm)

---

3/8-in. (9.5mm)
#
4 (4.75mm)

Sieve Size % Passing

---

---

---

Estimated Gs

---

Plastic Limit, %

---

---
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Water Content, %

Diameter, in

Height, in

Dry Unit Weight, pcf

Void Ratio

Displacement at Peak, in

Displacement Rate, in/min

Normal Stress, ksf

Peak Shear Stress, ksf

Min. Post-Peak Stress, ksf
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San Luis Obispo County

Project No. 04.6213.0051

Sample Number:

A B C D

7.1% 7.1% 7.1%

111.1 111.1 111.1

39% 39% 39%

0.49 0.49 0.49

2.42 2.42 2.42

1.00 1.00 1.00

16.2% 15.5% 14.8%

115.5 117.2 118.8

0.43 0.41 0.39

0.41 0.43 0.50

0.002 0.002 0.002

1.0 2.0 3.0

1.03 1.79 2.44

1.02 1.76 2.44

Test Method: ASTM D3080

Remolded specimens

kavg 20ºC, cm/sec ---

2.65

Plasticity Index, %

Liquid Limit, %

#
200 (0.075mm)

---

S
A

M
P

L
E

 I
D

Boring Number: DH-6

USCS Classification: Silty SAND (SM): dark brown, moist, 

bituminous

A

Dry Unit Weight, pcf

Saturation, %

Sample Depth: 0.0 ft

Specimen

Water Content, %

Void Ratio

Atterberg Limits

---

#
16 (1.18mm)
#
30 (0.6mm)

#
100 (0.150mm)

---

3/8-in. (9.5mm)
#
4 (4.75mm)

Sieve Size % Passing

---

---

---

Estimated Gs

---

Plastic Limit, %

---

---
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Water Content, %

Diameter, in

Height, in

Dry Unit Weight, pcf

Void Ratio

Displacement at Peak, in

Displacement Rate, in/min

Normal Stress, ksf

Peak Shear Stress, ksf

Min. Post-Peak Stress, ksf
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Peak:  Φ'= 35°,  c'= 0.4 ksf
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San Luis Obispo County

Project No. 04.6213.0051

Sieve Size % Passing

3/8-in. (9.5mm) --- ---
#
4 (4.75mm) --- ---

#
16 (1.18mm) --- ---

#
30 (0.6mm) --- 2.70

#
100 (0.150mm) --- ---

#
200 (0.075mm) --- ---

108.8

1.80

3.78

Height/Diameter 2.10

Test Method: ASTM D2166

S
A

M
P

L
E

 I
D

Slightly Bituminous Sandstone

Compressive Strength, ksf

Undrained Shear Strength, ksf

0

0.0 ft

Sample Number.:

Boring Number.:

Reported diameter calculated from the cross-sectional area of 

specimen. Carved from block sample of rock.

Axial Strain at Failure, %

Strain Rate, %/min

Tested By:

Date Tested: 10/10/11

5.1

0.56

0.09

JC

Plasticity Index

Sample Depth:

USCS Classification:

Diameter, in

Height, in

Su from PP, ksf
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Unit Weight, pcf

GS-1

10.2

Estimated Gs

Su from Tv, ksf

Other Parameters

Liquid Limit

Plastic Limit
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Axial Strain, %

Interpreted Point of Failure

UNCONFINED COMPRESSION TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-5a

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

Sieve Size % Passing

3/8-in. (9.5mm) --- ---
#
4 (4.75mm) --- ---

#
16 (1.18mm) --- ---

#
30 (0.6mm) --- 2.70

#
100 (0.150mm) --- ---

#
200 (0.075mm) --- ---

113.8

2.08

4.36

Height/Diameter 2.09

Test Method: ASTM D2166

Boring Number.:

Diameter, in

Height, in

Su from PP, ksf

94.4

Estimated Gs

Su from Tv, ksf

Other Parameters

Liquid Limit

Plastic Limit

S
A

M
P

L
E

 I
M

A
G

E
S

R
E

M
A

R
K

S
T

E
S

T
 S

U
M

M
A

R
Y

S
A

M
P

L
E

 P
R

O
P

E
R

T
IE

S C
L

A
S

S
IF

IC
A

T
IO

N

Unit Weight, pcf

--

47.2

1.11

0.16

JC

S
A

M
P

L
E

 I
D

Heavily Bituminous Sandstone

Compressive Strength, ksf

Undrained Shear Strength, ksf

GS-2

0.0 ft

Plasticity Index

Sample Depth:

USCS Classification:

Sample Number.:

Reported diameter calculated from the cross-sectional area of 

specimen. Carved from block sample of rock.

