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March 2, 2012 

Date: Project No. 602668-002 

To: Bayside Village Marina, LLC 
 c/o Mr. Gordon Craig 
 39 Agia 
 Laguna Niguel, California 92677 
 
Attention:  Mr. Gordon Craig 
 
Subject: Preliminary Geotechnical Engineering Evaluation for the proposed Back 

Bay Landing – Mixed-Use Waterfront Development Legislative Approvals 
(GPA, CLUPA, etc.), Bayside Drive and Pacific Coast Highway, Newport 
Beach, California 

 

In accordance with your request and authorization, Leighton Consulting, Inc. has 
conducted a preliminary geotechnical engineering exploration and analysis for the 
proposed Back Bay Landing mixed-use development in Newport Beach, California.  The 
purpose of this geotechnical study was to evaluate the subsurface soil and groundwater 
conditions at the Back Bay site (Parcel 3, Parcel Map 93 111) and present preliminary 
design parameters and considerations for use in the evaluation of the proposed 
development.  

The proposed General Plan and Coastal Land Use Plan Amendments and Zone 
Change (PC Development Plan) would allow for a mixed use waterfront development 
that  may consist of several single-story commercial structures, multi-level residential 
development over ground-level commercial space and stacked flats, a boat house 
facility for dry boat storage, and central parking structure with one level subterranean.  A 
new bulkhead is planned along the currently unprotected northern and western Parcel 3 
Back Bay shorelines. 
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The proposed project is anticipated to be feasible based on geotechnical aspects of the 
site, but the potential for liquefaction and construction below grade in proximity to the 
water table will present construction challenges that will need to be addressed in design 
and construction.  The recommendations presented in this report are intended to be 
used for preliminary future evaluation of the proposed GPA, CLUPA and ZC and assist 
in identifying aspects of the development that require further geotechnical engineering 
evaluation  that will allow final design to be completed. 

If you have any questions regarding this report, please do not hesitate to contact this 
office.  We appreciate this opportunity to be of service. 

Respectfully submitted,  
 
LEIGHTON CONSULTING, INC.  

John E. Haertle, PE, GE 2352 
Associate Engineer  

Vincent P. Ip, PE, GE 2522 
Senior Principal Engineer  

JEH/lr 

Distribution: (4) Addressee 
 (1) Anchor Q.E.A. 
   Attention: Mr. Michael Whalen (pdf) 
 (1) Fuscoe Engineering 
   Attention: Mr. Ian Adam (pdf) 
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1.0 INTRODUCTION 

1.1 Purpose and Scope 

This report presents the results of a preliminary geotechnical study prepared for 
land use amendment applications (legislative approvals) for the proposed Back 
Bay Landing mixed-use development planned in the city of Newport Beach, 
California.  The purpose of this geotechnical study was to evaluate the 
geotechnical characteristics of the subsurface soil and groundwater conditions at 
the site and present preliminary design parameters and considerations for use in 
the evaluation of the proposed development.  

The recommendations presented in this report are preliminary and should be 
reviewed and evaluated considering the potential for changes in the scope and 
nature of the proposed development as may occur during the agency review and 
approval process.   

The scope of our work included the following tasks: 

 Review of available geologic reports, aerial photographs and maps included 
in Appendix A.   

 Notify Underground Service Alert (USA) of California to locate and mark 
underground utilities prior to commencement of field exploration. 

 Subsurface exploration consisting of excavation, logging, and sampling of 
three (3) hollow-stem auger borings, LBH-1 through LBH-3 and nine (9) 
Cone Penetrometer Test (CPT) soundings, LCPT-1 through LCPT-9 at pre-
selected locations.  The CPT exploration was performed in two phases: The 
initial phase in 2009 and the latter phase in November 2011; the test 
borings were drilled in 2009.  

 Collection of relatively undisturbed ring samples and bulk samples at 
selected depth intervals from the soil borings and transportation of the 
samples to our laboratory for testing. 

 Laboratory testing of selected samples to evaluate engineering 
characteristics of the onsite earth materials within the exploration depths. 

 Geotechnical evaluation of collected test boring and CPT data and relevant 
engineering analyses. 
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 Preparation of this report summarizing our findings, conclusions, and 
preliminary recommendations. 

1.2 Site Location and Description 

The project site is located at the northwestern corner of the intersection of 
Bayside Drive and Pacific Coast Highway (PCH) adjacent to Upper Newport Bay 
in Newport Beach, California.  At the time of our explorations, the site consisted 
of a vacant paved parking lot with several runs of chain link fence that subdivided 
the area.  An office trailer was present on site.  An OCSD pump station was 
located in the central region of the southern boundary of the site.  The pump 
station is not part of the existing or future commercial development.  The site was 
used for RV and trailered boat storage as well as kayak and other personal 
watercraft rentals.  Parking and gangway access to a floating fish market was 
located near the Newport Channel on the west end of the site.  The location of 
the proposed Back Bay Landing development is shown in Figure 1 included at 
the end of the text.   

1.3 Description of Proposed Project 

A General Plan and Coastal Land Use Plan Amendment, Planned Community 
Development Plan (“PCDP”) Amendment and potential Development Agreement 
is being processed to provide for the inclusion of integrated residential uses in a 
mixed use waterfront setting.  The future mixed-use, marine oriented project 
would include recreational marine commercial, (dry boat storage, restaurant, 
marine and visitor serving retail), and integrated residential development).  
Vehicle parking would be primarily in a central parking structure along with some 
at-grade parking and/or storage in the southwestern region of the site below the 
East Coast Highway overpass.  The parking structure would be built in the 
eastern half of the property above ground and include one subterranean level 
and be wrapped by 3-story structures with the ground floors of such structures 
used for commercial/retail establishments and the upper two levels attached 
residential units.  Additional free-standing residential buildings would be included 
but limited per the PCDP.    

Based on the proposed draft PCDP, a dry stack boat storage building is 
envisioned to be located west of the parking structure site next to a similar 
retail/residential building surrounding or “wrapping” the parking structure.  The 
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boat storage structure would conceptually be bordered to the west by three-story 
residential buildings that would overlook the bay.   

The development would include three single-story retail/restaurant buildings in 
the eastern portion of the site.  A publicly accessible 60-foot tall lighthouse 
structure is envisioned for the development to be located in the center of a 
circular, park-like round-about/plaza adjacent to the north bayfront portion of the 
site.  The iconic lighthouse would provide for bay and coastal viewing 
opportunities. 

The finished first floor elevations of the structures are generally planned to be 
close to existing grade to reduce grading requirements.  As discussed above, the 
parking structure includes one level subterranean.  The following table presents 
the assumed finished floor elevations of the various structures. 

         Table 1 - Maximum Finished Floor Elevations (El.) 

Building Identification Assumed Finished First Floor (MSL1) 
Residential - West  12.0 
Dry Stack Boat Storage 11.0 
Retail  11.0 
Parking Structure – Subterranean 5.0 
                            – 1st  Level 15.0 
Other Retail (e.g., along Parking Structure) 15.0 
Restaurant/Bayside (East) Retail  15.0 

 
The proposed residential buildings, the single-story commercial (restaurant/retail) 
buildings and the residential over retail buildings are anticipated to consist of 
wood frame construction.  The dry stack storage facility anticipated to be 
included in the mixed-use project would be a steel frame structure.  The parking 
structure is anticipated to consist of concrete block masonry walls and concrete 
slab decks supported by interior columns and the perimeter walls.  

Structural load information was not available at the time of geotechnical analysis.  
Based upon the nature of the development and our experience with similar types 
of structures, we have assumed the structural loads of the 3-story 
retail/residential buildings and the boat house to be a maximum of 3 kips per 
lineal foot (klf) for load bearing walls and 40 kips for columns; and for the parking 

                                            

1 MSL: Mean Sea Level; Datum assumed for Elevations indicated on Plate 1 
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structure, a maximum of 8 klf for bearing walls and 400 kips for columns.  We 
should be notified if the actual loads vary from these estimates. 
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2.0 FIELD EXPLORATION AND LABORATORY TESTING 

2.1 Field Exploration 

Prior to the field exploration, an engineer from our firm performed a site 
reconnaissance to identify and evaluate the proposed boring locations with 
respect to access for heavy equipment and subsurface structures.  Underground 
Service Alert was then notified of the boring locations for utility clearance.   

Subsurface exploration consisted of three (3) test borings advanced by a 
conventional truck-mounted drilling rig using 3¼-inch diameter (I.D.) hollow stem 
augers.  The borings were extended to depths of either 30 or 51½ feet below 
current grade.  The approximate locations of the borings are shown on Plate 1, 
Boring and CPT Location Map.   

Soil sampling was performed by the Standard Penetration Test (SPT) in 
accordance with ASTM D1586 procedures.  Relatively undisturbed samples were 
collected by ASTM D3550 procedures.  Samples were collected at either 2½- or 
5-foot intervals throughout the depth of exploration.  In both test methods, the 
sampler is driven below the bottom of the borehole by a 140-pound weight 
(hammer) free-falling 30 inches.  The drilling rig was equipped with an automatic 
hammer to provide greater consistency in the drop height and striking frequency.  
The number of blows to drive the sampler the final 12 inches of the 18-inch drive 
interval is termed the “blowcount” or SPT N-value.  The N-values provide a 
measure of relative density in granular (non-cohesive) soils and comparative 
consistency in cohesive soils.  Bulk samples were also obtained from the borings 
for laboratory analysis. 

Each soil sample collected was examined in the field and its description was 
entered in the boring logs in general conformance with the Unified Soil 
Classification System (USCS) pursuant to ASTM D2488.  All samples were 
sealed and packaged for transport to our laboratory.  After completion of drilling, 
the borings were backfilled with soil cuttings. The logs of the test borings are 
included in Appendix B.  In addition, the logs of the boring from our prior 
subsurface explorations are also included in Appendix B. 

In addition to the soil borings, nine (9) CPT soundings were performed as part of 
the exploration.  Several of the CPT soundings were situated in close proximity to 
the boring locations so that samples collected from the test boring locations could 
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be correlated to the CPT data and the profile penetrated by the CPT probe.  The 
CPT soundings were advanced to 40 to 60 feet below grade.  The CPT 
soundings were performed in accordance with ASTM D5778 and D3441 
specifications.   

Upon completion of the drilling, the boreholes were backfilled with soil cuttings 
and the boreholes patched with dyed concrete.  The locations of the soil borings 
and CPT soundings are shown on Plate 1, Boring and CPT Location Map.  The 
test boring logs and the logs of the CPT soundings are included in Appendix B. 

Exploration of the site was previously performed by Mactec Engineering and 
Consulting, (Mactec, 2004).  The subsurface conditions encountered at their test 
borings and CPT soundings have been reviewed and considered in the 
evaluation of the site.  The locations of their exploration are also shown on Plate 
1 and copies of the boring and CPT logs are included in Appendix B. 

2.2 Laboratory Testing  

Laboratory tests were performed on selected samples to verify the field 
classification of the recovered samples and to determine the geotechnical 
engineering properties of the subsurface materials.  The following tests were 
performed: 

 Determination of the in-situ moisture content and density; 

 Particle size distribution by mechanical sieve analysis and hydrometer 
sedimentation; 

 Determination of fines content by Percent Passing No. 200 Sieve; 

 Shear strength by Direct Shear and Triaxial Compression (Unconsolidated 
Undrained) testing; 

 Soil plasticity by determination of Atterberg Limits; and 

 Soil corrosivity by testing to determine pH, chloride and sulfate content and 
minimum resistivity. 

All laboratory tests were performed in general conformance with ASTM Standard 
Test Methods and Caltrans Test Methods as appropriate.  The results of the in-
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situ moisture content and density are included on the logs of the test borings 
while the results other tests are presented in Appendix C of this report. 
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3.0 SUBSURFACE CONDITIONS AND SEISMICITY 

3.1 Regional Geology 

The project site is located on the landward side of a natural coastal barrier island 
formed by a transgressive sea and littoral ocean currents at the seaward edge of 
San Diego Creek drainage within Upper Newport Bay coastal estuary near the 
San Joaquin Hills. The Newport Bay estuary was originally formed as the lower 
reach of the Santa Ana River. However, due to extensive widespread flooding in 
1915-1916, the Santa Ana River realigned its course to the west. The bay is 
currently fed only by San Diego Creek and its tributaries.  

The San Joaquin Hills lie within the northern part of the Peninsular Ranges 
geomorphic province which extends 900 miles southward from the Santa Monica 
Mountains to the tip of Baja California (Yerkes, et al., 1965).  Regional tectonic 
activity has uplifted the San Joaquin Hills into an elongated arched fold 
(anticlinorium) trending to the northwest from San Juan Capistrano and 
Huntington Mesa.  This anticlinal folding has occurred as this entire section of the 
southern California coast was uplifted by the San Joaquin Hills blind thrust fault 
(Grant et at., 1997, 1999, and 2002; Mueller et al., 1998).  The geology in the 
vicinity of the project site is shown in Figure 3.    

3.2 Subsurface Soil Conditions 

The results of the field exploration indicate the presence of fill to depths that 
varied from approximately 6 to 8 feet below the existing grade at the test borings 
and potentially to a depth of 10 feet at in the eastern region of the site in area of 
CPT Nos.  L-CPT-4 and L-CPT-5.  The fill encountered at the boring locations 
consisted predominately of fine grained sands that exhibited loose to medium 
dense relative density on the basis of field testing (N-values).    

The fill was underlain by native soils comprised of Quaternary estuarine deposits 
consisting of loose to medium dense relative density sands and silty sands to a 
depth of 20 to 25 feet which were underlain by medium dense to dense sands 
extending to at least the depths explored.   

The native soil profile included a relatively thin (1- to 3-foot thick) layer of soft 
consistency clay at depths ranging from 8 to 10 feet below grade at the majority 
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of the test borings and CPT locations.  The depths at which this material was 
encountered corresponded to approximately El. 3 to El. 6 feet above MSL. 

3.2.1 Soil Expansion Potential 

The near-surface soil encountered in our borings consisted of mainly 
sandy materials.  Due to the granular nature of the soils, the expansion 
potential of the soils is expected to be very low.   

3.2.2 Soil Corrosivity  

In general, soil environments that are detrimental to concrete have high 
concentrations of soluble sulfates and/or pH values of less than 5.5.  
Section 4.3 of ACI 318 (ACI, 2005), as referred in the 2010 CBC, provides 
specific guidelines for the concrete mix-design when the soluble sulfate 
content of the soil exceeds 0.1 percent by weight or 1,000 parts per million 
(ppm).  The minimum amount of chloride ions in the soil environment that 
are corrosive to steel, either in the form of reinforcement protected by 
concrete cover or plain steel substructures, such as steel pipes, is 500 
ppm per California Test 532.  Concentrations of chloride ions above the 
stated concentration or other characteristics such as soil resistivity or 
redox potential may warrant special corrosion protection measures.   

For screening purposes, composite bulk samples of the onsite soils to a 
depth of 5 feet below current grade were tested to provide a preliminary 
evaluation of corrosivity.  The test results are included in Appendix C and 
are further discussed in Section 5.10.  Based upon the results of the 
screening tests, the near surface soils have “negligible” soluble sulfate 
contents and low chloride contents.  The soils are considered to have a 
moderate corrosion potential to buried ferrous metal.  Additional testing 
should be performed during construction to verify the corrosion potential of 
subsurface soils. 

3.3 Groundwater Conditions 

Groundwater was typically encountered at depths of approximately 6 to 8 feet 
below grade at the test boring locations during field exploration in 2009.  These 
depths correspond to El. 3.5 to El. 8 feet above MSL.  Due to the coastal location 
of the project site, groundwater levels will vary in response to tidal fluctuations. 
Groundwater highs will likely approach tidal highs in the bay, and groundwater 

   

   

  



  Project No. 602668-002  

10 

lows can be expected to drop below mean sea level.  In consideration of the 
subterranean construction planned for the parking structure, further evaluation of 
the groundwater table and its fluctuations is recommended through the 
installation of shallow observation wells. 

3.4 Faulting and Seismicity 

3.4.1 Faulting 

Review of available in-house literature indicates no known active or 
potentially active faults traverse the site, and the site is not located within 
an Alquist-Priolo Earthquake Fault Zone (Bryant and Hart, 2007).   

Two major faults are located in close proximity to the site, the Newport 
Inglewood (L.A. Basin and Offshore segments) located 2.5 and 2.8 miles 
from the site respectively, and the San Joaquin Hills Blind Thrust, located 
approximately 6.4 miles from the project site (Grant, Ballenger and 
Runnerstrom, 2002).  A description of these faults is presented below: 

Newport-Inglewood Fault Zone:  The Newport-Inglewood Fault Zone is a 
broad zone of left-stepping en echelon faults and folds striking 
southeastward from near Santa Monica across the Los Angeles basin to 
Newport Beach.  Altogether these various faults constitute a system more 
than 150 miles long that extends into Baja California, Mexico. Faults 
having similar trends and projections occur offshore from San Clemente 
and San Diego (the Rose Canyon and La Nacion Faults).  A near-shore 
portion of the Newport-Inglewood Fault Zone was the source of the 
destructive 1933 Long Beach earthquake (ML 6.3) (Hauksson and Gross, 
1991).  The reported recurrence interval for a large event along this fault 
zone is 1,200 to 1,300 years with an expected slip of 1 meter (Forest et 
al., 1997).   

San Joaquin Hills Blind Thrust Fault:  The seismic hazards in Southern 
California have been further complicated with the recent realization that 
major earthquakes can occur on large thrust faults that are concealed at 
depths between 5 to 20 km, referred to as “blind thrusts.”  The uplift of the 
San Joaquin Hills is produced by a southwest dipping blind thrust fault that 
extends at least 14 km from northwestern Huntington Mesa to Dana Point 
and comes to within 2 km of the ground surface (Grant et al., 1997; 
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Mueller et al., 1998).  Work by Grant et al. (1997 and 1999) suggest that 
uplift of the hills began in the Late Quaternary and continues during the 
Holocene.  Uplift rates have been estimated between 0.25 and 0.5 mm/yr.  
If the entire length of the fault ruptured, the earthquake has been 
estimated to generate an Mw 6.8 event (Grant et al., 1999). 

3.4.2 Ground Motion 

The intensity of ground shaking at a given location depends primarily upon 
the earthquake magnitude, the distance from the earthquake source, and 
the site response characteristics which are dependent upon the 
subsurface stratigraphy.  The location of the site relative to active faults 
indicates the subject site and the structures that will comprise the 
proposed development are likely to experience strong ground shaking 
during the life of the development. Peak horizontal ground acceleration 
(PGA) is generally used to characterize the amplitude of ground motion.   

Evaluation of the seismic hazard relative to strong ground shaking was 
performed on the basis of probabilistic and deterministic methodologies.  
The probabilistic hazard evaluation was performed using three attenuation 
relationships to estimate ground motions at the site: Boore-Atkinson 2008, 
Campbell-Bozorgnia 2008, and Chiou-Young 2008.  The results of the 
analyses indicate the design PGA is 0.495g while the PGA associated 
with the Maximum Considered Earthquake (MCE) is 0.743g for the site.  
The details of the analyses are presented in Appendix D. 

3.5 Seismic Hazards 

The potential hazards to be evaluated with regard to seismic conditions include 
fault rupture, soil liquefaction, earthquake-induced vertical and lateral 
displacements, landslides triggered by ground shaking, earthquake-induced 
flooding due to the failure of water containment structures, seiches, and 
tsunamis.   

3.5.1 Fault Rupture 

The project is not located within a currently designated Alquist-Priolo 
Earthquake Zone (Bryant and Hart, 2007).  No known active faults are 
mapped on the site.  Based on this consideration, the potential for surface 
fault rupture at the site is considered to be low. 
   

   

  



  Project No. 602668-002  

12 

3.5.2 Liquefaction 

Liquefaction is a seismic phenomenon in which loose, saturated, non-
cohesive granular soils exhibit severe reduction in strength and stability 
when subjected to high-intensity ground shaking.  The mechanism by 
which liquefaction occurs is the progressive increase in excess pore 
pressure generated by the shaking associated with the seismic event and 
the tendency for loose non-cohesive soils to consolidate.  As the excess 
pore fluid pressure approaches the in-situ overburden pressure, the soils 
exhibit behavior similar to a dense fluid with a corresponding significant 
decrease in shear strength and increase in compressibility.  Liquefaction 
occurs when three general conditions exist: 1) shallow groundwater; 2) 
low density, non-cohesive sandy soils; and 3) high-intensity ground 
motion.   

The subject site is located in an area that has been identified by the State 
of California as being potentially susceptible to liquefaction (CDMG, 1997).  
As a result, a site-specific evaluation of the potential for liquefaction to 
occur is required for new development and appropriate remedial 
measures commensurate with the proposed structure if the potential exists 
for liquefaction to occur.   

The potential for liquefaction to occur has been evaluated based upon the 
subsurface data collected by the CPT sounding exploration and the 
software package CLiq (GeoLogismiki, v1.5.1.16).  The procedure used in 
the software to determine the potential for triggering of liquefaction was 
the empirical procedure described by Robertson and Wride as adapted by 
the NCEER (1998; Youd 2001) and the calibrated procedures for post-
earthquake displacement by Zhang et. al. (2002, 2004).  The liquefaction 
analysis was conducted on the basis of a seismic event (Mw) of 7.0 and 
peak horizontal ground acceleration (PGA) of 0.49g.  The groundwater 
table used in the analysis was approximately El. 3.5 feet.  The analysis 
was based upon a minimum Factor of Safety of 1.0 for liquefaction 
triggering.  

The results of the liquefaction analysis are included in Appendix D which 
are presented as the graphical output of the computer program.  The 
analysis focused on the CPT soundings rather than the test borings due to 
the refinement offered by the continuous record of the subsurface profile 
provided by the data collected during the penetration of the CPT probe.  
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The interpreted profile of the CPT soundings was compared to the 
samples collected from test borings where located in close proximity to a 
CPT sounding.    

The liquefaction analysis indicated the potential for liquefaction in 
relatively thin strata typically no greater than 3 to 4 feet in thickness based 
upon the analysis of CPT data.  However, several strata occurred at 
shallow depth below the water table   particularly at the CPT locations 
near the shores that border the property.  At these locations, the zones of 
liquefiable soils generally existed from several feet below the groundwater 
table to depths of 13 to 16 feet below grade.  Other strata of potentially 
liquefiable soils existed at greater depth exhibiting thicknesses of 1 to 2 
feet and were typically widely spaced within the respective profiles.  Based 
upon the encountered conditions, generalized profiles were developed 
that suggest continuity in the potentially liquefiable soil layers and the 
likelihood that they extend to the submarine slopes.   

The primary effects of liquefaction on structures supported at shallow 
depth below ground surface are loss of bearing capacity if liquefaction 
occurs within the zone of foundation influence below footings or settlement 
due to the consolidation of liquefied sediments if bearing capacity is not 
compromised.  Based upon the depths at which liquefaction is anticipated 
to occur and the probability that all structures (except the subterranean 
level of the parking structure) will be supported at shallow depth below 
existing grade, bearing capacity failures are not anticipated to occur.  
However, ground surface settlement (as discussed in Section 3.5.4 below) 
and ground oscillation are anticipated and should be considered in design. 

