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GEOTECHNICAL INVESTIGATION AND GEOLOGIC HAZARD EVALUATION
Dove Hill Assisted Living Community
4200 Dove Hill Road
San Jose, California

1.0 INTRODUCTION

This report presents the results of the geotechnical investigation and geologic hazard evaluation
performed by Langan Treadwell Rollo (Langan) for the Dove Hill Assisted Living Community
Project at 4200 Dove Hill Road in San Jose, California. The subject property is north of
Hassler Parkway and east of Highway 101, as shown on Figure 1.

The site encompasses approximately 21 acres; however, only a 3-acre portion of the site is
slated for development. Based on our review of site topography’, existing grades within the
proposed development range between approximately Elevation 180 to 220 feet?.

We understand that the existing structures will be demolished and replaced with two new
buildings, designated as Buildings A and B; both buildings are proposed to be four stories above
a podium level. According to the project plans, the finished floor of Buildings A and B will be at
Elevations 187 and 207 feet, respectively. Cuts and fills on the order of approximately
three feet are anticipated to achieve final grades for the two new building pads. A garden and
recreational area are proposed upslope of Building B.

A previous geologic hazards evaluation and geotechnical engineering study titled Dove Hill
Assisted Living Community, APN 679-08-002/003; APN 679-09-001/002: (21+ Acres), 4200
Dove Hill Road, San Jose, Santa Clara County, California was prepared by E,C, Incorporated
(dated 3 September 2008). Subsurface data from this study was used in our investigation, and
the approximate locations of the E,C borings are shown on Figures 2 and 3. Boring logs and
laboratory test data from this report are presented in Appendix A.

' Caruso (2015). Electronic file provided by Salvatore Caruso Design Corporation titled, “ACAD-site-06 Survey

Only Shown,” dated 18 March 2015.

2 All elevations reference North American Vertical Datum of 1988 (NAVD 88).
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2.0 SCOPE OF SERVICES

Our geotechnical investigation was performed in general accordance with the scope of services
outlined in our proposal dated 8 October 2014. The scope consisted of reviewing previous site
reports, advancing eight exploratory borings and performing engineering analyses to develop
conclusions and recommendations regarding:

e anticipated subsurface conditions including groundwater levels;

e 2013 California Building Code (CBC) site classification, mapped values Sg and S,
modification factors F, and F, and Sy,s and Sy;;;

e site seismicity and potential for seismic hazards;

e appropriate foundation type(s) including deep foundations, as necessary;
e estimated range of capacities for the probable foundation type;

e anticipated settlement;

e corrosivity, with brief evaluation;

e construction considerations.

Our geologic hazard evaluation was performed concurrently with our geotechnical investigation.
Our scope of services for the geologic hazard evaluation included:

e review of available geologic, subsurface and other technical data for the site and
vicinity;

e review of stereo-paired aerial photographs;
e performing detailed site engineering geologic mapping;

e submitting soil and rock samples to determine the presence for asbestos-bearing
serpentinite;

e preparing four idealized subsurface (Geologic) profiles;
e performing liquefaction analyses; and

e performing slope stability analyses for slopes adjacent to the proposed structures to
determine stability under static and seismic conditions.

LANGAN TREAOWELL ROLLO
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3.0 FIELD EXPLORATION AND LABORATORY TESTING

To evaluate surface and subsurface conditions, we advanced eight exploratory borings,
submitted samples for laboratory testing and completed geologic mapping.

3.1 Exploratory Borings

To supplement the available subsurface data, we drilled eight test borings. The approximate
locations of the borings are presented on Figures 2 and 3. Prior to performing the field
investigation, we notified Underground Service Alert (USA) at least 48 hours prior to proceeding
with our exploratory drilling. We also retained the services of a private utility locator to verify
clearance of underground utilities.

On 25 March 2015, eight test borings, designated as B-1 through B-8, were drilled using a
truck-mounted drill rig equipped with hollow stem augers, operated by Exploration Geoservices,
Inc. The borings were drilled to a maximum depth of approximately 23.5 feet below the
existing ground surface (bgs). Our geologists logged the soil conditions encountered in the
borings and obtained samples for visual classification and laboratory testing. The logs of
borings are presented on Figures B-1 through B-8 in Appendix B. The soil and
rock encountered in the borings were classified in accordance with the Classification
Chart presented on Figure B-9 and the physical properties criteria for rock descriptions for
Figure B-10, respectively..

Soil samples were obtained using two different types of driven split-barrel samplers. The
sampler types are as follows:

e Sprague & Henwood (S&H) sampler with a 3.0-inch outside diameter and 2.5-inch inside

diameter, lined with steel or brass tubes with an inside diameter of 2.43 inches

e Standard Penetration Test (SPT) sampler with a 2.0-inch outside diameter and 1.5-inch

inside diameter, without liners

The sampler types were chosen on the basis of soil type being sampled and desired sample
quality for laboratory testing. In general, the S&H sampler was used to obtain samples in
medium stiff to very stiff cohesive soil and the SPT sampler was used to evaluate the
penetration resistance of sandy soil.

LANGAN TREAOWELL ROLLO
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The SPT and S&H samplers were driven with a 140-pound, above-ground, downhole safety
wireline hammer falling 30 inches. The samplers were driven up to 18 inches and the hammer
blows required to drive the samplers every six inches of penetration were recorded and are
presented on the boring logs. A “blow count” is defined as the number of hammer blows per
six inches of penetration. The blow counts required to drive the S&H and SPT samplers were
converted to approximate SPT N-values using factors of 0.6 and 1.0, respectively, to account
for sampler type and hammer energy, and are shown on the boring logs. The blow counts
used for this conversion were the last two blow counts.

Upon completion, the boreholes were backfilled with cement grout in accordance with the
requirements of the SCVWD.

The soil cuttings from the borings were collected in bb-gallon drums, which were stored
temporarily at the site, tested, and eventually transported off-site for proper disposal.

3.2 Reconnaissance Engineering Geologic Mapping

On 30 March 2015, our geologists completed detailed engineering geologic mapping of the
site. The purpose of the mapping was to identify, characterize and evaluate site surface
conditions and their potential impact on proposed site improvements. Using a recent site
topographic survey, we documented the distribution of earth materials, rock outcrops, landslide
features, slope inclinations, spring and seep locations, and the distribution of cuts and fills
(Figure 4, Engineering Geologic Map).

3.3 Laboratory Testing

The samples recovered from the field investigation were examined to verify their soil
classification, and representative samples were selected for laboratory testing. Soil samples
were tested to measure moisture content, shear strength, plasticity (Atterberg Limits) and
R-value. Results of the laboratory tests are included on the boring logs and in Appendix C.
Laboratory tests from previous investigations by others are included in Appendix A.

To evaluate the corrosivity of the soil near the foundation subgrade, we performed corrosivity
tests on samples obtained from the upper five feet. The corrosivity of the soil samples was
evaluated by CERCO Analytical using the following ASTM Test Methods:

e Redox-ASTM D1498

LANGAN TREAOWELL ROLLO
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e pH-ASTM D4972

e Resistivity (100% Saturation) — ASTM Gb57
e Sulfide — ASTM D4658M

e Chloride — ASTM D4327

e Sulfate — ASTM D4327

The laboratory corrosion test results and a brief corrosivity evaluation are presented in
Appendix D.

In addition, we performed asbestos test, on selected samples of rock. The results are included
in Appendix E

4.0 SITE AND SUBSURFACE CONDITIONS

4.1 Site Conditions

The subject property is located within the eastern foothills above San Jose, immediately
adjacent to the northbound lanes of Highway 101. The site is accessed from Dove Hill Road,
which intersects the Hellyer Avenue exit. Two main driveways lead to the existing residence
from Dove Hill Road. The site is currently occupied by a two-story residential structure, barns
and several auxiliary structures. The portion of the site immediately adjacent to Dove Hill Road
is occupied by an industrial yard, with trailers and various types of machinery. A water tank is
located approximately 550 feet upslope from the existing residence. The remainder of the
property above the existing structures is open horse pasture.

Site topography is characterized by steep north- to west-facing hillslopes. Site slopes in the
vicinity of the proposed improvements have been significantly altered by grading. A steep cut
slope above the existing residence up to 35 feet high is unretained, and shows signs of surficial
creep. The southern half of the site appears to have undergone significant quarrying/borrow
excavations, resulting in steep cuts up to 1:1 (horizontal to vertical) inclinations. Areas of
instability were noted on site cut slopes (Figure 4).

Previous grading activities in the vicinity of existing improvements have resulted in two
relatively level building pads, flanked by moderately steep to steep cut slopes up to 34 degrees.
Cut slopes above the lower building pad are covered in concrete rubble and timber debris.

LANGAN TREAOWELL ROLLO
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Several areas of fill were observed on the slopes above the existing residence, and on the
southern slopes above Dove Hill Road. Isolated areas of fill on site slopes were also noted, and
are likely remnants of previous site grading activities.

A spring-fed horse trough was observed on the slope above proposed Building A. Areas that
appeared to be relatively lush, green and muddy were noted around the site, indicating the
likelihood for underground seeps that were not observed at the ground surface. These areas
are depicted on Figure 4. Water-loving grasses and plants are indicated as phreatophytes.