Axial Strain at Failure, %

Strain Rate, %/min

Tested By:

Date Tested: 10/10/11
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Interpreted Point of Failure

UNCONFINED COMPRESSION TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-5b

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

Sieve Size % Passing

3/8-in. (9.5mm) --- ---
#
4 (4.75mm) --- ---

#
16 (1.18mm) --- ---

#
30 (0.6mm) --- 2.70

#
100 (0.150mm) --- ---

UC Creep
#
200 (0.075mm) --- ---

111.3 110.9

3.44 3.61

5.78 6.45

Height/Diameter 1.68 1.79

Test Method: ASTM D2166

Creep loading was performed in step-load increments shown.  

Loading was increased when primary creep ended based on 

review of plotted data. Failure of Creep loading is indicated by 

"X". Creep Sample failed under an axial load of 20 ksf after 2 

minutes.

S
A

M
P

L
E

 I
M

A
G

E
S

R
E

M
A

R
K

S
T

E
S

T
 S

U
M

M
A

R
Y

Other Parameters

S
A

M
P

L
E

 P
R

O
P

E
R

T
IE

S

Dry Unit Weight, pcf

--

Diameter, in

Height, in

Date Tested: 10/10/11

13.7

1.28

0.18

JC

Su from Tv, ksf

Plastic Limit

Su from PP, ksf

27.3

Axial Strain at Failure, %

Strain Rate, %/min

Liquid Limit

Boring Number.:

Sample Depth:

USCS Classification:

Sample Number.:

Estimated Gs

Reported diameter calculated from the cross-sectional area of 

the specimen.  Carved from block sample of rock.

Tested By:

S
A

M
P

L
E

 I
D

Heavily Bituminous Sandstone

Compressive Strength, ksf

Undrained Shear Strength, ksf

GS-3

0.0 ft

Plasticity Index
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N
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Interpreted Point of Failure

Creep Loading

UNCONFINED COMPRESSION TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-5c

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

Sieve Size % Passing

3/8-in. (9.5mm) --- ---
#
4 (4.75mm) --- ---

#
16 (1.18mm) --- ---

#
30 (0.6mm) --- 2.70

#
100 (0.150mm) --- ---

UC Creep 1 Creep 2
#
200 (0.075mm) --- ---

112.9 0.0 114.9

2.38 2.38 2.38

4.87 4.88 4.88

Height/Diameter 2.04 2.05 2.05

Test Method: ASTM D2166

Plastic Limit

C
L

A
S

S
IF

IC
A

T
IO

N

Other Parameters

Creep loading was performed in step-load increments shown.  

The sample failed under first load increment after 1.5 days. 

Failure of Creep 1 loading is indicated by "X".  Creep 2: Sample 

failed under an axial load of 1.113 ksf after 41 days.

Heavily Bituminous Sandstone

Compressive Strength, ksf

Undrained Shear Strength, ksf

Liquid Limit

10/10/11

10.2

3.70

0.30

JC

Strain Rate, %/min

Tested By:

Axial Strain at Failure, %

Sample Depth:

Date Tested:

Sample Number.:

USCS Classification:

GS-4

0.0 ft

Plasticity Index

S
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M
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L
E
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M

A
G

E
S

R
E
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A
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E
S

T
 S

U
M

M
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R
Y

S
A

M
P

L
E

 P
R

O
P

E
R

T
IE

S

Unit Weight, pcf

S
A

M
P

L
E

 I
D

--

Reported diameter represents the cross-sectional area of the 

specimen

Diameter, in

Height, in

Su from PP, ksf

20.5

Estimated Gs

Su from Tv, ksf

Boring Number.:
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Axial Strain, %

Interpreted Point of Failure

4,286 psf

500 psf over 7 days

750 psf over 18 days

1,113 psf over 41 days

X

UNCONFINED COMPRESSION TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-5d

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

Sieve Size % Passing

3/8-in. (9.5mm) --- ---
#
4 (4.75mm) --- ---

#
16 (1.18mm) --- ---

#
30 (0.6mm) --- 2.70

#
100 (0.150mm) --- ---

#
200 (0.075mm) --- ---

104.2

1.52

3.15

Height/Diameter 2.08

Test Method: ASTM D2166

Creep loading performed using the step-load increments noted. 

