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I. INTRODUCTION

1.1 General

Kaiser Foundation Health Plan, Inc. is planning the construction of the Kaiser Permanente - San Diego Service
Area Central Hospital.  The proposed site is located at 5201 Ruffin Road in the City of San Diego, California. 
The site location is shown on Figure A-1, Appendix A.  GEOBASE, INC. (GEOBASE) was retained by Kaiser
Foundation Health Plan, Inc. to complete a geotechnical investigation for the proposed project site.

For this geotechnical investigation we were provided with:

• A site plan for the proposed Medical Center, prepared by CO Architects, dated December 14, 2011,
showing the proposed layout of Phase I and full build-out; the field investigation was directed towards
Phase I of this aforementioned plan.  A revised site plan, dated February 24, 2012, was subsequently
provided and is reproduced herein as Figure A-2, Appendix A, Site and Boring Locations Plan.

• Topographic survey, ALTA/ACSM Land Title Survey, Sheet 20 (three [3] pages), prepared by CDS,
dated November 11, 2011.  This topographic survey, the site original topography (County of San Diego,
1974) and the boring locations are presented on Figure A-3, Appendix A.

• Boundary Topographic Survey, showing existing site utilities, prepared by Stuart Engineering, dated
February 25, 1991.

• Report pertinent to the site and existing Drainage Area Map.

This report incorporates results of the field and laboratory testing, and the geologic-seismic study, as required
by the guidelines prepared by the Department of Conservation, California Geological Survey (CGS), and the
California Office of Statewide Health and Planning Department (OSHPD).  Both general and specific
recommendations pertinent to suitable site development and foundation design, respectively, are provided. 
Construction guidelines related to the geotechnical aspects of the project are also addressed.

This report provides recommendations only for the proposed hospital complex and the Central Utility

Plant.  The parking structure and HSB are addressed in a separate report.

1.2 Objectives of the Geotechnical Investigation

The objectives of the geotechnical investigation are to obtain soil parameters and an understanding of site
geologic conditions in order to provide recommendations pertinent to suitable site development and foundation
design.
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1.3 Scope of Services

To achieve the objectives of the geotechnical investigation, stated above, the services provided during the
course of this investigation included: 

• a review of available published and unpublished geotechnical, geological and seismological reports,
and maps pertinent to the site.

• Field exploration program consisting of advancing eighteen (18) borings (these borings were logged
and samples representative of the materials encountered were selected for laboratory testing);

• Field testing consisting of the Standard Penetration Test (SPT) and borehole geophysics;

• Selection of appropriate laboratory tests and laboratory testing; 

• Evaluation of data obtained from the above, and engineering analyses; and,

• Preparation of this report describing the field investigation, summarizing the results of field, laboratory
testing and engineering analyses, and providing appropriate recommendations for site development
and foundation design.

II. PREVIOUS RELEVANT REPORTS

GEOBASE has previously completed a geotechnical review of the proposed Kaiser Permanente - San Diego
Service Area Central Hospital site.  The results of this review were presented in a report titled “Geotechnical
Review, 5201 Ruffin Road, San Diego, California”, prepared for Kaiser Foundation Health Plan, Inc., by
Geobase, Inc. (Geobase, 2011).

Geocon Incorporated also completed a geotechnical investigation of the proposed site for Lowe Enterprises,
Real Estate Group West, Irvine, California.  The results of this investigation were presented in a report titled
“Geotechnical Investigation, County Operations Center (Annex), Clairemont Mesa Boulevard and Ruffin Road,
San Diego, California” (Geocon, 2009).  Data from the field boring logs and laboratory test results of the
aforementioned geotechnical investigation have been evaluated and are incorporated in this investigation as
supplemental data.  The locations of the pertinent borings are shown on Figures A-2 and A-3, Appendix A. 
Relevant laboratory test data are presented in Appendices B and C.
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III. SITE AND PROJECT DESCRIPTIONS

3.1 Site Description

The project is proposed to be constructed on a twenty (20) acre site located east of Ruffin Road , south of
Clairemont Mesa Boulevard, and north of Ruffin Court in the Kearny Mesa area of San Diego, California.
Currently the site is occupied by an existing warehouse building converted into an office building and two levels
of surface parking. The upper parking lot is located north of the existing building. The lower parking lot is north
of the upper parking lot and is approximately ten (10) feet lower in elevation.  The lower parking lot is
connected to the upper parking lot by two access ramps. An access driveway loops around the perimeter of
the building. 

The site is approximately three (3) to five (5) feet lower than Ruffin Court, to the south, and up to approximately
ten (10) feet lower than Ruffin Road, to the west.  Along the north property line, the site transitions from being
at a lower elevation to a higher elevation than Clairemont Mesa Boulevard.  The transition occurs
approximately 300 feet east of the west property line where the Clairemont Mesa Boulevard entrance to the
site is located.  The elevation of the site ranges from approximately 408 feet above mean sea level at the
northern end to 420 feet at the southern end.  Drainage is directed to the north.  The interior of the building was
not observed  during our site visit. Parking lots and driveways appeared in relatively good condition for their
age.

3.2 Project Description

Based on the site plan provided, the proposed development is planned to initially consist of a Hospital building
and a Central Utility Plant (CUP).

The Hospital building is planned to have a foot print of approximately 76,000 square feet.  This building will
incorporate two (2) six (6) storey towers with basements, one (1) seven (7) storey tower with basement, a
central spine with basement, and a two (2) storey D&T with basement.  The proposed finish floor of the
basement level is anticipated to be at elevation 402 feet above mean sea level, and the at-grade level finish
floor at elevation 420.

The two (2) storey plus mezzanine CUP, approximately 16,000 square feet in plan area, is planned to have
its lower level finish floor at loading dock elevation, 398 feet above mean sea level.

Column loads were not available at the time of writing this report.
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IV. SITE INVESTIGATION

4.1 Field Program

The field investigation for this study was carried out from February 01 to February 10, 2012, inclusive.  It
consisted of advancing eighteen (18) borings at the site.  Seventeen (17) borings were advanced with a bucket-
auger drill rig to a maximum depth of fifty-five (55) feet with a minimum penetration of ten (10) feet into bedrock. 
One (1) boring was advanced to a depth of 102 feet using a mud-rotary drill rig.

For this field investigation, Monitoring Well Permit Number LMON108268, for geotechnical borings, was issued
by the County of San Diego Department of Environmental Health.

The approximate locations of the borings are shown on the Site and Boring Locations Plan and Topographic
Surveys and Boring Locations Plan, Figures A-2 and A-3, respectively, Appendix A.  The borings were located
in the field utilizing a Trumeter 5505E roll-a-tape and elevations were estimated from the topographic survey
plan (Figure A-3, Appendix A). Therefore, the boring locations and elevations should be considered accurate
only to the degree implied by the methods used.

The locations of the borings were mainly determined by the layout of the proposed buildings shown on the site
plan dated December 14, 2011, and the  location of the existing buildings.  Initially, a total of twenty (20)
borings were planned in the areas where access with a drill rig was possible, and within the footprint of the
proposed Hospital building and CUP; however, two (2) of the planned borings (B-12 and B-18) were cancelled
due to potential conflict with existing underground utilities. 

The log of borings together with an Explanation of Terms and Symbols Used are given in Appendix B, Figures
B-1 thru B-19, inclusive.  In addition, the log of borings from the previous site investigation performed by
Geocon Incorporated (Geocon, 2009) are included in Appendix B.  The locations of these borings are also
shown on Figures A-2 and A-3, Appendix A. 

Field testing consisted of the Standard Penetration Test (SPT) and P-S suspension logging.  

• The SPT test involves failure of the soil around the tip of a split spoon sampler for a condition of
constant energy transmittal.  The split spoon, two (2) inches outside diameter and one and three-eights
(1-3/8) inches inside diameter, is driven eighteen (18) inches and the number of blows required to drive
the sampler the last foot is recorded as the "N" value, or SPT blow count.  The driving energy is
provided by a 140-pound weight dropping thirty (30) inches.

• Borehole geophysics, P-S suspension logging, was carried out by GeoVision, Inc. using the OYO P-S
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suspension logging method.  A discussion of field procedures, geophysical techniques, data processing
and interpretation, and the results of the geophysical survey are given in Appendix D.

Sampling consisted of:

• Collection of disturbed samples at selected locations retrieved from the auger;

• Collection of samples retrieved from the Standard Penetration Test (SPT) split spoon sampler; and,

• Collection of soil samples at selected locations using a California Modified Sampler.  The soil samples
were retained in a series of brass rings, each having an inside diameter of 2.41 inches and a height
of one (1) inch.  These ring samples were placed in close- fitting, moisture-tight containers for shipment
to the laboratory.      

            
4.2 Laboratory Testing

The samples obtained during the field program  were returned to the laboratory for visual examination and
testing.  The soils were classified in accordance with ASTM D 2487 and D 2488.  The laboratory testing
program consisted of the following:

• Laboratory determination of water (moisture) content of soils, rock, and soil-aggregate mixtures (ASTM
D 2216), and dry density;

• Liquid limit, plastic limit and plasticity index of soils (ASTM D 4318);

• Particle size analysis of soils (ASTM D 422);

• Standard test methods for amount of material in soils finer than the No. 200 sieve (ASTM D 1140);

• Direct shear test of soils (ASTM D 3080);

• Consolidation tests (ASTM D 2435);

• Maximum Dry Density/Optimum Moisture Content of Soils (ASTM D 1557);
• Resistance R-value of subgrade soils (CAL. 317A);

• Expansion potential of soils (ASTM D 4829); and,

• Water soluble sulfates content of soils (CAL 417A), pH, electrical resistivity and water soluble chlorides.

The laboratory test results are presented on the log of borings, Figures B-2 thru B-35, inclusive, Appendix B,
where applicable, and in Appendix C.
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V. GEOLOGIC SETTING

5.1 Regional Geology

Geologically, the proposed Kaiser Permanente - San Diego Service Area Central Hospital site is located within
the central portion of the San Diego Embayment (Kennedy, 1975), which is part of the Peninsular Ranges
Physiographic Province of southern California (CGS, 2002). The Peninsular Ranges are characterized by
northwest trending elongated alluvial valleys and by elevated Mesozoic age intrusive rock masses of the
California batholith, flanked by metavolcanic and metasedimentary rocks that form the mountainous portions
of the province.  

In turn, the structural framework of San Diego County reflects the effects of a broad regional deformation
originated by the San Andreas Fault system. The San Andreas Fault system forms the broad transform
boundary along which the Pacific and North American crustal plates move irregularly past one another in a
right-lateral sense. San Diego County is bounded on the northeast by the Elsinore Fault Zone and on the
southwest by the offshore extension of the Newport-Inglewood-Rose Canyon Fault Zone. A primarily
Cretaceous and Tertiary age sedimentary rock sequence, with scattered outcrops of plutonic and metamorphic
rocks, occurs in the San Diego Embayment area. In contrast, outcrops of Cretaceous age plutonic rocks
compose most of the Peninsular Ranges located immediately to the east of the San Diego Embayment. The
southern California batholith forms the backbone of the Peninsular Ranges of southern California and Baja
California and it is nearly 1,500 kilometers (km) in length extending from the Transverse Ranges on the north
to the southern tip of Baja California on the south.

According to Kennedy (1975) and Kennedy and Tan (2005), the Site is underlain by Very Old Paralic deposits
(Qvop) of middle to early Pleistocene age (formerly the Lindavista Formation) over middle Eocene age Stadium
Conglomerate (Tst) or the Friars Formation (Tf); the Regional Geologic Map is presented as Figure A-4,
Appendix A. The Stadium Conglomerate is primarily nonmarine whereas the Friars Formation was deposited
under nonmarine and lagoonal conditions. 

The Stadium Conglomerate (Tst) consists typically of a massive cobble conglomerate with a dark
yellowish-brown coarse-grained sandstone matrix. The Stadium Conglomerate is moderately well sorted with
an average size in the cobble range. However, the conglomerate contains also dispersed lenses of fossiliferous
cross bedded sandstone.  Rock clasts with diameters as large as twenty (20) inches occur but are rare within
this unit.  The sandstone matrix constitutes less than twenty (20) percent of the unit, but in local stratigraphic
sections, individual sandstone beds and lenses constitute up to fifty (50) percent. The Stadium Conglomerate
(Tst) is reported to be conformably underlain by the Friars Formation (Tf).  The Friars Formation (Tf) in turn is
composed of mostly yellowish-gray, medium-grained, massive, poorly indurated sandstones and claystones
with interbeds of conglomerate. According to Kennedy (1975), the Friars Formation (Tf) presents a maximum
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thickness of fifty (50) meters (m).

Gradual emergence of the region from the sea occurred in Pleistocene time and numerous wave-cut platforms,
most of which were covered by thin marine terrace deposits, formed as the sea receded from the land. The
erosion of adjacent highlands provided a nonmarine sedimentary cover on most marine terrace deposits. A
broad portion of San Diego coastal area is distinguished by a composite terrace which has been mapped as
Very Old Paralic deposits (Qvop) of middle to early Pleistocene age (formerly Lindavista Formation). According
to Kennedy and Tan (2005), the Very Old Paralic deposits (Qvop) consist mostly of moderately permeable,
reddish-brown and interbedded siltstones, sandstones and conglomerates that are reported to be slightly- to
well-indurated. Through the region, these deposits are reported to unconformably overlie the Stadium
Conglomerate.

5.2 Site Geology

Geocon (2009) performed a subsurface investigation at the current property that consisted of advancing
seventeen (17) exploratory borings to a maximum depth of approximately fifty-six (56) feet. Based on their
subsurface investigation, Geocon (2009) reports the occurrence at the site of undocumented man-made fill (Af)
over Very Old Paralic deposits (Qvop) and the Friars Formation (Tf). 

According to Kennedy (1975) and Kennedy and Tan (2005), the rocks of the Stadium Conglomerate(Tst)  and
Friars Formation (Tf) in the immediate vicinity of the site are essentially horizontal with dips that range between
two (2) and three (3) degrees predominantly to the west and southwest.

Based on the eighteen (18) bucket auger borings advanced by Geobase during the current investigation, to
a maximum depth of 102 feet below ground surface (bgs), the subsurface conditions reported by Geocon
(2009) were confirmed. The site is underlain by man-made fill (Af) overlying Quaternary Very Old Paralic
deposits (Qvop), formerly known as Lindavista Formation, overlying in turn rocks of the Friars Formation (Tf)
of Eocene age.  The man-made fill (Af) materials consist of four and one-half (4.5) to ten and one-half (10.5)
feet (Borings B-6, B-10 and B-11) of predominantly yellowish red, loose, cobbly gravelly silty sand (SM)/sandy
silt (ML).  The underlying Quaternary Very Old Paralic deposits (Qvop), to a depth nine and one-half (9.5) to
nineteen (19.0) feet (Borings B-6 and B-11), consist predominantly of firm to dense gravelly cobbly silty sand
(SM). These deposits are massive, friable, with varying amounts of well-rounded gravel and cobble-sized hard
rock clasts, with sharp upper and lower contacts, and with no visible internal bedding. The Friars Formation
(Tf) is composed of soft, light olive gray to pale yellow silty sandstone and include scattered well-rounded
gravel-sized hard rock clasts, although the clasts can also occur locally in distinct layers up to 6 inches in
thickness. This unit is massive, friable and in the boreholes downhole logged (B-6, B-10 and B-11) presented
no visible internal bedding. The Friars Formation (Tf) constitutes bedrock at the site.
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The interpreted surface and subsurface distribution of geologic materials encountered in our current
investigation at the site are illustrated in Figure A-2, Appendix A, Site and Boring Locations Plan and Figure
A-5, Appendix A, Geologic Cross Section.

VI. SUBSURFACE CONDITIONS

6.1 Subsoil Conditions

A pavement section consisting of approximately two and one-half (2.5) to four (4) inches of asphaltic concrete
overlying approximately zero (0) to eleven (11) inches of aggregate base was encountered at the boring
locations.

The generalized stratigraphic profile at the boring locations consisted of fill soils (silty sands with varying
amounts of gravel and cobbles, and occasional boulders) overlying native silty sands with varying amounts of
gravel and cobbles, and occasional boulders.  These native silty sands are underlain by sandstone bedrock. 
In some areas, the undocumented fill is underlain directly by the sandstone bedrock.  Along the east side of
the site, no fill was encountered and the native sands overlie the sandstone bedrock.

Based on the SPT tests results and blow counts, the native silty sands and sandstone bedrock are generally
inferred to be in a very dense state.

Laboratory test results indicate that the silty sands possess a “very low” expansion potential. The light olive
gray sandstone bedrock has a “low” expansion potential with fines content less than thirty (30) percent.  At
boring locations B-8 and B-9, a dark gray layer of sandstone bedrock with a maximum thickness of ten (10)
feet was encountered immediately underlying the fill.  This layer consists of approximately fifty-five (55) percent
sands and forty-five (45) percent fines with liquid limit in the order of sixty (60), plasticity index of forty (40) and
natural moisture content in excess of sixteen (16) percent.

6.2 Regional Groundwater Conditions

According to Figure 31, South Coast Hydrologic Region, depicting the location and extent of the different
groundwater basins and subbasins identified by the Bulletin 118 issued by the California Department of Water
Resources (CDWR, 2003), the general site vicinity is not considered to be part of any groundwater basin and
subbasin already identified in the South Coast Hydrogeologic Region. The closest groundwater basin to the
site is the Poway Valley Groundwater Basin (Basin Number 9-13). This basin is located several kilometers
towards the northeast. Furthermore, according to CDWR (2012), no water wells area located in the vicinity of
the site. As a result, no groundwater level data is readily available for the site.

GEOBASE, INC.



C.314.50.01 Page 9 of 47
March 27, 2012

6.3 Site Groundwater Conditions

Borings drilled at the project site for this investigation and a previous investigation (Geocon, 2009) did not
encounter groundwater to the maximum depth drilled, fifty-six (56) feet.  In this respect, groundwater could not
be observed in the mud-rotary boring advanced to a depth of 102 feet during the current investigation.

The bedrock at the site is not considered to be water bearing though perched (trapped) groundwater conditions
may locally exist at depth in open fractures and/or joints. As a result, groundwater is not considered to be a
factor nor a constraint within the proximity of the site; however, it is not uncommon for groundwater or seepage
conditions to develop where none previously existed. Groundwater elevations are dependent on seasonal
precipitation, irrigation and land use, among other factors, and may vary as a result through time.

VII. SEISMOLOGY

7.1 Regional Faulting

The two principal seismic considerations for most properties in Southern California are ground surface rupture
along fault traces and damage to structures due to seismically induced ground shaking. The fault classification
system adopted by the California Geological Survey (CGS), relative to the State legislation, delineates
Earthquake Fault Zones along active or potentially active faults (Alquist-Priolo Act). Such Earthquake Fault
Zones are in turn used to establish setbacks of structures from active fault zones. An active fault is defined by
the CGS as a "sufficiently active and well defined fault" that has exhibited surface displacement within
Holocene time (approximately the last 11,000 years).  A potentially active fault is defined by the State as a fault
with a history of movement within Pleistocene time (between 11,000 and 1.6 million years ago).  Any fault
proven not to have moved within the last 1.6 million years is considered inactive. 

No known active faults or potentially active faults have been identified projecting towards or through the
proposed San Diego Service Area Central Hospital site (Figure A-6, Appendix A).  The site has not been placed
in an Alquist - Priolo Earthquake Fault Zone designated by the California Division of Mines and Geology.  It
is anticipated that the project site will periodically experience ground accelerations as the result of small to
moderate magnitude earthquakes.  Other active faults without surface expression (blind faults) are also capable
of generating earthquakes.  Furthermore, other potentially active seismic sources may also be locally present
and are not currently zoned or identified.  

The closest known active faults to the site are the Rose Canyon, Coronado Bank, San Diego Trough, and
Elsinore (Julian Segment). In addition, the Murphy fault, a potentially active fault, is located in the general
vicinity of the site. A California Fault Map, showing the geographic relationship of these faults to the site is
presented as Figure A-7, Appendix A.  A brief description of these faults is provided below.

GEOBASE, INC.



C.314.50.01 Page 10 of 47
March 27, 2012

7.1.1 Rose Canyon Fault

The Rose Canyon fault is, in the San Diego Area, the onshore portion of a more extensive fault zone that
includes the South Coast Offshore Zone of Deformation (from offshore south of Carlsbad to the northwest) and
the Newport-Inglewood fault zone farther to the north in the Los Angeles Basin, and several possible
extensions southward, both onshore and offshore.  In turn, this longer zone is part of the San Andreas fault
system of northwest-trending strike-slip faults in southern California and southern California's Continental
Borderland.  The Rose Canyon fault is approximately twenty (20) km long of a total fault length of 209 km
(Treiman and Lundberg, 1999). The Rose Canyon fault comes onshore at La Jolla and is characterized by
zones of compression and extension associated with restraining and releasing bends in the fault. The fault
zone is locally more than 1 km wide and is composed of both dip-slip and right-lateral strike slip en echelon
faults that together extend from La Jolla cove to San Diego Bay and beyond to the south. Large-scale
geomorphic features associated with the Rose Canyon fault include uplift of Soledad Mountain and depression
of Mission Bay and intermediate to small scale features are represented by pressure ridges, sag ponds, offset
drainages, linear drainages, scarps and benches (Treiman, 1993). Oblique movement on the Rose Canyon
fault zone, over time, led also to the development of San Diego Bay. 

Geologic mapping of the Rose Canyon fault in the onshore coastal San Diego indicates that the Upper
Cretaceous and Paleogene sedimentary sequences are offset substantially greater distances than are the
overlying Neogene beds and, in turn, the Neogene section is offset to a greater degree than are the Quaternary
units. These data combined with similar observations in the seismic records indicate that there has been a
relatively long history of faulting associated with the Rose Canyon fault (Kennedy and Clarke, 2001).

Urbanization in the San Diego area has limited the accurate location of some of the fault strands. According
to Treiman and Lundberg (1999), Holocene movement on the northern and southern onshore portions has
been concluded based on numerous geotechnical studies as well as the historic Long Beach earthquake of
1933. The same authors cite evidence of three (3) to five (5) earthquakes in the past 11,700 years with a
recurrence interval of 1,200 to 3,000 years, suggesting temporal clustering. Slip rate is not fully constrained,
but appears to be approximately 1.0±0.5 millimeters/year (mm/year) in the north, increasing to 1.5±0.5

Wmm/year in the south. The Rose Canyon fault has been assigned a M 7.2 earthquake (Petersen et al, 1996).

The Rose Canyon fault is the closest active fault to the site and it is located approximately 8.7 km to the
southwest (USGS, 2012b).

7.1.2 Coronado Bank Fault

According to Ryan et al (2009), the Coronado Bank fault zone is a steeply dipping, northwest-trending zone
consisting of multiple strands that are imaged from south of the United States-Mexico border to offshore of San
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Mateo Point. South of the La Jolla fan valley, the Coronado Bank fault zone is primarily transtensional. The
Coronado Bank fault zone ends at the La Jolla fan valley in a series of horsetail splays. The northern section
of the Coronado Bank fault zone is less well developed. North of the La Jolla fan valley, the Coronado Bank
fault zone forms a positive flower structure that can be mapped at least as far north as Oceanside, a distance
of approximately thirty-five (35) km. However, north of Oceanside, the Coronado Bank fault zone is more
discontinuous and in places has no strong physiographic expression.  The Coronado Bank fault is considered
to be active and to be part of the northwest trending and right-lateral Palos Verdes - Coronado Bank - Agua
Blanca fault system that extends for at least 185 km. The Coronado Bank fault is located approximately twenty
(20) km offshore from San Diego and approximately thirty-one (31) km to the southwest of the site (SCEC,
2012; USGS, 2012b). The Coronado Bank fault is a right-lateral strike-slip fault with a normal component and
has a maximum width of four (4) to five (5) km offshore from Point Loma and La Jolla (Kennedy et al, 1980). 
According to Kennedy et al (1980), approximately twenty (20) km of right-lateral strike slip is suggested from
onshore stream offsets, offshore bathymetric displacements, and character of drag seen on seismic reflection
profiles. A moderate seismicity is also associated with the Coronado Bank fault trend along much of its mapped
length by the same authors.

According to the SCEC (2012), the Holocene slip rate along the Coronado Bank fault has been estimated at
two (2.0) mm/year. However, Petersen el al (1996), indicate that the slip rate for this fault is 3.0±2.0 mm/year.

WThe last authors have assigned a M 7.6 earthquake to this fault.

7.1.3 San Diego Trough Fault

According to Ryan et al (2009), the San Diego Trough fault zone consists of one or two well-defined linear fault
strands that cut through the center of the San Diego Trough and strike N30°W. North of the La Jolla fan valley,
this fault zone is reported to step to the west and to be composed of up to four fault strands. This fault runs
from the Mexican border to as far north as two prominent bathymetric features north and west of La Jolla fan
valley, a distance of approximately seventy-five (75) km. South of the Mexican border, the San Diego Trough
fault continues as a well-defined vertical fault zone for another 100-140 km offshore of northern Baja California,
ending south of Ensenada near Punta Santo Tomas. Therefore, according to Ryan et al (2009), there exists
a well-defined, right-slip fault with a length exceeding 200 km that offsets the sea floor in areas of active
submarine fan deposition. Vertical offset along the fault varies between down to the west and down to the east
of the fault, as is often typical of strike-slip fault zones. The 1986 Oceanside earthquake is reported to have
occurred within the left bend of this fault zone.

The San Diego Trough fault is located at the least forty (40) km offshore from the City of San Diego and
approximately forty-seven (47) km to the southwest of the site (USGS, 2012b). According to the SCEC (2012),
the Holocene slip rate along the San Diego Trough fault has been estimated at one and one-half (1.5) mm/year
and the interval between ruptures is reported to be unknown.
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7.1.4 Elsinore Fault – Julian Segment

The Elsinore fault zone is part of the San Andreas Fault System and extends for approximately 306 km from
Whittier, California to the Mexican border.  Petersen et al (1996) divided this fault into six segments which from
north to south are: Whittier, Chino, Glen Ivy, Temecula, Julian, Coyote Mountain, and Laguna Salada.  In
addition, several of the fault segments possess locally their own names.  For example, the Glen Ivy North and
Glen Ivy South branches are located Northwest of Lake Elsinore.  Heading southeast from Lake Elsinore, the
two parallel fault strands are denominated Wildomar Fault (the more easterly) and Willard Fault. According to
Treiman (1998), the northern elements of the fault, the Chino and Whittier segments, bound the Puente Hills,
an uplifted block of Tertiary rocks. The Glen Ivy segment forms the northeast boundary of the Santa Ana
Mountains, and together with the Temecula segment, forms the Elsinore Trough. To the southeast, the
Temecula, Julian and Coyote Mountains segments cut diagonally across various Peninsular Ranges batholitic
and pre-batholitic metamorphic terrains until it reaches the southwestern margin of the Salton Trough as the
Laguna Salada segment. According to Treiman (1998), total dextral strike-slip is reported to be as much as
forty (40) km but is more likely to range between ten (10) and fifteen (15) km, with a total vertical separation
of approximately 200 m. Individual segments within the Los Angeles region are twenty (20) to fifty (50) km long
and display reverse right oblique, right-lateral strike-slip, and normal-right-oblique-slip late Quaternary or
Holocene offsets.  

Holocene activity has been documented for the length of the Elsinore fault zone with a slip rate around four
(4) to five (5) mm/year. Multiple events have only been dated on the Whittier fault and Glen Ivy North fault
strand, so interaction between faults and adjacent sections is not well-known (Treiman, 1998). According to
the SCEC (2012), the Elsinore fault has been one of the quietest faults in southern California where the main
trace of the Fault has experienced only one historical earthquake event (1910 Earthquake near Temescal
Valley with a magnitude of six [6.0] and with no known surface rupture).

The closest significant Elsinore fault segment to the proposed Hospital is the northwest-trending Julian
segment, located approximately fifty-six (56) km to the northeast of the site (USGS, 2012b). This segment is
approximately seventy-nine (79) km long with right-lateral and reverse sense of movement. Treiman (1998)
reports a recurrence interval for this segment of 3,000 to 3,500 years. The Julian segment has been assigned

Wa probable M 7.1 with a slip rate of 5.0±2.0 mm/year. No recurrence interval data is available for this segment
(Petersen et al, 1996 and Treiman, 1998).

7.1.5 Murphy Canyon Fault

The Murphy Canyon fault is a poorly known, north-south trending fault that is shown by Kennedy (1975),
Kennedy et al (1975) and Kennedy and Tan (2005) on their geologic map as being concealed by Holocene
alluvium and with a total length of approximately five (5.0) km.  The southern limit of the Murphy Canyon fault

GEOBASE, INC.



C.314.50.01 Page 13 of 47
March 27, 2012

is shown as occurring just to the north of Interstate I-8, running parallel to Interstate I-15 and ending just to the
north of Balboa Avenue, approximately 2,200 feet to the south of the site (see Figure A-6, Appendix A). The
City of San Diego (2008b) identifies the Murphy Canyon fault as being Potentially Active. However, it has not
been delineated as an earthquake fault zone by the State of California (Hart and Bryant, 1997).  Although the
Murphy Canyon fault is the closest fault to the site, bedrock accelerations that could be potentially derived from
this short fault (if it were to be active) would probably not be as severe as those that could be experienced from
the larger previously described faults.

7.2 Site Accelerations

7.2.1 Seismic Design Criteria – Summary

Determination of mapped seismic design parameters and site-specific ground motion hazard analysis (GMHA)
based on the requirements of CBC 2010 were carried out for the project. Based on the subsoil conditions, the
project site is determined to be Site Class C.  A comparison of the results obtained from the Mapped
parameters and the site-specific GMHA based on the CBC 2010 is summarized in Table I, below.  Details
regarding determination of the parameters obtained based on these procedures are provided in the following
subsections.

TABLE I

MAPPED PARAMETERS AND SITE-SPECIFIC GMHA PARAMETERS

Period (seconds) Mapped Parameters Site Class C Ground Motion Hazard Analysis
 MCE Design Design

PGA 0.481g 0.321g 0.29g
MS DS DS0.2 S : 1.203g S : 0.802g S : 0.71g

M1 D1 D11 S : 0.598g S : 0.399g S : 0.32g

Based on the CBC 2010, subsection 1615A.1.2A:

1. Site-specific, site response analysis is not required since the structure is not located in either Type E
or Type F soils.

2. Site-specific GMHA will not be required, provided that: time-history analysis of the structure is not
being performed; the project site is not located in a seismic hazard zone or Alquist-Priolo Special
Studies Fault Zone (Figure A-6, Appendix A); and, the structure is not seismically isolated and/or uses
damping systems.

Therefore, considering the above, either of the two (2) sets of seismic design parameters,  the mapped
values or site-specific GMHA, may be used for design depending on the structure to be designed and the
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analysis used.

A seismic design Category D should be used for the Hospital and CUP.

7.2.2 Site Coordinates

The site latitude and longitude are 32.8300 degrees north and 117.1250 degrees west, respectively.

7.2.3 Site Classification

Based on the suspension PS velocity data obtained at borehole R-1, the average shear wave velocities within
the top 100 feet is between 1,200 and 2,500 feet per seconds (see Figure A-8, Appendix A).  Further, the
average SPT blowcounts within the top 100 feet are greater than fifty (50) blows per foot.  Therefore, for
determination of site accelerations, the subsoils within the top one hundred (100) feet are judged to be Site
Class C.

7.2.4 Mapped Accelerations Response Spectra (Mapped Parameters)

7.2.4.1 Mapped MCE Accelerations

Mapped MCE spectral response accelerations for 0.2 and 1.0 second periods are provided in maps published
in the ASCE 7-05 and CBC 2010.  These maps are prepared by the USGS and the California portion of the
maps was prepared jointly with the CGS.  These maps use results of seismic hazard analyses from both
probabilistic and deterministic procedures, and are applicable to site Class B and five (5) percent of critical

a vdamping.  The mapped site accelerations are adjusted for site class effects using parameters F  and F , which
are functions of site class and mapped site spectral accelerations.

Mapped spectral response parameters may also be obtained using computer programs that can determine
these parameters for selected site coordinates.  The computer program Seismic Hazard Curves and Uniform
Hazard Response Spectra version 5.1.0 dated February 10, 2011 was used to obtain mapped parameters for
the project site.  This program is available on the USGS website.

a vThe project site is Site Class C and, therefore, coefficient values of F  and F , of 1.0 and 1.361, respectively,
are obtained for the site.  Mapped MCE accelerations obtained for the project site are summarized in Table
II, below.
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TABLE II

MCE MAPPED ACCELERATIONS

SITE CLASS C
PERIOD 

(SECONDS)
MCE MAPPED ACCELERATION

PARAMETERS (g)
MCE ACCELERATIONS

ADJUSTED FOR SITE CLASS EFFECTS (g)
PGA 0.481 0.481

s0.2 S : 1.203 1.203
11 S : 0.439 0.598

MS M1Based on the above, the mapped spectral response accelerations, adjusted for site Class C, S  and S  are
1.203g and 0.598g, respectively.

7.2.4.2 Design Response Spectra Based on Mapped Parameters

Section 11.4.5 of ASCE 7-05 describes a procedure to obtain a design response spectra curve for use in cases
where a design response spectrum is required by the ASCE 7-05 standard, and site-specific ground motion
procedures are not used.  This procedure is based on the use of the mapped spectral response accelerations
adjusted for site class effects, in the determination of the design response spectrum curve.  Numerical values
of the design spectral response accelerations based on the mapped parameters for the project site are
provided in Table III, below.

TABLE III
MAPPED DESIGN SPECTRAL RESPONSE ACCELERATIONS AS A FRACTION OF GRAVITATIONAL ACCELERATION (g)

Period (Seconds) Mapped Design Spectral Response Acceleration (g)

PGA 0.321
0.099 0.802
0.20 0.802
0.497 0.802
0.50 0.797
0.60 0.664
0.70 0.569
0.80 0.498
0.90 0.443
1.00 0.399
1.10 0.362
1.20 0.332
1.30 0.307
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TABLE III
MAPPED DESIGN SPECTRAL RESPONSE ACCELERATIONS AS A FRACTION OF GRAVITATIONAL ACCELERATION (g)

Period (Seconds) Mapped Design Spectral Response Acceleration (g)
1.40 0.285
1.50 0.266
1.60 0.249
1.70 0.234
1.80 0.221
1.90 0.210
2.00 0.199

7.2.5 Site-Specific Ground Motion Procedures - Ground Motion Hazard Analysis (Site-Specific GMHA

Parameters)

7.2.5.1 General

Based on information from the project structural engineer, site-specific ground motion procedures-ground
motion hazard analysis (GMHA), as described in ASCE Standard 7-05, Section 21.2 and modified in Section
1803A.6 of the 2010 CBC, is required in accordance with Section 1615A.1.2A of the 2010 CBC.

As part of the ground motion hazard analysis (GMHA), probabilistic and deterministic spectral response
accelerations corresponding to the Maximum Considered Earthquake (MCE) are determined.  The MCE ground
motions are defined as the maximum level of earthquake ground shaking that is considered as reasonable to
design normal structures against collapse.

The site-specific MCE spectral response acceleration at any period is taken as the lesser of the spectral
response accelerations obtained using the probabilistic and deterministic methods of GMHA.  The design
spectral response acceleration at any period is then determined as two-thirds (2/3) of the site-specific MCE
spectral response acceleration.  However, the design spectral response acceleration at any period should not
be taken less than eighty (80) percent of the design spectral response acceleration determined from the
general procedure, which is based on the mapped spectral response accelerations.

The CBC 2010 procedure includes:

• Determination of mapped parameters.

• Use of the Next Generation Attenuation (NGA) relationships in the calculation of the probabilistic and
deterministic response spectra.
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• Use of the 2008 USGS fault model in the seismic hazard evaluations.

• Use of the maximum rotated component of earthquake loading in the calculation of both the
probabilistic and deterministic response spectra

• Use of the eighty four (84) percentile values in the determination of characteristic earthquakes
corresponding to the faults in the calculation of deterministic response spectra

7.2.5.2 Probabilistic MCE Spectra

The probabilistic MCE horizontal spectral response accelerations are taken as the spectral response
accelerations represented by five (5) percent damped accelerations response spectra having two (2) percent
probability of exceedence within a fifty (50) year period or, equivalently, a return period of 2,475 years.

The probabilistic seismic risk analysis is based on the premise that moderate to large earthquakes occur on
mappable Quaternary faults and that the occurrence rate of earthquakes on each fault is proportional to the
Quaternary fault-slip-rate.  This analysis assumes that earthquakes are distributed uniformly and therefore does
not consider when the last earthquake occurred on the fault.  The length of rupture of the fault as a function
of earthquake magnitude is accounted for, and ground motion estimates at a site are made using the
magnitude of the earthquake and the closest distance from the site to the rupture zone.  The probabilistic risk
analysis has explicitly taken into account uncertainties associated with:

• The earthquake magnitude;
• The rupture length given magnitude;
• The location of rupture zone on the fault;
• The maximum possible magnitude of earthquakes; and,
• The acceleration at the site given magnitude of earthquake and distance from the rupture zone to the

site.

Probabilistic seismic hazard analyses were performed using the computer program "2008 Interactive
Deaggregations (Beta)" available on the USGS website. The 2008-update source and attenuation models of
the NSHMP (Petersen and others, 2008) are used for the determination of the response spectra in this
program. The program provides seismic-hazard deaggregations for the spectral periods: 0.0 s (PGA); 0.1 s;
0.2 s; 0.3 s; 0.5 s; 1.0 s; 2.0 s; 3.0 s; 4.0 s; and, 5.0 s. 

For each of these periods, the program provides the average of response spectra obtained from the three NGA
attenuation relationships recommended to be used by the CBC 2010 to evaluate the attenuation of earthquake
energy with distance from the source.  These NGA attenuation relationships are proposed by Boore and
Atkinson (2008), Campbell and Bozorgnia (2008) and Chiou and Youngs (2008). Since the CBC 2010 requires
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use of the maximum rotated horizontal component to be used in the analysis, the result obtained for each
period from the aforementioned software is multiplied by the appropriate factor to convert it to that
corresponding to the maximum rotated component. Table IV presents the conversion factors used for the
various periods as suggested by proposal SDPRG-1R4 (2009), Table I, page 35.

TABLE IV
FACTORS USED TO CONVERT SPECTRAL ACCELERATIONS OBTAINED FROM THE NGA RELATIONSHIPS TO THOSE

CORRESPONDING TO MAXIMUM ROTATED COMPONENT

Period (Seconds) Factor

PGA 1.1
0.1 1.1
0.2 1.1
0.3 1.1
0.5 1.2
1.0 1.3
2.0 1.3

4.0+ 1.4

The probabilistic spectral accelerations corresponding to the average spectra obtained from the aforementioned
three attenuation relationships, and used for the determination of the site-specific MCE response spectra at
the project site are shown in Figure A-9, Appendix A. In this respect, the site coordinates shown in Figure A-1,
Appendix A were used. 

Based on the suspension PS velocity data obtained at borehole R-1 (Figure A-8, Appendix A), an average
shear wave velocity for the top 100 feet of the site of 600 m/s was used in the probabilistic seismic hazard
analyses.

7.2.5.3 Deterministic MCE Spectra

The CBC 2010 specifies the deterministic MCE response acceleration at each period as the eighty fourth (84)
percentile of the largest five (5) percent damped spectral response acceleration computed at that period for
characteristic earthquakes on all known active faults within the region. The spectral accelerations should
correspond to the maximum rotated component of ground motion; however, the ordinate of the deterministic
MCE ground motion response spectrum should not be taken less than the corresponding ordinate of a lower

a vlimit response spectrum curve determined as a function of the coefficients F  and F , assuming that the values
1of Ss and S  are 1.5 and 0.6, respectively.

For the project site coordinates, provided in Figure A-1, Appendix A, a search was carried out using the
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USGS/CGS 2008 Fault Model data base, and the faults with characteristic that produce the strongest
earthquakes at the project site were selected. Based on these results, the faults that have the largest influence
on the site seismicity are the Newport Inglewood Connected Alt 1 fault, the Rose Canyon fault, and the Palos
Verdes Connected fault.  Names of these faults and their corresponding parameters are provided in Table V.

TABLE V
FAULT PARAMETERS USED FOR THE DETERMINISTIC ANALYSES

Fault Name Distance from Site
(Km)

Hanks Magnitude
(M) Fault  Type Preferred

Dip (Degree)
Rupture

Bottom (KM)
Newport Inglewood Connected Alt 1 8.63 7.5 Strike Slip 89 11
Rose Canyon 8.63 6.7 Strike Slip 90 8

Palso Verdes Connected 30.78 7.7 Strike Slip 90 10

Peak ground accelerations and response spectra corresponding to the characteristic earthquake for each of
the faults were determined using the average of the three (3) attenuation relationships discussed in subsection
7.2.5.2 and recommended for use by the CBC 2010. The Microsoft Excel spreadsheet prepared by L. Atiq and
available at the website: http://peer.berkeley.edu/products/rep_nga_models.htm was used to obtain the
response spectra corresponding to the characteristic earthquakes. Using this spreadsheet, the eighty four
percentile (sigma plus one standard deviation) values were selected. These values were then multiplied by the
factors shown in Table IV to convert them to values corresponding to the maximum rotated component.  As
noted previously, a shear wave velocity of 600 m/s was used in the determination of characteristic earthquakes
for each of the faults. 

Figure A-10, Appendix A, shows spectral response accelerations of the characteristic earthquakes, which
correspond to the specified MCE accelerations.  This figure also shows the specified lower limits of the MCE
spectral accelerations, obtained as described in the ASCE 7-05 standard.

By comparing the ordinates of the specified MCE spectral response accelerations from the faults governing
maximum ground motions at the site with the corresponding ordinates from the specified lower limits of the
acceleration response spectra curve, the response spectra from the deterministic method were obtained and
are also shown in Figure A-10, Appendix A.

7.2.5.4 Site-Specific MCE Spectra

The site-specific MCE spectral response acceleration at any period is taken as the lesser of the spectral
response accelerations obtained from the probabilistic and deterministic methods.  The MCE probabilistic and
deterministic spectra obtained as described in subsections 7.2.5.2 and 7.2.5.3, respectively, are presented in
Figure A-11, Appendix A.  The site-specific MCE spectra defined as the lesser of the probabilistic and
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deterministic spectra is also shown in Figure A-11, Appendix A.

7.2.5.5 Site-Specific Design Spectra

The ASCE 7-05 specifies the design spectral response acceleration at any period as two-thirds (2/3) of the site
specific MCE spectral response acceleration.  However, the design spectral response acceleration at any
period should not be taken less than eighty (80) percent of the design spectral response acceleration
determined using the mapped parameters for the site (see subsection 7.2.4.2).

The site-specific design response spectra based on two-thirds (2/3) of site-specific MCE spectral response
accelerations, together with the response spectra curve obtained as eighty (80) percent of the spectra based
on mapped parameters for the project site are shown in Figure A-12, Appendix A.  The site-specific design
response spectra curve for the project site is also shown in Figure A-12, Appendix A, as the greater of the two
spectra curves.  Numerical values of the site-specific design spectral response accelerations for the project
site are provided in Table VI.

TABLE VI
SITE-SPECIFIC DESIGN SPECTRAL RESPONSE ACCELERATIONS AS A FRACTION OF GRAVITATIONAL ACCELERATION (g)

Period (Seconds) Site-specific Design Spectral Response Acceleration (g)

PGA 0.29
0.02 0.35
0.05 0.45
0.075 0.55
0.1 0.64

0.20 0.71
0.30 0.64
0.40 0.64
0.50 0.64
0.75 0.42
1.00 0.32
1.50 0.21
2.00 0.16
3.00 0.11
4.00 0.07
5.00 0.06

7.2.5.6 Design Acceleration Parameters

DSThe CBC 2010 specifies the design response spectrum at short period, S  as the design spectrum at the
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period of 0.2 second. However, this value should not be less than ninety (90) percent of the design spectra
D1obtained at any period more than 0.2 second.  Also, the CBC 2010 specifies S  as the greater of the design

response spectrum at one second and twice the spectrum at two seconds. 

Based on the above, and the values of site-specific design response spectra provided in Table VI, the design
acceleration parameters are obtained as follows:

DS• S =    0.71g
D1• S  =       0.32g

• PGA =        0.29g

7.2.6 Seismic Design Category

1The mapped spectral response acceleration parameter at one (1) second period (S ) is 0.439g which is less 
than 0.75g.  Therefore, a seismic design Category D should be used for the Hospital and CUP per Section
1613A.5.6 of CBC 2010.

7.2.7 Seismic Hazard Deaggregation

Relative contributions of various combinations of earthquake magnitudes and distances to a particular seismic
hazard at a site are determined using deaggregation of the seismic hazards.  Magnitude-distance
deaggregation, obtained from the computer program "2008 Interactive Deaggregations (Beta)" available on the
USGS website, indicates that the deaggregated magnitude and distance for the peak ground acceleration at
the project site are 6.78 and 8.6 kilometers, respectively. 

7.2.8 Earthquake Effects

7.2.8.1 Liquefaction

Liquefaction occurs when the pore water pressures generated within a soil mass become near or equal to the
overburden pressure.  This results in a loss of strength and the soil then possesses a certain degree of mobility.

Factors considered to evaluate liquefaction potential include groundwater conditions, soil type, particle size
distribution, earthquake magnitude and acceleration, and soil density.  Soils subject to liquefaction comprise
saturated fine grained sands to coarse silts.  Coarser-grained soils are considered free-draining and therefore
dissipate excess pore pressures, while fine-grained soils possess undrained shear strength.

Seismic Hazard Zones Maps from the CDMG that designate those areas where historic occurrences of
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liquefaction, or local geological, geotechnical and groundwater conditions would indicate a potential for
permanent ground displacement are not available for the project site area at the time of writing this report.
However, The City of San Diego's (2008b) Geologic Hazards and Faults map shows the site to be located
outside any of the liquefaction susceptibility areas identified for the region (Figure A-6, Appendix A).

Due to the lack of groundwater encountered at the site, and the fact that the subsoils underlying the structures
will consist of either fill compacted to a minimum of ninety-five (95) percent relative compaction based on
ASTM D 1557, very dense Quaternary Very Old Paralic deposits or bedrock, the possibility of liquefaction at
the site is considered very low.

7.2.8.2 Seismically Induced Settlements

The subsoils underlying the structures at the site will consist of either fill compacted to a minimum of ninety-five
(95) percent relative compaction based on ASTM D 1557, very dense Quaternary Very Old Paralic deposits
or bedrock.  Therefore, seismically induced settlements are anticipated to be negligible.

7.2.8.3 Tsunamis

A tsunami is a sea wave generated by a submarine earthquake, landslide, or volcanic event. The site is not
located within a coastal area; instead, it is located approximately fifteen (15) km inland from the Pacific Ocean
at an approximate elevation of 420 feet amsl. Therefore, a tsunami hazard at the site is considered nil.

7.2.8.4 Seiches

A seiche is an earthquake-induced wave in a confined body of water, such as a lake, reservoir, or bay.
Resulting oscillations could cause waves up to tens of feet high, which in turn could cause extensive damage
along the shoreline. The most serious consequence of a seiche would be the overtopping and failure of a dam.
The site is not located downstream of any large bodies of water that could adversely affect the site in the event
of earthquake-induced failures or seiches.

7.2.8.5 Ground Surface Rupture

Ground surface displacement along a fault, although more limited in area than the ground shaking associated
with it, can have disastrous consequences when structures are located straddling the fault or near the fault
zone. Fault displacement involves forces so great that it is not practically feasible (structurally or economically)
to design and build structures to accommodate rapid displacement and remain intact. Amounts of movement
during a single earthquake can range from several inches to tens of feet. Another aspect of fault displacement
comes not from the violent movement associated with earthquakes, but the barely perceptible movement along
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a fault called "fault creep". Damage by fault creep is usually expressed by the rupture or bending of buildings,
fences, railroad tracks, streets, pipelines, curbs, and other linear features.

No faulting was observed during our field investigation. In addition, active, potentially active, and other major
inactive faults noted on regional geologic and fault maps do not cross nor project toward the site. Furthermore,
the site is not located within any Alquist-Priolo Earthquake Fault Zone Map as designated by the CGS (Hart
and Bryant, 1997; CDMG, 2000). Furthermore, the site is not located within any City of San Diego Geologic
Hazards and Faults maps (2008b [Figure A-6, Appendix A]). Kennedy (1975), Kennedy et al (1975), Kennedy
and Tan (2005), and the City of San Diego (2008a and 2008b) indicate that the closest active fault to the site
is the Rose Canyon fault located approximately 8.7 km to the southwest. Therefore, the possibility of any
hazard due to ground surface rupture or fault offset at the property is considered unlikely based on the
presently known tectonic framework.  Cracking due to shaking from distant events is not considered a
significant hazard, although it is a possibility at any site.

7.2.8.6 Seismically Induced Landsliding

Due to its relatively flat topographic condition, the site is not located within a designated area where previous
occurrence of landslide movement, or local topographic, geological, geotechnical and subsurface water
conditions indicate a potential for permanent ground displacement such that mitigation would be required (City
of San Diego, 2008). In addition, based on our field reconnaissance and field investigation, there are no known
landslides near or at the site, nor is the site in the path of any known or potential landslides (Figure A-6,
Appendix A).

7.2.8.7 Lateral Spreading

Seismically induced lateral spreading involves primarily movement of earth materials due to ground shaking.
Lateral spreading is demonstrated by near-vertical cracks with predominantly horizontal movement of the soil
mass involved.  The potential for liquefaction at the site is considered very low and the subsoils consist of
indurated Pleistocene-age deposits and Eocene-age bedrock. Therefore, the potential for lateral spreading at
the subject site is considered very low.  

7.2.8.8 Flooding

The site is located in an area which is generally considered to be  of minimal flood potential.  Final evaluation
of flood potential depends on the proposed finished grade and should be considered by the project Civil
Engineer.  A search of Natural Flood Insurance Program, Flood Insurance Rate Map (FIRM) showed the
property to be located within Zone X.  Zone X corresponds to areas determined to be outside the 0.2 percent
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annual chance of floodplain.  The flood map is presented as Figure A-13, Appendix A.

7.2.8.9 Subsidence

Subsidence refers to the sudden sinking or gradual downward settling and compaction of soil and other surface
material with little or no horizontal motion. It may be caused by a variety of human and natural activities,
including earthquakes. Alluvial valley regions are especially susceptible. Therefore, since the site is located
in a mesa that is underlain by indurated Pleistocene-age deposits and Eocene-age bedrock, it is our opinion
that the potential hazard associated with subsidence at the site is unlikely. 

VII. CONCLUSIONS

Based on the results of our site investigations, it is our opinion that the site is geotechnically suitable for the
proposed development and will not adversely impact adjoining properties, provided the recommendations
presented herein are incorporated in the project design, plans and recommendations, and implemented during
construction.  The following observations which may influence design and construction decisions were noted:

• Based on the original site topography and observations at the boring locations, up to approximately
sixty (60) feet of fill soils underlie the site.  Fill thickness, at the boring locations, varies from zero (0)
to fifty-five and one-half (55.5) feet at Geocon’s boring B-8 (GEOCON, 2009).  Fill thickness at the
boring locations is shown on Figures A-2 and A-3, Appendix A.  The existing fill soils are
undocumented and unsuitable for the support of structures without remedial grading.

• Quaternary Very Old Paralic deposits and Friars Formation bedrock are considered suitable for
structural support.

• Excavation of undocumented fill, Very Old Paralic deposits and bedrock is expected to generate some
oversize material.  In this respect, materials in excess of six (6) inches in largest dimension are not
suitable for use as structural fill.

• Based on the borings advanced at the site for this investigation and those performed previously by
Geocon (GEOCON, 2009), the Quaternary Very Old Paralic deposits  and underlying sandstone
bedrock are expected to be rippable with heavy duty grading and/or excavation equipment in open
excavations to the anticipated construction depths.  Cobbles and concretions are common in the
subsoils at the site, and, if encountered, could require special excavation equipment and very heavy
effort.
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VIII. SITE DEVELOPMENT RECOMMENDATIONS

8.1 General

The proposed development, described in subsection 3.2, is feasible from a geotechnical engineering
standpoint.  Project plans and specifications should take into account the appropriate geotechnical features
of the site and conform to the geotechnical recommendations.
    
8.2 Clearing

All surface vegetation, asphaltic concrete, trash, debris, underground pipes, and concrete pieces after
demolishing of the existing buildings should be cleared and removed from the proposed site.  Topsoil is not
considered suitable for reuse as structural fill, but may be stockpiled for future use.

Underground facilities such as utilities, pipes or underground storage tanks may exist at the site. Removal of
underground tanks is subject to state law as regulated by County or City Health and/or Fire Department
agencies.  If storage tanks containing hazardous or unknown substances are encountered, the proper
authorities must be notified prior to any attempts at removing such objects.

Septic tanks should be removed in their entirety.  Cesspools or seepage pits should be pumped of their
contents and backfilled with a two-sack sand-cement slurry.

Any water wells, if encountered during construction, should be exposed and capped in accordance with the
requirements of the regulating agencies.

Depressions resulting from the removal of buried obstructions, existing building foundations, tunnels and pipes
should be backfilled with properly compacted material.          

8.3 Fill Placement

8.3.1 Preparation of Bottom of Excavations

Prior to placing any fill, the exposed soils at the bottom of excavations should be scarified to a minimum depth
of six (6) to eight (8) inches, moisture conditioned (wetted or dried) to at least optimum moisture content and
compacted to a minimum of ninety (90) percent relative compaction, based on ASTM D1557.  
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8.3.2 Compaction

Cohesive soils should be placed in loose lifts not exceeding six (6) inches, moisture-conditioned to
approximately two (2) to four (4) percentage points above optimum, and compacted to the minimum relative
compaction listed in Table VII.

Granular fill materials should be placed in loose lifts of six (6) to eight (8) inches, moisture-conditioned to near
optimum, and compacted to the minimum relative compaction listed in Table VII.

TABLE VII
COMPACTION REQUIREMENTS

Type of Fill/Area
Relative Compaction

 (ASTM D1557)
Minimum Percent

Fills beneath building pad, including lateral extent of overexcavation 95
All other structural fill 90

8.3.3 Fill Material

The on-site soils are predominantly granular with a "very low" expansion potential.  The sandstone bedrock
has a “low” expansion potential.  On-site soils may be reused as compacted fill provided they are free of
organics, clay chunks, deleterious materials, debris and particles over six (6) inches in largest dimension.

Any soils imported to the site for use as fill for subgrade materials should be predominantly granular and
non-expansive (Expansion Index less than twenty [20])and should contain sufficient fines (approximately twenty
[20] percent passing the No. 200 sieve) so as to be relatively impermeable when compacted.  The imported
soils should be approved by GEOBASE prior to importing.  

8.4 Subgrade Preparation

8.4.1 General

Based on the proposed site plan prepared by CO Architects, the finish floor elevations at the at-grade areas
and basements will be at 420 and 402 feet above mean sea level, respectively, with a difference of eighteen
(18) feet in elevation.  The finish floor elevation at the Central Utility Plant (CUP) will be 398 feet.  These will
result in the following grading operations:

• A cut of approximately seventeen (17) feet below existing grade elevation in the basement areas, and
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approximately one (1) foot of fill above existing grade elevation for the at-grade areas.  A retaining wall,
approximately eighteen (18) feet high, will be constructed for the grade separation.

• A cut of approximately twenty-one (21) feet below existing grade at the CUP.

In the building areas, all existing undocumented fill soils should be removed and replaced as properly
compacted fill.  The lateral extent of removal should be equal to at least the depth of fill.  Based on the log of
borings and original grade contours, up to approximately thirty (30) feet of undocumented fill soils are
anticipated within the Hospital building footprint, except for the western half of the western most tower where,
up to approximately forty-five (45) feet of fill soils may be encountered.  If undocumented fills are observed to
extend deeper and/or at other locations, they should be removed and replaced as properly compacted fill.  The
exposed subgrade should be observed to verify the removal of all unsuitable materials.

Subsequent to preparation of the exposed bottom of excavations, as described in subsection 8.3.1, the
overexcavation may be backfilled with soils compacted in accordance with the recommendations provided in
subsection 8.3.2.

Construction activities and exposure to the environment can cause deterioration of compacted subgrades. 
Therefore, it is recommended that the condition of the subgrade soils be observed and/or tested by GEOBASE
immediately prior to slab-on-grade and pavement construction.

8.4.2 Hospital Building

Within the proposed Hospital building pad, the existing ground surface elevation is approximately 419 feet
above mean sea level.  All undocumented fill should be removed and replaced as properly compacted fill as
discussed in subsection 8.4.1, Subgrade Preparation.  

Notwithstanding the above, the footing foundations should be underlain by a layer of fill with a minimum
thickness of five (5) feet, or one-half (½) the footing width, whichever is greater,  compacted as recommended
in subsection 8.3.2 titled Compaction.

The lateral extent of properly compacted fill beyond the building/foundation limits should be at least equal to
the depth of fill placed.

8.4.3 Central Utility Plant and Service Yard

The areas within the proposed building and Service Yard limits should be taken down to the proposed slab
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subgrade and/or foundation elevation.  The exposed subgrade should be observed by GEOBASE to verify the
removal of all unsuitable soils.  This subgrade, which will be at an approximate elevation of 398 feet above
mean sea level, is anticipated to consist of sandstone bedrock.  Areas where the subgrade has been disturbed
should be reworked and the materials compacted as described in subsection 8.3.2.  Our past experience with
similar excavations indicates that the subgrade will likely be disturbed by construction activities and rains.  In
order to provide a uniform subgrade for the basement of the Central Utility Plant and Service Yard, it is
recommended that the top twelve (12) inches of the subgrade be scarified, moisture conditioned and
compacted to a minimum of ninety five (95) percent relative compaction (ASTM D 1557), immediately prior to
placement of sands and slab reinforcement.

8.4.4 Minor Structures, Walkways, Flatwork, and Pavement Areas

In order to minimize the potential for excessive settlement of the minor structures which are structurally
separated from the Hospital Building and Central Utility Plant, the footing subgrade areas should be
overexcavated to provide a uniform compacted fill blanket a minimum three (3) feet in thickness below adjacent
grade, or at least two (2) feet below footing bottoms, whichever is greater.  The lateral extent of removal
beyond the footing limits should be equal to at least the depth of overexcavation.  The fill should be compacted
to a minimum of ninety (90) percent relative compaction (ASTM D 1557). 

The subsoils within the concrete walkways, flatwork and parking areas, and within two (2) feet of their proposed
limits, should be over excavated at least two (2) feet and replaced as properly compacted fills.

The above subgrade preparation recommendations may only be considered if future maintenance as a result
of settlement of the underlying undocumented fills can be tolerated.  Alternatively, the recommendations
presented in subsection 8.4.1 for the building pad areas should be implemented.

8.5 Cut Slopes

All permanent cut slopes in soils should be designed and constructed for a maximum slope ratio of 2H:1V
(Horizontal:Vertical).  These cut slopes are not anticipated to exceed ten (10) feet in height  All cut slopes
should be observed by GEOBASE to evaluate that the conditions of the soils exposed in the slope face are
as anticipated.

8.6 Fill Slopes

If permanent fill slopes were to be constructed adjacent to the structure, the top of the fill slopes should be a
minimum five (5) feet away from the building limits and/or the outside edge of the footing foundations.  Fill
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slopes, not anticipated to exceed ten (10) feet in height, should be properly keyed into competent materials. 
The keyway excavation should be observed by GEOBASE prior to fill placement.  The keyway bottom should
be prepared as described in subsection 8.3.1.  Fill materials should be placed and compacted in accordance
with the recommendations provided in subsection 8.3.2.  Special compaction procedures may be necessary
in order that the specified compaction can be achieved on the slope face.  Special procedures may include
sheepsfoot backrolling of the slope at frequent intervals, overfilling and cutting back to the compacted material,
or other proven methods.  Constructed fill slopes should be no steeper than 2H:1V (Horizontal:Vertical).

8.7 Drainage

To enhance future site performance, it is recommended that all pad drainage be collected and directed away
from  proposed structures and slopes to disposal areas off site.  For soil areas, we recommend that a minimum
of five (5) percent gradient away from foundation elements be maintained.  It is important that drainage be
directed away from foundations and that proper drainage patterns be established at the time of construction
and maintained through the life of the structures.  Roof gutter discharge should be directed away from the
building to suitable discharge points.

All slopes should be properly drained, planted and maintained to help control erosion.  Care should be
exercised in controlling surface runoff onto the temporary and permanent slopes.  The area back of the slope
crest should be graded such that water will not be allowed to flow freely onto the slope face.  If excavations
of temporary slopes are carried out in the rainy season, appropriate erosion protection measures may be
required to minimize erosion of the slope cuts.

Positive drainage systems such as swales and cut-off drains should be constructed along the perimeter of the
building, particularly along the crest of proposed permanent fill and cut slopes.

8.8 Temporary Excavations

Temporary construction excavations are anticipated for removals of undocumented fill, construction of utility
trenches, footings and basement of the proposed Hospital building and CUP.  

8.8.1 Unsupported Excavations

Temporary excavations to depths of approximately four (4) feet below grade may be cut vertically without
shoring.  Temporary unsurcharged excavations up to fifteen (15) feet  high in level ground surface may be
sloped back at 1H:1V (Horizontal:Vertical) or flatter without shoring where the necessary space is available. 
No surcharge loads should be permitted within a horizontal distance equal to the height of cut from toe of
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excavation unless the cut is properly shored. Adjacent to existing buildings, the bottom of unshored excavations
should not extend below a plane drawn at 1H:1V (Horizontal:Vertical) downward from the foundations of the
existing buildings and underground pipelines unless the cut is properly shored.  Where space is not available,
the recommendations for design of temporary shoring presented in subsection 8.8.2 should be used.

The exposed slope face should be kept moist (but not saturated) during construction to reduce local sloughing. 

All excavations and shoring systems should meet, as a minimum, the requirements given in the State of
California Occupational Safety and Health Standards.  Stability of temporary slopes is the responsibility of the
contractor.

8.8.2 Shored Excavations

In areas where stability or space considerations do not permit sloped excavations, temporary shoring may be
used to support vertically cut excavations.  In the following paragraphs, recommendations are provided for the
design of both cantilevered and braced/tied back shoring.

8.8.2.1 General

All shoring systems should meet minimal requirements given in the State of California Occupational Safety and
Health Standards.

A cantilevered shoring system may be used only in areas where lateral movement of soils behind the wall and
associated wall movement (at least 0.01 radian deflection) can be tolerated.  A braced or tie-back shoring
system should be used in areas where the performance of adjacent  structures are affected by movements.

8.8.2.2 Lateral Earth Pressures

For the design of cantilevered shoring, where lateral movement of soils behind the wall can be tolerated, a
triangular distribution of lateral earth pressures may be used as shown in Figure A-14, Appendix A.  It may be
assumed that the retained soils with a level surface behind the cantilevered shoring will exert a lateral pressure
equal to that developed by  a fluid with a density of:  thirty-five (35) pounds per cubic foot if the retained soil
is fill or native soils; and, thirty (30) pounds per cubic foot if the retained material is bedrock. 

For the design of tied-back or braced shoring, a rectangular distribution of earth pressures as shown in Figure
A-14, Appendix A, is recommended for retained soils with a level surface.  In this figure, the maximum pressure
is equal to 25H in pounds per square foot, where H is the height of the shoring in feet.  
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When shoring is used to support surcharge loads, the diagram given in Figure A-15 should be used to
determine lateral pressures. It is recommended that surcharges be included in the design of shoring where
loads due to normal street traffic or heavy equipment  such as cranes or trucks are anticipated within fifteen
(15) feet of the top of the shoring. 

Where the shoring system is adjacent to any existing buildings, the lateral surcharge pressure from the 
building foundations should be considered in the shoring design, or the foundations should be underpinned
prior to excavations.  GEOBASE can determine such pressures from the foundations when their locations and
loads are provided.

8.8.2.3 Design of Soldier Piles

Lateral resistance for soldier piles may be assumed to be provided by passive pressures below the bottom of
excavation.  Allowable passive pressures equivalent to a fluid pressure of 550 or 650 pounds per cubic  foot
may be used for soldier piles embedded in native soils or bedrock, respectively.  The aforementioned allowable
passive pressures are for soldier piles spaced not less than two (2) diameters center-to-center and includes
the doubling effect for isolated piles.

Provisions should be taken to assure firm contact between the soldier piles and the undisturbed soils or
bedrock such that full lateral pressures can be developed.

Adequate bearing capacity should be provided for anchored soldier piles.  The design vertical load will be a
function of the anchor loads and their inclination.  These piles may be  designed for vertical loads using an
allowable unit skin friction of 600 pounds per square foot.  The unit skin friction should be applied to the pile
surface area below the base of excavation.

8.8.2.4 Lagging

Spaces between the soldier piles should be covered by continuous lagging as excavation progresses.  The
soldier piles and anchors should be designed for the full anticipated lateral pressure; however, the pressure
transferred to the lagging will be less due to arching of the soil.  The lagging can be designed for the
recommended earth pressures but this pressure may be limited to a maximum value of 400 pounds per square
foot.  Any void between the back of lagging and the excavation should be backfilled with a two-sack sand-
cement slurry.

All lumber to be left in the ground should be pressure-treated in accordance with the specifications of the
American Wood Preservers Association (AWPA).
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8.8.2.5 Anchor Design

Tie-back friction anchors may be used to resist lateral loads.  The capacities of anchors should be determined
by testing of the initial anchors as outlined in the following section.  For design purposes, it may be estimated
that anchors will develop an average allowable friction value of 600 psf based on the depth of excavation
anticipated (one basement level).  Only the frictional resistance developed beyond the active wedge would be
effective in resisting lateral loads.  If the anchors are spaced at least six (6) feet on center, no reduction in the
capacity of the anchors need be considered due to group action.

A bond length sufficient to support the anticipated earth and surcharge loads should be installed behind a line
rising at fifty-five (55) degrees from the horizontal starting at the base of the pile, as shown on Figure A-14,
Appendix A.  The anchors may be installed at angles between fifteen (15) degrees to forty-five (45) degrees
below the horizontal.  If caving occurs in the drilled shafts, casing should be used prior to concrete pour, but
casing must be pulled as the shaft is poured.  Structural concrete should be placed in the bonded length. 
Pouring concrete should be done by pumping the concrete through a tremie or pipe extending to the bottom
of the shaft.  The anchor shaft between the failure plane and the face of the shoring may be backfilled with
sand-cement slurry after concrete placement.

8.8.2.6 Anchor Testing

GEOBASE should select at least two (2) percent of the anchors or a minimum of two (2) anchors, whichever
is more, for twenty-four (24) hour 200 percent tests, and at least an  additional five (5) percent of the anchors
for quick 200 percent tests.  The purpose of the 200 percent tests is to verify the friction value used in design. 
Where satisfactory tests results are not achieved  on  the initial  anchors, the  anchor  diameter and/or length
should be increased on subsequent anchors until satisfactory test results are obtained.

The total elongation at anchor head during the twenty-four (24) hour 200 percent tests should not exceed
twelve (12) inches during loading.  The anchor deflection should not exceed 0.75 inch after anchor lock-off and
during the twenty-four (24) hour period, measured after the 200 percent test load is applied.  If the anchor
movement after the 200% load has been applied for twelve (12) hours is less than one-half (0.5) inch, and the
movement over the previous four (4) hours has been less than 0.1 inch, the twenty four (24) hour test may be
terminated.

For the quick 200 percent tests, the 200 percent test load should be maintained for thirty (30) minutes.  The
deflection after the 200 percent test load has been applied should not exceed 0.25 inch during the thirty (30)
minute period for the anchor to be approved for the design loading.

All of the production anchors should be proof tested to at least 150 percent of the design load.  The rate of
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creep under the 150  percent load should not exceed 0.1 inch over a fifteen (15) minute period for the anchor
to be approved for the design loading. 

After a satisfactory test, each production anchor should be locked-off at the design load.  The locked-off load
should be verified by rechecking the load in the anchor.  If the locked-off load varies by more than ten (10)
percent  from the design load, the load should be reset until the anchor is locked-off within ten (10) percent of
the design load.

It is recommended that the plans and specifications for the proposed shoring system be reviewed by
GEOBASE.  The installation of the anchors and the testing of the completed anchors should be observed by
GEOBASE.

8.8.2.7 Monitoring

It is recommended that a licensed surveyor be retained to establish monuments on the shoring, the surrounding
ground and adjacent structures prior to excavations.  Such monuments should be monitored for horizontal and
vertical movement during construction on a daily basis.  Results of the monitoring program should be provided
immediately to the project structural (shoring) engineer and GEOBASE for review and evaluation.

8.9 Trench Backfill

Utility trench backfill could be placed and compacted by mechanical means.  Basement wall backfill is
discussed in subsection 9.5.2.

If utility contractors indicate that it is undesirable to use compaction equipment in close proximity to a buried
conduit, other methods of utility trench compaction may also be appropriate as approved by GEOBASE at the
time of construction.  Jetting or flooding of backfill material is not recommended. 