4.2 Aerial Photo Review

We evaluated site conditions based on aerial photo interpretation. We used standard
stereographic photograph interpretation techniques to map geologic-related features such as
benches, tonal lineaments, linear vegetation features, seepage, depressions and other surface
lineaments.

We have identified prominent surficial features on 14-pairs of aerial photographs spanning 1954
through 1990. The contact prints that we reviewed for investigation are included in Table 1.

The 1954 photographs show the property located at 4200 Dove Hill Road to lie at the base of a
northern-facing hillslope. Access to the property was via an unimproved road leading east from
(present-day) Hwy 101 and leading south toward the larger of two buildings. The site was
within a drainage swale bound by hillslopes that form an amphitheater-shaped drainage upslope
of the buildings on the site. \What appears as farm buildings were constructed on an upper
bench cut into the base of the north-facing slope. At about mid-slope and north of the buildings
we identified a ditch cut along a contour into the hillside; dark tonal contrast in the photograph
downslope below the ditch, suggest seepage and heavy vegetation growth. The hill to the
south of the buildings appeared to have many “terracettes”, perhaps created by cows or other
domestic grazing animals. At this date, there were two bench levels with cuts upslope. The
site was covered in grass with the exception of several trees and scattered bushes.

There is a gap in available high resolution aerial photography from 1954 to 1971. We observed
the following conditions from the 1971 photographs. Several buildings and stables were added
next to the larger of the two original buildings; the smaller building was removed, and a new
access road constructed that approaches the property from the south along Hwy 101.
Extensive grading of the north-facing hill slope was completed. The western nose of the hill
was cut to accommodate the southern access road; the excavated material was pushed to the

LANGAN TREAOWELL ROLLO
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northeast. The north-facing slope was cut into and material was pushed northward into the
swale. Another road was also cut leading from the base through the middle of the hill. The
lower cut slope located near the center of the property was extended northward and a new
building was erected at the base of the new cut-slope. Two small debris slides are evident on
the outboard edge of the middle slope cut.

Two landslides coalesced to include the mid-slope road cut on the north-facing slope sometime
between 1971 and 1974. These landslides left head scarps evident today that undermined the

road and cut slope above.

The landslide deposits accumulated on the benched level area and appeared to be graded in the
1976 photos. A small pond impoundment was present in the excavated area east of the
landslide deposits. This pond increased in size in the 1976 photos. A gentle low topographic
area downstream of the pond collects surface runoff that flows over the top of the cut slope
below, causing instability above the existing buildings. This is exacerbated by the increased
pond size and general poor drainage of this benched/graded area.

Between 1982 and 1984, two smaller landslides occurred along the slope directly behind the
largest building. Their head scarps were near the top of the slope and their toes appeared to
have been either minimal, or possibly cleared away since emplacement. Also between the
years 1982 and 1984, contrasting dark tonal areas on the northern hillside at two localities
indicate seepage from hillslope springs. These areas do not appear in aerial photos after 1984.

Much of the material displaced by the cuts made in the north-facing slope appears to remain
through the time of the most recent aerial photo (1999). Vegetation including small trees were
observed to proliferate on the displaced fill. The upper half of the hillside to the east and
northeast appears much darker than the lower half of the hill in the 1996 and 1999 photos. One
possible cause for this darkening of the ground surface is a brush fire sometime between 1992
and 1996. Two new small slump landslides appear and to initiate in the cut slope above the
buildings in 1992, and grow in dimensions by 1996.

LANGAN TREAOWELL ROLLO
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TABLE 1
List of Aerial Photographs Reviewed

Date Photo Number Scale Source
3/2/1954 AV-129-14-27,28 1:9,600 Pacific Aerial Surveys

9/28/1963 CIV-6DD-128,129 1:20,000 USGS

5/24/1965 SCL 19-44, 45 1:20,000 USGS
10/12/1971 AV-1006-18-20,21 1:12,000 Pacific Aerial Surveys

7/12/1974 11-171,172 4 1:12,000 USGS
7/23/1980 AV-1905-17-15,16 1:12,000 Pacific Aerial Surveys

2/22/1981 3-140, 141 GS VEZR 1:24,000 USGS
4/30/1982 AV-2135-18-19,20 1:12,000 Pacific Aerial Surveys
6/28/1988 AV-3324-17-24,25 1:12,000 Pacific Aerial Surveys
7/23/1990 AV-3845-29-90,91 1:12,000 Pacific Aerial Surveys
7/22/1992 AV-4230-0131-79, 80 1:12,000 Pacific Aerial Surveys
7/31/1996 AV-5200-31-78,79 1:12,000 Pacific Aerial Surveys
8/20/1999 AV-6100-231-29,31 1:12,000 Pacific Aerial Surveys

4.3 Subsurface Conditions

According to published geologic maps, the site is mapped as underlain by Jurassic-age
serpentinized harzburgite and dunite of the Silver Creek Block (Regional Geologic Map,
Figure 5). Where explored, the near surface material encountered in the borings consists of
undifferentiated colluvial and artificial fill deposits. Materials identified as potential artificial fill
appear to have been derived from the colluvium. These deposits consist of very stiff, high
plasticity clay to a depth of approximately four to nine feet below ground surface (bgs).
Laboratory tests results indicate the near surface clay has high expansion potential® with
plasticity indices ranging from 50 to 52. Samples of this material submitted for laboratory
testing indicate that the undrained shear strengths of the near surface clay range from 1,900 to
5,140 pounds per square foot (psf).

Bedrock encountered underlying the surficial materials include sheared serpentinized
harzburgite and dunite, with inclusions of mélange, sandstone and shale, to the maximum
depth explored.

3 Highly expansive soil undergoes large volume changes with changes in moisture content.

LANGAN TREADWELL ROLLO
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Groundwater was measured at approximately 10.5 feet bgs, corresponding to Elevation
199 feet, in boring B-8. Groundwater was not encountered at borings B-1 through B-7.
Seasonal fluctuations in rainfall influence groundwater levels and may cause several feet of

variation.

Using the results of our exploratory drilling, geologic mapping as well as boring log data from
the previous site investigation, we developed idealized subsurface profiles (Figures 6 through 9)
to depict the general surface, geologic and subsurface conditions with respect to the proposed
site improvements.

5.0 REGIONAL GEOLOGY, SEISMICITY AND GEOLOGIC HAZARDS

During a major earthquake, strong to violent ground shaking is expected to occur at the project
site. Strong ground shaking during an earthquake can result in ground failure such as that
associated with soil liquefaction,* lateral spreading,” cyclic densification,® landsliding, or
seismically-induced landsliding. Each of these conditions, and other seismic hazards affecting
the site, has been evaluated based on our literature review, field investigation and analysis, and
are discussed in this section.

5.1 Regional Geology

The site is located in the Coast Ranges geomorphic province, which is characterized by
northwest-southeast trending valleys and ridges. These are controlled by folds and faults that
resulted from the collision of the Farallon and North American plates and subsequent shearing
along the San Andreas fault. The bedrock in the site vicinity is mapped as Jurassic
serpentinized harzburgite and dunite of the Silver Creek Block (Figure 5). This unit is
characterized as mainly sheared serpentinite, but also includes massive serpentinized
harzburgite. The unit was identified and mapped in the field as serpentinite and serpentinized
dunite.

4 Liguefaction is a transformation of soil from a solid to a liquefied state during which saturated soil temporarily

loses strength resulting from the buildup of excess pore water pressure, especially during earthquake-induced
cyclic loading. Soil susceptible to liguefaction includes loose to medium dense sand and gravel, low-plasticity
silt, and some low-plasticity clay deposits.

Lateral spreading is a phenomenon in which surficial soil displaces along a shear zone that has formed within an
underlying liquefied layer. Upon reaching mobilization, the surficial blocks are transported downslope or in the
direction of a free face by earthquake and gravitational forces.

Cyclic densification is a phenomenon in which non-saturated, cohesionless soil is densified by earthquake
vibrations, causing ground-surface settlement.

LANGAN TREAOWELL ROLLO
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The site is mapped within a zone designated with the potential for liquefaction and a zone
designated as susceptible to earthquake-induced landsliding, according to the State of California
Seismic Hazard Zones Map of the San Jose East 7.5-Minute Quadrangle, Santa Clara County,
prepared by the California Geologic Survey (CGS, formerly the California Division of Mines and
Geology), dated 17 January 2001 (Figure 10). According to published landslide maps (CGS,
2011), two landslides features are mapped on the north portion of the site, above proposed
Building A. A large landslide is mapped in the southern half of the site, above proposed
Building B and the proposed garden and recreational area.

5.2 Regional Seismicity

The major strands of active faults in the area are the San Andreas, San Gregorio, Hayward, and
Calaveras faults. These and other faults of the region are shown on Figure 11. For each of the
active faults within 100 kilometers (km) of the site, the distance from the site and estimated
mean characteristic Moment magnitude7 [2008 Working Group on California Earthquake

Probabilities (WGCEP) (2008) and Cao et al. (2003)] are summarized in Table 1.