Load was maintained until creep reduced or stabilized. Failure 

of Creep loading is indicated by "X". Duration of load increments 

is noted. Strength and creep response is influenced by 

temperature.

0.78

Compressive Strength, ksf

Undrained Shear Strength, ksf

JC

S
A

M
P

L
E

 I
D

Reported diameter represents the cross-sectional area of the 

specimen

Diameter, in

Height, in

Su from PP, ksf

R
E

M
A

R
K

S
T

E
S

T
 S

U
M

M
A

R
Y

S
A

M
P

L
E

 P
R

O
P

E
R

T
IE

S

Unit Weight, pcf

S
A

M
P

L
E

 I
M

A
G

E
S

C
L

A
S

S
IF

IC
A

T
IO

N

Boring Number.:

Sample Depth:

USCS Classification:

Sample Number.:

--

Heavily Bituminous Sandstone

GS-5

0.0 ft

Date Tested: 10/10/11

12.8

3.11Axial Strain at Failure, %

Strain Rate, %/min

Tested By:

Other Parameters

Plasticity Index

Liquid Limit

Plastic Limit

Estimated Gs

Su from Tv, ksf

25.6
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Axial Strain, %

Interpreted Point of Failure

495 psf over 20 days

763 psf over 21 days

1,043 psf over 63 days

1,389 psf over 28 days

1,773 psf failed over 36 days

x

UNCONFINED COMPRESSION TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-5e

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

Unit Dependent Text

Compressive Strength, ksf

Undrained Shear Strength, ksf

0.0 ft

Total Unit Weight, pcf

Diameter, in

Height, in

Sieve Size % Passing

3/8-in. (9.5mm) --- ---
#
4 (4.75mm) --- ---

#
16 (1.18mm) --- ---

#
30 (0.6mm) ---

#
100 (0.150mm) ---

As Received
#
200 (0.075mm) ---

125.2

1.67

3.31

Height/Diameter 1.99

Test Method: ASTM D7012

S
A

M
P

L
E

 P
R

O
P

E
R

T
IE

S Water Content, %

Total Unit Weight, pcf

S-1

Axial Strain at Failure, %

Strain Rate, %/min

2.82

0.07

S
A

M
P

L
E

 I
M

A
G

E
S

R
E

M
A

R
K

S
T

E
S

T
 S

U
M

M
A

R
Y

ND

Diameter, in

Height, in

17.6

Date Tested: 6/6/13

8.8

USCS Classification:

Sample Number.:

Plasticity Index

C
L

A
S

S
IF

IC
A

T
IO

N

Other Parameters

Plastic Limit

Tested By:

S
A

M
P

L
E

 I
D

Slightly Bituminous Sandstone

Compressive Strength, ksf

Undrained Shear Strength, ksf

---

0.0 ft

Liquid Limit

Boring Number.:

Sample Depth:
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Interpreted Point of Failure

UNCONFINED COMPRESSION TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-5f

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

Unit Dependent Text

Compressive Stress, ksf

Undrained Shear Strength, ksf

0.0 ft

Total Unit Weight, pcf

Diameter, in

Height, in

Sieve Size % Passing

3/8-in. (9.5mm) --- ---
#
4 (4.75mm) --- ---

#
16 (1.18mm) --- ---

#
30 (0.6mm) ---

#
100 (0.150mm) ---

As Received
#
200 (0.075mm) ---

112.5

2.20

3.00

Height/Diameter 1.36

Test Method: ASTM D2435 (modifed for unconfined creep)

Sample tested under a constant load of 500 psf and failed 

after approximately 1.3 days.  Air temperature of lab is 

plotted versus time.