8.10 Excavatability

Based on our experience with projects developed on similar type of natural materials, and on the excavation
of the seventeen (17) and eighteen (18) exploratory test borings advanced at the site by Geocon in 2009 and
Geobase during the current study, respectively, the Very Old Paralic deposits (Qvop) and the Friars Formation
(Tf) are expected to be rippable with conventional heavy-duty grading and/or excavation equipment in open
excavations to the anticipated construction depths.  Cobbles and concretions are common in the subsoils and
bedrock at the site, and, if encountered, could require special excavation equipment and very heavy effort.
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IX. FOUNDATION RECOMMENDATIONS

9.1 General

The following recommendations have been formulated from visual, physical and analytical considerations of
existing site conditions and are believed to be applicable for the proposed development.

The on-site soils and bedrock are considered to have a "very low” and “low" expansion potential, respectively.
The recommendations presented in the following subsections are based on a "low" expansion potential for the
subgrade soils.  The potential for favorable foundation performance can be further enhanced by maintaining
uniform moisture conditions.  Foundations and slab reinforcement configurations should be evaluated by the
structural engineer and should meet, as a minimum, the requirements of the governing agencies and/or 2010
CBC.

9.2 Foundation Alternatives

The results of our site investigation indicate that the proposed Hospital building foundations will be influenced
by undocumented fill soils, and the CUP is underlain by bedrock.

For the Hospital building, the undocumented fill soils are not considered suitable for the support of foundations. 
Therefore, the following alternative foundation systems were considered: 

• overexcavation of the undocumented fill soils, and recompaction with footing foundations and slab-on-
grade; and, 

• drilled, cast-in-place concrete piles in conjunction with a structural slab.  

Pursuant to discussions with the project team, footing foundations were selected and geotechnical design
parameters for this foundation system are provided in the following subsections.

9.3 Footing Foundations System

For the Hospital building, the footings should be underlain by a compacted fill blanket with a minimum thickness
of five (5) feet or one-half (½) the footing width, whichever is greater.  All undocumented fill soils within the
building/foundation limits and within a lateral extent equal to at least the depth of fill should be removed and
recompacted to a minimum of ninety-five (95) percent relative compaction based on ASTM D 1557, as outlined
in subsection 8.4.2.

For the CUP, the footings should be founded on undisturbed competent bedrock below elevation 398 feet
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above mean sea level.

Recommendations for footing for minor structures are outlined in subsection 9.4.

9.3.1 Soil Bearing Pressures

Spread and continuous footings, based on properly compacted fill at the Hospital building and undisturbed
competent bedrock at the CUP,  may be designed for allowable dead-plus-live load bearing pressures of 5,000
psf and 8,000 psf, respectively.  The aforementioned allowable bearing pressures are based on the assumption
that the footing bottoms are a minimum of three (3) feet below the lowest adjacent grade.

The above-mentioned allowable bearing pressures may be increased by one-third (1/3) for short-term wind or
seismic loads.  The maximum edge pressures induced by eccentric loading or overturning moments should
not be allowed to exceed the above-mentioned allowable bearing values.  

Footings placed closer than one (1) width apart should be structurally tied.

9.3.2 Footings Adjacent to Trenches or Existing Footings

Where footings are located adjacent to utility trenches, they should extend below a one-to-one plane projected
upward from the inside bottom corner of the trench.  Footing excavations adjacent to the footings of existing
buildings should be carried out such that the existing footings are not undermined.

9.3.3 Settlement

Total settlement of footing foundations constructed as described above are not anticipated to exceed one (1)
inch, and differential settlement is not anticipated to exceed one-half (½) inch between adjacent similarly
loaded columns.

The settlement estimates outlined above are based on  bearings pressure of 5,000 psf for footings bearing on
compacted fill and 8,000 psf for footings bearing on undisturbed competent bedrock, below elevation 398 feet
above mean sea level at the CUP location.  These pressures are applied at the base of the footing (includes
the weight of the footing and fill placed over the footing).  Maximum  footing widths of sixteen (16) feet for
square footings and twelve (12) feet for the strip footings were used to estimate the above settlements.

The estimated settlements should be reviewed once the foundation plans are finalized.
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9.3.4 Lateral Load Resistance

Lateral loads (wind or seismic) against structures may be resisted by friction between the bottom of foundations
and the supporting subgrade.  A friction coefficient of 0.4 may be used for compacted fill and undisturbed
bedrock.  An allowable lateral bearing pressure equal to an equivalent fluid weight of 160 or 250 pounds per
cubic foot to a maximum of 3,750 pounds per square foot acting against the foundations may also be used,
provided the foundations are poured tight against compacted fill or undisturbed bedrock, respectively.  The
frictional resistance and lateral resistance of the soils can be combined without reduction in determining the
total lateral resistance.

9.3.5 Footing Observations

All foundation excavations should be observed by GEOBASE prior to the placement of forms, reinforcement,
or concrete, for verification of conformance with the intent of these recommendations and confirmation of the
bearing capacities.  All loose or unsuitable material should be removed prior to the placement of concrete. 
Materials from footing excavations should not be spread in slab-on-grade areas unless compacted.

9.4 Footings for Minor Structures

9.4.1 General

Spread or continuous footings may be used for the support of minor structures (minor retaining walls, and
free-standing walls) that are structurally separated from the main building.  Footings for the support of minor
structures should be based a minimum of two (2) feet below the lowest adjacent grade.  These footings may
be underlain by a minimum of two (2) feet of properly compacted fill, as outlined in subsection 8.3.2, provided

that the risk of future movements and corresponding maintenance associated with settlement of

underlying undocumented fill soils can be tolerated.  Alternatively, all undocumented fills should be
removed and replaced as properly compacted fill.

9.4.2 Soil Bearing Pressures

For the support of minor structures that are structurally separated from the Hospital building and CUP, spread
and/or continuous footings may be designed for an allowable dead-plus-live load bearing pressure of 1,500
psf.

The above bearing pressures may also be increased by one-third (1/3) for short-term wind or seismic loads. 
The maximum edge pressures induced by eccentric loading or overturning moments should not be allowed to
exceed the above-mentioned allowable bearing values. Footings placed closer than one (1) width apart should
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be structurally tied. 

9.4.3 Settlement 

For the bearing pressures provided in subsection 9.4.2 the post-construction total and differential settlements
for footing foundations of minor structures are not anticipated to exceed one (1) and one-half (½) inch,
respectively.  

9.4.4 Footings Adjacent to Trenches or Existing Footings

Where footings are located adjacent to utility trenches, they should extend below a one-to-one plane projected
upward from the inside bottom corner of the trench.  Footing excavations adjacent to the footings of existing
structures should be carried out such that the existing footings are not undermined.

9.4.5 Lateral Load Resistance

Lateral loads against structures may be resisted by friction between the bottom of foundations and the
supporting soils.  A friction coefficient of 0.35 is recommended.  An allowable lateral bearing pressure equal
to an equivalent fluid weight of 150 pounds per cubic foot acting against the foundations to a maximum of 2,250
pounds per square foot may be used, provided the foundations are poured tight against compacted soils.  The
frictional resistance and lateral resistance of the soils can be combined without reduction in determining the
total lateral resistance.

9.4.6 Footing Observations

All foundation excavations should be observed by GEOBASE prior to the placement of forms, reinforcement,
or concrete, for verification of conformance with the intent of these recommendations and confirmation of the
bearing capacities.  All loose or unsuitable material should be removed prior to the placement of concrete. 
Materials from footing excavations should not be spread in slab-on-grade areas.

9.5 Basement Walls

9.5.1 Earth Pressures

Wall backfill is anticipated to consist of the on-site "very low" expansive sands.  The walls should be designed
to resist lateral pressures imposed by the surrounding soils and surcharge loads.  It is recommended that for
static loading condition:  walls which are free to rotate at the top (at least 0.01radian deflection) should be
designed to resist a lateral pressure imposed by an equivalent fluid weighing thirty-five (35) or thirty (30)

GEOBASE, INC.



C.314.50.01 Page 38 of 47
March 27, 2012

pounds per cubic foot for walls supporting fill/native soils or undisturbed competent bedrock, respectively; and,
walls that are structurally braced against movement at the top should be designed to resist a lateral pressure
equivalent to that imposed by a fluid weighing fifty (50) pounds per cubic  foot in soils and forty (40) pounds
per cubic foot in bedrock.  In addition, a uniform pressure equal to one-third (1/3) and one-half (½) of any
vertical pressure adjacent to the basement wall should be assumed to act on the free and braced walls,
respectively.  These aforementioned pressures assume that positive drainage will be provided as
recommended in subsection 9.5.2.  For passive resistance, the lateral load resistance parameters outlined in
subsection 9.3.4 may be used.

For seismic loading conditions, the dynamic loading increment of earth pressures against a retaining wall
should be taken as twelve (12) or eleven (11) psf per foot of height distributed in an inverted triangular
distribution, for walls supporting fill/native soils or undisturbed competent bedrock, respectively.

9.5.2 Wall Backfill

Placement of wall backfill should conform to the recommendations presented in subsection 8.3. The wall
backfill should be well-drained to relieve possible hydrostatic pressures on the wall.  Prior to backfill placement,
a backdrain consisting of a four (4) inch diameter perforated PVC Schedule 40 pipe should be installed.  This
drainage pipe may discharge by gravity.  Wall backfill may then be placed.  At least the lower third of wall
height should consist of crushed rock.

A filter fabric such as "Mirafi 140N", "Supac 4N" or approved equivalent should be placed at the interface
between the backfill and finer grained soils.  The wall backfill should be sealed at the surface from water
infiltration with at least one (1) foot of relatively impermeable soils.  A typical wall backfill detail is provided as
Figure A-16, Appendix A.

The basement walls below existing grade should be waterproofed to prevent moisture build-up on the interior
sides of the walls as a result of water migration from the soils in contact with the walls. The water proofing
should be applied for the full height of the basement walls and walls below existing grade, and meet as a
minimum the requirements of the CBC 2010.

9.6 Ultimate Values

The recommended design values presented in this report are for use with loadings determined by a
conventional working stress design.  When considering an ultimate design approach, the recommended design
values may be multiplied by the factors given in Table VIII:
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TABLE VIII
LOAD  FACTORS  FOR  ULTIMATE  DESIGN 

Foundation Loading Ultimate Design Loading
Bearing Value 3

Passive Pressure 1.33

In no event, however, should the foundation sizes be reduced from those required for the support of
dead-plus-live loads when using working stress values.

9.7 Floor Slabs

Concrete slab-on-grade floors may be used for the proposed structures.  The subgrade for the floor slab should
be prepared in accordance with the recommendations provided in subsections 8.3 and 8.4.

The slab should be underlain by a minimum of six (6) inches of gravel or sand base.  In moisture-sensitive
areas, the slab should be damproofed per CBC 2010, subsection 1805A.2.

A subgrade modulus of 150 pounds per square inch per inch may be used for slab design.  The slab should
be designed by the structural engineer for the various anticipated loading conditions including construction and
operation conditions.

The recommendations presented herein are intended to reduce the potential for cracking of slabs and
foundations; however, even with the incorporation of the recommendations presented herein, foundations and
slabs-on-grade will still crack.  The occurrence of concrete shrinkage cracks is independent of the soil
supporting characteristics.  Their occurrence may be reduced and/or controlled by limiting the slump of the
concrete, the use of crack control joints, and proper concrete placement and curing.   Literature provided by
the Portland Concrete Association (PCA) and American Concrete Institute (ACI) present recommendations for
proper concrete mix, construction and curing practices, and should be incorporated into project construction. 
Further, to control the location and spread of concrete shrinkage cracks, crack control joints should be provided
by the structural engineer, taking into consideration criteria of the ACI when establishing crack control patterns.

X. PAVEMENT RECOMMENDATIONS

10.1 Asphaltic Concrete Pavement

An R-value of sixteen (16) was used for the design of pavement sections based on test results from two (2)
representative samples and the results from a previous investigation (Geocon, 2009).  The following alternative
preliminary minimum pavement sections may be used.  The traffic index assumed in Table IX, below, should
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be confirmed by the Civil Engineer and additional R-value tests should be performed during grading, prior
to finalizing the pavement section. 

TABLE IX

ASPHALTIC CONCRETE PAVEMENT SECTIONS

PAVEMENT UTILIZATION TRAFFIC
INDEX

CRUSHED
AGGREGATE

BASE (INCHES)

ASPHALTIC
CONCRETE

(INCHES)
Automobile parking areas 5 3 8
Truck and bus loading/unloading areas and driveways 6 4 10

The upper twelve (12) inches of subgrade soils, below the aggregate base, should be scarified, moisture
conditioned and recompacted to a minimum of ninety-five (95) percent relative compaction, at to slightly above
optimum moisture content, based on ASTM D 1557.

The crushed aggregate base must meet CALTRANS “Class 2 Aggregate Base” specifications and should be
compacted to at least ninety-five (95) percent relative compaction based on ASTM D 1557.  Asphaltic concrete
should be compacted to at least ninety five (95) percent of the density obtained with the California Kneading
Compactor (CAL 304).

10.2 Rigid Pavement

A Portland Cement concrete (PCC) pavement may also be used.  In the design of the PCC pavement section
shown in Table X, below, the following design parameters were used: 

• Modulus of subgrade reaction of the soil, k (R-Value = 16) -- 100 pci
R• Modulus of rupture of concrete, M -- 550 psi

• Traffic Category, TC -- C
• Average daily truck traffic, ADTT -- 100

The traffic category and average daily truck traffic should be confirmed by the civil engineer.

Based on the design parameters presented above, the following rigid pavement section, calculated in general
conformance with the procedure recommended by ACI 330R-01, may be used.
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TABLE X
 PCC PAVEMENT SECTION

PAVEMENT UTILIZATION PCC Minimum Thickness
(inches)

Truck loading/unloading areas (TC = C) 7

The upper twelve (12) inches of subgrade soils below the PCC should be scarified, moisture conditioned and
recompacted to a minimum of ninety-five (95) percent relative compaction, at to slightly above optimum
moisture content, based on ASTM D 1557.

The PCC pavement reinforcement should be designed by the structural engineer for shrinkage, temperature
stresses and loading conditions. A thickened edge should be constructed on the outside of the concrete
pavements subject to wheel loads.  Control joints should be included in the design of the PCC by the structural
engineer at a maximum spacing of fifteen (15) feet each way.

If concrete pavement is used for proposed fire access roads, ramps and particularly  the Service Yard, the slab
should be designed by the structural engineer for temperature and shrinkage stresses, and various loading
conditions including construction and operation conditions.

XI. SOIL CORROSIVITY -- IMPLICATIONS

Electrical conductivity, pH, chloride and water soluble sulfate tests were conducted on representative samples
by HDR/Schiff, and the results are provided in Appendix C.  The tests results indicate that the subsoils at the
site have a "low" corrosive potential with respect to concrete and "moderately" corrosive potential with respect
to steel and other metals.  Therefore, Type I or II Portland cement should be used for the construction of
concrete structures in contact with the subgrade soils.

XII. PLAN REVIEW, OBSERVATIONS AND TESTING

Post-investigation services are an important and integrated part of this investigation and should be carried out
by GEOBASE.  The project foundation and grading plans, and specifications should be forwarded to
GEOBASE for review for conformance with the intent of the soils recommendations.

Geotechnical observations of excavation bases should be carried out prior to fill placement. Observations and
testing of all fill placement should be carried out on a continuous basis to verify the design assumptions and
conformance with the intent of the recommendations.  Observations of footings bases should be carried out
prior to concrete pour. 
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XIII. RECOMMENDATIONS FOR ADDITIONAL WORK

Although the recommendations presented in the previous sections are intended for final design or construction
of the proposed Kaiser Permanente - San Diego Service Area Central Hospital, it is recommended that at least
twelve (12) additional borings extending a minimum of ten (10) feet into bedrock be drilled within the proposed
Hospital building and CUP footprints to provide additional subsoils data and to verify the design assumptions. 
These additional borings may be drilled after demolition of the existing building structures.

XIV. LIMITATIONS

This investigation was performed in accordance with generally accepted geotechnical engineering principles
and practices.  No other warranty, expressed or implied, is made as to the conclusions and professional advice
included in this report.

This report is intended for use by the client and its representatives, and with regard to the specific project
discussed herein.  Any changes in the design or location of the proposed new structure, however slight, should
be brought to our attention so that we may determine how they may affect our conclusions.  The conclusions
and recommendations contained in this report are based on the data relating only to the specific project and
location discussed herein. This report does not relate any conclusions or recommendations about the potential
for hazardous and/or contaminated materials existing at the site. 

The analyses and recommendations submitted in this report are based upon the observations noted during
drilling of the borings, interpretation of laboratory test results, and geological evidence.  This report does not
reflect any variations which may occur away from the borings and which may be encountered during
construction.  If conditions observed during construction are at variance with the preliminary findings, we should
be notified so that we may modify our conclusions and recommendations, or provide alternate
recommendations, if necessary.

The recommendations presented herein assume that the plan review, observations and testing services,
outlined in Section XII of the report, will be provided by GEOBASE.  During execution of the aforementioned
services, GEOBASE can finalize the report recommendations based on observations of actual subsurface
conditions evident during construction.  GEOBASE cannot assume liability for the adequacy of the
recommendations if another party is retained to observe construction.

This report is issued with the understanding that it is the responsibility of the owner, or of his representative,
to ensure that the information and recommendations contained herein are brought to the attention of the
architect and engineer for the project, and incorporated into the plans and specifications.  In this respect, it is
recommended that we be allowed the opportunity to review the project plans and the specifications for

GEOBASE, INC.



C.314.50.01 Page 43 of 47
March 27, 2012

conformance with the geotechnical recommendations.

This office does not practice or consult in the field of safety engineering.  We do not direct the contractor's
operations, and we cannot be responsible for other than our own personnel on the site.  Therefore, the safety
of others is the responsibility of the contractor.  The contractor should notify the owner if he considers any of
the recommended actions presented herein to be unsafe.

This report is subject to review by the appropriate regulating agencies.

Respectfully Submitted
GEOBASE, INC.

H. D. Nguyen, B.Sc. S.M.Reza Imam, Ph. D.
Senior Engineer Associate Engineer

R. Chavez, R.G., C.E.G. J-M. (John) Chevallier, P.E., G.E.
R.G. 4588; C.E.G. 1599 R.C.E. 39198; G.E. 2056
Associate Geologist Managing Principal
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SITE AND BORING LOCATIONS PLAN 
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EXPLANATIONS: 
 

 Approximate Boring Locations by GEOBASE 
  

  •  Approximate Boring Locations by GEOCON INC., 2009 
 

(20) – Depth of Fill (Af) 
 

Af – Artificial Fills 
 

Qvop – Quaternary Very Old Paralic Deposits 
 

Tf – Friars Formation Bedrock 
 

A – A’ Geologic Cross Section 
 
NOTES: 

1.  GEOBASE INC. has added only Geotechnical data to this plan 
prepared by others. We have not checked any other information on 
this plan and give no assurance of its accuracy. 
 
2.  This Drawing is part of GEOBASE INC.'s report C.314.50. dated 
March 2012 and should be read with the complete report for 
evaluation. 
 
 
 
 
 

    
     NORTH 

CLAIREMONT MESA BOULEVARD 

 
R

U
FF

IN
 R

O
A

D

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Stamp

Geobase
Text Box

Geobase
Text Box
B-8(55.5')

Geobase
Text Box
B-13 (6')

Geobase
Text Box
B-9(23')

Geobase
Text Box
B-8(39')

Geobase
Text Box
 R-1(25')

Geobase
Text Box
B-7(17')

Geobase
Text Box
B-16 (37')

Geobase
Text Box
B-9 (35')

Geobase
Text Box
B-10(8.5')

Geobase
Text Box
B-15(5.5')

Geobase
Text Box
B-2(27')

Geobase
Text Box
B-14(28')

Geobase
Text Box
B-17(0')

Geobase
Text Box
B-16(1')

Geobase
Text Box
B-5 (23')

Geobase
Text Box
B-3 (0')

Geobase
Text Box
B-6(9')

Geobase
Text Box
B-11(10.5')

Geobase
Text Box
B-4(20')

Geobase
Text Box
B-19(1.5')

Geobase
Text Box
B-17(9')

Geobase
Text Box
B-6(4.5')

Geobase
Text Box
B-7 (15')

Geobase
Text Box
B-2 (3')

Geobase
Text Box
B-20  (0')

Geobase
Text Box
B-12(0')

Geobase
Text Box
B-13 (0')

Geobase
Text Box
B-15(7')

Geobase
Text Box
B-10(5.5')

Geobase
Text Box
B-14(6')

Geobase
Text Box
B-11(0')

Geobase
Text Box
B-1(0')

Geobase
Text Box
B-3(4')

Geobase
Text Box
B-5(20')

Geobase
Text Box
B-4(>4.5')

Geobase
Text Box

Geobase
Text Box
(20')

Geobase
Stamp



 

GEOBASE 
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EXPLANATIONS: 
 

 Approximate Boring Locations by GEOBASE 
  
     Approximate Boring Locations by GEOCON INC., 2009 
 

(20) – Depth of Fill (Af) 
 

Af – Artificial Fills 
 

Qvop – Quaternary Very Old Paralic Deposits 
 

Tf – Friars Formation Bedrock 
 

   420  Original Grade Contours (County of San Diego, 1974) 
 
A – A’  Geologic Cross Section 
 
NOTES: 

1.  GEOBASE INC. has added only Geotechnical data and original 
grade contours to this plan prepared by others. We have not checked 
any other information on this plan and give no assurance of its 
accuracy. 
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EXPLANATIONS: 
 

Af – Fill 
 

Qvop – Quaternary Very Old Paralic Deposits 
 

Tf – Friars Formation Bedrock 
 

Notes: 

1. Cross Section Locations are shown on Figures A-2 and A-3, Appendix A. 
2. Stratigraphic/Geologic sections are known with accuracy only at the locations 

observed. The soil and rock stratigraphy between borings has been inferred 
from geological evidence and so may vary from that shown. 
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from geological evidence and so may vary from that shown. 

    

SHEET 2 OF 4 

Horizontal Scale: 

 

Vertical Scale: AS SHOWN

C.314.50. 
GEOBASE 

GEOLOGIC CROSS SECTION B – B’ 
KAISER PERMANENTE – SAN DIEGO SERVICE AREA CENTRAL HOSPITAL 

5201 RUFFIN ROAD 
SAN DIEGO, CALIFORNIA FIGURE A-5 

C
ro

ss
 S

ec
tio

n 
A

 –
 A

’ 



 

 

GEOBASE 
GEOLOGIC CROSS SECTION C – C’  

KAISER PERMANENTE – SAN DIEGO SERVICE AREA CENTRAL HOSPITAL 
5201 RUFFIN ROAD 

SAN DIEGO, CALIFORNIA FIGURE A-5 C.314.50. 

EXPLANATIONS: 
 

Af – Fill 
 

Qvop – Quaternary Very Old Paralic Deposits 
 

Tf – Friars Formation Bedrock 
 

Notes: 

1. Cross Section Locations are shown on Figures A-2 and A-3, Appendix A. 
2. Stratigraphic/Geologic sections are known with accuracy only at the locations 

observed. The soil and rock stratigraphy between borings has been inferred 
from geological evidence and so may vary from that shown. 
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KAISER PERMANENTE – SAN DIEGO SERVICE AREA CENTRAL HOSPITAL 
5201 RUFFIN ROAD 

SAN DIEGO, CALIFORNIA FIGURE A-5 C.314.50. 

EXPLANATIONS: 
 

Af – Fill 
 

Qvop – Quaternary Very Old Paralic Deposits 
 

Tf – Friars Formation Bedrock 
 
Notes: 

1. Cross Section Locations are shown on Figures A-2 and A-3, Appendix A. 
2. Stratigraphic/Geologic sections are known with accuracy only at the locations 

observed. The soil and rock stratigraphy between borings has been inferred 
from geological evidence and so may vary from that shown. 
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Figure 4.  Boring R-1, Suspension P- and SH-wave velocities,  
Part of GEOVision Report 12031-01 Rev. a, included in Appendix D. 
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Figure B-15 Log of Boring B-15
Figure B-16 Log of Boring B-16
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The terms and symbols used on the Log of Borings to summarize the results of the field  investigation and
subsequent laboratory testing are described in the following:

It should be noted that materials, boundaries, and  conditions have been established only at the boring locations,
and are not necessarily representative of subsurface conditions elsewhere across the site.

A. PARTICLE SIZE DEFINITION (ASTM D2487 AND D422)

Boulder -- larger than 12-inches Sand, medium -- No.40 to No. 10 sieves

Cobble -- 3-inches to 12-inches Sand, fine -- No.200 to No. 40 sieves

Gravel, coarse -- 3/4-inch to 3-inches Silt -- 5µm to No. 200 sieves

Gravel, fine -- No.4 sieve to 3/4 -inch Clay -- smaller than 5 µm

Sand, coarse -- No.10 to No.4 sieve

B. SOIL CLASSIFICATION

Soils and bedrock are classified and described according to their engineering properties and behavioral
characteristics.  The soil of each stratum is described using ASTM D2487 and D2488.

The following adjectives may be employed to define percentage ranges by weight of minor components:

trace -- 1-10%    some -- 20-35%
little -- 10-20% “and” or ”y” -- 35-50%

The following descriptive terms may be used for stratified soils:

parting -- 0 to 1/16-in. thickness; layer   -- ½-in. to 12-in. thickness;
seam -- 1/16 to ½-in. thickness; stratum   -- greater than 12-in. thickness.

C. SOIL DENSITY AND CONSISTENCY

The density of coarse grained soils and the consistency of fine grained soils are described on the basis of the
Standard Penetration Test:

COARSE GRAINED SOILS FINE GRAINED SOILS

DENSITY

SPT

BLOWS PER

FOOT

ESTIMATED

CONSISTENCY

SPT

 BLOWS PER FOOT

ESTIMATED RANGE OF UNCONFINED

COMPRESSIVE

STRENGTH (TSF)

very loose less than 4 very soft less than 2 less than 0.25
loose 5 to 10 soft 2 to 4 0.25 to 0.50

medium 11 to 30 firm (medium) 5 to 8 0.50 to 1.0
dense 31 to 50 stiff 9 to 15 1.0 to 2.0

very dense over 50 very stiff 16 to 30 2.0 to 4.0

hard over 30 over 4.0
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D. STANDARD PENETRATION TEST (SPT)  -- D1586

The SPT test involves failure of the soil around the tip of a split spoon sampler for a condition of constant energy

transmittal.  The split spoon, 2-inches outside diameter and 1 3/8-inches inside diameter, is driven eighteen (18)

inches.  The sampler is seated in the first six (6) inches and the number of blows required to drive the sampler

the last foot is recorded as the “N” value or SPT blow count.  The driving energy is provided by a 140 pound

weight dropping thirty (30) inches.

E. ABBREVIATION OF LABORATORY TEST DESIGNATIONS

C Consolidation pH pH

CBR California Bearing Ratio pp Pocket Penetrometer

Ch Water Soluble Chlorides PS Particle Size

DS Direct Shear RV R-Value

EI Expansion Index SE Sand Equivalent

ER Electrical Resistivity SG Specific Gravity

k Permeability SO4 Water Soluble Sulfates

MD Moisture TX Triaxial Compression

MP Modified Proctor Compaction Test TV Torvane Shear

O Organic Content U Unconfined Compression

F. STRATIFICATION LINES

The stratification lines indicated on the boring logs and profiles represent the approximate boundary between

material types and the transition may be gradual.
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SS Blow count = 96 for 11 in.

Blow count = 50 for 5 in.
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Blow count = 50 for 0 in.

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, little silt, moist, soft, massive, no
visible bedding.

...moderately soft
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Boring backfilled with bentonite chips.
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olive gray, fine-grained, little silt, moist, friable, soft,
massive, no visible bedding.
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Boring backfilled with 2-sack sand-cement slurry.
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Blow count = 6, RV

DS, C, EI, MP, Non-plastic

Blow count = 9

Blow count = 16

PAVEMENT, Asphaltic Concrete = 3 inch and aggregate
base = 8 inch.

SAND (FILL), reddish brown, silty, moist, loose.

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, little silt, moist, friable, soft,
massive, no visible bedding.

...scattered sub-rounded cobbles.

...interbeded, thin SILTSTONE layer

...moderately soft

24" diameter bucket auger
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SSSANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, little silt, moist, friable,
moderately soft, massive, no visible bedding.

End of boring at 40 feet.
Boring dry and no slough at completion of drilling
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SM

SC

SS

Blow count = 4

Blow count = 6

PAVEMENT, Asphaltic Concrete = 3 inch and aggregate
base = 4 inch.

SAND (FILL), reddish brown, silty, little cobbles, moist,
loose.

...very dense

...light brown, silty, angular rock fragments

SAND, (Qvop), dark gray, clayey and gravelly, moist,
trace of roots and organic, dense.

...light brown, silty

...dark gray, clayey SILT, moist, stiff,

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, little silt, moist, friable, soft,
massive, no visible bedding.

...thin SILTSTONE interbeds

End of boring at 35 feet.
Boring dry and no slough at completion of drilling
Boring backfilled with 2-sack sand-cement slurry.

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

416.5 feet

TUBE

B-4

DRY DENSITY (PCF)

10 20 30 40 50

5

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/07/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O
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 C
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S

S
IF
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A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5
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15

20

25

30

80 90 100 110 120

Limit (W



SM

SM

SS

Blow count = 9

PAVEMENT, Asphaltic Concrete = 3 inch and aggregate
base = 4 inch.

SAND (FILL), reddish brown, silty, some gravel, moist,
loose.

...orange brown, silty and gravelly, medium dense

...light brown, gravelly

SAND, (Qvop), brown, silty, sub- to well-rounded gravel,
moist, very dense.

...light to dark gray, clayey SILT layer with little well
rounded gravel.

...reddish brown, silty SAND with some gravel, moist,
dense.

SANDSTONE (BEDROCK), Friars Formation (Tf), light

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

417.5 feet

TUBE

B-5

DRY DENSITY (PCF)

10 20 30 40 50

6

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/08/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 2

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED
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80 90 100 110 120

Limit (W



olive gray, fine-grained, little silt, moist, friable, soft,
massive, no visible bedding.
...clayey Siltstone layer.

End of boring at 46 feet.
Boring dry and no slough at completion of drilling
Boring backfilled with 2-sack sand-cement slurry.

feet

Water Content (%):
OTHER TESTS

417.5 feet

TUBE

B-5

DRY DENSITY (PCF)

10 20 30 40 50

6

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/08/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 2 of 2

LOGGED

C.314.50.LOGGED BY

REMARKS/

70

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-
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55
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65

80 90 100 110 120

Limit (W



SM

SM

SS

EI, MP, DS, C, 200 Wash

PS

Blow count = 7

Non-plastic, 200 Wash

200 Wash

200 Wash

PAVEMENT, Asphaltic Concrete = 3 inch and
Aggregate Base = 4 inch.

SAND (FILL), yellowish red (5Y5/8), moist, loose, mostly
fine-grained sand with little non-plastic fines,
well-rounded gravel to coble sized hard rock clasts,
massive and friable.

SAND, (Qvop), yellowish to red (5Y5/8), moist, loose,
some gravel to cobble sized clasts, matrix supported,
micaceous, massive, friable, no reaction to diluted
hydrochloric acid, no visible bedding, sharp lower and
upper contacts.

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray (5Y6/2) to pale yellow (5Y8/2), moist, soft,
mostly fine-grained sand with little non-plastic fines,
trace of well-grounded gravel-sized hard rock clasts,
slightly weathered, micaceous, massive, friable, no
reaction to diluted hydrochloric acid and no visible
bedding.

...6-inch thick layer with predominatly well-rounded
gravel-sized hard rock clasts.

...6-inch thick layer with predominatly well-rounded
gravel-sized hard rock clasts.

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

417.5 feet

TUBE

B-6

DRY DENSITY (PCF)

10 20 30 40 50

7

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/06/2012
DRILL RIG
DRILLER

Liquid

RC

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C
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S

S
IF
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A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 2

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED
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SS 200 Wash

200 Wash

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray (5Y6/2) to pale yellow (5Y8/2), moist, soft,
mostly fine-grained sand with little non-plastic fines,
trace of well-grounded gravel-sized hard rock clasts,
slightly weathered, micaceous, massive, friable, no
reaction to diluted hydrochloric acid and no visible
bedding.

End of Boring at 40 feet.
Downhole logging was terminated at depth of 37 feet.
Boring dry and no slough at completion of drilling
Boring backfilled with 2-sack sand-cement slurry.

feet

Water Content (%):
OTHER TESTS

417.5 feet

TUBE

B-6

DRY DENSITY (PCF)

10 20 30 40 50

7

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/06/2012
DRILL RIG
DRILLER

Liquid

RC

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 2 of 2

LOGGED

C.314.50.LOGGED BY

REMARKS/

70

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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65
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SM

SM

SS

Blow count = 8

Blow count = 25

PAVEMENT, Asphaltic Concrete = 3 inch and aggregate
base = 3 inch.

SAND (FILL), reddish brown, fine-grained, silty, gravelly
with few cobbles, moist, loose.

...trace of light gray, silty Sand

...olive to greenish sandy SILT layer, moist, soft.

...light brown to gray, some sub-rounded cobbles

...trace of wood debris

SAND, (Qvop), reddish brown, fine-grained, silty, some
gravel, moist, dense.

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, little silt, moist, friable, soft,
massive, no visible bedding.

...pinkish brown SILTSTONE, 2-inch layer, moist.

...light grayish

...moderately soft to moderately hard

End of Boring at 31 feet.
Boring dry and no slough at completion of drilling
Boring backfilled with 2-sack sand-cement slurry.

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

417.5 feet

TUBE

B-7

DRY DENSITY (PCF)

10 20 30 40 50

8

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/08/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O
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 C
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S

S
IF
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A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SM
PAVEMENT, Asphaltic Concrete = 3 inch

SAND (FILL), light reddish brown, silty, gravelly with up
to 10 inch cobbles, moist, loose.

...light gray, silty

...light brown, some gravel

...trace of clay

...dark brown

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

409 feet

TUBE

B-8

DRY DENSITY (PCF)

10 20 30 40 50

9

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/09/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (
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)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C
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S

S
IF
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A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 2

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SM

SS

200 Wash

SAND (FILL), light to reddish brown, silty/clayey with
gravel, dense, moist.

...some clay, high plasticity

SANDSTONE (BEDROCK), Friars Formation (Tf), dark
gray, weathered, fine-grained, little silt, moist, high
plasticity, soft, massive, no visible bedding.
...trace of gravel and scattered cobbles.

...light olive gray, trace of clay, low plasticity

...scattered oxidized seams, light brown to grey

End of boring at 51 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

feet

Water Content (%):
OTHER TESTS

409 feet

TUBE

B-8

DRY DENSITY (PCF)

10 20 30 40 50

9

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/09/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E
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T

H
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)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
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Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R
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P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 2 of 2

LOGGED

C.314.50.LOGGED BY

REMARKS/

70

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SM

Blow count = 21, 200 Wash

PAVEMENT, Asphaltic Concrete = 3 inch and 6 inch
aggregate base

SAND (FILL), reddish brown, silty, gravelly with up to 10
inch cobbles, moist, loose.

...light brown, well- to sub-rounded gravel, moist.

...dark gray, gravelly

...trace of clay

...cobble at tip of sample

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

410 feet

TUBE

B-9

DRY DENSITY (PCF)

10 20 30 40 50

10

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/10/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (
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et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O
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 C

LA
S

S
IF
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A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 2

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SS Blow count = 17, 200 Wash
SANDSTONE (BEDROCK), Friars Formation (Tf), dark
gray, weathered, fine-grained, silty, moist, high
plasticity, soft, massive, no visible bedding.

...non-plastic

...becomes light gray, low to non-plastic

End of boring at 55 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

feet

Water Content (%):
OTHER TESTS

410 feet

TUBE

B-9

DRY DENSITY (PCF)

10 20 30 40 50

10

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/10/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (
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et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O
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 C
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S

S
IF
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A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 2 of 2

LOGGED

C.314.50.LOGGED BY

REMARKS/

70

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SM

SS

 DS, C, EI, MP, PS Ch, ER,
pH, SO4

Blow count = 11, C, 200
Wash, Non-plastic

200 Wash

200 Wash

200 Wash

200 Wash

PAVEMENT, Asphaltic Concrete = 3 inch and
Aggregate Base = 4 inch.

SAND (FILL), yellowish red (5Y5/8), moist, loose, some
gravel to cobble-sized clasts, matrix supported,
micaceous, massive, friable, no reaction to diluted
hydrochloric acid, sharp lower and upper contacts.

SANDSTONE (BEDROCK), Friars Formation (Tf), pale
yellow (2.5Y6/2), locally mottled with pale brown
(10YR6/3), moist, soft, mostly fine-grained sand with
little non-plastic fines, slightly weathered, micaceous,
massive, friable, no reaction to diluted hydrochloric acid
and no visible bedding.

...6-inch thick layer with predominatly well-rounded
gravel-sized hard rock clasts.

...pale brown (10Y6/3) mottling from 21.5 to 23.5 feet.

End of Boring at 32 feet.
Downhole logging was terminated at depth of 27 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

418.5 feet

TUBE

B-10

DRY DENSITY (PCF)

10 20 30 40 50

11

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/06/2012
DRILL RIG
DRILLER

Liquid

RC

MODIFIED SAMPLER

Kaiser Permanente

D
E
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T

H
 (
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)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION
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Plastic

PROJECT NO.

THIN WALLED

S
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BORING NO.

Earthdrill 45L
Pacific Drilling
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GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SM

SM

SS

Blow count = 2, no recovery

PS

PS

200 Wash

200 Wash

200 Wash

PAVEMENT, Asphaltic Concrete = 3 inch and
Aggregate Base = 4 inch.

SAND (FILL), yellowish red (5Y5/8), moist, loose, mostly
fine-grained sand with little non-plastic fines and little
well-rounded gravel to coble-sized hard rock clasts,
massive, friable, scattered broken rock fragments.
...asphalt fragments

SAND, (Qvop), yellowish to red, moist, dense, some
gravel to cobble-sized clasts, matrix supported,
micaceous, massive, friable, no reaction to diluted
hydrochloric acid, no visible bedding, sharp lower and
upper contacts.

...From 18 to 19 feet, sandy Silt (ML), very dark gray
(2.5Y3/1), moist, soft, mostly non-plastic fines with a few
fine-grained sand, fetid odor, thin twigs, sharp lower and
upper contacts.

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray (5Y6/2) to pale yellow (2.5Y6.2), locally
mottled with reddish brown (5YR5/3), moist, soft, mostly
fine-grained sand with some non-plastic fines, slightly
weathered, micaceous, massive, friable, no reaction to
diluted hydrochloric acid and no visible bedding.
...pale brown (10Y6/3) mottling from 21.5 to 23.5 feet.

End of Boring at 30 feet.
Downhole logging was terminated at depth of 26 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

418.5 feet

TUBE

B-11

DRY DENSITY (PCF)

10 20 30 40 50

12

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/06/2012
DRILL RIG
DRILLER

Liquid

RC

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5

10

15

20

25

30

80 90 100 110 120

Limit (W



SM

SS

EI

PAVEMENT, Asphaltic Concrete = 2.5 inch and
Aggregate Base = 3 inch.

SAND, (Qvop), reddish brown, silty, trace of cobbles,
moist, loose.

...light brown to orange, slightly moist, little mica, poorly
indurated

...hit boulder, use core barrel to cut thru

...cobbles

...cobbles, cemented

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, weathered, fine-grained, little silt, moist, soft,
friable, massive, no visible bedding.
...scattered thin layers of Claystone and Siltstone.

End of Boring at 32 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

18" diameter bucket auger
with Kelly Bar weight 140 lb,
30" drop

feet

Water Content (%):
OTHER TESTS

420 feet

TUBE

B-13

DRY DENSITY (PCF)

10 20 30 40 50

13

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/02/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5

10

15

20

25

30

80 90 100 110 120

Limit (W



SM

SM

SS

RV

Blow count = 64, DS

Blow count = 33

 Ch, ER, pH, SO4

PAVEMENT, Asphaltic Concrete = 2.5 inch and
Aggregate Base = 3 inch.

SAND (FILL), light brown,  silty, trace of cobbles, moist,
dense.

...cemented layer, up to 6 inch cobbles, very dense

SAND, (Qvop), reddish brown, micaceous, silty, moist,
medium dense.

...sub-rounded gravel and trace of cobbles

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, weathered, fine-grained, little silt, moist, soft,
friable, massive, no visible bedding.
...layers of pinkish Siltstone, moderately indurated

End of Boring at 32 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

18" diameter bucket auger
with Kelly Bar weight 140 lb,
30" drop

feet

Water Content (%):
OTHER TESTS

420 feet

TUBE

B-14

DRY DENSITY (PCF)

10 20 30 40 50

14

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/01/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5

10

15

20

25

30

80 90 100 110 120

Limit (W



SM

SM

SS

PAVEMENT, Asphaltic Concrete = 2.5 inch and
Aggregate Base = 3 inch.

SAND (FILL), reddish brown, silty, gravelly, moist,
medium dense.

...light brown, moist, loose

...trace of clay and 10 in cobbles

SAND, (Qvop), reddish brown, micaceous, silty, gravelly
with a few cobbles, moist, dense.

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, little silt, moist, soft, friable,
slightly weathered, poorly indurated, massive, no visible
bedding.

...dark gray with Claystone interbeds

End of Boring at 32 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

18" diameter bucket auger
with Kelly Bar weight 140 lb,
30" drop

feet

Water Content (%):
OTHER TESTS

420 feet

TUBE

B-15

DRY DENSITY (PCF)

10 20 30 40 50

15

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/02/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5

10

15

20

25

30

80 90 100 110 120

Limit (W



SM

SM

SS

Blow count = 7

Blow count = 11

PAVEMENT, Asphaltic Concrete = 2 inch and
Aggregate Base = 3 inch.

SAND (FILL), light brown, silty and clayey, gravelly,
wood debris, moist, loose.

SAND, (Qvop), reddish brown, silty, moist, dense

...light orange, trace of gravel.

...very dense

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, thin Claystone interbeds, moist,
soft, friable, slightly weathered, poorly indurated,
massive, no visible bedding.

...pinkish brown, thin Siltstone interbeds

End of Boring at 30 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

18" diameter bucket auger
with Kelly Bar weight 3400
lb, 30" drop

feet

Water Content (%):
OTHER TESTS

417.5 feet

TUBE

B-16

DRY DENSITY (PCF)

10 20 30 40 50

16

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/03/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5

10

15

20

25

30

80 90 100 110 120

Limit (W



SM

SS

Blow count = 10, DS

Blow count = 10, C

PAVEMENT, Asphaltic Concrete = 2.5 inch and
Aggregate Base = 3 inch.

SAND, (Qvop), reddish brown, silty, trace of gravel and
cobbles, moist, medium dense

...light orange, fine-grained, micaceous, very dense

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, thin Claystone interbeds, moist,
soft, friable, slightly weathered, poorly indurated,
massive, no visible bedding.

End of Boring at 30 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

18" diameter bucket auger
with Kelly Bar weight 3400
lb, 30" drop

feet

Water Content (%):
OTHER TESTS

417.5 feet

TUBE

B-17

DRY DENSITY (PCF)

10 20 30 40 50

17

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/03/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5

10

15

20

25

30

80 90 100 110 120

Limit (W



SM

SM

SS

Blow count = 9

PAVEMENT, Asphaltic Concrete = 4 inch and
Aggregate Base = 4.5 inch.

SAND (FILL), light brown, silty and gravelly, moist,
medium dense.

SAND, (Qvop), reddish brown, silty, little gravel and
scattered cobbles, moist, dense.

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, thin Claystone interbeds, moist,
soft, friable, slightly weathered, poorly indurated,
massive, no visible bedding.

End of Boring at 30 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

24" diameter bucket auger
with Kelly Bar weight 3400
lb (0-30ft) and 2400 (>30ft),
30" drop

feet

Water Content (%):
OTHER TESTS

419 feet

TUBE

B-19

DRY DENSITY (PCF)

10 20 30 40 50

18

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/03/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5

10

15

20

25

30

80 90 100 110 120

Limit (W



SM

SS

 Ch, ER, pH, SO4

Blow count = 80 for 10 in

Blow count = 110

PAVEMENT, Asphaltic Concrete = 2 inch and
Aggregate Base = 11 inch.

SAND, (Qvop), reddish brown, silty, trace of gravel and
cobbles, micaceous, moist, dense.

...little gravel and cobbles

SANDSTONE (BEDROCK), Friars Formation (Tf), light
olive gray, fine-grained, thin Claystone interbeds, moist,
soft, friable, slightly weathered, poorly indurated,
massive, no visible bedding.

End of Boring at 30 feet.
Boring dry and no slough at completion of drilling.
Boring backfilled with 2-sack sand-cement slurry.

18" diameter bucket auger
with Kelly Bar weight 140 lb,
30" drop

feet

Water Content (%):
OTHER TESTS

420 feet

TUBE

B-20

DRY DENSITY (PCF)

10 20 30 40 50

19

CORESPLIT SPOON

LOG OF BORING

DEPTH TO SLOUGH

SURFACEDEPTH TO WATER --

02/02/2012
DRILL RIG
DRILLER

Liquid

SG

MODIFIED SAMPLER

Kaiser Permanente

D
E

P
T

H
 (

fe
et

)
CALIFORNIA

Penetration, blows/foot:

L

SOIL DESCRIPTION

S
O

IL
 C

LA
S

S
IF

IC
A

T
IO

N

Plastic

PROJECT NO.

THIN WALLED

S
A

M
P

LE

BORING NO.

Earthdrill 45L
Pacific Drilling

PROJECT

G
R

A
P

H
IC

 L
O

G

P)

GEOBASE, INC.

page 1 of 1

LOGGED

C.314.50.LOGGED BY

REMARKS/

35

)Limit (W

NO RECOVERY

ELEV.

SAMPLE TYPE:

San Diego Service Area Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.

DISTURBED

FIGURE NO.  B-

SPT

DATE

5

10
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20

25

30

80 90 100 110 120

Limit (W
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APPENDIX C

Figure C-1 Summary of Laboratory Test Results
Figure C-2 Direct Shear Test Results
Figure C-3 Direct Shear Test Results
Figure C-4 Direct Shear Test Results
Figure C-5 Direct Shear Test Results
Figure C-6 Direct Shear Test Results
Figure C-7 Consolidation Test Results
Figure C-8 Consolidation Test Results
Figure C-9 Consolidation Test Results
Figure C-10 Consolidation Test Results
Figure C-11 Consolidation Test Results
Figure C-12 Particle Size Distribution Test Results
Figure C-13 Particle Size Distribution Test Results
Figure C-14 Particle Size Distribution Test Results
Figure C-15 Particle Size Distribution Test Results
Figure C-16 Expansion Potential, Water Soluble Sulfates, Corrosivity Test Results, R-Value and

Maximum Dry Density Test
Figure C-17 Corrosivity Series Test Results by HDR/Schiff
Figure C-18 R-Value Test Results by Anaheim Test Laboratory
Figure C-19 R-Value Test Results by Anaheim Test Laboratory

Geocon Incorporated (Geocon, 2009)
Figure C-20 Maximum Dry Density, Direct Shear and Expansion Index Test Results
Figure C-21 Water Soluble Sulfates and Resistance Value (R-Value) Test Results
Figure C-22 Consolidation Test Results
Figure C-23 Consolidation Test Results
Figure C-24 Consolidation Test Results
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GEOBASE, INC. Figure C-1   

SUMMARY OF LABORATORY TEST RESULTS Page 1 of 7   
PROJECT: KAISER PERMANENTE -SAN DIEGO SERVICE AREA

CENTRAL HOSPITAL, HOSPITAL AND CENTRAL

UTILITY PLANT, 5201 RUFFIN ROAD, SAN DIEGO,

CALIFORNIA

PROJECT NO:    C.314.50. DATE:      March 2012

BORING DEPTH
(feet)

MOISTURE
CONTENT
(Percent)

DRY
DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION
AND REMARKS

LL
(%)

PL
(%)

PI
(%)

CLAY
(%)

SILT 
(%)

SAND
(%)

GRAVEL
(%)

4R-1 5.0-6.5 10 Ch, ER, ph, S0  SM

10.0-11.5 15 SM

15.0-16.5 8 SM

20.0-21.5 15 SM

25.0-26.5 -- SANDSTONE

30.0-31.5 12 117.6 SANDSTONE

40.0-41.5 17 SANDSTONE

50.0-51.5 15 SANDSTONE

60.0-61.5 17 SANDSTONE

70.0-71.5 17 SANDSTONE

80.0-81.5 21 SANDSTONE

90.0-91.5 19 SANDSTONE

100-101.5 -- SANDSTONE

B-2 5.0-6.5 10 SM

10.0-11.5 8 SM

15.0-16.5 16 107.4 SM

20.0-21.5 13 SM

25.0-26.5 14 SM

27.0-28.0 13 SC

30.0-31.5 14 SC

35.0-36.0 15 SANDSTONE

40.0-41.0 13 SANDSTONE

43.0-44.0 13 SANDSTONE

B-3 1.0-3.0 13 RV SM

5.0-6.5 12 121.9 SM

10.0-11.5 12 SM

15.0-16.5 13 35 NP NP DS, C, EI, MP SM

20.0-21.5 14 120.8 SANDSTONE



GEOBASE, INC. Figure C-1   

SUMMARY OF LABORATORY TEST RESULTS Page 2 of 7   
PROJECT: KAISER PERMANENTE -SAN DIEGO SERVICE AREA

CENTRAL HOSPITAL, HOSPITAL AND CENTRAL

UTILITY PLANT, 5201 RUFFIN ROAD, SAN DIEGO,

CALIFORNIA

PROJECT NO:    C.314.50. DATE:      March 2012

BORING DEPTH
(feet)

MOISTURE
CONTENT
(Percent)

DRY
DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION
AND REMARKS

LL
(%)

PL
(%)

PI
(%)

CLAY
(%)

SILT 
(%)

SAND
(%)

GRAVEL
(%)

B-3 25.0-26.5 13 SANDSTONE

25.0-26.5 13 SANDSTONE

30.0-31.5 15 SANDSTONE

32.0-33.5 14 119.5 SANDSTONE

35.0-36.0 12 SANDSTONE

B-4 1.0-3.0 11 SM

5.0-6.5 9 115.6 SM

10.0-11.0 11 SM

15.0-16.0 12 SM

17.0-18.5 8 124.3 SM

20.0-21.5 13 SM

25.0-26.5 21 SM

30.0-31.5 12 SANDSTONE

34.0-35.0 14 SANDSTONE

B-5 5.0-6.5 12 SM

10.0-11.5 12 SM

15.0-16.5 11 SM

20.0-21.5 14 118.6 SM

25.0-26.5 12 SM

27.0-28.0 16 ML

29.0-30.0 11 SM

34.0-35.0 12 SANDSTONE

35.0-36.0 18 SANDSTONE

36.0-37.0 16 SANDSTONE

40.0-41.0 15 SANDSTONE

45.0-46.0 16 SANDSTONE



GEOBASE, INC. Figure C-1   

SUMMARY OF LABORATORY TEST RESULTS Page 3 of 7   
PROJECT: KAISER PERMANENTE -SAN DIEGO SERVICE AREA

CENTRAL HOSPITAL, HOSPITAL AND CENTRAL

UTILITY PLANT, 5201 RUFFIN ROAD, SAN DIEGO,

CALIFORNIA

PROJECT NO:    C.314.50. DATE:      March 2012

BORING DEPTH
(feet)

MOISTURE
CONTENT
(Percent)

DRY
DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION
AND REMARKS

LL
(%)

PL
(%)

PI
(%)

CLAY
(%)

SILT 
(%)

SAND
(%)

GRAVEL
(%)

B-6 1.0-3.0 14 36 64 DS, C, EI, MP, 200 Wash SM

5.0-6.0 15 12 53 35 SM

7.0-8.5 15 115.1 SANDSTONE

10.0-11.5 15 33 NP NP 23 77 200 Wash SANDSTONE

15.0-16.5 12 25 75 200 Wash SANDSTONE

20.0-21.5 13 SANDSTONE

25.0-26.5 13 21 79 200 Wash SANDSTONE

30.0-31.0 13 SANDSTONE

35.0-36.0 16 28 72 200 Wash SANDSTONE

39.0-40.0 12 22 78 200 Wash SANDSTONE

B-7 5.0-6.5 11 SM

9.0-10.0 13 SM

11.0-12.5 13 119.6 SM

15.0-16.5 13 SM

20.0-21.5 13 SANDSTONE

25.0-26.5 12 SANDSTONE

30.0-31.0 12 112.6 SANDSTONE

B-8 5.0-6.5 11 SM

10.0-11.5 12 SM

15.0-16.5 9 SM

20.0-21.5 16 SM

25.0-26.5 12 SM

30.0-31.0 10 SM

35.0-36.0 10 SM

38.0-39.0 18 60 19.5 40.5 45 55 200 Wash SC

40.0-41.0 16 SANDSTONE

45.0-46.0 17 57.8 18.8 39 SANDSTONE

50.0-51.0 15 41 23 18 SANDSTONE



GEOBASE, INC. Figure C-1   

SUMMARY OF LABORATORY TEST RESULTS Page 4 of 7   
PROJECT: KAISER PERMANENTE -SAN DIEGO SERVICE AREA

CENTRAL HOSPITAL, HOSPITAL AND CENTRAL

UTILITY PLANT, 5201 RUFFIN ROAD, SAN DIEGO,

CALIFORNIA

PROJECT NO:    C.314.50. DATE:      March 2012

BORING DEPTH
(feet)

MOISTURE
CONTENT
(Percent)

DRY
DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION
AND REMARKS

LL
(%)

PL
(%)

PI
(%)

CLAY
(%)

SILT 
(%)

SAND
(%)

GRAVEL
(%)

B-9 5.0-6.5 11 SM

10.0-11.5 11 SM

15.0-16.5 10 SM

21.0-22.0 9 SM

25.0-26.5 10 SM

30.0-31.5 13 124 42 58 200 Wash SM

35.0-36.5 14 116 47 53 200 Wash SANDSTONE

40.0-41.0 10 SANDSTONE

45.0-46.0 17 SANDSTONE

50.0-51.0 16 SANDSTONE

54.0-55.0 15 SANDSTONE

B-10 1.0-3.0 12 9 84 7 DS, C, EI, MP, Ch, ER, ph, S04 SM

5.0-6.5 12 SM

10.0-11.5 14 118.4 35 NP NP 30 70 C, 200 Wash SANDSTONE

15.0-16.5 14 36 64 200 Wash SANDSTONE

20.0-21.5 12 21 79 200 Wash SANDSTONE

25.0-26.5 14 23 77 200 Wash SANDSTONE

29.0-30.0 11 18 82 200 Wash SANDSTONE

B-11 1.0-3.0 12 SM
5.0-6.0 11 SM

10.0-11.5 16 12 67 21 SM
15.0-16.5 9 18 62 20 SM
20.0-21.5 14 29 71 200 Wash SANDSTONE
25.0-26.5 13 30 70 200 Wash SANDSTONE
29.0-30.0 12 21 79 200 Wash SANDSTONE
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CENTRAL HOSPITAL, HOSPITAL AND CENTRAL

UTILITY PLANT, 5201 RUFFIN ROAD, SAN DIEGO,

CALIFORNIA

PROJECT NO:    C.314.50. DATE:      March 2012

BORING DEPTH
(feet)

MOISTURE
CONTENT
(Percent)

DRY
DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION
AND REMARKS

LL
(%)

PL
(%)

PI
(%)

CLAY
(%)

SILT 
(%)

SAND
(%)

GRAVEL
(%)

B-13 1.0-2.0 8 SM
5.0-6.5 10 SM

11.0-12.0 11 SANDSTONE
15.0-16.0 12 SANDSTONE
20.0-21.0 13 EI SANDSTONE
25.0-26.0 11 SANDSTONE
30.0-31.0 12 SANDSTONE
31.0-32.0 12 SANDSTONE

B-14 1.0-3.0 11 RV SM
4.0-5.5 9 109.9 DS SM
6.0-7.0 11 SM

10.0-11.5 20 95.8 SANDSTONE
15.0-16.0 15 SANDSTONE
20.0-21.0 14 Ch, ER, ph, S04 SANDSTONE
25.0-26.0 13 SANDSTONE
30.0-31.0 14 SANDSTONE
31.0-32.0 13 SANDSTONE

B-15 1.0-2.0 16 SM
4.0-5.0 13 SM
8.0-9.0 14 SM

15.0-16.0 13 SANDSTONE
20.0-21.0 15 SANDSTONE
22.0-23.0 14 SANDSTONE
25.0-26.0 14 SANDSTONE
30.0-31.0 14 SANDSTONE
31.0-32.0 13 SANDSTONE
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CENTRAL HOSPITAL, HOSPITAL AND CENTRAL

UTILITY PLANT, 5201 RUFFIN ROAD, SAN DIEGO,

CALIFORNIA

PROJECT NO:    C.314.50. DATE:      March 2012

BORING DEPTH
(feet)

MOISTURE
CONTENT
(Percent)

DRY
DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION
AND REMARKS

LL
(%)

PL
(%)

PI
(%)

CLAY
(%)

SILT 
(%)

SAND
(%)

GRAVEL
(%)

B-16 1.0-2.0 9 SM
5.0-6.5 12 110.9 SM
8.0-9.0 10 SM

10.0-11.5 11 119.2 SANDSTONE
15.0-16.0 12 SANDSTONE
20.0-21.0 13 SANDSTONE
25.0-26.0 13 SANDSTONE
29.0-30.0 13 SANDSTONE

B-17 1.0-3.0 13 SM
5.0-6.5 12 106.2 DS SM

10.0-11.5 16 114.7 C SANDSTONE
15.0-16.0 13 SANDSTONE
20.0-21.0 14 SANDSTONE
25.0-26.0 13 SANDSTONE
29.0-30.0 13 SANDSTONE

B-19 5.0-6.0 8 SM
10.0-11.0 11 SM
12.0-13.0 14 SANDSTONE
15.0-16.0 14 SANDSTONE
20.0-21.0 13 SANDSTONE
25.0-26.0 13 SANDSTONE
29.0-30.0 13 SANDSTONE
30.0-31.5 12 121.6 SANDSTONE
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CENTRAL HOSPITAL, HOSPITAL AND CENTRAL

UTILITY PLANT, 5201 RUFFIN ROAD, SAN DIEGO,

CALIFORNIA

PROJECT NO:    C.314.50. DATE:      March 2012

BORING DEPTH
(feet)

MOISTURE
CONTENT
(Percent)

DRY
DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION
AND REMARKS

LL
(%)

PL
(%)

PI
(%)

CLAY
(%)

SILT 
(%)

SAND
(%)

GRAVEL
(%)

B-20 1.0-3.0 6 Ch, ER, ph, S04 SM
5.0-6.5 7 100.2 SM
8.0-9.0 8 SM

10.0-11.0 8 SM
14.0-15.5 12 116.9 SANDSTONE
15.0-16.0 12 SANDSTONE
20.0-21.0 12 SANDSTONE
25.0-26.0 14 SANDSTONE
29.0-30.0 12 SANDSTONE
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Corrosion Control and Condition Assessment (C3A) Department 

Sample ID R-1

@ 5-6.5'

SM

B-10 

@ 5-6.5'

SM

B-14

@ 20-21.5'

SM

B-20

@ 1-3'

SM

Resistivity Units

as-received ohm-cm 3,000 4,400 22,400 15,600

minimum ohm-cm 1,525 2,815 1,425 1,015

pH 5.9 5.7 6.9 6.6

Electrical

Conductivity mS/cm 0.13 0.06 0.05 0.26

Chemical Analyses

Cations

calcium  Ca
2+

mg/kg 11 6.5 12 7.7

magnesium Mg
2+

mg/kg 8.7 3.7 11 8.7

sodium Na
1+

mg/kg 124 66 61 252

potassium K
1+

mg/kg 4.6 2.5 1.4 6.4

Anions

carbonate CO3
2-

mg/kg ND ND ND ND

bicarbonate HCO3
1-

mg/kg 55 52 85 55

fluoride F
1-

mg/kg 7.3 7.1 7.0 10

chloride Cl
1-

mg/kg 79 15 9.4 299

sulfate SO4
2-

mg/kg 78 14 14 82

phosphate PO4
3-

mg/kg ND ND 1.2 ND

Other Tests

ammonium NH4
1+

mg/kg ND ND ND ND

nitrate NO3
1-

mg/kg 5.1 19 5.7 4.9

sulfide S
2-

qual na na na na

Redox mV na na na na

Minimum resistivity per CTM 643, Chlorides per CTM 422, Sulfates per CTM 417

Electrical conductivity in millisiemens/cm and chemical analysis were made on a 1:5 soil-to-water extract.

mg/kg = milligrams per kilogram (parts per million) of dry soil.

Redox = oxidation-reduction potential in millivolts

ND = not detected

na = not analyzed

Table 1 - Laboratory Tests on Soil Samples
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ANAHEIM TEST LABORATORY 
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PHONE (714) 549-7267 
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             DATE:  2/28/12 

   GEOBASE     

   23362 PERALTA DRIVE, # 4&6            P.O. NO:  VERBAL 

   LAGUNA HILLS, CA. 92653 

           LAB NO: B-5504-1 

 

           SPECIFICATION: CT 301 

 

ATTN: John          MATERIAL:  Red Brown, F.M.  

                  Clayey Sand 

 

 

PROJECT #: C.314.50.01 

Kaiser Permanente Medical Center 

5201 Ruffin Rd. 

San Diego, CA 

 

ANALYTICAL REPORT 

 

“R”  VALUE 

 

BY  EXUDATION              BY  EXPANSION 

 

 

 

 

B-14 @ 1’-3’ 19 N/A 
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          ________________________________  

           WES BRIDGER  CHEMIST  

         



"R" VALUE CA 301

Client: Geobase Job No.: B 5504-1 Date: 2/22/2012

Sample:

Client Reference No.:C3145001 Soil Type: Red Brown, F.M. Clayey Sand

TEST SPECIMEN A B C D

Compactor Air Pressure psi 40 40 40

Initial Moisture Content % 10.0 10.0 10.0

Moisture at Compaction % 14.6 16.4 15.5

Briquette Height in. 2.53 2.58 2.48

Dry Density pcf 112.1 109.8 110.8

EXUDATION PRESSURE psi 754 296 419

EXPANSION dial (x .0001) 0 0 0

Ph at 1000 pounds psi 44 55 49

Ph at 2000 pounds psi 80 103 91

Displacement turns 4.47 5.72 5.19

"R" Value 36 19 27

CORRECTED "R" VALUE 36 19 27

Final "R" Value
BY EXUDATION: 19

  @ 300 psi

BY EXPANSION: N/A
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             DATE:  2/28/12 

   GEOBASE     

   23362 PERALTA DRIVE, # 4&6            P.O. NO:  VERBAL 

   LAGUNA HILLS, CA. 92653 

           LAB NO: B-5504-2 

 

           SPECIFICATION: CT 301 

 

ATTN: John          MATERIAL:  L. Brown, F.M.  

                  Sandy Clay 

 

 

PROJECT #: C.314.50.01 

Kaiser Permanente Medical Center 

5201 Ruffin Rd. 

San Diego, CA 

 

ANALYTICAL REPORT 

 

“R”  VALUE 

 

BY  EXUDATION              BY  EXPANSION 

 

 

 

 

B-3 @ 1’-3’ 16 17 
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"R" VALUE CA 301

Client: Geobase Job No.: B 5504-2 Date: 2/22/2012

Sample:

Client Reference No.:C3145001 Soil Type: L. Brown, F.M. Sandy Clay

TEST SPECIMEN A B C D

Compactor Air Pressure psi 50 40 80

Initial Moisture Content % 13.9 13.9 13.9

Moisture at Compaction % 18.6 19.8 17.7

Briquette Height in. 2.45 2.52 2.50

Dry Density pcf 106.8 104.7 105.2

EXUDATION PRESSURE psi 301 157 540

EXPANSION dial (x .0001) 24 5 51

Ph at 1000 pounds psi 63 71 50

Ph at 2000 pounds psi 115 133 93

Displacement turns 5.14 5.38 4.67

"R" Value 16 9 28

CORRECTED "R" VALUE 16 9 28

Final "R" Value
BY EXUDATION: 16

  @ 300 psi

BY EXPANSION: 17
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INTRODUCTION 
 

OYO suspension velocity measurements were performed in boring R-1 at 5201 Ruffin 

Rd., as a component of the evaluation of soil condition at the site. Suspension logging 

data acquisition was performed on February 7, 2012 by Victor Gonzalez of GEOVision. 

Data analysis and report preparation was performed by Victor Gonzalez, and reviewed by 

John Diehl. The work was performed under subcontract with GEOBASE, Inc. 

(GEOBASE), with John Chevallier serving as the point of contact for GEOBASE. 

 

This report describes the field measurements, data analysis, and results of this work. 
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SCOPE OF WORK 
 

This report presents the results of suspension velocity measurements collected on 

February 7, 2012 in the uncased boring designated R-1 as detailed below. The boring is 

located in the lower parking lot of the County of San Diego Kearny Mesa Office. The 

purpose of these studies was to supplement stratigraphic information obtained during 

GEOBASE’s soil sampling program and to acquire shear wave velocities and 

compressional wave velocities as a function of depth. 

 

BORING DATE LOCATION 1 

DESIGNATION LOGGED LATITUDE LONGITUDE 

R-1 2/7/2012 32.830827778 -117.125013889 
1 Location estimated by GEOVision using Google Earth 

Table 1. Boring location and logging date 

 
The OYO/Robertson Suspension PS Logging System (Suspension System) was used to 

obtain in-situ horizontal shear (SH) and compressional (P) wave velocity measurements 

at 1.6 foot intervals. The acquired data was analyzed and a profile of velocity versus 

depth was produced for both compressional and horizontally polarized shear waves. 

 

A detailed reference for the velocity measurement techniques used in this study is: 

Guidelines for Determining Design Basis Ground Motions, Report TR-

102293, Electric Power Research Institute, Palo Alto, California, 

November 1993, Sections 7 and 8. 
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SUSPENSION INSTRUMENTATION 
 

Suspension soil velocity measurements were performed using the Suspension PS logging 

system, manufactured by the Robertson Geologging Division of OYO Corporation. This 

system directly determines the average velocity of a 3.3 foot high segment of the soil 

column surrounding the boring of interest by measuring the elapsed time between arrivals 

of a wave propagating upward through the soil column. The receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

 

The suspension system probe consists of a combined reversible polarity solenoid 

horizontal shear-wave source (SH) and compressional-wave source (P), joined to two 

biaxial receivers by a flexible isolation cylinder, as shown in Figure 1. The separation of 

the two receivers is 3.3 feet, allowing average wave velocity in the region between the 

receivers to be determined by inversion of the wave travel time between the two 

receivers. The total length of the probe as used in these surveys is 23 feet, with the center 

point of the receiver pair 12.5 feet above the bottom end of the probe.  

 

The probe receives control signals from, and sends the digitized receiver signals to, 

instrumentation on the surface via an armored 4 conductor cable. The cable is wound 

onto the drum of a winch and is used to support the probe. Cable travel is measured to 

provide probe depth data, using a 3.28 foot circumference sheave fitted with a digital 

rotary encoder. 

 

The entire probe is suspended in the boring by the cable, therefore, source motion is not 

coupled directly to the boring walls; rather, the source motion creates a horizontally 

propagating impulsive pressure wave in the fluid filling the boring and surrounding the 

source. This pressure wave is converted to P and SH-waves in the surrounding soil and 

rock as it passes through the casing and grout annulus and impinges upon the wall of the 

boring. These waves propagate through the soil and rock surrounding the boring, in turn 

causing a pressure wave to be generated in the fluid surrounding the receivers as the soil 
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waves pass their location. Separation of the P and SH-waves at the receivers is performed 

using the following steps: 

1. Orientation of the horizontal receivers is maintained parallel to the axis of the 

source, maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a 

characteristic SH-wave signature distinct from the P-wave signal. 

3. The 6.3 foot separation of source and receiver 1 permits the P-wave signal to pass 

and damp significantly before the slower SH-wave signal arrives at the receiver. 

In faster soils or rock, the isolation cylinder is extended to allow greater 

separation of the P- and SH-wave signals. 

4. In saturated soils, the received P-wave signal is typically of much higher 

frequency than the received SH-wave signal, permitting additional separation of 

the two signals by low pass filtering. 

5. Direct arrival of the original pressure pulse in the fluid is not detected at the 

receivers because the wavelength of the pressure pulse in fluid is significantly 

greater than the dimension of the fluid annulus surrounding the probe (foot versus 

inch scale), preventing significant energy transmission through the fluid medium. 

 

In operation, a distinct, repeatable pattern of impulses is generated at each depth as 

follows:  

1. The source is fired in one direction producing dominantly horizontal shear with 

some vertical compression, and the signals from the horizontal receivers situated 

parallel to the axis of motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver 

signals are recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The 

repeated source pattern facilitates the picking of the P and SH-wave arrivals; 

reversal of the source changes the polarity of the SH-wave pattern but not the P-

wave pattern. 
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The data from each receiver during each source activation is recorded as a different 

channel on the recording system. The Suspension PS system has six channels (two 

simultaneous recording channels), each with a 1024 sample record. The recorded data are 

displayed as six channels with a common time scale. Data are stored on disk for further 

processing. Up to 8 sampling sequences can be summed to improve the signal to noise 

ratio of the signals.  

