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1. 

United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

Ecological Services 
Carlsbad Fish and Wildlife Office 

2730 Loker Avenue West 
Carlsbad, California 92008 

LEAST BELL'S VIREO SURVEY GUIDELINES JAN192001 

The following suggested guidelines are provided to facilitate accurate assessments of the 
presence/absence of the State and federally endangered least Bell's vireo (Vireo bellii pusil/us, 
vireo), to provide the Fish and Wildlife Service with sufficient information to adequately respond 
to requests for applicable Federal permits and licenses, and to fulfill our mandate to conserve and 
recover the species. Currently, a recovery permit pursuant to section lO(a)(l)(A) ofthe 
Endangered Species Act is not required to conduct presence/absence surveys for the vireo, as 
long as this protocol is utilized and vocalization tapes are not used. These guidelines include 
minor modifications to our February 1992 guidelines and provide clarification of what we have 
been verbally recommending. 

1. Under normal circumstances, all riparian areas and any other potential vireo habitats 
should be surveyed at least eight (8) times during the period from April 1 0 to July 31. 
However, we may concur, on a case by case basis, with a reduced effort if unusual 
circumstances dictate that this is a prudent course of action. For instance, intensive 
surveys of small, marginal or extralimital habitats by experienced personnel may well 
result in defensible conclusions that eight (or more) individual survey are unnecessary. 
Under such unusual circumstances, we will consider requests for reductions in the 
prescribed number of individual surveys. In any case, site visits should be conducted at 
least 10 days apart to maximize the detection of, for instance, late and early arrivals, 
females, particularly "non vocal" birds of both sexes, and nesting pairs. 

2. Although the period from AprillO to July 31 encompasses the period during which most 
vireo nesting activity occurs, eight surveys are generally sufficient to detect most (if not 
all) vireo adults in occupied habitats. Precise vireo censuses and estimations of home 
range likely will not be possible unless surveys are conducted outside of this time 
window. Although focused surveys conducted in accordance with these guidelines 
substantially reduce the risk of an unauthorized take* that could potentially occur as a 
result of land development or other projects, individual project proponents may wish to 
conduct surveys that are more rigorous than those that would otherwise result from strict 
adh~rence to these survey guidelines. If additional information (e.g., extent of occupied 
hab1tat, total numbers of adult and juvenile vireos in study area) is desired or necessary, 
surveys should be extended to August 31 and conducted in such a manner as to collect the 
data necessary to prepare reports that reflect the methods and standards established in the 
current scientific literature on this subject. In particular, information collected after July 
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15 will reflect a broader extent to the riparian habitat and other adjacent habitat types that 
the vireo typically utilizes during the latter phase of the breeding season, especially when 
the young become independent of the adults. 

3. Surveys should be conducted by a qualified biologist familiar with the songs, whisper 
songs, calls, scolds, and plumage characteristics of adult andjuvenile vireos. These skills 
are essential to maximize the probability of detecting vireos and to avoid potentially 
harassing the species in occupied habitats. 

4. Surveys should be conducted between dawn and 11:00 a.m. Surveys should not be 
conducted during periods of excessive or abnormal cold, heat, wind, rain, or other 
inclement weather that individually or collectively may reduce the likelihood of 
detection. 

5. Surveyors should not survey more than 3 linear kilometers or more than 50 hectares of 
habitat on any given survey day. Although surveyors should generally station themselves 
in the best possible locations to hear or see vireos, care should be taken not to disturb 
potential or actual vireo habitats and nests or the habitat of any sensitive or listed riparian 
species. 

6. All vireo detections (e.g., vocalization points, areas used for foraging, etc.) should be 
recorded and subsequently plotted to estimate the location and extent of habitats utilized. 
These data should be mapped on the appropriate USGS quadrangle map. 

7. Data pertaining to vireo status and distribution (e.g., numbers and locations of paired or 
unpaired territorial males, ages and sexes of all birds encountered) should be noted and 
recorded during each survey. In addition, surveyors should look for leg bands on vireo 
adults and juveniles if, in fact, it is possible to do so without disturbing or harassing the 
birds. If leg bands or other markers are observed, then surveyors should record and report 
the detection and associated circumstances to us by telephone, facsimile, or electronic 
mail as soon as possible. Reports should include the colors and relative locations of any 
and all bands detected, the age and sex of the marked bird, and the precise location ofthe 
detection. 

8. The numbers and locations of all brown-headed cowbirds (Molothrus ater) detected 
within vireo territories should be recorded during each survey and subsequently reported 
to us. In addition, all detections of the State and federally endangered southwestern 
willow flycatcher (Empidonax tral/ii extimus, flycatcher) and State endangered yellow­
billed cuckoo (Coccyzus americanus, cuckoo) should be recorded and reported. Any and 
all cu~ko? and flycatcher a?ults, young, or nests should not be approached, and taped 
vocalizatiOns of these spec1es should not be used unless authorized in advance by 
s~ientific permits to take* issued by us (if appropriate) and the California Department of 
Fish and ~arne. Flycatcher presence/absence surveys require a recovery permit issued by 
us per section lO(a)(l)(A) ofthe Endangered Species Act. 
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9. To avoid the potential harassment of vireos, flycatchers, and cuckoos resulting from vireo 
surveys, other riparian species survey efforts, or multiple surveys within a given riparian 
habitat patch, detections of these three species should be reported to us as soon possible 
by telephone, facsimile, or electronic mail. 

10. A final report (including maps) should be prepared that depicts survey dates and times 
and includes descriptions or accounts of the methods, locations, data and information 
identified in preceding sections. 

11. This final report should be provided to us (at the letterhead address) and to the local 
office of the Department ofFish and Game within 45 calendar days following the 
completion of the survey effort. Additionally, a summary of all vireo survey efforts 
conducted during the calendar year should be submitted to each of the above offices by 
January 31 of the following year. 

Should you have data or information to report, or have any questions regarding these survey 
guidelines, please contact Christine Moen (christine_moen@fws.gov), or Loren Hays 
(loren_hays@fws.gov) ofmy staff at (760) 431-9440 (facsimile 760-431-9624), or John 
Gustafson Ggustafs@hq.dfg.ca.gov) with the Department ofFish and Game at (916) 654-4260 
(facsimile 916-653-1 019). 

Sincerely, 

~e·r 
Adl5 Field Supervisor 

• The term "take," as deflned in Section 3, paragraph 18 of the Endangered Species Act of 1973 as amended (Act), 
means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to engage in any such 
conduct. "Take" (specifically "harass") is further defmed to mean "an act or omission which creates the likelihood 
of injury to wildlife by annoying it to such an extent as to significantly disrupt normal behavioral patterns, which 
include, but are not limited to, breeding, feeding, and sheltering" "Take" (specifically "harm") is further defmed as 
an "act which actually kills or injures wildlife. Such act may include significant habitat modification or degradation 
where it actually kills or injures wildlife by significantly impairing essential behavior patterns, including breeding 
feeding or sheltering" (50 CFR 17.3 ). Please be advised that the take of the vireo and other listed species is 
prohibited by section 9 of the Act unless authorized by pennits issued pursuant to section 7 or section 10 to the Act. 
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(Print project/applicant name) Westbound On-Ramp at Grand Avenue/SR-60 Interchange EA 255104/Cal!ra.ns 

hereby makes application to construct on or in the public streets and rights of way, and City easements at the location 
described below, subject to the provisions of the ordinances of the City of Industry and THE ATTACHED REQUIREMENTS. 

ln. consideration of the granting of this permit, it is further agreed by the applicant that the City of Industry and any of ils 
officers or employees shall be saved harmless by the applicant from any liability or responsibility for any accident loss or 
damage to persons or property, happening or occurring as the proximate result of any work undertaken under the terms of 
this application and the permit or permits which may be granted in response thereto, and that all said liabilities are hereby 
assumed by the applicant. 

Location: Grand Avenue/SR-60 Interchange in Diamond Bar and Clly of Industry 

Description of- Work: Removal of curb on Old Brea Cyn Rd. Installation of HMA dike, GOO Inlet, and temporary construcllon entrance on Old Brea Cyn Rd. 

Temporary fnstalfaUon, maintenance, and removal of temporary fence (type ESA) along service road.lnstalfalion of temporary hydraulic mulch as necessary. 

Permanent Resurfacing: Permitee lEI City Forces 0 N/A o 
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identification number from Underground Service Alert at 1-800-422-4133. 
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When work is completed fill out copy and send to City Engineer's Office at above address. 
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WKE, Inc. 
400 N . Tustin Avenue, Suite 275 
Santa Ana, California 92705 

Attention: Mr. Dan WeddeJl, P.E. 

EMI Project No. 08-170 

Subject: Final Foundation Report for Retaining Wall No.2 (Bridge No. 53E-0206) 
SR-57/SR-60 Confluence Project, Phase I 
Grand Avenue Westbound On-Ramp 
Cities of industry and Diamond Bar, Los Angeles County, California 
07-LA-60, PM 24.3 , EA 07-255100 

Dear Mr. Weddell: 

Attached please find the Final Foundation Report for Retaining Wall No. 2 for the Grand Avenue 
Westbound On-Ramp, wluch is a part of the SR-57/SR-60 Confluence Project, Phase I. Thjs 
repmt contains the findings and conclusions of our ri eld investigation and laboratory tes6ng 
program. This report also contains our recommendations for the design and construction of the 
wall foundations. 

An earlier version of this report dated February 10, 2012 was subn-lltted to Cal trans for review. 
Caltrans provided their comments in a Comments and Response Fonn dated March 26, 2012. 
Caltrans review comments and our responses are included in Appendix D. This report has been 
modified to include our responses. 

We appreciate the opportunity to provide geoteclmical design services for this project. If you 
have any questions, please call us. 

Sincerely, 

EARTH MECHANICS, lNC 

q . 
'J-0/ -.l • /1..­

(Raja) S. Pirathiviraj , GE 2963 
Senior StaffEngineer 

SP/sp,lcc 

17800 Newhope Street, Suite B, Fountain Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928 
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1.0 INTRODUCTION 

1.1 PURPOSE AND SCOPE OF STUDY 

This Foundat ion Report presents the findjngs and conclusions of a geotechnical investigation 
conducted by Earth Mechanics, ]nc. (EM1). lt presents foundation design and construction 
recommendations for the proposed Retaining Wall No. 2 (RW-2) for the Grand Avenue 
Westbound On-Ramp, which is a part of the State Route (SR) 57/SR-60 Confluence Project 
(Phase 1) in Los Angeles County, California. A Site Location Map is presented in Figure 1-1. 

EMI is a subconsultant to WKE, Inc. (WKE). The geotechnical services provided for thi s project 
included the following tasks: 

• f ield exploration consisting of drilling and logging exploratory borings, and cone 
penetrometer soundings; 

• Laboratory testing of selected bulk and relatively undisturbed soil samples; 

• Engineering calculations and analysis to develop foundation design and construction 
recommendations; and 

• Prep aration of this report presenting our Jindings, conclusions, and recommendations. 

1.2 PROJECT DESCRIPTION 

The SR-57/SR-60 confluence is located in the eastern part of Los Angeles County in the Cities of 
Industry and Diamond Bar. SR-57 is a major north-south freeway that originates in central 
Orange County and extends north to the City of Pom ona in Los Angeles County. SR-60 serves as 
a major east-west freeway that originates in the Los Angeles metropolitan area and extends 
through Los Angeles County and into Riverside County. The SR-57/SR-60 confluence is a 
section of freeway where the SR-57 and SR-60 mainlines meet and exist as one mainline. 

The proposed project constructs a direct WB on-ramp (ramp "WG-1 ") that diverges fiotn Grand 
Avenue approximately 100 feet north of the existing Grand Avenue Overcrossing (OC) (Bridge 
No. 53-1864). The on-ramp continues as an auxiliary Jane on the mainline from approximate 
mainline ("A" Line) Stations 1277+00 to 1261+00. The new ram p wil1 consist of two Janes. The 
WB mainline will be widened approximately 12 feet to accommodate the auxihary lane 
connecting to the existing two-Jane additions at the SR-60 Bypass C01mector. 

RW-2 is proposed on the west side to retain a maximum embankment fill height of about 23 feet 
for the proposed WB on-ramp. This is designated as the Phase-] project. A future SR-57/SR-60 
Confluence Project (Phase 2) currently in the planning phase would reconstruct the Grand 
A venue OC at a higher e levation, raising Grand A venue and a portion of the WB on-ramp up to 
8 feet, and this is designated as the RW-2 Phase-2 project. The PS&E package prepared by the 
Civil/Structural designers pertains to the Phase-1 work only. But foundations in thi s report were 
designed for the Phase-2 (ultimate) conditions. However, we full y anticipate the need t o submit 
another foundation report to accompany the PS&E package for the Phase-2 project at a l ater date. 

R W-2 is proposed to be a combination of Mechanically Stabi lized Embankment (MSE) wall and 
Caltrans Standard Type 1 cantilevered wall. 
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 FIELD INVESTIGATION 

A geotechnical fi eld investigation was conducted on Apri l 26 and 27, 2010 for the proposed 
retaining wall. Four hollow-stem auger borings and two cone-penetration tests (CPT) were 
accomplished under the supervision of EMJ. Bating infonnation, including exploration number, 
stations, offsets, ground surface elevations, bottom of boring elevations and water level 
measurements are summari zed in Table 2-1 . Locations of the exploratory borings and CPTs are 
shown on the LOTB sheets provided in Appendix A. 

Boring No. 

A-1 0-004 

A-10-005 ! 
I 

~0-006_1 
A-I 0-007 l 
CPT-~-OQ_2] 
CPT-1 0-010 I 
Notes: 

Station 
Line 

ALine 

Table 2-1. Geotechnical Exploration Information 

Station 

A Approx. Approx. Approx. 
ppt·ox. Ground Bottom of Groundwate•· 

Offset 
(feet) Su~~:~;) El. Bo~;:e~)EI. (t~!·t) 

l_1287+~_!__j_J_9_7_L_t --+! +676.0 ~625.2 ___ j +661.5 
! 1288+72 ! 196Lt +679.2 +618.4 ! +663.4 

I 1290+21 189 Ll I +681.0 +610.6 I +670.2 

I. Stations and offsets are measured relative to the identified Station Lines and are approximate. 
2. "/\"Line = Main line State Route 60. 

Exploratory borings were drilled using a truck-mounted drill rig equipped with 8-inch diameter 
hollow-stem augers. Sampling was performed by alternating the Modified California Drive 
(MCD) sampler and Standard Penetration Test (SPT) sampler. The soil sampling interval is 
generally 5 feet. Relatively undisturbed soiJ samples were obtained using a 3.25-inch outer 
diameter MCD sampler lined with brass rings. Each of these brass rings is l-inch long with a 
2.5-inch outside diameter. The SPT sampler (1.4-inch inside diameter) was also used to obtain 
soil samples. The MCD and SPT samplers were driven 18 inches into the ground or until refusal 
was encountered using a 1 40-lb hammer free falling from a height of 30 inches. The numbers of 
blows to advance the sampler each 6 inches of penetration was recorded. The numbers of blows 
for the final 12 inches or shorter of dtiving are recorded on the LOTB sheets. 

Charts pubJished by Winterkorn and Fang (1975) can be used to determine a reduction factor 
used to convert blowcounts recorded using the MCD sampler into SPT blowcounts. Using those 
charts, we obtained a reduction factor of 0.5 which was used for thi s project. 

The CPT sounding was performed using an electronic cone penetrometer in general accordance 
with current ASTM Standards (ASTM D5778 and ASTM D344J). The CPT equipment 
consisted of a cone penetrometer assembly mounted at the end of a series of hollow sounding 
rods. The cone penetrometer assembly consisted of a conical tip with a 60" apex angle and a 
projected cross sectional area of 1.55 in2 (l 0 cm2

) and a cylindrical friction sleeve with a surface 
area of 23.25 in2 (150 cm2) . The interior of the cone penetrometer is instrumented with strain 
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gauges that allow simultaneous measurements of cone tip and friction sleeve resistance during 
penetration. The cone penetrometer assembly is continuously pushed into the soil by a set of 
hydraulic rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone tip 
resistance and sleeve fri ction resistance are recorded every 1.967 inches (50 mm) and stored in 
digital fmm . A specially designed all-wheel drive 25-ton truck provides the required reaction 
weight for pushing the cone assembly and is also used to transport and house the testing 
equipment. The computer generated graphical logs include tip resistance, friction resistance, and 
friction ratio. Soil behavior type interpretations are based on guidelines by Robertson and 
Campanella (1989). 

2.2 LABORATORY TESTING 

Soil samples considered representative of the subsurface conditions were tested to obtain or 
derive relevant physical and engineering soil properties. The following laboratory tests were 
conducted to supplement the observations recorded during the field investigation: 

• In-situ Moisture Content and Unit Weight 

• Percent Passing No. 200 Sieve 

• Atterbcrg Limit 

• Direct Shear 

• Unconso lidated Undrained Triaxial 

• Pocket Penetrometer 

• Consolidation 

• Minimum Resistivity, pH, SuJ fate Content and Chloride Content 

The laboratory tests were conducted in general accordance with California Test Methods or 
American Society for Testing and Materials (ASTM) Standards. Laboratory test results are 
included in Appendix B. 

Earth Mechanics, Inc. 
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3.0 GEOLOGY AND SEISMICITY 

3.1 PHYSIOGRAPHY 

The site is located in the nm1hem part of the Puente Hills, a no11hwesterly trending range of 
low-elevation, rounded hills between the Los Angeles basin to the west and the Upper Santa Ana 
River Valley on the east. These hills arc underlain primarily by Miocene-age(+/- 1 0-J 5 million 
years old) marine sedimentary rocks that have been uplifted within the past million years or so 
(Pleistocene geologic epoch) by geologic forces. These rocks are primarily light-colored, 
well-bedded, mudstones, shales, and sandstones. The Miocene sedimentary rocks are intruded by 
Miocene-age volcanic rocks and underlain by older basement rocks at depths on the order of a 
mile or more. In many places, the Miocene rocks are covered by young slopewash and teiTace 
sediments, and by Quaternary-age alluvium in lhe valleys and basins. 

3.2 GEOLOGIC STRUCTURE 

The rocks on the north side of the valley dip northerly at low to moderate angles. The fonnation 
on the south side of the valley dips primarily easterly or norU1erly . A fault may be present under 
the axis of the valley (Tan, 1998) but the fault is not known to be active. 

The major earthquake fault in the site region is the Puente Hill Blind Thrust and Elsinore Fault 
Zone (Whittier Section). These faults arc located in a southwest direction from the site and trend 
northwesterly alon g the southwest margin of the Puente Hills. The Chino fault lies to the east and 
the San Jose fault is to the north . No other geologic faults are known in the immediate site 
vicinity and no Alquist-Priolo Zones requiring special studies are designated by the California 
Diyjsion of Mines and Geology. 

3.3 GEOLOGICAL HAZARDS 

Geologic deformation and uplift in the area of the Puente Hills has resulted in folding of the 
sedimentary rocks. In some places, out-of-slope bedding orientations may result in unstable 
slopes and has contributed to the formation of landslides. Landslides are common and 
widespread throughout the hills. The Puente Formation is notorious for unstable slopes. The 
California Division of Mines and Geology (1 976) has categorized the subject si te area as having 
a moderately low potential for landsliding. However, no major landslides are known in the 
immediate site vicinity. The seismic hazard map of the San Dimas quadrangle (Division of 
Mines and Geology, 1999) shows abundant landsJiding in the adjacent hills, it does not indicate a 
potential for cruihquake-induced landslides at the specific project site. 

The seismic hazard map for the San Dimas quadrangle (Division of Mines and Geology, 1999) 
identifies the si te as hayjng a potential for liquefaction during an earthquake. The potential for 
liquefaction is discussed in details in Section 5.2. 

3.4 SEJSMICJTY 

The southern Califomia area is seismically active. Scisrrticity in the Los Angeles region is 
widespread but does not clearly correlate to specific surface faults . Seismicity or smaller 
magnitude (magnitudes smaller than about 3) randomly occurs frequently throughout the Los 
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Angeles region. There is little concentration or clustering of earthquakes in proximity to known 
faults, and it has been suggested that as much as 40% of the seismic energy in southern 
California is not re leased on known faults. 

The largest historical earthquake within the Los Angeles Basin was the 1933 Long Beach 
earthquake ofMw = 6.4 (ML = 6.3) which is believed to have been associated with the N ewpmi­
Tnglewood fa ult near the Huntington Beach-Newport Beach area. The 1971 San Fernando (ML = 

6.4, Mw = 6.7) earthquake occuned along the northern margin of the San Fernando Valley on the 
western Siena Madre fault system. The 1987 Whittier earthquake (ML = 5.9, Mw = 5.9) and the 
1994 Northridge (ML = 6.4, Mw = 6.7) earthquakes occmTed under the San Gabriel Valley and 
the San Fernando Valley but were not associated with surface faults. 

The present-day seismotectonic stress field in the Los Angeles region is one of north­
northeasterly compression. This is indicated by the geology, by earthquakes, and by satellite 
measurements. These data suggest the area is being squeezed together and becoming shorter at 
rates of about 1 /4 to 1/3 of an inch per year. 

__J._w_.Au _l~~~~-----E_M __ th __ ~ __ ec_h_aru __ ·~cs~,_In __ c_. ______ ___ 
- - -""![L,'tf'f' Vo:ol~ct-n•eal 6 l •rltl'lll•t.• Er !J' a~· uq 
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4.0 SUBSURFACE CONDITIONS 

4.1 SOIL CONDITIONS 

An idealized soil profile is developed based on the recent soil borings and CPT soundings, and it 
is presented in Table 4-l . Based on the con elations with CPT soundings (Robertson and 
Campanella, 1 989), SPT blowcounts (Lam and Martin, 1986) and laboratory test results, material 
shear strength parameters were selected and are included in Table 4-1. The shear strength 
parameters of the surficial clay layer in Table 4-1 for the MSE wall is based on correlation with 
CPT soundings. The remaining shear strength parameters are based on the lower of either 
conelation with SPT blowcount or laboratory test results. It should be pointed out that the shear 
strength parameters obtained from the laboratory strength tests are lower than those obtained 
from SPT blowcount correlation for the same ideali zed soil layer. 

Table 4-1. Idealized Soil Profile and Strength Parameters 

App•·ox ima tc I E quivalent Total 
Cohesion I 

SPT U nit 
Friction Undrained 

Elevation Predominant Soil Type 
Blowcount Weight 

Angle Shear 
(feet) 

(blows/foot) (pet) 
(degree) Strength 

(psi) 

MSE Wall 

+680 to +625 C lay I (3) to >50 1 11 5 3300 I Average = 1 5 : 

+625 to +6 10 
Weathered Claystone and 

120 4000 
Siltstone 

>50 ! 
I I 

! 

CaltJ·ans Standard Type 1 Retaining Wall 

+690 to +655 C lay 
5 to (23) 

1] 5 1800 
Average = 8 

+655 to +645 Sand 
5 to (8) 

I 15 33 70 
Avera e = 6 

+645 to +635 C lay 
4 to 17 

115 1600 
Avera_ge = 8 

-·--t--·· 

+635 to +6 J 0 Weathered Claystone >50 120 . 4000 

Values in ( ) are conve11ed SPT blowcounts conected for sampler size; correction factor from Modified 
California Drive sampler blowcounts to SPT blowcounts is 0.5. 

4.2 GROUNDWATER CONDITIONS 

Groundwater was encountered dU1ing drilling between elevations +661.5 and + 671 feet during 
the recent field investigation. Groundwater was encountered in the as-built borings for Grand 
Avenue OC between elevations +658 and +665.2 feet. Based on California Geological Survey 
(CGS, 1998), the recorded highest historical groundwater at the project site is between 15 and 20 
feet below the ground surface. Based on the measured and historical highest groundwater 
elevations, a groundwater elevation of +67 I feet can be used for liquefaction assessment . 