6/3/13

ND

Other Parameters

Date Tested:

Plastic Limit

Tested By:

Heavily Bituminous Sandstone

Compressive Stress, ksf

0.0 ft

Plasticity Index

C
L

A
S

S
IF

IC
A

T
IO

N Liquid Limit

USCS Classification:

Sample Number.:

S
A

M
P

L
E

 I
D ---

S
A

M
P

L
E

 P
R

O
P

E
R

T
IE

S

Diameter, in

Height, in

Water Content, %

Total Unit Weight, pcf

S-2

0.5

S
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L
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R
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U
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M
A

R
Y

Boring Number.:

Sample Depth:
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%

Time, min

Applied Stress: 500 psf

Ambient Temperature

UNCONFINED COMPRESSION TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-5g

 
 

 

 
 



San Luis Obispo County
Project No. 04.6213.0051

DH-8 A B C

3 --- --- ---

4.0 ft --- --- ---

--- --- ---

Passing #4 (4.75 mm) --- --- ---

--- --- ---

2 65 2 65 2 65

Plastic Index

SA
M

PL
E 

ID

Silty SAND 
(SM): dark 

grayish 
brown, dry

E ti t d G

Trial ID

Liquid Limit

Boring Number

Specimen Depth

USCS Classification

Sample Number

LA
SS

IF
IC

A
TI

O
N

Passing #200 (0.075 mm)

Plastic Limit

0

2

4

6

8

10

12

14

16

18

20

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

q 
= 

(
1-

3)/
2,

 k
sf

p' = ('1+'3)/2, ksf

Effective Stress

Eff. Stress at Max. Obliquity:  Φ'= 35°,  c'= 0.2 ksf

Total Stress

Eff. Stress at User Defined Strain

Consolidation Stress: 0.7 ksf 

Consolidation Stress: 1.4 ksf 

Consolidation Stress: 2.2 ksf 

ISOTROPICALLY CONSOLIDATED, UNDRAINED TRIAXIAL TEST WITH PORE WATER 
PRESSURE MEASUREMENTS

Price Canyon Road Phase 2 Widening
San Luis Obispo County, California PLATE B-6a.1

2.65 2.65 2.65

A B C

A B C 0.00 0.00 0.00

3.2% 3.5% 3.3% N/A N/A N/A

103.6 151.4 152.0 0.30 0.30 0.30

14% 100% 100% 11.0 11.5 12.4

0.60 0.09 0.09 10.3 10.1 10.2

2.42 2.02 2.03 0.7 1.4 2.2

5.00 4.89 4.83 3.1 9.1 16.7

2.1 3.2 4.9

3.5% 3.3% 3.2% 4.2 11.2 20.9

151.4 152.0 152.5 1.1 2.1 4.2

100% 100% 100% JC JC JC

0.09 0.09 0.08 6/10/13 6/11/13 6/11/13

S brown, dry
Estimated Gs

Dry Unit Weight, pcf

C
L

Saturation, %

PR
E-

SH
EA

R
R

EM
A

R
K

S

Diameter, in

Height, in

Void Ratio

IN
IT

IA
L

Trial ID

Void Ratio

Water Content, %

Saturation, %

B-Parameter
t50, minutes

Strain Rate, %/min

Cell Pressure, ksf

Water Content, %

Dry Unit Weight, pcf

σ'1F, ksf

Consolidation Stress, ksf

Deviator Stress @ Failure, ksf

Test Method: ASTM 4767 (modified for staged testing)

Axial Strain @ Failure, %

TE
ST

 S
U

M
M

A
R

Y

Date Tested:

σ'3F, ksf

Trial ID

Back Pressure, ksf

Tested By:

ISOTROPICALLY CONSOLIDATED, UNDRAINED TRIAXIAL TEST WITH PORE WATER 
PRESSURE MEASUREMENTS

Price Canyon Road Phase 2 Widening
San Luis Obispo County, California PLATE B-6a.1

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

A DH-8 #3 4.0 ft

B DH-8 #3 4.0 ft

C DH-8 #3 4.0 ft Silty SAND (SM): dark grayish brown, dry

Silty SAND (SM): dark grayish brown, dry

Silty SAND (SM): dark grayish brown, dry
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Consolidation Stress: 0.7 ksf 