 

Review of the displayed data on the recorder or computer screen allows the operator to 

set the gains, filters, delay time, pulse length (energy), sample rate, and summing number 

to optimize the quality of the data before recording. Verification of the calibration of the 

Suspension PS digital recorder is performed every twelve months using a NIST traceable 

frequency source and counter. Calibration records are included in Appendix B. 
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SUSPENSION MEASUREMENT PROCEDURES 
 

R-1 was logged uncased, filled with bentonite or polymer based drilling fluid. 

Measurements followed the GEOVision Procedure for P-S Suspension Seismic Velocity 

Logging, revision 1.5. The probe was positioned with the top of the probe at the top of 

the drilling mud tub or other fixed reference point and the electronic depth counter was 

set to 4.97 feet, the distance between the mid-point of the receiver and to top of the 

probe. The probe was lowered to the bottom of the boring, stopping at 1.64 ft intervals to 

collect data, as summarized in Table 2. 

 

At each measurement depth the measurement sequence of two opposite horizontal 

records and one vertical record was performed, and the gains were adjusted as required. 

The data from each depth were viewed on the computer display, checked, and recorded 

on disk before moving to the next depth. 

 

Upon completion of the measurements, the probe zero depth indication at the depth 

reference point was verified prior to removal from the boring. 

 

 

BORING 
NUMBER 

RUN 
NUMBER 

DEPTH 
RANGE 
(FEET) 

DEPTH AS 
DRILLED 
(FEET) 

SAMPLE 
INTERVAL 

(FEET) 

DATE 
LOGGED 

R-1 1 3.28 – 86.94 102 1.64 2/7/2012 
 

Table 2. Logging date and depth ranges  
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SUSPENSION DATA ANALYSIS 
 

The recorded digital waveforms were analyzed to locate the most prominent first minima, 

first maxima or first break on the vertical axis records, indicating the arrival of P-wave 

energy. The difference in travel time between receiver 1 and receiver 2 (R1-R2) arrivals 

was used to calculate the P-wave velocity for that 3.28 ft segment of the soil column. 

When observable, P-wave arrivals on the horizontal axis records were used to verify the 

velocities determined from the vertical axis data.  

 

The P-wave velocity calculated from the travel time over the 6.3 ft interval from source 

to receiver 1 (S-R1) was calculated and plotted for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as 

recorded were increased by 4.79 ft to correspond to the mid-point of the 6.3 ft S-R1 

interval, as illustrated in Figure 1. Travel times were obtained by picking the first break 

of the P-wave signal at receiver 1 and subtracting 3 milliseconds, the calculated and 

experimentally verified delay from source trigger pulse (beginning of record) to source 

impact. This delay corresponds to the duration of acceleration of the solenoid before 

impact. 

 

As with the P-wave records, the recorded digital waveforms were analyzed to locate clear 

SH-wave pulses, as indicated by the presence of opposite polarity pulses on each pair of 

horizontal records. Ideally, the SH-wave signals from the 'normal' and 'reverse' source 

pulses are very nearly inverted images of each other. If necessary, Digital FFT - IFFT 

lowpass filtering was used to remove the higher frequency P-wave signal from the SH-

wave signal.  

 

Generally, the first maxima was picked for the 'normal' signals and the first minima for 

the 'reverse' signals, although other points on the waveform were used if the first pulse 

was distorted. The absolute arrival time of the 'normal' and 'reverse' signals may vary by 

+/- 0.2 milliseconds, due to differences in the actuation time of the solenoid source 

caused by constant mechanical bias in the source or by boring inclination. This variation 
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does not affect the R1-R2 velocity determinations, as the differential time is measured 

between arrivals of waves created by the same source actuation. The final velocity value 

is the average of the values obtained from the 'normal' and 'reverse' source actuations. 

 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.3 ft 

interval from source to receiver 1 was calculated and plotted for verification of the 

velocity derived from the travel time between receivers. In this analysis, the depth values 

were increased by 4.79 ft to correspond to the mid-point of the 6.3 ft S-R1 interval. 

Travel times were obtained by picking the first break of the SH-wave signal at the near 

receiver and subtracting 3 milliseconds, the calculated and experimentally verified delay 

from the beginning of the record at the source trigger pulse to source impact. 

 

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension 

record. In Figure 2, the time difference over the 3.28 ft interval of 1.88 milliseconds for 

the horizontal signals is equivalent to an SH-wave velocity of 1745 ft/sec. Whenever 

possible, time differences were determined from several phase points on the SH-

waveform records to verify the data obtained from the first arrival of the SH-wave pulse. 

Figure 3 displays the same record before filtering of the SH-waveform record with an 

1400 Hz FFT - IFFT digital lowpass filter, illustrating the presence of higher frequency 

P-wave energy at the beginning of the record, and distortion of the lower frequency SH-

wave by residual P-wave signal. 
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SUSPENSION RESULTS 
 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figure 4.  These suspension 

velocity data are presented in Table 3. P- and SH-wave velocity data from R1-R2 analysis 

and quality assurance analysis of S-R1 data are plotted together in Figure A-1 to aid in 

visual comparison. It must be noted that R1-R2 data is an average velocity over a 3.28 ft 

segment of the soil column; S-R1 data is an average over 6.3 ft, creating a significant 

smoothing relative to the R1-R2 plots. S-R1 data are presented in Table A-1. Good 

correspondence between the shapes of the P- and SH-wave velocity curves is observed 

for these data, and the velocities derived from S-R1 and R1-R2 data are in good 

agreement, providing verification of the higher resolution R1-R2 data. 

 

Calibration records for the suspension measurement system are presented in Appendix B. 
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SUMMARY 

Discussion of Suspension Results 
 

Both P- and SH-wave velocities were measured using the OYO Suspension Method in 

uncased boring R-1 to a depth of 86.9 feet below grade at 5201 Ruffin Rd., San Diego, 

California. Suspension PS velocity data are ideally collected in an uncased fluid filled 

boring, drilled with rotary mud (rotary wash) methods, as was boring R-1. Thus data 

collected in this uncased boring were of good quality. 

 

Suspension PS velocity data quality is judged based upon 5 criteria:  

1. Consistent data between receiver to receiver (R1 – R2) and source to receiver (S – 

R1) data. 

2. Consistent relationship between P-wave and SH -wave (excluding transition to 

saturated soils) 

3. Consistency between data from adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Consistency of profile between adjacent borings, if available. 

 

These data show good correlation between R1 – R2 and S – R1 data. Additionally, there 

is a good correlation between P-wave and SH-wave velocities, as both show similar 

velocity inflections. P-wave and SH-wave onsets are generally clear, and later oscillations 

are well damped. These are good quality velocity data. No adjacent borings were drilled 

for comparison. 
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Quality Assurance 
 

These velocity measurements were performed using industry-standard or better methods 

for both measurements and analyses. All work was performed under GEOVision quality 

assurance procedures, which include: 

 

 Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumentation 

 Use of standard field data logs 

 Use of independent verification of data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

 Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

 

 

Data Reliability 
 
P- and SH-wave velocity measurement using the Suspension Method gives average 

velocities over a 3.28 ft interval of depth. This high resolution results in the scatter of 

values shown in the graphs. Individual measurements are very reliable with estimated 

precision of +/- 5%. Standardized field procedures and quality assurance checks add to 

the reliability of these data. 

GEOBASE, Inc. 5201 Ruffin Road, San Diego, California

GEOVision Report 12031-01 Rev. a 16 of 28 2/28/2012



 

 

 

Figure 1. Concept illustration of Suspension P-S logging system 
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Figure 2. Example of filtered (1400 Hz lowpass) record 
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Figure 3. Example of unfiltered record 
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BOREHOLE R-1
Receiver to Receiver Vs and Vp Analysis
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Figure 4. Boring R-1, Suspension P- and SH-wave velocities
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
3.3 - - 85.3 4390 8230 
4.9 1220 1900 86.9 4170 7940 
6.6 1040 1790 85.3 4390 8230 
8.2 1010 1720 86.9 4170 7940 
9.8 970 1850    

11.5 1190 2330
13.1 1240 2180     
14.8 1060 1820     
16.4 970 1750     
18.0 1010 1740     
19.7 940 1900     
21.3 870 1890     
23.0 930 2020     
24.6 1190 2300     
26.3 1300 2270     
27.9 1260 2110     
29.5 1350 2580     
31.2 1360 2690     
32.8 1410 2690     
34.5 1490 2870     
36.1 1490 2950     
37.7 1490 2780     
39.4 1460 2730     
41.0 1540 2910     
42.7 1590 2820     
44.3 1610 2800     
45.9 1680 3070     
47.6 1740 3020     
49.2 1690 3070     
50.9 1750 3250     
52.5 1780 3600     
54.1 1760 3700     
55.8 1870 3600     
57.4 2210 3940     
59.1 2610 4360     
60.7 3040 4630     
62.3 2590 4500     
64.0 2070 4220     
65.6 2370 4540     
67.3 2650 4870     
68.9 2420 4170     
70.5 2800 4570     
72.2 3320 5800     
73.8 3330 5250     
75.5 3020 5210     
77.1 3450 5700     
78.7 2950 6010     
80.4 2160 4800     
82.0 2320 4630     
83.7 3120 6010     

 
Table 3. Boring R-1, Suspension R1-R2 velocities 
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APPENDIX A 
 
 

SUSPENSION VELOCITY MEASUREMENT 
 QUALITY ASSURANCE SUSPENSION SOURCE  

TO RECEIVER ANALYSIS RESULTS 
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BOREHOLE R-1
Source to Receiver and Receiver to Receiver Analysis
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Figure A-1. Boring R-1, R1 - R2 high resolution analysis 

and S-R1 quality assurance analysis P- and SH-wave data
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Depth Vs Vp Depth Vs Vp 
(feet) (feet/sec) (feet/sec) (feet) (feet/sec) (feet/sec) 
8.1 900 1590 90.1 3350 7190 
9.8 1000 1820 91.8 3700 7450 

11.4 1010 1880    
13.0 1030 2030
14.7 1110 1960     
16.3 940 1780     
18.0 930 1800     
19.6 920 1680     
21.2 1010 2040     
22.9 1020 2160     
24.5 1040 2250     
26.2 1250 2290     
27.8 1380 2240     
29.4 1360 2300     
31.1 1370 2520     
32.7 1410 2550     
34.4 1370 2650     
36.0 1370 2620     
37.6 1470 2790     
39.3 1450 2900     
40.9 1490 2730     
42.6 1560 2920     
44.2 1610 2860     
45.8 1640 3050     
47.5 1670 2860     
49.1 1650 3210     
50.8 1650 3210     
52.4 1690 3440     
54.0 1920 3640     
55.7 2000 3600     
57.3 2240 3490     
59.0 2440 3970     
60.6 2520 4350     
62.2 2280 4120     
63.9 2330 4380     
65.5 2210 4410     
67.2 2370 4710     
68.8 2620 4410     
70.5 2740 4650     
72.1 2760 4910     
73.7 3150 5230     
75.4 3090 5320     
77.0 3350 5500     
78.7 2840 5390     
80.3 2710 5100     
81.9 2620 4910     
83.6 2840 5430     
85.2 3060 6430     
86.9 3350 6920     
88.5 3640 7070     

 
Table A-1. Boring R-1, S - R1 quality assurance analysis P- and SH-wave data 
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APPENDIX B 
 
 

GEOPHYSICAL LOGGING SYSTEMS - NIST 
TRACEABLE CALIBRATION RECORDS 
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Date: 8/8/2011 Certificate #: 1462204

Certificate of Calibration

MICRO PRECISION CALIBRATION, INC.

GARDEN GROVE, CA, 92841

Lab # 935.11

(714) 901-5659

12686 HOOVER STREET 

IN TOLERANCE

This certificate superceeds 1443810.

See attached data sheet for calculations.
Calibrated IAW customer supplied calibration data form Rev 2.0

Customer:

1124 OLYMPIC DRIVE
GEOVISION

MPC Control #: BG9697 Serial Number: 19029

Manufacturer: OYO
Model Number: 3331-A

Gage Type: LOGGER
Received Condition:

FTemp./RH: 70 35

Performed By: TYLER MCKEEN

Cal. Interval: 12 MONTHS
Cal. Due Date: July 22, 2012

Cal Date: July 22, 2011
Returned Condition:

/

Department: N/A

Work Order:

Asset ID: 19029

Size: N/A
%

BCHMPC2001001Purchase Order:

IN TOLERANCE

N/A

*Calibration Notes:

CORONA, CA, 92881

°

Tolerance -Description Standard Tolerance + As Found As Left

Test Points

UOM Result
50.000 50.500Test Frequency 49.500 49.95049.950 Hz Pass

100.000 101.000Test Frequency 99.000 100.000100.000 Hz Pass

200.000 202.000Test Frequency 198.000 200.000200.000 Hz Pass

500.000 505.000Test Frequency 495.000 500.000500.000 Hz Pass

1000.000 1010.000Test Frequency 990.000 1000.0001000.000 Hz Pass

2000.000 2020.000Test Frequency 1980.000 2000.0002000.000 Hz Pass

Cal. Due DateI.D. Description Model

Standards Used To Calibrate Equipment
ManufacturerSerial Traceability #

AM4000 WAVEFORM GENERATOR 33250A 8/17/2011AGILENTMY40000703 1063979

CC8501 GPS TIME & FREQUENCY RECEIVER 58503A 1/31/2013HEWLETT PACKARD3710A08295 1269299

Found conditions meet or exceed manufacturer specifications.

Page 1 of 2 (CERT, Rev 1)

Calibrating Technician:

TYLER MCKEEN

QC Approval:

Jim Williams
Unless Otherwise Noted, Uncertainty Estimated at >= 4 to 1. Uncertainties have been estimated at a 95 percent confidence level (k=2). Services rendered comply with ISO 17025:2005, ISO 9001:2008,  ANSI/NCSL
Z540-3, MPC Quality Manual, MPC CSD  and with customer purchase order instructions.

Calibration cycles and resulting due dates were submitted/approved by the customer.  Any number of factors may cause an instrument to drift out of tolerance before the next scheduled calibration.  Recalibration
cycles should be based on frequency of use, environmental conditions and customer's established systematic accuracy.  The information on this report, pertains only to the instrument identified.

All standards are traceable to the National Institute of  Standards and Technology (NIST).  Services rendered include proper manufacturer's service instructions and are warranted for no less than thirty (30) days
This report may not be reproduced in part or in whole without the prior written approval of the issuing MPC lab.
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Date: 8/8/2011 Certificate #: 1462204

Certificate of Calibration

MICRO PRECISION CALIBRATION, INC.

GARDEN GROVE, CA, 92841

Lab # 935.11

(714) 901-5659

12686 HOOVER STREET 

T1100 COUNTER 53131A 1/27/2012HEWLETT PACKARD3546A09912 1233372

Procedure Name Description

Procedures Used In This Event:

CALIBRATION GENERAL GENERAL CALIBRATION INSTRUCTION

Page 2 of 2 (CERT, Rev 1)

Calibrating Technician:

TYLER MCKEEN

QC Approval:

Jim Williams
Unless Otherwise Noted, Uncertainty Estimated at >= 4 to 1. Uncertainties have been estimated at a 95 percent confidence level (k=2). Services rendered comply with ISO 17025:2005, ISO 9001:2008,  ANSI/NCSL
Z540-3, MPC Quality Manual, MPC CSD  and with customer purchase order instructions.

Calibration cycles and resulting due dates were submitted/approved by the customer.  Any number of factors may cause an instrument to drift out of tolerance before the next scheduled calibration.  Recalibration
cycles should be based on frequency of use, environmental conditions and customer's established systematic accuracy.  The information on this report, pertains only to the instrument identified.

All standards are traceable to the National Institute of  Standards and Technology (NIST).  Services rendered include proper manufacturer's service instructions and are warranted for no less than thirty (30) days
This report may not be reproduced in part or in whole without the prior written approval of the issuing MPC lab.
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GEOBASE, INC.
S O I L / R O C K  M ECHANICS AND FOUNDATION  ENGINEERING

23362 Peralta Drive, Unit 4 • Laguna Hills, CA 92653-1711  • (949) 588-3744  • FAX (949) 588-3746
E-mail: geobase@geobase.com

KAISER FOUNDATION HEALTH PLAN, INC. 
Facilities Services- Orange County Service Area 
4175 East La Palma Avenue, Suite 200 
Anaheim, California 92807 

Attention: Mr. D. Young, Senior Project Manager 

Dear Mr. Young 

Subject: 

References: 

RESPONSE TO REVIEW COMMENTS 
Kaiser Permanente 
San Diego Service Area Central Hospital 
Hospital and Central Utility Plant 
5201 Ruffin Road 
San Diego, California 

July 3, 2012 

Project No: C.314.50.1 0 

1. "Geotechnical Report, Kaiser Permanente, San Diego Service Area Central Hospital, Hospital and 
Central Utility Plant, 5201 Ruffin Road, San Diego, California", prepared for Kaiser Foundation Health 
Plan, Inc., Pasadena, California by GEOBASE, INC., project number C.314.50.01, dated March 2012. 

2. Geocon, Incorporated (Geocon), 2009, Geotechnical Investigation- County Operations Center (Annex), 
Clairemont Mesa Boulevard and Ruffin Road, San Diego, California. Project No. G1 043-52-01, dated 
January 8. 

This letter addresses comments 3, 4, 5 and 6 of the review information, page 18 of 24, dated June 13, 2012 
prepared by the City of San Diego Development Services, attached. Item 1 is a reference and comment 2 is 
a statement, and are therefore not addressed. 

Response to Comment 3: "The referenced report indicates that the "City of San Diego identifies the 
Murphy Canyon fault as being Potentially Active." However, the fault shown in 
Murphy Canyon on the San Diego Seismic Safety Study maps is identified ... " 

The Murphy Canyon Fault is identified in the San Diego Seismic Safety Study 
as Geologic Hazard Category (GHC) 12, defined as faults that are potentially 
active, inactive, presumed inactive, or activity unknown. 

mailto:geobase@geobase.com


C.314.50.01 Page 2 of 3
July 3, 2012

Response to Comment 4: “Subsurface water has been an issue locally in the vicinity of the subject site
(Sunroad Spectrum). The geotechnical consultant could consider addressing
the potential impact of subsurface water on the proposed development and, if
impacts are indicated, provide recommendations to mitigate the potential
impacts.” 

Subsurface water was not encountered during the site investigation by
GEOBASE, Inc. in 2012 and the previous investigation (Geocon, 2009).

Notwithstanding the above, to mitigate the potential adverse effects of possible
future groundwater or seepage conditions, perimeter drains and waterproofing
are recommended for the walls below grade (reference 1, subsection 9.5.2).

Response to Comment 5: “The project's geotechnical consultant should consider showing the limits of
anticipated remedial grading on a geotechnical map.”

Remedial grading will consist of removing existing undocumented fill soils
within the building areas and replacing with properly compacted soils.  The
lateral extent of removal should be at least equal to the depth of fill.

Based on the log of borings, original grade contours (Figure A-3, Appendix A,
reference 1) and taking into consideration construction of a basement, remedial
grading outside the building limits is anticipated to occur primarily on the west
side of the proposed hospital building.

The Site and Boring Locations Plan showing the limits of anticipated remedial
grading is attached.

Response to Comment 6: “Clarify if anticipated remedial grading could destabilize or result in measurable
settlement of adjacent property or the right of way.” 

Temporary excavation recommendations are presented in subsection 8.8,
reference 1.  Provided these recommendations are adhered to, adjacent
properties or the right-of-way will be not be affected by landsliding, settlement
or slippage resulting from remedial grading and/or construction of the proposed
development.

GEOBASE, INC.
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LIMITATIONS

Services performed by GEOBASE and reported herein were conducted in accordance with generally accepted 
geotechnical engineering principles and practices.  No other warranty, expressed or implied, is made.

Respectfully submitted
GEOBASE, INC.

J-M. (John) Chevallier, P.E., G.E.
R.C.E. 39198; G.E. 2056
Managing Principal

Attachments: Review Information
Site and Boring Locations Plan
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L64A-003B

Cycle Issues DRAFT 6/13/12  12:03 pm

1222 First Avenue, San Diego, CA 92101-4154

THE CITY OF SAN DIEGO
Development Services

Page 18 of 24

Review Information
 Cycle Type: Submitted: 05/16/2012 Deemed Complete on 05/30/20127 Preliminary Review

Closed:

LDR-Geology

05/30/2012

06/11/2012

05/30/2012Quinn, Jim
(619) 446-5334

LDR-Geology(Submit)

Review Due:
Next Review Method:

Reviewing Discipline:

Started:

Completed:

Assigned:Reviewer:
05/30/2012Cycle Distributed:

06/11/2012Hours of Review: 4.00

. The review due date was changed to 06/19/2012 from 06/12/2012 per agreement with customer.

. The reviewer has indicated they want to review this project again.  Reason chosen by the reviewer: First Review Issues.

. The reviewer has requested more documents be submitted.

. Your project still has 6 outstanding review issues with LDR-Geology (all of which are new).

. The reviewer has not signed off 1 job.

Preliminary Review (6/11/12)
References

Issue 
Num Issue TextCleared?

1 Geotechnical Report, Kaiser Permanente, San Diego Service Area Central Hospital, Hospital and Central Utility 
Plant, 5201 Ruffin Road, San Diego, California, prepared by Geobase, Inc., dated March 27, 2012 (their project 
no. C.314.50.01)

Site Plan, Kaiser Permanente, San Diego Service Area Central Hospital, prepared by CO Architects, dated May 
11, 2012 (their project no. 11016.000)

 (New Issue)

�

Comments
Issue 
Num Issue TextCleared?

2 The referenced geotechnical report is suitable for submittal for the purposes of environmental review.

 (New Issue)

�

3 The referenced report indicates that the "City of San Diego identifies the Murphy Canyon fault as being 
Potentially Active."  However, the fault shown in Murphy Canyon on the San Diego Seismic Safety Study maps 
is identified as Geologic Hazard Category (GHC) 12, defined as faults that are potentially active, inactive, 
presumed inactive, or activity unknown.  

 (New Issue)

�

4 Subsurface water has been an issue locally in the vicinity of the subject site (Sunroad Spectrum). The 
geotechnical consultant could consider addressing the potential impact of subsurface water on the proposed 
development and, if impacts are indicated, provide recommendations to mitigate the potential impacts.  

 (New Issue)

�

5 The project's geotechnical consultant should consider showing the limits of anticipated remedial grading on a 
geotechnical map.  

 (New Issue)

�

6 Clarify if anticipated remedial grading could destabilize or result in measurable settlement of adjacent property 
or the right of way. (New Issue)

�

For questions regarding the 'LDR-Geology' review, please call  Jim Quinn at (619) 446-5334.  Project Nbr: 274240 / Cycle: 7

p2k v 02.03.19 Jeff Peterson 446-5237



 

  

GEOBASE 
SITE AND BORING LOCATIONS PLAN 

KAISER PERMANENTE – SAN DIEGO SERVICE AREA CENTRAL HOSPITAL 
5201 RUFFIN ROAD 

SAN DIEGO, CALIFORNIA FIGURE A-2 C.314.50. 

EXPLANATIONS: 
 

 Approximate Boring Locations by GEOBASE 
  

  •  Approximate Boring Locations by GEOCON INC., 2009 
 

(20) – Depth of Fill (Af) 
 

Af – Artificial Fills 
 

Qvop – Quaternary Very Old Paralic Deposits 
 

Tf – Friars Formation Bedrock 
 

A – A’ Geologic Cross Section 
 
NOTES: 

1.  GEOBASE INC. has added only Geotechnical data to this plan 
prepared by others. We have not checked any other information on 
this plan and give no assurance of its accuracy. 
 
2.  This Drawing is part of GEOBASE INC.'s report C.314.50. dated 
March 2012 and should be read with the complete report for 
evaluation. 
 
 
 
 
 

    
     NORTH 

CLAIREMONT MESA BOULEVARD 
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GEOTECHNICAL REPORT

CLAIREMONT MESA BOULEVARD RETAINING WALLS

KAISER PERMANENTE - SAN DIEGO CENTRAL HOSPITAL

SAN DIEGO, CALIFORNIA

Prepared for:
Kaiser Foundation Health Plan, Inc.

Pasadena, California

By:

GEOBASE, INC.
23362 Peralta Drive, Unit 4

Laguna Hills, California  92653
(949) 588-3744

December 2012
Project No. C.314.50.11
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I. INTRODUCTION

1.1 General

As part of the proposed Kaiser Permanente - San Diego Central Hospital project, Kaiser Foundation Health
Plan, Inc. is planning the construction of retaining walls along the south side of Clairemont Mesa Boulevard
to facilitate construction of an additional traffic lane.  The site is shown on the Site Location Map, Figure A-1,
Appendix A.  GEOBASE, INC. (GEOBASE) was authorized by Kaiser Foundation Health Plan, Inc. to complete
a geotechnical investigation for the proposed retaining walls.

For this geotechnical investigation, we were provided with the following plans prepared by RBF Consulting:

• Site Topography which is reproduced herein as Figure A-2, Appendix A, Existing Site Topography and
Boring Locations Plan; and,

• Proposed Retaining Walls Layout and Typical Cross Sections which are reproduced herein as Figures
A-3 thru A-6, inclusive, Appendix A.

This report describes the site investigation and summarizes the results of both field and laboratory testing.  The
results of the field and laboratory tests are discussed with reference to the proposed development.  Both
general and specific recommendations pertinent to suitable site development and soil nails retaining walls
design, respectively, are given.  Construction guidelines related to the geotechnical aspects of the project are
also addressed.

1.2 Objectives of the Geotechnical Investigation

The objectives of the geotechnical investigation are to obtain soil parameters and an understanding of the site
geologic conditions in order to provide recommendations pertinent to suitable site development and soil nails
retaining walls design.

1.3 Scope of Services

To achieve the objectives stated above, the services provided during the course of the geotechnical
investigation included:
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• a review of available published and unpublished geotechnical, geological and seismological reports,
and maps pertinent to the site;

• review of previous geotechnical reports pertinent to the slope/site;

• field exploration consisting of advancing three (3) bucket auger borings.  These borings were down-
hole logged by a California Certified Engineering Geologist and samples representative of the materials
encountered were selected and collected for laboratory testing;

• selection of appropriate laboratory tests and performing laboratory testing;

• evaluation of data obtained from field observations and laboratory tests, and selection of appropriate
parameters for geotechnical engineering analyses and design recommendations;

• geotechnical engineering analyses including slope stability evaluation; and,

• preparation of this report describing the field investigation, summarizing the results of field
observations, laboratory testing and engineering analyses, and providing appropriate recommendations
for both site development and soil nails retaining walls design.

II. SITE AND PROJECT DESCRIPTIONS

2.1 Site Location

The project site is located in the City of San Diego, California.  It consists of a northeast-trending and northwest
facing slope, approximately 900 feet long, and conforms to the southeastern limit of Clairemont Mesa
Boulevard.  The northeastern limit of the slope itself occurs approximately 150 feet to the southwest of the
intersection of Clairemont Mesa Boulevard and Murphy Canyon Road.  In addition, the intersection of
Chesapeake Drive and Clairemont Mesa Boulevard occurs near the middle of the slope.  The southwestern
limit of the slope occurs approximately 500 feet to the southwest of the intersection of Clairemont Mesa
Boulevard and Chesapeake Drive.  

The southwestern most portion of the slope has a slightly curved shape and the toe of the slope is located
along Clairemont Mesa Boulevard (Figure A-7, Appendix A).  Parking lots have been built off both ends of the

GEOBASE, INC.



C.314.50.11 Page 3 of 24
December 13, 2012

top of the slope and a baseball field with artificial turf and a large building with a swimming pool are located
adjacent to the top of the central portion of the slope (Figure A-7, Appendix A).

2.2 Project Description

In order to facilitate the physical description of the slope, GEOBASE divided it into two segments using the
marked differences of slope inclination, density of the vegetative cover, and  the well developed erosional and
mass wasting features observed.  The northeastern segment is located from approximately the western corner
of the baseball field and ends at the northeastern most limit of the slope, whereas the southwestern segment
begins from approximately the western corner of the same baseball field and continues to the southwestern
most limit of the slope (Figure A-7, Appendix A).  As a result, the approximate lengths of the northeast and
southwest segments are 550 and 350 feet, respectively.  

The northeastern segment is characterized by sparse vegetation, steeper inclinations with an associated
intermediate bench and well developed and established erosional and mass wasting features.  In contrast, the
southwestern segment presents a dense vegetative cover that includes grasses, weeds, bushes and very tall
and mature trees on a slope with a shallower inclination.

The height of the northeastern segment of the slope gradually decreases from a maximum of seventy-two (72)
feet at the northeastern most limit to approximately thirty-six (36) feet at the transition with the southwestern
segment.  An approximately twenty (20) foot wide middle bench is located roughly thirty (30) feet above the
toe of the slope.  This bench terminates abruptly at the northeastern most end of the segment.  The western
termination of the bench is not easily discernible since it is covered by dense brush and tall trees but it is
interpreted to have had access at one time via Clairemont Mesa Boulevard.  Slope inclinations above the
bench are steeper than the corresponding inclinations below the bench and vary from east to west from
approximate inclinations of 1H:1V (Horizontal:Vertical) to 0.75H:1V, although localized vertical portions could
be observed.  Slope inclinations below the bench also vary from east to west from approximate inclinations of
1.1H:1V  to 1.5H:1V.  The tallest portion of the entire slope occurs at the northeastern most end where a height
of seventy-two (72) feet and a slope inclination of 1.2H:1V was estimated.

The height of the southwestern segment also decreases gradually from approximately thirty-six (36) feet at the
transition with the northeastern segment to zero at the westernmost limit.  The slope inclination of
approximately 2H:1V (Horizontal:Vertical) appears to remain constant for the entire length of this slope
segment.
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The top of the slope occurs at an approximate elevation of 405 to 410 feet above mean sea level (amsl),
whereas the lowest portion of the slope occurs at the northeastern most limit at an approximate elevation of
335 feet (Figure A-2, Appendix A).

2.3 Proposed Construction

It is proposed to construct permanent soil nails retaining walls to facilitate construction of an additional traffic
lane along the south side of Clairemont Mesa Boulevard.  The proposed permanent soil nails retaining structure
is approximately 850 feet long, a maximum of approximately forty-three (43) feet tall (exposed height) and will
consist of two (2) walls.  The layout and typical sections of the proposed retaining structure are shown on
Figures A-3 thru A-6, inclusive, Appendix A.  

As shown on Figure A-3, Appendix A, Proposed Retaining Walls Layout, the retaining structure begins at
approximate Station 9+60 to the west and ends at approximate Station 18+10 to the east.  It consists of: a
lower wall, which is a maximum of approximately twenty (20) feet tall (exposed height) and which extends over
the entire length of the retaining structure; and, an upper wall which extends from approximate Stations 12+30
to 17+20 and is up to approximately twenty-three (23) feet high.  

A 2H:1V (Horizontal:Vertical) slope is planned below the lower wall along the entire length of the retaining
structure.  As can be observed on Figure A-3, Appendix A, between approximate Stations 9+60 and 13+40,
and 17+60 and 18+10, the top of the proposed slope will correspond approximately to the bottom of the wall
and the entire slope will be a cut slope with a maximum slope height of ten (10) feet.  Between approximate
Stations 13+40 and 17+60, the lower wall will be deepened such that the vertical distance between the bottom
of the lower wall and the toe of slope does not exceed ten (10) feet.  This will result in the final slope to consist
of two (2) portions: the lower portion, ten (10) feet high maximum, to be constructed as a cut slope; and, the
upper portion, a fill slope constructed after completion of the lower soil nails retaining wall (see Figure A-3,
Appendix A).

III. SITE INVESTIGATION

3.1 Field Program 

The field investigation was carried out from October 15 thru 18, inclusive, 2012 and consisted of drilling three
(3) bucket auger borings at the site, at the approximate locations shown on the Existing Site Topography and
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Boring Locations Plan, Figure A-2, Appendix A.  The borings were located in the field utilizing cloth tape and
elevations were estimated from the topographic contours shown on this figure.  Therefore, the boring locations
and elevations should be considered accurate only to the degree implied by the methods used.

For this field investigation, Monitoring Well Permit numbers LMON108801 and LMON108771, for geotechnical
borings, were issued by the County of San Diego Department of Environmental Health for borings B-1 and B-2,
and boring B-3, respectively.

The bucket auger borings were advanced to a maximum depth of 100 feet using a truck-mounted bucket auger
drill rig.  The Log of Borings, together with an Explanation of Terms and Symbols Used are given in Appendix
B, Figures B-1 thru B-4, inclusive.  The borings were down-hole logged by a California Certified Engineering
Geologist.

Sampling consisted of:

• Collection of disturbed samples at selected locations retrieved from the auger; and, 

• Collection of relatively undisturbed soil samples at selected locations using a California Modified
Sampler.  The soil samples were retained in a series of brass rings, each having an inside diameter
of 2.41 inches and a height of one (1) inch.  These ring samples were placed in close-fitting,
moisture-tight containers for shipment to the laboratory.

3.2 Laboratory Testing 

The samples obtained during the field program were returned to the laboratory for visual examination and
testing.  The soils were classified in accordance with ASTM D 2487 and D 2488.  The laboratory testing
program consisted of the following:

• Laboratory determination of water (moisture) content of soils, rock and soil-aggregate mixtures (ASTM
D 2216), and dry density;

• Liquid limit, plastic limit and plasticity index of soils (ASTM D 4318);

• Direct shear test of soils (ASTM D 3080);

• Expansion potential of soils (ASTM D 4829);

GEOBASE, INC.



C.314.50.11 Page 6 of 24
December 13, 2012

• Water soluble sulfates content of soils (CT 417), pH (CT 747), electrical resistivity (CT 643) and water
soluble chlorides (CT 422); and,

• Resistance R-value of treated and untreated bases, subbases, and basement soils (CT 301).

The field and laboratory test results are presented on the Log of Borings, Figures B-2 thru B-4, inclusive, where
applicable, and in Figures B-5 thru B-21, inclusive,  Appendix B.

IV. GEOLOGY

4.1 Regional Geology and Geology of Site Area

According to Kennedy (1975) and Kennedy and Tan (2005), the rocks of Friars Formation (Tf) and the Very
Old Paralic Deposits (Qvop) were mapped at the slope and/or at its immediate vicinity. Bedding in these units
are reported to be essentially horizontal with dips that range between 2 and 3 degrees predominantly to the
west and southwest. Based on GEOBASE's previous investigation at the site (Appendix C), GEOBASE
confirmed in general the subsurface conditions reported by the aforementioned geologists. 

The regional geology and geology of the site area are described in Section V of a previous report prepared by
GEOBASE, Inc. (GEOBASE, 2012a).  The appropriate sections and figures of this report are reproduced in
Appendix C for ease of reference. We have performed the aforementioned geologic investigation and  have
further verified the base data through additional bucket auger borings.  Therefore, we concur with the
geological information and geologic map presented in Appendix C of the aforementioned report.  

Due to the dense vegetation cover in the southwestern segment of the site, the geologic features could not be
observed.  The geologic conditions are better exposed on the northeastern segment of the slope; however, it
is anticipated that rocks of the Friars Formation will be  exposed along the face of the entire slope. 

4.2 Subsurface Conditions

During drilling of the three (3) bucket auger borings from October 15 thru 18, 2012, inclusive, along the top of
the Clairemont Mesa Boulevard slope, the Very Old Paralic Deposits (Qvop) were not encountered. Instead,
man-made fill (Af) materials were encountered to be directly overlying rocks of the Friars Formation (Tf) at
borings B-1 and B-3 locations, whereas rocks of the Friars Formation (Tf) were logged from the ground surface
to the total depth of penetration at boring B-2 location.  The interpreted surface and subsurface distribution of
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geologic materials encountered in our current investigation at the site are illustrated in Figure A-2, Appendix
A, Existing Site Topography and Boring Locations Plan and in Figure A-8, Appendix A, Geologic Cross Section
A-A’.

The man-made fill (Af) materials at boring B-1 location are about  five (5) feet thick, and composed of light
olive-gray (5Y6/2) and yellowish-brown (10YR5/4) silty sands (SM), which in their insitu state were found to
be moist, dense, massive, friable, and consisted of mostly fine-grained sands with little non-plastic fines and
scattered well-rounded gravel- and cobble-sized hard rock clasts.  The thickness of these materials increases
to ten and one-half (10.5) feet at boring B-3 location and the pigmentation changes to yellowish-red (5YR4/6). 
An approximately three (3) foot thick layer, with abundant black asphalt fragments up to six (6) inches in
diameter, forms the lowest portion of the man-made fill materials at boring B-3 location.  No man-made fill (Af)
was encountered at boring B-2 location.

The Friars Formation (Tf) observed at the borings advanced at the site was found to consist of two (2) intervals,
an upper sandy interval and a lower conglomeratic interval. 

The thickness of the upper sandy interval ranges from approximately sixty (60) feet at boring B-3 location to
eighty-four (84) feet at boring B-2.  The upper sandy interval consists of light olive gray (5Y6/2) to pale yellow
(2.5Y8/2) silty sandstones.  In their insitu state, the sandstones were found to be moist, soft to moderately soft,
and  consisted of mostly fine-grained sands with some non-plastic fines and scattered well-rounded
gravel-sized hard rock clasts.  Weathering decreases gradually down to fresh from moderately weathered at
an approximate depth of ten (10) feet.  The sandstones are characterized as being massive (with no visible
bedding structure), friable, poorly indurated, uncemented and for the most part unfractured.   Claystone clasts
up to six (6) inches in diameter and well cemented calcareous (caliche?) conglomeratic lenses/clasts up to one
(1) foot thick and hard were also observed to be scattered throughout this interval.

The lower conglomeratic interval consists of an interbedded sequence of gravelly to cobbly conglomerates,
conglomeratic silty sandstones and silty sandstones that present a light gray (5YR6/2), light yellowish-brown
(2.5Y5/3),  or brown (10YR5/3) pigmentation.  Well rounded, gravel- to cobble-sized hard rock clasts with a
minor sandy matrix compose the conglomerate layers (clast supported), whereas gravelly and cobbly clasts
are less predominant than the sandy fraction in the conglomeratic sandstones.  Finally, the silty sandstones
layers include only scattered hard rock clasts.  This sequence was found to be moist, moderately soft to
moderately hard, friable, massive, fresh, and poorly indurated. The diameter of the borings tended to increase
in size in the conglomerate and conglomeratic sandstone layers due to the friable, uncemented and poorly
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indurated nature of the beds.

Based on the logging of the materials of the Friars Formation (Tf) encountered in the borings, it was confirmed
that bedding, when present, is essentially flat, which corresponds to the observation of the geologic structure
reported by Kennedy (1975) and Kennedy and Tan (2005), and specifically by GEOBASE (GEOBASE, 2012
a) for the rocks of this formation at the site. 

4.3 Groundwater Conditions

The bedrock at the site is not considered to be water bearing though perched (trapped) groundwater conditions
may locally exist at depth in open fractures and/or joints. As a result, groundwater is not considered to be a
factor nor a constraint within the proximity of the site; however, it is not uncommon for groundwater or seepage
conditions to develop where none previously existed.

Water seepage was encountered in the conglomeratic materials at a depth of ninety-three (93) feet and sixty-
eight (68) feet at borings B-1 and B-3, respectively.  No seepage was encountered in boring B-2; however, the
conglomeratic interval at a depth of eighty-four (84) feet was observed to be wet.  As a result of the seepage
and wet conditions observed in the borings, free water accumulated overnight at the bottom of the three (3)
borings. Approximately two (2) feet of standing water were measured at boring locations B-1 and B-2, whereas
approximately five (5) feet were sounded at boring location B-3.

Groundwater elevations are dependent on seasonal precipitation, irrigation and land use, among other factors,
and may vary as a result through time.

V. SEISMOLOGICAL CONDITIONS

The seismic considerations such as regional faulting, site accelerations and earthquake effects are presented
in Section VII of GEOBASE’s previous report (GEOBASE, 2012a).  The “Seismic Design Criteria Summary”,
subsection 7.2.1 and “Earthquake Effects”, subsection 7.2.8, appropriate to the Clairemont Mesa Retaining
walls, are reproduced in Appendix C for ease of reference.

VI. SLOPE STABILITY EVALUATION AND ANALYSES

The site is not located within a confirmed or possible landslide area, as designated by the City of San Diego
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General Plan and Seismic Safety Study (2008a, 2008b).  In addition, there are no known, mapped landslides
in the immediate site vicinity, nor is the site in the path of any known or potential landslides.  Except for
shallow, erosion-related failures observed in the northeastern segment and described herein (subsection 2.2),
this existing, natural, north facing slope, up to 0.75H:1V (Horizontal:Vertical) has performed well through time.

Slope stability in bedrock is governed mainly by the mechanical properties of the rock, as wells as by the rock
mass discontinuities such as fractures, joints, faults, shear zones and bedding surfaces.   It is anticipated that
the bedrock underlying the site and the bedrock that will be exposed on the proposed cut slopes and retaining
walls may present favorable geologic conditions with either no visible or essentially horizontal bedding, when
present, and a few fractures.  Based on the geometry of the slopes, essentially horizontal bedding, a few
fractures, lack of groundwater, relatively dense nature of the bedrock and past favorable slope stability
performance, the potential for instability of the existing slopes is considered low.

A final evaluation of the gross stability of the proposed soil nails wall will be completed subsequent to the soil
nails wall design by the soil nails wall designer.  In this respect, for feasibility purposes, based on Geotechnical
Engineering Circular No.7, Soil Nail Walls (FHWA 2003), the soil nail length is typically between 0.6H (where
H is height of wall) and 0.8H.  For the slope stability analyses, a soil nail length of 0.6H was adopted with H
taken as the cumulative height of both walls A and B, where applicable; these preliminary stability analyses
of the soil nails wall were conducted based on assumed geometries and configurations of the soil nails.  The
analyses presented herein have taken into account static and seismic loads,  and have considered the region
of potential tension cracks.  The wall cross sections used in the stability analyses were based on the plans and
sections provided by the project structural engineer (Figures A-3 thru A-6, inclusive, Appendix A). For the
sections analyzed, depth of artificial fill was determined based on the results of the site investigation, assuming
that a minimum of five (5) feet fill thickness is expected to exist at all sections.   

Strength parameters were obtained using peak strength values determined from direct shear tests conducted
on relatively undisturbed samples of the on-site bedrock material.  Based on these results, summarized on
Figure A-9, Appendix A, an internal angle of friction of thirty five (35) degrees and a cohesion value of four
hundred (400) psf were selected as representative peak strength parameters for the on-site bedrock material
and were used in the stability analyses. For the fill material, an internal friction angle of thirty (30) degrees was
assumed and, due to their granular nature, no cohesion was considered. 

For the pseudo-static analyses of the wall sections, the procedure described in the SP117A (2008), "Guidelines
for Evaluating and Mitigating Seismic Hazards in California" published by the California Geological Survey was
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used for the selection of a pseudo-static seismic coefficient.  This coefficient is determined using site-specific
ground motion parameters and can be used for an initial "screening analysis" to determine whether a more
rigorous analysis is warranted. This procedure is based on the work of Bray and Rathje (1998) which was later
expanded by Blake and others (2002) and Stewart and others (2003). Using this procedure and the site-specific
parameters provided in GEOBASE’s report (GEOBASE, 2012a), reproduced in Appendix C, Figure C-3, a
pseudo-static seismic coefficient of 0.16g was used in the current analyses assuming that wall movement of
two (2) inches is acceptable due to the seismic loading.   

Using the procedures and data described above, static and pseudo-static stability analyses were completed
for the selected wall sections using the computer program Slope/W Version 7 (2007) developed by Geo-Slope
International Ltd. (Geo-Slope, 2009).  Analyses results are presented in Figures D-1 thru D-4, inclusive,
Appendix D, and the input and output data are given on a compact disc (CD), also in Appendix D.  In the
computation of the factor of safety for each case, a number of methods were used in the determination of the
failure surface, both for cases with and without tension cracks.  The location and geometry of the failure surface
were optimized by the program such that the resulting factor of safety is minimized.  The optimization is carried
out by the program after determination of the circular or user-specified failure surface with the lowest factor of
safety.  During optimization, the location of the base of each soil segment (slice) on the aforementioned failure
surface is varied until the lowest factor of safety is obtained. As a result, the final shape of the optimized failure
surface will be different from the circular shape initially assumed by the program, or the user-specified shape
assumed by the user.  As can be noted in Figures D-1 thru D-4, inclusive,  Appendix D, for each case, the
different methods indicated minimum factors of safety that were close to each other.  Table I summarizes the
lowest factors of safety obtained from analyses of the various sections for each case. 

TABLE I

SUMMARY OF MINIMUM FACTORS OF SAFETY FOR GROSS STABILITY OF SOIL NAILS WALL FOR STATIC AND

EARTHQUAKE LOADING

Analysis Type Minimum factor of safety
Static loading 1.72
Earthquake loading for 0.16g acceleration 1.424
Earthquake loading for 0.29g acceleration 1.136

The aforementioned results indicate that the static factors of safety are in excess of 1.5 and the pseudo static
factors of safety are in excess of 1.1.  Based on the procedure recommended by SP117A, as described above,
more rigorous analyses are not warranted. Since the horizontal acceleration used in the pseudo-static analyses
was determined based on an acceptable wall movement of two (2) inches, pseudo-static analyses were also
carried out for a horizontal acceleration of 0.29g which is equal to the peak ground acceleration obtained from

GEOBASE, INC.



C.314.50.11 Page 11 of 24
December 13, 2012

the site-specific ground motion analysis carried out for the site (GEOBASE, 2012a). These analyses also
resulted in factors of safety in excess of 1.1 for each case. 

It is noted that more accurate analyses of gross stability of the soil nails walls should be carried out after
completion of the soil nails wall design using the final soil nails lengths and wall geometry. 

VII. CONCLUSIONS

Based on the results of the site investigation, it is our opinion that the site is suitable for the proposed
development.  From a geotechnical engineering standpoint, the following observations which may influence
design and construction decisions are noted:

• Results of the site investigation (subsection 4.2) indicate that various amounts of cobbles and hard rock
clasts are encountered at various depths at the project site. Results obtained from the three (3) borings
drilled during the current investigation indicate that the amount of cobbles and hard rock clasts is lower
at shallower depths, and is higher at greater depths and at the conglomerate layer. Therefore, hard
drilling conditions should be expected, particularly during soil nail installation.

• During drilling of the exploratory borings, diameter of the hole tended to increase in the conglomerate
and conglomeratic sandstone layers due to the friable, uncemented and poorly indurated nature of the
beds. It is therefore expected that some caving may occur during drilling of holes for the installation of
the soil nails, and casing may be required.

• Water seepage was also encountered in the three (3) borings drilled and free water accumulated
overnight at the bottom of the borings. Therefore, seepage of water may be encountered during
construction activities and drilling of holes for soil nail installation, especially at greater depths.

• The underlying clayey siltstone bedrock possess a “low” expansion potential (Expansion Indices = 49
to 50); however, this expansion potential is marginally lower than fifty-one (51), at which the expansion
potential is considered medium. 

• Based on laboratory testing performed during current and previous studies (GEOBASE, 2012a), the
underlying soils have a “low” corrosive potential with respect to concrete and “severely corrosive”
potential for attack on metals. 
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VIII. SITE DEVELOPMENT RECOMMENDATIONS

8.1 General

The proposed construction, described in subsection 2.3, is feasible from a geotechnical engineering standpoint. 
Project plans and specifications should take into account the appropriate geotechnical features of the site and
conform to the geotechnical recommendations.

8.2 Clearing

All surface vegetation, trash and debris should be cleared and removed from the proposed site.  The existing
fill soils may be re-used as structural fill if the materials do not contain any deleterious materials and/or particles
over six (6) inches in largest dimension.  Topsoil is not considered suitable for structural support, but it may
be stockpiled for future use.

Underground facilities such as utilities, pipes or underground storage tanks may exist at the site.  Removal of
underground tanks is subject to state law as regulated by County or City Health and/or Fire Department
agencies.  If storage tanks containing hazardous or unknown substances are encountered, the proper
authorities must be notified prior to any attempts at removing such objects.

Septic tanks should be removed in their entirety.  Cesspools or seepage pits should be pumped of their
contents and backfilled with a two (2) sack sand-cement slurry.

Any water wells, if encountered during construction, should be exposed and capped in accordance with the
requirements of the regulating agencies.

Depressions resulting from the removal of foundations of existing structures, buried obstructions and/or mature
trees should be backfilled with properly compacted material.

8.3 Fill Placement

8.3.1 Preparation of Surface Soils

Prior to placing any fill, the exposed surface soils should be scarified to a minimum depth of six (6) to eight (8)
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inches, moisture-conditioned (wetted or dried), and compacted to a minimum of ninety (90) percent relative
compaction, based on ASTM D 1557.

8.3.2 Compaction

On-site soils/bedrock should be placed in loose lifts of six (6) to eight (8) inches and moisture- conditioned to
approximately two (2) to four (4) percentage points above the optimum moisture content, and compacted to
a minimum of ninety (90) percent relative compaction (ASTM D 1557).

Imported granular fill materials should be placed in loose lifts of six (6) to eight (8) inches, moisture-conditioned
to near optimum, and compacted to a minimum of ninety (90) percent relative compaction (ASTM D 1557).

8.3.3 Fill Material

The on-site clayey soils have a very near “medium” expansion potential (Expansion Indices = 49 to 50,
marginally less than 51).  On-site soils may be reused as compacted fill provided they are free of organics, clay
chunks, deleterious materials, debris and particles over six (6) inches in largest dimension.

Any soils imported to the site for use as fill should be predominantly granular and non-expansive (Expansion
Index less than twenty [20])and should contain sufficient fines (approximately twenty [20] percent passing the
No. 200 sieve) so as to be relatively impermeable when compacted.  The imported soils should be approved
by GEOBASE prior to importing.  

8.4 Drainage

8.4.1 General

All slopes should be properly drained, planted and maintained to help control erosion.  Care should be
exercised in controlling surface runoff onto temporary and permanent slopes.   The area back of the slope and
retaining walls crests should be graded such that water will not be allowed to flow freely onto the slope face
or over the walls edge.  If excavations of permanent cut slopes and/or construction of fill slopes are carried out
in the rainy season, appropriate erosion protection measures may be required to minimize erosion of the
slopes.  
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It is important that measures to control erosion of permanent slope surfaces and infiltration of surface water
behind retaining walls be implemented at the time of construction and maintained throughout the life of the
slopes and walls.

8.4.2 Surface Water Control

To enhance future site performance, it is recommended that all up slope flows be collected and directed away
from the proposed retaining walls and slopes to disposal areas off-site.  In this respect, a swale or “V” shaped
concrete lined drain should be constructed along the top of slopes and the crest of soil nails retaining walls
during shotcreting of the first excavation lift.  This swale or drain should discharge into the existing storm
drains.  It is recommended that a minimum of five (5) percent gradient away from the area back of the retaining
walls crest and foundation elements be maintained.

It is important that drainage be directed away from the proposed retaining walls and that proper drainage
patterns be established at the time of construction and maintained throughout the life of the structure.  In
addition, in view of the very near “medium” expansive nature of the on-site soils and bedrock, it is
recommended that the proposed planter areas at the crest of proposed retaining walls be provided with
adequate area drains such that any excess landscape water can be drained to a suitable discharge point. 
Surface drains should not be tied into the wall subdrain.

8.4.3 Seepage/Groundwater Control

The back side of the shotcrete for soil nails retaining walls should be well-drained to relieve possible hydrostatic
pressures on the walls.  A “Geocomposite Drain Strips” system may be considered.   The drain system for the
back of the retaining walls must be chosen such that it is not affected during installation of the shotcrete.  The
back of the fill slope abutting the wall should also be well-drained.  These drains should discharge to a four (4)
inch diameter PVC Schedule 40 pipe, located at the toe of the lower wall, which may discharge by gravity.

8.5 Temporary Excavations

Temporary construction excavations may be made vertically without shoring to a depth of approximately four
(4) feet below adjacent surrounding grade.  For the soil nails walls in bedrock, a vertical cut-up to five (5) feet
may be made.
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For deeper cuts in soils and bedrock, the slopes should be sloped back to the minimum slope ratios provided
in Table II.  The exposed slope face should be kept moist (but not saturated) during construction to reduce local
sloughing.  No surcharge loads should be permitted within a horizontal distance equal to the height of cut from
the toe of excavation unless the cut is properly shored.  Excavations that extend below an imaginary plane
inclined at forty-five (45) degrees below the edge of any nearby adjacent existing site facilities should be
properly shored to maintain foundation support of the adjacent structures.  

TABLE II

RECOMMENDED EXCAVATION SLOPE RATIOS

Materials Slope Ratio (Horizontal:Vertical)
Natural  soils 1H:1V

Sandstone and conglomerate bedrock with no adverse
discontinuities and no groundwater seepage

0.50H:1V (to be confirmed at time of excavation).

The above recommendations are based on the general properties of the soils/bedrock at the project site.
Maximum slope ratios and vertical cut heights also depend on local stratigraphy and subsoil conditions. 

Stability of temporary slopes is  the responsibility of the contractor.

8.6 Cut Slopes

Proposed cut slopes at the site are anticipated at the bottom of the lower soil nails retaining wall and may be
up to ten (10) feet in height.  These slopes are anticipated to be excavated in bedrock with either no visible or
essentially flat bedding, where present.  The cut slope surfaces should be protected from erosion.  The cut
slopes should be designed and constructed with a slope ratio no steeper than 2H:1V (Horizontal:Vertical).

Cut slopes should be observed and mapped by a California Certified Engineering Geologist.

8.7 Fill Slopes

The upper portion of the slope at the bottom of the lower retaining wall will be constructed as a fill slope
supported by a cut slope, and abutting against the proposed, newly constructed soil nails retaining wall.  The
top surface of the cut slope that will support the proposed fill slope should be inclined a minimum of five (5)
percent, descending toward the wall, i.e. elevation of interface between cut and fill higher at the slope face and
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lower at the wall.  Fill materials should be placed and compacted in accordance with the recommendations
provided in subsection 8.3, Fill Placement.  Special compaction procedures may be necessary in order that
the specified compaction can be achieved on the slope face.  Special procedures may include sheepsfoot
backrolling of the slope face at frequent intervals, overfilling and cutting back to the compacted material or
other proven methods.  Construction fill slopes should be no steeper than 2H:1V (Horizontal:Vertical).

A slope maintenance program should be implemented and include care of erosion and drainage control
ditches, rodent control and planting of the slopes to establish deep-rooted vegetation.

8.8 Trench Backfill

It is our opinion that utility trench backfill could be placed and compacted by mechanical means.  If utility
contractors indicate that it is undesirable to use compaction equipment in close proximity to a buried conduit,
other methods of utility trench compaction may also be appropriate as approved by GEOBASE at the time of
construction. 

Jetting or flooding of backfill material is not recommended.  

8.9 Excavatability

Based on our experience in the site area and observations made during drilling of three (3) exploratory test
borings advanced at the site during the current study, the Friars Formation (Tf) bedrock is expected to be
rippable with conventional heavy-duty grading and/or excavation equipment in open excavations. 
Conglomerate layers, well-cemented bedrock, bedrock concretions, hard rock clasts and cobbles may be
encountered and present problems in excavations and installation of soil nails.

IX. RETAINING WALL RECOMMENDATIONS

9.1 General

The following recommendations have been formulated from visual, physical and analytical considerations of
existing site conditions and are believed to be applicable for the proposed development. 

The on-site soils and bedrock are considered to have a "low" but very close to "medium" expansion potential. 
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The recommendations presented in the following subsections are based on a “medium” expansion potential
for the subgrade soils/bedrock. 

9.2 Permanent Soil Nails Walls

The soil nails procedure is a soil improvement concept where the soil is reinforced with "nails".  The nails
consist of reinforcing steel bars installed in drilled holes and backfilled with cement grout.  These nails are
attached to a shotcrete facing on the surface of the excavation.  

Soil nails walls should be installed by a specialist contractor.  Soil nails wall performance is dependent on,
among other factors, construction procedures such as drilling method, the size of the grouted zone, the
grouting procedure and the grout nature, and as a result are typically design-build.  Therefore it is
recommended that the design of the soil nails walls be verified by the contractor. 

9.2.1 Design Parameters

For design of the soil nailing system, it may be assumed that the retained natural bedrock has a cohesion value
of two hundred (200) pounds per square foot and an internal angle of friction of twenty-eight (28) degrees
(Figure A-10, Appendix A).  An in-place soil unit weight of 120 pounds per cubic foot may be assumed in
design.  Using these soil parameters, the soil nailing stability calculation should indicate factors of safety of at
least 1.5 under static loads and a factor of safety of at least 1.1 for seismic loads (peak ground accelerations
of 0.29 g), for permanent walls.

9.2.2 Soil Nail Capacity

Typically, soil nails are installed at angles of fifteen (15) to twenty (20) degrees below the horizontal.  Based
on the three (3) borings drilled for the Clairemont Mesa retaining walls, bedding was not visible or not well
developed in most locations. Where bedding existed, its orientation was observed to be near horizontal.
Therefore, soil nail allowable adhesion recommendations are not expected to be affected substantially by
bedding strength parameters.

Based on direct shear tests on samples of the on-site bedrock sheared to twenty (20) percent strain, an
ultimate friction angle of twenty-eight (28) degrees and cohesion of 200 psf may be used for design (Figure  
A-10, Appendix B).  Based on the above, it is recommended that for design of the soil nails, a maximum
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allowable adhesion of four hundred (400) psf may be used for the upper twenty (20) feet of wall and a
maximum allowable adhesion of seven hundred (700) psf may be used for wall depths lower than twenty (20)
feet.  The aforementioned adhesion values should be proven by adequate and representative verification and
proof testing.

9.2.3 Expansive Pressures On Wall Facing

The soil nails wall should be constructed with proper water-proofing and measures of preventing water from
entering the natural soils and bedrock; however, since some expansive pressures may develop due to
infiltration, an additional pressure of 100 pounds per square foot on the wall face is recommended to be used
in design to account for possible expansive pressures.

9.2.4 Earth Pressures for Sliding Stability

For sliding stability of the soil nail wall, an equivalent fluid unit weight of thirty five (35) pounds per cubic foot
may be used for the determination of static earth pressures. For the dynamic increment of earth pressures
resulting from earthquakes, an equivalent unit weight of eleven (11) pounds per cubic foot may be applied as
an inverted triangular loading. 

9.2.5 Soil Nail Testing

9.2.5.1 General

The objectives of the soil nails testing are to verify that:

• The pull-out capacity and bond strengths used in design are achieved with the contractor’s construction
procedures (verification tests); and,

• The contractor’s construction procedures have remained constant (proof tests).

Creep tests should be completed at the site as part of the verification and proof tests.  These creep tests will
measure the movement of the soil nails at a constant load over a period of time.

If construction procedures change, additional testing may be required.
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Testing, described below, should meet, as  a minimum, the requirements of the Federal Highway
Administration (FHWA, 2003).

The installation, and both the verification and proof testing of the soil nails should be observed by the
geotechnical engineer of record.  Locations of the verification and proof tests should be selected by the
geotechnical engineer of record.

9.2.5.2 Verification Testing

Pre-production nail pullout verification tests should be performed on at least nine (9) nails at different locations
along the proposed walls to 200 percent of the assumed adhesion times the total nail surface area (grouted
length) to verify the assumed adhesion of the nail.  The alignment load should not exceed five (5) percent of
the design load and subsequent loads should be applied in increments of twenty-five (25) percent of the design
load.  Each load increment should be held for at least ten (10) minutes and for sixty (60) minutes during the
creep tests carried out at 150 percent of the design load.  All loads should be maintained within two (2) percent
of the intended load.  Creep movement must not exceed four-hundredths (0.04) of an inch between the one
(1) and ten (10) minute reading and eight-hundredths (0.08) of an inch between the six (6) and sixty (60) minute
reading.  Total movement at maximum test load (200 percent of design load) must exceed eighty (80) percent
of theoretical elastic movement of the unbounded length and pull-out failure must not occur.

All measured deflections should not include the elastic elongation of the steel bars.

9.2.5.3 Proof Testing

At least five (5) percent of the production nails in each shotcrete lift should be tested (proof test) to 150 percent
of the assumed adhesion times the total nail surface area.  The load applied in twenty-five (25) percent
increments, should be maintained ten (10) minutes for each load increment and sixty (60) minutes during creep
testing.  Acceptance criteria are as described above and total movement at the maximum test load must
exceed eighty (80) percent of theoretical elastic movement of the unbounded length.

All measured deflections should not include the elastic elongation of the steel bars.

If any soil nail fails to meet the acceptance criteria, the contractor should retest the nail to determine actual
capacity which meets the acceptance criteria.  An additional nail could then be installed at a location specified
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by the soils nails designer and tested to verify the total capacity of the two (2)nails.

9.2.6 Construction Considerations

The soil-nail excavations should be grouted as soon as possible; holes should not be left open overnight.  If
caving occurs in the drilled holes, casing should be used prior to grouting, but casing must be pulled out as the
grout is placed.  To assure full contact and mobilization of the soil strength, it is recommended that all nails
should be locked off at a nominal load of approximately five (5) kips.

X. SOIL CORROSIVITY - IMPLICATIONS

The results of the pH, chloride, sulfate and electrical conductivity tests are presented on Figures  B-18  and
B-19, Appendix B.  Electrical resistivities measured on representative soil samples from the site indicated a
"severely corrosive" potential for attack on metals.  Protection of metals against corrosion will be required for
metals in contact with the subsoils at the site.  Water soluble sulfates determination conducted for this site
indicated a “low” potential for attack on concrete.  Therefore, Type II Portland cement is recommended for the
construction of concrete structures in contact with the subgrade soils.  

Notwithstanding the above, based on the corrosivity test results, criteria for assessing ground corrosion
potential define the subsoils at the site as “strong corrosion potential/aggressive” (FHWA, 2003).

XI. PLAN REVIEW, OBSERVATIONS AND TESTING

Post investigation services are an important and integrated part of this investigation and should be carried out
by GEOBASE.  The project grading plans and specifications should be forwarded to GEOBASE for review for
conformance with the intent of the soils recommendations. 

Mapping and observations of temporary and permanent cut slopes should be completed by a California
Certified Engineering Geologist and a qualified geotechnical engineer, respectively.

Observations of the soil nails installation and testing should be carried out on a continuous basis during
construction. 

Geotechnical observations of excavation bases should be carried out prior to fill placement.  Observations and
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testing of all fill placement should be carried out on a continuous basis to verify the design assumptions and
conformance with the intent of the geotechnical recommendations. 

XII. LIMITATIONS

This investigation was performed in accordance with generally accepted geotechnical engineering principles
and practices.  No other warranty, expressed or implied, is made as to the conclusions and professional advice
included in this report.

This report is intended for use by the client and its representatives, and with regard to the specific project
discussed herein.  Any changes in the design or location of the proposed new structure, however slight, should
be brought to our attention so that we may determine how they may affect our conclusions.  The conclusions
and recommendations contained in this report are based on the data relating only to the specific project and
location discussed herein. This report does not relate any conclusions or recommendations about the

potential for hazardous and/or contaminated materials existing at the site. 

The analyses and recommendations submitted in this report are based upon the observations noted during
drilling of the borings, interpretation of laboratory test results, and geological evidence.  This report does not
reflect any variations which may occur away from the borings and which may be encountered during
construction.  If conditions observed during construction are at variance with the preliminary findings, we should
be notified so that we may modify our conclusions and recommendations, or provide alternate
recommendations, if necessary.

The recommendations presented herein assume that the plan review, observations and testing services,
outlined in Section XI of the report, will be provided by GEOBASE.  During execution of the aforementioned
services, GEOBASE can finalize the report recommendations based on observations of actual subsurface
conditions evident during construction.  GEOBASE cannot assume liability for the adequacy of the
recommendations if another party is retained to observe construction.

This report is issued with the understanding that it is the responsibility of the owner, or of his representative,
to ensure that the information and recommendations contained herein are brought to the attention of the
architect and engineer for the project, and incorporated into the plans and specifications.  In this respect, it is
recommended that we be allowed the opportunity to review the project plans and the specifications for
conformance with the geotechnical recommendations.
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This office does not practice or consult in the field of safety engineering.  We do not direct the contractor's
operations, and we cannot be responsible for other than our own personnel on the site.  Therefore, the safety
of others is the responsibility of the contractor.  The contractor should notify the owner if he considers any of
the recommended actions presented herein to be unsafe.

This report is subject to review by the appropriate regulating agencies.

Respectfully Submitted
GEOBASE, INC.

H. D. Nguyen, B.Sc. S.M.Reza Imam, Ph. D.
Senior Engineer Associate Engineer

R. Chavez, R.G., C.E.G. J-M. (John) Chevallier, P.E., G.E.
R.G. 4588; C.E.G. 1599 R.C.E. 39198; G.E. 2056
Principal Geologist Managing Principal
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FIGURE A-4 C.314.50.11 

NOTE: Friars Formation 
consisting of interbedded 
sandstones and 
conglomerates with 
essentially horizontal bedding. 
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FIGURE A-5 C.314.50.11 

NOTE: Friars Formation consisting 
of interbedded sandstones and 
conglomerates with essentially 
horizontal bedding. 
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FIGURE A-6 C.314.50.11 

 Deepen Wall  

ten (10) feet  

NOTE: Friars Formation 
consisting of interbedded 
sandstones and conglomerates 
with essentially horizontal 
bedding. 
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The terms and symbols used on the Log of Borings to summarize the results of the field  investigation and
subsequent laboratory testing are described in the following:

It should be noted that materials, boundaries, and  conditions have been established only at the boring locations,
and are not necessarily representative of subsurface conditions elsewhere across the site.

A. PARTICLE SIZE DEFINITION (ASTM D2487 AND D422)

Boulder -- larger than 12-inches Sand, medium -- No.40 to No. 10 sieves

Cobble -- 3-inches to 12-inches Sand, fine -- No.200 to No. 40 sieves

Gravel, coarse -- 3/4-inch to 3-inches Silt -- 5µm to No. 200 sieves

Gravel, fine -- No.4 sieve to 3/4 -inch Clay -- smaller than 5 µm

Sand, coarse -- No.10 to No.4 sieve

B. SOIL CLASSIFICATION

Soils and bedrock are classified and described according to their engineering properties and behavioral
characteristics.  The soil of each stratum is described using ASTM D2487 and D2488.

The following adjectives may be employed to define percentage ranges by weight of minor components:

trace -- 1-10%    some -- 20-35%
little -- 10-20% “and” or ”y” -- 35-50%

The following descriptive terms may be used for stratified soils:

parting -- 0 to 1/16-in. thickness; layer   -- ½-in. to 12-in. thickness;
seam -- 1/16 to ½-in. thickness; stratum   -- greater than 12-in. thickness.

C. SOIL DENSITY AND CONSISTENCY

The density of coarse grained soils and the consistency of fine grained soils are described on the basis of the
Standard Penetration Test:

COARSE GRAINED SOILS FINE GRAINED SOILS

DENSITY

SPT

BLOWS PER

FOOT

ESTIMATED

CONSISTENCY

SPT

 BLOWS PER FOOT

ESTIMATED RANGE OF UNCONFINED

COMPRESSIVE

STRENGTH (TSF)

very loose less than 4 very soft less than 2 less than 0.25
loose 5 to 10 soft 2 to 4 0.25 to 0.50

medium 11 to 30 firm (medium) 5 to 8 0.50 to 1.0
dense 31 to 50 stiff 9 to 15 1.0 to 2.0

very dense over 50 very stiff 16 to 30 2.0 to 4.0

hard over 30 over 4.0
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D. STANDARD PENETRATION TEST (SPT)  -- D1586

The SPT test involves failure of the soil around the tip of a split spoon sampler for a condition of constant energy

transmittal.  The split spoon, 2-inches outside diameter and 1 3/8-inches inside diameter, is driven eighteen (18)

inches.  The sampler is seated in the first six (6) inches and the number of blows required to drive the sampler

the last foot is recorded as the “N” value or SPT blow count.  The driving energy is provided by a 140 pound

weight dropping thirty (30) inches.

E. ABBREVIATION OF LABORATORY TEST DESIGNATIONS

C Consolidation pH pH

CBR California Bearing Ratio pp Pocket Penetrometer

Ch Water Soluble Chlorides PS Particle Size

DS Direct Shear RV R-Value

EI Expansion Index SE Sand Equivalent

ER Electrical Resistivity SG Specific Gravity

k Permeability SO4 Water Soluble Sulfates

MD Moisture TX Triaxial Compression

MP Modified Proctor Compaction Test TV Torvane Shear

O Organic Content U Unconfined Compression

F. STRATIFICATION LINES

The stratification lines indicated on the boring logs and profiles represent the approximate boundary between

material types and the transition may be gradual.
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SM

SS Blow count = 5 for 12 in.

R-Value (5-50 feet)

Blow count = 3 for 12 in.,
DS

Blow count = 3 for 12 in.
Ch, ER, pH, SO4

GRASS AND TOPSOIL,

SAND (FILL), light olive gray (5Y6/2) and yellowish
brown (10YR5/4), moist, dense, mostly fine-grained
sand with  a few non-platicity fines and scattered
well-rounded gravel- and coble-sized hard rock clasts,
massive, friable, thin roots to 5 feet, sharp contact
below.