Earth Mechanics, Inc. 
~~~.~~--------~~~--------.... Y1,'flr'T' u. nr .r ru f4111tUuwke tnQ•neer ~9 
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5.0 CONCLUSIONS AND RECOMMENDATJONS 

5.1 SEISMIC DESIGN ClUTERIA 

A design ARS curve was determined based on the 2009 Caltrans Seismic Design Criteria (SDC) 
procedures (2009a and 2009c). This design ARS Curve is presented in Figure 5-1 . The parameter 
of small-strain shear wave velocity (V s30

) for the upper 100 feet of subsurface materials is 
conelated based on the SPT blowcounts presented in the attached LOTB sheets. The calculated 
V 8

30 is 820 feet per second. The peak ground acceleration (PGA) is the zero-period spectral 
act:eleration in the ARS curve. A PGA of 0.61 g is obtained from the design ARS curve. 

For analyzing global s1ope stability, Section 3.10 of the Caltrans Guidelines for Structures 
Foundation Reports (Caltrans, 2009b) recommends using a horizontal seismic coefficient equal 
to one-third of the peak. acceleration but not exceeding 0.2. Therefore, a horizontal seismic 
coefficient of 0.2 was used in the pseudo-stat ic slope stability analysis. 

As presented in Section 1 1.8.6 of AASHTO (2007), seismic earth pressures can be computed 
using a seismic coefficient equal to half of the peak acceleration. Therefore, a seismic coefficient 
of 0.305g can be used for t..he computation of seismic earth pressures. 

5.2 LIQUEFACTION 

Liquefaction analysis was performed using the available site-specific subsurface information and 
the historical high groundwater elevation of +671 feet. Emphasis was placed on using the CPT 
data because CPT sow1dings provide continuous subsurface soil profiles and a more accurate 
representation of in-situ properties as compared to soil bmings. 

The liquefaction potential of the saturated, granular materials below the historical high 
groundwater table was evaluated using the procedures outlined by Seed et al. (1983), Seed and 
Harder (1990), and updated by NCEER (1 997). Results of the liquefaction analysis are included 
in Appendix C. As shown in Appendix C, potentially liquefiable soil layers are encountered at 
both CPT locations and three of the four soil boring locations. However, these liquefiable soil 
layers do not appear to be continuous. Using the CPT soundings, the maximum thickness of 
these potenti ally liquefiable soil layers is less than 5 feet, and the resulting calculated 
seismically-induced settlement ranges from 1.0 to 2.0 inches. 

We do not anticipate that the MSE wall will collapse lmder the above seismica lly-induced 
settlement because MSE can tolerate relatively large movements as compared to conventional 
cantil evered walls. The CaJtrans Standard Type 1 retain ing wa1l wiJl be supported on a pile 
rooting. At the above calculated settlement magnitude, we al so do not anticipate that the 
pile-supported Typc-1 retaining wall wj ll collapse; the worst-case scenario would be an inch or 
so of settlement of the pile footing. 
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5.3 SOIL CORHOSJVJTY 

Two soil samples were tested for pH, soluble chloride content and soluble sulfate content. The 
test results are summarized in Table 5-l . Additional conosion test results are included in the 
Materials Report (EMJ, 20 11 ) for this project. 

Table 5-1. Soil Corrosion Test Results 

Station (Offset) I 
Sample 

Soil I Soluble Sulfate Soluble Chlot"ide 
Boring 

"Sta tion Line" 
Depth 

Type I pH Content Content 

I (feet~ (~~m) {~~ml 
A-1 0-004 1287+2 1 (197 Lt) I "A" Line I 5 CL 8.2 2 80 I 378 

A- 1 0-007 1291 + 69 (220 Lt) I "A" Line I 5 l CL 8.0 330 204 

Based on the Caltrans Conosion Guidelines (2003), soils are considered corrosive if the pH is 
5.5 or less, or the chloride concentration is 500 ppm or greater, or the sulfate concentration is 
2,000 ppm or greater. Based on the test results presented in Table 5-1 and the Materials Repmi 
(EMJ, 2011 ), and the above Caltrans criteria, the on-site soils are considered to be non-corrosive 
to bare metals and concrete. 

For the above measured chloride concentration, minimum concrete cover over reinforcement 
should be in accordance with Table 8.22.1 of the Caltrans BDS (Caltrans, 2003a) for "Non­
Corrosive Atmosphere/Soil/Water''. For the above measured sulfate concentration, cement type 
should be in accordance with Table 8.22.2 of the Caltrans BDS (Caltrans, 2003a) for "Sulfate 
Concentration from 0 to 1 ,499". 

5.4 FOUNDATION DESIGN 

R W-2 is a combination ofMSE wall and Cahrans Standard Type 1 cantilevered retaining wall on 
pile footing. 

RW-2 will be constructed in two phases. In Phase 1, the MSE wall heights will range from 7 to 
22 feet, and the Caltrans Standard Type 1 retaining wall heights will range from 9 to 1 3 feet . In 
Phase 2, the MSE wall heights will be increased to I 0 to 30 feet, and the Caltrans Standard 
Type ] retaining wall heights wi ll be increased to 16 to 20 feet. Recommendations presented in 
this report are for the ultimate wall heights. Some of the retaining wall pertinent data are 
presented in Table 5-2. 

Table 5-2. Retaining Wall Pertinent Data 

Location i I Retaining Wall I Bottom of Footing I ] 
1 I · · Backfill 

W all (WG-1 Line) i L ength i H eight (feet) 1 T op of Leveling j Sl 

Type Begin I End ' (feet) I p ! Phase 
2 

! Pad Elevations I C ~~: 
Wall Wall ! hase 1 J I (feet) [ on • on 

MSE 
86

+
49

·
82 9

1+
54 

505.0 

1 

7 to 22 I 10 to 30 +673.75 to +683.75 Level 
__ _______ .L_iQJ1_h-t_;_}~~2 Lt_,____ _ i i 

Type 1 · 91+54 J 92+2 1.93 i 77.3 ·-l 9 to 1 ~--;~~~o 2~-r-~~~7.7~~~ +6;; _~~-r----~~~:~---
t 35.92 Lt i 71.17 Lt j • 

~--------E-~-~-.~-."-~-.,.-~-~~-,~.~-,,n-.. :-·~-,~~~~--~-~-c_. ________ _ 
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5.4 .1 Wall Construction Sequence 

There are two options to construct these walls: (1) build the Type-1 wall sl ightl y ahead of the 
MSE wall, or (2) build MSE wa ll first, then the Type-1 wall. 

Option 1 will eliminate the need to install temporary shoring along the MSE wall backfill surface 
facing the Type-1 wall backfill. But this option will induce significant downdrag forces on the 
neighboring piles supporting the Type-1 wall. Option 2 will require temporary shoring in order 
to construct the MSE wall backfill facing the Type-1 wall backfill, but can eliminate most of the 
downdrag forces on the piles supporting the Type-1 wall by using a settlement period. 
Conventional Caltrans pile design practice is to eliminate all static downdrag forces, so we 
recommend using Option 2. 

To fmiher reduce or eliminate down drag forces, we al so recommend preloading a pmiion of the 
Type-1 wall area within the influence zone of the neighboring MSE wall. The pre loading process 
involves placing earthen materials at the designated location. The weigh t of the earth will induce 
soil settlement. As shown in Figure 5-2, this settlement will be monitored by placing settlement 
hubs on top of the MSE wall backfill and the preloaded area. Once this settJ ement period is 
complete, the earthen material used in the preloading will be completely removed and the 
preloaded area will become available for the Typc-1 wall foundation construction. The 
settlement period for the MSE wall backfill and the preloaded area is same as presented in 
Section 5.4.2.2. 

An approximate proposed preload foot-print and a typical section are presented in Figure 5-2. 
The top of preload embankment should be equal to or greater than the Phase-1 finished grade 
elevation. To minimize traffic impact, temporary shoring may need to be placed around the 
preload area to maximize the preload foot-print. 

5.4.2 Mechanically Stabilized Embankment (MSE) WalJs 

Per Caltrans policy, MSE walls should be designed based on the Load and Resistant Factor 
Design (LRFD) guidelines provided in AASHTO (2007) and Caltrans Bridge Design Aids 
Section 3-8 (Cal trans, 201 1 ). Gradation and property requirements for the MSE wall backfill 
shall confonn to Section 47-2.02C of the Caltrans Standard Specifications (201 Ob). To direct the 
infiltrated water away from the walls, weep-holes and wall drain with filter/drainage materials 
should be installed according to Caltrans Bridge Design Aids Interim Section 3-8 (Caltrans, 
2011) for MSE wall. 

5.4.2.1 Bearing Capacity and Settlement 

Per CaJtrans policy, LRFD Service, Strength and Extreme Event Limit State load combinations 
are used for design of the MSE wall. Soil settlement calculations were performed for the MSE 
wall with a level backfill , using the Service bearing stress for Load Case 1 as shown in Caltrans 
Bridge Design Aids (BDA) Section 3-8 (Calt:rans, 20 11 ). The calculated settlements, the wall 
heights (H) and the base widths (BW) are presented in Table 5-3 along with the recommended 
minimum overexcavation depths. The base widths BW are the same as those li sted in Caltrans 
BDA Section 3-8 (Caltrans, 2011) for the same wall heights H. 

Earth Mechanics, Inc. 
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Soil bearing capacity calculations were also performed using the base elevation shown on the 
wall plans, the recommended minimum overexcavation depth presented in Table 5-3, and the 
soil sb·ength parameters presented in Table 4-1 . Based on these calculations, the soil bearing 
capacity exceeds the applied bearing stresses for the Strength and Extreme Event Limit State 
presented in Cal trans BDS Section 3-8 for Load Case 1. 

The groundwater table is expected to be about 5 feet below the bottom of the base of the MSE 
wall. Therefore, the overexcavation depth is limited to 2 feet. The MSE walls should be 
embedded at least 2 feet or 1 0% of the design wall height, whichever is larger, below the lowest 
adjacent grade. ln addition, we recommend using a ttslip-joint" for Phase 2 wall heights equal to 
or greater than 17.5 feet. 

Table S-3. Minimum Overexcavation Depths for MSE Walls 

· .ll : ! Calculated Settlement with Recommended 
P hase l 1' P hase 2 ,_-_ Final 1

1 
Base i, 

Ovet·excavation Minim um 
Wall ! Incremental ! Wall ! Width , I · 

1 1 1 1 (inch) j Overexcavation Depth 
Height j Wall Height 'I Height j BW l-~ ---....,....~.:..:..;;;.L...-r-----\. Below Bottom of Base 
(feet) i (feet) (feet) ! (feet) i Phase 1 P hase 2 Total 

1 . 1 i (feet) 

__ __}_;_()_~, ----~-1---~~~-J_ 9.5 - - ' 0.7 , _ _2_:~____!_:Q_, ___ 1.0 
11.0 I 1.5 i J 2.5 i J 1.5 l 1.2 [ 0.2 : 1.4 i 1.0 

-- 14.0 i - -·---}_o·--=-cJ:?_:_q .. __ t_I_L~J 1 ·7. __ =1 ____ 2:0 -------~---1:~·---x_::_____ 1.0 
i l i ' ] I ! 15.0 I 2.5 1 17.5 1 15.5 _j J.7 · 0.3 i 2.0 I J.O ---__ ) _______________ _, __ __ - ----- --'·-··--·---·-'-·--·------·---------- -- -----

16.0 i 4.o · 2o.o l 17.5 1 1.7 l o.4 J 2 .1 i 2.o 

·--1·i -o J. ----4.5 -f~~~~~~ 18.5 -·- -1----~.2 ...... --J-- -- 0:4-·-·!-· · 2A~~J -~-~:=·=-==-i.o ~~:---
20.0 i 5.0 ! 25.0 ! 20.5 ! 2.2 i 0.5 2.7 2 .0 -- ----+----·-----:·--- : - ·t --;-·---·-·-·--· ----
21.0 i 6.5 i 27.5 ! 21.5 1 2.2 1 0.7 2.9 . 2.0 

~--·-·---;---·--·--·· ·----·-i· ··-··----~---------1-----1 ··-f··-···-·--·-·---····-·-4-·-··-------·- --------
22.0 · 8.0 t 30.0 i 23.5 ! 2.2 , 0.9 · 3.1 · 2 .0 

There are no published guidelines for allowable settlement for Caltrans MSE walls. AASHTO 
(Section 11.1 0.4.1, 2007) does provide a 2-inch allowable settlement for MSE wall constructed 
with fuJJ .. height precast concrete facing panels. So, the Caltrans MSE walls can be designed for 
settlements larger than 2 inches because the Caltrans MSE wa1ls use segmental rather than 
full-height precast concrete facing panels. Based on the above information, we settled on using 
an allowable settlement of 3 inches, which is one inch more than what AASHTO recommends 
for fu ll height precast concrete facing panels. 

It should be noted that an allowable settlement of 3 inches is considerably larger tl1an most 
structural foundations for transportation facilities which are generally designed for an allowable 
settlement of one inch or less. However, it is well documented and widely recognized that MSE 
wa1Js are used to accommodate large settlements. Nevertheless, we recommend close monitoring 
of the MSE wall construction with stri ct adherence to Contract Plans and Specifications. 
Geotechnical consultant should be contacted immediately if any unusual conditions occur in the 
fi eld . In addition, we do not recommend the use of elaborated aesthetic on the wall panel face 
because any special aestheti c designs cou ld require a more stringent settlement criterion . 

Earth Mechanics, Inc. 
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The horizontal limits of the overexcavation should begin one foot from the outside bottom edge 
of the leveling pad and one foot from the inside edge of the MSE wall base, and extending 
downward at a 45-degree imaginary plane until the plane intersects the recommended minimum 
excavation depth presented in Table 5-3 . Caltrans Structure Backfill should be used for 
backfilling with a minimum relative compaction of 95% of maximum density as determined by 
Caltrans Test Method 216. The overexcavation bottom should be proof rolled prior to 
backfilling. Further, the overexcavation bottom should be inspected by a qualified geotechnical 
engineer or teclu1ician to confirm the presence of an unyielding and competent surface. 

After the overexcavation and recompaction is implemented, the al1owable bearing capacity of the 
leveling pad footing supporting the MSE wall panels is 1.5 ksf provided the width of the pad is at 
least I feet and the embedment (measured from the lowest adjacent grade) is at least 2 feet. 

5.4.2.2 Settlement Period and Settlement Monitoring 

The uppe1most level of wall facing, coping, roadway pavement, hardscape, and any other nearby 
improvements should not be constructed until remairring settlement is within acceptable limits 
(i.e., ~-inch or Jess). Therefore, a minimum settlement period of about 60 days is recommended 
for the Phase-1 construction. Finished subgrade may need to be re-established if there is 
differential settlement at the interface of the MSE wall and Type-1 wall , and thi s should 
eliminate any uneven ground surface (bump) at the interface. 

Based on our experience, calculated settlement periods are approximations of actual field 
observations. Therefore, the minimum settlement period is for estimating purposes only; actual 
settlement period should be based on settlement monitoring. 

Settlement hubs should be installed on top of the grading plane. Settlement hubs should be 
placed behind the wall layout line at a hori zontal distance of about 1 0 feet at the locations shown 
in Figure 5-2. 

lnitial reading of each settlement hub should be taken at the time of their installations. Settlement 
monitoring of each settlement hub should continue as foJJows: two days after the initial reading, 
one week after the initial reading, and once during every two caJendaJ weeks thereafter until it 
has been verified by the Engineer that the remaining settlement is acceptable. 

5.4.3 Caltrans Standard Type 1 Uetaining WaH 

5.4.3.1 Foundation Type 

Cast-in-Drilled-Hole (CIDH) piles are not recommended due to the presence of shallow 
groundwater and potentially caving soils; driven piles are preferred. Because of potential soil 
liquefaction and hard driving condition near the specified pile tip elevation, steel HP piles are 
preferred because steel piles can undergo larger deformation and can withstand hard driving 
better than concrete piles. 

5.4.3.2 Foundation Data Provided By Structural Engineers 

Per Caltrans policy, the LRFD Service Limit State lload and Strength and Ex treme Event Limit 
State load combinations are used lor the des ign of Caltrans Standard Type I Retaining Wall 
(Caltrans, 2010a) on pile footing. 

Earth Mechanics, Inc. 
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The foundation design data sbeet is presented in Table 5-4. Foundation loads were provided by 
the structural designers following the latest Caltrans Memo-to-Designers (Caltrans, 2008) and 
these loads are presented in Table 5-5. Based on these structura l demands, we recommend using 
HP 1 Ox42 piles. 

Table 5-4. Foundation Design Data Sheet for Caltrans Stanuard Type 1 Retaining Wall 

! ! i i i i ! Finished I . I Pile Cap Size i 
Design ;I D . i I, Grade ;, Cut-o.ff !. (feet) 1 
Tel . I . estgn ' J>'J T El 
c eJg 1t 1 Method i,· 1 e ype i El . ! evatwn r-1 - --.-----l 

Permissible i 
Settlement j N umber 

l ofPile 
Under 

(feet) I 1,, i evahon i (feet) i 
(feet) J I B L Service Load 

(inch) 
1 

per 
j Support 

I I 
16 LRFD HP 10 x42 I +694.75 +692.17 ! 13.5 . 29.1 

--·- ·....-----, ···- ·- ·;------!-----· ·-····-·-+··-·· 
I 13 
1------···-

20 I LRFD I HP 10 X 42 I +691.75 l +688.17 . 15.0 I 48.0 ! 28 
i 

Table 5-5. Pile Foundation Design Loads for Caltrans Standard Type 1 Retaining Wall 

Design 
Height 
(feet) 

16 

20 

5.4.3.3 

Service-] Limit State Strength Limit State Extreme Event Limit State 
(kips) i (Controlling Group, kips) (Controlling Group, k ips) 

l Permanent I 
l~taiLoad , Load ! I I 

Compression , Tension Compression I Tension 
I ! 

I r I Max. i p l p I Max. 1' p I Max. i p i Max. ! Per i Max. 
er I. Per 1 er j er j er , ; er I p I l, Per 

I ! Per i ! Per i • er 
1 S upport 1 Pile 

1 
Support i S upport I Pile I Support I Pile ! Support i Pile Support ! P ile 

i ' I I i ; ! i 
876 i 87 I 809 ! 11 79 I 120 i N/A I N/A I 811 I 110 N/A ! N/A 

·-~~8~---r·-::~--T--, ;~~--.. ·-t--·;~~~-.. ·-r· .. ;o;·--~--N-1 A- --
1
-N_/_A_l_ 1_78-, -~-9-0-+-N-/A- ~~~A-

Axial Capacity 

A double 6 feet by 6 feet reinforce concrete box (RCB) is located near the end of the Caltrans 
Standard Type 1 Retaining Wall (End RW No.2). ln order to protect the RCB, two piles will 
need to be undersized-predrilled to the RCB invert elevation of +665 feet. 

Foundation design recommendations are presented in Table 5-6. The Pile Data Table for the 
contract plans is presented in Table 5-7. 

A pjle-group efficiency factor (GEF) of 0.65 is used for a center-to-center pile spacing of 2.5 
times the pile diameter, and a GEF of 1.0 is used for a center-to-center spacing of 4.0 times the 
pile diameter or greater (Section 10.8.3.6.3 , AASHTO, 2007). Linear interpolation can be used to 
determine the GEF for intermediate spacing. Based on the pile layout provided by the structural 
designers, a GEF of 1.0 was used for the axial capacity calculatioJJs. 

The pile capacity is also based on soil resistance only and may be further limited by the pile-head 
connection detai ls and the strengtl1 oftl1e pile material s. 

Earth Mechanics, Inc. 
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Table S-6. Pile Foundation Design Recommendations for Caltrans Standa·rd Type 1 
Retaining Wall 

Design 
JJdght 
(feet) 

16 
(Prcdrillcd 

Piles) 

16 

20 

Noles: 

I
I C ut-nff i 

Pik 1 

I Type ( l~~t) I 
I I 1 

HP II l l 0 X +692.17 : 
42 ! 

; 

liP I l 
lO x ! +688.17 I 

I 42 I i 

Service-) 
Limit 
Sta te 

Load per 
Pile 

(kips) 

87 

87 

75 

I Total 
Wall 

I 
Settl. 
(int·h) 

I 

Required Factored Nominal Resistance ,1 I 
(kips) I Spec. 

I Design Tip 
Strength Limit I Extreme Event j ~~e~;· , E l. 

Tension I Comp. I Tension I I (feet) Comp. 
{P_=0.7) 

120 

120 

103 

<~=0.7) I t~=I.OJ I (q,=LO) l I I +626 (a-I) ! 1 

N/A I II 0 N/A i +642 (a-ll) 1 +626 I 
l' +675 (c) I I 
t +65o <d> I 

1 
1 I +636 (a-I) ' I 

N/A ! 110 I N/A I +!~;i~~~) II +636 i 
I i , +663 (d) 1 

N/A 90 

i +636 (a·l) ! .
1 N/A jl!' +655 (a·ll) II +636 

+671 (c) I 
+6s9 (d) I 

1. Design tip elevations are controlled by the following demands: (a-J) Compression (Strength Limit), 
(a- ll) Compression (Extreme Event), (c) Settlement and (d) Lateral Load. 

2. There are no design tip elevations for Tension. 
3. The specified tip elevations shall not be rai sed above the design tip elevations for Settlement and La1cral Load. 

Table 5-7. Pile Data Table for Caltrans Standard Type 1 Retaining Wall 

Nominal 
Driving 
Rcsis. 

Required 
(kips) 

180 

180 

150 

i I 
Nominal Resistance I Design Tip 

t 

I Specified Nominal 
Wall Height i (lops) I Tip Driving f Pile Type I Elevations J 

(feet) I f 

l I Elevation Resistance 
I I Compression Tension (feet) 

(feet) (kips) ! 
16 

I 
i I +626 (a) I 
I I I (Predri ll ed HJ> 10 X 42 1 180 N/A ! +675 (c) +626 180 I i Pi les) I l +650 (dl I 

i I i +636 (a) 
j 

t 

l ! 

I I HP 10 X 42 ' +675 (c) 16 180 N/A i +636 180 ' 
I ! i +663 (d) i 
l ; i +636 (a) 

; 
t 

l t 

I I ' 
20 

I 
HJ> J 0 X 42 I 150 N/A +671 (c) i +636 ISO 

' I i I +659 (d) l l 

Noles: 
I. Design tip elevations are coniTolled by the following demands: (a) Compression, (c) Settlement and 

(d) Lateral Load. 
2. There are no design tip elevations for Tension. 
3. The specified tip elevations shall not be raised above the design tip elevations for Settlement and Lateral 

Load. 

5.4.3.4 Lateral Capacity 

Results of lateral pile analysis along the strong-axis and weak-axis of a single HP 10 x 42 steel 
pile with a free-head condition are presented in Appendix C and summarized in Table 5-8. The 
maximum bending moment and the location of maximum moment are also presented. The 
solutions presented in Table 5-8 are entirely based on soil resi stance and linear pile properties. 

Earth Mechanics, Inc. 
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Therefore, these values may be Jimitcd by the fJcxural strength (plastic moment) of the piles and 
pile-head connection details. The structural designer should compare the lateral pile demands 
with the results in Table 5-8 to determine whether the wall deflec6ons are within tolerable limits. 

Table 5-8. Lateral Pile Solutions for Caltrans Standard Type 1 Retaining Wall 

Design 
Height 
(feet) 

16 and 20 

5.4.3.5 

Pile Head 
Deflection 

(inch) 

Pile Head Shear 
(kips) 

Maximum Moment 
(kip-inch) 

Depth to Max. Moment 
from Pile Top 

(feet) 
Strong ! Weak Strong Weal< Strong ! 

A · I AXI·s ·.1 Weal< Axis 
XIS 1 Axis Axis Axis ; 

: 1J.t I 14.1 ! 1o.o I 387 ! 219 4.o 1 3.5 
~---~ .. -·-r=-2o.~_j ___ J.~.l..-~=~=~~~i~:-·r--356--r·---5:Q.. __ ~---·-_ 3-.5- _- __ 

I 1 i 28.8 I 19.8 : 1029 ! 583 5.5 1 4.0 
_ _ 2__ j __ _ 4_0._L~_(_2_7-.2-___ -!_. 16__7_9_ j 955 6.0 .. J.-_-__ _:t~_5_-~=-~ 

5 l 56.0 I 36.1 i 3132 I 1793 7.0 ! 5.5 

Lateral Earth Pressures 

For retaining wal1 design, static active lateral earth pressure of 36 psf per foot of depth is 
recommended for a free draining, level and compacted backfill. For seismic incremental 
pressure, a triangular pressure distribution with a horizontal pressure of 24H psf (H is the height 
of the wall) at the bottom of the wall is recommended for a free draining, level and compacted 
backfill. The seismic incremental pressure should be added to the static pressure to determine the 
total pressure for eru1hquake design. The resultant of the static and seismic incremental pressures 
can be applied at the depth prescribed in Appendix A 11 .1.1 .1 of the CaJifomia Amendments to 
AASHTO LRFD Bridge Design Specifications (2007). 

If applicable, a unifonn lateral pressure due to traffic loading, equivalent to a ve11ical pressure 
produced by at least 2 feet of earth with a soil unit weight of 120 lb/ft3, should be added to the 
above lateral earth pressure. Using an active earth pressw-e of 0.3, the recommended uniform 
lateral ea11h pressure due to traffic loading is 72 psf. 

5.4.3.6 Wall Backfill 

Materials placed behind the retaining wall should be Structure Backfill per Section 19-3 .02B 
(CaJtrans, 2010b). The Structure Backfill requirement should be supplemental to the pervious 
backfill requirement as described in Cal trans Standard Plans (Cal trans, 201 Oa) and Cal trans 
Standard Specifications (Caltrans, 20 1 Ob) under Section 19-3.02C. The horizontal limits of the 
Structure Backfill should begin one-foot from edge of the footing bottom and extending upward 
at a 45-degree imaginary plane until the plane intersects the ground surface. Jf the 45-degree 
imaginary p lane intersects temporary shoring, then the horizontal limit can be altered to foJlow 
the vertical face of the shoring. Backfill should be placed in loose lifts not exceeding 8 inches in 
thickness, moisture-conditioned to near optimum moisture content, and compacted to at least 
90 percent relative compaction. The relative compaction should be based on the max imum 
density detennined by California fest 2 16. Jetting or flooding to compact backfill is not 
recommended. Heavy compaction equipment, such as v ibratory rollers, dozers, or loaders, 

_____.t~rfc ... ,,_......... ___ E_ar_t_h_M........,.e_c_h_a_m_· c_s....:..,_I_n_c_. _ _ _ _ _ 
~,'tf~ "iet'II M htlrC:ct A Ea1111Quall.e l:.n~,J • fl e~ · ng 
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should not be used adjacent to the retaining wall s in order to avoid damaging the walls due to 
large lateral earth pressures. 

5.5 GLOBAL STABILITY ANALYSES 

Global stability analyses were conducted for both static and pseudo-static conditions using the 
computer program SLIDE 5.0 (Rocscience, 2006). The soil strength parameters in Tab]e 4-1 
were used in the static and pseudo-static analysis and the results are presented in Appendix C. 

Analyses were performed at the critical section with the maximum Phase-2 walJ height. The 
factor of safety for a deep-seated failure is greater than the required 1.5 under static condition 
with a 2-foot soil surcharge to represent traffic loading. Slope stability analysis under pseudo­
static condition was performed using a seismic coefficient equal to 0.2g. Analysis indicates that 
the factor of safety is greater than the required 1.1 under pseudo-static condition. 

-__J~JaCK.r1 _______ E_ar_t_h __ ~_e_c_h_a_n_i_cs~,_I_n_c_. ________ _ 
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6.0 CONSTRUCTION RECOMMENDATIONS 

6.1 EARTHWORK 

Eruthwork should be performed in accordance with Caltrans Standard Specifications, Section 19 
