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Subject: 25891 and 25915 Dollar Street 
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PRELIMINARY GEOTECHNICAL REPORT 

Dear Mr. Babbitt: 

Project No. 
12257.000.000 

With your authorization, we completed a preliminary geotechnical report for your residential 
project at 25891 and 25915 Dollar Street in Hayward, California (Property). The report presents 
the field exploration data with our conclusions and preliminary recommendations for 
development at the site. 

Our findings indicate that the Property is suitable for the proposed residential development 
provided the preliminary recommendations and guidelines in this report are incorporated in 
project planning. The scope of this report was limited as an initial study and did not involve the 
collection or laboratory testing of soil samples. Once the proposed site development plans are 
available, a design-level geotechnical exploration with the collection of soil samples for 
laboratory testing is necessary to refine the foundation design and grading recommendations. 

We are pleased to have been of service to you on this project and are prepared to consult further 
with you and your design team as the project progresses. 

Sincerely, 

ENGEO Incorporated 

Dino Bernardi, PE 
db/bf/dt 
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1.0 INTRODUCTION 

1.1 PURPOSE AND SCOPE 
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The purpose of this preliminary geotechnical study is to provide preliminary conclusions and 
recommendations for the planned residential development of the site. The information presented 
in this report may be used for general land planning purposes. 

The scope of our services included: 

• Suitability of the site for the proposed development. 

• Preliminary assessment of geological hazards at the site and in the general project area. 

• Preliminary analysis of potential total and differential settlement due to liquefaction and 
consolidation, as appropriate. 

• Preliminary discussion of treatment of geotechnical constraints such as loose/soft surface 
soils, existing fills, compressible soils, expansive soils, liquefiable soils, and lateral 
spreading, as necessary, based on field exploration results. 

• Preliminary earthwork recommendations, including engineered fill placement, utility trench 
backfill, and recommendations for site drainage. 

• Preliminary foundation recommendations. 

• California Building Code seismic criteria. 

• Preliminary pavement section recommendations. 

• Recommendations for design-level study. 

We prepared this report exclusively for Warmington Residential and their design team 
consultants. ENGEO should review any changes made in the character, design or layout of the 
development to modify the conclusions and recommendations contained in this report, as 
necessary. This document may not be reproduced in whole or in part by any means whatsoever, 
nor may it be quoted or excerpted without the express written consent ofENGEO. 

1.2 SITE LOCATION AND DESCRIPTION 

The Property is located at 25891 and 25915 Dollar Street in Hayward, California (Figures 
and 2). The approximately 2.3-acre site is identified as Assessor's Parcel Numbers (APN) 
444-0078-008-06 and 444-0078-007-07. The parcels are bound by Dollar Street to the east, a 
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Bay Area Rapid Transit (BART) right-of-way to the west, warehouse development to the north, 
and retail and commercial development to the south. An Alameda County Flood Control Channel 
runs along the west to northwest Property limit. Review of recent aerial photographs found that 
the Property is occupied by a vehicle repair and maintenance business with associated parking. 
The paved areas of the Property are also used to store and park vehicles and tractor trailers along 
with various automotive parts and miscellaneous debris. 

1.3 PROPOSED DEVELOPMENT 

Based on our conversations with you and review of conceptual site plans prepared by Carlson, 
Barbee and Gibson Inc., dated June 3, 2015, we understand that the planned development will 
consist of 42-unit three-story townhome project on eight building pads with asphalt-paved streets 
and parking. Landscaping is planned throughout the site as well as bioretention areas. Structural 
loads are not available at this time; however, we anticipate moderate building loads and assume 
no below-grade construction. 

1.4 AERIAL PHOTOGRAPH REVIEW 

We reviewed aerial photographs of the site flown between 1946 and 2012 available through 
Google Earth and historicaerials.com. Review of the photographs indicates that the Property was 
used as an orchard and agricultural lands until at least 1958. By 1960, the orchard in the middle 
of the Property was partially removed and a structure was constructed near the east corner. By 
1966, the remainder of the orchard and agricultural land had been removed and graded with 
further site development by 1980 with a large structure evident on the north side of the site. 

1.5 ENVIRONMENTAL STUDY 

ENGEO has completed phase I and phase II environmental site assessments for the subject site 
concurrent with this preliminary geotechnical feasibility assessment. The environmental reports 
have been published separately. 

2.0 GEOLOGY AND SEISMICITY 

2.1 REGIONAL GEOLOGY AND SITE SOILS 

The region is within the Coast Range Province of California, an area dominated by 
northwest-trending geologic features such as folds and faults . More specifically, the subject site is 
located on alluvial deposits near the eastern margin of the San Francisco Bay. The San Francisco 
Bay is located in a fault bound, elongated structural trough that has been filled with a sequence of 
Quaternary age sedimentary deposits derived from the surrounding Coast Ranges. 

Based on mapping by Dibblee (2005), the deposits underlying the subject site are comprised of 
Holocene-aged alluvial deposits (Figure 3). Dibblee describes these deposits as alluvial gravel, 
sand and clay of valley areas and gravel and sand of major stream channels. 

- 2 - ENG EO 
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The San Francisco Bay Area contains numerous active faults. Figure 4 shows the approximate 
location of active and potentially active faults and significant historic earthquakes mapped within 
the San Francisco Bay Region. An active fault is defined by the State as one that has had surface 
displacement within Holocene time (about the last 11,000 years). Review of the 2010 USGS 
Quaternary Fault and Fold Database (QFFD) found that the nearest active fault is the Hayward 
fault located approximately 0.25 mile northeast of the site. Other active faults located near the 
site include the Calaveras fault, approximately 8.3 miles to the east-northeast of the site, and the 
San Andreas fault, approximately 18.3 miles to the west-southwest. 

Numerous small earthquakes occur every year in the San Francisco Bay Region, and larger 
earthquakes have been recorded and can be expected to occur in the future. The Working Group 
on California Earthquake Probabilities (WGCEP) (2008) evaluated the 30-year probability of a 
M6. 7 or greater earthquake occurring on the known active fault systems in the Bay Area, 
including the Hayward fault. The UCERF generated an overall probability of 63 percent for the 
Bay Area as whole, and a probability of 31 percent for the Hayward fault, 7 percent for the 
Calaveras fault, and 21 percent for the Northern San Andreas fault. 

The site is not located within a currently designated Alquist-Priolo Earthquake Fault Zone 
(Figure 5) and no known surface expression of an active fault trends beneath the site. 

3.0 FIELD EXPLORATION 

The sections below summarize our field exploration activities as well as ground surface, 
subsurface, and groundwater conditions. 

3.1 SURFACE CONDITIONS 

The relatively flat site generally slopes from the southeast to the northwest. The automotive 
repair facility occupies roughly the center of the project site. The Property contains paved and 
unpaved areas, with the pavement near the structure along with a small landscaped area and near 
the north corner of the site. Trees are generally located near the southwest boundary of the site. 

3.2 CONE PENETRATION TESTS 

The field exploration for this preliminary study was conducted on August 21 , 2015 , and included 
advancing five cone penetration test (CPT) probes to depths of approximately 50 feet below the 
existing grade. Figure 2 shows the approximate location of the CPT probes established by taping 
or pacing from existing features. As a result, the mapped locations should be considered only as 
accurate as the methods used to determine them. 

The cone, connected with a series of rods, is pushed into the ground at a constant rate. Cone 
readings are taken at approximately 5-cm intervals with a penetration rate of 2 em per second in 

- 3- GEO 
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accordance with revised (2002) ASTM standards (D-5778-95). Measurements include the tip 
resistance to penetration of the cone (Qc), the resistance ofthe surface sleeve (Fs), and dynamic 
pore pressure (U). The CPT logs and supporting empirical data are located in Appendix A. The 
CPT holes were backfilled with cement grout upon completion in accordance with the 
requirements of Alameda County Public Works Department. 

3.3 SUBSURFACE CONDITIONS 

Based on empirical correlations of the CPT data to estimated soil type and strength, the 
subsurface conditions at the exploration locations predominantly consist of stiff to hard clayey 
silts and silty clays with interbedded very dense strata to the maximum depth explored of 
approximately 50 feet below the ground surface. Small lenses of sand and silty sand were 
encountered in the upper 5 feet of the exploration. Consult the site plan and exploration logs for 
specific subsurface conditions at each location. We include the CPT sounding logs in 
Appendix A. The logs graphically depict the subsurface conditions encountered at the time of the 
exploration. 

3.4 GROUNDWATER 

Groundwater was measured during our field exploration between 15 and 31 feet below the 
ground surface using a water level indicator. Historical high groundwater levels were mapped by 
the California Geologic Survey (CGS) at a depth of approximately 30 to 40 feet below the 
ground surface. 

Fluctuations in groundwater levels should be expected during seasonal changes or over a period 
of years because of precipitation changes, perched zones, changes in drainage patterns, and/or 
irrigation. 

4.0 DISCUSSION AND CONCLUSIONS 

From a geologic and geotechnical standpoint, the study area appears to be suitable for the 
proposed development. The preliminary recommendations in this report should be considered in 
the initial planning for the study area. A design-level exploration is recommended prior to 
preparation of the final land plan in order to develop recommendations for site grading and 
foundations. 

Potential geologic hazards in the study area include seismic hazards, undocumented fills, 
potential liquefaction, and expansive soils. These potential hazards and other geotechnical issues 
relevant to the study area are discussed in the following sections of this report. 

4.1 SEISMIC HAZARDS 

Potential seismic hazards resulting from a nearby moderate to major earthquake can generally be 
classified as primary and secondary. The primary effect is ground rupture, also called surface 
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faulting. The common secondary seismic hazards include ground shaking, liquefaction, 
densification, lateral spreading, and ground lurching. The following sections present a discussion 
of these hazards as they apply to the site. 

Based on topographic and lithologic data, the risk of regional subsidence/uplift, landsl ides, 
tsunamis, or seiches is considered low to negligible at the site. 

4.1.1 Ground Rupture 

As described above, the site is not located within a State of California Earthquake Fault Hazard 
Zone (Hayward Quadrangle, 1982) and no known faults cross the site. Therefore, it is our 
opinion that ground rupture is unlikely at the Property. 

4.1.2 Ground Shaking 

An earthquake of moderate to high magnitude generated within the San Francisco Bay Region 
could cause considerable ground shaking at the site, similar to that which has occurred in the 
past. To mitigate the shaking effects, all structures should be designed using sound engineering 
judgment and the latest California Building Code (CBC) requirements, as a minimum. 

