GeoTek, Inc.
710 E. Parkridge Avenue, Suite 105, Corona, California, 92879-1097

(951) 710-1160 Office (951) 710-1167 Fax www.geotekusa.com

GEOTEK

June 24, 2015
Project No. |162-CR3

Meritage Homes
1250 Corona Pointe Court, Suite 210
Corona, California 92879

Attention: Mr. Kenneth Kim

Subject: Table of Contents
Encanto Project

Southwest Corner Commercecentre Drive and Alton Parkway
Lot 13 of Tract 13343
Lake Forest, Orange County, California

Dear Mr. Kim:

As requested by the City, we are providing a table of contents of the most pertinent
documents relating to the site. They are listed in reverse chronological order.

e Document A: GeoTek Response to City Review Checklist #2 (6/11/15)....Page 4
e Document B: City Review Checklist (5/26/15)............coonieccreeeenne Page 9
e Document C: GeoTek Response to City Review Checklist (5/15/15)........ Page 12

Note: Document C contains the reports prepared by Stoney-Miller, dated November 12,
2009 and June 9, 2104.

e Stoney-Miller Review of Site Settlement (1 1/12/09) ... Page 33
e Stoney-Miller Seismic Hazard Study (6/9/14)...........cnrecreenee Page 55
e Document D: City Review Checklist (11/6/14)...............ccoomvevcene. Page 266
e Document E: GeoTek Due Diligence Review (6/2/14).....................ccccocc... Page 270

GEOTECHNICAL | ENVIRONMENTAL | MATERIALS
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Meritage Homes Project No. | 162-CR3

Response to City Review Checklist, Lot |3 of Tract 13343 June 24, 2015
Lake Forest, Orange County, California Page 2

The opportunity to be of service is sincerely appreciated. If you should have any questions,
please do not hesitate to call our office.

Respectfully submitted,
GeoTek, Inc.

LA 4 AT %

Edward H. LaMont Paul Hyun Jin Kim
CEG 1892, Exp. 7/31/12 PE 77214, Exp. 6/30/13
Principal Geologist Project Engineer
Distribution:  (I) Addressee via email

Enclosures: Documents A thru D

G:\Projects\I 151 to 1200\1 | 62CR3 Meritage Homes 25192 Commercentre Drive (Lot |3 of Tract 13343)\I 162CR3 Meritage Homes
Lake Forest Response to City Review |1062014.doc
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Document A

GeoTek
Response to City Review Checklist #2
June 11, 2015

Encanto Project
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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June 11, 2015
Project No. |162-CR3

Meritage Homes
1250 Corona Pointe Court, Suite 210
Corona, California 92879

Attention: Mr. Kenneth Kim

Subject: Response to City Review Checklist #2
Lot I3 of Tract 13343
Southwest Corner Commercentre Drive and Alton Parkway
Lake Forest, Orange County, California

References:  See Appendix A

Dear Mr. Kim:

GeoTek, Inc. (GeoTek) is presenting this response to the Geotechnical Investigation Report
Review Checklist, dated May 26, 2015, provided by Kling Consulting Group, Inc. on behalf of
the City of Lake Forest, Department of Building and Safety. The responses are provided on an

item by item basis as it pertains to the referenced soils reports in Appendix A.

Comment #1

Please clarify recommendations for site drainage. Refer to Section 1804.3 of the 2013 CBC as
warranted.

Response

The need to maintain proper surface drainage and subsurface systems cannot be overly
emphasized. Positive site drainage should be maintained at all times and be designed by the
project civil engineer. Drainage should not flow uncontrolled down any descending slope.
Water should be directed away from foundations and not allowed to pond or seep into the
ground adjacent to the footings. Soil areas within 10 feet of the proposed structure should
slope at a minimum of 5-percent away from the building, if possible unless the area is paved.
Paved areas are to be sloped at 2-percent away from the structure. Roof gutters and
downspouts should discharge onto paved surfaces sloping away from the structure or into a
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closed pipe system which outfalls to the street gutter pan or directly to the storm drain
system. Pad drainage should be directed toward approved areas and not be blocked by other
improvements.

It is the owner’s responsibility to maintain and clean drainage devices on or contiguous to their
lot. In order to be effective, maintenance should be conducted on a regular and routine

schedule and necessary corrections made prior to each rainy season.

Comment #2

The consultant indicates that retaining walls up to 7 feet are proposed. Please provide lateral
earth pressures for retaining walls due to earthquake motions in accordance with Section
1803.5.12 of the 2013 CBC.

Response

The new updated grading plan, dated June 4, 2015, now show retaining walls up to a maximum
6 feet.

The opportunity to be of service is sincerely appreciated. If you should have any questions,
please do not hesitate to call our office.

Respectfully submitted,
GeoTek, Inc.

LA AT

Edward H. LaMont Paul Hyun Jin Kim
CEG 1892, Exp. 7/31/16 PE 77214, Exp. 6/30/15
Principal Geologist Project Engineer
Distribution:  (I) Addressee via email

Attachments:  Grading Plan, dated June 4, 2015

G:\Projects\| |51 to 1200\] 162CR3 Meritage Homes 25192 Commercentre Drive (Lot |3 of Tract 13343)\1 162CR3 Meritage Homes
Lake Forest Response to City Review #2.doc
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Bagahi Engineering, 1997, “Geotechnical Investigation of Settlement, Tract 13343, Lot || (Lot
13), SWC Commercentre Drive and Alton Parkway, Lake Forest, CA,” Job No. 82a-
200-00, dated June |6.

, 1998, "Progress Report on Monitoring of Settlement, Tract 13343, Lot Il (Lot 13),
SWC Commercentre Drive and Alton Parkway, Lake Forest, California,” Job No. 82a-
200-00, dated October 9.

GeoTek, Inc., 2015, “Response to City Review Checklist, Lot 13, Tract 13343, Southwest
Corner Commercentre Drive and Alton Parkway, Lake Forest, California,” Project No:
| 162-CR3, dated May 15.

Stoney-Miller Consultants, Inc., 1993, “Settlement Monitoring, Canyon 2, Lots 12-20, Tract
13343, 20858 Bake Parkway, EI Toro, California,” Project No: 10425-06, dated
December 20.

, 1997, “Settlement Monitoring, Canyon 2, Lots |2 through 20, Tract 13343, 20858 Bake
Parkway, Pacific Commercentre, Lake Forest, California,” Project No: 10425-07, dated
March 7.

, 2005, “Results of Preliminary Geotechnical Investigation, 25192 Commercentre Drive,
Lake Forest, California,” Project No: 12576-00, dated May 3.

, 2006, “Site History & Future Geotechnical Work, Lot |13 of Tract 13343, 25192

Commercentre Drive, Lake Forest, California,” Project No: 12655-02, dated January
24.

, 2007, “Supplemental Geotechnical Investigation, Lot |3 of Tract 13343, 25191
Commercentre Drive, Lake Forest, California,” Project No: 12655-03, dated November
12.

, 2008, “Grading Earthwork Observation/Testing Report, Lot 13 of Tract 13343, 25192

Commerce Drive, Lake Forest, California,” Project No: 12655-10/30, dated December
24.

, 2009, “Review of Site Settlement, Lot |3 of Tract 13343, 25192 Commerce Drive, Lake
Forest, California,” Project No: 12655-50, dated November 12.

, 2014, “Seismic Hazard Study, Lot 13 of Tract 13343, 25192 Commerce Drive, Lake
Forest, California,” Project No: 12655-04, dated June 9, 2014.
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Document B

City of Lake Forest
Geotechnical Report Response Review Checklist
May 26, 2015

Encanto Project
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3

GEOTEK
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P.N. 11056-13

CITY OF LAKE FOREST

GEOTECHNICAL REPORT RESPONSE REVIEW CHECKLIST
Date Received: May 19, 2015 Date Completed: ~ May 26, 2015
Date of Response: May 15,2015
Consultant: Geo Tek Inc. Their Job No.: 1162-CR3
Signed By: Paul Hyum Jin Kim License No.: PE 77214 Exp 6/30/15
Signed By: Edward H. LaMont License No.: CEG 1892 Exp 7/31/16
Date of Report: June 2, 2014 Prior Review: November 6, 2014
Signed By: Ronald A. Reed License No.: GE 2524 Exp 6/30/15
Signed By: Edward H. LaMont License No.: CEG 1892 Exp 7/31/16
Applicant Name: Meritage Homes — Encanto Legend: N =No
Site Address: Southwest Corner Commercentre Drive and Alton Parkway Y =Yes

Lake Forest, California NA = Not Applicable

Lot/Tract No.: Lot 13, Tract 13343
Proposed Project: Tract grading for 52 residential lots, recreation area, private driveway and associated retaining

walls up to 7 feet
o Recommended Actions:
Building and Safety:

Report Approved Conditional Approval (See Below) X Additional Input Required

Items requiring response/further evaluation:
1. Please clarify recommendations for site drainage. Refer to Section 1804.3 of the 2013 CBC as warranted.

2. The consultant indicates that retaining walls of up to 7 feet are proposed. Please provide lateral earth pressures for retaining
walls due to earthquake motions in accordance with Section 1803.5.12 of the 2013 CBC.

Additional Comments/Conditions of Approval (no response required):

3. Note to City Staff: Staff should confirm that the Consultants (C.E.G. and R.C.E./G.E.) have signed the final dated
grading/foundation plans, thereby verifying the plans' geotechnical conformance with the Consultant's original report and
associated addenda.

4. Prior to building permits being issued, the consultant shall provide a complete geotechnical foundation plan review report
based on engineered plans, when available. The results of additional testing and data from the grading and laboratory
testing should be included, along with detailed geologic cross sections depicting proposed structures, precise grading,
temporary cuts, typical footings, recommended setbacks, property lines, and adjacent structures.

: ; : 9 of 277
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P.N. 11056-13
CITY OF LAKE FOREST
GEOTECHNICAL REPORT RESPONSE REVIEW CHECKLIST

Limitations:

Our review is intended to determine if the submitted report(s) comply with City of Lake Forest Codes and generally accepted
geotechnical practices within the local area. The scope of our services for this third party review has been limited to a brief site
visit and a review of the above referenced report and associated documents, as supplied by the City of Lake Forest. Re-analysis
of reported data and/or calculations and preparation of amended construction or design recommendations are specifically not
included within our scope of services. Our review should not be considered as a certification, approval or acceptance of the
consultant’s work, nor is it meant as an acceptance of liability for final design or construction recommendations made by the

geotechnical consultant of record or the, project designers or e
i M%/ ‘ BY: (i

. Lancaster, Jr., C.E.G/ 1927 Expires 6/30/14 Henry F Kling, G.E. 2205, Expires 3/31/14
LING CONSULTING GROUP, INC. KLING CONSULTING GROUP, INC.

S:\projects\1156\1156-13 2nd Review Encanto Project 5-15.doc 10 of 277



Document C

GeoTek
Response to City Review Checklist
May 15, 2015

Encanto Project
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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May I5, 2015
(Revised June |1, 2015)
Project No. |162-CR3
Meritage Homes
1250 Corona Pointe Court, Suite 210
Corona, California 92879

Attention: Mr. Kenneth Kim

Subject: Response to City Review Checklist
Southwest Corner Commercecentre Drive and Alton Parkway
Lot 13 of Tract 13343
Lake Forest, Orange County, California

References:  See Appendix A

Dear Mr. Kim:

GeoTek, Inc. (GeoTek) is presenting this response to Geotechnical Investigation Report
Review Checklist, dated November 6, 2014, provided by Kling Consulting Group, Inc. on behalf
of the City of Lake Forest, Department of Building and Safety. The responses are provided on
an item by item basis as it pertains to the referenced soils reports in Appendix A.

Comment #1

Please provide a copy of the December 24, 2009 and June 2, 2014 Stoney-Miller Reports.
Response

Copies of the reports dated November 12, 2009 regarding site settlement and June 9, 2014
regarding seismic hazards are attached in Appendix B.

Comment #2

The consultant shall indicate they are now the consultant of record for the project and that
they have reviewed all referenced documents. They shall provide the project address,
applicant’s name, and the previous consultants name. The new consultants shall address
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previous conclusions and recommendations by others by either concurring or providing
modification in writing. ~ The new consultant must state that they are now the
geotechnical/geologic consultant of record and accept geotechnical/geologic responsibility for
the project. The consultant shall provide a finding that the proposed project is suitable from a
geotechnical perspective and will not have an adverse impact on adjacent properties.

Response

GeoTek is declaring to Meritage Homes that herein GeoTek assumes responsibility as
geotechnical consultant of record henceforth for the subject site located at the southwest
corner of Commercentre Drive and Alton Parkway (Lot 13 of Tract 13343) located in the City
of Lake Forest, Orange County, California from Stone-Miller Consultants, Bagahi Engineering
and Pacific Soils.

Previous Work

The site was initially mass graded from June 1990 to July 1991, as reported by Stoney-Miller
(1991). The building pad area of Lot |3 was initially graded to an elevation of roughly 590 to
592 feet mean sea level (msl), with a detention basin located toward the center of the pad, at
an approximate elevation of about 580 msl. Prior to engineered fill placement, previously
existing undocumented fill soil, unsaturated alluvium and otherwise loose and unconsolidated
soils were removed to expose saturated alluvium or bedrock.

Subsequent to completing the removals described above, engineered fill was placed at a
minimum 90 percent relative compaction up to design grades. Depths of fill across the graded
pad ranged from roughly two (2) feet near the south corner of the pad to roughly 60 feet
toward the north and west sides of the pad. Saturated alluvial thickness below the pad area
was estimated to range from 25 to 35 feet (Stoney-Miller, 2006).

As a result of leaving saturated alluvial soils beneath the subject pad, several episodes of
surcharging the site with fill soils were recommended and subsequently performed under the
geotechnical observation and monitoring of both Stoney-Miller and Bagahi (see referenced
reports). As part of placing the surcharge fill, the retention basin along the central portion of
the property was removed and replaced with certified engineered fill to a maximum elevation
of approximately 595 msl. Upon review of the most recent referenced report detailing these
surcharging and settlement monitoring episodes (Stoney-Miller, 2009), the surcharging efforts
for the subject site has been deemed sufficient to mitigate future ground settlements to less
than |-inch for a time period (design life) of 50 years.
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The site is not located within a currently designated Earthquake Fault Zone per the Alquist-
Priolo Special Studies Zone Map produced by the California Geological Survey (CGS). The
nearest zoned fault is the Newport-Inglewood fault zone located approximately |1.6 miles to
the west (Stoney-Miller, 2014). However, the subject property is located northeast of the San
Joaquin Hills. The uplift and folding of the San Joaquin Hills is attributed to the tectonic activity
of the San Joaquin Hills blind thrust fault which is considered a potentially active fault. Based on
information obtained from the USGS, the subject property is located approximately 3 miles
northeast of the projected surficial trace of the San Joaquin Hills blind thrust fault. It is
incorporated as a seismic source in the 2008 National Seismic Hazard Maps, and the potential
ground shaking effect from the San Joaquin blind thrust fault is reflected in the seismic design
parameters.

Research of the California Geological Survey (CGS) seismic hazard zones map (El Toro
Quadrangle) shows that the subject site is not located within an area designed as being
susceptible to liquefaction but is located within a zone of potential seismically-induced slope
instability. However, due to the presence of alluvial settlements coupled with groundwater
encountered within 50 feet below the ground surface elevation, there is a potential for
liquefaction.

The results of the liquefaction potential evaluation indicates that liquefiable layers are present,
but tend to be relatively thin and discontinuous. Seismic settlements were estimated to be
negligible below the building pad and a tolerable | to 2 inches beneath the toe of the slope
along the northwest portion of the subject property (Stoney-Miller, 2014).

The fill slope along the northwest portion of the subject property was analyzed for potential
seismic-induced slope instability. The results of the analysis indicates a pseudostatic factor of
safety in excess of |.| and slope deformations of 0.4 to 1.4 inches due to a probable seismic
event and 2 to 6 inches due to a maximum considered seismic event, which is acceptable per
the California SP| 17 guidelines (Stoney-Miller, 2014).

Upon review of the referenced reports by Bagahi Engineering (1997 and 1998), Pacific Soils
Engineering, Inc. (1989) and Stoney-Miller Consultants, Inc. (1990a, 1990b, 1991, 1993, 1997,
2005, 2006, 2007, 2008, 2009 and 2014), GeoTek generally concurs with the findings,
conclusions and recommendation provided therein. The recommendations provided by others
remain applicable unless otherwise superseded herein or in future reports by this firm.

14 of 277



Comment #3

The consultant shall provide a complete geotechnical grading plan review report based on an
engineered grading plan, when available. The results of the subsurface investigations by others,
additional laboratory testing for expansive soils and sulfate contact should be included, along
with detailed geologic map and cross sections depicting proposed grading, temporary cuts,
recommended setbacks, property lines, adjacent structures, settlement, foundation
recommendations, retaining wall recommendations, updated seismic parameters, etc.
Anticipated shoring, slot cutting, restricted use areas, geogrid, etc. should be depicted if
proposed.

Response

The proposed project consists of the construction of 52 residential units with approximate pad
elevations ranging from 590 msl to 597 msl. Additional improvements include a recreation
area, a private driveway and retaining walls up to a maximum 6 feet high. Stormwater retention
devices are also planned. A site plan, depicting the proposed structures is included hereafter in
Appendix C. It should be noted, however, that the proposed site plan has been overlayed on
an outdated base topo map, as the existing surcharge fills are currently being removed.

Infiltration Testing

As requested, GeoTek performed a double-ring infiltrometer test within an excavation
approximately six (6) feet deep along the north portion of the property. The excavation was
dug by the client in the vicinity of one of the proposed stormwater retention devices. The test
was performed by a representative from our firm on May 6, 2015 in general conformance with
ASTM D 3385.

The double-ring infiltrometer test resulted in an infiltration rate of /8 inch per hour after the
infiltration rate had generally stabilized. The soil materials at the bottom of the excavation
where the infiltration test was performed generally consisted of a brown silty sand. The
attached Site Plan (Appendix C) shows the approximate location of the infiltration test. A
copy of the double-ring infiltrometer test field data is included in Appendix D. Over the
lifetime of the stormwater disposal areas, the infiltration rates may be affected by silt build up
and biological activities, as well as local variations in near surface soil conditions. We
recommend that an appropriate factor of safety be applied to account for soil variability and
silting of the basin bottom over time.
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Seismic Design Parameters

The site is located at approximately Latitude: 33.6686°N and Longitude: -117.6902°W. Site
spectral accelerations (Ss and Si), for 0.2 and 1.0 second periods for a Class “D” site, were
determined from the USGS Website, Earthquake Hazards Program, U.S. Seismic Design Maps
for Risk-Targeted Maximum Considered Earthquake (MCEgR) Ground Motion Response
Accelerations for the Conterminous 48 States by Latitude/Longitude. The results are
presented in the following table:

SITE SEISMIC PARAMETERS

Mapped 0.2 sec Period Spectral Acceleration, Ss |.466g
Mapped |.0 sec Period Spectral Acceleration, S, 0.544g¢
Site Coefficient for Site Class “D”, Fa 1.0
Site Coefficient for Site Class “D”, Fv 1.5
Maximum Considered Earthquake Spectral Response | 466g
Acceleration for 0.2 Second, Sus ’
Maximum Considered Earthquake Spectral Response 0.816g
Acceleration for 1.0 Second, Sw ]
5% Damped Design Spectral Response Acceleration 0.978¢
Parameter at 0.2 Second, Sos ’
5% Damped Design Spectral Response Acceleration

0.544¢
Parameter at | second, Sp,
Peak Ground Acceleration Adjusted for Site Class Effects,
PGAy 0.538g

Final selection of the appropriate seismic design coefficients should be made by the project
structural engineer based upon the local practices and ordinances, expected building response
and desired level of conservatism.

CONCLUSIONS AND RECOMMENDATIONS
General

The anticipated site development appears feasible from a geotechnical viewpoint provided that
the following recommendations provided are properly incorporated into the design and
construction phases of development.

At the time of this letter, the existing surcharge fills were in the process of being removed.
The last approved grade on the site is approximately at elevation 590 to 595 feet above mean
sea leve (msl) as observed and approved by Stoney-Miller in 1991 and 2008. We recommend
that the upper 12 inches of the last approved grade be removed and recompacted, due to
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possible disturbance during surcharge fill removal and the time elapsed since the last approved
grade. Site grades may then be raised with engineered fill to achieve the design elevations at
the site.

Some retaining walls (maximum 6 feet high) are planned along the exterior of the subject
property to provide level building pad areas. The retaining walls may be supported with
conventional foundations founded in engineered fill with the appropriate setbacks.

EARTHWORK CONSIDERATIONS

Earthwork and grading should be performed in accordance with the applicable grading
ordinances of the City of Lake Forest, the 2013 California Building Code (CBC), and
recommendations contained in this report. The Grading Guidelines included in Appendix F
outline general procedures and do not anticipate all site-specific situations. In the event of
conflict, the recommendations presented in the text of this report should supersede those
contained in Appendix F.

Preparation of Areas to Receive Engineered Fill

A representative of this firm should observe the bottom of all excavations. Upon approval, the
exposed soils and all soils in areas to receive engineered fill should be scarified to a depth of
approximately eight (8) inches, moistened to at least the optimum moisture content and
compacted to a minimum relative compaction of 90 percent (ASTM D 1557). A representative
of this firm should also confirm that a minimum of 5 feet of engineered fill is present toward the
southwest corner of the subject pad, where sedimentary bedrock materials have previously
been identified.

Engineered Fills

The on-site soils are generally considered suitable for reuse as engineered fill provided they are
free from vegetation, debris and other deleterious material. Rocks exceeding 3 inches in
greatest dimension should not be incorporated into the fill at all levels. Engineered fill should
be placed in 8-inch or less lifts, moisture conditioned to at least the optimum moisture
content, and compacted to a minimum relative compaction of 90% as determined by ASTM
Test Method D 1557.
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Excavation Characteristics

Excavation in the on-site soils is expected to be feasible utilizing heavy-duty grading equipment
in good operating condition.

All temporary excavations for grading purposes and installation of underground utilities should
be constructed in accordance with local and Cal-OSHA guidelines. Temporary excavations
within the on-site materials should be stable at |:| (horizontal:vertical) inclinations for cuts less
than five (5) feet in height.

DESIGN RECOMMENDATIONS
Shallow Foundation Design Criteria

Foundation design criteria for a conventional foundation and post-tension foundation systems,
are presented in this report. Based on the results of our laboratory testing, it is anticipated
that the soils near subgrade will classify as having a “very low” expansion potential (0<EI<20) in
accordance with ASTM D 4829. Typical design criteria for the site based upon a “very low”
expansion potential are tabulated below. These are minimal recommendations and are not
intended to supersede the design by the project structural engineer.

The foundation elements for the proposed structures and other improvements should be
founded entirely in engineered fill soils. Foundations should be designed in accordance with the
2013 Cdlifornia Building Code (CBC).

Additional expansion index and soluble sulfate testing of the soils should be performed during
construction to evaluate the as-graded conditions. Final recommendations should be based

upon the as-graded soils conditions.

A summary of our conventional foundation design recommendation is presented in the
following table:
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GEOTECHNICAL RECOMMENDATIONS FOR SHALLOW FOUNDATION DESIGN

q ‘“Very Low’”’ Expansion Potential
Design Parameter 0<EI<20

Foundation Depth or Minimum
Perimeter Beam Depth (inches below Two-story — 18
the lowest adjacent grade)

Minimum Foundation Width (inches)* Two-story — 12

Minimum Slab Thickness (inches) 4 - Actual

Sand Blanket and Moisture Retardant
membrane below On-Grade Building
Slabs

2 inches of sand** overlying moisture vapor retardant membrane
ying p
overlying 2 inches of sand**

Minimum Slab Reinforcing 6” x 6” - WI1.4/WI.4 welded zlar; fabric placed in the middle of

Minimum Footing Reinforcement for

. . Two No. 4 reinforcing bars, one placed near the top and one near
Continuous Footings, Grade Beams and & P P

Retaining Wall Footings the bottom
Presaturation of Subgrade Soil Minimum of 100% of the optimum moisture content to a depth of
(Percent of Optimum/Depth in Inches) at least 12 inches prior to placing concrete
* Code minimums per Table 1809.7 of the 2013 CBC
ok Sand should have a sand equivalent of at least 30

Post-tensioned slabs should be designed in accordance with the 2013 California Building Code
(CBC) and PTI design methodology. It should be noted that expansion test results are not a
controlling factor in PTI design methodology. The grain size distribution of the soils and the
Atterberg Limits are the dominant soil properties considered in the PTl design methodology.
Using grain size distribution, Atterberg Limits and swell test results from samples recently
obtained from the near surface on-site soils, the design parameters presented in the table
below were determined. The foundation design parameters presented below are derived using
the computer program VOLFLO (v. 1|.5) in general conformance with Design of Post-
Tensioned Slabs-on-Ground, 3rd Edition (PTIl, 2008) and Standard Requirements for Design
and Analysis of Shallow Post-Tensioned Concrete Foundations on Expansive Soils (PTI, 2012).
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POST-TENSIONED SLAB DESIGN RECOMMENDATIONS

Design Value
Foundation Design Parameter

Soil Characteristics: LL=30; PI=7; 38% passing #200 sieve,
13% passing 2um; clay fines=34%

Edge Moisture Variation Distance, en

- Edge Lift (swelling) 5.2 ft

- Center Lift (shrinkage) 9.0 ft
Soil Differential Movement, ym

- Edge Lift (swelling) =0.01 in

- Center Lift (shrinkage) =-0.01 in
Ext. Perimeter Beam Embedment One- or Two-Story — |2 inches*
Presaturation of Subgrade Soil (Percent of Minimum [00% of the optimum moisture
Optimum/Depth in Inches) content to a depth of at least 12 inches prior to

placing concrete

* Required depth of perimeter beam/stiffening rib per structural calculations may govern.

The following assumptions were used to generate enand yn values: soil fabric factor = 1.0; Ko = 0.33 (drying), 0.67
(wetting); Thornthwaite Moisture Index = -20; constant suction value = 3.8pF; post-equilibrium case assumed with
wet (swelling) cycle going from 3.8 pF to 3.0 pF and drying (shrinking) cycle going from 3.8pF to 4.5pF.

The bottom of the perimeter edge beam/deepened footing should be designed to resist tension
forces using either cable or conventional reinforcement, per the structural engineer.

An allowable bearing capacity of 2,000 pounds per square foot (psf) may be used for design of
building and retaining wall footings. This value may be increased by 300 psf for each additional
12 inches of embedment depth and by 200 psf for each additional 12 inches in width to a
maximum of 3,000 psf. The allowable bearing capacity may be increased by one-third when
considering short-term wind and seismic loads.

For footings designed in accordance with the recommendations presented in this report, we
would anticipate a maximum settlement of less than one (I) inch and a maximum differential
settlement of less than one (1) inch in a 40-foot span.

The passive earth pressure may be computed as an equivalent fluid having a density of 300 psf
per foot of depth, to a maximum earth pressure of 2,000 psf for footings founded on
engineered fill. A coefficient of friction between soil and concrete of 0.30 may be used with
dead load forces. The upper one foot of soil below the adjacent grade should not be used in
calculating passive pressure. When combining passive and frictional resistance, the passive
pressure component should be reduced by one-third.
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A moisture and vapor retarding system should be placed below slabs-on-grade where moisture
migration through the slab is undesirable. Guidelines for these are provided in the 2013
California Green Building Standards Code (CALGreen) Section 4.505.2 and the 2013 CBC
Section 1907.1 and ACI 360R-10. The vapor retarder design and construction should also
meet the requirements of ASTM E1643. A portion of the vapor retarder design should be the
implementation of a moisture vapor retardant membrane.

It should be realized that the effectiveness of the vapor retarding membrane can be adversely
impacted as a result of construction related punctures (e.g. stake penetrations, tears, punctures
from walking on the aggregate layer, etc.). These occurrences should be limited as much as
possible during construction. Thicker membranes are generally more resistant to accidental
puncture than thinner ones. Products specifically designed for use as moisture/vapor retarders
may also be more puncture resistant. Although the CBC specifies a six (6) mil vapor retarder
membrane, it is GeoTek’s opinion that a minimum 10 mil thick membrane with joints properly
overlapped and sealed should be considered, unless otherwise specified by the slab design
professional. The membrane should consist of Stego wrap or the equivalent.

Moisture and vapor retarding systems are intended to provide a certain level of resistance to
vapor and moisture transmission through the concrete, but do not eliminate it. The acceptable
level of moisture transmission through the slab is to a large extent based on the type of flooring
used and environmental conditions. Ultimately, the vapor retarding system should be
comprised of suitable elements to limit migration of water and reduce transmission of water
vapor through the slab to acceptable levels. The selected elements should have suitable
properties (i.e., thickness, composition, strength, and permeability) to achieve the desired
performance level. Consideration should be given to consulting with an individual possessing
specific expertise in this area for additional evaluation.

Moisture retarders can reduce, but not eliminate, moisture vapor rise from the underlying soils
up through the slab. Moisture retarders should be designed and constructed in accordance
with applicable American Concrete Institute, Portland Cement Association, Post-Tensioning
Concrete Institute, ASTM and California Building Code requirements and guidelines.

GeoTek recommends that a qualified person, such as the flooring contractor, structural
engineer, architect and/or other experts specializing in moisture control within the building be
consulted to evaluate the general and specific moisture and vapor transmission paths and
associated potential impact on the proposed construction.
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In addition, the recommendations in this report and our services in general are not intended to
address mold prevention, since we along with geotechnical consultants in general, do not
practice in areas of mold prevention. If specific recommendations are desired, a professional
mold prevention consultant should be contacted.

Miscellaneous Foundation Recommendations

. To reduce moisture penetration beneath the slab on grade areas, utility trenches
should be backfilled with engineered fill, lean concrete or concrete slurry where they
intercept the perimeter footing or thickened slab edge.

. Soils from the footing excavations should not be placed in the slab-on-grade areas
unless properly compacted and tested. The excavations should be free of
loose/sloughed materials and be neatly trimmed at the time of concrete placement.

. Under-slab utility trenches should be compacted to at least 90 percent (ASTM D[557).
Compaction should be achieved with a mechanical compaction device. If soils to be
used as trench backfill have dried out, they should be thoroughly moisture conditioned
prior to placement.

Foundation Setbacks

Minimum setbacks for all foundations should comply with the 2013 CBC or City of Lake Forest
requirements, whichever is more stringent. Improvements not conforming to these setbacks
are subject to the increased likelihood of excessive lateral movements and/or differential
settlements. If large enough, these movements can compromise the integrity of the
improvements. The following recommendations are presented:

. The outside bottom edge of all footings should be set back a minimum of H/3 (where H
is the slope height) from the face of any descending slope. The setback should be at
least seven (7) feet and need not exceed 40 feet.

. The outside bottom edge of all footings should be set back a minimum of H/2 (where H
is the slope height) from the face of any ascending slope. The setback should be at least
seven (7) feet and need not exceed |5 feet.

. The bottom of all footings for new structures near retaining walls should be deepened
so as to extend below a |:| projection upward from the bottom inside edge of the wall
footing.
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RETAINING AND GARDEN WALL DESIGN AND CONSTRUCTION

General Design Criteria

Recommendations presented in this report apply to typical masonry or concrete retaining
walls to a maximum height of up to 10 feet. Additional review and recommendations should
be requested for higher walls. These are typical design criteria and are not intended to
supersede the design by the structural engineer.

Retaining wall foundations should be embedded a minimum of 18 inches into engineered fill and
should be designed in accordance with the Foundation Design section of this letter. Structural
needs may govern and should be evaluated by the project structural engineer.

All earth retention structure plans, as applicable, should be reviewed by this office prior to
finalization. The seismic design parameters as discussed in this report remain applicable to all
proposed earth retention structures at this site, and should be properly incorporated into the
design and construction of the structures.

Earthwork considerations, site clearing and remedial earthwork for all earth retention
structures should meet the requirements of this report, unless specifically provided otherwise,
or more stringent requirements or recommendations made by the designer. The backfill
material placement for all earth retention structures should meet the requirement of the
Engineered Fills section of this letter.

In general, cantilever earth retention structures, which are designed to yield at least 0.001H,
where H is equal to the height of the earth retention structure to the base of its footing, may
be designed using the active condition. Rigid earth retention structures (including but not
limited to rigid walls, and walls braced at top, such as typical basement walls) should be
designed using the at-rest condition.

In addition to the design lateral forces due to retained earth, surcharges due to improvements,
such as an adjacent building or traffic loading, should be considered in the design of the earth
retention structures. Loads applied within a I:I (h:v) projection from the surcharge on the
stem and footing of the earth retention structure should be considered in the design.

Final selection of the appropriate design parameters should be made by the designer of the
earth retention structures.

23 of 277



Cantilevered Walls

The recommendations presented below are for cantilevered retaining walls up to 10 feet high.
Active earth pressure may be used for retaining wall design, provided the top of the wall is not
restrained from minor deflections. An equivalent fluid pressure approach may be used to
compute the horizontal pressure against the wall. Appropriate fluid unit weights are given
below for specific slope gradients of the retained material. These do not include other

superimposed loading conditions such as traffic, structures, seismic events, or adverse geologic

conditions.
ACTIVE EARTH PRESSURES
Surface Slope of Retained Equivalent Fluid Pressure
Materials (pcf)
(h:v)
Level 35
2:1 60

* The design pressures assume the backfill material has an expansion index
less than or equal to 20. Backfill zone includes area between the back of the
wall to a plane (1:1 h:v) up from the bottom of the back of the footing to the

ground surface.

Retaining Wall Backfill and Drainage

Retaining wall backfill should consist of granular, non-expansive soil with an expansion index
less than or equal to 20. The wall backfill should also include a minimum one (I) foot wide
section of ¥4- to |-inch clean crushed rock (or an approved equivalent). The rock should be
placed immediately adjacent to the back of the wall and extend up from a back drain to within
approximately 12 inches of the finish grade. The gravel should be separated from the earth
with filter fabric (Mirafi [40N or an approved equivalent). Alternatively, a drainage
composite such as Miradrain® may be used in lieu of the gravel column. The upper 12
inches should consist of compacted on-site soil. The presence of other materials might
necessitate revision to the parameters provided and modification of the wall designs. The
backfill materials should be placed in lifts no greater than eight (8) inches in thickness and
compacted to a minimum of 90% relative compaction in accordance with ASTM Test Method D
I557. Proper surface drainage needs to be provided and maintained.

Retaining walls should be provided with an adequate pipe and gravel back drain system to help
prevent buildup of hydrostatic pressures. Backdrains should consist of a four (4)-inch diameter
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perforated collector pipe (Schedule 40, SDR 35, or approved equivalent) embedded in a
minimum of one (l) cubic foot per linear foot of %s- to I-inch clean crushed rock or an
approved equivalent, wrapped in filter fabric (Mirafi 140N or an approved equivalent). The
drain system should be connected to a suitable outlet. Waterproofing of site walls should be
performed where moisture migration through the wall is undesirable.

Other Design Considerations

. Wall design should consider the additional surcharge loads from superjacent slopes
and/or footings, where appropriate.

. No backfill should be placed against concrete until minimum design strengths are
evident by compression tests of cylinders.

. The retaining wall footing excavations, backcuts, and backfill materials should be
approved the project geotechnical engineer or their authorized representative.

. Positive separations should be provided in garden walls at horizontal distances not
exceeding 20 feet.

SOIL CORROSIVITY

The soil resistivity at this site was tested in the laboratory on one sample collected during the
field investigation. The results of the testing indicate that the on-site soils are considered
“corrosive” to buried ferrous metal in accordance with current standards used by corrosion
engineers. We recommend that a corrosion engineer be consulted to provide
recommendations for the protection of buried ferrous metal at this site.

SOIL SULFATE CONTENT

The sulfate content was determined in the laboratory for one soil sample. The results indicate
that the water soluble sulfate result is less than 0.] percent by weight, which is considered “not
applicable” (negligible) as per Table 4.2.1 of ACI 318.

IMPORT SOILS
Import soils should have expansion characteristics similar to the on-site soils. GeoTek also
recommends that the proposed import soils be tested for expansion and corrosion potential.

GeoTek should be notified a minimum of 72 hours prior to importing so that appropriate
sampling and laboratory testing can be performed.
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CONCRETE FLATWORK

Exterior Concrete Slabs, Sidewalks and Driveways

Exterior concrete slabs, sidewalks and driveways should be designed using a four (4) inch
minimum thickness. No specific reinforcement is required from a geotechnical perspective.
However, some shrinkage and cracking of the concrete should be anticipated as a result of
typical mix designs and curing practices commonly utilized in industrial construction.

Sidewalks and driveways may be under the jurisdiction of the governing agency. If so,
jurisdictional design and construction criteria would apply, if more restrictive than the
recommendations presented in this report.

Subgrade soils should be pre-moistened prior to placing concrete. The subgrade soils below
exterior slabs, sidewalks, driveways, etc. at the site should be pre-saturated to a minimum of
100% of optimum moisture content to a depth of at least 12 inches.

All concrete installation, including preparation and compaction of subgrade, should be done in
accordance with the City of Lake Forest specifications, and under the observation and testing
of GeoTek and a City inspector, if necessary.

Concrete Performance

Concrete cracks should be expected. These cracks can vary from sizes that are essentially
unnoticeable to more than 0.125-inch in width. Most cracks in concrete, while unsightly, do
not significantly impact long-term performance. While it is possible to take measures (proper
concrete mix, placement, curing, control joints, etc.) to reduce the extent and size of cracks
that occur, some cracking will occur despite the best efforts to minimize it. Concrete can also
undergo chemical processes that are dependent upon a wide range of variables, which are
difficult, at best, to control. Concrete, while seemingly a stable material, is also subject to
internal expansion and contraction due to external changes over time.

One of the simplest means to control cracking is to provide weakened control joints for
cracking to occur along. These do not prevent cracks from developing; they simply provide a
relief point for the stresses that develop. These joints are a widely accepted means to control
cracks but are not always effective. Control joints are more effective the more closely spaced
they are. GeoTek suggests that control joints be placed in two orthogonal directions and
located a distance apart approximately equal to 24 to 36 times the slab thickness.
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Exterior concrete flatwork (patios, walkways, driveways, etc.) is often some of the most visible
aspects of site development. They are typically given the least level of quality control, being
considered “non-structural” components. We suggest that the same standards of care be
applied to these features as to the structure itself.

PAVEMENT DESIGN

The recommended thicknesses presented below are considered typical and minimum for the
assumed parameters. We understand that budgetary considerations sometimes warrant
thinner pavement sections than those presented. However, the client, the owner, and the
project principals should be aware that thinner pavement sections might result in increased
maintenance costs and lower than anticipated pavement life.

In designing the proposed paved areas, the existing subgrade conditions must be considered
together with the expected traffic use and loading conditions.

The conditions that will influence the pavement design can be summarized as follows:

1) Subgrade support characteristics of the subgrade. This is typically represented by a R-
Value for the design of flexible pavements in this region.

2) Vehicular traffic, in terms of the number and frequency of vehicles and their range of axle
loads.

3) Probable increase in vehicular use over the life of the pavement.

We recommend that the exposed subgrade be prepared in accordance with the site
preparation requirements specified previously in this letter. The upper one foot of pavement
subgrade should be compacted to at least 95 percent of the maximum dry density as
determined by the modified Proctor (ASTM D 1557). The fill moisture content at the time of
compaction should be within | to 3 percent above the optimum moisture content value.
Undercut soil should be replaced by engineered fill.

The appropriate pavement section depends primarily upon the type of subgrade soil, shear
strength, traffic load, and planned pavement life. For preliminary purposes, we have utilized
traffic indices of TI=4.5 and TI=7.0. These assumed traffic indices should be verified by the
project civil engineer prior to construction. Based on the results of laboratory testing, we have
assumed an R-value of 30 for the near-surface soils within pavement areas. Since an evaluation
of the characteristics of the actual soils at pavement subgrade can only be provided at the
completion of grading, the following pavement sections should be used for planning purposes
only. Final pavement designs should be evaluated after R-value tests have been performed on
the actual subgrade material.
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It should be noted that additional earthwork and/or ground improvement efforts may be
required during grading on the actual subgrade material, in order to achieve the
aforementioned design parameters and assumptions. These design thicknesses assume that a
properly prepared subgrade has been achieved.

Flexible Pavement Recommendations

Assumed Asphalt Concrete (AC) Class Il Aggregate Base
Traffic Index Thickness (in.) (AB) Thickness (in.)
45 3 5
7.0 4 10

Asphalt Concrete (AC), Portland Cement Concrete, and Class Il aggregate base should
conform to and be placed in accordance with the latest revision of the California Department
of Transportation Standard Specifications and American Concrete Institute (ACI) codes.
Aggregate base should be compacted to a minimum of 95 percent of the maximum dry density
as determined by the modified Proctor (ASTM D 1557) prior to placement of AC. Subgrade
preparation for pavement areas is included in the earthwork considerations section of this
letter.

POST CONSTRUCTION CONSIDERATIONS
Landscape Maintenance and Planting

Water has been shown to weaken the inherent strength of soil, and slope stability is
significantly reduced by overly wet conditions. Positive surface drainage away from graded
slopes should be maintained and only the amount of irrigation necessary to sustain plant life
should be provided for planted slopes. Controlling surface drainage and runoff, and maintaining
a suitable vegetation cover can minimize erosion. Plants selected for landscaping should be
lightweight, deep-rooted types that require little water and are capable of surviving the
prevailing climate.

Overwatering should be avoided. Care should be taken when adding soil amendments to avoid
excessive watering. Leaching as a method of soil preparation prior to planting is not
recommended. An abatement program to control ground-burrowing rodents should be
implemented and maintained. This is critical as burrowing rodents can decreased the long-
term performance of slopes.

28 of 277



It is common for planting to be placed adjacent to the structures in planter or lawn areas. This
will result in the introduction of water into the ground adjacent to the foundation. This type
of landscaping should be avoided.

Drainage

The need to maintain proper surface drainage and subsurface systems cannot be overly
emphasized. Positive site drainage should be maintained at all times and be designed by the
project civil engineer. Drainage should not flow uncontrolled down any descending slope.
Water should be directed away from foundations and not allowed to pond or seep into the
ground adjacent to the footings. Soil areas within 10 feet of the proposed structure should
slope at a minimum of 5-percent away from the building, if possible unless the area is paved.
Paved areas are to be sloped at 2-percent away from the structure. Roof gutters and
downspouts should discharge onto paved surfaces sloping away from the structure or into a
closed pipe system which outfalls to the street gutter pan or directly to the storm drain
system. Pad drainage should be directed toward approved areas and not be blocked by other
improvements.

It is the owner’s responsibility to maintain and clean drainage devices on or contiguous to their
lot. In order to be effective, maintenance should be conducted on a regular and routine
schedule and necessary corrections made prior to each rainy season.

PLAN REVIEW AND CONSTRUCTION OBSERVATIONS

We recommend that site grading, specifications and foundation plans be reviewed by this office
prior to construction to check for conformance with the recommendations of this report. We
also recommend that GeoTek representatives be present during site grading and foundation
construction to observe and document proper implementation of the geotechnical
recommendations. The owner/developer should verify that GeoTek representatives perform
at least the following duties:

. Observe site clearing and grubbing operations for proper removal of unsuitable
materials.

. Observe and test bottom of removals prior to fill placement.

. Evaluate the suitability of on-site and import materials for fill placement, and collect soil

samples for laboratory testing where necessary.

. Observe the fill for uniformity during placement, including utility trench backfill. Also,
perform field density testing of the fill materials.
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. Observe and probe foundation excavations to confirm suitability of bearing materials.

If requested, a construction observation and compaction report can be provided by GeoTek
which can comply with the requirements of the governmental agencies having jurisdiction over
the project. We recommend that these agencies be notified prior to commencement of
construction so that necessary grading permits can be obtained.

LIMITATIONS

Our findings are based on site conditions observed and the stated sources. Thus, our
comments are professional opinions that are limited to the extent of the available data. These
opinions have been derived in accordance with current City/County standards of practice and
no warranty is expressed or implied. Standards of practice are subject to change with time.

The opportunity to be of service is sincerely appreciated. If you should have any questions,
please do not hesitate to call our office.

Respectfully submitted,
GeoTek, Inc.

CLA AT

Edward H. LaMont Paul Hyun Jin Kim
CEG 1892, Exp. 7/31/12 PE 77214, Exp. 6/30/13
Principal Geologist Project Engineer
Distribution: (1) Addressee via email

Enclosures: Appendix A References

Appendix B Stoney-Miller report dated November 12, 2009 and June 9, 2014
Appendix C  Site Plan

Appendix D Double-ring Infiltrometer Test Results

Appendix E Recent Laboratory Test Data

Appendix F Grading Guidelines
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APPENDIX B

Stoney-Miller report dated November 12, 2009 and June 9, 2014

Response to City Review Checklist
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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STONEY-MILLER CONSULTANTS, INC

GEOTECHNICAL ENGINEERING & ENGINEERING GEOLOGY

November 12, 2009

BDIJ Lake Forest Associates LLP Project No: 12655-50
1420 Bristol Street North, Suite 100 Report No: 09-11123
Newport Beach, California 92660

Attention: Mr. Daniel Karcher & Mr. Larry Nelson

Subject: Review of Site Settlement
Lot 13 of Tract 13343
25192 Commerce Drive
Lake Forest, California

References: See Appendix A
Gentlemen:

In accordance with your request, we have reviewed the results of settlement monitoring
performed at the subject site by DMC Engineering. This monitoring has focused on monitoring
the settlement behavior of the subject site under the influence of an approximate 15-foot high fill
surcharge. The fill surcharge was placed both to accelerate the occurrence of primary
settlements and mitigate the effects of long-term secondary settlements on future site
improvements. Based on the results of the monitoring and our review and evaluation of the
monitoring data, it is our opinion that the fill surcharge has caused sufficient settlement at the
site to mitigate future effects of alluvial settlements on commercial building structures of at least
four-stories high and other typical improvements associated with a commercial office building.