(Caltrans, 2010b). Appropriate measures should be taken to prevent damage to adjacent 
sb·uctures and utilities. Any design and construction of temporary sloping, sheeting, or shoring 
should be made the contractor's responsibility. lt should be noted that it is the respons ibility of 
U1e contractor to oversee the safety of the workers in the field during construction. The contractor 
shall confonn to all applicable occupational and health standards, rules, regulations, and orders 
established by the State of Califomia. ln addition , other State, County, or Municipal regulations 
may supersede the recommendations presented in this section. lf a trench shoring design and 
safety plan is required, the geotechnical consultant should review the plan to confirm that 
recommendations presented in this report have been applied to the design . 

During the recent field investigation conducted on April 26 and 27, 20 I 0, groundwater was 
encountered between elevations +661.5 and +671 feet. Groundwater was also encountered in the 
as-built borings for Grand Avenue OC between elevations +658 and +665.2 feet. Based on 
California Geological Survey (CGS, 1 998), the recorded highest historical groundwater at the 
project site is between 15 and 20 feet below the ground surface. Using the above groundwater 
measurements, groundwater may be encountered during footing construction. Groundwater 
encountered during footing construction should be controlled in accordance with 
Section 1 9-3.03D of the Caltrans Standard Specifications (Calt:rans, 201 Ob). If wet subgrade 
conditions are encountered during construction, the soft bottom will require stabi lization prior to 
any earthwork. Subgrade stabilization cru1 be accomplished by using a combination of geotextile, 
geogrid, gravel, or aggregate base. ln addition, Jow ground pressure earthmoving equipment may 
be necessary during excavation and relatively lightweight equipment may be needed to compact 
the select material to minimize the potential for soil pumping. 

6.2 PILE CONSTRUCTION 

Piles shouJd be driven at least to the specified tip elevation and the nominal driving resista11ce 
should be checked with the pile-driving fonnula given in Section 49-2.01 A(4)(b) of the Caltrans 
Standard Specifications (201 Ob). Uowever, if the specified tip elevation is reached without 
achieving the nominal driving resi stance, pile driving should continue until the nominal driving 
resistance is attained. In this case, it may be prudent to allow the pile to "set up" before 
continuing the d.J-jving. 

The selected pi le-driving hammer such as diesel-type hammers should be able to deliver 
sufficient e11ergy to drive the piles at a penetration rate of not less than I /8 inch per blow at the 
required bearing value. Vibratory hammers or oversized driJJing are not allowed for pile 
installation. 

An existing double 6 feet by 6 feet RC13 is Jocated near the end of the Caltrans Standard Type 1 
Retaining Wall (End RW No.2). Jn order to protect the RCB, two piles will need to be 
undersized-predrilled to the RCB invert elevation of +665 feet. 
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Based on the available soil boring data, hard driving is anticipated near and below El. +635 feet. 
Contractor should be prepared for hard driving conditions. 

6.3 REVJEW OF CONSTRUCTION PLANS 

Rccommenda6ons contained in this report are based on preliminary plans. The geotechnical 
consultant should review the final construction plans and specifications in order to confirm that 
the general intent of the recommendations contained in this report have been incorporated into 
the final construction documents. Recommendations contained in this report may requrre 
modification or additional recommendations may be necessary based on the final design. 

6.4 GEOTECHNICAL OBSERVATION AND TESTING 

It is recommended that inspections and testing be performed by the geotechnical consultant 
during the following stages of construction: 

• Grading operations, including excavations and placement of compacted Jill 

• Shoring installation 

• Spread and pile footing excavations and constructions 

• Backdrain installation and backfilling of walls 

• Removal or installation of support of buried utilities or structures 

• When any unusual subsurface conditions are encountered 

- Earth Mechanics, Inc. 
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7.0 LIMITATIONS 

This report is intended for the use of WKE, Inc., Cities of Industry and Diamond Bar, and the 
California Department of Transportation for the proposed Retaining Wall No. 2 at the Grand 
Avenue WB On-Ramp for the SR-57/SR-60 ConDuence Project, Phase l_ This report is based on 
the project as described and the information obtained from the exploratory borings at the 
approximate locations indicated on the attached plans. The findings and recommendations 
contained in this report are based on the results of the field investigation, laboratory tests, and 
engineering analyses. In addition, soils and subsurface conditions encountered in the exploratory 
borings are presumed to be representative of the project site_ However, subsurface conditions and 
characteristics of soils between exploratory borings can vary . The findings reflect an 
interpretation of the direct evidence obtained. The recommendations presented in this report are 
based on the assumption that an appropriate level of quality control and quality assurance 
(inspections and tests) will be provided during construction. EMJ should be notified of any 
pertinent changes in the project plans or if subsurface conditions are found to vary from those 
described herein. Such changes or variations may require a re-evaluation of the 
recommendations contained in this report 

The data, opinions, and recommendations contained in this report are applicable to the specific 
design element(s) and location(s) which is (arc) the subject of this repm1. They have no 
applicability to any other design elements or to any othcT locations and any and all subsequent 
users accept any and all hability resulting from any use or reuse of the data, opinions, and 
recommendations without the prior written consent ofEML 

EMI has no responsibility for construction means, methods, techniques, sequences, or 
procedures; for safety precautions or programs in connection with the construction; for the acts 
or omissions of the CONTRACTOR or any oU1er person performing any of the construc6on; or 
for the failure of any worker to carry out the construction in accordance with the Final 
Construction Drawings and Specifications. 

Services perfonned by EMI have been conducted in a manner consistent with that level of care 
and skill ordjnarily exercised by members of the profession cuiTently practicing in the same 
locality under similar conditions. No other representation, expressed or implied, and no waiTanty 
or guarantee is included or intended. 

Earth Mechanics, Inc. 
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Appendix A 

LOG OF TEST BORINGS SHEETS 



BENCH MARK 

Horizontal con t rol is based on Coltrons GPS poi n ts 1001 
and 1002 from TL! Control project done Jon 2000. 

Coordina t es shown ore based on the Ca l ifornia Coord i nate 
System (CCSB3) Zone 5, 1983 NAD (1992.88 EPOCH). 

Vertical control is based on Coltrons Benchmark 38-C - 74 , 
a standard disk, down 1 . 2 ' , 63' left of Center I ine Baseline 
relocated 374+85.00 . Elev = 1298.37 feet 1929 NGVD, 1978 
Adjustment, doted Dec 1990. 85 

A- 10- 004 A-10-005 
----.c.:::1l1-R-..-~ _2 ~ • 

CPT - 10-009~ ~ 
Romp '"WG- 1'' A-1 0-006 

DIST P OST Ml L[S 

07 

PLANS APPROVAL DATE 

1~ State of California or its officers or agents 
shall not be r~sponsibte for !he occurocy or 
carpleten~ss of e/ectrooic copies of this pion sheet. 

CITY OF I NDUSTRY 
NOTES: To Rowland Heights 

WB SR-60 
15625 EAST STAFFORD STREET 
INDUSTRY, CA 91744 

+ .... 
z 
0 
1-
<l 
> 
LoJ 
...J 
LoJ 

(1) This LOTB sheet was prepared in accordance with the Coltrons 
and Rack Logg ing, Classification and Presentation Manual (2010 

(2) 2 . 4" samples were token using a California Modified Sampler. 

Soi I 
Edit ion). 

(3) An automatic trip hammer system consisting of o hammer weight of 
140 lbs falling a distance o f 30" was used to advance the drive sampler. 

(4) Conversion foetor from 2.4" Cal i fornia Modified Sampler blowcounts to 

Standard Penetration Test ( SPT) blowcounts is 0.5 . 

+-.... 
~ 

+690 -.,------------------
"" 

., 
c 

0 
:;_ :< "' "' CPT -10-009 

[1. <676.0 ft 

+650 

+640 

+­..... 

Friction Ratio 
500 

Tip Bearing (tsf) 04 - 26- 2010 

185 

1285 

285 
EB SR-60 

EARTH MECHANICS, INC. 
17800 NEWHOPE STREET , SUI TE B 
FOUNTAIN VALLEY , CA 92708 

To Diamond Bar 

PLAN 
, .. = 1 00' 

"A" Line 
STA. 1288t72; 1% L1 

A -10-004 

SAN Y leon CLAY CL ; soft to medrum st1ff; ol rve brown; morst; some frne 
SAND; mostly medrum plastici ty fil)es; weak cementation. 
Trace sandstone chunck to 4 rn. dro .. 
SANDY leon CLAY wrth GRAVEL CL; strff; olrve brown; morst; lrttle coarse to 
fine GRAVEL, max. 1-1 /4 in. dio.; little fine SAND; mostly low to 
medium plastici t y fines; weak cementotiQfl· JG~W~S"+~G~6~3~.4Mf~t/0-fii21Dfii~Ji) 
Honl; li ttle coarse to fine GRAVEL, max.f,in . dia.. 4126/2010 
SANOY leon CLAY (CL); soft; olrve brown; wet; some frne SAND; mostly 
low to medium losticit fines; weak cementat ion . 
CLAY Y SAND C j very loose; olrve brown; wet; mostly coarse to frne SAND; 
some low plostic1ty frn!!s ; weak cementot1qn. . 
Very loose; dark yellOWISh brown; about 647. cor;rse to frne SAND; 
obout 367. low losticit fines. 

oorly graded ~N w1th G AV L S ; m~d1um. dense; ol r v~ brown; wet; 9bout • 
297. coarse to fme GRAVEL, max. 1-1/4 rn. dro. ; about 677. coarse to frne SAND, 
about 47. nonplostic fines; weak cementation. 
Yellowish brown; about 237. coarse to fine GRAVEL; about 73% coarse 
to fine SAND; about 47. non lost ic fines. 
Leon LAY wrth AN L; very strff; olrve brown mottleCI Wi th ye ll OWISh brown; 
moist; little fine SAND; mostly medium plastici ty fines; weak cementation; 
(trace weathered bedrock). 
Fat CLAY w1th SAND (CH); hard; yellow1sh brown mottled wrth olrve brown; mo1st ; 
little fine SAND; most ly meCiium plasticity fines; weak cementation; PP>4.5 tst; 
(t race weathered bedrock). 
SILTY SAND (St.tl; very dense; dark yellowrsh brown; mo1st; mostly frne SAND; 
lit tle nonplostrc fines; weak cementation; (trace weathered bedrock). 
Olive brown mottled with grayish brown; about BO% fine SAND; about 
20% nonplost ic fines. 

A-10-005 

SANDY leon CLAY (cl); sqft to mel)ium stiff; olive Drown; moi.st; trace. cporse 
to fine GRAVEL, max. 1 rn. dia.; trttle fine SAND; mostly medrum plastrcrty 
fines; weak cement at ion. 
Stiff. 

SANOY t ot CLAY (CH)· med1um strff to strff; dark brown; wet; trace f1ne GRAVEL; some 
medium to fine SAND; mostly medium plasticity fines; weak cement at ion; PP=l.O tsf. 

SANDY lean CLAY (CL); strff; olrve brown; wet; some f1ne SAND; mostly medrum 
plasticity fines; weak cementation; (wi th weathered bedrock ). 
Hard dri II ing. Hard bedrock. 
Hard; moist; PP >4 .5 tsf. 

SANDY f at CLAY (CH); hard; bl u1sh gray; morst; some f1ne SAND; mostly medrum 
plasticity f ines; weak cementation; PP>4.5 tsf; (with weathered bedrock). 
Hard dril l ing. 

+620 04- 7&- 7010 
Terminated ot El. +&25.& ft 

Terminated at El. +625.2 ft 
Hammer Efficiency Ratio (ERi) o 75% 

SANDY leon CLAY (CL) ; hard; blUISh gray; morst; some frne SAND ; most l y med1um 
plasticity fines; weak cementation; (wrth weathered bedrock). 

SEDIMENTARY ROCK (CLAYSTONE); massrve; groy1sh brown to black;, IntenselY, '!eoth~red; soft 
(SANOY leon CLAY (CL); hard; moist; some frne SAND; mostly med rum plostrc rty frnes). 

+610 -4----------------------------------------------------------------------------------------------------------------------------

04· 26· 2010 
Terminated at El . <618.4 ft 

Hammer Efficiency Ratio (ERi) o 75% 

+600~--------------------------------------------------------~P~R~O~F~IL~E~------------------------------------------------------~-
VERT ICAL 1" 1 0' 

HORIZONTAL 1"=20' +590-+------------------------------------------------------------------------~~~~~~~~------------------------------------------------------------------------~-

1288+00 1289+00 

Station ing along "A" Line 
~---------+----------~----------4-----------+--------

1290+00 1291+00 1292+00 
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BENCH MARK 

Horizontal control is based on Col trans GPS points 1001 
and 1002 from TLI Control project done Jon 2000. 

Coordinates shown are based on the California Coordinate 
System (CCS83} Zone 5, 1983 NAD (1992.88 EPOCH}. 

Vertical control is based on Coltrons Benchmark 38-C- 74 , 
a standard disk, down 1 .2·, 63 ' left of Centerline Baseline 
relocated 374+85.00. Elev = 1298.37 feet 1929 NGVD, 1978 
Adjustment, doted Dec 1990. 

+-
'+-

z 
0 
1-
<( 

> 
w 
...J 
w 

NOTES: 

(1} This LOTB sheet was prepared in accordance with the Coltrans Soil. 

and Rack Logging, Classification and Presentation Manua l (2010 Edi tion}. 

(2} 2.4" samples were token using a California Modified Sampler. 

(3} An automatic trip hammer system consisting of a hammer weight o f 

140 lbs falling a distance of 30" was used to advance the drive sampler. 

(4} Conversion foetor from 2.4" Col ifornio Modified Sampler blowcounts to 

Standard Penetrat i on Test (SPT} bl owcounts is 0.5. 

+690 

El. +661 .0 ft 
+680 

+670 

+660 

+650 

+640 

"A" Line 
STA. 1290t21; 189 Lt 

A-10-006 

Leon CLAY woth SAND (CL); soft to medoum stof f; olove brown; moost; lottie 
fine SAND; mostly medium plasticit y fines; weak cementation. 

Fat CLAY w1th SAND {CH); med•um st1ff ; olove brown; moost; lottie fone SAND; 
mostly medium plost icity fines; weak cementation; trace sandstone fragments. 

+630 Lean CLAY with SAND (CL); stoff; olive brown· moost; lottie fone SAND; mostly 
medium plastici t y fines; weak cementation; ~P=1.25 tsf (with weathered bedrock). 

+620 

\ 
+610 

Fat CLAY with SAND {CH); hard; olive brown; moost; I ott le fone SAND; mostl y 
medium plasticity fines; weak cement at ion; (with weathered claystone). 

SEDIM(NlARY ROCK (CLAYSTONE); mossove; block; ontens ol y weathered; soft; 
(Leon CLAY with SAND (CL ); har d; moist; little fine SAND; mostly medium 
plasticity fines; PP>4 .5 tsf). 
Hard drilling. 

Fr iction Ratio(%) 

S1A. 1291+4G; 222' Lt 
"A" Line 

CPT - 10-010 

2 0 

04-26-2010 
lerminoted ot [I. +G27 .8 ft 

300 400 
Tip Bearing 

C> 

"' N 

"' "' + 

"' ........ 
c -
-' . 
~:! 
' "' 

A-10-007 

DI5T 

07 

PLANS APPROVAL DATE 

/he State of California or its officers or agents 
shall not ~ responsible for the ocwrocy or 
a;rrpleteness of e lectronic copies of this piGil Sheet. 

C I TY OF INDUSTRY 
1 5625 EAST STAFFORD STREET 
INDUSTRY, CA 91744 

EARTH MECHANICS , INC. 
17800 NEWHOPE STREET , SU I TE B 
FOUNTAIN VALLEY, CA 92708 

SANDY leon CLAY (CL); soft to medoum stoff; olive brown; moost; trace coarse 
to fine GRAVEL, max. 1 in. Clio.; some coarse 1o fine SAND; mostly medium 

~ pla~ticity. fines; weal\ cementation. 
'- 1.4edoum stoff. 

CLAYEY SAND (SC); medoum dense; olive brown mott led woth brawn; moosti t r ace fone 
GRAVEL; mostly coarse to fine SAND; some low plasticity fines; weak cementation. 

SANOY lean CLAY (CL); stoff; alive brown; moost; few coarse to f one GRAVEL, 
max. I in. dia.; lit tle medium to fine SAND; mostly medium plasticity fines; 
weak cement at oon. 
Very stiff; olive gray; PP=2.5 tsf ; (with siltstone fragments). 

Stiff ; wet; some medium to fine SAND; mostly low to medium plasticity fines. 

PP=l.S tsf. 

CLAYEY SAND (SC); loose; brown; wet; about 63% medoum to fone SAND; about 
37% low to medium plasticity fines; weak cementation. 

Brown to ol ive brown. 

Fat CLAY woth SAND (CH); soft; dark olove brown; wet; trace f one GRAVEL; lottie 
medium to fine SAND; mostly medium plast icily fines; weak cement at ion. 

Lean CLAY woth SAND {CL); very stiff; clove gray; wet; l ottie fone SAND; mostly 
medium plasticity fines; weak cementation; PP=2.5 tsf; ( trace weat hered bedrock 
fragments). 
01 ive brown. 

Hard; PP>4 .5 tsf. 
Hard dri II ing. 

SEDIMENTARY ROCK (CLAYSTONE); massove ; blacki m1ensoly weathered; soft; 
(Lean CLAY with SAND (CL}; very stiff; wet; lottie fine SAND; mostly medium 
plasticity fines; PP=3.0 tsf) . 
Very hard drilling. 

PP>4.5 tsf. 

04-26-2010 04-27-2010 
Terminated at El. +610.G ft Terminated at El. •609.5 ft 

Hammer Efficiency Ratio (ERi) = 75% Hammer Efficiency Rafio (ERi) = 75% 
+&oo~r---------------....:_----~~------------------------------------------------------------------------------------------~~~~~~~~~~~~~--------------------------------------------------------~ 

PROFILE 
VERTICAL 

HORI ZONTAL 
1 .. - 1 o· 
1" 20' 

+590 ~1------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------~ 

Stationing along "A" Line 

1 288+00 1289+00 1290+00 1 291 +00 1292+00 
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Appendix B 

LABORATORY TEST RESULTS 



TABLE B-1 SUMMARY OF LABORATORY TEST RESULTS 

Project No. :08-170 Pt·oject Name : SR-57/SR-60 Confluence Projet, Phas e I - Grand Aven ue WB On Ramp: Retaininq Wa ll 2 

Soil Moisture Tot,.) Unit Gr,.i n S ize Sand Attet·berg Soi l- Soil-Solu ble Soil-
Sample Sample Identification Content Pocket Torvan e Minimu n1 Soil- pH Su lf,.tc Moisture Boring No. Weight Distribution Equi valent Limits ASTM 

No. Depth (gt·oup ASTM Penetrometer Shear Resisiv iLy CT-532 Content Free 
symbol) ASTM D2216 

ASTMD2937 GR:SA:Fl (CT-217) D4318 
CT-532 CT-417 Chloride 

(ft) (%) (pet) (tst) (tsf) (%) ( LLIPLIPI ) (ohm-em) (ppm) (ppm) 
A-10-004 S-1 5 CL 33.9 8 .2 280 378 
A-10-004 0-2 10 CL 23.3 119.4 >4.5 46/20/26 
A-10-004 S-3-1 15 CL 24.0 
A-10-004 S-3-2 15.3 sc 24.8 36/17/19 
A-1 0-004 0-4 20 sc 31 .6 119.4 0:64:36 38/18/20 
A-10-004 S-5 25 SP 15.8 29:67:4 
A-1 0-004 0 -6 30 S P 10.7 138.7 23:73:4 
A-10-004 S-7 35 CL 34.0 
A-10-004 0-8 40 CH 30.8 112.0 >4.5 6 1/32/29 
A-10-004 S-9-1 45 CL 40.1 
A-10-004 S-9-2 45.5 SM 17.2 
A-10-004 0-10 50 SM 21 .9 125.1 0:80:20 
A-10-005 S-1 5 CL 21.8 
A-10-005 0 -2 10 CH 25.8 115.2 3.75 52/25/27 
A-10-005 S-3-1 15 CH 29.5 42/18/24 
A-10-005 S-3-2 15.5 SM 14.2 5:75:20 
A-10-005 0-4 20 CL 0.5 
A-10-005 S-5 25 CL 37.1 
A-10-005 0-6 30 C H 41.4 110.3 1.0 56/25/31 
A-10-005 S-7 35 CL 44.0 
A-10-005 0 -8 40 CL 31.0 113.2 >4.5 
A-10-005 S-9 45 CL 32.6 
A-10-005 0-10 50 CH 28.0 116.4 >4.5 66/28/38 
A-1 0-005 S-1 1 55 CL 33.1 
A-10-005 0-12 60 CL 26.4 116.2 >4.5 
A-10-006 S-1 5 CH 19.4 60/26/34 
A-10-006 0-2 10 CL 2.75 
A-1 0-006 S-3-1 15 CL 20.1 
A-1 0-006 S-3-2 15.7 sc 16.7 40/18/22 
A-1 0-006 0-4 20 SP-SM 17.8 129.3 1:89:10 
A-10-006 S-5 25 sc 20.2 23:42:35 43/20/23 
A-10-006 D-6 30 CH 31.9 116.4 3.25 54/22/32 
A-10-006 S-7-1 35 CL 41 .1 

A-10-006 S-7-2 35.6 SM 23.9 
A-10-006 0-8 40 CL 34.2 114.8 2.25 



TABLE B-1 SUMMARY OF LABORATORY TEST RESULTS 

P r oject No. : 08-170 P t·oject Name : SR-57/SR-60 Confluence Projet, Phase I - Grand Avenue WB On Ramp: Retaining Wall 2 

Soil Moisture 
T otal Un it Grai n S ize Sand Atterberg 

Soi l- Soi l-Solu b le Soil-
Sample Sample Ide n tification Conten t Pocket Torvane Minimum Soi l- pH Sulfate Moisture 

Boring No . 
No. D epth (group ASTM 

Weight 
Penetrometer S hear 

Distribution Equivalent LimitsASTM 
Resisivity CT-532 Content Free 

symbol) ASTM 0221 6 
ASTM 02937 GR:SA:FI (CT-217) 0 4318 

CT-532 CT-417 Chloride 
(ft) ( 'Yo ) (pc f) (tsf) (tsf) ('Yo) ( LL/PL/PI) (ohm-em) (ppm) (ppm) 

A-10-006 S-9 45 SM 22.2 4:76:20 
A-10-006 0-10 50 CL 1.25 
A-1 0-006 S-11 55 CH 37.9 55/24/31 
A-1 0-006 0-12 60 CL 39.8 11 1.0 >4.5 

A-1 0-006 S-13 65 CL 30.5 

A-1 0-006 D-14 70 CL 27.6 113.2 >4.5 
A-10-007 S-1 5 CL 21.5 8.0 330 204 
A-10-007 D-2 10 sc 11.4 130.0 34/14/20 
A-10-007 S-3 15 CL 38.3 
A-10-007 0-4 20 CL 28.3 114.5 2.5 
A-10-007 S-5 25 CL 19.9 35/14/21 
A-10-007 0-6 30 CL 38.3 128.4 1.5 
A-10-007 S-7 35 sc 24.2 0:63:37 31/17/14 
A-10-007 0 -8 40 sc 36/17/17 
A-10-007 S-9 45 CH 36.5 60/28/32 
A-10-007 D-10 50 CL 34.1 113.1 2.5 
A-10-007 S- 11 55 CL 38.5 
A-10-007 D-12 60 CL 27.5 112.5 >4.5 
A-10-007 S-13 65 MH 38.4 69/34/35 
A-10-007 D-14 70 CL 34.9 112.4 3.0 
A-1 0-007 S-15 75 CL 24.2 
A-1 0-007 D-16 80 CL 27.2 118.1 >4.5 
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H orizontal Deformation (inch) 

Boring No. : A-10-004 
Strength In tercept (C): 

0.43 (l<s l) 0.31 (ksf) 

Sample No. : D-4 20.40 (kPa) Peak 14.94 (kPa) Ultimate 

De pth (rtlm) : 20.0 0.00 Friction Angle ( ~ ) : 22.99 Degree 24.35 Degree 

Description : Dark yellowish brown, CLAYEY SAND (SC) Shear Rate (inch/minute) : 0.02 

M OISTURE DRY DENSITY VOID NORMAL STRESS PEAH STRESS ULTIMATE STRESS 
SYMBOL 

(kN/m 3
) I I CONTENT(%) (pe l) RATIO (ksf) (kPa) (ksf) (l<Pa) (k s£) (kPa) 

( 24.36 96.74 15.23 0.74 1.00 47. 88 0.78 37.35 0. 70 33.32 

~ 29.40 94.40 14.86 0.79 2.00 95. 76 1.38 66.07 1.32 63.20 

A 25.63 96.05 15. 12 0.75 4.00 191.52 2.09 99.97 2.09 99.97 

SR-57 60 Conflence Project, Phase I 

Earth l\1echanics, Inc. Grand Avenue WB On-ramp 

---->NJ~~~ 
Gculcrhnit-al :w d f::Hthqu;~kl! En1!in£'rring Retaining Wall No. 2 

DIRECT SHEAR TEST (ASTM D-
Project No. : 08-170 Date : 05128110 

3080) Fibrure No. : 
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ll orizontnl Deformation (inch) 

Borin g No. : A-10-007 
Strength In te r cept ( C) : 

1.55 l (I< sf) 0.47 (I< sf) ---
Sample No. : D-2 74.12 l O<Pa) Peak 

~~:;; 
(liP a) Ultima t e 

Depth (ft/m) : 10.0 jo.oo Friction Angl e ( 41) : 39.45 I Degree Dcg •·ee 

Description : Dark brown, CLAYEY SAND (SC) S h ea r Rate {i nchlmi n u le): 0.02 

MOIST URE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTJM.ATE STRESS 
SYMBOL ---

I 
-

CONTENT (~.) (pel) (ltN/m3
) RATIO (I< sf) (kPa) (I< sf) (I<Pn) (k sl) (kPa) 

18.30 108.72 17.11 0.55 0.50 I 23.94 2.08 99.40 0. 84 40.22 -- -• 14.09 115.09 18.11 0.46 1.00 I 47.88 2.20 105.14 1. 02 48.84 

A 15.17 115.98 18.25 0.45 2.00 I 95.76 3.25 155.71 1.76 84.46 

I 

SR-57 60 Conflence Project, Phase I 

~l~t~'r 
Earth Mechanics, Inc. Grand Avenue WB On-ramp 

Gcutl"rhniC"ill nnd £~rlhqu:tke [nginrt·riUJ! Retaining Wall No. 2 

DIRECT SHEAR TEST (ASTM D-
Project No. : 08-170 Dat e : 05128110 3080) Figun:! No.: 
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~Natural Moisture -

1.0 <!> ---...... _._Sample Submerged 
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11 .0 
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...... ... 12.0 ... 

13.0 
0.1 1.0 10.0 100.0 

Compressive Stress in (ksf) 

Boring No. : A-10-005 Liquid Limit : Moisture Dry Density Percent. Void 
Samp le No. : 0-4 PlasLic LimiL: Content(%) (pel) (kN/m1

) Saturation Ratio 

j (rt) : 2o.o 1 21.5 Plas tic Index : - Initial 29.91 93.66 14.74 100.97 0.80 
De pth -

6.1o 1 6.56 2.70 25.88 107.66 (m) : Specific Gravity: Final 102.21 16.09 0.65 

Description : very dark olive-gray, Lean CLAY (CL) 

Earth Mechanics) Jnc. SR-57/SR-60 Conflence Phase 1 
-Wiv~. 

C::Ntkrhniral :1nd Carlh tt ua~t' En:.:,iu ... l·rio~ Grand Avenue WB On-Ramp 

CONSOLIDATION TEST 
Project No.: 08-170 05131/10 

( ASTM D-2435 I CT-21 9 ) 
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Compress ive Stress in (ksf) 

Boring No. :A-10-006 Liquid Limit: Moisture Dry Density Perce n t Void 
Sample No. : 0 -2 Plastic Limit : - Content(%) (pel) (kNtm~) Satu ration Ratio 

D hI (ft) : 10.0 11.5 P lastic I n dex : - I nitial 28.99 91.82 14.45 93.65 0.84 
ept I (m) : 3.05 3.51 Sp ecifi c Gravity : 2.70 Fina l 29.60 95.03 14.96 103.30 0.77 

Desc•·i plion : Dark olive-gray, Lean CLAY with SAND and GRAVEL (CL) 

-1vfv·!r~• 
Earth Mechanics, Inc. SR-57/SR-60 Conflence Project, Phase 1 

Ct·uh·dtnit·otl an t.l E:trlhtJU;tl..t· En),.!ill l'l'r·in:! Grand Avenue WB On-Ramp 

CONSOLIDATION TEST 
Proj ect No.: 08-1 70 05/3111 0 

( ASTM D-2435 I CT-219) 



Appendix C 

DESIGN CALCULATIONS 



SR·S7.'SR·60 Coflftuence Fl'hasl!. l , Gr.~nd ,Avenue \/VB On-Ram.:~. Retalntr\g Wall :2 

LIQUEFACTION ANALYSIS: ACC~ • 0,61 g 

SP 

09-Fe~l2 

08-170 

LJquefac.lton analysis Is performed followtf\g seed's Procedure, ouU1ned by Seed et a l (1985), Seed and Harder (1990), updated NCEER (1997) The restlling c:yclte stress ratio (CSR r} Is eqUal to· 

Emean/E60 • Energy Rallo 10 correct to standard 60% Energy 

Sur-c:harge = Any .surcharge on top of the ground {psi) 

ac.c. JTI CIX 3 maXImum peak accaleralion at tl\e grouna surface (9'1) 
1
CN '"' souare root o' (100 kF'a or 1 Qd427tsfleffectlve overburden) 

The Induced cyc:Pc stress r~llo (CSR ~ by a gtven peak ground acce le:ta\lon (ace . .max} is: 

A-lG-OOd 

CSR i ~ D 65 x ace max-, x total normal stre.ss :rt rd I (effec;tlve normal stress x g) 

where rd:: stress reduction factor (Robenson and Wride (1996). Marcus on (USArmy Eng). per NCEER ( 1997)) 

g • acceteratY.Jn cf grav1ty 

"'='===~-:!::== = = :: =: s : :a..aaaa &S::I :::%-.:=:==-= ===- =====••= ::11'10-ZCIZ-2:::::: ======== ==sa·c:••• ·,...a.c·,.'=·=====:::= ==.:r-...caa :r-az_a a&._.:o:s::: =====~.,..-~--... •• 

Emean (~) 75 Sur. • psf 676 • lop of ground eJ. Boreholo Dlarnott 

c, 1.25 c, 1, 15 

=~==·~==== ,.,.,. • ._.. .... ,. •=• a a:s:::::- a:& •~••-• z..aallia•J\1 == = ===-=.=:== aza• a raaaaaa a aaa.-..:.-:r. =======saaa .... ..-a_..aa aa ... c::::: :s::scc~a==••=•••,.•• 

STRESS 

FIELD REDUC 

ELEVATION TOP OF LAYER TOTAL EFFEC DEPTH TOTAL SAMPLER SAMPLER SLOW COEFF 

BASE OF LAYER THICKNESS OVER BUR. OVER SUR BELOW UNIT TYPE LINED COUNT rd 

LAVER ELEVAT'ON L PRESS PRESS SURFACE c. c, c, c., WEIGHT 1•SPT 1•UNLIN EO N 

I" l (ft ) 1'-·1 11sn (lsn <"l IP"n 2• CA.I.IOO 2•UNEO 

67 1 676 0 .29 0.29 5.00 1.91 0,75 1,20 1.00 115 1 1 9 0.99 

666 67 1 0.55 0.42 10 00 1.55 0.75 1.00 0.67 ii5 z z 26 0.98 

661 656 0.56 0 55 15.00 1.38 0.85 1.20 1,0 0 115 1 4 0.97 

656 561 1.15 0 68 20.00 1.24 0 85 1,00 0 67 115 2 7 0.95 

65 1 656 1<4 0 81 25.00 1, 13 0.95 1 20 1.00 115 1 10 0.94 

646 651 1.73 0 .95 3000 1.05 0 95 1,00 0,67 115 2 42 0.93 