FRIARS FORMATION (Tf), SILTY SANDSTONE, light
olive gray (5Y6/2), moist, moderately soft, mostly
fine-grained sand with some non-plastic fines and
scattered well-rounded gravel-sized hard rock clasts,
slightly weathered to fresh, massive, friable, poorly
indurated, no reaction to diluted hydrochloric acid, no
visible bedding, unfractured.
...siltstone clast approximately 6-inch in its largest
dimension.

...2-inch thick layer with well rounded hard gravel-sized
rock clasts. Horizontal bedding.

...brown (10YR4/3) silt rich layer, soft.

...brown (10YR4/3) gravel-sized claystone clasts.

...brown (10YR4/3) sandy siltstone layer, soft, not well
developed bedding.

EI (30-40 ft)
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Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SS

SS

Blow count = 7 for 12 in.,
DS

Blow count = 10 for 12 in.,
DS, Ch, ER, pH, SO4

FRIARS FORMATION (Tf), SITLY SANDSTONE, light
olive gray (5Y6/2), moist, moderately soft, mostly
fine-grained sand with some non-plastic fines and
scattered well-rounded gravel-sized hard rock clasts,
slightly weathered to fresh, massive, friable, poorly
indurated, no reaction to diluted hydrochloric acid.

...white (7.5R8/1) coarse-gravel-sized hard clasts,
caliche?

...white (7.5R8/1) coarse-gravel-sized hard clasts,
caliche?

...brown (10YR4/3) claystone clast, approximately
4-inches in its largest dimension.

...white (7.5R8/1)  hard clasts, caliche?, up to 3 inches
long.

GRAVELLY TO COBBLY CONGLOMERATE; light gray
(5YR/2), mostly conglomerate with gravel- to
cobble-sized hard rock clasts with a sandy matrix, clast
supported, moist, hard, massive fresh, friable poorly
indurated, no reaction to diluted hydrochloric acid.

CONGLOMERATIC SILTY SANDSTONE; light gray
(5YR6/1), moist, moderately soft, mostly fine- to
coasre-grained silty sandstone with little well rounded
gravel- and cobble-sized hard rock clasts, massive,
fresh, friable, poorly indurated, unfractured, no reaction
to diluted hydrochloric acid.
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SAMPLE TYPE:

Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SS

SS

Blow count = 20 for 10 in.,
DS

FRIARS FORMATION (Tf), SILTY SANDSTONE, light
olive gray (2.5Y7/2), moist, moderately soft to
moderately hard, mostly fine-grained sand with some
non-plastic fines and a few to little well-rounded
gravel-sized hard rock clasts, fresh, massive, friable,
poorly indurated, no reaction to diluted hydrochloric acid.

GRAVELLY TO COBBLY CONGLOMERATE, brown
(10YR5/3) with light gray (5YR6/2), moist, hard, mostly
conglomerate with gravel- to coble-sized hard rock
clasts with a sandy matrix, clast supported, massive,
fresh, friable, poorly indurated, no reaction to diluted
hydrochloric acid. Horizontal bedding.

SILTY SANDSTONE; predominantly yellowish brown
(10YR5/3) with light gray (5YR6/2), moist, moderately
soft, mostly fine-grained sand with some non-plastic
fines with thin interbeds of well rounded gravel-sized
hard rock clasts, massive, fresh, friable, poorly
indurated, no reaction to diluted hydrochloric acid, with
faint laminations at lower contact.
@83.5', 1.0 foot thick brown (10YR5/3) claystone clast.

GRAVELLY TO COBBLY CONGLOMERATE; light
yellowish brown in upper 6.0 feet and light olive brown
(2.5Y5/3) below, moist in upper 6.0 feet, wet below,
hard, mostly conflomerate with gravel- to cobble-sized
hard rock clasts and a sandy matrix, clast supported,
massive, fresh, friable, poorly indurated, no reaction to
diluted hydrochloric acid. Borehole enlarged due to
friable nature of conglomerate.
@88.5', 1.0-foot thick white (7.5R8/1) calcareous clast
(caliche?).

End of Boring at 100 feet.
Downhole logging was terminated at depth of 98 feet.
Seepage at 93.0 feet and water level at 98.0 feet at 12
hrs.
Borehole backfilled with 4-sack sand-cement slurry on
10/17/2012. Kelly Bar Weigh (lbs): 5,952 (0-30 feet);
3921 (30-57 ft); 2531 (57-87 ft).
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Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SS

Blow count = 6 for 12 in. DS

Blow count = 5 for 12 in. DS

GRASS AND TOPSOIL,

FRIARS FORMATION (Tf), SILTY SANDSTONE, very
pale brown (10YR8/2) to pale yellow (2.5Y8/2), moist,
soft to moderately soft, mostly fine-grained sand with
some non-plastic fines and scattered well-rounded
gravel-sized hard rock clasts, intensely to moderately
weathered in the upper 5 feet, weathering decreases
gradually down to fresh at approximate depth of 10 feet,
massive, friable, poorly indurated, no reaction to diluted
hydrochloric acid, no visible bedding, unfractured.

...becomes moderately soft and color changes to white
(5Y8/1) from this depth to the lower contact of interval.

...2-inch thick layer with well rounded hard gravel-sized
rock clasts. Horizontal bedding.

...locally mottled grayish brown (10YR5/2).

...claystone lens, light reddish brown (5YR6/3)
gravel-sized claystone clasts.

...very dark gray (7.5YR3/1) Lean Clay (CL) horizon,
approximately 1/2 foot thick, soft, completely weathered,
resembles a relic of a paleosol, overlying a 4-inch thick

EI (20-30 ft)
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Water Content (%):
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Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SS

Blow count = 8 for 12 in. DS

R-Value (50-79 feet)

claystone bed, light olive gray (5Y6/2), moist,
moderately hard, sharp upper and lower contacts,
horizontal bedding
FRIARS FORMATION (Tf), SILTY SANDSTONE, very
pale brown (10YR8/2) to pale yellow (2.5Y8/2), moist,
soft to moderately soft, mostly fine-grained sand with
some non-plastic fines and scattered well-rounded
gravel-sized hard rock clasts, intensely to moderately
weathered in the upper 5 feet, weathering decreases
gradually down to fresh at approximate depth of 10 feet,
massive, friable, poorly indurated, no reaction to diluted
hydrochloric acid, no visible bedding, unfractured.
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SAMPLE TYPE:

Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SS

Blow count = 26 for 12 in.
DS

FRIARS FORMATION (Tf), ...3-inch thick gravel bed.

@71.0', 2-inch thick brown (10YR5/3) discontinuous
claystone bed.
@72.0', 1-foot thick brown (10YR5/3) continuous
claystone layer, horizontal bedding.
@73.0', pale yellow (5Y7/3) oxidized to yellowish brown
(10YR5/6) and hardness becomes moderately hard,
hard drilling.
@75.0', 1-foot thick white (7.5R8/1) cemented
conglomerate layer (caliche?), hard.

@77-79', 2-foot thick of Conglomeratic Silty Sandstone.

@81.0', 1-foot thick white (7.5R8/1) cemented
conglomerate layer (caliche?), hard.

GRAVELLY TO COBBLY CONGLOMERATE; light gray
(5YR6/2), wet, hard, mostly conglomerate with gravel- to
cobble-sized hard rock clasts with a sandy matrix, clast
supported, moist, hard, massive, fresh, friable, poorly
indurated, no reaction to diluted hydrochloric acid.
Borehole enlarged due to friable nature of conglomerate.

End of Boring at 92 feet.
Downhole logging was terminated at depth of 90 feet.
No seepage observed, wet at 84 feet; water level at 90
feet at 12 hrs.
Borehole backfilled with 4-sack sand-cement slurry on
10/18/2012.
Kelly Bar Weigh (lbs): 5,952 (0-30 feet); 3921 (30-57 ft);
2531 (57-87 ft); 1407 (87-90 ft).

feet

Water Content (%):
OTHER TESTS

410 feet

TUBE
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DRY DENSITY (PCF)
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NO RECOVERY

ELEV.

SAMPLE TYPE:

Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SM

GW

SS

Blow count = 8 for 11 in.,
DS

Blow count = 7 for 10 in.,
DS

Blow count = 16 for 11 in.,
DS

PAVEMENT, Asphaltic Concrete = 2 in. and Aggregate
base = 5 in.

SAND (FILL), yellowish red (5YR4/6), moist, dense,
mostly fine- to coarse-grained sand with little
non-plasticity fines and little well-rounded gravel- and
coble-sized hard rock clasts up to 4-inch in diameter,
massive, sharp contact with unit below.

...1-inch long black asphalt fragment, angular.

GRAVEL (FILL), light olive gray (5Y6/2) natural
materials and black asphalt, moist, dense, mixed
rounded gravel with abundant asphalt fragments up to
6-inches in diameter, massive, sharp upper and lower
contacts.

FRIARS FORMATION (Tf), SILTY SANDSTONE, light
olive gray (5Y6/2), moist, moderately soft, mostly
fine-grained sand with some non-plastic fines and
scattered well-rounded gravel-sized hard rock clasts,
slightly weathered to fresh, massive, friable, poorly
indurated, no reaction to diluted hydrochloric acid, no
visible bedding.

feet

Water Content (%):
OTHER TESTS

406.6 feet
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SAMPLE TYPE:

Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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SS

SS

Blow count = 16 for 7 in.,
DS

FRIARS FORMATION (Tf), SILTY SANDSTONE, light
olive gray (5Y6/2), moist, moderately soft, mostly
fine-grained sand with some non-plastic fines and
scattered well-rounded gravel-sized hard rock clasts,
slightly weathered to fresh, massive, friable, poorly
indurated, no reaction to diluted hydrochloric acid.

...from 49 to 66 feet, joint with irregular trace along the
wall of the borehole, tight, clean, moderately rough
surface. Joint attitudes  in this interval: @ 53.0' J:
N16E/86W; @ 55.0' J: N75W/67NE; @ 58.0' J (set):
N10W/86NE and N80E/88N; @ 63.0' J: EW/90.

GRAVELLY TO COBBLY CONGLOMERATE; light olive
gray (5YR6/2), moist, moderately hard,  mostly
conglomerate with gravel- to cobble-sized hard rock
clasts (1 to 4 inches in diameter) with a fine- to
coarse-grained sandy matrix, clast to matrix supported,
massive, fresh, friable, poorly indurated, no reaction to
diluted hydrochloric acid, and sharp upper and lower
contacts.

GRAVELLY SILTY SANDSTONE, pale yellow (5Y7/3),
moist, moderately soft, mostly fine-grained sand with
some non-plastic fines and little well-rounded
gravel-sized hard rock clasts, fresh, massive,  friable,
matrix supported, poorly indurated, no reaction to diluted
hydrochloric acid, no visible bedding, sharp upper and
lower contacts.

feet

Water Content (%):
OTHER TESTS

406.6 feet
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NO RECOVERY

ELEV.

SAMPLE TYPE:

Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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FRIARS FORMATION (Tf), GRAVELLY TO COBBLY
CONGLOMERATE; light olive gray (5Y6/2), moist,
moderately hard,  mostly conglomerate with gravel- to
cobble-sized hard rock clasts (1 to 4 in. in diameter) with
a fine- to coarse-grained sandy matrix, clast to matrix
supported, moist, massive, fresh, friable, poorly
indurated, no reaction to diluted hydrochloric acid, and
sharp upper contact.

End of Boring at 73 feet.
Downhole logging was terminated at depth of 68 feet.
Seepage at 68 feet; water level at 68 feet at 12 hrs.
Borehole backfilled with 4-sack sand-cement slurry on
10/16/2012.
Kelly Bar Weigh (lbs): 3400 (0-25 feet) and  2400  (>25
feet).
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Water Content (%):
OTHER TESTS

406.6 feet
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NO RECOVERY
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SAMPLE TYPE:

Kaiser Permanente -- San Diego Central Hospital, San Diego, CA

Note:  This log of bucket auger should be evaluated in conjunction with the complete geotechnical report.  This log of
bucket auger represents conditions observed at the specific bucket auger location and at the date indicated.
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GEOBASE, INC. Figure B-5

SUMMARY OF LABORATORY TEST RESULTS Page 1 of 3

PROJECT: Clairemont Mesa Boulevard Retaining Walls

Kaiser Permanente - San Diego Central Hospital

San Diego, California

PROJECT NO:   C.314.50.11 DATE: December 13, 2012

BORING DEPTH

(feet)

MOISTURE

CONTENT

(Percent)

DRY DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION

AND REMARKS
LL

(%)

PL

(%)

PI

(%)

CLAY

(%)

SILT 

(%)

SAND

(%)

GRAVEL

(%)

B-1 5.0-6.0 12 110.3 R-Value (5.0-50.0 feet) Sandstone

10.0-11.0 14 Sandstone

15.0-16.0 14 112.4 DS Sandstone

20.0-21.0 14 Sandstone

25.0-26.0 13 116.9 4Ch, ER, ph, S0  Sandstone

30.0-31.0 13 EI (30.0-40.0 feet) Sandstone

35.0-36.0 14 119.5 DS Sandstone

40.0-41.0 15 Sandstone

45.0-46.0 14 Sandstone

50.0-51.0 14 122.7 4DS, Ch, ER, ph, S0  Sandstone

55.0-56.0 14 Sandstone
60.0-61.0 9 Conglomerate
65.0-66.0 5 Conglomerate

70.0-71.0 10 Sandstone

71.0-72.0 6 131.3 DS Sandstone
75.0-76.0 3 Conglomerate
80.0-81.0 11 Sandstone

85.0-86.0 12 Sandstone

90.0-91.0 14 Conglomerate
95.0-96.0 8 Conglomerate

99.0-100.0 9 Conglomerate



GEOBASE, INC. Figure B-5

SUMMARY OF LABORATORY TEST RESULTS Page 2 of 3

PROJECT: Clairemont Mesa Boulevard Retaining Walls

Kaiser Permanente - San Diego Central Hospital

San Diego, California

PROJECT NO:   C.314.50.11 DATE: December 13, 2012

BORING DEPTH

(feet)

MOISTURE

CONTENT

(Percent)

DRY DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION

AND REMARKS
LL

(%)

PL

(%)

PI

(%)

CLAY

(%)

SILT 

(%)

SAND

(%)

GRAVEL

(%)

B-2 6.0-7.0 13 Sandstone

10.0-11.0 12 114.8 DS Sandstone

15.0-16.0 4 Sandstone

22.0-23.0 13 EI (20.0-30.0 Feet) Sandstone

25.0-26.0 14 116.6 DS Sandstone

30.0-31.0 13 Sandstone

33.0-34.0 33 58 30 28 Claystone

35.0-36.0 13 Sandstone

40.0-41.0 13 121.0 DS Sandstone

45.0-46.0 13 Sandstone
50.0-51.0 15 R-Value (50.0-79.0 Feet) Sandstone

55.0-56.0 7 Sandstone

60.0-61.0 7 Sandstone
65.0-66.0 7 Sandstone
70.0-71.0 17 Conglomerate

75.0-76.0 5 Conglomerate

79.0-80.0 5 128.2 DS Sandstone
85.0-86.0 9 Conglomerate
90.0-91.0 4 Conglomerate



GEOBASE, INC. Figure B-5

SUMMARY OF LABORATORY TEST RESULTS Page 3 of 3

PROJECT: Clairemont Mesa Boulevard Retaining Walls

Kaiser Permanente - San Diego Central Hospital

San Diego, California

PROJECT NO:   C.314.50.11 DATE: December 13, 2012

BORING DEPTH

(feet)

MOISTURE

CONTENT

(Percent)

DRY DENSITY

(pcf)

ATTERBERG LIMITS PARTICLE SIZE DISTRIBUTION OTHER TESTS DESCRIPTION

AND REMARKS
LL

(%)

PL

(%)

PI

(%)

CLAY

(%)

SILT 

(%)

SAND

(%)

GRAVEL

(%)

B-3 5.0-6.0 6 SM

10.0-11.0 7 SM

15.0-16.0 11 125.9 DS Sandstone

20.0-21.0 11 117.7 DS Sandstone

25.0-26.0 12 Sandstone

30.0-31.0 11 122.4 DS Sandstone

35.0-36.0 12 Sandstone

40.0-41.0 11 125.4 DS Sandstone

45.0-46.0 11 Sandstone

50.0-51.0 12 Sandstone
55.0-56.0 13 Sandstone

60.0-61.0 14 Conglomerate

65.0-66.0 11 Sandstone
70.0-71.0 7 Sandstone

C:\Users\GEOBASE\Documents\GEOBASE DOCUMENTS\GEOBASE DOCUMENTS\Documents\KAISER\C31450 - RUFFIN\C3145011 -- CLAIREMONT MESA BOULEVARD SLOPE\C3145011 -- 2012\C3145011 -- Geotechnical Report dated December 2012\APPENDIX B\FIGURE B-5.wpd
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C.314.50.11 Figure B-18
December 13, 2012

EXPANSION POTENTIAL

ASTM D4829
SOIL SAMPLE LOCATION AND

DEPTH (feet) EXPANSION INDEX EXPANSION POTENTIAL

B-1 at 30.0 - 40.0 50 Low
B-2 at 20.0 - 30.0 49 Low

WATER-SOLUBLE SULFATES

CT 417

SOIL SAMPLE LOCATION (feet) SOLUBLE SULFATES
PPM

POTENTIAL FOR ATTACK
ON CONCRETE

B-1 at 25.0 - 26.0 105 Low
B-1 at 50.0 - 51.0 14 Low

CORROSIVITY SERIES TEST

SOIL SAMPLE
LOCATION

(feet)

pH
(CT 747)

SOLUBLE
CHLORIDE
(CT 422) 

(PPM)

ELEC. RESISTIVITY
(CT 643)

(OHM-CM)

POTENTIAL FOR
ATTACK ON STEEL

(SENATOROFF)

B-1 at 25.0 - 26.0 7.8 86 2600/880* Severely Corrosive
B-2 at 50.0 - 51.0 7.5 329 2440/680* Severely Corrosive

R-VALUE

(DEPARTMENT OF TRANSPORTATION, STATE OF CALIFORNIA,
MATERIALS AND RESEARCH TEST METHOD NO. 301)

SOIL SAMPLE LOCATION (feet) R-VALUE BY EXUDATION
B-1 at 5.0 - 50.0 24

B-2 at 50.0 - 79.0 22

Note: * -- As received/saturated.

GEOBASE, INC.



www.hdrinc.com 

Corrosion Control and Condition Assessment (C3A) Department 

Sample ID B-1

@25-26'

SM/SP

B-1

@50-51'

SM/SP

Resistivity Units

as-received ohm-cm 2,600 2,440

saturated ohm-cm 880 680

pH 7.8 7.5

Electrical

Conductivity mS/cm 0.15 0.25

Chemical Analyses

Cations

calcium  Ca
2+

mg/kg 16 15

magnesium Mg
2+

mg/kg 7.3 9.2

sodium Na
1+

mg/kg 160 262

potassium K
1+

mg/kg 3.1 6.3

Anions

carbonate CO3
2-

mg/kg ND ND

bicarbonate HCO3
1-

mg/kg 95 85

fluoride F
1-

mg/kg 5.1 3.0

chloride Cl
1-

mg/kg 86 329

sulfate SO4
2-

mg/kg 105 14

phosphate PO4
3-

mg/kg 2.0 ND

Other Tests

ammonium NH4
1+

mg/kg ND ND

nitrate NO3
1-

mg/kg ND 0.6

sulfide S
2-

qual na na

Redox mV na na

 

Electrical conductivity in millisiemens/cm and chemical analysis were made on a 1:5 soil-to-water extract.

mg/kg = milligrams per kilogram (parts per million) of dry soil.

Redox = oxidation-reduction potential in millivolts

ND = not detected

na = not analyzed

Table 1 - Laboratory Tests on Soil Samples

Kaiser Clairemont Mesa Boulevard

Your #C.314.50.11, HDR|Schiff #12-0918LAB

25-Oct-12

Geobase, Inc.

431 West Baseline Road ∙ Claremont, CA 91711

Phone: 909.626.0967 ∙ Fax: 909.626.3316 Page 1 of 1
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Geobase Inc. December 6, 2012 
805 San Diego Project RMA Project No.: 11-704-04 
 Page 3 of 4 

CTM 301 - Determination of Resistance "R" Value of Treated and Untreated Bases, Subbases

and Basement Soils by Stabilometer

Sample No. 1

Specimen No A B C

Moisture Content (%) 14.7 15.7 16.8

Dry Density (pcf) 114.8 112.4 111.2

Exudation Pressure (psi) 474 371 239

Stabilometer R Value 35 28 21

Expansion Pressure Dial 34 25 16

Use:   Traffic Index = 5.0     Gravel Factor = 1.00

Thickness by Expansion (ft) 1.13 0.83 0.53

Thickness by Stabilometer (ft) 1.04 1.15 1.26

Equilibrium Thick (ft) 1.06

Equilibrium Pressure R Value 34

Exudation Pressure R Value @ 300 psi 24

Expansion Pressure R-Value is based on the following structural section:

Thickness of AC (ft)= 0.25 Gf(ac) = 2.50 W(ac) = 145

Thickness of Aggregate Base (ft)= 0.42 Gf(base) = 1.10 W(base) = 130

Gf(avg) = 1.62 W(avg) = 136

 Use Exudation R Value
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Geobase Inc. December 6, 2012 
805 San Diego Project RMA Project No.: 11-704-04 
 Page 4 of 4 

CTM 301 - Determination of Resistance "R" Value of Treated and Untreated Bases, Subbases

and Basement Soils by Stabilometer

Sample No. 2

Specimen No A B C

Moisture Content (%) 17.2 16.1 15.0

Dry Density (pcf) 109.9 111.5 113.5

Exudation Pressure (psi) 105 243 356

Stabilometer R Value 15 20 25

Expansion Pressure Dial 10 20 38

Use:   Traffic Index = 5.0     Gravel Factor = 1.00

Thickness by Expansion (ft) 0.33 0.67 1.27

Thickness by Stabilometer (ft) 1.36 1.28 1.20

Equilibrium Thick (ft) 1.20

Equilibrium Pressure R Value 25

Exudation Pressure R Value @ 300 psi 22

Expansion Pressure R-Value is based on the following structural section:

Thickness of AC (ft)= 0.25 Gf(ac) = 2.50 W(ac) = 145

Thickness of Aggregate Base (ft)= 0.42 Gf(base) = 1.10 W(base) = 130

Gf(avg) = 1.62 W(avg) = 136

 Use Exudation R Value
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APPENDIX C

References:

1. "Geotechnical Report, Kaiser Permanente, San Diego Service Area Central Hospital, Hospital and
Central Utility Plant, 5201 Ruffin Road, San Diego, California", prepared for Kaiser Foundation
Health Plan, Inc., Pasadena, California by GEOBASE, INC., project number C.314.50.01, dated
March 2012.

2. “Response to Review Comments, Kaiser Permanente, San Diego Service Area Central Hospital,
Hospital and Central Utility Plant, 5201 Ruffin Road, San Diego, California”, prepared for Kaiser
Foundation Health Plan, Inc., Pasadena, California by GEOBASE, INC., project number C.314.50.10
dated July 03, 2012

Figure C-1 Section V – Geologic Setting
Figure C-2 Regional Geologic Map
Figure C-3 Subsection 7.2.1 – Seismic Design Criteria - Summary
Figure C-4 Subsection 7.2.8 – Earthquake Effects
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V. GEOLOGIC SETTING

5.1 Regional Geology

Geologically, the proposed Kaiser Permanente - San Diego Service Area Central Hospital site is located within
the central portion of the San Diego Embayment (Kennedy, 1975), which is part of the Peninsular Ranges
Physiographic Province of southern California (CGS, 2002). The Peninsular Ranges are characterized by
northwest trending elongated alluvial valleys and by elevated Mesozoic age intrusive rock masses of the
California batholith, flanked by metavolcanic and metasedimentary rocks that form the mountainous portions
of the province.  

In turn, the structural framework of San Diego County reflects the effects of a broad regional deformation
originated by the San Andreas Fault system. The San Andreas Fault system forms the broad transform
boundary along which the Pacific and North American crustal plates move irregularly past one another in a
right-lateral sense. San Diego County is bounded on the northeast by the Elsinore Fault Zone and on the
southwest by the offshore extension of the Newport-Inglewood-Rose Canyon Fault Zone. A primarily
Cretaceous and Tertiary age sedimentary rock sequence, with scattered outcrops of plutonic and metamorphic
rocks, occurs in the San Diego Embayment area. In contrast, outcrops of Cretaceous age plutonic rocks
compose most of the Peninsular Ranges located immediately to the east of the San Diego Embayment. The
southern California batholith forms the backbone of the Peninsular Ranges of southern California and Baja
California and it is nearly 1,500 kilometers (km) in length extending from the Transverse Ranges on the north
to the southern tip of Baja California on the south.

According to Kennedy (1975) and Kennedy and Tan (2005), the Site is underlain by Very Old Paralic deposits
(Qvop) of middle to early Pleistocene age (formerly the Lindavista Formation) over middle Eocene age Stadium
Conglomerate (Tst) or the Friars Formation (Tf); the Regional Geologic Map is presented as Figure A-4,
Appendix A. The Stadium Conglomerate is primarily nonmarine whereas the Friars Formation was deposited
under nonmarine and lagoonal conditions. 

The Stadium Conglomerate (Tst) consists typically of a massive cobble conglomerate with a dark
yellowish-brown coarse-grained sandstone matrix. The Stadium Conglomerate is moderately well sorted with
an average size in the cobble range. However, the conglomerate contains also dispersed lenses of fossiliferous
cross bedded sandstone.  Rock clasts with diameters as large as twenty (20) inches occur but are rare within
this unit.  The sandstone matrix constitutes less than twenty (20) percent of the unit, but in local stratigraphic
sections, individual sandstone beds and lenses constitute up to fifty (50) percent. The Stadium Conglomerate
(Tst) is reported to be conformably underlain by the Friars Formation (Tf).  The Friars Formation (Tf) in turn is
composed of mostly yellowish-gray, medium-grained, massive, poorly indurated sandstones and claystones
with interbeds of conglomerate. According to Kennedy (1975), the Friars Formation (Tf) presents a maximum

GEOBASE, INC. FIGURE C-1, Page 1 of 3



C.314.50.01 Page 7 of 47
March 27, 2012

thickness of fifty (50) meters (m).

Gradual emergence of the region from the sea occurred in Pleistocene time and numerous wave-cut platforms,
most of which were covered by thin marine terrace deposits, formed as the sea receded from the land. The
erosion of adjacent highlands provided a nonmarine sedimentary cover on most marine terrace deposits. A
broad portion of San Diego coastal area is distinguished by a composite terrace which has been mapped as
Very Old Paralic deposits (Qvop) of middle to early Pleistocene age (formerly Lindavista Formation). According
to Kennedy and Tan (2005), the Very Old Paralic deposits (Qvop) consist mostly of moderately permeable,
reddish-brown and interbedded siltstones, sandstones and conglomerates that are reported to be slightly- to
well-indurated. Through the region, these deposits are reported to unconformably overlie the Stadium
Conglomerate.

5.2 Site Geology

Geocon (2009) performed a subsurface investigation at the current property that consisted of advancing
seventeen (17) exploratory borings to a maximum depth of approximately fifty-six (56) feet. Based on their
subsurface investigation, Geocon (2009) reports the occurrence at the site of undocumented man-made fill (Af)
over Very Old Paralic deposits (Qvop) and the Friars Formation (Tf). 

According to Kennedy (1975) and Kennedy and Tan (2005), the rocks of the Stadium Conglomerate(Tst)  and
Friars Formation (Tf) in the immediate vicinity of the site are essentially horizontal with dips that range between
two (2) and three (3) degrees predominantly to the west and southwest.

Based on the eighteen (18) bucket auger borings advanced by Geobase during the current investigation, to
a maximum depth of 102 feet below ground surface (bgs), the subsurface conditions reported by Geocon
(2009) were confirmed. The site is underlain by man-made fill (Af) overlying Quaternary Very Old Paralic
deposits (Qvop), formerly known as Lindavista Formation, overlying in turn rocks of the Friars Formation (Tf)
of Eocene age.  The man-made fill (Af) materials consist of four and one-half (4.5) to ten and one-half (10.5)
feet (Borings B-6, B-10 and B-11) of predominantly yellowish red, loose, cobbly gravelly silty sand (SM)/sandy
silt (ML).  The underlying Quaternary Very Old Paralic deposits (Qvop), to a depth nine and one-half (9.5) to
nineteen (19.0) feet (Borings B-6 and B-11), consist predominantly of firm to dense gravelly cobbly silty sand
(SM). These deposits are massive, friable, with varying amounts of well-rounded gravel and cobble-sized hard
rock clasts, with sharp upper and lower contacts, and with no visible internal bedding. The Friars Formation
(Tf) is composed of soft, light olive gray to pale yellow silty sandstone and include scattered well-rounded
gravel-sized hard rock clasts, although the clasts can also occur locally in distinct layers up to 6 inches in
thickness. This unit is massive, friable and in the boreholes downhole logged (B-6, B-10 and B-11) presented
no visible internal bedding. The Friars Formation (Tf) constitutes bedrock at the site.

GEOBASE, INC. FIGURE C-1, Page 2 of 3
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The interpreted surface and subsurface distribution of geologic materials encountered in our current
investigation at the site are illustrated in Figure A-2, Appendix A, Site and Boring Locations Plan and Figure
A-5, Appendix A, Geologic Cross Section.

VI. SUBSURFACE CONDITIONS

6.1 Subsoil Conditions

A pavement section consisting of approximately two and one-half (2.5) to four (4) inches of asphaltic concrete
overlying approximately zero (0) to eleven (11) inches of aggregate base was encountered at the boring
locations.

The generalized stratigraphic profile at the boring locations consisted of fill soils (silty sands with varying
amounts of gravel and cobbles, and occasional boulders) overlying native silty sands with varying amounts of
gravel and cobbles, and occasional boulders.  These native silty sands are underlain by sandstone bedrock. 
In some areas, the undocumented fill is underlain directly by the sandstone bedrock.  Along the east side of
the site, no fill was encountered and the native sands overlie the sandstone bedrock.

Based on the SPT tests results and blow counts, the native silty sands and sandstone bedrock are generally
inferred to be in a very dense state.

Laboratory test results indicate that the silty sands possess a “very low” expansion potential. The light olive
gray sandstone bedrock has a “low” expansion potential with fines content less than thirty (30) percent.  At
boring locations B-8 and B-9, a dark gray layer of sandstone bedrock with a maximum thickness of ten (10)
feet was encountered immediately underlying the fill.  This layer consists of approximately fifty-five (55) percent
sands and forty-five (45) percent fines with liquid limit in the order of sixty (60), plasticity index of forty (40) and
natural moisture content in excess of sixteen (16) percent.

6.2 Regional Groundwater Conditions

According to Figure 31, South Coast Hydrologic Region, depicting the location and extent of the different
groundwater basins and subbasins identified by the Bulletin 118 issued by the California Department of Water
Resources (CDWR, 2003), the general site vicinity is not considered to be part of any groundwater basin and
subbasin already identified in the South Coast Hydrogeologic Region. The closest groundwater basin to the
site is the Poway Valley Groundwater Basin (Basin Number 9-13). This basin is located several kilometers
towards the northeast. Furthermore, according to CDWR (2012), no water wells area located in the vicinity of
the site. As a result, no groundwater level data is readily available for the site.

GEOBASE, INC. FIGURE C-1, Page 3 of 3
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is shown as occurring just to the north of Interstate I-8, running parallel to Interstate I-15 and ending just to the
north of Balboa Avenue, approximately 2,200 feet to the south of the site (see Figure A-6, Appendix A). The
City of San Diego (2008b) identifies the Murphy Canyon fault as being Potentially Active. However, it has not
been delineated as an earthquake fault zone by the State of California (Hart and Bryant, 1997).  Although the
Murphy Canyon fault is the closest fault to the site, bedrock accelerations that could be potentially derived from
this short fault (if it were to be active) would probably not be as severe as those that could be experienced from
the larger previously described faults.

7.2 Site Accelerations

7.2.1 Seismic Design Criteria – Summary

Determination of mapped seismic design parameters and site-specific ground motion hazard analysis (GMHA)
based on the requirements of CBC 2010 were carried out for the project. Based on the subsoil conditions, the
project site is determined to be Site Class C.  A comparison of the results obtained from the Mapped
parameters and the site-specific GMHA based on the CBC 2010 is summarized in Table I, below.  Details
regarding determination of the parameters obtained based on these procedures are provided in the following
subsections.

TABLE I

MAPPED PARAMETERS AND SITE-SPECIFIC GMHA PARAMETERS

Period (seconds) Mapped Parameters Site Class C Ground Motion Hazard Analysis
 MCE Design Design

PGA 0.481g 0.321g 0.29g
MS DS DS0.2 S : 1.203g S : 0.802g S : 0.71g

M1 D1 D11 S : 0.598g S : 0.399g S : 0.32g

Based on the CBC 2010, subsection 1615.10.2:

1. Site-specific, site response analysis is not required since the structure is not located in either Type E
or Type F soils.

2. Site-specific GMHA will not be required, provided that: time-history analysis of the structure is not
being performed; the project site is not located in a seismic hazard zone or Alquist-Priolo Special
Studies Fault Zone (Figure A-6, Appendix A); and, the structure is not seismically isolated and/or uses
damping systems.

Therefore, considering the above, either of the two (2) sets of seismic design parameters,  the mapped
values or site-specific GMHA, may be used for design depending on the structure to be designed and the

GEOBASE, INC. FIGURE C-3, Page 1 of 2
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analysis used.

A seismic design Category D should be used for the parking structure and HSB building.

7.2.2 Site Coordinates

The site latitude and longitude are 32.8300 degrees north and 117.1250 degrees west, respectively.

7.2.3 Site Classification

Based on the suspension PS velocity data obtained at borehole R-1, the average shear wave velocities within
the top 100 feet is between 1,200 and 2,500 feet per seconds (see Figure A-8, Appendix A).  Further, the
average SPT blowcounts within the top 100 feet are greater than fifty (50) blows per foot.  Therefore, for
determination of site accelerations, the subsoils within the top one hundred (100) feet are judged to be Site
Class C.

7.2.4 Mapped Accelerations Response Spectra (Mapped Parameters)

7.2.4.1 Mapped MCE Accelerations

Mapped MCE spectral response accelerations for 0.2 and 1.0 second periods are provided in maps published
in the ASCE 7-05 and CBC 2010.  These maps are prepared by the USGS and the California portion of the
maps was prepared jointly with the CGS.  These maps use results of seismic hazard analyses from both
probabilistic and deterministic procedures, and are applicable to site Class B and five (5) percent of critical

a vdamping.  The mapped site accelerations are adjusted for site class effects using parameters F  and F , which
are functions of site class and mapped site spectral accelerations.

Mapped spectral response parameters may also be obtained using computer programs that can determine
these parameters for selected site coordinates.  The computer program Seismic Hazard Curves and Uniform
Hazard Response Spectra version 5.1.0 dated February 10, 2011 was used to obtain mapped parameters for
the project site.  This program is available on the USGS website.

a vThe project site is Site Class C and, therefore, coefficient values of F  and F , of 1.0 and 1.361, respectively,
are obtained for the site.  Mapped MCE accelerations obtained for the project site are summarized in Table
II, below.
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period of 0.2 second. However, this value should not be less than ninety (90) percent of the design spectra
D1obtained at any period more than 0.2 second.  Also, the CBC 2010 specifies S  as the greater of the design

response spectrum at one second and twice the spectrum at two seconds. 

Based on the above, and the values of site-specific design response spectra provided in Table VI, the design
acceleration parameters are obtained as follows:

DS• S =    0.71g
D1• S  =       0.32g

• PGA =        0.29g

7.2.6 Seismic Design Category

DSThe design spectral response acceleration parameter at short-period (S ) is 0.71g which is greater than 0.5g
D1and at one (1) second period (S ) is 0.32g which is greater  than 0.2g.  Therefore, a seismic design Category

D should be used for the parking structure and HSB building per Section 1613.5.6 of CBC 2010.

7.2.7 Seismic Hazard Deaggregation

Relative contributions of various combinations of earthquake magnitudes and distances to a particular seismic
hazard at a site are determined using deaggregation of the seismic hazards.  Magnitude-distance
deaggregation, obtained from the computer program "2008 Interactive Deaggregations (Beta)" available on the
USGS website, indicates that the deaggregated magnitude and distance for the peak ground acceleration at
the project site are 6.78 and 8.6 kilometers, respectively. 

7.2.8 Earthquake Effects

7.2.8.1 Liquefaction

Liquefaction occurs when the pore water pressures generated within a soil mass become near or equal to the
overburden pressure.  This results in a loss of strength and the soil then possesses a certain degree of mobility.

Factors considered to evaluate liquefaction potential include groundwater conditions, soil type, particle size
distribution, earthquake magnitude and acceleration, and soil density.  Soils subject to liquefaction comprise
saturated fine grained sands to coarse silts.  Coarser-grained soils are considered free-draining and therefore
dissipate excess pore pressures, while fine-grained soils possess undrained shear strength.

Seismic Hazard Zones Maps from the CDMG that designate those areas where historic occurrences of
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liquefaction, or local geological, geotechnical and groundwater conditions would indicate a potential for
permanent ground displacement are not available for the project site area at the time of writing this report.
However, The City of San Diego's (2008b) Geologic Hazards and Faults map shows the site to be located
outside any of the liquefaction susceptibility areas identified for the region (Figure A-6, Appendix A).

Due to the lack of groundwater encountered at the site, and the fact that the subsoils underlying the structures
will consist of either fill compacted to a minimum of ninety-five (95) percent relative compaction based on
ASTM D 1557, very dense Quaternary Very Old Paralic deposits or bedrock, the possibility of liquefaction at
the site is considered very low.

7.2.8.2 Seismically Induced Settlements

The subsoils underlying the structures at the site will consist of either fill compacted to a minimum of ninety-five
(95) percent relative compaction based on ASTM D 1557, very dense Quaternary Very Old Paralic deposits
or bedrock.  Therefore, seismically induced settlements are anticipated to be negligible.

7.2.8.3 Tsunamis

A tsunami is a sea wave generated by a submarine earthquake, landslide, or volcanic event. The site is not
located within a coastal area; instead, it is located approximately fifteen (15) km inland from the Pacific Ocean
at an approximate elevation of 420 feet amsl. Therefore, a tsunami hazard at the site is considered nil.

7.2.8.4 Seiches

A seiche is an earthquake-induced wave in a confined body of water, such as a lake, reservoir, or bay.
Resulting oscillations could cause waves up to tens of feet high, which in turn could cause extensive damage
along the shoreline. The most serious consequence of a seiche would be the overtopping and failure of a dam.
The site is not located downstream of any large bodies of water that could adversely affect the site in the event
of earthquake-induced failures or seiches.

7.2.8.5 Ground Surface Rupture

Ground surface displacement along a fault, although more limited in area than the ground shaking associated
with it, can have disastrous consequences when structures are located straddling the fault or near the fault
zone. Fault displacement involves forces so great that it is not practically feasible (structurally or economically)
to design and build structures to accommodate rapid displacement and remain intact. Amounts of movement
during a single earthquake can range from several inches to tens of feet. Another aspect of fault displacement
comes not from the violent movement associated with earthquakes, but the barely perceptible movement along
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a fault called "fault creep". Damage by fault creep is usually expressed by the rupture or bending of buildings,
fences, railroad tracks, streets, pipelines, curbs, and other linear features.

No faulting was observed during our field investigation. In addition, active, potentially active, and other major
inactive faults noted on regional geologic and fault maps do not cross nor project toward the site. Furthermore,
the site is not located within any Alquist-Priolo Earthquake Fault Zone Map as designated by the CGS (Hart
and Bryant, 1997; CDMG, 2000). Furthermore, the site is not located within any City of San Diego Geologic
Hazards and Faults maps (2008b [Figure A-6, Appendix A]). Kennedy (1975), Kennedy et al (1975), Kennedy
and Tan (2005), and the City of San Diego (2008a and 2008b) indicate that the closest active fault to the site
is the Rose Canyon fault located approximately 8.7 km to the southwest. Therefore, the possibility of any
hazard due to ground surface rupture or fault offset at the property is considered unlikely based on the
presently known tectonic framework.  Cracking due to shaking from distant events is not considered a
significant hazard, although it is a possibility at any site.

7.2.8.6 Seismically Induced Landsliding

Due to its relatively flat topographic condition, the site is not located within a designated area where previous
occurrence of landslide movement, or local topographic, geological, geotechnical and subsurface water
conditions indicate a potential for permanent ground displacement such that mitigation would be required (City
of San Diego, 2008). In addition, based on our field reconnaissance and field investigation, there are no known
landslides near or at the site, nor is the site in the path of any known or potential landslides (Figure A-6,
Appendix A).

7.2.8.7 Lateral Spreading

Seismically induced lateral spreading involves primarily movement of earth materials due to ground shaking.
Lateral spreading is demonstrated by near-vertical cracks with predominantly horizontal movement of the soil
mass involved.  The potential for liquefaction at the site is considered very low and the subsoils consist of
indurated Pleistocene-age deposits and Eocene-age bedrock. Therefore, the potential for lateral spreading at
the subject site is considered very low.  

7.2.8.8 Flooding

The site is located in an area which is generally considered to be  of minimal flood potential.  Final evaluation
of flood potential depends on the proposed finished grade and should be considered by the project Civil
Engineer.  A search of Natural Flood Insurance Program, Flood Insurance Rate Map (FIRM) showed the
property to be located within Zone X.  Zone X corresponds to areas determined to be outside the 0.2 percent
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annual chance of floodplain.  The flood map is presented as Figure A-13, Appendix A.

7.2.8.9 Subsidence

Subsidence refers to the sudden sinking or gradual downward settling and compaction of soil and other surface
material with little or no horizontal motion. It may be caused by a variety of human and natural activities,
including earthquakes. Alluvial valley regions are especially susceptible. Therefore, since the site is located
in a mesa that is underlain by indurated Pleistocene-age deposits and Eocene-age bedrock, it is our opinion
that the potential hazard associated with subsidence at the site is unlikely. 

VIII. CONCLUSIONS

Based on the results of our site investigations, it is our opinion that the site is geotechnically suitable for the
proposed development and will not adversely impact adjoining properties, provided the recommendations
presented herein are incorporated in the project design, plans and recommendations, and implemented during
construction.  The following observations which may influence design and construction decisions were noted:

• Based on the original site topography and observations at the boring locations, up to approximately
sixty (60) feet of fill soils underlie the site.  Fill thickness, at the boring locations, varies from zero (0)
to fifty-five and one-half (55.5) feet at Geocon’s boring B-8 (GEOCON, 2009).  Fill thickness at the
boring locations is shown on Figures A-2 and A-3, Appendix A.  The existing fill soils are
undocumented and unsuitable for the support of structures without remedial grading.

• Fill soils were not encountered at the proposed parking structure location.

• Quaternary Very Old Paralic deposits and Friars Formation bedrock are considered suitable for
structural support.

• Excavation of undocumented fill, Very Old Paralic deposits and bedrock is expected to generate some
oversize material.  In this respect, materials in excess of six (6) inches in largest dimension are not
suitable for use as structural fill.

• Based on the borings advanced at the site for this investigation and those performed previously by
Geocon (GEOCON, 2009), the Quaternary Very Old Paralic deposits  and underlying sandstone
bedrock are expected to be rippable with heavy duty grading and/or excavation equipment in open
excavations to the anticipated construction depths.  Cobbles and concretions are common in the
subsoils at the site, and, if encountered, could require special excavation equipment and very heavy
effort.
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APPENDIX D

Slope Stability Analyses Results

Figure D-1 – Station 16+70- Safety Factor for General Fail of Soil Nail Wall
Page 1 of 8 Static Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method
Page 2 of 8 Static Factor of Safety with Slip Surface Determined Using “Grid and Radius” Method
Page 3 of 8 Static Factor of Safety with Slip Surface Determined Using “Auto Locate” Method
Page 4 of 8 Static Factor of Safety with Slip Surface Determined Using “Fully Specified” Method
Page 5 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method” - PGA = 0.16g
Page 6 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Fully Specified” Method” - PGA = 0.16g
Page 7 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method” - PGA = 0.29g

Figure D-2 – Station 15+40 - Safety Factor for General Fail of Soil Nail Wall
Page 1 of 8 Static Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method
Page 2 of 8 Static Factor of Safety with Slip Surface Determined Using “Grid and Radius” Method
Page 3 of 8 Static Factor of Safety with Slip Surface Determined Using “Auto Locate” Method
Page 4 of 8 Static Factor of Safety with Slip Surface Determined Using “Fully Specified” Method
Page 5 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method” - PGA = 0.16g
Page 6 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Fully Specified” Method” - PGA = 0.16g
Page 7 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method” - PGA = 0.29g

Figure D-3 – Station 13+00 - Safety Factor for General Fail of Soil Nail Wall
Page 1 of 8 Static Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method
Page 2 of 8 Static Factor of Safety with Slip Surface Determined Using “Grid and Radius” Method
Page 3 of 8 Static Factor of Safety with Slip Surface Determined Using “Auto Locate” Method
Page 4 of 8 Static Factor of Safety with Slip Surface Determined Using “Fully Specified” Method
Page 5 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method” - PGA = 0.16g
Page 6 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Fully Specified” Method” - PGA = 0.16g
Page 7 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method” - PGA = 0.29g

Figure D-4 – Station 11+75 - Safety Factor for General Fail of Soil Nail Wall
Page 1 of 8 Static Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method
Page 2 of 8 Static Factor of Safety with Slip Surface Determined Using “Grid and Radius” Method
Page 3 of 8 Static Factor of Safety with Slip Surface Determined Using “Auto Locate” Method
Page 4 of 8 Static Factor of Safety with Slip Surface Determined Using “Fully Specified” Method
Page 5 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method” - PGA = 0.16g
Page 6 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Fully Specified” Method” - PGA = 0.16g
Page 7 of 8 Pseudo-Factor of Safety with Slip Surface Determined Using “Entry and Exit” Method” - PGA = 0.29g

Compact Disc Slope Stability Analyses – Input and Output Data
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Safety Factor for General Failure of Soil Nail WallST. 16+70.00
 Static factor of safety with slip surface determined using "Entry and Exit"

method.
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Safety Factor for General Failure of Soil Nail WallST. 16+70.00
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Safety Factor for General Failure of Soil Nail WallST. 16+70.00
Static factor of safety with slip surface determined using "Auto locate" method
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Safety Factor for General Failure of Soil Nail WallST. 16+70.00
 Static factor of safety with slip surface determined using "Fully specified"

method.
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Safety Factor for General Failure of Soil Nail WallST. 16+70.00
 Pseudo-static factor of safety with slip surface determined using "Entry and Exit"

method-  PGA=0.16 g
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Safety Factor for General Failure of Soil Nail WallST. 16+70.00
 Pseudo-static factor of safety with slip surface determined using "Fully

specified" method-  PGA=0.16 g
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Safety Factor for General Failure of Soil Nail WallST. 16+70.00
 Pseudo-static factor of safety with slip surface determined using "Entry and Exit"

method-  PGA=0.29 g
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Safety Factor for General Failure of Soil Nail WallST. 16+70.00
 Pseudo-static factor of safety with slip surface determined using "Fully

specified" method-  PGA=0.29 g
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Safety Factor for General Failure of Soil Nail WallST. 15+40.00
 Static factor of safety with slip surface determined using "Entry and Exit"

method.
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Safety Factor for General Failure of Soil Nail Wall
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Safety Factor for General Failure of Soil Nail Wall

Static factor of safety with slip surface determined using "Auto locate" method
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Safety Factor for General Failure of Soil Nail Wall

 Static factor of safety with slip surface determined using "Fully specified"
method.
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Entry and Exit"
method-  PGA=0.16 g
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Fully
specified" method-  PGA=0.16 g
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Entry and Exit"
method-  PGA=0.29 g
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Fully
specified" method-  PGA=0.29 g
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Safety Factor for General Failure of Soil Nail Wall

 Static factor of safety with slip surface determined using "Entry and Exit"
method.
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Safety Factor for General Failure of Soil Nail Wall
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Safety Factor for General Failure of Soil Nail Wall

Static factor of safety with slip surface determined using "Auto locate" method
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Safety Factor for General Failure of Soil Nail Wall

 Static factor of safety with slip surface determined using "Fully specified"
method.
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Entry and Exit"
method-  PGA=0.16 g
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Fully
specified" method-  PGA=0.16 g
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Entry and Exit"
method-  PGA=0.29 g
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Fully
specified" method-  PGA=0.29 g
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Safety Factor for General Failure of Soil Nail Wall

 Static factor of safety with slip surface determined using "Entry and Exit"
method.
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Safety Factor for General Failure of Soil Nail Wall
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Safety Factor for General Failure of Soil Nail Wall

Static factor of safety with slip surface determined using "Auto locate" method
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Safety Factor for General Failure of Soil Nail Wall

 Static factor of safety with slip surface determined using "Fully specified"
method.
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Entry and Exit"
method-  PGA=0.16 g

Materials

Color Name γ
( pcf )

φ
( deg. )

C
( psf )

Foundation
Soil

Reinforced
Zone

Fill
Materials

120 35 400

120 35 5000

120 30 0

Tension
Crack
Zone

120 0 0

ST. 11+75.00

1.434

Distance (ft.)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

El
ev

at
io

n 
(f

t.)

0

10

20

30

40

50

60

70

80

90

100

FOS = 1.434

GEOBASE, INC. FIGURE NO. D-4

page 5 of 8



Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Fully
specified" method-  PGA=0.16 g
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Entry and Exit"
method-  PGA=0.29 g
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Safety Factor for General Failure of Soil Nail Wall

 Pseudo-static factor of safety with slip surface determined using "Fully
specified" method-  PGA=0.29 g
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 61 
Date: 11/26/2012 
Time: 1:38:52 AM 
File Name: 1-Entry and exit-(16+70).gsz 
Directory: final analysis\16+70.00\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 1:39:50 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.18436, 20) ft 
Left-Zone Right Coordinate: (72.568, 40) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (100.3652, 83.07) ft 
Right-Zone Right Coordinate: (189.9573, 83.07) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (190, 83.07) ft 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,15,17,16,18,19,11 8486.0765 

Region 2 Soil nail block 5,6,7,8,9,14,12,18,16,17,15 1812.9671 

Region 3 Fill 14,9,20,10,13 447.3797 

Region 4 Tension crack 18,12,14,13,19 543.90249 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 30 20 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 90.8926 76.179 

Point 9 96.3652 81.07 

Point 10 190 83.07 

Point 11 190 0 

Point 12 127.2748 72.7878 

Point 13 190 78.07 

Point 14 107.5614 78.07 

Point 15 72.568 29.811 

Point 16 103.4777 43.5621 

Point 17 103.4776 21.5288 
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Point 18 125.2247 70.27 

Point 19 190 70.27 

Point 20 100.3652 83.07 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.952 
(57.135, 

103.551) 
89.35176 

(164.007, 
83.07) 

(23.5916, 20) 

2 2957 2.030 
(57.135, 

103.551) 
93.289 

(148.148, 
83.07) 

(15.6362, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 26.32639 18.020395 0 595.89847 417.2526 400 

2 Optimized 29.53059 15.75984 0 985.44139 690.01349 400 

3 Optimized 30.814125 14.99162 0 1238.4506 867.17246 400 

4 Optimized 33.650365 13.656655 0 1608.7025 1126.4256 400 

5 Optimized 38.296225 12.1 0 2190.1572 1533.5645 400 

6 Optimized 44.01759 10.95537 0 2757.0957 1930.5392 400 

7 Optimized 50.257185 10.341275 0 3289.6038 2303.4054 400 

8 Optimized 54.20208 10.150045 0 3580.8417 2507.3323 400 

9 Optimized 58.49704 10.21504 0 3831.0513 2682.531 400 

10 Optimized 65.232865 10.49397 0 4194.9069 2937.3055 400 

11 Optimized 69.003175 10.735965 0 4377.777 3065.3525 400 

12 Optimized 71.047975 10.894665 0 4396.0669 3078.1592 400 

13 Optimized 74.961775 11.47035 0 4953.0749 3468.1804 400 

14 Optimized 79.31295 12.58706 0 5457.8027 3821.5946 400 

15 Optimized 83.176935 13.89574 0 5807.9562 4066.7747 400 

16 Optimized 87.495555 15.51204 0 5898.7122 4130.3228 400 

17 Optimized 90.39922 16.697855 0 5927.5763 4150.5336 400 

18 Optimized 93.023385 17.864445 0 6022.8964 4217.2775 400 

19 Optimized 95.759685 19.09181 0 6015.0652 4211.794 400 

20 Optimized 98.3652 20.29712 0 6007.3565 4206.3963 400 
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21 Optimized 101.14575 21.583395 0 5937.694 4157.6181 400 

22 Optimized 102.65855 22.49534 0 4409.7506 3087.7406 5000 

23 Optimized 105.4761 25.06467 0 4006.8204 2805.6058 400 

24 Optimized 108.3129 27.81054 0 3804.3434 2663.8299 400 

25 Optimized 111.14025 30.57013 0 3586.0894 2511.0068 400 

26 Optimized 115.3623 34.74124 0 3268.5908 2288.6919 400 

27 Optimized 119.6921 39.10661 0 2944.8127 2061.9801 400 

28 Optimized 123.5502 43.0924 0 2647.3706 1853.7089 400 

29 Optimized 125.82245 45.479815 0 2498.4344 1749.4226 400 

30 Optimized 126.8475 46.57003 0 2392.823 1675.4727 400 

31 Optimized 129.3397 49.26559 0 2226.7172 1559.1641 400 

32 Optimized 133.46455 53.820485 0 1900.3413 1330.6333 400 

33 Optimized 137.66435 58.654265 0 1561.6146 1093.4543 400 

34 Optimized 142.0163 63.90759 0 1187.1281 831.23606 400 

35 Optimized 145.8321 68.416095 0 953.94923 667.96244 400 

36 Optimized 149.52195 72.1144 0 1079.5728 0.0188421 0.001 

37 Optimized 154.20295 76.057615 0 748.48095 0.013063457 0.001 

38 Optimized 157.7927 78.841585 0 396.35341 228.83475 0 

39 Optimized 161.39725 81.341585 0 170.20071 98.265424 0 

Slices of Slip Surface: 2957 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 2957 18.03016 18.89418 0 297.26636 208.14814 400 

2 2957 22.818095 16.840915 0 653.08337 457.2939 400 

3 2957 27.60603 15.094315 0 985.14819 689.80819 400 

4 2957 32.196095 13.68572 0 1441.2554 1009.1779 400 

5 2957 36.588285 12.580275 0 2018.0012 1413.0196 400 

6 2957 40.980475 11.698045 0 2543.5034 1780.9802 400 

7 2957 45.372665 11.032625 0 3000.0851 2100.6822 400 

8 2957 49.76485 10.57935 0 3374.5146 2362.8606 400 

9 2957 54.157035 10.33512 0 3659.8612 2562.6624 400 

10 2957 58.549225 10.298285 0 3855.4928 2699.6451 400 

11 2957 62.941415 10.4686 0 3966.3901 2777.2962 400 
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12 2957 67.333605 10.84721 0 4000.9596 2801.502 400 

13 2957 71.04885 11.318 0 3885.5332 2720.6796 400 

14 2957 74.96265 12.013565 0 5757.6 4031.5149 400 

15 2957 79.613185 13.04021 0 5640.3488 3949.4147 400 

16 2957 84.12495 14.28254 0 5834.9645 4085.6861 400 

17 2957 88.636715 15.774225 0 5970.5466 4180.6217 400 

18 2957 93.6289 17.74766 0 5937.5767 4157.5359 400 

19 2957 98.3652 19.897225 0 5711.4526 3999.2021 400 

20 2957 101.2841 21.376655 0 5465.9137 3827.2739 400 

21 2957 102.8403 22.228535 0 5109.9937 3578.0561 5000 

22 2957 105.5195 23.82596 0 4969.3942 3479.6073 400 

23 2957 109.7693 26.57492 0 4506.4387 3155.4423 400 

24 2957 114.18515 29.79243 0 4044.3463 2831.8818 400 

25 2957 118.601 33.43578 0 3594.2629 2516.73 400 

26 2957 123.0168 37.57617 0 3147.3177 2203.7756 400 

27 2957 126.24975 40.912025 0 2821.138 1975.3821 400 

28 2957 129.4011 44.651955 0 2481.7026 1737.7068 400 

29 2957 133.6537 50.31725 0 2000.5251 1400.7827 400 

30 2957 137.9063 57.068515 0 1458.8323 1021.4854 400 

31 2957 142.1589 65.51669 0 809.50104 566.81873 400 

32 2957 145.58075 74.17 0 925.30824 0.016149675 0.001 

33 2957 147.512 80.57 0 137.81646 79.56837 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 62 
Date: 11/25/2012 
Time: 9:12:03 PM 
File Name: 2-Grid and radius-(16+70).gsz 
Directory: final analysis\16+70.00\ 
Last Solved Date: 11/25/2012 
Last Solved Time: 9:12:36 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Grid and Radius 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Grid 
Upper Left: (-18.571114, 96.535074) ft 
Lower Left: (43.585136, 41.137346) ft 
Lower Right: (126.46014, 121.15629) ft 
Grid Horizontal Increment: 10 
Grid Vertical Increment: 10 
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Left Projection Angle: 0 ° 
Right Projection Angle: 0 ° 

Slip Surface Radius 
Upper Left Coordinate: (41.097315, 23.436099) ft 
Upper Right Coordinate: (178.34747, 87.518474) ft 
Lower Left Coordinate: (43.641227, -18.841308) ft 
Lower Right Coordinate: (177.86291, -9.8770442) ft 
Number of Increments: 15 
Left Projection: No 
Left Projection Angle: 135 ° 
Right Projection: No 
Right Projection Angle: 45 ° 
UsePoints: 0 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (190, 83.07) ft 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,15,17,16,18,19,11 8486.0765 

Region 2 Soil nail block 5,6,7,8,9,14,12,18,16,17,15 1812.9671 

Region 3 Fill 14,9,20,10,13 447.3797 

Region 4 Tension crack 18,12,14,13,19 543.90249 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 30 20 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 90.8926 76.179 

Point 9 96.3652 81.07 
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Point 10 190 83.07 

Point 11 190 0 

Point 12 127.2748 72.7878 

Point 13 190 78.07 

Point 14 107.5614 78.07 

Point 15 72.568 29.811 

Point 16 103.4777 43.5621 

Point 17 103.4776 21.5288 

Point 18 125.2247 70.27 

Point 19 190 70.27 

Point 20 100.3652 83.07 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.958 
(53.945, 

108.846) 
88.52774 

(161.524, 
83.07) 

(24.0192, 20) 

2 968 2.037 
(53.945, 

108.846) 
98.013 

(148.507, 
83.07) 

(12.5565, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 27.009595 17.87323 0 621.88697 435.44995 400 

2 Optimized 30.11781 15.662675 0 1129.6434 790.9848 400 

3 Optimized 32.31122 14.552505 0 1375.6601 963.2476 400 

4 Optimized 37.134995 12.70171 0 1999.1869 1399.8457 400 

5 Optimized 43.277025 11.31011 0 2676.1688 1873.8735 400 

6 Optimized 49.77766 10.54494 0 3232.332 2263.3032 400 

7 Optimized 56.29706 10.354035 0 3687.7748 2582.2077 400 

8 Optimized 63.12781 10.52181 0 4087.1941 2861.8841 400 

9 Optimized 68.03782 10.794645 0 4311.5779 3018.9994 400 

10 Optimized 71.04421 11.02061 0 4388.3907 3072.7842 400 

11 Optimized 74.95801 11.574205 0 4970.3578 3480.282 400 

12 Optimized 79.668945 12.723905 0 5617.8044 3933.629 400 
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13 Optimized 84.29128 14.25735 0 5825.8099 4079.276 400 

14 Optimized 88.747285 15.94569 0 5981.6543 4188.3994 400 

15 Optimized 91.464785 17.04118 0 6171.7749 4321.5233 400 

16 Optimized 94.201085 18.224245 0 6073.5941 4252.7764 400 

17 Optimized 97.210315 19.548575 0 6125.0792 4288.8266 400 

18 Optimized 99.210315 20.43277 0 6087.1434 4262.2637 400 

19 Optimized 101.36145 21.386955 0 6015.3356 4211.9833 400 

20 Optimized 102.91765 22.294995 0 4068.5792 2848.8498 5000 

21 Optimized 104.41655 23.577465 0 4339.3624 3038.4543 400 

22 Optimized 106.45845 25.453385 0 3978.544 2785.8065 400 

23 Optimized 109.0903 27.981705 0 3795.1282 2657.3774 400 

24 Optimized 112.57915 31.383425 0 3506.8058 2455.4919 400 

25 Optimized 117.1052 35.893565 0 3175.0161 2223.1702 400 

26 Optimized 120.93115 39.77057 0 2883.9474 2019.3617 400 

27 Optimized 123.70785 42.677825 0 2663.8831 1865.271 400 

28 Optimized 125.85985 44.95833 0 2523.9245 1767.271 400 

29 Optimized 126.8849 46.05581 0 2421.6596 1695.6643 400 

30 Optimized 128.3481 47.648485 0 2325.1577 1628.093 400 

31 Optimized 130.8361 50.40248 0 2123.5856 1486.9506 400 

32 Optimized 134.5464 54.659485 0 1825.8718 1278.4892 400 

33 Optimized 138.2574 59.0594 0 1513.2747 1059.6063 400 

34 Optimized 140.87 62.29131 0 1290.5567 903.65756 400 

35 Optimized 143.94055 66.26711 0 1003.4619 702.63158 400 

36 Optimized 146.5012 69.50481 0 875.93931 613.3393 400 

37 Optimized 147.7958 70.94605 0 1160.46 0.020253847 0.001 

38 Optimized 151.0141 74.09835 0 919.06031 0.016040628 0.001 

39 Optimized 154.5344 77.3223 0 630.93854 0.011011955 0.001 

40 Optimized 158.48395 80.57 0 234.10071 135.15811 0 

Slices of Slip Surface: 968 

 

Slip 
Surfac

e 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 968 14.73692 19.047975 0 260.63191 182.49643 400 

2 968 19.0978 17.266275 0 562.37666 393.78038 400 
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3 968 23.45868 15.72278 0 847.37932 593.34139 400 

4 968 27.81956 14.405785 0 1105.8061 774.29378 400 

5 968 32.196095 13.302715 0 1499.1532 1049.7184 400 

6 968 36.588285 12.407585 0 2021.0166 1415.1311 400 

7 968 40.980475 11.71922 0 2489.4265 1743.1152 400 

8 968 45.372665 11.23324 0 2890.6178 2024.0324 400 

9 968 49.76485 10.94663 0 3215.5116 2251.5255 400 

10 968 54.157035 10.857635 0 3459.7704 2422.5573 400 

11 968 58.549225 10.965715 0 3624.7054 2538.046 400 

12 968 62.941415 11.271525 0 3715.4089 2601.5573 400 

13 968 67.333605 11.776935 0 3740.3792 2619.0417 400 

14 968 71.04885 12.349125 0 3625.8034 2538.8148 400 

15 968 74.96265 13.144315 0 5462.2844 3824.7327 400 

16 968 79.613185 14.28258 0 5358.8949 3752.3386 400 

17 968 84.12495 15.62528 0 5566.4632 3897.6795 400 

18 968 88.636715 17.20968 0 5720.445 4005.4987 400 

19 968 93.6289 19.276065 0 5713.1344 4000.3798 400 

20 968 98.2657 21.45224 0 5521.0053 3865.8495 400 

21 968 100.2657 22.469425 0 5295.7417 3708.1182 5000 

22 968 101.9214 23.39653 0 5040.2808 3529.2426 5000 

23 968 105.5195 25.534355 0 4790.7638 3354.5289 400 

24 968 109.7693 28.32924 0 4347.36 3044.0543 400 

25 968 114.18515 31.581505 0 3902.9356 2732.8649 400 

26 968 118.601 35.24248 0 3468.569 2428.7182 400 

27 968 123.0168 39.377335 0 3035.9027 2125.7619 400 

28 968 126.24975 42.693045 0 2719.6348 1904.3088 400 

29 968 129.3713 46.343475 0 2394.3937 1676.5725 400 

30 968 133.56435 51.79965 0 1937.1242 1356.3889 400 

31 968 137.7574 58.19492 0 1428.542 1000.2759 400 

32 968 141.9504 65.96703 0 833.87069 583.88254 400 

33 968 145.5236 74.17 0 924.80954 0.016140971 0.001 

34 968 147.75385 80.57 0 150.24148 86.741958 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 64 
Date: 11/25/2012 
Time: 9:14:51 PM 
File Name: 3-Auto locate-(16+70).gsz 
Directory: final analysis\16+70.00\ 
Last Solved Date: 11/25/2012 
Last Solved Time: 9:15:18 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Auto-Search 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (190, 83.07) ft 
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Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,15,17,16,18,19,11 8486.0765 

Region 2 Soil nail block 5,6,7,8,9,14,12,18,16,17,15 1812.9671 

Region 3 Fill 14,9,20,10,13 447.3797 

Region 4 Tension crack 18,12,14,13,19 543.90249 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 30 20 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 90.8926 76.179 

Point 9 96.3652 81.07 

Point 10 190 83.07 

Point 11 190 0 

Point 12 127.2748 72.7878 

Point 13 190 78.07 

Point 14 107.5614 78.07 

Point 15 72.568 29.811 

Point 16 103.4777 43.5621 

Point 17 103.4776 21.5288 

Point 18 125.2247 70.27 

Point 19 190 70.27 

Point 20 100.3652 83.07 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.957 
(51.892, 

106.203) 
88.41394 

(159.76, 
83.07) 

(23.3007, 20) 
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2 198 2.044 
(51.892, 

106.203) 
96.076 

(145.142, 
83.07) 

(9.47004, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 26.65035 17.634925 0 671.53482 470.21374 400 

2 Optimized 32.038605 14.23303 0 1439.2564 1007.7782 400 

3 Optimized 36.96997 12.29208 0 2092.5444 1465.2154 400 

4 Optimized 43.19394 10.836655 0 2759.6456 1932.3247 400 

5 Optimized 49.59223 10.073438 0 3314.8007 2321.0484 400 

6 Optimized 55.766185 9.84002 0 3752.7193 2627.6823 400 

7 Optimized 62.278695 9.9647125 0 4112.6277 2879.6929 400 

8 Optimized 67.607015 10.244065 0 4371.6757 3061.0803 400 

9 Optimized 71.048705 10.482435 0 4473.4729 3132.3595 400 

10 Optimized 74.94716 11.007615 0 5054.9865 3539.5397 400 

11 Optimized 79.060565 11.98104 0 5548.4606 3885.0739 400 

12 Optimized 82.513135 13.083045 0 5882.0937 4118.6864 400 

13 Optimized 86.027515 14.282795 0 5993.6493 4196.7984 400 

14 Optimized 89.35794 15.557805 0 6060.2951 4243.4643 400 

15 Optimized 91.65159 16.49014 0 6204.6869 4344.5686 400 

16 Optimized 94.38789 17.65427 0 6158.3063 4312.0925 400 

17 Optimized 96.781585 18.69006 0 6209.5387 4347.9658 400 

18 Optimized 98.781585 19.576725 0 6124.0743 4288.123 400 

19 Optimized 101.8213 20.93282 0 6018.0494 4213.8836 400 

20 Optimized 103.3315 21.606555 0 6037.7671 4227.69 5000 

21 Optimized 105.4735 23.69517 0 4052.1349 2837.3354 400 

22 Optimized 107.80045 25.99601 0 3886.0402 2721.0347 400 

23 Optimized 110.5179 28.731865 0 3657.2874 2560.8602 400 

24 Optimized 115.5209 33.83057 0 3281.8279 2297.9606 400 

25 Optimized 119.4718 37.94478 0 2970.0429 2079.6465 400 

26 Optimized 122.75695 41.478265 0 2720.1161 1904.6458 400 

27 Optimized 124.92025 43.836645 0 2539.4121 1778.1155 400 

28 Optimized 126.24975 45.32095 0 2450.8087 1716.0748 400 

29 Optimized 127.7423 46.98726 0 2351.1185 1646.2709 400 
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30 Optimized 129.9046 49.425 0 2189.7053 1533.2481 400 

31 Optimized 133.1574 53.182555 0 1915.251 1341.0732 400 

32 Optimized 136.1971 56.8341 0 1663.1452 1164.5468 400 

33 Optimized 139.3322 60.751035 0 1387.0825 971.24563 400 

34 Optimized 142.5179 64.879575 0 1102.6814 772.10586 400 

35 Optimized 145.3034 68.5855 0 849.81228 595.04496 400 

36 Optimized 146.81665 70.619615 0 1168.6755 0.020397235 0.001 

37 Optimized 148.9661 73.09634 0 996.44332 0.017391217 0.001 

38 Optimized 152.3605 76.646725 0 692.16221 0.01208051 0.001 

39 Optimized 154.62435 78.78764 0 384.42076 221.94543 0 

40 Optimized 157.5717 81.28764 0 168.74476 97.424833 0 

Slices of Slip Surface: 198 

 