PROJECT BACKGROUND

Previous Grading

Previous grading on or adjacent to the site consisted of cuts and fills, associated with mass
grading, to construct a relatively-flat commercial-sized lot. This grading (see Reference 1) was
performed from June 1990 to July 1991, and was performed under the observation and testing of
Stoney-Miller Consultants, Inc. Grading resulted in the placement of engineered fill across the
subject site to depths ranging from 2 feet within the south corner of the pad to an estimated
maximum depth of about 60 feet on the north and west side of the pad. Alluvial thickness below
the pad area is estimated to range from 0 to 35 feet. The pad was graded to an elevation of 590

14 HUGHES, SUITE B-101 IRVINE, CA 92618-1923 (949) 380-4886 - FAX (949) 455-9371
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to 592 feet above mean sea level (amsl), excepting the detention basin founded at an elevation of
about 582 feet amsl (see Figure B-14).

Four settlement monuments (SM2-1, SM2-2, SM2-3 and SM2-11) were constructed onsite to
monitor ground settlements after grading was complete. The monuments were constructed in the
approximate locations shown on Figure B-14. Monitoring of each monument was conducted
over various time intervals starting in June 1990 and ending as late as December 1996. A
maximum alluvial settlement of about 12-inches was recorded at Monument SM2-3 over a time
period of approximately 1,956 days (5.3 years). Based on this monitoring, it is estimated that 85
to 90 percent of the total settlements were complete by the end of 1996. The settlement survey
readings are summarized in Table B-10, and plotted on Figures B-11 and B-12.

Subsequent to the completion of grading and monitoring, a fill embankment was created along

the north and west periphery of the pad as a future source of fill material to infill the detention
basin.

Current Grading

The more recent grading within Lot 13 of Tract 13343 consisted of bringing the subject site to
proposed grades near elevation 590 to 595 feet amsl and placing an approximate 15-foot high
surcharge fill at the location of the old detention basin area. The purpose of the surcharge was to
mitigate the impact of alluvial settlements on improvements at the site by accelerating the
occurrence of primary settlements, and the majority of the long-term secondary settlements
anticipated under the fill and future footing loads. This additional grading was done from March
6, 2006 through May 30, 2008, and was performed under the observation and testing services of
Stoney-Miller Consultants, Inc., and is reported in Reference 8. Fill soils were placed to an
approximate elevation of 595 feet amsl on the eastern half of the basin, and 593 feet amsl on the
western half. The temporary surcharge fill was then placed to an elevation of about 608 feet
amsl between March 13, 2008 to April 2, 2008.

Eight settlement monuments were placed to monitor the settlement at the site. These monuments
were constructed and then surveyed for the first time on March 21, 2008 or approximately 19
days after the surcharge fill was completed. Five monuments were placed within the fill
surcharge area; two monuments within a cut area to the northwest and northeast of the basin; and
one monument within the east parking. The location of the monuments placed within Lot 13 are
shown on Figure B-13 and summarized in Table A as follows.
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TABLE A, Settlement Monument Location

Settlement Monument # Northing Easting
SM101-TC 10553.198 9581.312
SM102-TC 10376.979 9304.094
SM103-TC 10373.757 9554.165
SM104-TC 10308.912 9611.231
SM105-TC 10278.759 9503.349
SM106-TC 10315.126 9450.201
SM107-TC 10329.407 9532.559
SM108-TC 10393.029 9717.849

Monitoring of each monument was conducted for 171 days starting March 21, 2008 and ending
October 9, 2008. A maximum total settlement of about 1.4-inch was recorded at Monument SM-
107-TC. A settlement monument summary is given in Figure B-1, and the survey data is plotted
verses time on Figures B-2 through B-9. As of the date of this report, 570 days have elapsed
since the start of settlement monitoring

CONCLUSIONS

We have reviewed the settlement monitoring data (see Appendix B) for Lot 13 of Tract 13343 to
evaluate the suitability of the lot for precise grading and construction release. Based on our
analyses and review of the settlement monitoring data, it is our opinion that the surcharge fill has
achieved the desired settlement mitigation for Lot 13 of Tract 13343. In our opinion, the fill
surcharging effects at the subject site has been sufficient to mitigate future ground settlements to
less than 1-inch for a time period (design life) of 50 years. In our opinion, the fill surcharge is no
longer needed. Based on the results of the monitoring and our review and evaluation of the
monitoring data, it is our opinion that the fill surcharge has caused sufficient settlement at the
site to mitigate future effects of alluvial settlements on commercial building structures of at least
four-stories high and other typical improvements associated with a commercial office building.

Precise grading, improvement, and foundation plans should be reviewed by the Geotechnical

Consultant prior to grading and construction. All future grading to prepare the site area should
be performed under the observation and testing of the Geotechnical Consultant.
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LIMITATIONS

Our work was performed in accordance with the usual and current standards of the profession, as
they relate to this and similar localities. No other warranty, expressed or implied, is provided as
to the conclusions and professional advice presented in this report.

The opportunity to be of service is appreciated. If you have any questions, please call.

Respectfully submitted,

STONEY-MILLER CONSULTANTS, INC.

Russell C. Lamb, G.E. 2207
Associate Geotechnical Engineer
Registration Expires 3-31-11

MGV/RCL/rm
Attachments: Appendix A, References

Appendix B, Settlement Monitoring Data
Distribution: Addressee (4)

DMc Engineering (1)
Attention: Mr. Derek McGregor
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PLANS

DMc Engineering, 2008, “Temporary Surcharge Drainage Plan for Lot 13, Tract 13343,
25192 Commercentre Drive, Lake Forest, California,” Sheets 1 through 8 of 8, dated
April 14, 2008, Project No: 1004.

38 of 277



APPENDIX B

SETTLEMENT MONITORING DATA

39 of 277



APPENDIX B (Report 09-11123)

SETTLEMENT MONITORING DATA

40 of 277



Lieaygsix Aewwns Juswames L-g JUNDIANEZL L L-60 dwa [\suoday\sHoday g UOREUIPIOD 199[0Jd\0S-G59Z 1\O00E L-00SZ M

1-g 3uNOI4 05-55921
7114 ¥O LND ON 40 VIHY NI ‘a31VdIDILNY SY 3dISLNO €0 9¢°0 LLL 800Z/6/0L| 800Z/L2/t 801
EEVE ] 9l vyl A 800Z/6/0L| 800Z/L2/t 0L
OMN el 960 LLL 800Z/6/0L| 8002/L2/Y 301
OMS el 80°'L LZL 8002/6/0L| 800Z/L2/Y S0l
o3s el 0z'L LZL 800Z/6/0L| 800Z/L2/Y 0L
1IND¥ID 80/6/0L ¥3d AIA0HLSIA INIWNNOW 23N 9l 960 Gel 8002/¢/6 | 800Z/LZ/¥ €0l
v3YVY 1NO NI ‘3LVdIDILNY SV 3dISLNO €0 9¢°0 LZL 8002/6/0L| 800Z/Le/Y 201
v3¥VY LN NI ‘A3LVdIDILNY SV 3AISLNO €0 ¥2°0 LZL 800Z/6/0L| 800Z/L2/Y L0L
[CRERVETER]
abieyaing yum)
Ve oszal {HONI)
Ol 045 AVd SAVA |ONIav3¥| SNI9D3g
SINFWWOD JOUVHIUNS | (yoN1) SyvIA 0| TINSVAN a3savail syl NoRmciNomn INJWNNOW
NINOILYOOT | 5, q3193rond | {NFNILLAS
INTFN3TLL3S
33Nn.LNd

EYEEL 1OVHL ‘€L 107
AAVINANS LNJWNNOW LNIJWITLLIS

41 of 277



¢-49 3dNOld

(2) BOI-O1-LOLINS SIX'SI0ld SIUBWNUOW 80-6-0L\EZL L L-60 dwa \suoday\spoday @ UOHeUIPI00] 198(0Id\05-GS9Z 1\000E L-00SZ LM

(SAva) awiL

00000}

00001

000}

JOL1-10LAS INJWNNOW INJWITLLIS

001

eyeel Joel] ‘gl 307

ot

1- 08°0-

06-959¢1

00'¢-
08°L-
09'}-
ov'i-
0c'L-

00°}-

09°0-
0v'0-

02'0-

(S3HONI) LNIW31LL3S

000
020
0v'0
090
080

00'L

42 of 277



(2) 601-01-ZOLWS SIX'SI0Id SIUBWNUOW §0-6-0L\EZL L L-60 dwa [\spoday\suoday » uoieuipiood 108[01d\05-6592 1\000E L-00G2 I\

¢-d 3¥NOI4 bl (e

(SAvVa) anIL
002-

L | 1 08

- 09°)-

— - T ov'L-

0c'L-

00°L-

- Buluiewsy €0

- 08°0-

T 09°0-

e ...O.V.Ol

| .. . Zﬂxpkl‘/ "
{VA. 000

0c0

(S3HONI) LINIW31LLIS

—— . 0r'o

090

080

00'1L

000001 00001 0001 00l ol 3

ebeel oeil ‘el 307
J1-¢0LNS INJWNNOW INJWIT1LL3S

43 of 277



(€) BOI-OL-E0LINS SIX'SI0Id SJUBWNUOW 80-6-0L\EZL L L-60 dwa 1\spoday\sHoday g UONEUIPIo0D 193[0Id\0G-GS9Z 000E L-00GZ M

v-9 34NOI4 0S-csocl

(SAva) awiL
ove-
Pl 0ze-

/1 N e

BulleWLY ..mm.N_. | / 1 ogz-
/ — - 09°¢
— O¥F'¢-
- 0C'¢
| 1 00z
11 RN 08'1-

T 09°1-

/ ov'L-
- 0T’
%/

, 080~

— 09°0-

AN ov0-
/?u\\lu?..r 0z'0-
/i: 000

0c'o

(S3HONI) INIWITLLIS

00000} 0000} 000l 00l oL }

eVEEL JoRI] ‘€L 307
J31-€0LNS INJWNNOW INJW3TLL3S

44 of 277



(€) BOI-OL-7OLINS SIX'S}Old SIUBWNUOW 80-6-01\EZ | L L-60 dwa 1 \SHoday\spoday g uoleuipioo) 103[01d\05-G592 L\00OE L-00SZ L\M

- 0L~

- 00°)-

-9 34n9l4d
(sAva) awiL
Pl i
L L O
Buiuiewsy ..E.F_ 1 S — B2
NN N
B S /
D,
Bl /.
(///Qr
IN | 1 N /.A/
/
00000} 00001 0001 00l oL

epeel e ‘gl 307

OLv0LINS INJWNNOW LNIW31LL3S

05-959¢1

00°¢-

08¢

- 09°¢C-

ov'e-

- 0C'¢

00°¢-

08°)-

09°L-

0c'L-

(S3HONI INaW3LL3S

08°0-
09°0-
0r0-
0co-
000

0c'o

45 of 277



9-9 J¥NOId

(€) BoI-D L-GOLINS SIX'S10ld SIUDWNUON 80-6-01\EZ | L L-60 dwa |\sHoday\spoday % uoleulpoo)) 108[0Id\05-G59Z 1\000E L-005Z L\

(SAva) IwiL

05-559¢C1

08¢

Buiuewsy ,69°1

09°¢-

ov'e-

- 0¢°¢-

00¢c-

- 08}

09°L-

ov'L-

0c'L-

00°}-

y/d

(S3HONI) INIWTTLLIS

08°0-

09°0-

ov'0-

p 000

0co

000004

0000}

000}

eVEEL JoRIL ‘€l 107
J1-S0LINS INFWNNOW LNJW3TLL3S

001

ol

46 of 277



-9 -NOId

(sAva) amiL

Buiurewsy 691 _\A

000001

00001

0001

00l

epeel el ‘gl 307

oL

O1-90LNS INJWNNOW INJN3TLL3S

08¢~

09'¢c-

ov'¢-

0ce

00¢c-

- 08°L-

09}~

ov'L-

0’

00°}-

08°0-

09°0-

ov0-

0C'0-

000

0co

(€) BOI-DL-90LNIS SIX'S10Id SIUBWNUOW 80-6-01\EZ )L L-60 dwa 1\SHoday\spoday @ UONEUIPI00D) J93[01d\06-G59Z L\000E L-00SZ M

06-669¢1

(S3IHONI) INIWITLLIS

47 of 277



8 -d J¥NOId

(€) Bo-D1-Z0LNS SIX'S10Id SIUBWNUOW 80-6-01\EZ )L L-60 dwa 1 \suoday\suoday B uoNeulp1oo) 198/0id\05-G59Z 1\000E L-00SZ LM

(SAvVa) IniL

06-G59¢C1

09'¢-

A

ov'e-

Buuewey ..NF.N_\

- 02°¢

00°¢c-

- 08¢
—1 09°¢
ov'e-

0cc-

00°¢-
- 08°L-
09°L-

or'L-

(SIHONI) LNIWI1LLIS

0c’)-

00°}-

080~

09°0-

0¥'0-

- 020

000

0co

00000}

00001

000l

O1-L0LAS INJWNNOW LNIJW3TLL3S

001

eveEl JoRIL ‘€1 307

0l

48 of 277



(Z) BoI-DL-80LNS SIX'SI0|d SJURWNUOW 80-6-0L\EZ | L 1-60 dwa 1\shoday\spoday g UORBUIPIO0D) 308[0id\0G-G59Z 1\000E L-005Z I\

6-9 J¥NOI4 0S-sS9¢l

(SAva) aniL
00°2-

08°L-

— I O@. Fl

E— Ly —— i - O.v- FI

—————== = S====_ s “ON—.I

Buuewsy ,ze 01— = ; 00'L-

— = = \' — — — —— ow-OI

= (. ~ 09°0-

- - i 1 ov o-

02°0-

/!
|
(S3HONI) INIWILLIS

000

e 0Z'0

010

S 090

— - — 080

00'L

000001 00001 0001 001 oL b

epeel el ‘el 307
O1-80LINS INJWNNOW INJINW31L1L3S

49 of 277



018 FUNOILSK AIBWILING JOYIOY JBWBMBS 15Ed O1-8 OIANEZL | 1-60 dwa

d

Jod:

f0)d\05-$59Z 1\000E +-00SZ 1. M

05-659¢1
0L-g F4N9Id
N~
N~
N
N
o
o
0
S 09 0¢ Sl ey jueisuod GqZ'¢ FUIMOOLS 14 ¥3ANN d3ng shep /€2 sAep £€9 L1-CNS
9661/92/2) 2661/9L/€
0S 0 0S 01 0¢ oL > 3UOP %06 DUIMAS DUIMOIS €Ch AG3NNILNOD SONIAVY3Y 1N8g shep 9661 skep Gog shep €01 shep 1z €-CNS
(shep G1€) 16-€-G NO A3OVWVQA 3did G661/0€/0L LB/E0/S 06/€/0L 066L/ELIL
[2°] 0 GE oL > 3UOP %G8 BUINSS "DUIMOIS 68 3AVYO VN4 ONIHOV3Y Y314V G314Ng 3did SAep /G9 shep G0¢ 8y paseasou adg | 2'g paseasoul adid SAep /6 shep v NS
2661/6/7 L6/E0/S skep €0z skep Gyl 06/22/6 | 0661/9/L
L6/LL/L 06/7L/LL
GS 0 Or 01 0¢ umounun IN33ISN LON vZe 3AVHO TVYNIJ MO39 L334 02 a3iNg 3did SAep Gy | £'G umop Ino adig shep /6 Aep o L-ZNS
066L/7L/LL skep Gyl 06/42/6 0661/22/9
06/¥L/LL
(109)) (199)) (3os)) {sayour) buipesy pu3 (sayour) Aewud uoISUX3 UOoISUIX] payoeay
aeld aeld aeld SI-SY JUSWSNIBS 1e puai] JUETENIETS papu3 Buipeay j0 adig u) adid u; Alqissod Buipesy | ‘ON uswnuop
aA0qy [l | mojag (i |mojeg 1eD|  8iming pajewns3 pajewns3 jelo) uoseay pu3 pug abueyo abueyd sapelio vels

EYEEL LOVHL ‘€L 107

AYVININNS ONIYOLINOW LNIWIT113S 1Svd




(G) 1193YS s|x1sed BuLIojUOKY JUBWIBNRS PasIAaEZL L L-60 dwa [\spoday\sHoday g uoheulpIo0D) 198(01d\05-6592 L\000E L-00SZ L\'M

LL-g TUNOI4 0555921
(sAep) JNIL
7 0°0¢-
0'8lL-
|
e 09L-
\\
W8°ST 0vl- »
suipualy L[| s*o0s - - WSCTL m
‘nes Alewnd §-ZOWS g1 bITl &ed ) H__
| HRSREE! \ ~y. ! A _._ﬂ_
aulpual) Ne Z e
ncoo._%w m.w%s_m . . . _ P _ .ﬂ..r.FA,\/ =
9561 Aeq NS - ool @
£-ZONS —2—- :_9, ~ | sickea \M_/ _
' o0g B
s | =
e &
| .« 0'9-
LU £01 e
ﬂﬂ I S paydeay sspein O..Vl
ﬁ
| ! O.Nl
4,.,4
0 A —  4his == Pl e | E— .|.||K|.|.||.| ——t | 0.0
00000} 00001 0001 001 (0]

EVEEL ORI ‘€1 307
€-COINS ONIYOLINOW LN3N3T1LLES 1SVd

51 of 277



Zi-9 ANOId

(9) 1182s six'ISEQ BULIOHUO JUBWIINSS PasINANEZL L }-60 dwa [\sHoday\sHoday @ UONEUIPI00) 1980Id\0S-GS9Z \O0OE L-00SZ LM

‘PuU0dSS €-¢ONS

'PUODRS ¢-CONS

00-959¢1
_
(sAep) IWiL
_ , T T T ~—T—T— 002
M , ] T I ]
| 7 | 1] iR | IR |
_— _ . 7 _ | S “ - o.wFI
il |
{1 _ _ 09lL-
auj|pual] "Pes i W
sulpuaif "Nes _ Ovl-
[72)
| i
LL-ZOWS —&— | ‘ 0ZL- _.I|_
. AT m
€-CONS =
cooms—e— | 0oL Z
|
L-CONS —+— +t | —
| o &
T _ | [ 0'8- =2
o o
__ : __ ! I ,Z’'G paseasouy adrg 0'9- -
. ] €0z Aoa |
t 8"t paseasouy adig co1 ke
} - J 4|  PRYORY SOpRID 0'v-
| ! || N
_ 7 i 7 L6 keq
| . — 7 A _ payoeay sapein (A
| _ _ b | 7 | ,J..‘ _ 2" ! - 0.0
000001 00001 0001 ool 0]

eveel LOVYL ‘€L 1O

ONIYOLINOIN INJIN311L13S 1SVd

52 of 277



-

cor 5%} Sl 200 e v e
dT "D0SSV ISTIOd DIVI rdg TLE6-ESL (6v6) '¥ed # £6¢6-€5L §m L
NOLLINYLISNOD) w ONINNY I ® cz;ma:m- TG
HOJ 050V d3Hd ONRIHTANIONH O]
At

W LNFW3TLL3S INZOTH B 8OL-WS
aNzoT1

W ooe = qom |
JIZd NI FIVOS

Seit,
2

2,
% YO

"« LIGIHX3




54 of 277

110 (B LI-2NS
v

X3

TRy

e 27 8 i -
@ PUE, £
Mgt

B
tmrne o0 b

g | e
i TR A

R R T 1P



STONEY-MILLER CONSULTANTS, INC

GEOTECHNICAL ENGINEERING & ENGINEERING GEOLOGY

June 9, 2014
BDJ Lake Forest Associates LLP Project No: 12655-04
1420 Bristol Street North, Suite 100 Report No: 14-13775

Newport Beach, California 92660
Attention: Mr. Larry Nelson

Subject: Supplemental Geotechnical Evaluation
Seismic Hazard Study
Lot 13 of Tract 13343
25192 Commerce Drive
Lake Forest, California

References:  See Appendix A
Dear Mr. Nelson:

In response to your request, we have performed a supplemental geotechnical evaluation of the
subject property to assess the seismic hazard potential for development. The property address is
25192 Commercentre Drive, Lake Forest, California. The property is also known as Lot 13 of Tract
13343. The approximate location of the property is shown on the Site Location Map, Figure 1. Our
evaluation is specifically to address a potential seismic hazard mapped in a State of California
Seismic Hazard Zone Report for the El Toro Quadrangle. Our evaluation is directed to the
evaluation and quantification of property seismicity, and the potential for liquefaction, settlement,
slope instability, and slope deformation during an earthquake.

We understand that potential buyers of the property may develop the property with residential
housing or commercial buildings. Supporting improvements include the access streets, parking
areas, recreation building and amenities, and landscaped areas. Site grading is not known at this
time but is assumed to be within a few feet of original rough grades. Buildings are anticipated to be
up to three stories high and supported on shallow foundations or mat slab systems.

SITE HISTORY

The site was rough-graded in the early 1990°s as part of the Pacific Commercentre development
(References 1 through 3), with additional grading through 2008 to achieve the current site
conditions. The rough-graded condition includes variable depths of engineered fill soil below
the building pad supported by bedrock and alluvial soil, with a maximum 45-foot high slope
graded at a 2:1 (horizontal:vertical) slope ratio.

14 HUGHES, SUITE B-101 IRVINE, CA 92618-1923 (949) 380-4886 - FAX (949) 455-9371
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Rough grading on or adjacent to the site consisted of cuts and fills to construct a relatively-flat
commercial-sized lot. This grading (Reference 1) was performed from June 1990 to July 1991,
and was performed under the observation and testing of Stoney-Miller Consultants, Inc. Grading
resulted in the placement of engineered fill across the subject site to depths ranging from 2 feet
within the south corner of the pad to an estimated maximum depth of about 60 feet on the north
and west side of the pad. Alluvial thickness below the pad area is estimated to range from 0 to
35 feet. The pad was graded to an elevation of 590 to 592 feet above mean sea level (amsl),
excepting the detention basin founded at an elevation of about 582 feet amsl.

More recent site grading consisted of bringing the subject site to proposed rough grades near
elevation 590 to 595 feet amsl and placing an approximate 15-foot high surcharge fill at the
location of the old detention basin area (References 4 through 8). The purpose of the surcharge
was to mitigate the impact of alluvial settlements on improvements at the site by accelerating the
occurrence of primary settlements, and the majority of the long-term secondary settlements
anticipated under the fill and future footing loads. This additional grading was done from
March 6, 2006, through May 30, 2008, and was performed under the observation and testing
services of Stoney-Miller Consultants, Inc., and is reported in Reference 8. Fill soils were placed
to an approximate elevation of 595 feet amsl on the eastern half of the basin, and 593 feet amsl
on the western half. The temporary surcharge fill was then placed to an elevation of about 608
feet amsl between March 13, 2008 to April 2, 2008.

In January 2001, the State of California released a seismic hazard zones map for the El Toro
quadrangle which includes the subject property. A portion of this map is shown in Figure 2,
Seismic Hazard Map, and includes the approximate boundaries of the subject site. A state-
mandated zone of required investigation for possible earthquake-induced landsliding is shown at
the western boundary of the lot. The site and entire El Toro quadrangle is not located in an
Alquist-Prioli Fault zone. The Alquist-Priolo Earthquake Fault Zoning was enacted to prevent
the construction of buildings used for human occupancy on the surface trace of active faults.

GEOLOGIC SETTING

The topography of the area generally consists of the gently west-sloping Tustin Plain that merges
to the east with the foothills of the Santa Ana Mountains that are characterized by southwest-
trending canyons, washes, and ridges. The area lies within the San Diego Creek Watershed, a
complex system of predominantly southwest-draining canyons and washes that ultimately reach
Newport Bay. These include Borrego Canyon which is the main canyon drainage adjacent the
site.

The alluvium within the Borrego Canyon drainage near the subject site is underlain at depth by

bedrock of the Vaqueros-Sespe formation (undifferentiated) of late Eocene- to early Miocene-
age, the Puente Formation of middle- to late Miocene-age and the Oso member of the Capistrano
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formation of late Miocene- to early Pliocene-age. The Vaqueros-Sespe and Puente bedrock
consists of interbedded sandstone and siltstone, whereas the Oso member bedrock consists of
fine sandstone.

Groundwater was detected at an approximate depth of 30 feet below grade within both recent
hollow-stem auger borings and CPT soundings using pore pressure dissipation testing. The
historical high groundwater for this site is estimated to be at 10 feet below grade (CGS, 2006,
Reference 1.), which is consistent with groundwater levels observed during rough grading in the
early 1990’s. Groundwater levels may seasonally fluctuate or increase as a result of
development but should not be a constraint to site development.

SITE INVESTIGATION

General

The subject site investigation performed herein was specifically to address the seismic hazard
potential for earthquake-induced landsliding along a portion of a slope existing at the western
corner of the building pad shown on the Geotechnical Map, Figure 3. The ground conditions in
this area are discussed in References 1 through 8. The rough grading report (Reference 1)
provides field density testing of the engineered fill and base of removal elevations for the
alluvium and bedrock areas. This information is provided in Appendix B, Project Background,
Figures B.1 and B.2. Included in previous evaluations are previous exploratory holes including
four Cone Penetration Tests (CPT) in 2005 and two borings by Bagahi Engineering in 1997.
Logs of these exploratory holes are also included in Appendix B.

Field Exploration

Subsurface conditions near the toe of the western slope were explored on April 23, 2014 and
May 6, 2014. The approximate locations of these explorations are shown in Figure 3,
Geotechnical Map. GeoTek Inc. (GT) placed two hollow-stem auger borings to a maximum
depth of 51.5 feet. Both disturbed and relatively undisturbed samples were collected for
laboratory testing. Groundwater was encountered at 29.8 to 30.8 feet below grade. Draft copies
of GT Borings B-1 and B-2 are included in Appendix C, Field Exploration. Stoney-Miller
Consultants, Inc. (SMC) placed two CPT soundings to a maximum depth of 50 feet adjacent the
same toe of slope area. Logs of these CPT soundings are included in Appendix C. Pore
pressure dissipation tests were performed in CPT-1 and CPT-2 with groundwater estimated at a
depth of 33 feet below grade.
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Laboratory Testing

Laboratory testing was performed by GeoTek, Inc. on samples retrieved from their borings.
Laboratory test results for grain-size analyses and Atterberg limits testing is summarized on the
draft boring logs in Appendix C.

SEISMIC CONSIDERATIONS

Published Studies

One of the principles of seismic analyses and prediction is the premise that earthquakes are more
likely to occur on geologically younger faults, and less likely to occur on older faults. For many
years, studies have described faults with Holocene movement (within the last 11,000 years) as
“active”, and faults with documented Pleistocene movement (within the last 1.6 million years)
and with undetermined Holocene movement as “potentially active”. Informally, many studies
have described faults documented to have no Holocene movement as “inactive”. Recent
geologic and seismic publications are attempting to clarify the nomenclature describing faults to
more accurately represent the potential affects from earthquakes.

Reports by the California Division of Mines and Geology indicate faults with documented
Holocene or Historic (within the last 200 years) movement should be considered “active”.
However, “potentially active” faults are more appropriately characterized in terms of the last
period of documented movement. The Fault Activity Map of California (Jennings, C.W.; 2010)
defines three categories for onshore “potentially active” faults. The categories are associated
with the time of the last displacement evidenced on a given fault and are summarized in Table 1.

Table 1
Definitions of Fault Activity in California

Activity Category Recency of Movement
Active Historic Within the last 200 years
Holocene Within the last 11,000 years
Late Quaternary Within the last 700,000 years
Potentially Active Quaternary Within or possibly within the last 1.6 million
years
Pre-Quaternary Before the last 1.6 million years

It is important to note these categories embrace all Pre-Holocene faults as “potentially active”
and provide no methodology to designate a given fault as “inactive”. Although the likelihood of
an earthquake or movement to occur on a given fault significantly decreases with inactivity over
geologic time, the potential for such events to occur on any fault cannot be completely
eliminated within the current level of understanding.
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Local and Regional Faults

The closest published active fault to the site is the San Joaquin Hills Fault, approximately 3.9
miles from the site (Blake, T.F., 2000, CDMG/2004, References J and K). Other active faults in
the vicinity of the site include the offshore extension of the Newport-Inglewood Fault Zone,
approximately 11.6 miles west, the Palos Verdes Fault, approximately 25.2 miles to the
northwest, the Coronado Bank Fault, approximately 29.6 miles to the southwest, and the San
Andreas Fault, approximately 43.5 miles to the northeast.

The San Joaquin Hills Fault is not indicated in some reports as being a causative seismic feature,
(Jennings, C.W.; 2010, Reference L). However, the California Geological Survey includes the
structure which underlies the San Joaquin Hills from Dana Point to Newport Beach, ramping
upward toward the Irvine area, in data files as a significant earthquake source with a potential for
strong events (M6.6). With the fault’s location approximately 3.9 miles to the northwest, it is
calculated as the most significant seismic source to affect this site. Given the present level of
understanding of this structure it is, in our opinion, appropriate to include this portion of the fault
as a causative seismic feature.

Ground Motion Analyses

The potential ground motions from earthquakes that could impact the sites were analyzed
through probabilistic methods. The probabilistic method considers the regional seismic history
and the slip rates of faults within a 100-mile radius of the subject site. Utilizing attenuation
relationships (Bozorgnia, et al.; 1999, unconstrained/pleist. Soil, Reference M)), one can
estimate the ground motion history of the site and attempt to predict the probability of future
accelerations within a given period of time. The study indicates the maximum site acceleration
from 1800 to 2014 was approximately 0.13g and occurred during a magnitude 6.3 Long Beach
Earthquake 16.3 miles from the site on March 11, 1933.

It is noted that the estimation of peak ground accelerations presented above is provided for the
interest of the Client and is required by local (City or County) review agencies. The values
derived are not directly utilized in structural design of residential or commercial structures.
Seismic parameters for use by the structural engineer in accordance with 2013 California
Building Code (CBC) in design of the proposed structure(s) are presented in Appendix D,
Seismicity Background.

Site Classification for Seismic Design

In order to determine the seismic design parameters provided in this report, the upper 100 feet of
soil underlying the subject site has been classified in accordance with Section 1613.5.5 of the
2013 CBC and Section 20.3.1 of ASCE 7-10. Given the soils underlying the site are liquefiable
and classify as Site Class F per the 2013 CBC, a site-response analyses would be required.
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However proposed new structures are anticipated to have a fundamental period of vibration less
than 0.5 seconds (to be verified by the structural engineer). As such, Section 20.3.1 in ASCE 7-
10 provides an exception that indicates such liquefiable sites may be classified in accordance with
Table 20.3-1 without performing site-response analyses.

Given this exception, the results of our field testing indicate the average shear wave velocity
within the upper 50 feet of the alluvium varies from 603 to 1138 feet per second (see Figure D.1,
Appendix D). The shear wave velocity of the engineered fill soil and bedrock are estimated at
1,000 and 2,000 feet per second, respectively. The site shear wave velocity, Vs(100°), of 986 to
1,077 feet per second (300 to 328 m/sec) is determined in Figure D.2, Appendix D using the
procedure from CBC 1613.5.5. The site is then considered to have a “Stift Soil” profile and a
Site Class of D.

Secondary Seismic Hazards

Review of the Seismic Hazards Zone Map of the El Toro Quadrangle (CGS, 2001, Reference N)
indicates that the site is not within a “zone of required investigation” for liquefaction, but is in a
“zone of required investigation” for landsliding. Based on the results of our subsurface
investigation and calculations, there is a potential for liquefaction to occur at this site. Our
evaluation of potential liquefaction and landsliding are discussed below.

Other secondary seismic hazards can include deep rupture, shallow ground cracking, and ground
settlement. Without onsite faulting, the potential for deep fault rupture is not present. The
potential for shallow ground cracking to occur during an earthquake is a possibility at any site,
but does not pose a significant hazard to site development. For a design seismic event, we
estimate settlement of sands located above the water table to be less than 0.5-inch.

Appraisal of Liquefaction Potential

Liquefaction is a process by which water-saturated sandy sediments lose strength and fail during
strong earthquake shaking. Loss of bearing strength from liquefaction can result in deformations
which allow buildings to settle and tilt. Factors known to influence liquefaction include soil type,
grain size, relative density, depth to groundwater, and intensity and duration of seismic ground
shaking.

Although the Seismic Hazard Zones Map for the El Toro Quadrangle (CGS, 2001, Reference N)
does not identify the site and adjoining area as within a zone of required investigation for
liquefaction, it does identify it as a zone for landsliding study. Since the site and western slope
are comprised of predominantly sandy fill soil and alluvium materials, the site is considered
grossly stable for static conditions. The potential landslide hazard would then be due to
weakening of the soil during a seismic event.
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Seismic Settlements

Liquefaction analyses were made for the CPT-01 to CPT-04 (2005), GT Borings B-1 and B-2,
and CPT-1 and CPT-2 (2014). CPTs were evaluated using computer program CLiq version
1.7.5.27 and boring blowcount data was analyzed using the computer program LiquefyPro by
CivilSoft. Analyses were generally made using a maximum considered earthquake of magnitude
M?7.0 with a peak ground acceleration of 0.6g. The analyses are all included in Appendix E,
Liquefaction Analyses.

All evaluations of the CPTs and borings show that some of the alluvium may liquefy during the
maximum considered earthquake. However, the liquefiable layers tend to be relatively thin and
discontinuous. The CLiq program (CPT analyses) provides estimates of ground settlement that
are modified using the method of Cetin, et al. (2009) which linearly weights the ground strains
with depth from 1.0 at the surface to 0.0 at a depth of 50 feet.

The liquefaction results for CPT-01through CPT-04 are provided on Figures E1 through E.36,
Appendix E. In summary, the effects of liquefaction below the building pad area are nil. This is
due to the Cetin et al. procedure with the alluvium depths more than 50 feet below grade.

The liquefaction results for CPT-1 and CPT-2 near the toe of slope area are given on Figures
E.37 through E.53, Appendix E. In summary, the effects of liquefaction at the toe of slope area
are minor with respect to ground settlement of 0.8 to 1.7 inches. A screening level evaluation of
lateral spreading provides an estimate of 12 to 24 inches of deformation. This screening-level of
deformation requires that seismic slope stability and deformations be checked using estimated
residual strengths of the alluvium after liquefaction has occurred. This evaluation is made in the
next section to show that seismic slope deformations are limited and acceptable for buildings
according to current code requirements.

The liquefaction results for Borings B-1 and B-2 are given on Figures E.54 through E.61,
Appendix E. In summary, the effects of liquefaction at the toe of slope area are moderate with
respect to ground settlement of 3.7 to 8.3 inches. If the procedure of Cetin, et al. was used here,
the settlement range would be halved to approximately 2 to 4 inches. This should not be a
concern for the slope area.

In conclusion, our evaluations indicate insignificant seismic settlements beneath the building pad
area and tolerable settlements of 1 to 2 inches beneath the toe of slope area.
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Potential Slope Deformations

For certain conditions, ground liquefaction from ground shaking can cause gently sloping terrain
to fail laterally, particularly where an open slope face is present. Based on our lateral spreading
screening analyses with the CLiq program, lateral spreading deformations need to be reviewed
and analyzed more closely to assess whether they are a concern given the subsurface and seismic
conditions at the property. Since soil strengths may be reduced during or after seismic events,
soil strengths are considered next followed by seismic slope stability and deformations.

Seismic Soil Strengths

The evaluation of the dynamic strength of the alluvium is made using the work of Robertson
(2010) and Boulanger and Idriss (2006). Robertson discusses the evaluation of flow
liquefaction and liquefied strength using the Cone Penetration Test, and Boulanger and Idriss
discuss the liquefaction susceptibility of silt and clay materials. A full discussion of the soil
strength evaluation is provided in Appendix F; a summary is provided below.

Robertson (2010) discusses conditions where the soil may contract or strain-soften under
earthquake loading, and the annotated soil behavior type (SBT) chart may be used as a tool to
screen the site soils for contractive behavior. All CPT soundings were evaluated using the SBT
chart and the results of this evaluation are shown in Figure F.1. The CPT data in Appendix E is
used to approximate the distribution of the CPT data which is in each zone. Materials with
strain-hardening behavior represent 83 to 95 percent of the soil materials explored onsite.
Materials with potentially detrimental strain-softening response represent an estimated 5 to 17
percent of the soil materials explored onsite. Soil materials with strain-softening type behavior
are further defined using a similar SBT chart (Figure F.16) which shows the mean of flow
liquefaction materials from case studies as having a Qtn,cs < 50. The CPT data in Appendix E is
used to determine the soil layers where this occurs; these soil depth increments are shown on the
far right-hand column of Figure 1. The data from Geotek borings B-1 and B-2 may be evaluated
in a similar manner using a normalized clean sand blow count value of 15 or less as indicative of
contractive behavior. Five samples from the borings are determined as possibly susceptible to
flow liquefaction. The depth intervals where potential flow liquefaction materials were detected
onsite are shown in cross section on Figure F.4. The contractive soil material locations under the
building pad are sparse and not continuous, whereas those at the slope toe are more frequent but
still discontinuous. Approximately 10 to 40 percent of the materials from 34 to 50 feet below
grade at the toe of slope may be subject to strain-softening behavior.

The evaluation of materials for sand- or clay-like behavior uses the work of Boulanger and Idriss
(see Figures F.19 and F.20). A summary of this evaluation is shown in Figures F.5 through F.8.
With the majority of the plasticity indices (PI) of 7 or more, we generally concur with the
identification of soil types from the GeoTek borings. Soil materials with the PI > 7 would
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potentially be subject to “cycling softening”, instead of contractive liquefaction behavior of sand
materials during a seismic event.

The dynamic strength of the alluvium is then made using the results of the CLiq and CPeT-IT
programs by Geologismiki Geotechnical. Estimates of seismic strength for sand-like materials
are provided on the far right-hand side of Figures E.6, E.15, E.24, E.33, E.42, and E.50. These
estimates only require that the effective overburden pressure be known to determine the residual
strength as an effective cohesion in pounds/square foot. Estimates of seismic strength for clay-
like materials are made using the undrained strength of the soil materials.

The data from these analyses were placed in a spreadsheet for calculation, and the results for the
buried alluvium are summarized on Figure F.9. The alluvial strengths are based on evaluation of
CPT-1 and CPT-2 (2014) data. Figure F.9 shows a plot of estimated shear strengths for static
and seismic loading conditions, and the shear strength value selected for seismic slope stability
evaluation. Seismic soil strengths were calculated using results from the CLiq program, but
limited by an upper-bound undrained strength ratio to 0.45 as recommended by Robertson
(2010). The seismic soil strengths were then chosen in consideration of both the seismic residual
and static shear strengths. An average or more conservative static strength was selected for the
soil materials above 34 feet at the toe of slope since these soils did not exhibit strain-softening
tendencies. Since 10 to 40 percent of the material below 34 feet showed some strain-softening
potential, the seismic shear strength was selected as somewhat less than the average of the static
and seismic strengths. Seismic soil strength of alluvium materials below a depth of 50 feet
below grade was modeled as a cohesionless soil with a friction angle of 25 degrees which is
consistent with the recommended by Robertson (2010).

Slope Stability and Deformation

With the seismic strength for the alluvium defined, improved evaluations are made for the lateral
slope deformation potential. A full discussion of the evaluation of slope stability and
deformation is provided in Appendix G; a summary is provided below.

Seismic slope stability analyses were made for Cross Sections A-A shown in Figures 3 and 4.
Analyses are made for both an arcuate- and block-shaped surface. The analyses results are
provided in Appendix G. The results indicate an adequate seismic factor of safety of 1.1 or more
for a pseudostatic horizontal acceleration of 0.15 g. These results are provided on Figures G.1
through G.11 for the arcuate-shaped surface and on Figures G.30 through G.37 for the block-
shaped surface. These results are sufficient to satisfy current code requirements.

Additional seismic slope stability analyses are made for the arcuate and block surface of Cross
Section A-A’ to estimate the yield acceleration (horizontal acceleration for a factor of safety of
1.0). The analyses results are provided on Figures G.12 through G.25 for the arcuate surface and
on Figures G.38 through G.46 for the block surface. The results indicate yield accelerations
from 0.19 to 0.23 in order to achieve a factor of safety of 1.0.
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Slope deformations estimates are made for the arcuate and block surface on Figures G.28-29 and
(G.47-48. These deformation estimates are made using the method of Rathje and Antonakos
(2011). For the seismicity estimates provided in Appendix D, the slope deformation is estimated
for a maximum considered seismic event and probable seismic event (probability of exceedance
of 2 percent and 10 percent in 50 years, respectively). Slope deformation estimates for the
maximum considered event range from 2 to 6 inches. Slope deformation estimates for the
probable seismic event range from 0.4 to 1.4 inches. These are within the acceptable range for
buildable areas per SP 117 guidelines. Effects of slope deformation are estimated to manifest at
distances of 50 feet or less from the top of slope.

In conclusion, our evaluations indicate that factors of safety for pseudostatic analyses are 1.1 or
more in compliance with current code requirements and the generally accepted standards of
practice. Slope deformations are estimated at 1.5 inch or less for a probable seismic event which
is acceptable per the California SP117 guidelines. Slope deformations are estimated at 2 to 6
inches for the maximum considered seismic event.

CONCLUSIONS

Based on our investigation and evaluation, it is concluded that there is a very low to low seismic
hazard due to liquefaction and slope instability present on the subject lot. Although liquefaction
of the underlying sandier materials may occur under the maximum considered earthquake,
settlements and lateral slope movements should be within the acceptable range for the site slope
and planned residential or commercial improvements. Precise grading, improvement plans, and
foundation plans should be reviewed by the Geotechnical Consultant prior to grading and
construction. All future grading to prepare the site area should be performed under the
observation and testing of the Geotechnical Consultant.
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LIMITATIONS

Our work was performed in accordance with the usual and current standards of the profession, as
they relate to this and similar localities. No other warranty, expressed or implied, is provided as
to the conclusions and professional advice presented in this report. The opportunity to be of
service is appreciated. If you have any questions, please call.

Respectfully submitted,
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Liquefaction

Areas whera 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.