641 646 2.01 1.08 35.00 0.98 100 1.20 1.00 115 1 1 18 0 89 

636 641 2.30 1 21 40.00 0.93 1.00 100 0 67 i15 2 2 100 o es 
63 1 636 2.59 LJ4 45.00 0.88 1 00 1.20 100 115 1 1 48 0.81 

626 631 2.88 1 ,47 5000 0.84 1 00 100 0.67 115 2 2 100 0 77 

CSR r ::z CSR x Crn x K s•gme 

where. Cm = E arthquak& Magnitude Correction Factor (Bi a~e. NCEER Table 3. Ec; 4) 

K sigma ~ Normalized rc.slstance ractor (FI!iJ, 14 from NCEER Llouefac\lor. worksh.op , Haroer Boulanger) 

CSR: Resl strng Cyclic Siren Rallo ll fs a function of I he content or fines 

(Figure 2, NCEE:R Workshop, after Seed el at 1985)) 

Factor of Safety, F sub L \s 

CSR r i CSR I 

z•=,.===z= =..-:=======:.e • • • • •._. • • =:2::::::== =--===- ··-= ·-·-· ··~==~ ===:1::1: ::1 & 
........ "'"--Sll: 

671 =wa\er labl! El, ace. max'"' 0.61 g E.a11hq, M= 7.3 

Cm• 1 07 

aazs:z:S~c:a :==-=:z:::o:oz-a:a acaaaa,.,_ •..,.~"""'"--""== =-===::~~ms.--= .. _.a::l:.&a aacaa .. :.== :>::c :::: :z:~t• • • 

RESIST, RESIST 

INDUCED EST CYCUC CYCLIC FACTOR WILL 

CYCLIC CORRECT PERCENT (N1)60cs STRESS STRESS OF IT 

STRESS SLOW OF K s•gma RATIO RATIO SAFETY U OUEFY• 

RATIO coum FINES M==-7 5 ) verDurd Cor IF sub l ) 

No M~gCorr 

(%\ 

0.39 23 51 .0 33 1 00 high N htgh N LARGE h•g~ Nlflnes 

0.53 30 51.0 41 1.00 high N nigh N LARGE h1gh N/fines 

0.60 36.0 Does Not llqv e ty per Chinese Crit ena Ll>JS 
0 64 36.0 Does Not r.quety cer Chinese Crltena t..b-35 

0.66 19 4 ,0 19 1 00 0 20 0~22 0 .33 ~ .. 
0 67 41 4.0 4 1 100 olgh N nlgn N LARGE nion N 

0.66 31 51 .0 43 0 .99 highN hlghN LARGE high N/fines 

0.64 90 51 .0 113 0,97 nlgn N highN LARGE h•gh Nl1ines 

0.62 74 51 .0 94 0 .95 n1gnN tughN LARGE h•gh Nlf'ines 

0.59 81 20.0 92 0.93 hlgn N llrgh N LARGE high N 

. 



SR-SUSR-60 Connuenc• ~hue I , Grana A.\lenue WB On-Ramp 4 Rela)ning WaiiZ 

LIQUEFACTION ANALYSIS; ACC :0.61 g 

UolJefact•on analysis Is performed tonowlng Seecfs Procedure. outiK'Ied t1y Seed etal (t96S), Seed and Harder(1990), Updated NCEER ( 1997) 

E!t'leirVE60 =Energy Ratio 10 c.orroct lo 5tandard 60% Energy 

Surcharge • Any !Urc:harge on top of the ground (psf) 

ace. malt= malilmum peale acc.eleration at the ground surface {g's) 

'eN • square root or (100 X~a or 1 04427 tsJ/effeclive overburde") 

The Induced cyc~c. stress ratio (CSR i) by .. gl\len peak ground acce leration (ace. max) Is 

CSR I • 0 65 x a~ malC x total normal stress x t d I (effectlve normal stress x g) 

wl'lere rd • .stress reduction factor {Robenson and WoC'e (19.96), Uarwson (USArmy Eng}, per NCEER (1997)) 

g = atce~rahon or gra~v 

• o~1ro 

Oli-feb-12 

- ---·---·------ -·· ··--- --·- -····-··· ·--- ··----···- ----
The resisling cyclic stress rallo (CSR r) is equel to· 

CSR r = CSR ~ Cm x K sigma 

where: em= Eanhquake. Magnftude Correction Factor (Slake, NCEER Table 3, Eq,A) 

K .ilgma • Normi111Ud reslstlnce factor (Fig. 14 from NCEER Llquefac:lon workshop. Harder Boulanger) 

CSR = Resi :Uing Cycnc. Stress RaHo. 11 is a runctlon orihe content ot lines 

(Figure 2, NCEER Work.shop1 after Seed et a11 985)) 

Fac.tor of Safety, F sub L ts: 

;: sub L ~ CSR r/CSR I 

::= :;:~;: :a..:•--..•• all :I ._...:a-..Q::t: : ::s.xa •••·=•••::.:• ••••::r• .. =~~''= ====-z.=== :;:o;:a•a::r••••••••-.. •====....,.,..,.....~••=•••=z a11:z.:11::=-.=:as ::=z:a:az:::a=-:a::a:as:z.aaa zzs:===== c::o;:a::zs::.::::1.211 ••••••a• .mc:a::::c:: c:::r:az:-..• •••ra•a:a aaa.-z:::-::a:::; :::::z::s~ •••:s:•••••• ., 
Ernean (%) 

c. 
75 Sur.= 

1,25 
psf 679.2 •top or ground el. Borehole Diameu 671 :::water !able El. 

c, 1.15 

= =====----== •==~••:z .._.. • .:=:.=:=-= == ••••••••• w-..a.-.: .-..a~ •===~~:a za••• .. •-·•-•--=:etlr11:111::!:.::====-=z=:•ul~-••••• •••~== ===--~=a:a-z•z a:o::rt.e-= =======-=:e::e::e: aza• .. ••a :sa :~aec:or:=:. 

ELEVATION 

6ASE OF 
LAYER 

(R) 

674.2 

669.2 

664,2 

659 2 
654.2 

649 2 
644 2 

639.2 

634.2 

629.2 
624.2 

619,2 

TOP OF 
LAYER 

ELEVA7ION 

(") 

679,2 

674.2 

669 2 

664 2 

659 2 

654 2 
649 2 
644 2 

639.2 
634.2 
629.2 

624 2 

LAYER 
"THICKNESS 

L 

(R) 

TOTAL EFFEC 

OVERBUR. OVERBVR. 

PRESS 

(tsq 

0,29 

o.s8 

0.86 

1 15 
1,44 

1.73 

2.01 

2.30 

2 59 
2,88 
3 16 

3,45 

PRESS. 

usq 

0.29 
0,42 

0,55 

0,68 

0.81 
095 

108 
121 

134 
147 
1,150 

t ,73 

DEPTH 

BELOW 
SURFACE 

(ft) 

5.00 

fO ,OO 

15,00 

20 00 

25,00 

30 00 

3500 
40.00 

45_00 

5000 
55,00 

60,00 

1 91 0 75 

LIB 0 ,7~ 

1.38 0 85 
1,24 085 

1.13 0 95 

1 OS 0.95 

0.98 1 00 

0.93 1 00 

088 100 

0.84 1.00 
0.81 , 00 

0,78 1.00 

c, Csr 

1 20 1,00 

1.00 0 .67 

1.20 1 00 

1.00 0.67 

1.20 1,00 

1 00 0.67 
120 1.00 

1 00 0.67 

120 1,00 

1.00 0.67 
1,20 1.00 

1.00 0.67 

TOTAL SAAIIPLER SAMPLER 
UNrT TYPE LINED 

WEIGHT 1• SPT !•UNLINED 

(pc~ 2•Ci\.MOD, 2=LINED 

115 

115 

115 

115 

115 

115 
115 

115 

115 

115 

115 

115 

1 
2 
1 
2 
1 

2 
1 
2 , 
2 
1 
2 

1 

2 
1 
2 
1 
2 
1 

2 
1 
2 

FIELD 

BLOW 

COUNT 

N 

12 
17 
12 
9 
4 
6 
10 
64 
29 
41 
:m 
100 

STRESS INDUCED 

REOUC. 

COEFF 

rd 

0,99 

0.98 
0 97 

0 95 
0.94 

0.93 

0.89 

085 

0.81 
0,77 
0,73 

0.69 

CYCLIC 

STRESS 
RATIO 

0,39 

0.53 
0,60 

0.64 

0.66 

0.67 

0.66 

0.64 

0.62 

059 
0 57 

0.54 

CORRECT 

BLOW 
COUNT 

Nc 

30 

20 

25 

10 

8 

17 

57 
45 

34 

51 

75 

EST. 
PERCENT 

OF 
FINES 

51 ,0 
51 .0 
20.0 
51.0 
51 .0 
51 .0 
51 .0 
51.0 
51.0 
51.0 
51.0 
51.0 

(N1)60cs 

41 

29 
31 

17 

15 

13 

26 
74 

59 
46 

67 

95 

ace. max • 

Ksigm~ 

1.00 
1,00 

1,00 

1,00 

1.00 

1.00 

0 99 

0.97 

0.95 
0,93 

0 ,92 

0.90 

0.61 9 

RESIST RESIST. 

CVCUC CYCLIC 

STRESS STRESS 

RATIO RATIO 

M• 7 .S )Verburd Cor 

high N 

0. 41 

high N 

0.18 

0,16 

0 14 

0.31 

l»gh N 

h;gh N 
n;gh N 
high N 

h lghN 

Mag Corr 

high N 

0 44 
high N 

0.19 

017 

015 

033 

high N 

htgh N 

high N 
tughN 

high N 

Earthq. M= 

Cm• 

WILl. 

73 

1 07 

FACTOR 

OF 

SAFETY 
(f sub L) 

IT 

LIOUEFY7 

LARGE Above.INT 

0.83 nnu 
LARGE high N 

o.Jo r"'e.s 
0.26 (lfliS 

0.22 llr!e.s 

0.50 r~ttes 

LARGE h1gh Nlnt\e.s 

lARGE hf9h Nltlnes 

LARGE hogh Nlfi•es 
LARGE tHgh Nl1ir'leS 

LARGE nigh Nlilnes 
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Liquefaction analysis is performed following Seed's Procedure, oulllned by Seed et al (1965). Seed and Harder (1990), updated NCEER (1997) 

Emean/E60 s Energy Rallo to corred to standard 60o/. Energy 

Surcharge "' Any surcharge on. top or the ground (psf} 

ace. max "' maximum peal(. iCCeleraHon at the ground surface (g's) 

,C .. -" $qU;,re rcot of(100 kPa or 1,04427 U fletl'ecl!ve o\lerburden) 

The induced cyclic stress r.alio (CSR i) by a gfven peak. _ground acceler.alion (ace: max) is: 

CSR I 11 0.66 lC 011cc rnn. x total normal stres.s x ro 1 (effective normal S!ress x g) 

where: ra • stress reduc:.t1on f1ctor (Roben50n and Wnde (1996). Marcuson (USArmy Eng), per NCEE.R (1997)) 

9 c acceleration of gravfty 

Emea:-~(%1 

c, 

ElEVATION 
BASE OF 

lAYER 

(n l 

E78 

671 

666 

661 

656 

651 
646 

6d1 

636 

63 1 

626 
621 

5!6 
611 

75 Sur~ 

12~ 

TOP OF 

lAYeR 
ELEVATION 

fn) 

681 

676 

671 

666 

66 1 

656 
6~1 

6•6 
641 

636 

631 

626 

621 

616 

lAYER 

THICKNESS 

L 

(ft,) 

osf 681 atop of ground el. 

TOTAL EFFEC. 

OVERBUR" OVERBUR. 

DEPTH 

BELOW 

Boreoole Oiamett 

c, 

PRESS, 

(IS~ 

PRESS SURFACE c,.. 

0 29 

0.58 
0.86 

1,15 

1 •• 

173 
2"01 

2"30 
2.59 

2,88 
3 16 

3.•5 
3 74 

A,03 

(Is~ I") 

0"29 
0,58 

0,7\ 

0.84 

0,97 

1 , 10 

1,23 

1 36 

1.50 

1 63 

1 76 

1.89 

2.02 

2.15 

5.00 

10,00 

15,00 

20.00 
25,00 

JO.OO 

35,00 

4000 

•s"oo 
50,00 

55,00 

60"00 

65"00 

70.00 

1 91 

1 35 

L22 
,_ t:i! 

1.04 

0.97 

0"92 

0"87 

0,84 

0 80 

0 "77 
0 ,7, 

0"72 
0.70 

0 75 

0.75 

0 85 

0"85 
0,95 

0.95 

1 00 

1 00 

100 

1,00 

I 00 

100 

100 

LOO 

1. 15 

c, 

1"20 
\,00 

1.20 
1,00 

1,20 

100 

1 20 

1.00 

120 

1.00 
I 20 

1.00 

1"20 

I 00 

TOTAL SAMPlER SAMPU:R 

UNIT TYPE LINED 
Csl VVE,tGHT 1•SPT tsUNLINEO 

1,00 

0.57 

1"00 

0"67 

1"00 
0.67 

1 00 

0.67 

1 00 

0.67 
100 
0,67 

100 

0"67 

(pc~ 2•CA"MOD. 2•LINEO 

115 
115 
115 

115 

115 
115 
115 
115 
115 
115 
115 
115 
115 

115 

1 
2 

2 

1 

2 
1 
2 
1 
2 
1 
2 
1 
2 

FIELD 

BLOW 

COUNT 
N 

10 
27 
8 
15 
10 
15 
5 
17 
10 
18 
37 
100 
80 
100 

The reslshng cyclrc stress ratio (CSR () ts equal to· 

STRESS 

REOUC. 
COEFF', 

"' 

0.99 

0.98 

0.97 

0"95 

0,94 

0.93 

0.89 

0 .85 

0 "81 
0.77 
0 73 

069 

0.64 

060 

CSR r • CSR x Cm x K sigma 

where: Cm = Ear1hQual(.e Magnnuae CorreClion Factor (Bia~e. NCEER Table 3, E;q 4) 

K slgma • Normal\ztd resistance factor (Fig. 14 from NCEER UqueCicllon workshop, H;;rdt:r Boutangl!l) 

CSR ._ Resisting Cyctlc Slress Ratio. !tIs a function of the cor.lent of fines 

(Figure 2. NCEER Worl<shop, after Seed el al 1985)) 

Factor or Safely, F sub L ls: 

F !Ub L • 

671 .swater llble El 

lt~OUCED 

CYCliC 

STRESS 

RATIO 

0.39 

0,39 

0"47 

0"5~ 

0,55 

o"5e 
0.58 

0,57 

0.55 

o 5< 
0 52 

0"50 

0 "47 
O,A5 

CORRECT 

Bt.OW 

COUNT 

Nc 

25 

27 

15 

14 
18 

14 
8 

15 

15 

1• 
50 

72 

100 

67 

EST 

PERCENT 

OF 

FINES 

(%) 

51.0 
51.0 
35.0 
10"0 
35.0 
51.0 
51 .0 
51 .0 
20"0 
51.0 
51.0 
51.0 
51.0 
51 .0 

(N1)60cs 

35 

36 

16 

22 
15 

23 

20 

22 
65 
92 

125 

86 

CSR r /CSR I 

ace. max= 

K sigma 

1,00 

1,00 

0.61 g 

RESIST RESIST 

CYCLIC 

STRESS 

RATIO 

CYCliC 

STRESS 

RATIO 
Ms7 ~ .)verburo Cor 

Mag Corr 

high N 

high N 

h1gh N 

high N 

FACTOR 

OF 

SAFETY 
(F IUO L) 

LARGE 
lARGE 

Does Not liquefy per C t1lnese Cr1t1r1a LL>3S 

1.00 0,17 018 0.35 

Does Nol UquatY per Chtf"'ese Cntena LL>35 

0.99 0,24 0 26 0 •• 

0 97 0"16 0"17 0 29 

o 95 o 26 0,26 o •s 
0 93 0.22 0.21 0 39 
0.9, 

0,89 

088 

0.88 
0.87 

0 .2• 
highN 
highN 

high N 

"lgh N 

0 24 

high N 

htgh N 

hlghN 

hlghN 

0 .. 

lARGE 
lARGE 
lARGE 
LARGE 

Will 

73 

1"07 

!T 

UOUEFY? 

AboveWT 

h1gh N/ll!"es 

fines 

llne:s 

fines 

yes 

r~nes 

high N/flt11!S 

nigh Ntr111es 

high Nlfines 

high Nfftnes 
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l1querac11on anarysls 1s performed fottcwlng Seed's Procedure. oullir!ed by Seed at al (1985) , Seed ana Harder {1990), updaaad NCEER (1997) 

Emean/E60 a Energy Ratio 10 corred to slandard 60% Energy 

SUTcharge =Any surcharge on top ol the ground (ps~ 
ace max • ma'ICimum peak ac:cnleratton at\he ground surface (g's) 
1 C~1 ~ sQuare root of (100 kPa or 1,04427 lsi/effective overburden) 

The. 1nduced cyc~c stress ratio (CSR Q by a given peak ground acceleration (ace, max) is: 

CSR I : 0 65 x •cc m11x, r: Ioiii normal s!rcss x rd f (effective normal stress x g) 

wnere rd ~ streu reduction factor (Robertson and Wride (,995), Marcuson (USArmy Eng), perNCEER (1997)} 
g • accelerauon ol grawy 

Enean (%) 

c, 

ELEVATION 

BASE OF 

LAVER 

(n .J 

6S5 

680 
675 

670 

665 

660 

655 

650 

6<5 

5«0 

635 

630 

625 

620 
615 

E10 

7S Sur • 

I 25 

TOP OF 

LAYER 

ELEVATION 

(ft ) 

690 

685 

680 

675 

670 

665 

660 

655 

650 
645 

640 

635 

630 

625 

620 
615 

LAVER 

THICKNESS 

L 
(ft .) 

.. , 690 • lop of grouod el 

TOTAL EFFEC, 

OVERBUR OVERBUR 

0.29 

0 .58 

0.86 

1.15 
1,A4 

1,73 

2.01 
2 30 

2.59 
2.88 

3 16 

3 45 

J.H 

4 OJ 

4 31 

4 60 

PRESS, 

(tsO 

0.29 

0.58 

0 ,86 

0 .99 

1 , 13 

1.26 

1.39 

i.S2 

1.65 

1.78 

1.91 

2.05 

2. 1B 

2.31 
2 44 

2.57 

OEPTH 

BELOW 

SURFACE 

(ft) 

5.00 

10 .00 

15.00 

20.00 

25.00 

30.00 

35.00 
40.00 

45.00 

50.00 

55.00 

6000 
65.00 

70.00 

75 00 

8000 

Boretlole OJemett 
c., 115 

1.91 

1.35 

1.10 

1.02 

0.96 

0,91 

0.87 
0,83 

o.8o 
0.71 
0 ,74 

0 ,71 

0.69 

0.67 

0.65 

064 

c. 

0,75 

0.75 

0 85 

0,85 
0,95 
0 95 
1.00 

1,00 
1,00 

100 

1,00 

1.00 
1.00 

100 

100 

100 

c, 

1.20 

1.00 

1.20 
1,00 

1,20 
1,00 

1.20 

I 00 

1.20 

1.00 

1,20 

I 00 

1.20 

1.00 

1.20 
100 

c, 

1.00 

0.67 

1.00 
0,67 

1.00 

0 67 

1.00 

0.67 

1,00 

0.67 
100 

0,67 

100 

067 

1,00 

0 .67 

TOTAL SAMPLER SAMPlER 

UNIT TYPE LINED 

WEIGHT I•SPT t•UNLINED 

(ocO 2•CA.MOD. 2•UNED 

115 

I IS 

115 
115 

115 

115 

115 

115 

115 

115 
115 

115 

115 
115 

115 

115 

1 
2 
1 

1 
2 

2 
1 
2 , 
2 
1 
2 
1 

2 

FIELO 

BLOW 

COUNT 

N 

5 
45 
12 
19 
8 
15 
5 
15 
4 
12 
17 
100 
63 
100 
28 

100 

The resisting cy.:llc stress r• tlo (CSR r) fa equal to: 

STRESS 

REOUC 

COEFF 

rd 

0 99 

0,98 

0,97 

0,95 

0,94 

0,93 

0 89 

0.85 
0 ,81 

077 
073 

0.69 

0 .64 

0.60 

0.56 

0.55 

CSR r • CSR X Cm x K .s~gma 

Where: Cm • E.lnhquakn Magnitude Correcllon Factor (Blake, NCEER Table J, EQ,4) 
K sigma • Normillllzcd resistance rac.tor (Fig. 14 from NCEER L'AuelaetJon wo(1csnop, Harder SoulanQeJ} 

CSR • Rest sting Cyclic Stress Ratio. II is a function: or the content of flnes 

(Figure 2, NCEER Workshop, a"er Seed el al 1 985)) 

Fac.lor of Safety, F sub L ls· 

F SUb l z 

671 -water tabfe Et 

INOUCED 

CYCLIC 

STRESS 

RATIO 

0,39 

0.39 

0.38 
0 44 

0,48 

0,51 

0 51 

0.51 

0,50 

0 49 

O.AB 

0 46 

0 ,44 

0 42 

0 39 

039 

CORRECT 

BLOW 

COUNT 

Nc 

13 
44 

20 
16 

13 

13 

8 

12 

6 

9 

22 

69 
76 

65 

32 

62 

EST 

PERCENT 

OF 

FINES 

(%) 

51 .0 
37.0 
51.0 
51.0 
51 ,0 
51.0 
37.0 
37.0 
5 1.0 
51 .0 
51 0 
51 .0 
51,0 
51 .0 
51.0 
51 ,0 

(N1)60cs 

21 

58 

29 

25 
21 

21 

15 

13 

16 

32 

88 

97 

83 
44 

80 

CSRr / CSR I 

iJCC. max = 

K slgrna 

1,00 

I ,CO 

I 00 

I 00 

0 .98 

0,96 

0 95 

0 61 g 

RESIST RESIST 

CYCLIC CYCLIC 

STRESS STRESS 

RATIO RATIO 

M::r7,5 JYerburd Cor 

0.23 

high N 

0.41 
0.29 

0,23 

0 23 

016 

Ma~Corr 

0 24 

nogk N 
0 44 

0 31 
0,24 
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Liquefaction Analysis w i th Cone Penetration Test (CPD Data 
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,, ,! ! 64 5 11 5 0 115 ,0 ,., 1,0 5.2 • 6 • 7 5,00 1.20 13 .... D. &AS 0660 0 6d 2.80 nOI\<LIO ClAY , 1 •• •• • ,75 nM-LIQ t>On-1..10 0.97J 0.39 0~60 ~1.10 .. •• NA NA NA 0 000 NA NA 0000 

I I 155 .... 1150 1'50 167 •• 5.• 50 5 • soc 120 13 0570 0650 OIS70 0 650 2!6 t'I~UCClAY I ... , NA .,. I'IM-L/0 """'1D D97> 0,40 0.370 roon-LIO NA NA •• NA NA 0 000 NA •• DODO 

1151 ... , 1150 H S O ,, 0 ,7 •• Sl ' s 500 120 ., om .... 0671 065< 2.9 1 -uocLAV 1 1,62 .. S79 1'101\-LIO ~10 0.972 o•o 0 ,370 .,.,.uo "" NA NA NA NA DODO NA NA DODO 

11 .. .... 1150 U50 ,, 06 s • 59 . • ~00 120 •o o ... .... .... 065& 
~·· 

~uocLAY 1 1 6 1 NA .. 3 - LIO ........ 1D 0172 0 .40 OJ70 - u o NA NA •• NA NA 0.000 NA NA DODO 

IZ 14 ..,. 1150 1'50 07 QS 57 .. 3 . SOD 1 20 •o o ... D602 .... 0662 ~ll NII'-UOCLAY 1 1,60 NA L24 -'IO ~·· o.tn 0 .41 O.JOO I'ICift-liO ... •• NA •• NA 0.000 .. •• DODO 

>ZJD 6''" 1150 1'50 7..1 0 .4 55 n 3 J soc 120 • 011)7 0 667 .,, 0 667 

~·· 
~UOCLAV • 159 NA 103 ........ ID ~~· 0971 0.41 0.380 -uo ... NA NA NA NA DODO •• NA DODO 

12 ~7 163! H 50 n~D 65 ClJ •6 n ; , S OD 120 9 0717 0.67 1 0 717 ocm 
~·· 

non.LIO CLAY . , .. NA 909 """"-ID ....... ,D 091l ... O JIIO -uo ... NA NA NA NA DODO NA NA DODO 

12_6:! 66J. H5 0 1150 6< 0 3 " 7l 2 3 !.00 1 20 • 0726 0615 a:ne 0875 3.20 l'tOI'I-UO CL..'V ' 157 NA 929 roon-l iO ......uo 0.971 0 41 0380 non-LIO NA NA NA .. NA DODO NA NA 0 000 

128D 66Jl 1150 1150 " Q,J •2 " 2 J SQQ 1.20 9 0 726 0680 0 738 0660 J . IJ '~or'!·liO CLAY 1 1,56 NA ! ,25 rv'l-lJO non--1.10 0 ,970 Q,.C1 0 .390 non.{.IO NA NA NA NA NA 0000 NA NA DODO 

1295 .. ,. I HiD 1 15 0 •• o • '·' 
,, 3 . S OD 120 • 0 745 . ... 0 7 .. 5 .... 3 09 ... on.LIO ClAY 1 1.55 NA 77S ~-t.IO ~uo 0..970 O . .C2 0,390 f'D"· LIO NA NA NA NA NA 0000 NA NA 0 000 

!3 12 .. ,. 115.0 ' IS O ., 03 J3 " 3 . S OD < 20 ' 075• ..... 0.754 .... 197 f'OI"I·LIO CLAY I , ... NA 6<6 Mn·LID not'hlJO 0 969 . ., O.J 90 rte~"·L.IO NA NA "' NA NA OODO NA NA DODO 

13.2.9 .. , P$0 '150 76 0 3 3 9 65 3 J s.oo 1 20 9 0 71§4 0 693 0,715A 0,59J 3 10 tiCW\-LIO ClAY 1 , 53 NA , .. non·UO roan-LID 0 969 042 0.390 I"'I~"~+liO NA NA NA NA NA OODO NA ... DODO 
!J liS .... \1!0 ~ 1 5 0 61 02 •• 6' 2 J SOD 120 • 0 713 0.69 7 0 773 0.697 307 ...-UO CLAV 1 1.52 NA 7 60 - uo non-l.IO .... 0,43 0.000 !'!Of'I·UO NA NA ..... NA NA 0000 NA .... DODO 

1352 .. ,. 1150 nso •• <12 >D .. ' 3 SOD 120 8 0763 0.701 0.783 0701 JID "'n-L,.lQ ClAY 1 . .. , NA 719 i'G'O-U O -uo 0 ... 0.43 o•oo Mn-LIO NA NA NA NA NA 0000 NA NA 0000 

1l78 6622 1TSO 1150 ... 0 2 29 " 2 3 ""' IZD • 0 792 0706 0792 0706 3 07 -.t.IO CLAV 1 .... NA 750 nan-LID non-UO 0066 0.43 ..... -uo NA NA ... NA NA DODO NA NA DODO 

ll .. ..,, It 50 1150 70 ., ,. 6J 2 3 SOD 120 • . .., 0710 ..... 0710 3 06 ftl;lft.lt0 Ct.AV 1 ... NA 7AI -uo -.uo 0 ... O AJ 0.400 _...., NA ... NA NA NA DODD ... NA DODO 
IIIII .... 11!50 1150 7.! 02 ., .. 2 3 50D 1.20 • 0311 0 7 11. 0!11 0.1'1 4 3 02 I'ICA-lKJCLAY 1 1 .. NA ... Mn-LIO ,._uo 0917 ... 0.1110 ...... uo NA NA ... NA NA OODD NA NA DODD 

11. 27 ... 7 115.0 It SO OJ 02 1 • 5S l 3 SOD 120 • o.a:u 0 7 19 0.! 21 07!9 2.55 P'ICf'looUO CI.AV • 1,.tlo7 NA 6,25 -uo ...... u o o ... 0« 0.1.10 ...,.LID NA NA NA NA .. 0000 NA ... OODD , .... 6616 115 0 115 0 •• 0 3 " 59 l 3 50D 120 • D.OJD 0.723 0.630 om JOI 1'101"-l.IQ CL.AY 1 1<6 ... ... ...... uo nor1-UO 0 ... ... 0.410 .,..,.,10 NA NA NA NA NA 0.000 .. "' 0000 

""" .. ,. 1:5.0 115.0 9 0 ,, ., .. 3 . 5 0D "" 
,. DUO 0.727 0.639 0 727 MJ r.on.UO C LA V 1 1 ,11@; NA 7.01. I'!On-UO ~uo .... 0, 1111 0 1.10 _...., NA NA NA NA NA 0000 " .. DODO 

14.i& .. ,, 115.0 t15 0 10 ,9 .. J,7 56 3 . 500 "" 
,. 0.3 119 0.731 O,II.C9 0,731 256 I"'n-l.IOCLAV 1 14S NA 6.29 - uo ~-LID .... ... 01.10 nOI'•lJO NA NA NA NA NA 0 000 NA NA 0000 

14 93 661.1 115.0 1150 11.3 •• JS ... J . s.oo 120 
,. o.a.sa 0 ,736 DBSI 0 ,736 2 .94 non-liOCI..AV' 1 '·"" ... 5 07 non-UO !"'I'l·LIO 0.065 o.•s 0.11'10 n~-liO ,,. NA NA NA NA 0000 NA NA DODD 

1~ 09 6609 115,0 1150 ,. •• .. .. . . 5,0D 120 to 0166 0 ]40 0.866 0.740 3 ,02 non·LIO ClAY 1 143 NA ... non-UO non-UO 0 96S ••• 0.•20 "CCI'I·LIO NA NA NA NA NA O.ODO NA "' 0 000 

1526 660 7 115 0 115 0 ,,. •• .. .. . . SQQ <20 ID 0 ! 77 0.7.C.S om 0 ,7.t.5 3.00 non-LtD Cli\Y 1 ,., NA 671 ...... uo """'-10 0 98• .... 0420 ~ID NA NA .. NA NA 0000 NA NA 0000 

' 5"2 8006 115 0 1150 120 •.. 33 52 . . soc ' .20 10 0 .. 7 0.7.C~ . .. 7 0.71.9 2.9D I'IOI"'ooo..IQGlJIY 1 , ., NA S7S ·~uo ....... 10 .... D <S .. ,. ........ID NA NA NA NA NA 0000 NA NA OODO 
1550 .... t150 115 0 ••• OS 47 62 3 . s.oo •.20 10 0 196 0 153 ··- 0,753 3.05 ,...,_UQ CLAY 1 ,., NA 732 "'""'10 ~ .... o •5 .. ,. -'.ID NA ... ... ... NA DODO NA NA 0000 

1~75 660 3 115 0 115 .0 110 •• l6 S6 3 . 5 00 •20 10 0.1106 0757 o .... 0751 291 ~CLAY • , .. NA 539 ~., ........ 10 0963 0 <6 0430 ...... uo .... ... NA ... NA 0000 NA NA DODO 

15 9' 6601 115 C 1150 112 •• ,. S6 3 . ... 120 10 0 9 15 0,76'2 o.sns 0.767 2 96 I'MII"'-UO CLAV . 1 .!9 NA 629 ....... 10 ~10 0 963 ... ••JO -uo NA NA •• ... •• DODO •• NA OODO .... ..... 1!50 I ISO 111 .. J 6 S6 3 . SOD UD 10 om 0.766 0.!125 0766 2.91 ~UOCLioV . 1,. NA &ll ~., ~ton-liO D.96J 0.46 0430 - u o NA NA NA NA NA DOOO •• NA 0000 

162• .... 1150 115.:) I I< O,l 21 52 l • 500 1.20 • o 0.9J4 o.no 0 934 o n o 2.19 I"'In-UOCLAV 1 1.37 NA 564 1"10'\-LIO -uo 0962 ... "'"' non.LJO •• NA •• NA •• DODO •• NA DODO 
1640 659 6 1150 115.0 10.8 o• J7 58 3 . 500 ' "' 10 0 51·13 om 09AJ 0 .775 2JI9 ~OCLAV 1 1.37 NA ... rtart-LlC non-liQ ... 2 ••• 0.00 ....,.,10 NA NA NA NA NA OODO NA NA DODO 
l iS-57 659 • 11 5 0 115.0 , .. O• 3 3 Sl . . SOD 120 10 0953 0.779 0953 o m 2.92 I'\Ot'I-UO CLA'I' 1 1.36 NA S 112 non-ua non-LID 0.961 0.47 0.4-'0 nofloLIO •• NA NA "' NA DODD NA ... 0 000 

16 '13 559.] 1150 115,0 12.1 o.• J ,J 53 . • 500 1,20 10 05162 0.'183 .... 0 783 292 nQ~>.U Q CLA'I . 135 NA . ... nor~+L!O non.LJO 0 961 0.47 O.·iAO non·UO NA NA ·~ NA NA O.ODO NA NA 0 000 
16 90 6551 ,1 !ISO 1150 12,1 o• 3,3 Sl • . SQQ 120 10 0971 0788 o.9n ., .. 2.92 l'oOn-UO CLAV 1 1,3• NA S Ol ~uD non-LID ... , 0.47 O.HO non-l!O "' NA NA NA •• 0 000 NA NA DODO 

""' 658,9 11 5,0 115.0 12.7 o.s 3.9 5S . s S.OO 120 ,. 0 981 0.79L ... , 0 792 2.95 t"oDn·UO CUIV 1 1.34 NA 6.22 -.uo non-LID 0 900 0.41 0.440 1'\Gf'lol.IO NA NA NA NA .. DODO NA ... DODO 

1723 65 .. 1150 !ISO 13.6 OS J7 5J . • SOD 120 , 0991 0.796 0991 0 706 "-" 1"0'\-UO Cl.AV , 1,33 NA "' Mn·UO - uD 0 !160 . ., o •<O ~""'"' NA ... •• NA NA 0000 NA NA DODO 
17)9 6506 1150 '150 1l.6 0.7 s 1 59 . • 500 1.20 " '000 0101 1000 0001 J OO -'.IOClAY . ,, NA .,. -uD -uD Ots! D ... .... -LIO NA NA NA NA NA OODO NA NA O ODO 

17 ~5 r.sa.s 1150 115.-0 165 0.9 ss ss 5 6 5 00 120 12 • 009 o.eos 1009 0.805 ,.. I'GftotiQCLAV 1 1.31 NA 1 22 - u o - uo o ... o .. O ASO -uo NA NA NA "" NA OODO NA ... DODO 
H 72 &5!1 . .3 11!0 115 0 219 , 

" .. 7 • 5.00 120 .. 1019 0.009 1 01, .... 253 r<erH..IOCLAY . 1.31 NA 502 ...... uo ...... u o ..... O.AO o .o<o "-"-liO NA NA NA ... ... 01100 ... NA 0 000 

17 ! 8 ..... 1150 1150 21.3 10 " 4 7 ' 7 5,00 '20 13 1,0'28 0,613 1,020 0.113 2.82 non-UO CL.AY 1 1.30 NA .,, -uo -uo ..... 0 4 0 450 non-LID NA NA ... NA .. 0000 NA •• 0000 

1005 .... 1150 115 0 1! .2 ., .. S7 • 7 500 120 13 1030 0!16 1,030 0.618 2.56 ncn-L10 Cl.AY 1 1 29 ... 852 ......uo rK~~llO 0950 .... 0•50 ~ID NA NA NA NA NA DODO NA NA O ODO 

I!U't &57.8 1\50 115 0 ,. 1< S5 sz 8 7 SOD 1,20 " 1,047 0 122 ,.., 0122 , .. ~UO CL.AY 1 ,,,. NA ... _..uo ,_,..uo 0950 .... ..... r~on-L!O •• NA NA NA NA 0000 NA .. OODO 
'!l7 557. !5 11$ 0 llS O 1! S " S9 S5 6 • 500 120 1l 1.056 0.!26 ..... .. ,. 2.95 not"-LIOCI.AY 1 ,. NA 5.17 "')~uo n~LJO 0 957 0.41S 0 . .1:60 ~ID ... NA NA •• NA 0.000 NA NA OODO 

1!5" 6575 115 0 11 5 0 18.7 1 2 .. 56 6 7 500 ,,. 
" 

,,..., 0.631 ..... 0 131 2.97 I'IM•LIOCI.AY 1 ,, NA 6J9 non.L.IO "ot\oliO 0157 0.49 0<60 non-UO •• NA NA ... NA DODO NA NA O ODO 
·.e ;o 6513 , 50 115 0 " ' '·' .. " • 10 SOD 1,20 17 1,075 O.BJS 1,075 0,835 267 ~LIO CL.AY I L 27 NA J.! t "\On-LID non-LIO 0 .956 0.419 0.460 "'O"-l10 NA NA NA NA NA 0000 NA NA 0000 

'!-.87 5~7 1 nso 1150 32 0 .. 50 ., • 10 500 1.20 " .... 0.8.39 1,08, O.lll9 1 71 ~UDC.LAY 1 126 NA ... - uo non·LIO 0.956 0 49 .... roon-L!O NA NA NA NA .. 0000 NA NA DODO 

19.03 6570 '150 11 5 0 2<5 " <5 .. 7 • ... 1.20 ,. , .. , .... 1,094 .... 2.n 

~v 
1 125 NA .... ........ 10 non-LJO 0.956 0 ,49 0 .460 nDr1-l!O •• NA NA NA NA 0000 NA NA O.ODO 

' ? 19 .... otStl 1150 36 3 07 18 "' • ID .. 2 " ' " 1 IQJ 0 !1<0 1103 0 ... 200 0$ " ' .... , , 93.3 0 • • .... ... 0 .-460 .,. ...... ... NA NA NA OODO ,, 2 )10 OOA• 
~a:ll 6..'66 115 0 1150 .,. 05 , 21 • 10 J76 109 " 1113 0652 1 113 0652 ,_,. 0 5 '" 

... .. , ... o•J ..... 0<9 0 • 60 028 NA NA NA NA NA DODO , 1.3'10 OOA7 

'~ 52 ....... 1150 115.0 29 5 05 17 30 1 • ... 115 .. I 122 0851 1122 ,.., "-" D.S ,, )I 0 165 82.2 Oil ..... 0 50 .. , 0.21 NA NA .... NA NA 0.000 10 2620 0050 .... 6!63 H50 1150 19 3 OS 26 ., 5 • 500 1 20 , I I l l OaEI I 1J2 oao• ,, I'IOI'I•UOCLA.Y 1 '23 NA ... "-""'10 """"-"' ..... 050 .. , .-on4.10 NA NA NA NA NA 0000 NA NA 0000 
1985 6562 1150 t:50 ,.. 06 JO ., • • 500 <20 12 ,, .. , 006S l U I 0!65 17• I'IIOI"•UO CL.AY 1 1.22 NA 433 ....... 10 ....... 10 . .... 0.50 0 470 IIOn·UO NA NA NA NA NA oODO NA NA 0000 

40 0 1 I 6560 t150 ns.::J 19 1 06 l1 " • 6 s.oo '"' 
, 1 151 0869 1 151 0!69 1n non.UO CLAY 1 1 22 NA ... ....,., .. """""' 0953 050 0 .-470 - LIO NA NA NA NA NA OODO NA NA OODO 

zo 'IJ 6554 1150 t·s-o "'' 06 H ., • • 500 1 20 , 1160 0 87• 1110 0!74 2 73 notl-LJO CLAY 1 '" NA ., '>Qn<LIO I"'~LIO ,..., 0.50 0 ~70 non-LIO N.A NA NA NA NA 0 000 NA NA o oco 

: o J4 6S57 llSO 115.0 J7.0 0~ '·' 2< ' • .,. 1.11 " 1170 0878 1 170 0 878 »• SANO 05 1<0 36.• 2,01 79.9 0,13 0 9SJ 0 ,50 O.HO 0 ,27 NA NA "' NA NA D ODD ., , ... 0,0.1:7 

2051 65!55 n !lc 1150 •S O O J 0 7 16 • 10 2.70 ' 05 13 \,179 0663 1,179 0,883 ' 10 SANO OS ... • &.6 1,45 67,6 0. 11 0.952 050 0.;1)- C.23 NA NA NA NA NA O ODO " ~· .. 0050 

20 6i SSSJ 1150 1150 ''" •.. 10 >O ' 10 3.6• , .. 1< 1 189 0!87 I 189 0 887 2 23 SAND OS 1.09 4 1,6 , , 12.9 DIZ 0 952 0,51 .... ., . NA NA NA NA NA 0 000 <2 2'310 OOA• 

>013 65-52 t 1SO 115.0 Jl)J •• 2 C J1 7 • .,. ., ,. , .. C89t , .. 0 .891 2.52 SAND D5 1 09 JU' 285 8! .9 D IS 0951 0.51 0.480 OlD NA NA NA NA NA 0000 ., 2 ... OOA7 

'""' 65.5(l 1150 llSO i:66 0! 30 ,. 7 • 5.00 ''" 
,. 0 =nil C 095 1 lDI .... ,.., ,_.L:OCLAV 1 \ ,18 NA 305 ........ ID ,_,...,D 01>51 OSI .... nort-LIO NA NA •• NA •• DODO NA ... OODO 

211 6 65A8 ' 150 1150 ''" •• J• . , 7 • SOD 1.20 ,. 1'2-17 0900 1117 0900 269 ~CLAY 1 ,. NA "' ~.uo non""-10 .... 0 51 0.480 roon-UO NA NA NA .. NA DODO NA .. DODO 
,, JJ 6S41 l1SO 1150 ,.. 07 ,. 

" 7 • SOD ''" ,. . ,. 0 .!'0' ',. o ... . .. 
·~· 

07 "2 296 "" ... 017 .... OS< .... 0.35 'lA NA .. NA NA DODO 11 2A60 0050 

: I C9 554S \1$0 1 ' 5.0 53 0 •• 01 IS " 12 2A7 1.05 15 1 ""' C 901 , 231 .... 207 SAND OS 108 ... , ... '" 0>2 .... 0.51 0.480 0.25 ... NA NA NA NA DODO '3 ~150 ... , 
2165 .,. . \150 11$0 599 02 OJ • '1 12 06S 102 I J ., .. 0913 12'•5 0 913 u s SAND 0 .5 100 &t.Q 

,. ro.D 0 11 .... 051 o.•eo 0 23 NA NA NA ... NA DODD " >ISO ... , 
2182 ... , 115.0 1150 ... o; OJ • 12 13 0.21 101 ,. 1255 0 917 1 Z5S 0.!117 tn SAND 0.5 1.07 ••• 109 760 0>2 ... 9 OS1 .... 0 25 ~· NA •• NA NA DODO ,. 2 000 .... , .. 65•0 1150 1150 !33 o; 0 2 s " 

,. 001 100 .. ',., 0 .921 1 ,.. 092 1 ,., &AND OS 1 07 •... I DI as.s o u .... 0.52 0. 490 . ,. .. NA NA NA •• 0000 t1 , .. 0 03< 

22,15 65351 115 0 115.0 , .. O J 0 3 5 " " 0 01 1,00 " 1274 0.926 \,274 0 ,926 165 SAND 05 1.07 97.5 1 00 979 0 ,17 0 ... 052 0.490 0, 34 NA NA NA NA .. OODO ,. I 649 OOJ• 
22.3 1 8531' n s o 1150 115 1 •• " 5 "' 

, . O,ol 100 , 1,283 0930 1 283 0 .930 , .. SAND 0 .5 \ ,07 111!0 1 ., 116.7 0.23 09.-1! 0 52 0.490 ••• " NA NA NA NA 0 000 22 1.(27 0 02? 

~2.•7 6535 \HI D 115.0 1198 OS ,. 5 21 22 D.OD 100 22 • 292 0.93.1: 1.292 0934 16l SA-NO O S .... 120.5 1 00 I lOS .,. 0 9•! 0 52 0<90 0 50 NA NA •• NA .. 0000 23 '36! 0 026 