Slip 
Surfac

e 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 198 11.523033 19.049055 0 268.39304 187.93083 400 

2 198 15.629025 17.26106 0 573.07333 401.27027 400 

3 198 19.735015 15.694585 0 864.05901 605.02064 400 

4 198 23.84101 14.338265 0 1132.3843 792.90399 400 

5 198 27.947005 13.18288 0 1368.8437 958.47465 400 

6 198 32.196095 12.19427 0 1742.864 1220.3665 400 

7 198 36.588285 11.37971 0 2243.2096 1570.7123 400 

8 198 40.980475 10.77415 0 2679.147 1875.9589 400 

9 198 45.372665 10.37362 0 3039.5178 2128.2933 400 

10 198 49.76485 10.17555 0 3317.8043 2323.1516 400 

11 198 54.157035 10.17868 0 3513.8992 2460.4587 400 

12 198 58.549225 10.38304 0 3631.8004 2543.014 400 

13 198 62.941415 10.78992 0 3679.4872 2576.4047 400 

14 198 67.333605 11.40193 0 3666.46 2567.2829 400 

15 198 71.04885 12.068775 0 3526.4438 2469.2425 400 

16 198 74.96265 12.970475 0 5294.555 3707.2873 400 

17 198 79.613185 14.24305 0 5165.8437 3617.1627 400 

18 198 84.12495 15.72674 0 5347.7097 3744.5066 400 

19 198 88.636715 17.46451 0 5482.6079 3838.9634 400 
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20 198 93.6289 19.71913 0 5464.1221 3826.0195 400 

21 198 97.838825 21.84225 0 5298.5255 3710.0675 400 

22 198 99.838825 22.94799 0 4978.4747 3485.9655 5000 

23 198 101.9214 24.20056 0 4672.8818 3271.9871 5000 

24 198 105.5195 26.52427 0 4534.8107 3175.3086 400 

25 198 109.7693 29.565985 0 4096.4195 2868.3438 400 

26 198 114.18515 33.115225 0 3653.6809 2558.3349 400 

27 198 118.601 37.129345 0 3215.8641 2251.7723 400 

28 198 123.0168 41.69608 0 2772.0752 1941.028 400 

29 198 126.24975 45.38372 0 2442.0305 1709.9282 400 

30 198 129.56165 49.78521 0 2069.8089 1449.2958 400 

31 198 134.13535 56.73553 0 1512.3478 1058.9574 400 

32 198 138.70905 65.40379 0 847.0048 593.07915 400 

33 198 142.37655 74.17 0 924.73696 0.016139705 0.001 

34 198 144.44955 80.57 0 144.42391 83.383185 0 

 



1 | P a g e  
 

SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 69 
Date: 12/5/2012 
Time: 3:55:18 AM 
File Name: 4-Fully specified-(16+70).gsz 
Directory: final analysis\16+70.00\ 
Last Solved Date: 12/5/2012 
Last Solved Time: 3:55:36 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (190, 83.07) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
22.310088 20.922451 

 
25.94499 18.210508 

 
30.701028 15.079122 

 
35.365353 12.943491 

 
41.143349 11.279532 

 
47.615754 10.401696 

 
55.804526 9.982431 

 
63.010644 10.218268 

 
69.352029 10.768553 

 
77.34427 11.97394 

 
82.100308 13.402062 

 
89.398141 16.41553 

 
96.617362 19.560018 

 
102.25124 22.376955 

 
105.39572 25.010464 

 
112.23499 31.705604 

 
120.29274 39.658538 

 
128.416 48.253473 

 
132.39902 52.367511 

 
141.9766 63.478036 

 
147.03399 70.27 

 
148.34081 78.010447 

 
149.35808 83.609687 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
22.442424 21.001497 

 
25.898242 18.262925 

 
30.723346 15.035322 

 
34.994215 12.94879 

 
41.090799 11.253484 

 
47.513403 10.438432 
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55.566111 10.07981 

 
62.575552 10.07981 

 
69.715402 10.666647 

 
80.180661 12.394555 

 
92.047808 16.306802 

 
103.4776 21.5288 

 
113.43476 29.510633 

 
121.84609 37.106912 

 
135.40854 49.6261 

 
145.8738 60.547788 

 
154.1028 70.27 

 
155.15935 78.07 

 
156.10269 83.881048 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
22.284848 20.996064 

 
25.92541 18.224889 

 
30.62554 15.073357 

 
35.216996 12.954224 

 
41.16687 11.324121 

 
47.497102 10.644912 

 
55.647616 10.183049 

 
62.738562 10.074376 

 
69.530657 10.753585 

 
80.262166 12.573867 

 
92.243421 16.323103 

 
103.4776 21.5288 

 
108.8433 26.674255 

 
115.25504 33.330507 

 
124.05759 43.029618 

 
131.74624 52.321204 

 
137.9678 61.993146 

 
142.0657 70.27 

 
143.51845 78.07 

 
144.72593 83.975382 
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Fully Specified Slip Surface 4 

 
X (ft) Y (ft) 

 
22.39843 21.046042 

 
25.836745 18.260639 

 
30.60721 15.111921 

 
35.142618 12.974062 

 
40.986125 11.318839 

 
47.643812 10.634045 

 
55.598713 9.9494013 

 
62.608154 10.177616 

 
69.617596 10.536238 

 
80.213263 12.590168 

 
91.950002 16.2742 

 
103.4776 21.5288 

 
113.43476 29.152011 

 
123.57399 36.976504 

 
137.36466 49.039263 

 
149.0036 59.634931 

 
159.04593 70.27 

 
160.08739 78.07 

 
160.81188 83.945195 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,15,17,16,18,19,11 8486.0765 

Region 2 Soil nail block 5,6,7,8,9,14,12,18,16,17,15 1812.9671 

Region 3 Fill 14,9,20,10,13 447.3797 

Region 4 Tension crack 18,12,14,13,19 543.90249 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 30 20 
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Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 90.8926 76.179 

Point 9 96.3652 81.07 

Point 10 190 83.07 

Point 11 190 0 

Point 12 127.2748 72.7878 

Point 13 190 78.07 

Point 14 107.5614 78.07 

Point 15 72.568 29.811 

Point 16 103.4777 43.5621 

Point 17 103.4776 21.5288 

Point 18 125.2247 70.27 

Point 19 190 70.27 

Point 20 100.3652 83.07 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.960 
(67.283, 

98.837) 
88.68114 

(157.694, 
83.07) 

(23.7549, 20) 

2 2 1.989 
(67.283, 

98.837) 
88.775 

(155.971, 
83.07) 

(23.7062, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 24.736605 19.220745 0 378.19006 264.81153 400 

2 Optimized 27.85914 16.99131 0 781.30907 547.0785 400 

3 Optimized 30.373355 15.288225 0 1212.5548 849.03999 400 

4 Optimized 32.935975 14.016605 0 1525.236 1067.9817 400 

5 Optimized 37.89518 12.184555 0 2183.3248 1528.7805 400 

6 Optimized 44.01096 10.87537 0 2805.713 1964.5814 400 
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7 Optimized 50.65441 10.173078 0 3393.7014 2376.2953 400 

8 Optimized 56.608365 10.002233 0 3744.4682 2621.9049 400 

9 Optimized 61.921055 10.07343 0 4191.847 2935.1629 400 

10 Optimized 66.627115 10.21063 0 4398.1404 3079.611 400 

11 Optimized 69.103265 10.346585 0 4424.4483 3098.0321 400 

12 Optimized 71.045315 10.503045 0 4429.055 3101.2577 400 

13 Optimized 74.959115 11.170005 0 4810.5171 3368.3604 400 

14 Optimized 77.83271 11.82287 0 5829.7206 4082.0143 400 

15 Optimized 80.57218 12.60198 0 5778.7153 4046.3 400 

16 Optimized 86.182165 14.484 0 5981.6376 4188.3877 400 

17 Optimized 90.210345 15.98432 0 6019.7963 4215.1068 400 

18 Optimized 93.6289 17.4344 0 6148.2856 4305.0759 400 

19 Optimized 96.94103 18.839335 0 6220.1634 4355.4053 400 

20 Optimized 98.94103 19.68234 0 6217.4841 4353.5292 400 

21 Optimized 101.87485 20.91578 0 6112.1548 4279.7769 400 

22 Optimized 105.26285 23.24508 0 4266.7 2987.5755 400 

23 Optimized 107.3513 25.1301 0 4112.8264 2879.832 400 

24 Optimized 109.18975 26.79643 0 3989.4062 2793.4123 400 

25 Optimized 112.9934 30.281595 0 3703.6849 2593.3481 400 

26 Optimized 118.14365 35.03891 0 3378.9039 2365.934 400 

27 Optimized 123.17165 39.739735 0 3024.4476 2117.741 400 

28 Optimized 126.24975 42.69336 0 2799.4374 1960.1872 400 

29 Optimized 127.82155 44.22819 0 2702.5931 1892.376 400 

30 Optimized 129.73735 46.097765 0 2585.8576 1810.637 400 

31 Optimized 132.8752 49.344045 0 2264.6531 1585.7272 400 

32 Optimized 136.93205 53.764 0 1977.5646 1384.7057 400 

33 Optimized 140.6968 57.943675 0 1687.1949 1181.3866 400 

34 Optimized 144.21595 62.06686 0 1374.6642 962.55025 400 

35 Optimized 148.57115 67.36988 0 1000.1257 700.29558 400 

36 Optimized 152.7819 72.21752 0 1156.6798 0.020187872 0.001 

37 Optimized 155.46475 76.14247 0 754.15716 0.013162526 0.001 

38 Optimized 156.6563 79.06873 0 271.09034 156.51408 0 

39 Optimized 157.3784 81.56873 0 73.944546 42.691903 0 

Slices of Slip Surface: 2 

 
Slip X (ft) Y (ft) PWP Base Normal Frictional Cohesiv
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Surfa
ce 

(psf) Stress (psf) Strength (psf) e 
Strength 

(psf) 

1 2 24.80223 19.13146 0 390.00949 273.08759 400 

2 2 27.94912 16.89105 0 789.20652 552.60835 400 

3 2 30.361675 15.27725 0 1195.5071 837.1031 400 

4 2 32.85878 13.992055 0 1543.1359 1080.5154 400 

5 2 38.042505 12.101135 0 2182.5542 1528.2409 400 

6 2 44.3021 10.845955 0 2784.1648 1949.4931 400 

7 2 49.52658 10.348775 0 3189.554 2233.3498 400 

8 2 53.552935 10.169465 0 3606.3919 2525.2228 400 

9 2 57.31847 10.07981 0 3822.2729 2676.3843 400 

10 2 60.82319 10.07981 0 4129.002 2891.1583 400 

11 2 64.31409 10.222705 0 4071.3151 2850.7655 400 

12 2 67.791165 10.50849 0 4273.1037 2992.0594 400 

13 2 69.62255 10.659015 0 4368.4792 3058.8421 400 

14 2 71.1417 10.902145 0 4006.6145 2805.4617 400 

15 2 74.96265 11.533015 0 6117.662 4283.633 400 

16 2 78.76898 12.161475 0 6237.7996 4367.7543 400 

17 2 82.858645 13.27741 0 5823.9061 4077.943 400 

18 2 88.214615 15.04311 0 6315.4378 4422.1172 400 

19 2 91.470205 16.11638 0 6580.9194 4608.0094 400 

20 2 94.206505 17.293055 0 6031.2022 4223.0933 400 

21 2 98.3652 19.193065 0 6057.938 4241.8139 400 

22 2 101.9214 20.81781 0 5937.4298 4157.4331 400 

23 2 105.5195 23.165625 0 4526.7949 3169.6959 400 

24 2 110.4981 27.15654 0 4205.6432 2944.8231 400 

25 2 115.5376 31.4097 0 3671.8644 2571.0671 400 

26 2 119.74325 35.20784 0 3415.6385 2391.6558 400 

27 2 123.5354 38.66627 0 3155.5134 2209.5143 400 

28 2 126.24975 41.17183 0 2994.5541 2096.8094 400 

29 2 129.30825 43.99505 0 2813.9159 1970.3251 400 

30 2 133.3751 47.749085 0 2572.5269 1801.3027 400 

31 2 138.02485 52.35652 0 2150.8237 1506.023 400 

32 2 143.2575 57.817365 0 1799.3828 1259.9414 400 

33 2 147.93105 62.97834 0 1365.5682 956.18115 400 
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34 2 152.04555 67.839445 0 1023.2183 716.46519 400 

35 2 154.63105 74.17 0 906.87201 0.015827903 0.001 

36 2 155.56515 80.57 0 105.36072 60.830042 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 68 
Date: 11/25/2012 
Time: 9:46:09 PM 
File Name: 5-Entry and Exit-a=0.16g(16+70).gsz 
Directory: final analysis\16+70.00\ 
Last Solved Date: 11/25/2012 
Last Solved Time: 9:47:18 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.18436, 20) ft 
Left-Zone Right Coordinate: (72.568, 40) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (100.3652, 83.07) ft 
Right-Zone Right Coordinate: (189.9573, 83.07) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (190, 83.07) ft 

Seismic Loads 
Horz Seismic Load: 0.16 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,15,17,16,18,19,11 8486.0765 

Region 2 Soil nail block 5,6,7,8,9,14,12,18,16,17,15 1812.9671 

Region 3 Fill 14,9,20,10,13 447.3797 

Region 4 Tension crack 18,12,14,13,19 543.90249 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 30 20 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 90.8926 76.179 

Point 9 96.3652 81.07 

Point 10 190 83.07 

Point 11 190 0 

Point 12 127.2748 72.7878 

Point 13 190 78.07 
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Point 14 107.5614 78.07 

Point 15 72.568 29.811 

Point 16 103.4777 43.5621 

Point 17 103.4776 21.5288 

Point 18 125.2247 70.27 

Point 19 190 70.27 

Point 20 100.3652 83.07 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.518 
(53.865, 

134.595) 
91.47962 

(175.346, 
83.07) 

(21.2367, 20) 

2 1777 1.562 
(53.865, 

134.595) 
123.466 

(166.066, 
83.07) 

(7.91028, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 24.95485 17.69429 0 801.17018 560.9854 400 

2 Optimized 29.3365 15.11454 0 1241.3223 869.18326 400 

3 Optimized 31.929325 14.04364 0 1779.5968 1246.0871 400 

4 Optimized 37.404215 12.447865 0 2467.4931 1727.7573 400 

5 Optimized 44.53839 11.320695 0 3222.6183 2256.5016 400 

6 Optimized 51.320565 10.974515 0 3756.5551 2630.3682 400 

7 Optimized 58.187215 11.14456 0 4173.9965 2922.6638 400 

8 Optimized 64.00647 11.518345 0 4446.8975 3113.7512 400 

9 Optimized 67.84117 11.885345 0 4568.5977 3198.9666 400 

10 Optimized 71.01628 12.226045 0 4653.16 3258.1777 400 

11 Optimized 74.93008 12.83967 0 5123.4442 3587.4742 400 

12 Optimized 79.42992 13.872885 0 5608.4894 3927.1065 400 

13 Optimized 83.5527 15.026895 0 5983.1193 4189.4253 400 

14 Optimized 88.24773 16.476285 0 5994.2115 4197.1921 400 

15 Optimized 91.7156 17.62288 0 6219.8611 4355.1936 400 

16 Optimized 94.4519 18.578915 0 6089.7374 4264.0801 400 
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17 Optimized 96.697535 19.381635 0 6133.7638 4294.9077 400 

18 Optimized 98.697535 20.114315 0 6029.8948 4222.1778 400 

19 Optimized 101.6501 21.20119 0 5931.8877 4153.5525 400 

20 Optimized 103.2063 21.87091 0 4217.0006 2952.7756 5000 

21 Optimized 105.5195 23.610575 0 3825.0746 2678.3461 400 

22 Optimized 107.6365 25.21026 0 3699.1139 2590.1474 400 

23 Optimized 109.41995 26.579105 0 3559.7588 2492.57 400 

24 Optimized 112.8361 29.19051 0 3394.1786 2376.6295 400 

25 Optimized 116.17605 31.73954 0 3208.7409 2246.7845 400 

26 Optimized 121.51645 35.885075 0 2912.4333 2039.3077 400 

27 Optimized 126.24975 39.60714 0 2641.365 1849.5037 400 

28 Optimized 128.223 41.198695 0 2551.0181 1786.2421 400 

29 Optimized 132.39625 44.65622 0 2314.6542 1620.7383 400 

30 Optimized 137.74415 49.212225 0 2011.3798 1408.3833 400 

31 Optimized 142.0238 53.04345 0 1770.6023 1239.7891 400 

32 Optimized 145.70325 56.46713 0 1545.7598 1082.3527 400 

33 Optimized 148.9956 59.6717 0 1347.4174 943.47181 400 

34 Optimized 152.21055 62.9295 0 1126.8903 789.05708 400 

35 Optimized 156.3236 67.354485 0 844.25662 591.15485 400 

36 Optimized 159.05245 70.33671 0 1035.3543 0.018070342 0.001 

37 Optimized 161.87125 72.93516 0 903.41577 0.01576758 0.001 

38 Optimized 166.31845 76.76845 0 636.0655 0.011101437 0.001 

39 Optimized 168.8613 78.72749 0 375.88953 217.01992 0 

40 Optimized 172.53045 81.22749 0 170.96496 98.706666 0 

Slices of Slip Surface: 1777 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 1777 10.671492 18.96852 0 311.59391 218.1804 400 

2 1777 16.193925 17.0521 0 693.1406 485.34228 400 

3 1777 21.716355 15.42228 0 1067.756 747.65081 400 

4 1777 27.238785 14.06741 0 1416.0346 991.51813 400 

5 1777 32.82355 12.96894 0 1951.8463 1366.6975 400 

6 1777 38.47065 12.12554 0 2653.7638 1858.1854 400 
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7 1777 44.11775 11.546955 0 3253.2539 2277.9529 400 

8 1777 49.76485 11.229445 0 3716.4938 2602.317 400 

9 1777 55.41195 11.170985 0 4026.1756 2819.1585 400 

10 1777 61.05905 11.371215 0 4184.2299 2929.8293 400 

11 1777 66.70615 11.8314 0 4207.3587 2946.0243 400 

12 1777 71.04885 12.34027 0 4058.7765 2841.9859 400 

13 1777 74.96265 12.96918 0 5892.0112 4125.6307 400 

14 1777 79.613185 13.865675 0 5734.8068 4015.555 400 

15 1777 84.12495 14.917175 0 5892.6659 4126.0891 400 

16 1777 88.636715 16.149815 0 5997.6641 4199.6096 400 

17 1777 93.6289 17.74321 0 5943.6585 4161.7945 400 

18 1777 98.3652 19.44727 0 5712.2696 3999.7742 400 

19 1777 101.9167 20.87576 0 5401.6553 3782.2798 400 

20 1777 105.5148 22.474125 0 5015.4549 3511.8593 400 

21 1777 110.5053 24.93749 0 4518.7804 3164.0841 400 

22 1777 116.39305 28.18797 0 3988.0997 2792.4975 400 

23 1777 122.2808 31.878695 0 3505.2504 2454.4027 400 

24 1777 126.24975 34.581385 0 3204.1753 2243.5877 400 

25 1777 129.9395 37.40909 0 2927.9302 2050.1588 400 

26 1777 135.26885 41.83332 0 2542.4328 1780.2306 400 

27 1777 140.5982 46.80429 0 2155.6215 1509.3824 400 

28 1777 145.92755 52.42223 0 1751.5424 1226.4432 400 

29 1777 151.2569 58.833025 0 1310.423 917.56807 400 

30 1777 156.58625 66.264225 0 806.07228 564.41789 400 

31 1777 161.44155 74.17 0 882.4157 0.015401059 0.001 

32 1777 164.84915 80.57 0 163.95993 94.662307 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 74 
Date: 12/5/2012 
Time: 4:08:46 AM 
File Name: 6-Fully specified-a=0.16g(16+70).gsz 
Directory: final analysis\16+70.00\ 
Last Solved Date: 12/5/2012 
Last Solved Time: 4:09:16 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (190, 83.07) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
18.845784 21.808851 

 
29.241462 14.941289 

 
33.826126 13.280999 

 
40.406156 11.709912 

 
45.361668 11.35129 

 
54.555447 10.894861 

 
65.607543 11.579504 

 
78.25714 13.307413 

 
90.3199 16.991445 

 
103.4776 21.5288 

 
116.76017 31.923185 

 
128.26869 41.247373 

 
137.59288 49.30008 

 
148.28635 58.493859 

 
158.97982 70.27 

 
160.16223 78.152314 

 
161.13323 85.348243 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
18.393249 22.220814 

 
28.995437 14.748424 

 
33.298908 13.10528 

 
40.614809 11.853361 

 
45.153015 11.462137 

 
54.385916 11.03179 

 
65.731431 11.579504 

 
77.585538 13.10528 

 
90.026481 16.821914 

 
103.4776 21.5288 

 
116.93487 31.551904 

 
128.72512 40.204107 
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138.86436 47.572171 

 
151.0184 57.783134 

 
164.39829 70.27 

 
165.33722 78.07 

 
166.47178 85.403594 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
18.698622 22.114495 

 
28.932044 15.005437 

 
33.392186 13.10365 

 
40.433324 11.903713 

 
45.14251 11.179223 

 
54.311837 10.93018 

 
65.813117 11.586749 

 
77.880405 13.171571 

 
90.015614 16.929863 

 
103.4776 21.5288 

 
116.85667 31.946659 

 
127.27889 41.570785 

 
136.57439 49.83345 

 
146.52714 59.457576 

 
153.8764 70.27 

 
154.95181 78.07 

 
155.95176 85.2206 

Fully Specified Slip Surface 4 

 
X (ft) Y (ft) 

 
18.56278 22.142569 

 
29.484468 14.774505 

 
33.624929 13.177005 

 
40.177941 11.905525 

 
45.263862 11.449096 

 
54.001212 10.862259 

 
65.737951 11.546902 

 
77.442088 13.046596 
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90.352502 16.861037 

 
103.4776 21.5288 

 
117.44481 30.553899 

 
129.31196 38.606606 

 
140.00543 46.300691 

 
153.30707 57.026767 

 
168.9322 70.27 

 
169.78122 78.07 

 
170.72456 85.314934 

Seismic Loads 
Horz Seismic Load: 0.16 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,15,17,16,18,19,11 8486.0765 

Region 2 Soil nail block 5,6,7,8,9,14,12,18,16,17,15 1812.9671 

Region 3 Fill 14,9,20,10,13 447.3797 

Region 4 Tension crack 18,12,14,13,19 543.90249 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 30 20 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 90.8926 76.179 

Point 9 96.3652 81.07 

Point 10 190 83.07 

Point 11 190 0 
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Point 12 127.2748 72.7878 

Point 13 190 78.07 

Point 14 107.5614 78.07 

Point 15 72.568 29.811 

Point 16 103.4777 43.5621 

Point 17 103.4776 21.5288 

Point 18 125.2247 70.27 

Point 19 190 70.27 

Point 20 100.3652 83.07 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.511 
(76.022, 

98.837) 
92.58428 

(181.507, 
83.07) 

(21.9015, 20) 

2 4 1.543 
(76.022, 

98.837) 
91.181 

(170.432, 
83.07) 

(21.7387, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 25.450685 17.783615 0 774.59875 542.37989 400 

2 Optimized 29.49996 15.344165 0 1206.6709 844.92008 400 

3 Optimized 31.49391 14.454675 0 1630.5343 1141.7124 400 

4 Optimized 35.278735 13.11998 0 2129.5733 1491.1433 400 

5 Optimized 40.345955 11.99289 0 2711.2988 1898.4719 400 

6 Optimized 46.92328 11.3006 0 3332.6913 2333.5756 400 

7 Optimized 54.576805 11.131795 0 3913.1393 2740.0097 400 

8 Optimized 62.395445 11.486585 0 4341.8801 3040.2172 400 

9 Optimized 67.94564 11.942805 0 4559.1131 3192.3253 400 

10 Optimized 71.0423 12.267505 0 4651.2209 3256.8199 400 

11 Optimized 74.9561 12.85025 0 5210.8506 3648.6769 400 

12 Optimized 79.661515 13.875925 0 5813.7191 4070.81 400 

13 Optimized 83.861325 15.03405 0 5978.8811 4186.4576 400 

14 Optimized 87.56859 16.15463 0 6168.0767 4318.9338 400 
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15 Optimized 90.13643 16.97128 0 6202.8426 4343.2771 400 

16 Optimized 92.671625 17.81838 0 6315.7435 4422.3312 400 

17 Optimized 95.407925 18.74946 0 6260.7047 4383.7926 400 

18 Optimized 98.3652 19.78943 0 6266.0829 4387.5585 400 

19 Optimized 101.8742 21.023425 0 6156.5526 4310.8645 400 

20 Optimized 105.4723 23.04354 0 4061.6723 2844.0135 400 

21 Optimized 109.2023 25.70665 0 3829.6096 2681.5215 400 

22 Optimized 113.39755 28.71798 0 3581.2382 2507.61 400 

23 Optimized 119.7444 33.33113 0 3216.9571 2252.5376 400 

24 Optimized 124.3808 36.733795 0 2963.7826 2075.263 400 

25 Optimized 126.24975 38.122795 0 2876.8565 2014.3966 400 

26 Optimized 127.4243 38.99573 0 2823.08 1976.7419 400 

27 Optimized 129.34065 40.47042 0 2671.7889 1870.8067 400 

28 Optimized 134.84505 44.774345 0 2395.6507 1677.4527 400 

29 Optimized 141.2747 49.931475 0 2049.7021 1435.2169 400 

30 Optimized 145.34345 53.358385 0 1789.4398 1252.9792 400 

31 Optimized 148.44 56.10366 0 1625.704 1138.3302 400 

32 Optimized 153.6242 60.900555 0 1311.209 918.11844 400 

33 Optimized 158.5703 65.64072 0 996.85074 698.0024 400 

34 Optimized 161.60715 68.694565 0 801.82994 561.44737 400 

35 Optimized 163.22565 70.33428 0 1034.2174 0.018050499 0.001 

36 Optimized 164.947 71.81188 0 976.85907 0.017049407 0.001 

37 Optimized 170.00325 75.6476 0 725.00839 0.012653784 0.001 

38 Optimized 173.5951 78.20794 0 426.02058 245.9631 0 

39 Optimized 177.64775 80.70794 0 220.28216 127.17996 0 

Slices of Slip Surface: 4 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 4 23.67515 18.693625 0 560.36325 392.37057 400 

2 4 27.54803 16.08088 0 1330.4534 931.59347 400 

3 4 29.742235 14.675055 0 1310.2336 917.43548 400 

4 4 31.812465 13.8763 0 1742.2491 1219.936 400 

5 4 36.901435 12.54126 0 2297.4503 1608.692 400 
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6 4 42.7209 11.67731 0 2912.8381 2039.5912 400 

7 4 47.4482 11.30239 0 3505.0672 2454.2745 400 

8 4 51.816875 11.00897 0 4151.1763 2906.6849 400 

9 4 56.935395 11.03342 0 4046.2062 2833.1841 400 

10 4 62.803765 11.37574 0 4549.409 3185.5305 400 

11 4 67.633825 11.789825 0 4429.7965 3101.7769 400 

12 4 71.04885 12.227405 0 4493.7548 3146.561 400 

13 4 74.96265 12.728895 0 6723.6814 4707.9724 400 

14 4 79.55143 13.676905 0 5523.4431 3867.5565 400 

15 4 83.897295 14.95382 0 5868.2428 4108.9878 400 

16 4 88.200765 16.2253 0 6222.1246 4356.7785 400 

17 4 90.62255 16.95708 0 5954.7817 4169.583 400 

18 4 93.6289 18.026245 0 6035.0745 4225.8047 400 

19 4 98.3652 19.710645 0 6070.5348 4250.6342 400 

20 4 101.9214 20.97536 0 5949.0853 4165.5943 400 

21 4 105.5195 22.8482 0 4212.7281 2949.7839 400 

22 4 110.03225 25.764175 0 3961.017 2773.534 400 

23 4 114.97395 28.957325 0 3708.79 2596.9227 400 

24 4 119.3898 31.873705 0 3402.0573 2382.1462 400 

25 4 123.27975 34.51331 0 3230.3909 2261.9441 400 

26 4 126.24975 36.52868 0 3105.0217 2174.1596 400 

27 4 128.2934 37.91543 0 3021.5379 2115.7036 400 

28 4 131.98535 40.53013 0 2779.4537 1946.1944 400 

29 4 137.33205 44.37717 0 2570.0989 1799.6026 400 

30 4 142.22235 48.08837 0 2231.6326 1562.606 400 

31 4 146.65625 51.66373 0 2048.6918 1434.5094 400 

32 4 151.09015 55.23909 0 1857.3237 1300.512 400 

33 4 155.91125 59.233975 0 1589.0239 1112.6465 400 

34 4 161.1196 63.648385 0 1319.3629 923.82784 400 

35 4 166.328 68.062795 0 1018.5044 713.16445 400 

36 4 169.3567 74.17 0 856.49249 0.014948614 0.001 

37 4 170.10675 80.57 0 75.714861 43.713995 0 

 



1 | P a g e  
 

SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 72 
Date: 11/25/2012 
Time: 9:58:10 PM 
File Name: 7-Entry and Exit-a=0.29g(16+70).gsz 
Directory: final analysis\16+70.00\ 
Last Solved Date: 11/25/2012 
Last Solved Time: 9:59:36 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.18436, 20) ft 
Left-Zone Right Coordinate: (72.568, 40) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (100.3652, 83.07) ft 
Right-Zone Right Coordinate: (200, 83.07) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (200, 83.07) ft 

Seismic Loads 
Horz Seismic Load: 0.29 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,15,17,16,18,19,11 9188.7765 

Region 2 Soil nail block 5,6,7,8,9,14,12,18,16,17,15 1812.9671 

Region 3 Fill 14,9,20,10,13 497.3797 

Region 4 Tension crack 18,12,14,13,19 621.90249 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 30 20 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 90.8926 76.179 

Point 9 96.3652 81.07 

Point 10 200 83.07 

Point 11 200 0 

Point 12 127.2748 72.7878 

Point 13 200 78.07 
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Point 14 107.5614 78.07 

Point 15 72.568 29.811 

Point 16 103.4777 43.5621 

Point 17 103.4776 21.5288 

Point 18 125.2247 70.27 

Point 19 200 70.27 

Point 20 100.3652 83.07 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.254 
(49.273, 

161.264) 
95.36673 

(192.324, 
83.07) 

(20.1662, 20) 

2 494 1.293 
(49.273, 

161.264) 
149.55 

(176.752, 
83.07) 

(0.18436, 20) 

Slices of Slip Surface: Optimized 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 22.990355 18.32048 0 752.90942 527.19285 400 

2 Optimized 27.907235 15.752565 0 1320.284 924.47281 400 

3 Optimized 30.66788 14.580645 0 1861.853 1303.6835 400 

4 Optimized 34.011015 13.5993 0 2188.0659 1532.1002 400 

5 Optimized 40.351835 12.438945 0 2960.2427 2072.7843 400 

6 Optimized 48.24584 11.90826 0 3692.1363 2585.2617 400 

7 Optimized 56.45961 12.039705 0 4320.9491 3025.5612 400 

8 Optimized 64.66569 12.656195 0 4739.0063 3318.2879 400 

9 Optimized 69.20807 13.111695 0 4904.3464 3434.0603 400 

10 Optimized 71.023525 13.3296 0 4927.0693 3449.9711 400 

11 Optimized 74.937325 13.92341 0 5471.8122 3831.4041 400 

12 Optimized 81.184135 15.23345 0 6172.5568 4322.0708 400 

13 Optimized 87.951785 16.94032 0 6313.5001 4420.7604 400 

14 Optimized 91.77954 17.99636 0 6557.6211 4591.6958 400 

15 Optimized 94.51584 18.79493 0 6362.0115 4454.7284 400 

16 Optimized 97.33343 19.63878 0 6384.066 4470.1711 400 
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17 Optimized 99.33343 20.24138 0 6313.0048 4420.4136 400 

18 Optimized 101.74895 20.97326 0 6207.0024 4346.1899 400 

19 Optimized 103.25825 21.47322 0 3846.7735 2693.5398 400 

20 Optimized 105.4726 22.896315 0 3710.7108 2598.2676 400 

21 Optimized 108.5383 24.86654 0 3531.286 2472.6331 400 

22 Optimized 112.63495 27.51302 0 3296.403 2308.1662 400 

23 Optimized 118.5981 31.394775 0 2982.6914 2088.503 400 

24 Optimized 123.3331 34.53464 0 2720.0276 1904.5838 400 

25 Optimized 126.20035 36.469955 0 2606.7739 1825.2827 400 

26 Optimized 130.21585 39.23593 0 2409.5096 1687.1568 400 

27 Optimized 135.45105 42.91483 0 2174.744 1522.7721 400 

28 Optimized 140.12085 46.32273 0 1965.1568 1376.0176 400 

29 Optimized 144.37585 49.538275 0 1767.4435 1237.5773 400 

30 Optimized 149.7052 53.826535 0 1515.8695 1061.4233 400 

31 Optimized 155.6271 58.83947 0 1220.3434 854.49362 400 

32 Optimized 161.4182 64.29904 0 887.26433 621.26917 400 

33 Optimized 166.3933 68.962405 0 743.01414 520.2641 400 

34 Optimized 168.6741 70.877695 0 858.11431 0.01497692 0.001 

35 Optimized 171.4348 72.92086 0 786.52048 0.013727372 0.001 

36 Optimized 175.4801 75.52662 0 658.48642 0.011492756 0.001 

37 Optimized 178.94535 77.383455 0 549.35929 0.0095881284 0.001 

38 Optimized 183.0276 79.307085 0 344.98585 199.17767 0 

39 Optimized 188.9883 81.807085 0 125.71374 72.580861 0 

Slices of Slip Surface: 494 

 

Slip 
Surfac

e 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 494 3.165924 19.033465 0 324.05825 226.90803 400 

2 494 9.129054 17.2359 0 724.39315 507.22554 400 

3 494 15.09218 15.70473 0 1133.5386 793.71224 400 

4 494 21.055305 14.431605 0 1532.1357 1072.8129 400 

5 494 27.018435 13.409845 0 1893.6046 1325.9162 400 

6 494 32.82355 12.64855 0 2419.3949 1694.0785 400 

7 494 38.47065 12.131505 0 3085.0095 2160.1469 400 
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8 494 44.11775 11.829575 0 3630.6785 2542.2285 400 

9 494 49.76485 11.74146 0 4026.2923 2819.2402 400 

10 494 55.41195 11.866775 0 4259.8321 2982.7665 400 

11 494 61.05905 12.20606 0 4337.7208 3037.3048 400 

12 494 66.70615 12.76079 0 4281.8358 2998.1737 400 

13 494 71.04885 13.315855 0 4079.4078 2856.4321 400 

14 494 74.96265 13.95707 0 5782.682 4049.0775 400 

15 494 80.741125 15.10322 0 5591.0056 3914.8643 400 

16 494 87.508775 16.72691 0 5698.6328 3990.2257 400 

17 494 93.6289 18.47206 0 5619.5245 3934.8334 400 

18 494 98.3652 20.017175 0 5376.0407 3764.3442 400 

19 494 101.65085 21.19305 0 5102.0873 3572.52 400 

20 494 103.20705 21.77842 0 6406.0634 4485.5739 5000 

21 494 105.5195 22.71197 0 4699.0539 3290.3129 400 

22 494 110.5053 24.862445 0 4238.7326 2967.9925 400 

23 494 116.39305 27.662975 0 3760.9447 2633.4418 400 

24 494 122.2808 30.78923 0 3342.3084 2340.3095 400 

25 494 126.24975 33.051925 0 3088.6377 2162.6874 400 

26 494 130.1805 35.537215 0 2849.7919 1995.4458 400 

27 494 135.99185 39.47607 0 2520.5844 1764.9322 400 

28 494 141.8032 43.83464 0 2204.1734 1543.3788 400 

29 494 147.6146 48.661915 0 1886.6802 1321.0677 400 

30 494 153.42595 54.02159 0 1552.8945 1087.3484 400 

31 494 159.2373 59.99887 0 1185.8317 830.3283 400 

32 494 165.04865 66.712085 0 765.03176 535.681 400 

33 494 170.75045 74.17 0 853.20617 0.014891257 0.001 

34 494 175.14925 80.57 0 168.86169 97.492345 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 85 
Date: 12/5/2012 
Time: 4:17:52 AM 
File Name: 8-Fully specified-a=0.29g(16+70).gsz 
Directory: final analysis\16+70.00\ 
Last Solved Date: 12/5/2012 
Last Solved Time: 4:18:26 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (200, 83.07) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
16.947168 21.776081 

 
24.426622 17.518511 

 
29.792376 14.869595 

 
32.577135 14.077184 

 
39.871482 12.401076 

 
48.713159 11.696871 

 
57.007121 11.970729 

 
68.861228 12.94879 

 
81.145682 14.748424 

 
91.786992 18.034711 

 
103.4776 21.5288 

 
117.0601 30.045307 

 
127.81878 37.791555 

 
142.02024 47.611294 

 
153.75698 57.274542 

 
168.03 70.382808 

 
169.6612 78.165417 

 
170.88697 84.401985 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
16.606657 21.816549 

 
24.659364 17.578282 

 
29.712682 15.035322 

 
32.255642 14.22027 

 
39.721513 12.394555 

 
48.361057 11.579504 

 
56.641978 12.035933 

 
68.802544 13.079199 

 
81.223927 14.807107 

 
91.721788 18.034711 

 
103.4776 21.5288 
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116.98838 29.054205 

 
127.91007 36.422269 

 
143.23303 46.75712 

 
155.88263 56.309521 

 
172.11845 70.27 

 
173.61815 78.07 

 
174.75922 84.70591 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
16.904587 21.813568 

 
24.582378 17.607815 

 
29.705274 14.974306 

 
32.717505 14.176801 

 
39.726946 12.546698 

 
48.529501 11.704479 

 
56.978866 11.894657 

 
68.960121 13.117234 

 
81.321733 14.937516 

 
91.75439 17.735858 

 
103.4776 21.5288 

 
116.66779 29.445429 

 
128.16002 37.867627 

 
141.5812 48.164442 

 
152.69306 57.754879 

 
164.26578 70.27 

 
165.93236 78.07 

 
166.87571 84.349577 

Fully Specified Slip Surface 4 

 
X (ft) Y (ft) 

 
16.751555 21.846585 

 
24.619064 17.601526 

 
29.599933 14.99789 

 
32.599775 14.07341 

 
39.844676 12.41312 
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48.504596 11.526375 

 
56.824912 11.92258 

 
68.616743 12.997995 

 
80.993448 14.733753 

 
91.709864 17.714727 

 
103.4776 21.5288 

 
116.59534 29.034885 

 
127.89663 36.166584 

 
143.53732 45.939653 

 
157.19697 55.580654 

 
175.9507 70.27 

 
177.13932 78.07 

 
178.21473 84.918729 

Fully Specified Slip Surface 5 

 
X (ft) Y (ft) 

 
16.788852 21.763343 

 
24.453542 17.483346 

 
29.650682 14.830184 

 
39.867316 12.605563 

 
48.493276 11.473547 

 
56.960754 12.130117 

 
68.86956 12.922527 

 
81.163251 14.846954 

 
91.690997 17.722274 

 
103.4776 21.5288 

 
116.6859 28.680187 

 
128.34567 35.857166 

 
143.60524 45.117055 

 
157.91392 54.05998 

 
166.6078 59.969102 

 
179.28072 70.27 

 
180.44418 78.07 

 
181.32463 84.915584 
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Seismic Loads 
Horz Seismic Load: 0.29 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,15,17,16,18,19,11 9188.7765 

Region 2 Soil nail block 5,6,7,8,9,14,12,18,16,17,15 1812.9671 

Region 3 Fill 14,9,20,10,13 497.3797 

Region 4 Tension crack 18,12,14,13,19 621.90249 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 30 20 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 90.8926 76.179 

Point 9 96.3652 81.07 

Point 10 200 83.07 

Point 11 200 0 

Point 12 127.2748 72.7878 

Point 13 200 78.07 

Point 14 107.5614 78.07 

Point 15 72.568 29.811 

Point 16 103.4777 43.5621 

Point 17 103.4776 21.5288 

Point 18 125.2247 70.27 

Point 19 200 70.27 

Point 20 100.3652 83.07 
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Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.263 
(80.137, 

98.837) 
92.8927 

(178.458, 
83.07) 

(20.6739, 20) 

2 4 1.278 
(80.137, 

98.837) 
92.952 

(177.924, 
83.07) 

(20.1739, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 22.670525 18.7184 0 685.85313 480.23953 400 

2 Optimized 27.3336 16.16756 0 1321.3677 925.23165 400 

3 Optimized 30.05786 14.87078 0 1887.1502 1321.3968 400 

4 Optimized 31.9358 14.232925 0 1993.9224 1396.1595 400 

5 Optimized 36.117215 13.11255 0 2605.3541 1824.2885 400 

6 Optimized 41.80182 12.25613 0 3287.6711 2302.0521 400 

7 Optimized 48.99477 11.86986 0 3966.5246 2777.3904 400 

8 Optimized 56.520325 12.013025 0 4534.956 3175.4104 400 

9 Optimized 63.46962 12.499335 0 4874.4434 3413.122 400 

10 Optimized 68.14637 12.96725 0 4971.2978 3480.9402 400 

11 Optimized 71.047235 13.31259 0 5043.3519 3531.393 400 

12 Optimized 74.961035 13.892275 0 5565.4786 3896.99 400 

13 Optimized 77.41438 14.300805 0 6558.9777 4592.6456 400 

14 Optimized 80.204675 14.96415 0 5976.1665 4184.5568 400 

15 Optimized 85.29322 16.24022 0 6105.9759 4275.4504 400 

16 Optimized 89.270575 17.331685 0 6099.6771 4271.0399 400 

17 Optimized 92.84783 18.36655 0 6224.5674 4358.489 400 

18 Optimized 95.58413 19.168545 0 6119.5355 4284.9449 400 

19 Optimized 98.3652 20.01015 0 6080.6682 4257.7297 400 

20 Optimized 101.82025 21.055725 0 5932.289 4153.8334 400 

21 Optimized 103.32645 21.525825 0 3921.5471 2745.8968 400 

22 Optimized 103.42765 21.584705 0 3915.3549 2741.561 400 

23 Optimized 105.51955 22.80204 0 3791.8768 2655.1007 400 

24 Optimized 108.25085 24.39147 0 3638.7444 2547.8763 400 
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25 Optimized 112.1993 26.726185 0 3392.6256 2375.542 400 

26 Optimized 119.35885 30.98542 0 3069.9227 2149.583 400 

27 Optimized 124.24205 33.90603 0 2857.0459 2000.525 400 

28 Optimized 126.24975 35.121465 0 2788.9665 1952.8554 400 

29 Optimized 127.9572 36.155135 0 2733.4348 1913.9716 400 

30 Optimized 132.5269 39.000995 0 2537.0782 1776.4812 400 

31 Optimized 140.20605 43.96343 0 2225.2107 1558.1093 400 

32 Optimized 146.4034 48.148735 0 2016.9782 1412.3034 400 

33 Optimized 150.27585 50.889815 0 1823.9944 1277.1747 400 

34 Optimized 155.21965 54.712835 0 1602.7379 1122.2492 400 

35 Optimized 159.57905 58.173135 0 1418.376 993.15756 400 

36 Optimized 162.6947 60.970495 0 1186.21 830.5932 400 

37 Optimized 167.04455 65.143085 0 934.55451 654.38211 400 

38 Optimized 170.9311 68.75553 0 808.44997 566.08276 400 

39 Optimized 175.2498 72.451195 0 1077.3261 0.018802887 0.001 

40 Optimized 178.0464 76.351195 0 735.85007 0.012843006 0.001 

41 Optimized 178.3761 80.57 0 19.930889 11.507104 0 

Slices of Slip Surface: 4 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 4 22.396475 18.800765 0 550.90474 385.74765 400 

2 4 27.109495 16.29971 0 1380.7223 966.79219 400 

3 4 29.799965 14.936245 0 1438.8245 1007.4758 400 

4 4 31.29989 14.474005 0 1759.1343 1231.7591 400 

5 4 36.22223 13.243265 0 2660.1341 1862.6459 400 

6 4 42.00966 12.191435 0 3331.8009 2332.9521 400 

7 4 46.33962 11.74806 0 4212.8833 2949.8926 400 

8 4 50.584675 11.625425 0 3886.0738 2721.0582 400 

9 4 54.74483 11.82353 0 4363.6395 3055.4533 400 

10 4 59.77287 12.191435 0 4526.0578 3169.1798 400 

11 4 65.668785 12.729145 0 5017.5799 3513.3473 400 

12 4 69.07322 13.062015 0 4785.3777 3350.7576 400 

13 4 71.04885 13.33908 0 4779.608 3346.7176 400 
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14 4 74.96265 13.88797 0 6919.3198 4844.9599 400 

15 4 79.175375 14.47878 0 7112.1729 4979.9971 400 

16 4 83.468235 15.42216 0 5837.662 4087.5749 400 

17 4 88.41781 16.79898 0 6150.2652 4306.4621 400 

18 4 91.30123 17.60106 0 6307.7188 4416.7122 400 

19 4 94.03753 18.469155 0 5860.1277 4103.3056 400 

20 4 98.3652 19.871805 0 5828.0291 4080.8299 400 

21 4 101.9214 21.024415 0 5672.4197 3971.871 400 

22 4 105.5195 22.697195 0 3820.7461 2675.3152 400 

23 4 109.8199 25.157915 0 3589.4251 2513.3425 400 

24 4 114.33685 27.74256 0 3374.4055 2362.7842 400 

25 4 118.75265 30.396275 0 2978.6586 2085.6792 400 

26 4 123.06735 33.119065 0 2820.2881 1974.787 400 

27 4 126.24975 35.127315 0 2713.9141 1900.3031 400 

28 4 127.5857 35.970375 0 2671.707 1870.7494 400 

29 4 130.5034 37.795425 0 2601.9644 1821.9151 400 

30 4 135.717 41.053115 0 2456.0553 1719.7484 400 

31 4 140.93055 44.310805 0 2319.0926 1623.8461 400 

32 4 145.8139 47.546485 0 2031.7235 1422.6281 400 

33 4 150.36715 50.760155 0 1907.9145 1335.9361 400 

34 4 154.9204 53.97382 0 1775.9413 1243.5275 400 

35 4 159.5412 57.41682 0 1527.9941 1069.913 400 

36 4 164.2296 61.08916 0 1352.34 946.91866 400 

37 4 168.91805 64.761495 0 1151.4989 806.28822 400 

38 4 173.6065 68.43383 0 921.22264 645.04704 400 

39 4 176.545 74.17 0 837.47304 0.014616662 0.001 

40 4 177.53185 80.57 0 75.279584 43.462688 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 27 
Date: 11/24/2012 
Time: 4:19:38 PM 
File Name: 1-Entry and exit-(15+40).gsz 
Directory: final analysis\15+40.00\ 
Last Solved Date: 11/24/2012 
Last Solved Time: 4:21:38 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: Search for Tension Crack 
Percentage Wet: 0 
Tension Crack Fluid Unit Weight: 62.4 pcf 

FOS Distribution 
FOS Calculation Option: Constant 
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Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.18372, 22) ft 
Left-Zone Right Coordinate: (72.568, 40) ft 
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Left-Zone Increment: 20 
Right Projection: Range 
Right-Zone Left Coordinate: (85.5682, 75.07) ft 
Right-Zone Right Coordinate: (190, 75.07) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 22) ft 
Right Coordinate: (190, 75.07) ft 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,13,11,14,17,18,10 8230.9189 

Region 2 Soil nail block 5,6,7,8,15,12,17,14,11,13 1295.4275 

Region 3 Fill 15,8,9,16 475.50875 

Region 4 Tension crack 17,12,15,16,18 626.51546 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 22 

Point 3 34 22 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 85.5682 75.07 

Point 9 190 75.07 

Point 10 190 0 

Point 11 98.648 22.8229 

Point 12 111.6482 68.0818 

Point 13 72.568 29.811 

Point 14 98.648 40.6212 

Point 15 104.2283 70.07 

Point 16 190 70.07 
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Point 17 108.8968 62.27 

Point 18 190 62.27 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 2.070 
(58.31, 

88.665) 
75.54684 

(139.143, 
75.07) 

(26.3196, 22) 

2 3567 2.136 
(58.31, 

88.665) 
77.199 

(134.303, 
75.07) 

(19.3806, 22) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 29.135995 20.025425 0 570.47972 399.4542 400 

2 Optimized 32.97621 17.45136 0 1057.0244 740.13642 400 

3 Optimized 34.57924 16.51269 0 1346.3908 942.75297 400 

4 Optimized 37.21536 15.355715 0 1661.1106 1163.1222 400 

5 Optimized 42.067235 13.86643 0 2251.8487 1576.7615 400 

6 Optimized 47.580485 12.86203 0 2786.8615 1951.3814 400 

7 Optimized 53.08723 12.4147 0 3197.6065 2238.9881 400 

8 Optimized 58.3688 12.322595 0 3525.6158 2468.6627 400 

9 Optimized 63.20149 12.4466 0 3762.4591 2634.5022 400 

10 Optimized 66.41324 12.60068 0 3900.711 2731.3073 400 

11 Optimized 68.40754 12.7294 0 3977.7675 2785.2628 400 

12 Optimized 71.048385 12.90903 0 4004.7484 2804.155 400 

13 Optimized 74.962185 13.462705 0 4537.1688 3176.9598 400 

14 Optimized 79.713025 14.74963 0 5192.7043 3635.9707 400 

15 Optimized 83.818475 16.380715 0 5428.0912 3800.7904 400 

16 Optimized 86.86603 17.764585 0 5596.0869 3918.4222 400 

17 Optimized 90.399385 19.362575 0 5384.6228 3770.3534 400 

18 Optimized 94.1166 20.98993 0 5286.2536 3701.4746 400 

19 Optimized 97.079975 22.22733 0 5110.315 3578.2811 400 

20 Optimized 100.36493 24.59648 0 3465.0142 2426.2291 400 

21 Optimized 103.19825 27.357475 0 3258.2478 2281.4497 400 
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22 Optimized 104.97555 29.101105 0 3142.6819 2200.5296 400 

23 Optimized 107.06245 31.16983 0 2984.5847 2089.8287 400 

24 Optimized 108.64945 32.75864 0 2846.3442 1993.0316 400 

25 Optimized 110.2725 34.419865 0 2743.9013 1921.3004 400 

26 Optimized 112.11685 36.30758 0 2628.3493 1840.39 400 

27 Optimized 114.55265 38.86528 0 2434.4292 1704.6057 400 

28 Optimized 117.80995 42.361045 0 2182.1073 1527.928 400 

29 Optimized 120.6021 45.48562 0 1962.7433 1374.3276 400 

30 Optimized 123.83865 49.23886 0 1703.8665 1193.0602 400 

31 Optimized 126.83605 52.85757 0 1440.2582 1008.4797 400 

32 Optimized 129.5037 56.28109 0 1185.9563 830.41555 400 

33 Optimized 132.278 60.04897 0 905.09359 633.75335 400 

34 Optimized 134.5427 64.690665 0 978.22616 0.017073267 0.001 

35 Optimized 136.0063 68.74284 0 666.25408 0.011628327 0.001 

36 Optimized 137.85905 72.57 0 187.07636 108.00859 0 

Slices of Slip Surface: 3567 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 3567 21.20805 20.99802 0 298.85945 209.26364 400 

2 3567 24.862895 19.11719 0 624.67698 437.40353 400 

3 3567 28.51774 17.473595 0 933.98005 653.97987 400 

4 3567 32.17258 16.05107 0 1216.8408 852.04109 400 

5 3567 35.97387 14.79643 0 1630.1051 1141.4119 400 

6 3567 39.921615 13.715295 0 2161.7915 1513.7027 400 

7 3567 43.86936 12.855025 0 2629.6878 1841.3272 400 

8 3567 47.817105 12.20813 0 3018.7598 2113.7584 400 

9 3567 51.76485 11.76922 0 3321.0332 2325.4125 400 

10 3567 55.712595 11.534735 0 3533.9393 2474.4909 400 

11 3567 59.66034 11.5028 0 3661.5304 2563.8312 400 

12 3567 63.608085 11.673165 0 3712.0806 2599.2268 400 

13 3567 67.55583 12.04718 0 3696.8261 2588.5455 400 

14 3567 71.04885 12.53958 0 3546.4492 2483.2505 400 

15 3567 74.96265 13.32307 0 5318.9787 3724.389 400 
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16 3567 79.410025 14.435845 0 5310.809 3718.6685 400 

17 3567 83.515475 15.728715 0 5759.3955 4032.7722 400 

18 3567 87.744435 17.336125 0 5677.6164 3975.5098 400 

19 3567 92.096905 19.294085 0 5140.1961 3599.204 400 

20 3567 96.449375 21.591455 0 4629.2089 3241.407 400 

21 3567 101.42695 24.717715 0 4071.9143 2851.1851 400 

22 3567 106.56255 28.47791 0 3527.6581 2470.0928 400 

23 3567 110.2725 31.60202 0 3145.2 2202.2927 400 

24 3567 113.5691 34.826295 0 2796.9996 1958.4802 400 

25 3567 117.41085 39.087695 0 2380.3474 1666.7372 400 

26 3567 121.2526 44.08993 0 1931.6009 1352.5215 400 

27 3567 125.09435 50.13146 0 1421.8563 995.59451 400 

28 3567 128.9361 57.865305 0 797.34511 558.30706 400 

29 3567 132.0468 66.17 0 919.3491 0.016045669 0.001 

30 3567 133.7698 72.57 0 128.7166 74.314562 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 30 
Date: 11/25/2012 
Time: 11:30:07 PM 
File Name: 2-Grid and radius-(15+40).gsz 
Directory: final analysis\15+40.00\ 
Last Solved Date: 11/25/2012 
Last Solved Time: 11:30:54 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Grid and Radius 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: Search for Tension Crack 
Percentage Wet: 0 
Tension Crack Fluid Unit Weight: 62.4 pcf 

FOS Distribution 
FOS Calculation Option: Constant 
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Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Grid 
Upper Left: (-12.565413, 88.827246) ft 
Lower Left: (40.121395, 39.629751) ft 
Lower Right: (110.37047, 110.6928) ft 
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Grid Horizontal Increment: 10 
Grid Vertical Increment: 10 
Left Projection Angle: 0 ° 
Right Projection Angle: 0 ° 

Slip Surface Radius 
Upper Left Coordinate: (30, 15) ft 
Upper Right Coordinate: (130, 115) ft 
Lower Left Coordinate: (80, -20) ft 
Lower Right Coordinate: (175, 85) ft 
Number of Increments: 20 
Left Projection: No 
Left Projection Angle: 135 ° 
Right Projection: No 
Right Projection Angle: 45 ° 
UsePoints: 0 

Slip Surface Limits 
Left Coordinate: (0, 22) ft 
Right Coordinate: (190, 75.07) ft 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,13,11,14,17,18,10 8230.9189 

Region 2 Soil nail block 5,6,7,8,15,12,17,14,11,13 1295.4275 

Region 3 Fill 15,8,9,16 475.50875 

Region 4 Tension crack 17,12,15,16,18 626.51546 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 22 

Point 3 34 22 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 
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Point 8 85.5682 75.07 

Point 9 190 75.07 

Point 10 190 0 

Point 11 98.648 22.8229 

Point 12 111.6482 68.0818 

Point 13 72.568 29.811 

Point 14 98.648 40.6212 

Point 15 104.2283 70.07 

Point 16 190 70.07 

Point 17 108.8968 62.27 

Point 18 190 62.27 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 2.071 
(59.44, 

89.921) 
75.4267 

(139.317, 
75.07) 

(26.8307, 22) 

2 815 2.136 
(59.44, 

89.921) 
77.569 

(135.574, 
75.07) 

(21.9742, 22) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 29.572405 20.045045 0 572.41605 400.81003 400 

2 Optimized 33.15705 17.62593 0 984.73229 689.51697 400 

3 Optimized 35.1414 16.53327 0 1356.0272 949.50044 400 

4 Optimized 38.80882 15.027695 0 1824.7873 1277.7298 400 

5 Optimized 44.10368 13.61892 0 2419.638 1694.2488 400 

6 Optimized 49.54034 12.84314 0 2907.6587 2035.9646 400 

7 Optimized 55.00573 12.52715 0 3306.061 2314.9288 400 

8 Optimized 60.155315 12.499295 0 3609.8881 2527.6708 400 

9 Optimized 64.32686 12.628725 0 3806.1326 2665.0828 400 

10 Optimized 67.838045 12.822585 0 3948.6705 2764.8889 400 

11 Optimized 71.030265 13.0273 0 4010.5849 2808.2418 400 

12 Optimized 74.944065 13.5649 0 4553.9284 3188.695 400 
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13 Optimized 79.62266 14.780805 0 5233.0533 3664.2234 400 

14 Optimized 83.72811 16.359205 0 5488.7484 3843.263 400 

15 Optimized 86.250185 17.461 0 5715.2148 4001.8365 400 

16 Optimized 88.35721 18.404505 0 5514.089 3861.0067 400 

17 Optimized 91.85121 19.94761 0 5372.1234 3761.6013 400 

18 Optimized 96.14266 21.75614 0 5205.1339 3644.674 400 

19 Optimized 98.459515 22.75763 0 3615.9369 2531.9063 400 

20 Optimized 100.42449 24.64196 0 3481.6371 2437.8686 400 

21 Optimized 103.2617 27.38013 0 3261.17 2283.4958 400 

22 Optimized 104.60285 28.690405 0 3173.7529 2222.2857 400 

23 Optimized 106.20885 30.28022 0 3043.451 2131.0473 400 

24 Optimized 108.16855 32.237885 0 2898.4365 2029.5071 400 

25 Optimized 109.3321 33.4103 0 2824.995 1978.0828 400 

26 Optimized 110.7078 34.807175 0 2723.1427 1906.7651 400 

27 Optimized 112.29555 36.42509 0 2623.9013 1837.2755 400 

28 Optimized 114.94855 39.21834 0 2402.0984 1681.9674 400 

29 Optimized 118.1865 42.69247 0 2170.4251 1519.748 400 

30 Optimized 120.88915 45.68363 0 1960.4051 1372.6904 400 

31 Optimized 124.3478 49.6706 0 1679.1745 1175.7706 400 

32 Optimized 128.3501 54.541585 0 1325.4516 928.09119 400 

33 Optimized 132.17545 59.521165 0 959.19419 671.635 400 

34 Optimized 134.97085 64.974285 0 959.16564 0.016740598 0.001 

35 Optimized 136.4001 69.02623 0 641.90181 0.0112033 0.001 

36 Optimized 137.09985 70.66676 0 302.23674 174.49646 0 

37 Optimized 138.33555 73.16676 0 143.89942 83.080371 0 

Slices of Slip Surface: 815 

 

Slip 
Surfac

e 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 815 23.978455 20.96919 0 293.87545 205.7738 400 

2 815 27.98707 19.04887 0 626.99913 439.02952 400 

3 815 31.99569 17.40085 0 938.99649 657.49242 400 

4 815 35.97387 16.015605 0 1372.1262 960.7731 400 

5 815 39.921615 14.87549 0 1919.7207 1344.2029 400 
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6 815 43.86936 13.957515 0 2414.0763 1690.3544 400 

7 815 47.817105 13.25368 0 2837.5707 1986.8884 400 

8 815 51.76485 12.758105 0 3177.788 2225.1111 400 

9 815 55.712595 12.466785 0 3429.3843 2401.2807 400 

10 815 59.66034 12.37741 0 3592.9236 2515.7922 400 

11 815 63.608085 12.489275 0 3675.0087 2573.2688 400 

12 815 67.55583 12.803265 0 3685.8119 2580.8333 400 

13 815 71.04885 13.24099 0 3551.9927 2487.132 400 

14 815 74.96265 13.960335 0 5367.3287 3758.244 400 

15 815 79.410025 14.996825 0 5373.3059 3762.4293 400 

16 815 83.515475 16.21447 0 5835.9538 4086.3788 400 

17 815 87.715335 17.72592 0 5760.7644 4033.7306 400 

18 815 92.00961 19.560775 0 5224.3775 3658.1485 400 

19 815 96.303885 21.715185 0 4713.6328 3300.5212 400 

20 815 98.54951 22.93318 0 4206.7185 2945.576 5000 

21 815 101.43815 24.789855 0 4130.8044 2892.4204 400 

22 815 106.56255 28.3763 0 3585.8277 2510.8236 400 

23 815 110.2725 31.35768 0 3205.3173 2244.3874 400 

24 815 113.67465 34.53619 0 2850.931 1996.2434 400 

25 815 117.7276 38.832645 0 2422.2341 1696.0666 400 

26 815 121.78055 43.889155 0 1964.8033 1375.7701 400 

27 815 125.83345 50.00427 0 1448.7941 1014.4566 400 

28 815 129.88635 57.822465 0 819.56916 573.8685 400 

29 815 133.16915 66.17 0 914.5655 0.015962179 0.001 

30 815 134.99955 72.57 0 133.78029 77.238085 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 29 
Date: 11/25/2012 
Time: 11:33:53 PM 
File Name: 3-Auto locate-(15+40).gsz 
Directory: final analysis\15+40.00\ 
Last Solved Date: 11/25/2012 
Last Solved Time: 11:34:48 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Auto-Search 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: Search for Tension Crack 
Percentage Wet: 0 
Tension Crack Fluid Unit Weight: 62.4 pcf 

FOS Distribution 
FOS Calculation Option: Constant 
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Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 22) ft 
Right Coordinate: (190, 75.07) ft 



3 | P a g e  
 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,13,11,14,17,18,10 8230.9189 

Region 2 Soil nail block 5,6,7,8,15,12,17,14,11,13 1295.4275 

Region 3 Fill 15,8,9,16 475.50875 

Region 4 Tension crack 17,12,15,16,18 626.51546 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 22 

Point 3 34 22 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 85.5682 75.07 

Point 9 190 75.07 

Point 10 190 0 

Point 11 98.648 22.8229 

Point 12 111.6482 68.0818 

Point 13 72.568 29.811 

Point 14 98.648 40.6212 

Point 15 104.2283 70.07 

Point 16 190 70.07 

Point 17 108.8968 62.27 

Point 18 190 62.27 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 2.057 
(56.378, 

94.927) 
75.86523 

(146.797, 
75.07) 

(27.3585, 22) 

2 288 2.145 
(56.378, 

94.927) 
82.021 

(135.958, 
75.07) 

(18.8402, 22) 
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Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 30.33557 19.842695 0 619.76253 433.96239 400 

2 Optimized 33.65634 17.514815 0 947.58559 663.50658 400 

3 Optimized 36.34934 16.178125 0 1469.3497 1028.8497 400 

4 Optimized 41.604855 14.20257 0 2135.3791 1495.2086 400 

5 Optimized 47.415475 12.988295 0 2714.7268 1900.8721 400 

6 Optimized 53.205525 12.426455 0 3181.9776 2228.0447 400 

7 Optimized 56.811205 12.26279 0 3413.1638 2389.9231 400 

8 Optimized 60.51216 12.323855 0 3616.124 2532.0373 400 

9 Optimized 66.46569 12.5794 0 3889.4346 2723.4115 400 

10 Optimized 70.999625 12.886825 0 3994.9382 2797.2859 400 

11 Optimized 74.959105 13.45672 0 4590.584 3214.3615 400 

12 Optimized 78.51625 14.29801 0 5141.7181 3600.2698 400 

13 Optimized 81.280045 15.314675 0 5386.6755 3771.7908 400 

14 Optimized 84.226545 16.550475 0 5572.3933 3901.8318 400 

15 Optimized 87.195015 17.900425 0 5664.658 3966.4362 400 

16 Optimized 90.448645 19.38005 0 5462.0989 3824.6029 400 

17 Optimized 93.82998 20.87703 0 5348.9662 3745.3865 400 

18 Optimized 97.06981 22.240995 0 5248.1292 3674.7796 400 

19 Optimized 99.84506 24.10176 0 3543.6551 2481.294 400 

20 Optimized 102.24875 26.457775 0 3341.1176 2339.4757 400 

21 Optimized 103.7954 27.994085 0 3210.0396 2247.6939 400 

22 Optimized 105.1579 29.360885 0 3116.2365 2182.0123 400 

23 Optimized 107.1191 31.34249 0 2961.4176 2073.6069 400 

24 Optimized 108.52375 32.778855 0 2835.8692 1985.697 400 

25 Optimized 109.98395 34.294775 0 2737.9567 1917.138 400 

26 Optimized 111.35965 35.73124 0 2608.3311 1826.3731 400 

27 Optimized 113.3429 37.84724 0 2475.7814 1733.5608 400 

28 Optimized 116.8714 41.68058 0 2196.5235 1538.0223 400 

29 Optimized 120.2733 45.51855 0 1913.4123 1339.7857 400 

30 Optimized 123.751 49.670555 0 1606.9912 1125.2274 400 

31 Optimized 127.5154 54.44489 0 1260.2344 882.42564 400 



5 | P a g e  
 

32 Optimized 131.36425 59.52426 0 931.45018 652.20844 400 

33 Optimized 135.4861 64.53022 0 1028.2569 0.017946468 0.001 

34 Optimized 139.31415 68.480965 0 701.63656 0.012245868 0.001 

35 Optimized 142.23815 71.21374 0 350.37708 202.2903 0 

36 Optimized 145.12945 73.71374 0 130.02024 75.067223 0 

Slices of Slip Surface: 288 

 

Slip 
Surfac

e 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 288 20.735195 21.085325 0 261.95534 183.4231 400 

2 288 24.52514 19.37177 0 553.5905 387.62824 400 

3 288 28.315085 17.88267 0 829.27526 580.66479 400 

4 288 32.10503 16.605185 0 1079.6238 755.96072 400 

5 288 35.97387 15.51079 0 1453.4757 1017.7346 400 

6 288 39.921615 14.599295 0 1942.2383 1359.9699 400 

7 288 43.86936 13.89026 0 2375.4448 1663.3044 400 

8 288 47.817105 13.378385 0 2739.9358 1918.5237 400 

9 288 51.76485 13.059965 0 3027.5624 2119.922 400 

10 288 55.712595 12.93274 0 3236.1722 2265.9922 400 

11 288 59.66034 12.99582 0 3368.3362 2358.5344 400 

12 288 63.608085 13.24965 0 3430.3236 2401.9384 400 

13 288 67.55583 13.696015 0 3431.6633 2402.8765 400 

14 288 71.04885 14.24388 0 3299.4152 2310.2754 400 

15 288 74.96265 15.07748 0 5078.9913 3556.348 400 

16 288 79.410025 16.23566 0 5098.5426 3570.038 400 

17 288 83.515475 17.556475 0 5571.0985 3900.9252 400 

18 288 87.39193 19.021635 0 5559.6473 3892.907 400 

19 288 91.039385 20.61748 0 5128.7721 3591.2049 400 

20 288 94.68684 22.43189 0 4714.6795 3301.2541 400 

21 288 97.579285 24.016585 0 4158.9032 2912.0954 5000 

22 288 101.43815 26.47423 0 3957.8992 2771.3508 400 

23 288 106.56255 30.118455 0 3436.3307 2406.1446 400 

24 288 110.2725 33.125705 0 3070.6726 2150.1081 400 

25 288 113.64505 36.27512 0 2732.5175 1913.3293 400 
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26 288 117.63875 40.47122 0 2325.8232 1628.5589 400 

27 288 121.63245 45.34569 0 1893.7271 1326.002 400 

28 288 125.6261 51.131105 0 1413.0865 989.45381 400 

29 288 129.61975 58.27922 0 844.37438 591.23731 400 

30 288 133.0788 66.17 0 912.284 0.01592236 0.001 

31 288 135.24965 72.57 0 148.98426 86.016102 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 33 
Date: 12/5/2012 
Time: 2:28:49 AM 
File Name: 4-Fully specified-(15+40).gsz 
Directory: final analysis\15+40.00\ 
Last Solved Date: 12/5/2012 
Last Solved Time: 2:29:22 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: Search for Tension Crack 
Percentage Wet: 0 
Tension Crack Fluid Unit Weight: 62.4 pcf 

FOS Distribution 
FOS Calculation Option: Constant 
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Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 22) ft 
Right Coordinate: (190, 75.07) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
25.174154 22.800588 

 
30.109253 19.219365 

 
33.599722 16.865716 

 
37.05237 15.318628 

 
41.995506 13.658338 

 
50.712027 12.337653 

 
58.221065 12.130117 

 
65.956506 12.262185 

 
75.710708 13.413068 

 
86.63466 17.39399 

 
93.483355 20.374965 

 
98.648 22.8229 

 
104.59598 28.69528 

 
110.19945 34.298758 

 
117.19909 41.751195 

 
124.99113 50.279047 

 
134.194 62.27 

 
135.34697 70.07 

 
136.4192 76.424988 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
25.119562 22.743812 

 
30.150743 19.140753 

 
33.47866 16.821693 

 
36.990005 15.341163 

 
41.890166 13.677205 

 
50.68163 12.340797 

 
58.2153 12.157369 

 
66.037214 12.262185 

 
75.706515 13.559286 

 
86.631211 17.360253 
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93.523637 20.240434 