Ground oscillation is a phenomenon in which the surficial crust of non-
liquefied soils becomes fissured as the mass responds to the oscillations 
induced by the shear waves propagating to the surface.  As the ground 
shaking progresses, the non-liquefied mass may begin to break into large 
blocks bounded by fissures and these blocks may undergo horizontal 
displacements in different directions.  Fissures that occur within the 
footprint of structures may result in large horizontal forces on foundation 
elements such as column pad footings that are located on opposite sides 
of a fissure which, in turn, could tend to pull apart the structure. 

The lower level of the parking structure will be approximately 10 feet 
below the first level which is approximately level with current grade.  Soils 
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susceptible to liquefaction exist are expected to exist at or slightly below 
this elevation and will, therefore, present a serious risk of loss of bearing 
capacity and foundation support.  Preparation of the parking structure area 
will require either improvement/densification of the soils to mitigate 
liquefaction potential or the use of a deep foundation system to transfer 
the structural loads to stable, non-liquefiable soils.  Recommendations 
presented in this report focus on either overexcavation of existing soils 
and recompaction to develop a structural fill layer below the foundation 
system to improve bearing capacity for static conditions and also provide 
some improvement and reduction in the potential for liquefaction to occur, 
or the use of a proprietary ground improvement technique to improve 
bearing capacity and reduce the potential effects of liquefaction. 

3.5.3 Lateral Spreading 

The occurrence of liquefaction may also cause lateral spreading.  Lateral 
spreading is a phenomenon in which large lateral displacement can occur 
on the ground surface due to movement of non-liquefied soils along zones 
of liquefied soils.  For lateral spreading to occur, the liquefiable zone must 
be continuous, unconstrained laterally, and free to move along gently 
sloping ground toward an unconfined area.  The strength reduction that 
occurs at the onset of liquefaction and the general continuity of the 
liquefiable layers interpreted from the field explorations provide planes of 
weakness for the overlying non-liquefied deposits to slide along toward the 
free faces of the submarine slopes   The potential for lateral spreading is, 
therefore, very high due to the topographic aspects of the site and the 
unprotected/unrestrained shoreline along the northern and western 
boundaries of the site. 

The occurrence of liquefaction will result in the potential for lateral 
spreading and load demand on the bulkhead system proposed for the 
development.  The load demand induced by lateral spreading is expected 
to greatly exceed the load demands under static and pseudostatic 
conditions and is, therefore, expected to control the design of the 
bulkhead retention system.  Analysis of the proposed bulkhead stability 
and recommendations for preliminary design are presented in Section 5.6 
of this report. 
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3.5.4 Earthquake-Induced Settlements 

Earthquake-induced settlements result from densification of non-cohesive 
granular soils which occur as a result of reduction in volume during or after 
an earthquake event.  The magnitude of settlement that results from the 
occurrence of liquefaction is typically greater than the settlement that 
results solely from densification during strong ground shaking in the 
absence of liquefaction.  Based upon the empirical procedure described 
by Yoshimine and Ishihara as adapted in Zhang et. al. (2004), the post-
liquefaction seismically-induced settlements ranged from less than 1 inch 
to a maximum of approximately 2 inches, excluding vertical distortion 
attributed to lateral displacement and ground oscillation.     

3.5.5 Earthquake-Induced Flooding 

The failure of dams or other water-retaining structures as a result of 
earthquakes and strong ground shaking could result in the inundation of 
adjacent areas.  Due to the lack of a major dam or water-retaining 
structure located near the site, the potential of earthquake-induced 
flooding affecting the site is considered to be low. 

3.5.6 Seiches 

Seiches are large waves generated in enclosed bodies of water in 
response to ground shaking.  Because of the partially enclosed 
configuration of the Upper Newport Bay, the possibility of seiche 
phenomena occurring onsite could be of concern.  Further study of wave 
runup during a major seismic event should be performed during the design 
phase.   

3.5.7 Tsunamis 

Tsunamis are waves generated in large bodies of water as a result of 
change of seafloor topography caused by tectonic displacement.  As a 
result of the proximity of the site to the ocean, its near-sea level elevation, 
tsunami inundation (CGS, 2009) should be considered during design.  
Historically, southern California has experienced several tsunamis with the 
most recent being reported in August of 1934 in Newport Beach with a 
reported wave height of 9.8 feet.  Further study on tsunamis inundation 
and its potential impact on the bulkhead should be performed during the 
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future project design phase by a qualified engineer experienced in coastal 
engineering. 
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4.0 SUMMARY OF GEOTECHNICAL FINDINGS AND CONCLUSIONS  

Presented below is a summary of findings based upon the results of our evaluation of 
the site:  

 Subsurface soils at the project site encountered during our field exploration 
consisted of undocumented fill to depths of 6 to 8½ feet at several borings  
comprised of loose to medium dense sands and silty sands, and may extend to a 
depth of 10 feet in the eastern region of the site.  

 Based on our observations and testing, the onsite near surface soils are expected to 
have a low expansion potential.   

 Groundwater was encountered in the borings at depths of 6 to 8 feet below grade.  
Groundwater levels could be sensitive tidal fluctuations; further evaluation of 
groundwater levels via observation wells is recommended considering the proposed 
construction of a subterranean level in the parking structure.      

 The potential exists for liquefaction to occur which will affect the recommendations 
for foundation selection and design.   

 Preparation of building areas will require some overexcavation and recompaction to 
develop increased and more uninform support conditions.  

 Due to the proximity of groundwater and potentially liquefiable soils to the 
subterranean level of the parking structure, overexcavation and recompaction of the 
soils to develop a suitable structural fill layer and reduce liquefaction effects is 
anticipated to require dewatering. 

 Liquefaction is expected to result in lateral spreading and increase in the load 
demand upon the seawall bulkhead proposed for the development. 

 Excavation stability problems should be expected where steep, unbraced 
excavations are attempted in the non-cohesive granular soils and where 
unsupported excavations are attempted below the water table.   

Based upon the results of our geotechnical evaluation of the site, the proposed project 
is anticipated to be feasible based on geotechnical aspects of the site, but the potential 
for liquefaction and construction below grade in proximity to the water table will present 
challenges to be addressed in design and construction.  The recommendations 
presented in Section 5.0 of this report are intended to be used for preliminary evaluation 
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of the proposed development and assist in identifying aspects of the development that 
require further geotechnical engineering evaluation to allow final design to be 
completed. 
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5.0 PRELIMINARY RECOMMENDATIONS 

Presented below are preliminary recommendations that are anticipated to be 
appropriate for initial evaluation of site grading and preparation for construction; design 
of the building foundations, shoreline bulkhead and parking lot pavement; and 
construction considerations for the project.  The recommendations are based upon the 
exhibited geotechnical engineering properties of the soils and their anticipated response 
both during and after construction.   

The proposed conceptual development plan is considered to be preliminary and subject 
to change as the applications for legislative approval of mixed use waterfront 
designations on the project site proceed through the multi-agency approval process.  As 
such, the specific permit level development proposal should be brought to the attention 
of our firm to determine the effect, if any, on these preliminary recommendations.  
Additional exploration and/or engineering analyses may be warranted to provide 
recommendations for final design and construction of a specific project.  The 
geotechnical engineer should review the grading plans, foundation plans, and project 
specifications and mitigation measures as they are available to verify that the 
recommendations presented in this report have been properly interpreted and 
incorporated in the project plans.   

5.1 Earthwork  

Assumed finished first floor elevations of the proposed retail/commercial and 
residential buildings (Table 1) are near existing grade and, therefore, significant 
cuts or fills are not expected as part of site grading.  Preparation of proposed 
building areas prior to construction is recommended to include overexcavation 
and recompaction of the existing soils to develop a structural fill layer below 
foundations.  The structural fill layer establishes a zone of soil that provides 
increased and more uniform support characteristics as compared to the on-site 
soils.  Recommendations for site earthwork are provided in the following 
sections.   

Construction of the conceptual parking structure will require excavation below 
grade to accommodate the one level of subterranean parking.  Preparation of the 
parking structure building area in a similar manner (i.e., overexcavation and 
recompaction) is anticipated to encounter difficulties due to the presence of 
groundwater.  As an alternative, a proprietary ground improvement technique 
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(Rammed Aggregate Piers) is presented and should be considered as design 
and development of a specific project moves forward.   

5.1.1 Site Preparation  

Prior to construction, the site should be cleared of all debris and remnants 
of previous construction, including slabs, foundations and pavements.  
Any existing utility and irrigation lines should be removed if they interfere 
with the proposed construction.  The cavities resulting from removal of 
foundations and utility lines should be properly backfilled and compacted. 

The existing pavement will require demolition and removal from the site.  
With proper processing, the asphalt concrete and underlying granular 
base materials may be reused as structural fill for foundation support, 
used as general site fill, or may be reused as base course for new 
pavement construction.  

5.1.2 Overexcavation of At-Grade Building Pads  

The preparation of the site for building construction is recommended to 
include removal of the existing soils to specific minimum depths below 
foundations and floor slab areas to develop a structural fill layer.  The 
depth of overexcavation is recommended to be a minimum of 4 feet below 
the bottom of foundations.  The overexcavation is recommended to extend 
to a minimum lateral extent of 4 feet beyond the outside edges of the 
foundations as measured at the overexcavation subgrade with the 
excavation sides sloped for stability and safety.   

The recommended depth of overexcavation is based upon the assumed 
finished floor elevations and the design parameters provided for 
preliminary foundation design.  The actual depth recommended for 
preparation of foundation areas may be revised depending upon the 
actual finished floor elevations.   

5.1.3 Parking Structure Building Pad 

Preparation of the proposed parking structure area may be performed in a 
manner similar to the recommendation for the remaining buildings that will 
be supported at-grade.  Overexcavation and recompaction of soils in the 
parking structure area is recommended to be performed to a depth of 4 to 
5 feet below bearing grade (bottom of footings) to remove shallow soils 
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susceptible to liquefaction and improve support characteristics during 
seismic conditions.  However, overexcavation to the recommended depth 
and the corresponding depth below grade indicates the potential need for 
dewatering to lower the groundwater table.  Specific recommendations for 
dewatering will be dependent upon the actual groundwater conditions (i.e., 
elevation, fluctuations), the actual finished floor elevation and recommend 
depth of excavation, and the hydrogeologic characteristics of the soils.  
The design of a dewatering program will require additional field exploration 
that includes the installation of groundwater observation wells and 
conducting a field pump test to measure drawdown and recharge 
characteristics of the aquifer. 

As an alternate to overexcavation and potential grading difficulties 
associated with groundwater, the proprietary ground improvement 
technique of Rammed Aggregate Piers (RAP) may be used to improve the 
bearing capacity of the soils and reduce the potential for liquefaction to 
occur within the depth of ground improvement.  This ground improvement 
technique generally consists of compacting uniformly graded coarse 
aggregate in preformed holes to a specific depth below grade.  The 
aggregate is compacted in lifts using a tamper specially designed for the 
compaction process.  The end-product of the technique is a column of 
aggregate that fills the space previously occupied by soil.  The soils that 
were displaced results in some densification in the zone around the 
aggregate pier.  The aggregate piers also provide a reinforcing effect and 
increased foundation bearing capacity.    

Preparation of the parking structure building pad for support of the floor 
slab is recommended to include recompaction of the soils to a depth of at 
least 1 foot below subgrade elevation  

5.1.4 Subgrade Preparation 

Exposed subgrade soil surfaces, including all excavation or removal 
bottoms, should be observed by a representative of the geotechnical 
engineer prior to placement of fill or construction of other improvements to 
verify that suitable soil is exposed.  Prior to placement of fill soils, 
excavation bottoms should be scarified to a minimum depth of 8 inches, 
moisture-conditioned to above the optimum-moisture content and then 
compacted to a minimum of 90 percent relative compaction per ASTM 
D1557-09.  
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5.1.5 Fill Materials 

On-site soil that is free of construction debris, organics, cobbles, boulders, 
rubble, or rock larger than 3 inches in largest dimension is suitable to be 
used as fill for support of structures. 

Any imported soils should have an Expansion Index of 20 or less.  Import 
soils should be evaluated and tested by Leighton before importing to the 
site.  

Material used for the Rammed Aggregate Piers typically consist of fine 
gravel (nominal ¾-inch diameter) crushed aggregate. 

5.1.6 Fill Placement and Compaction  

All fill soil should be placed in loose lifts of 6 to 8 inches in thickness, 
moisture-conditioned to 1 to 2 percent above optimum moisture content, 
and compacted to a minimum of 90 percent relative compaction, as 
determined by ASTM Test Method D1557-09.  Aggregate base should be 
compacted to a minimum of 95 percent relative compaction. 

5.1.7 Backfill 

All backfill should be mechanically compacted in layers.  Proper 
compaction of backfill will be necessary to reduce the potential for 
settlement of the backfill and the overlying slabs and paving.  Backfill 
should be compacted to at least 90 percent of the maximum dry density 
obtainable by the ASTM D1557-09 method of compaction.  The exterior 
grades should be sloped to drain away from the foundations to prevent 
ponding of water. 

5.2 Seismic Design Parameters  

The following values are based on the CBC seismic design methodology and 
should be considered as the minimum for the seismic analysis of the subject site.  
Additional seismic analyses may be necessary based on structural requirements. 
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Table 2 - Seismic Design Parameters 

2010 California Building Code 
Site Class Table 1613.5.2 D 
Mapped Spectral Response Accelerations 

0.2-second  Ss Figure 1613.5(3) 1.853 
1.0-second  S1 Figure 1613.5(4) 0.695 
Site Coefficient (Fa) Table 1613.5.3(1) 1.0 
Site Coefficient (Fv) Table 1613.5.3(2) 1.5 

Spectral Response Acceleration 
0.2-second  SMs Equation 16-36 1.853 
1.0-second  SM1 Equation 16-37 1.042 

Design Spectral Response Acceleration 
0.2-second  SDs Equation 16-38 1.236 
1.0-second  SD1 Equation 16-39 0.695 

5.3 Foundation Design 

5.3.1 Structural Mat Foundation 

Preparation of the building areas should be performed as described in 
Section 5.1 of this report.  Upon completion of the building pad 
preparation, the structures proposed for the development are 
recommended to be supported by a structural mat foundation system.  
The structural engineer should design the thickness and reinforcement 
requirements for the mat foundations for the respective buildings based on 
the anticipated loading conditions (i.e., loads from moving vehicles, 
storage systems, and residency requirements).  A modulus of vertical 
subgrade reaction (kv1) of 100 pounds per cubic inch (pci) may be used 
based on the recommended building pad preparation.  The design may 
also be based upon a maximum allowable soil bearing pressure 2,500 psf.   

The minimum embedment along the perimeters of the mat foundations is 
recommended to be 18 inches below the lowest adjacent exterior grade 
and at least 1 foot into the structural compacted fill.  The allowable bearing 
pressure may be increased by one-third for wind or seismic loading. 

Lateral loads may be resisted by friction between the footings and the 
supporting subgrade and passive resistance of the soil adjacent to the 
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vertical side of the foundation provided the foundations are poured neat 
against properly compacted fill.  We recommend an allowable frictional 
coefficient of 0.30 and allowable passive resistance equal to an equivalent 
fluid density of 250 pounds-per-cubic-foot (pcf) be used in design to a 
maximum of 2,500 psf.  No reduction will be needed to any of the above 
two components for computing the total resistance to lateral loads. 

The post-construction settlements for mat foundations designed and 
constructed in accordance with the recommendations presented in this 
report are estimated to be 1 inch total and ½ inch differential for static 
conditions.  The differential settlement is anticipated to occur across a 
minimum span of 30 feet, but will be dependent upon the structural 
design.  Additional settlement on the order of 1 to 2 inches should be 
expected due to seismic shaking should liquefaction occur.    

The foundations are recommended to be underlain by synthetic sheeting 
to serve as a retarder to moisture vapor transmission in areas where a 
moisture-sensitive floor covering (such as vinyl, tile, or carpet) is used.  
The sheeting is recommended to be a minimum 10-mil-thick and consist of 
polyethylene or similar material.  The sheeting may be underlain by a 2-
inch thick layer of fine to medium sand to protect the sheeting from 
puncture.  An additional 2-inch thick layer of clean, medium sand may be 
placed over the synthetic sheeting for concrete curing purposes.  The 
sheeting should be evaluated prior to installation for the presence of 
punctures or tears.  Installation of the sheeting should include proper 
overlap and taping of seams.  

5.3.2 Spread Footings 

A shallow spread footing foundation system may be used to support the 
proposed parking structure building area with preparation of the building 
area consisting of the proprietary Rammed Aggregate Pier ground 
improvement technique.  Upon completion of the building pad preparation, 
the parking structure proposed for the development may be supported by 
a shallow spread footing foundation system in which walls are supported 
by continuous strip footings and columns are supported by square pad 
footings.  Foundations may be designed on the basis of an allowable soil 
bearing pressure 3,000 psf for continuous strip footings and 4,000 psf for 
square pad footings.  The minimum footing widths are recommended to be 
18 inches for strip footings and 24 inches for square pad footings.  All 
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footings are recommended to be embedded at least 18 inches below 
adjacent exterior grade and 12 inches below interior floor slab elevation.  
The bearing capacity may be increased by one-third for short-term, 
transient wind or seismic loading. 

Lateral loads may be resisted by friction between the footings and the 
supporting subgrade and passive resistance of the soil adjacent to the 
vertical side of the foundation provided the foundations are poured neat 
against properly compacted fill.  We recommend an allowable frictional 
coefficient of 0.30 and allowable passive resistance equal to an equivalent 
fluid density of 200 pounds-per-cubic-foot (pcf) be used in design to a 
maximum of 2,000 psf.  No reduction will be needed to any of the above 
two components for computing the total resistance to lateral loads. 

The post-construction settlements designed and constructed in 
accordance with the recommendations presented in this report, are 
estimated to be 1 inch total and ½ inch differential.  The differential 
settlement is anticipated to occur across a minimum span of 30 feet, but 
will be dependent upon the structural design.  Some additional settlement 
may occur due to liquefaction of soils at depths below the depth to which 
ground improvement is performed.  

5.4 Slabs-on-Grade  

Both interior and exterior slabs-on-grade including concrete driveways should be 
placed on properly prepared subgrade soils as described in the Earthwork 
section of this report (Section 5.1).  The slab-on-grade floor of the proposed 
parking structure (with preparation of foundation areas via the R.A.P. 
improvement technique) is recommended to be underlain by structural 
compacted fill placed in conjunction with building pad preparation as previously 
described.   

The structural engineer should design the thickness and reinforcement 
requirements for the respective slabs under anticipated loading conditions (i.e., 
loads from moving vehicles and residency requirements).  For slab-on-grade 
design, a modulus of vertical subgrade reaction (kv1) of 75 pounds per cubic inch 
(pci) may be used based on the recommended building pad preparation. 
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The floor slabs of the apartment building are recommended to be underlain by 
synthetic sheeting to serve as a retarder to moisture vapor transmission in areas 
where a moisture-sensitive floor covering (such as vinyl, tile, or carpet) is used. 
The sheeting is recommended to be a minimum 10-mil-thick and consist of 
polyethylene or similar material.  The sheeting may be underlain by a 2-inch thick 
layer of fine to medium sand to protect the sheeting from puncture.  An additional 
2-inch thick layer of clean, medium sand may be placed over the synthetic 
sheeting for concrete curing purposes.  The sheeting should be evaluated prior to 
installation for the presence of punctures or tears.  Installation of the sheeting 
should include proper overlap and taping of seams.   

5.5 Below-Grade Walls 

The subterranean walls of the lower level of central parking structure will serve 
as retaining structures.  If constructed via open-cut excavation techniques, the 
below-grade walls should be backfilled with granular, very low expansive soil.  
Select backfill soils should exhibit very low expansion potential (EI less than 20) 
and exhibit a Sand Equivalent (SE) greater than 30.  The onsite sands excavated 
in conjunction with the construction of the subterranean parking level may be 
suitable as backfill for retaining walls and below-grade walls depending upon 
gradation and fines content; soils with significant silt and clay are generally not 
suitable for retaining wall backfill due to the greater magnitude of lateral pressure 
exerted by these types of soil.  The onsite materials should be free of organics 
prior using as backfill.  All soils selected for wall backfill (on-site and import) 
should be reviewed and approved by the geotechnical engineer prior to 
placement as fill.  Backfill for retaining walls should be compacted to a minimum 
of 90 percent relative compaction (based on ASTM Test Method D1557).  
Relatively light construction equipment should be used to backfill the retaining 
walls and the walls should be properly braced during backfilling operations. 

The design of the below-grade walls of the parking structure are recommended 
to be designed for At-Rest lateral earth pressure based upon an equivalent fluid 
pressure of either 50 or 59 psf per foot embedment if the backfill consists of 
select material such as crushed aggregate or common soils (such as the on-site 
free-draining sands), respectively, above the groundwater table.  The design 
values are recommended to be 88 and 92 psf/ft for the portion of the pressure 
distribution below the water table. 
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The design and construction of the below grade walls is recommended to include 
provisions for submerged conditions and hydrostatic uplift.  Such provisions 
typically require the use of water stops at all joints and waterproofing of exterior 
wall surfaces.  On a preliminary basis, the design groundwater table is 
recommended to be El. +8 feet MSL for evaluation of uplift forces pending further 
evaluation of groundwater conditions via observation wells.  Design may also 
include the use of pressure relief valves at regular intervals throughout the mat 
slab foundation to allow dissipation of water pressure should the actual 
groundwater elevations exceed the design basis. 

Lateral pressures from surcharges and superimposed loads i.e., loads from 
vehicle traffic, the foundation bearing stresses of adjacent structures, etc., should 
be included in the design of the retaining structures in situations where the 
surface loads are located adjacent to or in close proximity.  Uniformly distributed 
surface loads of large lateral extent (relative to the height of the wall) located 
adjacent to a retaining wall may be modeled as a uniform lateral pressure with 
magnitude equal to 47 percent of the vertical pressure intensity for the 
unrestrained and restrained conditions, respectively.  The magnitude of the 
surcharge pressure for surface loads of limited lateral extent and at various 
distances from the retaining wall can be determined on a case-by-case basis and 
based on final project design of type and location of buildings.    

5.6 Preliminary Bulkhead Design 

The proposed development includes construction of a new bulkhead seawall 
along the northern and western shorelines of the property.  Preliminary design 
parameters and recommendations are subsequently presented for static and 
pseudostatic conditions.  However, the design of the bulkhead is expected to be 
controlled by the load demand upon the wall resulting from liquefaction and the 
associated lateral spread that is anticipated to occur as a result and provide edge 
containment for the property.  