226-L &5l.t 11!:iC 1'5.0 \ 17 5 10 •• • 22 23 042 •DI 2• 1,302 0.939 ll02 .. ,. 1!2 &AND 05 106 11 7 9 112 132.0 029 0 941 0.52 0490 060 NA NA •• NA 1 NA 0000 2' 1 2!15 0026 
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Liquefact ion Analysis with Cone Penet ration Test (CPT) Data 

UniiW.&fM StruSH :tl s •n uu at De1:'9ft No~udonotnp 
M., Cycle. Notm, 

D')' 
Po•t.UQ l.•r-r 

frlct. fJplor .at/Ol'\ Yiat•r son Type Finec COfreetlon ..... Shur Vol. VOl. Pott·LI~ Depth Elev. IP<~ .. '· R.a•to "t. Flnu 
....... hut¥ . EquiY, lav•l 

\Yatar l iiWI Chlr•ettr Ruts~ 
ModUhlt' Str.ln Sir<~!" 

Sf,rn._ Post.Uq. Str•lfl S.Uht. 
N~ jN,},. . D jN,)m• jSANO, SILT or jN,)~, 

y'.,.OI.t, .,· .. , .. .: .. .; 
~ non·UO CI.AY} n Co •• ! .... ~.. C RR.,_. '• C SR111 CSR,,. ,. . • c... , ... AS . AS 

lftl ~ft. MSl) lis~ (tsr) 1%1 I"~ (tsr) 11> ~ ~·~ 
..... usn I'M (%) lin I I'M lin I 

2-:c..ao 6532 1150 1\5,0 1212 0.9 07 • 22 23 0.20 \0\ 2' t,;u, 0 .9 .. 3 1.311 0.943 •.n SAND 0.5 \06 121 J 1,09 1317 0.29 0.947 052 0.490 060 MA .. NA NA NA 0.000 2• 1,2!6 0025 
22.91 6530 nso 115.0 133, 1. \ o .• 1 2< ,. 0.15 1,0\ " 1,321 0.94 7 1,321 0.9A7 1,77 SAND 0.5 100 t.lZ.SI 1.0! 1A4,1 0 ,315" 0.946 052 0.• 90 0.73 ,,. NA NA NA NA 0,000 "" 1145 0.023 
2JIJ 652-9 nsa 115.0 aJo o.s 0, 3 " 

,. 000 100 25 1.330 0952 \.JJO 0.952 153 SANO 05 1.05 ""' 100 U2!t 035 0.946 0., OAOO 011 '" NA NA NA NA 0000 ,. IUS 0022 
2lJCi 652.7 1150 ttS,O 1559 2.1 1.3 10 '' J\ 013 1,02 l2 1,.340 0956 1.3<0 0.956 .... SAND o,s 1.05 1~5 0 116 ,. . 1"101\.-UO 0.546 O.Sl 0.490 PIM•LIO NA NA NA "" NA 0.000 NA NA 0000 
23•6 5525 1150 11$0 192J J .• ..• 10 •• J6 095 \02 '" 1349 0960 1,349 0.960 \80 SAND o.s \.05 l!ltlO 1,11 2255 ~LIO 0.945 O!l OAIO ......tiD ... .. NA NA NA 0.000 NA .. 0000 
23152 !!i52• 1150 11$,0 1115, ... , .. 11 ,. ,. 

'" '"" 30 ,,. 096< •.356 ~ ... 'l.15 $ANO ... 105 ,,.., 150 17!J 1 --uo o.s•5 053 o.•to .......... .. ... .... .. ... 0000 NA " 0000 
2375 E521 115.0 115.0 ... '·' 1.5 15 18 " 253 1.05 23 1358 ..... .. ,.. 0959 2.09 SAND 0.5 I .OS ... , 1.414 11i5.7 0.11 0.945 O.Sl o•oo 055 "" "" •• .... NA 0.000 20 '580 0032 
41l95 652• 1150 1150 136 07 10 13 .. 15 2.03 "'' •• 1377 0.973 1377 0913 1.02 SAND 05 lOA 725 132 .... 0,16 0 .9441 O!l D . ..O OJ> NA ..... NA "" .... 0000 16 1!10 0036 
24. 12 65L9 1150 1150 .. , 09 1.9 25 11 1\ '" 1.12 11 1.317 0971 1.3117 0..5178 2.37 SAND o .s lOA ... 2.20 100.0 0.18 0.94• 0.53 .... 0.36 NA NA "" ... NA 0.000 13 2.150 .... 
242a 6517 115.0 1150 25• 05 2.0 3S • 7 5.00 1.20 IJ \396 0 .1182 1.395 0982 2.60 SILT 07 I .OS 25.3 33\ Ol.l 0.13 0 .943 053 .... 0.71 "" .... ... NA NA 0.000 10 2620 0050 
;:: .. 44 551.6 115.0 1150 <44 0.3 " 31 • • '75 :15 \2 lAOS o .... 1.<05 .... 2.50 SAND O.S IDA no 279 .... 011 0.9<3 OS3 .... D.22 NA NA NA ..... NA 0.000 • 2.900 01150 
2<t61 .... nso U$0 ., o• 0.9 20 • ' >50 .... " , _ .. 15 0090 1•t5 0.090 223 SAND 0.5 I Ol <13 113 71 •• o.n 0. .. 3 053 . ... 023 NA .. NA ... NA 0000 " 2 ... 0.000 
2•n 5512 1150 !ISO '" o.• 0.8 11 10 ro 306 106 " ' -"24 0.995 ) .i24 0995 ,.,. SAND 05 \.QJ '" ... n6 0.12 0 .942 O.SJ o • .aiO D2A NA ... NA NA NA 0000 1\ >.•50 0"'7 , .. , 651 I 050 \ISO ., .. 06 \.J 21 10 11 J .74 "" 15 , , .. 34 .... "" O.ll99 2.25 SANO o.s \.QJ "6.6 .... .,. 0\J 0.942 o .... 0500 027 .. NA .. NA NA 0.000 13 2150 oou 
25.10 6509 1150 1150 567 o.• 07 " " " '2.11 1.0< 15 

1 "' 
UXJJ ,...., \ OOJ 2.03 .SA NO OS 103 57.0 '" 762 012 .... , 0 .... osoo .,. ... .. NA NA NA 0.000 13 2150 0"'\ 

2525 5S0.7 1150 115,0 507 0,5 \0 \1 12 12 2.92 1,06 \6 1,452 1,008 1,452 1006 2.1 J 6AND 0.5 1.02 .. , 150 ... 014 0 .941 05A 0 .500 0 .2! NA NJ\ NA NA NA 0,000 13 '2.1SO 0.~1 

2543 5506 1150 115 ,0 S75 02 0, 10 11 11 1,00 ... , " 1.'62 1.012 \,462 1,01'2 1,10 NO o.s 102 55.6 1.19 .. , <>11 0.941 0.54 0 .500 0 .21 NA NA NA NA NA 0,000 12 231() O.CU7 
1559 550< \ 150 1150 .t9.e 0.\ 02 \0 ' •o 0,!4 '·"' \\ l .<t71 1,016 , , .. 71 1.016 1 ... 

~ 
0.5 1 02 ... \11 .. , 010 0 .9of0 0,5"1 0500 019 ... NA NA NA NA 0000 \\ 2 •eo 0047 

1576 6502 1150 1150 331 0.3 09 2l • ' 4 ,04 1.10 " 1,4111 1,021 1,481 1.021 2.31 O.S "' "' 190 .. , 0,10 0.940 os• 0000 021 '" NA .. •• NA 0,000 10 1620 O.OSl 
1592 650.1 1150 1150 2S5 o• \5 J2 7 1 .. 3 \.1 7 13 H90 1,025 1.490 1,025 2,53 05 I .D2 254 292 702 0.12 0.9410 05< 0500 0.24 NA NA NA NA NA 0.000 10 2 52C 0050 ,. .. 649.9 1150 1150 21. OS 2.3 " 6 0 5.00 1.20 " 1,600 \029 I,SOO 1029 2,71 

rcJn·LIO CLA~ 
I IOJ NA •OS "on-LIO ..... uo 0.939 o .. 0500 fi~LIO ,,. NA NA NA NJ\ 0.000 •• NA 0000 

25.25 6498 1150 1150 uo OS 35 59 . ' 5,00 1,20 10 1509 1 03A \.509 1,034 300 1 I 02 NA ., ..... ,10 Nlft>UO 093.9 ... 0500 no!"·LIO NA NA NA NA NA 0.000 NA NA 0000 
2641 6•96 !150 115.0 >IJ O.S 2.l •2 5 • 500 120 " I 519 1.1138 1.519 1.038 2.13 I \02 NA ... ,0'\-LIO .....,_,a 09Ja OSA 0500 """'-10 NA NA •• NA "" coco ·VA NA 0000 , ... 649• 1150 1150 ,,. 06 \J 21 10 10 H2 "" IS I 528 '"'2 152! 1,()4.2 1.27 SANO 0~ \01 •5.1 , .. "' 013 O.!lla 0.55 0510 026 NA NA NA NA NA 0.1100 " 2,310 0"'7 
1E 74 6493 1150 1150 .. , 11 I• IS 1. .. 2.53 1,05 21 ""' .... 1 5Ja 1005 :z.oo SAND 05 I 0 1 .... ,., .165 on 0338 055 0510 0.<5 NA "" "" •• NA OIJJO 19 1 ... oon 
25!'0 fiii191 ''5.0 HSO 1M, I 23 I a .. 2S 25 222 '"' 29 I SAT 1051 1.5A7 1051 '·"' SAND 05 I 00 0915 I:!& •522 ...... uD 0937 055 0$10 ........ 10 NA NA ..... NA NA 0000 "" •• 0000 
2707 .... t•S.O 1150 215.5 •• ,. 1T .. .. 300 1 06 sr 1.557 \.055 1.557 1055 21A SAND 05 1.00 10'0 U A l1l:Z -ua 0.937 055 0510 ......._ro NA "" .... NA NA 0000 NA .. 0.000 
~7 23 .... 1'50 115(! <519 liS " • n n 0.00 1 00 n ..... 1059 , .... 1.059 U2 SAND ... \ .00 iil26.8 ICO .... -ua 0.1137 0.55 0.510 ........., NA NA ... ... .. o.ooc NA .. 0000 
V •O 54!6 1150 HSO 11541 " " 21 "' l6 l.!!S "'" .. 1 !76 ..... \576 '""' 2.29 SAND OS \CO ISH 192 196.5 1"101"-LIO 0.!135 055 0510 ...... uo NA NA NA NA NA OIJJO NA ""' 0000 
27.~ 64!<t HSO nso ' 511 13 •• • 29 ,. 0.06 \01 29 , ... '·""" 15115 1.068 •n SAND 0.5 \ ,00 151.5 l OS 1592 o.•& 0.936 0.55 0510 0.09 NA .. NA NA NA 0.000 29 0.800 0017 
11.12 648J H !--0 H50 1700 .. •• J 28 ,. 0.00 100 " .... 1,072 l.Sg. I on ... .SAND 05 099 159.6 100 159& ... 0935 055 0,510 0.90 .. NA NA N• NA O.IJJO 19 OIID oou 
27.!9 .... 1'50 1t50 , .. , 2.0 \3 10 29 29 079 102 30 '"" 1.on 1.50< LOn 1 87 SAND 0 .5 0,99 U49 116 ,. .. -uD 0.935 oss 0.510 non-UO .. •• NA NA NA 0000 NA .. 0000 
2805 6.C.!O 1150 1150 1729 32 " •2 JJ " 100 103 J5 I &13 \081 1613 1061 1 96 SAND 0.5 o .. 161.7 125 2015 ro'l--l/0 0.935 0.55 0510 nan·L/0 NA NA NA NA NA 0.000 NA •• 0000 
2022 6<f7! 115,0 1150 i4 .. ,! '" 1,6 ' " .. 0<2 1,01 •5 H!I2J 1 oes 1.623 1.0&5 "' $AND 0 .5 0 .99 228 ,-t \\) 25511 non·LIO 0.934 0,55 0 10 P'IOn.LtO NA NA •• NA .. 0000 NA NA 0000 
C'8 J! 6.a7& 1150 1150 247,, 2.5 \,0 • •3 • 2 00\ I 00 <3 1 632 I 090 1,632 "''" 155 SAND Q5 o~· 230.9 1 01 232.3 I'IO"·l10 0 . .93.- 055 0510 nan·LIO NA NA NA NA NA 0 .000 NA NA 0000 
28.S• 647.! 11!.0 1150 237,2 ,. 1, 1 ' 42 .. 002 100 ., 1 641 ' ... I 6~ 1 'co• ... :lAND 05 ose 220.5 '"' 226.1 ~-LID 0.93J 055 0,520 r,on.UQ NA NA NA •• NA 0000 NA NA 0000 
2371 647J \ISO 115 0 1741 " 0,7 5 30 JO 0 .01 100 JO 11551 1098 1651 I 098 \ 6S SAND 0 .5 098 161.5 101 162.4 r.orl·liO 0.9ll 0.55 0520 l'l()n-uo MA NA NA NA NA 0 .000 NA NA 0000 
2887 647.1 1150 1, 5.0 124! 0.6 0 .5 • 22 21 002 1.00 22 \560 1 102 1560 1 102 , .. SAND 0,5 .... 115.5 102 1183 0,23 0.933 0.56 0510 0,45 .. NA NA NA NA 0.000 22 IAJO 0027 
290• 5A70 1150 1150 .. o ... o.• • 15 16 030 1.01 ,. 1570 I 107 !570 I 107' 1 ,. SAND OS o .. !:Z.2 1\0 110.7 015 0.932 0.55 0 ,520 0,. NA NA .. .. NA 0000 \1 1780 00:!6 
>910 ... 5. 1150 050 586 0.1 \2 ,, 12 12 ,,. 1.07 16 1679 ,,,, 1679 1111 2 •• SAND o.s 0.>!1 5'0 153 882 0\4 0.932 036 0520 0211 •• NA •• .. NA 0.000 .. 2000 0036 
19.lS e4&S 1150 1150 ... 0.1 16 2S \0 10 .,. \11 .. 1 ... 111S , ... , 115 230 SAND 0.5 0.97 A12 2U ... 01' 0.932 0.55 0520 02< NA NA NA NA NA 0000 12 2310 OOAA 
~53 645S 1150 1'!0 S90 

,. l . l 29 I' .. A60 1.14 20 1590 \\20 1696 '""' .... SAND 05 0.97 5<2 253 1372 032 CS31 0 .55 0520 062 ... NA •• .. .. I 0000 16 1170 OOJ8 
2959 ... , 1150 11.50 706 ,.. 2.5 2J 17 \1 •o• 1\0 22 I 707 1124 1 707 112• 230 SAND 05 0.!7 702 1 .. 1377 032 0 ,931 0 .55 0520 .., .... NA NA NA NA 0000 19 , ... O.Gl2 ,.. .. U51 1150 1'50 75• LO ,. 2l " \1 '10 110 22 1717 I '29 1717 I '19 1.32 ....... 05 091 .... 102 1412 OJA 0.930 0.55 0~20 0 .. ,,. NA NA NA NA 0000 ,. .... 003• 
30.02 .. 6C 1150 11.5.0 "'' \1 :tS " " " •23 111 " 1ns 1 "33 •rm U33 :tJ> ..... 1) 0.5 097 ., . :til 1300 0.29 0.930 055 0520 0.55 NA NA NA NA NA 0.000 11 1700 003• 
JO. t!- .... H5 0 1·s.o JOe 1\ J6 .., • • 500 \20 1S 1736 1 t37 17.36 1137 2.74 "''lfloU0CLAY I = NA AJO ........ 10 --ua 0.!!211 055 OSlO ._.uo NA NA NA NA NA 0000 NA "" 0000 
>IllS ... , 1150 nso , , 2 0.1 J.J .. 8 • soc \20 12 1745 1 ~., L7•5 1:41 .... ~uoc~v 1 0.93 .. 5.19 ~LID ........ ,. 0.927 055 0520 .....UD '" NA NA •• NA 0000 NA VA 0000 
JOS.t I ..... nso 1150 20e 0.5 2.< .. • 6 s.co \ .20 " 1 7SA 1 146 1.7S. ' , .. 6 2.71 Nt~-ol!O CLAY ' 0.92 •• ... ........ 10 P'lon-LIO 0.926 055 0>20 I'IVI·LIO .... NA •• NA NA 0.000 NA •• 0000 
306!. E45.3 1150 11!0 2AI 05 2.1 . , • • 500 \.20 " 1 764 1.150 1.76' 11!0 2.59 no"'UO CLAY 1 O.i"2 NA '" NWT-L10 NJnoUO OS2" oso 0520 roan-LID NA •• NA •• NA 0000 .. NA 0000 
lO .. 54S2 nso l'S O 235 07 3 0 A5 1 • 500 1.20 13 \ 77l , .. \ 77l ""' 2.79 non-LIO CLA.Y I 092 NA "' .......... ....... ,. 0.923 056 0520 ~"~M-LIO NA NA NA •• NA 0000 NA . . 0000 
3101 5<SO 1150 ns.o 258 1.2 ., 51 • 1 s .oo 120 \4 174l \159 1 7S3 1.159 .... 1\01'\oUO CLAY I 0,91 NA .555 non· LID non-UO 0.922 0.55 0.520 1"10'\-liO .. NA NA NA NA 0.000 NA NA 0000 
J1\7 .... \I SO 1'5 0 515 ... 21 29.2 11,4 \\~ A5 \\ 115.0 1,79 \\0 \79 116 2.• 7 SANO 0.5 0,95 ., 2.50 , 0.246 0.920 OS60 0.520 0.47 .. NA NA "" NA 0.00 14.00 200 0"' 
)Ill 5447 1\50 1150 95.0 23 2.• 102 205 196 lG I. I 25.0 180 "' \00 117 2.23 SAND 0,5 0.95 85 1.7:5 ISO O.J94 0.919 0 560 0.520 0.715 ,. NA NA NA NA 0 .00 22.00 \03 003 
3150 6.a4.S 1150 1150 715,.!1 2.5 3.• 26,7 179 17,0 .. 11 24.0 18 \ 117 1.151 1.17 2,41 SAND 0.5 0.95 69 1.34 151 non-UO 0 .9115 0.560 0.520 1'101\-LIO NA NA NA NA NA 0.00 •• NA 000 
3165 &.an 1150 1"50 522 H • .o 31.9 liS• , .. _5 '·' \.2 22.0 I 81 '" 182 1.15 2.53 SAND OS 0.9'5 56 2,91 161 ........ ,o 0.916 0,560 0520 non-LIO •• NA NA NA NA 0.00 NA NA 000 
JIGJ 04-42 1150 nso 1\\ 2.5 3.5 2!2 ,.. 160 '5 \\ 230 183 110 183 ua .... SAND 05 0.9'5 .. 250 . .. o•55 0.915 0 .560 0520 067 NA NA NA NA NA 0.00 115,00 '" 003 
21 99 .... 1150 HSO so• 2l • .5 leO 132 12.5 M \2 20.0 18' "' ... '" .... nofto.UOCLAY I 0~9 NA "'' ....... ,0 -.l10 0.91• osoo 0.520 ,.,_LIQ NA NA •• NA .. 0.00 NA NA 000 
J2. ·s 509 1150 1150 312 10 .. Sl.l 93 •• 5.0 12 150 , .. 119 ISS 119 2 .. 1\01\ollOCLAY 1 089 NA SS9 ......... ID -<.10 0.912 0,5450 0.520 -ua NA NA NA NA NA 0.00 .. NA 000 
32.32 6437 1150 I'SG JSS " 0 .,~ 10.7 10 I so 12 170 156 119 186 119 2n nan-UO CLAY I 089 NA Al5 ......uo """'-'0 0.911 o ... 0.520 -uD NA NA NA .... HA 000 .. NA 0.00 , .. 60.5 1150 1150 592 11 1.0 '" 100 131 .. 1,1 200 \ ., 120 117 120 .... 

-~ 
05 o .. 53 1.50 ll1 029\ 0..910 0.500 0520 0.50 "" .. NA "" .. 0.00 1500 .... 00< 

.'!265. !4J,C. IISC H!O .. 1 20 3 ,1 202 102 U3 •5 11 110 181 120 ... 120 .... 0.5 Q.9A "' :Z.50 '" 03A6 osoe 0560 0.520 067 ... NA .. .... .... 000 10.00 117 00< 

.'!281 • .., 1150 1150 Sl6 22 ., 357 13.1 ,,. 50 12 200 In 12\ 109 1.21 .... I o .. .. 337 no•>l10 -'.10 0.907 .... 0520 -...>o NJ\ NA NA NA "" 0.00 .... NA 000 
1297 1543 0 1150 IT50 567 >.1 .. 311 108 , . 5.0 1.2 220 190 121 190 \21 25A I oar NA 355 ....... 10 ......_ro 0.906 osoo 0.520 """'-'O "" NA NA .... NA C. DO NA .... 000 

JJ ' " !4'29 115.0 1150 113 .. 1.3 2.0 167 23! "' 2.0 \ ,1 260 191 ,, ) 9\ 121 2.13 05 093 100 1,51 '" 0 ,<02 0904 0.560 0520 on NA NA •• NA NA 000 2100 IJ1 003 
lllO &42 7 1150 1150 2202 2.1 10 ... ,., )61 00 \0 16.0 \01 122 1.9\ 122 169 SAND 0 .5 0.9.3 1 .. \OJ 200 """"-10 0003 0560 0.520 ...... uD NA NA NA NA •• 000 NA NA 000 
:!J<t1 l 642.5 1150 1160 2•59 2.0 0,0 .. '22 ,, 0.0 1.0 39,0 102 1 22 "' 

,, 150 SAND O.S 093 211 100 117 """"-IO 0.502 0.560 0520 I"'CCM·UO NA NA NA NA NA 000 NA .. 000 
JJSJ 6•2.4 1150 1 ~s o 2326 2. \ OS 53 <0' "' 00 1.0 31.0 \OJ 123 1.93 123 .... !ANO C.5 ., ,.. 1,01 ,.. IIOn-1.1:::1 0.900 0560 0.520 N:ll't-UO NA NA NA "" .. 000 NA NA 000 
;:!.3 rs a•22 1150 1150 121!8 I.S o.e 41 393 215• 00 1.0 J6.0 "' 121 1.9• 123 1,1!2 SA. NO 0.5 0.93 200 100 200 "C)n-l\Q 0.899 0500 0,520 I'IOri·L!O NA NA NA NA NA 000 NA .. 000 
:).1 96 6•12C 1150 1 1~ ,0 2.215 1.1 .. 2.9 360 338 0,0 \0 J4.0 "' 12' \ 95 "' \ 50 SAND 0 .5 09l '" 1,00 , .. Nlf'I·LIO 0,891! 0.550 0.520 r10n<ltO NA NA •• NA NA o.oo NA , .. 000 

~· '2 5419 1150 11!,0 2024 o.e o.• 2.5 Jl1 30.6 0.0 \.0 31 0 , .. 12< 1 95 12< ... SAND 0.5 0 .92 m \ ,00 117 "<>"·LIO o.~gs 0550 OS20 Nm-LIO NA NA NA NA NA 0.00 NA NA 000 ,. "' 6417 115 0 1'50 1!10 09 0 .5 39 .l07 48.3 0.0 \ 0 280 1.97 1 25 ,., 125 1 S7 SAND o .s 0.92 159 \ ,00 ,., 0,451 0.! 95 0.560 0520 o.a1 .. NA NA NA NA 000 2900 088 002 
J-445 6416 1160 U50 .... 16 0 0 " 300 21\ 02 1.0 290 ... \25 ... \25 111 SANO 0.5 0 92 1'7 109 160 N>"•LIO o e .. 0550 0520 """•liO NA NA NA •• NA 000 NA NA 000 
3461 !414 115 0 •·so ,., . 3.6 10 "' 351 3U 11 1.0 350 , .. ,.,. \99 ,25 ... SAND 0 .5 0.92 155 \20 20J ......ere O!i2 0560 0.520 non-UO NA NA NA NA NA 000 NA NA 000 
:!4 7! I €41.2 1150 ,.,0 142.7 <7 3.3 

,,. .lOT 202 1 6 1.1 300 200 1.26 2.00 \26 223 SAND 0.5 0.!2 "' 17l 21' """'-10 089\ 0560 0,520 .....uo NA NA .. NA NA 000 NA NA 000 

J• 9A &t\ 1 HS.O \150 91 D •• s• 316 22< 20S <a 1.2 29.0 2.01 126 2.01 126 2.52 SAND OS 0.92 79 a7 226 """'-l' 0.89J 0560 0520 1'0'1-LIO NA NA HA NA HA 0.00 NA NA 000 
l511 5<09 1150 ·•so '" •6 " 2U 232 11 .2 •5 \1 290 20> 127 20> t.27 .... SANO o.s 0.91 .. 2.56 216 ........ 10 o .... 0560 0520 -...ro .. NA NA ... .... 000 ... .. 000 
3527 .... , 1\50 ,,0 1219 S.J " 237 291 21l.5 ., II 330 103 '" 2.0l 127 2.33 s...,.;o OS 091 111 "" "' OoM!Q 0887 Q.560 0520 ........ ., NA NA ..... NA .... 000 NA NA 000 
l~ 43 6<06 1'!0 1150 IJJ2 56 ., 237 :JO.O 213 .. II l<O 20A ,. .... 1.2! "" SAND c.s 091 115 "" 2JS ......._ro o .... 0.560 0520 ....... .., .. .. ..... NA ... 000 ..... NA 000 
:15!10 .... 115..0 1150 1165 5.9 5I "' 275 250 .. 11 33.0 205 120 105 ,,. ,_.., SANO OS 091 100 2•S , .. ........ 10 ..... 0.550 0520 ........ 0 NA NA .... NA ...... 000 .... ..... 000 
3576 6<0.1 1150 1150 117.2 ... 52 2.1 ,. ,., <6 11 JJO 100 "' 2.06 1.20 2" SAND 05 091 101 .... 2SO .-..10 OOS3 0560 0>20 ........ 10 NA NA .... .... NA 000 " NA 000 
35~3 6•1)\ 1150 1150 IJJ! 52 45 250 305 277 " 1,1 ~50 207 129 2.07 1.2S 1.35 SA"'O OS 091 1:5 2.11 ,., """LIO 0.1!!2 0 .560 0520 .......... NA "" •• NA •• 000 NA .... 000 

"'·"" 6399 1150 1150 12"6 6.2 50 260 "' 26J " 11 JAO , .. •29 2.08 129 2.4t SAND 05 090 107 2J5 2SO ...... LID OBBO 0560 0520 t~on-1.10 NA " NA .... ... 000 NA •• 000 ,.,. 6l97 1150 1'!0 1026 .. 53 .... 2•• "' " '2 J\0 "'' 130 , .. \JO 2.AB SANO 05 090 .. ,., m ,.....uo 0!79 0560 0520 "0"1-LIC NA NA "" .. .. 000 " NA 000 
J6C2 <396 1150 nso ... S.J .. JJ\ "'' 

,., .. 1,2 200 200 1 30 "'"' 1.30 2.55 SANO OS 090 n 305 ,,. "0"1-UO 0157!1 0550 0520 roOf'r-LIC NA NA ., NA .. 000 NA .. 000 
:!6 5ll 6JS4 1150 115,0 1052 5.7 '·' 30,1 ,.. 21.9 ., 12 310 210 \31 2.10 I 3• 2.49 SANO 0.5 090 90 270 2<2 r.QI'I•UO 0&76 0.560 0520 f\O!"'•t. IO NA NA NA NA NA 0.00 " "' 000 
~~PS 1!139J 1150 n!O ,530 5.! 3 8 211 ,,. 301 '·' 1\ J60 1 .11 \ll 1.11 1,31 2 .26 SAND 0.5 0.90 \30 \03 "' nort·LIO 0,875 0.560 0.520 1\0f\-LIO NA NA NA NA NA 000 NA NA 000 
.:!59' 539' I ISO H SO 1663 5. 1 ll 17.9 3•9 3 1.4 32 1.1 J7.0 :!.12 13' 2.14' 131 211 SAND OS 090 '" \59 "' !'101"-LIO OS7ot 0.560 0520 MOI'O·UO NA NA NA NA NA 000 '" NA 000 
~7 oa ,,.9 1150 11:5..0 2090 3.7 1' '"' l98 351 1.\ ~.0 JBO 2 .1J \ 32 2.13 1.32 '" S.t,NO 05 090 m '"' '" ~·LIO 0.672 0,550 0520 1\01\--LIO NA NA "' NA NA 000 NA -· 000 
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Liquefaction Ana lysis with Cone Penetration Test (CPT) Data 

Untt W~ghl 
Su•ss•s•t Stre.ssu al Design Nornulll:.nion Gt T1p 

..... CycliC Norm . 

""' 
Post.Uq. L•YN 

,,let, E•glor•llon W•l•r Sol TyPe Flt,eJ COtrt'ctJon ShoM Shear Vol Vol. Past-Ocr. o...n a .... IP<~ .. '· R.11Uo v. An-ts 
Equtv, Equtv, ·-· LIIYel 

W.atat" l.e..,.l CMradK Rulslance 
Mo....,. StrMn ltrllm SeHia. Post.Uq, Slratn ...... 

"" IN,, . ~ (N,koc, IN·-· .. ... .. .: (SAHO, SILT or G_ '• .. . . 
y'-t y'..._, ~ rwol\oUD CUY) n c., .... •• fq.,J .. CRAr,, '• CSR.~o CSR,• FS . • (;,, I'~ I ,., (ft.rotSU 

··~ ~·~ 1%1 IU~ ltsfl IUQ "'" (t sf) (%) (In) (In) 

J7.2'• 6300 HSO HSQ 235,7 27 11 59 A21 371 D. I I 0 380 21• 132 214 132 17< SAND 0.5 ... 199 106 212 -uo 0..171 0.550 0.520 "CCft-liO '"' .... NA NA NA DOD NA NA DOD 

J7'0 53!.6 I 'S.O 1150 2"• 3 2$ I 0 •• ... ,.. 00 10 39.0 2.15 1.3J 2 IS Ill ... SAND 0.5 0.!9 206 IOJ 21> ~·D ~170 0560 0.520 ......uo .... NA NA NA HA 0.00 ... .. DOD 

3757 61!' 1\50 t t$0 241.2 .. 0.7 •3 All ,. .. D.O I 0 37.0 2.16 Ill 2.18 Ill ,.., SAND 05 .... 20< 1(1) 20< ~"' . ... 0560 0.520 ....... 10 ""' .. NA •• NA DOD NA •• DOD 

J77J 631!3 1t50 1150 22 .. 2.1 I 2 ,. ., .. 363 02 I 0 37.0 2.17 IJA 2.17 "' I 70 SAND 0.5 0.19 ... 1.<8 201 ~"' . .., 0560 0.520 -uD NA .... .... NA "" DOD .... .... DOD 

37.>0 .,. . 11~0 usa 2tU. 32 I S 9• 39.7 35.3 07 1.0 370 2.11 1.3• 2.1! llA 1 01 SAND o .S 089 179 liS 206 """""' ..... 0560 0520 

~·· 
.... NA NA ... .... DOD ... NA DOD 

3006 15J7.i 1t50 1150 200S .. .. 13< <13 ,.. 2.0 I 0 AOO 2.10 I JA 2.11 I J.O 102 ...... 0 .5 0.10 175 1,32 231 ........ IQ .... 0500 0520 r.on-t.IO ..... NA NA NA NA 000 ..... .. OOD 

""22 637 .. 115.0 \150 105 1 S• 29 16' 303 JA.D 2.9 II 35.0 2.20 I 35 2.20 135 2.12 SAND o.s .... 156 ... 232 non.UO 0163 0560 0520 """"'a NA ... NA NA ... DOD NA NA DOD 

33J9 6370 115,0 nso 21ll .. 23 128 <19 370 I 0 I D .... 2.2, IJS 2.21 135 200 SAND OS .... 178 1.29 23• "'""'"' 0052 0560 0.520 P\01'1-LJO ... ... NA ..... NA DOD NA NA DDO ,.,. ..,,. 115 0 1150 265.3 ,. , 
" <77 •21 0,1 I .D Al.O 2.22 I 30 2.22 llO 175 SAND o.s .... 221 107 lll """'"' ..... ·- 0520 1\01'1-l.IO ""' NA NA NA NA 000 NA NA DOD 

~72 6J7.:! 115.0 n~o ,. ... 33 II .. 51 ,4 AS.J 00 I 0 A6_Q 2.23 1 36 2.23 1)0 107 SAND 0 ,5 0 00 2•5 102 250 """"10 0859 ..... 0520 -.liO ... NA NA NA "' 000 NA .. DOD 
:;aee 637, 1 1150 115.0 3097 3.5 II •.. .,, 

"' OD 1.0 All.O 2.2' 137 2.2' 137 1.01 SAND o.s .... 258 1.01 260 t10t'!-UO .... 0.560 0520 ~·a ... NA NA ... NA 000 NA NA ODD 

~04 537 .0 1150 1t5.0 3131 " 1,1 5.3 ... "' 0.0 ID •&.0 2.2• 1 37 ,. 1.37 1.08 SA>lO M 0.88 260 I Ql 2S2 ..... uo 0156 0560 0520 -.uo NA NA NA NA NA DOD NA NA O.OD 

J9ll ,,.. 1150 115 0 311• 35 1,1 •.. SAl A7.5 DD " ••• 2 25 1.37 225 1.37 1,56 SANO O S o_se 258 101 261 Mn•liC .... .... 0520 non-tiC NA NA NA NA NA DOD NA NA 000 

J9 J7 .,.. 115.0 115.0 3002 J 3 II 52 SJI ••• O.D 10 ., .. 2.26 ,,. 221 130 165 SAND o.s .... 2S• I OD "" 010n-ll0 ..... OSlO 0520 1'101'\-UO NA NA NA '" NA D.OD •• NA OOD 

J9 !i4 5lfi.S 1150 1150 m• 30 I 0 '9 Sl5 • 5• OD 1,0 ••• 227 130 227 '"' UJ SAND 0.5 0.87 2•7 '·"" w I'IO"•liO 0052 0510 OS20 non-liD NA NA NA NA NA DOD NA NA O.OD 
39 70 636 J 11 !:i0 115,0 278<1 2.1 10 53 ... • 2 2 o.a ID <1 2.0 2.28 139 2 20 139 I SO SAND OS 0 .&7 230 I 0 1 231 ...,.uo 04!1 0.560 0520 nor1-UO NA NA NA NA NA DOD NA NA DOD 

J!!e6 6361 1150 1150 2572 2.7 I 0 6 0 AS,3 39S OD I .D 400 :OL29 139 229 139 169 SAND O.S 0 .87 212 1,03 2 19 "Ot'I-LIO o .8so 05!10 0510 non.liO NA NA NA NA "'' DOD NA NA ODD 
<tOOl 5360 1150 115,0 2U8 ... 1,1 .. .,. 377 0 I ID ~80 2JO ' .. 2:]0 ... 1 71 SAND 03 0 17 201 1,05 '" --on·liO oa•8 OS50 0,510 "DD''-l!O NA NA NA NA NA DOD NA NA OOD 

40 '~ 5358 1150 1'50 2559 2.7 " 61 45, 1 ~9 2 0,0 I .D J9 0 Z.31 I •D 131 1,AO 1.70 SAND 0.5 0.87 210 1,04 21! f'IOn·LIO 0 847 DS50 0.510 non.UO NA NA NA NA NA 0,00 NA •• OOD .. ,. 6356 115 0 1· s.n 2782 2.& 0 9 •• ••o "6 OD 1.0 <20 2.32 ... 2.32 1,A0 1,63 SAND 0.5 0.81 m I QD 220 "Ot'l·l.IO O.SA16 0550 0510 r.on-liO NA NA NA NA NA 0.00 "' NA OOD 

40"52 eJS5" 11 5 0 1150 2932 2.S ... • 2 ' 98 432 0.0 I D 43 0 l.ll I' I 233 ,_., 1.59 SA.NO 0.5 0.87 2<0 1 00 2•o Mn-LJQ 0,11<~• o.sso 0~10 ~-L!Q ,,. NA NA NA NA ODD NA "' ODD .... .,., 1150 115.0 l97l ... •• ., 50 6 •38 0.0 1.0 ... 2.3• \.At 2.3• 1.41 1.59 .SAND 0.!: -o,87 2• 3 1,00 ,., I"'OO"•UO o.8.t3 0550 OSlO 1\01"1-l.!C NA NA NA "' NA OOD NA NA ODD 

4055 6352 "ISO 1150 193 5 2.7 •• ., 503 •3 • OD 1,0 030 2.35 1,• 2 235 tA2 1,61 SAND as ... 2AO 1.00 2AO I'IOt\oi.IO 0 842 0.550 O.!HO """''0 
,,. NA NA NA NA DOD NA .. OOD 

<1 1 ·0 ' 6~50 "15 0 1150 "'" 
,. •• .. S02 All 00 1.0 •30 236 1,•2 2.38 1,42 1.10 SAND •• 085 2<0 10D 2'0 rtc:I"'·LIO 011110 osso 0510 non-liO ,,. NA NA NA "" ODD NA "' 0 00 

<: 1 18 6348 1150 11 50 J104 3 I I 0 .. .,. ... DO 1.0 <60 2.37 t.•J 2.37 1,AJ I 63 SAND 05 .... 2SJ IDO 25J ~"'UO OSJ9 0550 0.510 nollollO NA N.A NA NA NA DOD NA NA 000 

""' 63• 7 ~ IS 0 11!50 ll1• 31 II 5 0 576 •• 6 D.O 1.0 50.0 2"' 1<3 238 1,4) 1 ... SAND D.S 086 271 IOD 270 I'IOf'lol!O 0831 osso 0.510 ~.uo NA NA NA '" NA ODD ""' NA DOD ,,. &JAS "150 1150 lSJ .• ., 1.2 52 61.2 5 26 00 I 0 Sl.O 2.Jt 1,43 U 9 UJ 165 SAND 0.5 0.86 217 I OD 207 -uD 0035 0550 0510 noo<,IO .. NA NA NA NA OOD NA NA ODD .,., .,., 1150 1150 3503 •3 12 ., 521 532 00 I 0 530 2.40 ... '" ,_ ... , .. SAND as 086 290 I 00 291 1'101"t<Ll0 0&35 0,550 0510 -.uo NA NA NA NA NA OOD NA NA 000 

Al !3 
"' 2 

1'~0 H50 357 2 .. I 2 .. 821 SJ.2 0.0 10 53.0 2.<1 t H ~ .. ... 1.55 SAND •• ... 21!9 I 01 292 ,.,.,.uo O&J• 0550 0.510 """LIO NA NA .... NA NA DOD •• ~lA COD 

•.l.OD ., .. 1150 1150 3605 •6 13 ..• 629 53! 00 10 s•o 2.'2 1,45 2•2 ,,.s l ,t7 SAND OS 085 291 1 02 ,.. non·UO 0.132 0.550 0.510 """LIO NA NA .... NA •• ODD .. ... 000 
•2 16 SJJ! 115.0 1150 JOSS •9 13 .. 6AI 5A7 OD 10 550 2<2 IA5 2.<2 ... 160 .... D ·~ 0 .15 295 1 03 302 ..... uD 0031 0 .550 OSlO tiG"'"LIO •• "" NA NA " DOD NA NA 000 

"'Jl &JJ7 1:!0 '150 )6f,l .. .. 59 ••• 553 OD 1.0 560 ,.., 
I •• 2<3 1 .. IU SAND o.s .... 207 IOJ 307 roon-UO 0030 0550 0510 """LIO NA NA ...... .. ""' ODD "" .. DOD 

4249 6335 1150 1150 3571 so ,. 11 132 530 OD I 0 .... 2.lA 1 .. 2.•• 1'6 170 SN'D 05 ... 201 , .. ... _,.uo 0&2! 0.550 0.510 -LIO NA •• NA NA NA O.OD N.A .. ODD 
• 205 OJJ• 1150 1150 3520 ., IS II 627 53~ D I 1.0 ... 2'S 1<6 ,_ .. 1 .. I 73 ....., O S 0.15 2&3 IDO ... _,.,10 0127 OS50 0510 -uo NA .. NA NA NA DOD NA .. DOD 
A2lJ2 5lll 1150 l t50 "" ' .. II 7,1 .... 53< 01 I 0 .... 2. .. 1'7 , .. U 7 17> SAND 0 .5 0,15 2!1 I 07 JDI I'Dn<LID .... 0.550 0,$10 ..... uo NA NA NA NA •• 000 NA NA ODD 
42.9! 15330 1150 1'5-0 l57~ •• IS 67 &J.I SA1 01 1.0 550 2.'7 147 2.'7 IA7 I 73 SANa 0 .5 0 .15 2!7 1.110 JD3 ......... o..az• O S50 0.510 I'Q"'•UO ...... NA NA NA NA DOD NA .... DOD 

A,l ·~ 5329 1150 1'50 ,.., 53 ,. •• .. ~ 56S 00 I D 570 .... 1 .. , .. 1 .. . .. SAND OS .... "" IOJ 313 ....... IQ am osso 0$10 ......UD "" NA NA NA •• DOD •• •• 000 

C3J1 5327 1150 115 0 =· .. 1.3 s• 702 S93 00 1.0 590 2.•9 1 .. 2.49 1 .. 1 .. SAND O S .... l22 101 325 ....... IQ 0122 0.550 0.510 .....UD .... NA NA NA NA O.OD NA NA ODD 

•J•7 532S '150 115.0 <056 •• ll 5.3 705 ... 00 1.0 60.0 250 I <!I 250 IA9 1 6& SAIID 0,5 .... l23 1 01 l26 """""' 0120 osso 051 0 """"''a ... NA NA NA NA DOD .. •• Dill 

:13&1- 032.• tiSO I ISO -9 6 1 IS .. 70.9 59.7 00 1.0 600 2.51 ... 2.51 IA9 171 SAIID 0.5 .... 319 1 ... 333 """"'"' 081 1 0.550 0 510 ....... c MA NA •• NA NA DOD NA NA OOD 

""' 6.!22 115.-0 1150 312.0 70 II 71 ... .... 0.3 1.0 59.0 252 I SO 252 ISO 1,711 SAND 0.5 .... '"" 1.10 333 ....... "' 0111 0550 0.510 ......... NA .. NA NA "' O.OD NA "' 000 
CJ 97 Ol2C 1150 1150 l725 02 22 .. ... .... 0.7 10 500 253 I SO 2.53 l SD Ill SAND O.S .... 296 115 )AI toon-UO Dill ..... 0510 ...,._liO NA NA NA NA •• 0.00 .. NA O.OD 
.u ; J 631 9 1150 1150 3500 5.0 " 

., 6J3 511 DO 1 0 53.0 2S• I SO 2.SA ISO 1,71 S<\NO 0.5 ••• 28' 1 ... 296 """""' 0 115 0550 0510 ......UD ""' NA NA NA NA DOD NA "' D OD 
, ,. 29 I 5317 nso 1150 3631 5.2 " 

., .. 3 SH 0 1 1.0 ... 255 \51 2.55 1,51 1,71 SAND OS ... 287 1,05 JOI """'"' 08u ..... 0 500 I"'Dn-ltO NA NA NA NA NA DOD •• NA DOD .... ..,,. 1150 1150 3650 •• IS 0,7 65.0 ... D. I I 0 55 0 2 ... 1.5 1 256 1,51 \. 73 SANO O S ... 209 106 lOS no~LIO 0812 o.s•o 0500 """"'D NA NA NA NA NA DOD NA NA DDO 
U62 631 <I 1150 11:!0 J4U •• 19 57 639 53' a.s 1.0 ss.o 2.57 1.52 2.57 1,52 1 82 SAND as .... 27• 1,13 3011 ..... u o 08l1 0.540 0 500 PIOn--LID NA NA NA NA NA DOD NA NA DOD 

U79 631 2 1150 1150 3363 7,6 " 10.3 636 SJD 1.0 I 0 55.0 .... 152 251 152 1.89 SAND 0 .5 0 03 ... 110 314 ~·o 0000 . ..... 0 500 -.LIO NA NA NA. NA •• DOD NA .. ODD .... 531 I 11 5..0 115.0 ll7• 7.9 2.3 10.6 .. I 53.• " 1.0 56.0 2.51 ISJ 2.50 U!iJ 1.91 SAND D.S 083 ... 1.20 311 "'"'LID 0000 OSAO 0500 non-UO NA NA NA NA NA 000 NA NA DOD 
451 1 6::09 1150 1150 3535 75 2.1 !S ... S49 0.7 1.0 57 0 2.S9 153 ~ .. \ .SJ 1 06 SANO D.S 0.13 271 1,15 321 "on--l.IO 0007 0.5AO 0,500 non-LID ""' NA NA NA NA 000 NA NA O DD 

45 28 630.7 115.0 115,0 387 1 0.1 1 2 96 68 7 570 0.7 1.0 59.0 2.60 I ,SJ 2.60 1,53 1.87 SAND 0 .5 083 288 Ul5 33• I"'n-LIO 0006 0.5AO 0 500 I'IDI"'-UO NA NA NA NA "' 0,00 NA •• DOD 

~5.44 "" ' 1150 115 0 2995 11.7 39 166 619 513 2.! 1.1 57.0 2.61 1.!5• 2,11 ..... 2,12 SAND as 0.83 235 1,60 352 "<~l"'·l.IO .... OSAO 0500 non-l.IO NA NA NA NA NA COD NA NA D OD 
.:5.61 630• ns.o 1150 2832 12.0 .. 17 ,9 596 •9.3 32 1,1 56,0 2.E2 1S< 2.62 ... 2. 17 SAND D.S DOl 222 1.59 353 riOt\•LIO 0803 0.510 0.500 01on-UO NA NA NA NA NA 0.00 •• NA DOO 

.;.n 6JO.:? 11$,0 IHiO 310.• 96 3 I 13 8 6" 51.1 2.1 I 0 ... 2,fi3 1.55 2.63 1 55 2.03 SANO D.S 0.13 2•3 "' 326 nOf"o·LIO 0002 0,5d0 0500 r..on-LIO NA NA NA " NA DOD NA NA ODD 

45.9-l 630,1 1150 ' 1150 3J9,0 7.• " •• 63 S 52.~ DB 1,0 54.0 2 .. 1,55 2.6• 1,55 U7 SAND a s 0. !13 255 1,15 307 nan-1.10 0100 0 5<0 OSOD non-UO NA NA NA NA NA ODD NA NA 000 