Consolidation Stress: 1.4 ksf 

Consolidation Stress: 2.2 ksf 

ISOTROPICALLY CONSOLIDATED, UNDRAINED TRIAXIAL TEST WITH PORE WATER 

PRESSURE MEASUREMENTS

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-6a.2

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

--

S-3

---

A B C

A N/A N/A N/A

125.4 N/A N/A N/A

3.30 0.3 0.3 0.3

1.67 3.6 7.2 14.4

1.98 0.0 0.0 0.0

3.6 7.2 14.4

28.0 42.2 49.9

2.0 2.8 4.3

31.6 49.4 64.3

3.6 7.2 14.4

JC JC JC

6/11/13 6/12/13 6/12/13

IN
IT

IA
L

Test Method: ASTM 4767 (modified for staged testing)

Diameter, in

Height, in

R
E

M
A

R
K

S
 &

 S
A

M
P

L
E

 I
M

A
G

E
S

A
M

P
L

E
 I

D

Heavily 

Bituminous 

Sandstone

Height / Diameter

Trial ID B-Parameter

t50, minutes

Cell Pressure, ksf

σ1F, ksf

Consolidation Stress, ksf

Deviator Stress 
@

 Failure, ksf

Total Unit Weight, pcf

Boring Number

Specimen Depth

USCS Classification

Sample Number

Axial Strain 
@

 Failure, %

T
E

S
T

 S
U

M
M

A
R

Y

Date Tested:

σ3F, ksf

Trial ID

Back Pressure, ksf

Tested By:

Strain Rate, %/min
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q
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2
, 
k
s
f

p = (s1+s3)/2, ksf

Effective Stress

Eff. Stress at Max. Obliquity

Total Stress:  Φ= 31°,  c= 6 ksf

Eff. Stress at User Defined Strain

Consolidation Stress: 3.6 ksf 

Consolidation Stress: 7.2 ksf 

Consolidation Stress: 14.4 ksf 
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Vertical Strain (%)

Consolidation Stress: 3.6 ksf 

Consolidation Stress: 7.2 ksf 

Consolidation Stress: 14.4 ksf 

CONSOLIDATED, UNDRAINED TRIAXIAL TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-6b

 
 

 

 
 



San Luis Obispo County

Project No. 04.6213.0051

--

S-6

---

A B C

A N/A N/A N/A

113.7 N/A N/A N/A

2.91 0.3 0.3 0.3

1.66 3.6 7.2 14.4

1.76 0.0 0.0 0.0

3.6 7.2 14.4

10.5 27.4 44.5

4.1 7.8 12.5

14.1 34.6 58.9

3.6 7.2 14.4

JC JC JC

6/13/13 6/14/13 6/14/13

S
A

M
P

L
E

 I
D

Heavily 

Bituminous 

Sandstone

Diameter, in

Height, in

Trial ID

Height / Diameter

Total Unit Weight, pcf

Boring Number

Specimen Depth

USCS Classification

Sample Number

IN
IT

IA
L

R
E

M
A

R
K

S
 &

 S
A

M
P

L
E

 I
M

A
G

E

B-Parameter

t50, minutes

Strain Rate, %/min

Cell Pressure, ksf

σ1F, ksf

Consolidation Stress, ksf

Deviator Stress 
@

 Failure, ksfTest Method: ASTM 4767 (modified for staged testing)

Axial Strain 
@

 Failure, %

T
E

S
T

 S
U

M
M

A
R

Y

Date Tested:

σ3F, ksf

Trial ID

Back Pressure, ksf

Tested By:
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q
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2
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k
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f

p = (s1+s3)/2, ksf

Effective Stress

Eff. Stress at Max. Obliquity

Total Stress:  Φ= 34°,  c= 2.5 ksf

Eff. Stress at User Defined Strain

Consolidation Stress: 3.6 ksf 

Consolidation Stress: 7.2 ksf 

Consolidation Stress: 14.4 ksf 
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Vertical Strain (%)

Consolidation Stress: 3.6 ksf 

Consolidation Stress: 7.2 ksf 

Consolidation Stress: 14.4 ksf 

CONSOLIDATED, UNDRAINED TRIAXIAL TEST

Price Canyon Road Phase 2 Widening

San Luis Obispo County, California PLATE B-6c

 
 