TABLE 2
Regional Faults and Seismicity
Mean
Approximate Characteristic
Distance from | Direction from Moment
Fault Segment Site (km) Site Magnitude

Monte Vista-Shannon 9.1 Southwest 6.50
Total Calaveras 10 East 7.03
Total Hayward 19 North 7.00
Total Hayward-Rodgers Creek 19 North 7.33
N. San Andreas - Santa Cruz 21 Southwest 7.12
N. San Andreas (1906 event) 21 Southwest 8.05
N. San Andreas — Peninsula 21 Southwest 7.23
Zayante-Vergeles 27 Southwest 7.00
Greenville Connected 33 Northeast 7.00
Ortigalita 47 East 7.10
San Gregorio Connected 47 West 7.50
Mount Diablo Thrust 49 North 6.70
Monterey Bay-Tularcitos 49 Southwest 7.30

Moment magnitude is an energy-based scale and provides a physically meaningful measure of the size of a
faulting event. Moment magnitude is directly related to average slip and fault rupture area.

LANGAN TREAOWELL ROLLO
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Mean
Approximate Characteristic
Distance from | Direction from Moment
Fault Segment Site (km) Site Magnitude
Great Valley 7 53 Northeast 6.90
Quien Sabe 56 Southeast 6.60
Great Valley 8 60 East 6.80
SAF.—.creeplng segment (jl0.sa-creep, 61 Southeast 6.70
modified)
Rinconada 68 South 7.50
Green Valley Connected 70 North 6.80
Great Valley 9 76 East 6.80
Great Valley b, Pittsburg Kirby Hills 81 North 6.70
N. San Andreas - North Coast 87 Northwest 7.51

Figure 11 also shows the earthquake epicenters for events with magnitude greater than 5.0
from January 1800 through August 2014. Since 1800, four major earthquakes have been
recorded on the San Andreas fault. In 1836 an earthquake with an estimated maximum
intensity of VII on the Modified Mercalli (MM) scale (Figure 12) occurred east of Monterey Bay
on the San Andreas fault (Toppozada and Borchardt 1998). The estimated Moment magnitude,
M,, for this earthquake is about 6.25. In 1838, an earthquake occurred with an estimated
intensity of about VII-IX (MM), corresponding to a M,, of about 7.5. The San Francisco
Earthquake of 1906 caused the most significant damage in the history of the Bay Area in terms
of loss of lives and property damage. This earthquake created a surface rupture along the
San Andreas fault from Shelter Cove to San Juan Bautista approximately 470 kilometers in
length. It had a maximum intensity of XI (MM), a M,, of about 7.9, and was felt 560 kilometers
away in Oregon, Nevada, and Los Angeles. The Loma Prieta earthquake occurred on 17
October 1989, in the Santa Cruz Mountains with a M,, of 6.9, approximately 29 km from the
site.

In 1868 an earthquake with an estimated maximum intensity of X on the MM scale occurred on
the southern segment (between San Leandro and Fremont) of the Hayward Fault.
The estimated M,, for the earthquake is 7.0.

In 1861, an earthquake of unknown magnitude (probably a M,, of about 6.5) was reported on
the Calaveras fault. The most recent significant earthquake on this fault was the 1984 Morgan
Hill earthquake (M,, = 6.2).
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The most recent earthquake to be felt in the Bay Area is the Napa earthquake, which occurred
on 24 August 2014 with a M,, of 6.0. The earthquake epicenter is approximately 113 kilometers
north of the site, and is believed to have occurred within the Napa fault system.

The 2007 WGCEP at the U.S. Geologic Survey (USGS) predicted a 63 percent chance of a
magnitude 6.7 or greater earthquake occurring in the San Francisco Bay Area in 30 years. More
specific estimates of the probabilities for different faults in the Bay Area are presented in
Table 2.

TABLE 3
WGCEP (2008) Estimates of 30-Year Probability
of a Magnitude 6.7 or Greater Earthquake

Probability
Fault (percent)
Hayward-Rodgers Creek 31
N. San Andreas 21
Calaveras 7
San Gregorio 6

5.3 Fault Rupture

In addition to the faults indicated in Table 2, According to the USGS Quaternary Fault and Fold
Database (2006), the site is located approximately 1.1 miles southwest of the potentially active
Silver Creek fault, and 0.5 miles northeast of the northern terminus of a potentially active,
unnamed fault. The potentially active Piercy fault is located approximately one mile to the
southwest.

The Silver Creek fault trends northwest-southeast. It is a steeply west-dipping reverse fault
that has been identified as potentially active and capable of a significant seismic activity based
on geomorphic and paleoseismic evidence presented by Hitchcock and Brankman (2002).
Outcrop evidence shows that the Silver Creek fault dips westward, making it distinct from the
nearby Quinby and Evergreen eastward-dipping reverse faults. Hitchcock and Brankman (2002)
present structural, geologic, and geomorphic evidence that the Silver Creek fault is part of the
Foothills Thrust Fault System and is therefore influenced by the restraining bend in the San
Andreas fault within the Santa Cruz Mountains.
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The Piercy fault is one of several potentially active, northwest-southeast trending, east-dipping
reserve faults that run through the eastern Santa Clara Valley. Rapid uplift of the East Bay
structural domain (1.5 £0.5 mm/yr) has been accommodated in part by the Piercy fault.

We evaluated the risk of fault rupture at the site associated with active or potentially active fault
traces. Historically, ground surface displacements closely follow the trace of geologically young
faults. Based on our study and geologic mapping, we conclude the site is not within an
Earthquake Fault Zone, as defined by the Alquist-Priolo Earthquake Fault Zoning Act and no
known active or potentially active faults exist on the site. Therefore, we judge the risk of
surface faulting at the site is low. However, in a seismically active area, the remote possibility
exists for future faulting in areas where no faults were previously mapped.

5.4 Liquefaction

The western half of the site is within a zone designated with the potential for liquefaction, in
the official hazards map titled State of California Seismic Hazard Zones, San Jose East
Quadrangle, prepared by the California Geologic Survey (CGS), dated 17 January 2001 (Figure
10). Specifically, the map shows the site is in an area “where historic occurrence of
liquefaction, or local geological, geotechnical and groundwater conditions indicate a potential for
permanent ground displacements such that mitigation as defined in Public Resources Code
Section 2693 (c) would be required.”

The borings indicate the site is underlain by clay above bedrock. Because the soil encountered
above bedrock consists of high plasticity clay, we judge the liquefaction potential as low.

5.5 Lateral Spreading

Because of the clayey nature of the soils overlying bedrock, lack of liquefiable deposits at the
site, and lack of an open face above a channel or waterway in the vicinity of the proposed
improvements, we conclude that the potential for lateral spreading at the site is low.

5.6 Cyclic Densification

Cyclic densification refers to seismically-induced differential compaction of non-saturated
granular material (sand and gravel above the groundwater table) caused by earthquake
vibrations. Because the soil above the groundwater level is clay, we conclude that cyclic
densification is negligible.
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5.7 Landsliding

According to the CGS Seismic Hazard Zone Report for the San Jose East Quadrangle (2001) the
site is located on a slope in the western portion of the Silver Creek Hills where the combination
of dissected hills and weak rocks has produced widespread and abundant landslides (California
Department of Conservation, 2000). Published mapping indicates the site is within a zone
where landslides have occurred, as identified by the official seismic hazards map of the area
(Figure 10).

Two landslides were mapped identified in the field on the slopes in the northern half of the
property above proposed Building A, designated as Qlso (old landslide) and Qlsd (dormant
landslide), north to south (Figure 4). The old landslide is characterized as a shallow translational
slide, with abundant bedrock boulders within the slide mass. A spring is located near the toe of
the slide.

The dormant landslide is characterized as a shallow earth flow, likely confined to the surficial
materials overlying bedrock. The slide appears as a very subtle feature identified by slightly
elevated, uneven topography extending downslope, with tonal differences in vegetation relative
that growing on the adjacent slopes.

During our aerial photo review, we identified an area of instability in the southern half of the
property, on the slopes in the previous borrow/quarry area. Cut slopes above the proposed
garden/recreation area appear to have failed in the past. Cut slope inclinations were measured
in the field to be generally 1:1 (H:V), and occurred within bedrock materials. Very steep cut
slope -inclinations and the sheared nature of site bedrock, which is highly susceptible to
weathering, likely contributed to instability in this area. Areas of instability observed during our
aerial photo review are indicated on Figure 4.

Slip-outs were also observed in the cut slope above the existing residence, which was
excavated into colluvial materials. Slope inclinations within the cut face range between 23 and
34 degrees. Cut slope failure behind the house was noted in the 1984 photos.
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5.8 Expansive Soil

Surficial materials mantling the bedrock were determined through laboratory testing to have
plasticity indices ranging from 50 to 52. Dessication cracks were also observed on the ground
surface at the site, in areas underlain by clayey artificial fill and colluvium. We conclude that the
potential for expansive soil to impact the proposed improvements is high.

5.9 Asbestos-Bearing Bedrock

Serpentinite bedrock is exposed in cut slopes within and around both parcels. According to
CGS Note 14, serpentinite is primarily composed of one or more of the three magnesium
silicate minerals: lizardite, chrysotile and antigorite. Chrysotile often occurs in fibrous veinlets in
serpentinite, and is the most common type of asbestos. Lizardite and antigorite do not form
asbestos fibers. Because serpentinite often contains some asbestos and exposure to asbestos
fibers have potential human health consequences, testing was conducted on site bedrock
materials to determine if they are asbestos-bearing.