.16.10 6259 115,0 1150 355 0 &9 I 9 sa 056 54,1 05 1,0 55.0 as 1,56 2,65 156 1.13 SAND 0.5 082 2n 1,13 312 nM-UO 0,79.11 0.5"0 0500 nl)l'l4.10 •• NA NA NA NA COD NA NA ODD 

'626 6297 115.0 115 0 3219,!5 66 1 7 73 701 57,7 01 I 0 58.0 2.66 1.56 2.66 ISO 1 76 SAND o.s 0.82 303 1.01! 327 non-LIO 0 ,798 0.5•0 0500 ~on-L/0 NA .. NA NA NA DOD NA NA 0.00 .. ., 6236 lt!l,l] 1150 • o7.9 " " u '" 59.0 DD I 0 59,0 2 67 .... 2.17 1.56 169 SANO O.S 0,82 317 1.0l 327 r'IOI'I•LIO 0.7H 0.540 D.SOO ,.O,·L/0 NA NA NA NA NA ODD •• NA DOD 
.:659 529,A n!io 1150 398,7 ., " 5,7 69,8 57 ' DD I 0 sao 2.61 1 57 260 I S7 ... SAND 0.5 0.82 J09 I 02 317 ~l!O 079! 0.540 0500 non4.10 NA NA •• NA NA DOD NA NA DOD 

<1675 629--2 1150 •)50 340,4 s a 1.5 7.0 610 50 0 01 I 0 510 2&9 1>7 269 157 17• SA~O 0.5 082 260 I 07 282 I'IO""'UO D79A ..... 0.500 ..... uo NA NA NA NA NA DOD NA NA 000 

4692 5291 1150 11SO 2A35 ., 17 10.2 ••o 377 OJI 1 D 390 270 1,58 2.70 I 5& 109 SA• D OS ·~2 168 II! = r\01'\+liO 0 .712 ..... 0.500 ~uo NA NA NA NA NA OOD NA NA DOD 

""" 528~ 1150 "50 U71 •s 31 109 317 25S 36 " 32.0 271 ... 271 I SO 223 SAND 05 0.!2 IU 17< 197 non-l!O 0.791 ..... 0500 """""' "' NA NA NA .. OOD " .. OOD 

•• ;:s s2a.e 1150 !\SO 115A .. •• "' 27.S 22! • 6 " ~00 2.n ISO 272 159 2 .. SAND O.S 0.82 !9 ..... 226 t10t1-l.lC 0109 0 .540 0500 -<.10 NA •• NA ,,. NA ODD NA NA ODD 
4l' ~~ me "150 1150 1337 •• " 223 297 :z• 2 •• II 300 273 ... 273 159 2.29 .... O.S 0.!2 103 1 93 199 I'IDII-liO 0700 .... 0.500 -LIO NA NA NA .. " DOD NA NA 000 
HS1 E28 A n5c 1"50 OJS 10 ,, 4(,3 2JO 117 so 12 270 27• 159 27< 159 273 Nl"-liOCl.AY I .... NA ... -~•o """"''a 0.787 05<0 0500 ""'·UO NA NA NA NA NA OOD NA NA DOD ,.,:;. >21 3 1150 1!50 1814!1 ., • I ... "' ,. " II ... 275 160 275 110 2.35 $AHO 05 001 140 2 12 ,.. ....,-l.IO 0.715 0.530 0•90 ,_LIO .. NA NA .... N A DOD "" " 000 

• 790 .... 1150 1'50 2550 . , .. 205 ... ••• J7 II 520 275 160 275 I SO 225 ;AND OS DOl ... I 70 JA9 10 078A 0530 0•90 t'O\•LIO NA NA NA HA .. DOD NA " DOD 
.1601 6211 1150 1"50 2210 123 .. ZJ7 •90 ... .. " <90 2.76 I 0 1 276 \61 233 SAND 0.5 ·~ I 159 206 , .. -'.10 0703 0.530 .... tui'·UO NA NA NA "' NA DOD .. "" 000 

462J ! E2i! t150 ll5.0 2007 108 53 239 •s• J67 ., II •5_0 >.n 101 1n I II 2lA SAND OS 0.81 IS4 2 07 310 """""' 0 76" 0530 .... t'OCJI"oliO NA NA NA NA NA ODD •• NA DOD .. ,. £176 1150 1'!0 1516 .. .. 275 357 4'89 •s II 370 2.70 162 271 162 ,., SAND OS 011 ... 2.42 lll ....... 10 0710 0530 .... - ua NA .. NA NA NA DOD .. N~ 000 .... 517.: 11~0 ,,so ,33,5 72 ... 216 3!!. 257 .. I " 3<0 279 162 2711 I 12 >.•s SAND 0 .5 ·~I lDl 2.53 251 ....... 10 0779 05~0 .... -uo NA •• •• .. IIA ODD "" .. 0.00 

48 72 &27 3 1150 lt50 \18A .. .. 300 286 23 I •.7 I 2 310 2.60 152 280 152 2.•1 SAN<> OS 0 01 90 2.70 2U ~10 ono 0530 .... t'10"--ll0 NA •• NA •• .. DOD "" ... Dill 
.... El7 . 115.0 nso ~247 71 57 30.2 30.2 , .. " 1 2 330 2 01 103 ,., 153 1'9 SAHO 0.5 ... .. 2n 251 _,10 ono OS30 .... I'IO't-LIO NA NA NA NA .. O.OD .. NA DOD 

4£105 =· 1150 1150 1$3.1 II 53 28.7 ,.. 2U .. 1.1 37.0 202 153 Ul 1,03 2AI SAND 0.5 010 117 2." 273 -'.10 a.ns 0530 0.490 -uo NA NA NA .. .. 000 NA NA DOD 

·~22 626! '15.0 1150 fJI 6 95 52 2•8 .... 33.3 <,3 1.1 41 ,0 2.03 I 6• 2.83 1 ... ,,. SAND o.s ... 138 2.16 290 no<>t.Kl om 0530 0,4!10 ......uo NA NA NA NA NA DOD NA NA DOD 

49 J5 5266 !ISO HSO 1787 110 &2 17• '20 337 ... " 430 2.84 1 ... 2.84 16A 2.• 2 SAND O.S oao 136 .... 327 nono-LIO o.m 0530 o•!JO -'.10 NA NA NA "" -. DOD .... NA DOO 

•954 526 5 1150 11.5-.0 1500 111 80 2SS A33 JA7 ... II ... 2.05 108 205 108 , .. SAND OS ... IAI 232 327 noo-liO o.n1 0530 0.•90 -uo NA NA NA NA NA DOD ... "" DOD 

49 71 526 3 1150 ns.o 23U .. ., 19.6 .9. 397 3.S " 4.6.0 286 1,08 2.06 1.85 2.22 SAND 05 080 175 171 299 not'!-LIO 0769 0530 .... ........ 0 NA NA NA •• NA 000 NA NA DOD 

•sar 6161 115.0 lt!.O ,... \16 .. 1.2 ... • 5.2 B II Sl.D 2.17 108 2.07 1,08 221 SAND 0.5 080 200 168 336 -uo 0 ,76& OSlO O.A90 1'101"1-l!O NA NA •• NA NA 000 NA NA DOD ,. ... 6260 1150 1150 29U 119 .. 17.2 S11 ... 3\ 1.1 550 2.08 1 66 2 .. 1,61 ·vs SA"-10 D.S 0.80 22' I S• J.06 r'IOn-L!O 0 787 0.330 0 • 90 """"\0 NA NA NA NA NA D OD NA .. 000 

1'1ge.-' or 4 



CPT Numbe r: CPT-10..010 
Proj~ct Nam1: SR-57/60 Connuenc.e ProJett 

P roject Number. 08·110 
Location: Grand Ave We 0 !'1 Ramp 

cuv or l11dustrv, California 

SUrl~ee Elevahon • 690 n MSL 
Oea: fgn ._.agnrlude, M,.,,., 7 30 

PGA, a....,~ a 0 .01 

~ar1hqua'ite Sc.ahng Factor, MSF... 1.071 forM.. = 7.3 
Oeslgf'l Water Level s: 671 ft MSl 

Water Level at l f'lvestlgallon & 671 f1 MSL 
Req'd Factor of Safety,., 

Unl1We4gte 
frkt. O.o1h £1<•. (pc.ft .. '· Eq\lv, ..... Equtv. 

"""'"' .. fN'tl. ,., fft. MSLI 1'- y· ... , 
(!stl ~·n IV• I 

Dll 689 7 li5C 1150 ... 31 J2 9 18 1311 
0 49 CB95 115.0 1150 121 7 .. J6 10 " I•D 

066 .. , t tS O 115.0 1085 " '·' II 21 109 
Dill ... , 11 5 0 1150 6U 23 2.6 10 " n 
09!! !&90 1150 n s.o ... J,D " 1l 17 " "' .... 11!10 nso 1079 " 3D 10 "' 02 
Ill ... 7 1150 ltSO 101 2 37 Jt 13 "' 7S 
1 .. .... tt 5 0 115 0 .. , 2.7 " ll 17 .. 
I 64 .... 1150 11!0 7' I 23 JZ 15 " .. 
180 . .. 2 1150 115-0 661 ,. 30 13 17 •• 
1 91 I . .. o 1150. 11 5"0 .... J2 " 15 " .. 
21l 6&7& 1150 11SO 6" l5 4,1 17 .. " 2JO 6&77 1\5,0 n s o ,,, , 

" 16 17 ., 
2 <..S 681! t\5,0 115.0 n1 JD J .9 17 " .. ,., .... 115 0 1150 " ' " ,. II 18 " 2 7~ 667; 1150 1150 11\ 1 ,. ,. II 21 .. 
2.95 607 1 11SO t150 1<01 <7 J.J IJ ,. 69 
l t:&' ... 9 1150 1150 187 2 12 38 13 37 .. 
J.lS .. ., 115 0 H 50 I!U5 •• ., 

" 39 .. 
3 • • .... 1150 1150 19<18 ., 

" " J9 .. 
3.61 ..... 11,.0 115 0 178 8 75 " 14 ,. 61 

3 77 6M2 11~.0 1150 151.9 .. ., 16 " .. 
3~~ 6a6,1 1150 11S.C 131 2 57 ., 17 " .. 
.a,10 .... 115 0 115.C 1173 .. " 17 2• ., 
• 17 ... 1 11Stl 1150 118.0 •• ,. 

" " !50 

' " .... 115 0 t1SO 1198 .. .. 11 ,. 51 ... .... 1150 11SO IJ96 ., .. " " .. ... .... 2 lt$0 1150 l .c?S •• ., " 30 60 

· ~2 6651 1150 fiSC 112'0 ., 37 IS " .. ... .... ftS.O 1150 112 1 .. '·' " 
,. •• ,,. 6!• 8 11!0 115 0 •AOII 50 ,. 15 " SJ 

S<l ' oe•a \ISO 11 :50 126' 
., .. " 27 •• ... .... 1150 115"0 1071!1 " 57 " 2• .. 

!;H ... , 115 0 1150 .. 7 51 5 9 ,. , 
"" 59' .... i lSO 11 :5 0 0]1 " •• " " 
,. 

!07 .. , nso 1150 !151 J7 • 2 " ,. ,. 
., "'' 1150 1150 100 •I 

., 
" " 37 

'"" ..,6 HSO 115.0 !!67 " •.O 20 " J5 ... I ..,. 1150 1"5:1 ,. . " •• ,. 
" 29 

673 6633 1150 t t 50 ... J,7 S.J v " 17 
6.89 6&3.1 115 0 1 ~ 5.0 ss.s " 6.3 l2 lA " "' 683 D 115() 115.0 500 3l 66 J5 13 2 1 

"' .. ,. 1'5 0 1 15 0 '" 29 .. 33 " " "' 642.6 1150 \ 150 A0 6 23 57 J.l ID 16 
?SS . .,. ! IS O ~ISO 349 17 .. " 9 14 

7 11 .. , llSO 115.0 JU 20 " 2 35 10 " ,., .. , nso 1150 ... , 2D ,. 25 IJ 20 
000 6820 11~0 1150 "-' 2.1 •• 36 • " .20 .... lt$0 1150 320 , 

" 
,. • 13 

'" .... 1150 1150 39,? 19 'I " ID 15 

853 681 5 1150 '1 5.0 29.5 1 9 •• ,. • II 

Liquefaction Analysis with Cone Penetration Test (CPD Data 

Oate: 02101112 Figure No.; 
Dale: 

Rereref\Ge: 
1) Seed, R.B •• eta!, R~cttnr Advances in Soil LlocJefaction Engin~nng• A t)(ll(ied and Con.sisten( Framew0f1(, Keyntote Presentation, 26"' Annual ASCE Loa Angeles Geolechn•cal Spnnq Sem.nar, Aorif 30. 2003 
2) Youd, T.L & ldrtss, I.M .. et at. Uauefactlrm Re.si$tance of sons: SummatY Repott from the 1996 NCEER and 1998 NCEERAVSF Wor~shops on Evaluation of Uauetactlon Resistance or Solis, 

ASCE Joumal of Geotechnical and Geoenvlronmental Engineenng. Pp. 817-833. October 2001 . 
3) Pradel 0 . , Proc&dur• to Evaluate Esrlhauaka.Jnduced Sertiement:s fn Dry S•ndy SoUs, ASCE Journal or Geotechnical a!"d Geoenvlronme ntal EngfneerfnR. Pp. 364-"36S, Aprll 199B 
4) Tokimatsu, K. & Seed. H.B., Evaluation of SoHiemenls In Sands due to Earthauake Shaking, ASCE Journal at Geotechnical Engineering, Pp, 861-878, Augus t t 987, 
5) Je fferies, M.G. & Davin, M.P., Uu of CPT to Estimate EquNa/ent SPT N u, ASTM Geot echnical Te111ing Journal, VoU7, No, 4, Pp. 458·567, 1993. 

5) Robel1son, P ,K. e1 at, Use of Piezometer Cone Oar a , Proceedings of the ASCE Specialty Conference In Situ 66: Use of In Sltu Tests In Geotechnical Engineering, Slacl(sburg. Po. , 263-,280, 1986 

Summary of Selsmic:aJty Induced Seltlemenl. 

Dry Setuement On) 0. 165 

Post-liquefactiOn Selllement ~n) 0 .65\ 
Tot:al Settleme nt In 0.816 

SltHses ~ Su•u .. «Outon frlot~~illdottoi Tlp 

CSR.I CSR,. 

..... Cyc.llc ....... .,..,. Po'l~lq . .... ,.. . 
EJI P'oralJOt!Water S~TYJM FIMI Corr.ctlcn Sr'IUf S~illr v.._ Vol, PoJiol.IQ 

Wat•flMV .. ReslsLint• s • .,, •. Posi~IG. . ~ 
Eqt.lv, 

l~.t Character NodukH Str~ln Slr•tn Slr1l" s.rut. 
IN,)na .. .. CSAHD., Sf\.T or 

"- •• (N,I-:, •• .. ·- ~ non-UCCL.AY} n c. .... ~· lq.l.J..o C RRu .. " . • 1~ ,:;, ~~ (Is f) [(Sfl ~·n (I sf) _1_~ In lin I 
D!il I D2 UD OOHI 0.019 0019 0 019 "' SA.~O DS 1.70 101)0 "' 11 1 .• ._...uo 0 ... O.•O 0.370 Abcw.Witt!l!l 0, 12 87127 2002 DDI 000 DODO "" ,. DOOO 

087 I D2 I" DD2> 0.028 D028 OD2> l BO SAND D.S 1.70 195.5 117 229.6 -ua 0999 o.•o 0370 Atxw.W•ter 0.12 692151 3112 DDI 000 0.000 NA NA 0 000 

I ID 102 Ill OOJ8 0.03!! oroe DD38 lSI SAND 05 1.70 17oiS 1 20 209 .• .....uo 0,994 o•D 0.370 AbO\'IW,.If!l 0.12 579•<~ '""' DOl 000 0.000 NA NA 0 000 

0.73 1.02 70 00<7 0.047 D 0<7 O.C47 lao SAND 0.5 1,70 139 5 116 1614 non-LIO 0994 o•o 0,370 .\boY. Waitt OIJ 50! .. 3378 D02 000 0000 NA "" DODO 

I 76 I 03 ,. 0()!;6 0.056 00511 DCS6 199 SAND 0.5 1,70 1,.. 12! 17& 2 not'I-LIO 0.994 O•O 0370 AbowWille- 013 •5109 ,., D02 DOO 0 000 NA NA 0000 

099 102 .. DON Q.C<O D.06I DOH 1.90 SAHO DO 1.70 17l.• 110 205.6 -.liO 0.991 o•D OJ70 Aboii'IIWIAtt 013 U526 ""'' D02 D. CO 0 000 "" N A 0.000 

T91 1 ... 71 0.0.,. O.Q7S D075 0.075 200 SAHD 05 1.10 112.0 131 21:2• non-LIO 0107 0.00 0370 Abovt WIA.- O.IJ ,.. .. •no 002 OJlO 0000 "" "" ocoo 
170 "'' ~· 0055 0005 0005 DOSS 193 SA. '<!I D5 1.70 IJ9D 12!1 1790 ro"t·LIO 0 .917 0 . .00 0370 A.boii'IW•et 013 35603 •113 0 0 2 ODI 0000 "" NA 00111 

Zl9 1 .. SJ o ... o ... o ... D ... 2.06 SAHO 05 1.70 114'2 139 1565 O•S 0996 0.39 OlEO ~Wa.ttf 0.13 ll560 ""'2 Dill DDI 0 000 .... •• 0000 , .. LO< .. 010< 0100 0.10<1 0 II)< 2.00 SAND OS 171) 1,.3 130 1801 1'101"-LIO 0996 039 OlEO Abov.Witlt! 013 3 1737 ••s• DOl 0 .01 0 000 NA "" 0000 

2.50 IDS 1!0 011J 0 11J 011J D.lll UTI SANO 0.5 1.711 J;C20 I" 1999 '!Gn-llO 0995 ,,. ,,.. Aboltt!W.tter 0.13 30005 .. ,. DOl DOl 0000 "" •• 0000 

J04 106 •• on2 0.122 0 .122 0122 '-" SAND OS 1.70 135,6 LS4 20B.S noo-t.!O 0999 0.39 D.J60 AboYeWftler 0 ll 28688 •1U 003 0 01 0000 NA "" 0000 

286 "' " 0132 0132 0,132 0 132 2.12 SANO 05 1.70 1JSO ... 201.6 no11-UO 0999 D39 0360 Abcw•Witlef 0.13 27397 •.no DOJ 001 0000 NA N A 0000 

31\ "' 50 O Ut 0 .1Al 0141 0,141 2.15 SANO OS 1.70 12H 156 194 .• nGft.L!O on• D~9 0 .360 AboY•W~Mit O.U 26313 •873 CO< 001 0000 .. NA 0 000 

137 103 50 0151 015~ 0,151 0151 I 9• SAND DS 1.70 uss 1 23 152..9 rcn-LIO ..... 0 39 0360 AbcwtWMet Q,ll 25.13? 513 0 DOl DOl 0000 "" NA 0000 

" ' I 03 .. 0 100 0 .160 0.1110 D 1&0 1.9' SA..O DS 1,10 11a...s 123 219.3 -uo 0 .!193 OJO OJOO AbowWP.•• O.ll 24399 .... oro DOl 0000 NA .. 0 000 

17• LO.l 73 0170 0110 0170 0 .170 159 SANO 0.5 1.70 7262 ,. 2SU - -uo 009J O.J9 0.360 AbcMIWMer OIJ , ... 6175 D02 0 01 0000 ..... .... 0000 

171 10< ~ a 119 0.179 0179 0170 I"" SAND o• 1.70 JOOI 129 3!72 -uo O.IIOJ OJ9 0.360 AbovaW11t11 o u 22116 .. , 002 000 0000 •• NA 0 000 

217 1.0< .. Dll9 0169 01 .. 01 .. 2.0l SANO 05 170 :n2.s 135 11:20.7 -.uo 0097 039 0360 --.. 013 221•1 716! D02 DOO 0 000 .. NA 0000 

2.12 1,1>1 .. 0,19! 0 .191J 0,19! Dl .. 2.0J SANO 05 170 313,0 1 3' 418.7 ""''to 0092 OJ9 0.360 AbowWtctt 0 .1.3 214&0 nee D02 000 0000 NA NA 0000 

2.21! 1.00 17 0200 0.20< 0208 0.206 205 SANO o.s 170 2!6'9 137 392,1 nan-l.IO 0992 D~9 D.J60 AboY• W t ltl 0.1] """ 7201 002 0,00 0 000 NA NA 0000 

"' 106 70 0.211 0 .217 0217 011 7 2.11 .SA.NO OS 1.70 24~ I ue 36 1.1 nnn·LtO D991 0.39 0.360 Abov•Wt1er 0 .13 21>367 .... 0.03 001 0000 NA NA 0000 , ... 1.06 " 0.227 0.227 0.227 0221 '-" SAND DS u o ' '08 I $1 319.2 ni)('I·UO 0.991 OJ9 O.J60 Abov•Wtl&r 013 1983.5 677,0 0 .03 001 0000 NA NA 0000 

J ,OO 1,06 .. 0235 D2J5 D.lll 0 ,,. ''-" SANO D5 170 1 ... 153 1!7.8 nOl".UO 01100 DJO DJ60 AboVtWilrr D 13 19]11 .... D<l• DOl DOOO NA NA DODO 
2.83 106 .. 02 .. 02 .. 0246 02 .. 2.11 SAND 0.5 I 70 1!911 ,.. 2810 -uo a no 0.39 OJ60 Abov.W•t..- 013 18901 ... 7 0<>' 001 0000 NA •• 0000 

290 1.<l6 57 02M 0.255 0 .... 02M 2.13 SAHO 0.5 170 192..5 1.52 ,.,. ......tiO 0390 039 DJ60 ~W.te1 013 '!.4!8 66J2 DO< ODI DOOO NA NA 0000 

2.99 100 .. 0 ,.. .. ,.. 026• o ..... 2.1• SAND DS 1.70 , .. 1.52 "'" ........ IQ OSlO 0.39 D360 Abov.WIIIft DIJ 18099 7280 DOJ 001 0 000 NA NA 0000 

U2 1.116 .. 027• 017< 0 .27• 0214 21J SAND 0.5 \70 237.0 ISO ~56.4 ......tiO , ... 039 0360 ~Waln DIJ 17700 1492 00> 001 0000 "" .. 0 000 

2 .57 10$ •• 0283 .,., 0283 0203 , ... S,t.NO 05 1.70 2281 1,.&2 32<~.3 .... tiQ 0969 0.39 O.J60 Abo'veWIIItl Dl3 17360 7•35 000 001 0000 NA .. 0 000 

229 1,0< .. 029J om 0293 0293 2.05 SANO 0.5 I 70 "'" IJ7 JtL-2 .... uo 0968 O.J9 0 .360 ~WIIIf 0.13 17010 ue.a 0,0< 001 0000 N.A NA 0000 

'2.•9 10$ .. 0.302 0302 0,302 0.302 2.0 7 SAND 0.5 1.71l 2:162 1.~' 318.0 tloOI'I·LIO 0968 039 0360 Above W•ltf Dl3 16697 758 ,7 00< 001 0000 NA NA 0 000 

3 .36 ~ .07 .. 0311 0.311 0.311 O.Jt 1 2.19 SANO D5 1 70 202 .8 I •• '"-' I'\On•liO 09! 7 0.39 DJGO Abo.,..W1t1r 0,13 16 399 ,.~17 0.00 DDI 0001 NA NA 0000 

' "' 110 " 0.321 0.321 0 .321 0321 2.31 SIINO 0.5 170 112i 1.99 l<l• .<ll nctn·LIO 0967 D.39 D360 Abc;weWIIRt" 0,13 16097 .,.30,0 005 002 0001 NA NA DOOO 

• 23 Ul •O OlJO 0.330 OlJO 0.330 2-'5 SANO " 1.70 1516 212 Jl&.O nO"·UO D .. 7 D.J9 0360 AbovtW1tt1 013 15127 7198 005 002 0001 NA N A 0000 .,. 1,12 .. O:>.oo OJ.OO 03 .. 0340 
,_, . ..., DS 170 1505 218 317.5 •....UO o ... D39 03&0 AbovtWII111' O,t J 15552 716, 1 0.05 002 0001 NA NA 0000 

318 109 "' 0349 0.349 0,34! 0.349 226 SANO ... 170 U27 182 259.9 ·-"' ,. .. 0.39 D.lOO /VIow.Wttar Dl3 15305 6967 0 00 OOJ 0001 NA NA DOOO ,,. 1.1 1 ,. 0350 0 .351 o ... OJSS 2.36 .SAHO 05 I 70 1291 214 >n? ,......,,0 DftS 0.39 D.J60 AtaovwW1t.r 0.1J 15060 ..,. O C17 0 0< 0001 •• NA 0000 

303 1,00 ., .,.. 036& 03611 OJOS '-" """" o.s I 70 1"0 1 75 270.9 ........ ., 000$ 0 .39 0.350 AbcNeW.f•r 013 1"120 na.t Oll6 DOl 0001 NA NA 0000 ,., "' 31 0 ..377 om om 0.3n 2.<3 .... 0 05 1.67 11111 2•J 21!6.6 M~n-LIO 0,90$ D39 D.J60 A~Wo111er 013 I .... .. , 0 .01 0.0< 0002 NA NA 0000 ... 113 3> 0387 03.17 0387 03!7 >•2 SANO OS 1.65 10U 2.40 200.6 --uo D.911• OJ9 OJ60 Ahovt!Waler 0,13 ,.,.. .. ,. 008 0 .. 0002 NA •• 0000 .... 1,17 Jl 0396 OJSO 0395 O.J96 2.54 SANO 0,5 1,63 .. , 2 .97 256.3 non-LIO 0 .984 0 .39 0,360 Abo'oleWIIIet" OIJ 1418.& 651.7 0, 10 008 OOOJ NA NA 0000 

• 97 120 " 0•105 0405 0.405 0,405 2.59 SANO 05 1.6'2 76 3 3.26 2•90 no11•UO !) .9BA 0.39 O.J50 AboYe w.t., 0,13 13950 63.1 I 0 ,12 Oi l ooo• NA NA 0000 ... ... ,. O•ll!!i 0 oilS O tiS O•IS 256 SILT 0,1 1,10 "' 309 '22•.1 N>n-4..10 09&3 O,J9 D.J60 Abcv.W1I1'1 NA NA .. NA N A 0000 NA NA DOOO ... 1. 18 ,, 0 .. 24 0~24 011:'2'.& Ool24 2.55 SQ.T 01 170 652 lOS 19!.7 _,..., 0.983 D39 0.360 Above W i lli' NA •• NA HA NA 0000 NA NA 0000 .... "' 2t ""' Q .CJ4 D.&lol 0 1.3~ zss S~T 0 ,7 170 SOl , .. 171l2 non-tiQ 0112 039 0.350 ~w~., NA NA .. NA NA 0000 NA "" 0000 

5 00 1.20 23 o••J Q.&.riJ 0"3 ... ., 2.60 """" 0 ,5 1.5ol ... '" IMO -LIQ ow 0.:!9 0360 AbotteWIItf D t• 1325!1 002.5 010 02• 0000 NA NA 0000 .,. 112 ,. 04SJ 0 • 53 0•53 O•SJ 237 SAIIO 05 1.53 ., 2 211 , .. ....... 10 0 .. 2 0.39 0.3110 AbcweWIIIH o,u 13096 .... 013 Dl2 DOCS .. NA 0000 

""' 120 20 O.f62 0_4.62 D462 0<62 2.61 FlO'!-UO CLAY I 170 NA ] .38 ....... IQ ......tiO D.IIOI 0.39 0.3150 -.w..., NA .. "" NA •• 0000 "' NA 0000 

500 120 20 0<112 0•72 0 .. 72 0 .&72 2.65 SILT 0 .7 I?D "' 3113 Ul9.7 ........ 10 0961 039 DJ60 AbowW•Itt NA NA NA " NA 0000 .. NA 0000 .. "' 23 Ooi..S1 0 4~1 0.&11 04.11 2.57 SANO 0 ,$ 1.•1 5!U 3,17 176,3 "'MIO o.oeo 039 O.J60 AboYIW•I •r D" 125'21 52.& 0 0,19 025 DOlO NA •• 0000 

500 1 20 " 01190 0490 0 •90 D•90 2.65 "'Crt·UO CLAY I 170 •• J06 t'lon-L\0 non-LIO 0980 0.39 0.360 ~11W11e1 NA N A NA NA NA 0000 NA NA 0000 
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Liquefact ion Analysis with Cone Penet ration Tes t (CP"Q Data 

UnltWtlgN 
S4tltSit:f <ll 

Slresutl ~ Desl9n Nom~a.lludon or Tlp 
.... Cydlc "'""" "" 

Post-Uq.. L•._,., 
'Frlc:t. Ea:ptoqt&onWatllf son Type AnH Correc.llon Sh .. r Shur Vol Vol. Post.Uca. 

O.oth ..... lo<~ .. '· ..... ........ Eq\IIV, Eq~v. Eq\Jiv. Level 
W~erlltVel C NIUCII r R.esl.tiliKt 

Moduhn: Slt•M SlrH't 
....... Post .Liq. 

.Siraln Settle. 
NR INt)" 

. & ,t<l,)e.g jN,I.-:t .. .; .. C·-· 
fSA.ND, SILT or c_, , 

·~ •• AS 

lftl lft , MSLI 
y'II(IIJI y' .... t 

!ts l'l (1st) r•1 (11: 1'1 '· non-UQCL.AYl n Co q~1H .. , .... 1" CRR,.J '• csR. CSR,,. .. . • ttsn (%1 (%1 (In I (';,, (In ) {lrfl n•n n•n ... eau 1150 HS.O 302 '·' 56 36 ' " 500 ~.10 19 0,500 0.500 0.500 0.500 2.61 non-llCCl.AY I 110 NA JJG not\•LIO not'i·LIO 0.!11!0 0.39 Oli!O A.b~Wat .. NA NA NA .. NA 0.000 NA •• 0000 

ass .. , nso ):5 0 '" '-' 5.6 36 1 " s.oo '·"' " 0.509 0509 0509 0.509 2.£2 IWI-LIC CLAV ' \.70 NA 3 ,41 nof\.UO non·l lO 0.979 0,39 Oli!O Abov1Waler "' NA NA NA NA 0000 .. NA 0000 

902 6!10 IISC lT!,O 212 ,, '-' " 7 10 5.00 :,20 17 0,!, 1 0.519 0.5T9 0 ,519 2.62 Mn·L!O Cl..AV ' 1.70 NA 3U no""UO "01'-LIO 0 .9 79 039 0360 AboveWata1 ,,. NA NA NA NA 0 .000 NA NA 0000 ,. .ssa a ns.o 115,0 302 1.4 ,_, 
36 • " 5.00 120 " 0!52! OS2! 052a. 0528 U2 SILT 0.7 163 <116 ... 30S 1603 f'IOr\·UO 0.919 0.39 0360 Abov.W•Iv ... NA NA NA NA 0 000 NA NA 0000 

!I'JS 6!07 U!O 11!0 12.!5 ..• .. ,. 
' 12 '"" '"' " 

..,. 0538 O!W O!olO 262 •• T ,, I 6' .. , 3 ,A.5 1705 !"9'·UO 097!. o.J9 0>00 Abov.Wat., NA "' NA NA NA 0000 NA NA 0000 
~ 51 .... 11.50 H!50 ,. '·' " 3< • " .... U9 19 0-"'1 0 .. 7 0.5<7 0547 ,_ .. StU 07 '"' 509 319 1023 """'-JO 0976 Q.J9 Ol60 Abov.W«~ NA NA •• '"' NA 0000 NA ..... 0000 ... '"'" 1150 11!0 ll2 ,_, <2 "' I " 

. ., ... •• 0551 o.ss1 0557 0.557 2.51 .SILt 07 1.57 <92 "' .... 0<3 o.•n 0.39 OlGO ot.boveWate' NA ... NA ... NA 0000 ..... .. 0000 ... 6!02 ' 150 11!50 !1 .. ,_, ,. 
" • " .... U 9 II 0 ... 0.5011 0.506 0.566 2.51 SAND 0~ 1.31 401 "' 12112 0.28 o.rrn 039 O.JIIIJ AbolfeWatltf oro """" 6093 011 061 0.024 .. •• 0000 

1:101 5!00 11!50 1150 l0.7 0.9 ).4 ,. 7 • ... '" 16 0516 0.576 ().576 0.576 2.51 SILT 0.7 I.Sl ,.. 322 12A.5 026 0'07 O.J9 0360 AbcwtW-.et tiA NA NA NA .... 0000 "" NA 0000 
1011 I !798 115C: 1'50 251 1.0 •a lS • 9 500 '-"' 15 0515 0.515 0.505 0.515 150 non-1.10 CLAV I 110 NA J _JJ non-lro -ua 0.976 039 0360 Abo\loeWIIIM •• NA "" ... NA 0000 NA .. 0000 
lOlA !797 11$0 t•so 7.13 11 ., .. • • 500 '·"' 15 0575 0595 0 ,59S 05S5 2.6! rton·LIO C LAV ' 1 10 NA l .l7 ......._ro ......._ro 0-976 0.39 0310 A.bcweW.t~rt .... ... NA ... NA 0000 .. NA 0000 
1050 S7li.S 11!50 l'!iO 212 " 5 2 " • • 500 '"' " 0604 0.60< 0600 0.604 2.75 nan·liOCLAY I 110 NA OS ...... uo -ua 0976 039 0360 ...... w • ., NA ... NA ... NA 0000 .. NA 0.000 
1066 ! 793 1150 1 '5 0 ,, 10 .. <0 • • S.CJl 120 " 0&13 0&13 0613 0613 uo noo'l·liO ClAY ' 

,,. NA H7 _,10 ........ 10 0!115 0,39 0360 ~WaltH •• ... ... ... NA 0000 NA ,,. 0000 
IO!l 579.1 1150 1'50 ,. 0.9 " Jl! • • s.oo uo IS 0.6'23 '[)523 0623 0.623 2.62 I'O'IoLIOCV.Y ' 110 NA 3<5 "01'1-UC ........ 10 :),975 "' 0,360 Above-Wal•• NA NA NA NA NA 0000 "' NA 0000 
109i 57!10 115 C , ·so 23.3 09 J~ " • • s,oo ' -"' .. om 0.532 0632 06J2 2.54 ftOI"'•\.10 CLAY ' 161 NA 3!9 .....O.JO r>Cn.LIO -:).97<1 0.39 OJ60 Abo~~• W ater ... NA NA NA NA 0000 NA NA 0000 
11 ·e 57!1.! t15C 1:5 0 "' ' ' 0 ·~ 43 • 1 5,00 '·"' " 0.642 06.t2 0642 06<2 2.78 nM·l10CLAY ' '" NA "' I'IOft-1.10 ..... ua 0 .974 0.39 0360 ~bovtWate1 ... NA NA NA NA 0000 NA NA 0000 
11.J2 67ll7 1150 1 ~!.0 

,., 
" 5.4 .. • 1 5.00 '-"' .. 01551 0651 0651 0851 260 I'IIYI·l10 CLAY ' 16l NA •.75 I'IOt>·LIO .... uo 0.97• 039 0360 ,t,bcweWa111 ,,. NA NA NA NA 0000 NA NA 0000 

110! !78S !ISO 1150 ''" 1,1 3,7 36 • 10 5 ,00 1.20 " 0 &60 0660 0660 0.660 2.61 SILT 0,1 U9 "" l.•o 131.8 029 0.913 0,39 0360 Abo-.ltWat•r ,,. NA NA NA NA 0000 NA NA 0.000 
1165 157154 115 0 115.0 "'' " 3.7 ll " 13 '" "' 20 0170 0.670 0.670 0.670 2.55 SANO 0.5 1 26 •7.6 301 1i.3J 035 0.973 039 0360 ~eW11111 ou !OJSO 695.1 026 04l oou. NA NA 0000 
II 31 678.2 1150 1 ~!.0 46Jt '. " " " " •.n " " " 0-15'78 0679 om 0.61i 2.5: SA.NO o.s 1.25 553 2.60 1550 O<J 0972 039 0360 A.bowWa1e1 ou 10266 731 .9 022 O.Jt 0.012 NA NA 0000 .... 6780 1150 1150 ,., 

'·' •s 39 • • 500 '"' 16 06!9 0609 0589 0.&89 ,_ .. nan-ltO CLAY I 154 NA "' non-liO ft:)<'j-LIO 0!172 039 0360 Abcovi'W .. ot NA NA NA " •• 0000 NA NA 0000 
1214 "" 1150 1150 220 1.2 5.5 " • • 5.00 1.2!1 " 069! 069& 069! 0,65! 280 t'O"-l10 ClAY 1 ·~2 NA ,,. non-UO roon-LtO O.ll12 039 0360 ~w~~~~ NA NA NA ... •• 0000 NA NA 0000 
1130 6T11 11$0 1150 23 6 • .J S.5 45 ' • '-"" '-"' IS 0101 0101 0,707 0707 ,_,. I'ICin•t.IO ClAY I '50 NA . ., ...... uo .....ua 0.!171 O.J9 0 .360 AboYtWatet NA NA NA NA NA 0000 NA •• OIJOO 
12.d •ns Jl$0 1150 , .. I 3 u " 7 • !00 1211 IS 0717 0717 0,717 0 ,717 1.71 nclll"-llO CLAY I "' NA 409 ncn-UO ,..n-UQ 0571 0 .3! 0350 AbowWat.ef NA NA NA .,... NA 0.000 NA NA 0000 
>Hl 677 4 11SO 1150 219 15 ,. 5I 7 • soo '"' " o,n.; 0726 0126 0.726 , .. ncn-lJO CLAY I 1<6 ... S .!IJ non-UO non-1.10 0.971 0.38 0350 ,._w..., NA NA •• NA NA 0000 NA NA 0000 
12.80 6772 115.0 1150 25.3 '7 65 " • • SCJl 1.20 .. 0130 0136 0.136 0.136 2.81 non-LIO ClAY I "' NA '., .....0.10 I'!Qr\oUO 0970 0.38 0350 ............. NA NA NA NA NA 0000 NA •• 0 000 
1Z.!6 6770 HSD 115.0 Jt .S 1.2 70 .. • " '"' ' -"' " 07ol5 0 7ol5 0.7•5 0,745 ,_,. non-UO ClAY I I.Q NA ... n~UO ...... ua 0970 0.38 0350 AbowW.-~ NA NA NA •• NA 0.000 "" NA 0000 
1JI2 676-! \ 150 1150 Ji9 "-' 6. •o 10 12 5.00 1.20 19 0.754 0154 0.754 0 ,154 268 rw:n-t,./0 CLAY I '"' NA U9 -.Loa ftOn-.LIO 0.9159 038 0350 AbowWIJ(ar •• NA ..... NA NA 0000 NA , .. 0000 
1329 e7&7 ns.o 1150 ''-3 2.5 ,. 38 II 13 '·"' ~.20 2 • 0714 0 .715< 0.764 0 ,764 2.65 ~liD CLAY I 1.38 NA 303 .... ,oo _,_ro 0969 o_Je .,.. AboYaWa111 NA NA NA NA NA 0 .000 NA NA 0000 
13,45 6766 115.0 115.0 ••• 2.6 5.2 " IJ I S ..7 120 n 0773 om o.m o.m 2.59 SII.T D1 125 ... 325 1910 not\<UO 096!l 0 38 0.350 AbcwaW.alot ... NA NA NA NA 0 000 NA NA 0000 
•J 52 676,4 IISO 1150 5> 0 

,_. 
" " " " 4,81 t.17 13 0783 078.:1 0,783 0783 2.52 .SA NO 05 116 ... 2.18 1738 I'\Of\-UO 0.968 OJS 0.350 AbowWM•t 0.1< 9 42• 1!1 112 o•• 023 O.OC9 NA NA 0000 

'J.76 675.2 1150 1150 n.e '·' 33 ,, 
" " 4 .. 2Z 1,1 1 " 0192 0,792 om 0.7.92 235 S.ANO 05 U6 79_5 ,_, 1661 I"'Ift·UO 0.968 038 0350 Abov•W•t•• 0 . 1-4 9356 1!170,! ou 01< 0,00> NA NA 0000 

13,9-4 675.1 115.0 1150 "' 2.2 " " " IS 11,79 1.11 22 o.ao2 OJS02 0,802 0,802 '2.52 SANO 05 '" 5!,0 255 1550 - uo 0,961 036 0.350 .A.bo..-•Wi11e' Or< 9293 BOG& 0 •• 025 0.010 NA NA 0.000 
, 4,11 6759 11 5 0 1150 "' " 6,1 ,, 

' • 500 1 10 16 0.81 1 0111 0811 0.81 1 281 ~·LIOCLAY ' 1.30 NA "' ,~uo - uo 0,967 OJ& oJSo Abcwtt W IIIII NA NA NA NA NA 0.000 NA NA 0.000 
14 27 575,7 11 5,0 1150 23,7 '·' 63 50 7 • 5.00 '-"' " 0821 0,8'21 0.!21 0.&21 2.57 1\0n•ltOCLAV ' 1,29 NA 5.43 ...... uo ~·UO 0.967 0,3! 0350 ol.bo..-eW"IM ... NA NA ,,. NA 0.000 NA NA 0000 
•• ,4. 67S5 115,0 1150 <93 2.3 " 35 " " .... 119 22 0.830 0,830 0830 0,630 "' SANO 05 1,13 52.5 323 170,1 ~LIO 0,966 O.Jo! 0350 .6.bcvi'W8tll!l 0.15 9099 005.9 021 0.:!0 0.0"12 NA NA 0.000 
., 60 5754 115.0 11!50 '" '-' " 2< 18 "' 

,, Ill 26 0.13!1 OIJI 0.839 om 2.35 SANO 05 1.12 ... 2.11 172.? ~-uc 0.966 038 0.350 ..... -~ 0 15 9039 9047 01< ou 0005 ..... NA 0000 .. ,. 6752 115,0 1150 75.0 2.2 2.9 2J " 
, ... 1.10 " D.U9 0849 0,!49 0.84!1 2.31 SANO OS 1.12 '"·' .... 1576 0,-44 0.966 O.Ja 0350 "bowWilt.et 0,15 8980 895.1 0.15 015 O,Ol6 NA NA 0000 

·•9l 6151 ll50 1150 517 1.6 J . • ,. ,, I• .... '·'" 20 ""' 0851 OS5! o_.,. 2.45 SAND 0.5 1.1 1 542 2.52 136.5 032 0 .965 OJ! 0,350 ......,w_ 0.15 .... 1109.0 0.22 O.ll 0014 NA NA 0000 
'~09 67 ... !J 1150 HSO 3<9 I. .. 39 10 " 5.00 1.20 ,. o ... 0 .... o .... 0.!68 .,_., I'IOI'I.(.tQCLAY ' 122 NA "' ...... uo ,......,a 0 .965 0.31 0350 Abo\leWalM NA ..... NA NA NA 0000 NA ..... 0 .000 
·s ~ 67• 7 ll50 1150 2t.5 I. ,_, •• • • 500 1.20 16 0517 oen o.en om 280 I'IOftolJOClAY ' 1.21 NA ,,. """'-JO ,.....uo ..... 035 0350 ~Waw NA NA NA NA NA 0000 NA NA 0000 I 
·s•2 61<6 1150 1150 22.1 I.J •• 52 7 7 5.011 '-"' 1• 0-8117 0117 OM7 0.167 2.90 1"01'1-ltQCl).V ' 1,19 NA so ...... uo ......uo 0.964 o.JS o.lSO ~w•., ,.. NA NA NA .. 0.000 NA ... 0000 
·~sa 674• 1150 1150 ..... I 3 ·-· •S ' • S.OD >20 IS 0 .896 0896 0896 0896 2.71 rorK.IO CLAY 1 1.18 NA .. 5 ...... uo non-UO 0964 0.31 0350 AbowWatet .... NA NA NA NA 0.000 NA .... 0000 I 
15.75 5743 1150 115.0 310 ..• " 

,, • 10 5 .00 '-"' 16 0906 0906 0906 0_!!06 2.81 ~IOCLAY ' 117 ..... ... noro-LIO ....... uo 0963 0.38 0 .350 AbcYeWIIW NA NA NA NA NA 0.000 NA "" 0000 
15.91 574 1 1\50 115.0 3>2 I 8 5< " • 10 500 ~ .7-J " 0 .915 O.t!S 0.915 0.915 275 not'I-UCCLAY ' 1,16 NA '" """"liO non-LID 0.963 0.31 0 .350 A~WtAet NA NA NA NA ,,. 0000 NA '<A 0000 
1608 1573.9 ·tso 1150 '" " •• 51 1 • sao '"' " 002! 0925 0925 0,925 ~ .. rocwM.tQCLAY I II< NA ·-·· -uo ,.,_.uo 0.., 0.38 0 .350 AbolleWecer •• NA NA NA NA 0.000 NA .,. 0000 
16,.;• &7J! l!S.O 1\150 H .O '0 ·-· " 5 • '"" '"' 12 0-934 0.!34 0934 0934 301 r"ICn-UO CLAV ' "' NA 15.83 ~ua 1"101'\·LIO 0 .962 0 .31 0.350 At>o..-.w.t..- ,,. •• NA NA NA 0,000 NA ... 0000 
16.40 613,6 1150 115 0 1&2 09 ..• .. • • 500 1.:20 " 0943 o...-. 0943 0-9•3 2.94 110nolJO cv.v I 1.1'2 NA 007 non-LIO non.ua 0 ,962 038 0 .350 AbawW81er NA NA NA •• NA 0,000 NA NA 0000 
'557 672.4 115.0 1150 2.95 1.0 ,, 

" 8 • 5 00 I.T.l " 0953 0.953 0 ,953 0.953 , .. IIOn·liO CLAY ' 1.11 NA 3.13 -uo nc"-UO 0,961 0.36 0350 Above Wtl.« NA NA ... NA NA 0000 NA .,. 0000 
'E,73 67~.J H 60 , , 50 23 9 12 5 .. 0 •• 7 1 •oo 1.20 " 0,962 0.962 0.&62 0.562 ,,., ftOI'I·LJO CLAY I 1.10 NA 525 Mn-L10 ~L!O 0 .961 038 0.350 }\h:'W'fWiiMOI ... NA NA NA .. 0,000 NA NA 0000 .... 6731 1150 1150 21.8 '0 •6 50 • 7 500 1.20 " 0172 0,9n 0.972 0,97'2 286 non.ua ClAV I 109 NA SJJ noi\-LIC ftOI'I·UO 0 .961 