Seismic design provisions of current building codes generally prescribe minimum lateral forces, 
applied statically to the structure, combined with the gravity forces of dead-and-live loads. The 
code-prescribed lateral forces are generally considered to be substantially smaller than the 
comparable forces that would be associated with a major earthquake. Therefore, structures 
should be able to: (1) resist minor earthquakes without damage, (2) resist moderate earthquakes 
without structural damage but with some nonstructural damage, and (3) resist major earthquakes 
without collapse but with some structural as well as nonstructural damage. Conformance to the 
current building code recommendations does not constitute any kind of guarantee that significant 
structural damage would not occur in the event of a maximum magnitude earthquake; however, 
it is reasonable to expect that a well-designed and wel l-constructed structure will not collapse or 
cause loss of life in a major earthquake (SEAOC, 1996). 

4.1.3 Soil Liquefaction 

Soil liquefaction results from loss of strength during cyclic loading, such as imposed by 
earthquakes. Soils most susceptible to liquefaction are clean, loose, saturated, uniformly graded 
fine sands be low the groundwater table. 

The Property is not located within a State of California Seismic Hazard Zone (CGS, 2003) fo r 
areas that may be susceptible to liquefaction (Figure 4). Soil liquefaction results from loss of 
strength during cyclic loading, such as imposed by earthquakes. Soils most susceptible to 
liquefaction are clean, loose, saturated, uniformly graded, fine-grained sands. 

- 5- ENG EO 
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We performed a liquefaction potential analysis of the CPT data using the procedure introduced 
by the 1996 National Center for Earthquake Engineering Research (NCEER) workshop and the 
1998 NCEER!National Science Foundation (NSF) workshop. The workshops are summarized by 
Youd et al. (200 1 ). The Cyclic Stress Ratio (CSR) was estimated for a Peak Ground Acceleration 
(PGAM) value of0.93g as outlined in the ASCE 7-10 and moment magnitude of7.3. The results 
indicate that the medium dense sand layer is potentially liquefiable. 

We calculated potential liquefaction-induced settlement estimates using the methods published. 
Since the clayey sand layer was characterized as medium dense and potentially liquefiable, we 
estimate the total liquefaction-induced settlements across the site to be less than 1 inch. 
Differential settlement during a liquefaction event is expected to be less than 12 inch (SCEC, 
1999). 

4.1.4 Ground Lurching and Lateral Spreading 

Lurch cracking and lateral spreading can occur in weaker soils on slopes and adjacent to open 
channels that are subjected to strong ground shaking during earthquakes. Based on the site 
topography, it is our opinion that there is a low potential for liquefaction-induced lateral 
spreading. 

4.1.5 Flooding 

According to the Federal Emergency Management Agency (Map Number 0600 I C0289G 
Effective Date August 3, 2009), the project site is located within an area to be outside the 0.2% 
annual chance floodplain; however, the Civil Engineer should review pertinent information 
relating to possible flood levels for the Property based on final pad elevations and provide 
appropriate design measures for development of the project, if necessary. 

4.2 EXPANSIVE SOILS 

Expansive soils shrink and swell as a result of moisture changes. This can cause heaving and 
cracking of slabs-on-grade, pavements, and structures founded on shallow foundations. 

Successful construction on expansive soils requires special attention during grading. It is 
imperative to keep exposed soils moist by occasional sprinkling. If the soils dry, it is extremely 
difficult to remoisturize the soils (because of their clayey nature) without excavation, moisture 
conditioning, and recompaction. 

Conventional grading operations, incorporating fill placement specifications tailored to the 
expansive characteristics of the soil and use of a mat foundation are common, generally 
cost-effective measures to address the expansive potential of the foundation soils. The CPT data 
suggests clayey soils are present onsite, which may be potentially expansive based on their flood 
plain origin. Laboratory testing of clayey fill on nearby sites found that the soil was moderate to 

- 6 -

--- ExpAct Excellence·-·-



Attachment VIII

11

Warmington Residential 
25891 and 25915 Dollar Street, rlayward 

12257 000 000 
September 10, 2015 

Rev1sed September 18, 2015 

highly expansive. The soil expansion potential of the Property soils should be evaluated at the 
time of design-level study and mitigated during remedial grading activities. 

4.3 EXISTING FILLS 

The Property currently contains ex1stmg structures. As such, buried foundation elements, 
underground utilities and undocumented surficial fill are anticipated throughout the site. 

Existing fills could undergo vertical movement that is not easily characterized and could 
ultimately be inadequate to effectively support the proposed building loads. In general, 
undocumented fills should be excavated and, if deemed suitable for reuse, replaced as engineered 
soil fill. The soil encountered in the upper 5 feet of the CPT soundings can be indicative of 
undocumented fill within the site; however, the extent and quality of existing fills should be 
evaluated at the time of design-level study and mitigated as appropriate during remedial grading 
activities . 

4.4 STATIC AND PERCHED GROUNDWATER 

Groundwater was measured during the field exploration between 15 and 31 feet below the 
existing ground surface. Plate 1.2 of the Seismic Hazard Zone Report for the Hayward 
Quadrangle (2003) indicates historic groundwater highs between 30 and 40 feet below the 
ground surface. Thus, shallow groundwater is present at the site. 

A groundwater level of 15 feet below the existing ground surface may be conservatively 
considered for preliminary design purposes. Fluctuations in groundwater levels should be 
expected during seasonal changes or over a period of years because of precipitation changes, 
perched zones, changes in drainage patterns, and irrigation. 

4.5 CORROSIVITY CONSIDERATIONS 

Corrosivity testing was not performed as part of this preliminary study. Laboratory testing and 
analysis to assess the corrosivity potential of near-surface soils should be performed in the 
design-level study. In general, soil samples are tested for redox potential, pH, resistivity, sulfide, 
so luble sulfate, and chloride ion concentrations to help determine corrosivity considerations for 
concrete and metal buried or in contact with soil. 

4.6 CONCLUSIONS 

Based on the find ings of this preliminary study, it is our opinion that the Property is suitable for 
the proposed residential development. The potential geotechnical issues for the site are: 

• Presence of potentially expansive soils. 
• Presence of man-made undocumented fil l materials and buried structures or utilities. 
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A design-level geotechnical study should be performed as part ofthe on-going planning process, 
and should include a subsurface exploration and laboratory testing to provide data for the 
preparation of specific recommendations regarding site grading, foundations, and drainage for 
the proposed development. The study should include a more detailed evaluation of the 
above-described geotechnical issues and provide recommendations to mitigate the potential 
geotechnical/geological hazards, as appropriate. 

5.0 PRELIMINARY RECOMMENDATIONS 

The following recommendations are for initial land planning, estimating and design purposes. 
Final recommendations regarding site grading and foundation construction will be provided after 
the additional site-specific exploration has been completed. 

5.1 DEMOLITION AND STRIPPING 

Site demolition includes the removal of structures, foundations, and buried structures, including 
abandoned utilities, wells, septic tanks and leach fields, if any exist. Near-surface soft 
compressible soils and surficial debris should be also removed from locations to be graded, from 
areas to receive fill or structures, or those areas to serve as borrow. The depth of removal of such 
materials should be determined by the Geotechnical Engineer in the field at the time of grading. 

Any existing vegetation should be removed from areas to receive fill or improvements, or those 
areas to serve for borrow material. Tree roots should be removed to a depth of at least 3 feet 
below existing grade. Subject to approval by the Landscape Architect, strippings and organically 
contaminated soils can be used in landscape areas. Otherwise, such soils should be removed from 
the project site. Any topsoil that will be retained for future use in landscape areas should be 
stockpiled in areas where it will not interfere with grading operations. 

All excavations from demolition and stripping below design grades should be cleaned to a firm 
undisturbed soil surface determined by the Geotechnical Engineer. The exposed surface should 
then be scarified, moisture conditioned, and backfilled with compacted engineered fill. No loose 
or uncontrolled backfilling of depressions resulting from demolition or stripping is permitted. 

5.2 EXISTING FILL AND LOOSE SOIL 

The CPT detected small lenses of sand and silty sand in the upper 5 feet of the exploration. 
These soils may represent a shallow fill layer or the former surface and near soils from the 
former orchard use. The extent and density of these soils should be evaluated during the 
design-level exploration. Based on the findings of the exploration and the planned site grading, 
all or some portion of the loose soi l may required and should be subexcavation to underlying 
firm native soils as approved by the Geotechnical Engineer. 
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With the exception of construction debris (wood, brick, asphalt, concrete, metal, etc.), trees, high 
organic content soi l (soil which contains more than 3 percent organic content by weight), and 
environmentally impacted soils (if any), we anticipate the site soils are suitable for use as 
engineered fill. Other materials and debris, including trees with their root balls, should be 
removed from the project site. If reuse of select materials such as asphalt and concrete onsite as 
engineered fill is desired, site-specific breakdown, blending and placement recommendations can 
be developed. 

The contractor should anticipate encountering excessively over-optimum (wet) soil moisture 
conditions during winter or spring grading, or during or following periods of rain. Wet soil can 
make proper compaction difficult or impossible. Wet soil conditions can be mitigated by: 

1. Frequent spreading and mixing during warm dry weather. 
2. Mixing with drier materials. 
3. Mixing with a lime, lime-flyash, or cement product; or 
4. Stabilizing with aggregate, geotextile stabilization fabric, or both. 

Options 3 and 4 should be evaluated and approved by ENGEO prior to implementation. 

5.4 FILL PLACEMENT 

For land planning and cost estimating purposes, the following compaction contro l requirements 
should be anticipated for general fill areas: 

Test Procedures: 

Required Moisture Content: 

Minimum Relative Compaction: 

ASTM D-1557. 

Not less than 3 percentage points above 
optimum moisture content. 

Not less than 90 percent. 

Relative compaction refers to the in-place dry density of soil expressed as a percentage of the 
maximum dry dens ity of the same material. 

Successful construction on expansive soils requires special attention during grading. It is 
imperative to keep exposed soi ls moist by occasional sprinkling. If the so ils dry, it is extremely 
difficult to remoisturize the soils (because of their clayey nature) without excavation, moisture 
conditioning, and recompaction. Additional compaction requirements may need to be developed 
during our detailed exploration to address potentially expansive soil. 
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5.5 2013 CALIFORNIA BUILDING CODE SEISMIC PARAMETERS 

Considering nearby faults, we provide the 2013 CBC seismic parameters in Table 5.5-1 for your 
use in the preliminary foundation design. The seismic design parameters presented in the 2013 
CBC are based upon the 2012 International Building Code and the ASCE standard "Minimum 
Design Loads for Buildings and Other Structures" (ASCE 7-10) published in 2010. To obtain 
2013 CBC seismic parameters, we used the USGS Seismic Design Map online tool to develop 
ASCE 7-10 seismic design parameters. 