 

 
 



Sample No. Bulk B Depth: 4.0' - 6.0'

Description: Light olive brown poorly-graded SAND w/ silt (SP-SM)

Date Tested: 10/5/2011 

Test Method: ASTM D2844, CT301

Initial Moisture Content: 8.3%

Dry Unit Water Exudation Expansion

Weight Content Pressure Pressure R-Value

(pcf) (%) (psi) (psf)

97.3 14.6 207 0 64

99.4 13.2 326 0 69

98.3 10.9 621 0 71

R-value at Exudation Pressure of 300 psi: 68

R-value by Expansion Pressure: TI = 4 N/A

Remarks: R-value by stabilometer controls.
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San Luis Obispo County
Project No. 04.6213.0051

PLATE B-7a

R-VALUE TEST RESULTS

San Luis Obispo County, California
Price Canyon Road Phase 2 Widening

 
 

 

 
 



Sample No. DH-6, #A Depth: 0.0' - 5.0'

Description: Very Dark Brown Silty SAND (SM)

Date Tested: 6/5/2013 

Test Method: ASTM D2844, CT301

Initial Moisture Content: 10.7%

Dry Unit Water Exudation Expansion

Weight Content Pressure Pressure R-Value

(pcf) (%) (psi) (psf)

115.3 10.7 110 0 52

116.5 9.6 200 0 65

117.8 8.5 414 0 72

R-value at Exudation Pressure of 300 psi: 68

R-value by Expansion Pressure: TI = 4 N/A

Remarks: R-value by stabilometer controls.
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R-VALUE TEST RESULTS

San Luis Obispo County, California
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A P Asphalt avement nd Recycling Technologies, Inc.

 

(APART, Inc.)

 

5207 Minter Field Avenue         Shafter, CA 93263 
Telephone:  (661) 393-2748       Fax: (661) 393-2804 

e-mail:  apart@hughes.net

 
 
 
 

Report:  11-1007          October 14, 2011 
 

Customer:

 

Fugro

 

West – Nephi Derbidge

 
 

Project:  # 04.6111.0062 – Price Canyon Road Widening, Phase 2   

Samples

 
Submitted: Two

 
asphalt mixtures were submitted for testing.

 
 

1. GS-3 
2. GS-4  

Requested Testing:
  

Determine asphalt content on mixture samples. 
 

Summary of Testing:  The asphalt content was determined by ASTM D2172 (Method B).  Test 
result are: 

 
Tests GS-3  GS-4  

   
Asphalt Content, %w (by total mix) 1.3  11.3  
Asphalt Content, %w (by dry weight of Agg.)  1.3  12.7  

 
 
 
 
 
 
 
 

      
 
 
 
 
 
 
 
 

Test data reported herein has been secured by reliable testing procedures.  As we have no knowledge of, or control over the conditions 
that may affect the use of material from which samples were taken, we assume no responsibility in furnishing this data other than to 
warrant that they represent reliable measurements of the properties of the sample (s) received and tested. No warranties, expressed or 
implied, including warranties of merchantability or fitness for a particular use, are made with respect to the products descr ibed herein.  
Nothing contained herein shall constitute a permission or recommendation to practice any invention covered by a patent without license 
from the owner of the patent.

 
 

San Luis Obispo County
Project No. 04.6213.0051

PLATE B-8

ASPHALT CONTENT
Price Canyon Road Phase 2 Widening

San Luis Obispo County, California
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DAILY TEMPERATURE EXTREMES 

Heavily Bituminous Sandstone Unit - Surficial Zone 

Price Canyon Road Phase 2 Widening 

San Luis Obispo County, California 
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ANNUAL TEMPERATURE EXTREMES 

Heavily Bituminous Sandstone Unit - Surficial Zone 

Price Canyon Road Phase 2 Widening 

San Luis Obispo County, California 
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R² = 0.9971

R² = 0.9974
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FILL AND ALLUVIUM DIRECT SHEAR DATA 

Price Canyon Road Phase 2 Widening 

San Luis Obispo County, California 
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Normal Stress, ksf

Sandy Fill (af) and Alluvium (Qal)