Asbestos is typically a concern when it becomes airborne with potential for being inhaled.
Mitigation during construction usually requires dust control. Any excavated asbestos containing
material must be properly disposed. Encapsulation of asbestos containing materials that remain
on-site is usually sufficient for health and safety of the public.

CERCO Analytical performed tests on serpentinite bedrock samples to evaluate the presence
of asbestos. Select samples were analyzed by the Air Resources Board's Method 435,
Determination of Asbestos Content of Serpentine Aggregate. The results of the tests are
presented in Appendix E. The tests indicate up to 0.25 percent asbestos. Appropriate
measures such as dust control and disposal may be required.

6.0 DISCUSSION AND CONCLUSIONS

We conclude the proposed development is feasible from a geotechnical standpoint, provided
the recommendations presented in this report are incorporated into the project plans and
implemented during construction. The primary geotechnical issues for this project include:

e the presence of near surface expansive sail;
e selection of an appropriate foundation system to support the building loads; and

e the potential for slope displacements during moderate to large earthquakes on slopes
above the proposed development and long term creep.
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Our conclusions regarding these and other geotechnical issues are discussed in the remainder

of this section.

6.1 Expansive Soil Considerations

The existing near-surface soil has high expansion potential. Moisture fluctuations in near-
surface expansive soil could cause the soil to expand or contract resulting in movement and
potential damage to improvements that overlie them. Furthermore, highly plastic soil tend to
creep downslope over-time. Potential causes of moisture fluctuations include drying during
construction, and subsequent wetting from rain, capillary rise, landscape irrigation, poor
drainage and type of plant selection.

At-grade improvements, including slabs and concrete flatwork, should be designed and
constructed to resist the effects of the expansive soil. These effects can be mitigated by
moisture conditioning the expansive soil and providing select, non-expansive fill below interior
and exterior slabs and supporting foundations below the zone of severe moisture change.

An alternative to importing select fill includes lime treatment of the near surface soil. Lime
stabilization of the subgrade of exterior flatwork and pavement may be a cost-effective means
of improving on-site soils for use as non-expansive fill.

If the surface soil becomes wet, it may be difficult to compact during the winter unless it is
dried. If required, the soil can be mixed with lime to aid in drying and compaction. Lime can
also reduce the swell potential and increase the shear strength of the soil; however the amount
and type of lime needed should be determined by the contractor and laboratory test results
indicating the plasticity index (PI) of the treated soil should be provided.

Expansive soils may also contribute to slope instability in cut or fill slopes exceeding 2:1
(horizontal to vertical). Permanent cut and fill slopes composed of expansive materials should
not exceed 3:1 (horizontal to vertical).

6.2 Foundations and Settlement

The proposed building locations are underlain by variable subsurface conditions, with about 1 to
10 feet of expansive soil, which indicates some fill above bedrock

The variable depth to bedrock and thickness of existing expansive soil within the building
footprint can result in differential settlement under the building loads. To reduce the potential
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for differential settlement of foundations and differential movement as a result of wetting and
drying cycles resulting from expansive soil, we conclude foundations for the proposed buildings
should gain support in the bedrock underlying the expansive soil. Where rock is encountered at
or near the subgrade level, the structure can be supported on spread footings bearing in rock.
Where the bedrock depth is impractical for shallow foundations, drilled piers extending into
rock may be used to support the structure. We anticipate that footings and drilled piers
bottomed in rock will settle less than an inch. Because of the presence of highly expansive
soil, a void, such as collapsible forms, should be created below the bottom of grade beams to
isolate the grade beam from the ground and potential uplift sources.

Approximate foundation zones were developed using the results of our field investigation and
are shown on Figure 13. Additional investigation consisting of exploratory pits, or drilled piers
can be performed during the initial stages of construction to further define the transition zone
between footings and drilled piers (shown in yellow on Figure 13). It is therefore important that
the foundation design and construction documents allow for transition from one foundation
type to the other as field conditions dictate.

Where edges of the buildings will extend over the existing slopes, we conclude drilled piers
should be used to support the building. If a retaining wall is constructed along the edge of the
building it should be supported on either shallow footings bottomed in bedrock or drilled piers.

6.3 Slope Stability Analysis

In general, the natural slopes at the site do not appear to exhibit signs of deep-seated
landsliding, and no deep-seated slides were noted during our aerial photo review. Two landslide
features in the northern half of the property appear to be shallow, with the dormant earth flow
likely confined to surficial soils over bedrock. The existing more recent slope stability issues in
the south half of the slope appear to have been confined to steeply graded slopes.

The existing steep cut slope behind the existing residential structure and proposed Building B
has experienced instability in the past. This slope should be graded to an inclination of 3:1 or
flatter. A retaining structure gaining support in the underlying bedrock could be used to reduce
the amount of earthwork necessary to flatten the existing slope.
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We understand large cuts and fills are proposed. Retaining walls may be needed to provide
support at the toe of slopes, where cuts are made into the slope. Retaining walls should be
designed for the appropriate earth pressures, which will depend on the slope inclination and
backfill material.

For this study, we performed evaluations of the stability of the slopes closest to the proposed
buildings. Figures 6 through 9 present idealized subsurface profiles (Section A-A’, B-B’, C-C’
and D-D’) of the slopes that we analyzed. The locations of the sections are shown on Figures 2
and 3. The slope stability analyses were performed using the computer program Slope/W
(2010), which is a fully integrated slope stability analysis program. Slope/WW uses the
Morgenstern-Price method to search for the most critical surface and to calculate factor of
safety®.

The engineering properties of the fill, colluvium, landslide deposits and bedrock materials were
developed based on the results of our field exploration and laboratory testing programs, and
published values for the geologic units from the California Geologic Survey (CGS) Seismic
Hazard Zone Report for the San Jose East Quadrangle (California Department of Conservation,
2000). A summary of engineering properties for the different material types used in our slope
stability analysis is presented in Table 4.

TABLE 4
Engineering Properties used in Slope Stability Analyses
Effective Strength
Parameters
Total Effective
Material Unit Weight Cohesion, C’ Effective Internal
Description (pcf) (psf) Friction, ¢’ (degrees)
Fill 125 240 28
Colluvium 125 240 28
Landslide Deposits 125 240 28
Bedrock 131 645 34

The factor of safety is the ratio of the resistance to sliding over the slide force. The higher the factor of safety,
the more resistance the slope has to failure. Typically, a slope with a static factor of safety greater than 1.5 and
a seismic factor of safety of 1.1 with a seismic coefficient of 0.1 to 0.15 is considered stable (CDMG Special
Publication 117).
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We used a pseudo-static approach to evaluate the seismic slope stability of these subsurface
profiles. In this method of analysis, an earthquake is represented by an equivalent horizontal
static force. This seismic force is modeled by applying a horizontal ground acceleration (a
horizontal seismic coefficient) multiplied by the mass of the potential slide material. The
magnitude of this equivalent horizontal seismic coefficient, which takes into account the
geometry of the failure plane and average ground acceleration, was estimated to be half of the
estimated peak ground acceleration for a given seismic event.

For our analyses we considered the following:

e a peak ground acceleration of 0.6g’s from the Maximum Considered Earthquake ground
motion (see Section 7.7)

e amoment magnitude 7.3 earthquake on the Hayward fault.

By modifying the horizontal seismic coefficient within each stability run (using the SLOPE/W
program) we obtained the magnitude of the horizontal seismic coefficient that corresponds to a
seismic factor of safety equal to 1.0. The corresponding horizontal seismic coefficient is
referred to as the vyield acceleration for that profile. Specifically, we evaluated the yield
acceleration for each of the four profiles, where the pseudo-static evaluation resulted in a factor

of safety is equal to 1.0.

To evaluate the magnitude of the slope movement, we computed slope deformations during a
seismic event using the Makdisi and Seed (1978) simplified method. We determined the yield
acceleration needed to lower the factor of safety to 1.0 for each section; the amount of
deformation was computed by comparing the vyield acceleration with the expected
accelerations caused by the earthquake.

The results of our analyses indicate the existing slopes are stable or may exhibit negligible
permanent slope displacements upslope of the proposed improvements. However, the slope
above proposed Building A could exhibit permanent slope displacements of about 4 inches.
The results of our slope stability analyses and seismic slope displacements are summarized in
Table 5, below for existing conditions. The location of the critical slope failure surfaces for each
of the profiles evaluated are provided in Appendix F.
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TABLE 5
Slope Stability Results — Existing Conditions
Yield Estimated

Static Factor | Acceleration Deformation

Section of Safety (g’s) (centimeters)
A-A' lower slope 2.70 0.72 <1
A-A" middle slope 5.90 0.93 <1
A-A' upper slope 2.10 0.56 <1
B-B' 2.40 0.45 <1
c-C' 1.48 0.18 10
D-D' lower slope 2.90 0.88 <1
D-D' upper slope 2.20 0.43 <1

Current plans are to grade the proposed building pads and outlying access roads and sidewalks.
Grading will consist of cut and fill to level out areas for the proposed buildings. If the
development is graded as proposed, the results of our analyses indicate similar results as the
existing conditions.  The results of our slope stability analyses and seismic slope
displacements, which include the proposed grading, are summarized in Table 6. The location of
the critical slope failure surfaces for each of the profiles evaluated are provided in Appendix F.