Earthquake-induced Landslides
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DATE OBSERVED: 4-18-97 LOG OF BORING NO. B-1 LOCATION: See Pic! Plan

LOGGED BY: BW . METHOD OF DRILLING: Buckel Auger GROUND EL.. 591
DRILLING CONTRACTCOR: Ledesma HAMMER: Sce Below Ibs, FALLING: 12 inches
Field Description
Depth | Soil | Sample | Biows/ P bl bt b s 1 ol oA ot e g
(R} Type Type Foot | Moist. | Densily | daia conwined i s ke s & smpification of actun conditions encounieed,
(%) (pcf)
FiLL
2~ B 11.4 0-3' Tan to yellowish tan silty SAND
4 3-7' Tan to yellowish tan silty SAND interrnixed with biocky
R 2 10.5 113.4 | greyish green sillstone fragments, moderate moisture and density ‘
6-
8- 7-8' Yellowish brown fine silty SAND
10- R 3 13.0 106.5
12-
8-18' Yellow 1o cark green {mottied) sandy SILT, meist
14-
R 2 191 93.0
16~
18-
18-22' Dark green clayey SILT with cark grey green siltstone
20- R 5 21.1 105.9 |fragments, moist, moderale to well densities
22~

22-23.5" Dark brown silty SAND with occasional organics, small
24- rootlels, moist
R 5 11.4 1145

26~
23.5-33' Ligh! brown to yellowish tan silty SAND, moist
28~
33--34.5" Greyish green and brown mottled silty SAND
30- R 4 6.5 119.2
32- 34.5-45' Dark brown silty SAND with very occasional greyish
green siltstone fragments, moaist, dense
34-
R 5 1C.0 124.0
36-
3a8-
40- R 4 10.3 120.8
42-
44
JOB NO.: 82a-200-00 Lot 11 FIGURE: B-4

SHEET 1 OF 2

LOGE X -82a

BAGAHI ENGINEERING
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DATE OBSERVED: 4-18-97 LOG OF BORING NO. B-1 LOCATION: See Plot Pian
LOGGED BY: BW ' METHOD OF DRILLING: Bucket Auger GROUND EL.: 58911
DRILLING CONTRACTOR® Ledesma HAMMER: See Below Ibs. FALLING: 12 - inches
Field Description
Depth| Soil | Sample | Biows/ bcropa s ok, Toa sy s oY o e Deslor o 8 b, G000 8. e o s 1ot
)y | Type Type Fool | Moist, | Densily | dau contalined in s 1og b & simpiihcation of aciual concitions sncousiersd,
(%) {pcf)
B 10.8 45-55' Dark brown silty SAND 10 sandy 8ILT with occasional
45- R 9 10.7 125.7 |organic debris (ie-rootiets), exudes strong petrochemical odor @
45-48'
A8 -
50~ R 11 8.8 119.6
E2-
54—
R 5} 18.2 110.7
56- 55" ALLUVIUM
58- 55-60' Tan to medium brown silty SAND, porous, moist
80~ R 2 25.6 88.9 [B60-82" Medium to dark brown sandy clayey SILT, porous, moist
82- 62-69' Dark brown 1o dark grey clayey SAND and sandy SILT,
organic odor, very moist
64 -
R 2 18,1 87.2 |69-75' Dark grey to black sandy, clayey SILT, strong organic
£6- odor in some horizons (containing visible organic debris), very
moist, free moisture on rings @ 70’
68—
@ 75' Ring sample saturaled, dark grey silty SAND, barely
70- R 2 241 101.8 |stayed in sampler, attempted to continue drilling with smaller (18"
bucket, no further progress due 1o caving and material unning
72— out of botiom of buckels,
74~
B 13 20.5 109.0
765~
78~
T.D, 75
80~ Caving 72-75'
Water 72' after drilling
B2- Kelly Weights see Boring B-2
84—
86—
88—
JOB NO.: 82a-200-00 Lot 11 FIGURE: B-5

SHEET 2 OF 2

LOGS\log-82a

SAGAHT ENGIREERING
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DATE OBSERVED: 4-18-97 LOG OF BORING NO. B-2 LOCATION: See Plot Plan
LOGGED BY: BW METHOD OF DRILLING: Buckel Auger GROUND EL.: 5914
DRILLING CONTRACTORY Ledesma HAMMER: See Below Ibs. FALLING: 12 inches
Field Description A
Deplh Soil Sampie BIOWS/ This bi s zar:ol m:?em:‘l praparsd by B_:?tnl 'é:glnserlrg @.;sdjnud bal Isad.lcgslh:r mxh:'w r?iontk;;
() | Type | Type | Foot | Moist. | Density [com canmnmd o i g s s cptreaion of st condtons snasomtsrser - e o 1 ot ire
(%) {pct)
8 8.5 FiLL
2~ 0-1.5' Tan silty SAND, very dry, medium dense
4~ 1.5-27' Tan/orange/olive brown mottled sandy SILT to silly SAND
R 2 17.2 105.6 |with occasionat greyish green sillstone fragments, maist,
6- moderately denss 1o dense
B-
10- R 3 14.6 1155
12~ 14’ Orange siity SAND layer approx. 6" thick
14~
R 2 33.5 51.7
16—
18-
20- R 2 22.2 103.4
22- 27-32" Dark grey and brown silty SAND, moist, dense
24~
R € 15.4 117.3
26~
28~
30- R 2 13.2 | 119.7 |32-42.5' Yellow/lan/dark brown mottled medium grained silty
SAND, slightly moisl to moist, moderately dense
32~
34~
R 4 8.1 106.3
36-
38|
40- R 8 11.5 125.7
42-
44—
JOB NO.: 82a-200-00 Lot 11 FIGURE: B-6

oHEeT TOF Z
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BAGART ENGINEERAING
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DATE OBSERVED: 4-18-97 LOG OF BORING NO. B-2 LOCATION: See Plot Plan
LOGGED BY: BW METHOD OF DRILLING: Buckel Auger GROUND EL.: 8814
DRILLING CONTRACTORY Ledesma HAMMER: See Below |bs, FALLING: 12 inches
Field Description '
Depth | Soil | Sample | Blows/ compiae narpraaton, Tos trenary St oy o e locatim ol s barng ac ot the e ofdtheg. Tou
() | Type iype Foot | Moisl. | Density |co conained n this iog 1s 2 simpiificalion of potuat conditions ercountered.
(%) {pcf)
R 4 10.8 121.8 |42.5-54' Dark brown silty SAND, moist, dense w/occasional
45.- organics
AB -
54-59' Layer of organics, sticks, rootlels
50~ R 7 6.3 114.8
52— @ 59" Alluviurmn
54~ 59-80" Mediurn brown silty SAND, slightly porous, moist to wel
R 3 11.4 107.6 '
85—
@ B5' Free waler noled at botlom of hole, sample disturbed
58~
60--
R 2 15.2 107.8
62- \
| 78-80" Black to dark grey silty SAND and clayey SAND, highly
64— odorous (organics)
R 2 24.4 -
66- R 2 20.6 115.9
R 3 21.6 107.3
68—
Waler al 63' after 10 minutes
70- R 5 Drilling stopped @ 83' due to caving and malerial running through
buckets {as in B-1)
72~
R 20 T.D. 83
74- Caving from §7-83"
76~ Kelly Weights:
0-24" 3548
78- 24-47% 2577
47-73% 1648
80~ R 12 73-85" 810
82-,
B4~
86—
83—
JOB NO.: 82a-200-00 Lot 11 FIGURE: B-7
SHekT 2 OF 2 BAGAH! ENGINEERING
LOGS\iog-82a
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GeoTek, Inc.
LOG QF EXPLORATORY BORING

CLIENT: Meritam Hones

DRILLER: 2K Drifung LOGGED BY: P
PROJECT NAME: 23192 Commercaater Drve DRILL METHOD: 8 Hollow Stamn OPERATOR: jeft
PROJECT NO.: 1162.CR HAMMER: Auta 140%30° RIG TYPE: CME 75 {eruck rig)
LOCATION: See Bxploration Locaon Map DATE: 472372014
SAMPLES Laboratory Testing
e e K =
£ I's H 2 . B- 2 >
:|E&] ¢ £ -4 BORING NO.: B-} 2 £, P
13l = z I Jalss 2
S 1EN & z 2 I &
2= |2 MATERIAL DESGRIPTION AND COMMENTS $ |8
— — ——
l | ABRTIEICIAL FILL
=
Bl
: 5 $1 | SMCLI@ 25" Sitty fine SAND ¢o silty CLAY interhayered, light browa to brown, stighcy
— ; moist, medium densefstff
s = . --n: e e R - ~
B 24 Ri | SPisM | @ 5% SAND to siley fine SAND, light brown, sfightly moist, dense. 34 | 1137
| 33
L] 30
T 5 |52 [ = |piaun
Jdil s @ 2.5 Silty fine SAND, brown. moist, loose.
- 4
0 a4
J 4 R2 SM 1@ 10" same a5 above, dense. 1201 25.5%% passing #200
N
2
N 39
. 6 s3 | sm 26.1% passing #200
9
-
9
o
BT s | R | s 4] 1203 | 31.9% passing £200
2 16
{9
5 N 24.9% passing %200
_ 7
- 6 vr’
- 55‘
) / .
B i 9 R4 Mol@ £game Juoove. medium dense, trace clay. 130 | 118 36.9% passinig ¥20C
1 ot
i 12
- I ¢ 85 | SMSC | @ 22.5'; Sity chyey fine SAND, brown, moiss, medium dense, one piece of 13.4 LL=30. PL13, FIn (T
| & 46.2°% passing #200
1M ¢ 3ravel. b
25 , . 4%
i 10 RS | 5M5C 1@ 25" same as above. 152 | 1173 33.4% passing #200
- | 16
| 0
-
BN 56 M@ 275 Siley clayey f-m SAND to CLAY nterlayered, brawn, moist to very 6.3 pasiing 100
\
— ! g C.. moist, medium dense/stiff.
-
-
30 — - o w -
pv4 - 5 R& CL | @ 30" Fine sandy CLAY. brown, very moist, stiff groundwater encountersdat | 24.1 | 104.3 L229, PL=15, Pi=14
7 .
9 308
% Sample type: ~-Ring B —3PT Z—Smll - &-—um Sulk D ~ldo Recovery :Z ~®atac Table
&
Qa AL = Awerberg Limis £! = Exparsion Incax SA = Suve Analysis RY = R-Yalue Test
w
3 | Labrestiog SN SullsteMesiurtvicy Tese SH = Shaar Test HC= Comoddioon MO = Maximum Dunsity

86 of 277
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GeoTek, Inc.
LOG OF EXPLORATORY BORING

CLIENT: Mericge Homes DRILLER: IR Drking LOGGED BY: JMP
PROJECT NAME: 25192 Cemmerceater Drive DRILL METHOD: 8" Holow Stem OPERATOR: fefl
it
PROJECT NO.: 1162-CR3 HAMMER: Auto 140:438° RIG TYPE: CHME 75 (umck nig)
e
LOCATION: Sae Explorauon Locaton Map DATE: 42372014
SAMPLES Labortory Testing
= 7 Pl 3 ¥
AR ERD BORING NO.:B-1 (continued) i |3 "
dlsl3 3¢ §2|ed E
£ 2 3 3 # 3
41 = i MATERIAL DESCRIPTION AND COMMENTS z ©
| — e e L A L N
= —
u lsontinusd:
—
: I s7 SM @ 32.5" Silty fne SAND, bromms};mzb:ll;f:I;‘r;-.r;"r‘;‘..i.\:::iense, ’ i TR passing #200 1
5
-’ 1
35
. 7 R7 | M |@ 35" same as above 184 | 1oy
| 9

A

- P4
..i
N 4
- 2 S8 SM 1@ 37.5" Silty fne SAND, brownsh gray. wet, lcose. % 19.9% passing 5200
2 , %
1] /
40 a F
. 7 R3 @ 49" no recovery AP
18 - 4
3
] L push [ 59 |7 CL |3 42 5% Fine sandy CLAY, dack gragist =t ver 45% =38 PURTS FinTS
{
[
45 =
push | RO | CL |8 45" same as abovsefedi 3 260 | 1010
4 -
- p . {_
S TS| [@ S e o e SAND. duk rapih o, et o FEEN N N ¥ ey o
| — w

1| €N

4 | B[R] S |@ Sy fogSAND. dack buuish gray, wee, dense 173 | 1145
d | 2
2

: BORING TERMINATED AT 51.5'
e
3 Groundwacer encountered at 30.8'
2 Borng backfiled with sail cuttings
35 -
-
B |
-
=h
=
-
60 =
-
% Sample type: { l —king D-—sr? z—imﬂ Buk g.-um Sud [ | =-No Recovery . Wier Tabie
4
Q AL = Aqerperg tiauss € = Expansion index SA = Sove Analysis RY = R-Waioe Temt
ot o .
S | Labtesting: SR = SutheeResizioeny Test SH = Shaar Test HC= Conaschdation MD = Maamum Deasity

87 of 277
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CLIENT:

GeoTek, Inc.
LOG OF EXPLORATORY BORING

Mantye Homes DRILLER: 2R Drilang LOGGED BY: a4
PROJECT NAME: 23192 Commercentar Drivee DRILL METHOD: 2" Hollow Szam OPERATOR: Jeft
PROJECT NO.: £162-CR3 HAMMER: Ao 13040307 RIG TYPE: CME 73 ik ryg)
LOCATION: Ser Expioration Locaton Map DATE: 42312014
SAMPLES Laboratory Testing
- B
= iy ¥
lxl s | 2|2 BORING NO.:B-2 HE P .
g = | 7 2! a o § 3 4
S8l k3|8 p -3 ® 5
o2 £ MATERIAL DESCRIPTION AND COMMENTS ¥ s
= e————— e A bt Mt S i S
- |
- 22 RE | SMMLI@ 25" Silty fne SAND tc fine sandy SILT interiayerad, light brown to brown,
- ;g slightly moist. densefhard.
[
5= ]
dW 7 ST |SMMLI@ 5" same as abave, medium densefvery sciff
- 7 A
7 H &
. Vol —
=1 18 R2 S |@ 7.5 Siley fine SAND, light brown, slightly moist medium dense. -W.‘ 34 | 1026
i i8
25
4
1 Y
s B 7 B N R T . p
- 8 @ 10" Silty fine SAND, light to medium brown, siightly 188 ‘medium dense, 9.5% passing #200
W
-1 8 |uniform. .
s 7 R3 SM 1@ 125" same as above, 40 | 973
9
] 15
{5 et .
N 4 S3 ™ 18.7% passing 11200
o 5
_ s
-
o 8 R4 |SMmML ~ct; ciayey SILT, brown, meist. medium densz-jvery' 77 | 1163 CL=TTTFLRTE B
B 16 17.5% passing #200
3
r
0 -~ A .
6 S4 | mMucL t .2 LL=Z, FL T BIs7
9
] 10
o i RS | MUCL]® 225" same as above, hard 1451 1133
22
e 30
15 o L, — > S
N ] S5 | €L @ 25" Silty sandy CLAY, brown, mois, soff, 152
l 6
= 7
= t2 | Ré | SMSC|@ 275" Siley clyey fine SAND, medium brawn, very moist. mad.um dense. (T TS passing #366
N 21
19
A1 3 s6 SM 1@ 30" Silty f-m SAND, brownish 8r1y. wee, loose, groundwater enccuntared at -37% passing 7200
4 .
) 2.8
Q . —tieg —SFT —Smaif Buk L Bk -Na Recorary —Wawsr Table
&
Q AL = Acuarbary Limics € T Expansion Incax SA = Sievw Analysis KY 2 R.¥ahie Test
vl . 3
= m SR = SulataAaskeevity Test £H = Shayr Text HC= Consalidaven MO = Maamum Denvzy
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GeoTek, inc.
LQG OF EXPLORATORY BORING

CLIENT: Meritag: Honwrs DRILLER: IR Driding

LOGGED BY: Ihad
PROJECT NAME: 25192 Commarcenter Drive DRILL METHOD: 8" Hollow Stem OPERATOR: Jeft
FROJECT NO.: 1162-CR3 HAMMER: Auto 140:830° RIG TYPE: CHME 75 (xrack rig)
—
LOCATION: See Bxploravon Lacaten Map DATE: 42372014
SAMPLES Laboratory Testing
il " ] 3 . E
s & = 2 2 BORING NO.:B-2 (continued) H 2 o
IR ERE: Seldg 2
s13| 213 |¢& e 3
2 3 5
all® f MATERIAL DESCRIPTION AND COMMENTS 3 -
R iy — = = e ———————— ey
- Iny s =
-
- 4 R7 < g’f?l;’ Sandy CLAY, brown\;e: mediumn suff. o bIN BT LL=31,PL=1S, PI=ig
4
N 6
35
d E ] push s7 CL | 35" same a3 above, soft. 8.6
z
e " I’-f‘
- r
- 4
. L
- 5 R8 CL | @ 375" same as above, scf, - %4 1IN
7 Th
. Io Ly
- 4
S B e STt S OO . il
. 2 S8 | CLSC |3 40" Sandy CLAY siity clayey fine SAND, browr. & i-addie brown, wat, 203 LL=33 PL 4, Pi=t9
| 3 ] - 41.0% passing 5200
- | medium soffiloose, some gravels interhyered.
= ! N
- ¢ .
X
i 20 R3 BEDROCK-SESPE AND VAQUERES FORMATIONS. undifferentiated | 175 11 138
A 42 @ 42.5"; Silty foe SANDSTONE, reddisf lrowr & B green modling. slightly
50/4 moist to moist, hard. \sr\f =
- \‘L‘
45 - oy
4 o | s9 @ 45" same 25 aboeslinze. > v
6 r 4
3 i8 = .
. N =
N
. 44 | RIO Q@ 47.5" SILTSTONE, ra. brown, slighly moist, hard, 143 | 1234
50/3* b
-
5 i BORING TERMINATED AT 428.3°
: countered ac 29.9".
_ ‘led wich ol cutzings.
]
55 =
-
-
-t
60 =
2 | samy Y | —Aing —3PT | st 2 —Larze Buk —No Recovary 2 . waeer Taste
e g
wd
O AL = Acarbery Livits £ = Expansion Incax SA 3 Sieve Analyzis RY 3 §-Vahae Test
i - L
4 | habresting: S > Sufsca Resuovey Tost SH = Sha Taxc HCs Consolduticn M 4 Maximum Oensity
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Shear Wave Velocity Calculations

BDJ
CPT-1

Geophone Offset: 0.66 Feel

Source Offset: 817 Feet 05/06/14

Test Depth Geophone Waveform lnc:l'emenlal Cl'xa.ractetristic Incremental lnterv‘al Interval

(Feet) Depth (Feet) Ray Path | Distance | Arrival Time |Time Interval Veiocn.y Depth

(Feet) (Feet) (ms) (ms) (F/Sec) (Feet)

10.01 9.35 12.41 12.41 16.9500
15.09 14.43 16.58 4,17 20.7000 3.7500 11121 11.89
20.01 19.35 21.01 4.42 25.2000 4.5000 983.0 16.89
25.10 24.44 25.77 4.76 28.8500 4.6500 1023.9 21.90
30.35 29.69 30.79 5.02 34.9000 5.0500 994.8 27.08
35.10 34.44 35.40 4,61 38.9500 4.0500 1138.1 32.07
40.03 39.37 40.20 4.80 44,8500 5.9000 814.3 36.91
45,28 44,62 45.36 515 53.4000 8.5500 602.6 41.99
50.03 49,37 50.04 4.69“ 60.2000 6.8000 689.2 46.99
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APPENDIX D

SEISMICITY BACKGROUND
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APPENDIX D

SEISMICITY BACKGROUND

The shear wave velocity of the upper 50 feet of alluvium at the toe of slope ranged from 603 to
1138 feet per second (Figure D.1). The shear wave velocity of the engineered fill soil and
bedrock are estimated at 1,000 and 2,000 feet per second, respectively. The site shear wave
velocity, Vs(100”), of 986 to 1,077 feet per second (300 to 328 m/sec) is determined in

Figure D.2 using the procedure from CBC 1613.5.5.

The target site response spectra was developed using https://geohazards.usgs.gov/deaggint/2008/,
the USGS 2008 Interactive Deaggregation website. The spectra was developed using a site shear
wave velocity of 300 meters per second, a return period of 2,475 years, and a site location of
33.645 latitude and -117.685 longitude. The results of these analyses are provided in Figures
D.3 through D.5 which are output from the website. The site shear wave velocity of 300
meters/second is listed on the lower footer on Figures D.3 through D.5.

The peak ground velocity and mean ground motion period may be used to aid in estimation of
slope deformation during earthquake ground motions. Using an earthquake magnitude of 7.0
and peak ground acceleration of 0.6g, Figure D.6 provides an empirical peak ground velocity of
31.56 inches per second (80.15 cm/sec). Using an earthquake magnitude of 7.0 and fault rupture
distance of 3.8 km, Figure D.7 provides an empirical mean ground motion period of 0.467
seconds.

As an assist for use of ASCE 7-10 and the CBC, the USGS website was used to develop design

data for use by the geotechnical engineer and structural engineer in seismic analyses. This data
is included herein as Figures D.8 through D.13.
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Shear Wave Velocity Calculations

| J BDJ
Eeesia CPT-1
Geophone Offset: 0.68 Feet
Source Offset: 8.17 Feet 05/06/14
Test Depth Geophone Waveform Incrementaﬂ Cha_racte.ristic Ipcrementaﬂ Ilnteirv.ai Interval
(Feet) Depth (Feet) Ray Path | Distance | Arrival Time JTime Interval] Velocity Depth
(Feet) (Feet) (ms) (F¥/Sec) (Feet)
10.01 9.35 12.41 12.41
15.09r 14.43 18.58 417 3.7500 1112.1 11.89
20.01 19.35] 21.01 4.42 4.5000 983.0 16.89
25.10 24.44 25.77 476 4.6500 1023.9 21.90
30.35] 29.69 30.79 5.02 5.0500 994.8 27.06
35.10 34.44 35.40 4.61 4.0500 1138.1 32.07
40.03 39.37 40.20 4.804 5.9000 814.3 36.91
45.28 44.62 45.36 5.15 8.5500 602.6 41.99
50.03 49.37 50.04 4.69] 6.8000 689.2 46.99
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CBC SECTION 1613.5.5; SITE CLASSIFICATION USING SHEARWAVE VELOCITY PROCEDURE

I TOE OF SLOPE I

EARTH
MATERIAL

FILL

QAL

QAL
BEDROCK

I TOP OF SLOPE I

EARTH
MATERIAL

FILL

QAL

QAL
BEDROCK

Seismic Site Class by SPT-Su-Vs.xls

Vi INCREMENT
TEST SHEAR BEGIN END di divi
DEPTH WAVE (FEET) (FEET) (FEET)
(FEET) VELOCITY
(FT/SEC)
0-10 1000 0 10 10 0.0100
10-30 1000 10 30 20 0.0200
30-60 700 30 60 30 0.0429
60-100 2000 60 100 40 0.0200
SUM = 100 0.0929
Vi(100) = 1077 FTISEC
328 MISEC
Vi INCREMENT
TEST SHEAR BEGIN END di diVi
DEPTH WAVE (FEET) (FEET) (FEET)
(FEET) VELOCITY
(FT/SEC)
0-55 1000 0 55 55 0.0550
55-75 1000 55 75 20 0.0200
75-90 700 75 90 15 0.0214
90-100 2000 90 100 10 0.0050
SUM = 100 0.1014
Vi(100) = 986 FTISEC
300 MISEC

5/20/2014 6:54 PM

D. 2.

101 of 370F 1



PORIWO "GLIU0D %G0°0 i UM SUIG  ILVAdN 800ZVHSd LHOD SOSN "W 0F doj S/W "00¢ =SA 8BEIGAE UM 110S Uo 2Yis € 1oy uoneBaiB6eap (3'03) uolisde ‘(W) epmyubew ‘(y) soueisia [0L:z1:cZ 51 Ao v1oz TTRY

0" T=38)[e( ‘T 0=N®IPp ‘WY Q] Yeye( :Suruurg

(u1q 3N yeod woxy) rwSIS [ 010 ‘569 ‘W L°€ = (43 NY) [EPOIN
(urq N dead woxy) §7°0 ‘569 Wy g€ = (I N) repoN

01T ‘299w 1°¢€1 (P3N ueoy

m.:No% m BVN DEEL EBDM UBIIN .moum.vo.v. oﬁwm ooﬁm@oooxm .ﬁé

w hvmm.OHA.ﬁoogﬂ @ESO.HU .NEOE vam

‘N SH9°€€ ‘M 0S89°L1 1 d10WIIO)) OIJIoRJ

[10s d SAHAN uo uones3ai3sdeda HSd

dlvddn 016002

€>%>7 g 0>%>s0 g
7>%3>1 »| S0>%>1- ]
I->0%>¢- E

>0 E
(WY)uerpaw>

1>%>¢0 0

Vv9d ‘VS ‘qoid

075

v

7
4
PIEZEL{ OF LONNGIRUOD %

&

1@'0?277



P3PIWO "qUIUOI %G00 I YMM Sulg  J1VAdN 800ZVHSd LHOD SOSN "W 0g doj sjwi "g0g =SA abeiaAe y3im j1os uo ajis e 1oy uonebaibbeap (3°03) uopisda ‘(W) epnjiubew ‘(y) souessia h. ZrieLiez Gl ke ¥1.02

31vadn oL6002 €>93>7 = 0>%>¢0- 5
7>%3>1 1 S0>%>1- m

< [

= 1>%>¢0 g 1">%R>0

- S o>
< 2= %, uelpolic (Wy)ueipsws>
< vod ‘VS ‘qoid

¢

0

&vtvo

0" [=3&20 ‘T’ 0=NEBINOP ‘W Q[=y®I[o( :Furuurg
(u1q 3Ny >eed woxy) ewsSis [ 03 ( ‘669 ‘W L'¢ = (53°N"Y) [EPON ~ N
(u1q N 3eed woxp) 60°0 ‘569 ‘U 8'¢ = (“3NY) [BPON
TI'T 66'9°w 081 (U3°NY) uBoN
SIA CLYT QUILT, UMy UBdA "CO-d 01 21y AIUEPIIOXH ‘Uuy
8 OLIL0=<T299V 098 (0'] pored v'§ .
‘N SP9 €€ "M 0S89°LT [ dIoWWO) d1j1oed
[10S d SIHAN uo uonedaidsdeaq HSd

PIEZEL OF LONNGLIUCD %

1033,27'4"



PANIWIO "qLIUOD %G00 ) YIIM SUIE  1vAdN 800ZVHSA LHOD SOSN "W 0g doj Sjw “00E =SA abeIeAe yym 10S Uo ay1s & o} uopeBaibBeap (3'03) uoisda ‘() epnyubew ‘() soueisia [eZ:v1:e2 1 ke vioz TTRY

31vadn 01600z ¢>%>¢ il 0>%>¢0- 0 @
7>%>1 = S0>%>1- i -
1>9%>¢70 ] Tvova--
< %, S0>%>0 r>% g
.\0\6...%.
s < -, URIPBWIC (W Y)ueipaw>

Vvod ‘VS "qoid

PIEZEL O} UORNGIRLUOD %

<
0" 1=3e3e{ ‘T O=IN®IepP Uy "Q[=ygeie( :Suruurg
(u1q 3°N Y dead woxy) ewidis 7 01 [ ‘927, ‘WY 9°¢7 = (x3INY) [BPOIN EN |
(urq Y >ead woxy) £6°0 L69 ‘W L€ = (P3N [ePON %
Ly T ‘6€ LWy Lse (O3 N) ueo
m.bm m B.VN QEWH EEDM Qmuz .MOLm:uOV. ou—mm Qoﬁwﬁoooxm .ﬁﬁ<
3 6157 0=<T999Y 098 ("¢ porrad y§ <> -
‘N SP9°€€ ‘M 0S89°LT1 dIoWWO) OJIoR]
[10S d LIHAN U0 uonedardsdesq HSd




Empirical Estimate of Earthquake Peak Ground Velocity
Reference: "Selection of Ground Motion Time Series and Limits on Scaling”, Soil Dynamics and
Earthquake Engineering, Vol.26, pp.477-482

Input Parameters

Moment Magnitude (Mw) 7.00
Peak Ground Acceleration (g) 0.60
Spectral Acceleration at 1 sec Period (g) 0.72
Spectral Acceleration at 3 sec Period (g) 0.25
Number of Standard Deviations € 0.00
[Result |

PGV (cm/sec) 80.15
PGV (in/sec) 31.56
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Design Maps Detailed Report http://ehp1-earthquake.cr.usgs.gov/designmaps/us/report.php?templa...

2USGS Design Maps Detailed Report
ASCE 7-10 Standard (33.645°N, 117.685°W)
Site Class D - “Stiff Soil”, Risk Category I/II/III

Section 11.4.1 — Mapped Acceleration Parameters

Note: Ground motion values provided below are for the direction of maximum horizontal
spectral response acceleration. They have been converted from corresponding geometric
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain SS) and

1.3 (to obtain 51)' Maps in the 2010 ASCE-7 Standard are provided for Site Class B.

Adjustments for other Site Classes are made, as needed, in Section 11.4.3.

From Figure 22-1'! S =1.447g
From Figure 22-2 S, =0.540g

Section 11.4.2 — Site Class

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or
the default has classified the site as Site Class D, based on the site soil properties in
accordance with Chapter 20.

Table 20.3~1 Site Classification

Site Class v, N or ﬁch s,

A. Hard Rock >5,000 ft/s N/A N/A

B. Rock 2,500 to 5,000 ft/s N/A N/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 ) >2,000 ps_f

D. Stiff Soil 600 to 1,200 ft/s 15to 50 1,000 to 2,000 psf
E. Soft clay soil <600 ft/s <15 <1,000 psf

Any profile with more than 10 ft of soil having the
characteristics:

e Plasticity index PI > 20,

e Moisture content w = 40%, and

e Undrained shear strength Eu < 500 psf

F. Soils requiring site response See Section 20.3.1
analysis in accordance with Section
21.1

For SI. 1ft/s = 0.3048 m/s 1Ib/ft2 = 0.0479 kN/m?2
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Design Maps Detailed Report http://ehp1-earthquake.cr.usgs.gov/designmaps/us/report.php?templa...

Section 11.4.3 — Site Coefficients and Risk-Targeted Maximum Considered Earthquake
(MgER) Spectral Response Acceleration Parameters

Table 11.4-1: Site Coefficient Fa

Site Class Mapped MCE . Spectral Response Acceleration Parameter at Short Period

S <0.25 S_=0.50 S =0.75 S_=1.00 S =21.25
s s s s s

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F See Section 11.4.7 of ASCE 7

Note: Use straight-line interpolation for intermediate values of SS

For Site Class = D and Ss = 1.447 g, Fa = 1.000

Table 11.4-2: Site Coefficient Fv

Site Class Mapped MCE o Spectral Response Acceleration Parameter at 1-s Period

S1 < 0.10 S1 = 0.20 S1 = 0.30 S1 = 0.40 S1 = 0.50

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 2.4 2.0 1.8 1.6 1.5
E 3.5 3.2 2.8 2.4 2.4
F See Section 11.4.7 of ASCE 7

Note: Use straight-line interpolation for intermediate values of S1

For Site Class = D and S1 = 0.540 g, Fv = 1.500
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Equation (11.4-1): S =FS

MS a S

1.000 x 1.447 = 1.447 g

Equation (11.4-2): S =FS

M1 v 1

1.500 x 0.540 = 0.810 g

Section 11.4.4 — Design Spectral Acceleration Parameters

Equation (11.4-3): SDS =% SMS =%x1.447 = 0.964 g

Equation (11.4-4): S, =% S, =%x0.810=0.540¢
Section 11.4.5 — Design Response Spectrum

From Figure 22-12 T = 8 seconds

Figure 11.4-1: Design Response Spectrum
T<T,:8,58,,(04+06T/T))

Sy = 0,964 - T,S$TST,:8,=8,

T, =TST :8,=8,,/T

T>T,:8,=8,T /T

DL

S, = 0.540 H- -

Spectral Response Acceleration, 5a (g)

i

‘
[

0112 T.=0560 1000
Period, T (sec)

—
]
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Section 11.4.6 — Risk-Targeted Maximum Considered Earthquake (MCER) Response Spectrum

The MCER Response Spectrum is determined by multiplying the design response spectrum above by
1.5.

Spectral Response Acceleration, Sa (g)

T,=0112 = 0.550 1,040

Period, T (sec)

11002472, ||
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Section 11.8.3 — Additional Geotechnical Investigation Report Requirements for Seismic
Design Categories D through F

From Figure 22-7"' PGA = 0.538

Equation (11.8-1): PGAM = FPGAPGA = 1.000 x 0.538 = 0.538 g

Table 11.8-1: Site Coefficient FPGA

Site Mapped MCE Geometric Mean Peak Ground Acceleration, PGA
Class
PGA < PGA = PGA = PGA = PGA 2
0.10 0.20 0.30 0.40 0.50
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F See Section 11.4.7 of ASCE 7

Note: Use straight-line interpolation for intermediate values of PGA

For Site Class = D and PGA = 0.538 g, FpGA = 1.000

Section 21.2.1.1 — Method 1 (from Chapter 21 - Site-Specific Ground Motion Procedures for
Seismic Design)

RS
From Figure 22-18'® C,., =1.045
1Mot s |12
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60f6

Section 11.6 — Seismic Design Category

Table 11.6-1 Seismic Design Category Based on Short Period Response Acceleration Parameter

RISK CATEGORY

VALUE OF S __
IorII III v
S < 0.167g A A A

DS
0.167g <S__ < 0.33g B B C
0.33g < S__ < 0.50g C C D
0.50g < S D D D
DS

For Risk Category = I and SDS = 0.964 g, Seismic Design Category = D

Table 11.6-2 Seismic Design Category Based on 1-S Period Response Acceleration Parameter

RISK CATEGORY

VALUE OF S_
I or IT III v
s,, < 0.067g A A A
0.067g <S_ < 0.133g B B C
0.133g =S_ < 0.20g C C D
0.20g < S D D D

D1

For Risk Category = I and Sm = 0.540 g, Seismic Design Category = D

Note: When S1 is greater than or equal to 0.75g, the Seismic Design Category is E for

buildings in Risk Categories I, I1, and III, and F for those in Risk Category 1V, irrespective
of the above.

Seismic Design Category = “the more severe design category in accordance with
Table 11.6-1 or 11.6-2" =D

Note: See Section 11.6 for alternative approaches to calculating Seismic Design Category.
References

1. Figure 22-1: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-
7_Figure_22-1.pdf

2. Figure 22-2: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-
7_Figure_22-2.pdf

3. Figure 22-12: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-
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4. Figure 22-7: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-
7_Figure_22-7.pdf

5. Figure 22-17: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ ASCE-
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APPENDIX E

LIQUEFACTION ANALYSES

Liquefaction analyses were made for the CPT-01 to CPT-04 (2005), GT Borings B-1 and B-2,
and CPT-1 and CPT-2 (2014). CPTs were evaluated using computer program CLiq version
1.7.5.27 and boring data was analyzed using the computer program LiquefyPro by CivilSoft.
Analyses were made conservatively using a maximum considered earthquake with a magnitude
M?7.0 earthquake and a peak ground acceleration of 0.6g. The analyses are all included in
Appendix E.

All evaluations of the CPTs and borings show that some of the alluvium may liquefy during the
maximum considered earthquake. However, the liquefiable layers tend to be relatively thin and
discontinuous. The CLiq program provides estimates of ground settlement that are modified
using the method of Cetin, et al. (2009) which linearly weights the ground strains with depth
from 1.0 at the surface to 0.0 at a depth of 50 feet.

The liquefaction results for CPT-01through CPT-04 are provided on Figures E1 through E.36. In
summary, the effects of liquefaction below the building pad area are nil. This is due to the Cetin
et al. procedure with the alluvium depths more than 50 feet below grade.

The liquefaction results for CPT-1 and CPT-2 are given on Figures E.37 through E.53. In
summary, the effects of liquefaction at the toe of slope area are minor with respect to ground
settlement of 0.8 to 1.7 inches with lateral spreading conservatively estimated at 12 to 24 inches.
Seismic slope stability will need to be estimated using estimated residual strengths of the
alluvium after liquefaction has occurred. Then slope deformation potential can be estimated
using available empirical procedures.

The liquefaction results for Borings B-1 and B-2 are given on Figures E.54 through E.61. In
summary, the effects of liquefaction at the toe of slope area are minor with respect to ground
settlement of 3.7 to 8.3 inches. If the procedure of Cetin, et al was used here, the settlement
range would be halved to approximately 2 to 4 inches. This should not be a concern for the slope
area.
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14 Hughes, Suite B-101
Irvine, CA 92618

% STONEY-MILLER CONSULTANTS, INC.

LIQUEFACTION ANALYSIS REPO

Project title : Pacific Commercenter Lot 13 Location : Lake Forest, CA
CPT file : CPT-01
Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 60.00 ft Use fill: No Clay like behavior
Fines correction method:  NCEER (1998) G.W.T. (earthq.): 60.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M, 7.00 Ic cut-off value: 2.60 Trans. detect. applied: ves Limit depth: N/A
Peak ground acceleration: (.60 Unit weight calculation: Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
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: : Zone A,: Cyclic liquefaction likely depending on size and duration of cyclic loading
A No Liquefaction L Zone A;: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
) e o o e e e e e e e e e e

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity
Qtn,¢cs brittieness/sensitivity, strain to peak undrained strength and ground geometry

Cliq v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 4:39:59 PM 115 0f 277 1 E .\
Project file: L:\Shared_Stuf\RCL's Stuff\Pacific Commercentre Lot 13\LOT 13.clq
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This software is licensed to: Stoney-Miller Consultants, Inc.

CPT name: CPT-01

TRANSITION LAYER DETECTION ALGORITHM REPORT

Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of .. Transitions typically occur when the rate of change of 1. is fast (i.e. delta 1. is small).

The SBT, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index

Depth (ft)

2 3
Ic (Robertson 1990)
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10

Norm. Soil Behaviour Type
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Silty sand & sandy silt
Clay & silty clay
Clay & sitty clay
Clay & silty clay

Clay &sil
Siycont cvcysit

st

T
012 3 435

O B e B B
8 9 10 11 12 13 14 15 16 17 18
SBTn (Robertson 1990)

: Transition layer algorithm properties
|

I. minimum check value: 1.70

1. maximum check value: 3.00

I. change ratio value: 0.0250
Minimum number of points in layer: 4

General statistics

Total points in CPT file: 580
Total points excluded: 71

Exclusion percentage:

Number of layers detected: 16

12.24%

CLiq v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 4:39:59 PM
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14 Hughes, Suite B-101
Irvine, CA 92618

% STONEY-MILLER CONSULTANTS, INC.

Project title : Pacific Commercenter Lot 13 Location : Lake Forest, CA
CPT file : CPT-02
Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 60.00 ft Use fill: No Clay like behavior
Fines correction methed: NCEER (1998) G.W.T. (earthq.): 60.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: o N/A Limit depth applied: No
Earthquake magnitude M,: 7,00 Ic cut-off value: 2.60 Trans. detect. applied: ves Limit depth: N/A
Peak ground acceleration: (.60 Unit weight calculation: Based on SBT Ko applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
5+ 5+ 5 : 5-1
10~ 10~ 104 10+
15+ 15+ 1518 15+
20+ 20+ 204 20—
25+ 25+ 251 25+
30+ 30+ 30-§ 30—
35+ 35+ 351 ; 35+
40+ 40— 40-1 40—
g 45~ 45+ 451 4 45+
£ 50+ 50— 504 50—
a
&8 55+ 55 55-4 55=
60-1 60~ 601 60
65+ 65— 65-1 65= =
70+ 70+ 70-1 70-
75+ 75+ 754 75— R
80~ 801 80 80~
85~ 85~ 851 ' 85—
I
90-1 90 90-1 90|
95~ 95~ 95-1 95-
100 i T < . 100 100~ 100 =
0 100 200 300 400 0 2 4 6 8 10 1 2 3 4 0 0.2 0.4 0.6 0 05 1 15 2
qt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
Mw=7'% sigma’=1 atm base curve Summary of liquefaction potential
0.6 I L i 'y I,OOG_ 1 1 1 1 IIIE’ L i1 11 CeL)
{ Liquefaction F 3 o
- = @ o
- - (v
€
0.5+ o ]
< F 2
v
< F @
1 r c 100%
. - £
o 0.4 - ©
u 4 L =
o [7]
S p o :
<+ o fo
il
o - -
a i oo 2% ¢ s & » .9 b
5 - R
& i L =
¢ B
T
0.2+ =
& Y - 8
0.1+ = 0.1 1
- - Normalized friction ratio (%)
: L Zone A, Cyclic liquefaction likely depending on size and duration of cyciic loading
p No I.iquefaction L Zone A, Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
L L L L S L S L S S SN S 2Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 2Zone C' Cyclic liquefaction and strength loss possible depending on soil plasticity.
Qtn,cs brittieness/sensitivity, strain to peak undrained strength and ground geometry
Cliq v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 4:40:00 PM 124 of 277 19
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This software is licensed to: Stoney-Miller Consultants, Inc. CPT name: CPT-02

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of I.. Transitions typically occur when the rate of change of 1. is fast (i.e. delta I. is small).

The SBT, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type

Very dense/stiff sail
Clay

a

Gia

Very dense/stiff sail
Clay

Very dense/stiff sail

Very denserstiff sail
Siltysad&ggs'n
Silty sad & sift
Clay&siltyday
dense/stiff sail
m@se/sﬁﬂsdl
Very dense/stiff sail
Very dense/stiff sail
45 Clay & sittyday
Qlayasityclay
50 Clay & siltyday
Clay & siltyday

Depth (ft)
Depth (ft)

55 Clay
Clay & silty clay

60 Clay &silty clay
Silty sand & sency silt
65 Clay &siltyday

70 Clay

75 Silty sand & sandy sitt
80 gg&sﬂydaj
Clay&siltyclay

Qxy

Qlay &silty clay
Clay

Clay &silty day
Clay

85

90

95

Clay

Silty sand & sandysilt

Silty sand & sendysilt
UL R A

T
8 9 10 11 12 13 14 15 16 17 18

100

7T

TT7 T
0123456

L

[}
2 3 4 7
Ic (Robertson 1990) SBTn (Robertson 1990)
Transition layer algorithm properties General statistics
I. minimum check value: 1.70 Total points in CPT file: 615
I. maximum check value: 3.00 Total points excluded: 80
I. change ratio value: 0.0250 Exclusion percentage: 13.01%
Minimum number of points in layer: 4 Number of layers detected: 18

Cliq v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 4:40:00 PM 130 of 277 16
Project file: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\LOT 13.clq o
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% STONEY-MILLER CONSULTANTS, INC.