The design values for earth pressure presented herein do not contain an 
appreciable factor of safety; the structural engineer should apply the applicable 
factors of safety and/or load factors for use in design evaluation.  Due to the 
presence of fill, significant variance may exist between the boring locations in 
areas that have not been explored.  As a result, additional exploration may be 
warranted to verify the design parameters subsequently presented.  
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5.6.1 Lateral Earth Pressure 

Static Conditions:  The proposed bulkhead system is expected to consist 
of driven steel sheetpiling and will, therefore, be a cantilever structure.  As 
such, the active earth pressure condition is considered to be appropriate 
for use in the evaluation of the stability.  The evaluation of the wall stability 
may be based upon earth pressure modeled as a fluid with equivalent fluid 
weight of 38 pcf above the mud line and above the water table; a value of 
82 pcf is recommended below the water table.     

Seismic Conditions:  The magnitude of the surcharge load subjected to 
the bulkhead system during a seismic event will be dependent upon the 
magnitude of the peak ground acceleration experienced at the site.  The 
seismic load surcharge is typically modeled as an inverted triangular 
distribution with the resultant force acting at a distance approximately 60 
percent of the retained height (0.6H).  On the basis of the PGA calculated 
for the subject site, the seismic pressure distribution is recommended to 
be 15 pcf.    

Liquefaction Conditions: Evaluation of the effect of liquefaction and 
lateral spreading was evaluated at three cross-sections along the 
anticipated alignment (Cross-Sections A1, B2, C3) as shown on Plate 1.  
The profiles modeled at each section location and further details of the 
analyses are presented in Appendix E.  The locations of the bulkhead as 
shown on the cross-sections and analyses were approximated and may 
be subject to revision. 

The results of the analyses indicated the proposed bulkhead structure will 
be subjected to lateral load demand that is anticipated to be in excess of 
the resultant lateral load attributed to static and pseudo-static conditions 
based upon the preliminary design parameters stated above and will, 
therefore, control design.  The magnitudes of the load demand are 
presented in the table below for use in preliminary design. 
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Table 3 - Bulkhead Lateral Load Demand 

Cross-Section 
Identification 

Lateral Load Stable Soils for  
Lateral Load Resistance 

(kips per lineal foot) Depth (feet) Elevation 
(msl) 

A1 – A1’ 30 15 -4 
B2 – B2’ 20 11.5 -0.5 
C3 – C3’ 14 11 -1.5 

Notes:    
Depth referenced to average site grade. 
Elevation referenced to elevations shown on Plate 1 
Stable Soils – Design embedment of sheetpiling for lateral load resistance begins at the 
indicated elevation; ignore all soils above this elevation in analyses for resistance. 

 

Static Surcharges:  In addition to the above lateral pressures from retained 
earth, lateral pressures from other superimposed loads, such as those 
from automobile traffic and adjacent structures should be added to the 
load imposed upon the wall, if the surcharge is located a distance from the 
back of the wall equal to or less than the height of the wall.  The 
magnitude of the surcharge load depends upon the size of the surface 
area that is subjected to a vertical load relative to the wall height and 
distance from the wall.   

The lateral surcharge may modeled as a uniform pressure distribution with 
a pressure intensity equivalent 33 percent of the vertical surcharge for 
loaded areas that are adjacent to the wall and of large lateral extent.  The 
surcharge attributed to surface loads of limited lateral extent and/or 
situated at various distances from the wall requires analysis on a case-by-
case basis.   

5.6.2 Lateral Load Resistance 

The resistance to the earth pressures of the retained soils is provided by 
the passive pressures that develop in front of the wall below the mud line 
for static and pseudostatic (non-liquefaction) conditions.  In the case of 
liquefaction, the passive pressure should be neglected in analysis from the 
mudline to the depth at which the critical surface intersects the bulkhead 
(see Table 3).  The passive pressure in front of the wall panels of the 
bulkhead may be calculated as an equivalent fluid with an effective unit 
weight of 190 pcf to from the mudline to the depth/elevation corresponding 
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to the bottom of the critical liquefiable soils (see Table 3) and a value of 
265 pcf below this elevation.  The values stated above are ultimate, i.e., 
no factor-of-safety has been applied in the calculation of the parameters 
and the appropriate factors of safety should be applied by the structural 
engineer for the loading conditions, i.e., static vs. pseudostatic and 
liquefaction.  The values of earth pressure below the water have been 
based upon the buoyant unit weight of the soils.       

5.6.3 Preliminary Liquefaction Mitigation Recommendations 

The liquefaction potential of the soils that underlie the area behind and 
below the bulkhead includes the potential for slope instability and 
significant increase in load demand on the bulkhead system which could 
result in significant distortions and/or distress to the system.  The 
mitigation of the liquefaction potential consists of in-situ improvement of 
the soils via the techniques of vibro-replacement (“Stone columns”) or 
compaction grouting.  Recommendations are presented on a preliminary 
basis to provide a conceptual understanding of the available options. 

Improvement of soils susceptible to liquefaction generally consists of in-
situ techniques such as injection of grout, densification of the soils by 
vibration or displacement of the loose soils and placement of compacted 
coarse gravel.  The general approaches to liquefaction mitigation by such 
in-situ techniques have been developed and refined by specialty 
contractors using proprietary techniques commonly referred to as 
Compaction or Chemical (Permeation) Grouting, Vibroflotation, and Vibro-
replacement (“Stone Columns”).     

The use of in-situ techniques to improve the soils may be limited to the 
region near the shoreline where lateral spreading is likely to occur but 
should be performed to a sufficient lateral extent to encompass any 
adjacent structures for uniformity in support of those structures.  In-situ 
improvement of the parking structure area may consist of similar 
technique in lieu of the R.A.P. technique previously discussed in the 
report.       

Compaction grouting consists of injecting a low-slump grout at regular 
intervals throughout the area in which improvement is desired.  The 
process begins by the insertion of a grout pipe (casing) by either drilling or 
driving techniques.  The grout is pumped into the subsurface soil in a 
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series of stages as the grout pipe is withdrawn.  The end result is a series 
of grout bulbs that form a column.  The injection of grout displaces the 
surrounding soils densifying the zone between successive grouting 
locations.  Chemical grouting differs in that the grout consists of special 
fluid chemical mixtures that, after injection and permeation of the voids 
within the soil mass, alter the soil matrix typically resulting in a solidified 
soil mass.  Care must however, be used with the use of methods that 
inject fluids under pressure to ensure that the bulkhead and adjacent 
improvements are not adversely affected or damaged.  

Vibro-replacement is a process in which a vibratory probe is inserted into 
the subsurface and upon withdrawal uniformly graded crushed aggregate 
is introduced and densified.  As the probe is withdrawn from the 
subsurface, a column of aggregate (“stone column”) is left behind.  The 
installation process densifies the soils to a radial distance from probe 
insertion and the granular column left in place provides an avenue for pore 
water pressure dissipation further reducing the potential for liquefaction to 
occur.  The diameters of the stone columns typically is on the order of 3 to 
4 feet with spacings typically 6 to 10 feet on-center.  

The selection of the appropriate grout injection technique is recommended 
to be made by a contractor that specializes in the design and 
implementation of such ground improvement systems.  The selection of a 
ground modification alternate is recommended to include an initial pilot 
program to allow evaluation of the response of the soils to the process and 
the effect on adjacent improvements.    

Upon completion of the ground improvement process, a field verification 
program is recommended to be implemented to verify adequate 
improvement of the soils.  The verification program typically consists of at 
least CPT soundings and perhaps test borings. 

5.7 Pavement Design 

Pavement Subgrade:  The pavement subgrades should be prepared as 
described in Section 5.1 of this report.  In accordance with the recommendations, 
preparation of the subgrade within the areas of new pavement construction are 
recommended to be overexcavated to a depth of 2 feet below the current grade 
or planned subgrade elevation, whichever is lower, to allow placement of a 
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minimum of 2 feet of structural fill to develop a suitable bearing subgrade for 
pavement support. 

Asphalt Pavements:  Asphalt pavements are recommended in areas of the site 
that will be subjected primarily to automobile traffic with occasional delivery or 
supply truck traffic such as the parking lots that will be located around the 
perimeter of the site.  Based on the anticipated subgrade conditions, the 
following recommendations of pavement design have been based on an R-value 
of 30 for the anticipated subgrade.  R-value tests should be performed during 
grading to verify the design value is appropriate for the actual subgrade 
conditions.  Based on the design procedures outlined in the current Orange 
County Highway Design Manual, and using an R-value of 78 for the pavement 
base course, the following flexible pavement sections may be used for Traffic 
Index values that correspond to various levels of vehicle traffic. 

Table 4 - Asphalt Pavement Sections 

Traffic Index Asphalt Concrete (inches) Aggregate Base (inches) 
4 or less 3 4 

5.0 3 6 
6.0 4 8 

 
Prior to placement of aggregate base, the subgrade soil should be processed to 
a minimum depth of 8 inches, moisture-conditioned to 1 to 2 percent above 
optimum moisture content, and recompacted to a minimum of 90 percent relative 
compaction.  Aggregate base should be placed in thin lifts, moisture conditioned, 
as necessary, and compacted to a minimum of 95 percent relative compaction. 

Portland Cement Concrete:  Portland cement concrete is recommended in areas 
of the site that will be subjected to heavy truck traffic and where trucks maneuver 
due to the large shear stresses under the heavy wheel loads.  The loading zone 
areas in front of the trash enclosure or other delivery areas are recommended to 
be paved with a minimum 6-inch-thick Portland Concrete Cement (PCC) 
pavement section reinforced with No. 4 rebar at a maximum on-center spaced at 
24 inches in each direction.  The subgrade should consist of a minimum 24 
inches of properly compacted fill compacted to at least 90 percent relative 
compaction in accordance to ASTM Test Method D1557-09.  The reinforcement 
should be evaluated by the civil/structural engineer to accommodate any 
additional structural loading requirements. 
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Construction and Performance:  All pavement construction should be performed 
in accordance with the Standard Specifications for Public Works Construction or 
the project specifications as prepared by others.  Field observation and periodic 
testing, as needed during placement of the base course materials, should be 
undertaken to ensure that the requirements of the project specifications are 
fulfilled.  

The recommended pavement sections are based upon the assumed traffic 
intensity and the subgrade conditions that are expected to result upon completion 
of the recommended site preparation.  The planned site grading may have an 
effect upon these recommendations and should be reviewed after the project 
plans have been prepared.  The recommendations are also based upon a 
twenty-year design life.  Periodic maintenance and repair of the pavements 
should be expected to achieve the desired service life, especially where the 
asphalt pavement sections are used.  Care should be used in the selection of the 
pavement section to ensure the traffic intensity is consistent with the design 
assumption.  Premature pavement wear and possible distress should be 
expected where the pavement section is not appropriate for the actual traffic 
conditions. 

5.8 Temporary Excavations and Shoring Design 

All temporary excavations, including utility trenches, retaining wall excavations, 
and other excavations should be performed in accordance with project plans, 
specifications and all Occupational Safety and Health Administration (OSHA) 
requirements.  

Temporary excavations should be treated in accordance with the State of 
California version of OSHA excavation regulations, Construction Safety Orders 
for Excavation General Requirements, Article 6, Section 1541, effective October 
1, 1995.  The sides of excavations should be shored or sloped in accordance 
with OSHA regulations.  OSHA allows the sides of unbraced excavations, up to a 
maximum height of 20 feet, to be cut to a ¾H:1V (horizontal:vertical) slope for 
Type A soils, 1H:1V for Type B soils, and 1½H:1V for Type C soils. 

OSHA regulations are applicable in areas with no restriction of surrounding 
ground deformations.  Shoring should be designed for areas with deformation 
restrictions.  The soil type should be verified or revised based on geotechnical 
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observation and testing during construction, as soil classifications may vary over 
short horizontal distances.   

Typical cantilever shoring should be designed based on an active fluid pressure 
of 38 pcf, assuming level ground above the shoring.  If excavations are braced at 
the top and at specific design intervals, the active pressure may then be 
approximated by a trapezoidal soil pressure distribution with the maximum 
pressure per foot of width equal to 25H psf, where H is equal to the depth of the 
excavation being shored.  The trapezoidal distribution is zero pressure at the top, 
linearly increasing to maximum pressure at 0.2H which is continuous to 0.8H, 
and then decreasingly linearly to zero pressure at the bottom. 

Heavy construction loads, such as those resulting from stockpiles and heavy 
machinery, should be kept a minimum distance equivalent to the excavation 
height or 5 feet, whichever is greater, from the excavation unless the excavation 
is shored and these surcharges are considered in the design of the shoring 
system.  Excavations that extend below an imaginary plane inclined at 45 
degrees below the edge of any adjacent existing site foundation should be 
properly shored to maintain support of the adjacent structures. 

5.9 Trench Backfill 

Utility trenches can be backfilled with the onsite material, provided it is free of 
debris, organic material and oversized material (greater than 8 inches in 
diameter).  Prior to backfilling the trench, pipes should be bedded in and covered 
with sand that exhibits a Sand Equivalent (SE) of 30 or greater.  The pipe 
bedding may be densified in-place by jetting.  The native backfill should be 
placed in lifts with maximum thickness of 8 inches, moisture conditioned as 
necessary, and mechanically compacted using a minimum standard of 90 
percent relative compaction.  The maximum lift thickness should also be 
determined based on the compaction equipment used in accordance with the 
latest edition of the Standard Specifications for Public Works Construction 
(SSPWC). 

5.10 Corrosion Protection Measures 

The chemical analysis test results performed on near-surface soils are included 
in Appendix C of this report.  The test results are also summarized in the 
following table. 
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Table 5 - Summary of Corrosivity Test Results 

Test Parameter Test Results General Classification of Hazard 

Water-soluble sulfate 
content 141 to 250 ppm Negligible sulfate exposure to buried concrete 

(per ACI 318) 
Water-soluble chloride 

Content 51 to 162 ppm Low-corrosive to buried concrete 

pH 7.30 to 7.43 Neutral Soils 

Minimum resistivity 
(in saturated 

condition) 

1,900 to 2,430 
ohm-cm 

Moderate corrosive potential to buried ferrous 
pipes (per ASTM1) 

1 ASTM STP 1013 titled Effects of Soil Characteristics on Corrosion (February, 1989). 
 

The results of the resistivity tests indicate that the near surface soil exhibits a low 
to moderate corrosive potential to buried ferrous metals.  Based on the range of 
measured water-soluble sulfates from the soil samples, soil sulfate content is 
negligible per Table 4.3.1 of ACI 318R-05.  Furthermore, the samples tested for 
water-soluble chloride content indicating a low possibility for corrosion of steel in 
concrete due to the chloride content with the tested soils. 

Because of the limited testing performed and potential variability in chemical 
contents and resistivity in soils, we recommend that additional chemical and 
corrosion tests be performed during site grading operations and prior to the 
placement of concrete and buried metals to confirm the findings and 
recommendations provided in this report.  A corrosion engineer should be 
consulted if mitigation measures are required. 

5.11 Construction Considerations 

Soil Moisture Sensitivity:  The subsurface profile at several boring locations 
indicated the presence of a thin layer of clay and silt that exhibited high in-situ 
moisture content. If encountered during grading or construction operations, 
subgrade stability problems may occur.  In areas where the subgrade soils 
exhibit high fines content, exposure to moisture increases could also result in 
subgrade stability problems and the need to either undercut unstable soils or 
perform special chemical or mechanical modification of the subgrade to allow 
grading activities to proceed.  Chemical modification consists of the addition of 
either lime or Portland cement to a properly processed subgrade followed by 
recompaction.  Mechanical stabilization consists of the placement of a coarse (2- 
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to 4-inch nominal particle diameter) crushed aggregate to serve as working mat.  
Depending upon the degree of instability, a geogrid may also be required in 
conjunction with the coarse aggregate. 

Caving Soils:  The granular, non-cohesive soils that underlie the site to the 
depths in which foundation, utility and parking structure excavations are 
anticipated could result in stability problems where steep, unbraced excavations 
are attempted. Recommendations for excavation and shoring design are 
presented in Section 5.8 of this report. 

Concrete Slab Construction:  Care should be taken to avoid slab curling if slabs 
are poured in hot weather.  Frequent construction joints should be provided to 
minimize the potential for cracking.  Slabs should be designed and constructed 
as promulgated by the Portland Cement Association (PCA).  Prior to the slab 
pour, all utility trenches should be properly backfilled and compacted.  Differential 
settlement of this material could result in movement and distress to hardscape 
and other improvements.  The need to repair cracks, etc. should be anticipated. 

Utility Connections:  The potential for liquefaction and the associated settlement 
and ground oscillation/differential horizontal displacement, indicates utility 
connections to structures may be stressed should liquefaction occur.  As a result, 
the use of flexible and extendible couplings and connections to structures are 
recommended for use at the site. 

5.12 Additional Geotechnical Services 

The geotechnical recommendations presented in this report are presented on a 
preliminary basis pending review of the proposed development as the plans are 
developed.  In addition, the recommendations of this report have been based on 
subsurface conditions as interpreted from limited subsurface explorations and 
limited laboratory testing.  Leighton should review the grading and foundation 
plans and specifications when final project design is available to comment on the 
geotechnical aspects.  Our recommendations should be revised, as necessary, 
based on future site plans and final building locations, types and uses, and 
incorporated into the final design plans and specifications.  Our conclusions and 
recommendations presented in this report should be reviewed and verified by 
Leighton during site construction and revised accordingly, if exposed 
geotechnical conditions vary from our preliminary findings and interpretations.  
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The recommendations presented in this report are only valid if Leighton verifies 
the site conditions during construction.   

Geotechnical observation and testing should be provided during the following 
activities: 

 Overexcavation and compaction. 

 Compaction of all fill materials. 

 Excavation and installation of foundations. 

 After excavation of all slabs and footings and prior to placement of steel or 
concrete to confirm the slabs and footings are founded in suitable bearing 
soils. 

 Utility trench backfilling and compaction. 

 Pavement subgrade preparation and base course placement. 

 When conditions are encountered during construction that are not 
consistent with the conditions described herein. 
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6.0 LIMITATIONS 

Leighton's work was performed using the degree of care and skill ordinarily exercised, 
under similar circumstances, by reputable geotechnical consultants practicing in this or 
similar localities.  No other warranty, expressed or implied, is made as to the 
conclusions and professional opinions included in this report. 

As in many projects, conditions revealed in excavations may be at variance with 
preliminary findings.  If this occurs, the geotechnical consultant should evaluate the 
changed conditions and additional recommendations be obtained, as warranted. 

The identification and testing of hazardous, toxic or contaminated materials were 
outside the scope of Leighton's work.  Should such materials be encountered at any 
time, or their existence be suspected, and all measures stipulated in local, County, 
State and Federal regulations, as applicable, should be implemented. 

This report is issued with the understanding that it is the responsibility of the owner, or 
of his representative, to ensure that the information and recommendations contained 
herein are brought to the attention of the necessary design consultants for the project 
and incorporated into the plans; and that the necessary steps are taken to see that the 
contractors carry out such recommendations in the field. 

The findings of this report are considered valid as of the report’s date.  However, 
changes in the condition of a property can occur with the passage of time, whether due 
to natural processes or the work of man on the subject or adjacent properties.  In 
addition, changes in standards of practice may occur from legislation or the broadening 
of knowledge.  Accordingly, the findings of this report may at some future time be 
invalidated wholly or partially by changes outside Leighton's control. 

The conclusions and recommendations in this report are based in part upon data that 
were obtained from a necessarily limited number of observations, site visits, 
excavations, samples and tests.  Such data are strictly applicable only with respect to 
the specific locations explored, and therefore may not completely define all subsurface 
conditions throughout the site.  The nature of many sites is that differing geotechnical or 
geological conditions can occur within small distances and under varying climatic 
conditions.  Furthermore, changes in subsurface conditions can and do occur over time.  
Therefore, the findings, conclusions and recommendations presented in this report can 
be relied upon only if Leighton has the opportunity to observe the subsurface conditions 
during grading and construction of the project, in order to verify that our preliminary 
findings are representative of the site. 
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This report is intended only for the use of Bayside Marina Village, LLC and its 
representatives, and only as related expressly to the subject project. 

   

   

  

Leighton 



Important Information about Your 

Geotechnical Engineering Report 

Geotechnical Services Are Perlormed lor 
Specific Purposes, Persons, and Projects 
Geotechnical engineers structure their services to meet the spec tic needs of 
their clients. A geotechnical engineering study conducted for a civil engi
neer may not fulfill the needs of a construcNolii contractor or even another 
civil engineer. Because each geotechnical engineerif1g study is unique, each 
geotechnical engineering. report lis unique, prepared solely for the client. No 
one except you should rely on your geotechnical engineering report without 
first confer,ring with the geotechnical engineer who prepared it. And no one 
- not even you - should apply the report for any purpose or project 
except the one originally contemplated. 

Read the FuU Report 
Serious problems have occurred because those relying on a geotechnical 
engineering report did not read it all. Do not rely on an executive summary. 
Do not read selected elements only 

A Geotechnical Engineering Report Is Based on 
A Unique Set 01 Project-Specific Factors 
Geotechnical engi'neers consider a number of unique, project-specific fac
tors when establishing the scope of a study. Typical factors ,include: the 
client's goals, objectives, and r·isk management preferences; the general 
nature of the structure involved, its size, and configuration; the location of 
the strlJcture on the site; and other planned or existing site improvements, 
such as access roads, parking lots, and underground utilities. Unless the 
geotechnical engineer w~o conducted! the study specifically indicates oth
erwise, do not rely on a geotechnical engineering report that was: 
• not prepared for you, 
• not prepared for your project. 
• not prepared for the specific site explored, or 
• completed before important project changes were made. 

Typica~ changes that can erode the reliability of an existing geotechnical 
engineering report include those that affect: 
• the function of the proposed structure, as when it's changed from a 

parking garage 10 an oHice building, or from a light industrial plant 
to a refrigerated warehouse, 

• elevation, configuration, location, orientation, or weight of the 
proposed structure, 

• composition of the design team, or 
• project ownership. 

As a general mle, always ,inform your geotechnica'i engineer of project 
changes-even minor ones-and request an assessment of their impact. 
Geotechnical engineers cannot accept responsibility or liability for problems 
that occur because their reports do not consider developments of which 
they were not informed. 

Subsurlace Conditions Can Change 
A geotechnical engineering report is based on conditions that existed at 
the t.ime the study was performed. Do not rely on a geotechnical engineer
ing report whose adequacy may have been affected by: the passage of 
!lime; by man-made events, such as construction on or adjacent to the site; 
or by natural events, such as floods, earthquakes, or groundwater fl[Jctua
lions. Always contact the geotechnica'l engineer before applying the report 
to determine if it is still reliable. A minor amount of additional testing or 
analysis could prevent major problems. 

Most Geotechnical Findings Are Prolessional 
Opinions 
Site exploration identifies subsur,face conditions only at those points where 
subsurface tests are conducted or samples are taken. Geotechnical engi
neers review field and laboratory data and then apply their professional 
judgment to render an opinion about subsurface conditions throughout the 
site. Actual subsurface condit,ions may diHer-sometimes significantly
from th(Jse indicated in your report. Retaining the geotechnical engineer 
who developed your report to provide construction observation is the 
most eHective method of managing the risks associated with unant,icipated 
condilions. 