TABLE 6
Slope Stability Results with Proposed Grading
Yield Estimated
Depth of Cut | Static Factor of | Acceleration Deformation
Section (feet) Safety (g’s) (centimeters)
A-A" lower slope 0to?2 3.57 0.74 <1
AR TS 0to2 5.31 0.90 <1
slope
B-B' Oto2 1.83 0.43 <1
c-c 0to?2 1.48 0.19 10
D-D"lower 0to2 3.20 0.75 <1
slope
D-D" upper 0to2 2.21 0.41 <1
slope
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Our analysis along Section C-C' indicates a rotation failure is likely. With a rotational failure, the
slope will slide along a failure surface and come to rest at a more stable configuration. At
Section C-C’, we estimate deformations of about 10 cm (4 inches) in a zone of about 50 to
100 feet upslope from proposed Building A. Furthermore deformations associated with slope
displacements should decrease with distance from the top of slope. Utilities and flatwork near
the failure plane may be affected; however, because Building A is about 50 feet from the toe of
slope, slope movement should not adversely impact the building.

6.4 Excavation and Shoring

We understand that portions of the site will be cut into the existing slopes. The existing slope
southwest of Building B will be cut into for parking and roadways with a finished elevation at
approximately 195 feet, approximately 12 feet below the proposed finished floor elevation at
Building B of 207 feet. Additionally, cuts into existing slopes along Dove Hill Road, south of the
site will range from approximately 8 to 12 feet below the existing grade at the top of the slope.
These excavations will need to be permanently retained.

The soil to be excavated consists predominantly of clay, which can be excavated with
conventional earth-moving equipment such as loaders and backhoes. \We anticipate that
bedrock will be encountered within the excavations, especially at the eastern portion of
Building B and the northern portion of Building A. Where bedrock is present within the planned
depth of excavation, the contractor will need to select equipment that is capable of excavating
and removing blocks of potentially very hard to very strong rock. Excavations deeper than five
feet that will be entered by workers should be shored or sloped in accordance with the
Occupational Safety and Health Administration (OSHA) standards (29 CFR Part 1926).

If there is insufficient space to slope the sides of the excavations, shoring will be required.
Considering the anticipated excavation depths and the expected soil/rock conditions, we
conclude that soldier-pile-and-lagging shoring systems are suitable for this project. A soldier-
pile-and-lagging system consists of steel soldier beams placed in vertical predrilled holes that
are backfilled with concrete and wood lagging between the soldier beams as the excavation
proceeds.

Depending on the height of the shoring system, lateral restraint such as tiebacks may be
required. Tiebacks will extend significant distances into the soil and rock behind the wall, and if
they will be incorporated into a permanent retention system, use of deep foundations, utilities,
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and trees may need to be restricted or used cautiously in areas behind the wall. Alternatively
soil nails could be used for portions of excavations in rock. For permanent retention systems,
double-corrosion protection will be required for tiebacks and all other system components.

6.5 Corrosion Potential

Because corrosive soil can adversely affect underground utilities and foundation elements,
laboratory testing was performed to evaluate the corrosivity of the near surface soil.

CERCO Analytical performed tests on soil samples to evaluate corrosion potential to buried
metals and concrete. The results of the tests are presented in Table 7 and Appendix D.

TABLE 7

Summary of Corrosivity Test Results

Test Boring | Sample Depth Sulfates Resistivity Redox Chlorides
(feet) pH (mg/kg) (ohms-cm) (mV) (mg/kg)
B-3-1 3 8.26 86 660 340 22
B-1-2 6 8.25 110 780 330 19

Based upon resistivity measurements, the soil samples tested are classified as “corrosive” to
buried iron, steel, cast iron, ductile iron, galvanized steel and dielectric coated steel or iron. The
chemical analysis indicates reinforced concrete and cement mortar coated steel may be
affected by the corrosivity of the soil. To protect reinforcing steel from corrosion, adequate
coverage should be provided as required by the building code.

7.0 RECOMMENDATIONS

Recommendations for site preparation, foundation support, floor slabs, retaining walls, seismic
design and other issues are presented in the following sections of this report.

7.1 Site Preparation

Demolition in areas to be developed may include removal of existing pavement and
underground obstructions, including foundations of former structures. Any vegetation and
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organic topsoil should be stripped in areas to receive new site improvements. Stripped organic
soil can be stockpiled for later use in landscaped areas, if approved by the owner and architect;
organic topsoil should not be used as compacted fill.

Excavated asphalt or concrete may be crushed to provide recycled construction materials,
including sand, free-draining crushed rock, and Class 2 aggregate base (AB), provided it is
acceptable from an environmental standpoint. Where crushed rock will be used beneath vapor
retarders and in other applications where free-draining materials are required, it should have no
greater than six percent of material passing the 3/8-inch sieve and meet the other requirements
presented in Section 7.3. Where recycled Class 2 AB will be used beneath pavements, it
should meet requirements of the Caltrans Standard Specifications. Recycled Class 2 AB that
does not meet the Caltrans specifications should not be used beneath City streets, but it is
acceptable for use as select fill within building pads and beneath concrete flatwork, provided it
meets the requirements for select fill as presented later in this section.

Existing underground utilities beneath areas to receive new improvements should be removed
or abandoned in-place by filling them with grout. The procedure for in-place abandonment of
utilities should be evaluated on a case-by-case basis, and will depend on location of utilities
relative to new improvements. However, in general, existing utilities within four feet of final
grades should be removed, and the resulting excavation should be properly backfilled based on
the recommendations presented in this section.

Prior to placing fill, the subgrade exposed after stripping and site clearing, as well as other
portions of the site that will receive new fill or site improvements, should be scarified to a
depth of at least eight inches, moisture-conditioned to above optimum moisture content, and
compacted to at least 90 percent relative compaction®. An exception to this general procedure
is within any proposed vehicle pavement areas, where the upper six inches of the pavement
subgrade should be compacted to at least 95 percent relative compaction regardless of
expansion potential.

Heavy construction equipment should not be allowed directly on the final subgrade. The clay
exposed at the foundation level may be susceptible to disturbance under construction
equipment loads. If the subgrade is disturbed during the rainy season, it may be necessary to

9 Relative compaction refers to the in-place dry density of soil expressed as a percentage of the maximum

dry density of the same material, as determined by the ASTM D1557-07 laboratory compaction
procedure.
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place a minimum 12-inch working pad consisting of crushed rock on top of the subgrade or lime
treating the upper 12 inches of the subgrade to winterize it. Any select fill placed during
grading should meet the following criteria:

be free of organic matter
e contain no rocks or lumps larger than three inches in greatest dimension

e have a low expansion potential (defined by a liquid limit of less than 40 and plasticity
index lower than 12)

e have a low corrosion potential'
e Dbe approved by the geotechnical engineer.

All fill placed beneath improvements should meet the criteria for select fill previously discussed
in this section. Alternatively native soil may be used, if it is lime treated and meets the liquid
limit and plasticity requirements for select fill. All select fill should be moisture-conditioned to
above optimum moisture content, placed in horizontal lifts not exceeding eight inches in loose
thickness, and be compacted to at least 90 percent relative compaction, except for fill that is
placed within the proposed pavement areas. In these situations, the upper six inches of the
soil subgrade, all select fill and aggregate baserock materials should be compacted to at least
95 percent relative compaction. \Where used, sand containing less than 10 percent fines
(particles passing the No. 200 sieve) should also be compacted to at least 95 percent relative
compaction. Samples of on-site and proposed import fill materials should be submitted to the
geotechnical engineer for approval at least three business days prior to use at the site.

7.1.1 Lime Treatment

To winterize the site, the upper 12 inches of the existing surface soil in building pads may be
lime treated. We recommend that at least 5 percent lime by weight of the soil be used to treat
at least the upper 12 inches of native soil for at-grade structures; additional thickness can be
added to meet the select fill requirements, if needed. The lime treatment should extend at
least five feet beyond building footprints except where hardscape areas are planned; landscape
areas should not be lime treated because the lime treated soil may make it difficult for the

9| ow corrosion potential is defined as a minimum resistivity of 2,000 ohms-cm and maximum sulfate and

chloride concentrations of 250 parts per million.
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plants to survive. If it is intended to treat the native soil with lime to meet the selected fill
criteria, the contractor should evaluate the amount and type of lime necessary to reduce the PI
and provide confirming laboratory test results.

7.1.2  Quality Control of Lime Treatment

Lime treatment of fine-grained soils generally includes site preparation, application of lime,
mixing, compaction, and curing of the lime treated soil. Field quality control measures should
include checking the depth of lime treatment, degree of pulverization, lime spread rate
measurement, lime content measurement, and moisture content and density measurements,
and mixing efficiency. Quality control may also include laboratory tests for unconfined
compressive strength tests on representative samples.

The lime treatment process should be designed by a contractor specializing in its use and who
is experienced in the application of lime in similar soil conditions. Based on our experience with
lime treatment, we judge that the specialty contractor should be able to treat the highly
expansive on-site material to produce a non-expansive fill for building subgrade.

If the lime treatment is selected, we recommend that the specialty contractor prepare a
treatment specification for our review prior to construction.