Estimated Strength Envelope

DH-01, 5 feet, af

DH-04, 2 feet, af

DH-06, 0 feet, af

DH-06, 14 feet, af

DH-01, 19 feet, Qal

Estimated Friction Angle, Φ = 35 degrees
Estimated Cohesion = 100 ksf

  

 

  



ROCK DOWEL WALL LOADING MECHANISM – TOP OF WALL DETAIL 

Heavily Bituminous Sandstone Unit 

Price Canyon Road Phase 2 Widening 

San Luis Obispo County, California 
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Kinematic block boundaries (simplified mechanism) 

Block displacement direction 

Block force transfer 

Thickness of zone where 
creep is controlled by 
thermal variations from 
environmental conditions 
(heat from sun). 

Thickness of zone where creep is controlled by thermal variations 
from environmental conditions  (heat from sun). 

  

 

  



ROCK DOWEL WALL LOADING MECHANISM – THREE ROCK DOWEL WALL EXAMPLE 
Heavily Bituminous Sandstone Unit 
Price Canyon Road Phase 2 Widening 

San Luis Obispo County, California 

San Luis O
bispo C

ounty 
Project N

o.046213.0051 

PLATE  C
-5

Thickness of zone where 
creep is controlled by 
thermal variations from 
environmental conditions 
(heat from sun). 

Thickness of zone where 
creep is controlled by 
thermal variations from 
environmental conditions 
(heat from sun). 

Load from thermal variation rock zone along the top 
layer of the slope susceptible to creep due to 
temperature variations. 

Load from the thermal variation zone behind the 
facing susceptible to creep due to temperature 
variations. 

Kinematic block boundaries 
(simplified mechanism) 

Block displacement direction 

Block force transfer 
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APPENDIX D – SLOPE STABILITY RESULTS 

Station 266+00, Northbound (Right) Lane 
 Existing .............................................................................................................. D-1 
 Existing, Seismic ............................................................................................... D-2 
 Proposed Global, Static .................................................................................... D-3 
 Proposed Global, Seismic ................................................................................. D-4 

Proposed Global, Seismic, ky ........................................................................... D-5 
  
Station 268+00, Northbound (Right) Lane 
 Existing .............................................................................................................. D-6 
 Existing, Seismic ............................................................................................... D-7 
 Proposed Global, Static .................................................................................... D-8 
 Proposed Global, Seismic ................................................................................. D-9 

Proposed Global, Seismic, ky ......................................................................... D-10 
  
Station 286+00, Northbound (Right) Lane 
 Existing ............................................................................................................ D-11 
 Existing, Seismic ............................................................................................. D-12 
 Existing, Seismic, ky ....................................................................................... D-13 
 Proposed Global, Static .................................................................................. D-14 
 Proposed Global, Seismic ............................................................................... D-15 
 Proposed Global, Seismic, ky ......................................................................... D-16 
  
Station 295+50, Northbound (Right) Lane 
 Existing ............................................................................................................ D-17 
 Proposed Slope, Static .................................................................................... D-18 
 Proposed Slope, Seismic ................................................................................ D-19 
 
Station 295+75, Southbound (Left) Lane 
 Existing ............................................................................................................ D-20 
 Proposed Slope, Static .................................................................................... D-21 
 Proposed Slope, Seismic ................................................................................ D-22 
  
Station 297+80, Southbound (Left) Lane 
 Existing ............................................................................................................ D-23 
 Proposed Slope, Static .................................................................................... D-24 
 Proposed Slope, Seismic ................................................................................ D-25 
 
Station 299+76, Northbound (Right) Lane 
 Existing ............................................................................................................ D-26 
 Proposed Slope, Static .................................................................................... D-27 
 Proposed Slope, Seismic ................................................................................ D-28 
  
 

 

 

 



Station 300+60, Northbound (Right) Lane 
 Existing ............................................................................................................ D-29 
 Proposed Slope, Static .................................................................................... D-30 
 Proposed Slope, Seismic ................................................................................ D-31 
  
 
Station 300+60, Southbound (Left) Lane 
 Existing ............................................................................................................ D-32 
 Proposed Slope, Static .................................................................................... D-33 
 Proposed Slope, Seismic ................................................................................ D-34 
 