 
98.648 22.8229 

 
104.46919 28.141347 

 
110.33756 33.651094 

 
117.93384 40.660536 

 
127.02981 49.528294 

 
139.19038 62.27 

 
140.46186 70.07 

 
141.37472 76.783611 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
25.141399 22.800588 

 
30.120172 19.273957 

 
33.428435 16.806407 

 
37.009658 15.299673 

 
41.901084 13.651001 

 
50.72312 12.264369 

 
58.158524 12.111512 

 
66.03952 12.288599 

 
75.548452 13.420614 

 
86.506365 17.40531 

 
93.524863 20.28063 

 
98.648 22.8229 

 
104.34693 28.250021 

 
110.25606 34.317625 

 
116.95759 41.585166 

 
123.50064 50.143205 

 
130.18477 62.27 

 
131.46877 70.07 

 
132.45143 76.462152 

Fully Specified Slip Surface 4 

 
X (ft) Y (ft) 

 
25.152241 22.788894 

 
30.164915 19.145228 
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33.471595 16.828446 

 
36.97836 15.338334 

 
41.922584 13.669198 

 
50.678967 12.30019 

 
58.160691 12.062196 

 
65.903678 12.311239 

 
75.571093 13.420614 

 
86.438444 17.337389 

 
93.456942 20.212709 

 
98.648 22.8229 

 
104.64126 28.023618 

 
110.23341 33.389372 

 
118.13488 40.000344 

 
128.27775 49.124391 

 
141.84413 62.27 

 
142.99965 70.07 

 
143.96411 76.713638 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,13,11,14,17,18,10 8230.9189 

Region 2 Soil nail block 5,6,7,8,15,12,17,14,11,13 1295.4275 

Region 3 Fill 15,8,9,16 475.50875 

Region 4 Tension crack 17,12,15,16,18 626.51546 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 22 

Point 3 34 22 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 
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Point 8 85.5682 75.07 

Point 9 190 75.07 

Point 10 190 0 

Point 11 98.648 22.8229 

Point 12 111.6482 68.0818 

Point 13 72.568 29.811 

Point 14 98.648 40.6212 

Point 15 104.2283 70.07 

Point 16 190 70.07 

Point 17 108.8968 62.27 

Point 18 190 62.27 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 2.055 
(65.279, 

88.337) 
76.45056 

(146.519, 
75.07) 

(26.5058, 22) 

2 2 2.095 
(65.279, 

88.337) 
76.049 

(141.142, 
75.07) 

(26.1582, 22) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 27.2969 21.369225 0 333.38094 233.43585 400 

2 Optimized 31.044015 18.80867 0 795.33718 556.90109 400 

3 Optimized 34.19955 16.74862 0 1297.8926 908.79416 400 

4 Optimized 35.92799 15.91341 0 1450.5378 1015.6775 400 

5 Optimized 39.43568 14.578705 0 1906.2446 1334.7669 400 

6 Optimized 44.345435 13.404775 0 2429.187 1700.9351 400 

7 Optimized 50.121185 12.619385 0 2937.9963 2057.2072 400 

8 Optimized 55.2589 12.325965 0 3307.1573 2315.6965 400 

9 Optimized 60.541215 12.38402 0 3562.8451 2494.731 400 

10 Optimized 66.421885 12.68938 0 3847.8547 2694.2969 400 

11 Optimized 69.42143 12.89225 0 4004.5067 2803.9858 400 

12 Optimized 71.04155 13.0084 0 3988.5085 2792.7837 400 
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13 Optimized 74.95535 13.58397 0 4535.418 3175.7339 400 

14 Optimized 79.664565 14.868995 0 5235.862 3666.19 400 

15 Optimized 83.770015 16.49547 0 5499.2374 3850.6075 400 

16 Optimized 87.20607 18.04064 0 5660.8039 3963.7376 400 

17 Optimized 90.68081 19.57415 0 5512.8744 3860.1562 400 

18 Optimized 94.026635 20.990395 0 5408.9729 3787.4036 400 

19 Optimized 97.04454 22.228945 0 5233.9362 3664.8416 400 

20 Optimized 100.00305 24.152795 0 3674.5524 2572.9493 400 

21 Optimized 102.84045 26.72283 0 3457.1116 2420.6956 400 

22 Optimized 104.40505 28.149455 0 3352.304 2347.3085 400 

23 Optimized 105.9983 29.6335 0 3207.4318 2245.8679 400 

24 Optimized 108.1558 31.6678 0 3023.8264 2117.3061 400 

25 Optimized 109.56535 33.02107 0 2932.354 2053.2564 400 

26 Optimized 110.94105 34.35901 0 2807.6362 1965.928 400 

27 Optimized 112.4812 35.87507 0 2708.407 1896.447 400 

28 Optimized 114.7683 38.14443 0 2545.1898 1782.1611 400 

29 Optimized 118.82705 42.310285 0 2226.959 1559.3335 400 

30 Optimized 123.7483 47.54737 0 1854.9865 1298.8755 400 

31 Optimized 127.9794 52.27114 0 1507.9162 1055.8543 400 

32 Optimized 131.57745 56.523665 0 1192.5084 835.00337 400 

33 Optimized 134.66445 60.36246 0 908.39274 636.06344 400 

34 Optimized 137.45485 63.803985 0 1114.5743 0.019452992 0.001 

35 Optimized 141.1191 67.763045 0 786.18341 0.013721489 0.001 

36 Optimized 143.64295 70.31979 0 426.96075 246.5059 0 

37 Optimized 145.2042 72.81979 0 176.45331 101.87537 0 

Slices of Slip Surface: 2 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesive 
Strength 

(psf) 

1 2 28.154465 20.570375 0 453.59411 317.61002 400 

2 2 31.8147 17.98122 0 1010.8874 707.831 400 

3 2 33.73933 16.71178 0 1063.1719 744.44097 400 

4 2 35.495 15.971515 0 1363.2069 954.52773 400 

5 2 39.440085 14.50918 0 1977.0155 1384.3212 400 

6 2 44.088035 13.3431 0 2374.596 1662.71 400 
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7 2 48.483765 12.6749 0 2955.0878 2069.1747 400 

8 2 52.56505 12.29494 0 3096.1124 2167.9213 400 

9 2 56.331885 12.203225 0 3445.9047 2412.8484 400 

10 2 60.17078 12.183575 0 3650.6969 2556.2455 400 

11 2 64.081735 12.235985 0 3944.2049 2761.762 400 

12 2 67.783455 12.49644 0 3723.8526 2607.4696 400 

13 2 71.04885 12.93448 0 3745.862 2622.8808 400 

14 2 74.13726 13.34878 0 5921.4389 4146.2361 400 

15 2 76.53191 13.84646 0 4863.6436 3405.5599 400 

16 2 79.410025 14.847825 0 5160.5316 3613.4431 400 

17 2 83.515475 16.276215 0 5847.2375 4094.2798 400 

18 2 86.099705 17.17533 0 6158.525 4312.2457 400 

19 2 88.354315 18.080295 0 5705.2163 3994.8355 400 

20 2 91.80053 19.520385 0 5494.2392 3847.1077 400 

21 2 96.08582 21.531665 0 4914.6857 3441.3 400 

22 2 101.43815 25.37208 0 3535.2925 2475.4385 400 

23 2 104.34875 28.031305 0 3344.5513 2341.88 400 

24 2 106.683 30.219865 0 3152.3365 2207.2898 400 

25 2 109.6172 32.974735 0 2969.0841 2078.9751 400 

26 2 110.9929 34.255785 0 2908.8236 2036.7802 400 

27 2 113.2196 36.310495 0 2774.5397 1942.7536 400 

28 2 116.3624 39.210525 0 2586.2966 1810.9444 400 

29 2 120.2078 42.87748 0 2291.8451 1604.7672 400 

30 2 124.7558 47.311355 0 2007.8244 1405.8938 400 

31 2 129.05655 51.65191 0 1666.3601 1166.7979 400 

32 2 133.1101 55.899145 0 1376.8242 964.06267 400 

33 2 137.16365 60.14638 0 1066.4575 746.74159 400 

34 2 139.82615 66.17 0 911.12778 0.01590218 0.001 

35 2 140.8018 72.57 0 96.981595 55.99235 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 31 
Date: 11/26/2012 
Time: 12:18:11 AM 
File Name: 5-Entry and exit-a=0.16g(15+40).gsz 
Directory: final analysis\15+40.00\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 12:19:32 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: Search for Tension Crack 
Percentage Wet: 0 
Tension Crack Fluid Unit Weight: 62.4 pcf 

FOS Distribution 
FOS Calculation Option: Constant 
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Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.18372, 22) ft 
Left-Zone Right Coordinate: (72.568, 40) ft 
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Left-Zone Increment: 20 
Right Projection: Range 
Right-Zone Left Coordinate: (85.5682, 75.07) ft 
Right-Zone Right Coordinate: (190, 75.07) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 22) ft 
Right Coordinate: (190, 75.07) ft 

Seismic Loads 
Horz Seismic Load: 0.16 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,13,11,14,17,18,10 8230.9189 

Region 2 Soil nail block 5,6,7,8,15,12,17,14,11,13 1295.4275 

Region 3 Fill 15,8,9,16 475.50875 

Region 4 Tension crack 17,12,15,16,18 626.51546 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 22 

Point 3 34 22 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 85.5682 75.07 

Point 9 190 75.07 

Point 10 190 0 

Point 11 98.648 22.8229 

Point 12 111.6482 68.0818 
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Point 13 72.568 29.811 

Point 14 98.648 40.6212 

Point 15 104.2283 70.07 

Point 16 190 70.07 

Point 17 108.8968 62.27 

Point 18 190 62.27 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.586 
(56.076, 

119.219) 
80.03606 

(164.781, 
75.07) 

(25.0896, 22) 

2 3016 1.634 
(56.076, 

119.219) 
105.331 

(151.708, 
75.07) 

(15.5413, 22) 

Slices of Slip Surface: Optimized 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 28.51455 19.863945 0 734.8459 514.54464 400 

2 Optimized 32.96973 17.28683 0 1207.1349 845.24498 400 

3 Optimized 35.2396 16.315095 0 1641.9296 1149.6915 400 

4 Optimized 39.84445 14.97411 0 2186.2317 1530.8159 400 

5 Optimized 46.03156 13.850285 0 2859.7613 2002.4264 400 

6 Optimized 51.878005 13.437 0 3362.4372 2354.4039 400 

7 Optimized 57.40107 13.402825 0 3707.1802 2595.7955 400 

8 Optimized 62.06781 13.56658 0 4038.4983 2827.787 400 

9 Optimized 66.882885 13.881295 0 4193.5001 2936.3204 400 

10 Optimized 70.96004 14.21488 0 4355.0411 3049.4326 400 

11 Optimized 72.47919 14.35482 0 3423.4996 2397.1603 400 

12 Optimized 74.96265 14.99539 0 5248.8339 3675.273 400 

13 Optimized 78.485215 15.903975 0 5341.1182 3739.8912 400 

14 Optimized 82.27053 17.051005 0 5543.1834 3881.3788 400 

15 Optimized 85.248065 18.02116 0 5767.6692 4038.5655 400 

16 Optimized 87.47103 18.813095 0 5698.8442 3990.3737 400 

17 Optimized 91.454245 20.225325 0 5483.6631 3839.7023 400 
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18 Optimized 95.77768 21.7369 0 5274.0428 3692.9245 400 

19 Optimized 98.28474 22.68181 0 3813.5941 2670.3074 400 

20 Optimized 99.945775 23.736785 0 3713.6423 2600.3203 400 

21 Optimized 102.78555 25.707235 0 3204.653 2243.9222 400 

22 Optimized 104.95985 27.33961 0 3081.458 2157.6601 400 

23 Optimized 107.2941 29.112705 0 2923.0573 2046.7468 400 

24 Optimized 109.87975 31.087175 0 2787.8378 1952.065 400 

25 Optimized 111.25545 32.14571 0 2673.9412 1872.3138 400 

26 Optimized 114.5822 34.753915 0 2510.8608 1758.1237 400 

27 Optimized 119.7217 38.84305 0 2219.1954 1553.8973 400 

28 Optimized 123.9349 42.328635 0 1971.7282 1380.6189 400 

29 Optimized 129.04025 46.775165 0 1676.691 1174.0317 400 

30 Optimized 134.7942 52.036225 0 1335.7287 935.28729 400 

31 Optimized 139.9815 57.017675 0 1034.4213 724.30958 400 

32 Optimized 143.86685 60.83878 0 795.28776 556.86649 400 

33 Optimized 147.0238 63.71907 0 941.92964 0.016439774 0.001 

34 Optimized 151.5705 67.269075 0 725.4117 0.012660823 0.001 

35 Optimized 154.94925 69.679845 0 551.87309 0.0096320025 0.001 

36 Optimized 157.29985 71.12492 0 361.219 208.54989 0 

37 Optimized 161.89825 73.62492 0 142.61229 82.337245 0 

Slices of Slip Surface: 3016 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 3016 17.848595 21.10104 0 287.52801 201.32928 400 

2 3016 22.463285 19.424915 0 621.57262 435.22983 400 

3 3016 27.07797 17.986805 0 950.38127 665.46413 400 

4 3016 31.692655 16.77666 0 1258.1352 880.95572 400 

5 3016 36.220605 15.801115 0 1704.9187 1193.7969 400 

6 3016 40.661815 15.04619 0 2278.8379 1595.6595 400 

7 3016 45.10303 14.484955 0 2782.8773 1948.5917 400 

8 3016 49.544245 14.114295 0 3192.0672 2235.1095 400 

9 3016 53.985455 13.93219 0 3491.6012 2444.8455 400 

10 3016 58.42667 13.937665 0 3677.8088 2575.2295 400 
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11 3016 62.867885 14.130755 0 3757.5739 2631.0816 400 

12 3016 67.309095 14.512495 0 3745.2739 2622.469 400 

13 3016 71.04885 14.968905 0 3585.6283 2510.684 400 

14 3016 74.96265 15.623655 0 5355.7343 3750.1255 400 

15 3016 79.410025 16.52664 0 5329.3322 3731.6386 400 

16 3016 83.515475 17.54705 0 5758.2508 4031.9706 400 

17 3016 87.736045 18.784405 0 5663.4354 3965.5802 400 

18 3016 92.071735 20.256275 0 5128.9832 3591.3527 400 

19 3016 96.407425 21.943585 0 4634.4244 3245.0589 400 

20 3016 101.40179 24.190545 0 4113.7545 2880.4819 400 

21 3016 106.56255 26.814035 0 3631.3033 2542.666 400 

22 3016 110.2725 28.915 0 3314.2487 2320.662 400 

23 3016 114.00795 31.295435 0 3011.5915 2108.739 400 

24 3016 118.72745 34.597315 0 2653.3537 1857.8983 400 

25 3016 123.44695 38.30926 0 2309.4199 1617.0732 400 

26 3016 128.1664 42.49124 0 1967.9452 1377.9701 400 

27 3016 132.88585 47.225965 0 1614.6383 1130.5819 400 

28 3016 137.60535 52.63288 0 1231.9609 862.62832 400 

29 3016 142.32485 58.89609 0 796.69905 557.85468 400 

30 3016 146.961 66.17 0 859.53445 0.015001706 0.001 

31 3016 150.47285 72.57 0 166.95229 96.389951 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 32 
Date: 12/5/2012 
Time: 2:39:15 AM 
File Name: 6-Fully specified-a=0.16g(15+40).gsz 
Directory: final analysis\15+40.00\ 
Last Solved Date: 12/5/2012 
Last Solved Time: 2:39:56 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: Search for Tension Crack 
Percentage Wet: 0 
Tension Crack Fluid Unit Weight: 62.4 pcf 

FOS Distribution 
FOS Calculation Option: Constant 
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Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 22) ft 
Right Coordinate: (190, 75.07) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
23.325311 23.04989 

 
30.260276 18.922211 

 
34.184597 16.922317 

 
36.920302 15.658232 

 
39.63714 14.979023 

 
44.033134 13.997942 

 
47.825387 13.526269 

 
56.485307 13.130064 

 
69.597823 13.865874 

 
83.50275 16.865716 

 
98.648 22.8229 

 
110.19945 30.902711 

 
114.85959 34.770431 

 
124.63266 42.562473 

 
135.61321 52.863816 

 
145.42401 62.27 

 
147.21637 70.07 

 
148.22409 75.525357 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
23.127067 23.088029 

 
30.218014 18.87693 

 
34.157429 16.86647 

 
37.037277 15.426546 

 
39.618273 15.046189 

 
44.209729 13.986622 

 
47.768786 13.334581 

 
56.489835 13.035729 

 
69.340478 14.095296 

 
83.142014 16.784965 

 
98.648 22.8229 
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110.20172 31.075532 

 
114.71167 34.417243 

 
125.03567 42.016904 

 
138.10364 52.04952 

 
151.7633 62.27 

 
152.97078 70.07 

 
154.02733 75.843736 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
23.209304 23.096394 

 
30.210198 18.907231 

 
34.10871 16.878994 

 
37.015218 15.545791 

 
39.643713 14.945534 

 
44.101055 14.054543 

 
47.927268 13.330053 

 
56.553228 13.013089 

 
69.005402 13.963982 

 
83.631045 16.748741 

 
98.648 22.8229 

 
109.93909 30.898937 

 
114.58036 34.408186 

 
124.24777 42.875664 

 
133.73406 52.701561 

 
141.32989 62.27 

 
142.80151 70.07 

 
143.72599 75.673934 

Seismic Loads 
Horz Seismic Load: 0.16 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 
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Region 1 Foundation soil 1,2,3,4,5,13,11,14,17,18,10 8230.9189 

Region 2 Soil nail block 5,6,7,8,15,12,17,14,11,13 1295.4275 

Region 3 Fill 15,8,9,16 475.50875 

Region 4 Tension crack 17,12,15,16,18 626.51546 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 22 

Point 3 34 22 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 85.5682 75.07 

Point 9 190 75.07 

Point 10 190 0 

Point 11 98.648 22.8229 

Point 12 111.6482 68.0818 

Point 13 72.568 29.811 

Point 14 98.648 40.6212 

Point 15 104.2283 70.07 

Point 16 190 70.07 

Point 17 108.8968 62.27 

Point 18 190 62.27 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.599 
(69.448, 

88.337) 
77.24886 

(149.194, 
75.07) 

(25.0999, 22) 

2 1 1.621 
(69.448, 

88.337) 
77.175 

(148.14, 
75.07) 

(25.0892, 22) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) PWP Base Frictional Cohesiv
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(psf) Normal 
Stress (psf) 

Strength (psf) e 
Strengt
h (psf) 

1 Optimized 27.13711 20.60897 0 582.4787 407.85597 400 

2 Optimized 31.58714 17.97497 0 1170.1628 819.35681 400 

3 Optimized 35.33082 16.21439 0 1690.133 1183.4438 400 

4 Optimized 38.168955 15.261775 0 2113.6784 1480.0136 400 

5 Optimized 41.572235 14.46508 0 2526.0853 1768.7839 400 

6 Optimized 45.693775 13.860875 0 2960.36 2072.8664 400 

7 Optimized 50.624375 13.51786 0 3374.3484 2362.7442 400 

8 Optimized 55.923155 13.47695 0 3692.5145 2585.5265 400 

9 Optimized 61.27493 13.710475 0 3938.8499 2758.0124 400 

10 Optimized 65.269715 13.991785 0 4069.5431 2849.5248 400 

11 Optimized 68.01809 14.256735 0 4105.7966 2874.9098 400 

12 Optimized 71.034395 14.57116 0 4133.593 2894.373 400 

13 Optimized 74.948195 15.17488 0 4582.4849 3208.6905 400 

14 Optimized 79.97258 16.401815 0 5176.5458 3624.6564 400 

15 Optimized 84.07803 17.71604 0 5395.7164 3778.1213 400 

16 Optimized 87.191945 18.832235 0 5492.4684 3845.8678 400 

17 Optimized 91.040875 20.22118 0 5219.9593 3655.0548 400 

18 Optimized 95.913335 21.937205 0 5033.893 3524.7698 400 

19 Optimized 101.39445 24.94393 0 3177.3715 2224.8195 400 

20 Optimized 104.46425 27.21764 0 3002.138 2102.1197 400 

21 Optimized 106.7985 28.979745 0 2866.9973 2007.4931 400 

22 Optimized 108.9933 30.6387 0 2764.0277 1935.393 400 

23 Optimized 110.369 31.70055 0 2665.9039 1866.686 400 

24 Optimized 112.5657 33.398725 0 2569.3483 1799.077 400 

25 Optimized 116.5629 36.607005 0 2329.7654 1631.3193 400 

26 Optimized 121.45935 40.648015 0 2071.0703 1450.179 400 

27 Optimized 124.77295 43.51933 0 1881.581 1317.4972 400 

28 Optimized 127.6685 46.141445 0 1714.8322 1200.7384 400 

29 Optimized 132.0506 50.368395 0 1449.9997 1015.3008 400 

30 Optimized 137.3604 55.813525 0 1096.9471 768.09066 400 

31 Optimized 141.35075 60.28067 0 791.80351 554.42679 400 

32 Optimized 145.0647 64.27936 0 1073.35 0.018733492 0.001 

33 Optimized 147.7492 68.195945 0 721.8652 0.012598924 0.001 
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34 Optimized 148.76405 71.193465 0 219.88264 126.9493 0 

35 Optimized 149.1691 73.693465 0 7.7849613 4.4946495 0 

Slices of Slip Surface: 1 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 1 27.67476 20.461105 0 554.98224 388.60275 400 

2 1 32.13014 17.9693 0 1169.3826 818.81053 400 

3 1 34.0923 16.969355 0 1525.6354 1068.2614 400 

4 1 35.55245 16.290275 0 1847.0392 1293.3107 400 

5 1 38.27872 15.318625 0 2009.5685 1407.115 400 

6 1 41.835135 14.48848 0 2646.0095 1852.7558 400 

7 1 45.92926 13.762105 0 3059.2915 2142.139 400 

8 1 49.99037 13.42722 0 3339.9546 2338.6614 400 

9 1 54.32033 13.229115 0 3913.4939 2740.2579 400 

10 1 58.659375 13.25206 0 3820.0025 2674.7945 400 

11 1 63.007505 13.49606 0 4146.7555 2903.5895 400 

12 1 67.355635 13.740055 0 4436.9985 3106.8198 400 

13 1 71.04885 14.184355 0 3586.3689 2511.2025 400 

14 1 74.96265 15.02328 0 5405.4628 3784.9458 400 

15 1 80.430025 16.20281 0 5838.7053 4088.3054 400 

16 1 84.535475 17.271925 0 5280.9596 3697.7677 400 

17 1 87.748165 18.535595 0 5264.3712 3686.1524 400 

18 1 92.1081 20.25052 0 4981.7719 3488.2743 400 

19 1 96.468035 21.96544 0 4715.8213 3302.0536 400 

20 1 101.43815 24.774505 0 3290.5011 2304.0337 400 

21 1 106.56255 28.35883 0 3036.2326 2125.9929 400 

22 1 109.54815 30.44713 0 2900.375 2030.8644 400 

23 1 110.92385 31.50391 0 2571.8655 1800.8396 400 

24 1 113.2539 33.43777 0 2471.1503 1730.3181 400 

25 1 117.30285 36.71844 0 2360.0001 1652.4899 400 

26 1 122.1894 40.61446 0 2165.5869 1516.3603 400 

27 1 126.46275 44.27936 0 1814.0392 1270.2039 400 

28 1 130.1229 47.713145 0 1652.8435 1157.3335 400 
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29 1 133.7831 51.14693 0 1481.5457 1037.3895 400 

30 1 138.0659 55.215365 0 1244.6479 871.51186 400 

31 1 142.9713 59.918455 0 957.12945 670.18925 400 

32 1 146.3202 66.17 0 850.02606 0.014835754 0.001 

33 1 147.6782 72.57 0 99.005052 57.160594 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 33 
Date: 11/26/2012 
Time: 12:20:17 AM 
File Name: 7-Entry and exit-a=0.29g(15+40).gsz 
Directory: final analysis\15+40.00\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 12:22:34 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: Search for Tension Crack 
Percentage Wet: 0 
Tension Crack Fluid Unit Weight: 62.4 pcf 

FOS Distribution 
FOS Calculation Option: Constant 
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Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.18372, 22) ft 
Left-Zone Right Coordinate: (72.568, 40) ft 
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Left-Zone Increment: 20 
Right Projection: Range 
Right-Zone Left Coordinate: (85.5682, 75.07) ft 
Right-Zone Right Coordinate: (190, 75.07) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 22) ft 
Right Coordinate: (190, 75.07) ft 

Seismic Loads 
Horz Seismic Load: 0.29 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,13,11,14,17,18,10 8230.9189 

Region 2 Soil nail block 5,6,7,8,15,12,17,14,11,13 1295.4275 

Region 3 Fill 15,8,9,16 475.50875 

Region 4 Tension crack 17,12,15,16,18 626.51546 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 22 

Point 3 34 22 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 85.5682 75.07 

Point 9 190 75.07 

Point 10 190 0 

Point 11 98.648 22.8229 

Point 12 111.6482 68.0818 
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Point 13 72.568 29.811 

Point 14 98.648 40.6212 

Point 15 104.2283 70.07 

Point 16 190 70.07 

Point 17 108.8968 62.27 

Point 18 190 62.27 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.301 
(54.124, 

141.53) 
84.11353 

(182.829, 
75.07) 

(21.527, 22) 

2 2426 1.347 
(54.124, 

141.53) 
126.834 

(162.152, 
75.07) 

(11.7019, 22) 

Slices of Slip Surface: Optimized 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 24.32423 20.392145 0 681.65113 477.29726 400 

2 Optimized 30.40653 17.413145 0 1424.5556 997.4846 400 

3 Optimized 33.845785 15.99876 0 1646.6815 1153.0188 400 

4 Optimized 35.55493 15.519545 0 2003.4789 1402.851 400 

5 Optimized 39.32938 14.70615 0 2414.9622 1690.9747 400 

6 Optimized 44.508495 14.09599 0 2936.9431 2056.4697 400 

7 Optimized 50.39576 13.857305 0 3399.4511 2380.3213 400 

8 Optimized 57.332245 14.08051 0 3826.6829 2679.4722 400 

9 Optimized 63.38822 14.54056 0 3979.582 2786.5333 400 

10 Optimized 67.48254 15.00236 0 4247.0394 2973.809 400 

11 Optimized 71.04801 15.40451 0 4367.3209 3058.031 400 

12 Optimized 74.96181 16.01102 0 4797.4923 3359.2403 400 

13 Optimized 79.754015 17.09297 0 5350.8065 3746.6751 400 

14 Optimized 83.859465 18.27271 0 5602.6736 3923.0343 400 

15 Optimized 87.615665 19.44448 0 5714.343 4001.226 400 

16 Optimized 91.872735 20.77853 0 5440.4874 3809.4703 400 

17 Optimized 96.31705 22.161275 0 5243.2628 3671.3721 400 
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18 Optimized 100.78878 24.22407 0 3285.3976 2300.4601 400 

19 Optimized 103.62705 25.97138 0 3114.0026 2180.4481 400 

20 Optimized 105.46485 27.10824 0 3017.585 2112.9357 400 

21 Optimized 107.7991 28.557045 0 2885.9585 2020.7699 400 

22 Optimized 109.43735 29.577705 0 2807.0385 1965.5095 400 

23 Optimized 110.81305 30.45092 0 2684.843 1879.9473 400 

24 Optimized 112.282 31.39448 0 2618.2869 1833.3442 400 

25 Optimized 116.81135 34.36428 0 2383.7133 1669.094 400 

26 Optimized 123.569 38.87956 0 2063.6681 1444.9959 400 

27 Optimized 129.7731 43.219785 0 1775.9914 1243.5625 400 

28 Optimized 136.7192 48.371255 0 1445.2232 1011.9562 400 

29 Optimized 142.83565 53.21926 0 1141.3983 799.21571 400 

30 Optimized 147.25985 57.018965 0 897.3663 628.34265 400 

31 Optimized 151.3088 60.50226 0 766.98171 537.04638 400 

32 Optimized 153.6413 62.431645 0 815.86591 0.014239546 0.001 

33 Optimized 156.1713 64.204045 0 771.04581 0.013457288 0.001 

34 Optimized 160.39345 66.889395 0 655.86549 0.011447012 0.001 

35 Optimized 164.061 68.78496 0 560.16729 0.0097767635 0.001 

36 Optimized 166.4866 69.837965 0 503.85427 0.008793916 0.001 

37 Optimized 169.34545 70.865515 0 402.25301 232.24088 0 

38 Optimized 173.77195 72.45654 0 257.00738 148.38328 0 

39 Optimized 179.4073 74.161025 0 95.986986 55.418112 0 

Slices of Slip Surface: 2426 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 2426 14.489135 21.082815 0 316.1067 221.3403 400 

2 2426 20.063665 19.38838 0 708.23334 495.91032 400 

3 2426 25.6382 17.968565 0 1108.0713 775.87988 400 

4 2426 31.212735 16.813965 0 1490.6624 1043.773 400 

5 2426 36.537835 15.94655 0 2024.5083 1417.576 400 

6 2426 41.613505 15.339575 0 2686.9636 1881.4321 400 

7 2426 46.689175 14.93894 0 3246.1932 2273.009 400 

8 2426 51.76485 14.742685 0 3663.9056 2565.4943 400 
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9 2426 56.840525 14.74986 0 3920.1574 2744.9237 400 

10 2426 61.916195 14.9605 0 4016.6897 2812.5164 400 

11 2426 66.991865 15.37562 0 3973.1408 2782.0231 400 

12 2426 71.04885 15.839055 0 3770.0732 2639.8336 400 

13 2426 74.96265 16.44256 0 5449.5009 3815.7816 400 

14 2426 79.410025 17.25919 0 5354.9533 3749.5787 400 

15 2426 83.515475 18.16595 0 5706.1415 3995.4833 400 

16 2426 87.748165 19.25449 0 5552.903 3888.1845 400 

17 2426 92.1081 20.53835 0 4987.8057 3492.4991 400 

18 2426 96.468035 21.994985 0 4477.438 3135.1358 400 

19 2426 101.43815 23.88942 0 3961.4394 2773.8297 400 

20 2426 106.56255 26.071785 0 3499.7869 2450.5772 400 

21 2426 110.2725 27.81122 0 3204.7119 2243.9634 400 

22 2426 114.2416 29.887005 0 2917.6473 2042.9586 400 

23 2426 119.42845 32.841785 0 2582.6658 1808.4021 400 

24 2426 124.6153 36.13461 0 2279.3079 1595.9886 400 

25 2426 129.80215 39.798445 0 1994.3867 1396.4846 400 

26 2426 134.989 43.875265 0 1714.3477 1200.3992 400 

27 2426 140.17585 48.419665 0 1424.5111 997.45341 400 

28 2426 145.3627 53.50463 0 1108.7853 776.37986 400 

29 2426 150.5495 59.231375 0 747.63188 523.49747 400 

30 2426 156.02705 66.17 0 819.97351 0.014311238 0.001 

31 2426 160.53135 72.57 0 170.7235 98.567261 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 37 
Date: 12/5/2012 
Time: 2:49:56 AM 
File Name: 8-Fully specified-a=0.29g(15+40).gsz 
Directory: final analysis\15+40.00\ 
Last Solved Date: 12/5/2012 
Last Solved Time: 2:50:42 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: Search for Tension Crack 
Percentage Wet: 0 
Tension Crack Fluid Unit Weight: 62.4 pcf 

FOS Distribution 
FOS Calculation Option: Constant 



2 | P a g e  
 

Advanced 
Number of Slices: 30 
Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 22) ft 
Right Coordinate: (190, 75.07) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
20.123771 23.020573 

 
26.127691 19.446831 

 
28.984662 18.000148 

 
31.423096 16.881016 

 
34.880577 15.679996 

 
38.247072 14.906612 

 
41.877427 14.360694 

 
44.91988 14.054543 

 
51.108233 13.58287 

 
55.900433 13.865874 

 
64.749022 14.658285 

 
72.276927 15.526164 

 
79.710497 17.054385 

 
91.162723 20.318364 

 
98.648 22.8229 

 
103.69036 25.902975 

 
113.67097 32.487533 

 
118.91598 35.959048 

 
123.91571 39.355095 

 
132.97184 45.543448 

 
138.93379 50.01491 

 
153.33388 62.27 

 
155.94524 70.131686 

 
157.79949 75.590867 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
20.140789 23.062628 

 
26.102214 19.525079 

 
28.875478 18.018345 

 
31.2666 16.904672 

 
34.891496 15.627224 
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38.167004 14.895694 

 
41.901084 14.393449 

 
44.980062 14.05498 

 
51.110497 13.52476 

 
56.000805 13.905117 

 
64.912033 14.693 

 
72.193158 15.53522 

 
79.69163 16.893639 

 
91.183854 20.425528 

 
98.648 22.8229 

 
103.81366 25.44432 

 
113.49802 30.704608 

 
118.66991 33.722589 

 
123.80154 36.998097 

 
133.48125 42.902078 

 
141.85816 48.373487 

 
161.66844 62.259547 

 
163.64946 70.240258 

 
164.78148 75.560732 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
20.12987 23.095384 

 
25.993031 19.437732 

 
28.962825 18.018345 

 
31.310273 16.860999 

 
34.815067 15.627224 

 
38.243433 14.819265 

 
41.824655 14.393449 

 
45.029308 13.986622 

 
50.93843 13.579097 

 
55.896659 13.896061 

 
64.61318 14.371508 

 
72.265607 15.345041 

 
79.623709 16.929863 

 
91.19291 20.212709 
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98.648 22.8229 

 
103.79759 25.820081 

 
113.06961 32.197043 

 
123.28058 39.786801 

 
137.20817 50.388989 

 
148.12334 62.27 

 
150.58806 70.07 

 
151.95734 75.07 

Seismic Loads 
Horz Seismic Load: 0.29 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,13,11,14,17,18,10 8230.9189 

Region 2 Soil nail block 5,6,7,8,15,12,17,14,11,13 1295.4275 

Region 3 Fill 15,8,9,16 475.50875 

Region 4 Tension crack 17,12,15,16,18 626.51546 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 22 

Point 3 34 22 

Point 4 69.5297 39.811 

Point 5 72.568 39.811 

Point 6 72.568 57.726 

Point 7 77.3573 57.726 

Point 8 85.5682 75.07 

Point 9 190 75.07 

Point 10 190 0 

Point 11 98.648 22.8229 

Point 12 111.6482 68.0818 
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Point 13 72.568 29.811 

Point 14 98.648 40.6212 

Point 15 104.2283 70.07 

Point 16 190 70.07 

Point 17 108.8968 62.27 

Point 18 190 62.27 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.320 
(74.174, 

88.337) 
79.722 

(158.327, 
75.07) 

(21.8394, 22) 

2 1 1.333 
(74.174, 

88.337) 
79.701 

(157.623, 
75.07) 

(21.8383, 22) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 23.361845 21.00455 0 580.51638 406.48194 400 

2 Optimized 26.53863 19.146285 0 1012.3585 708.86105 400 

3 Optimized 29.97474 17.536945 0 1451.5586 1016.3923 400 

4 Optimized 32.878245 16.412025 0 1762.8403 1234.3541 400 

5 Optimized 34.3799 15.90548 0 2060.3316 1442.6597 400 

6 Optimized 36.324285 15.39084 0 2248.0695 1574.1152 400 

7 Optimized 39.881665 14.685485 0 2702.0994 1892.0304 400 

8 Optimized 43.10934 14.244835 0 3057.7712 2141.0745 400 

9 Optimized 46.623215 14.014915 0 3385.6973 2370.6908 400 

10 Optimized 51.62216 13.934995 0 3751.662 2626.942 400 

11 Optimized 57.744265 14.165365 0 4082.2919 2858.4516 400 

12 Optimized 63.53544 14.60043 0 4245.6038 2972.8038 400 

13 Optimized 67.72703 15.04196 0 4320.2686 3025.0846 400 

14 Optimized 71.038145 15.425155 0 4353.6041 3048.4264 400 

15 Optimized 74.951945 16.038845 0 4678.1146 3275.6511 400 

16 Optimized 79.626465 17.082185 0 5128.9684 3591.3423 400 

17 Optimized 83.731915 18.261965 0 5272.3639 3691.7489 400 
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18 Optimized 87.96219 19.58788 0 5328.183 3730.8339 400 

19 Optimized 92.40878 20.96486 0 5092.686 3565.9371 400 

20 Optimized 96.51398 22.2181 0 4826.6241 3379.6386 400 

21 Optimized 101.39744 24.58794 0 2997.2518 2098.6983 400 

22 Optimized 104.345 26.40344 0 2846.1764 1992.9142 400 

23 Optimized 106.67925 27.86216 0 2728.7662 1910.7027 400 

24 Optimized 110.2725 30.1272 0 2550.0712 1785.579 400 

25 Optimized 112.8133 31.75027 0 2457.8405 1720.9985 400 

26 Optimized 117.22755 34.641355 0 2261.8119 1583.7378 400 

27 Optimized 121.04575 37.18086 0 2085.6623 1460.3964 400 

28 Optimized 124.9845 39.97679 0 1929.5432 1351.0807 400 

29 Optimized 130.3455 43.89324 0 1703.5432 1192.8338 400 

30 Optimized 135.72825 48.16667 0 1465.9512 1026.4701 400 

31 Optimized 142.3758 53.91563 0 1119.9172 784.17449 400 

32 Optimized 148.17615 59.55465 0 760.89501 532.78442 400 

33 Optimized 153.47675 64.62838 0 994.38488 0.01735529 0.001 

34 Optimized 156.86745 68.561015 0 688.07122 0.012009108 0.001 

35 Optimized 157.8986 71.013875 0 233.35674 134.72858 0 

36 Optimized 158.31115 73.513875 0 4.2253458 2.4395045 0 

Slices of Slip Surface: 1 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 1 23.983015 20.723415 0 608.22832 425.88606 400 

2 1 27.556175 18.72349 0 1144.2151 801.18801 400 

3 1 30.20388 17.440585 0 1579.3964 1105.9053 400 

4 1 32.71155 16.43345 0 1773.5309 1241.8397 400 

5 1 34.44029 15.83294 0 2129.7117 1491.2402 400 

6 1 36.563825 15.293305 0 2260.7925 1583.0239 400 

7 1 40.06225 14.63365 0 2709.5707 1897.2618 400 

8 1 43.398655 14.207615 0 3128.441 2190.558 400 

9 1 48.014055 13.818705 0 3845.9295 2692.9488 400 

10 1 53.50433 13.72437 0 3743.1135 2620.9563 400 

11 1 58.11258 14.063975 0 3939.8919 2758.742 400 
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12 1 62.536875 14.46018 0 4253.7145 2978.483 400 

13 1 67.13936 14.93386 0 4297.2822 3008.9894 400 

14 1 70.903315 15.3678 0 4355.9324 3050.0567 400 

15 1 72.422465 15.55608 0 3629.353 2541.3004 400 

16 1 74.96265 16.078305 0 5428.6136 3801.1562 400 

17 1 78.5339 16.8125 0 5487.4041 3842.3217 400 

18 1 82.63935 17.889135 0 5345.4558 3742.9284 400 

19 1 88.36546 19.52112 0 5527.6427 3870.4971 400 

20 1 93.03404 20.944495 0 4809.7303 3367.8094 400 

21 1 96.77668 22.196765 0 4572.3098 3201.5658 400 

22 1 101.1692 24.362935 0 3009.9872 2107.6157 400 

23 1 103.95935 26.08042 0 2732.9951 1913.6638 400 

24 1 106.56255 27.797855 0 2624.0159 1837.3557 400 

25 1 110.2725 30.24544 0 2481.1671 1737.3319 400 

26 1 112.6596 31.820285 0 2397.664 1678.8624 400 

27 1 116.2935 34.22329 0 2276.3862 1593.9427 400 

28 1 121.41585 37.657075 0 2090.1558 1463.5429 400 

29 1 126.17975 40.902185 0 1951.5794 1366.5106 400 

30 1 130.7078 43.99636 0 1828.8649 1280.585 400 

31 1 135.9528 47.77918 0 1583.7772 1108.9728 400 

32 1 141.3338 52.057425 0 1296.748 907.99272 400 

33 1 146.13385 56.142455 0 1102.7927 772.18374 400 

34 1 150.9339 60.227485 0 873.96506 611.95692 400 

35 1 154.62935 66.17 0 802.52691 0.014006737 0.001 

36 1 156.7737 72.57 0 125.42802 72.415902 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 25 
Date: 11/26/2012 
Time: 12:56:16 AM 
File Name: 1-Entry and exit-(13+00).gsz 
Directory: final analysis\13+00\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 12:57:20 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0, 20) ft 
Left-Zone Right Coordinate: (41.2666, 29.455) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (50.1788, 58.549) ft 
Right-Zone Right Coordinate: (120, 58.549) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 58.549) ft 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,17,16,10 4165.0045 

Region 2 Soil nail block 5,11,12,8,14,7,17,6 515.05006 

Region 3 Tension crack 17,7,14,15,16 460.25666 

Region 4 Fill 14,8,13,9,15 348.3117 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 20 20 

Point 4 38.6923 29.455 

Point 5 41.2666 29.455 

Point 6 58.6533 24.8053 

Point 7 63.5655 51.8903 

Point 8 46.1788 56.549 

Point 9 120 58.549 

Point 10 120 0 

Point 11 41.2666 47.316 

Point 12 46.1788 47.316 

Point 13 50.1788 58.549 

Point 14 57.375 53.549 

Point 15 120 53.549 

Point 16 120 45.549 

Point 17 62.4154 45.549 
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Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.755 
(31.75, 

69.489) 
49.95739 

(84.4159, 
58.549) 

(19.9995, 20) 

2 4868 1.869 
(31.75, 

69.489) 
52.172 

(82.762, 
58.549) 

(15.2326, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 19.999735 19.99984 0 181.86752 127.34501 400 

2 Optimized 21.220485 19.26116 0 469.38994 328.67037 400 

3 Optimized 23.997065 17.97451 0 910.95283 637.85604 400 

4 Optimized 27.107755 17.1328 0 1334.4192 934.37042 400 

5 Optimized 30.22517 16.72149 0 1670.4424 1169.6564 400 

6 Optimized 33.391655 16.59928 0 1955.4534 1369.2232 400 

7 Optimized 36.52924 16.66726 0 2180.5022 1526.8041 400 

8 Optimized 38.37773 16.7617 0 2290.4159 1603.7664 400 

9 Optimized 39.9785 16.873545 0 2323.481 1626.9189 400 

10 Optimized 42.86525 17.35586 0 2892.1836 2025.1288 400 

11 Optimized 45.3223 18.09814 0 3250.2495 2275.8492 400 

12 Optimized 46.1857 18.45079 0 4139.9908 2898.8528 400 

13 Optimized 47.255855 19.016585 0 3682.4731 2578.4954 400 

14 Optimized 49.248955 20.07409 0 3611.2827 2528.6474 400 

15 Optimized 50.59067 20.787675 0 3550.8187 2486.31 400 

16 Optimized 51.73814 21.395535 0 3473.8364 2432.4064 400 

17 Optimized 53.839825 22.486795 0 3361.0951 2353.4641 400 

18 Optimized 56.290455 23.71722 0 3263.2665 2284.9638 400 

19 Optimized 57.972925 24.53627 0 3142.7134 2200.5516 400 

20 Optimized 59.09276 25.353435 0 2064.1038 1445.301 400 

21 Optimized 60.79677 27.08575 0 1927.8918 1349.9243 400 

22 Optimized 62.197135 28.519445 0 1807.1504 1265.3803 400 

23 Optimized 62.99045 29.34621 0 1754.1008 1228.2346 400 

24 Optimized 64.60044 31.024095 0 1648.8433 1154.5325 400 
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25 Optimized 66.569835 33.10683 0 1491.8855 1044.6295 400 

26 Optimized 68.29755 34.978415 0 1366.0172 956.49557 400 

27 Optimized 70.101105 36.973765 0 1233.2385 863.52292 400 

28 Optimized 72.309985 39.492235 0 1059.552 741.90632 400 

29 Optimized 74.370265 41.904215 0 904.62896 633.42801 400 

30 Optimized 76.05315 43.91308 0 774.78697 542.51168 400 

31 Optimized 77.19035 45.22476 0 767.55592 537.44844 400 

32 Optimized 77.923915 45.977425 0 1069.9612 0.018674346 0.001 

33 Optimized 79.59155 47.483885 0 1023.8884 0.017870224 0.001 

34 Optimized 81.72853 49.310915 0 927.6803 0.016191076 0.001 

35 Optimized 83.041835 50.89298 0 780.72867 0.013626286 0.001 

36 Optimized 83.667125 52.637525 0 610.34009 0.010652444 0.001 

37 Optimized 84.109275 54.66389 0 180.08607 103.97274 0 

38 Optimized 84.384195 57.16389 0 10.733161 6.1967936 0 

Slices of Slip Surface: 4868 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 4868 16.42448 19.633635 0 150.47984 105.36712 400 

2 4868 18.80816 18.962005 0 288.39409 201.93572 400 

3 4868 21.16827 18.4147 0 505.8347 354.18927 400 

4 4868 23.50481 17.98564 0 802.98797 562.25823 400 

5 4868 25.841345 17.66543 0 1084.8447 759.61644 400 

6 4868 28.17788 17.45205 0 1337.6828 936.6556 400 

7 4868 30.51442 17.344185 0 1549.5939 1085.0373 400 

8 4868 32.85096 17.341185 0 1712.4514 1199.0714 400 

9 4868 35.187495 17.44303 0 1822.4919 1276.1226 400 

10 4868 37.52403 17.650335 0 1880.4001 1316.6703 400 

11 4868 39.97945 17.98615 0 1804.8999 1263.8045 400 

12 4868 42.49465 18.45037 0 3819.2148 2674.243 400 

13 4868 44.95075 19.0302 0 3509.1472 2457.1313 400 

14 4868 47.1788 19.66114 0 4304.1233 3013.7796 400 

15 4868 49.1788 20.325305 0 4098.3769 2869.7144 400 

16 4868 51.378165 21.16701 0 3805.2513 2664.4656 400 
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17 4868 53.7769 22.213025 0 3441.8245 2409.9915 400 

18 4868 56.175635 23.40759 0 3097.4424 2168.8525 400 

19 4868 58.01415 24.41577 0 2848.8833 1994.8095 400 

20 4868 59.593825 25.38196 0 2643.539 1851.0259 400 

21 4868 61.474875 26.62799 0 2411.0175 1688.2126 400 

22 4868 62.99045 27.71028 0 2232.5899 1563.2763 400 

23 4868 64.777135 29.131875 0 2027.5736 1419.7223 400 

24 4868 67.200405 31.24666 0 1762.1467 1233.8684 400 

25 4868 69.623675 33.650315 0 1502.9377 1052.3683 400 

26 4868 72.046945 36.40667 0 1241.4269 869.25648 400 

27 4868 74.470215 39.61527 0 965.56209 676.09386 400 

28 4868 76.893485 43.448485 0 656.74399 459.85709 400 

29 4868 79.76619 49.549 0 787.03652 0.013736379 0.001 

30 4868 82.094645 56.049 0 130.39572 75.284007 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 30 
Date: 12/4/2012 
Time: 4:42:56 PM 
File Name: 2-Grid and radius-(13+00).gsz 
Directory: final analysis\13+00\ 
Last Solved Date: 12/4/2012 
Last Solved Time: 4:43:32 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Grid and Radius 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Grid 
Upper Left: (8.033618, 99.033823) ft 
Lower Left: (13.365978, 57.157223) ft 
Lower Right: (62.210409, 61.769324) ft 
Grid Horizontal Increment: 10 
Grid Vertical Increment: 10 
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Left Projection Angle: 0 ° 
Right Projection Angle: 0 ° 

Slip Surface Radius 
Upper Left Coordinate: (16.0146, 24.2004) ft 
Upper Right Coordinate: (90.8481, 61.758) ft 
Lower Left Coordinate: (27.610502, 3.6376438) ft 
Lower Right Coordinate: (96.0122, 16.8767) ft 
Number of Increments: 20 
Left Projection: No 
Left Projection Angle: 135 ° 
Right Projection: No 
Right Projection Angle: 45 ° 
UsePoints: 0 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 58.549) ft 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,17,16,10 4165.0045 

Region 2 Soil nail block 5,11,12,8,14,7,17,6 515.05006 

Region 3 Tension crack 17,7,14,15,16 460.25666 

Region 4 Fill 14,8,13,9,15 348.3117 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 20 20 

Point 4 38.6923 29.455 

Point 5 41.2666 29.455 

Point 6 58.6533 24.8053 

Point 7 63.5655 51.8903 

Point 8 46.1788 56.549 

Point 9 120 58.549 
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Point 10 120 0 

Point 11 41.2666 47.316 

Point 12 46.1788 47.316 

Point 13 50.1788 58.549 

Point 14 57.375 53.549 

Point 15 120 53.549 

Point 16 120 45.549 

Point 17 62.4154 45.549 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.720 
(31.304, 

71.565) 
50.86041 

(98.318, 
58.549) 

(19.9942, 20) 

2 790 1.874 
(31.304, 

71.565) 
54.237 

(83.9564, 
58.549) 

(14.4894, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 19.99709 19.998295 0 179.17122 125.45704 400 

2 Optimized 21.15309 19.320975 0 428.19062 299.8223 400 

3 Optimized 23.777285 18.09287 0 825.39313 577.94649 400 

4 Optimized 27.182155 17.169835 0 1235.1523 864.86294 400 

5 Optimized 30.653215 16.682105 0 1589.3267 1112.8585 400 

6 Optimized 33.442645 16.552545 0 1825.2683 1278.0666 400 

7 Optimized 36.647615 16.64489 0 2029.9482 1421.3851 400 

8 Optimized 39.92687 16.84197 0 2197.5704 1538.7553 400 

9 Optimized 43.17332 17.4053 0 2845.7993 1992.6501 400 

10 Optimized 45.636075 18.10698 0 3237.2551 2266.7505 400 

11 Optimized 46.204855 18.348765 0 4144.0826 2901.7179 400 

12 Optimized 47.10281 18.84226 0 3710.5594 2598.1617 400 

13 Optimized 49.076755 19.931925 0 3667.6548 2568.1195 400 

14 Optimized 50.806795 20.885205 0 3596.9036 2518.579 400 

15 Optimized 51.93264 21.499755 0 3553.5319 2488.2098 400 
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16 Optimized 53.43608 22.28132 0 3540.9107 2479.3723 400 

17 Optimized 55.447255 23.307425 0 3409.633 2387.4507 400 

18 Optimized 56.91392 24.03979 0 3418.3573 2393.5596 400 

19 Optimized 57.972555 24.543325 0 3351.7151 2346.8962 400 

20 Optimized 59.74943 25.9745 0 2181.411 1527.4404 400 

21 Optimized 61.591725 27.775225 0 2022.9694 1416.4985 400 

22 Optimized 62.33505 28.507915 0 1973.0615 1381.5525 400 

23 Optimized 62.93175 29.093945 0 1929.5272 1351.0695 400 

24 Optimized 63.5068 29.65971 0 1866.9401 1307.2456 400 

25 Optimized 65.21516 31.366545 0 1745.6367 1222.308 400 

26 Optimized 68.37482 34.61121 0 1465.3944 1026.0802 400 

27 Optimized 70.972055 37.397975 0 1254.3895 878.33296 400 

28 Optimized 72.82043 39.43485 0 1113.8898 779.95401 400 

29 Optimized 74.057755 40.827785 0 1004.5051 703.36204 400 

30 Optimized 76.27156 43.41271 0 830.58677 581.58312 400 

31 Optimized 78.881525 46.313595 0 941.05543 0.016424516 0.001 

32 Optimized 81.30524 48.46631 0 849.64693 0.014829136 0.001 

33 Optimized 84.513055 50.91679 0 707.10125 0.012341245 0.001 

34 Optimized 87.42607 52.81293 0 578.59593 0.010098404 0.001 

35 Optimized 88.818755 53.628735 0 462.75738 267.1731 0 

36 Optimized 90.12526 54.313535 0 413.83943 238.93031 0 

37 Optimized 92.466035 55.523665 0 299.21293 172.75066 0 

38 Optimized 94.806805 56.7338 0 181.80093 104.96282 0 

39 Optimized 97.14758 57.943935 0 61.322616 35.404629 0 

Slices of Slip Surface: 790 

 

Slip 
Surfac

e 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 790 15.86708 19.590825 0 155.52274 108.8982 400 

2 790 18.62236 18.85023 0 307.02685 214.98251 400 

3 790 21.16827 18.296515 0 524.66744 367.3761 400 

4 790 23.50481 17.90442 0 808.90674 566.4026 400 

5 790 25.841345 17.616325 0 1076.3961 753.70064 400 

6 790 28.17788 17.43056 0 1315.3566 921.02259 400 
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7 790 30.51442 17.34608 0 1515.8861 1061.4349 400 

8 790 32.85096 17.36241 0 1671.3234 1170.2732 400 

9 790 35.187495 17.479635 0 1778.5724 1245.3698 400 

10 790 37.52403 17.69842 0 1838.3861 1287.2518 400 

11 790 39.97945 18.04195 0 1769.7018 1239.1585 400 

12 790 42.49465 18.509605 0 3786.4024 2651.2675 400 

13 790 44.95075 19.087985 0 3493.4333 2446.1283 400 

14 790 47.1788 19.713495 0 4306.0135 3015.1031 400 

15 790 49.1788 20.368795 0 4115.9915 2882.0483 400 

16 790 51.378165 21.195935 0 3838.2909 2687.6002 400 

17 790 53.7769 22.22015 0 3488.5662 2442.7204 400 

18 790 56.175635 23.385515 0 3154.8829 2209.0728 400 

19 790 58.01415 24.36636 0 2912.6597 2039.4663 400 

20 790 59.593825 25.303205 0 2711.7526 1898.7896 400 

21 790 61.474875 26.50814 0 2483.3655 1738.8713 400 

22 790 62.99045 27.55193 0 2307.5251 1615.7465 400 

23 790 64.660425 28.82037 0 2118.6058 1483.4637 400 

24 790 66.85028 30.625495 0 1881.0295 1317.111 400 

25 790 69.040135 32.637595 0 1649.9224 1155.2881 400 

26 790 71.22999 34.891025 0 1420.4823 994.6324 400 

27 790 73.419845 37.434125 0 1186.4811 830.78303 400 

28 790 75.6097 40.33876 0 939.34939 657.73953 400 

29 790 77.799555 43.720655 0 666.71171 466.83657 400 

30 790 79.78629 47.333305 0 954.77795 0.016664019 0.001 

31 790 81.569905 51.333305 0 683.1455 0.011923138 0.001 

32 790 83.20904 56.049 0 138.55384 79.994099 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 30 
Date: 11/26/2012 
Time: 1:05:38 AM 
File Name: 3-Auto locate-(13+00).gsz 
Directory: final analysis\13+00\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 1:06:12 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Auto-Search 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 58.549) ft 
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Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,17,16,10 4165.0045 

Region 2 Soil nail block 5,11,12,8,14,7,17,6 515.05006 

Region 3 Tension crack 17,7,14,15,16 460.25666 

Region 4 Fill 14,8,13,9,15 348.3117 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 20 20 

Point 4 38.6923 29.455 

Point 5 41.2666 29.455 

Point 6 58.6533 24.8053 

Point 7 63.5655 51.8903 

Point 8 46.1788 56.549 

Point 9 120 58.549 

Point 10 120 0 

Point 11 41.2666 47.316 

Point 12 46.1788 47.316 

Point 13 50.1788 58.549 

Point 14 57.375 53.549 

Point 15 120 53.549 

Point 16 120 45.549 

Point 17 62.4154 45.549 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.787 
(34.192, 

60.425) 
50.19279 

(78.3545, 
58.549) 

(19.4536, 20) 

2 400 1.917 
(34.192, 

60.425) 
43.898 

(78.05, 
58.549) 

(17.0796, 20) 
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Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 19.72681 19.81502 0 250.04122 175.08075 400 

2 Optimized 20.690745 19.162325 0 485.55764 339.99112 400 

3 Optimized 22.76705 18.10458 0 831.43061 582.17398 400 

4 Optimized 25.56733 17.172165 0 1259.8201 882.13551 400 

5 Optimized 28.385115 16.66482 0 1606.1113 1124.6112 400 

6 Optimized 31.23346 16.44663 0 1895.5137 1327.253 400 

7 Optimized 34.003315 16.436425 0 2079.0386 1455.7585 400 

8 Optimized 36.67221 16.57129 0 2236.2907 1565.8676 400 

9 Optimized 38.354415 16.69245 0 2311.9352 1618.8345 400 

10 Optimized 39.97402 16.832975 0 2318.3219 1623.3065 400 

11 Optimized 42.73253 17.32322 0 2838.868 1987.7968 400 

12 Optimized 45.19406 18.096155 0 3212.2916 2249.2708 400 

13 Optimized 46.18533 18.49266 0 4089.6504 2863.604 400 

14 Optimized 47.238225 19.0524 0 3579.801 2506.6036 400 

15 Optimized 49.231695 20.107815 0 3525.7038 2468.7244 400 

16 Optimized 51.230265 21.15929 0 3408.2731 2386.4985 400 

17 Optimized 53.205705 22.173565 0 3333.9563 2334.4614 400 

18 Optimized 55.053655 23.095735 0 3191.989 2235.0548 400 

19 Optimized 56.676315 23.90003 0 3090.9049 2164.2749 400 

20 Optimized 57.97074 24.53588 0 2994.5641 2096.8164 400 

21 Optimized 58.62421 24.856875 0 2946.3415 2063.0505 400 

22 Optimized 59.15429 25.360105 0 1998.0068 1399.0195 400 

23 Optimized 60.46472 26.703005 0 1876.2888 1313.7915 400 

24 Optimized 61.8591 28.1558 0 1771.5123 1240.4263 400 

25 Optimized 62.77631 29.11995 0 1715.0649 1200.9014 400 

26 Optimized 63.35136 29.730075 0 1654.5234 1158.5097 400 

27 Optimized 64.542705 31.01381 0 1583.257 1108.6085 400 

28 Optimized 66.38772 33.026705 0 1450.047 1015.3339 400 

29 Optimized 68.00728 34.837785 0 1334.6037 934.49958 400 

30 Optimized 69.40125 36.439175 0 1226.6628 858.91851 400 

31 Optimized 70.99108 38.33604 0 1102.2243 771.78577 400 
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32 Optimized 72.80142 40.571155 0 956.25553 669.57733 400 

33 Optimized 74.388835 42.59589 0 829.96576 581.14828 400 

34 Optimized 75.793285 44.43826 0 705.72334 494.1528 400 

35 Optimized 77.225395 46.8856 0 1097.4793 0.019154627 0.001 

36 Optimized 78.10255 49.34266 0 925.7451 0.0161573 0.001 

37 Optimized 78.27955 51.90374 0 694.09977 0.012114326 0.001 

38 Optimized 78.343115 56.049 0 4.1559568 2.3994428 0 

Slices of Slip Surface: 400 

 

Slip 
Surfac

e 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 400 18.53982 19.44232 0 213.77707 149.68832 400 

2 400 21.03846 18.55838 0 486.9971 340.99904 400 

3 400 23.11538 17.961235 0 810.83851 567.75524 400 

4 400 25.192305 17.47276 0 1129.1578 790.64482 400 

5 400 27.26923 17.089275 0 1425.5985 998.21481 400 

6 400 29.34615 16.808005 0 1684.1165 1179.2311 400 

7 400 31.42307 16.626975 0 1891.8162 1324.6639 400 

8 400 33.499995 16.54494 0 2040.7947 1428.9798 400 

9 400 35.57692 16.561345 0 2128.7255 1490.5496 400 

10 400 37.65384 16.6763 0 2158.6204 1511.4823 400 

11 400 39.97945 16.929735 0 2043.3679 1430.7816 400 

12 400 42.49465 17.33763 0 4044.3277 2831.8687 400 

13 400 44.95075 17.88484 0 3657.454 2560.9769 400 

14 400 47.1788 18.505215 0 4384.1865 3069.8404 400 

15 400 49.1788 19.17835 0 4117.2504 2882.9297 400 

16 400 51.078325 19.91666 0 3821.7106 2675.9906 400 

17 400 52.877375 20.714895 0 3507.3363 2455.8633 400 

18 400 54.676425 21.61291 0 3210.5848 2248.0757 400 

19 400 56.475475 22.61783 0 2932.0302 2053.0296 400 

20 400 58.01415 23.561025 0 2708.5184 1896.525 400 

21 400 59.593825 24.641705 0 2490.1888 1743.649 400 

22 400 61.474875 26.05596 0 2245.5246 1572.3332 400 

23 400 62.99045 27.302535 0 2058.9665 1441.7039 400 
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24 400 64.55943 28.755565 0 1869.6391 1309.1354 400 

25 400 66.54729 30.79392 0 1636.2876 1145.7409 400 

26 400 68.53515 33.129775 0 1401.0594 981.03239 400 

27 400 70.52301 35.849695 0 1153.0998 807.40916 400 

28 400 72.51087 39.10549 0 875.15867 612.7927 400 

29 400 74.49873 43.22046 0 534.16594 374.02702 400 

30 400 76.52045 49.549 0 794.51623 0.013866924 0.001 

31 400 77.79913 56.049 0 71.956562 41.544141 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 33 
Date: 12/4/2012 
Time: 5:25:56 PM 
File Name: 4-Fully specified-(13+00).gsz 
Directory: final analysis\13+00\ 
Last Solved Date: 12/4/2012 
Last Solved Time: 5:26:26 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 58.549) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
18.678942 20.865965 

 
22.556531 18.605247 

 
24.784338 17.844532 

 
27.827197 16.893639 

 
31.277581 16.486113 

 
35.597353 16.594787 

 
40.107304 16.893639 

 
43.85654 17.654353 

 
46.519041 18.523741 

 
49.317384 20.045171 

 
54.859733 23.115197 

 
58.6533 24.8053 

 
66.188946 32.596961 

 
71.350938 38.438162 

 
77.572497 45.549 

 
79.121094 53.549 

 
80.028003 59.497202 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
18.581647 20.815193 

 
22.355033 18.598329 

 
24.619064 17.812207 

 
27.669218 16.93175 

 
31.175322 16.428632 

 
35.489766 16.508934 

 
39.754115 16.782792 

 
43.353381 17.604364 

 
49.143506 19.560487 

 
58.6533 24.8053 

 
67.374574 31.571083 

 
74.260128 37.087351 
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83.532152 45.549 

 
84.744949 53.549 

 
85.72301 59.700135 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
18.548528 20.838922 

 
20 20 

 
22.524631 18.591559 

 
24.480838 17.85457 

 
27.592571 16.890115 

 
31.071554 16.394042 

 
35.524149 16.526111 

 
39.788075 16.790248 

 
44.108602 17.658127 

 
48.900802 19.375017 

 
54.089207 22.242791 

 
58.6533 24.8053 

 
63.805676 30.770642 

 
68.692211 37.940075 

 
73.088205 45.549 

 
74.40889 53.549 

 
75.276769 59.637044 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,17,16,10 4165.0045 

Region 2 Soil nail block 5,11,12,8,14,7,17,6 515.05006 

Region 3 Tension crack 17,7,14,15,16 460.25666 

Region 4 Fill 14,8,13,9,15 348.3117 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 
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Point 3 20 20 

Point 4 38.6923 29.455 

Point 5 41.2666 29.455 

Point 6 58.6533 24.8053 

Point 7 63.5655 51.8903 

Point 8 46.1788 56.549 

Point 9 120 58.549 

Point 10 120 0 

Point 11 41.2666 47.316 

Point 12 46.1788 47.316 

Point 13 50.1788 58.549 

Point 14 57.375 53.549 

Point 15 120 53.549 

Point 16 120 45.549 

Point 17 62.4154 45.549 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.778 
(31.39, 

68.175) 
50.05194 

(80.1586, 
58.549) 

(19.76, 20) 

2 1 1.823 
(31.39, 

68.175) 
50.034 

(79.8834, 
58.549) 

(20.0879, 
20.0445) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 19.88 19.921605 0 215.66474 151.01008 400 

2 Optimized 20.925155 19.23882 0 473.45096 331.51393 400 

3 Optimized 23.184125 18.090505 0 853.33852 597.51406 400 

4 Optimized 26.023465 17.207065 0 1263.6919 884.84662 400 

5 Optimized 29.02482 16.72066 0 1610.9185 1127.9773 400 

6 Optimized 31.643595 16.57325 0 1805.9696 1264.5535 400 

7 Optimized 33.88948 16.572205 0 2080.1599 1456.5437 400 

8 Optimized 36.49991 16.657435 0 2203.7527 1543.0842 400 
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9 Optimized 38.33985 16.770555 0 2302.9061 1612.5122 400 

10 Optimized 39.9725 16.89732 0 2322.9978 1626.5806 400 

11 Optimized 42.761115 17.374945 0 2860.5703 2002.9929 400 

12 Optimized 45.224165 18.125765 0 3264.4319 2285.7798 400 

13 Optimized 46.18453 18.500595 0 4157.312 2910.9812 400 

14 Optimized 47.191565 19.036945 0 3610.5228 2528.1153 400 

15 Optimized 49.185835 20.097505 0 3549.6817 2485.5139 400 

16 Optimized 50.858025 20.98406 0 3462.2411 2424.2873 400 

17 Optimized 52.39356 21.78857 0 3376.4356 2364.2057 400 

18 Optimized 54.10618 22.677375 0 3245.9368 2272.8294 400 

19 Optimized 56.168745 23.708415 0 3184.8015 2230.022 400 

20 Optimized 57.452005 24.3325 0 3089.9109 2163.5789 400 

21 Optimized 58.049215 24.59884 0 3175.603 2223.5812 400 

22 Optimized 59.550305 25.81872 0 1985.4491 1390.2264 400 

23 Optimized 61.41742 27.718225 0 1844.7008 1291.6734 400 

24 Optimized 62.359525 28.6856 0 1754.346 1228.4063 400 

25 Optimized 62.99045 29.350225 0 1714.7075 1200.6511 400 

26 Optimized 63.979715 30.39233 0 1653.4001 1157.7232 400 

27 Optimized 65.063465 31.543535 0 1573.6535 1101.8841 400 

28 Optimized 66.698005 33.323605 0 1443.2719 1010.5898 400 

29 Optimized 68.21392 35.008805 0 1334.9538 934.74471 400 

30 Optimized 69.9992 37.05711 0 1202.4375 841.95577 400 

31 Optimized 71.89537 39.28558 0 1051.2063 736.06256 400 

32 Optimized 73.36235 41.087155 0 933.99031 653.98706 400 

33 Optimized 74.752895 42.83831 0 817.76383 572.6044 400 

34 Optimized 76.006645 44.46211 0 710.74358 497.66802 400 

35 Optimized 77.5376 47.17501 0 982.77014 0.017152575 0.001 

36 Optimized 79.00915 50.10185 0 857.56862 0.014967396 0.001 

37 Optimized 79.791435 52.369425 0 650.20684 0.01134825 0.001 

38 Optimized 80.03276 54.011965 0 166.87195 96.343564 0 

39 Optimized 80.129665 56.511965 0 10.168655 5.8708755 0 

Slices of Slip Surface: 1 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
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(psf) 

1 1 21.32224 19.32487 0 447.83855 313.57993 400 

2 1 23.670435 18.22489 0 810.9239 567.81503 400 

3 1 25.545055 17.60681 0 1185.2661 829.93228 400 

4 1 27.066485 17.131365 0 1553.9013 1088.0534 400 

5 1 28.689795 16.79176 0 1570.1273 1099.415 400 

6 1 30.414985 16.587995 0 1867.39 1307.5605 400 

7 1 32.357525 16.51328 0 1850.2996 1295.5937 400 

8 1 34.51741 16.56762 0 2087.6445 1461.7844 400 

9 1 36.37109 16.64606 0 2167.3683 1517.6076 400 

10 1 37.918565 16.7486 0 2295.6836 1607.455 400 

11 1 39.3998 16.846755 0 2357.2269 1650.5481 400 

12 1 40.68695 17.01125 0 1975.6213 1383.3449 400 

13 1 42.56157 17.391605 0 4129.0901 2891.22 400 

14 1 45.01767 18.033495 0 3494.8226 2447.1011 400 

15 1 46.34892 18.46819 0 4432.5535 3103.7074 400 

16 1 47.91821 19.284455 0 3561.1634 2493.5535 400 

17 1 49.74809 20.28375 0 3461.2108 2423.5659 400 

18 1 51.349035 21.170545 0 3351.8068 2346.9604 400 

19 1 53.6895 22.46698 0 3170.1988 2219.7971 400 

20 1 56.117365 23.675495 0 3297.6842 2309.0634 400 

21 1 58.01415 24.520545 0 3156.2986 2210.0641 400 

22 1 59.593825 25.77778 0 1953.6384 1367.9523 400 

23 1 61.474875 27.722735 0 1831.4182 1282.3728 400 

24 1 62.99045 29.2898 0 1737.3018 1216.4718 400 

25 1 64.877225 31.240675 0 1624.7609 1137.6698 400 

26 1 67.04928 33.570495 0 1413.9779 990.07799 400 

27 1 68.76994 35.517565 0 1312.5699 919.07134 400 

28 1 70.490605 37.46463 0 1210.0073 847.25626 400 

29 1 72.387865 39.6233 0 1086.4088 760.71164 400 

30 1 74.461715 41.99358 0 951.97302 666.57869 400 

31 1 76.53557 44.36386 0 807.2815 565.26459 400 

32 1 78.346795 49.549 0 743.32645 0.012973494 0.001 

33 1 79.50226 56.049 0 92.309238 53.294763 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 27 
Date: 11/26/2012 
Time: 1:15:18 AM 
File Name: 5-Entry and exit-a=.16g(13+00).gsz 
Directory: final analysis\13+00\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 1:16:26 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0, 20) ft 
Left-Zone Right Coordinate: (41.2666, 29.455) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (50.1788, 58.549) ft 
Right-Zone Right Coordinate: (120, 58.549) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 58.549) ft 