14 Hughes, Suite B-101
Irvine, CA 92618

Project title : Pacific Commercenter Lot 13

Location : Lake Forest, CA

CPT file : CPT-03
Input parameters and analysis data
Analysis method: NCEER (1998) G.W.T. (in-situ): 60.00 ft U_5€ fill: No Clay like behavior
Fines correction method: NCEER (1998) G.W.T. (earthq.): 60.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: i N/A Limit depth applied: No
Earthquake magnitude M,: 7,00 Ic cut-off value: 2.60 Trans. detect. applied: yes Limit depth: N/A
Peak ground acceleration: 0,60 Unit weight calculation: Based on SBT K; applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
5+ 54
10 10+
15 15+
20+ 20+
25+ 25
30— 30
35— 35+
E‘ 40— 40+
§ 457 451
8 50 50+
55~ 551
=
60 50 Duringfearthe
65— 65-1
70~ 70+
754 75+
80 80~
85 854
L i e e e o T T v T Y m
0 100 200 300 0 2 4 6 8 10 0.2 0.4 0.6 0 0.5 1 1.5 2
qt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7%/% sigma’=1 atm base curve Summary of liquefaction potential
0.6 " ' 1 I 1,000 1 TSR I W ¥ \ b bk}
1 Liquefaction - : N
] -
g - o
g o
0.5 o 8
4 - 2
[}
4 g o
1 " c 10047
o o - g
g 0] -
g ] i g
% - L&
-
Q 1 I E
X 0,3 o o
a 1 "ne b »
g ] .
0 - F ©
[ [ E
<
J 0.2+ -
S 7] -2
0.1+ r 0.1 i
: - Normalized friction ratio (%)
: [l Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
i No Liquefaction L Zone A, Cyclic liquefaction and strength loss likely depending on toading and ground
geometry
L L L L L UL L L S S o Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyelic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
Qtn,cs brittieness/sensitivity, strain to peak undrained strength and ground geometry

Clig v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 4:40:01 PM

Project file: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\LOT 13.clq

133 0f 27719

£.19



0¢

3

bj>€T LOT\ET 307 223u000WWOD JIed\WMS S, 1DYWMS ™ paJeys\: )y 199fold
Wd T0:0b't ‘bT0Z/91/S :uo pajea.sd Hoday - 2JeMY0S JUBLISS3SSY UOIeJaNbIT 1dD - /26 L' T'A _umu

pauielb auy Yius AaA 6 D pues Afis 03 pues uea)) ‘g ! Aep Ayjis 03 Aep) g . VN :pdap Jwin v/N bRy 4 B 00°09 :(nysur) aigey JaeMm 0} suh_
; N - — . ON :pajdde wdap yw ON Iy /sn 09°0 ‘uopem(Edde punoib 3egd
ovpuesynsAon-g [ wsApuesorpueshyscs [ leueiew duebio 7 [l Aluospues  :paydde sopmeysq oy Aepy LGS UO paseg :uonejnoled yBiam N 00, My spmyubew syenbyyeg
pues 0} pues AjpaRIg */ “ Ajis 01 1S Adhe) b . paurelb suy SARISUSS T . SIA :paydde %y 09'C 19N|BA JO-IND I aN|eA I] UO paseg 1159} 0} B:Ru_
puabej 189S SO\ :pajdde "Pajep uopisuel L £ ‘[ensRul s)nsal abesany (8661) 330N :pOYIBW UOIDAL0D Sty
V/N yBeMm (14 Y0009 :('byus) 3yges J33em 03 yidaq (8661) ¥3FON :poyiaw sishjeuy
ejep sisAjeue pue sijpweled 3ndug
(9861 "|e 32 UosHaqOY) 14S (gs)a1 (1sd) n (%) #d (3s3) b
8T 9T I 2T O 8 9 b+ ¢ O 0 000°0T- 000°0Z- 000°0%- o1 8 9 4 Z 0 00€ 0SZ 00T OST 00T OS5 O
s L o 1 & Kk ) 4 b a0 s 4 o & » § 1 i 1 2 ] " | T N | 4 1 1 1 A A
1105 yaspsuepABA
o -S8 S8 -s8
1105 yaspsepAnn
wua_waﬁw -08 08 -08
fephysglern
Wisfpues ppues A -SL =14 -SL
pesiys gpues
g Loz Lo/ oc
Apseler
fep -59 59 -S9
fepRiselen s
fepRiszlen > A 09 09 i®?
105 yspsep Ao
1os gspsuap A =SS ~-SS -SS
_9§>>M>> | os
HOS Jusesuep -0S 0S5 -
UsAues ppus Al g =4 =’
ursfpues ppues Ay Loy & o Loy =
1S ysPSEp AR = g =
105 yispsLEp A G 2 G
165 sestEp Asn o ad =%
"y
PAIS g e - = l-s€
105 1 AnA s€ e
1108 Juspsiiap
ARp Log o€ -0¢
105 grspauepABn
10s yuspsuspAson sz oz ¢z
fep
fep 07 07 -07
iy -+ s
————— st o1 - gr
105 gispaEpABen
105 gspsuspAnp Lot Lot Lot
1105 JaspEp ARA
[0S yaspaEp A
fephyspler = S g
105 YrspLEPABA
L fepluseien
adA} Jnoiaeyag jios ainssasd aiog oney uonodLy 3aJ’ue)sisal 2uo)

sjojd uoije3asdiajul diseq 1d)D

€0-1dD sweu 143

*2U] ‘S)URYNSUOY) J9)|IW-ABU0IS (0} PASUIDI| St 2IEMYOS SIL L



¥4

E.Zi

bi2*'€T LOT\ET 307 213UBdIBWWIOD 4IIRG\HNIS S, 1DU\HNIS PaIeys\: :ajy 128fold
Wd T0:0b:b ‘F10Z/9T/S uo pa3ea.sd Hoday - 3IeMYOS JUSLISSISSY UORDRINDIT 1dD) - £2°§°L T°A _u_EU

pauielb auy yYns AISA 6 D pues AJjis 03 pues ues|) ‘9 . Aep Ayjis 0y Aepd g . VN syidap Jwn V/N “ybiay 1114 Y 00°09 :(nysur) ajge) seem 0) Enw_Me
. e — . ON :pajidde wpdsp uwi ON g 9sn 090 ‘uonessjade punolb yeay
03 pues s Aiop g _ s Apues 03 pues Ay S ' eusjew siuebio -z _ Auo spues  :paydde Joineysq i Aep 14S uo paseg uonendled ybiam nun 00L My epmubew S_msu_._t%w_
pues 0} pues ApAelg 2 [T s oy s Aokepd vy [l poureit suy saisuss 1 il SaA :paydde %y 097 I9N[BA JO-JND D] BNjeA T UC paseq 1159} 0} SISy
puabe| ulgs SOA  :paydde "pajep uopisuely € ‘[eAsSIul SNsay abessny (866T) ¥3FON :POLABL UOpDB.LI0D Sauld
VN UL Y 00709 :("bynd) siqey 1o1em o3 yidag (8661) Y31ON poyiew siskjeuy
ejep sisAjeue pue sse)awesed Jndug
(0661 uosuaqOY) ULAS (0661 Uosuaqoy) 71 bg (%) 4 wd
8T 9T #I 2T OF 8 9 [ 4 1 4 € 4 I 80 90 v0 70 0 70 [1) 8 8 9 1 4 4 0 30¢ 0ST 00T 0s 0
PYRSY [T SR N W N SN NN WO S S S | P [T W N WY NN SN SN T S PR S WA SN W UM S —Y PRN E VRN SN W
S8 —58 —-S8 S8
e
08 -08 08 -08
pupsbananses st 5. sz </
fephipsplep
fepAysplern
fephysplen 0L -0/ -0/ -0,
fephysplen =
-S9 ~-59 ~G9
-09 ~ L-09 09
-SS -SS -SS
-0S —0S —0S
g g g g
5 St .M.uu«. -Sb 5 sh =
€ a 3 3
-0k —op = —-op ~
-S€ -SE -S€
-0¢ -0¢ —-0€
-ST =14 ~SC
~0C -0C 0t
-ST ST ST
0T 0T = 0T
—S S S
- [EE e = e ——
adA ] mnoiaeyag jios "wiioN 30]d ulds onjed asnssad aiod “wopn o134 UOI}ILY "WIION 23Ue]SIS3l BU0I “WION

(pozijewdiou) sjojd uoiljeiyasdiajul siseq I1dD

£0-1dD sweu 14D

*JUI ‘SJUBYNSUOY) J3||I-ADUOIS 103 PASUBII| S| DIEMYOS SIY|



<
=

wy

bP"€T 1OT\ET 307 213uUadI8WWOD JU1R4\LMS S, TOY\HMS Paleys\:T 3|y 108(0d
Wd T0:0b't $T0Z/9T/S U0 Pa3easd Hoday - 1emyos JuaWssassy uondeenbn 14D - £Z'§°2T'A Bad

[44
VIN pdep Jwn v/N bRy Iy Y0009 :(nysui) aigey 121em 0) zﬁ_ma
ON :pajdde wtpdap Jywiy ON ‘Y esn 090 :uopemR[edde punoib Neay
Auo spues  :psydde soineyeq | Aep 149S uo paseg :uonejnajed ybiem 1un 00°L My spnyubew uﬁ:u%
SaA :pandde % 097 :NjeA JON2 O] 3N|eA ] uo paseq 11583 0) SIuSd
S9A  :paydde "palap uonisuel) € ‘[ens33ul snsau abesony (8661) ¥3ION *POLIBLL LONDB1I0D SaUl
VN ybEm |4 34 00°09 :('byua) 2jqey 1ejem o} wdag (8661) ¥3ION :poyjew sisAteuy
ejep sisAjeue pue siajaweled Jndug
U N u (0661 uosHaqoY) 31 (4sn) b
0T 0sT 001 0s 0 0T 6 8 £ 9 S ¢+ € T 1 0 J0¢ 0ST 00T 0s 0 JOb 0SE 00€ 0SZ 00T OST 00T 0S5 O
s 1 2 1 1 ] | ST O e BN O e R 1 1 2 1 " 1 M 1 1 ] N | [l 1
-G8 -S8 S8 S8
—-08 ~08 ~08 —08
-SL -S4 TuN —SL
-0 ~0L ~0L mA
~59 -S9 —S9 ~59
—09 -09 —09 -09
-SS -SS -SS -SS
-0S —-0S -0§ =08
£ Z £ £
-5 5 -5t 5 -t o St S
V ~ — ~— —_
£ 2 2 3
-0 -0t -0F oy =~
~SE -5€ -SE -GE
-
-0¢ -0€ -0€ -0€
=
=14 ST -ST =14
>
TI' ~0C -0C -07 07
ST ST ~ST —ST
-0T ~0T == 0T 0T
Lg -5 s s
MVULJSISDI 2UOD “WIOU PIJIBII0) ldojaej “1eys ujels BIUR)SISDI U0 “WIoN B2UL)SISAI U0 [eJOL

(s3Inso4 d3eIpowWId]UL) sjojd JJe1dA0 sisAjeue uoljdoeyanbi

£0-1dD sweu 14D

"JUJ ‘S)URYNSUOY) JBJIN-ASUOIS (0] PaSUBDI| 51 21eMOS SIUY|



€C

WSL MO E

A5 UBH
¥s1 ybIY Arop m

2WaYIS 10]02 Id1

(w) uawedeidsig
0

-G8

=14

I-0C

ST

0T

=3

sjuawade|dsip jeiaje

AJITTON JOU Jiim J1 UTERa3 50Uy

Aganby 03 y1jun
A1 Ajlenba a.e by ou pue uondejenbr]
Aganbyj 03 Ay AsaA

E.L%

b€ 1OT\ET 307 2nULIBWIWOD 2Y1Ded\YNIS S, 1DY\NS~Paieys\:T 3y 129(0id
Wd T0:0b% 'bT0Z/9T/S :U0 Pa1easd U0dSY - 9JeMY0S JUSWSSISSY UoRIEINDIT 1dD - £2°5°L°T'A bITD

v/N

ON

Auo spues
SaA

SOA

ECO NN

Aganby j1m 3 ureLID 1S0WY ] v/N

3WBYIS 10]0D *S"4

(ur) Juawanes
0

yidap Jwiy V/N aybisy (14 Y0009 :(nusui) ajgey 122m 03 En_m/e
:paydde ydap i ON ‘I 3sn 090 ‘uopesR|SIde puncib e
:paidde oneyaq oy Aejd 165 uo paseg :uope|ndjed Jybiam Jun 00 My spmiubew axenby;
paidde %y 09 ‘@NjeA Jo-nd 3] 3NjeA O Uo paseq :353) O3 SHul
:paydde pa3ap uonisuel | £ ‘leAIRju] NS abesany {866T) ¥3ION :pOUIBK LOPDR1I0D SAULS
nybiam jlig Y0009 :(‘byua) 31gey 1a1em o3 yidag (8661) ¥31ON poyIatL sishjeuy

ejep sisAjeue pue siajswelsed jndug

jeuaioed uonpejenbn A3ages Jo Joped YSI B WD
st

SJUBWD|IIDS [eIIIIA

ot ST I S0 90 v'o (4 0
1 !

-S€

-0¢

I-ST

=0T

ST

0T

-S

Id1 Joid s4 301d YO

sjo]d JjeddAo0 sisAjeue uoijdejanbi

€0-1dD ‘sweu 14D

*JUI ‘SUBYNSUOY) JBJ|IN-ABUOIS 103 PASUDIY| SI SIEMYOS SIY|



Eay

D'ET LOT\ET 107 31UBdIBWWIOYD JuPBd\YNIS $,10Y\WIMS ™ Paseys\:] :ajy 198(0id
Wd T0:0b:p ‘PTOZ/9T/S U0 paieatd Hoday - 21eMYOS JUSWSSISSY UODRJINDIN 1dD - /TG L' T'A cﬁu

|74
v/N apdap ywn V/N aubay |14 B 0009 :(nysui) ajge} seem 0) cﬁy
ON :paydde wpdap ywin ON Ny =sn 090 1UONER.R[EIR puUnoLb Nedy
Ao spues  :paydde Joimeyaq i Aepy 14S uo paseg :uonelndfed ybiem uun 00°L MW spmuubew 3@:35%
S9A :payidde °y 09'C :@NjeA Jo-1nd 3] anjeA 21 uo paseg :153) 0} Sjuley
SOA  :paldde "paep uonsuel] £ :[enss3ul synsas abessay (8661) ¥3IDON :poLIBW UONDD.LI0D SBUlY
v/IN ybiem Jig ¥ 00°09 :('byua) a)qes 1a1em o3 yidaq (8661) ¥3ADON posiy sisAleuy

ABiIs/ng
SSY ¥SE £62C ST T SO

o NS D]
ONRI NG YB3 =

ST

+-0T

A Bis/ns payanbry

(1) wd=q

4 € 4 T 30 0ST
¥ 1

ejep sisAjeue pue siajpwedled yndug

(0661 UosHGOY) 31 s'u) M u
cm: c.m 0 0T 6 8 £ 9 S v ¢£€ 7 1T © ¢mm 00¢ 0SZ 007 oma cmﬁ om
" L TR T R TR S SR SR S e S | 1 1 L

L8 -S8

-0/

59

-09

-0€

ST

-0T ~0T

S =S S

() wadeq
T "IV‘“V
| L | (s e { 1 | R
28 89 R B 8 8 & ¥ 2 1
(M) npdaa
59 8 2 9 2 2 3
() wdag
L 8 % 8 B 2 2 g B 3
() wdeq

Xapur ujlgs NUEJSISTI DU0D “ULIoU pajdalslo) Jojoej “Jeyd uiess) JJUL)SISDI U0 "WIIoN

((0107) uosjidaqoy) sjojd ssof yybuaiys 10y )o29yHd

€£0-1dD Bweu 143

U] ‘SJUBYNSUOY) JB||IN-ABUOIS 10} PASUaDI| Si JeMYOS SIU |



This software is licensed to: Stoney-Miller Consultants, Inc. CPT name: CPT-03

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I, < 3.0) and a rate
of change of L. Transitions typically occur when the rate of change of I is fast (i.e. delta I. is small).

The SBT, piot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type

51 Very dense/stiff scil

. Very dersefetif sci
= Very derselsi sail

Very densestiff scil

Clay&silty day

Silty sand & sancysit
s%snd& e
Silty sand & sancy/ si
Siltysand & sandy st
Cayasi

SR A B el

Clay

Clay & siltyday
Qlay & siltydlay
Clay & silty dlay
Clay & silty clay
Sensitive fine grained

Cly

T T T
9 10 11 12 13 14 15 16 17 18
bertson 1990)

T
2 3 8
Ic (Robertson 1990) SBTn (Rol

Transition layer algorithm properties General statistics

I. minimum check value: 1.70 Total points in CPT file: 548

1. maximum check value: 3.00 Total points excluded: 56

I. change ratio value: 0.0250 Exclusion percentage: 10.22%
Minimum number of points in layer: 4 Number of layers detected: 12

Clig v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/ 16/2014, 4:40:01 PM 139 of 27725
Project file: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\LOT 13.clg

£.25
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% STONEY-MILLER CONSULTANTS, INC.

14 Hughes, Suite B-101
Irvine, CA 92618

Project title : Pacific Commercenter Lot 13

CPT file : CPT-04

Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 60.00 ft

Fines correction method:  NCEER (1998) G.W.T. (earthq.): 60.00 ft
Points to test: ) Based on Ic value  Average results interval: 3

Earthquake magnitude M,: 7,00 Ic cut-off value: 2.60

Peak ground acceleration: 0,60 Unit weight calculation: Based on SBT

Cone resistance

Friction Ratio

SBTn Plot

Location : Lake Forest, CA

Use fill: No Clay like behavior

Fill height: N/A applied: Sands only

Fill weight: N/A Limit depth applied: No

Trans. detect. applied: veg Limit depth: N/A

Ko applied: Yes MSF method: Method based
CRR plot FS Plot

5- 5+
10+ 10
15- 15—
20— 20+
25+ 25+
30 30+
35 35+
30— 40—
&
£ 45 45+
§ 50- 50
55+ 55
k
60 607 Duringfearthy.
65~ 65+
70— 70+
75+ 75+
80~ 80~
85~ 85— —
90+ 90~
T T T T T Ll =T T LA
0 100 200 300 400 0 2 4 6 8 0.2 0.4 0.6 1] 0.5 1 15 2
qt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
M. =72, sigma’=1 atm base curve Summary of liquefaction potential
06 A A L i 1/000_ L 1 L1 11 l}_ i 1 1 r Aiagl
1 Liquefaction i :
- i @
B - 1]
0.5+ - %
. -
4 g g
1 r g
- r [
=1 r 2
Lﬁf’ 0.4-: *- g
£ ] L2
5 r 8
. 5
.37 [ -
p 0.3 ] “w e e wo wee | =
5 -
0 - r @
g [ €
U A
0.2+ B
& 7] - 3
0.1 B 0.1 1
. - Normalized friction ratio (%)
: [ Zone A,: Cyclic liquefaction likely depending on size and duration of cyclic oading
i No Liquefaction - Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
L L L L L L L S L L i Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
Qtn,cs brittieness/sensitivity, strain to peak undrained strength and ground geometry

Cliq v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 4:40:02 PM

Project file: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\LOT 13.clq
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This software is licensed to: Stoney-Miller Consultants, Inc. CPT name: CPT-04

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I values over which the transition will be defined (typically somewhere between 1.80 < I. < 3.0) and a rate
of change of L. Transitions typically occur when the rate of change of 1. is fast (i.e. delta I. is small).

The SBT, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type

Sy
gl

P e ]
i Veery dense'stiff sil
Very derse/stiff sail
Very derselstiff scil
Very dersefstiff sail
Very dense/stiff scil
Clay
Very derse/stiff sail
Clay
Clay & silty clay
Very denselstiff sail
Very densefstiff sail
Very densefsiiff sail
Sittysand & sancy st
Sitty sand & sandy silt
Qlay
Clay
Clay & sityclay
Clay&siltycay
Very derselstiff sl
Clay&si
oy oy
Veery denselstiff scil
Clay & silty clay
Clay & silty clay

gg&dﬂvdav

Sersitivefine grained

Sersitivefine grained

Clay

Clay &sifty clay

CQzy

Clay &silty clay

Clay

Clay&silty clay

Clay

Silty sand & sandy sitt

Cly

Clay & silty clay
L] R R S R G ) P R

3 8 9 10 11 12 13 14 15 16 17 18

Ic (Robertson 1990) SBTn (Robertson 1990)

Transition layer algorithm properties General statistics i

I. minimum check value: 1.70 Total points in CPT file: 572 '
| I. maximum check value: 3.00 Total points excluded: 35

L. change ratio value: 0.0250 Exclusion percentage: 6.12%

Minimum number of points in layer: 4 Number of layers detected: 8

CLiq v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 4:40:02 PM 148 f27734 3 q,
Project file: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\LOT 13.clq O a .
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% STONEY-MILLER CONSULTANTS, INC.

14 Hughes, Suite B-101
Irvine, CA 92618

Project title : Pacific Commercenter Lot 13

CPT file : CPT-1
Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 10.00 ft
Fines correction method: NCEER (1998) G.W.T. (earthq.): 10.00 ft
Points to test: Based on Ic value  Average results interval: 3
Earthquake magnltude_ My 7.00 Ic cut-off value: 2.60
Peak ground acceleration: 0,60 Unit weight calculation: Based on SBT
Cone resiglAnsger Frictiop,Ratia) ger SBTn Plot
6 6|
8- 8-
10- 10+
12+ 12+
14 14+
16~ 16+
18- 18-
20~ 201
22~ 22+
o 247 24+
< 26+ 26
=
§ 28 28
30 30+
32 32~
34 34+
36+ 36+
38 38~
40+ 40
42 42-
44 44+
46+ 46~
48+ \,3 48~
50 T T T S0 T T
0 100 200 300 0 2 4 6 8 10
qt (tsf) Rf (%)
M. =72, sigma'=1 atm base curve
0.6 A —
Liguefaction i

Cyclic Stress Ratio* (CSR*)

L
A
L
L
f=
-
-
k
X
1 r
J No Liquefaction
O T I B e W o T LA W o o o e |
] 200 40 60 80 100 120 140 160 180 200
Qtn,cs

Location : Alton Parkway + Pacific Commercentre Drive

U§e fill: No Clay like behavior
F!II hei_ght: N/A applied: Sands only
Fill weight: ! N/A Limit depth applied: No
Trans. f:letect. applied: Yeg Limit depth: N/A
K, applied: Yes MSF method: Method based
CRR plot FS Plot
_Tlmw tthe

oA e T P I R

I Y | -

!

T T
0.2 0.4

06 0 05 1 15 2
CRR & CSR Factor of safety
Loosamiary of liguefagtion potential

Normalized CPT penetration resistance

0.1

1
Normalized friction ratio (%)

Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A, Cyclic liquefaction and strength lass likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss untikely, check eyclic softening
Zone C' Cyclic liquefaction and strength loss possible depending on soil plasticity
brittleness/sensitivity, strain to peak undrained strength and ground geometry

Clig v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 9:20:15 AM

151 0f 277 1

Project file: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\Liquefaction\Liquefaction 5-6-2014_Ev weighting.clq

P
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This software is licensed to: Stoney-Miller Consultants, Inc.

CPT name: CPT-1

TRANSITION LAYER DETECTION ALGORITHM REPORT

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I values over which the transition will be defined (typically somewhere between 1.80 < I. < 3.0) and a rate

Summary Details & Plots

of change of L. Transitions typically occur when the rate of change of I. is fast (i.e. delta I is small).

The SBT, plot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index

2 3
Ic (Robertson 1990)

Norm. Soil Behaviour Type

HAND AUGE

Sand & siftysand

Siltysand & sandy it

Silty sand & sendy sit

Silty sand & sancy sit
Sand & silty sand

Silty sand & sandy sit
Silty sand & sandy silt
Sand & silty sard

Silty sand & sandy sift
Seritivefine grained

Clay
Clay & siltyclay
Silty sand & sandy sift
Sand & silty sand

LA A L D I L i ¢
7 8 9 10 11 12 13 14

LB LA SELEN

15 16 17 18

BTn (Robertson 1990)

Transition layer algorithm properties General statistics

I. minimum check value: 1.70 Total points in CPT file: 305

I. maximum {:heck value: 3.00 Total points excluded: 19

I change ratio value: 0.0250 Exclusion percentage: 6.23%

Minimum number of points in layer: 4 Number of layers detected: 4
Clig v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 9:20:15 AM 7
Project file: L:\Shared_StufARCL's Stuff\Pacific Commercentre Lot 13\Liquefaction\Liquefaction 5-6-2014_Ev weighting.clq 157 of 277
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14 Hughes, Suite B-101
Irvine, CA 92618

% STONEY-MILLER CONSULTANTS, INC.

Project title : Pacific Commercenter Lot 13
CPT file : CPT-2
Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 10.00 ft
Fines correction method:  NCEER (1998) G.W.T. (earthq.): 10.00 ft
Points to test: Based on Ic value  Average results interval: 3
Earthquake magnitudg M, 7.00 Ic cut-off value: 2.60
Peak ground acceleration: 0,60 Unit weight calculation: Based on SBT
Cone rﬁiﬁfﬂ'ﬁ& R FrictioRAmtijER SBTn Plot
6 61
8- 8-
10-| 10-
12+ 12
14+ 14+
16— 16+
18- 18-
20+ 20+
22 22+
—~ 24~ 24+
& 6| 26-
= 2
§- 28+ 28-
30~ 30-
32+ 32~
34+ 34~
36 36-
38 38~
40 40—
42+ 42—
44 44-
46+ 46
48+ 48]
56 T T T T SO T
0 50 100 150 200 0 2 4 6 8 10
qt (tsf) Rf (%)
M. =72, sigma’'=1 atm base curve
i@ i L1
4 Liguefaction
0.5+
1 . oo‘b’o'o wp‘g 'Y
| /]
] PRELAL
0.41] * YR

1
L ]
.

| 3

Cydlic Stress Ratio* (CSR*)
o
“w
]

3
-
3
-
-
-

0.1+
4 No Liquefaction
R T T A o B o e e S A A me o ST
0 20 40 60 80 100 120 140 160 180 200

Qtn,cs

Location : Alton Parkway + Pacific Commercentre Drive

Use filk: No

Fill height: N/A
Fill weight: N/A
Trans. detect. applied: yeg
K, applied: Yes

CRR plot

Clay like behavior

applied: Sands only
Limit depth applied: No

Limit depth: N/A

MSF method: Method based

FS Plot

Fuff

20~

50 —— 7
0 0.2 0.4 06 0 05 1 15 2
CRR & CSR Factor of safety

Surimary of iiatagtion potantial, . ;..

1,000

Normalized CPT penetration resistance

0.1

1
Normalized friction ratio (%)

Zone A,: Cyclic liquefaction likely depending on size and duration of ¢cyclic loading
2Zone A: Cyclic liquefaction and strength loss likely depending on loading and grounc
geometry

Zone B: Liquefaction and post-earthquake strength foss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity.
brittieness/sensitivity, strain to peak undrained strength and ground geometry

ClLiq v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/16/2014, 9:20:16 AM

160 of 277 10

Project file: L:\Shared_StufARCL's Stuff\Pacific Commercentre Lot 13\Liquefaction\Liquefaction 5-6-2014_Ev weighting.clq
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This software is licensed to: Stoney-Miller Consultants, Inc. CPT name: CPT-2

TRANSITION LAYER DETECTION ALGORITHM REPORT
Summary Details & Plots

Short description

The software will delete data when the cone is in transition from either clay to sand or vise-versa. To do this the software
requires a range of I. values over which the transition will be defined (typically somewhere between 1.80 < I. < 3.0) and a rate
of change of I. Transitions typically occur when the rate of change of I. is fast (i.e. delta I is small).

The SBT, piot below, displays in red the detected transition layers based on the parameters listed below the graphs.

SBTn Index Norm. Soil Behaviour Type

HAND AUGER
Silty sand & sandly silt
Sand &ssilty sand
Silty sand & sandy silt
Silty sand & sancy sit

Sand&siltysand

Silty sard & sandy sift
Cl';y/&sinyda/ B
Sand & silty sand
Sand & silty sand
Clay &siltyday

Clay&sittydlay
Qay
Qay
Qay&siltydlay
Clay & silty cdlay
Sy iyl
Syt byt
Sand & silty sand
Silty sand & sandysilt
Clay &silty cdlay
sand & it
Sy
Clay
Sarsitivefine grained
Oy

L
£

26

Depth (ft)

SWWMNWN
@ o & N O @

Clay & siltydlay
Clay
Clay&siltydlay
Sty sand & sandy silt
Sand & silty sand]
Siltysand & sandy sitt
Clay & sifty clay

T T
8 9 10 11 12 13 14 15 16 17 18
obertson 1990)

2 3 4
Ic (Robertson 1990)

BTn (R

| Transition layer algorithm properties General statistics

| 1, minimum check value: 1.70 Total points in CPT file: 305
I. maximum check value: 3.00 Total points excluded: 74

L change ratio vaiue: 0.0250 Exclusion percentage: 24.26%
Minimum number of points in layer: 4 Number of layers detected: 14

ClLiq v.1.7.5.27 - CPT Liquefaction Assessment Software - Report created on: 5/ 16/2014, 9:20:16 AM 16
Project file: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\Liquefaction\Liquefaction 5-6-2014_Ev weighting.clg 166 of 277
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CiviiTech Software USA  www.civiltech.com

LiquefyPro

LIQUEFACTION ANALYSIS

Pacific Center, Lot 13, Geotek Logs

Hole No.=B-1 Water Depth=10 ft Magnitude=7
Acceleration=.595g
Raw Unit Fines Soil Description Shear Stress Ratio Factor of Safety ~ Setilement
(f) SPT Weight % 0 B 5 01 5 0(in.) 10
—0 Sitty sand/sity clay - T T T T 17 ¢ 7 7 | [TJ7i0rrTT 1.1|H|HT
13 118 Nolg
_ 41 118 NoLq Sand to silty sand
- 9 118 Nolq {{[{|ll Siity sand
—10 41 129 26 i
18 129 26
n 23 136 32
- 13 136 25
—20 16 133 37
i 12 135 46 Silty clayey sand
23 135 33 )
- 13 135 36 | Silty clayey sand with clay layers
—30 10 130 NoLg % Sandy clay
16 131 30 1l sitty sand
|13 131 30 M
-5 131 20 it
405 131 20 (il
| 2 127 Nola%Z  Sandycl
i Q% andy clay
| 5 127 Nolg / ]
=
L. 4 127 34 HH[ Sily sand \
50 33 134 34 fsf=1 | | | s=826in.
= CRR CSR fst— o Saturated  ——
i Shaded Zone has Liquefaction Potential Unsaturat. —
— 60
—- 70
% Stoney-Miller Consultants, Inc. Geotek B-1 Plate 1-1
169 of 277
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Pac lotl3-bl-2.sum.txt

dedededab el e i de ek deN dede et e de ke de e de ke dede ke de ke e hde e ke d e de we e de ek e de Ve deve e dedede ke v de v R de e ddede S de ke e dede Ve e ok
dededede fededede e ke

LIQUEFACTION ANALYSIS SUMMARY
Copyright by CivilTech Software
www.civiltech.com

T R A e e e e e e e e e e e e e e e e e e e e e R e A K e A R N R L A AN N N e AR N R d N SN W S Ve e Yo ok ek A Yook
Fddedefe e dee e

Font: Courier New, Regular, Size 8 is recommended for this report.
Licensed to , 5/19/2014 11:17:14 Am

Input File Name: C:\Users\gina\Desktop\Pac lotl3-bl-2.1iq
Title: Pacific Center, Lot 13, Geotek Logs
Subtitle: Geotek B-1

surface Elev.=

Hole No.=B-1

Depth of Hole= 51.50 ft

Water Table during Earthquake= 10.00 ft
Water Table during In-Situ Testing= 30.80 ft
Max. Acceleration= 0.6 g

Earthquake Magnitude= 7.00

Input Data:
surface Elev.=
Hole No.=B-1
Depth of Hole=51.50 ft
water Table during Earthquake= 10.00 ft
water Table during In-Situ Testing= 30.80 ft
Max. Acceleration=0.6 g
Earthquake Magnitude=7.00

No-Liquefiable Soils: Based on Analysis

1. SPT or BPT Calculation.

2. Settlement Analysis Method: Ishihara / Yoshimine

3. Fines Correction for Liquefaction: Stark/Olson et al.*

4. Fine Correction for Settlement: During Liquefaction*

5. Settlement Calculation in: All zones*

6. Hammer Energy Ratio, Ce = 1.25

7. Borehole Diameter, Ch= 1.15
8. sampling Method, Cs=1

9. User request factor of safety (apply to CSR) , User= 1

Plot one CSR curve (fsl=1)
10. use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data: )
Depth  SPT gamma  Fines
ft pcf %

3.00 13.00 118.00 NoLiq
5.50 41.00 118.00 Nol.iq
8.00 9.00 118.00 NoLiq
10.50 41.00 129.00 26.00
13.00 18.00 129.00 26.00
15.50 23.00 136.00 32.00
18.00 13.00 136.00 25.00
20.50 16.00 133.00 37.00
23.00 12.00 135.00 46.00
25.50 23.00 135.00 33.00
28.00 13.00 135.00 36.00
30.50 10.00  130.00 NolLigq
33.00 16.00 131.00 30.00
35.50 13.00 131.00 30.00
38.00 5.00 131.00 20.00
40.50 5.00 131.00 20.00
43.00 2.00 127.00 Noliq
45.50  5.00 127.00 NoLiq
48.00 4.00 127.00 34.00

Page 1

170 of 277
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Pac Totl3-bl-2.sum.txt
50.50 33.00 134.00 34.00

Output Results:
Settlement of Saturated Sands=8.25 in.
Settlement of Unsaturated Sands=0.01 in.
Total Settlement of Saturated and uUnsaturated Sands=8.26 1in.
Differential Settlement=4.131 to 5.453 in.

Depth  CRRm CSRfs F.S. S_sat. S.dry s_all
ft in. in. in.
3.00 2.00 0.38 5.00 8.25 0.01 8.26
4.00 2.00 0.38 5.00 8.25 0.01 8.26
5.00 2.00 0.38 5.00 8.25 0.01 8.26
6.00 2.00 0.38 5.00 8.25 0.01 8.26
7.00 2.00 0.38 5.00 8.25 0.01 8.26
8.00 0.28 0.38 5.00 8.25 0.01 8.26
9.00 0.60 0.38 5.00 8.25 0.00 8.26
10.00 0.60 0.38 1.58 8.25 0.00 8.25
11.00 0.60 0.40 1.51 8.25 0.00 8.25
12.00 0.60 0.41 1.45 8.25 0.00 8.25
13.00 0.60 0.43 1.40 8.25 0.00 8.25
14.00 0.60 0.44 1.36 8.24 0.00 8.24
15.00 0.60 0.45 1.33 8.24 0.00 8.24
16.00 0.60 0.46 1.30 8.24 0.00 8.24
17.00 0.43 0.47 0.93* 8.22 0.00 8.22
18.00 0.29 0.48 0.60* 8.06 0.00 8.06
19.00 0.32 0.48 0.67* 7.84 0.00 7.84
20.00 0.37 0.49 0.75% 7.67 0.00 7.67
21.00 0.35 0.50 0.71* 7.53 0.00 7.53
22.00 0.31 0.50 0.61* 7.34 0.00 7.34
23.00 0.27 0.51 0.54* 7.11 0.00 7.11
24.00 0.35 0.51 0.69* 6.89 0.00 6.89
25.00 0.60 0.52 1.16 6.78 0.00 6.78
26.00 0.50 0.52 0.97* 6.76 0.00 6.76
27.00 0.34 0.52 0.65* 6.63 0.00 6.63
28.00 0.28 0.53 0.53* 6.41 0.00 6.41
29.00 0.25 0.53 0.48* 6.16 0.00 6.16
30.00 0.23 0.53 0.44* 5.89 0.00 5.89
31.00 0.24 0.53 0.45% 5.62 0.00 5.62
32.00 0.27 0.53 0.51% 5.36 0.00 5.36
33.00 0.28 0.53 0.54%* 5.12 0.00 5.12
34.00 0.26 0.53 0.50* 4.88 0.00 4.88
35.00 0.24 0.53 0.47*  4.63 0.00 4.63
36.00 0.21 0.52 0.40% 4.35 0.00 4.35
37.00 0.16 0.52 0.30* 4.02 0.00 4.02
38.00 0.11 0.52 0.21* 3.62 0.00 3.62
39.00 0.11 0.52 0.20% 3.16 0.00 3.16
40.00 0.11 0.51 0.20% 2.70 0.00 2.70
41.00 0.14 0.51 0.27*  2.26 0.00 2.26
42.00 0.12 0.51 0.25* 1.86 0.00 1.86
43.00 0.11 0.51 0.22* 1.43 0.00 1.43
44.00 2.00 0.50 5.00 1.43 0.00 1.43
45.00 2.00 0.50 5.00 1.43 0.00 1.43
46.00 0.14 0.50 0.28* 1.26 0.00 1.26
47.00 0.14 0.49 0.27* 0.87 0.00 0.87
48.00 0.13 0.49 0.26%* 0.48 0.00 0.48
49.00 0.25 0.49 0.52* 0.15 0.00 0.15
50.00 0.55 0.48 1.13 0.00 0.00 0.00
51.00 0.55 0.48 1.14 0.00 0.00 0.00
* F.S.<1, Liquefaction Potential zZone

(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); uUnit weight = pcf; Depth
= ft; Settlement = in.

1 atm (atmosphere) = 1 tsf (ton/ft2)
CRRM Cyclic resistance ratio from soils
Page 2
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Pac lotl1l3-bl1-2.sum.txt

CSRsf Cyclic stress ratio induced by a given earthquake (with user request
factor of safety) , ) ) ) _

F.S. Factor of safety against liquefaction, F.S.=CRRm/CSRsf

S..sat Settlement from saturated sands

S_dry Settlement from Unsaturated Sands

S_all Total settlement from Saturated and unsaturated Sands

NoL1iq No-Liquefy Soils

Page 3
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CivilTech Software USA  www.civiltech.com

LiquefyPro

Raw Unit Fines

LIQUEFACTION ANALYSIS

Pacific Center, Lot 13, Geotek Logs

Hole No.=B-2 Water Depth=10 ft

Soil Description

Shear Stress Ratio
0

Magnitude=7
Acceleration=.595g

Factor of Safety  Settlement

% Stoney-Miller Consultants, Inc.

(f) SPT Weight % 5 01 5 0(in.) 10
— 0 it " Silty sand 1T T 1 T 11 | fTﬁ T !'T‘} I R

36 107 NoLqEE::E;
24 107 NoLalfffff ;.
- 28 107 NoLqifif STy sand r |
— 10 46 101 10 Silty sand =
16 101 10
10 101 19 il
- 25 125 28 Silty Sand to sandy clayey silt i ; ﬂ
—20 19 137 50 Silty sandy clay to sandy clayey silt
| 34 137 50
B 13 130 50 %// Silty sandy clay (
— 26 132 22 « Silty Clayey sand
—30 g 130 27 H;Igg Silty sand
: 7 127 Nolg % Sandy clay
n 3 127 Nolg %%
- 11 133 Nolq 77
405 132 41 % Sandy clay to silty clayey sand . L
: 60 134 34 Silty Sandstone/Silstone
| 34 134 34

fsi=1 = i
- 65 Tl e - CRR CSR fst— N SaStu-;a?;iis In;-
— 50 Shaded Zone has Liquefaction Potential Unsaturat. —
-— 60
— 70
Geotek B-2 Plate 2.1
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Liquefy.sum

dedededdedkdedoat e de Rl de b hdeded ek dedr ok e e ke Akt ke ek e ke S e de e e el dode Yo e e e e s e ok s e Ve e e e o e e e e dr o Y ok o o v Sk e e Yo o vedededek
sedede e dedededek ke
LIQUEFACTION ANALYSIS SUMMARY
Copyright by CivilTech software
waww.civiltech.com
*********************************************************************************************
dededede Vi dekdk
Font: Courier New, Regular, Size 8 is recommended for this report.
Licensed to , 5/19/2014 11:12:51 AM

Input File Name: C:\Users\gina\Desktop\Pac lot13-b2-2.1iq
Title: Pacific Center, Lot 13, Geotek Logs
Subtitle: Geotek B-2

surface Elev.=

Hole No.=B-2

Depth of Hole= 48.30 ft

water Table during Earthquake= 10.00 ft
water Table during In-Situ Testing= 29.80 ft
Max. Acceleration= 0.6 g

Earthquake Magnitude= 7.00

Input Data:
surface Elev.=
Hole No.=B-2
Depth of Hole=48.30 ft
water Table during Earthquake= 10.00 ft
water Table during In-Situ Testing= 29.80 ft
Max. Acceleration=0.6 g
Earthquake Magnitude=7.00

No-Liquefiable Soils: Based on Analysis

1. SPT or BPT cCalculation.

2. Settlement Analysis Method: Ishihara / Yoshimine

3. Fines Correction for Liquefaction: Stark/0Olson et al.*

4. Fine Correction for Settlement: During Liquefaction*

5. settlement Calculation in: A1l zones*

6. Hammer Energy Ratio, Ce = 1.25

7. Borehole Diameter, Cb= 1.15
8. sampling Method, Cs=1

9. User request factor of safety (apply to CSR) , User= 1

Plot one CSR curve (fsl=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data: )
Depth SPT gamma Fines
ft pcf %

3.00 36.00 107.00 NoLig
5.50 24.00 107.00 NoLiqg
8.00 28.00 107.00 Notiq
10.50 16.00 101.00 10.00
13.00 16.00 101.00 10.00
15.50 10.00 101.00 19.00
18.00 25.00 125.00 28.00
20.50 19.00 137.00 50.00
23.00 34.00 137.00 50.00
25.50 13.00 130.00 50.00
28.00 26.00 132.00 22.00
30.50 8.00 130.00 27.00
33.00 7.00 127.00 NoLig
35.50 3.00 127.00 NoLiq
38.00 11.00 133.00 NoLig
40.50 6.00 132.00 41.00
43.00 60.00 134.00 34.00
45.50 34.00 134.00 34.00
48.00 65.00 141.00 34.00

Page 1
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Liquefy.sum

output Results:
Settlement of Saturated Sands=3.65 in.
Settlement of Unsaturated Sands=0.01 in.
Total Settlement of Saturated and Unsaturated Sands=3.65 1in.
Differential Settlement=1.827 to 2.411 in.

Depth  CRRm CSRfs  F.sS. S.sat. S.dry s_all
ft in. in. in.

3.00 2.00 0.38 5.00 3.65 0.01 3.65
4.00 2.00 0.38 5.00 3.65 0.01 3.65
5.00 2.00 0.38 5.00 3.65 0.01 3.65
6.00 2.00 0.38 5.00 3.65 0.01 3.65
7.00 2.00 0.38 5.00 3.65 0.01 3.65
8.00 0.60 0.38 5.00 3.65 0.01 3.65
9.00 0.60 0.38 5.00 3.65 0.00 3.65
10.00 0.60 0.38 1.58 3.65 0.00 3.65
11.00 0.40 0.40 0.99* 3.61 0.00 3.61
12.00 0.37 0.42 0.88* 3.53 0.00 3.53
13.00 0.35 0.43 0.80* 3.41 0.00 3.41
14.00 0.29 0.45 0.64%* 3.22 0.00 3.22
15.00 0.27 0.47 0.57% 2.97 0.00 2.97
16.00 0.31 0.48 0.66% 2.72 0.00 2.72
17.00 0.60 0.49 1.21 2.62 0.00 2.62
18.00 0.60 0.50 1.19 2.62 0.00 2.62
19.00 0.60 0.51 1.17 2.62 0.00 2.62
20.00 0.60 0.52 1.15 2.62 0.00 2.62
21.00 0.60 0.52 1.14 2.61 0.00 2.61
22.00 0.60 0.53 1.13 2.61 0.00 2.61
23.00 0.60 0.53 1.12 2.61 0.00 2.61
24.00 0.60 0.54 1.11 2.61 0.00 2.61
25.00 0.39 0.54 0.72* 2.58 0.00 2.58
26.00 0.34 0.55 0.62* 2.38 0.00 2.38
27.00 0.60 0.55 1.08 2.25 0.00 2.25
28.00 0.60 0.55 1.08 2.22 0.00 2.22
29.00 0.36 0.56 0.64* 2.16 0.00 2.16
30.00 0.23 0.56 0.41* 1.92 0.00 1.92
31.00 0.20 0.56 0.36% 1.61 0.00 1.61
32.00 0.20 0.56 0.35% 1.29 0.00 1.29
33.00 0.19 0.56 0.34*  0.96 0.00 0.96
34.00 2.00 0.55 5.00 0.96 0.00 0.96
35.00 2.00 0.55 5.00 0.96 0.00 0.96
36.00 2.00 0.55 5.00 0.96 0.00 0.96
37.00 2.00 0.55 5.00 0.96 0.00 0.96
38.00 2.00 0.54 5.00 0.96 0.00 0.96
39.00 0.21 0.54 0.38* 0.68 0.00 0.68
40.00 0.18 0.54 0.33* 0.36 0.00 0.36
41.00 0.31 0.54 0.58* 0.05 0.00 0.05
42.00 0.57 0.53 1.07 0.00 0.00 0.00
43.00 0.57 0.53 1.08 0.00 0.00 0.00
44.00 0.57 0.52 1.08 0.00 0.00 0.00
45.00 0.57 0.52 1.09 0.00 0.00 0.00
46.00 0.56 0.52 1.09 0.00 0.00 0.00
47.00 0.56 0.51 1.10 0.00 0.00 0.00
48.00 0.56 0.51 1.10 0.00 0.00 0.00

* F.S.<1l, Liquefaction Potential Zone o
(F.S. is limited to 5, CRR is limited to 2, CSR is Timited to 2)

Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); unit weight = pcf; Depth
= ft; Settlement = in.

1 atm (atmosphere) = 1 tsf (ton/ft2)

CRRmM Cyclic resistance ratio from soils
CSRsf Cyclic stress ratio induced by a given earthquake (with user request
factor of safety)
F.S. Factor of safety against liquefaction, F.S.=CRRm/CSRsf
S_sat Settlement from saturated sands
Page 2
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Liquefy.sum

s_dr Settlement from Unsaturated Sands
s_al Total settlement from Saturated and unsaturated Sands
NoLiq No-Liquefy Soils

Page 3
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APPENDIX F

DYNAMIC STRENGTH EVALUATION

The evaluation of the dynamic strength of the alluvium is made using the work of Robertson
(2010) and Boulanger and Idriss (2006). Robertson discusses the evaluation of flow
liquefaction and liquefied strength using the Cone Penetration Test, and Boulanger and Idriss
discuss the liquefaction susceptibility of silt and clay materials.

Robertson discusses conditions where the soil may contract or strain-soften under earthquake
loading (see attached Figures F.14 through F.18). These figures provide the basis for screening
the site soils for contractive behavior. The first screen tool is given on Figure F.18 which shows
the portions of the normalized soil behavior type (SBT) chart. Zones A2 and C are considered
subject to strain-softening type behavior, whereas zones Al and B present dilative (strain-
hardening) behavior. All CPT soundings were evaluated using the SBT chart and the results of
this evaluation are shown in Figure F.1. The CPT data in Appendix E is used to approximate the
distribution of the CPT data which is in each zone. Materials with strain-hardening behavior
represent 83 to 95 percent of the soil materials explored onsite. Materials with potentially
detrimental strain-softening response represent an estimated 5 to 17 percent of the soil materials
explored onsite. Soil materials with strain-softening type behavior are further defined using
Figure F.16 which shows the mean of flow liquefaction materials from case studies as having a
Qtn,cs <50. The CPT data in Appendix E is used to determine the soil layers where this occurs;
these soil depth increments are shown on the far right-hand column of Figure 1. The data from
Geotek borings B-1 and B-2 may be evaluated in a similar manner using a (N1)¢¢.cs value below
15 as indicative of contractive behavior. Figures F.2 and F.3 show 5 samples from the borings
which may be subject to flow liquefaction. The depth intervals where potential flow liquefaction
materials were detected onsite are shown in cross section on Figure F.4. The contractive soil
material locations under the building pad are sparse and not continuous, whereas those at the
slope toe are more frequent but still discontinuous. Approximately 10 to 40 percent of the
materials from 34 to 50 feet below grade at the toe of slope may be subject to strain-softening
behavior.

The evaluation of materials for sand- or clay-like behavior using the Boulanger and Idriss work
(see Figures F.19 and F.20). The summary is shown in Figures F.5 through F.8. With the
majority of the plasticity indices (PI) of 7 or more, we generally concur with the identification of
soil types from the GeoTek borings. Soil materials with the PI > 7 would potentially be subject
to “cycling softening”, instead of contractive liquefaction behavior of sand materials during a
seismic event.

The dynamic strength of the alluvium is made using the results of the CLiq and CPeT-IT
programs by Geologismiki Geotechnical. Estimates of seismic strength for sand-like materials
are provided on the far right-hand side of Figures E.6, E.15, E.24, E.33, E.42, and E.50. These
estimates only require that the effective overburden pressure be known to determine the residual
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strength as an effective cohesion in pounds/square foot. Estimates of seismic strength for clay-
like materials are determined using the undrained strength of the soil materials.

The digital data from these analyses were placed in a spreadsheet for calculation. Calculations
for the static and seismic strength calculations for the buried alluvium beneath the pad area are
provided in Figures F.9 through F.13. These strengths are based on evaluation of CPT-1 and
CPT-2 (2014) data. Figure F.9 shows a plot of estimated shear strengths for static and seismic
loading conditions, and the shear strength value selected for seismic slope stability evaluation.
Seismic soil strengths were calculated using results from the CLiq program (see Figures E.42
through E.50), but limited by limiting the undrained strength ratio to 0.45 as recommended by
Robertson (2010); refer to Figure F.17 for this recommendation. The seismic soil strengths were
then chosen in consideration of both the seismic residual and static shear strengths. An average
or more conservative static strength was selected for the soil materials above 34 feet at the toe of
slope since these soils did not exhibit strain-softening tendencies. Since 10 to 40 percent of the
material below 34 feet showed some strain-softening potential, the seismic shear strength was
selected as somewhat less than the average of the static and seismic strengths.