TABLE 5.5-1 
2013 CBC Seismic Design Parameters 

Latitude: 3 7.651204 Longitude: - 122.069414 

Parameter Value 

Site Class D 

Mapped MCER Spectral Response Acceleration at Short Periods, Ss (g) 2.42 

Mapped MCER Spectral Response Acceleration at !-second Period, S, (g) 1.01 

Site Coefficient, FA 1.00 

Site Coefficient, Fv 1.50 

MCER Spectral Response Acceleration at Short Periods, SMs (g) 2.42 

MCER Spectral Response Acceleration at !-second Period, SM, (g) 1.51 

Design Spectral Response Acceleration at Short Periods, Sos (g) 1.61 

Design Spectral Response Acceleration at !-second Period, So, (g) 1.01 

Mapped MCE Geometric Mean Peak Ground Acceleration (g) 0.93 

Site Coefficient, FPGA 1.00 

MCE Geometric Mean Peak Ground Acceleration, PGAM (g) 0.93 

Long period transition-period, T L 8 sec 

5.6 PRELIMINARY FOUNDATION DESIGN 

Although the preliminary structural concept and foundation loads have not yet been developed, 
based on our experience with similar projects, we anticipate the proposed structures may be 
supported on a stiff structural mat foundation or post-tensioned mats. Alternatively, conventional 
footing systems with slab-on-grade flooring may be appropriate for the proposed structures. 
Suitability of foundation types should be re-assessed during the design-level phase based on 
design structural loads and laboratory testing of site soi Is. 

5.6.1 Conventionally Reinforced Structural Mat Foundation 

In order to reduce the effects of potentially expansive soils, the foundations should be 
sufficiently stiff to move as rigid units with minimum differential movements. This can be 
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accomplished with construction of relatively rigid mat foundations, such as post-tensioned 
structural mats. 

A minimum mat thickness of 12 inches designed to impose an average bearing pressure of at 
most 1,500 pounds per square foot (psf) for dead-plus-live loads may be used for preliminary 
planning purposes. 

5.6.2 Conventional Footing System with Slab-on-Grade Flooring 

The proposed structures may also be supported by a conventional footing system depending on 
design loads. A maximum allowable bearing pressure of 2,500 psf for dead-plus-live loads for 
footings should be anticipated for preliminary purposes, which may be increased by one-third 
when considering total loads including w ind or seismic. The footings should be embedded at 
least 24 inches below lowest adjacent soil subgrade and should be at least 24 inches in width. 
Deeper footings may be recommended if the soils are more expans ive than anticipated. 

For preliminary purposes, we recommend concrete slabs be at least 6 inches thick. The slab 
reinforcing should be designed by the Structural Engineer, as needed. As a minimum, the slab 
reinforcement should consist of No. 4 bars spaced 16 inches on-center each way. Low-expansive 
fill with a thickness of approximately 18 inches could be considered to reduce the potential 
impacts of expansive soil on the floor slab. 

5.7 PRELIMINARY PAVEMENT DESIGN 

As applicable, the following preliminary pavement section for new streets has been determined 
for a Traffic Index of 4 through 7, an assumed R-value of 5, and in accordance with the design 
methods contained in the Caltrans Highway Design Manual. Preliminary recommendations are 
presented in the table below. 

TABLE 5.7-1 

4.0 2Yz 8 

5.0 3 10 

6.0 3Yz 13 

7.0 4 16 
Notes: HMA - Hot Mix Asphalt 

AB- Cat trans Class 2 aggregate base (R-value of 78 or greater) 

The above preliminary pavement sections are provided for estimating only. We recommend the 
actual subgrade material be tested for R-value once established and the Traffic Index and 
minimum pavement section(s) should be confirmed by the Project Civi l Engineer and City of 
Hayward. 
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The building pads must be positively graded at all times to provide for rapid removal of surface 
water runoff from the foundation systems and to prevent ponding of water under floors or 
seepage toward the foundation systems at any time during or after construction. Ponding of 
stormwater must not be permitted on the building pads during prolonged periods of inclement 
weather. We suggest that finished grades have slopes of at least 5 percent within 10 feet from the 
exterior walls at right angles to them to allow surface water to drain positively away from the 
structures. For paved areas, the slope gradient can be reduced to 2 percent. All roof stormwater 
should be collected and directed to downspouts. 

Stormwater from roof downspouts should not be allowed to discharge onto splashblocks or into 
landscape areas within 5 feet from the foundation; rather, they should discharge through the curb 
and into the street or onto an impermeable material that drains into the street. ENGEO should be 
consulted to develop recommendations if these criteria are not feasible. 

5.9 REQUIREMENTS FOR LANDSCAPING IRRIGATION 

For planning purposes, vegetation should not be planted immediately adjacent to the structures. 
If planting adjacent to a building is desired, we recommend using plants that require very little 
moisture with drip irrigation systems. Similarly, sprinkler systems should not be installed where 
they may cause ponding or saturation of foundation soils within 5 feet of the walls or under the 
structures as ponding or saturation of foundation soils may cause loss of soil strength, and 
movements of the foundation and slabs. 

Irrigation of landscaped areas should be strictly limited to that necessary to sustain vegetation. 
Excessive irrigation could result in saturating and weakening of foundation soils. 

5.10 STORMWATER INFILTRATION OPPORTUNITIES AND 
POST -CONSTRUCTION BMPS 

Based on the anticipated fines content and density, the near-surface site soils are expected to 
have low permeability values to handle stormwater infiltration. Post-construction BMPs should 
not rely on infiltration; rather, we recommend BMPs receive subdrains that discharge treated 
stormwater into the planned bioretention areas. 

If possible, we recommend the bioretention areas and other BMPs be planned a minimum of 
5 feet away from structural site improvements. Where this is not practical, bioretention areas 
located within 5 feet of structural onsite or offsite improvements can either: 

1. Be constructed with structural side walls capable of withstanding the loads from the adjacent 
improvements, or 
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2. Incorporate filter material compacted to between 85 and 90 percent relative compaction 

(ASTM 01557, latest edition). Bioretention design should incorporate a waterproofing 
system lining the bioretention excavation. The waterproofing system should cover the 
bioretention area excavation in such a manner as to reduce the potential for moisture 
transmission beneath the adjacent improvements. 

In addition, site improvements located adjacent to bioretention areas that are underlain by base 
rock, sand, or other imported granular materials, should be designed with a deepened edge that 
extends to the bottom of the imported material underlying the improvement. Where adjacent site 
improvements include streets steeper than 3 percent or design elements that will experience 
lateral loads (such as from impact or traffic patterns), additional design considerations may be 
required. 

Given the nature of bioretention systems and possible proxtmtty to improvements, we 
recommend ENGEO consult further with you as needed, review design plans, and provide 
testing and observation services during the installation of linings, compaction of the filter 
material, and connection of designed drains (if implemented). 

It should be noted that the contractor is responsible for conducting all excavation and shoring in 
a manner that does not cause damage to adjacent improvements during construction and future 
maintenance of the bioretention areas. As with any excavation adjacent to improvements, the 
contractor should minimize the exposure time such that the improvements are not detrimentally 
impacted. 

6.0 LIMITATIONS AND UNIFORMITY OF CONDITIONS 

This preliminary report is issued with the understanding that it is the responsibility of the owner 
to transmit the information and recommendations of this report to developers, owners, buyers, 
architects, engineers, and designers for the project so that the necessary steps can be taken by the 
contractors and subcontractors to carry out such recommendations in the field. The conclusions 
and recommendations contained in this preliminary report are solely professional opinions. 

The professional staff of ENGEO strives to perform its services in a proper and professional 
manner with reasonable care and competence but is not infallible. There are risks of earth 
movement and property damages inherent in land development. We are unable to eliminate all 
risks or provide insurance; therefore, we are unable to guarantee or warrant the results of our 
services. 

This preliminary report is based upon field and other conditions discovered at the time of 
preparation of ENGEO's report. This document must not be subject to unauthorized reuse that is, 
reusing without written authorization of ENGEO. Such authorization is essential because it 
requires ENGEO to evaluate the document's applicability given new circumstances, not the least 
of which is passage of time. Actual field or other conditions will necessitate clarifications, 
adjustments, modifications or other changes to ENGEO's documents. Therefore, ENGEO must 
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be engaged to prepare the necessary clarifications, adjustments, modifications or other changes 
before construction activities commence or further activity proceeds. If ENGEO's scope of 
services does not include on-study area construction observation, or if other persons or entities 
are retained to provide such services, ENGEO cannot be held responsible for any or all claims 
arising from or resulting from the performance of such services by other persons or entities, and 
from any or all claims arising from or resulting from clarifications, adjustments, modifications, 
discrepancies or other changes necessary to reflect changed field or other conditions. 

- 14- ENGEO 
-- Expecl E:xce .. er>ce -



Attachment VIII

19

1/1/armington Residential 
25891 and 25915 Dollar Street, Hayward 

SELECTED REFERENCES 

12257.000.000 
September 10, 2015 

Revised September 18,2015 

Graymer et al., 2000, Geologic Map and Map Database of the Oakland Metropolitan Area, 
Alameda, Contra Costa, and San Francisco Counties, California. 

California Building Code, 2013. 

California Department of Transportation, 1992, Highway Design Manual. 

Finn, W. D. L., 1996, Evaluation of Liquefaction Potential for Different Earthquake Magnitudes 
and Site Conditions, A Symposium on Recent Developments in Seismic Liquefaction 
Assessment, April 12. 

Hart, E.W., 1997, Fault-Rupture Hazard Zones in California, California Division of Mines and 
Geology Special Publication 42, revised. 

Historicaerials.com 

Moss et al., 2006, CPT -Based Probabilistic and Deterministic Assessment of In Situ Seismic Soil 
Liquefaction Potential. 

Robertson, P. K. and R. G. Campanella, 1988, Guidelines for Geotechnical Design Using CPT 
and CPTU Data. 

Robertson, P. K. and C. E. (Fear) Wride, 1998, Cyclic Liquefaction and its Evaluation based on 
SPT and CPT, NCEER Workshop. 