7.1.3 Fill Slopes

Where fill is planned along existing slopes, such as behind and around new retaining walls, the

fill should be keyed and benched into the slope to reduce the potential for differential
settlement and movement of the fill. Prior to placement of fill, the exposed subgrade should be
scarified, moisture-conditioned, and compacted as previously discussed in Section 7.1. If the
final fill surface will be sloped, we recommend the fill slope be overbuilt by placing and
compacting horizontal lifts of fill as previously described in Section 7.1. Subsequently, the fill
slope should be cut back to achieve the proper slope inclination.

We recommend that fill slopes be designed to have a maximum slope inclination of 3:1
(horizontal to vertical). At the toe of the proposed fill slope, a keyway should be installed to
interconnect the new fill material into the existing strata. The keyway should be at least five
feet wide at the base and extend at least two feet into competent soil or rock or at least
15 percent of the overall slope height, whichever is greater. The side slopes of the keyways
should not be steeper than 1:1.
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Where new fill is placed over existing slopes that are steeper than 5:1, the fill should be
benched as the fill operation proceeds upslope. These benches will provide horizontal surfaces
for the placement and compaction of the fill and reduce the effects of downward creep of the
soil. Benches should be a maximum of five feet high and should expose competent soil or rock
along the base of the bench.

The face of fill slopes should be planted with deep-rooted vegetation and covered by an erosion
control blanket to reduce the potential for surface erosion. We recommend using a
biodegradable erosion control blanket (North American Green SC150 or equivalent erosion
control material that is acceptable to the Geotechnical Engineer) on the slope face that has
been disturbed by grading. The biodegradable erosion control blanket should be installed in
accordance with the manufacturer’s specifications.

To limit the concentration of surface water on slopes, areas upslope of the cut or fill slope
should be graded to drain away from these slopes. As an alternative, V-ditches or curbs and
gutters should be placed at the crest of these slopes to capture and control surface water and
re-direct it away from the slope.

7.1.4 Cut Slopes

We recommend that temporary cut slopes in fill or native soil over five feet high be graded no

steeper than 1:1. Temporary cuts in bedrock may be made vertical; however, the height of any
vertical segment should not exceed six feet unless shoring is used. If poor rock quality or
adverse bedding is present, cuts in rock should be flattened and/or retained using temporary
shoring. The safety of workers and equipment in or near excavations is the responsibility of the
contractor. The contractor should be familiar with the most recent OSHA Trench and
Excavation Safety standards.

If cut slopes will be permanent, the native soil should be graded no steeper than 3:1 (horizontal
to vertical). Unretained cuts in bedrock may be graded as steep as 2:1, depending on the rock
fracturing, hardness, and weathering. If poor rock quality or adverse bedding is present, rock
slopes should be flattened and/or retained using soil nails.

We should review plans for temporary and permanent cut slopes prior to construction. During
construction, we should observe cut slopes to verify the inclinations are appropriate for the
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conditions encountered. It is the responsibility of the contractor to maintain safe and stable
slopes during construction. During wet weather, runoff should be prevented from running
down slopes and from entering excavations, especially off of the level recreation area.

7.2 Foundations

We recommend the proposed buildings be supported on spread footings where bedrock is
encountered at or near the subgrade level, and on drilled piers extending into bedrock where
bedrock is too deep to be practically reached by the footings. The following sections present
our recommendations for footing and pier foundations.

7.2.1  Spread Footings

Where it is practical to reach bedrock by excavating for the footings (we estimate this to be a
depth of up to about b feet), the proposed structures can be supported on spread footings.
Footings should be embedded at least three feet below the lowest adjacent grade where soil is
present and a minimum of one foot into bedrock. Footings bearing on bedrock may be
designed for a maximum allowable bearing pressure of 10,000 pounds per square foot (psf) for
dead plus live loads, which can be increased by one-third for total loads, including wind and/or
seismic loads. These values include factors of safety of at least 2.0 and 1.5 for dead plus live
loads and total loads, respectively.

Lateral loads on footings can be resisted by a combination of passive resistance acting against
the vertical faces of the footings and friction along the bases of the footings. Passive
resistance may be calculated using uniform pressures of 2,000 psf for clay and 3,000 psf for
bedrock. The upper foot of soil or rock should be ignored unless it is confined by slabs or
pavement. Frictional resistance at the base of the footings should be computed using a friction
coefficient of 0.4. These values include a factor of safety of about 1.5. Passive resistance
should not be used for foundation elements on existing slopes unless the face of the footing is
at least 7 feet from the slope face, measured horizontally.

The footing excavations should be free of standing water, debris, and disturbed materials prior
to placing concrete. If disturbed, highly weathered, or decomposed bedrock is encountered at
the bottom of footing excavations, the excavations should be deepened to expose more
competent bedrock, as determined by the geotechnical engineer. We should check foundation
excavations prior to placement of reinforcing steel to confirm suitable bearing material is
present.
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If overexcavation is required to reach bedrock or to remove unsuitable rock, the overexcavation
may be backfilled to the design bottom of footing using lean concrete. The lean concrete

should have a minimum unconfined compressive strength of 50 pounds per square inch.

7.2.2 Drilled Piers

Drilled piers bottomed in bedrock should be designed to derive their axial capacity from skin

friction. Drilled piers will gain support in skin friction in the clay layer and rock. Because of the
presence of near surface expansive soil, the skin friction in the upper five feet should be
ignored. Below this depth, we recommend an ultimate skin friction of 1,000 pounds per square
foot (psf) in the clay and 2,000 psf in rock. Piers should extend at least b-feet into rock.

Appropriate factors of safety should be used.

Piers should be spaced at least three diameters on center to avoid vertical capacity reduction
due to group effects.

Piers will provide lateral resistance from passive pressure acting on the upper portion of the
piers and from their structural rigidity. Lateral resistance of piers will depend on the pier
diameter, pier head condition (restrained or unrestrained), allowable deflection of the pier top,
and the bending moment resistance of the piers. We have performed lateral load analyses for
isolated, 18- and 24-inch-diameter piers for a deflection of 0.5 inch at the pier head. We
assumed that the pier head is at the ground surface and on level ground. The results of our
analyses are presented in Table 8.

TABLE 8

Lateral Capacities for Y2-Inch Pile Top Deflection

Free-Head Condition Fixed-Head Condition
Depth To | Depth to Depth To | Depth to
Pier Lateral | Maximum | Maximum Zero Lateral | Maximum | Maximum Zero
Diameter | Capacity| Moment | Moment |Deflection| Capacity | Moment | Moment | Deflection
(inches) (kips) (kip-ft) (ft) (ft) (kips) (kip-ft) (ft) (ft)
18 35 110 6 14 70 290 0 12
24 60 260 8 16 130 650 0 14
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Structural loads are presently not available for the proposed development. Once building loads
and grading plans are available, the settlement estimates can be refined. However, properly
constructed drilled piers should have a total settlement less than one inch, with less than
Y2 inch of differential settlements between columns, under static conditions.

Drilled piers should be installed by a qualified contractor with demonstrated experience in this
type of foundation. Concrete placement should start upon completion of the drilling and clean
out. Concrete should be placed from the bottom up in a single operation using a tremie and/or
a pumper pipe. The tremie pipe should be maintained at least 5 feet below the upper surface
of the concrete during casting of the piers.

Piers should be connect by grade beams. Because of the presence of expansive soil, a void,
such as a collapsible form, should be present below the bottom of grade beams to isolate the
grade beam from the ground and potential uplift forces. Additional grade beams should be
continuous around the building perimeter to reduce the migration of water beneath the
building, which could cause heaving of the expansive soil.

7.3 Floor Slab

The buildings will be supported on a combination of spread footings bearing on rock drilled
drilled piers; therefore, settlement of the building should be negligible; however, moisture
fluctuations in near-surface expansive soil could cause the soil to expand or contract. We
recommend a 30-inch-thick layer of select fill be used beneath a slab on grade floor. The
selected fill may be eliminated, if structural slab spanning between pier caps is used in lieu of a
slab on grade.

Since moisture fluctuations in near-surface expansive soil could cause the soil to expand or
contract, the entrances to the building should be designed as hinged slabs. The hinge slab
should be dowelled into the building to prevent from moving upward if soil swells.

Moisture is likely to condense on the underside of the ground floor slabs, even though they will
be above the design groundwater level. Consequently, a moisture barrier should be considered
if movement of water vapor through the slabs would be detrimental to its intended use. A
typical moisture barrier consists of a capillary moisture break and a water vapor retarder.
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The capillary moisture break should consist of at least four inches of clean, free-draining gravel
or crushed rock. The vapor retarder should meet the requirements for Class C vapor retarders
stated in ASTM E1745-97. The vapor retarder should be placed in accordance with the
requirements of ASTM E1643-98. These requirements include overlapping seams by
six inches, taping seams, and sealing penetrations in the vapor retarder. The vapor retarder
should be covered with two inches of sand to aid in curing the concrete and to protect the
vapor retarder during slab construction. The capillary break and sand should not be counted as
part of the select fill. The particle size of the gravel/crushed rock and sand should meet the
gradation requirements presented in Table 9.