The seismic soil strength of alluvium materials below a depth of 50 feet below grade was

modeled as a cohesionless soil with a friction angle of 25 degrees which is consistent with the
recommended by Robertson (2010); see Figure F.17.
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GeoTek, Inc.
LOG OF EXPLORATORY BORING

CLIENT: Meritage Homes DRILLER: 2R Drilting LOGGED 8Y: JMP
PROJECT NAME: 25192 Commercenter Drive DRILL METHOD: 8" Hollaw Stem OPERATOR: Jeff
PROJECT NO.: 1162-CR3 HAMMER: Auto 1404/30" RIG TYPE: CME 75 {crack rig)
LOCATION: See Exploration Location Map DATE: 42312014
SAMPLES Laboratory Testing
z . ] 2 ¥
HEEEERE BORING NO.: B-| i |3 i
Elzl |12 |3 sz|adg 2
£ 2 3 3 z > o
A § MATERIAL DESCRIPTION AND COMMENTS z o
——
IARTIFICIAL FILL
5 Bl
: 5 St | SMCLI@ 2.5" Sitty fine SAND co silty CLAY interlayered, lighe brown to brown, slightly
- ; moist, medium dense/stiff.
5
B 24 RE | SPSM [@ 5% SAND co silty fine SAND, light brown, slighcly moist, dense. 34 | 1137
| = P
30 g
i S | sz | s |ALLUVIUM
_ 5 @ 7.5" Siley fine SAND, brown, moist, loose.
4 v
10 .
A 14 R2 SM | @ 10" same as above, dense. 7.3 | 1200 25.5% passing #1200
24
] 39
a 6 | s3 | sm 26.1% passing #200
— 9 .
9 -
L
° is | r3 | sm 124 | 1213 | 24.9% passing #200
7 6
19
7l 5 | st | M [@ 175" same as above, nul ] 24.9% passing #200
J48 7 Vs -
. 6 p :
q
20 -
9 R4 SM 13.0 | 1184 36.9% passing #200
| 12
12
- 4 S5 | sM-SC|@ 22.5" Silty clayey fine SAND, brown, moist, medium dense, one piece of 134 LL=30. FL"‘ PI=i7 , fﬁ’ 7
I3 46.2% passing
- I . gravel, #
25 .
N 10 RS | SM-SC | @) 25" same as above. 1521 1173 33.4% passing #7200
= 13
. 20
-t ] 6 |SMSC/ @ 27.5" Siley clayey f-m SAND to CLAY interlayered, brown, moist to very J8.3% passing #200
— ! ; C |moise. medium densefstif,
30, . & : e /
5 Ré CL |@ 30" Fine sandy CLAY. brown, very moisg, siff, groundwater encountered at | 24.1 | (045 LL=29.PL=1 @ 7
7 .
s 308
% wg_m; E ~Ring @ —SET »--Smali Buik g—-l..\rge Bulk D ~-No Recovery -2 ~-Water Table
oo}
0 AL = Awerberg Limits ! = Expansion Index SA = Sieve Analysis RV = R-Vafue Test
re} i
- Lab_t.esr.m:. SR = Sulface/Resisiuvicy Test SH = Shear Tast HC= Consolidation MD = Maximum Deasity

5&/»#,"»4- X/ /n{n;/ (s ué/»c/]ﬂ‘;
ﬂc/ Snsc FJ,//% Coiterm /ag Si1fs el € /‘47 s
4552 TJGEe Nov. Zeool
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GeoTek, Inc.

LOG OF EXPLORATORY BORING

CLIENT: Meritaze Homes DRILLER: 2R Drilling LOGGED 8Y:; JMP
PROJECT NAME: 25192 Commercenter Drive DRILL METHOD: 8" Hollow Stem OPERATOR: feft
PROJECT NO.: 1162-CR3 HAMMER: Auto 1404/30" RIG TYPE: CME 75 {track rig)
LOCATION: Ses Explontion Locaton Map DATE: 42312014
SAMPLES Laboratory Testing
& 3 a ]
cl1&l s | €| & BORING NO.:B-l (continued) P v
glzl 22 |3 R - g
sl 2|2 |3 g |z ]
4 a MATERIAL DESCRIPTION AND COMMENTS z e
————e—
_ lcontinued:;
B 4 S7 | SM |@ 325" Silty fine SAND, brownish gray, wet, medium dense. 301% passing 7200
5
3 T
35 .
_‘ 7 R7 | sM |@ 35" same as above. 184 | 1109
9
7] i
: o 2 S8 SM 1@ 37.5" Silty fne SAND, brownish gray, wet, lcose. 19 9% passing 200
|
] 3 (NI}&&’CS =93
- 7 R8 @ 40" no recovery. (N & r
N 4 I/bo-c,s < g%
i 3 .
— 3 " >
: | || push | S9 CL | @ 42.5" Fine sandy CLAY, dark grayist Broven, er, very soft. 25.5 LL=38. PL=} 5'"
i ! e
18 F '
45 o 3
, push | R9 | CL |@ 45" same as abovainedivel stiff 260 | 1010
4 ik ]
N 4
: E | SI0 [ CL |@ 47.5" Silty fine to medium SAND, dark grayish brown, wee, loose, 237 13.9% passing %200
2 - —_— -
o | 2 (/\ll )bl"&’ 7.2
50 b 2
_ 8 RIO | SM @ SULSiley find SAND, dark bluish gray, wet, dense. 173 | 1145
2 24 A
27 —
] BORING TERMINATED AT 51.5°
: Groundwater enicountered ac 30.8".
o Boring backfilfed with soil cuttings.
55 =t
—
—
60 =
% Sample type: —Ring D ~SFT z-—-Smaﬂ Bulk &«-L\rge Bulk D ~-No Recovery g —~-Water Table
i
9 AL = Atterberg Limics El = Expansion Index SA = Siave Analysis RY = R-Yaiue Test
b1 ing:
- ‘Lamm& SR = Sulace/Resisaviey Test $H = Shear Test HC= Consolidation MD = Maamum Densicy
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GeoTek, Inc.
LOG OF EXPLORATORY BORING

CLIENT: Meritage Homes DRILLER: 2R Drilting LOGGED BY: JMP
PROJECT NAME: 25192 Commerceater Drive DRILL METHOD: 8" Hollow Stem OPERATOR: Jeff
PROJECT NO.: i162-CR3 HAMMER: Auto 140:30" RIG TYPE: CME 75 {rrack rig)
LOCATION: See Exploration Locaticn Map DATE: 4222014
SAMPLES Laboratory Testing
- = 3 =
s x| 2| & BORING NO.:B-2 il .
] - e 3 W el I &G
¥ |e ) z 9 GCE|ASE £
s |e]| : ! g R g ¢
il % |2 MATERIAL DESCRIPTION AND COMMENTS $ |9
e e e e =
ARTIFICIAL FILL
- 22 RE | SMMLI@) 2.5 Siity fine SAND o fine sandy SILT incerlayered, light brown to brown,
-4 ;g slightly moisc, densethard,
5 ey ,
J 7 SI | SMMLI@ 5" same as above, medium dense/very stiff,
9
a 15
- 18 R2 SM 1@ 7.5" Siity fne SAND, light brown, slightly moist, medium dense. 34 | 1036
I8
25
B B T
- 8 @ 10" Silty fine SAND, lizht to medium brown, siighty relt, medium dense, 93% passing #200
-k 8 uniform. -
-
- ; R3 SM 1@ 12.5" same as above. 40 | 973
' 5
15~ R ' ’ ,
il ; $3 SM @ 15" same as abova loose e medium dense. 18.7°% passing #200
my ;
A 5
o 8 R4 | SMMLI@ 17.5" Silty fine SAND o mandy clayey SILT, brown, moist. medium dense/very | 7.7 | 116.5 LL=30 FL=18PI=
6 = - 17.5% passing %200
23
- 0
20 - o i, — Vo
b e S4 | MUCL)@ 28 Siley saridy CLAY to sandy clayey SILT, brown to reddish brown, molse, 112 te=24, PL=07(Fi=2
- 9 very setf.
7 1o TN
o i RS | MUCLI@ 225" same as above, hard. 145 | 1193
22
7 30
25 == ¢ 2
_ | 4 S5 CL |@ 25" Silty sandy CLAY. brown, maist, stiff. 152 N LET 5TV
- 6
a7
- 12 Ré | SMSC | @ 27.5" Silty clayey fine SAND, medium brown, very moist, medium dense. 4.0 1154 2L passing #200
21
] 19
30z [ = P
1 3 56 [ SM 1@ 307 Siley -m SAND, brownish gray, wet, ‘cose, groundwater encountered at 27.3% passing $200
4 .
- 298"
4 H))eo -cs = 12. 4
e ; ~Ring --SPT —~-Smali Bulk -~-Large Bulk +~No Recovary 2 ~-¥Vater Table ‘
Z |
&
Q AL = Acterbarg Limits El = Expansion Index SA = Sieve Analysis RV = R-Vae Test
& -
- Lﬂh&m SR = Sulface/Resisitvicy Test 3H = Shear Test HC= Consolidation MO = Maximum Density ‘
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GeoTek, Inc.
LOG OF EXPLORATORY BORING

CLIENT: Meritage Homes DRILLER: 2R Driling LOGGED BY: jmp
PROJECT NAME: 25192 Commercenter Drive DRILL METHOD: 8" Hollow Stem OPERATOR: Jeft
PROJECT NO.: F162-CR3 HAMMER: Auto 140430" RIG TYPE: CME 75 {track rig)
LOCATION: See Exploration Locaticn Map DATE: 412312014
===
SAMPLES Laboratory Testing
M 3 -
£ 3 2 . . g
s | &) ¢ g 5 BORING NO.:B-2 (continued) £ g‘ - =
g le] 2 z g JE|& % 2
Sl 2| 2| s A S
g z
al - § MATERIAL DESCRIPTION AND COMMENTS z o
_— ———————————————
_ continued:
L
. —
- 4 R7 CL | @ 32.5" Sandy CLAY, brown, wet, medium sciff. 21.0 | 105.1 LL=20, PL=153P1=18 a-#,‘
4
N 6
35
_ push [ S7 CL |@ 35" same as above, sofc. 186
1L
_ 5 RS €L |@ 37.5" same as above, stiff. | 194 ) 11
7
. 10
40 = : . : —
1 2 S8 | CUSC|@ 40" Sandy CLAY to silty clayey fine SAND, brown t seddith orown, wet, 202 LL=33. FL=(4(PI=19 )
| 3 ; . . - 41.0% passing
1] 3 medium stiffficase, some gravels interlayered. o
- N oo -cs = //.'/’
) 20 R9 BEDROCK-SESPE AND VAQUERUOS FORMATIONS, u_Qdi'ﬁerentiated 179 | 1138
. 42 @ 42.5" Silty fine SANDSTONE, reddisfi hrown with blue green mottling, siightly
50/4 moist to moist, hard. Wi )
45 % "
. io 9 @ 45" same as abova Jense.
06 & '
7 i8
- 44 | RIO @ 47.5" SILTSTONE, reddish brown, slightly moist, hard. 143 | 1234
50/3" o
50 : " BORING TERMINATED AT 48.3°
] Grounduacst encountered at 29.8"
. Boring bacifliled with soif cuttings.
55 =
—
w
50 =
% Sample type: E:] ——Ring []--SPT Z«-Sm;ll Bulk &—-nge Baik D —No Recovery ¥ ~-Water Table
ra}
0 AL = Artarbarg Limics El = Expansion Index SA = Sieve Analysis RV = R-Vaiue Test
o .
-~ Lab teuzing: SR = Sufface/Resistviey Test SH = Shear Tast HC= Consokdation MD = Maamum Density
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Pacific Commercenter Lot 13

769.22

CPT-1 CPT-2 Seismic Static
) . . Residual | Strength
" Seismic Residual| Static Shear Seismic Residual |  Static Shear
Depth (fty| Su ratio Liq. Strength (psf) | Strength (psf) Depth (ft) Su ratio Liq Strength (psf) Strength (psf) A\;:::)ge A\;::)ge
0.16 HAND AUGER NA NA 0.16 HAND AUGER NA NA 0.00 0.00
0.33 HAND AUGER NA NA 0.33 HAND AUGER NA NA 0.00 0.00
0.49 HAND AUGER NA NA 0.49 HAND AUGER NA NA 0.0 0.00
0.66 HAND AUGER NA NA 0.66 HAND AUGER NA NA 0.00 0.00
0.82 HAND AUGER NA NA 0.82 HAND AUGER NA NA 0.00 0.00
0.98 HAND AUGER NA NA 0.98 HAND AUGER NA NA 0.C0 0.00
1.15 HAND AUGER NA NA 1.15 HAND AUGER NA NA 0.C0 0.00
1.31 HAND AUGER NA NA 1.31 HAND AUGER NA NA 0.00 0.00
1.48 HAND AUGER NA NA 1.48 HAND AUGER NA NA 0.00 0.00
1.64 HAND AUGER NA NA 1.64 HAND AUGER NA NA 0.00 0.00
1.80 HAND AUGER NA NA 1.80 HAND AUGER NA NA 0.00 0.00
1.97 HAND AUGER NA NA 1.97 HAND AUGER NA NA 0.00 0.00
2.13 HAND AUGER NA NA 213 HAND AUGER NA NA 0.00 0.00
2.30 HAND AUGER NA NA 2.30 HAND AUGER NA NA 0.00 0.00
2.46 HAND AUGER NA NA 2.46 HAND AUGER NA NA 0.00 0.00
2.63 HAND AUGER NA NA 2.63 HAND AUGER NA NA 0.00 0.00
2.79 HAND AUGER NA NA 2.79 HAND AUGER NA NA 0.00 0.00
2.95 HAND AUGER NA NA 2.95 HAND AUGER NA NA 0.00 0.00
3.12 HAND AUGER NA NA 3.12 HAND AUGER NA NA 0.00 0.00
3.28 HAND AUGER NA NA 3.28 HAND AUGER NA NA 0.00 0.00
3.45 HAND AUGER NA NA 345 HAND AUGER NA NA 0.00 0.00
3.61 HAND AUGER NA NA 3.61 HAND AUGER NA NA 0.00 0.00
3.77 HAND AUGER NA NA 3.77 HAND AUGER NA NA 0.00 0.00
3.94 HAND AUGER NA NA 3.94 HAND AUGER NA NA 0.00 0.00
4.10 0.07 0.07 31 468 4.10 0.68 0.45 212 443 121.50 455.56
4.27 0.85 0.45 221 526 4.27 0.72 0.45 221 483 220.71 504.78
4.43 0.81 0.45 229 559 4.43 0.70 0.45 229 484 229.20 521.21
4.59 0.95 0.45 238 593 4.59 0.13 0.13 69 484 153.38 538.15
4.78 0.86 0.45 246 628 4.76 0.19 0.19 101 497 173.70 562.87
492 0.36 0.45 255 646 4.92 0.19 0.18 105 496 179.86 571.38
5.09 0.95 0.45 263 645 5.09 0.14 0.14 80 509 171.44 577.39
5.25 0.93 0.45 272 663 5.25 0.19 0.18 117 539 194.36 600.73
5.41 0.93 0.45 280 680 5.41 0.71 0.45 280 569 280.12 624.78
5.58 0.93 0.45 283 698 5.58 0.77 0.45 289 619 288.61 658.72
5.74 0.93 0.45 297 716 5.74 0.85 0.45 297 674 297.10 694.79
5.91 0.92 0.45 306 712 5.91 0.90 0.45 306 712 305.64 711.55
5.07 0.91 0.45 314 729 6.07 0.93 0.45 314 751 314.12 739.73
6.23 0.89 0.45 323 723 6.23 0.94 0.45 323 792 322.61 757.76
6.40 0.88 0.45 331 740 6.40 0.95 0.45 331 811 331.10 775.06
6.56 0.87 0.45 340 756 6.56 0.96 0.45 340 829 339.58 792.36
6.73 0.87 0.45 348 772 6.73 0.95 0.45 348 847 348.07 809.67
6.89 0.87 0.45 357 789 6.89 0.92 0.45 357 839 356.56 813.83
7.05 0.88 0.45 365 805 7.05 0.91 0.45 365 830 365.04 817.80
7.22 0.89 0.45 374 822 7.22 0.92 0.45 374 847 373.53 834.48
7.38 0.90 0.45 382 864 7.38 0.92 0.45 382 892 382.02 878.01
7.55 0.90 0.45 391 881 7.55 0.91 0.45 391 881 390.51 881.36
7.71 0.91 0.45 399 898 7.71 0.87 0.45 399 871 398.99 884.55
7.87 0.20 0.45 407 915 7.87 0.84 0.45 407 860 407.48 887.57
8.04 0.88 0.45 416 904 8.04 0.80 0.45 16 100 415.97 501.77
8.20 0.87 0.45 424 920 8.20 0.80 0.45 424 100 424.45 509.97
8.37 0.86 0.45 433 936 8.37 0.82 0.45 433 879 432.94 907.71
8.53 0.86 0.45 441 923 8.53 0.83 0.45 441 923 441.43 923.11
8.69 0.86 0.45 450 939 8.69 0.83 0.45 450 939 449.91 938.94
8.86 0.86 0.45 458 955 8.86 0.83 0.45 458 955 458.40 954.77
9.02 0.85 0.45 467 971 9.02 0.84 0.45 467 971 466.89 $70.58
9.19 0.85 0.45 475 986 9.19 0.85 0.45 475 986 475.38 986.42
9.35 0.85 0.45 484 1002 9.35 0.85 0.45 484 1002 483.86 1002.24
9.51 0.85 0.45 492 1018 9.51 0.85 0.45 492 1018 492.35 1018.07
9.68 0.85 0.45 501 1034 9.68 0.83 0.45 501 1034 500.84 1033.89 |AVE 0-10
9.84 0.86 0.45 509 1084 9.84 0.82 0.45 509 1017 509.38 1050.31
10.01 0.88 0.45 518 1100 10.01 0.81 0.45 518 1032 517.67 1065.77
1017 0.89 0.45 522 1144 10.17 0.80 0.45 522 1039 52155 | 1091.05
10.34 0.91 0.45 525 1151 10.34 0.80 0.45 525 1046 525.43 | 1098.43
10.50 0.93 0.45 529 1197 10.50 0.80 0.45 529 1053 529.31 | 1124.69
10.66 0.95 0.45 533 1205 10.66 0.82 0.45 533 1059 533.19 1132.20
10.83 0.97 0.45 537 1253 10.83 0.85 0.45 537 1101 537.08 | 1177.01
10.99 0.98 0.45 541 1261 10.99 0.88 0.45 541 1145 540.96 1202.94
11.16 1.00 0.45 545 1311 11.16 0.89 0.45 545 1190 544.84 1250.46
11.32 1.00 0.45 549 1319 11.32 0.91 0.45 549 1198 548.72 1258.66
11.48 1.00 0.45 553 1328 11.48 0.92 0.45 553 1245 552.60 1286.57
11.65 1.00 0.45 556 1337 11.65 0.94 0.45 556 1253 556.48 1294.91
11.81 1.00 0.45 560 1345 11.81 0.95 0.45 560 1303 560.37 1.323.90
11.88 1.00 0.45 564 1354 11.98 0.96 0.45 564 1311 564.25 1332.37
1214 1.00 0.45 568 1363 12.14 0.95 0.45 568 1319 568.13 | 1340.85
12.30 0.99 0.45 572 1371 12.30 0.95 0.45 572 1285 572.01 1328.25
12.47 0.99 0.45 576 1380 12.47 0.94 0.45 576 1293 575.89 1336.58
12.63 0.98 0.45 580 1344 12.83 0.93 0.45 580 1301 579.78 | 1322.81
12.80 0.97 0.45 584 1353 12.80 0.93 0.45 584 1309 583.66 | 1331.00
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Pacific Commercenter Lot 13

CPT-1 CPT-2 Seismic Static
Seismic Residual| Static Shear Seismic Residual [ Static Shear Residual | Strength
Depth (f)| Su rato Lia. Strength (psf} | Strength (psf) Depth {ft) | Suratio Lia. Strength (psf) Strength (psf) A\;::)ge A\E::)ge
12.96 0.96 0.45 588 1361 12.96 0.93 0.45 588 1318 587.54 1339.19
13.12 0.95 0.45 591 1369 13.12 0.94 0.45 591 1326 591.42 1347.38
13.29 0.95 0.45 595 1334 13.29 0.94 0.45 595 1334 595.30 1333.62
13.45 0.94 0.45 599 1342 13.45 0.94 0.45 599 1342 599.13 1341.66
13.62 0.94 0.45 603 1350 13.62 0.94 0.45 603 1350 603.07 1349.71
13.78 0.93 0.45 607 1358 13.78 0.93 0.45 607 1358 606.97 1357.80
13.94 0.93 0.45 611 1366 13.94 093 0.45 611 1366 610.85 1365.85
14.11 0.93 0.45 615 1374 14.11 0.92 0.45 615 1374 614.74 1373.89
14.27 0.93 0.45 619 1382 14.27 0.92 0.45 619 1382 618.62 1381.94
14.44 0.93 0.45 623 1390 14.44 0.91 0.45 623 1390 622.50 1389.58
14.60 0.93 0.45 626 1398 14.60 0.91 0.45 626 1353 626.38 1375.68
14.76 0.93 0.45 630 1406 14.76 0.90 0.45 630 1361 630.26 1383.58
14.93 0.93 0.45 634 1414 14.93 0.89 0.45 634 1389 634.15 1391.49
15.09 0.92 0.45 638 1422 15.09 0.87 0.45 638 1333 638.03 1377.33
15.26 0.92 0.45 642 1430 15.26 0.85 0.45 642 1297 64191 1363.57
15.42 0.91 0.45 646 1392 15.42 0.82 0.45 646 1262 645.79 1327.14
15.58 0.90 0.45 650 1400 15.58 0.79 0.45 650 9333 649.67 5366.21
15.75 0.90 0.45 654 1408 15.75 0.77 0.45 654 8012 653.56 4709.64
15.91 0.89 0.45 657 1415 15.91 0.77 0.45 657 7577 657.44 | 4495.99
16.08 0.88 0.45 661 1423 16.08 0.77 0.45 661 7783 661,32 4603.30
16.24 0.88 0.45 665 1385 16.24 0.78 0.45 665 8599 665.20 | 4991.97
16.40 0.88 0.45 669 1392 16.40 0.79 0.45 669 9765 669.08 5578.56
16.57 0.88 0.45 673 1400 16.57 0.81 0.45 673 1311 672.96 1355.51
16.73 0.88 0.45 677 1407 16.73 0.82 0.45 677 1318 676.85 1362.75
16.90 0.88 0.45 681 1415 16.80 0.83 0.45 631 1369 680.73 1392.16
17.06 0.88 0.45 635 1422 17.06 0.83 0.45 685 1377 684.61. 1399.53
17.22 0.88 0.45 688 1430 17.22 0.83 0.45 688 1384 688.49 1406.90
17.39 0.87 0.45 692 1437 17.39 0.83 0.45 692 1393 692.37 1414.27
17.55 0.87 0.45 696 1445 17.55 0.83 0.45 696 1398 696.26 1421.64
17.72 0.87 0.45 700 1453 17.72 0.83 0.45 700 1406 700.16 1429.05
17.88 0.86 0.45 704 1460 17.88 0.83 0.45 704 1413 704.04 1436.42
18.05 0.85 0.45 708 1468 18.05 0.84 0.45 708 1420 707.93 1443.79
18.21 0.85 0.45 712 1427 18.21 0.85 0.45 712 1475 711.81 1451.16
18.37 0.84 0.45 716 1435 18.37 0.87 0.45 716 1483 715.69 1458.53
18.54 0.84 0.45 720 1442 18.54 0.88 0.45 720 1490 719.57 1465.89
18.70 0.83 0.45 723 1449 18.70 0.89 0.45 723 1548 723.45 1498.28
18.87 0.83 0.45 727 1456 18.87 0.89 0.45 727 1555 727.33 1505.78
19.03 0.83 0.45 731 1463 19.03 0.88 0.45 731 1563 731.22 1513.28
19.19 0.84 0.45 735 1471 19.19 0.86 0.45 735 1520 735.10 1495.37
19.36 0.85 0.45 739 1328 19.36 0.83 0.45 739 1478 738.98 1502.74
19.52 0.86 0.45 743 1535 19.52 0.80 0.45 743 1437 742.86 1485.91 |AVES 10-20
19.69 0.85 0.45 747 1543 19.69 0.77 0.45 747 8616 746.74 5079.04 1850.40
19.85 0.85 0.45 751 1500 19.85 0.74 0.45 751 7239 750.63 | 4369.24 [AVEQ 10-20
20.01 0.84 0.45 755 1507 20.01 347 0.45 755 6480 754.51 3993.51 636.08
20.18 0.83 0.45 758 1514 20.18 3.29 0.45 758 6171 758.39 3842.59
20.34 0.83 0.45 762 1521 20.34 3.28 0.45 762 6197 762.27 3859.42
20.51 0.84 0.45 766 1529 20.51 3.37 0.45 766 6395 766.15 3961.81
20.67 0.83 0.45 770 1536 20.67 3.35 0.45 770 6383 770.04 3962.06
20.83 0.82 0.45 774 1493 20.83 3.23 0.45 774 6199 773.92 3845.63
21.00 0.81 0.45 778 1500 21.00 3.22 0.45 778 6218 777.80 3852.04
21.16 0.80 0.45 782 1507 21.16 3.33 0.45 782 6465 781.68 3985.83
21.33 0.79 0.45 786 1514 21.33 3.50 0.45 786 6838 785.56 4175.58
21.49 0.78 0.45 789 1471 21.49 3.59 0.45 789 7035 789.47 4252.83
21.65 0.77 0.45 793 1477 21.65 0.74 0.45 793 7329 793.35 4403.36
21.82 0.76 0.45 797 8896 21.82 0.74 0.45 797 7712 797.23 8304.02
21.98 0.77 0.45 801 1491 21.98 0.75 0.45 801 8177 801.11 | 4833.72
22.15 0.79 0.45 805 1498 22.15 0.76 0.45 805 8741 805.00 5119.53
22.31 0.80 0.45 809 1556 22.31 0.77 0.45 809 9450 808.88 5502.58
2247 0.80 0.45 813 1563 22.47 0.78 0.45 813 10065 812.76 5813.72
22.64 0.80 0.45 817 1570 22.64 0.78 0.45 817 10134 816.64 5851.67
22.80 0.81 0.45 821 1577 22.80 0.77 0.45 821 9841 820.52 5708.61
2297 0.81 0.45 824 1584 22.97 0.77 0.45 824 9379 824.41 5481.30
23.13 0.81 0.45 828 1591 23.13 4.30 0.45 828 8903 828.29 | 5246.72
23.29 0.82 0.45 832 1598 23.29 4.01 0.45 832 8341 832.17 | 4969.00
23.46 0.82 0.45 836 1604 23.46 3.87 0.45 836 8096 836.05 4850.47
23.62 0.82 0.45 840 1611 23.62 3.86 0.45 840 8110 839.93 | 4860.55
23.79 0.81 0.45 844 1618 23.79 3.83 0.45 844 8102 843.81 4860.05
23.95 0.80 0.45 848 1625 23.95 3.72 0.45 848 7904 847.70 | 4764.73
24.11 0.79 0.45 852 1579 24.11 3.48 0.45 852 7427 851.58 | 4502.52
24.28 0.79 0.45 855 1585 24.28 3.33 0.45 855 7140 855.46 4362.62
24.44 0.79 0.45 859 1592 24.44 3.16 0.45 859 6826 855.34 4208.80
24.61 0.79 0.45 863 1599 24.61 3.13 0.45 863 6780 863.22 4189.59
24.77 0.78 0.45 867 1605 24.77 3.07 0.45 867 6701 867.11 4153.15
24.93 0.77 0.45 871 1612 24.93 3.07 0.45 871 6731 870.99 4171.72
25.10 0.77 0.45 875 9788 25.10 3.06 0.45 875 6744 874.87 8265.99
25.26 0.76 0.45 879 9527 25.26 3.10 0.45 879 6865 878.75 8196.22
25.43 0.76 0.45 883 9358 25.43 3.15 0.45 883 6992 882.66 8174.90
25.59 0.75 0.45 887 9088 25.59 3.28 0.45 887 7332 886.54 8209.96
-
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Pacific Commercenter Lot 13

CPT-1 CPT-2 Seismic Static
Depth ()| Su ratio Lig. Seismic Residual| Static Shear Depth (#t) | Su ratio Lig Seismic Residual |  Static Shear ii::;l it\::::gt:
Strength (psf) | Strength (psf) Strength (psf) Strength (psf) (psf] (psf)
25.76 0.75 0.45 850 8814 25.76 3.29 0.45 890 7371 890.42 8092.52
25.92 0.75 0.45 894 8908 25.92 3.20 Q.45 894 7212 834.30 8059.90
26.08 0.75 0.45 898 8976 26.08 3.05 0.45 898 6911 898.18 7943.75
26.25 0.75 0.45 902 8739 26.25 2.89 0.45 902 6572 902.07 7655.22
26.41 3.55 0.45 906 7921 26.41 2.81 0.45 906 6415 905.95 7167.78
26.58 3.14 0.45 910 7041 26.58 2.82 0.45 910 6472 909.83 6756.58
26.74 2.85 0.45 914 6427 26.74 3.39 0.45 914 7826 913.71 7126.55
26.90 2.75 0.45 918 6231 26.90 0.76 0.45 918 9692 917.59 7961.41
27.07 2.80 0.45 921 6371 27.07 0.75 0.45 921 9337 921.48 7853.96
27.23 2.89 0.45 925 6606 27.23 0.72 0.45 925 7231 925.36 6318.24
27.40 3.00 0.45 929 68396 27.40 1.88 0.45 929 4427 929.24 5661.52
27.56 3.17 0.45 933 7319 27.58 1.56 0.45 933 3687 933.12 5502.96
27.72 3.35 0.45 937 7761 27.72 1.76 0.45 937 4159 937.00 5959.77
27.89 3.38 0.45 941 7872 27.89 0.67 0.45 941 5188 940.89 6529.99
28.05 3.16 0.45 945 7387 28.05 0.69 0.45 945 6103 944.77 6744.74
28.22 2.94 0.45 949 6901 28.22 0.71 0.45 949 6981 948.65 6941.25
28.38 3.09 0.45 953 7302 28.38 0.73 0.45 953 8111 952.53 7706.57
28.54 0.74 0.45 356 8576 28.54 0.74 0.45 956 8492 956.41 8534.21
28.71 0.75 0.45 960 1708 28.71 0.72 0.45 960 7553 960.29 4630.28
28.87 0.75 0.45 964 9364 28.87 2.20 0.45 964 5372 964.18 7368.08
29.04 0.74 0.45 968 1721 29.04 1.74 0.45 968 4257 968.06 2988.85
28.20 0.79 0.45 972 1787 29.20 2.32 0.45 972 5706 971.94 | 3746.85
29.36 0.84 0.45 976 1920 29.36 Q.72 0.45 976 7778 975.85 4848.70
29.53 0.88 0.45 980 1993 29.53 0.74 0.45 980 9008 979.73 5500.49
29.69 0.89 0.45 984 2068 29.69 0.75 0.45 984 1747 983.61 1907.61
29.86 0.93 0.45 987 2146 29.86 0.77 0.45 987 1814 987.49 1980.40
30.02 0.98 0.45 991 2227 30.02 0.79 0.45 991 1821 991.37 2024.34
30.18 0.99 0.45 995 2312 30.18 0.78 0.45 995 1828 995.26 2069.82
30.35 0.28 0.45 999 2320 30.35 0.77 0.45 999 11359 999.14 6839.65
30.51 0.95 0.45 1003 2252 30.51 0.77 0.45 1003 11474 1003.02 | 6863.33
30.68 0.94 0.45 1007 2187 30.68 0.79 0.45 1007 1848 1006.90 | 2017.36
30.84 0.93 0.45 1011 2195 30.84 0.81 0.45 1011 1919 1010.78 | 2056.76
31.00 0.92 0.45 1015 2203 31.00 0.83 0.45 1015 1992 1014.66 | 2097.33
31.17 0.92 0.45 1019 2211 31.17 0.83 0.45 10198 1999 1018.55 | 2104.97
31.33 0.91 0.45 1022 2146 31.33 0.82 0.45 1022 2006 1022.43 | 2076.13
31.50 0.89 0.45 1026 2154 31.50 0.82 0.45 1026 1947 1026.31 | 2050.20
31.66 0.85 0.45 1030 2090 31.66 0.82 0.45 1030 1954 1030.19 | 2021.36
31.82 0.81 0.45 1034 1961 31.82 0.83 0.45 1034 2028 1034.07 | 1994.52
31.99 0.76 0.45 1038 1838 31.99 (.84 0.45 1038 2035 1037.96 | 1936.78
32:.15 0.71 0.45 1042 7495 32.15 0.84 0.45 1042 2043 1041.84 | 4768.66
32.32 0.69 0.45 1046 1727 32.32 0.85 0.45 1046 2050 1045.72 | 1888.54
32.48 0.69 0.45 1050 1733 32.48 0.85 0.45 1050 2057 1049.60 | 1895.18
32.64 0.69 0.45 1053 1739 32.64 0.85 0.45 1053 2064 1053.48 | 1901.82
32.81 0.70 0.45 1057 1745 32.81 0.85 0.45 1057 2072 1057.37 | 1908.46
32.97 0.68 0.45 1061 1751 32.97 0.84 0.45 1061 2079 1061.25 | 1915.09
33.14 0.67 0.45 1065 5537 33.14 0.83 0.45 1065 2086 1065.13 | 3811.74
33.30 0.66 0.45 1069 5224 33.30 0.82 0.45 1069 2093 1069.03 | 3658.90
33.47 0.67 0.45 1073 5487 33.47 0.81 0.45 1073 2031 1072.92 | 3758.87 |AVES 20-34
33.63 0.68 0.45 1077 1714 33.63 0.80 0.45 1077 2038 1076.80 | 1875.87 4745.01
33.79 0.68 0.45 1081 1720 33.79 0.79 0.45 1081 1976 1080.68 | 1848.05 [AVEQ 20-34
33.96 0.68 0.45 1085 1726 33.98 0.23 0.23 562 1983 823.11 1854.33 916.49
34.12 0.68 0.45 1088 5861 34.12 0.12 0.12 285 1990 686.97 3925.37
34.29 0.67 0.45 1092 5789 34.29 0.07 0.07 158 1929 625.19 3859.29
34.45 0.68 0.45 1096 6711 34.45 0.04 0.04 103 1806 599.55 4258.43
34.61 0.75 0.45 1100 1942 34.61 0.08 0.06 157 1688 628.36 1814.87
34.78 0.83 0.45 1104 2159 34.78 0.21 0.21 514 2648 808.86 2403.35
34.94 0.87 0.45 1108 2240 34.94 0.30 0.30 732 1957 320.16 2098.62
35.11 0.88 0.45 1112 2248 35.11 0.27 0.27 657 2270 884.46 2258.80
35.27 0.87 0.45 1116 2255 35.27 1.11 0.45 1116 3119 1115.62 | 2686.89
35.43 0.87 0.45 1119 2263 35.43 1.52 0.45 1118 4291 1119.50 | 3276.78
35.60 0.88 0.45 1123 2348 35.60 0.66 0.45 1123 5160 1123.38 | 3753.67
35.76 0.89 0.45 1127 2356 35.76 0.65 0.45 1127 4979 1127.26 | 3667.35
35.93 0.89 0.45 1131 2363 35.93 1.38 0.45 1131 3934 1131.14 | 3148.64
36.09 0.89 0.45 1135 2371 36.09 0.25 0.25 639 2381 887.25 2375.98
36.25 0.90 0.45 1139 2379 36.25 0.22 0.22 546 2248 842.57 2313.48
36.42 0.90 0.45 1143 2387 36.42 0.08 0.08 211 1687 676.83 2036.74
36.58 0.80 0.45 1147 2394 36.58 0.10 0.10 247 1819 696.75 2106.57
36.75 0.88 0.45 1151 2402 36.75 0.16 0.16 414 1890 782.46 2146.21
36.91 0.86 0.45 1154 2330 36.91 0.69 0.45 1154 1896 1154.44 | 2113.20
37.07 0.83 0.45 1158 2260 37.07 0.67 0.45 1158 1836 1158.32 | 2048.04
37.24 0.79 0.45 1162 2118 37.24 1.76 0.45 1162 5152 1162.22 | 3634.82
37.40 0.74 0.45 1166 1983 37.40 1.47 0.45 1166 4320 1166.11 | 3151.42
37.57 0.70 0.45 1170 1921 37.57 1.36 0.45 1170 4008 1169.99 | 2964.46
37.73 0.13 0.13 349 1860 37.73 1.69 0.45 1174 4991 761.64 3425.29
37.89 0.16 0.16 422 1865 37.89 0.69 0.45 1178 1833 799.71 1898.97
38.06 0.16 0.16 408 1939 38.06 0.74 0.45 1182 2008 794.89 1973.22
38.22 0.74 0.45 1186 2014 38.22 0.75 0.45 1186 2085 1185.51 | 2049.64
38.39 0.77 0.45 1189 2165 38.39 0.72 0.45 1189 2020 1189.40 | 2092.67 t‘
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Pacific Commercenter Lot 13

CPT-1 CPT-2 Selsmic Static
Seismic Residual| Static Shear . Seismic Residual [  Static Shear Restdual  Steength
Depth (ft) | Su ratio Lia. Strength {psf) | Strength (psf) Depth (ft) | Su ratio Lig. Strength (psf) Strength (psf) A\;::)ge A\;::)ge
38.55 0.78 0.45 1193 2172 38.55 0.66 0.45 1193 1822 1193.28 | 1996.91
38.71 0.76 0.45 1197 2105 38.71 0.29 0.29 765 2298 981.32 2201.32
38.88 0.11 0.11 306 2039 38.88 0.11 0.11 295 991 300.32 1515.30
39.04 0.08 0.08 207 1906 39.04 0.03 0.03 71 647 139.16 1276.34
39.21 0.07 0.07 180 1844 39.21 0.02 0.02 66 503 123.15 1173.93
39.37 0.06 0.06 162 1918 39.37 0.03 0.03 80 468 121/13 1192.65
39.53 0.06 0.06 169 1924 39.53 0.02 0.02 63 425 115.80 1174.34
39.70 0.07 0.07 186 1861 39.70 0.02 0.02 66 413 126.28 1137.26
39.86 0.08 0.08 214 1935 39.86 0.03 0.03 75 371 144.69 1153.01
40.03 0.07 0.07 151 2157 40.03 0.03 0.03 81 383 135.73 1269.79
40.19 0.79 0.45 1232 2233 40.19 0.03 0.03 94 500 662.86 1369.39
40.35 0.80 0.45 1236 2324 40.35 0.04 0.04 108 703 672.08 1513.37
40.52 0.77 0.45 1240 2253 40.52 0.06 0.06 161 899 700.26 1575.79
40.68 0.75 0.45 1244 2183 40.68 0.09 0.09 240 997 742,04 1589.89
40.85 0.15 0.15 420 2114 40.85 0.12 0.12 327 1044 373.47 1578.94
41.01 0.08 0.08 213 2196 41.01 0.23 0.23 628 1425 420.71 1810.62
41.18 0.09 0.09 256 2202 41.18 0.25 0.25 706 1992 481.07 2097.03
41.34 0.08 0.08 231 2209 41.34 0.26 0.26 719 2317 475.18 2262.70
41.50 0.06 0.06 155 2139 41.50 0.22 0.22 620 2225 387.67 2182.28
41.67 0.08 0.08 228 1999 41.67 0.79 0.45 1267 2467 747.30 2232.88
41.83 0.08 0.08 229 1934 41.83 1.08 0.45 1271 3361 749.84 | 2647.31
42.00 0.15 0.15 437 3192 42.00 1.18 0.45 1275 3687 855.91 3439.44
42.16 0.14 0.14 401 2394 42.16 1.03 0.45 1279 3230 840.03 2811.97
42.32 0.06 0.06 175 1333 42.32 0.26 0.26 746 2164 460.50 1748.23
42.49 0.02 0.02 69 1095 42.49 0.19 0.19 538 1612 303.16 1353.56
42.65 0.02 0.02 52 1076 42.65 0.17 0.17 484 1400 267.98 1238.10
42.82 0.03 0.03 90 1210 42.82 0.26 0.26 738 1554 414.48 1381.91
42.98 0.02 0.02 47 1268 42.98 0.33 0.33 941 1926 493.97 1597.38
43.14 0.02 0.02 49 1237 43.14 0.26 0.26 756 2070 402.28 1653.02
43.31 0.02 0.02 64 1061 43.31 0.28 0.28 807 2107 435.26 1583.95
43.47 0.03 0.03 84 1007 43.47 0.26 0.26 760 1938 421.81 1472.48
43.64 0.04 0.04 109 9398 43.64 0.65 0.45 1314 2080 711.50 1538.72
43.80 0.02 0.02 71 966 43.80 0.67 0.45 1318 2145 694.35 1555.24
43.96 0.02 0.02 68 935 43.96 0.97 0.45 1321 3138 694.52 2036.68
44.13 0.03 0.03 77 906 44.13 1.51 0.45 1325 4862 701.08 2884.12
44.29 0.02 0.02 73 930 44.29 0.68 0.45 1329 6723 701.24 3826.38
44.46 0.03 0.03 92 941 44.4% 0.70 0.45 1333 2174 712.41 1557.37
44.62 0.02 0.02 59 955 44.62 0.71 0.45 1337 8807 697.87 4881.18
44.78 0.03 0.03 77 955 44.78 0.73 0.45 1341 2265 709.06 1609.91
44.95 0.03 0.03 88 966 44.95 0.75 0.45 1345 2352 716.59 1658.75
45.11 0.06 0.06 177 970 45.11 0.78 0.45 1349 2441 762.86 1705.57
45.28 0.05 0.05 163 1022 45.28 0.79 0.45 1352 2448 757.50 1735.05
45.44 0.06 0.06 179 1091 45.44 0.81 0.45 1356 2541 767.85 1816.08
45.60 0.06 0.06 185 1161 45.60 0.83 0.45 1360 2636 772.66 1898.63
45.77 0.06 0.06 176 1187 45.77 0.87 0.45 1364 2735 770.06 1961.24
45.93 0.05 0.05 143 1140 45.93 0.90 0.45 1368 2837 755.41 1988.39
46.10 0.04 0.04 121 1088 46.10 0.91 0.45 1372 2845 746.29 1966.39
46.26 0.05 0.05 139 1072 46.26 0.91 0.45 1376 2853 757.5% 1962.33
46.42 0.04 0.04 114 1136 46.42 0.88 0.45 1380 2765 746.58 1950.35
46.59 0.05 0.05 145 1165 48.59 0.85 0.45 1384 2680 764.42 1922.28
48.75 0.05 0.05 159 1162 46.75 0.80 0.45 1387 2597 772.96 1879.36
46.92 0.05 0.05 164 1305 46.92 0.76 0.45 1391 2430 777.78 1867.53
47.08 0.05 0.05 159 1525 47.08 0.74 0.45 1395 2353 777.01 1938.95
47.24 0.03 0.03 99 1592 47.24 0.72 0.45 1399 2359 749.11 1975.22
47.41 0.03 0.03 86 1423 47.41 0.70 0.45 1403 2283 744.54 1853.08
47.57 0.08 0.08 243 1352 47.57 0.67 0.45 1407 6792 828.04 4071.67
47.74 0.15 0.15 461 2023 47.74 1.60 0.45 1411 5519 936.03 3770.80
47.90 0.05 0.05 166 1915 47.90 1.32 0.45 1415 4571 790.10 3243.00
48.06 0.05 0.05 155 2070 48.06 0.32 0.32 1015 3875 584.89 2972.26
48.23 0.05 0.05 168 2075 48.23 0.19 0.19 597 3407 382.17 2740.94
48.39 0.06 0.06 188 2080 48.39 0.21 0.21 655 3168 421.86 2624.26
48.56 0.08 0.08 252 2086 48.56 0.23 0.23 730 3037 491.09 2561.40
48.72 0.10 0.10 326 2091 48.72 0.22 0.22 703 3091 514.63 2591.31
48.89 0.14 0.14 453 2255 48.89 0.25 0.25 784 3321 618.55 | 2788.15
49.05 0.72 0.45 1442 2428 49.05 0.29 0.29 919 3541 1180.27 | 2984.59
49.21 0.75 0.45 1446 2521 49.21 1.05 0.45 1446 3701 1445.67 | 3110.77
49.38 0.77 0.45 1450 2527 49.38 1.01 0.45 1450 3575 1449.55 | 3051.06
49.54 0.76 0.45 1453 2534 49.54 0.93 0.45 1453 3298 1453.44 | 2915.73 [AVES 34-50
49.71 0.14 0.14 453 2453 49.71 0.45 0.45 1441 2835 950.29 2643.82 2282.03
49.87 0.06 0.06 179 2459 49.87 0.01 0.01 37 2496 107.63 2477.82 |AVEQ 34-50

50.03 0.08 0.08 249 NA 50.03 0.03 0.03 109 2409 179.10 2408.94 714.10

Avg.  655.67 2525.03
. ’
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Evaluation of Flow Liquefaction and Liquefied Strength
Using the Cone Penetration Test

P. K. Robertson'

Abstract: Flow liquefaction is a major design issue for large soil structures such as mine tailings impoundments and earth dams. If a soil
is strain softening in undrained shear and, hence, susceptible to flow liquefaction, an estimate of the resulting liquefied shear strength is
required for stability analyses. Many procedures have been published for estimating the residual or liquefied shear strength of cohesionless
soils. This paper presents cone penetration test-based relationships to evaluate the susceptibility to strength loss and liquefied shear
strength for a wide range of soils. Case-history analyses by a number of investigators are reviewed and used with some additional case
histories. Extrapolations beyond the case-history data are guided by laboratory studies and theory.
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CE Database subject headings: Liquefaction; Cone penetration tests; Soil structures; Case studies; History.
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Introduction

Soil liquefaction is a major concern for structures constructed
with or on saturated sandy soils. The phenomenon of soil lique-
faction has been recognized for many years. Terzaghi and Peck
(1967) referred to “spontaneous liquefaction” to describe the sud-
den loss of strength of very loose sands that caused flow slides
due to a slight disturbance. Since 1964, much work has been
carried out to explain and understand soil liquefaction. This
progress has been described in a series of state-of-the-art papers
such as those by Yoshimi et al. (1977), Seed (1979), Finn (1981),
Ishihara (1993), Robertson and Fear (1995), Youd et al. (2001),
and Robertson (2009¢). Much of the work in the past three de-
cades has been on liquefaction induced during earthquake loading
(i.e., cyclic liquefaction).