·~· 
0350 AbovtiWrJ._, NA NA NA NA NA 0.000 NA NA 0.000 

• 706 67H 1150 1150 22.5 1.1 " so 1 1 500 1.10 " ooa• ooe• 0.981 0981 '2.67 NII'I-LtO CLAY I 1 06 NA 5<3 nor--LID nan-LIO 0.960 O.JS 0350 ol.boYIIWJite' '" NA NA NA NA 0,000 NA NA 0000 
• 723 672& 1150 !ISO 22.3 " ·~ " 7 1 "'" 120 " 09511 O.HI 0991 .... , .. J'\OnoltQ CLA.V 1 1.07 " 552 ~·LIC I'IOI'I•L!O 0960 ... 0,350 AbCWWat*' IIA NA NA NA NA 0000 NA NA 0000 
'7.39 672.15 11$,0 1150 20.0 1.0 so " 6 6 500 120 " 1000 '-""' 1,000 UlOO 2.93 I"'If''-1..10 cv.v ' 106 NA 591 ftOft-LIC non·liO 09S9 OJ! 0350 A.bowWM~ NA NA NA NA NA 0.000 NA NA 0000 

"" 672.5 'ISO 1150 ••9 ' 0 5~ " ' • 500 '"' " '""" """ '·""' '""' 201 ~IOCL.AY ' >OS NA 639 "01'\oliO 1"0'\-UO 0.959 0.38 0350 AbOYcWaAI!!f NA NA NA NA NA 0 .000 NA NA 0000 
•712 6123 1150 1150 '" 0 .9 58 ,, 

' 5 500 110 II 1019 1 019 1,019 1 019 3.07 ran-1..10 Cl.AV I '"' .... ,., ~LIC ,.,.uo 0.959 OJ! 0 .350 .-.w- NA NA NA NA NA 0 000 NA NA 0000 ., .. 15721 115.0 1150 152 09 59 .. 5 5 5.00 120 II 1028 1.028 1.021l '-'"" 309 l'llln-liO CLAY I 103 ..... 775 .......... 1'10ftolt0 0.950 OJ! 0350 Abovi-Wltl.et NA NA NA NA NA 0 .000 NA NA 0000 
\ .!Q5 672.0 1150 1150 15,8 01 5I 61 5 s 500 ,,. 

" 1038 "'" 
,_.,. '-"" 303 -'.JOCI.AY I '02 NA , .. --.uo ...... uo 0-"" 038 0350 Attor.oeWlller IIA NA NA ,.... NA 0000 NA .. 0000 

'!2' 611. IIS.O 1150 21 .0 1.5 71 61 7 7 500 '"' " ICI•7 ... 7 1.047 "'" lJlJ nan.U0 CLAY I 1.01 ..... 7>0 -uo ._ua 0.950 O.Ja 0350 Aboo<otWal.flt NA NA NA •• NA 0000 NA NA 0000 
'!37 6716 1150 1150 301 2.0 52 <3 10 10 '-"' 120 18 1051 1 ... ; ,056 1056 "-" ~K)CI.AY I '"' ..... ' " ...... uo non·UO 0951 0.38 0350 .t.bowWII.ef >lA NA NA NA •• 0 .000 NA .... 0000 
' 1!5" 57\S t150 H5C JSS 2-l 5.7 .. " " 500 '"' " .... ..... ,_... I 066 >n -'.10 CLAY I OJI9 ..... <52 ....... 10 ,_,.uo 0.951 ""' 0.350 A~MJo,yW•e NA .. NA NA NA 0.000 NA NA 0000 
'!!70 6713 ll50 11!0 214 .. 6_6 54 • • 500 120 15 '015 ,,075 '015 1,075 2-"2 I'IOI'K.IO CLAY ' 0.96 NA .... ,.,.uo ~uo 0.956 038 0.350 Abov.WMer NA NA NA NA NA 0 ,000 NA NA 0.000 
\5 1!17 "" 1150 lt50 2>3 " 55 52 • • 500 120 .. , , .. 1,085 ,.., 

' 08S 200 ft-uQctAY I 0.98 NA 513 1'1C!noll0 ~-liD 0-"" OJ! 0.350 ~w.r..- NA .. NA NA NA 0.000 NA NA 0000 .. ., 671 0 115 0 1150 '" .. <8 47 • • 500 1.20 15 Hl9• 1,093 1,09< 1,093 ,., ~ltOCLAV I 0.97 NA . .. ~\. 10 roft•liO 0.950 O.l! 0350 r'IOI'\-UO llA NA NA NA NA 0000 NA NA 0.000 
·s t9 6705 115.0 1150 3< 1 I 8 so .. 10 " 5.00 1.20 " I HJ3 1,097 1103 I 091 2.76 ~LIOCLAV . 0.96 NA "' r"IOI'J.LIO 1'10n-ll0 0.955 0.38 0350 r"IOfl•lJO NA NA •• NA NA 0 .000 NA NA 0000 
~~ 36 670,6 1150 IH~O 319 " 53 " 9 ' soo 1.2<) 16 1113 1,102 1,113 1,102 2!2 "''))"'oLfO Cl.A"' ' 0.96 NA ... f!OI"t-UO ~uo 0.955 0.36 0360 not'•l lO NA NA NA NA NA 0000 NA NA 0000 
IS 52 6705 \ \~,0 1150 3U " '·' .. 10 9 soo 1,10 16 1 122 1106 1 122 1.106 2.8< I'IOI'I·LIOCl.AV I 0.95 NA 510 "on-liO I'IOt'l•llO D.9S~ O.J! 0350 ~uo NA NA NA NA NA 0.000 NA NA 0000 

I ' 969 610 3 1150 H!!O 1,02 40 5 0 ,, 11 " soo 120 18 1132 1 111 t 1J2 ,,, 212 no,_LIO CLA'I ' 0,95 NA •. 1! r"IOr"I-LIO N~t>-LIO 0.954 039 0360 rtan.LIO ,,. NA NA NA NA 0 .000 NA NA 0000 

I 19!5 670:01 1\5 0 1150 ],1, 1 ,, 63 50 •o 10 500 •20 " 1 • ., 1115 ,,_, 1115 ,,. I'IOI'I·ltOCL'.V ' 0 95 NA 535 N)r"I.LIO N~n-UO 0.95• 0.39 0360 r"IOPI·UO •• NA NA .. NA 0 000 NA •• 0000 
>GO• 6700 IISD 1150 lO. ,_. ._, 53 • • 500 110 16 ,,, 1119 1 15! I 119 292 r-ot~-l.IO CLA'I ' 095 NA s.as I"'CCf'\oUO !'!On-t.IO 0953 039 0360 r"IOn·UO JlA NA .. .. NA 0.000 NA NA 0000 
2C 16 6E9,6 1'50 115C 010 1.3 56 " " " 500 120 ., .... I 124 "60 I 124 270 "'r""-t.tO CI.A'I ' 09< NA .. s r"IOPI· ltO """"-IO D.~ 0,39 0360 - ·LIO NA •• NA NA NA 0000 NA .. 0000 

j 2C"2• 6697 1'50 ! ISO 389 2.3 ~.9 .. " " '-"" 120 18 1170 1128 1170 I >Z! 2.79 "'ft-UOC:LAY I [).94 NA "' I"'CJnoliO """'-10 0.953 0!9 0.360 ...... uo NA NA .. NA NA f O.COO NA NA 0000 

3151 6695 ' 150 1150 '274 • 0 58 52 • • 500 '"' IS ,,. IIJl 1179 1.132 2.91 ~Ct.AV ' o;J NA sn ........ 10 ""'"'-10 OS52 0 .39 0)60 non-UO NA ,,. .. NA NA 0000 NA NA 0000 
:me; 6693 1150 11!!10 ,.. .. 53 " • • 500 ' "' .. .. .. ,,. .... 1136 a• -uoctAY ' 0.93 NA ... "0"1-liO -uo 0.952 0.39 0360 -.uo , .. NA NA .. .,... 0 000 .. NA 0000 
2:103 6692 '!50 1150 121 1.1 ,, 55 7 7 5.00 1.20 " .... •t41 • 190 1141 296 "o"'UOClAY ' 0!!.1 NA .... non-LID """'-10 OS5> coo 0370 1'101"1-1.10 , .. NA .. NA NA 0000 NA NA 0000 ,, "' ... 0 IISO 1150 192 10 52 ,. 

' • 5.00 '"' 12 ., .. I 145 1208 1145 ~01 MI\<UO ClAY ' 092 NA uo .......... ........ 10 0.951 0 .<0 0.370 _,10 ,,. NA NA NA NA o.:x:o .... .. 0.000 
21 16 .... 1150 I IS O • 70 08 " 60 6 s 500 "" II 1'217 1 ,., I 217 I 1•9 302 ~LIOCLAY , .. , NA 702 ......... ......... 0.951 0.40 0370 ""'"'-IO ... NA ... NA NA o.oco -· NA 00011 

""' S&e7 115.0 115C ,., 06 ~6 .. 5 • 5.00 120 II I 226 .... '226 1 l54 2.96 I'ICift.oUOCI.AV I 0.92 NA 6 .30 ....,.LlQ n....UO 0.!150 0.40 0370 ....... 10 ,,. NA NA NA NA 0 .000 NA NA 0000 
1 149 66!5 1150 1150 '!" 0.6 37 57 5 5 500 1.20 II 1235 1158 12J6 "" 2.97 l'ltOft-ltOCLAV I 0.91 NA 5.45 ....,.,10 non-LIO 0950 040 0370 non-LIO >lA NA NA •• NA 0000 NA NA 0.000 
2i 65 66!.4 1'5,0 1150 ~6. ! 07 •J 80 5 5 500 120 " 12- 5 116'2 12•5 1 161 3.03 """"UOCLAV I 0 .91 •• 706 .....ua ftonol!O 0.950 0<0 0.370 non-LJO ... NA NA NA .. 0.000 NA NA 0.000 
21 !2 66U 1150 It 50 ,., 0.7 • .5 02 • s 5.00 120 " "" I 167 I 255 1.157 3 ... r!art·LICCLA'I' ' 

., NA "" r'IOI\<LJO ..... ua 0.94!1 0.00 O.J70 -uo NA NA NA NA NA 0000 NA NA 0000 
:21 ss ... 0 1150 1150 ,., 0.6 ., 64 ' ' '-"" '-"' 10 1.264 1 171 1.264 1.171 ) ,08 r"101'1 ·LI0CLAV ' 0.90 NA 766 110n.l1C non-LIO 0,949 0<1 0.3110 ,oi\-LIO "A NA NA NA NA 0000 NA •• 0.000 

"-'' 587,9 1150 115,0 12.e: 0.5 •o 66 ' . 5 ,00 1,20 10 1 27-4 1.175 1,274 1,175 3 .11 I'ICI""'UO CLAY ' 0 .90 NA 11.02 Mft•LIO ...... uo O.S48 0'1 0380 fton-UO NA NA NA .. NA 0.000 NA NA 0000 
:l:l:!1 661.1 1150 1150 11,5 0.5 •.J " . . 500 1,20 .. 1 ,., I 1110 1,283 1.11!10 J,17 r"IOI'I-l!O Cl..AV 1 0.90 HA 1!1.815 1'10""'1.10 Mti·LIO 0.9• A 0 '1 0.380 f'IO<"\-LIO NA NA NA NA "' 0 000 NA NA 0000 
12 <1 '"'·' 1i!O 11.!0 12.2 0 5 ., .. ' ' 5.00 '"' 10 ',., 1 18• ' 292 1,18.4 3,13 nOI"'·l.IOCL)I.V ' 089 NA 83.5 M0"•ll0 M"·L10 0948 041 0380 ftOJ\oLIO NA NA NA NA NA 0 000 NA NA 0000 
22')<1 "'" 11.!.0 ~IS 0 133 05 30 6< . . 5 .00 120 •O 1J02 I 185 1.302 1,1!1! 308 I"'IO"'•LIOCLAV ' 009 NA , .. nan· LID """.ua 0947 041 O.JSO r;on.uo NA NA NA NA NA 0 .000 NA NA 0000 
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liquefaction Analysis with Cone Penetration Test (CPTI Data 

UniiWelghl 
:! lresse1 ;at 

S!rUUI It O .. lgn Normatlutlon or Tip Mu Cyclic Norm. Post-UQ, l.ayer 
Frlct. l!aptorallonWal•r SoiiTYPII Fl~& Correction Shotu Shear Vol. "'Y v~. Poft-llq. ~plh Elev, (pcf) .. '· Equlv. Eq!JI'ol, Equtv, Wat• rlevtl Ch.arae1er Reslsll\nco S•ttl•. Rallo v. Fines . D lnl!l ModUlus Str1ln Str.aln Post-Liq, Stralr, Settt•. 

Nq (N,) .. (N,)..c:• .. ..; .. ... (SAND, SII.T or 

"-· ·~ •• (N,IMC.• •• 'f''OIIOIIT y' \.llt '· norHJQCLAYJ " Co .... <• lct.t.o) ... CRRu .. CSR. CSR, .. . • ' I~) '"' (ft, MSLI (Is~ (tst) (%1 (Is f) (t:if) (lSI] ~·~ rtsiJ I"• I ('h) !In! (In) , .. 0672 1150 1150 ... •• " 6< 5 • S<Xl 120 10 I 31t U92 1.1 11 .,., 3 .01 I"'n-ltOCLAV ' ... NA , .. non-1.10 non-1.10 ... , .... O.JaO ......uo ..... ... ... NA ... D.<XID NA NA D<XID 
2297 .. ,. 115.0 1150 IS5 •• 3t 60 • s SOD 1.20 " 1321 1,197 1-l21 1,1i7 J.OJ ......00 ct,AV I .... ..... 70J ...... ua ......uo .... .... 0300 ......uo •• • • •• NA NA D<XID NA NA D<XID 
2313 .... HSO 1150 ~~' •• 31 60 s • S<XI 120 " 'JJD '201 I . JJD 1,201 3.ll2 ,.,. ... uocL.Av I .... ..... 095 ......uo ...... uo ..... 0.A2 0.390 ......uo .. NA NA •• .. D<XID NA NA D.<XID 
:U.JO ... , ll50 115.0 1~2 OS 33 .. 5 5 S<Xl 1.20 10 1l<D 1.200 1.3<0 1.200 , .. ~"~Cn>LIQ CL.AV I 0 .81 NA o .. non-UO nc:ll\oliO . .... 0<1 0390 .......uo NA NA NA •• NA D<XID NA NA D<XID 
2346 .. 65 '1!..0 uso 156 0.0 J .O 60 s 5 5<Xl 1.20 " 1 3<9 1,210 1.349 1,210 3.03 I'!Or'I-UO CLAV 1 0 .57 •• , ... non-UO non·LIO .... 0.42 OJ90 -uo NA NA NA .... NA O.<XID ..... ... D<XID 
2362 .... 115 0 11 5,0 "" 0 1 ., .. . • SOD 1 ,~ " 1.358 1.214 1.351 1 ,214 3 .02 P'IOI'I-l.IO CLAV I 001 .. ... ,_lJO I'IOI"•L.IO 0945 0<1 0300 F\OI"o ~0 NA NA .. NA NA O<XIO NA NA 0000 
23,79 .... , 1150 11$,0 173 0.1 •• 59 • 5 500 1.20 ,. 1360 1.218 1,300 1,211 J .OD non-LIQ CLAY 1 0 .17 NA 010 -ua not'I•LJO 0945 .. , 0.390 PIOf'I•LIO NA •• NA .. NA 0.000 •• NA D<XID 
23.95 666 1 1150 11 5.0 18.15 D O <.3 " • • S.OD 120 " 1,371 1.223 t.Jn 1,223 299 f'IOI"'·L.lC CLAY 1 0.67 NA 065 non-UO non.LIO os.u 0.42 0390 non-Lie NA NA NA NA NA 0 ,000 NA NA O<XID 
2•.1"2 66~.9 115.0 1150 21.1 ·~ 

., 55 ' • S,OD 120 " 13117 1,227 1,387 1,227 2 .94. non.UO CL.AV 1 0.86 NA 6.!3 1'101'1-LIO -ua 09<' .. , 0390 M !\.liO NA NA NA NA NA DODO NA NA O<XID 
2• :<.'8 , .. , 11 5.0 1150 22.7 '0 .. •• ' 0 500 1.20 , 1396 1.231 1.396 1,231 2.93 I"'Dn-liO CLAV I .... NA 5.i5 ..... u a 1'10'\-LIO 09<3 .. , 0390 Mn-LIO NA NA NA .. NA D.<XID NA NA O<XID 
24,U 665 6 1150 1150 23 9 11 .. SJ 7 ' 5 .<Xl 1,20 , 1<05 1.236 1.<1105 ,,. 2.92 1'101'\-ltCCLAV 1 ... NA .... no..UO not'-llO O.SiJ 0.<3 O<OD ......uo NA "" NA NA NA D.<XID .. •• D<XID 
2461 66S• 'l! Q 1150 ,.. " ., so • ' SOD 1.20 , U t! ""' t .·US 1.240 180 -.uOCLAV I 085 NA 5.53 ......uo I'JOftoliO 09<3 0<3 0<00 non-1.10 NA NA NA NA NA D<XID .. .. O<XIO 
><n ... , ' 150 1150 2<0 " so ss ' 7 SOD 1.20 1J 142• 1. 2.U 1412• 12U , .. 1'101'1-t..IOCLAV I 085 NA • 16 -= .-uo .... 2 D•3 0<00 -'-'0 NA .. .. NA NA O.<XID ... •• OD<Xl 
l 4..9A OESI HS.D 1150 257 IJ ... .. • 7 SOD 1,20 1• ,.,. 1.249 1<3< 1.249 2.93 ~IQCLAY 1 0.05 NA .... non-UO non-1.10 0942 0 <3 0 .<00 non-1.00 NA NA .... .. "" O<XID •• •• O<XID 
15. 10 ..... 1150 115.0 28.1 '. 57 .. • e SOD 1 20 1' 

,.., 1253 1«3 ' 25l 2.93 ,._.,10 CLAY 1 ..... NA 599 ......uo ......UQ 09•1 O<l 0<00 na>-liO .... ... .... .. .. O<XID •• •• O<XIO ,., . ... , 1150 1'5,0 '"' 1.7 .. .. 9 e SOD 1,20 " 
,.., 1.257 ,.., 1257 ,., nc:w\oLIOCL.A.Y I o .. .... .... non-LIO ~uo 09<1 0<3 0<00 non-LIO •• NA .. NA NA D<XID •• NA O<XID 

25,413 .... 1150 lfSO 301 " so 52 • • !00 1.20 .. ""' 1.162 141!11 1,~2 2.91 MI"•LIOC~Y I ..... NA 575 non-1.10 ~ua 0.9.41 0•3 0 .400 !\MollO NA NA NA .. NA D<XID NA NA O<XID 
2559 .... 115 0 1150 298 1 5 0.0 51 • • 5.0D 120 I ! 1471 , .. , "' ,_,.. 2.88 ~LID CLAY I .... NA 5,47 non-lKJ r\CI\oLIO 0940 O.<J O,«Xl non.UO NA NA NA NA .. D<XID NA NA D<XID 
1576 60<2 1115 0 1 15,0 31. 1 20 O< .. 10 9 5.00 1, 20 .. 1,48 1 1.270 1.4ll1 1.270 ,.. non-LIO CU\V I 0 .83 NA ... 1\01'1-liC non-UO 0 .9 40 D.<J 0.400 non-l iD NA .. NA NA NA OODD .. .. 0.000 ,., ... 1 1150 1150 5'-8. 2.S <,0 3.B " 1J ~00 1. 20 " .... 1 274 1<90 1.27• '-" roat~·LIO CLAY I DBl NA 3,61 lll)n·UC fiOt'!•llO 0 9~0 0.44 0 .• 10 non·LIO NA NA NA NA .. DODD NA NA OODD 
2608 .. 3. 1150 115,0 7• 3 u ,. 

"' .. •• •o• 1.1!1 2l 1.SOD 1.219 I SOD 127i '-" 5ANO 0.5 0.91 .,. 2.51 16"!11 Mf\-LIO . .,. ... 0 .410 non- 0 "" NA •• NA NA D.<XID .. NA D<XID 
~6 2.! I ...,. 1150 115.0 1003 20 20 .. " " 3.23 1.01 " 1 509 1253 1.509 1.213 2.17 SAND OS 0.91 !61 1 60 137.3 032 O!IJII o .... O.AIO .,. NA NA NA NA NA D<XID " 1 ... DDJO 
:26A1 ..,, 115.0 115.0 1145 1,1 1.0 " 22 20 1.12 IOJ 21 1519 1287 15151 ,.., 1,9 1 SANO D.S 091 .. I 1.20 117.9 023 0838 ... 0.A10 057 NA NA •• NA "" D<XID " 1 ... 0.021 
:i6.Si!l .. ,. '150 1150 1136 0 < •• 6 20 .. 0.02 1,00 II '.,. 1292 t.52t ll!IZ 1 60 SANO OS 091 972 10> .... 011 on. ... 0 •10 a ... , NA .. NA •• .. O<XID 19 '620 DOll 
26.7< 663 3 nso 1150 !SO OS ~' " 1. •• 1J6 I .OJ 17 1SJI 1.296 I SJO 1296 19< SAND OS 090 n.o '·"' ... o:s 0931 ... 0•10 OJS NA NA •• NA .. DODD 10 "''' O.OJO 
25.90 ""-1 ns..o 1150 '80 1,1 19 " " 12 ... 1.H " , .. , 1.300 1.., 1300 2.33 SAND OS .... Sfll 2 .05 102.9 011 0937 ... DA IQ ... .. .. NA NA NA O<XIO " 2.<XID OOJS 
l ; Q1 .. ,. 115.0 H SO 511 IS ,. 

" ll " .,. 1,16 10 1057 1.305 1.SS7 1,305 2.51 SAND D.$ 0.90 <JS ,., 122.$ 02$ 0937 0 .... O.•tO 0.11 NA NA .. .. .. O<XIO " 2.15fl .... 
V .2l 66'28 l150 1150 n • " .. " 16 IS 3"32 101 " ISM 1309 I 506 t:ID9 2.18 SAND OS 0.90 OS9 1,63 107.2 D 19 0937 o .•• 0410 . ., NA ..... .. •• ~· O<XID " , .. 003< 
2HO ..,, nso ll S:O 127 2 0 .1 •• ' " 20 0.10 1.01 21 t ,57E L313 1576 1.313 1.74 .SAND •• 090 1079 1 00 114.6 021 0930 0 <5 0<20 DSl NA NA .. NA NA O<XID 21 "" 0 030 
27 56 .. ,. 1150 115.0 1482 '·' 07 7 27 2< 016 1,01 ,, 1.585 1.31! I SIS I 3 13 1,76 SAND o.s 090 1255 100 135.2 0 .31 09l& 0.-45 0.420 0 .74 NA NA •• NA NA DODD 25 1 191 0,023 
n12 6623 1150 ns.o 144,2 DO •• s 75 22 ODD 1,00 22 , 594 \.322 1.594 1322 1.63 SAND 0.5 089 1210 I.OD 121,9 0 .25 OSI3S ... 0.•20 D SI NA NA NA NA NA 0000 23 ,,. 002< 
2189 5621 1150 usa I~J " '0 12 20 .. 1,5l IOJ 21 1 60• 1.326 100< 1 326 1,97 SAND 0.5 0 .89 ... 126 112.4 021 0935 0.4S 0<20 0.50 NA NA NA NA NA DODD •9 16>3 0033 
7!.05 15!20 1150 11!0 507 1 0 " 22 13 " 39< 109 " 1613 1.331 1 61J 1.331 '·"' SAND 0 5 o.a9 512 1.91 .... 011 O.SI35 0,45 0<20 ••• NA .. NA HA NA D<XID " 2.<XID OOJS 
2!22 6611 1150 115.0 :!16 11 J 5 .. 9 • 5 00 1.20 " I 023 1.335 1023 1 )JS >.n non..UO CLAY I 079 NA .... n...UO .......oa .. ,. o.•s 0.•20 ......uo NA .. NA NA "" O<XID • • •• O<XID 
Ul lli .... ~ 15 0 1150 "-' 09 31 S2 7 0 5 .00 1.20 OJ ltill 1.339 1632 1 ll9 2.90 ncn-LIOCLAY ' 079 NA 573 non-llO ......00 0.93< ... 0.420 non-1.10 NA .... NA NA NA O<XID ..... NA 0.000 
,~ .. .... 1150 1150 212 ., ., 57 7 • SOD 120 " 10<1 I,J<J 1 0<1 1.l43 2.98 nD~W.ID C L.AY I 019 •• ... ......uo ......uo UD ••• 0.<20 non-UO NA NA NA .. NA O<XID •• •• O<XIO 
2! .71 "" 1150 115.0 193 D! " 59 6 s SOD 120 ,, 1651 1,3<8 1651 1 3<1 3.01 ~IOCLAY 1 0.79 •• ••• ......uo ..... uo 0933 o•s 0.<:11) ._._,0 NA .. .. .. .. O.<XID .. •• DODD 
l!.&7 661 I 1150 1150 1~7 ·~ •o .. • • SOD 120 " .... 1352 1 660 1352 3.11 not\oUQCL.AY 1 0.70 .. 003 ......uo .......uo 0933 O<S 0<20 I'ICinoliD .. •• NA .. NA O. <XID .. .. O<XID ,. .. 6610 1150 115.0 15.0 07 " 69 5 s SOD 1,20 " 1070 1.357 1.670 1.301 J.IS -.LIOCLAY I 0.10 NA . ., noo-1.10 """'-'0 09~2 o.•& 0 .430 1\M>LIO NA .. •• •• NA ODDD •• NA O<XID 
29 20 .... 115.0 115 0 12.8 ,. 63 .. 5 . s.oo 120 I C 1.67SI 1.361 1,679 1361 3.29 l'lOfl-lJO CLAY I 0.76 NA 1084 nan-LJO .-,.uQ 0932 0.46 0 .430 n~uo NA NA NA NA NA D<XID .. NA O<XID 
a'J6 ...,, 1150 1150 ... D 7 39 EO ' • s.oo '·"' " 1,688 I 36S 1,!88 , 365 3.03 1'10!'\•liO CLAY ' 0.10 NA 70• r.on-UO n-uo O.aJ2 .. , 0420 nl)n<-UQ NA NA NA NA " D<XID NA NA DODD 
29,5J ..... 1150 115 0 , , DO " 7S s . M D 1.20 10 1.596 1.369 1.695 1 J69 3.22 non.l iO CLAY ' 0.77 NA 95• non-1.10 non-LIO 0931 0.46 0 <30 ~n-l!O NA NA NA NA NA D.<XID NA "' O.<XID 
29.69 6603 1150 1150 9 5 0.3 32 ,. . J 5 .00 1.20 • 1707 1.374 1 707 1,37A "' non-LIO CLAY 1 on NA 1013 -uo non-l/0 011131 0 ,• 6 0•.30 -'-'0 •• NA NA .. NA O.<XID NA NA O<XID ,. .. .... 1150 1150 110 •• 30 75 . . 50D 120 9 1717 1.371 1.717 1.376 3.23 I'IOI'I•UD CLAY ' on •• 9.6• non-LIO non-UO 05130 0 .46 D • JD non-1.10 NA NA NA NA NA O<XID •• NA O<XID 
~002 660.0 1150 1150 12.1 .. 3 I 67 . . SOD 1.20 10 1.726 1.382 ,,. 1,., 3,12 ~LID CLAY I o.n •• 020 no...UO ......uo 0 030 ... D<JO """"-'0 NA NA NA NA ... 0000 •• NA O<XID 
2019 .... 1150 1150 ISO co •o ., s 5 s.oo 120 10 ,,.,. ',., ,,. 1 ,., 3.12 1'0\ot.IDCl.AY ' 0 76 .. a.u """'LJO ......uo 0928 .... 0<30 """'-'0 N A .. .. ...... NA O.<XID .. NA O<XID 
J-035 ... , 1150 11~0 l<J 00 • > .. • . SOD 120 10 17-0 I 391 "" 13!11 3.15 non-UD CL,t.Y ' 076 .. 0.$0 ......uo ......uo 0027 D•6 . .,., __,_,0 .. .. .. " "" O.<XIO NA NA O<XIO 
J.1S• 6SOS 11~0 1150 13• 00 <5 7J ! . S.OD 1 20 IO 1 754 1395 175< 1 J9S 3.20 ~liD CLAY ' 0 76 •• 922 -uo .-Loa 0920 0.46 o•JD ..,.uo ..... NA .. ... .. O<XIO .. NA O<XID ,. .. 659 3 ' 150 nso 1<3 0.0 ., .. 5 . SOD 1 20 10 , .. 1«Xl 176< 1«Xl 3.15 I'IOf'\o\.ID ClAY ' 076 NA U3 ........ oa ..... uo 092• 0 •6 0.430 "*"'uo NA •• .. NA NA 0000 NA NA O<XID , .. 6592 1150 1150 130 05 J 6 .. • . 5,00 1,20 10 1n3 1.<0< l nl 1<0< 3,13 F!Orl<-l/0 CLAY I 015 NA a 35 noM.IO non-UO D.92l ••• D (JD non-1.10 NA NA •• NA .. O.DCO NA •• D<XID 
J l 0 1 6590 115.0 115 0 ,, .. , 07 5 . 5 0D 1,20 10 1713 t .4oa 1,783 .... 3 ,12 r'lon-LIOCL..'Y ' 0.15 NA 8.12. ~-uo non-liO 0922 ... DAJD ........ ,0 NA NA NA NA NA D<XID .. NA D<XID 
l1 17 6510 115 0 1150 133 03 73 Gl 0 .. " ... 1.2 10,0 179 1<1 1,7; 1,41 3.0 ... r'IM-l!O CLAY ' 075 NA 7 ,17 floOt'I·L IO f\01\.l/0 0.920 0 •60 O AJQ "~liO NA NA .. NA NA DOD .. NA DOD 
Jill sse 1 115 0 1150 12.2 D.l 25 65.4 0 3.6 S ,D 1.2 9,0 1 00 1. 42 ... "' 3.10 noro.LlO CLAY I a.7S NA 7,92 ~-LJO ~-LIO 0919 0 .460 0430 non-LID NA NA •• NA HA DOD NA NA DOD 
3150 .... 115 0 ,,5.0 ,. . .. 32 6U .. '·' 5.0 1,2 100 I •• 1.42 1.11 "' 3.16 nor><UQCL.AY I 0.1• •• l .t9 -ua -uo 0111 0.460 o.•lo flon-LIO .. .. NA NA .. DOD NA NA DOD 
3166 6503 ~~~a 1150 "' •.. 35 7•1 ., 3,7 so 1.2 9.0 t.82 1.43 "' 1.4"3 3 .21 roon-LIO C t.AV ' 0 _7<4 NA 9 ,45 P\01'1-LIO n-Lro 0515 ..... 0 <30 tlOn-LIO NA NA NA ""' NA DOD .. NA DOD 
JISJ ,,., 1150 1150 136 o• ,_, 65.3 •o •• s .o 1.2 10,0 I,Sl 1.43 ISJ 1<3 310 non-LIQ Cl..ll.'l' I .,. •• 719 ~...uo non-l/0 O.i15 .... 0<311 -...oo NA .. .. NA NA DOD NA .. DOD 
3199 .... 1150 11!10 ,, •• 30 ... <6 ,. 50 1.2 10.0 ... 1.<3 I S< 1<3 3.12 no-KIOCLAY I .,. •• 8,17 -uo .....uo 0!114 .... 0<311 non-liO NA ... .. .. NA D<Xl .. NA DOD 
~215 6579 1150 1150 "' OS JS .... .. ., so 1.2 100 185 1 ... 105 l ,U )OJ ,.,_LID CLAY I .. ,. ..... 8.25 no~uo .....00 0112 ..... 0<30 _._,a NA NA .. NA .... DOD .. .. DOD 
3i32 .. , '150 1150 ,. DO .. ... 1 52 .. 50 " 100 "' 1.« .... 1« J.l' -t.IOCLAY 1 0.73 NA ·~9 .....uo -uo OV1 1 0470 0.«0 non-1.10 NA .. .. NA .... DOD ..... •• DOD 
32."4 6575 · tso 115 0 "' •• " .. , 52 .. so 1.2 10.0 107 1.45 "' us l .ll ,.._LID CLAY 1 0.73 •• 0 .. -LKl ..... uo 0910 ... ,. 0.440 ........ o •• .. ... .. ""' DOD .. •• ODD 
J26S ...,. 1150 1150 ... 0.1 ., 70.5 .. .. 50 1,2 100 1 ... ... 1 .. t<S l .t 7 ,__liO Cl.AY I 073 •• o.so ~...uo ........ ., .... 0470 O•<D """"-10 NA NA HA .. NA DOD NA .. 000 
J2.8f 6572 1150 115 0 1< 7 D! ,. .... ... ·~ 5.0 1.2 100 1 89 1,48 189 1<6 3.n nol'l·liO CLAY I 073 •• .. , ... ...uo nc!f'-liQ 0907 0.<70 -Q.A40 I'IO!'I·liO NA NA NA .. NA DOD NA NA 0,00 
J2.97 6570 11SC !ISO 0< 0 ... 3,< .... 5.0 < ,3 5.0 1.2 10.0 1.90 '-"6 190 1.415 3.11 ~·l!O CL.A'¥' 1 on •• IU D ncn-LIO r\O~LIO 0906 0, 470 o••o f'\01"1-ol\0 NA NA .. NA NA 0.00 NA .. DOD 
l 3 ! 4 8S69 11 5 0 11 5 0 13.• '·' 30 .... <6 JO S.D I> 10 ,0 1.91 1.•6 I " 1.-46 3.1 2 N~n-t.IO CLAY 1 0.72 NA ... nOt"t·UO non-1.10 .... 0.470 OA40 I'\On.UO NA NA NA NA " DOD NA NA DOD 
3~.:;o 6567 115 0 11 5,0 123 .. 33 11.6 ... ,. 50 12 100 1,91 ,., 101 1,&7 l .HI non·liQ CLAY 1 on NA 90\ ni)I"'·UO IW'I·LIC OOOJ 0 •10 D•40 ,...,..._.llO NA NA NA NA NA OOD NA NA DOD 

3"' ... , \ 1$0 11 5.0 12.6 ... •c "' ., •• 50 1,2 100 1.92 1.47 U2 1,47 3.22 nan-liD CLAY 1 on NA 9,57 nC"-LIO ""'"'-10 01102 -Q.A7Q o .. uo non-1.10 NA NA •• NA NA 000 .. NA DOD 
3363 .... 115 0 1150 136 OS 37 707 .. " 5D I 2 10.0 19J ... 193 ... 3.17 I'IC:In-l.IO CLAV I on NA . .. ..... uo non-1.10 0900 om .... non-liD ...... NA •• NA NA DOD .. NA DOD 
JJ79 ... , 1150 1150 13.5 OS 37 71.2 •9 " S.D 1.2 100 19< 1 .. 19< 1 .. , . f0"--l10 CLAY 1 0.71 NA ... , """""' non-UO .... 0 470 o.<•a ._uo .. NA •• NA NA DOD NA .. DOD 
3396 .... 1150 1150 122 o • ·~ 72.6 .. 37 so ,_, 

90 195 1<9 195 1<9 319 roi'I·UOCLAY I 0.71 NA 917 .....uo non-UO .... 0.470 0 4.il0 ......uo .. NA •• NA •• DOD NA NA D<Xl 
] .. 12 .... HSO 1150 111 OJ 27 72.6 .. 3< •• 1.2 •• 195 1<9 1 .. ,., 3.20 nan-1.10 CLAY ' 071 .. ... .-<tO ......uo .... .. ,. o•4D non.(.ID NA .. .. NA '"' DOD .. NA OOD ,.,. ... , \1 50 HSO 115 03 ,_. 70 0 .. JS so 12 •• '" 1.49 1.97 ... 317 non-t.ID CLAV I 0.71 NA OIS non-l/0 -uo .... 0 <10 Q.C40 -...oo NA •• •• NA •• 0.00 NA •• 000 
3••s .... 1150 1150 106 0.3 u 75Ji •• J 3 50 1.2 9 0 195 150 , .. 150 3.23 non-t.IO CLAY 1 071 •• 971 ncn-UO ~o-1.10 ..... 0<10 o.uo non-LID NA NA .. .. .. DOD NA •• DOD 
J•l51 1!!5.4 1150 nso IDS 0.3 2.9 75.3 .. 3 J so 1,2 •• 1.99 I ,SQ 199 150 3.2.C -.UQCL.AY ' 0.10 NA 1 .8• non-1.10 -Loa 0!92 0•70 0.4-'0 non-LID NA NA .. NA "" DOD NA .. ODD 
Jd78 6552 \15,_0 115.0 9 .9 0.3 JO BOO 3 .9 32 5.0 1.2 9 .0 l .OD 1.51 2.0D 1,51 3.29 nan-LIOCLAY 1 0 .70 NA 1052 non-UQ - Loa 0!91 0•110 0.440 non-UC NA NA .. NA NA DOD NA NA DOD 

34 94 ~551 115.0 \ISO •.. O.J J .2 83,4 '·' 3 2 so 1. 2 9 .0 2 01 1 51 20\ 1 51 3.33 non-UO CLAV 1 0 .70 NA ,,,s non-UO non-liO 0890 0 ,,70 0.440 I'IOn-LIO NA NA NA NA NA 000 NA NA 000 
3511 5541 1150 t1 S O 11 .0 0 .3 7.7 73.9 " 3• 5 0 1.2 9 0 202 1.52 2 02 152 3.:11 ,.,.uo CLAV 1 D 70 NA ••2 non•UO MtO·UO 011!8 0 .• 70 0440 non• 10 NA NA NA NA NA 000 NA NA 000 
J-!.27 65<7 1150 u sc 10.3 0 .3 " "" 39 3.3 s o 1.2 •• > OJ 1.52 203 "' 3.26 nclrl·llC CI.AY I 0 ,70 .. 1015 non-UD non-UO ... , 0.470 o.u o Mn>UO NA •• NA NA NA DOD .. "' DOD 
.35_43 .... 115.0 1150 10.2 03 2.9 nu l9 33 50 " 90 ..... 1,52 1.04 152 3.27 r,an-LIQ CLAY I 0.69 NA 10.2! non-l\0 ......uo .... 0,470 0 • .1.40 non-1.10 •• NA NA NA NA DOD "" .. DOD 
3560 .... 1150 "~ 1\.J •• 35 70.3 •3 36 50 1.2 •• 105 1SJ 205 ISJ 327 narK.IQ CLAY I 0.69 NA 10.21 ......uo ~uo .... 0,470 .... non-LIO "' .. ..... NA .. 000 ...... .. 000 
3570 ... , 115.0 1150 116 ... ,. 76.9 .. J ,S 50 1.2 •• 100 1SJ 206 153 J .2S rc11"1-lt0CU\Y 1 0.69 NA .... no<>l/0 ......uo 0.013 0<10 .... non-liO NA NA NA .. .. D<Xl .. ... 000 
JS9J 05< 1 1150 t·so 112 0.3 2.7 13,5 <. I 3.< 5,0 1.2 10 207 1.5< 2.01 1.5< 3.21 narH.IQ CLAY I 0.69 •• SJS non-\.10 .....uo ... , 0.•70 ..... non-1.10 NA NA NA "" "" 000 NA NA 000 ,. .. OSJ9 115 0 115..0 109 0.3 .. 75.3 .. ,. so 12 1.0 200 1.5< >.01 1,5< 3.23 r'OCII"--ltOC._..,Y 1 .... NA ... n-.uo -iJO .... 0 0•70 ..... non-liO NA .. ... NA .... 000 NA ..... DOD ,.,. 0537 1150 11.50 105 0.3 2.9 n .6 .. u so 1.2 •• ,_ .. 155 2.110 1.55 J .26 ,....liO CLAY 1 .... NA 10.09 -uo -ua otn ...,. .... I'IO,.liQ NA NA NA NA NA 000 NA NA D<Xl 
]6<112 iiSJ6 1150 1150 ... OJ ,. 73,4 •• 33 50 1.2 •• 209 \_55 2 09 ISS 3.27 I"'IM.IOCLAY I .... NA 1022 ~...uo r'ICti"+LIO 011!17!1 0.470 o••o non-1.10 •• NA NA NA "' 000 "" ""' DOD 
365a OSJ' 1150 115.0 ID S 0.3 " n.9 •• J .3 ~.0 12 90 2, 10 1.55 2.10 155 J26 noM•LIO CLAY I ... NA 10,14 .-.o-LIO non..LJO 0 .11!176 0,<1110 .... fiOn-L10 •• NA NA NA NA 000 .. NA 000 
36 75 6533 1150 115,0 105 0,3 2.9 78.0 .. 3,3 5.0 1.2 90 2,11 1,50 2.11 1.515 ,_,. noM.IO C LAY \ 0.68 NA 10 .15 nc.n-UO non-LIO 0 11!175 0.470 0 440 roon-LIO NA NA NA NA NA OOD NA NA 000 
)5.91 65Jt • t S'O 1150 10 3 0 .2 " 1:2.0 " J . o s.o 12 •• l.t2 , .. '-" 1,56 3.19 rooto·liO C LAY I 0.6B NA i .07 nott·LIO not\-LlO 0874 0.470 04-40 nOt'I·UO NA NA "" NA NA 000 NA NA DOD 
]7.08 6529 t1SO 1150 •• 02 2 0 75 ,1 JO JD 5.0 1.2 •• 2,;3 1,57 2.1] ,., 3.23 -.LIO CLAY I 067 NA 982 noro-LIO n~uo 0872 0.470 Q4..t0 1\C"•UO "' NA NA NA •• ODD NA NA ODD 
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Liq uefact ion Analys is w ith Co ne Penetrat ion Test (CPD Data 

Uni!Wt lght 
Strt.nii.S at 

Stresses at Design Normali zation or Tlp Mu Cyclic N orm. 

""' 
Po~t-U q. L;~yer 

FrieL E~tpk)ratlon W~tr SoU Type Fl~ll Con •c:llon SM• r Shear Vol. Vol, POlt.t.lq , 
Ot' pth E~v. fpc f) .. '· E~utv, Equfv. Equlv. W;~ter l,evel , Chara c1 tr Resistance Settle, Po1t.Uq . R• tlo % Fine" . • love! ModufUI Sl r.lln Str .Jin SIU1ln Se.H\1, ... IN, ... IN,)oc• .. . ; .. .; !S-'NO, SILT or 

"- ·~ •• IN,lMCI •• 
(ft( tii...,Sll 

y·_ , y· ... ~ 
(lsi) (tsfl (".I.( (Il l) P•~ , ... "'" 

~ ,_,.UOCI.AV) " c. .... <• (q •• .J- CAR,.. '• CSR. cs"' , .. , • Its f) ,.;,I 1%1 f in) I~ I (In) 

3714 5520 1150 tlS.O 101 0.3 3o 009 •• ll sa 1.2 •• 21< 1.57 ~ .. 1.5'1 '"' -uotLAY I . ., NA 10 .. ......ua .........., 0811 0~70 o .... ........ , . NA NA NA NA NA ODD NA NA ... 
J7."1J 052.6 115.0 H SD 10 .5 0.3 2.0 763 ., 3• •• 12 •• 2.15 IS! 2.15 150 32< non-UO CV.Y I 067 NA 915 ......uo ,_uo 00"' .. , o.uo ....... ,. "" NA "" NA NA ODD NA NA aoo 
3757 652.4 1150 1150 122 o• 33 75_3 ..• 31 ... 12 •• , . 1 50 2.11 ISO 3.23 l'W'-UO C I.AY I 061 NA .... no~uo non.UO .... 0470 0.440 ....... 10 ..... NA NA NA NA ODD NA NA ODD 
3773 5S2J 115.0 ' 15.0 IU OS ,. ;ss •• •• •• " IDO ~17 1 59 2.17 159 3.25 1'0!\-UOCLAY I 061 NA UD nu>liO ......00 OSI7 0,470 O•AO non-LIO NA NA 'lA NA NA ODD NA NA DOD 
31 .30 652,1 IISO '150 "' 05 l5 "' " <2 so " 100 ,. lSi 2.10 IS! 3.18 nGI\-UOCLAY I 0 61 •• 1.01 non-1.10 -uo 0 ... 0C70 o .. uo "'n-LIO NA NA NA NA NA ODD NA NA 000 ,..,. 6'5 1 9 ftSD \150 •J,!o .. >1 73 0 .. • I so 12 100 '1 Ul 1:59 '" ... >21 ,_...LIOCl.A.'I' I ... NA .,. LIO rw>I'I·LIO .... . ., . o••o ......... NA NA NA •JJ, .. ODD "' NA 000 
Ja.Z2 ss1e 1''50 1150 IJ3 .. 3 .0 70.9 • .o J.9 5.0 1.2 10,0 210 1 60 2.20 110 3.P ~liO CLAY I .... NA 8.67 110n·LIO I'IO!"!·LIO 0013 0<170 0.<~40 non•l!O NA NA NA NA NA .... .. •• OOD 

:•n• 6516 · ·~ .o , 150 '3,7 •• u 73 6 5.0 .. 5 0 " 100 2.21 160 211 100 3 21 ,..on.IJO CLAY I ... NA .... non-LID ~-uo 0182 0470 0.440 ,.,_L!O NA NA NA NA •• DCO NA NA ODD 
l!-'55 65 1 5 11~0 1150 "' •• " 706 " ., 50 " 100 222 161 2.22 "I 317 "OO"'·LIO CLAY ' 0 ,66 NA "' ~-LID ~LID 0160 D•iO .... -.LtO NA .. NA NA NA coo NA NA 000 
Ja.72 .. , 1'~ 0 1150 156 •• 38 702 56 .. 50 " 100 213 '" 2.23 1 5 1 3:6 "'n-UO CV.Y ' 0.66 NA .,. non-UO rcn-l!O DISS 0<111 o.uo fiOI'I-LIO NA NA NA NA NA DOD NA NA ... ,. .. .. , 11~.0 1150 >51 06 37 506 S,7 •• 5.0 " 100 u• . .., 2.2• 1!2 '" Nln-UO CtAV I 065 NA 0 .. ncn-LIO ncn.LIO 0150 .. , OAAO non-U<l NA NA NA NA NA ODD NA NA OOD ,. .. 6510 1150 115 0 >53 05 33 580 53 •3 50 '2 10.0 ~,. 162 2.24 162 313 roon-U0 Ct.AV ' 0.65 ... 130 non-liO l"'lln-1.10 0150 0 <10 .... non-LIO NA NA .. •• NA DOD NA .... ODD 
39>1 6500 llS:O 1150 1H 05 ,. 71' ., ., 50 I 2 100 us 152 ~25 ,., 310 r.on-UO Cl.AV I 0.65 NA 091 -uo -uo 0.155 0.•70 0 <'0 _,,. NA NA NA .. , "' .... .. NA ... 