A Report's Recommendations Are Not Final 
Do not overrely on the construction recommendations included in YOlJr 
report. Those recommendations are not final, because geotechnical engi
neers develop them principally Jrom judgment and opinion. Geotechnical 
engineers can finalize their recommendations only by observing actual 



subsurface conditions revealed during construction. The geotechnical 
engineer who developed your report cannot assume responsibility or 
liability for the report 's recommendations if that engineer does not perform 
construction observation. 

A Geotechnical Engineering Report Is Subject to 
Misinterpretation 
Other design team members' misinterpretation of geotechnical engineering 
reports has resulted in costly problems. Lower that risk by having your geo
technical engineer confer with appropriate members of the design team after 
submitting the report. Also retain your geotechnical engineer to review perti
nent elements of the design team's plans and specifications. Contractors can 
also miSinterpret a geotechnical engineering report. Reduce that risk by 
having your geotechnical engineer participate in prebid and preconstruction 
conferences, and by providing construction observation. 

Do Not Redraw the Engineer's Logs 
Geotechnical engineers prepare final boring and testing logs based upon 
their interpretation of field logs and laboratory data. To prevent errors or 
omissions, the logs included in a geotechnical engineering report should 
never be redrawn for inclusion in architectural or other design drawings. 
Only photographic or electronic reproduction is acceptable, but recognize 
that separating logs from the report can elevate risk 

Give Contractors a Complete Report and 
Guidance 
Some owners and design professionals mistakenly believe they can make 
contractors liable for unanticipated subsurface conditions by limiting what 
they provide for bid preparation To help prevent costly problems, give con
tractors the complete geotechnical engineering report, but preface it with a 
clearly written letter of transmittal. In that letter, advise contractors that the 
report was not prepared for purposes of bid development and that the 
report's accuracy is limited; encourage them to confer with the geotechnical 
engineer who prepared the report (a modest fee may be required) and/or to 
conduct additional study to obtain the specific types of information they 
need or prefer. A prebid conference can also be valuable. 8e sure contrac
tors have sufficient time to perform additional study. Only then might you 
be in a pOSition to give contractors the best information available to you, 
while requiring them to at least share some of the financial responsibilities 
stemming from unantiCipated conditions. 

Read Responsibility Provisions Closely 
Some clients, design professionals, and contractors do not recognize that 
geotechnical engineering is far less exact than other engineering disci
plines. This lack of understanding has created unrealistic expectations that 

have led to disappointments, claims, and disputes. To help reduce the risk 
of such outcomes, geotechnical engineers commonly include a variety of 
explanatory provisions in their reports. Sometimes labeled "limitations" 
many of these provisions indicate where geotechnical engineers' responsi
bilities begin and end, to help others recognize their own responsibilities 
and risks. Read these provisions closely Ask questions. Your geotec~lnical 
engineer should respond fully and frankly. 

Geoenvironmental Concerns Are Not Covered 
The equipment, techniques, and personnel used to perform a geoenviron
mental study differ significantly from those used to perform a geotechnical 
study. For that reason, a geotechnical engineering report does not usually 
relate any geoenvironmental findings, conclusions, or recommendations; 
e.g., about the likelihood of encountering underground storage tanks or 
regulated contaminants. Unanticipated environmental problems have led 
to numerous project failures. If you have not yet obtained your own geoen
vironmental information, ask your geotechnical consultant for risk man
agement guidance. Do not rely on an environmental report prepared for 
someone else. 

Obtain Professional Assistance To Deal wnh Mold 
Diverse strategies can be applied during building deSign, construction, 
operation, and maintenance to prevent significant amounts of mold from 
growing on indoor surfaces. To be effective, all such strategies should be 
devised for the express purpose of mold prevention, integrated into a com
prehensive plan, and executed with diligent oversight by a professional 
mold prevention consultant. Because just a small amount of water or 
moisture can lead to the development of severe mold infestations, a num
ber of mold prevention strategies focus on keeping building surfaces dry 
While groundwater, water infiltration, and similar issues may have been 
addressed as part of the geotechnical engineering study whose findings 
are conveyed in this report, the geotechnical engineer in charge of this 
project is not a mold prevention consultant; none of the services per
formed in connection with the geotechnical engineer's study 
were designed or conducted for the purpose of mold preven
tion. Proper implementation of the recommendations conveyed 
in this report will not of itself be sufflc/entto prevent mold from 
growing in or on the structure involved. 

Rei" on Your ASFE-Member Geotechncial 
Engineer for Additional Assistance 
Membership in ASFE/THE BEST PEOP LE ON EARTH exposes geotechnical 
engineers to a wide array of risk management techniques that call be of 
genuine benefit for everyone involved with a construction project. Confer 
with your ASFE-member geotechnical engineer for more information. 

ASF'E 
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8811 Colesville Road/Suite G106, Silver Spring, MD 20910 
Telephone 301/565-2733 Facsimile 301/589-2017 

e-mail inlo@asfe.org wwwasfe.org 
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Artificial fill (Af)
@ Surface: Approximately 3 inches of asphalt-concrete over 2 inches

of aggregate base over SAND, light brown, dry, fine grained sand
@ 1': SAND, medium dense, light brown, dry, fine grained sand,

abundant shell debris, unconsolidated with clay pods, well graded

@ 3.5': SAND, medium dense, light reddish brown, dry, fine grained
sand, abundant shell debris, fine angular gravel, well graded

@ 6': SAND with silt, loose, light brown, slightly moist, fine grained
sand, trace amount of shell debris

Quaternary esturaine (Qes)
@ 8.5': Sandy CLAY with silt, soft, dark grey to reddish brown, wet,

fine grained sand, oxidized with rootlets, encounter groundwater
(low tide), with thinly bedded Silty SAND @9'

@ 13.5': Silty SAND, loose, dark grey, wet, fine grained sand,
micaceous, 15.1% passing -200 sieve

@ 18.5': SAND with Silt, medium dense, dark grey, wet, fine grained
sand, micaceous, 8.9% passing -200 sieve

@ 20': SAND, light grey, wet, coarse grained sand with shell
fragments, moderatley graded

@ 25': SAND, dense, grey, wet, thin beds of fine to coarse sand with
shell fragments, well rounded

@ 28.5': SAND, dense, grey, wet, fine to coarse grained sand, some
silt, some shells in matrix, well graded
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the time of drilling.  Subsurface conditions may differ at other
locations and may change with time.  The description is a
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Total depth of boring: 30 feet bgs.
Groundwater encountered at 8.5 feet bgs during drilling
Boring was backfilled with cuttings, tamped and capped with cold

asphalt patch upon completion
Excessive soil cuttings were disposed onsite

 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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Artificial fill (Af)
@ Surface: Approximately 3 inches asphalt-concrete over 5 inches of

gravelly/cobbly aggregate base over SAND, light grey, dry, fine
grained sand

@ 1': SAND, medium dense, light grey, dry, fine grained sand, trace
amount of shells, slightly oxidized, poorly graded

@ 3.5': SAND, medium dense, light grey, slightly moist, fine grained
sand, poorly graded

Quaternary estuarine (Qes)
@ 6': SAND with thinly bedded silt and clay, soft, orange brown to

reddish gray brown, moist, fine grained sand, well oxidized with
grey silty clay

@ 8.5': Silty SAND, medium dense, light brown to reddish brown,
moist, fine grained sand, trace amount of shell debris with thin
bedded well oxidized sandy silt

@ 13.5': SAND with silt, medium dense, orange brown to grey

@ 15': becomes wet, fine grained sand, encounter groundwater

@ 18.5': Silty SAND, medium dense, gray, wet, fine grained sand

@ 25': SAND with silt, dense, grey, wet, fine grained sand, micaceous,
trace shell debris

@ 28.5': SAND, very dense, grey, wet, fine to coarse grained sand,
abundant shell debris
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The Soil Description applies only to a location of the exploration at
the time of drilling.  Subsurface conditions may differ at other
locations and may change with time.  The description is a
simplification of the actual conditions encountered.  Transitions
between soil types may be gradual.
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@30': @ 28.5': SAND, very dense, grey, wet, fine to coarse grained
sand, abundant shell debris

@ 35': SAND with Silt, medium dense, grey, wet, fine to medium
grained sand, trace fine rounded gravel, 6.3% passing -200 sieve

@ 40': SAND, very dense, grey, wet, coarse grained sand, abundant
shell debris

@ 45': Silty SAND, medium dense, grey, wet, fine grained sand

@ 50': SAND, dense, grey, wet, medium to coarse grained sand,
abundant shell debris

Total depth of boring: 51.5 feet bgs.
Groundwater encountered at 15 feet bgs.
Boring was backfilled with cuttings, tamped and capped with cold

asphalt patch upon completion
Excessive soil cuttings were disposed onsite
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The Soil Description applies only to a location of the exploration at
the time of drilling.  Subsurface conditions may differ at other
locations and may change with time.  The description is a
simplification of the actual conditions encountered.  Transitions
between soil types may be gradual.
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Artificial fill(Af)
@ Surface: Approximately 2 inches of asphalt-concrete over 2 inches

of aggregate base over SAND with silt, light brown, fine grained
sand.

@ 1': SAND with silt, medium dense, light brown, moist, fine grained
sand, abundant shell debris, some clay pods

@ 3.5': SAND, medium dense, light orange brown, moist, fine grained
sand, poorly graded

@ 6': Silty SAND to Sandy SILT, loose, light brown, slightly moist,
fine grained sand, abundant shell debris

Quaternary esturine (Qes)
@ 8.5': Sandy SILT, soft, dark grey, wet, fine grained sand, micaceous,

slight organic odor, trace amount of clay

@ 13.5': SAND with Silt, medium dense, dark grey, wet, fine grained
sand, mild organic odor

@ 18.5': SAND with silt, medium dense, grey, wet, fine to medium
grained sand, abundant shells, 5.3% passsing -200 sieve

@ 25': SAND with Silt, dense, dark grey, wet, fine grained sand, thinly
bedded coarse grained sand with abundant shells, 5.0% passing
-200 sieve

@ 28.5': SAND with silt, dense, dark grey, wet, fine to medium
grained sand
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The Soil Description applies only to a location of the exploration at
the time of drilling.  Subsurface conditions may differ at other
locations and may change with time.  The description is a
simplification of the actual conditions encountered.  Transitions
between soil types may be gradual.
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@30': SAND with silt, dense, dark grey, wet, fine to medium grained
sand

@ 35': SAND, very dense, grey, wet, medium grained sand, some
micaceous sand

@ 40': SAND, dense, light grey, wet, fine to medium grained sand,
trace amount of shells

@ 45': SAND with gravel, dense, greenish grey, wet, medium to coarse
grained sand with layered shell fragments, some fine rounded
gravel and siltstone rock fragments

@ 50': SAND, dense, grey, wet, medium grained sand

Total depth of boring: 51.5 feet bgs.
Groundwater encountered at 8.5 feet bgs, during drilling
Boring was backfilled with cuttings, tamped and capped with cold

asphalt patch upon completion
Excessive soil cuttings were disposed onsite
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The Soil Description applies only to a location of the exploration at
the time of drilling.  Subsurface conditions may differ at other
locations and may change with time.  The description is a
simplification of the actual conditions encountered.  Transitions
between soil types may be gradual.
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Maximum depth: 40.11  (ft)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data 
30 ton rig 
 
Customer: Leighton Consulting, Inc.
Job Site: Bayside Village

Date: 12/Nov/2009
Test ID: LCPT-1
Project: NewportBeach

Test ID: LCPT-1

File: Z12N0901C.ECP
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Maximum depth: 40.10  (ft)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data 
30 ton rig 
 
Customer: Leighton Consulting, Inc.
Job Site: Bayside Village

Date: 12/Nov/2009
Test ID: LCPT-2
Project: NewportBeach

Test ID: LCPT-2

File: Z12N0902C.ECP
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Maximum depth: 40.17  (ft)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data 
30 ton rig 
 
Customer: Leighton Consulting, Inc.
Job Site: Bayside Village

Date: 12/Nov/2009
Test ID: LCPT-3
Project: NewportBeach

Test ID: LCPT-3

File: Z12N0903C.ECP
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Maximum depth: 40.16  (ft)

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
skehoe@msn.com

CPT Data 
30 ton rig 
 
Customer: Leighton Consulting, Inc.
Job Site: Bayside Village

Date: 13/Nov/2009
Test ID: LCPT-4
Project: NewportBeach

Test ID: LCPT-4

File: Z13N0901C.ECP
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Maximum depth: 60.01  (ft)

Page 1 of 2

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
www.kehoetesting.com

CPT Data 
30 ton rig 
 
Customer: Leighton Consulting
Job Site: Bayside Dr. & E Coast Highway

Date: 03/Nov/2011
Test ID: L-CPT-6
Project: NewportBeach

Test ID: L-CPT-6

File: Z03N1103C.ECP
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Maximum depth: 60.01  (ft)

Page 2 of 2

Kehoe Testing & Engineering
Office: (714) 901-7270
Fax: (714) 901-7289
rich@kehoetesting.com
www.kehoetesting.com

CPT Data 
30 ton rig 
 
Customer: Leighton Consulting
Job Site: Bayside Dr. & E Coast Highway

Date: 03/Nov/2011
Test ID: L-CPT-6
Project: NewportBeach

Test ID: L-CPT-6

File: Z03N1103C.ECP
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PN 602668-002 
CPT - 1 

 

- 1 - 

"    
"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\LCPT-1.CSV 
"------------------------------ 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
" 
" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.750 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\LCPT-1.CSV  |-------------------------------------------------- 
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su         
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)      
"---------------------------------------------------------------------------------- 
    0.500    75.073     0.481     0.641     8        18        27           9E9    
    1.500   133.600     0.893     0.668     9        26        39           9E9    
    2.500   189.007     1.222     0.646     9        36        54           9E9    
    3.500   199.193     0.851     0.427     9        38        57           9E9    
    4.500   222.644     0.826     0.371     9        43        65           9E9    
    5.500   179.413     0.829     0.462     9        34        51           9E9    
    6.500    52.287     0.444     0.849     7        17        26           9E9    
    7.500     6.487     0.229     3.486     3         6         9         0.406    
    8.500    30.900     0.221     0.712     7        10        15           9E9    
    9.500   110.840     0.545     0.491     9        21        32           9E9    
   10.500   123.147     0.669     0.543     9        24        35           9E9    
   11.500   129.953     0.519     0.399     9        25        36           9E9    
   12.500   173.544     0.813     0.469     9        33        45           9E9    
   13.500   199.413     1.214     0.609     9        38        50           9E9    
   14.500   194.613     1.297     0.667     9        37        47           9E9    
   15.500   158.633     0.862     0.543     9        30        37           9E9    
   16.500   134.425     0.774     0.576     9        26        31           9E9    
   17.500   126.567     0.471     0.372     9        24        28           9E9    
   18.500   227.953     1.071     0.470     9        44        50           9E9    
   19.500   190.653     0.884     0.464     9        37        41           9E9    
   20.500   146.731     0.966     0.658     9        28        30           9E9    
   21.500   135.093     0.722     0.534     9        26        27           9E9    
   22.500   239.560     0.845     0.353    10        38        39           9E9    
   23.500   288.493     0.933     0.323    10        46        46           9E9    
   24.500   330.387     1.708     0.517    10        53        51           9E9    



PN 602668-002 
CPT - 1 

 

- 2 - 

   Depth    Qc(avg)   Fs(avg)      Rf     Rf Zone   Spt N     Spt N1        Su         
"  (feet)    (TSF)     (TSF)       (%)    (zone #)  (blow/ft) (blow/ft)    (TSF)      
"--------------------------------------------------------------------------------- 
   25.500   372.493     2.224     0.597    10        59        56           9E9    
   26.500   382.667     2.112     0.552    10        61        56           9E9    
   27.500   384.960     2.921     0.759    10        61        55           9E9    
   28.500   339.173     3.037     0.895     9        65        57           9E9    
   29.500   322.881     2.718     0.842     9        62        53           9E9    
   30.500   322.420     1.982     0.615    10        51        43           9E9    
   31.500   312.700     2.046     0.654    10        50        41           9E9    
   32.500   330.760     2.057     0.622    10        53        43           9E9    
   33.500   330.438     2.429     0.735    10        53        42           9E9    
   34.500   322.200     1.265     0.393    10        51        40           9E9    
   35.500   335.393     1.505     0.449    10        54        41           9E9    
   36.500   318.640     1.475     0.463    10        51        38           9E9    
   37.500   288.375     1.507     0.522    10        46        34           9E9    
   38.500   274.073     1.293     0.472    10        44        32           9E9    
   39.500   341.860     1.077     0.315    10        55        39           9E9    
   40.500   334.600     0.000     0.000    10        9E9       9E9          9E9    



602668-002 
LCPT- 2 

- 1 - 

"    
"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\LCPT-2.CSV 
"------------------------------ 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
" 
" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.750 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\LCPT-2.CSV  |-------------------------------------------------- 
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su         
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)      
"---------------------------------------------------------------------------------- 
    0.500   118.120     1.253     1.061     8        28        42           9E9    
    1.500    88.527     0.639     0.722     8        21        32           9E9    
    2.500   123.493     0.577     0.467     9        24        36           9E9    
    3.500   158.680     0.835     0.526     9        30        45           9E9    
    4.500   136.225     0.826     0.606     9        26        39           9E9    
    5.500    99.747     0.633     0.634     8        24        36           9E9    
    6.500    41.933     0.479     1.143     7        13        20           9E9    
    7.500    28.700     0.339     1.179     7         9        14           9E9    
    8.500    31.744     0.191     0.600     7        10        15           9E9    
    9.500    83.687     0.433     0.517     8        20        30           9E9    
   10.500    76.347     0.420     0.550     8        18        27           9E9    



602668-002 
LCPT- 2 

- 2 - 

 Depth      Qc(avg)   Fs(avg)      Rf    Rf Zone   Spt N     Spt N1         Su         
" (feet)    (TSF)     (TSF)        (%)   (zone #)  (blow/ft) (blow/ft)     (TSF)      
"----------------------------------------------------------------------------------  
 
   11.500    71.020     0.317     0.446     8        17        24           9E9    
   12.500    80.100     0.395     0.493     8        19        26           9E9    
   13.500   134.887     0.345     0.256     9        26        34           9E9    
   14.500   181.453     0.711     0.392     9        35        45           9E9    
   15.500   170.327     1.101     0.646     9        33        41           9E9    
   16.500    84.275     0.736     0.873     8        20        24           9E9    
   17.500   142.333     0.774     0.544     9        27        31           9E9    
   18.500   193.460     1.355     0.700     9        37        42           9E9    
   19.500   239.860     1.158     0.483     9        46        51           9E9    
   20.500   253.387     1.124     0.443    10        40        43           9E9    
   21.500   284.800     1.503     0.528    10        45        47           9E9    
   22.500   282.013     1.563     0.554    10        45        46           9E9    
   23.500   284.240     1.993     0.701     9        54        53           9E9    
   24.500   253.037     1.826     0.722     9        48        46           9E9    
   25.500   237.407     1.954     0.823     9        45        42           9E9    
   26.500   271.640     2.426     0.893     9        52        48           9E9    
   27.500   262.013     1.746     0.666     9        50        45           9E9    
   28.500   312.433     2.185     0.699    10        50        44           9E9    
   29.500   239.837     1.951     0.813     9        46        40           9E9    
   30.500   276.693     1.858     0.671     9        53        45           9E9    
   31.500   300.167     2.296     0.765     9        58        48           9E9    
   32.500   313.980     2.234     0.711     9        60        49           9E9    
   33.500   355.987     2.261     0.635    10        57        46           9E9    
   34.500   328.147     2.221     0.677    10        52        41           9E9    
   35.500   301.573     2.229     0.739     9        58        45           9E9    
   36.500   250.660     1.695     0.676     9        48        36           9E9    
   37.500   291.456     1.880     0.645     9        56        42           9E9    
   38.500   305.820     2.240     0.732     9        59        43           9E9    
   39.500   302.633     1.623     0.536    10        48        35           9E9    
   40.500   315.000     0.000     0.000    10        9E9       9E9          9E9    



602668-002 
LCPT - 3 
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"    
"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\LCPT-3.CSV 
"------------------------------ 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
" 
" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.750 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\LCPT-3.CSV  |-------------------------------------------------- 
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su         
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)      
"---------------------------------------------------------------------------------- 
    0.500    90.440     0.741     0.819     8        22        33           9E9    
    1.500   167.593     0.944     0.563     9        32        48           9E9    
    2.500   199.333     1.147     0.576     9        38        57           9E9    
    3.500   199.580     1.275     0.639     9        38        57           9E9    
    4.500   130.688     1.060     0.811     9        25        38           9E9    
    5.500    69.773     0.708     1.015     8        17        26           9E9    
    6.500    43.587     0.417     0.957     7        14        21           9E9    
    7.500   102.353     0.798     0.780     8        25        38           9E9    
    8.500   111.531     0.805     0.722     8        27        41           9E9    
    9.500   136.900     0.719     0.525     9        26        39           9E9    
   10.500   151.153     0.662     0.438     9        29        43           9E9    



602668-002 
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- 2 - 

   Depth    Qc(avg)    Fs(avg)     Rf     Rf Zone   Spt N     Spt N1        Su         
" (feet)    (TSF)       (TSF)     (%)     (zone #)  (blow/ft) (blow/ft)    (TSF)      
"---------------------------------------------------------------------------------- 
    