Robertson and Wride (1998) distinguished between liquefac-
tion due to cyclic loading, where the effective overburden stress
can reach zero during cyclic loading with a resulting loss of soil
stiffness (cyclic liquefaction/softening), and liquefaction due to
strain softening with a resulting loss of shear strength (flow lig-
uefaction) and presented a simplified flowchart to aid in the
evaluation. Flow liquefaction is also referred to as static liquefac-
tion (e.g., Jefferies and Been 2006). However, since the phenom-
enon can be triggered by either static or cyclic loading, the term
flow liquefaction is used throughout this paper. Flow liquefaction
can occur in any saturated or near saturated metastable soil such
as very loose cohesionless sands and silts as well as very sensitive
clays. For failure of a soil structure, such as a slope or embank-
ment, a sufficient volume of material must strain soften. The re-
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technical and Geoenvironmental Engineering, Vol. 136, No. 6, June 1,
2010. ©ASCE, ISSN 1090-0241/2010/6-842-853/$25.00.

sulting failure can be a slide or a flow depending on the material
characteristics of the soils and ground geometry. The resulting
movements are due to internal, gravity-induced stresses and can
occur after the triggering mechanism occurs.

Flow liquefaction is a major design issue for large soil struc-
tures such as mine tailings impoundments and earth dams. A
liquefaction analysis of sloping ground (i.e., ground subject to a
static driving shear stress) is a challenge for geotechnical engi-
neers. Many procedures have been published for estimating the
residual or liquefied shear strength of cohesionless soils. Some
procedures require a laboratory testing of field samples obtained
by ground freezing techniques (e.g., Robertson et al. 2000) or
samples obtained by high-quality tube samples coupled with
procedures for “correcting” the shear strength for disturbance dur-
ing sampling and testing (e.g., Castro 1975). However, proce-
dures based on case histories remain the most popular (e.g., Seed
1987; Davis et al. 1988; Seed and Harder 1990; Stark and Mesri
1992; Ishihara 1993; Konrad and Watts 1995; Yoshimine et al.
1999; Olson and Stark 2002; Idriss and Boulanger 2007). Olson
and Stark (2002, 2003) suggested a detailed procedure, based on
an extensive database of case histories, consisting of three tasks:
(1) evaluate susceptibility to strength loss; (2) evaluate liquefied
shear strength, 5,(;q), and postliquefaction stability; and (3) evalu-
ate if liquefaction will be triggered. Olson and Stark (2002) de-
fined the liquefied shear strength, s,q), as the shear strength
mobilized at large deformation by a saturated contractive soil fol-
lowing the triggering of a strain-softening response. Others have
used the term undrained residual shear strength (e.g., Seed and
Harder 1990) or undrained steady-state shear strength (Poulos et
al. 1985). The term liquefied shear strength will be used in this
paper to be consistent with the more recent Olson and Stark
(2002) terminology. The Olson and Stark (2002) procedure uses
normalized penetration resistance with no correction for soil type.

Idriss and Boulanger (2007) suggested a correlation to evalu-
ate the liquefied shear strength using an equivalent clean sand
normalized penetration resistance. To obtain equivalent clean
sand penetration resistance values, Idriss and Boulanger (2007)
used the original standard penetration test (SPT)-based correction
factors suggested by Seed (1987) and Seed and Harder (1990),
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Fig. 3. Approximate boundary between dilative and contractive soil
response using normalized CPT parameters

cepts to the CPT results (Been et al. 1986) and to soil liquefaction
(Jefferies and Been 2006). The state parameter () is defined as
the difference between the in situ void ratio, e,, and the void ratio
at critical state, e.,, at the same mean effective stress, p’ (Been
and Jefferies 1985). Jefferies and Been (2006) provided a detailed
description of the evaluation of the soil state using the CPT and
show that the inverse problem of evaluating the state from the
CPT response is complex and depends on several soil parameters.
For high risk projects, a detailed interpretation of the CPT results
using laboratory results and numerical modeling can be appropri-
ate (e.g., Shuttle and Cunning 2007), although soil variability can
complicate the interpretation procedure.

For low risk projects and in the initial screening for high risk
projects, it is often appropriate to estimate the state of the soil
directly from the CPT results. Plewes et al. (1992) developed a
screening method to estimate the state of the soil using the nor-
malized CPT results. This was subsequently updated and modi-
fied by Jefferies and Been (2006). In a general sense, soils with a
state denser than the critical state (¢ <0) will be dilative and will
strain harden in undrained shear, whereas soils with a state looser
than the critical state (>0) will be contractive and will strain
soften in undrained shear. Jefferies and Been (2006) and Shuttle
and Cunning (2007) suggested that when a soil has a state param-
eter Y>~0.05, strain softening and strength loss in undrained
shear can be expected. Hence, defining a region on the CPT SBT
chart that represents a state parameter of about —0.05 is helpful
as a screening technique to identify the susceptibility for flow
liquefaction.

Based on the work of Plewes et al. (1992), Jefferies and Been
(2006), and Shuttle and Cunning (2007), combined with the test
results from frozen samples (Robertson et al. 2000), it is possible
to identify a zone on the normalized SBT, based on Q,, and F,,
that represents the approximate boundary between the dilative
and contractive soil response as shown in Fig. 3. Also identified in
Fig. 3 is the region that defines normally consolidated clays with
a sensitivity of 1 or more based on the work of Robertson
(2009b). Robertson (2009b) showed that as the soil sensitivity
increases in fine-grained soils, the measured CPT normalized
friction ratio (F,) decreases as indicated in Fig. 3. As shown by
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Fig. 4. Contours of equivalent clean sand normalized cone resis-

tance, Q,, .;» based on corrections suggested by Robertson and Wride
(1998)

Plewes et al. (1992) and Jefferies and Been (2006) and illustrated
in Fig. 3, there is a clear trend for the normalized cone resistance
to decrease as I, increases for the same soil state. Fig. 3 indicates
that the region in the lower left portion of the SBT chart defines
soils that are likely susceptible to contractive behavior and
strength loss in undrained shear. Included in Fig. 3 is the approxi-
mate boundary between the contractive and dilative soil response
suggested by Olson and Stark (2003) based on the normalized
penetration resistance. The Olson and Stark (2003) criteria vary
slightly with effective overburden stress and a range is presented.
It is clear from Fig. 3 that the criterion suggested by Olson and
Stark (2003) applies only to clean sands where typically F,
<1%.

Robertson and Wride (1998) suggested a correction factor to
correct the normalized cone resistance in silty sands to an equiva-
lent clean sand value (Q,,.,) using the following:

Qtn‘,cs =K Q0 (6)

where K =a correction factor that is a function of grain charac-
teristics (combined influence of FC, mineralogy, and plasticity) of
the soil that can be estimated using I, as follows:

K.=10 ifI, < 1.64 ™

K.=5.58112 - 04031} - 21.6312 + 33.751, - 17.88 if I.> 1.64
(8)

Fig. 4 shows the contours of the equivalent clean sand cone re-
sistance, Q,, ., on the CPT SBT chart. The contours of Q,,,
follow a trend similar to the dilative-contractive boundary defined
in Fig. 3 and that a value of Q,, . between 50 and 70 likely
represents the boundary between the contractive and dilative state
for a wide range of soils. Robertson (2010) indicated that the
contours of Q,, . are essentially contours of the state parameter
(). Hence, soils with a constant value of Qs have essentially a
similar state parameter and hence a similar response to loading.
Although the concept of an equivalent clean sand penetration re-
sistance stems from the early work of Seed (1979), based on a
“FC correction,” Jefferies and Been (2006) showed that a correc-
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Fig. 5. Range (mean and standard deviation) of normalized CPT data
from Class A flow liquefaction failure case histories (numbers repre-
sent case histories from Table 1)

tion based on the slope of the critical state line (\) is essentially
similar but conceptually more correct. Jefferies and Been (2006)
also showed that N\ was a function of the CPT SBT index (I,).
Hence, the equivalent clean sand cone resistance approach using a
correction based on /., as suggested by Robertson and Wride
(1998), is supported, in a general sense, by the theoretical ap-
proach described by Jefferies and Been (2006) based on critical
state soil mechanics.

Fig. 5 presents the CPT data from the six Class A case histo-
ries in terms of measured normalized cone results on the normal-
ized CPT-based SBT chart. The CPT data shown in Fig. 5
represent approximately the mean *1 standard deviation values
within the zone that was considered to have experienced strength
loss and involved in the slide. The data within =1 standard de-
viation represent about 68% of the data (i.e., approximately 16%
is smaller and 16% larger). The measured CPT results from each
case history represent a region on the normalized SBT chart that
illustrate the variation in CPT values within each deposit that
experienced strength loss. The mean value would represent ap-
proximately the center of each region and the 20-percentile value
would be approximately the lower right portion of each region of
data for a case history. Also included in Fig. S is a contour that
represents a clean sand equivalent penetration resistance, Q,,,
=70. The contour of Q,, <70 captures all the CPT results de-
fined by the mean+1 standard deviation (i.e., about 70% of the
results within the deposit) for the Class A case histories.

Several flow liquefaction failures have also been documented
in the quick clays found in Norway and eastern Canada (e.g.,
Rissa landslide of 1978). These “quick clays” have normalized
CPT values in the region of Q,,<10 and F,<2% (Lunne et al.
1997) similar to the sensitive silty clay found at the Canadian
Mine case history (No. 36, Table 1). Hence, the flow liquefaction
failures in quick clay also plot within the region defined by the
contour Q,, . <70.

Fig. 6 presents the mean values for all the case histories, but
the six cases where full CPT measurements were available (Class
A) are represented with solid symbols; Class B by the large
shaded symbols; and the less reliable estimated values (Classes C,
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Fig. 6. Mean values of normalized CPT data from flow liquefaction
failure case histories

D, and E) are represented with small open symbols. The contour
of Oy, =70 captures the case-history records reasonably well and
captures the change in the CPT response as soils vary from clean
sands to soft sensitive clays and silts. Any small variation in the
estimated values of F, and I, for the Classes C, D, and E case
histories using the Q,, values selected by Olson (2001) would
have little influence on the overall observation. Soils with a
Qs> 70 are likely dilative and strain hardening in undrained
shear consistent with the state parameter approach described by
Jefferies and Been (2006). Hence, the criteria of Q,, ., < 70 can be
used as a conservative screening method to evaluate if a soil is
susceptible to strain softening in undrained shear and, hence, sus-
ceptible to flow liquefaction.

Evaluation of Liquefied Shear Strength

Estimating liquefied shear strength values (s,4q) from failure
case histories uses stability calculations that require many simpli-
fying assumptions and idealizations. Most approaches use limit
equilibrium methods based on either prefailure or postfailure ge-
ometry and may or may not include inertial effects. Many case
histories involved retrogressive sliding that is rarely accounted
for in the back-analyses. Hence, the evaluation of the liquefied
shear strength based on case histories is often approximate at best.
Many researchers (e.g., Seed 1987; Seed and Harder 1990; Wride
et al. 1999; Olson and Stark 2002; Jefferies and Been 2006) have
estimated the shear strength of liquefied soils based on case his-
tories. Jefferies and Been (2006) showed that there is a theoretical
link between the state parameter and the liquefied undrained shear
strength ratio (s,(;q)/ 0,). Since clean sand equivalent normalized
penetration resistance (Q,, ) is essentially equivalent to the state
parameter, values of Q,, .. are compared to Sugiq) 0y, for the case
histories, with emphasis on the Class A case histories. The range
of published estimated s,/ 0y, values for the case histories is
presented in Table 2 using the same numbering system as shown
in Table 1. Olson and Stark (2002) and Olson (2001) described
the sources of uncertainty in the analyses and their relative im-
portance. Some case histories have a wide range of estimated
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Fig. 7. Liquefied shear strength ratio and normalized CPT clean sand
equivalent penetration resistance from Classes A and B flow liquefac-
tion failure case histories

drained shear strength will typically exceed the drained shear
strength, although cavitation can limit the full value of the un-
drained strength. The strength ratio in terms of drained shear
str in simple sh can be represented as . €

ength (in simple shear) be repr e ;zz‘é iy 26

7/o,,=tan ¢’ (9)
The drained strength ratio in triaxial compression can be larger
than defined by Eq. (9). Hence, for soils that are strain hardening
in undrained shear, i.e., where Q,, ..>70, a conservative low es-
timate of the undrained strength ratio is about 0.4-0.5.

Fig. 7 shows the best estimate values for the liquefied strength
ratios and mean CPT clean sand equivalent penetration resistance
values for Classes A and B case histories. The more reliable
CPT results from the case histories that are Class A are shown in
large solid symbols and Class B by the large shaded symbols.
Classes C, D, and E case histories are not included in Fig. 7
because of the lack of reliability and uncertainty. However, their
assigned values are included in Table 2 for completeness. Based
on the observation that no case history, with reliable measured
CPT results, had a mean clean sand equivalent normalized pen-
etration resistance, Q,, .,> 70 and the observation that most soils
are strain hardening (i.e., not susceptible to strength loss) in un-
drained shear when Q,, .,> 70 with 7/c|,~ 0.4, a proposed lower
bound relationship is included in Fig. 7. Based on the above ob-
servations, the proposed relationship trends toward Suiq)/ T o
=04 at Q,, ,=70.

The proposed single relationship can be represented by the
following approximate equation: when Ones<T70

Suttiq)/@ 5, =[0.02199 - 0.0003124Q,, ..}/
[!-0.02676Q,, . +0.0001783(Q,, ..)*] (10)

where 0.03=<5,,/0,,<tan ¢’.

Unlike Seed and Harder (1990) and Olson and Stark (2002) a
single relationship is recommended to conservatively capture the
more reliable case-history data combined with the observation
that most soils are strain hardening when Oin.cs> 70 and therefore
not susceptible to flow liquefaction. Table 2 presents the possible
range of values for Su(iq)/ 04, and the proposed relationship cap-
tures almost all the range for the more reliable Classes A and B

case histories. The proposed relationship avoids the possibility of
extrapolating beyond the available case-history data, since the
proposed relationship trends toward the drained shear strength
ratio represented by tan ¢'. A conservative, essentially lower
bound, relationship was selected to capture much of the variabil-
ity in the back-calculated liquefied shear strength values from the
case histories and to recognize the need for caution in soils where
O e <70,

The proposed relationship can be conservatively low in sensi-
tive clays, where the remolded shear strength ratio s,/ o, can
be defined by

SutOy0 = /04, = (F,Q,,)/ 100 (11)

Eq. (11) is based on the observation that the remolded shear
strength for most clay soils is approximately equal to the CPT
sleeve friction, f; (Robertson 2009b).

When the proposed relationship is applied to all CPT results
within a sounding, it is recommended that the average value of
liquefied shear strength within a noninterlayered soil deposit that
is considered to be susceptible to strength loss should be applied
for stability analyses, since the relationship was based on average
CPT values within noninterlayered deposits from case histories.
Hence, the variability within one soil type is captured, as illus-
trated by the range of CPT results for each case history shown in
Fig. 5. To avoid excessive conservatism at low confining stress a
lower bound value of Su(1iqp=1 kPa should be assumed.

Idriss and Boulanger (2007) suggested an alternate more con-
servative relationship and included a relationship for conditions
where the effects of void redistribution could be significant, al-
though little evidence was presented to support this and little
guidance was provided to evaluate when this might occur. The
Idriss and Boulanger (2007) relationship is inconsistent with the
observation that no case histories exist where Oincs=>70. The
LSFD case history may provide some guidance, since it is pos-
sible that the more dense sand layers were not susceptible to
strain softening (i.e., flow liquefaction) initially but may have
experienced some strain softening due to either void redistribu-
tion and/or particle intermixing after the earthquake. The repre-
sentative mean CPT values in the weaker sand layers for the
LSFD case history were Q,,=35, F,=2.3, and Oin,es=90. Many of
the sand layers were more dense with even higher values of Om
and Q,, .. Given the initial dense state of these sand layers it is
likely that strength loss was confined primarily to the weaker
sandy silt layers. The CPT results presented in Fig. 2 show that
much of the zone where strength loss was considered to have
taken place was composed primarily of the weaker sand silt. Al-
though the denser sand layers may not have experienced strength
loss, the resulting mixing of the soils as deformations became
large may have resulted in the slightly higher back-calculated
average strength ratio. In cases where less permeable layers may
inhibit pore pressure dissipation and where void redistribution
could occur, a more conservative estimate may be appropriate,
and for high risk projects, more detailed field and analytical stud-
ies should be used.

Summary

An update of the CPT-based criteria to evaluate the susceptibility
to flow liquefaction and the liquefied strength ratio based on
case histories has been presented. The criteria of Ornes<70
can be used as a conservative screening method to evaluate if a
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Fig. 8. CPT SBT chart for liquefaction and cyclic softening poten-
tial: cohesionless soils (A, and Aj)—evaluate potential behavior
using CPT-based case-history liquefaction correlations. A;: cyclic
liquefaction possible depending on level and duration of cyclic load-
ing. Aj: cyclic liquefaction and flow liquefaction possible depending
on loading and ground geometry. Cohesive soils (B and C)—evaluate
potential behavior based on in situ or laboratory test measurements or
estimates of monotonic and cyclic undrained shear strengths. B: cy-
clic softening possible depending on level and duration of cyclic
loading. C: cyclic softening and flow liquefaction possible depending
on soil sensitivity, loading, and ground geometry.

soil is susceptible to strain softening in undrained shear and,
hence, susceptible to flow liquefaction. The recommended correc-
tion factors to derive the clean sand equivalent penetration resis-
tance are supported by the general concepts in critical state soil
mechanics.

The case histories indicate that very young, very loose, non-
plastic or low-plastic soils tend to be more susceptible to signifi-
cant and rapid strength loss than older, denser, and/or more plastic
soils. Ladd et al. (1977) and Leroueil and Hight (2003) showed
that soils with high plasticity tend to be more ductile than soils of
low plasticity. Low plastic, highly sensitive, fine-grained soils that
have a shear strain at peak undrained shear strength less than
about 2% and a rapid loss of strength are more likely to experi-
ence rapid strain softening and flow liquefaction than more plastic
soils.

Robertson (2009c) presented a summary of the CPT SBT
Qu-F, chart to identify zones of potential liquefaction and/or cy-
clic softening as shown in Fig. 8 that can be used as a guide for
the choice of engineering procedures to be used in evaluating
potential liquefaction and strength loss in different types of soils.
The boundary between Zones A, and A, and Zones B and C can
be approximated by the CPT SBT 1,=2.60. The boundary be-
tween Zones A; and B and Zones A, and C can be defined by
Qn.cs=70. Zones A, and A, correspond to cohesionless, predomi-
nately sandlike soils for which it is appropriate to use existing
CPT case-history based cyclic liquefaction correlations (e.g.,
Youd et al. 2001; Robertson and Wride 1998). The soils in Zones
A; and A, are susceptible to cyclic liquefaction, while the looser
soils in Zone A, are more susceptible to strength loss and flow
liquefaction. Zones B and C correspond to fine-grained, predomi-
nately claylike soils for which it is more appropriate to use pro-

cedures similar to, or modified from, those used to evaluate the
undrained shear strength of clays (e.g., field vane tests, CPT, and
shear strength tests on high-quality thin-walled tube samples).
The soils in Zones B and C are susceptible to cyclic softening
(e.g., accumulation of strains if the peak seismic/cyclic stresses
are sufficiently large), but the softer soils in Zone C can be more
sensitive and susceptible to potential strength loss and possible
flow liquefaction. For moderate to high risk projects, an undis-
turbed sampling of soils in Zones B and C is recommended to
determine the soil response, since soils in these zones are gener-
ally more suitable for conventional high-quality sampling and
laboratory testing. High-quality samples are required, since the
peak undrained shear strength and the strain to peak strength are
sensitive to soil disturbance (Leroueil and Hight 2003). For low
risk projects, disturbed samples should be obtained for soils in
Zones B and C to estimate if the soils will respond either more
sandlike or claylike (Idriss and Boulanger 2004), and evaluate
sensitivity (Leroueil et al. 1983), based on Atterberg limits and
water content.

A lower bound relationship between the liquefied shear
strength and clean sand equivalent normalized penetration resis-
tance is proposed that avoids the need to extrapolate beyond the
case-history database. In cases where less permeable layers may
inhibit pore pressure dissipation and where void redistribution
could occur, a more conservative estimate may be appropriate,
and for high risk projects, more detailed field and analytical stud-
ies should be carried out. When the proposed relationship is ap-
plied to all CPT results within a noninterlayered soil deposit, it is
recommended that the average value of liquefied shear strength
should be applied for stability analyses, since the relationship was
based on average CPT values within noninterlayered deposits
from the case histories. To avoid excessive conservatism at low
confining stress, a lower bound value of Su(lig=1 kPa should be
assumed.

The case histories have shown that when significant strength
loss occurs in critical sections of a soil structure, failures are often
rapid, occur with little warning, and the resulting deformations
are often very large. Experience has also shown that the trigger
events can be very small. In general, it is often prudent to assume
that triggering will occur if the soils are susceptible to strength
loss. Hence, the design for high risk soil structures should be
carried out with caution. In general the emphasis in design is
primarily on the evaluation of susceptibility and the resulting lig-
uefied shear strength.

The CPT is a useful in situ test that can provide continuous
estimates of the potential for flow liquefaction. However, the
CPT-based approach is a simplified method that should be used
appropriately depending on the risk of the project. For low risk
projects, the CPT-based method is appropriate when combined
with selective samples to confirm the soil type as well as conser-
vative estimates of soil response. For moderate risk projects, the
CPT-based method should be combined with appropriate addi-
tional in situ testing, as well as selected undisturbed sampling and
laboratory testing, to confirm soil response. A thin-walled tube
sampling is generally applicable to fine-grained soils in Zones B
and C. For high risk projects, the CPT-based method should be
used as an initial screening to identify the extent and nature of
potential problems followed by additional in situ testing and ap-
propriate laboratory testing on high-quality samples. An advanced
numerical modeling is appropriate for high risk projects where
initial screening indicates a need.
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Liquefaction Susceptibility Criteria for Silts and Clays

Ross W. Boulanger, M.AASCE'; and I. M. Idriss, M.ASCE?

Abstract: New liquefaction susceptibility criteria for saturated silts and clays are presented that are based on the mechanics of their
stress-strain behavior and which provide improved guidance for selecting engineering procedures for estimating potential strains and
strength loss during seismic loading. Monotonic and cyclic undrained loading test data for silts and clays show that they transition, over
a fairly narrow range of plasticity indices (PI), from soils that behave more fundamentally like sands {sand-like behavior) to soils that
behave more fundamentally like clays (clay-like behavior), with the distinction having a direct correspondence to the type of engineering
procedures that are best suited to evaluating their seismic behavior. It is recommended that the term liquefaction be reserved for describing
the development of significant strains or strength loss in fine-grained soils exhibiting sand-like behavior, whereas the term cyclic softening
failure be used to describe similar phenomena in fine-grained soils exhibiting clay-like behavior. For practical purposes, clay-like behavior
can be expected for fine-grained soils that have PI=7, although a slightly lower transition point for soils with a CL-ML classification
{perhaps P1=5 or 6) would be equally consistent with the available data. Issues related to the practical application of these criteria are

discussed.

DOI: 10.1061/(ASCE)1090-0241(2006)132:11(1413)

CE Database subject headings: Silts; Clays; Fine-grained soils; Liguefaction; Earthquakes; Cyclic strength; Soil strength.

Introduction

Recent experiences with ground failure in low-plasticity silts and
clays during strong earthquakes (e.g., Chu et al. 2004; Bray et al.
2004a; Martin et al. 2004) have highlighted the fact that earth-
quake loading can trigger the development of significant strains
and strength loss in a broad range of saturated soils, from sand to
clay, even though earthquake-induced ground failure is observed
less frequently in clays than in sands. These experiences have
demonstrated the need for an improved fundamental understand-
ing of the seismic behavior of fine-grained soils over a broad
range of plasticity characteristics and for related guidance on the
engineering procedures that are most appropriate for evaluating
their seismic behavior. The procedures that are best used to esti-
mate potential strains and strength loss during earthquake loading
are different for sand from those for clay, in the same way that the
procedures for estimating their static shear strength and stiffness
properties are different. For low-plasticity silts and clays, there is
insufficient guidance on the engineering procedures that are most
appropriate for estimating potential strains and strength loss dur-
ing earthquake loading. Consequently, it is common in practice
to assume that soils that classify as “liquefiable™ by current
liquefaction susceptibility criteria should be evaluated using
procedures developed primarily for sands, even though current
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liquefaction susceptibility criteria were not necessarily developed
for that purpose.

This paper presents new liquefaction susceptibility criteria for
saturated silts and clays subject to earthquake loading. Existing
liquefaction susceptibility criteria and their limitations are dis-
cussed first. Monotonic and cyclic undrained loading behavior for
saturated soils are reviewed, from which it is shown that fine-
grained soils transition from behavior that is more fundamentally
like sands (sand-like behavior) to behavior that is more funda-
mentally like clays (clay-like behavior) over a fairly narrow range
of Atterberg limits. In describing the observed behaviors, the term
liquefaction is used for describing the development of significant
strains or strength loss in fine-grained soils exhibiting sand-like
behavior, while the term cyclic softening is used to describe simi-
lar phenomena in fine-grained soils exhibiting clay-like behavior.
Criteria are recommended for distinguishing between fine-grained
soils that may exhibit sand-like behavior (liquefaction) versus
clay-like behavior (cyclic softening), with corresponding recom-
mendations for engineering procedures that are best suited for
assessing their respective behaviors. Additional details on the de-
velopment of these liquefaction susceptibility criteria are given in
Boulanger and Idriss (2004, 2005), along with engineering proce-
dures for evaluating cyclic softening potential in clay-like soils
and the application of these criteria and procedures to case histo-
ries involving a range of earthquake-induced ground deformations
at sites underlain by silt and clay strata.

Current Liquefaction Susceptibility Criteria

The Chinese criteria have been widely used since the early 1980s
as a means for evaluating the liquefaction susceptibility of silts
and clays. These criteria were based on observations of “liquefac-
tion” in fine-grained soils at various sites in China during strong
earthquakes, as reported by Wang (1979). Atterberg limits for
those soils that were reported to have liquefied plot as CL,
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Fig. 14. Atterberg limits chart showing representative values for
each soil that exhibited clay-like, sand-like, or intermediate behavior

Summary and Recommendations

The first step in evaluating the potential for ground failure in silts
and clays during earthquakes is to determine the appropriate
framework and engineering procedures to be used in the evalua-
tion. For fine-grained soils that behave more fundamentally like
clays, the cyclic and monotonic undrained shear strengths are
closely related and show relatively unique stress-history normal-
ized behaviors. Cyclic strengths can then be evaluated based on
information from in situ testing, laboratory testing, and empirical
correlations that are similar to, or build upon, established proce-
dures for evaluating the monotonic undrained shear strengths of
such deposits (Boulanger and Idriss 2004). For fine-grained soils
that behave more fundamentally like sands, the cyclic strengths
may be more appropriately estimated within the framework of
existing SPT- and CPT-based liquefaction correlations.

For practical purposes, fine-grained soils can confidently be
expected to exhibit clay-like behavior if they have PI=7. This
criterion provides a slightly conservative interpretation of the
likely transition interval (Figs. 14 and 15), and includes all CL
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Fig. 15. Schematic illustration of the transition from sand-like to
clay-like behavior for fine-grained soils with increasing PI, and the
recommended guideline for practice

soils by definition. If a soil plots as CL-ML, the PI criterion may
be reduced to PI=5 and still be consistent with the available data.
Fine-grained soils that do not meet the above criteria should be
considered as likely exhibiting sand-like behavior (i.e., liquefi-
able), unless shown otherwise through detailed in situ and labo-
ratory testing. Fine-grained soils with PI values of 3-6 may
exhibit intermediate behavior, such that detailed in situ and
laboratory testing may still provide benefits relative to reliance
on SPT- and CPT-based liquefaction correlations alone. Thus,
the proposed criteria provide a reasonable screening guide,
after which the potential benefits of more detailed in situ and
laboratory testing programs can be assessed relative to the site
heterogeneity, level of seismic hazard, and other project specific
conditions.

The use of the Chinese criteria should be discontinued. Similar
empirical index-test based criteria that do not adequately consider
the differences between sand-like and clay-like behavior may en-
velope soil conditions where certain types of ground failure have
been observed in past earthquakes, but generally do not provide
adequate distinctions with regard to the engineering procedures
that are appropriate for predicting potential ground failure in fu-
ture earthquakes.

Procedures for evaluating the potential for cyclic softening of
clay-like fine-grained soils are presented in Boulanger and Idriss
(2004), along with an evaluation of those procedures against three
case histories involving areas of failure and nonfailure in fine-
grained soils. The recommended liquefaction susceptibility crite-
ria and the cyclic softening analysis procedures were shown to
provide an improved means for distinguishing between the con-
ditions that did and did not lead to ground deformations at these
sites. It is hoped that the recommended liquefaction susceptibility
criteria and cyclic softening analysis procedures will provide a
framework for future developments and refinements in this area,
as additional case histories and experimental data are compiled
and analyzed.
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APPENDIX G

SEISMIC SLOPE STABILITY ANALYSES

Seismic Analysis Procedure
1. Analyze surfaces using a pseudostatic horizontal acceleration of 0.15 g.

2. Perform seismic screening using Rathje and Antonokos (2011). Determine displacement
(u) with 50 percent probability of occurrence.

a. If u <15 cm and potential slip surface does not impact a building, then okay.
b. If u <5 cm and potential slip surface does impact a building, then okay.

Per special Publication 117- Guidelines for Landslide Hazards, this criteria strictly applies to an
earthquake probability of 10 percent probability of exceedance in 50 years, whereas the 2013
CBC now requires evaluation for an earthquake with a 2 percent probability of exceedance in 50
years. The slope deformation criteria for the higher risk probability would be somewhat more
than the values provide in 2.a and 2.b.

Analyses

Seismic slope stability analyses were made for Cross Sections A-A shown in Figures 3 and 4.
Analyses are made for both an arcuate- and block-shaped surface. The analyses results are
provided on Figures G.1 through G.48.

The results indicate an adequate seismic factor of safety of 1.1 or more for a pseudostatic
horizontal acceleration of 0.15 g. These results are provided on Figures G.1 through G.11 for the
arcuate-shaped surface and on Figures G.30 through G.37 for the block-shaped surface. These
results are sufficient to satisfy current code requirements.

Additional seismic slope stability analyses are made for the arcuate and block surface of Cross
Section A-A’ to estimate the yield acceleration (horizontal acceleration for a factor of safety of
1.0). The analyses results are provided on Figures G.12 through G.25 for the arcuate surface and
on Figures G.38 through G.46 for the block surface. The results indicate a yield acceleration
from 0.19 to 0.23 in order to achieve a factor of safety of 1.0.

Slope deformations estimates are made for the arcuate and block surface on Figures G.28-29 and
G47-48. These deformation estimates are made using the method of Rathje and Antonakos
(2011). For the seismicity estimates provided in Appendix D, the slope deformation is estimated
for an earthquake probability of exceedance of 2 percent and 10 percent in 50 years. Slope
deformation estimates (Figures G.28 and G.47) for the 2 percent risk range from 5.4 to 15.6 cm
(2.1 to 6.1 inches). Slope deformation estimates (Figures G.29 and G.48) for the 10 percent risk
range from 1.0 to 3.4 cm (0.4 to 1.4 inches). These are within the acceptable range for
buildable areas per SP 117 guidelines.
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L:pacific comm - gac - pseude rcl.OUT Pag

*hd GSTARL7T *h+
** GSTABL7 by Garry H. Gregory, P.E. **
** Original Version 1.0, January 1996&; Curren r 2.005, Sept. 2006 **
(All Rights Reserved-Unauthorized Use Prohibited)
KXk hhxkhhkkrkhkkhkhhrrirxrhhxhkkrrkhrhkrhkhdhhkhkhk kb krkhkbrkrkbhkrhbbhbhkrhohkhbhkrhbhkhkk bk rh*rhkhohhrkkk*
SLOPE STABILITY ANALYSIS SYSTEM
ied Bishop, Simplified Janbu, or GLE Method cf Slices.
pencer & Morgenstern-Price Type Analysis)
ier/Pile, Reinforcement, Scil Mail, Tieback,
Undrained Shear Strength, Curved Phi Envelope,
Anisctropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water
urfaces, Pseudo-Static & Newmark Earthguake, and Applied Fcrces.
Fhkhkhhk kI hhkhkhkhkhkhkhkkohkd¥Xkhkhkhkhkhhkhohrxhkhhhhhkhhhkhkhkohkhkrhkhhohkhhkrhhhbhhhkhdhhhkhdohkhohkkkhkrkikkhkxrk+k
Analysis Run Date: €/2/2014
Time of Run: 02:45PM
Run By: RCL

Ias
<
]
Ia
4]
i
O
3

Input Data Filename: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA

analysis for report\SSA\pacific comm - gac - pseudo rcl.in
Yy S

Cutput Filename? L:\Shared_Stuff\RCL's Stuff\Pacific Cormercentre Lot 13\UPDA

analysis for report\SSA\pacific comm - gac - pseudo rcl.QUT
Unit System: English

Plotted Output Filename: L:\Shared Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA

analysis for report\SSA\pacific comm - gac - pseudo rcl.PLT
PROBLEM DESCRIPTION: Pacific Ccmmercenter Lot 13
Qac - Seismic - Pseudostatic
BOUNDARY COORDINATES
4 Top Boundaries
16 Total Boundaries
Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 545.00 198.C0 545.00 3
2 198.0C0 545.00 218.00 545,00 L
3 218.00 545.00 314.00 590.00 1
4 314.00 590.00 450.00 590.00 1
5 198.00 545.00 208.00 535,00 3
6 208.00 535.00 314,00 535.00 4
7 314.00 535.00 450.00 535,00 2
8 0.00 535.00 208.00 535.00 4
9 0.0C 525.00 2990.00 525,00 5
10 0.00 515.00 268.C0 515.00 6
11 0.00 511.00 254,00 511.00 7
12 0.00 495.00 218.00 495.00 2
13 218,00 495.00 242.00 505.00 2
14 242.00 505.00 268.00 515.00 2
15 268.00 515.00 230.00 525.00 2
16 290.00 525.00 314.00 535.00 2
User Specified Y-Crigin = 400.,00(ft)
User Specified X-Plus Value = 50.00 (ft)
Default Y-Plus Value = 0.00(ft)
ISOTRCPIC SOIL PARAMETERS
7 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) {(pcf) (psf) (deqg) Param. (psf) No.
1 120.0 120.90 200.0 32.0 0.00 0.0 1
2 125.0 125.0 0.0 25.0 0.00 0.0C d:
3 115.0 115.90 770.0 0.0 0.00 0.0 1
4 115.0 115.0 1300.0 0.0 0.00 0.0 1
5 120.0 120.0 1800.0 0.0 C.00 C.0 1
S 120.0 120.0 1800.0 0.0 0.00 .0 1
7 120.0 120.0 1200.0 0.0 .00 0.0 1
1 PIEZOMETRIC SURFACE (S) SPECIFIED
Unit Weight of Water = €2.40 (pcf)
Piezometric Surface No. 1 Specified by 2 Coordinate Points
Pore Pressure Inclination Factor = (.50
Point X-Water Y-Water
No. {£r) (ft)
1 0.00 535.00
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Lipacific comm - gac - pseude rcl.QUT Page 2

450.00 535.00

Specified Peak Grfuqd Acceleration Coefficient (A) = 0.6001(g)
Specified Horizontal Ea*rhqda fficient (kh) = 0.150(q)
Specified Vert t (kv) = 0.0001(g)
Specified Seismic Pore Pressur@ Factor = D.0G0
A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
7500 Trial Surfaces Have Been Generated,
100 Surface(s) Initiate!s} Frcm Each Of 75 Points Equally Spaced

Alcng The Ground Surface Between X = 0.00(ft)

and X = 200.00(ft)
Each Surface Terminates Between X = 320.00(£¢)

and X = 450.00(ft)
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(£fL)

.00 (£ft) Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Evaluated. They Are
Ordered - Most Critical First.
* * Safety Factors Are Calculated By The Modified Bishop Method * *

Total Number of Trial Surfaces Attempted = 0
Number of Trial Surfaces With Valid FS = 0
Statistical Data On All Valid FS Values:
FS Max = 0.000C FS Min = 500.000 FS Ave = NaN
Standard Deviation = 0.000 Coefficient of Variation = NaN z
Failure Surface Specified By 51 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 100.000 545,000
2 104.585 541.129
3 109.307 537.429
4 114.162 533.903
5 119.142 530.556
6 124.241 527.394
7 129.452 524.420
8 134.768 521.638
9 140.182 519.051
10 145.687 516.665
11 151.275 514.480
12 156.939 512.501
13 162.672 510.730
i 168.466 509.170
15 174.312 507.822
16 180.204 506.688
17 186,133 505.7790
1 192.092 505.069
19 198,073 504.586
20 204.067 504.322
21 210.067 504.276
22 216.064 504.450
23 222.052 504.842
24 228.02¢C 505.453
25 233.963 506.281
26 239.871 507.325
27 245.738 508.584
28 251.554 510.057
29 257.313 511.741
30 263.007 513.634
31 268.627 515.733
32 274.168 518.036
33 279.62 520.540
34 284.978 523.241
35 290.233 526.13¢6
36 295,380 529.221
37 300.410 532.491
38 305,317 535.943
39 310.09%6 539.572
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L:pacific comm - gac - pseudo rcl.OUT Page 3

40 314.738 543.373
41 319.239 547.341
42 323.592 551.470
43 327.792 555.155
44 331.832 560.191
45 335.705 564.771
4¢ 339.414 569.430
47 342,945 574.341
43 34€.297 579.317
49 349.465 584,413
56 352,445 589.620
51 352.644 590.000
Circle Center At X = 208.312 ; Y = 668.638 ; and Radius = 164.371
Factor of Safety
¥ ¥k ok 1.263 Y ok x
Individual data on the 0 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. (ft) (1bs) (lbs) (lbs) (1lbs) (lbs) (1lbs) (1lbs) {lbs)
Failure Surface Specified By 63 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (£t)
1 32.432 545.000
2 37.151 541.293
3 41,966 537.714
4 46.875 534,265
5 51.875 530.948
6 56.961 527,765
7 62,131 524,719
8 67.380 521.813
9 72,765 519.047
10 78.101 516,425
11 83.566 513.947
12 89.095 511.617
13 94.684 509.434
14 100.329 507.402
15 106.027 505.521
16 111.772 503.793
17 117.562 502.219
18 123.392 500.799
19 129.257 499.536
20 135.155 498.430
21 141.079 497.482
22 147.027 496.692
23 152.994 496.061
24 158,975 495.590
25 164.967 495.279
26 170.965 495.127
27 176.965 495,136
28 182,963 495.305
29 188.954 495.634
30 194.934 496,122
31 200.899 496,771
32 206.844 497.578
33 212.766 498.543
34 218.660 499.666
35 224,522 500.946
36 230.347 502.382
37 236.133 503.973
38 241.873 505.718
39 247,565 507.616
40 253.205 509.665
41 258.787 511.863
42 264.309 514.210
43 269,767 51€.703
44 275.156 519.341
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S 280.472
46 285.713
47 290.874
45 295.951
49 300.941
50 305.840
51 310.645
5 15.352
53 319.959
54 324.4¢61
55 328.856
56 333.1490
57 337.311
58 241.365
59 345.299

(0] 349.111
61 352.798
62 356.358
63 357.074

Circle Center At X =
Factor of Safety
* * x 1.264 * x
Failure Surface Specifi
Point X-Surf
No. (ft)

1 91.892

2 96.508

3 101.255

4 106.127

5 111.119

6 116.223

7 121.434

8 126.746

9 132.151
10 137.645
11 143.219
12 148.867
13 154.582
14 160.357
15 166.186
le 172.060
17 177.974
18 183.919
19 189.889
20 195.876
21 201.874
22 207.874
23 213.869
24 219.853
25 225.817
26 231.755
27 237.659
23 243.523
29 249,338
30 255.099
31 260.798
32 266,428
33 271.982
34 277.453
35 282.835
36 288.122
37 293.307
33 298.383
39 303.3414
40 308.185
41 312.89%9
42 317.481
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719.89%3 ; and Radius = 224.782

ed By 52 Coordinate Points
Y-Surf
(£t)
545.
541,
.498

537

533,
.666
.513

530
527
524

3

521,
519
516,
511
512,
510.
509.
507.
506.
505.
504.
5G3.
503.
503.
503.
503.
504.
.752
.613
.680
.952

514

CCO
167

996

539
748
145
731

486
659
033
608
388
374
566
966
575
392
419
655
099

28
106

. 983
.058
.328
.79C

2.442

279

3.299
1.498
4.872

L4177

2.129
>. 002

206 of 277

comm - dgac - pseudo rcl.OUT Page 4

G5



Lipacific comm - gac - pseudo rcl.QUT Page 5

43 321.92¢ 550.033
44 326.227 554,217
45 330.379 558.548
46 334.378 563.021
47 338.219% 567.630
43 341.89%6 572.37%
49 345.407 577.237
50 348.745 582.223
51 351.908 587.322
52 353.442 590.000C
Circle Center At X = 204.098 ; ¥ = €75.424 ; and Radius = 172.049
Factor of Safety
H ok ok 1.266 * * *
Failure Surface Specified By 4B Coordinate Points
Point X-Surf Y-Surf
No. {(£t) (£t)
1 110.811 545,000
2 115.153 540.860
3 119.666 536.90¢6
4 124.341 533,145
5 129.170 529.584
€ 134,145 526.229
7 139.25¢6 523.0386
8 144,495 520.161
9 149:852 517.459
10 155,318 514,985
1 160.883 512,742
12 166,538 510.736
13 172.272 508,969
14 178.075 507,445
15 183,937 506,166
16 189,848 505.135
17 195.79¢ 504.353
18 201.773 503.822
19 207.766 503,543
20 213.766 503.516
21 219.762 503.741
22 225,743 504,218
23 231.699 504.947
24 237.618 505.925
25 243,492 507.151
26 249.308 508.623
27 255.058 510.338
28 260.730 512.294
29 266.316 514.48¢6
30 271.804 516.911
31 277.185 519.565
32 282.450 522.443
33 287.589 525.539
34 292.593 528.849
35 297,454 532.367
36 302.163 536.085
37 306.711 539.999
38 311.091 544.100
39 315.294 548.381
49 319.313 552.83¢6
41 323,142 557.456
42 326.773 562.232
43 330.200 567.157
44 333.417 572.222
45 336.418 577.418
46 339,198 582.735
4° 341.752 5818.164
48 342.523 590.000
Circle Center At X = 211.397 ; Y = ©46.127 ; and Radius = 142.633

X
Factor of Safety
* kK 1.26'?
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Failure Surface Specified By 48 Coordinate Points
Point X-Surf -surf
No. (£t (£Ly
1 110.811 545,000
2 115,172 540.879
3 119.701 536.944
4 124.392 £33.262
5 129.234 529.¢660
€ 134,221 526.323
7 139.342 523.197
B 144,590 520.289
9 149.955 517.602
10 155.428 515.142
11 160.993 512.913
12 166.657 510.919
33 172.395 509.164
14 178.201 507.€50
1 184.065 506.380
16 189.977 505.357
17 195.926 504.581
18 201.903 504.055
19 207.897 503.780
20 213.897 503.755
21 219,893 503.982
22 225.874 504.459
23 231.829 505.185
24 237.750 506.161
25 243,624 507.382
26 249,442 508.849
27 255,194 510.557
28 260.869 512.505
29 266.457 514.688
30 271,950 517.103
31 277.337 519.746
32 282.608 522,611
33 287.755 525,695
34 292.769 528.991
35 297,640 532.494
36 302.361 536.197
37 306.922 540.095
38 311,317 544,180
39 315.537 548.445
40 319.575 552,883
41 323.423 557.48%6
42 327.076 562.246
43 330.527 567.155
44 333.769 572.203
45 336.797 577.383
46 339,606 582.685
47 342.191 588.099
48 343.002 590,0C0
Circle Center At X = 211.473 ; Y = 647.136 ; and Radius = 143.4C4

Factor of Safety
* * 1‘268 * d k
Failure Surface Specified By 48 Coordirnate Points

Point X-Surf Y-Surf

No. (fL) (£L)
1 108.108 545,000
2 112.489 540.900
3 117.035 536.984
4 121.737 533.257
S 126.588 529.727
6 131.581 52€6.399
7 136.705 523.278
2] 141.954 529.370
9 147.317 517.680
10 152.786 515.213
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11 158.352 512.971
12 164.005 510.981
13 169.735 509.184
14 175.534 507.643
15 181.391 506.342
1 187.297 505.282
17 193.241 504.466
18 195,224 503.894
1 205.205 503.567
20 211,205 503.487
21 217.202 503.653
22 223.188 504,065
23 229.152 504.723
24 235.084 505.624
25 240.974 506.769
26 246.812 508.154
27 252.588 509.777
28 258.293 511.636
29 263.916 513.728
30 269.449 516.048
31 274.882 518.594
32 280.207 521.361
33 285.413 524,343
34 290.492 527.537
35 295.436 530.937
36 300.236 534.536
37 304.885 538,330
38 309.374 542,311
39 313,696 546.473
49 317.843 550.809
41 321.809 555.311
42 325.587 559.972
43 329.170 564.785
44 332.553 569.740
45 335.730 574,830
46 338.695 580.04¢
47 341,443 585,380
48 343.589 590.000
Circle Center At X = 210.151 ; Y = 649,643 ; and Radius = 146.161
Factor of Safety
e x K 1_268 * ok k
Failure Surface Specified By 53 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 89.189 545.000
2 93.936 541.330
3 98.799 537.816
4 103.774 534.4¢€2
5 108.855 531.271
6 114.037 528.246
7 119.315 525.392
8 124.682 522.710
9 130.133 520.203
10 135.663 517.875
11 141.266 515.728
2 146.935 513.763
13 152,665 511.984
14 158,450 510.391
15 164,283 0R%.987
16 17C.159 567.773
17 176.071 506.750
18 182.014 505.920
19 187.9390 505.283
20 193.963 504.840
21 199.958 504.591
22 205.958 504.537
23 211.95¢6 504.678