.Ji.J7 .... I ~5 D 1150 132 05 lO 76• •• •o so 1.2 100 ~20 153 2.2& 113 32' -.uo ct.<V I 005 NA 9.17 ~uo t'ICII'IolJO .... OC70 0 .4.t0 """'uo NA NA NA •• NA ODD NA NA ODD , .. &505 11!.0 115.0 ILO •• . , .,. .. 30 so " 100 "' 1.63 2.27 113 J.32 non.ltO Ct.AV 1 065 NA lOllS fiOII\oUO ..... uo 0152 O A10 .... -uo •• NA •• .. NA ODD NA VA ... 
3?70 ""'' 1150 1150 11.9 •• J• , .. .. 3,1 so 1.2 so 2,. 1.6• 2.28 u• J.21 non-liQ CLAY I OS> NA 10.23 -ua nor.-UO 0151 0,-41'0 o.•AO non-t.IO NA NA "" ~· 

.. 0 .00 NA NA DOD 
JHS 650' 1150 115.0 1>2 •• •• 80.6 5. 2 • .2 S,O " >0 0 2,2! 1,64 ~,. 1 ... 3.2! ~l!OCLAY I .... NA 10 13 ,-,on.UO non·LIC ..... Q, H Q ()._440 non-LIO NA NA NA NA NA ODD NA NA 000 
t,O{)J ssoo 115.0 11 5 .0 22.5 OJ 1 3 43.6 6 2 50 5.0 1.2 11,0 2.JO 1,65 2.:;Q 1.65 ~76 f'!Of'I-LIO CLAY I 0.64 NA ... MOt'I·LIC no""LIO 0.848 0,470 0 ,440 IIOf'I·UO NA NA NA NA NA ODD •• NA ODD 

"' " 6498 1150 li S .O 5 1.1 OJ •• '" 107 ... " 1,1 1'2.0 2.31 ,,., 2.31 1.65 ~ .. SAND ·~ 0 80 39 1 • • 60 0.100 01!14 7 0 •111 0 .440 0 23 •• NA NA .. N>\ DOD .... ,., 005 
40..36 6496 1150 1150 42.3 •.. 09 '23.!1 .. 16 •.2 1.1 11 0 2.32 1,65 2.32 1 6S 2.33 SA. NO OS 0.00 32 2,06 .. 0.107 0846 0.470 0.440 0 .24 NA NA NA •• NA DOD 10.00 2.62 0.05 
• 0 52 6495 1150 115'J "'' .. .. 50.1 62 .. •.. 1.2 11 0 UJ 166 ~33 161 ~ .. f'tD"•LIO ClAY ' ..... NA .... non.UO 1'\0'\oLIO OOAA 0.470 0440 not~-LIO NA NA "" .. NA 000 NA NA ODD .., .. ..93 1150 1150 12.6 •• 3.2 151 '·' ,. 5.0 " 100 2.3< .... 2.,. 166 J .23 F1CW\-l10C.LAY I .... •• 11.73 non-UO -uo 08-43 0.<10 0•40 non-t.IO NA NA NA NA NA ODD NA .. ODD .... 6•92 tiSO 1150 1A6 •• 21 67.5 S.l ... •• 1.2 100 235 1 .61 2.3S 161 3 13 non.U0 C.L.AY I 063 "" .,. non-1.10 non.UO 08A2 0 .470 ..... non-1.10 •• NA NA "" ·"" .... NA NA OOD 
4t a· 6A90 1150 1150 ISO OJ 20 61_4 ... 39 so " 100 ~36 1.67 236 1 61 3 DA n:Jn.UOC.LAY I 0 .63 ... 7.>3 non.l10 -uo 08AO 0 .470 0440 non-<.10 NA NA ... NA NA ODD NA •• DDD 
•I Ul ... o \150 115.0 122 0.3 25 12.6 .. J5 ! 0 12 •• Ll1 1.66 >.37 1 .. J.1SI r>on-UDC.LAY I O.Sl NA 117 no..UO non-LID 0.&:19 o•"' 0440 """'-10 NA NA NA NA .. ODD NA NA ODD .,,.. ... , HS.O H S.O 11 .5 OS •l .... .. lO 50 12 10,0 DO 1 68 ~30 1 .. 3.31 -uDC.LAY I 0 .13 NA 1174 -uo -ua OllJII O.A70 .... """'-'0 NA NA NA NA NA ODD NA NA ODD .... fi48$ 1150 1150 130 OJ u 69 2 .. J6 ... " 90 239 >.68 239 168 liS f'IOnoLIO CLAY I 0.63 •• ... -uo non.UO ~836 0 470 o•40 "~10 NA NA NA NA NA ODD .. •• OOD 
•167 &d3 1150 P~O 15.0 o.s 33 111.7 5.• •.2 5.0 " 100 2 ... 1 69 2AO 1 .. ~" PIOn•l iOCL.AY I 0.6.! NA 5 ,14 ·~uo ,..,.,,. 01135 0•70 04"10 non-liD NA NA .. NA NA DOD NA NA 0.00 
•l BJ 648'2 1150 115.0 119 ... 5.0 72.9 6.> 5.2 5.0 1 2 11 0 2,•1 , .. ~ .. 1,69 J.~ ~UOCI..o'Y I 0.63 NA 1:'23 """'-10 11on-LIO 01!34 0470 o.••o "<!n·LIO NA NA •• NA NA aoo NA .. 000 
<1 2,00 64BC 1150 115.0 ,., 1,1 ., 59.0 " •• 5.0 I 2 13,0 2.•:z 1,70 2,4, 110 3.0 1 no,...uo CL.AY I 0.62 NA OOJ t'IOII•l iO 11on·l l0 0 832 0 470 a.u o IIM·LIO NA NA NA NA NA DOD NA NA 000 
•2.16 6•711 1150 1'5.0 37.1 •• 1.& 3 1.0 " '·' ..• 1.2 13.0 2<2 1.70 ~·2 1,70 2 ,51 s""o 0.5 019 ,. '2,11 19 0.126 01)1 0470 0.440 0 29 NA NA •• "'' NA DOD 900 2.77 DDS 
<~~232 647.7 11$0 115,0 "' o.• DO 19,1 11.2 0.0 J .S 1.1 130 '2.43 1.71 ~·3 111 2.20 .... 05 079 39 1 ... .. 0.106 0830 0470 0440 0 2• NA NA NA NA NA ODD 1100 2 •6 DOS 
•2<9 647 5 nso 115.0 ... •• .. 30.0 107 .. • .7 12 ... 2.44 111 ~ .. 171 2." SANO o .s 0.19 ll 2.70 .. 0 .1« 0020 0 • .C7Q 0 4•0 DJ3 NA NA NA NA NA aoo 1000 261 005 
•2.65 .. ,. 115.0 115.0 llS 1,1 33 47.9 ., ,. 50 1.2 1<0 2<5 111 ~ .. 171 2.13 ,_..liOClAY I 062 NA 507 ........ 10 ......uo . .,, o . .cro o ... ~LID NA NA NA •• NA 000 NA NA ODD 
•282 6472 1150 lfS..O ,.~ 0 1 30 A9 2 .. •• •.. 12 130 2. .. 1n 2 .. 1n 2.06 no~'<LIOCLAY I 062 NA 5.21 ........, ......... 0120 0.470 04•0 non-1.10 NA .... NA NA NA ODD NA NA ODD 
•uo 6470 1150 1150 21 3 •• ,.. 511 !1 •• 50 1,2 130 2<7 1.n 2.<7 1n ~ .. ~liOCLAV I 0.61 •• S58 -uo ......ttO 012• o•"' .... non.UO ... NA NA NA NA DOD NA NA ODD 
•J..I5 6461 1150 1150 100 0.5 " 62.1 •• " 50 1.2 110 ... 113 2.AO 113 3.05 ~uocL.AY I ... NA 735 ......uo non-UCJ 0823 O'"' 0.440 l'lan-LIO NA NA NA N.A NA ODD NA •• ODD 
•331 .. ., 115 .0 1150 11 0 0,3 2.5 7Ed .. l5 5 0 1.2 9.0 2•9 1 13 2<9 113 12< 1"01"-LIOCLAY I 0.61 NA 9!1 """"''a !"'crH.ID ... , o•1o 0.•40 ,..,_LIO NA NA NA NA NA OOD NA NA ODD 
43 47 5-465 1150 115.0 11.& 0.3 2,5 ,., .. 35 5.0 " 90 , ... 1 7< ~50 11A 3,2-4 I'Oti·UCCl.AV I 0.61 NA 9. 03 I'\OnooliO non.UO 0.820 0 470 0,440 ~"~MollO NA NA NA •• NA ODD NA .. ODD .. .. 648. 11 5.0 115.0 12.3 O.J ' ·' 130 " 35 5.0 1,2 9.0 2.51 ,,. 2.5 1 17< 3.21 1'01'1-LIOCt.A'I' I 0.51 NA Sl.•o nort·LIO Mr~-LIO 0.8151 Q,.C70 o.uo P'IOn-LIO NA NA NA .. NA .... NA NA ODD 
•3BD 5415""2 115.0 115.0 11,.4 0.3 26 78.6 .. H 50 1,2 90 2.52 1.7.:1 252 17< 3.27 I"\O.,·LID CL.A'I' I 0,51 NA ~0,26 MDn-l!O ~~C~n·L IO 0,.!1& 0470 0.4•0 non-UO NA •• NA .. NA DCO NA NA 000 
097 &•60 1150 115,0 11 1 03 27 .... " ,. 50 1.2 90 253 115 253 1 75 3.29 ~l:f'loLIC CL.A.V I ... NA 1080 non-liO non-UO 0.516 0.470 0.•40 r\01\-I.IO NA NA •• "' NA ODD NA NA ODD 
441J &45~ 115 0 llS..O 10.• 0,3 ,. ••s • 2 33 5.0 " •• 2.5< 175 

~·· 
1,75 33' f'IOI'Iol.IO CLAY 1 0.60 NA 1142 ron-LIO non.Uo 0815 0470 0.440 non.LIO NA NA •• NA •• ODD NA NA OOD .. ,. .. ., 1150 1150 10,6 O.J 2.0 031 " 33 5.0 12 90 2.5S 1.76 2.55 115 3 ll f'IOnoUOC.t..AY I 0 80 NA 1121 non.UO -uo 0.114 0•70 0 ,440 f'IOI'\•UO NA •• NA "' NA ODD NA NA OOD .... .... 1150 1150 102 03 29 85.5 '2 33 S.O 12 10 2.56 116 2-56 "' 3.36 ~ClAY I 0.60 NA 1173 non-Uo -.tiO Olt1 0470 o.uo -uo NA NA .. .... NA ODD .. NA OOD 

.462 S45 . .4 1150 1150 103 03 2.9 ~6-0 •2 33 50 1.2 00 2.51 1n :2.5f 1n 3.36 -uQC\.AY I .... NA 111<2 nan-UO nan·UC 0111 0470 0.440 -uo NA NA NA NA NA ODD NA NA DOD 
44;9 .. ., 1150 115.0 10.6 o• 30 .. , '·' 35 50 " 10 ~50 >.n 2.51 1.n '" f\Ofto.UOCt..AV 1 060 NA 12..C1 I'IOftrLIO ...-uo ..... 0<10 OAAO non.l10 NA NA NA NA NA ODD NA NA DOD .... .... 1150 1150 113 O• 3S 15.8 .. 35 50 , 1.0 ~ .. 1n , ... •n 3 36 f'IOI'IoU0Cl.AY I 0 ... NA 1160 -uo r"~GnolJO 01101 0 A10 ...... n....UO NA .. NA NA NA ODD NA NA OOD 
•s ,, 64~ 9 115.0 nso 112 o• 3,1 .!6.6 .. 30 50 1.2 9.0 259 ue 2~9 Ul ~36 rocn-U0 CLAY 1 0.59 "' 1174 non.uo nan-UO 0001 0 <10 o•<a -.LIO ., NA NA NA NA 000 "' NA DOD 
•52! ... , 1150 '150 n.l OJ 21 .. , " 

,. s .o " 90 2.10 110 2.10 1,1! 3.2! 1\0n-liO CLAY I 0.59 NA 10.57 roon·UO non-UO 0106 0.470 o • AO lll)tloUO NA NA " NA •• 000 NA •• DOD 
-45.44 5-'4.6 n so nso 10.• OJ ,. 

"0 •.l ll •• 12 90 261 1,79 2,61 1,79 J ,J6 roon4.10 Ct..AY I OS! NA 11B3 nc,..UQ non.UO OI!OA 0,•70 o•4o 1101'1-L.lO NA NA NA NA NA DCO .. NA ODD 
• 5.61 544• H50 ' 150 •o• .. 37 59~ .. 3S 5.0 >.2 9.0 262 1,79 2.52 1.751 , .. 1\0/'!·LIO ClAY ' 0.5! NA I D O Mn·LIO MOn·LIO 0.103 0.•70 0 ,440 M I'I·I.IC NA NA NA NA "" DOD NA NA ODD 
.. n ... , 11$,0 ~ 15 0 1 1, \ .. 3.6 .!7.7 ..• J.S 50 12 9 0 263 1.80 2.13 1 ,00 3.39 ~LIOCLAY 1 0.5! NA 11 .96 I"\Or\-LIO noi'\-LIO 0.802 0,470 0.440 non.LIO NA NA NA NA ~· ODD NA NA ODD 
.4533 54•1 1150 ; 150 ., o• 36 !7.9 " J6 5.0 >.2 •• 2 .. 1.00 l6A 140 330 r,on.LIQ ClAY I O.S'l NA 11 .. -uo -.uo 0000 o•7o o.uo non-1.10 NA NA NA NA NA 000 NA NA ODD 
4610 ...,. 1\50 ,so ILA OS .. 83 51 u so. ll ICO ,.. 1,81 us 101 3.~ nOI'hUO Cl.AV I 0.59 .... 11.50 ..... u o """'-10 ., .. 0 •70 ..... non-liO N A NA NA NA " ODD NA NA 000 .. ,. fli4l.7 11!,0 1150 

·~· •• •2 "' s.o u 50 1.2 100 210 1.81 l56 101 3-" non-LID ClAY I 050 NA 11.13 .....uo ~uo . ,.. 0 .460 o•JO ......... •• NA •• NA "" ODD NA .. ODD 
46.43 6Al6 1150 1150 ~~ 05 •2 '" •• 31 •• 1.2 100 217 1.81 2$7 101 3.28 Nlnot.IO CLAV I o.sa NA 11 .. ..... uo -.uo 0156 o•oo OAJD """'-'" NA NA NA NA NA ODD ... • • OOD .... .. ,. 1150 1150 l1.9 05 •2 ... •• 31 50 11 10.0 268 1.&2 , .. 1.82 3.39 ron-t.IO Cl.o'Y I 0.50 NA 1200 -.liO -.uo 0,105 OA60 0.'30 ....... ,. NA NA .... .. NA ODD NA NA ODD 
«.15 ..03 1'5,0 1150 >2.J OS " .. ~ ., ,. so 1.2 10.0 , .. 1.82 269 1,82 U6 I'IOftoliOCt..AV I o .sa .... 1119 ......00 non.UO 019A OASO 0'30 _,10 NA NA ... "" NA ODD NA NA ODD .. ., 5All 1\!0 t 150 \2.3 as '·' ... 51 ,. 50 1.2 10.0 >.10 1 83 2.70 103 3.31 """"'-10Cl.AY I osa NA 11 ,71 -uo -uo 0712 o .... OAJD non-UC NA NA NA NA NA ODD NA NA ODD 
<700 "29 11$0 115 0 12< OS .. ... ., ,. so 1.2 100 2,71 I ll 271 Ill 3 :!6 fiM-LIO CLAY I 058 .,... 1' 63 1'101\oLIO ..... uo 0191 0 A60 0."20 ....... 10 NA "' .. ~· NA DOD NA NA ODD 
47 ~5 154:(.6 !ISO n so 12. 1 05 A. I .,, S.l J .! 5.0 1.2 10.0 '2,72 1,.!4 2.12 1 .. 33! 1'101"1-1.10 CLAY I 0 .58 NA "97 IIC?1·UO IIO~'<LIO 0719 0.460 0 AJO non.ua NA NA •• NA .. DOD NA NA 0 00 
4i d1 s.ca P SO 115Cl ,5, 1 as 3 3 7J.9 5,5 •.2 s o ' 2 10.0 '2 .'73 1 ... '2.73 u • J ,21 P!On-LIO CLAY I 0.58 NA 9<2 IIOf\-UO "''))"'•LIO o?e.e 0.460 o.•lO !'IOr!·liO NA NA NA NA .. DOD NA NA 0 00 
~1 57 .. ,. 11! 0 1150 ,., 05 ,. 75.4 s.s ., 5 ,0 1.2 10,0 2.74 1.0< 2 ,74 1,8 4 3.2~ IIOI"'•liOCIJ.Y I 0 .51 NA 901 M r.·L!O non-1.10 07&7 0.460 o•JD 1'\on•liO NA NA •• NA NA 000 NA NA ODD 
47 i4 642,3 11$0 1150 113 •• .. 93.0 so 3.1 50 1.2 10.0 2.75 1.65 2,75 105 ].44 r\01'1-l.IOCIJ.Y I 057 •• 12.96 11on-LIO no11-lJO 0715 0.-460 0.430 f'IOI"!•tlO .. NA .. NA NA ODD NA NA ODD 
<1.90 .. ,I 1'50 1150 117 •• .. .. ~ •.o ,. 50 1., 9.0 215 1.85 2.7$ 105 3 JS I\OI"t·UO CLAV I 057 NA 11 ,60 non.l10 IIOI't>liO 01 .. 0<60 """' ~LID NA NA NA NA NA ODD NA NA ODD .. ., 6•1 9 ,.,0 11SC ,,. •• .. 92.7 S.D lS 50 12 100 2.76 1.06 ,. 116 3'3 1'0'\ot.IOCLAY I 057 NA 121!11 -uo non-1.10 0703 ..... """ ~1.10 NA NA NA NA NA 0.00 NA .. ... .. , 6.C11 1'$.0 115.0 I 13.4 •• .. !5.7 5.5 " 5.0 12 100 2n 106 >.n 106 3.35 non-UQC~Y I 0.57 NA 1157 ,.,...._., non-liQ 0741 0'60 o • lD non-LID NA NA NA NA NA .... NA NA noo 

"'" 6416 1150 1150 13,& •• .. ... ,. <2 50 " 10.0 278 117 i-78 "' 33' norH.JOCI.AY I 057 NA 1l41 -uo .........., 07SO 0.'60 0A30 -'.10 NA ... NA NA ... 000 •• NA ODD ..,,. .... 1150 1150 130 •• .. 87,9 55 .. so , 10.0 279 t.87 2.79 101 J . lO ...,.LJQCl.AV I 057 NA 12.00 -uo "<M.IO 0.779 o ... 0<30 """''0 NA •• .. NA .. DOD NA •• ODD 

"n 6413 1 1SO 1150 IU 01 .. .. ~ H •2 50 1.2 100 280 1.81 ... '.1!17 l.35 '117'-LIO ClAY I ... NA "" nOA-UO -uo one 0 ... OAlD non.I..IO NA NA NA .. NA DOD NA NA ODD .. .. IJ4 I l ·tso 1150 1<2 •• '2 62 •• ~1 • .2 50 1.2 '10.0 2.11 1 ... 201 1 ... 3.32 ~LIOCLAY I 0.56 NA IO".V& non-1.10 """'-IO o.m .... .... f'IOI"'oliO NA NA NA NA NA DOD NA .. DOD 
t.i.OS 641,0 "150 115.0 151 06 • o 78 .6 50 ... 5,0 1.2 10.0 U2 l.SB 2.82 1.88 321 nMoUO ClAY I ... NA 10,27 t~on-LlO non-LID o n5 . .... OAJO N)rlo\. 10 NA NA NA NA NA 0.00 NA .. ODD 
49.22 540,8 \1 50 1 15 .0 15.2 0,7 •• e1,6 6.0 •.5 5.0 1.2 10,0 2,83 1.es 2.83 1.!9 3.31 Nln-LIQ ClAY I 0.56 NA 10.12 rn:n.LIO """'-10 0.773 0.460 0.-430 non·LIO NA NA NA "' NA O,DD .. .. ODD 
49..JS 640 5 1150 1\SO 16_3 0.8 " 80.3 " .. 50 " 11 0 2.8• 1.a9 28< ... l .2S non.LJQ CLAV ' 0.56 NA 10.S7 11cn-LIO ~"~M-LIO om 0.460 0.430 ,on·LIO NA NA NA NA NA 000 NA NA 000 
•9 5-d .. 0 5 1150 115.0 210 Ot <l .... " 5.5 50 " 120 2,85 1.9(1 2 85 '·"' .3,14 non-LIOCl.AV I ... NA ... I\OI"'·LIO 110~liO om 0.•60 0430 ~uo NA NA NA NA NA DOD NA NA ODD 
•971 ~40l 1150 ns o 11.9 '0 5,0 73.6 7.3 55 so 1.2 12 0 2.01 190 2. .. 1.90 J .21 non·LIO CLAY I ... NA 830 ...... uo non.UO 0769 0 A61l OAlO ftOI"toliO NA NA NA NA NA 000 NA NA 000 
4987 640. 1150 1150 190 " •• 78.4 73 •• 50 1.2 ILO . ., 1.90 ~" 190 3.27 nan-t.IO CLAY I OSE NA 1023 """"" ..... uo .,.. .... 0<30 ......t.IO NA NA NA NA NA 000 NA NA ODD .... .... 1150 11!tD ,., 

" •• 81 •• 1.• 55 50 1.2 12.0 2.88 191 ~ .. 1.!11 l .311 nan-LIO CLAY I 055 .... 10.79 non-UO non.UO 0.151 0 .... OAlD ........ ,. NA NA NA NA NA ODD NA NA 0.00 
5020 6390 1150 1t50 211 1,3 " 76.3 1.! •• 50 1.2 110 2.S9 1 91 ,. .. Ill 32• I'ICJI'IoUOCl.AY I 055 NA ... ~ non.UO 0765 .. ... .... """'-'" NA NA NA NA ... ODD NA NA OOD 
503< .,.. 1150 115.0 286 I 5 52 63.' 96 " '>0 " lAO 290 1 92 290 192 307 ,._uotL.AY I 0.55 •• ,., ....... ,. """"" 07 .. o .. o o • lD f'IOI"'·liO NA NA •• ..... ... DOD NA NA ODD 
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SR57 .OUT 
0*060 ~6****~C~~~O~~~-~O-~~*~O····~··•**~***~***~*OOOO*****~*~O QO~~~··~A******** 

SR-57/SR-60 Confluence Projcc , Phase I Grand Avenue WB on-Ramp, 01/30/2012 SP 
HP 10 X 42 
**6 ~* ******G**************A******************** **•***************~* * **********ft 

SOIL DATA 

NUMBER OF SOIL UNITS = 
DEPTH TO WATER TABLE = 
UNIT WEIGHT OF WATER = 

7 
17 .00 ' 
.0624 kef 

cac Cat SOIL DEPTH UNIT \'IT. CLAY : C (ksf) Nc 
UNIT (ft) (ft) (kef) SANO: PHI (deg) Nq Khc Kht delta (deg) 

1 
2 
3 
4 
s 
6 
7 

. 0 -
8.0 -

17 .0-
25.0 -
33 . 0 -
43.0 -
53.0 -

8.0 
17.0 
25 .0 
33.0 
43 . 0 
53.0 
80.0 

.llS 

.115 

. 115 

. llS 

.JlS 

. llS 

. 115 

CLAY 
CLAY 
CLAY 
CLAY 
SAND 
CLAY 
CLAY 

1. 80 
1. 80 
) . 80 
1. 80 

33 .00 
1.60 
2 . 40 

PILE DATA PILE TOP PILE TIP 

DEPTII 
CIRCUMFERENCE 
CROSS-SECTIONAL AREA = 

.00 
3.300 
.0860 

78.00 ' 
3.300' 
.0860 ft2 

PILE STIFFNESS AE/l 
DISPLACEMENT TO MOBILIZE FULL SK IN FRICTION 
DISPLACEMENT TO MOBILIZE FULL END BEARING 
DEPTH INCREMENT FOR CAPACITY CALCULATIONS 
FACTOR OF SAFETY FOR SKIN FRICTION 
FACTOR OF SAFETY FOR END-BEARING 

0. 
0 . 
0 . 
0 . 
0. 
0. 
0. 

. 37 

. 48 

.55 

.60 
1. 00 

. 60 

.63 

. 37 

.48 

. 55 

. 60 

. 67 

.60 

. 63 

28.00 

99999. ki ps/ft 
1.670E-02' (= 2.004E- 01") 
6.700E-02 ' (= 8. 040E-01") 
1 .00' 
1.00 
1 .00 

SOIL DEPTH EFF. UNIT SKIN FRICT UNIT END CUM . FR . END CAPACITY 
UNIT STRESS COMPR . UPLIFT BEARING COMPR . BEARING COMPRESS UPLIFT 

(kips) (kips) (kips ) Cft ) (ksf) (ksf) (ksf) (ksf) (kips) 

1 .00 
1 1.00 
1 2.00 
1 3.00 
1 4.00 
1 5.00 
1 6.00 
1 7.00 
1 8 .00 
2 8 .00 
2 9.00 
2 10.00 
2 11.00 
2 12.00 
2 13.00 
2 14 . 00 
2 15 .00 
2 16.00 
2 17.00 
3 17.00 
3 18.00 
3 19 .00 
3 20.00 
3 21.00 
3 22.00 
3 23.00 
3 24.00 
3 25.00 
4 25 .00 
4 26.00 
4 27 . 00 
4 28.00 
4 29.00 
4 30 .00 
4 31.00 
4 32.00 
4 33.00 
5 33.00 
5 34 .00 
5 35.00 
5 36 .00 
5 37.00 
5 38 . 00 
5 39.00 
5 40.00 
5 41.00 
5 42.00 
5 43.00 
6 43 .00 

. 00 

.12 

.23 

.35 

. 46 

. 58 

.69 

. 81 

.92 

. 92 
1.03 
1.15 
1 . 26 
1. 38 
1. 49 
1. 61 
1.72 
1.84 
1. 95 
1. 95 
2 . 01 
2 . 06 
2.ll 
2 .17 
2.22 
2.27 
2 .32 
2.38 
2 .38 
2.43 
2 . 48 
2.53 
2.59 
2. 64 
2 . 69 
2 .74 
2 . 80 
2 . 80 
2.85 
2 .90 
2.95 
3 . 01 
3 .06 
3. 11 
3 .16 
3 . 22 
3 . 27 
3.32 
3 .32 

. 67 

.67 

. 67 

. 67 

.67 

. 67 

. 67 

. 67 

. 67 

.86 

.86 

. 86 

. 86 

.86 

. 86 

.86 

. 86 

. 86 

. 86 

. 99 

. 99 

.99 

. 99 

.99 

.99 

.99 

.99 

.99 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1. 08 
1.08 
1. 08 
1. 49 
1. 51 
1.54 
1.57 
J . 60 
1.63 
1. 65 
1. 68 
] . 71 
1. 74 
1.77 

. 96 

. 67 

. 67 

.67 

.67 

. 67 

. 67 

.67 

.67 

.67 

.86 

.86 

.86 

.86 

.86 

.86 

.86 

.86 

. 86 

.86 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.99 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1 .08 
1.08 
1.08 
1.00 
1.02 
1.03 
1.05 
1. 07 
1.09 
1.11 
1.13 
1.15 
1.16 
1.18 

.96 

.0 

.0 

.0 

.0 

.0 

.0 

. 0 

. 0 

.0 

.0 

.0 

. 0 

.0 

.0 

. 0 

. 0 

. 0 

. 0 

.0 

. 0 

.o 

.0 

.0 

.0 

. 0 

.o 

.0 

.o 

.0 

.0 

.0 

.0 

.o 

. 0 

.0 

. 0 

. 0 

.0 

.0 

. 0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

. 0 

.o 

.0 .o 
2. 2 .0 
4. 4 .0 
6.6 .o 
8.8 . 0 

11.0 . 0 
13.2 .0 
15.4 .0 
17.6 .0 
17.6 .0 
20.4 .o 
23.3 .0 
26.1 .0 
29.0 . 0 
31.8 .0 
34.7 . 0 
37.5 .0 
40 . 4 . 0 
43.2 . 0 
43.2 .o 
46.5 .0 
49.8 .0 
53.0 . 0 
56.3 . 0 
59 . 6 .0 
62.8 .0 
66. 1 .0 
69.4 .0 
69.4 . 0 
72.9 . 0 
76 . 5 . 0 
80 . 1 . 0 
83 .6 .0 
87.2 .0 
90 . 8 .0 
94.3 .o 
97 .9 . 0 
97.9 .0 

102 .8 . 0 
107.9 . 0 
113.0 .o 
118.3 . 0 
123.6 .o 
129 .0 . 0 
134 .5 . 0 
140.1 . 0 
145 . 8 .0 
151.6 .o 
151.6 .0 

Page 1 

.o 
2.2 
4.4 
6.6 
8.8 

11.0 
13.2 
15.4 
17.6 
17 . 6 
20.4 
23.3 
26.1 
29.0 
31.8 
34 .7 
37.5 
40 . 4 
43.2 
43 . 2 
46 . 5 
49 . 8 
53.0 
56.3 
59.6 
62 . 8 
66 . 1 
69 . 4 
69 . 4 
72 . 9 
76 . 5 
80 . 1 
83 .6 
87 . 2 
90 . 8 
94.3 
97.9 
97 .9 

102 . 8 
107.9 
113 .0 
ll8.3 
123.6 
129 .0 
134 .5 
140 . 1 
145 . 8 
JSl. 6 
151.6 

.0 
2.2 
4.4 
6 . 6 
8.8 

11.0 
13 .2 
15 .4 
17 .6 
17 . 6 
20 . 4 
23.3 
26 .1 
29.0 
31.8 
34 . 7 
37.5 
40.4 
43. 2 
43 .2 
46 . 5 
49.8 
53.0 
56.3 
59.6 
62.8 
66 . 1 
69.4 
69 . 4 
72.9 
76.5 
80.1 
83.6 
87 .2 
90.8 
94 .3 
97.9 
97 .9 

101. 2 
104.6 
108 .0 
111 .5 
115.1 
118 .7 
122.4 
126.2 
130.0 
133 .9 
133 . 9 



SR57.0UT 
6 44.00 3.38 .96 .96 .0 154.7 .o 154.7 137 .0 
6 45.00 3. 43 .96 .96 . 0 1 57.9 .0 157 .9 140.2 
6 46 .00 3 . 48 .96 .96 .0 161.1 .0 161.1 143.4 
6 47.00 3.53 . 96 .96 .0 164 . 2 .o 164 . 2 146 . 5 
6 48 .00 3.59 . 96 .96 .0 167.4 .0 167.4 149.7 
6 49.00 3.64 . 96 . 96 .0 170.6 .0 170.6 152.9 
6 50.00 3.69 .96 .96 .o 173.8 . 0 173.8 156 .0 
6 51.00 3.74 .96 .96 .0 1 76.9 .0 176.9 159.2 
6 52.00 3.80 .96 . 96 . 0 180 .1 . 0 180 .1 162 . 4 
6 53.00 3.85 .96 .96 .0 183.3 .0 183.3 165 . 5 
7 53.00 3.85 1.51 1.51 .0 183.3 .0 183 . 3 165.5 
7 54 .00 3 .90 1. 51 1 . 51 .0 188.2 .0 188.2 170 . 5 
7 55.00 3. 95 1.51 1. 51 .0 193.2 .0 193.2 175.5 
7 56.00 4.01 1. 51 1. 51 .0 198.2 .0 198. 2 180.5 
7 57.00 4 .06 1. 51 1. 51 .o 203 .2 . 0 203.2 185.5 
7 58.00 4.11 1. 51 1. 51 .0 208.2 .o 208 . 2 190.5 
7 59.00 4.16 1. 51 1. 51 .0 213.2 .o 213.2 195 .5 
7 60.00 4 .22 1. 51 1. 51 .0 218 .2 .0 218.2 200.5 
7 61 .00 4.27 1. 51 1. 51 .o 223.2 .0 223.2 205.5 
7 62.00 4.32 1. 51 1. 51 .0 228.2 .0 228 . 2 210.4 
7 63.00 4.37 1. 51 1. 51 .0 233.2 . 0 233.2 215.4 
7 64.00 4.43 1. 51 1. 51 .0 238.1 . 0 238.1 220.4 
7 65.00 4.48 1. 51 1. 51 .0 243. 1 .0 243 . 1 225.4 
7 66.00 4.53 1. 51 1. 51 .0 248.1 . 0 248. 1 230.4 
7 67.00 4.58 1. 51 1. 51 .0 253.1 . 0 253.1 235.4 
7 68 .00 4 .64 1. 51 1. 51 . 0 258.1 .0 258.1 240.4 
7 69.00 4. 69 1.51 1. 51 .0 263.1 .0 263. 1 245.4 
7 70 .00 4.74 1. 51 1. 51 .0 268.1 . 0 268.1 250.4 
7 71.00 4.80 1. 51 1 .51 .0 273.1 . 0 273.1 255.4 
7 72.00 4.85 1. 51 1. 51 .0 278.1 .o 278.1 260.3 
7 73.00 4. 90 1. 51 1. 51 . 0 283. 0 .0 283.0 265.3 
7 74.00 4 .95 1. 51 1. 51 .0 288 .0 .0 288.0 270 . 3 
7 75.00 5.01 1. 51 1. 51 .0 293.0 .0 293 .0 275.3 
7 76.00 5.06 1. 51 1.51 .0 298.0 . 0 298.0 280.3 
7 77.00 5 .11 1. 51 1. 51 .0 303 .0 .0 303.0 285.3 
7 78.00 5.16 1.51 1. 51 .0 308.0 .0 308.0 290 . 3 

-------------------------------------------------------------------------------

Page 2 
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Slope Stability Analysis for Retaining Wall 2 - Static Condition 

IFs = 3.4o3 1 
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MSE Wall 
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240.00 lb/ft2 
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/ 

Unit Weight: 120 lb/ft3 
Friction Angle: 34 degrees 

Unit Weight: 115 lb/ft3 
Undrained Shear Strength: 3300 psf 

Unit Weight: 115 lb/ft3 
Friction Angle: 33 degrees 
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Slope Stability Analysis for Retaining Wall 2 - Pseudo Static Condition 

!Fs = 1.6921 

MSE Wall 

< 0 i 

~~--~----------------------~ 

I • 

10 20 30 40 70 80 90 

/ 

/ 

/ 

/ 

~ 02 

/ 

Unit Weight: 120 lb/ft3 
Friction Angle: 34 degrees 

Unit Weight: 115 lb/ft3 
Undrained Shear Strength: 3300 psf 

Unit Weight: 90 lb/ft3 
Residual Shear Strength: 400 psf 

Unit Weight: 115 lb/ft3 
Friction Angle: 33 degrees 
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CAL TRANS REVIEW COMMENTS AND EMI RESPONSES 



Office of Special Funded Projects 
C t&R F ommen espouse orm 

General Project Information Review Phase Reviewer Information 

Dist: 07 EA: 255100 0 PSRIPDS (Review No. _j ~ 65% PS&E Unchecked Details Reviewer Name:Kristopher Barker 
0 APS/PSR (Review No. _j 0 PS&E (Review No. _j Functional Unit:OGDSl 

Project Name: 57/60 Confluence D APS/PR (Review No. _} 0 Construction Support Cost Center:3658 
[g]Type Selection 0 Other: Project, Phase 1 

Structure lnlormatwn 
Phone Number: 213-620-2334 

OSFP Liaison: Richard Hartzell (Use when necessary to document comments by individual structure) 
e-mail: kristopher barket·@dot.ca.gov 

Phone: 916-227-8772 Structure Name: Retaining Wall No.2 
Date of Review: 3/26/12 

e-mail: Br No: 53E-0206 
- --

Consultant Information (to be filled in by Consultan!l 
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm 

Doc. Page, 

(See Section, 
# Note I ) ot·SSP Review Comments 
1 FR The title "Foundation Report" is usually reserved for 

bridges. Design reports for retaining walls should be 
named "Geotechnical Desi!m Report" . 

2 FR 5.4.1.2 Will there be problems with differential settlement between 
the two wall types during either phase? Please provide 
differential settlement for the retaining wall and the MSE 
wall. 

Note I: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 
?=Structure Plans jSP=Special Provisions I FR=Foundation Rpt j DC= Design Cales jTS=Type Sci. Report 
RP=Road Plans I E=Esti mate I H=Hydraulics Rpt ICC=Check Cales I QC=Quant. Cales 

OSFP Rev Form 10/29/08 

I Phone Number J e-mail 
t 

Response Date 

Consultant Responses 
No Change: This is a non-standard retaining wall. Non-
standard wall s require a foundation report. Only standard 
walls are included in the GDR. 
Calculated MSE wall settlement (adjacent to the Type-1 wall) 
is close to 3 inches. Since Type-1 wall is founded on piles, 
settlement of the Type-1 wall should be less than an inch. 
Therefore, a differential settlement of about 2 inches could 
occur at and near the MSE wall and Type-1 wall interface. We 
discussed this issue with the wall (structural) designer. There 
will be a construction joint between the MSE wall and Type-! 
wall, and this will minimize the potential for structural 
distress due to relative movement between the MSE wall and 
Type-! wall. 
A waiting (settlement) period is also recommended for the 
MSE wall. The lastMSE wall panel and coping and paving 
are not allowed to be constructed until the waiting period is 

I QCC=Quant. Check Cales 
../= Comment Resolved 

(for Reviewer 's use) 
I 

Page I of2 

y' 



# 

3 

4 

Dist-EA: 07-255100 StrName (ifapp.): Retaining Wall No.2 Str No. 53E-0206 
Reviewer: Kristopher Barker Functional Unit: OGDSJ 3/26/12 

Doc. Page, 

(See Section, 
Note I) or SSP Review Comments Consultant Responses 

complete; fi nished subgrade may need to be re-established if 
there is d ifferential settlement at the interface of the MSE wall 
and Type-1 wall, and this should e limi nate any uneven ground 
surface (bump) at the interface. 

Plans LOTB Per the Caltrans memo dated April 8,20 I 0, a ll geotechni cal We wi ll comply. 
products prepared by staff and consu ltants must use the 
proced ures in the Soil and Rock Logging, Classification, 
and Presentation Manual (20 10 Edition). Change note I to 
reflect adherence to the 20 I 0 manual. 

Plans LOTB Plan view shou ld be on fi rst page only. Move all boring We will comply. 
locat ions from second page to "first. 

Note I : Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) ./= Comment Resolved 
(for Reviewer's use) ?=Structure Plans ISP=Special Provis ions IFR=Foundation Rpt I DC=Design Cales I TS=Type Sel. Report IQCC=Quant. Check Cales 

RP=Road Plans I E=Estimate IH=Hydraulics Rpt I CC=Check Cales I QC=Quant. Cales I 
OSFP Rev Form I 0/29/08 Page 2 of2 
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CONDUIT AND CONDUCTOR SCHEDULE(THIS SHEET ONLY) 

RUN 
CONDUIT/ FUNCTION 

ffi CONDUCTOR 

48SMFO CABLE DATA DISTRIBUTION 1 

72SMFO CABLE VIDEO I DATA 1 

36SMFO CABLE VIDEO DISTRIBUTION 1 

INNERDUCT (SIZE 25) 1 1 1 1 

CONDUIT SIZE 103 103 

1-mffi 

······: .. , ······- ... -.,-, ......... · .. ; 

.-.-.- ...... 

R/W 

PROPOSED R/W 

............... SOUTHBOUND ROUTE 57 .-, 
------ --~-"? ·--..........•..••...•.. ··- ........ . 

······· ... 78 ·················· ..... ······················· ················ 

...... , ._.,,,_.,, ... ,,-.. -........... -. 

...................... ·····- ................ .. ... ······················ .... .. ...... -······ 

............ 

3-85 

EASTBOUND ROUTE 60 

.. --.. ,.' .. .-.-.-.. .-.... .-.......... .- -.-.-.. -.... -.... , ... -.. "····---... .-... .-.... ,. .. .- . .- .. .- ... _ ... _ ...... -...... _._.-.... - .- • .-.-.- • .-o.- .......... -... -.. -... .- .... -.• -. - . -.-.- .. -• .- ... .- ..... . 

- - - ,,, ---

•••••••••••••••••••• '"············ . . . ·. 7c ·. 

........... 

·---~~--················ ....... -······ ··············· . . . . . . .. . _ .. ' ........... ~ .. _.... .. " .. , --·.... . .. , ..... . 

EASTBOUND STAT ION LJ NE ~7 

-.. .-. ·"· .. .-.- ... .- .. -. .... . .. . . . - . .- ...... .-.. .-.-..... -.. - .-. -;; ......... .- .. - . -
-....... -.. -.-.-.. -.-.-. .-.- .... .-..... .-.-.. .-:.: .. -. .-. ; ......... -... .- ... -... .-... .-.. ...-.- ::_-;; . .-- -... : . .-.......... - --

- --- _- ___ -__ -__ -_ -;,- -_ ----------- --~-- _- __ -_ -_ -_ -_ --_- ----;.:,-,---

R/W 

THIS PLAN ACCURATE FOR ELECTRICAL WORK ONLY. 
FOR LEGEND AND GENERAL NOTES SEE SHEET E-45. 

DIST COUIHY ROUTE 

07 LA 57,60 

1 2-2-02 
rLANS AR~ROVAL DATE 

K I LDf:IE TE ~ RO" T 
TOTAL PROJECT 

R5.2/R7.3, 
R36.1/R40.0 

SHEET TOTA.L 
1\lo S I[[TS 

551 863 

Cultr uns mvV !Jus u web site! To c;et to tt!e web site, rp to: littp:l !www.cfot.co.c;ov 

AS=BUILT 
Contract No. 07- 1 2 5 7U4 ----------------------

Resident Engineer: MART IN SANDOVAL 
Completion Dote: 07/30/2007 

• ''''""' '"' .<n• ""'""'' •• 

. ··-······· ..... ....................... .......................................................... 

. .-.- .. .-.-.-. .-.-.- -.-.- ........ .-.. .-. .-.......... : ... : ....... : .. .............. .- ... .- ... .- ... .- ....... -. -.-.: .. -. .-.-.-... .- ................... ; .. -.. . 
-- ---. .-.-.-• .-.. .- ...... - •. .-•• .,.-.-<- -.. . • -~- • .-.-.-• .-.-.-• .--." .;_ .......... ~-

---- --..,;-- ---- ---- -

COMMUNICATION SYSTEM ROUTING 
<MODIFY> 

SCALE 1 : 500 E-53 
ALL DIMENSIONS ARE IN METER UNLESS OTHERWISE SHOWN. 

FOR REDUCED PLANS ORIGINAL 
SCALE IS IN MILLIMETERS 

0 20 4lJ (jlJ 
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