   11.500   185.467     0.959     0.517     9        36        51           9E9    
   12.500   224.300     1.701     0.759     9        43        58           9E9    
   13.500   187.533     1.691     0.902     9        36        47           9E9    
   14.500   155.280     1.333     0.858     9        30        38           9E9    
   15.500   122.447     0.952     0.777     9        23        28           9E9    
   16.500   223.887     0.912     0.407     9        43        51           9E9    
   17.500   319.433     1.675     0.525    10        51        59           9E9    
   18.500   352.500     2.991     0.848     9        68        76           9E9    
   19.500   288.967     2.665     0.922     9        55        60           9E9    
   20.500   245.894     1.509     0.614     9        47        50           9E9    
   21.500   264.440     1.705     0.645     9        51        53           9E9    
   22.500   233.920     1.429     0.611     9        45        45           9E9    
   23.500   301.873     2.500     0.828     9        58        57           9E9    
   24.500   341.556     3.431     1.004     9        65        63           9E9    
   25.500   337.740     2.995     0.887     9        65        61           9E9    
   26.500   344.340     3.035     0.881     9        66        61           9E9    
   27.500   319.687     2.991     0.936     9        61        55           9E9    
   28.500   347.440     3.783     1.088     9        67        59           9E9    
   29.500   313.087     3.465     1.106     9        60        52           9E9    
   30.500   268.833     1.735     0.645     9        52        44           9E9    
   31.500   308.653     2.394     0.775     9        59        49           9E9    
   32.500   329.140     3.094     0.940     9        63        51           9E9    
   33.500   307.613     2.879     0.936     9        59        47           9E9    
   34.500   339.300     2.495     0.735    10        54        43           9E9    
   35.500   382.060     3.212     0.840    10        61        47           9E9    
   36.500   347.393     3.365     0.968     9        67        51           9E9    
   37.500   362.669     3.229     0.890     9        70        52           9E9    
   38.500   346.073     3.440     0.994     9        66        48           9E9    
   39.500   343.580     2.641     0.768    10        55        40           9E9    
   40.500   357.100     0.000     0.000    10        9E9       9E9          9E9    
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"    
"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\LCPT-4.CSV 
"------------------------------ 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
" 
" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.750 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\LCPT-4.CSV  |-------------------------------------------------- 
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su         
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)      
"---------------------------------------------------------------------------------- 
    0.500   230.993     1.683     0.729     9        44        66           9E9    
    1.500   181.273     2.313     1.276     8        43        65           9E9    
    2.500   114.673     0.955     0.833     8        27        41           9E9    
    3.500   160.513     1.633     1.017     9        31        47           9E9    
    4.500   169.069     1.814     1.073     9        32        48           9E9    
    5.500   249.307     1.185     0.475     9        48        72           9E9    
    6.500   271.600     1.062     0.391    10        43        65           9E9    
    7.500   179.433     1.111     0.619     9        34        51           9E9    
    8.500    99.394     0.740     0.744     8        24        36           9E9    
    9.500    14.567     0.370     2.520     5         7        11         0.939    
   10.500    33.700     0.187     0.554     7        11        16           9E9    
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  Depth    Qc(avg)     Fs(avg)    Rf     Rf Zone   Spt N      Spt N1        Su         
" (feet)    (TSF)       (TSF)     (%)    (zone #)  (blow/ft) (blow/ft)     (TSF)      
"---------------------------------------------------------------------------------- 
   11.500   160.147     0.865     0.540     9        31        44           9E9    
   12.500   256.888     1.264     0.492     9        49        67           9E9    
   13.500   292.507     1.877     0.641     9        56        74           9E9    
   14.500   189.373     1.112     0.587     9        36        46           9E9    
   15.500   250.467     1.419     0.567     9        48        59           9E9    
   16.500   243.400     1.644     0.676     9        47        56           9E9    
   17.500   221.240     1.480     0.669     9        42        49           9E9    
   18.500   169.273     1.855     1.095     9        32        36           9E9    
   19.500   195.853     1.456     0.743     9        38        42           9E9    
   20.500   266.231     1.665     0.625     9        51        54           9E9    
   21.500   291.613     1.823     0.625     9        56        58           9E9    
   22.500   331.960     2.314     0.697    10        53        54           9E9    
   23.500   324.327     2.367     0.730    10        52        51           9E9    
   24.500   267.325     2.099     0.785     9        51        49           9E9    
   25.500   150.053     0.908     0.605     9        29        27           9E9    
   26.500   216.333     0.936     0.433     9        41        38           9E9    
   27.500   270.473     1.381     0.511    10        43        39           9E9    
   28.500   223.980     1.957     0.873     9        43        38           9E9    
   29.500   430.062     2.688     0.625    10        69        60           9E9    
   30.500   494.907     4.646     0.939     9        95        80           9E9    
   31.500   442.307     4.357     0.985     9        85        70           9E9    
   32.500   418.253     3.116     0.745    10        67        54           9E9    
   33.500   455.331     3.411     0.749    10        73        58           9E9    
   34.500   400.420     3.045     0.760    10        64        50           9E9    
   35.500   402.900     3.421     0.849    10        64        49           9E9    
   36.500   318.780     2.582     0.810     9        61        46           9E9    
   37.500   156.806     1.310     0.835     9        30        22           9E9    
   38.500    95.267     0.499     0.523     8        23        17           9E9    
   39.500   211.047     0.666     0.316     9        40        29           9E9    
   40.500   343.800     0.000     0.000    10        9E9       9E9          9E9    
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"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\L-CPT-5.CSV 
"------------------------------- 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
" 
" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.740 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\L-CPT-5.CSV   
 ---------------------------------------------------------------------------------- 
    Depth     Qc(avg)   Fs(avg)    Rf    Rf Zone    Spt N     Spt N1        Su         
    (feet)    (TSF)     (TSF)      (%)   (zone #)  (blow/ft) (blow/ft)     (TSF)      
 ---------------------------------------------------------------------------------- 
    0.500    79.750     0.738     0.926     8        19        29           9E9    
    1.500    74.283     0.662     0.891     8        18        27           9E9    
    2.500   168.717     1.128     0.669     9        32        48           9E9    
    3.500   132.817     1.213     0.914     9        25        38           9E9    
    4.500    50.350     0.722     1.435     7        16        24           9E9    
    5.500   101.150     0.687     0.679     8        24        36           9E9    
    6.500    79.133     0.765     0.967     8        19        29           9E9    
    7.500   101.667     0.805     0.792     8        24        36           9E9    
    8.500   157.217     1.235     0.786     9        30        45           9E9    
    9.500   114.933     1.000     0.870     8        28        42           9E9    
   10.500    56.114     0.853     1.521     7        18        26           9E9    
   11.500    25.750     0.235     0.914     7         8        11           9E9    
   12.500    16.583     0.092     0.555     6         6         8         1.050    
   13.500   100.050     0.738     0.738     8        24        32           9E9    
   14.500   127.150     0.815     0.641     9        24        31           9E9    
   15.500   221.333     1.417     0.640     9        42        52           9E9    
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 ---------------------------------------------------------------------------------- 
    Depth     Qc(avg)   Fs(avg)    Rf    Rf Zone    Spt N     Spt N1        Su         
    (feet)    (TSF)     (TSF)      (%)   (zone #)  (blow/ft) (blow/ft)     (TSF)      
 ----------------------------------------------------------------------------------    
   16.500   285.283     2.052     0.719     9        55        66           9E9    
   17.500   285.333     3.008     1.054     9        55        64           9E9    
   18.500   251.250     2.298     0.915     9        48        54           9E9    
   19.500   191.100     2.040     1.068     9        37        41           9E9    
   20.500   337.986     2.791     0.826     9        65        70           9E9    
   21.500   403.783     4.255     1.054     9        77        81           9E9    
   22.500   398.683     4.558     1.143     9        76        77           9E9    
   23.500   367.650     4.850     1.319     9        70        70           9E9    
   24.500   339.333     5.045     1.487     9        65        63           9E9    
   25.500   357.517     5.723     1.601     8        86        82           9E9    
   26.500   342.967     5.407     1.577     8        82        76           9E9    
   27.500   288.450     4.132     1.432     8        69        63           9E9    
   28.500   269.900     3.642     1.349     9        52        46           9E9    
   29.500   160.850     1.175     0.731     9        31        27           9E9    
   30.500   332.433     2.510     0.755    10        53        45           9E9    
   31.500   423.343     5.256     1.241     9        81        68           9E9    
   32.500   455.083     4.890     1.075     9        87        71           9E9    
   33.500   427.250     4.485     1.050     9        82        66           9E9    
   34.500   405.017     4.142     1.023     9        78        62           9E9    
   35.500   367.200     3.262     0.888     9        70        54           9E9    
   36.500   206.750     1.942     0.939     9        40        31           9E9    
   37.500    55.233     0.910     1.648     7        18        14           9E9    
   38.500   178.383     1.267     0.710     9        34        25           9E9    
   39.500   185.133     0.870     0.470     9        35        26           9E9    
   40.500   234.733     1.228     0.523     9        45        32           9E9    
   41.499   178.129     1.516     0.851     9        34        24           9E9    
   42.499   275.267     2.675     0.972     9        53        37           9E9    
   43.499   299.450     3.310     1.105     9        57        39           9E9    
   44.499   343.867     2.782     0.809     9        66        45           9E9    
   45.499   282.450     3.192     1.130     9        54        36           9E9    
   46.499   216.150     2.988     1.382     8        52        34           9E9    
   47.499   127.600     1.795     1.406     8        31        20           9E9    
   48.499   240.250     1.888     0.786     9        46        29           9E9    
   49.499   430.933     3.608     0.837    10        69        43           9E9    
   50.499   423.900     3.760     0.887     9        81        50           9E9    
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"    
"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\L-CPT-6.CSV 
"------------------------------- 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
" 
" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.740 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\L-CPT-6.CSV   
|---------------------------------------------------------------------------------- 
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su         
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)      
"---------------------------------------------------------------------------------- 
    0.500    66.000     0.123     0.187     8        16        24           9E9    
    1.500   141.300     0.535     0.379     9        27        41           9E9    
    2.500   161.367     0.887     0.549     9        31        47           9E9    
    3.500   101.700     0.845     0.831     8        24        36           9E9    
    4.500    27.283     0.318     1.167     6        10        15         1.800    
    5.500    13.433     0.182     1.352     6         5         8         0.873    
    6.500    33.800     0.380     1.124     7        11        17           9E9    
    7.500    86.850     0.502     0.578     8        21        32           9E9    
    8.500   104.167     0.767     0.736     8        25        38           9E9    
    9.500    59.833     1.005     1.680     7        19        29           9E9    
   10.500    58.129     0.477     0.821     8        14        21           9E9    
   11.500    15.017     0.232     1.543     6         6         9         0.954    
   12.500    42.567     0.242     0.568     7        14        19           9E9    
   13.500    46.217     0.277     0.599     8        11        15           9E9    
   14.500    80.200     0.403     0.503     8        19        24           9E9    
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|---------------------------------------------------------------------------------- 
"   Depth    Qc(avg)   Fs(avg)     Rf    Rf Zone    Spt N     Spt N1        Su         
"  (feet)    (TSF)     (TSF)       (%)   (zone #)  (blow/ft) (blow/ft)     (TSF)      
"---------------------------------------------------------------------------------- 
   15.500   141.383     0.892     0.631     9        27        34           9E9    
   16.500   205.683     1.900     0.924     9        39        47           9E9    
   17.500   233.850     2.048     0.876     9        45        53           9E9    
   18.500   289.033     2.738     0.947     9        55        62           9E9    
   19.500   292.067     3.068     1.051     9        56        62           9E9    
   20.500   178.600     1.636     0.916     9        34        37           9E9    
   21.500   200.833     1.038     0.517     9        38        40           9E9    
   22.500   163.583     1.795     1.097     9        31        32           9E9    
   23.500   143.250     1.163     0.812     9        27        27           9E9    
   24.500   142.583     0.850     0.596     9        27        26           9E9    
   25.500   167.233     0.788     0.471     9        32        30           9E9    
   26.500   137.683     0.407     0.295     9        26        24           9E9    
   27.500   226.433     1.347     0.595     9        43        39           9E9    
   28.500   355.750     2.478     0.697    10        57        51           9E9    
   29.500   337.350     2.318     0.687    10        54        47           9E9    
   30.500   342.567     4.497     1.313     9        66        56           9E9    
   31.500   323.443     3.841     1.188     9        62        52           9E9    
   32.500   352.317     3.442     0.977     9        68        56           9E9    
   33.500   313.283     3.163     1.010     9        60        48           9E9    
   34.500   275.283     2.920     1.061     9        53        42           9E9    
   35.500   294.683     2.782     0.944     9        56        44           9E9    
   36.500   288.267     3.053     1.059     9        55        42           9E9    
   37.500   288.617     3.083     1.068     9        55        41           9E9    
   38.500   286.200     2.910     1.017     9        55        41           9E9    
   39.500   295.367     2.688     0.910     9        57        42           9E9    
   40.500   315.750     3.452     1.093     9        61        44           9E9    
   41.499   294.671     3.411     1.157     9        56        40           9E9    
   42.499   292.900     2.728     0.931     9        56        39           9E9    
   43.499   262.017     3.113     1.188     9        50        34           9E9    
   44.499   283.000     3.613     1.276     9        54        36           9E9    
   45.499   260.267     2.217     0.851     9        50        33           9E9    
   46.499   248.150     2.062     0.830     9        48        31           9E9    
   47.499   258.617     1.473     0.569     9        50        32           9E9    
   48.499   164.250     0.977     0.594     9        31        20           9E9    
   49.499   201.333     1.375     0.683     9        39        25           9E9    
   50.499   310.750     3.160     1.017     9        60        37           9E9    
   51.499   349.967     4.852     1.386     9        67        41           9E9    
   52.499   318.243     2.947     0.926     9        61        37           9E9    
   53.499   279.667     1.922     0.687     9        54        32           9E9    
   54.499   249.000     1.287     0.516     9        48        28           9E9    
   55.499   274.400     1.853     0.675     9        53        31           9E9    
   56.499   263.967     1.802     0.682     9        51        29           9E9    
   57.499   131.917     1.325     1.003     8        32        18           9E9    
   58.499   270.400     1.875     0.693     9        52        29           9E9    
   59.499   345.050     1.888     0.547    10        55        31           9E9    
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"    
"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\L-CPT-7.CSV 
"------------------------------- 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
"" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.740 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\L-CPT-7.CSV  | 
----------------------------------------------------------------------------------- 
" Depth     Qc(avg)     Fs(avg)    Rf    Rf Zone    Spt N     Spt N1         Su         
" (feet)    (TSF)        (TSF)     (%)   (zone #)  (blow/ft) (blow/ft)     (TSF)      
"---------------------------------------------------------------------------------- 
    0.500   101.017     0.817     0.808     8        24        36           9E9    
    1.500   136.333     1.000     0.733     9        26        39           9E9    
    2.500   156.633     1.277     0.815     9        30        45           9E9    
    3.500   153.700     1.347     0.876     9        29        44           9E9    
    4.500   116.783     1.092     0.935     8        28        42           9E9    
    5.500    49.800     0.675     1.356     7        16        24           9E9    
    6.500    27.533     0.497     1.804     6        11        17         1.809    
    7.500    45.150     0.347     0.768     7        14        21           9E9    
    8.500    53.933     0.273     0.507     8        13        20           9E9    
    9.500    92.617     0.590     0.637     8        22        33           9E9    
   10.500   149.171     1.073     0.719     9        29        43           9E9    
   11.500   201.067     1.718     0.855     9        39        55           9E9    
   12.500   215.583     2.043     0.948     9        41        56           9E9    
   13.500   229.000     2.195     0.959     9        44        58           9E9    
   14.500   272.383     2.148     0.789     9        52        66           9E9    
   15.500   311.333     3.027     0.972     9        60        74           9E9    
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"  Depth     Qc(avg)   Fs(avg)     Rf     Rf Zone   Spt N    Spt N1         Su         
"  (feet)    (TSF)     (TSF)       (%)    (zone #) (blow/ft)(blow/ft)      (TSF)      
"----------------------------------------------------------------------------------    
   16.500   243.500     2.492     1.023     9        47        56           9E9    
   17.500   190.033     1.523     0.802     9        36        42           9E9    
   18.500   177.617     1.065     0.600     9        34        38           9E9    
   19.500   169.417     1.170     0.691     9        32        35           9E9    
   20.500   242.886     1.377     0.567     9        47        50           9E9    
   21.500   251.033     1.588     0.633     9        48        50           9E9    
   22.500   282.167     2.122     0.752     9        54        55           9E9    
   23.500   267.250     1.945     0.728     9        51        51           9E9    
   24.500   251.617     1.865     0.741     9        48        46           9E9    
   25.500   264.183     2.290     0.867     9        51        48           9E9    
   26.500   315.983     3.378     1.069     9        61        56           9E9    
   27.500   290.017     2.668     0.920     9        56        51           9E9    
   28.500   184.833     1.887     1.021     9        35        31           9E9    
   29.500   171.667     0.965     0.562     9        33        29           9E9    
   30.500   204.067     1.217     0.596     9        39        33           9E9    
   31.500   227.486     1.650     0.725     9        44        37           9E9    
   32.500   232.217     1.472     0.634     9        44        36           9E9    
   33.500   200.433     1.548     0.772     9        38        31           9E9    
   34.500   262.317     2.325     0.886     9        50        40           9E9    
   35.500   286.783     2.422     0.844     9        55        43           9E9    
   36.500   276.933     2.497     0.901     9        53        40           9E9    
   37.500   239.950     2.490     1.037     9        46        35           9E9    
   38.500   270.000     2.660     0.985     9        52        38           9E9    
   39.500   256.650     2.592     1.009     9        49        36           9E9    
   40.500   181.233     1.903     1.050     9        35        25           9E9    
   41.499   279.843     2.354     0.841     9        54        38           9E9    
   42.499   303.067     3.003     0.990     9        58        40           9E9    
   43.499   239.500     2.488     1.038     9        46        31           9E9    
   44.499   234.783     1.768     0.753     9        45        30           9E9    
   45.499   296.367     1.735     0.585    10        47        31           9E9    
   46.499   254.100     1.450     0.570     9        49        32           9E9    
   47.499   217.967     1.423     0.653     9        42        27           9E9    
   48.499   309.333     2.958     0.956     9        59        38           9E9    
   49.499   319.517     2.998     0.938     9        61        38           9E9    
   50.499   259.800     0.000     0.000    10        9E9       9E9          9E9    
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"    
"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\L-CPT-8.CSV 
"------------------------------- 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
" 
" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.740 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\L-CPT-8.CSV   
 ---------------------------------------------------------------------------------- 
    Depth     Qc(avg)   Fs(avg)    Rf    Rf Zone    Spt N     Spt N1         Su         
   (feet)     (TSF)     (TSF)      (%)   (zone #)  (blow/ft) (blow/ft)     (TSF)      
 ---------------------------------------------------------------------------------- 
    0.500   153.167     1.458     0.952     9        29        44           9E9    
    1.500    71.583     1.693     2.366     6        27        41         4.766    
    2.500   161.667     1.175     0.727     9        31        47           9E9    
    3.500   158.317     1.400     0.884     9        30        45           9E9    
    4.500   115.850     1.118     0.966     8        28        42           9E9    
    5.500    82.983     0.643     0.776     8        20        30           9E9    
    6.500    19.200     0.445     2.318     5         9        14         1.253    
    7.500    90.900     0.845     0.930     8        22        33           9E9    
    8.500   115.267     0.717     0.622     9        22        33           9E9    
    9.500   199.350     1.587     0.796     9        38        57           9E9    
   10.500   218.543     2.380     1.089     9        42        62           9E9    
   11.500   157.783     1.587     1.006     9        30        42           9E9    
   12.500    38.117     0.408     1.072     7        12        16           9E9    
   13.500    51.633     0.288     0.558     8        12        16           9E9    
   14.500    75.783     0.533     0.704     8        18        23           9E9    
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 --------------------------------------------------------------------------------- 
    Depth    Qc(avg)    Fs(avg)    Rf    Rf Zone    Spt N    Spt N1         Su         
   (feet)    (TSF)      (TSF)      (%)   (zone #) (blow/ft) (blow/ft)      (TSF)      
 ---------------------------------------------------------------------------------- 
   15.500   131.633     1.017     0.772     9        25        31           9E9    
   16.500   308.867     2.235     0.724     9        59        71           9E9    
   17.500   358.100     3.658     1.022     9        69        80           9E9    
   18.500   334.283     4.463     1.335     9        64        72           9E9    
   19.500   285.767     4.077     1.427     8        68        75           9E9    
   20.500   252.157     1.671     0.663     9        48        51           9E9    
   21.500   238.067     0.992     0.417     9        46        48           9E9    
   22.500   279.150     1.947     0.697     9        53        54           9E9    
   23.500   334.450     2.182     0.652    10        53        52           9E9    
   24.500   391.317     4.865     1.243     9        75        72           9E9    
   25.500   436.083     6.977     1.600     9        84        79           9E9    
   26.500   364.750     5.143     1.410     9        70        65           9E9    
   27.500   291.483     2.963     1.017     9        56        51           9E9    
   28.500   330.150     4.497     1.362     9        63        56           9E9    
   29.500   294.650     4.042     1.372     9        56        49           9E9    
   30.500   332.667     4.293     1.290     9        64        54           9E9    
   31.500   329.971     4.334     1.313     9        63        53           9E9    
   32.500   338.367     3.763     1.112     9        65        53           9E9    
   33.500   316.800     3.713     1.172     9        61        49           9E9    
   34.500   311.500     3.642     1.169     9        60        47           9E9    
   35.500   357.000     4.323     1.211     9        68        53           9E9    
   36.500   265.333     3.663     1.380     9        51        39           9E9    
   37.500   359.650     3.520     0.979     9        69        52           9E9    
   38.500   369.183     4.920     1.332     9        71        52           9E9    
   39.500   343.117     4.192     1.221     9        66        48           9E9    
   40.500   223.267     2.762     1.237     9        43        31           9E9    
   41.499   237.257     2.463     1.038     9        45        32           9E9    
   42.499   306.000     2.530     0.827     9        59        41           9E9    
   43.499   221.867     2.672     1.204     9        43        29           9E9    
   44.499   280.800     1.808     0.644     9        54        36           9E9    
   45.499   311.817     2.475     0.794     9        60        40           9E9    
   46.499   304.683     2.715     0.891     9        58        38           9E9    
   47.499   328.967     2.870     0.872     9        63        41           9E9    
   48.499   340.167     3.313     0.974     9        65        41           9E9    
   49.499   291.383     2.018     0.692     9        56        35           9E9    
   50.499   340.100     0.000     0.000    10        9E9       9E9          9E9    
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"Output file from CPTINT - Version 5.2 
"===================================== 
"INPUT FILE: C:\temp\L-CPT-9.CSV 
"------------------------------- 
" 
"Developed by: UBC In-Situ Testing FREEWARE   
"     Program: Piezocone Interpretation       
"    Web Site: www.civil.ubc.ca/home/in-situ  
" 
"Interpreter Name:                              
" 
" 
"SUMMARY SHEET 
"------------- 
"'a' for calculating Qt:                 0.830 
"Value for Water Table (in m):           2.740 
"Valid Zone Classification based on:     Rf 
"Missing unit weight to start depth:     18.860 
"Method for calculating Su:              Nkt 
"Value of the constant Nkt:              15.000 
"Define Zone 6 for Sand Parameters?      NO 
"Vertical Flow Gradient, i (- up):       +0.000 
"CPT to SPT N60 Conversion:              Robertson & Campanella 
" 
"Soil Behavior Type Zone Numbers 
"For Rf Zone & Bq Zone Classification 
"------------------------------------ 
"Zone #1=Sensitive fine grained     Zone #7 =Silty sand 
"Zone #2=Organic material           Zone #8 =Fine sand 
"Zone #3=Clay                       Zone #9 =Sand 
"Zone #4=Silty clay                 Zone #10=Gravelly sand 
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained * 
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand * 
"   * Overconsolidated and/or cemented 
" 
"NOTE: 
"----- 
"For soil classification, Rf values > 8 are assumed to be 8. 
" 
"( Note: 9E9 means Out Of Range ) 
" 
INPUT FILE: C:\temp\L-CPT-9.CSV   
 --------------------------------------------------------------------------------- 
    Depth    Qc(avg)   Fs(avg)     Rf    Rf Zone    Spt N     Spt N1        Su         
   (feet)    (TSF)     (TSF)       (%)   (zone #)  (blow/ft) (blow/ft)     (TSF)      
 ---------------------------------------------------------------------------------- 
    0.500   178.900     1.727     0.965     9        34        51           9E9    
    1.500   107.817     1.245     1.155     8        26        39           9E9    
    2.500   147.817     1.085     0.734     9        28        42           9E9    
    3.500   136.133     1.395     1.025     8        33        50           9E9    
    4.500   137.767     0.818     0.594     9        26        39           9E9    
    5.500   116.933     0.543     0.465     9        22        33           9E9    
    6.500    62.783     0.267     0.425     8        15        23           9E9    
    7.500    12.017     0.162     1.345     5         6         9         0.770    
    8.500     7.567     0.078     1.035     1         4         6         0.469    
    9.500    44.450     0.302     0.679     7        14        21           9E9    
   10.500    92.643     0.774     0.836     8        22        33           9E9    
   11.500    74.567     0.558     0.749     8        18        26           9E9    
   12.500   137.317     0.657     0.478     9        26        36           9E9    
   13.500   276.433     1.740     0.629     9        53        70           9E9    
   14.500   322.133     3.555     1.104     9        62        80           9E9    
   15.500   273.317     3.880     1.420     8        65        81           9E9    
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 --------------------------------------------------------------------------------- 
    Depth    Qc(avg)   Fs(avg)     Rf    Rf Zone    Spt N     Spt N1        Su         
   (feet)    (TSF)     (TSF)       (%)   (zone #)  (blow/ft) (blow/ft)     (TSF)      
 ----------------------------------------------------------------------------------    
   16.500   245.833     3.337     1.357     8        59        71           9E9    
   17.500   334.633     2.908     0.869     9        64        75           9E9    
   18.500   305.500     2.842     0.930     9        59        67           9E9    
   19.500   273.583     1.870     0.684     9        52        57           9E9    
   20.500   305.257     2.047     0.671    10        49        53           9E9    
   21.500   216.167     1.343     0.621     9        41        43           9E9    
   22.500   224.767     1.158     0.515     9        43        44           9E9    
   23.500   372.833     2.800     0.751    10        60        60           9E9    
   24.500   405.500     2.987     0.737    10        65        63           9E9    
   25.500   429.133     2.458     0.573    10        69        65           9E9    
   26.500   432.583     6.330     1.463     9        83        77           9E9    
   27.500   427.833     7.438     1.739     8        102       92           9E9    
   28.500   405.567     7.992     1.970     8        97        86           9E9    
   29.500   323.150     5.057     1.565     8        77        67           9E9    
   30.500   299.233     3.897     1.302     9        57        49           9E9    
   31.500   337.571     5.749     1.703     8        81        68           9E9    
   32.500   313.733     4.207     1.341     9        60        49           9E9    
   33.500   300.233     4.053     1.350     9        58        47           9E9    
   34.500   356.933     5.122     1.435     9        68        54           9E9    
   35.500   351.400     3.365     0.957     9        67        52           9E9    
   36.500   326.883     3.957     1.210     9        63        48           9E9    
   37.500   417.067     4.287     1.028     9        80        60           9E9    
   38.500   429.650     6.508     1.514     9        82        61           9E9    
   39.500   365.283     4.767     1.305     9        70        51           9E9    
   40.500   347.867     3.633     1.044     9        67        48           9E9    
   41.499   309.286     2.896     0.936     9        59        42           9E9    
   42.499   237.500     3.042     1.280     9        46        32           9E9    
   43.499   215.617     2.255     1.045     9        41        28           9E9    
   44.499   323.250     2.052     0.634    10        52        35           9E9    
   45.499   200.867     1.403     0.698     9        39        26           9E9    
   46.499   129.817     1.175     0.904     8        31        20           9E9    
   47.499   326.533     2.777     0.850     9        63        41           9E9    
   48.499   377.400     4.325     1.146     9        72        46           9E9    
   49.499   362.467     3.383     0.933     9        69        43           9E9    
   50.499   371.000     2.180     0.587    10        59        37           9E9    
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:-c - b 11#./. MAC1"'1E"(~ LOG OF BORIN(j 
'," Nev\'I'JOrt Beach •. California If!1iJ -' ~ .. , ;;M"~' I ' 2 ProJed </953·04·240 1 F,e,u,,,,- A - .Ia 
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BO!HNG 1 