Station 303+00, Northbound (Right) Lane 
 Existing ............................................................................................................ D-35 
 Existing, Seismic ............................................................................................. D-36 
 Proposed Global, Static .................................................................................. D-37 
 Proposed Global, Seismic ............................................................................... D-38 

Proposed Global, Seismic, ky ......................................................................... D-39 
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Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

af_1 120 100 35

af_2 120 100 35

Qal 105 0 35

Tmpe_SB 125 5000

  0.27 ±

Safety Factor
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1.5781.578

W

1.5781.578

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 200 35
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1.701.70

W

1.701.70

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 Mohr‐Coulomb 200 35

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 42000 37000 3900

10.000

3.036
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1.161.16

W

1.161.16

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 Mohr‐Coulomb 200 35

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 42000 37000 3900

10.000

3.036

  0.39 ±
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1.2851.285

W

1.2851.285

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 200 35
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1.8011.801

W

1.8011.801

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 200 35

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Shear Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 42000 28000 1000 3900
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1.0521.052

W

1.0521.052

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 200 35

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Shear Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 42000 28000 1000 3900

  0.39 ±
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1.001.00

W

1.001.00

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Tmpe_HB 125 Undrained 900
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1.001.00

W

1.001.00

44.308

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Tmpe_HB 125 900

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 42000 37000 950
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2.452.45

W

2.452.45

44.308

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Tmpe_HB 125 5000

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 42000 37000 950

  0.3940
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1.3511.351

W

1.3511.351

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Tmpe_HB 125 900
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1.121.12

W

1.121.12

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 42000 37000 950

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Tmpe_HB 125 Undrained 900
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3.903.90

W

3.903.90

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 42000 37000 950

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Tmpe_HB 125 Undrained 5000

  0.39
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1.8381.838

W

1.8381.838

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 200 35
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1.21.2

W

1.21.2

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 Mohr‐Coulomb 200 35

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 37000 28000 3900

  0.39
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1.71.7

W

1.71.7

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 Mohr‐Coulomb 200 35

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 37000 28000 3900
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1.2021.202

W

1.2021.202

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 200 35
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1.731.73

W

1.731.73

21.059

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 Mohr‐Coulomb 200 35

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 37000 28000 3900

10.108
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1.021.02

W

1.021.02

21.059

Material Name Color
Unit Weight
(lbs/ 3)

Strength Type
Cohesion
(psf)

Phi
(deg)

Tmpe_NB 125 Mohr‐Coulomb 200 35

Support Name Color Type Force Applica on
Out‐Of‐Plane
Spacing ( )

Tensile Capacity
(lbs)

Plate Capacity
(lbs)

Bond Strength
(lbs/ )

Rock Dowels Soil
Nail Passive (Method B) 5 37000 28000 3900

10.108

  0.3932
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1.921.92
 240.00 lbs/ft2

1.921.92

W

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

af_1 120 100 35

Qal 105 0 35
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0.910.91

 240.00 lbs/ft2

0.910.91

W

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

af_1 120 100 35

Qal 105 0 35

  0.39
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1.751.75

 240.00 lbs/ft2

1.751.75

W

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

af_1 120 100 35

af_2 120 100 35

Qal 105 0 35

Support Name Color Adhesion (psf)
Fric on

Angle (deg)
Strip Coverag

(%)

Geotex le 0 21 90
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0.910.91

 240.00 lbs/ft2

0.910.91

W

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

af_1 120 100 35

af_2 120 100 35

Qal 105 0 35

Support Name Color Adhesion (psf)
Fric on

Angle (deg)
Strip Coverage

(%)
Tensile Strength

(lbs/ )

Geotex le 0 21 90 1380

  0.39 ±
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1.011.01

 240.00 lbs/ft2

1.011.01

W

Material Name Color
Unit Weight
(lbs/ 3)

Cohesion
(psf)

Phi
(deg)

af_1 120 100 35

af_2 120 100 35

Qal 105 0 35

Support Name Color Adhesion (psf)
Fric on

Angle (deg)
Strip Coverage

(%)
Tensile Strength

(lbs/ )

Geotex le 0 21 90 1380

  0.32 ±
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