SEAOC, 1996, Recommended Lateral Force Requirements and Tentative Commentary. 

Seed, H. B. and I. M. ldriss, 1982, Evaluation of Liquefaction Potential of Sand Deposits Based 
on Observations of Performance in Previous Earthquakes, Journal of Geotechnical 
Engineering, ASCE. 

Seed, R. B., Cetin K. 0., Moss R. E. S., Kammerer A.M., Wu J., Pestana J. M., Riemer M. F., 
Sancia R. B., Bray J. D., Kayen R. E., Faris A., 2003, Recent Advances in Soil 
Liquefaction Engineering A unified and Consistent Framework, 26th Annual ASCE Los 
Angeles Geotechnical Spring Seminar. 

Southern California Earthquake Center (SCEC), 2008, Recommended Procedures for 
Implementation of DMG Special Publication 117 A, Guidelines for Evaluation and 
Mitigating Seismic Hazards in California, adopted September 11. 

ENGEO 
-Exper.t Excellenr:e ·-



Attachment VIII

20

Warmmgton Residential 
25891 and 25915 Dollar Street. Hayward 

SELECTED REFERENCES (Continued) 

12257 000 000 
September 10, 2015 

Revised September 18, 2015 

State of California, Division of Mines and Geology (CDMG), 1982, Earthquake Fault Hazard 
Zones Map (previously named Special Studies Zones Map). 

State of California, Department of Conservation, 2000, Seismic Hazard Zone Report for the 
Hayward 7.5 Minute Quadrangle, Alameda County, California. 

Youd, T. L. and I. M. Idriss, 1997, Proceedings of the NCEER workshop on Evaluation of 
Liquefaction Resistance of Soils, Technical Report NCEER-97-0022. 

Youd, T. L. and I. M. Idriss, 2001, Liquefaction Resistance of Soils: Summary Report from the 
1996 NCEER and 1998 NCEERJNSF Workshop on Evaluation of Liquefaction Resistance 
of Soils. 

Zhang, G., Robertson, P. K., and Brachman, R. W. I. , 2002, Estimating Liquefaction-Induced 
Ground Settlements from CPT for Level Ground, Can. Geotech. J. 39, 1168-1180. 

ENGEO 
- Expec . .._xc"'' t n .e-



Attachment VIII

21

LIST OF FIGURES 

Figure 1 -Vicinity Map 
Figure 2- Site Plan 
Figure 3 - Regional Geologic Map 
Figure 4- Seismic Hazard Zones Map 
Figure 5 - Regional Faulting and Seismicity 

F 
I 
G 
u 
R 
E 
s 



Attachment VIII

22

w 
~ 

0 

~ fA.92f.i .!filliil: 
;; 

w 

"' .... 
0 
z 

~ 
:>: 

0 
N 

GEO 
-Expect Excellence-

A 
N 

0 

0 

VICINITY MAP 

DOLLAR STREET 

HAYWARD, CALIFORNIA 

PEET 2000 

METERS 

-GEX- Vicini tyMop- 0815.dwg Plot Date: 8-25- 15 spotters 

1000 



Attachm
ent VIII

23

COPYRIGHT <;, 20 15 BY ENGEO INCORPORATED. THIS DOCUMENT MAY NOT BE REPROOUC£0 IN WHOLE OR IN PART BY ANY "'EANS WHATSOEVER, NOR MAY IT BE QUOTED OR EXCERPTED WITHOUT THE EXPRESS WRITTEN CONSENT OF ENGEO INCORPORATED. 

I BAS£ MAP SOURCE: COOGLE EARTH PRO 

0 FEET 60 

0 METERS 30 
--Expect Excellence-

EXPLANATION 
ALL LOCATIONS ARE APPROXIMATE 

1-CPTS V CONEPENETRATIONTEST 

SITE PLAN 
DOLLAR STREET 

HAYWARD, CALIFORNIA 

PROJBCI'NO.: 12257.000.000 

SCALE: AS SHOWN 

DRAWNBY: SRP IOlECKEDBY: BF 

FIGURE NO 

2 
ORIGINAL flGURE PRINTED IN COLOR 



Attachment VIII

24

w .. 
!:: 
,_ 
"' ,. 
"' ~ 
<i 

~ 
0 s "' . :0 

~ 
z 

~ 

- - I 'a1 ...... 
EXPLANATION 

Qhaf AllUVIAL FAN & FLUVIAL DEPOSITS (HOLOCENE) 

Qpaf AllUVIAL FAN & FLUVIAL DEPOSITS (PLESITOCENE) 

Qhfp FLOODPLAIN DEPOSITS 

Kjm JOAQUINMILLERFORMATION 

KJk KNOXVILLE FORMATION 

KJkc CONGLOMERATE 

KJkv VOLCANOCLASTIC BRECCIA 

Jpb PILLOW BASALT 

Jgb GABBRO 

s p SERPENTINITE 

A 
N 

0 

0 

- Expect Excellence-

REGIONAL GEOLOGIC MAP 
DOLLAR STREET 

HAYWARD, CALIFORNIA 
2 - 0815.dwq 

GEOLOGIC CONTACT-DASHED WHERE 
GRADATIONAL OR APPROXIMATELY LOCATED 

FAULT-DASHED WHERE 
INFERRED, DOTTED WHERE 
CONCEALED, QUERIED WHERE 
EXISTENCE IS DOUBTFUL. 
SA WTEETH ARE ON uPPER PLATE 
OF LOW ANGLE THRUST FAULT. 

FEBT 

STRIKE AND DIP OF S1RATA 

y INCLINED 

2000 

METERS 1000 



Attachment VIII

25

A 
N 

0 FEET 4000 

0 METERS 2000 

EXPLANATION 

---
LIQUEFACTION 

--, AREAS WHERE lllSTORIC OCCURRENCE OF LIQUEFACTION, OR LOCAL 
'; GEOLOGICAL, GEOTECHNICAL AND GROUNDWATER CONDffiONS 

~--- ..1 INDICATE A POTENTIAL FOR PERMANENT GROUND DISPLACEMENTS 
SUCH THAT MITIGATION AS DEFINED IN PUBLIC RESOURCES CODE 
SECTION 2693(c) WOULD BE REQUIRED 

EARTHQUAKE-INDUCED LANDSLIDES 
AREAS WHERE PREVIOUS OCCURRENCE OF LANDSLIDE MOVEMENT, OR 

( LOCAL TOPOGRAPlllC, GEOLOGICAL, GEOTECHNICAL AND SUBSURFACE 
WATER CONDITIONS INDICATE A POTENTIAL FOR PERMANENT GROUND 
DISPLACEMENTS SUCH THAT MITIGATION AS DEFINED IN PUBLIC 
RESOURCES CODE SECTION 2693(c) WOULD BE REQUIRED 

o BASE MAP SOURCE: CALIFORNIA DEPARTMENT OF CONSERVATION, CALIFORNIA GEOLOGICAL SURVEY, 2006 

GEO 
-Expect Excellence-

SEISMIC HAZARD ZONES MAP 

DOLLAR STREET 

HAYWARD, CALIFORNIA 

PROJECfNO.: 12257.000.000 

SCALE: A S SHOWN 

DRAWNBY: SRP CHBCKFDBY: BF 

FIOURBNO. 

4 
Plot Dote: 6 - 25- 15 'potters ORIGINAL fiGURE PRINTED IN COLOR 



Attachm
ent VIII

26

. 
~ 
~ 

~ 
B 

I 

i 
~ 
i 
; 

! 
• a 

f 

• 
i 

I 
i 
' 
~ BASE MAP SOURCE: 

COLOR HILLSHAOC /MACE BASCO ON THE NATIONAL CLEVATION OATAS£1 (NCO) AT JO MCTCR RESOLUTION 
U.S.C.S. OUATCR!IARY FAULT OATABASE, NOVEMBER, 2010 
U.S.G.S. HISTORIC CARTHQUAK[ DATABASE {1800-2000) 

Sacramento 

0
tod 

San Joaquin 

0
tolhrop 

0
1/onl • eo 

~ 

\ ElDorado 

Calaveras 

oltmpls pomp 

0 0okdot. 

0
llod•, fo 

0
Wgf•rfonl 

oc.,., 
Stanislaus 

0r.~rfcu:k 

0
01Ihl 

0
LJvf,gJfofl 

0
Atwoi•r 

0
1Urnd 

01> 

\ ~ 

t\~·-/\ 
Merced 

'\~ 'S\ 

~ 

~lin.cnst 

Tuolumne 

Mariposa 

0
11orlposo 

0
chowcht/lo 

0t.~od~ro 

:\GEO REGIONAL FAULTING AND SEISMICTIY 
DOLLAR STREET 

- l!x,.ct ~J•noe- HAYWARD, CALIFORNIA 

A 
N 

MILES IS 

"""""""" 30 

EXPlANATION 

• MAGNI11JDE 7+ 

• MAGN111JDE 6-7 

• MAGNJTIJDE ~ 

HISTORIC FAULT 

HOLOCENE FAULT 

QUATERNARY FAULT 

~ HISTORIC BLIND TiiRUST 
FAULT ZONE 

FOQIII;f""' I22S7.000.000 

"'-'lh AS SHOWN 

DIIAWIUY: SRP ICJIBJIEDBY: Bf 

FJmllllll«l 

5 
OMCifW._ nGIHIC ""'"1[0 lt'l COI,OII 



Attachment VIII

27

APPENDIX A 

Cone Penetration Test (CPT) Logs 
(Middle Earth Geo-Testing Inc.) 

A 
p 
p 
E 
N 
D 
I 
X 

A 



Attachment VIII

28

ENGEO 
--Expect Excellence-

. - LIQlfEFA.CTION ANALYSIS REPORT - -_ . 

Project title : Dollar Street 

CPT file : 1-CPTOl 
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Input parameters and analysis data 
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• 1. Sensitive fine grained II 4. Clayey sil t to silty D 7. Gravely sand to sand 

0 2. Organic material D 5. Silty sand to sandy silt D 8. Very stiff sand to 

• 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained 
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This software is licensed to: ENGEO Incorporated 

liquefaction analysis overall plots 
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g 
.J::. .J::. 