DATE Di<.ILLED 
FC:Ulf'Ml:N r U!'L;n 
liClLE DIA\IETU, IIil,) 
liLEV xr ION f,O" 

Augus! 5, 2004 
Rotary v. ;1511 

5 

(Continued) 

r---~---- -----~----'~----~---+~~-'---'--~~~--~~~--------------------------------~ J !~;, pa~slng NQ 200 lilCve 

·35 

- 45 

- IS'· 

1- 55 -!---+- --I-- - -I----I--I 

-I- (,s -1-- --1----1----1----1---1 

,(,\)-

~ 70 -+---+---I----I------I-~ 

l 2% passlllg No, 20n Slcve 

trace stlts1(lnc lragrnents 

4 0% passing No. lOO sieve 

Eml Boring llt 50' 

NOTES S()me C1lvil1g and sloughing. Mud used during drilling Water 
encountered at II W leet below the ground 5llrfa;:e Boring backfilled 
with gmut 

~ Numher ofblov,-s required 10 drive the Crandall sampler 12 inches 
usmg a 400 pound hammer [ilJlmg 24 inches 

** Boring elevatiol1s are based on survey by The Keith Companies, 

Field rceil GMC 
I'repilred By: GS 
Che(:k~d By: c.., Z 

,'f 

~r-----------------------------r------------------------------r---------------------~~~=---1 
Haysidc Villagl' fI~ 1\ 'lAcr.fEe LOG OF BORING 

;"C\\j1ort Beuch, California lV PrvJw,4953-04-2401 Figure: A· l.lb 
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BORING 2 

Did £: DRILI.UJ 
f<lUl'MEf.; I' U~LU 
iH)LE lJJt\i\tFI ER (m ) 

ELEVAriUN 140" 

:\Il!;llSi 5, 2004 

E,l!,lr) ""<Ish 

J" Thick A~I 'llall r U' CillCU! "nil 2" TllIck I3ns<: 
SILTY SAND - mechu1I1 dense, 5ligllll~ m\ll~t, lighl bwwn, few shells 

POORL Y CRi\l)ED SAND - medium dense, sligillly moist, bwwlI 

IIule sheHs 

layers ofStil 

POORLY GR,i\[)ED SAND -mediulll dense, mOist, yellowish browll, 
lew shell, 

wct 

SILTY SAND - loose, mms!, dark gmy, trace organics ,7 
4 

12 8% pa$sing Nn :200 sieve 
POORLY GRADED SAND - very dwsc, ,vct. light !lmy 

2.8,}-{' passmg No 200 si{!ve 

iaycrs of;;ofl slit 

lHlle shells 

Field '1 ech GMC 
~ Prepartc By: OS 

l 

" ;CONTINUED ,'lN FOLLOWING FlGtT{El CII1.:~hd By: (:> .... 

3r-------------------------------~~--~~~~--~~~----~~-----.r--------------------------------~ 

; Newp::~~y~j:~ee~~i~~.~l~~'ornia ~11i\CI'EC p;n.i~~2],t~?{~ B~g~~~-92a 
~L_ ______________________ ~~ ______________________ ~ ~~ ~~ ______ ~ ~ ____ ~ 
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BORING :2 

Dl\IF DRlLL~:n 
EQt q; ' ~ .. ii~NT l;~EL~ 

AU~:l1"'1 5. 2!tn:~ 
;{o'.!r} "",,,:!) 

!lUl.E D1 X v)[:0l ER I'll! 5 

ELEVA'I ION- 1,10" 

dark brown, few siltstone fragments 

End boring af 50'1.1 

~ '"IJ r,d,_ GMC 
_ PrqHlred By'. us 

?r-------'---r~;;~~fDJ;~~---------,-------------------------------------r--------------~(2~h~e:c~kC~(:j:B~Y~':t~5~V~ ______ _ 
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EQUjP~.IF.j\T t;SED 

BORIl\G 3 

;\ugusl 5, 20U.::! 
Rotary \\.(j:j/: 

HOi r; DIAMETER (Ill) 5 
[LEV XI10i-1 12 () .. 

SI' ~~'~~~~b -mediul11 dense. dry, }clloWlsh browll, 
SGllle Shdls 

j -

51 7 67 o 
ml CL 

CLA y. vel)' sort, weI, gray, trace organics 
I .L=43 7, PL= 179, Pl=25 8 

1- III -t--+--+---I---~-I 

26i I2" 

. ! 

~ 20 -r--~--+---+---~-I 
27 

- 10 

33:j~1' 

~ 
f- ~5 

. ! 5 JiO 108 O~ 

.tt !8 

f- l' 
5016" IV 

z: 

.::;,-
is 8 IOU 13 ~ 

~ J:::; 

~5'lD" 

·2' 

51'· 
SM 

'Sl 

POORL Y GRADED SAND wllh SILT - medium dellse, mois1. gray. 
few shells, slight organic odoT 

becomes dense 

hecmnes dense 

becomes Jneliium dens(! 

becomes very dellse 

layer of sLiff s.lt 

Field Tech GMC 
;; Prepared By: GS 

:; lU1NTlNUFD ON FO! lOWING FIGURE) Checked By: cj1-
~r---------------------~~~~~~~~~~~~~~~~~~~------------------------~ 
t..,; Bayside Village 

Ncwport Ikflcl\, California 
Lt)G OF BORlNG 6MAc'rEC Project 1953-04-240! Figure: A· 1.3a 
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BO}UNG 4 

DAT[: DR1Ll i;:) 
L~('UIP\'1Ll\ r LSLu: R!~l~r} V:as!; 
HOLle [JiAME'] ER ; III ) 

ELEVAnON 60" 

51' P(. S':.J[}LF~ l' IIT - POOIU.Y (iRA!JI;D ~,\NU - Illcdm'ildcns\!. 
trIOlsl, light hrown, few shell fragmenls 

CL 

CL 

3P 

POSSIBLE FILL - SILTY eLi\ y - soft. mCl$1. medIum (0 dark gray 

'¥ SILTY elA Y - son, l1loisl. dark gray 

POORL Y GRADED SN~D - loose, 11101St. gray 

hecmm:s meJiUl11 dense 

becomes meJlllll1 dense, lltile shell irr.!?,ments 

becomes dense 

. r- 15 -+"""::"":""-+---+---+---+-+H ~ _ _ I 

J ,' -1. _ _ -L _ _ --L __ --L __ --L-J 

NOTES Upo~r 5' o!'sml wus hand-augered Water cucou])!ereLi at H 

depth (If 5'2" 'helm\ ground surtac:! Boring backiiiled wllh ~roul 

f leid re~h AR 
'Prepare\1 lJ}" L T 
UlCtkcd O! &5'-~ 

C~----------------------~r------------------------'--------------~~=-~~ 
~ Bayside Village IllMACT'EC LOCi OF BORING 
"" Newpnrt Beach, Califor'nia;i!l1 ['mlcel 49~'-()4-1-10 I Figure: r\- 1,4 
"' ._-----
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BORING 5 

D-\TL DRill ED ~t:rl':mber 20, 20(1,\ 

t,:(llJIPt-,·ll:l\ i USED ROlar)" \.\·l!~h 

IIOU, rJiAMl: rE:r, lin) 

Ll.EV AlION 13 (1 •• 

CL 

Sf> 

SP 

FlU, SIL-' Y t:l.A Y - stlfl, 1!1()l51, r~ddlsh b1\)"'n 

POORL Y GRADED SAND· medium dense, moist, gray, some shell 
fragments and motle!s 

P()ORL Y GRADED SAND - Illcdiulll dense. IJll}i~l, light bro\\'ll1Sh 

y~lI()w. f~w shell rragmenls 

loose, we!, bluish grl1Y' 

SILTY CLA Y - Sllfl, wet, light and dark gray 
f- II" 4--+--+---1----1--1 I Cl 

2. f\i 
lQ SM 

-Sl' 

I :' ~ 

~ 
-5 ~ 

SP 

+~~I---I--- - -18 __ 

_ SILTY SAND - medillm dense, moist, IlrD)' ¥ '-' 
layer CfSlh 

Layer of SIlt 

POORLY GRADED SAND - dense, moist, light gray 

oecomes very de;;se, sample not recovered 

becomes medium d~l1se 

lew ,!1Cli fragments 

h;;!(OHtC5 dense 

End [3o;l!lg at 35'S 

NO nos The upper 5' sOli was hanJ·augcreu \ValeT encoumercd at a 
dep(i1 of 12' Bming hackfil!ed with groll! 

i;jeid Tecb i\R 

~; Prepared B): L.T 
:) Checked By C {'" 

Buysiut'Village !lMA.C1'E-i C LOG OF BORINCr 
~ Nc~"'[}("}rt {knell, California fill II'rt1J Fig l A I -~~ ______________________________ L ______________________________ ~~c~ct __ to9~~~3~-O~J~2_4~el_, ______ ·~u_re_: ___ -__ ~~ 
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BORI:"JG 6 

DATE DR,LLED 
i'.'-JUP"jE).;'j {:SED 

Si~pehib~r :0, 2{104 
[<Ulaf} Wnsh 

! [OLE Di!\\1ETER (ill ) 

l:LEVATION: H) (1 .. 

5 

Sp 

SP 

I"ILI . POOHI Y I'R \ DJ-n \! , • 

I k
-b . . J f ~. ~A~D· mcJlulIl uc,,'C mGlsl 1,,'11.' ',ll,d 

{ nr'" f(~\\'n , .. ~ , • ft 

i"IO~)1 Rf.L Y GRADED SAND -medium dense 1110lSl light ~rown few 
S let lagments ' > \~. ~ ~ 

1;-"7 

_'? I' layer u r so Jl. cI ay. dark gray 

few shell fragments 

hecomes dense 

:Jrav " . 

bemmes mediulll dense 

bec(nnes 1:ery dense 

b~cumes dense 

bc<.:om.es very dense 

End BOring at 35// 

NOTES The upper 5' of soil \\'RS hand-auoercd \\ale.r encoulltered 
at n deptll of 8' BOling backnlkd wIth gf(~jt 

~ Field Tech, AR 
:s Prepared By l T 

~ I_______________ ~~;-__________ ~ ____________________________________ r-~~ ________ ~(~:h:ee~'k~.e:d~E:':y~' ~C~>t-~ ______ J 

~ ~CWf){lrt Brad!. C~llifornill 6MACT'EC LOG OF BORING ... Hayside Village L 
____________________ , __________________________________ ~P~j~~~le~c~t~4~~~)5~.~:-(~)4:-£2:4~O~l ______ ~I~:i~g~u~r~e~:~:~\~"~l~.o~:J 
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T Office: (714) 901-7270 
K ~ Kehoe Testing & Engineering 

E Fax: (714) 901~7289 
skehoe@msn.com 

TIp Stress COR 

(tsf) 

~ 
';:> 

500 

Sto .. v .. Slress 

o (lsf) 5 

CPT Data Date: 06/Aug12004 
30 ton rig Test 10: C~1 

Project: NewportBeach 
Client MACTEC 
Job Site: Bayside Village Project 

Pore Prossure Ratio COR SE:1T FR 
-1 (Isf) 4 o (%0) 8 (Rob. 1986) 11 

f 
G,s.nd 

1...:. I() ':".-1 

• iLr. Ci.4(~~C HCI' 



K ~ Kehoe Testing & Engineering 
T Office: (714) 901 ·7270 
E Fax: (714) 901 ~7289 

skehoe@msn.com 

o 
rip Stress COR 

(,sf) 

Maximum d«Iptl'1. 50 04 {I"O 

p»<;Ie 1 or2 

Sleeve Stress 

soo 

CPT Data Date: 06/Aug/2004 
30 ton rig Test 10: C~2 

Project: NewDortBeach 
Client: MACTEC 
Job Site: Bayside Village Project 

Ratio COR sal' PI'! 

·1 (t'Sf) 04 o ("Ao) 8 (Rob 1986) 11 

L.""J---==--l 40 
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500 o (IsO 5 

CPT Data 
30 ton rig 
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Proiect: NewportBeach 
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K ~ Kehoe Testing & Engineering 
T Office: (714) 901-7270 
E Fax: (714) 901 -7289 

skehoe@msn.corTl 

-r.p Stress COR 
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M.)!lmvfn a.pth ' 50 15 {rt) 

P&~.~ or:: 

Sleo ...... o Stress 

500 o (tsl) 5 

CPT Data 
30 ton rig 

CHent: MACTEC 
Job Site: Bayside Village Project 

Pore Pres.sure 

-, (lsI) 4 o 
RatlQ COR 
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Date: 06/Aug12004 
Test 10: C-4 
Project: NewportBeach 

SST FR 

B (ROb 1986) 11 
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Sleeve SIre:;.; 

o (IS') 5 

CPT Data Date: 06/Aug12004 
30 ton rig Test 10: C-5 

Project Newport8each 
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Job Site: Bayside Village Project 
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CPT Data Date: 06/Aug/2004 I 
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Job Site: Bayside Village Project 

R<Jtio COR S8T FR 

- 1 (1"'1) 4 o ('\/oj a (Rob 1986) 11 

20 

" 0 

40 



 

 

 

 

APPENDIX C 

 

 

LABORATORY TEST RESULTS 

  



LBH-1 LBH-1 LBH-2 LBH-3 LBH-3

S1 R5 S3 S1 R6

13.5 18.5 35 18.5 25

SPT Drive SPT SPT Drive

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

1.00 1.00 1.00 1.00 1.00

0.00 0.00 0.00 0.00 0.00

573.90 696.20 583.40 596.80 639.60

137.10 145.10 126.80 140.80 140.10

436.80 551.10 456.60 456.00 499.50

B B B B B

507.80 647.40 554.70 572.50 614.60

137.10 145.10 126.80 140.80 140.10

370.70 502.30 427.90 431.70 474.50

15.1 8.9 6.3 5.3 5.0
84.9 91.1 93.7 94.7 95.0

Project Name: Bayside Village

Project No.: 602668-002

Client Name: LCI / Irvine

Tested By: S. Felter Date: 12/07/09

Olive gray 
poorly-graded 
sand with silt 

(SP-SM), 
shells noted

Olive gray 
poorly-graded 
sand with silt 

(SP-SM)

Dark gray 
poorly-graded 
sand with silt 

(SP-SM), 
shells noted

Boring No.

Sample No.

Depth (ft.)

Sample Type

PERCENT PASSING                
No. 200 SIEVE                     
ASTM D 1140

Weight of Sample + Container  (g)

Method  (A or B)

Weight of Container         (g)

Weight of Dry Sample  (g)

% Passing No. 200 Sieve
% Retained No. 200 Sieve

After Wash

Dry Weight of Sample    (g)   

Olive gray 
poorly-graded 
sand with silt 

(SP-SM), 
shells noted

Wet Weight of Soil + Container (g)

Sample Dry Weight Determination

Dark olive 
gray silty sand 

(SM)

Weight of Container         (g)

Moisture Content (%)

Soil Identification

Dry Weight of Soil + Container  (g)

Moisture Correction

Dry Weight of Sample + Cont.  (g)

Weight of Container       (g)

Container No.:

-200 LBH-1 through LBH-3



GRAVEL FINES
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Project Name: Tested By: V. Juliano Date: 12/14/09

Project No. : Input By: J. Ward Date: 12/15/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

4

Cannot be rolled: 14.19 Cannot get more than 4 blows:

NonPlastic 11.67 NonPlastic

1.11

23.86

NP
NP
NP
NP

PI at "A" - Line  =  0.73(LL-20)   =   

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive gray silty sand (SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

Bayside Village

602668-002

LBH-1

R-4 8.5
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Project Name: Tested By: V. Juliano Date: 12/14/09

Project No. : Input By: J. Ward Date: 12/15/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

5

Cannot be rolled: 13.89 Cannot get more than 5 blows:

NonPlastic 10.74 NonPlastic

1.08

32.61

NP
NP
NP
NP

PI at "A" - Line  =  0.73(LL-20)   =   

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark gray poorly-graded sand with silt (SP-SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

Bayside Village

602668-002

LBH-3

R-4 5.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)
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Plasticity Index
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Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

12-09

Project No.: 602668-002

Sample Type:

Drive

Yellowish brown poorly-
graded sand with silt (SP-SM) 93.5

0.9920
23.4

Bayside Village
DIRECT SHEAR TEST RESULTS  

Consolidated Undrained

100.0
0.9867
22.8

0.500
0.390
0.362
0.0500

1.000
2.415

1.000
2.415

1.500
1.276
0.987
0.0500

3.000
2.528
2.116
0.0500

95.3
0.9903
22.5

Soil Identification: 22.19
103.5

22.19
102.7 105.4

1.000
2.415
22.19
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Sample No.
Depth (ft)

LBH-2
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13.5
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Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

LBH-3
R3
6

96.4

1.000
2.415
3.67

12.2
0.9913
23.2

Soil Identification: 3.67
93.1

3.67
89.4

3.000
2.348
2.031
0.0500

1.500
1.386
1.088
0.0500

1.000
2.415

1.000
2.415

0.500
0.578
0.437
0.0500

11.2
0.9937
25.6

Bayside Village
DIRECT SHEAR TEST RESULTS  

Consolidated Undrained

13.3
0.9868
22.6

12-09

Project No.: 602668-002

Sample Type:

Drive

Olive gray silty sand (SM), 
shells noted
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Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

LBH-3
R5
13.5

107.2

1.000
2.415
20.31

91.1
0.9876
21.7

Soil Identification: 20.31
105.2

20.31
106.3

4.000
3.640
2.490
0.0500

2.000
1.776
1.198
0.0500

1.000
2.415

1.000
2.415

1.000
1.044
0.641
0.0500

93.6
0.9928
21.8

Bayside Village
DIRECT SHEAR TEST RESULTS  

Consolidated Undrained

95.9
0.9795
21.9

12-09

Project No.: 602668-002

Sample Type:

Drive

Dark olive gray poorly-
graded sand with silt (SP-SM)
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Project Name: Tested by: A. Santos Date: 12/09/09
Project No: 602668-002 Checked by: J. Ward Date: 12/11/09
Boring No.: LBH-1 Sample Type: Drive
Sample No.: R4 Depth(ft): 8.5
Sample Description:

1 2.401
2 2.407
3 2.412

Average 2.407
1 5.192
2 5.194
3 5.195

Average 5.193

1010.30
258.10
858.80
694.80
108.51
2.70
3.1

0.045

27.97 35.88
94.8 3.10
0.778 38.98
97.1 9.82

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive gray silty sand (SM)

Weight of Container (g)

Bayside Village

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
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PROJECT NAME: Bayside Village PROJECT NUMBER: 602668-002

BORING NUMBER: LBH-2 DEPTH (FT.): 0-5

SAMPLE NUMBER: BB1 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: DATE COMPLETED: 12/9/2009

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 10.9 11.8 12.2

HEIGHT OF SAMPLE, Inches 2.65 2.60 2.69

DRY DENSITY, pcf 99.9 100.9 99.6

COMPACTOR PRESSURE, psi 200 150 100

EXUDATION PRESSURE, psi 567 409 262

EXPANSION, Inches x 10exp-4 0 0 0

STABILITY Ph 2,000 lbs (160 psi) 24 25 27

TURNS DISPLACEMENT 4.68 4.57 4.56

R-VALUE UNCORRECTED 75 75 73

R-VALUE CORRECTED 77 77 75

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 0.37 0.37 0.40

EXPANSION PRESSURE THICKNESS, ft. 0.00 0.00 0.00

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: N/A

R-VALUE BY EXUDATION: 76

EQUILIBRIUM R-VALUE: 76

R-VALUE TEST RESULTS   
DOT CA 301

Light grayish brown silty sand (SM)
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

1.15

188.00

186.30

38.008.93

BB1

Bayside Village 12/15/09

12/16/09

0-5

602668-002

LBH-1

Soil Identification: Brown (SP-SM)

6796

2854

1903

2039

250 162 7.43 19.11900 26.2

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.796

24.49

32.27

1300.00

5

Specimen 
No.