TABLE 9
Gradation Requirements for Capillary Moisture Break
Sieve Size Percentage Passing Sieve
Gravel or Crushed Rock

1 inch 90 -100
3/4 inch 30 - 100
1/2 inch 5-25
3/8 inch 0-6

Sand

No. 4 100

No. 200 0-5

The sand overlying the membrane should be dry at the time concrete is cast. Excess water
trapped in the sand could eventually be transmitted as vapor through the slab. If rain is forecast
prior to pouring the slab, the sand should be covered with plastic sheeting to avoid wetting. If
the sand becomes wet, concrete should not be placed until the sand has been dried or
replaced.

Concrete mixes with high water/cement (w/c) ratios result in excess water in the concrete,
which increases the cure time and results in excessive vapor transmission through the slab.
Therefore, concrete for the floor slab should have a low w/c ratio - less than 0.50. If approved
by the project structural engineer, the sand can be eliminated and the concrete can be placed
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directly over the vapor retarder, provided the wj/c ratio of the concrete does not exceed 0.45
and water is not added in the field. If necessary, workability should be increased by adding
plasticizers. In addition, the slab should be properly cured.

Before the floor covering is placed, the contractor should check that the concrete surface and
the moisture emission levels (if emission testing is required) meet the manufacturer’'s
requirements.

7.4 Shoring Design

Excavations to construct retaining walls the site may be open cut and/or temporarily shored.
Excavations that will be deeper than five feet and will be entered by workers should be shored
or sloped in accordance with CAL-OSHA standards (29 CFR Part 1926). It is the responsibility
of the contractor to determine the safe excavation slopes; however, we recommend temporary
cuts greater than 5 feet be no steeper than 1:1 (horizontal:vertical).

If the planned excavations cannot be sloped because of space limitations, shoring will be
required to retain the excavation sides. We estimate excavations may be as deep as about 8 to
10 feet. If the shoring will be used as part of a permanent retention system, all system
components should be double-corrosion protected and the shoring design should incorporate a
factor of safety consistent with permanent structures.

Cantilevered shoring should be designed for the active earth pressures presented in Table 10
(see section 7.5). These values are considered appropriate for an active condition, which
assumes that some movement of the supported soil is tolerable. For intermediate slope
inclinations, the values presented in Table 10 may be interpreted. If movement of the sail is
not acceptable, then the at-rest pressures presented in Table 10 should be used. For shoring
consisting of soldier beams and lagging, the active and at-rest earth pressures should be
assumed to act over the full width of the shoring above the excavation and over one soldier
beam width below the excavation.
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Passive resistance can be computed using a uniform pressure of 2,000 psf for clay and
3,000 psf for bedrock. These values include a factor of safety of about 1.5 for temporary
shoring design. For beams spaced at least three shaft diameters, center-to-center, the passive
resistances can be assumed to act over three soldier beam'' widths.

The soldier beams should extend below the excavation bottom a minimum of five feet and be
sufficient to achieve lateral stability and resist the downward loading of the tiebacks.

If traffic occurs within 10 feet of the shoring, a uniform surcharge load of 100 psf should be
added to the design. An increase in lateral design pressure for the shoring may be required
where heavy construction equipment or stockpiled materials are within a distance equal to the
shoring depth. Construction equipment should not be allowed within five feet from the edge of
the excavation unless the shoring is specifically designed for the appropriate surcharge. The
increase in pressure should be computed after the surcharge loads are known. The anticipated
deflections of the shoring system should be estimated to check if they are acceptable.

The shoring system should be designed by a licensed civil engineer experienced in the design
of retaining systems, and installed by an experienced shoring specialty contractor. The shoring
engineer should be responsible for the design of temporary shoring in accordance with
applicable regulatory requirements. Control of ground movement will depend as much on the
timeliness of installation of lateral restraint as on the design. We should review the shoring
plans and a representative from our office should observe the installation of the shoring. If
temporary tiebacks are need to restrain the shoring, we can provide supplemental
recommendations.

7.5 Retaining Wall Design

If the walls support expansive soil, we recommend designing retaining/below grade walls for
at-rest lateral pressures presented in Table 10. Because the site is in a seismically active area,
the design should also be checked for seismic conditions. Under seismic loading conditions,
there will be an added seismic increment that should be added to active earth pressures (Sitar
et al. 2012). We used the procedures outlined in Sitar et al. (2012) and the peak ground
acceleration based on the DE ground motion level (see Section 7.7) to compute the seismic

" The soldier beam width is defined as the diameter of the drilled hole for beams backfilled with structural

concrete with an unconfined compressive strength of at least 50 pounds per square inch (psi).
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pressure increment. We recommend the walls be designed for the more critical of at-rest
pressures or total pressure (active plus seismic pressure increment). Below-grade walls
backfilled with native clay should be designed for the equivalent fluid weights and pressures

presented in Table 10.

TABLE 10

Earth Pressures to Wall
with Native Soil Backfill
(Drained Conditions)

Static Conditions Seismic Conditions’
_ Slope Total Pressure -
inclination Unrestrained | Restrained Walls — | Active Plus Seismic
Walls — Active At-rest Pressure Increment
(pcf’) (pcf) (pcf)

Level? 45 65 70

31 60 80 85

2:1 70 100 95

Notes:

1. For seismic conditions, the more critical condition of either at-rest pressure or active
pressure plus a seismic pressure increment should be checked.

2. Applicable to walls that are backdrained to prevent the buildup of hydrostatic pressure.
3. pcf = pounds per cubic foot

If open cuts are made for the below-grade walls and select fill meeting the requirements
discussed in Section 7.1 is used as backfill, then the walls may be designed using the earth
pressures presented in Table 11.
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TABLE 11

Below-Grade Wall Design Earth Pressures
with Select Fill Backfill
(Drained Conditions)

Static Conditions Seismic Conditions’
_ Slope Total Pressure —
inclination Unrestrained | Restrained Walls — | Active Plus Seismic
Walls — Active At-rest Pressure Increment
(pcf®) (pcf) (pcf)

Level? 35 55 60

31 45 65 70

2:1 55 75 80

Notes:

1. For seismic conditions, the more critical condition of either at-rest pressure or active
pressure plus a seismic pressure increment should be checked.

2. Applicable to walls that are backdrained to prevent the buildup of hydrostatic pressure.
3. pcf = pounds per cubic foot

If surcharge loads occur above an imaginary 45-degree line projected up from the bottom of a
retaining wall, a surcharge pressure should be included in the wall design. If this condition
exists, we should be consulted to estimate the added pressure on a case-by-case basis.

Where truck traffic will pass within 10 feet of retaining walls, temporary traffic loads should be
considered in the design of the walls. Traffic loads may be modeled by a uniform pressure of
100 pounds per square foot applied in the upper 10 feet of the walls.

The lateral earth pressures recommended are for the drained condition and are applicable to
walls that are backdrained to prevent the buildup of hydrostatic pressure. One acceptable
method for backdraining the walls is to place a prefabricated drainage panel against the back
side of the wall. The drainage panel should extend down to the base of the wall or the design
groundwater elevation (design groundwater elevations are discussed in Section 6.3) to a
perforated PVC 20 collector pipe. The pipe should be surrounded on all sides by at least four
inches of Caltrans Class 2 permeable material (Caltrans Standard Specifications Section 68-
1.025). We should check the manufacturer's specifications regarding the proposed
prefabricated drainage panel material to verify that it is appropriate for the intended use. An
acceptable alternative is to backdrain the wall with Caltrans Class 2 material at least one foot
wide, extending down to the base of the wall. A perforated PVC pipe should be placed at the
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bottom of the gravel, as described for the first alternative. The pipe in either alternative should
be sloped to drain into an appropriate outlet. We should check the manufacturer’s
specifications for the proposed drainage panel material to verify it is appropriate for its intended
use.

Wall backfill should be compacted to at least 90 percent relative compaction using light
compaction equipment. Wall backfill with less than 10 percent fines, or deeper than five feet,
should be compacted to at least 95 percent relative compaction for its entirety. If heavy
equipment is used, the wall should be appropriately designed to withstand loads exerted by the
equipment and/or temporarily braced.

7.6 Pavement Sections

The following subsections present recommendations for asphalt pavement and concrete
pavement sections.

7.6.1 Asphalt Pavements

The State of California flexible pavement design method was used to develop the
recommended asphalt concrete pavement sections. We expect the final soil subgrade in
asphalt-paved areas will generally consist of the on-site clay soil. We selected an R-value of 5
for design to account for the highly expansive soil.

For our calculations, we assumed a Traffic Index (Tl) of 4.5 for automobile parking areas with
occasional trucks, and 6 and 7 for driveways and truck-use areas; these Tls should be
confirmed by the project civil engineer. Table 9 presents our recommendations for asphalt
pavement sections.

TABLE 9
Pavement Section Design

Class 2 Aggregate
Base
Asphaltic Concrete R=78
Tl (inches) (inches)
4.5 3.5 7.0
6 5.0 10.0
7 6.0 12.0
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Pavement components should conform to the current Caltrans Standard Specifications. The
upper six inches of the soil subgrade in pavement areas should be moisture-conditioned to
above optimum and compacted to at least 95 percent relative compaction and rolled to provide
a smooth non-yielding surface. Aggregate base should be compacted to at least 95 percent
relative compaction.