0. 0. 
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48 48~ 

0 0 .2 0.4 0 .6 0 0.5 1 1.5 0 5 10 15 

CRR &CSR Factor of safety Uquefaction potential 

Input parameters and analysis data 

Analysis method: NCEER (1998) Depth to water table (erthq.): 15.00 ft ftll wei9ht: 
Fn>es correctiOn method: NCEER (1998) Average results interval: 3 lrnnsttoon detect. apphed: 
Potnts to test: Based on Ic value Ic cut-off value: 2.60 J<.., applt<!d: 
Earthquake magMude ~\.: 7.30 Unit weight calculation: Based on SBT Cldy hke behaviOr applted: 
Peak ground atcelerdtion: 0.93 Use fill: No LtnYt depth apphcd: 
Depth to water table (instu): 25.50 tt Fill hetght: N/A limit depth: 

Cliq v.l.7.6.49- CPT Liquefaction Assessment Software- Report created on: 9/4/2015, 3:27:11 PM 
Project file: G:\Acttve Pro)ects\_12000 to 13999\12257\12257000000\Geotechnicai\Cliq analysis.dq 
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0 0.05 0.1 0.15 0.2 0.25 
Settlement (in) 

F.S. color scheme 

• Almost certain it will liquefy 

D Very likely to liquefy 

0 Liquefaction and no liq. are equally likely 

0 Unlike to liquefy 

• Almo<t <Prtain it will not liottPfv 

CPT name: 1-CPT01 

Lateral displacements 

0 

DiSplacement (in) 

LPI color scheme 

• Very high risk 

0 High risk 
0 Low risk 
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--Expect Excellence-

Project title : Dollar Street 

CPT file: 1-CPT02 

Input parameters and analysis data 

AnalysiS method: NCEER (1998) 
fi1ws corre<:t1011 method: NCEER (1998) 
Poults to test: Based on Jc value 
Earthquake magnitude ~\,: 7.30 
Peak ground acceleratiOn: 0. 93 

G.W.T. (in-situ): 
G.W.T. (earthq.): 
Average results interval: 
Ic cut-off value: 
Unit weight calculation: 

Cone resistance Friction Ratio 
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qt (tsf) Rf(%) 

Mw=7'' 2, sigma·=l atm base curve 

Lique faction 

Location : Hayward, CA 

15.00 ft Use fill: 
15.00 ft Fill height: 
3 F1ll weight: 
2.60 Trans. detect 

Based on SBT K., applied: 

SBTn Plot 
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Ic (Robertson 1990) 
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apphed: No 
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CRR plot 

'V 
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CRR&CSR 

Clay like behavior 
applied: Sands only 
Limit depth applied: No 
Limit depth: N/A 
MSF method: Method based 

FS Plot 

\ 

0.6 0 O.S 1 1.5 
Factor of safety 

Summary of liquefaction potential 

1~----~~~~~rn--~~--r-~rr"~ 
0.1 1 10 

Norrralized friction ratio (%) 

No Liquefa ction 
Zone A ~yet.c I'QUef3Ct iOn H,e1y depena,ng on ''l ~ and dur~uon ot t.jc!c IOadtng 
Zont A C·tCIIC l.qu<-f"110n and strength !oss 1 ".t:-ty depeno ng on 10~d10g alld g roul'\d 
geome-:r; 

014-~rT~~~rT~~-rrr~~rrrr~~~rrTT~-rrr~ 

0 20 40 60 80 100 120 140 160 180 200 
Qtn,cs 

Zelle B Lq~;etac.t.on and po.st. eartnqoall.f' strengm :os' unh'-f'· 1 chec'lo. cycle sot:en1f:3 
Zcne C Cye:c hqueract!Oo ;100 stre~th lOss poss,bfe dependulg on sOri pldS!IC:t't 
brlttleoess/ser.~llrv(V st:alfl to peo:slt. undr11ned ':reong,h 01110 QHJur<i geometty 

Cliq v.1.7.6.49- CPT Liquefaction Assessment Software- Report created on: 9/4/2015, 3:27:12 PM 
Proje<:t file: G:\Act,ve Projects\_12000 to 13099\121.57\12257000000\G<:<Jtechnicai\Cliq analysis.clq 
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This software is licensed to: ENGEO Incorporated CPT name: 1-CPT02 

CPT basic interpretation plots 

Cone resistance Friction Ratio Pore pressure 
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48 48 ~B 

so so so 
20 ·10 60 so 100 120 HO 0 2 4 6 8 10 ·5 0 5 

qt (tsf) Rf (%) u (psi) 

Input parameters and analysis data 

Analysis method: NCEER (1998) Depth to water table (erthq.): 15.00 ft r 1ll weiqht: 
F1nes correctiOn method: NCEER (1998) Average results interval: 3 Tr~ns1hon dctctt. applied: 
P01nts to test: Based on lc value lc cut-off value: 2.60 K, diJJ)Iied: 
Earthquake magnitude ~\,: 7.30 Unit weight calculation: Based on SBT Clay like behavior appl~ed : 
Pedk qround atceleration: 0.93 Use fill : No Limit depth applied: 
Oepth to water table (ins~u) : 15.00 ft Fill height: N/A Limit depth: 

CLiq v.1.7.6.49 - CPT Liquefaction Assessment Software - Report created on : 9/4/2015, 3:27:12 PM 
Project fi le: G:I,Ac: ive Projects\_12000 to 13999\12257,12257000000\Geotechnicai\Cliq analysis.clq 
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SBT Plot Soil Behaviour Type 
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a. 26 03f 
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a;y 

aa,t&siltyda,t 
Oa,t&siltyda,t 

2 3 4 0 2 4 6 8 10 12 14 16 18 
Ic(SBT) SBT (Robertson et al. 1986) 

SBTieqend 

• 1. Sensitive fine grained II 4. Clayey si lt to silty 0 
[] 2. Organic material D 5. Silty S<lnd to sandy silt D 
• 3. Clay to silty clay D 6 . Clean sand to silty sand D 

7. Gravely sand to sand 

8. Very stiff sand to 

9. Very stiff fine grained 
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This software is licensed to: ENGEO Incorporated 

CPT basic interpretation plots (normalized) 

Nor m. cone resistance Norm. friction ratio Nom . pore pr essure ratio 

4 4 

6 6 

8 8 

10 10 

12 12 

H H 

1b 16 

18 18 

20 20 

22 22 
~ 

~ 24 
.... 
~2·t 

.c. .c. 
0. 26 0. 26 
8 8 

28 28 

30 30 

32 32 

3·1 34 

36 36 

38 38 

40 40 

n 42 

44 44 

46 ·16 

48 48 

so so 
0 so 100 ISO 20( 0 ·I 6 

Qtn Fr (% ) 

Input parameters and analysis data 

Analysis n'ethod: NCEER (1998) Depth to water table (erthq.): 
Fones correctiOn n'ethod: NCEER (1998) Average results interval: 
Poonts to test : Based on Ic value Ic cut-off value: 
Earthquake magnitude ~1.,.: 7.30 Unit weight calculation: 
Peak ground accelerdtion : 0.93 Use fill: 
Depth to water table (ins(u): 15.00 ft Fill height: 
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Foil weoght: 
Tran~noon detect. applied: 
K0 apphcd: 
Clay Joke l>ehavior applied: 
lonut depth apploed: 
Limo! depth: 

Cliq v.l.7.6.49 - CPT Liquefaction Assessment Software- Report created on: 9/4/2015, 3:27:12 PM 
Project file: G:\Active Projects\..12000 to 13999\12257\12257000000\Geotechnocai\CUq analysis.clq 

0.8 

N/A 
No 
Yes 

I 
.c. 
0. 
8 
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SBTn Plot 

2 3 4 

Ic (Robertson 1990) 

SBTnleqend 

• 1. Sensitive fine grained • 

D 2. Organic material 0 
• 3. Clay to silty clay 0 

CPT name: 1-CPT02 

Norm. Soil Behaviour Type 
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SBTn (Robertson 1990) 

4. Clayey silt to silty 0 7. Gravely sand to sand 

5·. Silty sand to sandy sil t 0 8. Very stiff sand to 

6. Clean sand to silty sand 0 9. Very stiff fine grained 
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This soft\'Jare is licensed to: ENGEO Incorporated CPT name: 1-CPT02 

Liquefaction analysis overall plots 

CRRplot FS Plot LPI 
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0 0,2 0.4 0.6 0 0.5 1 1.5 0 s 10 15 20 

CRR&CSR Factor of safety Uquefaction potential 

Input parameters and analysis data 

Analysrs method: NCEER (1998) Depth to water table (erthq.): 15.00 ft roll weoght 
Fllles correctK>n method: NCEER (1998) Average results interval: 3 1 rdns1t10n detc~l. apphcd: 
Poon ts to test · Based on l c value lc cut-off value: 2.60 K, dpphed: 
Earthquake magnrtude ~t ... : 7.30 Unit weight calculation: Bas~d en SST Clay hkt' behavior apphed: 
Peak ground atceleration: 0.93 Us~ fill : No l 1n11t depth apphed: 
Depth to water table ( instu ): 15.00 ft F1ll he•ght: N/A Lnn 1t depth : 

CLiq v .l.7 .6.49- CPT L•quefaction Assessment Software - Report created on: 9/4/2015, 3 :27: 12 PM 
PrvJeCt file: G:'Actilc ProJeCtS\ 12000 to 13999\12257\12257000000\Geotechnicai\Cliq analys1s.clq 
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F.S. color scheme 
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LPI color scheme 

• Very high risk 

High nsk 
D Uquefaction and no liq. are equally likely 
D 

0 
D Low risk 

Unlike to liquefy • Almoc;t CPrta in it will not linuPfv 
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--Expect Excellence-

:_:· LIQUEFACTION ANALYSIS REPORT 

Project title : Dollar Street 

CPT file : 1-CPT03 

Input parameters and analysis data 

AnalySIS method: NCEER (1998) 
Fones tarr(!(tiOn method: NCEER (1998) 
Pomts to test: Based on Ic value 
Earthquake magnitude ~1,.: 7. 30 

G.W.T. (in·situ): 
G.W.T. (earthq.): 
Average results interval: 
lc cut-off value: 

Location : Hayward, CA 

25.50 It 
15.00 It 
3 
2.60 

Use frll: No 
Fill hei<Jht: N/ A 
Foil weight: N/ A 
Trans. detect. applied: No 

Clay like behavior 
applied: 
Limit depth applied: 
Limit depth: 

Sands only 
No 
N/A 

Peak ground acceleration: 0.93 Unit weight calculation: Based on SBT 1(, applied: Yes MSF method: Method based 

4 

6 

8 

!0 

12 

J.l 

!6 

Ill 

20 

£ 22 
~ 24 

0. 26 

8 28 

30 

32 

34 

36 

38 

Cone resistance 

100 200 300 

qt (tsf) 