1

2

3 280

300

16.71

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1000

420

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Olive brown (SM), shells noted

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

360

380

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

810

440

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

16.64

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

2582

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.796

8.87

1.09

190.70

189.30

60.90

24.42

32.20

5505

2990

2430 25.8

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

141 51 7.30 19.2

2447 1300.00

BB1

Soil Identification:

Specimen 
No.

1

2

3

Bayside Village 12/15/09

12/16/09

0-5

602668-002

LBH-3
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APPENDIX D 
 

SITE-SPECIFIC GROUND MOTION HAZARD ANALYSIS 
 

Background 

Leighton Consulting, Inc. has performed a site-specific ground motion study in 
accordance with the requirements of the 2010 California Building Code.  A 
probabilistic seismic hazard analysis (PSHA) and deterministic seismic hazard 
analysis (DSHA) were performed concurrently to evaluate the likelihood of future 
earthquake ground motions at the project site.  The PSHA and DSHA incorporate 
the results of three different attenuation relationships by Boore and Atkinson 
(2008), Campbell and Bozorgnia (2008), and Chiou and Youngs (2008). 
 
Considering the size and orientation of the project site, we evaluated the site-
specific ground motion hazard at a central location with site coordinates of 
33.618733° N, 117.900931° W).  The subsurface profile beneath the project site 
has been classified as Stiff Soil (CBC Site Class D). 

Design Criteria 

Shear wave velocities for the chosen location was obtained from the Southern 
California Earthquake Center’s (SCEC’s) Community Velocity Model (CVM), 
Version 4 (Magistrale et al, 2000; Magistrale, 2005).  Based on the CVM, an 
average shear wave velocity (VS30) for the upper 30 meters (100 feet) for the 
project site was chosen to be 332 meters-per-second (1,089 feet-per-second), 
zv=1,000m/s was selected to be 305 meters (1,000 feet) and zv=2,500m/s was selected to 
be 2.47 kilometers (1.53 miles). 
 
The level of earthquake ground motion considered for the PSHA corresponds to 
the probabilistic Maximum Considered Earthquake (MCE), defined as an 
earthquake event having a 2 percent probability of being exceeded in 50 years.  
The MCE event has average return period of about 2,475 years. 
 
The level of earthquake ground motion criteria considered for the DSHA 
corresponds to the deterministic MCE, defined as the maximum value of the 150-
percent of the largest median value at each spectral period for all sources 
analyzed, but not less than the lower limit stipulated in Figure 21.2-1 of 
ASCE/SEI 7-10. 
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Methodology 

The 2010 California Building Code (2010 CBC) permits the use of procedures 
outlined in Chapter 21 of ASCE/SEI 7-10, Site-Specific Ground Motion 
Procedures for Seismic Design of the Minimum Design Loads for Buildings and 
Other Structures, to determine the seismic design parameters when performing a 
site-specific ground motion hazard analysis.  We first perform a PSHA and 
DSHA, then determine the general procedure (Chapter 11 of ASCE/SEI 7-10) 
seismic ground motion values, then process the results in accordance with Chapter 
21 to determine the site-specific seismic design parameters for the project. 
 

 Probabilistic Seismic Hazard Analysis (PSHA) 

A PSHA is a mathematical process based on probability and statistics that is 
used to estimate the mean number of events per year in which the level of 
some ground motion parameter, Z (peak ground acceleration and/or spectral 
acceleration in this study), exceeds a specified value z at the locations 
analyzed.  This mean number of events per year, also referred to as “annual 
frequency of exceedance,” is designated as “ν(Z≥z ).”  The inverse of this 
number is called the “average return period” (ARP), which is expressed in 
terms of years.  Having the annual frequency of exceedance of a certain level 
of acceleration, ν(Z≥z ), the probability of exceeding that level, Pr(Z≥z ), 
within any time period of interest, t, is then obtained assuming a Poisson 
Distribution as follows: 
 
Pr (Z≥z ) = 1 – e-ν ( Z ≥ z ) t  (Equation D-1) 
 
This procedure was originally proposed by Cornell (1968), which has been 
significantly improved during the recent years and is described in more detail 
by National Research Council (1988) and Earthquake Engineering Research 
Institute (1989). 
 
PSHA procedures require the specification of probability functions to describe 
the uncertainty in both the time and location of future earthquake occurrences 
and the uncertainty in the ground motion level that will be produced at the 
site.  The basic key elements of a PSHA are: 
 
 Defining the location, geometry, and characteristics of earthquake sources 

relative to the site; 

 Specifying an earthquake recurrence relationship for various magnitudes 
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on each source up to the maximum magnitude; 

 Selecting appropriate attenuation relationships, which relate the variation 
of the earthquake ground motion parameter with earthquake distance, 
directivity, magnitude, site geology, and subsurface characterization; and 

 Determining the probability of exceedence of peak ground accelerations 
and/or response spectral levels (i.e., seismic hazards) utilizing the above 
input parameters. 

 
The frequencies of exceedence of different values of peak ground and spectral 
accelerations at the site were calculated by combining the following 
probability functions: 
 
 The annual frequency of earthquakes of various magnitudes on a fault 

obtained from the fault recurrence relationships; 

 Given an earthquake of a certain magnitude on a certain fault, the 
probability distribution of the location of the earthquake on the fault was 
obtained using the selected rupture area versus magnitude relationship and 
assuming equal likelihood of rupture along the length and some prescribed 
probabilities along the depth of the fault; and 

 Given an earthquake of a certain magnitude occurring at a certain distance 
from the site, the probability distribution of ground motion at the site was 
obtained from the selected attenuation relationships. 

 
The above process is repeated a sufficient number of times to cover all the 
sources, then summed to obtain the total seismic hazard at the site.  This 
process results in a relationship between ground motion level and the 
probability of being exceeded. 
 
The computer program EZ-FRISK Version 7.35 Build 001 (Risk Engineering, 
Inc., 2009) for earthquake hazard analysis was utilized to perform the PSHA. 
 

 Deterministic Seismic Hazard Analysis (DSHA)   

The DSHA consists of a four-step process (Reiter, 1990): 
 
 Defining the location, geometry, and characteristics of earthquake sources 

relative to the site; 

 Determination of the site-to-source distance for each earthquake source 
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defined relative to the site; 

 Selection of the controlling earthquake relative to the site as defined by 
some ground motion parameter.  The controlling earthquake is defined by 
the seismic scenario based on the above two steps that produces the largest 
magnitude of the ground motion parameter being used; and 

 Using the controlling earthquake, the ground motion at the site is obtained 
from the selected attenuation relationships. 

 
The computer program EZ-FRISK incorporated the DSHA computation when 
performing the PSHA in the section above. 
 

 General Procedure Design Parameters   

The seismic design parameters were computed as determined by Chapter 1613 
of the 2010 CBC.  These values are used to process the site-specific design 
response spectrum to ensure the design response spectrum and the MCE 
response spectrum meets minimum requirements.  The Java program Seismic 
Hazard Curves, Response Parameters and Design Parameters, Version 
5.0.9a, published by the United States Geological Survey (USGS) was used to 
determine the general procedure seismic design parameters.  The following 
table provides the general procedure parameters determined from the 
program: 
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T a b l e  1 .   2 0 1 0  C B C  S e i s m i c  C o e f f i c i e n t s  

CBC Categorization/Coefficient Site Class D 

Site Longitude (decimal degrees) 117.902° W 

Site Latitude (decimal degrees) 33.617° N 

Site Class Definition (Table 1613.5.2) D 

Mapped Spectral Response Acceleration at 0.2s Period, Ss 

 Figure 1613.5(3) 
1.853 

Mapped Spectral Response Acceleration at 1s Period, S1  
Figure 1613.5(4) 

0.695 

Short Period Site Coefficient at 0.2s Period, Fa (Table 1613.5.3(1)) 1.0 

Long Period Site Coefficient at 1s Period, Fv (Table 1613.5.3(2)) 1.5 

Adjusted Spectral Response Acceleration at 0.2s Period, SMS (Eq. 16-37) 1.853 
Adjusted Spectral Response Acceleration at 1s Period, SM1 (Eq. 16-38) 1.042 

Design Spectral Response Acceleration at 0.2s Period, SDS (Eq. 16-39) 1.235 
Design Spectral Response Acceleration at 1s Period, SD1 (Eq. 16-40) 0.695 

 

 Attenuation Relationships  

Attenuation relationships describe the relation of ground motion levels with 
earthquake magnitude and distance (distance between the site and seismic 
source), seismic source characteristics, site geology, and subsurface 
characterization.  These relationships can be used to describe the variation of 
peak ground and response spectral acceleration with earthquake magnitude 
and distance, and to also incorporate the location geological conditions and 
near-source effects.  Based upon the results of subsurface characterization at 
the site, attenuation relationships by Boore and Atkinson (2008), Campbell 
and Bozorgnia (2008), and Chiou and Youngs (2008) were used in the ground 
motion hazard analyses. 
 
These attenuation relationships are based on the geometric mean of the rotated 
horizontal components.  The selected attenuation relationships also provide an 
implicit measure of the near-field effects on ground motions. 
 

 Peak Ground Acceleration   

Plots and tables resulting from the analyses are provided at the rear of this 
appendix.  The contributions of the above mentioned attenuation relationships 
were averaged to determine both the probabilistic total shaking hazard and the 
deterministic total shaking hazard at the locations analyzed as described in 
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this appendix.  These parameters, along with the values determined by the 
general procedure, were used to develop the design peak ground acceleration 
(PGA) and the MCE PGA. 
 
The design PGA for the project site may be taken as 0.495g and the MCE 
PGA may be taken as 0.743g. 
 

 Site-Specific Response Spectra 

The site-specific design response spectra and MCE response spectra for the 
location analyzed was determined using the above methodology in accordance 
with the 2007 CBC and ASCE/SEI 7-05.  Their digitized values are provided 
in this Appendix. 

 

 Site-Specific Seismic Design Parameters 

 
When a site-specific ground motion hazard analysis is performed, the seismic 
design parameters (SDS, SD1, SMS, and SM1) are determined from the site-
specific design response spectra.  The following site-specific seismic design 
parameters are to be used for the seismic design of the project: 
 

T a b l e  2 .   S i t e - S p e c i f i c  D e s i g n  P a r a m e t e r s  

Parameter Site Class D 

MCE Spectral Response Acceleration Parameter for Short Periods, SMS 1.614 
MCE Spectral Response Acceleration Parameter at 1 s, SM1 0.922 

Design Earthquake Spectral Response Acceleration Parameter for  
Short Periods, SDS 

1.075 

Design Earthquake Spectral Response Acceleration Parameter at 1 s, SD1 0.614 
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Liquefaction analysis overall plots 
CRRpiot FS Plot Uquefaction potential 
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Analysis method: NCEER (1998) Depth to water table (erthq.): 8.00 It Fill weight: 
Fines correction method: NCEER (1998) Average results interval: 3 Transition detect. applied: 
Points to test: Based on Ic value Ic cut-off value: 2.60 K" applied: 
Earthquake magnitude M,.,: 7.00 Unit weight calculation: Based on SBT Clay like behavior applied: 
Peak ground aa:eleratlon: 0.49 Use fill: No Limit deplh applied: 
Oeplh to water table (lnsitu): 8.00 ft RII height: N/A limit deplh: 
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Project title: Bayside Village 

CPT file: LCPT-5 

Location : Newport Beach, CA 

Input parameters and analysis data 
Analysis method: NCEER (1998) G.W.T. (in-situ): 
Fines correction method: NCEER (1998) G.W.T. (earthq.): 
Points to test: Based on Ie value 
Earthquake magnitude Mw: 7.00 

Average results interval: 
Ie cut-{)/f value: 

Peak ground acceleration: 0.49 Unit weight calculation: 

8.00 ft 
8.00 ft 
3 
2.60 
Based on SBT 

Use fill: No 
Fill height: N/A 
Fill weight: N/A 
Trans. detect. applied : Yes 
K" applied : Yes 

aay like behavior 
applied: Sands only 
limit depth applied: No 
limit depth: Nt A 

Cone resistance Friction Ratio SBTnPlot CRRplot FS Plot 
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Zone A1: Cyclic liquefaction likely depending on sIZe and duration of cyclic loading 
Zone A2 : Cyclic liquefaction and strength loss likety depending on loading and ground 
geomelry 
Zone S: liquefaction and post-earthquake slrength loss unlikely. check cyclic softening 
Zone C. Cyclic liquefaction and strength loss possible depending on soil plasticity. 
brittleness/sensiLivity, strain to peak undrained strength and ground geometry 
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Liquefaction analysis overall plots 
CRRplot FS Plot Liquefaction potential 
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Analysis method: NCEER (1998) Depth to water table (erthq.): 8.00 It Fill weight: 
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Fines correction method: NCEER (1998) Average results interval: 3 Transition detect. applied: 
Points to test: Based on Ie value Ie cut~ff value: 2.60 Ka applied: 
Earthquake magnitude Mo.: 7.00 Unit weight calculation: Based on SBT Oay like behavior applied: 
Peak 9"Ound acceleration: 0.49 Use fill: No Limit depth applied: 
Depth to water table ((nsitu): 8.00 It Fill height: N/A Limit depth: 
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Leighton Consulting, Inc. 
Irvine, CA 

Project title: Bayside Village 

CPT file: LCPT-6 

Location : Newport Beach, CA 

Input parameters and analysis data 

Analysis method: NCEER (1998) G.W.T. (in-situ): 
Fines correction method: NCEER (1998) 
Points to test: Based on Ie value 
Earthquake magnitude Mw: 7.00 

G.W.T. (earthq.) : 
Average results interval: 
Ic rut·df value: 

Peak ground acceleration: 0.49 Unit weight calculation : 

8.00 ft 
8.00 ft 
3 
2.60 
Based on SBT 

Use fill: No 
Fil l height: N/A 
Fill weight: N/A 
Trans. detect. applied: Yes 
K., applied: Yes 

Oay like behavior 
applied: Sands only 
Umit depth applied: No 
Umit depth: N/A 

Cone resistance Friction Ratio SBTnPlot CRRpiot FS Plot 
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Zone A1: Cyclic lk1uefaction likely depending on sIZe and duration of cyclic loading 
Zone A'l.: Cyclic liquefaction and strength loss likely depending on loading and ground 
geometry 
Zone B: Liquefaction and posl-earthquake strength loss unlikely. check cyclic sonenlng 
Zone C: Cyclic liqueracUon and strength loss possible depending on soli plasllclly. 
brittleness!sensitMty I strain to peak undrained strength and ground geometry 
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Liquefaction analysis overall plots 
CRRpiot FS Plot Uquefaction potential 
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Analysis method: NCEER (1998) Depth to water table (erthq.): 8.00 ft Fill weight: 

LPI 

Fines correction method: NCEER (1998) Average results interval: 3 Transition detect. applied: 
Points to test: Based on Ie value Ie eut~ff value: 2.60 K" applied: 
Earthquake magnitude M.,: 7.00 Unit weight calculation: Based on SBT Clay like behavior applied: 
Peak ground acceleration: 0.49 Use fill: No Limit depth applied: 
Depth to water table (Ins~u): 8.00 ft Fill height: N/A Umlt depth: 
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Leighton Consulting, Inc. 
Irvine, CA 

... 
Project title: Bayside Village 

CPT file: LCPT-7 

Location : Newport Beach, CA 

Input parameters and analysis data 
Analysis method: NCEER (1998) G.w.T. (in-situ): 
Fines correction method: NCEER (1998) 
Points to test: Based on Ie value 
Earthquake magnitude Mw: 7.00 

G.W.T. (earthq.): 
Average results interval: 
Ic cut-off value: 

Peak ground acceleration: 0.49 Unit weight calculation: 

8.00 ft 
8.00 ft 
3 
2.60 
Based on SBT 

Use fill: No 
Fill height: N/ A 
Fill weight: N/ A 
Trans. detect. applied: Yes 
K" applied: Yes 

Oay like behaVior 
applied: Sands only 
Limit depth applied: No 
Limit depth: N/A 

Cone resistance Friction Ratio SBTn Plot CRRplot FSPlot 
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Zone A1: Cyclic liqueFaction likely depending on size and duration of cyclic loading 
Zone Az: Cyclic liquefaction and strength loss likely depending on loading and ground 
geometry 
Zone B: Liquefaction and post-earthquake strength loss unlikely. check cyclic sonening 
Zone C: Cyclic IlquefacUon and strength loss possible depending on soli plasllclty. 
brittleness/sensitivity, strain to peak: undrained strenglh and ground geometry 
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Liquefaction analysis overall 

CRRpiot FS Plot Uquefaction potential 
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Analysis method: NCEER (1998) Depth to water table (erthq.): 8.00 It Fill weight: 
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Rnes correction method: NCEER (1998) Average results interval: 3 Transition detect. applied: 
Points to test: Based on Ic value Ic cut-<lff value: 2.60 Ka applied: 
Earthquake magnitude Mw= 7.00 Unit weight calculation: Based on SBT Oay like behavior applied: 
Peak ground acceleration: 0.49 Use fill: No Umit depth applied: 
Depth to water table (Insltu): 8.00 ft Fill height: N/A Umit depth: 

CLiq v.1.S.1.16 - CPT Liquefaction Assessment Software - Report created on: 1/17/2012, 11 :19:48 AM 

N/A 
Yes 
Yes 

15 

Sands only 
No 
N/A 

Project file: P:\Leighton Consulting\602000\602668.002 Bayside Village in Newport Beach\Analyses\Cllq\Backbay landing Alternate.cla 

20 

CPT name: LCPT-7 
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Project title: Bayside Village 

CPT file: LCPT-8 

Location : Newport Beach, CA 

Input parameters and analysis data 
Analysis method: NCEER (1998) G.W.T. (in-situ): 
Fines correction method: NCEER (1998) G'w.T. (earthq.): 
Points to test: Based on Ic value 
Earthquake magnitude Mv,: 7.00 

Average results interval: 
Ic cut-off value: 

Peak ground acceleratlon: 0.49 Unit weight calculation: 

8.00 It 
B.OO It 
3 
2.60 
Based on SBT 

Use fill: No 
Fill height: N/A 
Fill weight: N/A 
Trans. detect. applied: Yes 
K" applied: Yes 

Gay like behavior 
applied: Sands only 
Limit depth applied: No 
Limit depth: N/A 

Cone resistance Friction Ratio SBTnPlot CRRplot FS Plot 
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Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading 
Zone Az: Cyclic liquefaction and strength loss likely depending on loading and ground 
geometry 
Zone B: LiqueFaction and post-earthquake strength loss unlikely. check cyclic sonenlng 
Zone C; Cyclic Uquefactlon and strength loss possible depending on soil plasticity. 
brittlenessfsensitiVity, strain to peak undrained strength and ground geometry 
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Liquefaction analysis overall plots 
CRRpiot FS Plot Liquefaction potential 
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Aoes COfrectlon method: NCEER (1998) Average results inlE!rval: 3 Transition detect. applied: 
Points [0 test: Based on Ie value Ie eut-<lff value: 2.60 K" applied: 
Earthquake magnitude M.,.: 7.00 Unit weight calculation: Based on SeT Oay like behavior applied: 
Peak ground aa:eleratlon: 0.49 Use fill : No limit depth applied: 
Depth to water table (lns~u) ; 8.00 ft Fill height: N/A limit depth; 
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APPENDIX E 

SLOPE STABILITY ANALYSIS 
    

Slope stability analyses were conducted to evaluate the effect of liquefaction and lateral 
spreading and the associated load demand on the proposed bulkhead to provide edge 
containment and protect the proposed development from excessive lateral displacement and 
structural damage.  The analyses were conducted using the computer program SLIDE v6.008 
(Rocscience, 2011).  SLIDE performs stability calculations using two-dimensional (2D) limit 
equilibrium techniques based on vertical slice equilibrium.  Algorithms programmed into the 
software include techniques for optimization of critical failure surfaces identified by search 
routines to refine location and shape of critical surfaces and increase the potential that the 
minimum factor-of-safety is detected/calculated.   
 
The slopes depicted in cross-sections A1-A1’, B2-B2’ and C3-C3’ were analyzed using non-
circular surfaces search technique programmed into the software.  The non-circular model 
allows the analysis to consider the shear strength of specific horizontal planes or other planes of 
geologic discontinuity.  In the case of the bulkhead stability, potential planes of weakness would 
be a continuous horizontal layer of liquefied soils.  The analysis typically consisted of 
generating several thousand trial surfaces based upon specific search parameters input to the 
program.  The factor-of-safety for each surface was calculated using Spencer’s method of 
General Limit Equilibrium (GLE).  The critical surface (lowest factor of safety) of each analysis 
was then optimized by the algorithm programmed into the software to refine the location, shape 
and calculated factor of safety. 
 
The shear strength parameters used for the fill and native soils for the layers that were 
determined to not be susceptible to liquefaction and as used in the static analysis were 
determined by laboratory testing or correlation to field testing and engineering judgment.   The 
strength parameters used in the analysis for soil layers that were determined to be susceptible to 
liquefaction were based upon the recommendations presented by Seed and Harder (1990; 
SCEC, 1999) and Idriss and Boulanger (2008).  The methodology to estimate the post-
liquefaction residual undrained shear strength for slope stability analysis requires the correlation 
of either the field N-value, corrected for overburden pressure, hammer efficiency, fines content, 
etc. [(N160)CS], or the corrected CPT tip resistance [(qc1N)CS] to the residual undrained shear 
strength.  The strength parameters are summarized in the output graphics of the various 
analyses.   