Subdrains should be installed along the backsides of curbs adjacent to landscaped areas to
reduce infiltration of irrigation water beneath the pavement.

7.6.2 Concrete Pavements and Exterior Slabs

Differential ground movement due to expansive soil and settlement will tend to distort and
crack the pavements and exterior improvements such as courtyards and sidewalks. Periodic
repairs and replacement of exterior improvements should be expected during the life of the
project. Mastic joints or other positive separations should be provided to permit any differential
movements between exterior slabs and the buildings.

We recommend exterior concrete flatwork be underlain by at least 4-inches of Class 2 AB and
12 inches of select fill. Where select fill will need to be placed, the subgrade should be
scarified 12-inches, moisture conditioned to at least three percent above optimum, compacted
to at least 88 percent relative compaction to provide a smooth, non-yielding surface. Class 2
AB should be compacted to at least 95 percent relative compaction.

Where rigid pavement is required, for loading and service areas, we recommend a minimum of
six inches of concrete for medium traffic and a minimum of eight inches of concrete for heavy
traffic. The upper six inches of subgrade should be compacted to at least 95 percent relative
compaction and should provide a smooth, non-yielding surface. Loading and service areas
should be underlain by at least six inches of Class 2 aggregate base compacted to 95 percent
relative compaction and provide a smooth, non-yielding surface. Aggregate base material
should conform to the current State of California Department of Transportation (Caltrans)
Standard Specifications.

7.7 2013 CBC Mapped Values

For seismic design in accordance with the provisions of 2013 California Building Code/ASCE
7-10, we recommend the following:

e Risk Targeted Maximum Considered Earthquake (MCEg) S, and S, of 1.5g and 0.6g,
respectively
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o Site Class C
e Site Coefficients F,and F, of 1.0 and 1.3

o MCEg spectral response acceleration parameters at short periods, Sys and at one-
second period, Sy, of 1.5g and 0.78g, respectively

e Design Earthquake (DE) spectral response acceleration parameters at short period, Spg,
and at one-second period, Sp,, of 1.0g and 0.52g, respectively

e Peak ground acceleration, PGA,, of 0.5g

7.8 Utilities and Utility Backfill

The corrosivity results provided in Appendix D of this report should be reviewed and corrosion
protection measures used if needed. \We recommend a corrosion engineer be retained when
detailed corrosion protection recommendations are needed.

Utility trenches should be excavated a minimum of four inches below the bottom of pipes or
conduits and have clearances of at least four inches on both sides. \Where necessary, trench
excavations should be shored and braced to prevent cave-ins and/or in accordance with safety
regulations. If trenches extend below the groundwater level, it will be necessary to temporarily
dewater them to allow for placement of the pipe and/or conduits and backfill.

To provide uniform support, pipes or conduits should be bedded on a minimum of four inches
of sand or fine gravel. After pipes and conduits are tested, inspected (if required), and
approved, they should be covered to a depth of six inches with sand or fine gravel, which
should then be mechanically tamped to at least 90 percent relative compaction. [f fill with less
than 10 percent fines is used, the entire depth of the fill should be compacted to at least
95 percent relative compaction. Jetting of trench backfill should not be permitted. Special care
should be taken when backfilling utility trenches in pavement areas. Poor compaction may
cause excessive settlements resulting in damage to the pavement section.

Where utility trenches backfilled with sand or gravel enter the building pads, an impermeable
plug consisting of native clay or lean concrete, at least five feet in length, should be installed at
the building line. Further, where sand- or gravel-backfilled trenches cross planter areas and
pass below asphalt or concrete pavements, a similar plug should be placed at the edge of the
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pavement. The purpose of these plugs is to reduce the potential for water to become trapped
in trenches beneath the building or pavements. This trapped water can cause heaving of soils
beneath slabs and softening of subgrade soil beneath pavements.

7.9 Site Drainage

Positive surface drainage should be provided around the buildings to direct surface water away
from the building foundations. To reduce the potential for water ponding adjacent to the
buildings, we recommend the ground surface within a horizontal distance of five feet from the
buildings be designed to slope down and away from the buildings with a surface gradient of at
least two percent in unpaved areas and one percent in paved areas. In addition, roof
downspouts should be discharged into controlled drainage facilities to keep the water away
from the foundations.

7.10 Landscaping

The use of water-intensive landscaping around the perimeter of the buildings should be avoided
to reduce the amount of water introduced to the subgrade. Irrigation of landscaping around the
buildings should be limited to drip or bubbler-type systems. Trees with large roots or have high
water demand should also be avoided since they can dry out the soil beneath foundations and
cause settlement. The purpose of these recommendations is to avoid large differential
moisture changes adjacent to the foundations, which have been known to cause significant
differential movement over short horizontal distances in expansive soil, resulting in cracking of
slabs and architectural damage.

To reduce the potential for irrigation water entering the pavement section, vertical curbs
adjacent to landscaped areas should extend through any aggregate base and at least six inches
into the underlying soil. In heavily watered areas, such as lawns, it may also be necessary to
install a subdrain behind the curb to intercept excess irrigation water.

7.11 Bioretention Systems

Bioretention areas are landscaping features used to treat stormwater runoff within a
development site. They are commonly located in parking lot islands and landscape areas.
Surface runoff is directed into shallow, landscaped depressions, which usually include mulch
and a prepared soil mix. Typically, the filtered runoff is collected in a perforated underdrain
beneath the bioretention system and returned to the storm drain system. For larger storms,
runoff is generally diverted past the bioretention areas to the storm drain system.
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The soil within a bioretention system should typically have an infiltration rate sufficient to draw
down any pooled water within 48 hours after a storm event. Based on the "Bioretention
Manual” prepared by The Prince George's County (2007), the infiltration rate of the bioretention
soil is recommended to exceed %2 inch per hour; cohesionless soils like sand meet this
criterion. Cohesive soils like clay and silts do not meet the infiltration rate requirement and are
considered unsuitable in a bioretention system, particularly when they are expansive. For areas
where there are unsuitable in-situ soils, the bioretention system can be created by importing a
suitable soil mix and providing an underdrain. Based on our observation of the soil at the site,
the existing fill and in-situ clays are relatively impervious and do not meet the infiltration rate
requirements. The bioretention system will need to be constructed with suitable imported soil
and include an underdrain system.

Underdrains are typically at the invert of the bioretention system to intercept water that does
not infiltrate into the surrounding soils. Underdrains consist of a perforated PVC pipe
surrounded by two to three inches of Class 2 Permeable material (Caltrans Standard
Specifications Section 68-2.02F(3)). The perforated PVC pipe cross-section area should be
determined based on the desired hydraulic conductivity of the underdrain. The PVC pipe should
be bedded on two to three inches of the Class 2 Permeable material.

Because of the presence of near surface expansive soil, bioretention systems should be set
back a minimum of five feet from building foundations, slabs, concrete flatwork or pavements.
Overflow from bioretention areas should be directed to the storm drain system away from
building foundations and slabs.

Typically, the bottom of the bioretention system is recommended to be a minimum of two feet
or more above the groundwater table.

8.0 GEOTECHNICAL SERVICES DURING CONSTRUCTION

Prior to construction, we should review the project plans and specifications to check their
conformance with the intent of our recommendations. During construction, our field engineer
should provide on-site observation and testing during site preparation, grading, placement and
compaction of fill, and installation of building foundations. These observations will allow us to
compare actual with anticipated soil conditions and to check that the contractor's work
conforms to the geotechnical aspects of the plans and specifications.
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9.0 LIMITATIONS

The conclusions and recommendations presented in this report apply to the site and
construction conditions as we have described them and are the result of engineering studies
and our interpretations of the existing geotechnical conditions. Actual subsurface conditions
may vary. |f any variations or undesirable conditions are encountered during construction, or if
the proposed construction will differ from that described in this report, Langan Treadwell Rollo
should be notified so that supplemental recommendations can be developed.
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EXPLANATION

Geologic Units

Artificial fill, shaded for definition
Undifferentiated surficial deposits
Landslide deposit

Colluvium

Serpentinite and serpentinized
harzburgite and dunite

Key

Geologic contact; solid where certain,
dashed where approximate, dotted where
concealed, queried where uncertain

Fill/ Cut slope

Landslide, scarp area hachured, arrow in
direction of downslope movement,
conpressional toe with debris pushing over
the original ground surface by a dash and
semi-circle symbol;

Qlsd - dormant, Qlso - old

Slope inclination, as measured in field, with
angle in degrees

Surficial soil creep, disturbed or hummocky
surface

Geologic cross section

Langan Treadwell Rollo exploratory boring
Borings by E,C Consultants
Phreatophytes

Distress cracks

Spring or seep, queried where uncertain
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Notes:

1. The above profile represents a generalized subsurface
cross section interpreted from widely spaced borings. Earth
materials may vary in type, strength, and other important
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APPENDIX A

BORING LOGS AND LABORATORY TEST DATA
FROM PREVIOUS INVESTIGATION
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APPENDIX B

LOG OF BORINGS
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APPENDIX C

LABORATORY DATA
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APPENDIX D

CORROSIVITY ANALYSES WITH BRIEF EVALUATION
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APPENDIX E

ASBESTOS ANALYSIS RESULTS
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APPENDIX F

SLOPE STABILITY EVALUATIONS
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