4 

6 

8 

10 

12 

H 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

0 

Friction Ratio 

4 6 ll ! 0 

Rf (%) 

Mw=711 2, sigma"=l atm base curve 

SBTn Plot 

2 3 4 
Ic (Robertson 1990) 

2 

4 

6 

8 
10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

0 

CRRplot 

0.2 0.4 
CRR &CSR 

0.6 

FS Plot 

0 0.5 1 1.5 
Factor of safety 

0 .8~~----------------------------------~--~~-.rt-

~ .. 
0:: 
Vl 

0.7 

0.6 

~ 0.5 

• 0 
:u 

"' 0:: 0.4 
VI 
VI 

~ 
Vl 

-~ 0.3 
v 
>­u 

0.2 

0.1 

liquefaction 

No Liquefaction 
o4,~,.~rr~rr~rrrrTT~~TTTT"~,_~ .. ~~ 

0 20 40 60 80 100 120 140 160 180 200 
Qtn,cs 

1 10 
Norrmlized friction ratio (%) 
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Cliq v. l. 7.6.49 - CPT Liquefaction Assessment Software - Report created on: 9/4/2015, 3:27:12 PM 
Pro)~ct file: r.:1 Acti' ! Pro)ects\ _12000 to l3999\12257\1225700CDOO\G,!otechnicai\Cliq analysos.clq 
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This software is licensed to: ENGEO Incorporated 

CPT basic interpretation plots 

Cone resist ance Frict ion Ratio Por e pressure 
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qt (tsf) Rf (%) u (psi) 

Input parameters and analysis data 

Analysis method: NCEER (1998) Depth to water table (erthq.): 15.00 ft rill werght: 
Fu>es correcuon method: NCEER (1998) Average results interval: 3 lransrtion detect. applied: 
Pornts to test : Based an Ic value Ic cut-off value: 2.60 K., applied: 
Earthquake magnitude ~1,,: 7.30 Unit weight calculation: Based on SBT Clay like bellilvior applied: 
Peak ground ac.releration: 0.93 Use fill: No lrnut depth dpphed : 
Depth to water table (insrtu): 25.50 ft Fill herght: N/A t.imit depth: 

Cliq v.l. 7.6.49 - CPT Liquefact ion Assessment Software - Report created on: 9/4/2015, 3:27:12 PM 
Project file: G:\Actrve ProJects\_12000 to 13999\12257\12257000000\Geatechnicai\Cliq analysis.clq 
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SBT Plot 
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SST legend 

• 1. Sensitive fine grained • 

2. Organic material 

• 3. Clay to srlty clay 
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CPT name: 1-CPT03 

Soil Behaviour Type 
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0 4 6 8 10 12 14 16 18 
SBT (Robertson et al. 1986) 

4. Clayey silt to silty 0 7. Gravely sand to sand 

5. Silty sand to sandy silt 0 8. Very stiff sand to 

6. Clean sand to silty sand 0 9. Very stiff f ine grained 
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This soft',vare rs licensed to: ENGEO Incorporated 

CPT basic interpretation plots (normalized) 

Norm. cone r esistance Nor m . friction ratio Nom. pore pressure ratio 
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Input parameters and analysis data 

Analysrs method: 
Ftnes corre<toon method: 
Potnts to l est: 
Earthquake magnnu~ ~1,..: 

Peak ground accelerdtion: 
Depth to water table (in stu): 

NCEER ( 1998) 
NCEER ( 1998) 
Based on lc value 
7.30 
0.93 
25.50 ft 

Depth to water table (erthq.): 
Averag~ results interval: 
Ic cut-off value: 
Unit v1eight calculation: 
use fill: 
Frll height : 

6 

8 

10 

12 

H 

1b 

18 

20 

22 

~ "j "li 26 
~ I 

8 10 

15.00 ft 
3 
2.60 
Based on SBT 
No 
N/A 

28 

30 

32 

3·1 

3b 

38 

40 

42 

44 

4b 

·18 

I I 
I 
I I I I I I I 

·0.2 0 0.2 0.-1 0.6 

Bq 

fril wetght: 
1 r<tnsrt10n detect. applred: 
K, applied : 
Clay loke behavtor apploed: 
l nnrt depth applied: 
I I III~ depth: 

CLiq v.l.7.6.49- CPT Liquefaction Assessment Software - Report created on: 9/4/2015, 3:27:12 PM 
ProJeCt file: G:\Actrve Pro]ects\_12000 to 13999\ 12257\122570000.:!0\Geotechnicai\CLiq analysrs.clq 
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SBTn Plot 
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Ic (Robertson 1990) 

SBTnleqend 
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D 2. Organrc material 0 
• 3. Clay to srlty clay 0 
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CPT name: 1-CPT03 

Norm. Soil Behaviour Type 
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SBTn (Robertson 1990) 

4. Oayey si lt to silty 0 7. Gravely sand to sand 

5. Silty sand to sandy silt 0 8. Very stiff sand to 

6. Clean sand to silty sand 0 9. Very stiff fine grained 
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This software is licensed to: ENGEO Incorporated 

Liquefaction analysis overall pl o t s 

CRRplot FS Plot LPI 

6 

8 

10 

12 12 

I~ ..... I~ 

16 

18 

OUI!Il(} C:df1r1Q 

\ 16 

18 

20 20 

22 22 

g24 g 2~ 
L: .J::; 

1S. 26 
~ 

1S. 26 
~ 

28 28 

30 30 

32 32 

)~ 3~ 

36 36 

)8 

40 

42 

~4 

46 

48 

~ 
0 0.2 0 .4 0.6 0 0 .5 1 1.5 0 5 10 IS 

CRR &CSR Factor of safety Liquefaction potential 

Input parameters and analysis data 

AnalysiS method: NCEER ( 1998) 
Ftnes corre<tK>n method: NCEER ( 1998) 
Pomts to test: Based on l c value 
Earthquake magMude ~\ : 7.30 
Pe.tk ground accelerdtion: 0.93 
Deplh to water table (ins•u): 25.50 tt 

Depth to water table (erthq.): 
Average results interval: 
lc cut-off value: 
Unit weight calculation: 
use fill: 
Fill height: 

15.00 tt 
3 
2.60 
Based on SBT 
No 
N/A 

ftll \Yetght: 
1 rdnSrtK>n detect. apphed : 
K0 apphed: 
<.lay hke behaviOr apphed: 
Ltmtt depth apphcd: 
t•nut depth: 

Cliq v.l. 7.6.49 - CPT Liquefaction Assessment Software - Report created on: 9/4/2015, 3:27:12 PM 
Project file: G:\Active PrOJects\_12000 to 13999\12257\12257000000\Geotechnicai\Cliq analysis.clq 

N/A 
No 
Yes 
Sands only 
No 
N/A 

20 

Vertical settlements 

4 

6 6 

6 8 

10 10 

12 12 

H 14 
• 

16 •• 16 

18 18 

20 20 

22 22 

g2~ ~ 
~2·1 

.J::; .J::; 

1S. 26 1S. 26 
~ ~ 

28 28 

30 30 

32 32 

34 34 

36 36 

38 38 

40 ~0 

42 42 

H 44 

46 46 

48 48 

0 0.01 0.02 0.03 
Settlement (in) 

F.S. color scheme 

• Almost certatn it will liquefy 

0 Very likely to liquefy 

0 Liquefaction and no liq. are equally likely 

0 Unlike to liquefy 

• Almost certain it will not liouPfv 

CPT name: 1-CPT03 

Lateral displacements 

.-r-

0 0.05 0 .1 0.15 0.2 0.25 0.3 
Displacement (in) 

LPI color scheme 

• Very high risk 

0 
0 

High risk 

Low risk 
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--Expect Excellence-

Project title : Dollar Street 

CPT file : 1-CPT04 

Input parameters and analysis data 

Anaty;o. nlo!thod: NCEER (1998) 
F1ne~ lOrre<.ltOII lllethod: NCEER (1998) 
Pomts to test: Based on Ic value 
Earthquake maqnotude M,.,: 7. 30 
Peak ground acceleratK>n: 0.93 

G.W.T. (in-situ): 
G.W.T. (earthq.): 
Average results interval: 
Ic cut-off value: 
Unit weight calculation: 

COne re sistance Friction Ratio 

4 4 

6 6 

8 8 

10 10 

12 12 

14 14 

16 16 

Ul 18 

20 20 

£ 22 22 

~24 24 

~ 26 26 
~ 28 28 

JO 30 

32 32 

3·1 34 

36 36 

38 38 

40 40 

47 42 

44 44 

46 46 

48 48 

so so 
lO 40 60 80 100 0 2 4 6 tl 10 

qt (tsf) Rf(%) 

M.=711 2
, sigm a'=l atm base cur ve 

0.8 • Liquefaction • .. . 
0.7 

0.6 • 
~ • 0:: 
Vl 

~ 0.5 

• 0 
:.:; 
ro 
0:: 0.4 
VI 
VI 

~ 
til 
.~ 0.3 
v 
>-u 

0.2 

0.1 

Location : Hayward, CA 

37.50 ft Use ftll : No Clay like behavior 
15.00 ft Ftlt hetght: N/A applied: Sands only 
3 F111we«jht: N/A Limit depth applied: No 
2.60 Trans. dete<t. applied: No Limit depth: N/A 
Based on SBT K, aPplied : Yes MSF method: Method based 

SBTn Plot CRR plot 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

H 

46 

48 

so~-.-.-.-.-~-1 

FS Plot 

2 3 4 0 0.2 0.4 
CRR& CSR 

0.6 0 0.5 1 1.5 
Factor of safety Ic (Robertson 1990) 

Summary of liquefaction potential 

Ql 
u 
c 
~ 
VI 
'ii\ 
~ 
c 
0 

·.:; 
~ 
~ 
c 
Ql a. 
t 
u 
u 
Ql 
N 

iii 
E 

~ 

I 
Normalized friction ratio (%) 

Zone A C; clc '-quef:.ct.on 1,1-.e-iy depeno ng on ltle and durJhOil ot r..yc1c a( 1109 