G.%
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24 217.947 505.013
5 223.923 505.543
26 229.880 50¢.266
27 235.809 507.182
28 241.706 508.290
29 247.564 509.589
30 253.376 511.077
} 259.137 512.753
32 264.841 514.€15
33 270.481 516.662
34 276.052 518.890
35 281,548 521.298
36 286.963 523,883
37 292.291 526.642
38 297.526 529.573
39 302,664 532.672
40 307.698 535.936
41 312.624 539.362
42 317.436 542.946
43 322.129 546.684
44 326.699 550,572
45 331.149 554,607
46 335.447 558.784
47 339.617 563.098
48 343,645 567.545
49 347.52¢6 572.121
50 351.256 576.820
51 354.833 581.638
52 358.250 586.569
53 360.467 590.000
Circle Center At X = 204,622 ; Y = 689.400 ; and Radius = 184.867
Factor of Safety
* Kk 1'270 * Kk K
Failure Surface Specified By 49 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
i 105,405 545.000
2 109.831 540,948
3 114.415 537,077
4 119.150 533.392
5 124.028 529.899
6 129.043 526.605
7 134.185 523.513
8 139.447 520.630
9 144.820 517.960
10 150.296 515.507
11 155.865 513.275
12 161.519 511.2¢&7
13 167.249 509.487
14 173.046 507.938
15 178.900 506.622
16 184.802 505.542
17 190.742 504.698
13 196.711 504.093
19 202.700 503,727
20 208.699 503.600
21 214,698 503.714
22 220.687 504.068
23 226.658 504.¢61
24 2321600 505.493
25 238.504 506.562
26 244.361 507.866
27 250.160 509.403
28 255.894 511.171
29 261,552 513.167
30 267.126 515.388
31 272.607 517.830
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32 277.985 520.489
33 283.253 523,362
34 288.401 526.443
33 293.423 529.727
36 298.309 533.210
37 303.051 53€.885
38 307.643 54G.747
39 312.9076 544,799
49 316.345 549.007
41 32C.441 553.391
42 324.358 557.936
43 328.091 562.634
44 331.632 567.477
45 334.977 572.458
46 338.120 577.569
47 341.056 582.802
48 343.780 588.147
49 344.€33 590.000
Circle Center At X = 208.851 ; Y = 653.541 ; and Radius = 149.940
Factor of Safety
* * Kk 1.272 * ke
Failure Surface Specified By 50 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 100.000 545,000
2 104.450 5490.975
3 169.052 537.125
4 113.800 533.457
5 118.686 529.975
6 123.704 526.685
7 128,845 523.592
8 134.102 520.700
9 139.467 518.014
10 144.932 515.538
11 150.490 513.275
12 156.130 511.230
13 161.846 509.404
1 167.628 507.802
15 173.467 506,424
16 179.356 505.273
17 185.285 504,352
18 191.245 503.661
19 197.227 503.201
20 203.223 502.974
21 209.223 502.978
22 215.218 503.215
23 221.200 503.685
24 227.159 504.385
25 233.086 505.316
26 238.973 506.476
27 244,811 507.863
28 250.590 509.474
29 256.303 511.309
30 261.940 513,364
1 267.493 515.635
32 272.955 518.120
33 278.316 520.814
34 283.568 523.714
35 288.705 526.815
36 293.717 530,113
37 298.598 533.603
38 303.340 537.279
39 307.93¢ 541.136
40 312.379 545.163
41 316,663 549,369
42 320.781 553.733
43 324.72¢ 558.253
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44 328.494 562.4923
45 332.078 567,735
4% 335.473 572,682
47 338.673 5%7.157
48 341.675 582.932
49 344.473 588.2¢0
50 345. 306 590.000
Circle Center At X = 20&6.091 ; ¥ = 657.78¢ ; and Radius = 154.841
Factor of Safety
* % x ,'_.273 * ok
Failure Surface Specified By 45 Coordinate Points
Point X=8urf Y-Syurt
No. (ft) (ft)
1 127.027 545.060
2 131.4¢€2 540.959
3 136.070 537.116
4 140.843 533.480
5 145.771 530.057
6 150.845 526.855
7 156.054 523.878
8 161.390 521.134
9 166.841 518.627
10 172.397 516.362
11 178.047 514,343
12 183.781 512.575
13 189.58¢6 511.061
14 195.453 509.803
15 201.370 508.805
16 207.324 508.068
17 213.305 507.593
1 219.302 507.382
1 225,301 507.435
20 231.293 507.751
21 237.265 508.331
22 243.206 509,173
23 249.103 510.275
24 254.947 511.€35
25 260.725 513.252
26 266.427 515.120
27 272.041 517.238
28 277.556 519.600
29 282.962 522,203
3C 288.249 525.041
1 293.405 528.109
32 298.422 531.400
33 303.289 534.903
34 307.997 538.628
35 312,537 542.551
3e 316.900 54¢,670
37 321.078 550.977
38 325.0¢2 555.463
39 328.845 5604120
40 332.4290 564,939
41 335.779 569.910
42 338.916 575,024
43 341.826 580.272
44 344.502 585,042
45 346.439 590.000
Circle Center At X = 221.102 ; Y = 643.77% ; and Radius = 136.409
Factor of Safety
* * * 1-274 * Kk %
xx %% END CF GSTABL7 QUTPUT *x+*«
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*hh GYTARLT a4
** GSTABL7 by Garry H. Gregory, P.E. *=*
** Original Version 1.0, January 1996; Current Version 2.005, Sept. 2006 **
(A1l Rights Reserved-Unauthorized Use Prohibited)
**********k***************************************************k******************
SLOPE STABILITY ANALYSIS SYSTEM
Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
*******************************x*************************************************

Analysis Run Date: 6/2/2014

Time of Run: 02:23PM

Run By: RCL

Input Data Filename: L:\Shared Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA
TED analysis for report\SSA\pacific comm - gac - yield rcl.in

Output Filename: L:\Shared Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA
TED analysis for report\SSA\pacific comm - gac - yield rcl.OUT

Unit System: English

Plotted Output Filename: L:\Shared Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA
TED analysis for report\SSA\pacific comm - gac - yield rcl.PLT
PROBLEM DESCRIPTION: Pacific Commercenter Lot 13
Qac - Seismic -Yield Accel
BOUNDARY COORDINATES
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Li:pacific comm - gac - yield rcl.OUT Page 2
4 Top Boundaries
16 Total Boundaries
Boundarsy X-Left Y-Left X-Right Y-Right Soil Type
Nc. (£t {£t) (£ED (ft) Below Bnd
1 0.00 545.00 198.00 545.00 3
2 198,00 545.00 218.00 545,00 1
3 218.0G0 545.00 314.00 590.00 1
4 314.00 590.00 45G.00 590.00 1
5 198.90 545.00 208.00 535.00 3
& 208.00 535.00 314.00 535.00 4
7 314,00 535.00 45C. 00 535.00 2
8 9.00 535.00 208.00 535.00 4
9 0.00 525.00 290.00 525.0¢0 5
10 0.00 515.09 268.00 515.00 6
11 0.00 511.00 254.00 511.00 7
12 0.00 495.00 218.00 495.00 2
13 218.00 495.00 242.00 505.00 2
14 242,00 505.00 268.00 515.60 2
15 268.00 515.00 290.00 525.6G0 2
16 290.00 525.00 314.00 535.00 2
User Specified Y-Origin = 400.00 (£ft)
User Specified X-Plus Value = 50.00(£ft)

Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
7 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pct) (pcf) (psf) (deg) Param. (psf) No.
1 120.0 120.,0 200.0 32.0 0.00 0.0 1

2 125.0 125.0 0.0 25.0 0.00 0.0 1

3 115.0 115.0 770.0 0.0 0.00 0.0 1

4 115.0 115.0 1300.0 0.0 0.00 0.0 1
5 120.0 120.0 1800.0 0.0 0.00 0.0 1

6 120.0 120.0 1800.0 0.0 0.00 0.0 1

7 120.0 120.0 120C.0 0.0 0.00 0.0 1

1 PIEZOMETRIC SURFACE (S) SPECIFIED
Unit Weight of Water = €2.40 (pcf)
Piezometric Surface No. 1 Specified by 2 Coordinate Points

Pore Pressure Inclination Factor = (.50
Point X-Water Y-Water
No. (£t) (ft)
1 0.00 535.00
2 450,00 535.00
Specified Peak Ground Acceleration Coefficient (A) = 0.600 (g)
Specified Horizontal Earthquake Coefficient (kh) = 0.230(qg)
Specified Vertical Earthquake Coefficient (kv) = 0.0C0 (g
Specified Seismic Pore-Pressure Factor = 0.000

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
7500 Trial Surfaces Have Been Generated.
100 Surface(s) Initiate(s) From Each Of l oints Equally Spaced
Along The Ground Surface Between X = 0.00(
and X = 200.00/(
Each Surface Terminates Between X = 320.00¢(
and X = 450.00¢(
Unless Further Limitaticns Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(ft)
6.00(ft) Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Evaluated. They Are
Ordered - Most Critical First.
* * Safety Factors Are Calculated By The Modified Bishop Method * *

ft)

Total Number of Trial Surfaces Attemphed = 0
Mumber of Trial Surfaces With Valid FS = v
Statistical Data On All Valid FS Values:
FS Max = 0.00C FS Min = 500.000 FS Ave = NaN
Standard Deviation = 0.0C0 Coefficient of Variation = Nal %
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Lipacific comm - gac - yield rcl.OUT Page 3
e Specified By €3 Coordinate Points
( =Surf Y-Surf
Nc (£t) (ft)
1 32.432 545.000
2 37.151 541.293
3 41.966 537.714
4 46.875 534.265
5 51.875 530.948
[ 5¢.9¢61 527.765
7 62,131 524.719
B 67.380 521.813
9 72.705 519.047
10 78.101 516.425
11 83.56¢ 513.947
12 89.095 511.617
13 94.684 509.434
14 100.329 507.402
15 106.027 505.521
16 111.772 503.793
17 117.562 502.219
18 123.392 500.799
19 129.257 499,53¢
20 135.155 498.430
21 141.079 497.482
22 147.027 496.692
23 152.994 496,061
24 158.975 495,590
25 164,967 495.279
26 170.965 495.127
27 176.965 495.136
28 182.963 495.305
29 188.954 495,634
30 194.934 496,122
1 200.899 496,771
32 206.844 497.578
33 212.766 498.543
34 218.660 499.666
35 224.522 500.946
36 230.347 502,382
37 236.133 503.973
38 241.873 505.718
39 247.565 507.616
a0 253.205 509.665
a1 258.787 511.863
42 264.309 514.210
43 269.767 516.703
44 275.156 519.341
45 280.472 522.122
46 285,713 525.044
47 290.874 528.105
43 295.951 531.302
49 300.941 534.634
50 305.840 538.097
51 310.645 541.691
52 315.352 545.411
53 319.959 549.255
54 324.4¢61 553.222
55 328.856 557.306
5¢ 333.140 561.507
57 337.311 565.821
53 341.365 570.244
59 345.299 574.774
€0 349,111 579.407
61 352.798 584,141
€2 356.358 588.971
63 357.074 590:000
Circle Center At X = 173.639 ; Y = 719.893 ; and Radius = 224.782
-
(e (S
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Factor of Safety

* Kk ok 0.993 * kX
Individual data on the 0 slices
Water Water Tie Tie Earthguake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tarn Hor Ver Load
No. (fr) (1bs) {lbs) (lbs) (1lbs) (1bs} {los) {1lbs) (lbs}
Failure Surface Specified By €6 Cocrdinate Points
Pcint X-3urf Y-Surf
No. (ft) (£t)
1 21.622 545.9000
2 26.536 541,558
3 31.531 533.233
4 36.601 535.026
5 41,74¢ 531,938
6 46.962 528.973
7 52.246 526,130
8 57.595 523.412
9 63,007 520.821
10 68.477 518.357
11 74.005 516.022
12 79.585 513.818
13 85,216 511,745
14 9C.893 509.805
15 96,615 507.999
16 102.377 506.328
17 108.178 504.792
18 114.012 503.393
19 119,878 502.131
20 125,772 501.007
21 131.6990 500.022
22 137.630 499,176
23 143.589 498.469
24 149,562 497.903
25 155,547 497,477
26 161,540 497.191
27 167.538 497,047
28 173.538 497.043
29 179.537 497,180
30 185.530 497.457
31 191,516 497.876
32 197.490 498.434
33 203.449 499,133
34 209.390 499.971
35 215.310 500.949
36 221.235 502.065
37 227.072 503.319
38 232.909 504.711
39 238.711 506.239
40 244,476 507.903
41 250.2060 509.701
2 255,880 511.634
43 261.513 513.699
44 267.096 515.896
45 272.627 518.224
46 278.101 520.681
47 283.516 523,265
48 238.863 525.97%6
49 294.156 528.811
50 299.376 531.770
51 304.524 534.851
52 309.599 533.052
53 314.598 541.370
54 319.517 544.806
55 324.354 548.355
5€ 329.107 552.018
57 333.772 555.790
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338,348
342.831
347.219
351.511
355.702
359.732
363.771
367.656
367.906
At X =

of Safety

1.004

C
X-Su
(fr)
21.622
2¢.46¢
31.395
36.407
41.498
46.665
51.905
57.215
62.592
68.033
73.533
79.091
84.702
90.364
96.072
101.824
107,616
113,445
119.307
125,198
131:115
137.055
143.014
148.988
154.974
160,968
166.967
172.9%¢7
178.9¢5
184.9506
190.937
196.906
202.857
208.788
214,695
220.574
226.423
232.23¢6
238.012
243.746
249.436
255.077
260.€66
266.200
271.:676
277.091
282.440
287,721
292.931
298,067
303.125
308.103
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Y = 722.655 ; and Radius = 2

Y-Surf
(ft)
545,

541

534

512

508

503

496

495

000

.460
538.
. 740
531.
528,
525.
522.
520.
517.
515.
.949
510.
.838
506.
505.

039

565
515
593
800
137
607
210

825

991
284

.718
502.
501.
499,
498.
498.
497,

294
013
876
884
036
334

L7178
496.
496.

.

496.

496

496.
496.
497.
498.

499

500.
501.
502.
504.
505.
507.
509.
511,
513.
5le.
5113.

521

536

369
106
990
020
198

372
280

744
659
694
875
193
¢d5

.231
523.
526.
529.
532.
.101
539.

943
796
772
874

451
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53 312.598 542.921
54 317.806 546.511
55 322.524 550.217
56 327.151 554.037
57 331.683 557.969
58 336.117 562.011
59 340.451 566,160
0 344.682 570D.414
€1 248.808 574.771
62 352.82¢ 579.227
63 356.734 583.780
€4 360.529 588.427
65 3€1.751 59G.000C
Circie Center At X = 1€68.717 ; Y = 741.203 ; and Radius = 245,219
Factor of Safety
* Kk Kk l_OO'] * ok K
Failure Surface Specified By 67 Coordinate Points
Point X-Surf Y-Surf
No, (ft) (ft)
is 16.216 545,000
2 21,187 541.640
3 26.232 538.393
4 31.349 535,259
5 36.534 532.240
6 41.786 529,339
7 47,101 526.555
8 52.478 523.892
9 57.912 521.349
10 63.403 518,929
1 68.946 516.632
12 74,539 514,460
13 80.179 512.414
14 85.864 510.494
15 91.590 508.702
16 97.355 507.039
17 103.155 505.5C¢6
18 108.989 504.102
19 114.852 502.830
20 120,743 501.689
21 126.658 500.681
22 132.593 499,805
23 138.547 499,062
24 144.516 498.453
25 150.497 497.977
256 156.488 497.636
27 162.484 497.428
28 168.484 497.355
29 174.483 497,417
30 180.480 497,613
31 186.471 497,943
32 192.453 498,407
33 198.423 499,004
34 204.378 499.736
35 210.316 500,600
36 216.232 501.:597
37 222.125 502.727
38 227.991 503.988
39 233.827 505.330
40 239.631 506.902
41 245,399 508.554
42 251.129 510,335
43 256.817 512.244
44 262.461 514.279
45 268.059 516.440
46 273.¢06 518.726
47 279.101 521.136
48 284.540 523.668

G 1B
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49 289.922 526.322
50 295.242 529.095
51 300.500 531.98B6
52 305.691 534.995
S3 310.813 538.119
54 315.865 341.357
55 320.842 544.707
56 325.744 548,168
57 330.566 551.73%8
58 333.308 555.414
59 339.9¢6 559.19¢
€0 344.538 563.08B2
€l 349.022 56¢7.068
€2 353.415 571.155
63 357.716 575.338
64 361.922 579.¢617
65 366.032 583.989
66 370.042 588.451
67 371.372 590.90080
Circle Center At X = 168.741 ; Y = 765.317 ; and Radius = 267.962
Facter of Safety
* ok * }_'009 * * x
Failure Surface Specified By 60 Coordinate Points
Point X-Surf Y-Surf
MNo. (ft) (fr)
il 45.946 545.000
2 50.549 541.152
3 55.264 537.440
4 60.085 533.863
5 65,008 530.439
6 70.030 527.156
7 75,145 524.020
8 80.351 521.036
9 85.641 518.206
10 91.012 515.532
11 96.459 513.016
12 101,978 510.660
13 107.563 508.468
14 113.2190 506.440
15 118.913 504.578
16 124.669 502.883
17 130.472 501.358
18 136.317 500.004
19 142,200 493,821
20 148.114 497.811
21 154,055 496.975
22 160.019 496.313
23 165.999 495.826
24 171.991 495.514
25 177.989 495.378
26 183.989 495.4138
27 189.935 495,633
28 195.973 496.023
29 201.946 496.589
30 207.900 497.330
31 213.830 498.244
32 219.730 499,332
33 225.597 500.592
34 231.423 502.023
35 237.206 503.624
36 242.939 505.394
37 248.618 507.331
38 254.237 509.433
39 259.793 511,699
40 265.280 514.127
41 270.693 516¢.714
42 276.029 519.459
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43 281.281 522.359
44 286.447 525,411
45 291.521 528.613
46 296.499 531.963
47 301.377 535.457
43 306.156 539.0%2
49 310.815 542.8¢5
50 315.3¢8 54¢.773
51 319.804 550.813
52 324.120 554.981
53 328.312 559.274
54 332.37¢ 5€3.688
55 336.310 5¢8.218
5€¢ 340.109 572.862
57 343.771 577.615
53 347.292 582.474
59 350.669 587.433
60 352.309 530.000
Circle Center At X = 179.€31 ; Y = 700.233 ; and Radius = 204.8€3
Factor of Safety
* de K 1'010 * * x
Failure Surface Specified By 63 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 35.135 545,000
2 39.882 541.330
3 44,723 537.786
4 49.656 534,370
5 54.677 531.085
6 59.782 527.932
7 64.,9¢8 524.915
8 70.231 522,034
9 75.5¢68 519.293
10 80,976 516.693
11 86,449 514.235
12 91.985 511,922
13 97.580 509.755
14 103.230 507.735
15 108.931 505.865
16 114.679 504.144
17 120.470 502.575
18 126.301 501.158
19 132.1¢6 499.895
20 138.063 498.786
21 143.987 497.832
22 149.933 497.034
23 155.899 496.392
24 161.879 495,507
25 167.870 495.579
26 173.868 495,408
27 179.868 495.395
2 185.866 495.8539
29 191.858 495.840
30 197.841 496.299
1 203.809 496.4914
32 209.759 497.685
33 215.¢687 498.¢613
34 221.589 499.¢95
35 227.460 500.932
36 233.297 502.323
37 239.095 503.866
38 244.850 505.5¢1
39 250.560 507.406
40 256.219 509.401
41 261.82. 511.543
42 267.370 513.831
43 272.854 516.264
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Lipacific comm - gac - yield rcl.CUT Page 9

44 278.273 518.8410
45 283.622 521.558
4¢ 258.898 524.415%
47 294.098 527.409
a8 299.217 530.53%8
49 3D4.252 533.801
50 309.290 537.195
X 314.057 540.718
52 318.821 544,366
S 323.48¢ 548,139
54 328.051 552.032
55 332.513 556.044
5¢ 336.8¢68 560,171
57 341,113 564.412
53 345,245 568.762
59 349.262 573.219
60 353.160 577.78¢C
61 356.937 582.442
62 360.591 587.201
63 362.626 590.000
Circle Center At X = 177.379 ; X = 724.078  and Radius = 228.€97
Factor of Safety
* Kk 1.015 ¥* ¥k Kk
Failure Surface Specified By 58 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
il 62.162 545.000
2 66.931 541.359
3 71.804 537.858
4 76.776 534.500
5 81.845 531.289
6 87.004 528.22¢6
7 92.251 525,315
8 97.580 522,558
9 102.987 519.957
10 108.467 517,515
11 114.016 515.233
12 119.629 513.113
13 125.302 511.158
14 131,029 509.369
15 136.805 507.747
16 142.627 506.294
17 148.488 505.01
18 154.384 503.898
19 160.310 502.959
20 166.261 502.191
21 172.231 501.598
22 178.216 501.178
23 184.211 500.933
24 190.211 500.863
25 196.210 500.967
26 202.204 501,245
27 208.187 501.698
28 214.154 502.325
29 220.100 503.125
30 226.021 504.098
31 231.910 505.243
32 237.764 506.559
33 243.578 508.044
34 249.345 509.698
35 255.062 511.519
3¢e 260.724 513.50¢
37 266.325 515.657
38 271.861 517.970
39 277.328 520.443
40 282.720 523.074
11 238.034 525.8¢61
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= 706.993 ; and Radius = 206.132

Failure Surface Specified By 56 Coordinate Points

Point
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293.2¢64 528.801
298.40¢6 531.892
303.458 535.132
308.410 538.517
213.263 542.045
318.1012 545.713
322.8652 549.517
327.17% 553.455
331.589 537.523
335.880 561.717
340.046 566.035
344.085 570,472
347.993 575.024
351.7¢7 579.689
355.404 534.4¢61
358.900 589.337
359.347 590.000
189.€32 ;
Safety
1.023 o
X-Surf Y-Surf
(ft) (ft)
72.973 545.000
77.636 541.224
82.414 537.596
87.305 534.119
92.302 530.798
97.400 527.635
102.59%6 524,634
107.883 521.798
113.257 519.129
118,712 516.630
124,242 514,303
129,843 512.151
135.508 510.176
141.233 508.380
147.012 506.764
152.838 505.330
158.7C6 504,080
led.611 503.015
170.546 5C2.136
176.506 501.443
182.485 500.938
188.476 500,621
194.475 500.491
200.475 500,551
206.469 500.798
212.454 501,234
218.421 501.857
224.366 502.667
230.283 503.664
236.165 504,845
242.008 506.211
247.805 507.759
253.550 509.489
259.238 511.398
264.864 513.485
270.421 515.747
275.904 518.182
281.309 520.789
286.629 523.563
291.859 526.504
296.994 529.607
302.029 532,870
306.960 536.289
311.78¢C 539.861
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43 31€6.487 543.583
46 321.9074 547.450
47 325,537 551.460
43 329,872 555.608
49 334.07% 559.899
50 338.142 564.302
51 342.088 568.839
52 345.850 573.497
S3 349.484 578.271
54 352.966 583.158
55 356.293 588.151
56 357.443 590.000
Circle Center At X = 195.578 ; Y = €91.591 ; and Radius = 191,104
Factor of Safety
* k x 1.023 * & ok
Failure Surface Specified By 68 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (f£t)
1 5.405 545.000
2 10.328 541.570
3 15.327 538.252
4 20.400 535.048
5 25.544 531.958
6 30.756 528.986
7 36.033 526.132
8 41.374 523.398
9 46.775 520,784
10 52.234 518.294
11 57.747 515.927
12 63.312 513.684
13 68.927 511.568
1 74.588 509.579
1 80.292 507,719
1 86.037 505.987
17 91.819 504,386
18 97.636 502,915
19 103.484 501.575
20 109.362 500.368
21 115.265 499,294
22 121.191 498.353
23 127.136 497.547
24 133.098 496.874
25 139.074 496,336
26 145.061 495.933
27 151.055 495.665
28 157.053 495.532
29 163.053 495.535
30 169.051 495.673
31 175.045 495.945¢6
32 181.031 496.354
33 187.007 496.897
34 192.968 497.575
35 198.913 498.387
36 204.838 499.333
37 210.740 500.412
38 216.617 501.624
39 222.464 502.968
40 22R.280 504.444
41 234.061 506.051
42 239.804 507.787
43 245.506 509.653
44 251.165 511.646
45 256.778 513.7¢7
46 262.342 516.014
47 267,853 518.336
48 273.309 520.881
49 278.708 523.499
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50 284,646 526.238
51 2B9.322 529.097
52 294.531 532.074
53 299.€72 535.1¢7
54 304.742 533.37¢
55 309.738 541.698
56 314.658 545,133
57 319.5090 548.677
58 324.260 552.329
59 328.93¢ 55¢.088
60 333.527 559.951
1 338.029 563.917
62 342.441 567.984
63 346.76€0 572.149
64 350.984 576,410
€5 355.111 580.76¢6
66 359.138 585.213
67 363.064 589.750C
68 363.271 590.600
Circle Center At X = 159.937 ; Y = 761.551 ; and Radius = 266.034

Factor of Safety
J x ok 1_023 * K K
Failure Surface Specified By 58 Coordinate Points

Point X-Surf Y-Surf
No. (fr) (ft)
1 48.649 545.000
2 53.157 541.040
3 57.786 537.224
4 62.533 533.554
5 ©7.392 530.034
6 72.359 526.669
7 77.429 523.460
8 82.597 520.411
9 87.858 517.526
10 93.206 514.806
11 98.637 512.255
12 104,145 509.876
13 109.724 507.669
14 115.370 505.639
15 121.077 503.786
16 126.839 502.112
17 132.650 500.620
18 138.505 495,310
3 144,399 498,184
20 150.324 497,242
1 156.277 496.487
22 162.250 495.918
23 168.238 495,537
24 174,234 495.342
25 180.234 495.336
26 186.232 495.517
27 192.220 495.886
28 198.195 496.442
29 204.148 497,184
30 210.076 498.11
31 215.972 499,22¢
32 221.830 500.524
33 227.645 502.004
4 233.410 503.665
35 239.121 505.505
36 244.771 507.524
37 250.355 509.713
38 255.8¢8 512.086
39 261.305 514.625
40 266.659 517.333
41 271.926 520.207
2 277.100 523.245
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43 282.177 526.443
44 287.151 529.798
45 292.018 533.307
46 296.772 536.966
47 301.410 540,773
48 305.927 544,723
49 310.318 548.812
50 314.578 553.037
51 318.705 557.392
52 322.693 561.875
53 326.539 566.480
54 330.239 571.204
55 333,789 576.040
56 337.187 580,986
57 340.428 586.035
58 342.801 590.000
Circle Center At X = 177.434 ; Y = 687.062 ; and Radius = 191.748
Factor of Safety
* ok w 1.025 ¥ Y Je

“*%% END OF GSTABL7T QUTPUT *#*x+
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*k%k  GSTABL7 #4#
** GSTABL7 by Garry H. Gregory, P.E. **
** Original Version 1.0, January 1996; Current Version 2.005, Sept. 2006 **
(A1l Rights Reserved-Unauthorized Use Prohibited)
************************k********************************************************
SLOPE STABILITY ANALYSIS SYSTEM
Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudc-Static & Newmark Earthquake, and Applied Forces.
*********************************************************************************

Analysis Run Date: 6/1/2014

Time of Run: 10:56PM

Run By: RCL

Input Data Filename: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA
analysis for report\SSA\pacific comm - gac - pseudo block rcl.in

Output Filename: L:\Shared_Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA
analysis for report\SSA\pacific comm - gac - pseudo block rcl.OUT

Unit System: English

Plotted Output Filename: L:\Shared Stuff\RCL's Stuffl\Pacific Commercentre Lot 13\UPDA

analysis for report\SSA\pacific comm - gac - pseudo block rcl.PLT

PROBLEM DESCRIPTION: Pacific Commercenter Lot 13
Qac - Seismic -Pseudostatic -Block
BOUNDARY COORDINATES
4 Top Boundaries
16 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 545.00 198.00 545.00 3
2 198.00 545,00 218.00 545.00 1
3 218.00 545,00 314.00 590.00 1
4 314.00 590.00 450.00 590.00 1
5 198,00 545.00 208.00 535.00 3
6 208.00 535.00 314.00 535.00 4
7 314.00 535.00 450,00 535.00 2
8 0.00 535.00 208.00 535.00 4
9 0.00 525.00 290.00 525.00 5
10 0.00 515.00 268.00 515.00 6
11 0.00 511.00 254.00 511.00 7
12 0.00 495.00 218.00 4395.00 2
13 218.00 495.00 242.00 505.00 2
14 242,00 505.00 268.00 515.00 2
15 268,00 515.00 23%0.00 525.00 2
16 290,00 525.00 314.00 535.00 2
User Specified Y-Origin = 400.00(ft)
User Specified X-Plus Value = 50.00(ft)

Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
7 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pct) (pcf) (pst) (deg) Param. (psf) No.
1 120.0 120.0 200.0 32.0 0.00 0.0 1
2 125.0 125.0 0.0 25.0 0.00 0.0 1
3 115.0 115.0 770.0 0.0 0.00 0.0 1
4 115.0 115.0 1300.0 0.0 0.00 0.0 1
5 120.0 120.0 1800.0 0.0 0.00 0.0 1
6 120.0 120.0 1800.0 0.0 0.00 0.0 1
7 120.0 120.0 1200.0 0.0 0.00 0.0 1

1 PIEZOMETRIC SURFACE(S) SPECIFIED
Unit Weight of Water = 62.40 (pcf)
Piezometric Surface No. 1 Specified by 2 Coordinate Points
Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Water
No. (ft) (ft)
1 0.00 535.00

G%1
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Slice Width Weight
No. (ft) (1bs)
1 5.2 1423.
2 7.2 6078.
3 0.9 1071.
4 8.6 13050.
5 6.1 12497.
6 2.2 5150.
7 8.4 23493.
8 5.2 17386.
9 3.4 12347.
10 2.1 8028.
11 5.1 21766.
12 9.9 46082.

2 450.00
Specified Peak Ground Acceleration Ccefficient (A) =
Specified Horizontal Earthquake Coefficient
Specified Vertical Earthquake Coefficient
Specified Seismic Pore-Pressure Factor =
A Critical Failure Surface Searching Method, Using A Random

Technique For Generating Sliding Block Surfaces,

Specified.

53

L:pacific comm - gac - pseudo block rcl.OUT Page 2

5.00

4000 Trial Surfaces Have Been Generated.
3 Boxes Specified For Generation Of Central Block Base
Length Of Line Segments For Active And Passive Portions Of

Sliding Block Is

Box X-Left

No. (ft)
1 75.00
2 201.00
3 29C.00

1

0.0

Y-Left X-Right
(ft) (ft)
503.00 200.00
503.00 240.00
535.00 310.00

(

0.600(g)
(kh) = 0.150(g)
kv) = 0.000(g)
0.000

Y-Right
(ft)
503.00
503.00
535.00

Has Been

Height

(ft)
20.00
20.00
20.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Evaluated. They Are
Ordered - Most Critical First.
* * Safety Factors Are Calculated By The Simplified Janbu Method * *
Total Number of Trial Surfaces Attempted = 4000
Number of Trial Surfaces With Valid FS = 4000
Statistical Data On All Valid FS Values:

1.109 FS Ave

39 Coefficient of Variation

Failure Surface Specified By 19 Coordinate Points

FS Max =

Standard Deviation

Point

1

Factor of

* kK

796

FS Min =
= 0.1

X-Surf Y-Sur
(ft) (ft)
126.034 545,
131.245 540.
139.313 534,
147.889 529,
156,115 523,
164.484 518.
173.136 513.
180.306 506.
190.166 504
221.602 498.
296.376 529.
303.429 536.
310.050 543.
314.269 552
321.225 559.
327.505 567.
334.563 574
341.634 581.
342.055 530
Safety
1.1069 &k ok
Individual data on the
Water Water
Force Force
Top Bot
(lbs) (1bs)
0.0 0.0
0.0 0.0
0.0 23.0
0.0 2016.8
0.0 3638.7
0.0 1756.9
0.0 8877.5
0.0 6984.7
0.0 5164.8
0.0 4162.9
0.0 11725.7
0.0 18584.9

AN ON = O WO W0

£

000
248
339
197
510
036
023
052

.381

121
095
184
678

.745

929
711

.795

867

.000

30 slices

Tie
Force
Norm

(1bs)

[ecNoNololoNoNeoloNeoRoNeNe]

Tie
Force
Tan
(1lbs)

C OO OO OOOOOCo

= 1.390
= 9.99 ¢
FEarthquake
Force Surcharge
Hor Ver Load
(1bs) (1lbs) (lbs)
213.6 0.0 0.0
911.8 0.0 0.0
160.8 0.0 0.0
1957.5 0.0 0.0
1874.6 0.0 0.0
772.5 0.0 0.0
3524.0 0.0 0.0
2608.0 0.0 0.0
1852.1 0.0 0.0
1204.3 0.0 0.0
3264.9 0.0 0.0
6912.4 0.0 0.0
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7.8 38136.7 0.0 15651.3 c. g, S720.5% 0.0 0.0
0.0 51060.0 0.0 21107.¢6 G 0. 7659.0 0.0 0.0
6.0 53699.5 0.0 22374.¢ 0. 0. BO54.9 0.0 6.9
3.6 20293.5 0.0 B23269.9 0. ¢, 3044.0 0.0 0.0
1.1 1828106.5 0.0 63920.8 a. 0. 27421.0 0.0 0.0
9.7 S3062.7 0.0 14348.3 C. 4 0.0 0.0
4.1 147824.7 0.0 24457.3 o 7 0.0 0.0
9.9 61l742.4 0.C 5310.2 0 .4 0.0 0.0
5.9 35915.7 3.0 1534.5% 0. .4 0.0 6.0
1.2 ©953.4 0.0 0.0 0. LU 0.0 0.0
6.6 2707¢.7 0.0 0.0 0. .5 0.0 0.0
3.9 19503.8 0.0 0.0 0. a9 0.0 0.0
0.3 1212.1 0.0 0.0 0. .8 0.C 0.0
7.0 28105.1 0.0 0.0 0. .C 0.0 0.0
6.3 19729.2 0.0 0.0 0. .4 3.0 0.0
7.1 15877.1 0.0 6.0 0. .6 0.0 6.0
7.1 9901.4 0.0 0.0 0. .2 ¢.0 6.0
C.4 205.6 0.0 0.0 0. .8 0.0 0.0
Failure Surface Specified By 19 Coordin
Point X-Surf Y-Surf
No (fr) (ft)
1 126.034 545.000
2 131.245 540,248
3 139.313 534.339
4 147.889 529.197
5 156.115 523.510
6 164.484 518.036
7 173.136 513.023
8 180.306 506.052
9 190.166 504,381
10 221,602 498,121
11 296.37¢6 529,095
12 303.429 536,184
13 310.050 543.678
14 314.269 552,745
15 321.225 559,929
16 327.505 567.711
17 334.563 574.795
18 341.634 581.867
19 342.055 590,000
Factor of Safety
* k Kk 1_109 * * *
Failure Surface Specified By 19 Coordinate Points
Point X-Surft Y-Surf
No. {ft) (ft)
1 126,034 545,000
2 131.245 54GC.248
3 139.313 534.339
4 147.889 529.197
5 156.115 523.510
6 164.484 518.036
7 173.136 513.023
8 180.306 506.052
9 190,166 504.381
10 221.602 498.121
11 296.376 529.095
12 303.429 536.184
13 31C.050 543.678
14 314.2¢69 552.745
181 321.225 559.929
18 27.505 567.711
17 334.563 574.795
18 341.634 5BLI.867
19 342.055 590.000
Factor of Safety
* k& l.](‘}g * Kk

Failure Surface Specified By 1% Coordinate Points

2330f2# '5 4’
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Point X-Surf Y-8Surf
No. (ft) (£L)
1 126.034 545.000
2 131.245 540.248
3 139.313 534.339
4 147.889 529.197
5 156,115 523.510
€ 164,484 518.03¢
7 173.136 513.023
3 180.306 50€.052
) 190.1¢6¢6 504.381
10 221,602 498.121
11 29%¢.376 529.095
12 303.429 53€.184
13 310.05D 543.678
4 314.269 552.745
15 321.225 559.929
16 327.505 567.711
7 334.563 574.795
18 341.634 581.867
19 342.055 590.000
Factor of Safety
* Kk * 1‘109 * % *
Failure Surface Specified By 19 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 126.034 545.000
2 131.245 540.248
3 139.313 534.339
4 147.889 529.197
5 156.115 523.510
6 164.484 518.036
7 173.136 513.023
8 180.306 506.052
9 190.166 504.381
10 221.602 498.121
11 296.376 529.095
12 303.429 536.184
13 310.050 543.678
14 314.269 552.745
15 321.225 559,929
1 327.505 567.711
17 334,563 574.795
18 341.634 581.867
19 342.055 590.000
Factor of Safety
* % * l.log J Kok
Failure Surface Specified By 19 Coordinate Points
Point X-Surft Y-Surf
No. (fr) (ft)
1 126.034 545.000
2 131.245 540.248
3 139.313 534.339
4 147.889 529.197
5 156.115 523.510
6 164.484 518.036
7 173.13¢ 513.023
g 186.30¢ 50€.052
9 190.1686 504.381
10 221.602 498.121
11 2%9¢.37¢ 529.095
12 303.429 536.184
13 310.9050 543.678
14 314.269 552,745
15 321.225 559.929
16 327.505 567.711
17 334.583 574.795
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581.867
550.0060

il
Fh U
iD
T
- g
*

SRS @ BRVCN ¢ B ey
[¢]
o
rh ox
F
D
U

rt (D

ot £

7

12¢.034
131.245
139.313
147.889
156.115
164.484
173.136
180.3086
190.166
221,602
296.376
303.429
310.050
314.269
321.225
327,505
334,563
341.634
342.055

L

novOo U gy U~ | Y

o

2t
© SRR

W QO s

1)

== NN W e e by 0D NG
@ o

-
(98]

506.
504.
498,
529.
53¢.
543,
552.
559.
567.
574.
581.
590.

w N O

w s O

9 Coprdinate

i

=

[
el
~1 0

.510
.036
.023

052
381
121
095
184
678
745
929
711
795
867
000

Factor of Safety
* k% 1‘109 * ¥ d
Failure Surface Specified By 19 Coordinate Points

Point X~-Surf Y-Surf
No. (ft) (ft)
1 12¢.034 545,000
2 131.245 540.248
3 139.313 534,339
4 147.889 529,197
5 156.115 523,510
6 164.484 518,036
7 173.136 513.023
8 180.306 506,052
9 190.166 504.381
10 221.602 498.121
11 2%¢.376 529.095
12 303.429 536.164
13 310.050 543.678
14 314.2¢9 552.745
15 321.225 559.929
16 327.505 567.711
17 334.563 574,795
18 341.634 581,867
19 342.055 590,000
Factor of Safety
* Kk K 1'109 * Kk ok

Failure Surface Specified By 19 Coordinate Points

Point X-Surf Y-Surf
No. (£t) {(ft)
1 126.034 545.000
2 131.245 540.248
3 139.313 534.339
4 147.889 529,197
5 156.115 523.510
e 164.484 518.03¢
7 173.136 513.023
3 180.306 5806.052
9 190.1¢0 504.381
10 221.602 498.121
LY 2%¢.3706 529.095
12 303.429 536.184
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3 310.050 543.678
4 314.269 552.7145
5 321.225 559.9829
o 327.505 567.711
7 334.563 574,795
3 341.634 581.867
9 342.055 590.000
Factor of Safets
* x Kk 1'103 * ¥k Kk
ure Surface Specified By 19 Coordinate Poirnts
int X-Surf Y-Surf
o (ft) (fr)
1 12€.034 545.000
2 131.245 540,248
3 139.313 534.339
4 147.889 529.197
5 156.115 523.510
6 164.484 51R.036
7 173.136 513.023
8 186.306 506.052
9 150.166 504.381
C 221.60 498,121
it 296.376 525.095
2 303.429 536.184
13 310.C590 543.678
314.269 552.745
15 321.225 559.929
16 327.505 567.711
17 334.563 574.795
18 341.634 581.867
19 342.055 590.000
Factor of Safety
* k K 1.109 * * %

*xx%x END OF GSTABL7 OUTPUT ***x*
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ok GSTABL'} Aok
** GSTABL7 by Garry H. Gregory, P.E., **
** Original Version 1.0, January 1996; Current Version 2.005, Sept. 2006 **
(ALl Rights Reserved-Unauthorized Use Prohibited)
***********k***********************************************ﬁ*********************
SLOPE STABILITY ANALYSIS SYSTEM
Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudc-Static & Newmark Earthquake; and Applied Forces.
hhkhkkhkdhkhhhkdhkhhkhkhhkhhkhdoehkhkhhkhrhkdhhkhkhhhkhkhhhhdhhkhkhhkhdkhhhhkhkhkhkhhkhdekkhkhokhkdkhkkkkxkkokdkhd

Rnalysis Run Date: 6/1/2014

Time of Run: 10t 54PM

Run By: RCL

Input Data Filename: L:\Shared Stuff\RCL's Stuffl\Pacific Commercentre Lot 13\UPDA
analysis for report\SSA\pacific comm - gac - yield block rcl.in

Output Filename: L:\Shared Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA
analysis for report\SSA\pacific comm - gac - yield block rcl.OUT

Unit System: English

Plotted Output Filename: L:\Shared Stuff\RCL's Stuff\Pacific Commercentre Lot 13\UPDA
analysis for report\SSA\pacific comm - gac - yield block rcl.PLT
PROBLEM DESCRIPTION: Pacific Commercenter Lot 13
Qac - Seismic -Yield -Block
BOUNDARY COORDINATES
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L:pacific comm - gac - yield block rcl.OUT Page 2

4 Top Boundaries
16 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (£t) (ft) (ft) (ft) Below Bnd
1 0.00 545.00 198.00 545.00 3
2 198.00 545.00 218.00 545.00 1
3 218.00 545.00 314.00 590.00 1
4 314.00 590.00 450.00 590.00 1
5 198.00 545.00 208.00 535.00 3
6 208.00 535.00 314.00 535.00 4
7 314.00 535.00 450.00 535.00 2
8 0.00 535.00 208.00 535.00 4
9 0.00 525.00 290.00 525.00 5
10 0.00 515.00 268.00 515.00 6
11 0.00 511.00 254,00 511.00 7
12 0.00 495,00 218.00 495.00 2
13 218.00 495.00 242.00 505.00 2
14 242.00 505.00 268.00 515.00 2
15 268.00 515.00 290.00 525.00 2
16 290.00 525.00 314.00 535.00 2
User Specified Y-Origin = 400.00 (ft)

User Specified X-Plus Value =
Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS

7 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

50.00(ft)

No. (pct) (pct) (psf) (deq) Param. (psf) No.
1 120.0 120.0 200.0 32.0 0.00 0.0 il
2 125.0 125.0 0.0 25.0 0.00 0.0 1
3 115.0 115.0 770.0 0.0 0.00 0.0 il
4 115.0 115.0 1300.0 0.0 0.00 0.0 1
5 120.0 120.0 1800.0 0.0 0.00 0.0 1
6 120.0 120.0 1800.0 0.0 0.00 0.0 1
7 120.0 120.0 1200.0 0.0 0.00 0.0 1
1 PIEZOMETRIC SURFACE(S) SPECIFIED
Unit Weight of Water = 62.40 (pcf)
Piezometric Surface No. 1 Specified by 2 Coordinate Points
Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Watex
No. (ft) (ft)
1 0.00 535.00
2 450.00 535.00
Specified Peak Ground Acceleration Coefficient (A) = 0.600 (qg)
Specified Horizontal Earthquake Coefficient (kh) = 0.190(q)
Specified Vertical Earthquake Coefficient (kv) = 0.000 (q)
Specified Seismic Pore-Pressure Factor = 0.000

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Sliding Block Surfaces, Has Been
Specified.