Seismic Loads 
Horz Seismic Load: 0.16 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,17,16,10 4165.0045 

Region 2 Soil nail block 5,11,12,8,14,7,17,6 515.05006 

Region 3 Tension crack 17,7,14,15,16 460.25666 

Region 4 Fill 14,8,13,9,15 348.3117 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 20 20 

Point 4 38.6923 29.455 

Point 5 41.2666 29.455 

Point 6 58.6533 24.8053 

Point 7 63.5655 51.8903 

Point 8 46.1788 56.549 

Point 9 120 58.549 

Point 10 120 0 

Point 11 41.2666 47.316 

Point 12 46.1788 47.316 

Point 13 50.1788 58.549 
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Point 14 57.375 53.549 

Point 15 120 53.549 

Point 16 120 45.549 

Point 17 62.4154 45.549 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.424 
(33.086, 

71.987) 
49.96006 

(88.5649, 
58.549) 

(19.9885, 20) 

2 6190 1.505 
(33.086, 

71.987) 
53.712 

(85.0894, 
58.549) 

(19.5848, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 19.99427 19.99667 0 229.4524 160.6643 400 

2 Optimized 21.13512 19.33399 0 565.80712 396.18241 400 

3 Optimized 23.76376 18.191535 0 1054.813 738.58802 400 

4 Optimized 26.93205 17.476865 0 1541.4303 1079.3211 400 

5 Optimized 30.207085 17.208965 0 1952.1109 1366.8828 400 

6 Optimized 33.51132 17.25637 0 2287.6243 1601.8118 400 

7 Optimized 36.910555 17.515675 0 2520.6371 1764.9691 400 

8 Optimized 39.932055 17.865375 0 2594.5748 1816.7409 400 

9 Optimized 42.968355 18.45866 0 3082.8972 2158.6678 400 

10 Optimized 45.42861 19.138495 0 3382.4229 2368.398 400 

11 Optimized 46.302315 19.4421 0 4232.5958 2963.6955 400 

12 Optimized 47.3157 19.87909 0 3668.8938 2568.9871 400 

13 Optimized 49.095445 20.66723 0 3590.1348 2513.8395 400 

14 Optimized 50.08206 21.103765 0 3565.9845 2496.9292 400 

15 Optimized 51.303005 21.63972 0 3466.4336 2427.2229 400 

16 Optimized 53.678765 22.678285 0 3284.9182 2300.1245 400 

17 Optimized 56.15266 23.757315 0 3080.6122 2157.0679 400 

18 Optimized 57.982655 24.55671 0 2938.6238 2057.6466 400 

19 Optimized 59.072435 25.222075 0 1830.5133 1281.7392 400 
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20 Optimized 60.48368 26.3997 0 1732.4801 1213.0956 400 

21 Optimized 61.9141 27.60682 0 1621.1757 1135.1595 400 

22 Optimized 62.99045 28.52883 0 1563.4895 1094.7671 400 

23 Optimized 63.781275 29.20625 0 1522.5837 1066.1246 400 

24 Optimized 64.96051 30.23882 0 1433.2696 1003.5862 400 

25 Optimized 66.887435 31.9343 0 1342.5287 940.04873 400 

26 Optimized 68.654455 33.530205 0 1207.7278 845.66012 400 

27 Optimized 70.974545 35.72399 0 1085.3324 759.95796 400 

28 Optimized 73.19383 37.88544 0 937.06885 656.14267 400 

29 Optimized 74.84312 39.600665 0 836.50988 585.73053 400 

30 Optimized 76.71255 41.63695 0 706.71429 494.84667 400 

31 Optimized 78.48793 43.67407 0 588.32974 411.95292 400 

32 Optimized 79.773735 45.11165 0 588.93039 412.3735 400 

33 Optimized 80.51789 45.86274 0 816.6323 0.014252922 0.001 

34 Optimized 82.14581 47.29423 0 821.03774 0.014329812 0.001 

35 Optimized 84.485675 49.140725 0 806.54794 0.014076917 0.001 

36 Optimized 86.53124 50.598215 0 774.05988 0.013509893 0.001 

37 Optimized 87.83529 52.43798 0 600.83485 0.010486546 0.001 

38 Optimized 88.19716 53.867375 0 205.80279 118.8203 0 

39 Optimized 88.38911 55.106505 0 92.208679 53.236706 0 

40 Optimized 88.532665 57.28813 0 8.8988893 5.1377761 0 

Slices of Slip Surface: 6190 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 6190 19.79241 19.94697 0 92.229467 64.579768 400 

2 6190 21.03846 19.654875 0 254.05772 177.89313 400 

3 6190 23.11538 19.21959 0 573.17259 401.33977 400 

4 6190 25.192305 18.86905 0 919.30867 643.70686 400 

5 6190 27.26923 18.60158 0 1278.0883 894.92707 400 

6 6190 29.34615 18.415935 0 1628.6923 1140.4227 400 

7 6190 31.42307 18.31127 0 1945.6966 1362.3914 400 

8 6190 33.499995 18.287105 0 2203.965 1543.2329 400 

9 6190 35.57692 18.34333 0 2383.6549 1669.0532 400 
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10 6190 37.65384 18.480205 0 2474.7215 1732.8186 400 

11 6190 39.97945 18.735485 0 2382.6364 1668.34 400 

12 6190 42.49465 19.120665 0 4375.2861 3063.6083 400 

13 6190 44.95075 19.617445 0 3911.3386 2738.7488 400 

14 6190 47.1788 20.16763 0 4517.4205 3163.1319 400 

15 6190 49.1788 20.7537 0 4153.0895 2908.0245 400 

16 6190 51.378165 21.502375 0 3707.7031 2596.1616 400 

17 6190 53.7769 22.437775 0 3216.4584 2252.1884 400 

18 6190 56.175635 23.50987 0 2782.9142 1948.6175 400 

19 6190 58.01415 24.416055 0 2490.4793 1743.8524 400 

20 6190 59.593825 25.284815 0 2264.0122 1585.2784 400 

21 6190 61.474875 26.40441 0 2022.8941 1416.4457 400 

22 6190 62.99045 27.375645 0 1848.9215 1294.6287 400 

23 6190 64.727985 28.60909 0 1666.9001 1167.176 400 

24 6190 67.052955 30.406695 0 1449.7451 1015.1224 400 

25 6190 69.377925 32.42266 0 1253.6787 877.8353 400 

26 6190 71.702895 34.6927 0 1069.5558 748.91102 400 

27 6190 74.027865 37.26722 0 887.33117 621.31597 400 

28 6190 76.352835 40.221405 0 695.05871 486.68535 400 

29 6190 78.677805 43.67689 0 476.6139 333.72865 400 

30 6190 80.763645 47.33478 0 743.56848 0.012977718 0.001 

31 6190 82.61036 51.33478 0 573.60588 0.010011311 0.001 

32 6190 84.31156 56.049 0 120.49826 69.569705 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 32 
Date: 12/5/2012 
Time: 12:07:53 AM 
File Name: 6-Fully specified-a=.16g(13+00).gsz 
Directory: final analysis\13+00\ 
Last Solved Date: 12/5/2012 
Last Solved Time: 12:08:24 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 58.549) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
19.588805 20.284664 

 
21.061015 19.286341 

 
22.223618 18.730314 

 
23.493636 18.237471 

 
25.186993 17.700398 

 
27.60985 17.382669 

 
32.880515 17.192491 

 
37.173119 17.382669 

 
44.644423 18.822594 

 
46.763556 19.501803 

 
53.963176 22.870682 

 
58.6533 24.8053 

 
65.075043 30.423491 

 
69.584994 34.172727 

 
73.605914 38.275152 

 
80.316503 45.549 

 
81.837932 53.549 

 
83.006172 59.656666 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
19.399484 20.308153 

 
20.986421 19.200222 

 
22.134574 18.542046 

 
23.282727 18.063039 

 
24.939802 17.582659 

 
27.600039 17.261921 

 
32.863912 17.129853 

 
37.24104 17.39399 

 
40.901224 17.922264 

 
44.580275 18.790142 

 
47.032976 19.714622 
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52.089313 21.789984 

 
58.6533 24.8053 

 
64.937692 29.449957 

 
70.390234 33.374279 

 
75.522039 37.770273 

 
84.389495 45.549 

 
85.710181 53.549 

 
86.710128 59.712512 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
19.498211 20.308153 

 
20.957169 19.211192 

 
22.116291 18.615176 

 
23.330262 18.165422 

 
25.045178 17.66082 

 
27.601097 17.328075 

 
32.779011 17.136142 

 
37.008348 17.309089 

 
40.766011 17.812207 

 
46.819151 19.588842 

 
53.422576 22.355992 

 
58.6533 24.8053 

 
64.679844 29.965653 

 
69.050682 34.352215 

 
72.824068 38.502939 

 
77.446466 45.549 

 
78.845763 53.549 

 
79.836277 59.555287 

Fully Specified Slip Surface 4 

 
X (ft) Y (ft) 

 
19.576673 20.347596 

 
20.986962 19.292154 

 
22.106094 18.682546 

 
23.361706 18.036542 
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24.899375 17.618005 

 
27.537979 17.326849 

 
32.842483 17.062989 

 
37.137039 17.290454 

 
40.868018 17.844532 

 
44.698759 18.71392 

 
46.899398 19.664813 

 
53.365472 22.137136 

 
58.6533 24.8053 

 
65.047875 28.657546 

 
70.997749 32.78714 

 
76.947624 36.80806 

 
82.408468 40.448622 

 
87.679133 45.549 

 
88.820205 53.549 

 
89.771098 60.09136 

Seismic Loads 
Horz Seismic Load: 0.16 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,17,16,10 4165.0045 

Region 2 Soil nail block 5,11,12,8,14,7,17,6 515.05006 

Region 3 Tension crack 17,7,14,15,16 460.25666 

Region 4 Fill 14,8,13,9,15 348.3117 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 20 20 

Point 4 38.6923 29.455 
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Point 5 41.2666 29.455 

Point 6 58.6533 24.8053 

Point 7 63.5655 51.8903 

Point 8 46.1788 56.549 

Point 9 120 58.549 

Point 10 120 0 

Point 11 41.2666 47.316 

Point 12 46.1788 47.316 

Point 13 50.1788 58.549 

Point 14 57.375 53.549 

Point 15 120 53.549 

Point 16 120 45.549 

Point 17 62.4154 45.549 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.434 
(36.467, 

68.186) 
50.18543 

(86.3572, 
58.549) 

(19.7857, 20) 

2 2 1.473 
(36.467, 

68.186) 
50.301 

(86.5214, 
58.549) 

(19.8409, 20) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 19.892865 19.92825 0 300.36872 210.32044 400 

2 Optimized 20.48877 19.52916 0 487.27043 341.19043 400 

3 Optimized 21.59157 18.882905 0 716.94296 502.00886 400 

4 Optimized 22.878905 18.307025 0 957.85334 670.69613 400 

5 Optimized 24.555955 17.795185 0 1246.1846 872.58784 400 

6 Optimized 26.72187 17.382215 0 1575.6601 1103.2891 400 

7 Optimized 29.44758 17.17378 0 1914.8829 1340.8155 400 

8 Optimized 32.57925 17.199915 0 2217.6893 1552.8428 400 

9 Optimized 35.80985 17.45082 0 2436.7723 1706.2463 400 

10 Optimized 38.08231 17.70861 0 2529.4785 1771.1599 400 
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11 Optimized 39.975895 17.96739 0 2585.9005 1810.667 400 

12 Optimized 42.92552 18.569135 0 3006.0213 2104.8388 400 

13 Optimized 45.385175 19.2735 0 3318.756 2323.818 400 

14 Optimized 46.190145 19.555515 0 4157.4902 2911.106 400 

15 Optimized 47.07008 19.93417 0 3668.6618 2568.8247 400 

16 Optimized 48.80726 20.68353 0 3589.0071 2513.0498 400 

17 Optimized 49.927325 21.16394 0 3593.1579 2515.9562 400 

18 Optimized 51.611565 21.87205 0 3458.2718 2421.508 400 

19 Optimized 54.23288 22.967505 0 3262.7068 2284.5719 400 

20 Optimized 56.398215 23.885595 0 2997.1978 2098.6605 400 

21 Optimized 57.97037 24.569665 0 2874.1483 2012.5003 400 

22 Optimized 58.72648 24.89866 0 2816.3418 1972.0238 400 

23 Optimized 59.74935 25.6421 0 1834.9332 1284.8341 400 

24 Optimized 61.47361 26.989105 0 1736.9458 1216.2226 400 

25 Optimized 62.95062 28.158665 0 1618.9922 1133.6306 400 

26 Optimized 64.237355 29.196735 0 1555.8915 1089.447 400 

27 Optimized 66.1288 30.72291 0 1468.8729 1028.5159 400 

28 Optimized 68.79784 32.91952 0 1318.6032 923.29591 400 

29 Optimized 71.883225 35.56546 0 1153.1732 807.4606 400 

30 Optimized 74.062775 37.474955 0 1067.0283 747.14129 400 

31 Optimized 76.02024 39.272015 0 939.20843 657.64082 400 

32 Optimized 78.61117 41.740495 0 797.63111 558.50731 400 

33 Optimized 81.066835 44.175055 0 655.61635 459.06751 400 

34 Optimized 83.590475 46.544605 0 990.9176 0.017294775 0.001 

35 Optimized 85.348945 48.19069 0 972.79148 0.016978414 0.001 

36 Optimized 86.04207 49.62391 0 865.61609 0.015107851 0.001 

37 Optimized 86.27775 52.02123 0 662.0238 0.011554495 0.001 

38 Optimized 86.345485 56.049 0 3.453562 1.993915 0 

Slices of Slip Surface: 2 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 2 19.920435 19.94445 0 301.28204 210.95996 400 

2 2 20.49321 19.54456 0 487.54862 341.38522 400 
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3 2 21.560495 18.871135 0 748.83786 524.34192 400 

4 2 22.70865 18.302545 0 947.53739 663.47282 400 

5 2 24.111265 17.82285 0 1179.6203 825.97899 400 

6 2 26.26992 17.42229 0 1414.218 990.24611 400 

7 2 28.91601 17.228905 0 1735.7037 1215.3528 400 

8 2 31.547945 17.16287 0 2244.4844 1571.6049 400 

9 2 33.958195 17.195885 0 2347.8195 1643.9609 400 

10 2 36.14676 17.327955 0 2658.8736 1861.7633 400 

11 2 37.96667 17.49872 0 2480.1234 1736.6011 400 

12 2 39.79676 17.762855 0 2533.7248 1774.1332 400 

13 2 41.08391 17.965355 0 2146.5379 1503.022 400 

14 2 42.92344 18.399295 0 4115.2831 2881.5523 400 

15 2 45.37954 19.0914 0 3185.9028 2230.7931 400 

16 2 46.60589 19.55364 0 3966.7485 2777.5472 400 

17 2 48.60589 20.36022 0 3700.6323 2591.2106 400 

18 2 51.134055 21.3979 0 3550.0987 2485.8059 400 

19 2 53.410735 22.397005 0 3134.6908 2194.9341 400 

20 2 56.05358 23.611055 0 2926.1195 2048.8909 400 

21 2 58.01415 24.51169 0 2780.5028 1946.929 400 

22 2 59.593825 25.50042 0 1934.1663 1354.3178 400 

23 2 61.474875 26.890665 0 1830.1494 1281.4844 400 

24 2 62.99045 28.010795 0 1753.2046 1227.6071 400 

25 2 64.251595 28.94288 0 1693.7332 1185.9647 400 

26 2 66.300825 30.43104 0 1635.1177 1144.9218 400 

27 2 69.027095 32.3932 0 1525.4113 1068.1045 400 

28 2 71.673185 34.47328 0 1263.7719 884.90262 400 

29 2 74.23909 36.671275 0 1171.8704 820.55247 400 

30 2 76.63047 38.74261 0 1066.7205 746.92572 400 

31 2 78.847335 40.687295 0 979.94367 686.16395 400 

32 2 81.0642 42.63198 0 884.92664 619.63231 400 

33 2 83.281065 44.57666 0 778.41398 545.05133 400 

34 2 85.04984 49.549 0 649.73089 0.011339943 0.001 

35 2 86.11577 56.049 0 81.806398 47.230946 0 

 



1 | P a g e  
 

SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 27 
Date: 11/26/2012 
Time: 1:18:34 AM 
File Name: 7-Entry and exit-a=.29g(13+00).gsz 
Directory: final analysis\13+00\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 1:19:42 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0, 20) ft 
Left-Zone Right Coordinate: (41.2666, 29.455) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (50.1788, 58.549) ft 
Right-Zone Right Coordinate: (120, 58.549) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 58.549) ft 

Seismic Loads 
Horz Seismic Load: 0.29 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,17,16,10 4165.0045 

Region 2 Soil nail block 5,11,12,8,14,7,17,6 515.05006 

Region 3 Tension crack 17,7,14,15,16 460.25666 

Region 4 Fill 14,8,13,9,15 348.3117 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 20 20 

Point 4 38.6923 29.455 

Point 5 41.2666 29.455 

Point 6 58.6533 24.8053 

Point 7 63.5655 51.8903 

Point 8 46.1788 56.549 

Point 9 120 58.549 

Point 10 120 0 

Point 11 41.2666 47.316 

Point 12 46.1788 47.316 

Point 13 50.1788 58.549 
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Point 14 57.375 53.549 

Point 15 120 53.549 

Point 16 120 45.549 

Point 17 62.4154 45.549 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.154 
(28.591, 

97.174) 
53.72988 

(116.052, 
58.549) 

(19.9965, 20) 

2 4988 1.259 
(28.591, 

97.174) 
78.322 

(96.7263, 
58.549) 

(15.2326, 20) 

Slices of Slip Surface: Optimized 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 19.998275 19.99913 0 251.47909 176.08755 400 

2 Optimized 20.937055 19.525955 0 512.74428 359.02741 400 

3 Optimized 23.142845 18.655615 0 888.57921 622.18986 400 

4 Optimized 25.96038 18.018915 0 1304.2696 913.2594 400 

5 Optimized 29.848855 17.72903 0 1808.1735 1266.0967 400 

6 Optimized 34.57074 17.87546 0 2293.3434 1605.8163 400 

7 Optimized 37.822625 18.196815 0 2511.707 1758.7162 400 

8 Optimized 39.952365 18.49975 0 2701.951 1891.9264 400 

9 Optimized 43.48336 19.24635 0 3212.028 2249.0862 400 

10 Optimized 45.966545 19.893075 0 3323.6241 2327.2266 400 

11 Optimized 46.390325 20.051515 0 4106.7553 2875.581 400 

12 Optimized 48.390325 20.838655 0 3913.8836 2740.5308 400 

13 Optimized 50.73403 21.766525 0 3827.7784 2680.2393 400 

14 Optimized 52.394335 22.42276 0 3719.5893 2604.4844 400 

15 Optimized 54.743105 23.3451 0 3585.5498 2510.629 400 

16 Optimized 56.6809 24.098245 0 3490.3451 2443.9659 400 

17 Optimized 57.974055 24.596105 0 3401.6726 2381.8768 400 

18 Optimized 59.170015 25.25639 0 1955.1175 1368.988 400 

19 Optimized 61.060805 26.62508 0 1809.4362 1266.9809 400 
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20 Optimized 62.960095 28.00313 0 1687.896 1181.8775 400 

21 Optimized 64.680765 29.25088 0 1585.6171 1110.261 400 

22 Optimized 67.309985 31.16001 0 1439.1906 1007.7321 400 

23 Optimized 69.39266 32.67579 0 1328.6117 930.30389 400 

24 Optimized 72.165405 34.73528 0 1177.1154 824.22505 400 

25 Optimized 76.378415 37.928575 0 968.59062 678.21446 400 

26 Optimized 79.526765 40.38498 0 819.26523 573.65569 400 

27 Optimized 81.895295 42.301665 0 705.60032 494.06666 400 

28 Optimized 84.399125 44.39643 0 584.99862 409.62045 400 

29 Optimized 86.75579 46.277005 0 399.41735 0.0069711479 0.001 

30 Optimized 89.042705 47.825305 0 453.94867 0.0079228989 0.001 

31 Optimized 91.65911 49.3499 0 448.58493 0.007829284 0.001 

32 Optimized 94.700985 50.890815 0 432.83128 0.0075543309 0.001 

33 Optimized 97.56645 52.13236 0 424.26926 0.0074048955 0.001 

34 Optimized 100.03662 53.076785 0 399.1988 0.0069673335 0.001 

35 Optimized 103.4585 54.433455 0 348.76388 201.35892 0 

36 Optimized 107.3797 55.856425 0 259.41996 149.77619 0 

37 Optimized 110.84855 56.933455 0 160.47112 92.648045 0 

38 Optimized 114.3174 58.010485 0 54.911926 31.703415 0 

Slices of Slip Surface: 4988 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 4988 16.42448 19.81256 0 127.23697 89.092283 400 

2 4988 18.80816 19.47506 0 269.66504 188.8215 400 

3 4988 21.335165 19.200755 0 532.27884 372.70566 400 

4 4988 24.005495 18.998195 0 923.24325 646.46189 400 

5 4988 26.675825 18.887215 0 1324.1971 927.2128 400 

6 4988 29.34615 18.867425 0 1708.3244 1196.1816 400 

7 4988 32.016475 18.93876 0 2043.5956 1430.941 400 

8 4988 34.686805 19.101465 0 2299.1231 1609.8633 400 

9 4988 37.357135 19.356115 0 2452.7225 1717.4148 400 

10 4988 39.97945 19.695715 0 2414.5635 1690.6955 400 

11 4988 42.49465 20.10646 0 4332.9678 3033.9767 400 



6 | P a g e  
 

12 4988 44.95075 20.59034 0 3953.8302 2768.5017 400 

13 4988 48.1788 21.369465 0 4419.8307 3094.7987 400 

14 4988 51.378165 22.251035 0 3870.2995 2710.0129 400 

15 4988 53.7769 23.02318 0 3411.3678 2388.6655 400 

16 4988 56.175635 23.88195 0 2994.3047 2096.6347 400 

17 4988 57.980275 24.578385 0 2711.7442 1898.7838 400 

18 4988 60.500475 25.67807 0 2361.052 1653.2264 400 

19 4988 62.99045 26.81386 0 2064.9214 1445.8735 400 

20 4988 64.89467 27.79046 0 1867.5537 1307.6752 400 

21 4988 67.553005 29.248325 0 1629.6075 1141.0634 400 

22 4988 70.21134 30.84475 0 1427.5413 999.57519 400 

23 4988 72.86968 32.59004 0 1253.046 877.39224 400 

24 4988 75.52802 34.496675 0 1098.0669 768.87475 400 

25 4988 78.186355 36.57994 0 954.78156 668.54525 400 

26 4988 80.84469 38.858845 0 815.51224 571.02782 400 

27 4988 83.50303 41.35747 0 672.41281 470.82852 400 

28 4988 86.16137 44.107045 0 516.75001 361.83225 400 

29 4988 89.0275 47.415785 0 665.56855 0.011616363 0.001 

30 4988 92.10142 51.415785 0 540.91841 0.0094408073 0.001 

31 4988 95.182325 56.049 0 151.0349 87.20004 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 35 
Date: 12/5/2012 
Time: 12:40:52 AM 
File Name: 8-Fully specified-a=.29g(13+00).gsz 
Directory: final analysis\13+00\ 
Last Solved Date: 12/5/2012 
Last Solved Time: 12:41:24 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 30 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 58.549) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
19.841925 20.220396 

 
21.337449 19.368423 

 
22.511197 18.827256 

 
23.425332 18.479885 

 
24.920855 18.077665 

 
27.22813 17.781486 

 
29.436679 17.638881 

 
31.35613 17.660223 

 
36.531433 17.935366 

 
40.920615 18.472549 

 
43.318287 19.022835 

 
46.004204 19.861365 

 
53.302037 22.350751 

 
58.6533 24.8053 

 
63.201934 28.167006 

 
71.993923 34.487427 

 
77.861538 39.01549 

 
85.785648 45.549 

 
87.445938 53.549 

 
89.146226 60.906411 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
19.581594 20.710796 

 
22.524835 18.87693 

 
24.856787 17.993958 

 
27.234021 17.676994 

 
31.306632 17.654238 

 
36.167889 17.904302 

 
41.090799 18.458537 

 
46.046311 19.632211 

 
53.186161 22.142569 
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58.6533 24.8053 

 
64.307746 27.919116 

 
72.709357 32.977318 

 
81.131554 38.519667 

 
91.890232 45.529109 

 
93.792018 53.652454 

 
95.123269 60.960748 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
19.633503 20.516576 

 
21.322823 19.44521 

 
22.460006 18.852851 

 
23.439958 18.490854 

 
24.880633 18.03013 

 
27.213504 17.733951 

 
29.366805 17.590709 

 
31.295715 17.618005 

 
36.272668 17.845471 

 
40.922071 18.427784 

 
45.974587 19.716977 

 
53.133997 22.064324 

 
58.6533 24.8053 

 
63.227593 28.402164 

 
71.666028 34.685658 

 
76.881333 39.199964 

 
83.929897 45.610614 

 
85.940357 53.570949 

 
87.842144 60.770569 

Fully Specified Slip Surface 4 

 
X (ft) Y (ft) 

 
19.567575 20.447681 

 
21.432795 19.392239 

 
22.524631 18.873617 

 
23.389001 18.427784 
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24.835684 18.072937 

 
27.146738 17.71809 

 
29.357706 17.590709 

 
31.286617 17.490624 

 
36.358067 17.735858 

 
40.976692 18.415068 

 
46.138683 19.583308 

 
52.849273 21.865452 

 
58.6533 24.8053 

 
64.259991 27.896832 

 
72.682189 33.085992 

 
82.000942 38.057805 

 
95.973096 45.549 

 
97.498872 53.549 

 
98.594301 60.952054 

Seismic Loads 
Horz Seismic Load: 0.29 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,17,16,10 4165.0045 

Region 2 Soil nail block 5,11,12,8,14,7,17,6 515.05006 

Region 3 Tension crack 17,7,14,15,16 460.25666 

Region 4 Fill 14,8,13,9,15 348.3117 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 20 20 

Point 4 38.6923 29.455 

Point 5 41.2666 29.455 
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Point 6 58.6533 24.8053 

Point 7 63.5655 51.8903 

Point 8 46.1788 56.549 

Point 9 120 58.549 

Point 10 120 0 

Point 11 41.2666 47.316 

Point 12 46.1788 47.316 

Point 13 50.1788 58.549 

Point 14 57.375 53.549 

Point 15 120 53.549 

Point 16 120 45.549 

Point 17 62.4154 45.549 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.202 
(42.695, 

68.136) 
50.73275 

(94.7697, 
58.549) 

(19.9985, 20) 

2 2 1.251 
(42.695, 

68.136) 
50.691 

(94.6839, 
58.549) 

(20.3987, 
20.2017) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 19.999265 19.99961 0 254.05108 177.88848 400 

2 Optimized 21.09102 19.423425 0 605.92968 424.27653 400 

3 Optimized 23.55324 18.45825 0 1066.2513 746.59717 400 

4 Optimized 26.576085 17.87548 0 1582.0899 1107.7913 400 

5 Optimized 30.0958 17.68917 0 2089.4938 1463.0793 400 

6 Optimized 33.77245 17.876145 0 2427.2004 1699.544 400 

7 Optimized 37.10035 18.285895 0 2656.1734 1859.8727 400 

8 Optimized 39.924925 18.740145 0 2767.4429 1937.7844 400 

9 Optimized 43.096185 19.44629 0 3191.6911 2234.8462 400 

10 Optimized 45.570495 20.12317 0 3514.6873 2461.0106 400 

11 Optimized 46.184815 20.320225 0 4310.1742 3018.0165 400 
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12 Optimized 47.35929 20.752565 0 3884.876 2720.2194 400 

13 Optimized 49.353275 21.48853 0 3769.6399 2639.5303 400 

14 Optimized 51.71639 22.363185 0 3580.9065 2507.3777 400 

15 Optimized 54.52522 23.39307 0 3369.9435 2359.6599 400 

16 Optimized 56.58573 24.131245 0 3252.6992 2277.5645 400 

17 Optimized 57.971655 24.618335 0 3125.3311 2188.3804 400 

18 Optimized 59.56547 25.43834 0 1903.6365 1332.9406 400 

19 Optimized 61.489015 26.614075 0 1785.2495 1250.0451 400 

20 Optimized 62.99045 27.530485 0 1698.5267 1189.3212 400 

21 Optimized 64.253605 28.30146 0 1631.7673 1142.5757 400 

22 Optimized 66.39278 29.61866 0 1513.2083 1059.5599 400 

23 Optimized 69.58234 31.604935 0 1368.6217 958.3192 400 

24 Optimized 72.482925 33.4384 0 1245.3712 872.01827 400 

25 Optimized 75.36746 35.33944 0 1113.9136 779.97069 400 

26 Optimized 78.36814 37.37269 0 1012.8714 709.22018 400 

27 Optimized 81.505775 39.586635 0 889.24322 622.65481 400 

28 Optimized 83.612995 41.108475 0 805.0741 563.71895 400 

29 Optimized 85.662135 42.69479 0 709.11235 496.52581 400 

30 Optimized 88.3558 44.790895 0 606.60763 424.75124 400 

31 Optimized 90.252355 46.13697 0 888.08663 0.015500036 0.001 

32 Optimized 92.88242 47.654455 0 972.51486 0.016973586 0.001 

33 Optimized 94.627935 50.721255 0 749.22483 0.01307644 0.001 

34 Optimized 94.75864 55.735675 0 2.7282475 1.5751544 0 

Slices of Slip Surface: 2 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 2 21.461765 19.5393 0 725.76785 508.18812 400 

2 2 23.69081 18.435445 0 1254.5317 878.43259 400 

3 2 26.045405 17.835475 0 1500.039 1050.3386 400 

4 2 28.252175 17.671305 0 1705.8072 1194.4191 400 

5 2 30.28848 17.65993 0 2148.9065 1504.6805 400 

6 2 32.521945 17.716755 0 2403.4428 1682.9088 400 

7 2 34.952575 17.841785 0 2921.0195 2045.3199 400 



8 | P a g e  
 

8 2 37.430095 18.046405 0 2999.2218 2100.0777 400 

9 2 39.89155 18.323525 0 3291.9009 2305.0139 400 

10 2 41.1787 18.479355 0 2548.9236 1784.7755 400 

11 2 42.46153 18.78318 0 4399.8927 3080.838 400 

12 2 44.851385 19.3492 0 4312.758 3019.8257 400 

13 2 46.112555 19.6555 0 3360.4458 2353.0095 400 

14 2 47.1788 20.03039 0 4074.6314 2853.0876 400 

15 2 49.1788 20.73359 0 3957.2268 2770.88 400 

16 2 51.68248 21.61388 0 3743.2952 2621.0835 400 

17 2 54.23337 22.652605 0 2709.9675 1897.5397 400 

18 2 56.32779 23.672675 0 2521.2245 1765.3804 400 

19 2 58.01415 24.494005 0 2381.6808 1667.6709 400 

20 2 59.593825 25.323235 0 2041.0178 1429.1361 400 

21 2 61.474875 26.3591 0 1918.7775 1343.5424 400 

22 2 62.99045 27.1937 0 1830.1451 1281.4814 400 

23 2 63.936625 27.714745 0 1779.1967 1245.8069 400 

24 2 65.708015 28.76215 0 1569.1426 1098.7255 400 

25 2 68.50855 30.448215 0 1458.0049 1020.906 400 

26 2 71.30909 32.134285 0 1366.6903 956.96687 400 

27 2 74.11306 33.901045 0 1199.4687 839.87702 400 

28 2 76.92046 35.748495 0 1134.959 794.70688 400 

29 2 79.727855 37.595945 0 1073.7523 751.84942 400 

30 2 82.476385 39.39585 0 1019.3903 713.78481 400 

31 2 85.166055 41.14821 0 952.47767 666.93204 400 

32 2 87.855725 42.90057 0 875.34741 612.92486 400 

33 2 90.545395 44.65293 0 784.4172 549.25483 400 

34 2 92.829015 49.539055 0 609.35508 0.010635253 0.001 

35 2 94.225875 56.049 0 78.587657 45.372605 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 32 
Date: 11/26/2012 
Time: 1:42:22 AM 
File Name: 1-Entry and exit-(11+75).gsz 
Directory: final analysis\11+75\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 1:43:50 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 60 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.43604, 20) ft 
Left-Zone Right Coordinate: (39.6142, 28.584) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (39.63675, 38.608) ft 
Right-Zone Right Coordinate: (100, 51.754) ft 
Right-Zone Increment: 30 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (100, 51.754) ft 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,7,8,9,13,17,14,12 3150.4237 

Region 2 Soil nail block 5,6,7,8 77.459458 

Region 3 Tension crack 17,18,16,14 212.1795 

Region 4 Fill 18,19,11,16 236.6276 

Region 5 New Material (2) 13,17,18,15 5.54125 

Region 6 New Material 18,19,10,15 8.866 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 19.7507 20 

Point 4 36.8487 28.584 

Point 5 39.6142 28.584 

Point 6 47.3416 26.5134 

Point 7 47.3416 36.5374 

Point 8 39.6142 38.608 

Point 9 51.2219 38.608 

Point 10 77.2256 51.754 

Point 11 100 51.754 

Point 12 100 0 

Point 13 51.5107 38.754 

Point 14 100 38.754 

Point 15 61.401 43.754 
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Point 16 100 43.754 

Point 17 52.6189 38.754 

Point 18 62.5093 43.754 

Point 19 78.3338 51.754 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.962 
(14.269, 

114.714) 
38.87512 

(88.3775, 
51.754) 

(23.4653, 
21.8649) 

2 6349 2.156 
(14.269, 

114.714) 
94.831 

(85.184, 
51.754) 

(19.844, 
20.0469) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 23.93677 21.70468 0 142.34994 99.674502 400 

2 Optimized 24.87965 21.384205 0 275.04989 192.59201 400 

3 Optimized 25.942305 21.12556 0 344.80716 241.43657 400 

4 Optimized 27.12474 20.928745 0 481.98922 337.49249 400 

5 Optimized 28.311875 20.808625 0 543.80974 380.77968 400 

6 Optimized 29.503705 20.765195 0 657.28231 460.23403 400 

7 Optimized 30.769345 20.790705 0 699.88434 490.06429 400 

8 Optimized 32.1088 20.88515 0 800.65297 560.62325 400 

9 Optimized 33.45113 21.02831 0 839.55382 587.86191 400 

10 Optimized 34.79633 21.220195 0 920.87455 644.80331 400 

11 Optimized 36.158815 21.43148 0 978.10959 684.87971 400 

12 Optimized 37.309615 21.62388 0 1012.4994 708.95972 400 

13 Optimized 38.23145 21.777995 0 1005.288 703.91023 400 

14 Optimized 39.153285 21.93211 0 996.79263 697.96171 400 

15 Optimized 39.615045 22.00931 0 2219.1406 1553.859 400 

16 Optimized 40.220325 22.403035 0 1491.3713 1044.2694 400 

17 Optimized 41.278355 23.077575 0 1452.4249 1016.9988 400 

18 Optimized 42.185545 23.63948 0 1393.5744 975.79132 400 

19 Optimized 43.092735 24.201385 0 1335.4737 935.10874 400 
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20 Optimized 44.0924 24.794195 0 1322.4987 926.02356 400 

21 Optimized 45.184545 25.417905 0 1258.0952 880.92772 400 

22 Optimized 46.48675 26.134805 0 1219.129 853.64335 400 

23 Optimized 47.61762 26.740595 0 1156.2439 809.61068 400 

24 Optimized 48.465205 27.199585 0 1098.9878 769.51953 400 

25 Optimized 49.41089 27.716075 0 1045.9966 732.41468 400 

26 Optimized 50.552815 28.316515 0 1014.8887 710.6327 400 

27 Optimized 51.3663 28.73256 0 978.05435 684.84103 400 

28 Optimized 52.0648 29.089795 0 973.70905 681.79842 400 

29 Optimized 52.72147 29.42564 0 969.58734 678.91236 400 

30 Optimized 53.28754 29.718165 0 959.99203 672.19366 400 

31 Optimized 54.21454 30.1983 0 953.27726 667.49192 400 

32 Optimized 55.14422 30.685845 0 934.84983 654.5889 400 

33 Optimized 56.07658 31.180795 0 926.75958 648.92404 400 

34 Optimized 57.008945 31.67575 0 918.54618 643.17296 400 

35 Optimized 57.941405 32.17921 0 894.71428 626.48569 400 

36 Optimized 58.87396 32.69117 0 884.91025 619.62083 400 

37 Optimized 59.85543 33.23839 0 861.17166 602.99889 400 

38 Optimized 60.88581 33.820865 0 848.83662 594.3618 400 

39 Optimized 61.460575 34.14578 0 841.9779 589.55927 400 

40 Optimized 62.014725 34.46859 0 820.46506 574.49582 400 

41 Optimized 62.976465 35.030825 0 807.56114 565.4604 400 

42 Optimized 63.91079 35.57703 0 794.99497 556.66147 400 

43 Optimized 64.93963 36.189215 0 767.49439 537.40536 400 

44 Optimized 66.06299 36.867385 0 750.83524 525.7405 400 

45 Optimized 67.22872 37.582825 0 720.66831 504.61739 400 

46 Optimized 68.43682 38.33553 0 701.16573 490.96153 400 

47 Optimized 69.60385 38.998185 0 777.16487 0.013564086 0.001 

48 Optimized 70.6884 39.54973 0 784.13193 0.013685684 0.001 

49 Optimized 71.731535 40.080215 0 792.3864 0.013829752 0.001 

50 Optimized 72.756645 40.55007 0 835.32648 0.014579197 0.001 

51 Optimized 73.755865 40.910005 0 886.09423 0.015465262 0.001 

52 Optimized 74.74722 41.220655 0 914.29754 0.015957502 0.001 

53 Optimized 75.738575 41.531305 0 943.89658 0.016474103 0.001 

54 Optimized 76.729925 41.841955 0 974.89135 0.017015064 0.001 

55 Optimized 77.56696 42.10425 0 983.16964 0.017159547 0.001 
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56 Optimized 78.12106 42.28716 0 959.04853 0.016738555 0.001 

57 Optimized 78.766075 42.517415 0 942.83665 0.016455604 0.001 

58 Optimized 79.630625 42.826045 0 921.19142 0.016077823 0.001 

59 Optimized 80.857445 43.36718 0 859.11071 0.014994311 0.001 

60 Optimized 82.117115 44.347395 0 545.1601 314.74833 0 

61 Optimized 83.000565 45.5183 0 455.45314 262.95599 0 

62 Optimized 83.829205 46.64091 0 387.73563 223.85927 0 

63 Optimized 84.649835 47.73111 0 312.14961 180.21966 0 

64 Optimized 85.483465 48.748525 0 252.45426 145.75454 0 

65 Optimized 86.330095 49.693155 0 176.76686 102.05639 0 

66 Optimized 87.15944 50.562605 0 107.9131 62.303657 0 

67 Optimized 87.9715 51.35687 0 36.558225 21.106901 0 

Slices of Slip Surface: 6349 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 6349 20.375435 20.08115 0 21.054421 14.742464 400 

2 6349 21.438225 20.155735 0 84.41026 59.1047 400 

3 6349 22.501015 20.242335 0 146.99776 102.92894 400 

4 6349 23.563805 20.34098 0 208.55221 146.02983 400 

5 6349 24.6266 20.45171 0 268.82082 188.23037 400 

6 6349 25.689395 20.57457 0 327.51283 229.32696 400 

7 6349 26.752185 20.709605 0 384.38722 269.15083 400 

8 6349 27.814975 20.856865 0 439.16767 307.50851 400 

9 6349 28.877765 21.016415 0 491.61795 344.2346 400 

10 6349 29.940555 21.188315 0 541.49511 379.15896 400 

11 6349 31.003345 21.37263 0 588.61556 412.15305 400 

12 6349 32.066135 21.569435 0 632.77136 443.07128 400 

13 6349 33.12893 21.778815 0 673.81249 471.80859 400 

14 6349 34.191725 22.00085 0 711.62124 498.28255 400 

15 6349 35.254515 22.23563 0 746.0913 522.41875 400 

16 6349 36.317305 22.483255 0 777.15793 544.17184 400 

17 6349 37.309615 22.72574 0 776.65109 543.81695 400 

18 6349 38.23145 22.961565 0 745.58642 522.06523 400 
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19 6349 39.153285 23.207285 0 712.64698 499.00079 400 

20 6349 40.166155 23.48932 0 1796.1964 1257.7102 400 

21 6349 41.27007 23.80996 0 1742.3842 1220.0305 400 

22 6349 42.373985 24.145195 0 1685.7782 1180.3946 400 

23 6349 43.4779 24.49518 0 1626.5214 1138.9026 400 

24 6349 44.581815 24.86009 0 1565.0093 1095.8313 400 

25 6349 45.68573 25.24011 0 1501.4658 1051.3377 400 

26 6349 46.789645 25.63543 0 1436.2031 1005.6402 400 

27 6349 47.82664 26.02046 0 1373.713 961.88419 400 

28 6349 48.796715 26.3936 0 1314.0727 920.1236 400 

29 6349 49.766785 26.779025 0 1253.6611 877.82295 400 

30 6349 50.73686 27.176895 0 1192.5119 835.00581 400 

31 6349 51.3663 27.44034 0 1160.0387 812.26783 400 

32 6349 52.0648 27.742525 0 1150.3528 805.48567 400 

33 6349 53.16778 28.230205 0 1133.9261 793.98358 400 

34 6349 54.265545 28.73241 0 1115.9429 781.39165 400 

35 6349 55.36331 29.25167 0 1096.4797 767.76336 400 

36 6349 56.46107 29.788295 0 1075.6443 753.17422 400 

37 6349 57.55883 30.342615 0 1053.5487 737.70275 400 

38 6349 58.656595 30.91498 0 1030.3826 721.48167 400 

39 6349 59.75436 31.50577 0 1006.1731 704.52998 400 

40 6349 60.85212 32.115375 0 981.10782 686.97909 400 

41 6349 61.95515 32.74732 0 954.90857 668.63418 400 

42 6349 63.04249 33.38949 0 928.37428 650.05467 400 

43 6349 64.10887 34.03867 0 901.57794 631.29167 400 

44 6349 65.17525 34.70733 0 874.00955 611.98808 400 

45 6349 66.241635 35.39596 0 845.62301 592.11161 400 

46 6349 67.30802 36.10509 0 816.53086 571.74107 400 

47 6349 68.3744 36.83528 0 786.53563 550.73818 400 

48 6349 69.44078 37.587125 0 755.73396 529.17061 400 

49 6349 70.50716 38.36127 0 723.94917 506.91467 400 

50 6349 71.551845 39.14171 0 830.82554 0.014500641 0.001 

51 6349 72.57484 39.928205 0 819.32712 0.014299956 0.001 

52 6349 73.597835 40.73721 0 807.56657 0.014094696 0.001 

53 6349 74.620825 41.56947 0 795.46577 0.013883497 0.001 

54 6349 75.643815 42.42579 0 782.87482 0.013663743 0.001 
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55 6349 76.666805 43.307035 0 769.50369 0.013430373 0.001 

56 6349 77.75605 44.27473 0 622.79784 359.5725 0 

57 6349 78.904645 45.327225 0 541.31083 312.52596 0 

58 6349 80.04634 46.408715 0 455.48666 262.97535 0 

59 6349 81.188035 47.527015 0 365.1138 210.79855 0 

60 6349 82.329725 48.683995 0 269.31834 155.49101 0 

61 6349 83.47142 49.88173 0 167.10481 96.478009 0 

62 6349 84.613115 51.12253 0 57.30603 33.085652 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 42 
Date: 12/4/2012 
Time: 3:10:18 PM 
File Name: 2-Grid and radius-(11+75).gsz 
Directory: final analysis\11+75\ 
Last Solved Date: 12/4/2012 
Last Solved Time: 3:10:54 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Grid and Radius 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 60 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Grid 
Upper Left: (3.0538656, 138.65444) ft 
Lower Left: (2.6595085, 86.431044) ft 
Lower Right: (62.263376, 87.219745) ft 
Grid Horizontal Increment: 10 
Grid Vertical Increment: 10 
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Left Projection Angle: 0 ° 
Right Projection Angle: 0 ° 

Slip Surface Radius 
Upper Left Coordinate: (6.93037, 14.1272) ft 
Upper Right Coordinate: (59.9332, 38.4958) ft 
Lower Left Coordinate: (18.1556, -1.40915) ft 
Lower Right Coordinate: (73.4777, 20.1902) ft 
Number of Increments: 20 
Left Projection: No 
Left Projection Angle: 135 ° 
Right Projection: No 
Right Projection Angle: 45 ° 
UsePoints: 0 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (100, 51.754) ft 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,7,20,21,17,14,12 3144.6176 

Region 2 Soil nail block 5,6,7,20,8 77.459581 

Region 3 Tension crack 17,18,16,14 212.1795 

Region 4 Fill 18,19,11,16 236.6276 

Region 5 New Material (2) 13,17,18,15 5.54125 

Region 6 New Material 18,19,10,15 8.866 

Region 7 Foundation soil (2) 20,8,9,13,17,21 5.8059752 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 19.7507 20 

Point 4 36.8487 28.584 

Point 5 39.6142 28.584 

Point 6 47.3416 26.5134 
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Point 7 47.3416 36.5374 

Point 8 39.6142 38.608 

Point 9 51.2219 38.608 

Point 10 77.2256 51.754 

Point 11 100 51.754 

Point 12 100 0 

Point 13 51.5107 38.754 

Point 14 100 38.754 

Point 15 61.401 43.754 

Point 16 100 43.754 

Point 17 52.6189 38.754 

Point 18 62.5093 43.754 

Point 19 78.3338 51.754 

Point 20 41.4803 38.108 

Point 21 51.3411 38.108 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.961 
(14.777, 

112.7) 
39.05125 

(88.1405, 
51.754) 

(23.2126, 
21.738) 

2 1204 2.157 
(14.777, 

112.7) 
92.752 

(84.6943, 
51.754) 

(19.9349, 
20.0925) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 23.702485 21.57071 0 145.68311 102.00841 400 

2 Optimized 24.68232 21.23609 0 284.61519 199.2897 400 

3 Optimized 25.762985 20.970575 0 356.1308 249.36547 400 

4 Optimized 26.944475 20.77416 0 494.15299 346.00965 400 

5 Optimized 28.185675 20.65356 0 559.59947 391.83577 400 

6 Optimized 29.486585 20.608775 0 684.05393 478.97972 400 

7 Optimized 30.70209 20.63431 0 712.99022 499.24113 400 

8 Optimized 31.832185 20.730165 0 794.94566 556.62694 400 
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9 Optimized 32.96228 20.82602 0 877.74753 614.60544 400 

10 Optimized 34.168485 20.971435 0 903.35971 632.53928 400 

11 Optimized 35.450795 21.166405 0 978.45336 685.12042 400 

12 Optimized 36.470325 21.330245 0 1014.2751 710.20308 400 

13 Optimized 37.309615 21.477435 0 1030.3638 721.46853 400 

14 Optimized 38.23145 21.639105 0 1021.8053 715.47575 400 

15 Optimized 39.153285 21.800775 0 1011.9431 708.5702 400 

16 Optimized 39.63078 21.884515 0 2227.8259 1559.9405 400 

17 Optimized 40.33063 22.34137 0 1482.8333 1038.291 400 

18 Optimized 41.2471 22.943905 0 1446.9632 1013.1745 400 

19 Optimized 42.19605 23.548535 0 1384.0129 969.09628 400 

20 Optimized 43.364075 24.278915 0 1339.103 937.65001 400 

21 Optimized 44.26863 24.827585 0 1282.7675 898.20345 400 

22 Optimized 45.23568 25.39548 0 1260.3865 882.53213 400 

23 Optimized 46.265225 25.9826 0 1200.0587 840.29017 400 

24 Optimized 47.01141 26.408015 0 1157.0966 810.20774 400 

25 Optimized 47.58712 26.736045 0 1123.722 786.83859 400 

26 Optimized 48.478465 27.23282 0 1091.8115 764.49464 400 

27 Optimized 49.572555 27.834015 0 1030.292 721.4182 400 

28 Optimized 50.67075 28.416025 0 1004.7856 703.55844 400 

29 Optimized 51.2815 28.727875 0 974.74961 682.52702 400 

30 Optimized 51.4259 28.801605 0 973.90424 681.93509 400 

31 Optimized 52.0648 29.127825 0 969.93982 679.15917 400 

32 Optimized 52.816725 29.51176 0 965.14941 675.80489 400 

33 Optimized 53.465525 29.84769 0 951.51285 666.25647 400 

34 Optimized 54.36748 30.31753 0 944.64946 661.45067 400 

35 Optimized 55.269435 30.787375 0 937.64842 656.54849 400 

36 Optimized 56.32578 31.35103 0 909.53894 636.86603 400 

37 Optimized 57.500425 32.00057 0 880.40603 616.46694 400 

38 Optimized 58.638975 32.64219 0 867.09205 607.14439 400 

39 Optimized 59.75644 33.28199 0 839.27154 587.66426 400 

40 Optimized 60.852815 33.919965 0 824.766 577.50737 400 

41 Optimized 61.54056 34.32016 0 815.66639 571.13576 400 

42 Optimized 62.09471 34.65075 0 793.83083 555.84633 400 

43 Optimized 62.947185 35.16352 0 781.32553 547.09002 400 

44 Optimized 63.822955 35.690305 0 768.47809 538.09415 400 
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45 Optimized 64.73815 36.248185 0 744.39462 521.23072 400 

46 Optimized 65.69277 36.837155 0 729.35481 510.69974 400 

47 Optimized 66.78309 37.525455 0 695.6406 487.09279 400 

48 Optimized 68.009105 38.31309 0 674.1819 472.06725 400 

49 Optimized 69.30535 39.068495 0 749.46508 0.013080633 0.001 

50 Optimized 70.62734 39.76812 0 755.72345 0.013189862 0.001 

51 Optimized 71.5465 40.22709 0 791.00445 0.013805632 0.001 

52 Optimized 72.33881 40.52269 0 833.79862 0.014552531 0.001 

53 Optimized 73.36261 40.87203 0 858.73022 0.01498767 0.001 

54 Optimized 74.38641 41.22137 0 885.14088 0.015448623 0.001 

55 Optimized 75.41021 41.57071 0 913.05835 0.015935874 0.001 

56 Optimized 76.43401 41.92005 0 942.53809 0.016450393 0.001 

57 Optimized 77.085755 42.14471 0 957.51805 0.016711843 0.001 

58 Optimized 77.7797 42.392765 0 947.68165 0.016540165 0.001 

59 Optimized 78.69969 42.72162 0 924.51892 0.016135899 0.001 

60 Optimized 79.544775 43.077805 0 876.39291 0.015295942 0.001 

61 Optimized 80.503165 43.5286 0 845.21591 0.0147518 0.001 

62 Optimized 81.564905 44.38865 0 571.27087 329.82339 0 

63 Optimized 82.730445 45.70401 0 469.86193 271.27491 0 

64 Optimized 83.896435 47.06543 0 374.55286 216.24819 0 

65 Optimized 84.913835 48.260485 0 285.1558 164.63478 0 

66 Optimized 85.782645 49.289175 0 205.83858 118.84096 0 

67 Optimized 86.697925 50.29114 0 130.49687 75.342404 0 

68 Optimized 87.65967 51.26638 0 44.38018 25.622909 0 

Slices of Slip Surface: 1204 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 1204 20.463465 20.124945 0 21.753293 15.23182 400 

2 1204 21.520575 20.19594 0 85.358571 59.768715 400 

3 1204 22.577685 20.27908 0 148.19912 103.77014 400 

4 1204 23.6348 20.374395 0 209.99731 147.0417 400 

5 1204 24.691915 20.481925 0 270.49372 189.40174 400 

6 1204 25.749025 20.601715 0 329.40474 230.65168 400 
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7 1204 26.806135 20.733815 0 386.45888 270.60142 400 

8 1204 27.863245 20.878275 0 441.38705 309.06254 400 

9 1204 28.92036 21.03515 0 493.94177 345.86175 400 

10 1204 29.977475 21.204505 0 543.88764 380.83423 400 

11 1204 31.034585 21.386415 0 591.01175 413.83088 400 

12 1204 32.091695 21.580955 0 635.11417 444.71173 400 

13 1204 33.148805 21.788195 0 676.05333 473.37764 400 

14 1204 34.20592 22.00823 0 713.6924 499.7328 400 

15 1204 35.263035 22.24116 0 747.93335 523.70857 400 

16 1204 36.320145 22.487075 0 778.71066 545.25907 400 

17 1204 37.309615 22.72872 0 777.93197 544.71383 400 

18 1204 38.23145 22.96462 0 746.62072 522.78946 400 

19 1204 39.153285 23.21064 0 713.39388 499.52378 400 

20 1204 40.080725 23.46848 0 1800.3003 1260.5838 400 

21 1204 41.013775 23.738355 0 1754.5587 1228.5553 400 

22 1204 42.06643 24.05638 0 1700.3777 1190.6173 400 

23 1204 43.23869 24.425795 0 1637.1894 1146.3724 400 

24 1204 44.41095 24.8124 0 1571.4158 1100.3172 400 

25 1204 45.58321 25.216425 0 1503.2821 1052.6094 400 

26 1204 46.75547 25.638105 0 1433.178 1003.522 400 

27 1204 47.82664 26.03836 0 1367.7229 957.68988 400 

28 1204 48.796715 26.41456 0 1307.4108 915.4589 400 

29 1204 49.766785 26.803365 0 1246.2433 872.62897 400 

30 1204 50.73686 27.20495 0 1184.4491 829.36018 400 

31 1204 51.2815 27.434475 0 1152.6671 807.10618 400 

32 1204 51.4259 27.496465 0 1150.6673 805.70594 400 

33 1204 52.0648 27.776225 0 1141.1915 799.07086 400 

34 1204 53.16778 28.269085 0 1123.7949 786.88966 400 

35 1204 54.265545 28.77692 0 1104.92 773.67332 400 

36 1204 55.36331 29.302295 0 1084.4876 759.36643 400 

37 1204 56.46107 29.845545 0 1062.6948 744.10694 400 

38 1204 57.55883 30.407025 0 1039.7328 728.02872 400 

39 1204 58.656595 30.987115 0 1015.7108 711.20834 400 

40 1204 59.75436 31.586205 0 990.65826 693.66638 400 

41 1204 60.85212 32.204725 0 964.6043 675.4232 400 

42 1204 61.95515 32.84629 0 937.6425 656.54435 400 
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43 1204 63.025365 33.48801 0 910.61644 637.62049 400 

44 1204 64.0575 34.12601 0 883.82916 618.86384 400 

45 1204 65.089635 34.78291 0 856.33637 599.61318 400 

46 1204 66.12177 35.45918 0 828.16804 579.88951 400 

47 1204 67.153905 36.155345 0 799.14731 559.56897 400 

48 1204 68.18604 36.87195 0 769.35202 538.70609 400 

49 1204 69.218175 37.60958 0 738.69751 517.24157 400 

50 1204 70.25031 38.368865 0 707.09557 495.11365 400 

51 1204 71.270815 39.141405 0 814.7408 0.01421991 0.001 

52 1204 72.27968 39.92739 0 802.53601 0.014006896 0.001 

53 1204 73.288545 40.736105 0 790.08005 0.013789498 0.001 

54 1204 74.29741 41.568325 0 777.21921 0.013565034 0.001 

55 1204 75.306275 42.42488 0 763.72971 0.013329598 0.001 

56 1204 76.31514 43.306675 0 749.40059 0.013079508 0.001 

57 1204 77.022585 43.93777 0 637.75573 368.20844 0 

58 1204 77.7797 44.63442 0 592.53275 342.09894 0 

59 1204 78.863845 45.65394 0 512.84447 296.09089 0 

60 1204 79.92393 46.683635 0 431.26486 248.99088 0 

61 1204 80.984015 47.74696 0 345.42078 199.42878 0 

62 1204 82.044105 48.84559 0 254.546 146.9622 0 

63 1204 83.104195 49.981385 0 157.75275 91.078595 0 

64 1204 84.16428 51.15641 0 54.040165 31.200104 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 30 
Date: 11/26/2012 
Time: 1:39:32 AM 
File Name: 3-Auto locate-(11+75).gsz 
Directory: final analysis\11+75\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 1:40:00 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Auto-Search 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 60 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (100, 51.754) ft 
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Regions 
 Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,7,8,9,13,17,14,12 3150.4237 

Region 2 Soil nail block 5,6,7,8 77.459458 

Region 3 Tension crack 17,18,16,14 212.1795 

Region 4 Fill 18,19,11,16 236.6276 

Region 5 New Material (2) 13,17,18,15 5.54125 

Region 6 New Material 18,19,10,15 8.866 

Points 
 X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 19.7507 20 

Point 4 36.8487 28.584 

Point 5 39.6142 28.584 

Point 6 47.3416 26.5134 

Point 7 47.3416 36.5374 

Point 8 39.6142 38.608 

Point 9 51.2219 38.608 

Point 10 77.2256 51.754 

Point 11 100 51.754 

Point 12 100 0 

Point 13 51.5107 38.754 

Point 14 100 38.754 

Point 15 61.401 43.754 

Point 16 100 43.754 

Point 17 52.6189 38.754 

Point 18 62.5093 43.754 

Point 19 78.3338 51.754 

Critical Slip Surfaces 
 Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.957 (17.737, 41.7502 (93.1154, (20.0012, 
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109.588) 51.754) 20.1257) 

2 394 2.162 
(17.737, 

109.588) 
89.603 

(86.177, 
51.754) 

(19.7648, 
20.0071) 

Slices of Slip Surface: Optimized 

 Slip Surface X (ft) Y (ft) 
PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 20.005825 20.125815 0 -2.8791199 -2.0159815 400 

2 Optimized 20.535815 20.08862 0 58.59154 41.026238 400 

3 Optimized 21.586465 20.014085 0 146.66398 102.69523 400 

4 Optimized 22.734005 19.881615 0 281.45005 197.07345 400 

5 Optimized 23.978435 19.6912 0 414.70035 290.37631 400 

6 Optimized 25.314155 19.58981 0 477.28797 334.20063 400 

7 Optimized 26.74116 19.57745 0 597.52793 418.39356 400 

8 Optimized 28.154715 19.626445 0 657.4426 460.34626 400 

9 Optimized 29.55482 19.73679 0 755.10416 528.72963 400 

10 Optimized 30.82455 19.871395 0 795.93946 557.32281 400 

11 Optimized 31.963915 20.03026 0 862.51694 603.94086 400 

12 Optimized 33.07976 20.214275 0 882.16809 617.70075 400 

13 Optimized 34.172085 20.423445 0 934.5702 654.3931 400 

14 Optimized 35.25086 20.6416 0 965.31601 675.92155 400 

15 Optimized 36.316085 20.868745 0 1011.0386 707.93686 400 

16 Optimized 37.540075 21.12975 0 1021.8993 715.54156 400 

17 Optimized 38.922825 21.42461 0 996.93176 698.05913 400 

18 Optimized 39.61619 21.57246 0 2168.4692 1518.3785 400 

19 Optimized 40.48464 22.160805 0 1469.4015 1028.886 400 

20 Optimized 41.83465 23.061285 0 1410.1068 987.3674 400 

21 Optimized 42.80175 23.6864 0 1347.4083 943.46548 400 

22 Optimized 43.74903 24.2869 0 1312.0725 918.72303 400 

23 Optimized 44.676495 24.86278 0 1254.8227 878.63633 400 

24 Optimized 45.69057 25.469875 0 1233.3599 863.6079 400 

25 Optimized 46.791255 26.10818 0 1169.5424 818.92239 400 

26 Optimized 47.45939 26.49564 0 1131.0408 791.96328 400 

27 Optimized 48.124635 26.861 0 1128.6781 790.30894 400 

28 Optimized 49.219545 27.4551 0 1068.6318 748.26406 400 
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29 Optimized 50.49445 28.11596 0 1039.3403 727.75389 400 

30 Optimized 51.3663 28.551985 0 1000.9517 700.87391 400 

31 Optimized 52.0648 28.90131 0 998.25594 698.98633 400 

32 Optimized 53.254885 29.504155 0 982.09144 687.66783 400 

33 Optimized 54.506295 30.145345 0 974.96118 682.67516 400 

34 Optimized 55.73715 30.776255 0 968.09271 677.86581 400 

35 Optimized 56.88864 31.381475 0 936.55254 655.78115 400 

36 Optimized 57.960755 31.961005 0 927.52672 649.4612 400 

37 Optimized 59.03287 32.54053 0 918.50089 643.14125 400 

38 Optimized 60.02695 33.08842 0 890.95305 623.85204 400 

39 Optimized 60.942985 33.604675 0 881.3952 617.15956 400 

40 Optimized 61.95515 34.175105 0 870.78256 609.72852 400 

41 Optimized 63.047085 34.802815 0 841.44341 589.18502 400 

42 Optimized 64.106495 35.42452 0 827.89791 579.70036 400 

43 Optimized 65.149745 36.037115 0 815.01987 570.68305 400 

44 Optimized 66.248325 36.69601 0 784.27139 549.15274 400 

45 Optimized 67.40224 37.401205 0 768.00327 537.76168 400 

46 Optimized 68.82528 38.2539 0 761.98209 533.5456 400 

47 Optimized 70.343915 39.0796 0 830.00546 0.014486328 0.001 

48 Optimized 71.647575 39.706295 0 842.04625 0.01469648 0.001 

49 Optimized 72.928945 40.251235 0 892.53252 0.015577631 0.001 

50 Optimized 74.22948 40.738925 0 918.09104 0.016023712 0.001 

51 Optimized 75.46621 41.146085 0 981.39223 0.017128526 0.001 

52 Optimized 76.639135 41.472715 0 1017.7766 0.017763553 0.001 

53 Optimized 77.7797 41.79033 0 1023.8472 0.017869504 0.001 

54 Optimized 78.465645 41.981345 0 1008.2327 0.01759698 0.001 

55 Optimized 79.251455 42.14045 0 1023.3429 0.017860703 0.001 

56 Optimized 80.55939 42.38523 0 1002.7513 0.017501312 0.001 

57 Optimized 81.867325 42.63001 0 982.61061 0.01714979 0.001 

58 Optimized 83.08218 42.8776 0 954.50298 0.01665922 0.001 

59 Optimized 84.203965 43.128 0 934.75344 0.016314525 0.001 

60 Optimized 85.325755 43.3784 0 915.09091 0.015971349 0.001 

61 Optimized 86.44754 43.6288 0 895.42837 0.015628173 0.001 

62 Optimized 87.734375 44.61189 0 560.36629 323.52763 0 

63 Optimized 89.02408 46.20991 0 431.65487 249.21606 0 

64 Optimized 90.1516 47.690165 0 325.12365 187.71022 0 
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65 Optimized 91.27912 49.17042 0 212.52504 122.70139 0 

66 Optimized 92.47912 50.832275 0 75.616645 43.657291 0 

Slices of Slip Surface: 394 

 

Slip 
Surfac

e 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 394 20.334255 20.023595 0 32.580134 22.812855 400 

2 394 21.473185 20.063875 0 105.92858 74.17199 400 

3 394 22.61211 20.11867 0 178.49111 124.98082 400 

4 394 23.751035 20.18801 0 249.9078 174.98732 400 

5 394 24.889965 20.27193 0 319.82174 223.94159 400 

6 394 26.028895 20.370465 0 387.87903 271.59582 400 

7 394 27.16782 20.483665 0 453.71954 317.69784 400 

8 394 28.306745 20.61159 0 516.97786 361.99179 400 

9 394 29.445675 20.7543 0 577.32652 404.24838 400 

10 394 30.5846 20.911865 0 634.4612 444.25451 400 

11 394 31.723525 21.084365 0 688.10697 481.81769 400 

12 394 32.862455 21.271895 0 738.02044 516.76748 400 

13 394 34.001385 21.474545 0 784.00543 548.96651 400 

14 394 35.14031 21.692415 0 825.89889 578.30063 400 

15 394 36.279235 21.925625 0 863.56557 604.67512 400 

16 394 37.540075 22.20276 0 859.84541 602.07024 400 

17 394 38.922825 22.527685 0 814.48721 570.31008 400 

18 394 40.166155 22.83864 0 1912.7955 1339.3538 400 

19 394 41.27007 23.131595 0 1860.5359 1302.7612 400 

20 394 42.373985 23.43969 0 1805.0447 1263.9059 400 

21 394 43.4779 23.76309 0 1746.5555 1222.9513 400 

22 394 44.581815 24.10197 0 1685.47 1180.1788 400 

23 394 45.68573 24.45651 0 1622.0208 1135.7512 400 

24 394 46.789645 24.82691 0 1556.5216 1089.8882 400 

25 394 47.82664 25.189025 0 1493.4706 1045.7394 400 

26 394 48.796715 25.5412 0 1433.1878 1003.5289 400 

27 394 49.766785 25.906105 0 1371.9929 960.67977 400 

28 394 50.73686 26.2839 0 1310.0215 917.28692 400 
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29 394 51.3663 26.53451 0 1277.019 894.17832 400 

30 394 52.0648 26.822805 0 1267.1068 887.23775 400 

31 394 53.16778 27.28893 0 1250.1956 875.39637 400 

32 394 54.265545 27.77029 0 1231.5713 862.35554 400 

33 394 55.36331 28.26932 0 1211.3275 848.18068 400 

34 394 56.46107 28.78634 0 1189.5794 832.95247 400 

35 394 57.55883 29.321705 0 1166.6014 816.86308 400 

36 394 58.656595 29.87579 0 1142.4214 799.93206 400 

37 394 59.75436 30.44898 0 1117.2303 782.2931 400 

38 394 60.85212 31.04169 0 1091.056 763.96565 400 

39 394 61.95515 31.65741 0 1063.8148 744.89111 400 

40 394 63.07061 32.301085 0 1035.5015 725.06594 400 

41 394 64.19323 32.97068 0 1006.1179 704.49134 400 

42 394 65.31585 33.66278 0 975.97059 683.38197 400 

43 394 66.43847 34.378005 0 945.09407 661.76199 400 

44 394 67.56109 35.11702 0 913.37487 639.55197 400 

45 394 68.68371 35.880545 0 880.78224 616.73036 400 

46 394 69.80633 36.66935 0 847.36179 593.32911 400 

47 394 70.92895 37.48426 0 812.87584 569.18179 400 

48 394 72.05157 38.326175 0 777.38451 544.33049 400 

49 394 73.18947 39.2083 0 902.92101 0.015758944 0.001 

50 394 74.34265 40.132525 0 889.45114 0.015523851 0.001 

51 394 75.49583 41.088635 0 875.55074 0.015281243 0.001 

52 394 76.64901 42.07798 0 861.07652 0.01502862 0.001 

53 394 77.7797 43.08139 0 817.60459 0.014269892 0.001 

54 394 78.427405 43.66782 0 774.95679 0.013525548 0.001 

55 394 79.067865 44.26746 0 620.84862 358.44712 0 

56 394 80.161575 45.312025 0 539.19897 311.30667 0 

57 394 81.25528 46.392785 0 453.72911 261.96062 0 

58 394 82.348985 47.51164 0 363.68347 209.97275 0 

59 394 83.442695 48.670685 0 268.23117 154.86334 0 

60 394 84.536405 49.87226 0 166.38697 96.063561 0 

61 394 85.630115 51.118995 0 57.033143 32.9281 0 

 



1 | P a g e  
 

SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 38 
Date: 12/4/2012 
Time: 3:01:36 PM 
File Name: 4-Fully specifeid-(11+75).gsz 
Directory: final analysis\11+75\ 
Last Solved Date: 12/4/2012 
Last Solved Time: 3:02:10 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 60 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (100, 51.754) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
22.833457 22.037657 

 
24.351898 21.488337 

 
25.836745 21.077635 

 
26.673946 20.909142 

 
27.858664 20.76171 

 
30.154384 20.714321 

 
31.212732 20.751179 

 
33.292571 21.051308 

 
35.73221 21.337527 

 
38.199759 21.796098 

 
39.695575 22.178241 

 
41.966594 23.455689 

 
43.779042 24.689464 

 
47.3416 26.5134 

 
49.904243 27.823034 

 
54.402608 30.24691 

 
58.955565 32.867317 

 
64.032603 35.596908 

 
69.170046 38.754 

 
70.275783 43.754 

 
71.749701 51.332451 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
22.236255 22.268671 