10 

No Liquefa ction 
o~~TT~~-.rr~~-rrrTT~-r~rT .. ~rrrT .. ~rr~ 

Zon~ A ~JCIIC lqof:'tactiOn and strength tos, lll\t"t'o' deoena.ng on lfUd ng .1nd g1ouno 
9e011"etf 'l 
Zone B Loquefat t on ana po't.~aftnquake s:rengtl, 'oss unl•f' J chec• cyc le tot:"~n~g 
lent C C)c~c IIQve-racttOf't lrxl stre"Qtt1 •ou pess·twe ue~.,tMg on SOol P'..JSitCIE J 
bflftlenm~SJsen5~rvilt'/ st:atr\ to pea l-. unCra tl'led s: ·ength JI:O ground geometty 

0 20 40 60 80 100 120 HO 160 180 200 
Qtn,cs 

CLiq v.l. 7.6.49 - CPT Liquefaction Assessment Software - Report created on: 9/4/2015, 3:27: 13 PM 
Project file: G:\Art1vc Projects\ 12000 to lJ~99\l2257\l225700000C.\GeotechntC11\Cltq Jnalysts.clq 
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This softw are 1s licensed to: ENGEO Incorporated 

CPT basic interpretation pl o ts 

Cone resistance Friction Ratio Pore pressure 

2-' ;,-

·I ·1 4 

6 6 6 

8 !l 8 

10 10 10 

12 12 12 

14 1·1 H 

16 Hi 16 

18 18 18 

20 20 20 

22 22 22 

£ ~ 

~ ~4 ~ 24 ~24 
.c .c .c 
0.. 26 0.. 26 0.. 26 
8 8 8 

28 28 28 

30 30 30 

32 32 32 

34 3·f 34 

36 36 36 

38 38 38 

40 40 40 

·12 42 42 

H 44 44 

46 46 46 

48 48 48 

so 50 50 
20 40 60 80 100 0 2 4 6 8 10 ·4 · 2 0 2 

qt (tsf) Rf(%) u (psi) 

Input parameters and analysis data 

Anatysss method: NCEER (1998) Depth to water table (ertl1q.): 15.00 ft Fill we1ght: 
Fones corr('Ctson method: NCEER (1998) Average results interval: 3 TrdnSitsOn detect. apphed: 
Posnts to test: Based on Ic value Ic cut-off value: 2.60 K, applied: 
Earthquake magnitudP ~\,: 7. 30 Unit weight calculation: Based on SBT Clay lske behavior apphed: 
Pedk qround aaelerdtion: 0.93 Use fill: No Lunst depth apphed : 
Depth to water table (insnu): 37.50 ft Fill height: N/A Lunit depth: 

CLiq v.1.7.6.49- CPT Liquefaction Assessment Software- Report created on: 9/4/2015, 3:27:13 PM 
ProJeCt file: G:' Actsve Projects\__12000 to 13999\12257\12257000000\Geotechnicai\Cliq analysis.clq 

I 0 -l 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

g 24 
J:: 

0.. 26 
8 

4 

N/A 
IJo 
Yes 
Sands only 
No 
N/A 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 
1 

SBTPiot 

~~· I 

2 3 4 

Ic(SBT) 

SBT!egend 

• 1. Sensitive fine grained 

D 2. Organic material 

• 3. Clay to silty clay 

CPT name: 1-CPT04 

Soil Behaviour Type 
Sfti& Siif)'&li 

• I Oa,t&sllydaf 

4 Oa,t 

6 Oa,t&siltyc:J<¥ 

8 Oa,t 

10 

12 Oa,t&sillyda{ 

14 
O;y 

16 
Oa,t 
Oilf&sillyda,t 

18 Oilf 

20 
O;y 

22 0i1{&siltydilf £ 
~24 Oilf&sillydat 
.t:: Oat 0.. 26 
8 Oat 

28 Oa,t&sillyd:y 

30 Oat 
32 

Oa,t&sillydat 
34 Oat 

36 Oat 
38 O"f&sllydat 

40 O:y 
O:y&sillyd:y 

42 Oat&sillyda{ 

44 O<y&sillydat 
0"1 

46 

48 
Oa,t 

Oa,t&sillydat 
50 

0 2 4 6 8 10 12 14 16 18 
SST (Robertson et al. 1986) 

4. Clayey silt to silty 0 7. Gravely sand to sand 

D 5. Silty sand to sandy silt 0 8. Very stiff sand to 

D 6. Clean sand to silty sand 0 9. Very stiff fine grained 
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This software is licensed to : ENGEO Incorporated 

CPT basic interpretation plots (normalized) 

Norm. cone resistance Norm . friction ratio Nom. pore pressure ratio 

4 ·l 

0 () b 

8 tl 8 

10 10 10 

12 12 12 

14 H 14 

16 16 16 

18 IS 18 

20 20 20 

22 22 22 
~ £ ..., 
~ l4 ~ 24 
.c .c 
ti. 26 ti. 26 
~ ~ 

£ 
~2-1 
.c 
ti. 26 
~ 

28 28 28 

30 30 30 

32 32 32 

34 34 34 

36 3b 36 

38 38 38 

40 40 40 

42 42 ·12 

+ I + I ·H 

46 46 46 

48 48 ·18 

~ 50 
~ 100 I SO 2()( 0 ·I 6 8 10 ·0 .2 0 0 .2 0.4 0 .6 

Qtn Fr (%) Bq 

Input parameters and analysis data 

Allatysis method: NCEER (1998) Depth to water table (erthq.): 15.00 ft 1'1!1 we19ht: 
fllles correctiOn method: NCEER (1998) Average results interval: 3 lrans1t10n detect. apphcd: 
Po~nts to test: Based on Ic value I c cut·off value: 2.60 ~ applied: 
Earthquake magnrtude ~1., : 7.30 Unit weight calculation: Based on SBT Clay like behav1or apphed: 
Peak ground accelerdtion: 0.93 Use fill: No Lim~ depth applied: 
Oep1h to waiN table (ins~u) : 37.50 ft Fil l height: N/A Limit depth : 

Cliq v.1.7.6.49 · CPT Liquefaction Assessment Software- Report created on: 9/4/20 15, 3:27:13 PM 
ProJect file: G:\Act ive PrnJects\_12000 to 13999,12257\1225700.)000\Geotechnicai\CLiq analysis.clq 

0.8 

N/A 
No 
Yes 
Sands only 
No 
N/A 

SBTn Plot 

2 3 4 
Ic (Robertson 1990) 

SBTnleQend 

• 1. Sensitive fine grained 

D 2. Organic material 0 
• 3. Clay to silty clay 0 

g 
.<= 
ti. 
~ 

0 

CPT name: 1-CPT04 

Norm. Soil Behaviour Type 

aa,-&siftydaJ 

aa,­

aa,-&siftydaJ 

a a,-

aa,-&sittyda,­

IM)'ctrm'siJffs:JI 
aa,-

aa,­
aa,-&siltyda,-

aa,-

aa,-&sittycta,-

a a,-

4 6 8 W U H U W 
SBTn (Robertson 1990) 

4. Clayey silt to silty 0 7. Gravely sand to sand 

5. Silty sand to sandy silt 0 8. Very stiff sand to 

6. Clean sand to silty sand 0 9. Very stiff fine grained 
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This software is licensed to: ENGEO Incorporated 

liquefaction analysis overall plots 

2 

6 

8 

10 

12 

14 

16 

18 

20 

22 

g24 
.c 
a. 26 
~ 

28 

30 

32 

34 

36 

38 

40 

42 

H 

46 

48 

CRRplot 

T 
.JU1r1l•,~ rttl 

~ 

~ 

~4---~--.--.---r---r--~ 
0 0 .2 0 .4 0.6 

FS Plot LPI 

g 
.c a. 
~ 

0 0.5 1 1.5 10 15 
CRR&CSR Factor of safety Uquefaction potential 

Input parameters and analysis data 

Analysts method: 
F1nes corrcctton method: 
Po1nts to t~st : 

Earthquake magnttude ~\-,: 
Peak ground atcelerdtion: 
Depth to water table (1nstu): 

NCEER (1998) 
NCEER (1998) 
Based on Ic value 
7.30 
0.93 
37.50 ft 

Depth to water table (erthq.): 
Average results interval: 
Ic cut-off value: 
Unit weight calculation: 
Use All: 
Fill height: 

15.00 ft 
3 
2.60 
Based on SBT 
No 
N/A 

f illweoght: 
Trdi1Sillol1 detctt. applied: 
1<_ applied: 
Clay like behavior apphed: 
l nmt depth applied : 
L111ut depth: 

Cliq v.l.7.6.49- CPT Liquefaction Assessment Software - Report created on : 9/4/2015, 3:27: 13 PM 
ProJect file: G:\Act1ve ProJects\_12000 to 13999\12257\12257000000\Geotechnicai\Cliq analysis.dq 

N/A 
No 
Yes 
Sands only 
No 
N,'A 

20 

Vertical settlements 

4 4 

6 6 

8 8 

10 10 

12 12 

14 14 

16 ;, 16 

• 18 18 

20 20 

22 22 

£ 
~2·1 

£ 
~2-t 

.c .c 
a. 26 
~ 

a. 26 
~ 

28 28 

30 30 

32 32 

34 34 

36 36 

38 38 

40 40 

42 t 
42 

44 44 

46 46 

48 48 

so 50 
0 0.1 0.2 0 .3 

Sett!errent (in) 

F.S. color scheme 

• Almost certain 1t will liquefy 

CJ Very likely to liquefy 

D Liquefaction and no liq. are equally likely 

D Unlike to liquefy 

• Almo<t rPrt•in it will not lin11Pfv 

0 

CPT name: 1-CPT04 

Lateral displacements 

,-' 

23 456 789 

Displace rrent (in) 

LPI color scheme 

• Very high risk 

D 
D 

H1gh risk 

Low risk 
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- Expect Excellence-

Project title : Dollar Street 

CPT file: 1-CPTOS 

Input parameters and analysis data 

AnalysiS method. NCEER (1998) 
Fu1es (Orre<: toon method: NCEER (1998) 
Pomts to test: Based on Ic value 
Earthquake magmtude M,: 7.30 
Peak ground acceleratoon: 0.93 

G.W.T. (in-situ): 
G.W.T. (earthq.): 
Average results interval: 
Ic cut-off value: 
Unit weight calculation: 

Cone resistance Friction Ratio 

4 

6 6 

8 8 

10 10 

12 12 

14 H 

16 16 
~ 
~ IH 18 

! 20 20 

2] 22 

24 24 

26 26 

28 28 

30 30 

32 32 

34 34 

36 36 

~ 100 ISO 20C 0 4 6 8 10 

qt (tsf) Rf(%) 