4000 Trial Surfaces Have Been Generated.

3 Boxes Specified For Generation Of Central Block Base
Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 10.0

Box X~Left Y-Left X-Right Y-Right Height

No. (ft) (ft) (ft) (ft) (ft)
1 75.00 503.00 200.00 503.00 20.00
2 201.00 503.00 240.00 503.00 20.00
3 290.00 535.00 310.00 535.00 20.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Evaluated. They Are
Ordered - Most Critical First.
* * Safety Factors Are Calculated By The Simplified Janbu Method * *
Total Number of Trial Surfaces Attempted = 4000
Number of Trial Surfaces With Valid FS = 4000
Statistical Data On All Valid FS Values:
FS Max = 1.605 FS Min = 1.000 FS Ave = 1.231
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Jeviation = 0.129 Coefficient of Variation =
ce Specified By 19 Coordinate Points
X-Surf Y-Surf
IC (ft) (ft)
1 12¢.034 545.000
2 131.245 540.248
3 139.313 534.339
4 147.889 529.197
5 156.115 5823.510
2 164.484 518.036
7 173.136 513.023
2 180.30¢ 506.052
9 190.1¢¢€ 504.3581
19 221.602 498.121
11 296.37¢ 529.095
12 303.429 536.184
13 310.050 543,673
14 314.269 552.745
15 321.225 559.929
16 327.505 567.711
1 334.563 574.795
18 341.634 581.867
19 342.055 590.000
Factor of Safety
* de Kk l-OCO * * Kk
Individual data on the 30 sliices
Water Water Tie Tie Earthquake
Force Force Force Force Force
dth Weight Top Bot Norm Tan Hor Ver
ft) (1bs) {1lbs) (1bs) (1lbs) (1lbs) (1lbs) {1bs)
5.2 1423.9 0.0 0.0 0. 0. 270.5 0.0
7.2 6078.6 0.0 0.0 0. 0. 1154.9 0.0
0.9 1071.8 0.0 23.0 0. 0. 203.6 0.0
8.6 1305C.3 0.0 2016.8 0. 0. 2479.6 0.0
6.1 12497.1 0.0 3638.7 0. 0. 2374.4 0.0
2.2 5150.1 0.0 1756.9 0. 0. 978.5 0.0
8.4 23493.6 0.0 8877.5 C. 0. 4463.8 0.0
5.2 17386.4 0.0 €984.7 0. 6. 3303.4 0.0
3.4 12347.2 0.0 5164.8 0. 0. 2346.0 0.0
2.1 8028.8 0.0 4162.9 0. 0. 1525.5 .0
5.1 21766.2 0.0 11725.7 0. 0. 4135.6 6.0
9.9 46082.6 0.0 18584.9 0. 0. 8755.7 Cc.0
7.8 38136.7 0.0 15651.3 0. 0. 7246.0 0.0
0.0 5106C.0 0.0 21107.6 C. 0. 9701.4 0.0
0.0 53693.5 C.0 22374.¢ 0. 0. 10202.9 0.C
3.6 20293.5 0.0 8369.9 0. 0. 3855.8 0.0
1.1 182806.5 C.0 €3920.8 0. 0. 34733.2 .0
9.7 58062.7 0.0 14348.3 ). 0. 11031.9 c.C
4.1 147824.7 0.0 24457.3 0. 0. 23808¢.7 0.0
9.9 61742 .4 0.0 5310.2 C. 0. 11731.1%1 0.C
5.9 35915.7 0.0 1534.5 0. D. 6824.0 0.0
1.2 6953.4 Cc.0 0.0 C. 0. 1321:2 0.C
6.6 37076.7 0.0 6.0 0. 0. 7044.6 6.0
3.9 19505.8 Cc.C 0.0 0. 0. 3706.1 0.0
0.3 1212.1 0.0 0.0 0. 0. 230.3 0.0
7.0 28100.1 0.0 0.0 0. 0. 5339.0 .0
.3 15729.2 ¢.0 0.0 Q- 0. 3748.5 0.0
7.1 15877.1 0.0 0.0 0. 0. 3016.¢6 0.0
7.1 9901.4 0.0 0.0 0. 0, 1881.3 0.0
5.4 205.¢ 0.0 0. 0. 0 39.1 0.0
Failure Surface Specified By 1% Coordinate Points
Point X-Surf Y-Surf
Na. (£1) (£%)
1 126.034 545.0600
2 131.245 540.248
3 139.313 534.339
4 147.889 529.197

Load
(lbs)

Surcharge

GO DO OOTCODTCOODOLOOOCOOOOOOCDOTOOOOOQ
s & a2 e e x s e e e e e e 3 a4 e e sz e s e e s & & s x e
OO O DOCTCOCCTOTOOO0ODDOCOCODOOOODO0OO0ODOOO0DODOOOO
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Failure Surface Specified By 19 Coordinate Point

Failure Surface Specified By 19 Coordinate Points

5 156.115
& 164.484
7 173.136
8 180.306
9 190.166
10 221.802
11 296.37¢
12 303.429
13 310.050
14 314.289
15 321.225
16 327.505
17 334.5€63
13 341.634
19 342.055

Factor of Safety

* Kk k. 1.000 * Kk
Pcint X-Surf

MNo. (ft)

1 12€.034
2 131.245
3 139.313
4 147.889
5 156.115
6 164.484
7 173.136
8 - 180,306
9 190.166
10 221.602
11 296.376
12 303,429
13 310,050
14 314.269
15 321.225
16 327.505
17 334.563
18 341.634
19 342.055

Factor of Safety

* * * 1'000 * Kk Kk
Point X-Surf

No. (ft)

1 126.034
2 131.245
3 139.313
4 147.839
5 156.115
6 164.434
7 173.136
8 180.306
9 190.16¢
10 221.602
11 296.376
12 303.429
13 310.050
14 314.269
15 321.225
16 327.505
17 334.563
12 341.634
19 342.055

Factor of Safety

Bk 1.000 % 40

Failure Surface

Point X-Surt

SIS

W WO 0= YWD W

CY U1 U1 s (01U U n

W N WO D

GRS NS)
~l oy Ul
PGV

581.
590.

Lipacific comm - gac - yield block rcl.OQUT

. 510
.03&
.023
.052
.3281
L1211
.095
.184
. €78
2. 745
.929
711

L795

867
000

Y-Surf

(ft)
545,
540.
534.
529
523.
518.
513.
506.
504.
498.
529.
536
543.
552.
559,
567.
574
581.
590

000
243
339

+197

510
036
023
052
381
121
085

.184

678
745
929
711

.795

867

.000

Y-Surf

(ft)
545.
540.
534.
529.
523.
518.
513.
50¢€.
504.
498.
529,
536.
543.
552.
2339,
567.
574.
581.

590.

000
248
339
197
510
036
023
052
381
121
095
134
673
745
929
711
795
867
one

Page 4
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310.050
314.2€9
321.225
327.505
334.563
341.634
342.055

1.0060

X-Surf
(ft)

126.034
131.245
139.313
147.889
156.115
164,484
173,136
180.306
190.166
221.602
296.376
303.42¢%
310.050
314.269
321.225
327.505
334,563
341.634
342.055

Safety

L

Factor of Safety

* oKk

Failure Surface Specified By 19 Cocrdinate Points

Point

k=2 2
OO X N oUW N O

= e
U W N

—
[o)]

5 e

¢

V]

1.000

X-Surf
(ft)

126.034
131.245
139.313
147.889
156.115
164.484
173.136
180.306
190.16¢6
221.602
296.376
303.429
31C.950
314.269
321.22

327.505
334.503
341.634

* x x
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opo
248

. 339
L1197

510
0346
023
052
381
121
035
184
678
745
929
711
795
8¢7
0c0C

Y-Surf

(ft)

545.
540.
534.

529
523.
518.
513.
506.
504
498.
529
536.

543.
552.
559.
567.

574.

581.

590.

000
248
339

.197

510
036
023
052

.381

121

.095

184
678
745
929
711
795
867
G090

Y-Surf

(ft)
545.

540.
534.
529.
523.
518.

513.
506.
504.

498,

525.
53¢

5%,

5559,

587.
574.

531.

000
248
339
197
510
036
023
052
381
121
095

.184
543.

678

~ .
i

v O = O b
N b O

W ~1 -1 W
~J

4.

243 of 277

=
-



Failure Surface Specified By 19 Coordinate Points

Failure Surface Specified By 19 Coordinate Points

19 342.055
Factor of Safet)
* ok 1-000 * ok Kk
Failure Surface Specifie
Point X-Surf
No, (£EY
1 126.034
2 131.245
3 135.313
4 147 889
5 156.115
(3 164.484
7 173.13¢
8 180.30¢
9 1905.166
10 221.60
11 296.376
12 303.429
13 310.050
14 314.269
15 321.225
16 327.505
17 334.563
18 341.634
19 342.055
Factor of Safety
J Je d 1.000 J ok Kk
Point X-Surf
No. (ft)
i 126.034
2 131.245
3 139.313
4 147.889
5 156.115
[ 164.484
7 173.136
8 180.306
9 190.166
10 221.602
11 296.3706
12 303.429
13 310.050
14 314.269
15 321.225
16 327.505
17 334.563
18 341.634
19 342,055
Factor of Safety
* * k 1.000 * Kk Kk
Point X-Surt
No. (ft)
ik 126.034
2 131.245
3 139.313
4 147.889
5 156.115
€ 164.484
7 173.136
8 180.3C¢
9 190.166
10 221.802
11 296.376
12 303.429
13 310.050

2,

590.

By 19

(-Surf

e

{(ft)

545.
540
534.
529.
523.
518,
513.
505,
50G4.
498,
529,
536.
543,
552,
559,
567.
574.
581.
590.

} P
isa

goo

ooo

.24%

335
197
510
03¢
023
052
381
121
095
184
678
745
929
711
795
867

on
(Y]

Y-Surf

(ft)
545,
540.
534.
529.
523.
518.
513.
506.
504,
498.
529.
536
543.
552.
559.
567
574.
581.
590.

0Co
248
339
197
510
03€e
023
052
381
121
095

.184

6783
745
929

711

795
367
G00

Y-Surf

(£t)
545.
540.
534,
529.
523,
518.

000
248
339
197
510
036

£13.023

50¢.
504.
493.
5306.

543,

052
381
121
095
134
1R

pacific co

Coordinate Puints

- gac - yield block rcl.OUT Page 6
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14
15
16
17
18
19

314.269
321,225
327.505
334.563
341.634
342,055

Factor of Safety

LR

1L.000

¥a4dk END OF GSTABLT QUTRUT **#=

ER

L:pacific comm - gac - yield block rcl.QUT Page 7

552.745
559.929
567.711
574,795
581.867
590.000
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APPENDIX C

Site Plan

Response to City Review Checklist
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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CONCEFTUAL GRAPING FLAN
FOR TRACT NO. 17810 LEGEND

Approximate Location of
EN{ A N ? O $ Double-ring Infiltrometer Test

W THE 7Y OF LAKE FOWEST, SOUNTY OF BRANGE. STATE OF CALIFOEMIA

T AR

s CONCEFTUAL GRADING FLAN
e = S - FOR TRALCT NO. 17B10
""" ENCANTO

L T R B

-5?5_ RIS -ahr e SS————
+..%= HEY i i e T}
-2 S E d

Meritage Homes .
Southwest Corner of Commercentre and ﬂgm
Alton Parkway

Lot I3 of Tract 13343 Site Plan
Lake Forest, Orange County, California

GeoTek Project No. | 162-CR3 GEOTEK
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APPENDIX D

Double-ring Infiltrometer Test Results

Response to City Review Checklist
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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DOUBLE RING INFILTROMETER TEST DATA

Project Name: 1162-CR3 Liquid Used: Tap Water
Trench No.: I-1 Equipment: Double-Ring Infiltrometer
Tested by: DVG Liquid Level Mainted by Using: Tape Measure
Date of Testing: 5/6/2015 Penetration of Rings Into Soil: Inner Ring - 4 in.; Outer Ring - 6 in.
Inner Ring Diameter (in.): 12 Outer Ring Diameter (in): 24
Water Table Depth (ft.): >50 USCS Classification: SM
FLOW READINGS INFILTRATION RATE
RING SPACE
FLOW | ANNULAR| FLOW | LIQUID
START/ INCREMENTAL | INNER § ANNULAR
TRIAL NO. TIME (water | READING | (water | TEMP. | INNER (in/hr) REMARKS
END TIME (min) RING (in) . ) . (in/hr)
added in (in) added in (F)
ml) ml)
: S 9:05:00 AM 10 12
E 9:15:00 AM 10 9 7/8 232 1non 2780 72 3/4 3
2 S 9:17:00 AM 10 12
E 9:27:00 AM 10 9 7/8 232 1non 2780 72 3/4 3
3 S 9:29:00 AM 10 12
E 9:39:00 AM 10 9 7/8 232 1158 2085 72 3/4 2 1/4
4 S 9:41:00 AM 10 12
E 9:51:00 AM 10 9 7/8 232 1158 2085 72 3/4 2 1/4
5 S 9:53:00 AM 10 12
E 10:03:00 AM 10 9 7/8 232 11 3/4 1390 72 3/4 112
. S 10:05:00 AM 10 12
E 10:15:00 AM 10 9 7/8 232 11 3/4 1390 72 3/4 112
7 S 10:17:00 AM 10 12
E 10:47:00 AM 30 9 3/4 463 1 1/4 4170 72 12 112
s S 10:49:00 AM 10 12
E 11:19:00 AM 30 9 3/4 463 138 3475 72 12 I 1/4
0 S 11:21:00 AM 10 12
E 11:51:00 AM 30 913/16 348 1non 2780 72 3/8
S 11:53:00 AM 10 12
10
E 12:23:00 PM 30 913/16 348 1non 2780 72 3/8
" S 12:25:00 PM 10 12
E 12:55:00 PM 30 913/16 348 1158 2085 72 3/8 3/4
12 S 12:57:00 PM 10 12
E 1:27:00 PM 30 9 7/8 232 1158 2085 72 114 3/4
13 S 1:29:00 PM 10 12
E 1:59:00 PM 30 9 7/8 232 11 3/4 1390 72 114 12
S 2:01:00 PM 10 12
14
E 2:31:00 PM 30 9 7/8 232 11 3/4 1390 72 114 12
5 S 2:33:00 PM 10 12
E 3:03:00 PM 30 915/16 16 11 3/4 1390 72 118 12
S 3:05:00 PM 10 12
16
E 3:35:00 PM 30 915/16 16 1113/16 1043 72 118 3/8
. S 3:37:00 PM 10 12
E 4:07:00 PM 30 915/16 16 1113/16 1043 72 118 3/8
’! h 251 of 277
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APPENDIX E

Recent Laboratory Test Data

Response to City Review Checklist
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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Cal Land Engineering, Inc.
dba Quartech Consultants

Geotechnical, Environmental, and Civil Engi_neeriﬂg_r

GeoTek, inc.

710 East Parkridge Avenue, Suite 105

Corona, California 92879

Client; Meritage

W.0.: 1162-CR3
Project: Commer Cenier, Lake Forrest

Corrosivity Test Results

Date: May 12, 2015
QCI Project No.: 15-167-005e
Summarized by: KA

oo Sample b sample | PHL | Chlorde | orgyp o | Resistivly.
ID | SAMPEL oTssp | T2 | STVl 0TiR32 (643)
B ) ;D.epth Sl "'(643.)- I P (ppm) i (/0 By S (ohm—cm) .

Bulk N/A 7.19 92 0.0440 830

576 East Lambert Road, Brea, California 92821; Tel: 714-671-1050; Fax; 714-671-1090

255 of 277



APPENDIX F

Grading Guidelines

Response to City Review Checklist
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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GENERAL GRADING GUIDELINES APPENDIX C
D-R-Horton Los Angeles Holding Company, Inc. Page C-|
Beacon Park - Tract 17741, City of Irvine, Orange County, California Project No. 1260-CR3

GENERAL GRADING GUIDELINES

Guidelines presented herein are intended to address general construction procedures for earthwork
construction. Specific situations and conditions often arise which cannot reasonably be discussed in
general guidelines, when anticipated these are discussed in the text of the report. Often unanticipated
conditions are encountered which may necessitate modification or changes to these guidelines. It is our
hope that these will assist the contractor to more efficiently complete the project by providing a
reasonable understanding of the procedures that would be expected during earthwork and the testing
and observation used to evaluate those procedures.

General

Grading should be performed to at least the minimum requirements of governing agencies, Chapters 18
and 33 of the California Building Code, CBC (2013) and the guidelines presented below.

Preconstruction Meeting

A preconstruction meeting should be held prior to site earthwork. Any questions the contractor has
regarding our recommendations, general site conditions, apparent discrepancies between reported and
actual conditions and/or differences in procedures the contractor intends to use should be brought up
at that meeting. The contractor (including the main onsite representative) should review our report
and these guidelines in advance of the meeting. Any comments the contractor may have regarding
these guidelines should be brought up at that meeting.

Grading Observation and Testing

l. Observation of the fill placement should be provided by our representative during grading.
Verbal communication during the course of each day will be used to inform the contractor of
test results. The contractor should receive a copy of the "Daily Field Report" indicating results
of field density tests that day. If our representative does not provide the contractor with these
reports, our office should be notified.

2. Testing and observation procedures are, by their nature, specific to the work or area observed
and location of the tests taken, variability may occur in other locations. The contractor is
responsible for the uniformity of the grading operations; our observations and test results are
intended to evaluate the contractor’s overall level of efforts during grading. The contractor’s
personnel are the only individuals participating in all aspect of site work. Compaction testing
and observation should not be considered as relieving the contractor’s responsibility to
properly compact the fill.

3. Cleanouts, processed ground to receive fill, key excavations, and subdrains should be observed
by our representative prior to placing any fill. It will be the contractor's responsibility to notify
our representative or office when such areas are ready for observation.

4. Density tests may be made on the surface material to receive fill, as considered warranted by

Az
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GENERAL GRADING GUIDELINES APPENDIX C

D-R-Horton Los Angeles Holding Company, Inc. Page C-2
Beacon Park - Tract 17741, City of Irvine, Orange County, California Project No. 1260-CR3
5. In general, density tests would be made at maximum intervals of two feet of fill height or every

1,000 cubic yards of fill placed. Criteria will vary depending on soil conditions and size of the
fill. More frequent testing may be performed. In any case, an adequate number of field density
tests should be made to evaluate the required compaction and moisture content is generally
being obtained.

Laboratory testing to support field test procedures will be performed, as considered warranted,
based on conditions encountered (e.g. change of material sources, types, etc.) Every effort will
be made to process samples in the laboratory as quickly as possible and in progress
construction projects are our first priority. However, laboratory workloads may cause in
delays and some soils may require a minimum of 48 to 72 hours to complete test
procedures. Whenever possible, our representative(s) should be informed in advance of
operational changes that might result in different source areas for materials.

Procedures for testing of fill slopes are as follows:
a) Density tests should be taken periodically during grading on the flat surface of the fill,
three to five feet horizontally from the face of the slope.

b) If a method other than over building and cutting back to the compacted core is to be
employed, slope compaction testing during construction should include testing the
outer six inches to three feet in the slope face to determine if the required compaction
is being achieved.

Finish grade testing of slopes and pad surfaces should be performed after construction is
complete.

Site Clearing

All vegetation, and other deleterious materials, should be removed from the site. If material is
not immediately removed from the site it should be stockpiled in a designated area(s) well
outside of all current work areas and delineated with flagging or other means. Site clearing
should be performed in advance of any grading in a specific area.

Efforts should be made by the contractor to remove all organic or other deleterious material
from the fill, as even the most diligent efforts may result in the incorporation of some materials.
This is especially important when grading is occurring near the natural grade. All equipment
operators should be aware of these efforts. Laborers may be required as root pickers.

Nonorganic debris or concrete may be placed in deeper fill areas provided the procedures used
are observed and found acceptable by our representative.

Treatment of Existing Ground

Following site clearing, all surficial deposits of alluvium and colluvium as well as weathered or
creep effected bedrock, should be removed unless otherwise specifically indicated in the text of
this report.

Az
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GENERAL GRADING GUIDELINES APPENDIX C

D-R-Horton Los Angeles Holding Company, Inc. Page C-3
Beacon Park - Tract 17741, City of Irvine, Orange County, California Project No. 1260-CR3
2. In some cases, removal may be recommended to a specified depth (e.g. flat sites where partial

alluvial removals may be sufficient). The contractor should not exceed these depths unless
directed otherwise by our representative.
Groundwater existing in alluvial areas may make excavation difficult. Deeper removals than

indicated in the text of the report may be necessary due to saturation during winter months.

Subsequent to removals, the natural ground should be processed to a depth of six inches,
moistened to near optimum moisture conditions and compacted to fill standards.

Exploratory back hoe or dozer trenches still remaining after site removal should be excavated
and filled with compacted fill if they can be located.

Fill Placement

Unless otherwise indicated, all site soil and bedrock may be reused for compacted fill; however,
some special processing or handling may be required (see text of report).

Material used in the compacting process should be evenly spread, moisture conditioned,
processed, and compacted in thin lifts six (6) to eight (8) inches in compacted thickness to
obtain a uniformly dense layer. The fill should be placed and compacted on a nearly horizontal
plane, unless otherwise found acceptable by our representative.

If the moisture content or relative density varies from that recommended by this firm, the
contractor should rework the fill until it is in accordance with the following:

a) Moisture content of the fill should be at or above optimum moisture. Moisture should
be evenly distributed without wet and dry pockets. Pre-watering of cut or removal
areas should be considered in addition to watering during fill placement, particularly in
clay or dry surficial soils. The ability of the contractor to obtain the proper moisture
content will control production rates.

b) Each six-inch layer should be compacted to at least 90 percent of the maximum dry
density in compliance with the testing method specified by the controlling governmental
agency. In most cases, the testing method is ASTM Test Designation D 1557.

Rock fragments less than eight inches in diameter may be utilized in the fill, provided:

a) They are not placed in concentrated pockets;
b) There is a sufficient percentage of fine-grained material to surround the rocks;
) The distribution of the rocks is observed by, and acceptable to, our representative.

Rocks exceeding eight (8) inches in diameter should be taken off site, broken into smaller
fragments, or placed in accordance with recommendations of this firm in areas designated
suitable for rock disposal. On projects where significant large quantities of oversized materials
are anticipated, alternate guidelines for placement may be included. If significant oversize
materials are encountered during construction, these guidelines should be requested.

In clay soil, dry or large chunks or blocks are common. If in excess of eight (8) inches minimum
dimension, then they are considered as oversized. Sheepsfoot compactors or other suitable

Az
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GENERAL GRADING GUIDELINES APPENDIX C
D-R-Horton Los Angeles Holding Company, Inc. Page C-4
Beacon Park - Tract 17741, City of Irvine, Orange County, California Project No. 1260-CR3

methods should be used to break up blocks. When dry, they should be moisture conditioned
to provide a uniform condition with the surrounding fill.

Slope Construction

I The contractor should obtain a minimum relative compaction of 90 percent out to the finished
slope face of fill slopes. This may be achieved by either overbuilding the slope and cutting back
to the compacted core, or by direct compaction of the slope face with suitable equipment.

2. Slopes trimmed to the compacted core should be overbuilt by at least three (3) feet with
compaction efforts out to the edge of the false slope. Failure to properly compact the outer
edge results in trimming not exposing the compacted core and additional compaction after
trimming may be necessary.

3. If fill slopes are built "at grade" using direct compaction methods, then the slope construction
should be performed so that a constant gradient is maintained throughout construction. Soil
should not be "spilled" over the slope face nor should slopes be "pushed out" to obtain grades.
Compaction equipment should compact each lift along the immediate top of slope. Slopes
should be back rolled or otherwise compacted at approximately every 4 feet vertically as the
slope is built.

4. Corners and bends in slopes should have special attention during construction as these are the
most difficult areas to obtain proper compaction.

5. Cut slopes should be cut to the finished surface. Excessive undercutting and smoothing of the
face with fill may necessitate stabilization.

UTILITY TRENCH CONSTRUCTION AND BACKFILL

Utility trench excavation and backfill is the contractors responsibility. The geotechnical consultant
typically provides periodic observation and testing of these operations. While efforts are made to make
sufficient observations and tests to verify that the contractors’ methods and procedures are adequate
to achieve proper compaction, it is typically impractical to observe all backfill procedures. As such, it is
critical that the contractor use consistent backfill procedures.

Compaction methods vary for trench compaction and experience indicates many methods can be
successful. However, procedures that “worked” on previous projects may or may not prove effective
on a given site. The contractor(s) should outline the procedures proposed, so that we may discuss
them prior to construction. We will offer comments based on our knowledge of site conditions and
experience.

I Utility trench backfill in slopes, structural areas, in streets and beneath flat work or hardscape

should be brought to at least optimum moisture and compacted to at least 90 percent of the
laboratory standard. Soil should be moisture conditioned prior to placing in the trench.

Az
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GENERAL GRADING GUIDELINES APPENDIX C

D-R-Horton Los Angeles Holding Company, Inc. Page C-5
Beacon Park - Tract 17741, City of Irvine, Orange County, California Project No. 1260-CR3
2. Flooding and jetting are not typically recommended or acceptable for native soils. Flooding or

jetting may be used with select sand having a Sand Equivalent (SE) of 30 or higher. This is
typically limited to the following uses:

a) shallow (12 + inches) under slab interior trenches and,
b) as bedding in pipe zone.

The water should be allowed to dissipate prior to pouring slabs or completing trench
compaction.

3. Care should be taken not to place soils at high moisture content within the upper three feet of
the trench backfill in street areas, as overly wet soils may impact subgrade preparation.
Moisture may be reduced to 2% below optimum moisture in areas to be paved within the upper
three feet below sub grade.

4. Sand backfill should not be allowed in exterior trenches adjacent to and within an area
extending below a |:| projection from the outside bottom edge of a footing, unless it is similar
to the surrounding soil.

5. Trench compaction testing is generally at the discretion of the geotechnical consultant. Testing
frequency will be based on trench depth and the contractors procedures. A probing rod would
be used to assess the consistency of compaction between tested areas and untested areas. If
zones are found that are considered less compact than other areas, this would be brought to
the contractors attention.

JOB SAFETY

General

Personnel safety is a primary concern on all job sites. The following summaries are safety
considerations for use by all our employees on multi-employer construction sites. On ground
personnel are at highest risk of injury and possible fatality on grading construction projects. The
company recognizes that construction activities will vary on each site and that job site safety is the
contractor's responsibility. However, it is, imperative that all personnel be safety conscious to avoid
accidents and potential injury.

In an effort to minimize risks associated with geotechnical testing and observation, the following

precautions are to be implemented for the safety of our field personnel on grading and construction

projects.

l. Safety Meetings: Our field personnel are directed to attend the contractor's regularly scheduled
safety meetings.

2. Safety Vests: Safety vests are provided for and are to be worn by our personnel while on the
job site.
3. Safety Flags: Safety flags are provided to our field technicians; one is to be affixed to the vehicle

when on site, the other is to be placed atop the spoil pile on all test pits.

Az
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GENERAL GRADING GUIDELINES APPENDIX C
D-R-Horton Los Angeles Holding Company, Inc. Page C-6
Beacon Park - Tract 17741, City of Irvine, Orange County, California Project No. 1260-CR3

In the event that the contractor's representative observes any of our personnel not following the above,
we request that it be brought to the attention of our office.

Test Pits Location, Orientation and Clearance

The technician is responsible for selecting test pit locations. The primary concern is the technician's
safety. However, it is necessary to take sufficient tests at various locations to obtain a representative
sampling of the fill. As such, efforts will be made to coordinate locations with the grading contractors
authorized representatives (e.g. dump man, operator, supervisor, grade checker, etc.), and to select
locations following or behind the established traffic pattern, preferably outside of current traffic. The
contractors authorized representative should direct excavation of the pit and safety during the test
period. Again, safety is the paramount concern.

Test pits should be excavated so that the spoil pile is placed away from oncoming traffic. The
technician's vehicle is to be placed next to the test pit, opposite the spoil pile. This necessitates that the
fill be maintained in a drivable condition. Alternatively, the contractor may opt to park a piece of
equipment in front of test pits, particularly in small fill areas or those with limited access.

A zone of non-encroachment should be established for all test pits (see diagram below). No grading
equipment should enter this zone during the test procedure. The zone should extend outward to the
sides approximately 50 feet from the center of the test pit and 100 feet in the direction of traffic flow.
This zone is established both for safety and to avoid excessive ground vibration, which typically
decreases test results.

TEST PIT SAFETY PLAN

SIDE VIEW

I = I ] Test Pit

A

50 ft Zone of

Traffic Direction Non-Encroachment

\

a?{(eezl(r:::re Y Test Pit Spoil
P A pile

< 10 O ft Zone of
Non-Encroachment 50 ft Zone of
Non-Encroachment

PLAN VIEW Y
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GENERAL GRADING GUIDELINES APPENDIX C
D-R-Horton Los Angeles Holding Company, Inc. Page C-7
Beacon Park - Tract 17741, City of Irvine, Orange County, California Project No. 1260-CR3

Slope Tests

When taking slope tests, the technician should park their vehicle directly above or below the test
location on the slope. The contractor's representative should effectively keep all equipment at a safe
operation distance (e.g. 50 feet) away from the slope during testing.

The technician is directed to withdraw from the active portion of the fill as soon as possible following
testing. The technician's vehicle should be parked at the perimeter of the fill in a highly visible location.

Trench Safety

It is the contractor's responsibility to provide safe access into trenches where compaction testing is
needed. Trenches for all utilities should be excavated in accordance with CAL-OSHA and any other
applicable safety standards. Safe conditions will be required to enable compaction testing of the trench
backfill.

All utility trench excavations in excess of 5 feet deep, which a person enters, are to be shored or laid
back. Trench access should be provided in accordance with OSHA standards. Our personnel are
directed not to enter any trench by being lowered or "riding down" on the equipment.

Our personnel are directed not to enter any excavation which;
I is 5 feet or deeper unless shored or laid back,

2. exit points or ladders are not provided,

3. displays any evidence of instability, has any loose rock or other debris which could fall into the
trench, or

4. displays any other evidence of any unsafe conditions regardless of depth.

If the contractor fails to provide safe access to trenches for compaction testing, our company policy
requires that the soil technician withdraws and notifies their supervisor.  The contractors
representative will then be contacted in an effort to effect a solution. All backfill not tested due to
safety concerns or other reasons is subject to reprocessing and/or removal.

Procedures

In the event that the technician's safety is jeopardized or compromised as a result of the contractor's
failure to comply with any of the above, the technician is directed to inform both the developer's and
contractor's representatives. If the condition is not rectified, the technician is required, by company
policy, to immediately withdraw and notify their supervisor. The contractor’s representative will then
be contacted in an effort to effect a solution. No further testing will be performed until the situation is
rectified. Any fill placed in the interim can be considered unacceptable and subject to reprocessing,
recompaction or removal.

In the event that the soil technician does not comply with the above or other established safety
guidelines, we request that the contractor bring this to technicians attention and notify our project
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GENERAL GRADING GUIDELINES APPENDIX C
D-R-Horton Los Angeles Holding Company, Inc. Page C-8
Beacon Park - Tract 17741, City of Irvine, Orange County, California Project No. 1260-CR3

manager or office. Effective communication and coordination between the contractors' representative
and the field technician(s) is strongly encouraged in order to implement the above safety program and
safety in general.

The safety procedures outlined above should be discussed at the contractor's safety meetings. This will
serve to inform and remind equipment operators of these safety procedures particularly the zone of
non-encroachment.

The safety procedures outlined above should be discussed at the contractor's safety meetings. This will
serve to inform and remind equipment operators of these safety procedures particularly the zone of
non-encroachment.
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City of Lake Forest
Geotechnical Investigation Report Review Checklist
November 6, 2014

Encanto Project
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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P.N. 11056-13
CITY OF LAKE FOREST
GEOTECHNICAL INVESTIGATION REPORT REVIEW CHECKLIST

Date Authorized: October 28, 2014 Date Completed:  November 6, 2014
Date of Report: June 2, 2014
Consultant: Geo Tek Inc. Their Job No.: 1162-CR3
Signed By: Ronald A. Reed License No.: GE 2524 Exp 6/30/15
Signed By: Edward H. LaMont License No.: CEG 1892 Exp 7/31/16
Applicant Name: Meritage Homes — Encanto Legend: N =No
Site Address: Southwest Corner Commercentre Drive and Alton Parkway Y =Yes

Lake Forest, California NA = Not Applicable
Lot/Tract No.: Lot 13, Tract 13343

Proposed Project:

. Project Information /Background:
Y/N  Review of existing City files Y/N  Reference to grading/foundation plans by date
Y/N  Reference to site(s) by street address Y/N  Subsurface investigation

Y/N  Grading or remedial grading proposed

. Geologic Hazards:

Hazard Discussion of Hazard Mitigation Reguired Recommendations for Mitigation

Adverse geologic structure Y/N/NA Y/N/NA Y/N/NA

Collapsible soils Y/N/NA Y/N/NA Y/N/NA

Debris/mud flow Y/N/NA Y/N/NA Y/N/NA

Differential settlement Y/N/NA Y/N/NA Y/N/NA

Erosion/drainage Y/N/NA Y/N/NA Y/N/NA

Expansive soils Y/N/NA Y/N/NA Y/N/NA

Faulting Y/N/NA Y/N/NA Y/N/NA

Fractured bedrock Y/N/NA Y/N/NA Y/N/NA

Groundwater Y/N/NA Y/N/NA Y/N/NA

Landslide Y/N/NA Y/N/NA Y/N/NA

Liquefaction Y/N/NA Y/N/NA Y/N/NA

Settlement Y/N/NA Y/N/NA Y/N/NA

Soil/rock creep Y/N/NA Y/N/NA Y/N/NA

Sulfate rich soils Y/N/NA Y/N/NA Y/N/NA

. Supporting Analysis/Data: . Recommendations For:

Y/N/NA  Slope stability calculations Y/N/NA Foundations

Y/N/NA  Shear strength values Y/N/NA Retaining walls

Y/N/NA  Other laboratory data Y/N/NA Foundation setbacks

Y/N/NA  Seismic coefficients/parameters Y/N/NA Slabs

Y/N/NA  Boring/trench logs Y/N/NA Flatwork

Y/N/NA Liquefaction study Y/N/NA Grading

Y/N/NA  Calculations supporting recommendations Y/N/NA Pools/spas

Y/N/NA Reference list Y/N/NA Slope/bluff setbacks
Y/N/NA Temporary excavations

. Geologic Map/Cross-Sections: None provided

Y/N  Accurate topographic base extending sufficiently offsite Y/N  Proposed topography

Y/N  Surficial drainage Y/N  Slope gradients

Y/N  EXxisting structures Y/N  Proposed structures

Y/N  Boring/trenches plotted Y/N  Legend, scale, north arrow

Y/N  Geologic contacts/data illustrated Y/N  Location of cross-section(s) shown

Y/N  Consistency with adjoining data/maps Y/N  Illustrate setbacks, if any

Y/N  Cross-Sections sufficient in number, location and detail Y/N  Proposed excavations

. Report Closure:
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Non

P.N. 11056-13
CITY OF LAKE FOREST
GEOTECHNICAL INVESTIGATION REPORT REVIEW CHECKLIST

Report Closure:

Statement as to the adequacy of the site for the intended use.

Statement that proposed development will not adversely impact adjoining sites.
Signature of C.E.G.

Signature of R.C.E. or G.E.

e to City Staff: The submitted report is a Due Diligence report for the subject site and as such does not meet the

requirements of a geotechnical investigation. This report relies on previously completed geotechnical investigations, grading
reports for previously placed artificial fill materials and reports addressing settlement and surcharge.

Recommended Actions:

Building and Safety:

Report Approved Conditional Approval (See Below) X Additional Input Required

Items requiring response/further evaluation:

1.

2.

Please provide a copy of the December 24, 2009 and June 2, 2014 Stoney-Miller reports.

The consultant shall indicate they are now the consultant of record for the project and that they have reviewed all referenced
documents. They shall provide the project address, applicant’s name, and the previous consultant’s name. The New
consultants shall address previous conclusions and recommendations by others by either concurring or providing
modifications in writing. The new consultant must state that they are now the geotechnical/geologic consultant of record
and accept geotechnical/geologic responsibility for the project. The consultant shall provide a finding that the proposed
project is suitable from a geotechnical perspective and will not have an impact on adjacent properties.

The consultant shall provide a complete geotechnical grading plan review report based on an engineered grading plan, when
available. The results of subsurface investigation by others, additional laboratory testing for expansive soils and sulfate
content should be included, along with detailed geologic map and cross sections depicting proposed grading, temporary
cuts, recommended setbacks, property lines, adjacent structures, settlement, foundation recommendations, retaining wall
recommendations, grading recommendations, updated seismic parameters, etc. Anticipated shoring, slot cutting, restricted
use areas, geogrid, etc. should be depicted if proposed.

Additional Comments/Conditions of Approval (no response required):

4.

Note to City Staff: Staff should confirm that the Consultants (C.E.G. and R.C.E./G.E.) have signed the final dated
grading/foundation plans, thereby verifying the plans' geotechnical conformance with the Consultant's original report and
associated addenda.

Prior to building permits being issued, the consultant shall provide a complete geotechnical foundation plan review report
based on engineered plans, when available. The results of additional testing and data from the grading and laboratory
testing should be included, along with detailed geologic cross sections depicting proposed structures, precise grading,
temporary cuts, typical footings, recommended setbacks, property lines, and adjacent structures.

267 of 277

S:\projects\1156\1156-13 1" Review Encanto Project 11-14.doc



P.N. 11056-13
CITY OF LAKE FOREST
GEOTECHNICAL INVESTIGATION REPORT REVIEW CHECKLIST

Limitations:

Our review is intended to determine if the submitted report(s) comply with City of Lake Forest Codes and generally accepted
geotechnical practices within the local area. The scope of our services for this third party review has been limited to a brief site
visit and a review of the above referenced report and associated documents, as supplied by the City of Lake Forest. Re-analysis
of reported data and/or calculations and preparation of amended construction or design recommendations are specifically not
included within our scope of services. Our review should not be considered as a certification, approval or acceptance of the
consultant’s work, nor is it meant as an acceptance of liability for final design or construction recommendations made by the

geotechnical,consultant of record opthe project designers or en E;
4 Q‘y . \J
BY: _— Vu&ﬂ l‘éf D, BY:

mes M. Lancaster, .'Ir., C.E.G. 192ﬂ?7«s 6/30/14 Henry F Kling, G.E. 2205, Expires 3/31/14

LING CONSULTING GROUP, INC. KLING CONSULTING GROUP, INC.
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Document E

GeoTek
Due Diligence Geotechnical Review
June 2, 2014

Encanto Project
Lot 13, Tract 13343
Lake Forest, Orange County, California
Project No. 1162-CR3
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GeoTek, Inc.
710 E. Parkridge Avenue, Suite 105, Corona, California 92879-1097

(951) 710-1160 Office  (951) 710-1167 Fax  www.geotekusa.com

GEOTEK

June 2, 2014
Project No. 1162-CR3
Meritage Homes
1250 Corona Pointe Court, Suite 210
Corona, California 92879

Attention: Mr. Peter Vanek

Subject: Due Diligence Geotechnical Review
Proposed Residential Development

Lot 13 of Tract 13343
Lake Forest, Orange County, California

References: Page 6

Dear Mr. Vanek:

In accordance with your request, GeoTek, Inc. (GeoTek) has prepared this Due Diligence
Geotechnical Review letter for the subject property. Our general review and review
comments are based on a site reconnaissance by representatives of GeoTek completed on
March 19, 2014, a limited geotechnical evaluation completed by this firm (GeoTek, 2014),
review of existing geotechnical reports for the site provided by you (see References) and our
experience in the vicinity and with this type of project development.

+ Site Description

Lot 13 of Tract 13343 is located southwest of the intersection of Alton Parkway and
Commercentre Drive in the City of Lake Forest, Orange County, California. The site
consists of roughly 4.5 acres of land, which has previously been graded. An ascending
slope is located along the southeast side of the site, adjacent Lot 12 of Tract 13343.
An existing industrial/commercial building is located on the adjacent developed
property. Descending slopes are located along the northeast, northwest and
southwest sides of the subject site (see Figure I).
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MERITAGE HOMES Project No. 1162-CR3
Due Diligence Geotechnical Review June 2,2014
Lot 13, Tract 13343, Lake Forest, Orange County, California Page 2

% Geologic/Geotechnical Conditions

Based on recent site observations and review of the referenced geotechnical reports,
the project site is underlain by engineered fill materials which is underlain by both
saturated alluvial materials and sedimentary bedrock identified as Vaqueros-Sespe
Formation sandstone (Stoney-Miller, 1991). The subject property is not located within
a State of California designated Earthquake Fault Zone (Alquist-Priolo) or a Special
Studies Zone for liquefaction potential, but is partially in an area for landslide potential
(see Figure 2).

Initial rough grading of the site was under the observation and testing services of
Stoney-Miller Consultants, Inc. Consultants (Stoney-Miller, 1991), with subsequent
geotechnical site work reported on by both Stoney-Miller and Bagahi Engineering, Inc.
(Bagahi).

The site was initially mass graded from June 1990 to July 1991, as reported by Stoney-
Miller (1991). The building pad area of Lot I3 was initially graded to an elevation of
roughly 590 to 592 feet msl, with a detention basin located toward the center of the
pad, as shown on the USGS map for the area (depicted on Figure |) and which was
graded to an elevation of about 580 msl. Prior to engineered fill placement, previously
existing undocumented fill soil, unsaturated alluvium and otherwise loose and
unconsolidated soils were removed to expose saturated alluvium or bedrock.

Subsequent to completing the removals described above, engineered fill was placed up
to design grades using a 90 percent minimum relative compaction standard. Depths of
fill across the graded pad ranged from roughly two (2) feet near the south corner of
the pad to roughly 60 feet toward the north and west sides of the pad. Saturated
alluvial thickness below the pad area was estimated to range from 25 to 35 feet
(Stoney-Miller, 2006), to as much as 60 feet (Stoney-Miller, 1991) feet where it was left
in place.

As a result of leaving saturated alluvial soils beneath the subject pad, several episodes of
surcharging the site with fill soils were recommended and subsequently performed
under the geotechnical observation and monitoring of both Stoney-Miller and Bagahi
(see referenced reports). Upon review of the most recent referenced report detailing
these surcharging and settlement monitoring episodes (Stoney-Miller, 2009), the
surcharging efforts for the subject site has been deemed sufficient to mitigate future
ground settlements to less than |-inch for a time period (design life) of 50 years.

G
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MERITAGE HOMES Project No. 1162-CR3
Due Diligence Geotechnical Review June 2,2014
Lot 13, Tract 13343, Lake Forest, Orange County, California Page 3

The geotechnical report of rough grading by Stoney-Miller (1991) also provides as-built
conditions with respect to geotechnical aspects for the project site.

In addition to the above and as a result of the western site slope area being partially
supported by alluvium and designated as within a Seismic Hazard Zone for landslide
potential, Stoney-Miller completed a recent slope stability analyses of this area based on
their knowledge of the site and a supplemental evaluation (2014). According to
Stoney-Miller’s analyses, there is a potential for some lateral displacement of the
existing site fill slope located toward the western edge of the property. The potential
horizontal displacement appears to be on the order of |5 centimeters or less within
roughly 50 feet as measured horizontally from the top of slope along a portion of the
slope area described above (Stoney-Miller, 2014). Potential vertical settlement in the
toe area of the slope as a result of liquefaction was estimated to be on the order of 0.8
to 1.7 inches (Stoney-Miller, 2014).

Existing Site Observations

Minor amounts of vegetation currently exist on site slopes as well as undeveloped lots.

Rodent burrows were observed throughout the site within the graded slopes and pad
areas.

Minor to moderate erosion is visible across site, including on slopes associated with the
existing surcharge fills and the finish pad.

Several large stockpile/surcharge fills are present on the site. These fills locally have
over-steepened slopes, and are reported to have been placed at a minimum relative
compaction of 85%. Significant erosion was also locally noted on these surcharge fill
areas.

Conclusions and Recommendations

The information provided in the referenced reports appears adequate from a due
diligence review perspective.

Items of note that should be addressed for the subject project include the following:

G
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MERITAGE HOMES Project No. 1162-CR3

Due Diligence Geotechnical Review June 2,2014
Lot 13, Tract 13343, Lake Forest, Orange County, California Page 4
o] Existing trash, construction debris, and other deleterious materials present onsite

will need to be removed and wasted offsite prior to lot reconditioning.

0] The existing surcharge fills will need to be removed, and pad grade returned to
design grade elevation(s) or lower, prior to site development. The resulting pad
will need to be surficially moisture conditioned and re-compacted prior to
development.

o] As indicated in the text of this review, the site is partially situated in an area
(Seismic Hazard Potential Zone) designated by the State of California as requiring
a landslide potential evaluation. A recent geotechnical evaluation addressing this
issue has been completed by Stoney-Miller (2014). As such, possible adverse
effect(s) associated with the downward and outward movement resultant from
the potential seismically triggered lateral slope movement on proposed structural
improvements will need to be addressed prior to site development in this area.

0 No Expansion Index (El) testing results for the subject lot was provided.
Expansion testing of soils near finish grade elevations for the subject lot will need
to be performed in order to provide foundation design criteria.

0] Sulfate and corrosion tests results are not provided for the subject lot. Testing
of soils from near finish grade elevations at the subject site will need to be
performed in order to provide recommendations for site construction.

o] Additional expansion, sulfate and corrosion potential testing should be
performed.  Additional recommendations should may be presented by a
corrosion engineer.

o] Foundation and seismic design criteria for the site should be updated to current
industry code guidelines. Conventional slab-on-grade and/or post-tensioned
foundation recommendations will likely be considered feasible for support of the
anticipated residential structures. Building foundations will likely be required to
be designed to mitigate the possible additional lateral displacement discussed in
the report by Stoney-Miller (2014) in the area near the western site slope. Site
development plans will need to be reviewed prior to providing site specific
geotechnical foundation design criteria.
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MERITAGE HOMES Project No. 1162-CR3
Due Diligence Geotechnical Review June 2,2014
Lot 13, Tract 13343, Lake Forest, Orange County, California Page 5

LIMITATIONS

Our findings are based on site conditions observed and the stated sources. Thus, our
comments are professional opinions that are limited to the extent of the available data. These
opinions have been derived in accordance with current City/County standards of practice and
no warranty is expressed or implied. Standards of practice are subject to change with time.

Respectfully submitted,
GeoTek, Inc.

CLANAT

Edward H. LaMont Ronald A. Reed

CEG 1892, Exp. 7/31/14 GE 2524, Exp 6/30/15
Principal Geologist Senior Project Engineer
Enclosures: Figure | — Site Location Map

Figure 2 — Seismic Hazard Map

Distribution: (1) Addressee via email
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Diligence\l 1 62CR3 Meritage Homes Due Diligence Lake Forest.doc
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MERITAGE HOMES Project No. 1162-CR3
Due Diligence Geotechnical Review June 2,2014
Lot 13, Tract 13343, Lake Forest, Orange County, California Page 6
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