 
23.72742 21.68737 

 
25.517885 21.186242 

 
27.827197 20.697212 

 
30.027835 20.697212 

 
32.907683 20.996064 

 
35.869037 21.267748 

 
39.618273 22.137136 
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44.508581 23.196702 

 
52.06139 25.967877 

 
59.750041 29.146577 

 
66.46063 32.10793 

 
72.573515 35.368136 

 
77.273645 38.754 

 
78.061527 43.754 

 
79.474283 53.000413 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
28.7299 25.133478 

 
31.295715 24.778631 

 
34.537786 24.636626 

 
38.205517 25.016984 

 
42.796973 25.506014 

 
47.3416 26.5134 

 
49.969425 27.516475 

 
54.968406 29.146577 

 
59.478357 30.858185 

 
65.319558 33.846707 

 
69.258973 35.857166 

 
72.899536 38.754 

 
74.040608 43.754 

 
75.67071 52.321204 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,7,8,9,13,17,14,12 3150.4237 

Region 2 Soil nail block 5,6,7,8 77.459458 

Region 3 Tension crack 17,18,16,14 212.1795 

Region 4 Fill 18,19,11,16 236.6276 

Region 5 New Material (2) 13,17,18,15 5.54125 

Region 6 Fill 18,19,10,15 8.866 
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Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 19.7507 20 

Point 4 36.8487 28.584 

Point 5 39.6142 28.584 

Point 6 47.3416 26.5134 

Point 7 47.3416 36.5374 

Point 8 39.6142 38.608 

Point 9 51.2219 38.608 

Point 10 77.2256 51.754 

Point 11 100 51.754 

Point 12 100 0 

Point 13 51.5107 38.754 

Point 14 100 38.754 

Point 15 61.401 43.754 

Point 16 100 43.754 

Point 17 52.6189 38.754 

Point 18 62.5093 43.754 

Point 19 78.3338 51.754 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 2.203 
(35.981, 

55.454) 
34.58924 

(71.6747, 
48.9478) 

(23.2007, 
21.7321) 

2 1 2.302 
(35.981, 

55.454) 
34.269 

(71.2435, 
48.7298) 

(23.4007, 
21.8325) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 23.6589 21.537505 0 161.86762 113.34093 400 

2 Optimized 24.654665 21.178185 0 279.54136 195.73697 400 
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3 Optimized 25.77945 20.90149 0 393.66364 275.64625 400 

4 Optimized 26.9294 20.72236 0 507.43645 355.31083 400 

5 Optimized 27.966465 20.642845 0 576.35591 403.56875 400 

6 Optimized 28.915195 20.61824 0 673.72707 471.74877 400 

7 Optimized 29.752345 20.629965 0 694.99453 486.64041 400 

8 Optimized 30.477915 20.678015 0 754.3765 528.22011 400 

9 Optimized 31.20348 20.726065 0 814.04726 570.00203 400 

10 Optimized 32.051075 20.812025 0 829.49841 580.82104 400 

11 Optimized 33.020705 20.935895 0 893.60029 625.70566 400 

12 Optimized 33.93266 21.06797 0 917.60393 642.51319 400 

13 Optimized 34.78694 21.208245 0 964.62826 675.43998 400 

14 Optimized 35.622735 21.35902 0 974.77909 682.54767 400 

15 Optimized 36.440045 21.520305 0 1011.1506 708.01524 400 

16 Optimized 37.20058 21.67039 0 1022.5349 715.98667 400 

17 Optimized 37.904345 21.809265 0 1008.929 706.45971 400 

18 Optimized 38.59572 21.939345 0 1015.3179 710.93326 400 

19 Optimized 39.274705 22.060635 0 1001.4575 701.2281 400 

20 Optimized 39.61603 22.121605 0 2227.4816 1559.6994 400 

21 Optimized 39.96161 22.332945 0 1505.8828 1054.4305 400 

22 Optimized 40.64911 22.75497 0 1457.042 1020.2318 400 

23 Optimized 41.336615 23.176995 0 1409.0689 986.64069 400 

24 Optimized 42.11441 23.645455 0 1379.0801 965.64226 400 

25 Optimized 42.98249 24.160345 0 1321.9115 925.6124 400 

26 Optimized 43.758475 24.61359 0 1293.9286 906.01858 400 

27 Optimized 44.44236 25.005185 0 1251.0515 875.99567 400 

28 Optimized 45.13482 25.392525 0 1235.9317 865.40869 400 

29 Optimized 45.83586 25.775615 0 1193.8853 835.96747 400 

30 Optimized 46.536895 26.1587 0 1152.1518 806.74538 400 

31 Optimized 47.06454 26.44521 0 1131.1542 792.04272 400 

32 Optimized 47.677245 26.77371 0 1095.3421 766.9668 400 

33 Optimized 48.49843 27.213985 0 1047.5696 733.51615 400 

34 Optimized 49.26965 27.62747 0 1002.8419 702.19748 400 

35 Optimized 50.04692 28.0314 0 987.46388 691.42966 400 

36 Optimized 50.83024 28.425775 0 943.15344 660.40315 400 

37 Optimized 51.3663 28.69566 0 919.62846 643.93078 400 

38 Optimized 51.87981 28.954195 0 914.86916 640.59828 400 
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39 Optimized 52.43391 29.233915 0 906.37965 634.65387 400 

40 Optimized 52.965455 29.503685 0 901.34077 631.1256 400 

41 Optimized 53.658565 29.85545 0 894.80502 626.54922 400 

42 Optimized 54.35311 30.21631 0 869.10462 608.55361 400 

43 Optimized 55.04909 30.58627 0 861.58117 603.28563 400 

44 Optimized 55.745075 30.95623 0 854.14653 598.07984 400 

45 Optimized 56.60164 31.455645 0 783.34043 548.50087 400 

46 Optimized 57.576505 32.056815 0 770.57278 539.56087 400 

47 Optimized 58.509095 32.63028 0 756.74372 529.87766 400 

48 Optimized 59.375505 33.18061 0 718.05008 502.78408 400 

49 Optimized 60.175735 33.707815 0 704.66165 493.4094 400 

50 Optimized 60.988425 34.25775 0 672.41407 470.8294 400 

51 Optimized 61.95515 34.92867 0 654.78282 458.48387 400 

52 Optimized 62.578955 35.3616 0 643.45905 450.55488 400 

53 Optimized 62.98825 35.658005 0 619.06512 433.47407 400 

54 Optimized 63.66753 36.15413 0 605.46504 423.95119 400 

55 Optimized 64.346815 36.650255 0 591.86497 414.42831 400 

56 Optimized 65.10082 37.231955 0 546.19175 382.44758 400 

57 Optimized 65.92954 37.899225 0 525.92797 368.25873 400 

58 Optimized 66.730475 38.49343 0 555.85395 389.21313 400 

59 Optimized 67.291035 38.871275 0 702.5467 0.012261753 0.001 

60 Optimized 67.861245 39.213475 0 726.20548 0.012674677 0.001 

61 Optimized 68.653695 39.66333 0 745.10302 0.013004501 0.001 

62 Optimized 69.44614 40.113185 0 765.7674 0.013365162 0.001 

63 Optimized 70.238585 40.563035 0 788.2096 0.013756853 0.001 

64 Optimized 70.96852 42.27098 0 618.31357 0.010791608 0.001 

65 Optimized 71.4632 44.848235 0 165.48645 95.543647 0 

66 Optimized 71.649415 47.44512 0 10.686291 6.1697333 0 

Slices of Slip Surface: 1 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 1 23.876285 21.6604 0 138.73648 97.144332 400 

2 1 24.72311 21.385665 0 236.02505 165.26652 400 
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3 1 25.46553 21.18031 0 341.33472 239.00515 400 

4 1 26.255345 20.993385 0 423.47209 296.51835 400 

5 1 27.266305 20.835425 0 518.8733 363.31899 400 

6 1 28.24128 20.75381 0 577.39503 404.29635 400 

7 1 29.00652 20.738015 0 654.34793 458.17935 400 

8 1 29.77176 20.72222 0 732.94703 513.21503 400 

9 1 30.683555 20.73275 0 782.33978 547.80021 400 

10 1 31.55937 20.8012 0 773.66236 541.72422 400 

11 1 32.25265 20.90124 0 816.57698 571.77336 400 

12 1 32.94593 21.001285 0 859.04903 601.51261 400 

13 1 33.699175 21.09901 0 929.95717 651.16302 400 

14 1 34.51239 21.194415 0 983.79268 688.85905 400 

15 1 35.325605 21.289825 0 1036.6145 725.84529 400 

16 1 36.290455 21.441275 0 1018.222 712.9667 400 

17 1 37.186465 21.60779 0 1037.8027 726.67729 400 

18 1 37.861995 21.73333 0 1025.621 718.14757 400 

19 1 38.55337 21.88644 0 938.04269 656.82456 400 

20 1 39.26059 22.067115 0 915.47903 641.02532 400 

21 1 39.654885 22.167845 0 2049.6883 1435.2072 400 

22 1 40.074075 22.39115 0 1553.9703 1088.1017 400 

23 1 40.831085 22.816965 0 1502.7355 1052.2267 400 

24 1 41.58809 23.24278 0 1452.4217 1016.9966 400 

25 1 42.419705 23.764135 0 1270.6805 889.74005 400 

26 1 43.32593 24.38102 0 1206.8272 845.0295 400 

27 1 44.22436 24.917455 0 1320.634 924.7179 400 

28 1 45.115 25.37344 0 1268.7641 888.3982 400 

29 1 46.00564 25.829425 0 1217.4939 852.49837 400 

30 1 46.89628 26.28541 0 1166.6234 816.87847 400 

31 1 47.768705 26.73167 0 1118.1088 782.90822 400 

32 1 48.62292 27.168215 0 1070.0529 749.25908 400 

33 1 49.477135 27.60476 0 1022.1428 715.71213 400 

34 1 50.233655 28.00053 0 955.29733 668.90639 400 

35 1 50.892485 28.35553 0 917.80325 642.65275 400 

36 1 51.3663 28.61084 0 897.49538 628.43303 400 

37 1 52.0648 28.98722 0 890.02503 623.20224 400 

38 1 53.064825 29.52607 0 879.60943 615.90915 400 
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39 1 53.95668 30.00663 0 870.58749 609.59192 400 

40 1 54.78202 30.465275 0 835.11625 584.75469 400 

41 1 55.540845 30.90201 0 826.15026 578.47664 400 

42 1 56.299675 31.338745 0 817.42413 572.36654 400 

43 1 57.0585 31.77548 0 808.915 566.40838 400 

44 1 57.817325 32.212215 0 800.64573 560.61818 400 

45 1 58.57615 32.64895 0 792.58205 554.97193 400 

46 1 59.363135 33.086445 0 809.15316 566.57514 400 

47 1 60.17828 33.524695 0 802.68088 562.04321 400 

48 1 60.993425 33.962945 0 796.43552 557.67015 400 

49 1 61.95515 34.48 0 789.3595 552.71547 400 

50 1 62.890125 34.982675 0 782.76823 548.10021 400 

51 1 63.651775 35.392165 0 777.64537 544.51315 400 

52 1 64.46072 35.86 0 731.67528 512.32455 400 

53 1 65.31696 36.38618 0 722.99862 506.24909 400 

54 1 66.1732 36.91236 0 714.55082 500.33387 400 

55 1 67.029445 37.438545 0 706.33187 494.5789 400 

56 1 67.88569 37.96473 0 698.32188 488.97025 400 

57 1 68.74193 38.49091 0 690.52085 483.5079 400 

58 1 69.722915 41.254 0 549.64004 0.0095930283 0.001 

59 1 70.699225 45.931225 0 120.88712 69.794214 0 

60 1 71.183095 48.41913 0 14.517371 8.3816079 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 35 
Date: 11/26/2012 
Time: 2:14:42 AM 
File Name: 5-Entry and exit-a=0.16g(11+75).gsz 
Directory: final analysis\11+75\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 2:16:14 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 60 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.43604, 20) ft 
Left-Zone Right Coordinate: (39.6142, 28.584) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (39.63675, 38.608) ft 
Right-Zone Right Coordinate: (120, 51.754) ft 
Right-Zone Increment: 40 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 51.754) ft 

Seismic Loads 
Horz Seismic Load: 0.16 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,7,8,9,13,17,14,12 3925.5037 

Region 2 Soil nail block 5,6,7,8 77.459458 

Region 3 Tension crack 17,18,16,14 312.1795 

Region 4 Fill 18,19,11,16 396.6276 

Region 5 New Material (2) 13,17,18,15 5.54125 

Region 6 New Material 18,19,10,15 8.866 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 19.7507 20 

Point 4 36.8487 28.584 

Point 5 39.6142 28.584 

Point 6 47.3416 26.5134 

Point 7 47.3416 36.5374 

Point 8 39.6142 38.608 

Point 9 51.2219 38.608 

Point 10 77.2256 51.754 

Point 11 120 51.754 
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Point 12 120 0 

Point 13 51.5107 38.754 

Point 14 120 38.754 

Point 15 61.401 43.754 

Point 16 120 43.754 

Point 17 52.6189 38.754 

Point 18 62.5093 43.754 

Point 19 78.3338 51.754 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.434 
(10.368, 

131.297) 
40.17999 

(93.6572, 
51.754) 

(22.6174, 
21.4392) 

2 8280 1.587 
(10.368, 

131.297) 
111.629 

(88.6885, 
51.754) 

(19.8999, 
20.0749) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 23.174725 21.285295 0 165.65016 115.98949 400 

2 Optimized 24.289415 20.97746 0 327.77217 229.50855 400 

3 Optimized 25.50373 20.758895 0 386.56747 270.67745 400 

4 Optimized 26.81767 20.6296 0 538.42839 377.01162 400 

5 Optimized 28.18788 20.582115 0 594.37984 416.18924 400 

6 Optimized 29.614365 20.616445 0 727.73196 509.5634 400 

7 Optimized 31.04872 20.7139 0 771.73968 540.37794 400 

8 Optimized 32.490945 20.87448 0 880.34417 616.42363 400 

9 Optimized 33.80153 21.062905 0 893.6177 625.71785 400 

10 Optimized 34.98047 21.279175 0 961.94679 673.56239 400 

11 Optimized 36.159405 21.495445 0 1029.8587 721.11484 400 

12 Optimized 37.45184 21.745665 0 1038.4408 727.12407 400 

13 Optimized 38.80786 22.019745 0 1031.7317 722.4263 400 

14 Optimized 39.537555 22.16745 0 1021.6165 715.34359 400 

15 Optimized 40.437725 22.669715 0 1429.0867 1000.6573 400 
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16 Optimized 41.87038 23.505075 0 1367.7407 957.70233 400 

17 Optimized 43.088635 24.20268 0 1298.2887 909.07154 400 

18 Optimized 44.45006 24.963515 0 1254.5031 878.4125 400 

19 Optimized 45.73717 25.659925 0 1206.0983 844.5191 400 

20 Optimized 46.80679 26.228675 0 1150.3789 805.50394 400 

21 Optimized 47.97477 26.838445 0 1112.4604 778.95317 400 

22 Optimized 49.23094 27.48383 0 1049.4415 734.82688 400 

23 Optimized 50.53792 28.138435 0 1013.3405 709.54864 400 

24 Optimized 51.3663 28.54369 0 978.98274 685.4911 400 

25 Optimized 52.0648 28.885405 0 974.86759 682.60964 400 

26 Optimized 53.142805 29.412785 0 968.29695 678.00883 400 

27 Optimized 54.20844 29.94271 0 942.39673 659.8733 400 

28 Optimized 55.2919 30.48995 0 933.4992 653.64318 400 

29 Optimized 56.37536 31.037195 0 924.18975 647.12463 400 

30 Optimized 57.437495 31.581735 0 897.22022 628.24036 400 

31 Optimized 58.47831 32.123565 0 886.48221 620.72153 400 

32 Optimized 59.519125 32.665395 0 875.57376 613.08335 400 

33 Optimized 60.720265 33.305865 0 838.9735 587.45557 400 

34 Optimized 61.95515 33.976255 0 823.73642 576.78645 400 

35 Optimized 62.99721 34.54196 0 810.77259 567.70908 400 

36 Optimized 63.973025 35.071705 0 798.56908 559.16409 400 

37 Optimized 64.94782 35.610635 0 767.3618 537.31252 400 

38 Optimized 65.9216 36.15874 0 753.92035 527.90071 400 

39 Optimized 67.042375 36.801965 0 721.07897 504.90493 400 

40 Optimized 68.31015 37.540315 0 702.13011 491.6368 400 

41 Optimized 69.577925 38.278665 0 683.24942 478.41639 400 

42 Optimized 70.79928 38.940285 0 682.14685 0.011905708 0.001 

43 Optimized 71.924535 39.4721 0 710.6048 0.012402393 0.001 

44 Optimized 73.00011 39.950835 0 725.41826 0.012660937 0.001 

45 Optimized 74.142015 40.44158 0 754.82843 0.013174241 0.001 

46 Optimized 75.350245 40.944335 0 779.65545 0.013607555 0.001 

47 Optimized 76.58998 41.39897 0 846.88299 0.014780896 0.001 

48 Optimized 77.3677 41.64767 0 865.30831 0.015102479 0.001 

49 Optimized 77.9218 41.786335 0 894.13202 0.015605548 0.001 

50 Optimized 78.87013 42.000925 0 885.79776 0.015460087 0.001 

51 Optimized 79.94279 42.24365 0 877.0869 0.015308054 0.001 
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52 Optimized 81.015445 42.48637 0 869.058 0.015167923 0.001 

53 Optimized 82.0881 42.729095 0 861.61104 0.015037949 0.001 

54 Optimized 83.19619 43.076345 0 805.01951 0.014050241 0.001 

55 Optimized 84.339705 43.528115 0 785.80881 0.013714951 0.001 

56 Optimized 85.66559 44.74367 0 433.23322 250.12732 0 

57 Optimized 86.974405 46.34286 0 376.5304 217.38993 0 

58 Optimized 88.00155 47.391495 0 333.08631 192.30747 0 

59 Optimized 88.94647 48.26973 0 272.18831 157.148 0 

60 Optimized 89.949175 49.12349 0 222.39736 128.40118 0 

61 Optimized 91.00967 49.95277 0 155.68558 89.885112 0 

62 Optimized 92.06923 50.71406 0 96.006512 55.429385 0 

63 Optimized 93.127845 51.407355 0 32.523203 18.77728 0 

Slices of Slip Surface: 8280 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 8280 20.46484 20.126205 0 13.918024 9.7455051 400 

2 8280 21.59476 20.23463 0 83.237356 58.283424 400 

3 8280 22.72468 20.354665 0 151.88564 106.35147 400 

4 8280 23.8546 20.48635 0 219.53703 153.72148 400 

5 8280 24.984525 20.629725 0 285.82985 200.14022 400 

6 8280 26.11445 20.78484 0 350.41451 245.36288 400 

7 8280 27.24437 20.951745 0 412.91796 289.12827 400 

8 8280 28.37429 21.130495 0 472.98708 331.18912 400 

9 8280 29.50421 21.321145 0 530.28209 371.30752 400 

10 8280 30.63413 21.52375 0 584.46532 409.24702 400 

11 8280 31.76405 21.738385 0 635.24795 444.8054 400 

12 8280 32.893975 21.96512 0 682.35304 477.78874 400 

13 8280 34.0239 22.204025 0 725.56114 508.04338 400 

14 8280 35.15382 22.455185 0 764.69842 535.4476 400 

15 8280 36.28374 22.71869 0 799.62227 559.90154 400 

16 8280 37.540075 23.02705 0 795.50739 557.02027 400 

17 8280 38.922825 23.383505 0 752.47843 526.89107 400 

18 8280 40.166155 23.71934 0 1772.967 1241.4449 400 
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19 8280 41.27007 24.03124 0 1719.9522 1204.3235 400 

20 8280 42.373985 24.355445 0 1663.9851 1165.1349 400 

21 8280 43.4779 24.69207 0 1605.4564 1124.1527 400 

22 8280 44.581815 25.041225 0 1544.7548 1081.6489 400 

23 8280 45.68573 25.40304 0 1482.0919 1037.7719 400 

24 8280 46.789645 25.77765 0 1417.765 992.72974 400 

25 8280 47.988315 26.199665 0 1346.4085 942.76536 400 

26 8280 49.28175 26.6717 0 1268.115 887.9437 400 

27 8280 50.575185 27.16194 0 1188.8233 832.42307 400 

28 8280 51.3663 27.46866 0 1146.9576 803.10838 400 

29 8280 52.0648 27.748805 0 1135.9575 795.40599 400 

30 8280 53.16778 28.199795 0 1117.6174 782.5641 400 

31 8280 54.265545 28.66242 0 1097.862 768.73124 400 

32 8280 55.36331 29.138935 0 1077.0088 754.12965 400 

33 8280 56.46107 29.629535 0 1055.1599 738.83088 400 

34 8280 57.55883 30.134425 0 1032.4189 722.9075 400 

35 8280 58.656595 30.653825 0 1009.132 706.60186 400 

36 8280 59.75436 31.18796 0 985.23133 689.86641 400 

37 8280 60.85212 31.737065 0 960.97833 672.88427 400 

38 8280 61.95515 32.30417 0 936.25826 655.57509 400 

39 8280 63.080665 32.899035 0 910.76761 637.72634 400 

40 8280 64.2234 33.51983 0 884.78549 619.53347 400 

41 8280 65.366135 34.158035 0 858.60213 601.19968 400 

42 8280 66.50887 34.813995 0 832.30656 582.78733 400 

43 8280 67.651605 35.48808 0 805.83742 564.25344 400 

44 8280 68.794335 36.18067 0 779.28276 545.65966 400 

45 8280 69.93707 36.89217 0 752.5096 526.91289 400 

46 8280 71.079805 37.623015 0 725.49814 507.99927 400 

47 8280 72.22254 38.373665 0 698.17316 488.86611 400 

48 8280 73.34787 39.132545 0 771.96743 0.013473373 0.001 

49 8280 74.45579 39.89953 0 775.00246 0.013526345 0.001 

50 8280 75.563715 40.686555 0 779.31878 0.013601679 0.001 

51 8280 76.67164 41.49415 0 785.08028 0.013702236 0.001 

52 8280 77.7797 42.322975 0 766.63653 0.013380332 0.001 

53 8280 78.982605 43.248395 0 717.6494 0.012525345 0.001 

54 8280 80.19748 44.207885 0 571.04424 329.69255 0 
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55 8280 81.329615 45.12794 0 508.90344 293.81554 0 

56 8280 82.46175 46.072965 0 443.62787 256.12867 0 

57 8280 83.59389 47.043805 0 374.63341 216.2947 0 

58 8280 84.726025 48.041365 0 301.27574 173.94163 0 

59 8280 85.85816 49.06661 0 222.85554 128.66571 0 

60 8280 86.9903 50.120595 0 138.60278 80.022354 0 

61 8280 88.122435 51.204455 0 47.648442 27.509841 0 

 



1 | P a g e  
 

SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 40 
Date: 12/4/2012 
Time: 3:29:11 PM 
File Name: 6-Fully specified-a=0.16g(11+75).gsz 
Directory: final analysis\11+75\ 
Last Solved Date: 12/4/2012 
Last Solved Time: 3:29:40 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 60 



2 | P a g e  
 

Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 51.754) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
22.578437 21.557368 

 
23.507807 21.135851 

 
24.896783 20.785433 

 
26.105472 20.625459 

 
27.463758 20.572155 

 
29.232937 20.609013 

 
31.254856 20.682729 

 
35.361878 21.372498 

 
39.19333 22.076336 

 
43.851831 24.487475 

 
47.3416 26.5134 

 
53.202462 29.415368 

 
57.63619 31.742289 

 
64.33395 35.389896 

 
70.38709 38.754 

 
71.55055 43.754 

 
73.48441 51.143781 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
22.669482 21.970792 

 
23.730746 21.407405 

 
24.844419 21.001242 

 
26.508378 20.765405 

 
28.172336 20.765405 

 
31.082874 20.756076 

 
34.977008 21.480566 

 
39.052265 21.956013 

 
43.852012 24.423807 

 
47.3416 26.5134 

 
53.360944 28.499064 

 
59.111584 30.491412 
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65.654635 33.049767 

 
71.088311 35.517562 

 
76.997433 38.754 

 
78.106808 43.754 

 
79.963314 52.769482 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
22.363889 21.918627 

 
23.64528 21.243811 

 
24.714369 20.978434 

 
26.238391 20.735804 

 
28.381968 20.726099 

 
30.976171 20.726099 

 
34.946087 21.328793 

 
38.968412 22.075609 

 
43.816164 24.381567 

 
47.3416 26.5134 

 
52.555221 29.281727 

 
56.813382 31.862828 

 
61.352975 35.449641 

 
65.179188 38.754 

 
66.062161 43.754 

 
67.103615 48.150858 

Fully Specified Slip Surface 4 

 
X (ft) Y (ft) 

 
21.95445 21.888298 

 
23.501218 21.114914 

 
24.866013 20.743386 

 
26.018507 20.58416 

 
28.433957 20.439112 

 
30.924392 20.529673 

 
34.682684 21.163602 

 
38.66738 21.797531 

 
43.852012 24.423807 
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47.3416 26.5134 

 
53.043979 28.340582 

 
59.51911 29.948044 

 
67.171536 32.257356 

 
76.046539 35.291159 

 
83.404642 38.754 

 
84.423456 43.754 

 
86.347883 53.109086 

Seismic Loads 
Horz Seismic Load: 0.16 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,7,8,9,13,17,14,12 3925.5037 

Region 2 Soil nail block 5,6,7,8 77.459458 

Region 3 Tension crack 17,18,16,14 312.1795 

Region 4 Fill 18,19,11,16 396.6276 

Region 5 New Material (2) 13,17,18,15 5.54125 

Region 6 Fill 18,19,10,15 8.866 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 19.7507 20 

Point 4 36.8487 28.584 

Point 5 39.6142 28.584 

Point 6 47.3416 26.5134 

Point 7 47.3416 36.5374 

Point 8 39.6142 38.608 

Point 9 51.2219 38.608 

Point 10 77.2256 51.754 
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Point 11 120 51.754 

Point 12 120 0 

Point 13 51.5107 38.754 

Point 14 120 38.754 

Point 15 61.401 43.754 

Point 16 120 43.754 

Point 17 52.6189 38.754 

Point 18 62.5093 43.754 

Point 19 78.3338 51.754 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.589 
(39.496, 

59.265) 
39.06003 

(79.75, 
51.754) 

(22.4174, 
21.3388) 

2 2 1.714 
(39.496, 

59.265) 
38.527 

(79.7542, 
51.754) 

(23.1588, 
21.711) 

Slices of Slip Surface: Optimized 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength 

(psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 22.95428 21.15391 0 189.74161 132.8585 400 

2 Optimized 23.85581 20.8875 0 279.22313 195.51414 400 

3 Optimized 24.585185 20.724525 0 389.04982 272.41562 400 

4 Optimized 25.51641 20.583895 0 451.26774 315.98107 400 

5 Optimized 26.649485 20.465605 0 602.30769 421.74038 400 

6 Optimized 27.78389 20.417985 0 644.63083 451.37537 400 

7 Optimized 28.919625 20.441035 0 765.4441 535.96973 400 

8 Optimized 29.98179 20.50844 0 780.86734 546.7692 400 

9 Optimized 30.97039 20.620195 0 861.89107 603.50263 400 

10 Optimized 31.958985 20.73195 0 943.35706 660.54573 400 

11 Optimized 33.001105 20.879855 0 955.17466 668.8205 400 

12 Optimized 34.096755 21.0639 0 1026.1917 718.54716 400 

13 Optimized 35.19561 21.274625 0 1026.1341 718.50685 400 

14 Optimized 36.29767 21.51203 0 1079.1794 755.64958 400 
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15 Optimized 37.22953 21.712765 0 1100.4286 770.52839 400 

16 Optimized 37.99119 21.87684 0 1090.5201 763.59041 400 

17 Optimized 38.99311 22.092645 0 1074.9515 752.68913 400 

18 Optimized 39.61705 22.227025 0 2203.7608 1543.0899 400 

19 Optimized 40.073655 22.44901 0 1576.8244 1104.1043 400 

20 Optimized 40.98117 22.89175 0 1523.2468 1066.5889 400 

21 Optimized 41.888685 23.33449 0 1470.4615 1029.6282 400 

22 Optimized 42.809965 23.772705 0 1457.5093 1020.559 400 

23 Optimized 43.745015 24.20639 0 1406.0895 984.55444 400 

24 Optimized 44.680065 24.640075 0 1355.0577 948.82163 400 

25 Optimized 45.696095 25.09727 0 1342.0723 939.72914 400 

26 Optimized 46.7931 25.57797 0 1284.5454 899.44836 400 

27 Optimized 47.74679 25.99587 0 1234.5692 864.45463 400 

28 Optimized 48.674035 26.389185 0 1225.2817 857.95149 400 

29 Optimized 49.71815 26.82072 0 1171.3775 820.20733 400 

30 Optimized 50.731055 27.234005 0 1135.3349 794.97003 400 

31 Optimized 51.3663 27.48963 0 1108.8475 776.42339 400 

32 Optimized 51.646855 27.602525 0 1106.9969 775.12755 400 

33 Optimized 52.200955 27.828255 0 1093.3745 765.58906 400 

34 Optimized 53.138465 28.21171 0 1086.3175 760.64772 400 

35 Optimized 54.177595 28.63673 0 1078.0339 754.84744 400 

36 Optimized 55.175125 29.049985 0 1054.2875 738.22003 400 

37 Optimized 56.13105 29.451475 0 1045.7999 732.27699 400 

38 Optimized 57.08697 29.85297 0 1037.2159 726.26641 400 

39 Optimized 58.04444 30.262095 0 1009.5069 706.86436 400 

40 Optimized 59.003455 30.67885 0 1000.4217 700.50285 400 

41 Optimized 59.96247 31.09561 0 991.62346 694.34222 400 

42 Optimized 60.92149 31.51237 0 983.11209 688.38249 400 

43 Optimized 61.545035 31.783345 0 977.71153 684.60098 400 

44 Optimized 62.099185 32.038155 0 934.15623 654.10324 400 

45 Optimized 63.01186 32.488155 0 879.53918 615.85996 400 

46 Optimized 64.01698 33.003725 0 869.12876 608.57051 400 

47 Optimized 65.0221 33.519295 0 859.39111 601.75214 400 

48 Optimized 65.949185 34.00262 0 834.47191 584.30352 400 

49 Optimized 66.798235 34.453695 0 826.76468 578.90686 400 

50 Optimized 67.78754 34.988495 0 804.76898 563.50531 400 
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51 Optimized 68.917105 35.607025 0 795.45093 556.98074 400 

52 Optimized 69.88159 36.152085 0 756.83462 529.94131 400 

53 Optimized 70.680995 36.623675 0 749.98222 525.14321 400 

54 Optimized 71.480405 37.09526 0 743.52847 520.62424 400 

55 Optimized 72.412855 37.67604 0 699.51087 489.80278 400 

56 Optimized 73.47835 38.36602 0 689.49028 482.78629 400 

57 Optimized 74.55406 38.999 0 915.13094 0.015972048 0.001 

58 Optimized 75.59945 39.553485 0 969.96221 0.016929034 0.001 

59 Optimized 76.604315 40.08648 0 1028.2496 0.017946341 0.001 

60 Optimized 77.166175 40.433055 0 969.52193 0.01692135 0.001 

61 Optimized 77.71167 41.1681 0 963.30621 0.016812865 0.001 

62 Optimized 78.26577 42.01828 0 861.52435 0.015036437 0.001 

63 Optimized 78.602225 42.983745 0 833.40996 0.014545748 0.001 

64 Optimized 79.06584 44.508465 0 328.8751 189.87613 0 

65 Optimized 79.44764 46.347435 0 198.20699 114.43486 0 

66 Optimized 79.69145 48.600905 0 44.306747 25.580513 0 

67 Optimized 79.74931 50.761935 0 0.21761175 0.1256382 0 

Slices of Slip Surface: 2 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 2 23.444775 21.559215 0 220.1107 154.12317 400 

2 2 24.287585 21.20432 0 313.50755 219.52035 400 

3 2 25.26041 20.94228 0 364.17012 254.99466 400 

4 2 26.09239 20.824365 0 477.91601 334.64039 400 

5 2 26.92437 20.76541 0 497.09181 348.06744 400 

6 2 27.75635 20.76541 0 585.63971 410.06934 400 

7 2 28.65743 20.763855 0 687.93108 481.69453 400 

8 2 29.627605 20.760745 0 800.01286 560.17504 400 

9 2 30.59778 20.757635 0 916.19696 641.52802 400 

10 2 31.56964 20.84664 0 809.19875 566.60707 400 

11 2 32.543175 21.02776 0 868.11383 607.85985 400 

12 2 33.516705 21.20888 0 926.08975 648.45502 400 

13 2 34.49024 21.390005 0 982.87403 688.2158 400 
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14 2 35.44493 21.53516 0 1144.245 801.20899 400 

15 2 36.380775 21.64434 0 1217.0539 852.19029 400 

16 2 37.39959 21.7632 0 1259.5841 881.97031 400 

17 2 38.50137 21.89174 0 1269.9515 889.22958 400 

18 2 39.33323 22.10047 0 740.19702 518.29153 400 

19 2 40.143925 22.51729 0 1512.2326 1058.8767 400 

20 2 41.20338 23.06201 0 1444.2388 1011.2669 400 

21 2 42.262835 23.60673 0 1378.5114 965.2441 400 

22 2 43.322285 24.15145 0 1314.7148 920.5732 400 

23 2 44.28821 24.68501 0 1144.4211 801.33227 400 

24 2 45.16061 25.207405 0 1091.3157 764.14748 400 

25 2 46.033005 25.7298 0 1039.5871 727.92673 400 

26 2 46.9054 26.2522 0 989.43203 692.80776 400 

27 2 47.82664 26.673405 0 1326.4872 928.81631 400 

28 2 48.796715 26.993415 0 1284.2941 899.27241 400 

29 2 49.766785 27.313425 0 1241.1221 869.04304 400 

30 2 50.73686 27.633435 0 1197.069 838.19674 400 

31 2 51.3663 27.84107 0 1175.1085 822.8198 400 

32 2 52.0648 28.07149 0 1176.2377 823.61051 400 

33 2 52.98992 28.37667 0 1177.2686 824.33233 400 

34 2 53.84016 28.66509 0 1149.1307 804.62995 400 

35 2 54.7986 28.99715 0 1147.7504 803.66351 400 

36 2 55.75704 29.32921 0 1145.9759 802.42095 400 

37 2 56.71548 29.66127 0 1144.0041 801.04032 400 

38 2 57.67392 29.993325 0 1141.7366 799.4526 400 

39 2 58.63236 30.32538 0 1139.3705 797.79584 400 

40 2 59.683935 30.715205 0 1070.7826 749.77007 400 

41 2 60.828645 31.16279 0 1066.3078 746.63677 400 

42 2 61.95515 31.603255 0 1062.513 743.97959 400 

43 2 63.03352 32.024905 0 1059.5688 741.91804 400 

44 2 64.081965 32.43485 0 1057.5257 740.48744 400 

45 2 65.13041 32.844795 0 1056.1932 739.55445 400 

46 2 66.10744 33.25542 0 984.2091 689.15063 400 

47 2 67.013055 33.66672 0 983.07301 688.35513 400 

48 2 67.918665 34.078015 0 982.74123 688.12282 400 

49 2 68.82428 34.48931 0 983.23387 688.46777 400 
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50 2 69.729895 34.90061 0 984.57104 689.40407 400 

51 2 70.635505 35.31191 0 986.74269 690.92467 400 

52 2 71.580735 35.787265 0 911.21529 638.03981 400 

53 2 72.56559 36.32667 0 913.08545 639.34932 400 

54 2 73.550445 36.866075 0 915.75711 641.22003 400 

55 2 74.5353 37.405485 0 919.49744 643.83904 400 

56 2 75.520155 37.94489 0 924.03927 647.01926 400 

57 2 76.505005 38.484295 0 929.3826 650.7607 400 

58 2 77.111515 39.26818 0 776.31939 0.013549329 0.001 

59 2 77.666205 41.76818 0 700.42832 0.01222478 0.001 

60 2 78.220305 44.305155 0 274.79104 158.65068 0 

61 2 78.6889 46.58073 0 201.97029 116.6076 0 

62 2 79.3991 50.029575 0 73.363965 42.356705 0 

 



1 | P a g e  
 

SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 35 
Date: 11/26/2012 
Time: 2:14:47 AM 
File Name: 7-Entry and exit-a=.29g(11+75).gsz 
Directory: final analysis\11+75\ 
Last Solved Date: 11/26/2012 
Last Solved Time: 2:16:16 AM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Entry and Exit 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 60 
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Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Entry and Exit 
Left Projection: Range 
Left-Zone Left Coordinate: (0.43604, 20) ft 
Left-Zone Right Coordinate: (39.6142, 28.584) ft 
Left-Zone Increment: 20 
Right Projection: Range 
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Right-Zone Left Coordinate: (39.63675, 38.608) ft 
Right-Zone Right Coordinate: (120, 51.754) ft 
Right-Zone Increment: 40 
Radius Increments: 20 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 51.754) ft 

Seismic Loads 
Horz Seismic Load: 0.29 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,7,8,9,13,17,14,12 3925.5037 

Region 2 Soil nail block 5,6,7,8 77.459458 

Region 3 Tension crack 17,18,16,14 312.1795 

Region 4 Fill 18,19,11,16 396.6276 

Region 5 New Material (2) 13,17,18,15 5.54125 

Region 6 New Material 18,19,10,15 8.866 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 19.7507 20 

Point 4 36.8487 28.584 

Point 5 39.6142 28.584 

Point 6 47.3416 26.5134 

Point 7 47.3416 36.5374 

Point 8 39.6142 38.608 

Point 9 51.2219 38.608 

Point 10 77.2256 51.754 

Point 11 120 51.754 
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Point 12 120 0 

Point 13 51.5107 38.754 

Point 14 120 38.754 

Point 15 61.401 43.754 

Point 16 120 43.754 

Point 17 52.6189 38.754 

Point 18 62.5093 43.754 

Point 19 78.3338 51.754 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.136 
(3.774, 

158.918) 
40.36424 (100, 51.754) 

(24.2068, 
22.2372) 

2 6599 1.287 
(3.774, 

158.918) 
139.359 

(92.8634, 
51.754) 

(20.9997, 
20.6271) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 24.76246 22.12059 0 158.12925 110.7233 400 

2 Optimized 25.873865 21.887465 0 312.7185 218.96785 400 

3 Optimized 27.01565 21.72324 0 372.12423 260.56419 400 

4 Optimized 28.18781 21.627915 0 510.89596 357.7332 400 

5 Optimized 29.49406 21.6022 0 556.06716 389.36241 400 

6 Optimized 30.934405 21.6461 0 696.31572 487.56551 400 

7 Optimized 32.222545 21.73726 0 716.84178 501.93801 400 

8 Optimized 33.35848 21.875685 0 804.79648 563.52456 400 

9 Optimized 34.494415 22.014115 0 894.31541 626.20639 400 

10 Optimized 35.95554 22.251295 0 910.63688 637.63481 400 

11 Optimized 37.540075 22.549275 0 969.44679 678.81395 400 

12 Optimized 38.922825 22.80931 0 975.34592 682.94456 400 

13 Optimized 39.61661 22.939785 0 2112.4605 1479.1607 400 

14 Optimized 40.123225 23.19295 0 1439.9179 1008.2413 400 

15 Optimized 41.131635 23.698375 0 1392.222 974.84436 400 
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16 Optimized 42.559635 24.3953 0 1358.2317 951.04409 400 

17 Optimized 44.42362 25.27406 0 1306.0477 914.50444 400 

18 Optimized 46.30357 26.12417 0 1259.319 881.78465 400 

19 Optimized 47.38498 26.60237 0 1214.8363 850.63753 400 

20 Optimized 48.098315 26.93774 0 1130.3922 791.50911 400 

21 Optimized 49.241685 27.4832 0 1079.7929 756.07913 400 

22 Optimized 50.517635 28.07761 0 1053.2094 737.46515 400 

23 Optimized 51.3663 28.465245 0 1022.3927 715.8871 400 

24 Optimized 52.0648 28.784295 0 1020.7407 714.73031 400 

25 Optimized 52.890015 29.161225 0 1018.4415 713.12043 400 

26 Optimized 53.73076 29.55157 0 998.98233 699.49496 400 

27 Optimized 54.870015 30.084585 0 993.01945 695.3197 400 

28 Optimized 56.00927 30.6176 0 986.182 690.53207 400 

29 Optimized 57.20597 31.18904 0 951.55393 666.28523 400 

30 Optimized 58.46011 31.7989 0 940.36761 658.45249 400 

31 Optimized 59.71425 32.40876 0 928.53593 650.16786 400 

32 Optimized 60.87116 32.9792 0 896.91584 628.02724 400 

33 Optimized 61.95515 33.5224 0 884.51101 619.34128 400 

34 Optimized 62.90954 34.000655 0 873.3821 611.54873 400 

35 Optimized 63.85912 34.485965 0 840.15483 588.28274 400 

36 Optimized 64.9578 35.05546 0 825.6903 578.15457 400 

37 Optimized 66.06016 35.62773 0 809.08784 566.5294 400 

38 Optimized 67.166195 36.202765 0 794.03877 555.99193 400 

39 Optimized 68.27223 36.7778 0 778.90949 545.3983 400 

40 Optimized 69.37827 37.35284 0 763.70801 534.7541 400 

41 Optimized 70.467215 37.91877 0 749.15325 524.56275 400 

42 Optimized 71.539065 38.47559 0 734.39985 514.23231 400 

43 Optimized 72.804035 39.05733 0 663.85606 0.011586474 0.001 

44 Optimized 74.25544 39.591005 0 722.30568 0.012606612 0.001 

45 Optimized 75.70016 40.0517 0 753.89378 0.013157929 0.001 

46 Optimized 76.82406 40.42632 0 764.5309 0.013343582 0.001 

47 Optimized 77.776715 40.768605 0 765.24609 0.013356064 0.001 

48 Optimized 78.888535 41.148405 0 762.62733 0.013310358 0.001 

49 Optimized 80.00696 41.511005 0 748.86768 0.013070207 0.001 

50 Optimized 81.1224 41.872635 0 736.20349 0.012849175 0.001 

51 Optimized 82.193695 42.17242 0 759.20637 0.013250651 0.001 
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52 Optimized 83.389565 42.38865 0 789.3284 0.013776379 0.001 

53 Optimized 84.75416 42.583175 0 792.88328 0.013838424 0.001 

54 Optimized 86.124505 42.79692 0 788.29297 0.013758308 0.001 

55 Optimized 87.500595 43.029885 0 792.16207 0.013825836 0.001 

56 Optimized 88.87669 43.262855 0 797.10591 0.013912123 0.001 

57 Optimized 89.730415 43.56667 0 611.15319 0.010666635 0.001 

58 Optimized 90.436955 44.36555 0 432.03677 249.43654 0 

59 Optimized 91.70477 45.66882 0 400.02153 230.95254 0 

60 Optimized 93.208115 46.98795 0 348.17149 201.0169 0 

61 Optimized 94.76091 48.242765 0 265.78943 153.4536 0 

62 Optimized 96.24747 49.360315 0 197.53501 114.04689 0 

63 Optimized 97.667795 50.3406 0 119.92908 69.241084 0 

64 Optimized 99.18918 51.29237 0 42.244482 24.389863 0 

Slices of Slip Surface: 6599 

 
Slip 

Surface 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 6599 21.60927 20.705715 0 0.11061904 0.077456284 400 

2 6599 22.828425 20.86852 0 72.708259 50.910871 400 

3 6599 24.04758 21.042295 0 144.70925 101.32651 400 

4 6599 25.266735 21.227085 0 215.75178 151.07102 400 

5 6599 26.485885 21.42293 0 285.44699 199.87214 400 

6 6599 27.70504 21.62988 0 353.37905 247.43867 400 

7 6599 28.924195 21.84799 0 419.11791 293.46952 400 

8 6599 30.14335 22.07731 0 482.24648 337.67262 400 

9 6599 31.362505 22.317895 0 542.3426 379.75238 400 

10 6599 32.58166 22.5698 0 598.9877 419.4157 400 

11 6599 33.800815 22.833095 0 651.8086 456.40129 400 

12 6599 35.01997 23.10785 0 700.47626 490.47876 400 

13 6599 36.239125 23.394125 0 744.68272 521.43245 400 

14 6599 37.540075 23.712815 0 750.62096 525.59045 400 

15 6599 38.922825 24.06569 0 718.78003 503.29519 400 

16 6599 40.25392 24.41941 0 1693.6431 1185.9017 400 

17 6599 41.533355 24.77299 0 1640.2878 1148.5419 400 
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18 6599 42.81279 25.139745 0 1583.2071 1108.5735 400 

19 6599 44.092225 25.51978 0 1522.6717 1066.1862 400 

20 6599 45.37166 25.913205 0 1459.1015 1021.6739 400 

21 6599 46.6511 26.320145 0 1392.8376 975.2754 400 

22 6599 47.962925 26.751725 0 1322.6694 926.14307 400 

23 6599 49.28175 27.19988 0 1250.0959 875.32658 400 

24 6599 50.575185 27.653905 0 1177.479 824.47966 400 

25 6599 51.3663 27.93696 0 1139.0815 797.59342 400 

26 6599 52.0648 28.19412 0 1129.593 790.94951 400 

27 6599 53.246195 28.63702 0 1111.9995 778.63044 400 

28 6599 54.50078 29.120385 0 1091.2447 764.09773 400 

29 6599 55.755365 29.617725 0 1068.7226 748.32763 400 

30 6599 57.00995 30.12921 0 1044.9001 731.64695 400 

31 6599 58.264535 30.65501 0 1020.0204 714.22597 400 

32 6599 59.51912 31.195295 0 994.31943 696.22996 400 

33 6599 60.773705 31.75025 0 968.25108 677.97671 400 

34 6599 61.95515 32.28603 0 943.52385 660.66251 400 

35 6599 63.101585 32.8193 0 919.46771 643.81822 400 

36 6599 64.28615 33.383465 0 894.74605 626.50793 400 

37 6599 65.470715 33.96141 0 870.2649 609.36604 400 

38 6599 66.655285 34.553325 0 846.17882 592.50079 400 

39 6599 67.839855 35.15941 0 822.41281 575.85965 400 

40 6599 69.02442 35.77987 0 799.1192 559.54929 400 

41 6599 70.208985 36.414925 0 776.22352 543.51756 400 

42 6599 71.393555 37.064805 0 753.79945 527.81605 400 

43 6599 72.578125 37.72975 0 731.81761 512.42421 400 

44 6599 73.76269 38.41001 0 710.18988 497.28031 400 

45 6599 75.07263 39.18134 0 722.5937 0.012611639 0.001 

46 6599 76.507945 40.0478 0 742.08735 0.012951868 0.001 

47 6599 77.7797 40.83419 0 740.4938 0.012924055 0.001 

48 6599 78.98631 41.599785 0 712.36705 0.01243315 0.001 

49 6599 80.29133 42.44679 0 681.0306 0.011886226 0.001 

50 6599 81.596355 43.314735 0 647.79618 0.011306176 0.001 

51 6599 82.838565 44.160285 0 540.26257 311.92074 0 

52 6599 84.017955 44.98189 0 491.09278 283.53255 0 

53 6599 85.197345 45.82176 0 439.1602 253.54926 0 



8 | P a g e  
 

54 6599 86.37673 46.680305 0 383.98161 221.69189 0 

55 6599 87.556115 47.557965 0 325.07446 187.68183 0 

56 6599 88.735505 48.45519 0 261.92708 151.22367 0 

57 6599 89.914895 49.37246 0 194.00755 112.01031 0 

58 6599 91.094285 50.310285 0 120.74203 69.710443 0 

59 6599 92.273675 51.2692 0 41.536846 23.981309 0 
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SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008 GEO-SLOPE International Ltd. 

File Information 
Revision Number: 40 
Date: 12/4/2012 
Time: 3:41:12 PM 
File Name: 8-fully specified-a=.29g(11+75).gsz 
Directory: final analysis\11+75\ 
Last Solved Date: 12/4/2012 
Last Solved Time: 3:41:48 PM 

Project Settings 
Length(L) Units: feet 
Time(t) Units: Seconds 
Force(F) Units: lbf 
Pressure(p) Units: psf 
Strength Units: psf 
Unit Weight of Water: 62.4 pcf 
View: 2D 

Analysis Settings 
SLOPE/W Analysis 

Kind: SLOPE/W 
Method: Morgenstern-Price 
Settings 

Side Function 
Interslice force function option: Half-Sine 

PWP Conditions Source: (none) 
SlipSurface 

Direction of movement: Right to Left 
Allow Passive Mode: No 
Slip Surface Option: Fully-Specified 
Critical slip surfaces saved: 1 
Optimize Critical Slip Surface Location: Yes 
Tension Crack 

Tension Crack Option: (none) 
FOS Distribution 

FOS Calculation Option: Constant 
Advanced 

Number of Slices: 60 



2 | P a g e  
 

Optimization Tolerance: 0.01 
Minimum Slip Surface Depth: 0.1 ft 
Minimum Slice Width: 0.1 ft 
Optimization Maximum Iterations: 10000 
Optimization Convergence Tolerance: 1e-007 
Starting Optimization Points: 8 
Ending Optimization Points: 30 
Complete Passes per Insertion: 1 

Materials 
Soil nail block 

Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 5000 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Foundation soil 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 400 psf 
Phi: 35 ° 
Phi-B: 0 ° 

Fill 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0 psf 
Phi: 30 ° 
Phi-B: 0 ° 

Tension crack 
Model: Mohr-Coulomb 
Unit Weight: 120 pcf 
Cohesion: 0.001 psf 
Phi: 0.001 ° 
Phi-B: 0 ° 

Slip Surface Limits 
Left Coordinate: (0, 20) ft 
Right Coordinate: (120, 51.754) ft 
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Fully Specified Slip Surfaces 
Fully Specified Slip Surface 1 

 
X (ft) Y (ft) 

 
23.726983 22.395149 

 
25.225079 21.976266 

 
26.554596 21.74371 

 
28.507187 21.603299 

 
29.358429 21.541869 

 
31.846337 21.616462 

 
35.826112 22.19127 

 
37.51982 22.524746 

 
39.602769 22.886115 

 
43.651661 24.842321 

 
47.3416 26.5134 

 
53.933118 29.591809 

 
59.383201 32.221314 

 
65.552075 35.369442 

 
72.067077 38.754 

 
73.162283 43.754 

 
74.729628 51.411063 

Fully Specified Slip Surface 2 

 
X (ft) Y (ft) 

 
23.152437 22.567663 

 
25.181433 21.958054 

 
26.40065 21.730588 

 
28.447843 21.603207 

 
29.257621 21.575912 

 
31.580961 21.525847 

 
35.976956 22.18619 

 
39.316402 22.789931 

 
43.561461 24.714358 

 
47.3416 26.5134 

 
54.089207 29.242421 

 
59.466282 31.77059 
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66.390445 34.562895 

 
76.55972 38.754 

 
77.503066 43.754 

 
79.087888 53.14682 

Fully Specified Slip Surface 3 

 
X (ft) Y (ft) 

 
23.095571 22.60987 

 
25.193311 21.94011 

 
26.45859 21.695649 

 
28.612564 21.585592 

 
31.662718 21.538425 

 
35.719107 22.041543 

 
39.539661 22.811943 

 
43.485993 24.588579 

 
47.3416 26.5134 

 
53.831359 29.210976 

 
59.145544 32.19824 

 
64.585509 35.641455 

 
69.129294 38.754 

 
70.025474 43.754 

 
70.96882 49.948876 

Fully Specified Slip Surface 4 

 
X (ft) Y (ft) 

 
22.643277 22.6652 

 
25.23748 21.970792 

 
26.390459 21.787364 

 
28.421274 21.564629 

 
31.657477 21.512221 

 
35.73221 22.114915 

 
39.518697 22.848629 

 
43.353925 24.537009 

 
47.3416 26.5134 

 
53.81375 29.087712 

 
59.247426 31.464945 
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66.673449 34.023301 

 
80.099156 38.754 

 
81.050049 43.754 

 
82.657511 53.426051 

Seismic Loads 
Horz Seismic Load: 0.29 
Ignore seismic load in strength: No 

Regions 
 

Material Points Area (ft²) 

Region 1 Foundation soil 1,2,3,4,5,6,7,8,9,13,17,14,12 3925.5037 

Region 2 Soil nail block 5,6,7,8 77.459458 

Region 3 Tension crack 17,18,16,14 312.1795 

Region 4 Fill 18,19,11,16 396.6276 

Region 5 New Material (2) 13,17,18,15 5.54125 

Region 6 Fill 18,19,10,15 8.866 

Points 
 

X (ft) Y (ft) 

Point 1 0 0 

Point 2 0 20 

Point 3 19.7507 20 

Point 4 36.8487 28.584 

Point 5 39.6142 28.584 

Point 6 47.3416 26.5134 

Point 7 47.3416 36.5374 

Point 8 39.6142 38.608 

Point 9 51.2219 38.608 

Point 10 77.2256 51.754 

Point 11 120 51.754 

Point 12 120 0 

Point 13 51.5107 38.754 

Point 14 120 38.754 
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Point 15 61.401 43.754 

Point 16 120 43.754 

Point 17 52.6189 38.754 

Point 18 62.5093 43.754 

Point 19 78.3338 51.754 

Critical Slip Surfaces 
 

Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft) 

1 Optimized 1.296 
(39.584, 

59.131) 
38.00937 

(78.8192, 
51.754) 

(23.6026, 
21.9338) 

2 2 1.416 
(39.584, 

59.131) 
37.688 

(78.8529, 
51.754) 

(24.2239, 
22.2458) 

Slices of Slip Surface: Optimized 

 
Slip Surface X (ft) Y (ft) 

PWP 
(psf) 

Base 
Normal 

Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strengt
h (psf) 

1 Optimized 24.041775 21.79552 0 196.1119 137.31903 400 

2 Optimized 25.13062 21.528735 0 318.4509 222.98172 400 

3 Optimized 26.17417 21.364175 0 412.12596 288.5737 400 

4 Optimized 26.96189 21.29199 0 528.39352 369.98513 400 

5 Optimized 27.914415 21.261995 0 571.52369 400.1852 400 

6 Optimized 29.031745 21.274185 0 712.99509 499.24454 400 

7 Optimized 30.05201 21.32168 0 748.5804 524.16164 400 

8 Optimized 30.975205 21.40448 0 846.60596 592.79988 400 

9 Optimized 32.009285 21.538415 0 853.07056 597.32643 400 

10 Optimized 33.15425 21.72348 0 946.95565 663.06549 400 

11 Optimized 34.17898 21.909875 0 956.12654 669.48701 400 

12 Optimized 35.08348 22.097605 0 1013.9867 710.00111 400 

13 Optimized 36.192215 22.346065 0 1031.8175 722.48636 400 

14 Optimized 37.397565 22.629915 0 1062.7308 744.13213 400 

15 Optimized 38.36337 22.85948 0 1046.9981 733.116 400 

16 Optimized 39.197255 23.0601 0 1037.9855 726.80525 400 

17 Optimized 39.61686 23.16105 0 2072.283 1451.0282 400 

18 Optimized 40.086955 23.37912 0 1477.7112 1034.7045 400 
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19 Optimized 41.02182 23.813975 0 1423.4948 996.74178 400 

20 Optimized 41.894885 24.212015 0 1412.0669 988.7399 400 

21 Optimized 42.70616 24.573245 0 1367.5879 957.59538 400 

22 Optimized 43.517435 24.934475 0 1323.3342 926.60855 400 

23 Optimized 44.328705 25.295705 0 1279.4182 895.85827 400 

24 Optimized 45.15224 25.653625 0 1275.2288 892.92482 400 

25 Optimized 45.98804 26.00824 0 1231.282 862.15293 400 

26 Optimized 46.82384 26.362855 0 1187.3352 831.38103 400 

27 Optimized 47.41114 26.61203 0 1156.3318 809.67225 400 

28 Optimized 48.03725 26.877535 0 1123.751 786.85892 400 

29 Optimized 48.95067 27.264805 0 1075.2691 752.91156 400 

30 Optimized 49.86409 27.652075 0 1026.5857 718.82304 400 

31 Optimized 50.77135 28.030685 0 1000.1836 700.33607 400 

32 Optimized 51.3663 28.274945 0 973.82286 681.87811 400 

33 Optimized 51.708295 28.415355 0 968.86591 678.40721 400 

34 Optimized 52.262395 28.64779 0 938.47897 657.13005 400 

35 Optimized 53.016115 28.96769 0 926.67201 648.86273 400 

36 Optimized 53.810545 29.30487 0 914.07676 640.04344 400 

37 Optimized 54.66089 29.666685 0 897.54618 628.4686 400 

38 Optimized 55.567155 30.053135 0 883.0824 618.34095 400 

39 Optimized 56.47342 30.439585 0 868.77087 608.31991 400 

40 Optimized 57.324915 30.80746 0 838.99256 587.46892 400 

41 Optimized 58.12165 31.156755 0 826.68131 578.84849 400 

42 Optimized 58.918385 31.506045 0 814.7494 570.49367 400 

43 Optimized 59.793555 31.898335 0 779.69937 545.95138 400 

44 Optimized 60.74717 32.333625 0 766.31532 536.57977 400 

45 Optimized 61.31249 32.59333 0 737.78032 516.59934 400 

46 Optimized 61.801855 32.82589 0 731.36313 512.10598 400 

47 Optimized 62.356005 33.092305 0 703.58644 492.65653 400 

48 Optimized 63.012285 33.41732 0 695.41592 486.93547 400 

49 Optimized 64.01826 33.91552 0 683.74637 478.76436 400 

50 Optimized 65.024235 34.41372 0 673.18142 471.36671 400 

51 Optimized 66.015965 34.91987 0 636.66828 445.79993 400 

52 Optimized 66.993455 35.433965 0 627.82214 439.60579 400 

53 Optimized 67.970945 35.94806 0 620.02631 434.1471 400 

54 Optimized 68.938725 36.498825 0 550.00801 385.11975 400 
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55 Optimized 69.85203 37.053215 0 550.42394 385.41099 400 

56 Optimized 70.72057 37.57457 0 543.74083 380.73142 400 

57 Optimized 71.545095 38.05634 0 559.46869 391.74419 400 

58 Optimized 72.325605 38.498525 0 555.44445 388.92639 400 

59 Optimized 73.19692 38.939525 0 725.54146 0.012663087 0.001 

60 Optimized 74.12143 39.36214 0 787.69201 0.013747819 0.001 

61 Optimized 75.008335 39.767565 0 853.26978 0.014892367 0.001 

62 Optimized 75.89524 40.17299 0 924.91823 0.016142868 0.001 

63 Optimized 76.782145 40.578415 0 1002.8732 0.01750344 0.001 

64 Optimized 77.285205 40.808375 0 1046.3079 0.018261519 0.001 

65 Optimized 77.83644 42.29481 0 864.43971 0.015087319 0.001 

66 Optimized 78.544735 45.58456 0 147.09177 84.923474 0 

67 Optimized 78.7903 49.58456 0 7.5005825 4.3304633 0 

Slices of Slip Surface: 2 

 

Slip 
Surfa

ce 
X (ft) Y (ft) 

PWP 
(psf) 

Base Normal 
Stress (psf) 

Frictional 
Strength (psf) 

Cohesiv
e 

Strength 
(psf) 

1 2 24.702655 22.1019 0 182.81027 128.00513 400 

2 2 25.79104 21.84432 0 309.71882 216.86745 400 

3 2 26.91245 21.698745 0 403.65609 282.64304 400 

4 2 27.936045 21.635055 0 547.44846 383.32754 400 

5 2 28.85273 21.58956 0 655.80706 459.20105 400 

6 2 29.644845 21.567565 0 758.5204 531.1217 400 

7 2 30.41929 21.55088 0 874.9507 612.64708 400 

8 2 31.193735 21.534195 0 997.28062 698.30341 400 

9 2 32.02056 21.591885 0 859.80418 602.04137 400 

10 2 32.89976 21.72395 0 934.5458 654.37601 400 

11 2 33.77896 21.856015 0 1009.085 706.56889 400 

12 2 34.65816 21.988085 0 1083.028 758.34436 400 

13 2 35.53736 22.120155 0 1155.9362 809.39525 400 

14 2 36.41283 22.26499 0 1163.0288 814.36153 400 

15 2 37.259985 22.41815 0 1196.2404 837.61656 400 

16 2 38.08255 22.566865 0 1202.6527 842.10645 400 

17 2 38.905115 22.715575 0 1206.4809 844.78699 400 
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18 2 39.4653 22.85743 0 771.72288 540.36618 400 

19 2 40.10761 23.14861 0 1500.1647 1050.4267 400 

20 2 41.094425 23.59597 0 1438.1424 1006.9982 400 

21 2 42.08124 24.043325 0 1377.966 964.86219 400 

22 2 43.068055 24.49068 0 1319.4509 923.88948 400 

23 2 44.03398 24.93924 0 1222.7189 856.15696 400 

24 2 44.979015 25.389 0 1168.5435 818.22299 400 

25 2 45.92405 25.83876 0 1115.9925 781.42637 400 

26 2 46.869085 26.28852 0 1064.7792 745.5664 400 

27 2 47.82664 26.70957 0 1137.4116 796.42417 400 

28 2 48.796715 27.10191 0 1088.8647 762.43127 400 

29 2 49.766785 27.49425 0 1040.5089 728.5722 400 

30 2 50.73686 27.88659 0 992.24874 694.78005 400 

31 2 51.3663 28.14116 0 966.4686 676.7286 400 

32 2 52.0648 28.423665 0 958.16899 670.91715 400 

33 2 52.986475 28.79643 0 947.28448 663.29573 400 

34 2 53.72163 29.093755 0 938.68426 657.2738 400 

35 2 54.5373 29.4531 0 833.14644 583.37541 400 

36 2 55.43348 29.87446 0 821.24088 575.03906 400 

37 2 56.329655 30.295825 0 810.06238 567.21179 400 

38 2 57.22583 30.71719 0 799.67153 559.93603 400 

39 2 58.12201 31.13855 0 790.10872 553.24008 400 

40 2 59.01819 31.55991 0 781.42443 547.15927 400 

41 2 59.94996 31.965645 0 859.7525 602.00518 400 

42 2 60.91732 32.35575 0 853.70297 597.76925 400 

43 2 61.95515 32.774275 0 848.34974 594.02089 400 

44 2 62.994445 33.19339 0 844.28314 591.17342 400 

45 2 63.96473 33.584675 0 841.70241 589.36637 400 

46 2 64.935015 33.975965 0 840.38336 588.44277 400 

47 2 65.905305 34.367255 0 840.36425 588.42938 400 

48 2 66.852685 34.7534 0 831.57043 582.27189 400 

49 2 67.77716 35.134405 0 834.01064 583.98054 400 

50 2 68.70164 35.515415 0 837.71095 586.57152 400 

51 2 69.62612 35.896425 0 842.66137 590.03785 400 

52 2 70.5506 36.277435 0 848.8819 594.39351 400 

53 2 71.47508 36.658445 0 856.34253 599.6175 400 
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54 2 72.39956 37.039455 0 865.02327 605.69581 400 

55 2 73.32404 37.420465 0 874.91411 612.62145 400 

56 2 74.24852 37.801475 0 885.97504 620.3664 400 

57 2 75.173 38.182485 0 898.16607 628.90266 400 

58 2 76.09748 38.563495 0 911.4472 638.2022 400 

59 2 76.89266 40.518675 0 652.7422 0.011392501 0.001 

60 2 77.364335 43.018675 0 616.3725 0.01075773 0.001 

61 2 77.918435 46.21577 0 164.50403 94.976445 0 

62 2 78.59334 50.21577 0 50.901522 29.388007 0 
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logged at the site.  Furthermore, no evidence of such soft clay bed was
observed during the geologic mapping performed of the existing cut slope. 
Therefore, the soft clay bed under consideration is considered to be localized,
and therefore, discontinuous.

Response to Comment 20: “Address if the proposed offsite improvements will destabilize or result in

settlement of adjacent property or the right of way.”

The proposed Soil Nail walls, constructed in accordance with the
recommendations provided in the referenced report, will not destabilize or result
in settlement of adjacent property or the right-of-way.

LIMITATIONS

Services performed by GEOBASE and reported herein were conducted in accordance with generally accepted 
geotechnical engineering principles and practices.  No other warranty, expressed or implied, is made.

This response is subject to review by the appropriate regulating agencies.

Respectfully submitted
GEOBASE, INC.

J-M. (John) Chevallier, P.E., G.E. R. Chavez, R.G., C.E.G.
R.C.E. 39198; G.E. 2056 R.G. 4588; C.E.G. 1599
Managing Principal Associate Geologist

Attachments: Review Information
Figure 1 Existing Site Topography and Boring Locations Plan
Figure 2 Geologic Cross Section, Station 11+75
Figure 3 Geologic Cross Section, Station 13+00
Figure 4 Geologic Cross Section, Station 15+40
Figure 5 Geologic Cross Section, Station 16+70
Figure 6 Geologic Cross Section A-A’

GEOBASE, INC.
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Reference
Issue 
Num Issue TextCleared?

11 Preliminary Drainage, Grading and Utility Plan, Kaiser Permanente, San Diego Central Hospital (Sheet DP-05), 
prepared by RBF Consulting, dated November 8, 2012 

 (From Cycle 24)

�

12 Clairemont Mesa Blvd Off-Site Improvements, Kaiser Permanente, San Diego Central Hospital (Sheet DP-25 
and DP-25a), prepared by RBF Consulting, dated November 8, 2012

 (From Cycle 24)

�

Comment
Issue 
Num Issue TextCleared?

13 The previous review comments that have not been cleared have not been adequately addressed and remain 
applicable.

 (From Cycle 24)

�

14 Submit an addendum geotechnical investigation report that addresses the proposed Clairemont Mesa Blvd 
Off-Site Improvements Plans (Sheet DP-25 and DP-25a), referenced above.

 (From Cycle 24)

�

15 The project's geotechnical consultant must indicate if the proposed slopes and retaining walls necessary for the 
proposed Clairemont Mesa Boulevard improvements will have a factor of safety of 1.5 or greater for gross 
(deep-seated) slope stability. (From Cycle 24)

�

274240-25 (1/31/13)
References

Issue 
Num Issue TextCleared?

16 Geotechnical Report, Clairemont Mesa Boulevard Retaining Walls, Kaiser Permanente - San Diego Central 
Hospital, San Diego, California, prepared by Geobase, Inc., dated December 13, 2012 (their project no. 
C.314.50.10)

Site Plan, Kaiser Permanente, San Diego Service Area Central Hospital, prepared by CO Architects, dated 
January 16, 2013 (their project no. 11016.000)

 (New Issue)

�

Comments
Issue 
Num Issue TextCleared?

17 Submit an addendum geotechnical report that addresses or provides the following:

 (New Issue)

�

18 Provide a geologic cross section for each of the analyzed sections per the City's Guidelines for Geotechnical 
Reports.  The cross sections should show existing and proposed grades, geologic units, geologic structure, and 
groundwater conditions.  The cross sections should be true scale (horizontal=vertical).

 (New Issue)

�

19 A soft clay interbed is described in Boring 2 at a depth of 33-feet.  Indicate if anisotropic strengths should be 
incorporated into the slope stability analyses to model this clay interbed or other potential clay interbeds. 

 (New Issue)

�

20 Address if the proposed offsite improvements will destabilize or result in settlement of adjacent property or the 
right of way.

 (New Issue)

�

For questions regarding the 'LDR-Geology' review, please call  Jim Quinn at (619) 446-5334.  Project Nbr: 274240 / Cycle: 25

p2k v 02.03.38 Jeff Peterson 446-5237
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GEOBASE
GEOLOGIC CROSS SECTION A-A' 

CLAIREMONT MESA BOULEVARD RETAINING WALLS 
KAISER PERMANENTE -- SAN DIEGO CENTRAL HOSPITAL 

SAN DIEGO, CALIFORNIAC.314.50.11 FIGURE 6

Existing Grade
A A'

TD = 73 ft.

        0        50                 100  feet 
                
         GRAPHIC SCALE

CROSS-SECTION A-A'
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NOTE:  Stratigraphic sections are known with accuracy only at the 
locations observed. The soil stratigraphy between borings has been 
inferred and may vary from that shown.

Af

SANDSTONE  (Tf)

GRAVELLY COBBLY 
CONGLOMERATE (Tf)

Tf -  Friars Formation (Bedrock) 
Af - Undocumented Man-made fill 
  
      Cross-Section of Wall Station 
  
      Interpreted contact between predominantly sandstone above and conglomerate 
      below of the Friars Formation. Bedding is essentially Horizontal. 
  
     Measured Groundwater Seepage 
  
     Apparent projection of fracture
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Interpreted Contact between predominantly 
Sandstone above and Conglomerate below. 
Bedding is essentially Horizontal.
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