Mw = 711 2, sigma·=l atm base curve 

location : Hayward, CA 

19.00 ft 
15.00 ft 
3 

use toll: 
F!ll heoght: 
Fill we;ght: 

2.60 Trans. deled. applied: 

No 
N/A 
N/A 
No 
Yes Based on SBT K, applied: 

SBTnPiot 

4 

6 

8 

10 

12 

H 

16 

18 

20 

22 

24 

26 

28 

30 

32 

H 

36 

2 3 4 
Ic (Robertson 1990) 

0 

CRR plot 

..... 
rt 

0.2 0.4 
CRR&CSR 

Summary of I 

Clay like behavior 
applied: 
Limit depth applied: 
Limit depth: 
MSF method: 

Sands only 
No 
N/A 
t~ethod based 

FS Plot 

\ 

0.6 0 0.5 1 1.5 
Factor of safety 

0.8+-'------------------''--'--'--rl-

,..... 
* IX 
Vl 

0.7 

0.6 

8. 0.5 

• 0 
4j 

"' IX 0.4 

"' "' ~ 
61 
.~ 0.3 
u 
>­u 

0.2 

0.1 

Liquefaction 

No lique fa ction 
0~-rrr~~-rrrTT~-rrrTT.,>nrrTT.,~rrTTTO~rrr 

0 20 ·10 60 80 100 120 1·10 160 180 200 
Qtn,cs 

0.1 I 10 
Norrralized friction ratio (%) 

Zon@' J. .:.·,t:.:c .q1.1ef¥-t10t1 4o.t'y oepe,,d ng on ~le Jn<J dUI.at»On ol ~ycl ~dr- Q 

Zone A Cyc!c hquefactiO'\ .lnd strl'ngt, lou loke;._, aepend.n.g Ol'\ loO~d '9 a,..d ground 
geo~e!ry 

Zo.f'l~ B Lquef<Khoo and pos~-eJtt!'lquue ltrengttl :o<ss unh~o..c,, check C'fC c wt,ef'ung 
Zone C (..y c·~ hquet.t<.hOO 3r.a sttergtn •ost I>Os~-ol e tJe~e· lhng on to1l ~3Shr.-r:y 
bt'!t!~nMs..sensc"''''l stta n lc ~alo. undralf'ed )!t engTn dl\0 grour"1 ~Jeomeuy 

Cliq v.1.7.6.49 · CPT Liquefaction Assessment Software· Report created on: 9/4/2015, 3:27:14 PM 
PrOJCct fi!Q: G:' Acti,, PrOJE::ts\_ 12000 to 1399"\l 2257\1225700000C 1Geotechnlcai\CLIQ analysls.ctq 
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This software is licensed to: ENGEO Incorporated CPT name: 1-CPTOS 

CPT basic interpretation plots 

Cone resistance Frict ion Ratio Pore pressure 

I 1 

2 2 
3 3 

4 4 4 
) s 5 
6 6 6 
I 7 7 
s !I 8 
9 Q 9 

10 10 10 
11 11 11 
12 12 12 
1] 1J 13 

H 1·1 14 
I) IS 15 

to 16 16 

Z' 17 ~ 17 
~ 18 ~ 18 
.c .c 
~ 19 ~ 19 

~ 20 ~ 20 

2"~ \ 
....., 

~18 ~ 
.c .c 
~19 1i 
~ 20 ~ 

?I ? I 21 

22 2? 22 

23 23 23 

24 2·1 24 
25 25 25 

?6 2b 26 

27 n 
28 28 

27 \ 28 
?9 ?9 29 \ 
30 30 30 

31 31 31 

32 3? 32 
33 33 33 
) 4 3·1 34 

35 35 35 
I 

3b 3b 36 

37 31 37 

50 100 150 200 0 ·I 6 8 10 -6 -4 -2 0 2 4 

qt (tsf) Rf (%) u (psi) 

Input param eters and analysis data 

AnalySis method: NCEER (1998) Depth to water table (erthq.) : 15.00 ft r111 \Vl!lght: 
F1nes corrcct10n method: NCEER (1998) Average resul ts interval: j Trdns1t10n dclc<t. applied: 
Po1nts to lest : Based on Ic value lc cut-off value: 2.60 Ko applied: 
Earthquake magMude ~t .. : 7.30 Unit w~1ght calculation: Based on SBT Clay like l>ehavior applied: 
Peak ground acceleratiOn: 0.93 use fill: No Unut depth applied: 
Depth to water table (instu): 19.00 ft F1ll height: N/A l imit depth: 

Cliq v.l. 7.6.49 -CPT Liquefaction Assessment Software - Report created on: 9/4/2015, 3:27:14 PM 
Project file: G:\Actr<e Pro)ects\_12JOO to 13999\12257\12257000000\Geotechnicai\Cliq analysts.clq 

\ 
' 6 

N/A 
No 
Yes 
Sands only 
No 
N/A 

SBT Plot Soil Behaviour Type 
Cbiilfiliiiilfso 
dJm'Siff s:i 

I.Qy<b-.so'Si11 s:il 

a..,.&sltyda( 

a..,. 

\.QydJm'Siff s:il 
a..,. 

a..,. 
a..,.&s~ 
\.QydJ . s:il 
a..,.&sltyda( 
a..,. 
aa(&siltyda( 

2"R a..,. 
~18 a..,.&sltyda( 
.c 
1i 19 a..,. 
~ 20 

aa(&911yda( 
adf 

a..,.&sltyd..,. 

a..,. 

aa,'&sollyda( 
a..,. 

a..,. 
I.QydJ'OO'Sitr s:il 
lbydJ'OO'Sitr s:il 

a..,. 
\.QydJm'Siff s:il 
lby<bm'Sitr sol 
a'¥ 

I 2 3 ·I 0 2 4 6 8 10 12 14 16 18 
Ic(SST) SST (Robertson et at. 1986) 

SBTieqend 

• 1. Sensitive fine grained • 4. Clayey silt to silty D 7. Gravely sand to sand 

C 2. Organic material D 5. Silty sand to sandy silt D 8. Very stiff sand to 

• 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine gra111ed 
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This software is licensed to: ENGEO Incorporated CPT name: 1-CPTOS 

CPT basic interpretation plots (normali z e d ) 

r-brm. cone resistance r-brm. friction ratio r-bm. pore pressure ratio 

4 4 

5 5 
6 6 

7 I 

t! t! 

9 9 

10 10 

11 11 
12 12 

IJ lJ 

H 14 

I~ 15 

lb 16 

£17 ........ 17 

~ 18 ~18 
.<= .<= a. 19 a. 19 

~ 20 ~ 20 

21 21 

n 22 
23 23 
24 24 

25 25 

26 26 

27 27 

28 28 
29 2q 

30 30 

31 31 
32 32 

33 JJ 
34 .J.l 

35 35 

36 3b 
J l 

50 100 150 2()( 0 2 ·I 6 8 10 

Qtn Fr (%) 

Input parameters and analysis data 

Analysos n-.,thod: NCEER (1998) Depth to ~Jater table (erthq.): 15.00 ft 
Fn>es corre<tiOn n-.,thod: NCEER (1998) Average results interval: 3 
Pmnts to test: Based on Ic value Ic cut·off value: 2.60 

-1 

~ 

6 

7 
t! 

9 

10 
II 

12 

13 
H 

I~ 

lb 

£17 
~It! 
.<= a. 19 

~ 20 
21 

n 
23 
24 

25 

26 
27 

78 
79 
30 

31 

32 
33 
3·1 
35 
J() 

31 
·0.2 0 0.2 0. 1 0.6 

Bq 

fill Wl!ighl: 
1 r<ons1t10n del e< I. apphed · 
I\, applied: 

Earthquake magllltude ~1 .. ,: 7.30 Ulllt weight calculation: Based on SBT Oay hke behav1or appl.ed: 
Peak ground arrelerdtion: 0.93 Use fill: 
Depth to water table (ins~u): 19.00 ft Fill height: 

No 
N/A 

Lnn1t depth npphcd: 
Unlit depth: 

Cliq v.1.7.6.49- CPT Liquefaction Assessment Software - Report created on: 9/4/2015, 3:27:14 PM 
PrOJeCt file: G:\Active Projects\._12000 to 13999\12257\12257000000\Geotechnicai\Cliq analysis.clq 

0.8 

N_'A 
No 
Yes 
Sands only 
No 
N/A 

SBTn Plot 

g 
.<= 
a. 
~ 

2 3 ·I 
lc (Robertson 1990) 

SBTnleqend 

0 

r-brm. Soil Behaviour Type 

\.bydnle'Sl119ll 
\.bydnle'Sl119ll 
l.by<B"m'&i11 !ril 
l.by<Bm'sli1!9ll 

l.byc:Ertie'Siff !ril 

O<v&siityd<v 

l.bycum'slift' 9ll 
O<v&sillyd<¥ 
O<v 
O<v&siltyd<¥ 

0<¥ 

O<v&sltyd<v 

O<v 

O<v&siltyd.'lf 

a;v 

0<¥&siltyd<¥ 
aa,-

4 6 8 10 12 14 16 18 
SBTn (Robertson 1990) 

• 1. Sensit1ve fine grained • 4. Clayey silt to silty 0 7. Gravely sand to sand 

[) 2. Orgamc material 0 5. Silty sand to sanely si lt 0 8. Very stiff sand to 

• 3. Clay to silty clay 0 6. Clean sand to silty sand 0 9. Very stiff fine gra111ed 
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This software is licensed to: ENGEO Incorporated CPT name: 1-CPTOS 

Liquefaction analysis overall plots 
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Input parameters and analysis data 
Analysts method: NCEER (1998) Depth to water table (erthq.): 15.00 ft fillwe~1ht : 
Fu>es corre<tion meth<>d: NCEER (1998) Average results interval: 3 TrdnSIIIon detect. applied: 
Pomts to test: Based on Ic value Ic cut-off value: 2.60 K., applied: 
Earthquake magnitude ~1,,: 7.3u Unit weight calculation: Based on SBT Clay like behavior applied: 
Pedk qround acceler.,tion: 0.93 Use fill: No ltmtt depth apphed: 
Depth to water table (ins~u): 19.00 ft Fill height: N/A Limrt depth: 

CLiq v.l. 7.6.49 - CPT Liquefaction Assessment Software • Report created on: 9/4/2015, 3:27:14 PM 
Project file: G:\Active Pro]ects\_12000 to 13999\ 12257\12257000000\Geotechnicai\CUq analysis.clq 
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