 
The stability analysis was conducted in a series of three analyses:  Initially, the post-liquefaction 
stability was analyzed.  This analysis included the use of the residual undrained strength for 
soils layers susceptible to liquefaction and no inertial loading (i.e., kh = 0.0g).  The results of 
these analyses for all sections yielded a calculated factor of safety (FS) greater than 1.0 thereby 
indicating flow failure was not likely.  
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The second analysis consisted of assigning the undrained residual strengths to soil layers 
susceptible to liquefaction and applying a coefficient of horizontal acceleration (kh) of 0.25.  
The coefficient was determined using the Bray and Travasarou procedure assuming the 
potential failure mass to be a rigid body.  In addition, the seismic parameters used in this 
analysis were Mw 7.0 and PGA of 0.49g to determine the yield acceleration (ky) corresponding 
to a maximum horizontal displacement of 5 cm (approximately 2 inches).  This calculated value 
of ky was then input as kh in the slope stability analysis.  The results of these analyses all 
indicated FS values less than 1.0.  The critical surfaces identified by these analyses for each 
cross-section were then used as the basis to determine the load demand on the proposed 
bulkhead structure.   
 
The third analysis consisted of using the critical surface identified in the second analysis above 
as the basis for analysis.  A structural reinforcing element was input to the computer model to 
simulate the reinforcing effect of the proposed bulkhead structure.  The load demand on the 
proposed bulkhead was the shear resistance required in the analysis in which the calculated FS 
was at least 1.0 using the undrained residual strengths of the liquefiable soils and kh = ky. 
 
The results of the analysis are summarized in the following table with the output files of the 
individual analyses presented in this Appendix. 
 

SUMMARY OF BULKHEAD STABILITY ANALYSIS 

Cross-Section 

Stability Analyses – Factor of Safety Bulkhead Load Demand 

Post-

Liquefaction 

(kh 0.0) 

Liquefaction and 

Inertial Loading  

(kh 0.25) 

Shear  

Load(1) 

(kips/foot) 

Elevation of Critical 

Surface(2)  

(feet, MSL) 

A1-A1 ’  1.43 0.35 30 -4.0 

B2 -B2 ’  1.76 0.52 20 -0.5 

C3-C3 ’  1.14 0.39 14 -1.5 

NOTES: 

(1) Minimum shear resistance required of bulkhead structure for FS 1.0 and ky 0.25 

(2) Embedment depth for resistance to the Shear Load demand due to liquefaction should begin at this elevation   

at the respective cross-section locations.   

 

 



 300.00 lbs/ft2  300.00 lbs/ft2

Material Name Color Unit Weight (lbs/ 3) Sat. Unit Weight
(lbs/ 3) Strength Type Cohesion

(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Clay 115 120 Mohr‐Coulomb 800 0 Water Surface

Sand 120 120 Mohr‐Coulomb 0 33 Water Surface

Sand (Liq) 120 120 Mohr‐Coulomb 110 0 Water Surface

Sand (1) 120 125 Mohr‐Coulomb 0 34 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Dense) 125 125 Mohr‐Coulomb 0 34 Water Surface

Method: spencer
Factor of Safety: 1.43
Axis Loca on: 370.835, 105.928
Le  Slip Surface Endpoint: 331.352, 0.559
Right Slip Surface Endpoint: 431.441, 11.120
Le  Slope Intercept: 331.352 3.000
Right Slope Intercept: 431.441 11.120
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Section A1 - Post-Liquefaction Stability

Project No.: 

602668-002

Scale
1:240

Units
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Analyzed By
JEH

Condition
Liquefaction

Date
December 5, 2011

Project

Bayside Village - Backbay Landing - Bulkhead Load Demand due to Liquefaction
SLIDEINTERPRET 6.008



Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Bulkhead Load Demand due to Liquefaction

Project Summary

File Name: Sec A1 ‐ Z4 ‐ LQ1 ‐ PstLiq

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Bulkhead Load Demand due to Liquefaction

Analysis: Section A1 ‐ Post‐Liquefaction Stability

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 5, 2011

Comments:

Liquefaction

602668‐002

Search for Critical Surface

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 5000

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 115

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 55

Right Projection Angle (End Angle): 85

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

1 Distributed Load present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Material Properties

Sand (Dense)Gravelly SandSand (1)Sand (Liq)SandClaySite FillEmbankment 
Fill

Property

________________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125125120120120115105
Unsaturated Unit Weight 

[lbs/ft3]

125130125120120120110
Saturated Unit Weight 

[lbs/ft3]

0001100800100100Cohesion [psf]

34363403303232Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater TableNoneWater Surface

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated
Hu Value

0Ru Value

Global Minimums

Method: spencer

FS: 1.432990

Axis Location: 370.835, 105.928

Left Slip Surface Endpoint: 331.352, 0.559

Right Slip Surface Endpoint: 431.441, 11.120

Left Slope Intercept: 331.352 3.000

Right Slope Intercept: 431.441 11.120

Resisting Moment=1.74638e+006 lb‐ft

Driving Moment=1.21869e+006 lb‐ft

Resisting Horizontal Force=13445.6 lb

Driving Horizontal Force=9382.85 lb

Global Minimum Coordinates

Method: spencer

YX

0.55862331.352

‐0.989878336.106

‐2.7869340.332

‐3.6138342.856

‐4.20473345.512

‐4.40976347.209

‐4.35898351.276

‐4.32259354.185

‐4.28608357.105

‐4.24957360.029

‐4.21306362.947

‐4.17658365.864

‐4.14006368.79

‐4.10354371.708

‐4.06702374.635

‐4.03051377.551
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‐3.99402380.471

‐3.95748383.395

‐3.92097386.314

‐3.88446389.238

‐3.86886390.482

‐3.8171394.625

‐3.78624397.095

‐3.72453402.029

‐3.66262406.984

‐3.52679409.844

‐3.20624412.716

‐2.69054415.65

‐2.28675417.402

‐0.803014422.831

3.18706425.751

4.97168427.308

6.67881428.464

11.12431.441

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 3215

Number of Invalid Surfaces: 1786

Error Codes:

Error Code ‐108 reported for 158 surfaces

Error Code ‐111 reported for 719 surfaces

Error Code ‐112 reported for 909 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving force is very small (0.1 is an arbitrary number).

‐111 = safety factor equation did not converge

‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This screens out some slip surfaces which may not be 

valid in the context of the analysis, in particular, deep seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.43299

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

47.0053176.499223.50430.525921.3022330Sand499.712.377221

130.991224.812355.80385.066759.3631330Sand774.8282.377222

186.75249.258436.008121.27884.6328330Sand8.39320.02183083

220.513277.436497.94911076.76260110Sand (Liq)943.4162.101854

294.978333.214628.19211076.76260110Sand (Liq)1211.282.101855

357.761386.902744.66311076.76260110Sand (Liq)1771.612.524596

412.11431.138843.24811076.76260110Sand (Liq)2155.682.655837

448.191455.972904.16311076.76260110Sand (Liq)1501.141.696578

473.15461.577934.72711076.76260110Sand (Liq)1895.712.033689

512.333459.993972.32611076.76260110Sand (Liq)1972.232.0336810

559.45458.0651017.5211076.76260110Sand (Liq)2953.072.909411

599.881456.361056.2411076.76260110Sand (Liq)1538.511.4600312

626.798455.2211082.0211076.76260110Sand (Liq)1576.171.4600313

662.956453.5121116.4711076.76260110Sand (Liq)3257.42.9239914

699.988451.2341151.2211076.76260110Sand (Liq)3352.032.9178415

736.152448.9571185.1111076.76260110Sand (Liq)3449.642.9167116

763.302447.2491210.5511076.76260110Sand (Liq)1767.391.4628617

781.44446.111227.5511076.76260110Sand (Liq)1792.271.4628618
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808.588444.4011252.9911076.76260110Sand (Liq)3649.192.9178519

844.828442.1221286.9511076.76260110Sand (Liq)3760.472.9273120

881.039439.8431320.8811076.76260110Sand (Liq)3844.472.9156121

917.218437.5651354.7811076.76260110Sand (Liq)3950.182.9206522

944.381435.8571380.2411076.76260110Sand (Liq)2014.51.4619223

960.76434.7171395.4811076.76260110Sand (Liq)2036.791.4619224

982.177433.0081415.1911076.76260110Sand (Liq)4125.042.9194625

1010.73430.731441.4611076.76260110Sand (Liq)4207.892.9236926

1031.09429.1041460.1911076.76260110Sand (Liq)1813.751.2440127

1122.77427.8091550.5811076.76260110Sand (Liq)3051.082.0716428

1365.61426.1941791.811076.76260110Sand (Liq)3084.222.0716429

1383.83424.4241808.2511076.76260110Sand (Liq)3716.722.4691930

1400.33422.821823.1511076.76260110Sand (Liq)2500.261.6447431

1413.53421.5361835.0711076.76260110Sand (Liq)2519.871.6447432

1426.73420.2531846.9911076.76260110Sand (Liq)2539.481.6447433

1443.15418.6451861.811076.76260110Sand (Liq)3862.582.4777934

1460.71416.7131877.4211076.76260110Sand (Liq)3901.852.4777935

1469.66411.511881.1711076.76260110Sand (Liq)4531.622.8595536

1466.66397.2711863.9311076.76260110Sand (Liq)4533.952.8716937

1455.15379.2251834.3811076.76260110Sand (Liq)2289.141.4670138

1451.49363.1351814.6311076.76260110Sand (Liq)2259.891.4670139

1435.41342.4921777.911076.76260110Sand (Liq)2651.441.7526240

1413.04314.4621727.511076.76260110Sand (Liq)2659.171.8094141

1387.48283.6011671.0811076.76260110Sand (Liq)2556.031.8094142

1361.53252.7391614.2711076.76260110Sand (Liq)2451.711.8094143

790.585175.063965.648513.413358.281330Sand1762.831.4603444

728.05550.5725778.627472.805329.943330Sand1415.221.4603445

705.5830705.583458.212319.759330Sand603.0240.7551946

362.3980362.398800558.2730800Clay556.9510.80199547

442.9270442.927376.771262.92632100Site Fill638.4581.1553348

320.5110320.511300.278209.54632100Site Fill517.4811.4885149

184.7920184.792215.471150.36532100Site Fill172.4941.4885150

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.43299

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

00185.9630.55862331.3521

3.099615.1162279.149‐0.215629333.7292

3.099640.1483741.413‐0.989878336.1063

3.099640.4878747.683‐0.999162336.1284

3.0996175.06761386.26‐1.89303338.235

3.09959115.5372133.61‐2.7869340.3326

3.09959160.4192962.44‐3.6138342.8567

3.0996198.8953672.97‐4.20473345.5128

3.0996215.9973988.79‐4.40976347.2099

3.0996223.1664121.17‐4.38437349.24210

3.0996230.2824252.59‐4.35898351.27611

3.0996240.3714438.9‐4.32259354.18512

3.0996245.3964531.69‐4.30434355.64513

3.0996250.3954624.01‐4.28608357.10514

3.0996260.3424807.7‐4.24957360.02915

3.0996270.1954989.65‐4.21306362.94716

3.0996279.9785170.31‐4.17658365.86417

3.0996284.8625260.5‐4.15832367.32718

3.0996289.7295350.38‐4.14006368.7919

3.0996299.385528.61‐4.10354371.70820

3.0996309.0025706.3‐4.06702374.63521

3.09959318.515881.89‐4.03051377.55122

3.0996327.9746056.65‐3.99402380.47123
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3.0996332.6866143.66‐3.97575381.93324

3.0996337.3826230.39‐3.95748383.39525

3.0996346.7196402.82‐3.92097386.31426

3.0996356.0236574.62‐3.88446389.23827

3.0996359.966647.33‐3.86886390.48228

3.0996366.3986766.22‐3.84298392.55429

3.09959372.4986878.88‐3.8171394.62530

3.0996379.7417012.63‐3.78624397.09531

3.0996384.5477101.38‐3.76567398.73932

3.0996389.347189.89‐3.7451400.38433

3.0996394.1197278.15‐3.72453402.02934

3.0996401.2987410.71‐3.69358404.50735

3.0996408.457542.79‐3.66262406.98436

3.0996406.57506.78‐3.52679409.84437

3.0996386.0837129.74‐3.20624412.71638

3.0996366.5686769.36‐2.94839414.18339

3.09959347.3286414.07‐2.69054415.6540

3.0996315.7395830.7‐2.28675417.40241

3.0996276.9945115.21‐1.79217419.21242

3.0996239.764427.62‐1.29759421.02143

3.0996204.0483768.13‐0.803014422.83144

3.0996128.0582364.831.19202424.29145

3.099670.03191293.273.18706425.75146

3.099650.0394924.0724.05255426.50647

3.099656.24731038.714.97168427.30848

3.099631.7513586.3476.67881428.46449

3.0995810.1008186.5318.89941429.95250

00011.12431.44151

List Of Coordinates

Water Table

YX

30

3332.376

3346

3780

Line Load

YX

9.00277392.033

10404

11418

11.2146442.036

Block Search Window

YX

‐4.508333.156

‐1.039348.808

‐1.183322.807

‐4.906303.306

Block Search Window

YX

8.204398.045

‐3.209397.795

‐2.633432.762

8.843406.585
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Block Search Window

YX

10.004430.441

‐1.921447.886

‐2.09453.386

10.262453.301

Block Search Window

YX

‐3.577383.496

‐3.408395.003

‐1.039394.918

‐1.208383.496

Block Search Window

YX

9.158408.089

‐2.375434.696

‐2.375446.431

9.666428.733

External Boundary

YX

‐400

‐40780

‐30780

‐11780

1780

4.05255780

5780

13780

19780

20776

22720

25674

25586

20574

15562

13556

12530

11418

10404

9392

8382

5358

4.05255352.315

3346

1334

0328

‐0.999162322.405

‐5300

‐6294

‐11276

‐12272

‐13250

‐14242

‐15230

‐15208

‐14192
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‐14162

‐13131

‐12126

‐11114

‐10106

‐996

‐886

‐776

‐662

‐550

‐439

‐335

‐228

‐18

‐10

‐240

Material Boundary

YX

4.05255352.315

4.05255741.802

4.05255780

Material Boundary

YX

5358

5780

Material Boundary

YX

13556

13780

Material Boundary

YX

‐0.999162322.405

‐0.999162410.234

4.05255741.802

Material Boundary

YX

‐5300

1780

Material Boundary

YX

‐11276

‐11780

Material Boundary

YX

‐240

‐24410.881

‐30780
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 300.00 lbs/ft2  300.00 lbs/ft2

Material Name Color Unit Weight (lbs/ 3) Sat. Unit Weight
(lbs/ 3) Strength Type Cohesion

(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Clay 115 120 Mohr‐Coulomb 800 0 Water Surface

Sand 120 120 Mohr‐Coulomb 0 33 Water Surface

Sand (Liq) 120 120 Mohr‐Coulomb 110 0 Water Surface

Sand (1) 120 125 Mohr‐Coulomb 0 34 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Dense) 125 125 Mohr‐Coulomb 0 34 Water Surface

Method: spencer
Factor of Safety: 0.35
Axis Loca on: 373.729, 132.244
Le  Slip Surface Endpoint: 322.452, ‐0.991
Right Slip Surface Endpoint: 449.551, 11.282
Le  Slope Intercept: 322.452 3.000
Right Slope Intercept: 449.551 11.282

  0.25

80
60

40
20

0
-2

0

300 320 340 360 380 400 420 440 460 480

P:\Leighton Consulting\602000\602668.002 Bayside Village in Newport Beach\Analyses\Slope Stability\Section A1\Sec A1 - Z4 - LQ1 - PS 025.slim

Section A1 - Critical Surface with Yield Acceleration (ky) 0.25

Project No.: 

602668-002

Scale
1:240

Units
feet

Analyzed By
JEH

Condition
Liquefaction

Date
December 5, 2011

Project

Bayside Village - Backbay Landing - Bulkhead Load Demand due to Liquefaction
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Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Bulkhead Load Demand due to Liquefaction

Project Summary

File Name: Sec A1 ‐ Z4 ‐ LQ1 ‐ PS 025

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Bulkhead Load Demand due to Liquefaction

Analysis: Section A1 ‐ Critical Surface with Yield Acceleration (ky) 0.25

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 5, 2011

Comments:

Liquefaction

602668‐002

Search for Critical Surface

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 5000

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 115

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 55

Right Projection Angle (End Angle): 85

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

Seismic Load Coefficient (Horizontal): 0.25

1 Distributed Load present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Material Properties

Sand (Dense)Gravelly SandSand (1)Sand (Liq)SandClaySite FillEmbankment 
Fill

Property

________________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125125120120120115105
Unsaturated Unit Weight 

[lbs/ft3]

125130125120120120110
Saturated Unit Weight 

[lbs/ft3]

0001100800100100Cohesion [psf]

34363403303232Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater TableNoneWater Surface

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated
Hu Value

0Ru Value

Global Minimums

Method: spencer

FS: 0.351055

Axis Location: 373.729, 132.244

Left Slip Surface Endpoint: 322.452, ‐0.991

Right Slip Surface Endpoint: 449.551, 11.282

Left Slope Intercept: 322.452 3.000

Right Slope Intercept: 449.551 11.282

Resisting Moment=2.10052e+006 lb‐ft

Driving Moment=5.98345e+006 lb‐ft

Resisting Horizontal Force=14277.2 lb

Driving Horizontal Force=40669.4 lb

Global Minimum Coordinates

Method: spencer

YX

‐0.990631322.452

‐4.58388333.158

‐3.84307392.551

‐3.36338430.839

‐0.493754443.041

3.20059444.803

11.2817449.551

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 2283

Number of Invalid Surfaces: 2718
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Error Codes:

Error Code ‐108 reported for 54 surfaces

Error Code ‐111 reported for 907 surfaces

Error Code ‐112 reported for 1757 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving force is very small (0.1 is an arbitrary number).

‐111 = safety factor equation did not converge

‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This screens out some slip surfaces which may not be 

valid in the context of the analysis, in particular, deep seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.351055

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

307.642277.043584.685110313.3410110Sand (Liq)847.5922.67651

386.507333.097719.604110313.3410110Sand (Liq)1209.82.67652

464.026389.152853.178110313.3410110Sand (Liq)1569.892.67653

541.354445.207986.561110313.3410110Sand (Liq)1927.192.67654

368.641472.184840.825110313.3410110Sand (Liq)2153.592.699665

387.292470.082857.374110313.3410110Sand (Liq)2212.652.699666

405.939467.981873.92110313.3410110Sand (Liq)2271.72.699667

424.585465.88890.465110313.3410110Sand (Liq)2330.762.699668

444.098463.779907.877110313.3410110Sand (Liq)2392.062.699669

483.726461.678945.404110313.3410110Sand (Liq)2505.212.6996610

531.775459.576991.351110313.3410110Sand (Liq)2640.072.6996611

578.975457.4751036.45110313.3410110Sand (Liq)2772.442.6996612

624.963455.3741080.34110313.3410110Sand (Liq)2901.252.6996613

666.158453.2731119.43110313.3410110Sand (Liq)30162.6996614

697.438451.1721148.61110313.3410110Sand (Liq)3101.652.6996615

728.416449.071177.49110313.3410110Sand (Liq)3186.42.6996616

759.389446.9691206.36110313.3410110Sand (Liq)3271.142.6996617

790.365444.8681235.23110313.3410110Sand (Liq)3355.892.6996618

821.338442.7671264.1110313.3410110Sand (Liq)3440.642.6996619

852.315440.6651292.98110313.3410110Sand (Liq)3525.392.6996620

883.292438.5641321.86110313.3410110Sand (Liq)3610.142.6996621

914.265436.4631350.73110313.3410110Sand (Liq)3694.892.6996622

942.552434.3621376.91110313.3410110Sand (Liq)3771.742.6996623

967.036432.2611399.3110313.3410110Sand (Liq)3837.442.6996624

991.494430.1591421.65110313.3410110Sand (Liq)3903.062.6996625

1073.38428.0581501.43110313.3410110Sand (Liq)3968.412.6996626

1336.64426.011762.65110313.3410110Sand (Liq)3804.592.5525627

1355.65424.0141779.66110313.3410110Sand (Liq)3851.812.5525628

1374.66422.0191796.67110313.3410110Sand (Liq)3899.022.5525629

1393.67420.0231813.69110313.3410110Sand (Liq)3946.242.5525630

1412.14418.0281830.17110313.3410110Sand (Liq)3992.382.5525631

1428.43416.0321844.46110313.3410110Sand (Liq)4032.412.5525632

1444.5414.0371858.54110313.3410110Sand (Liq)4071.482.5525633

1460.58412.0411872.62110313.3410110Sand (Liq)4110.552.5525634

1476.65410.0461886.7110313.3410110Sand (Liq)4149.622.5525635

1492.7408.051900.75110313.3410110Sand (Liq)4188.672.5525636

1499.89406.0551905.94110313.3410110Sand (Liq)4205.12.5525637

1500.55404.0591904.61110313.3410110Sand (Liq)4201.412.5525638

1501.22402.0641903.29110313.3410110Sand (Liq)4197.732.5525639

1501.89400.0681901.95110313.3410110Sand (Liq)4194.042.5525640

1502.55398.0731900.63110313.3410110Sand (Liq)4190.352.5525641

1305.99379.1681685.15110313.3410110Sand (Liq)3922.952.4402342

1284.46343.3551627.82110313.3410110Sand (Liq)3760.472.4402343
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1262.94307.5431570.48110313.3410110Sand (Liq)3597.992.4402344

1241.41271.731513.14110313.3410110Sand (Liq)3435.512.4402345

1104.68235.9171340.59110313.3410110Sand (Liq)3273.032.4402346

168.581102.747271.328109.478311.854330Sand1916.211.762647

183.480183.48119.153339.414330Sand408.1480.50052748

‐1657.980‐1657.988002278.850800Clay395.3910.55662549

‐23.60690‐23.606985.2487242.83632100Site Fill1210.73.690550

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.351055

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

00496.864‐0.990631322.4521

17.057435.8411420.52‐1.88894325.1292

17.0569870.592837.49‐2.78726327.8053

17.05691302.764246.04‐3.68557330.4824

17.05691734.625653.6‐4.58388333.1585

17.05691861.536067.24‐4.55021335.8586

17.05691974.056433.97‐4.51654338.5587

17.05692072.186753.8‐4.48286341.2578

17.05692155.927026.73‐4.44919343.9579

17.05692225.387253.1‐4.41552346.65710

17.05692282.997440.88‐4.38184349.35611

17.05692329.787593.39‐4.34817352.05612

17.05692365.967711.3‐4.3145354.75613

17.05692391.87795.52‐4.28082357.45514

17.05692408.447849.74‐4.24715360.15515

17.05692418.27881.56‐4.21348362.85516

17.05692421.177891.23‐4.1798365.55417

17.05692417.337878.73‐4.14613368.25418

17.05692406.77844.08‐4.11246370.95419

17.05692389.277787.27‐4.07878373.65320

17.05692365.047708.3‐4.04511376.35321

17.05692334.017607.16‐4.01144379.05322

17.05692296.187483.87‐3.97776381.75223

17.05692252.197340.49‐3.94409384.45224

17.05692202.927179.92‐3.91042387.15225

17.05692148.47002.2‐3.87674389.85126

17.05692088.036805.45‐3.84307392.55127

17.05692024.316597.76‐3.81109395.10428

17.05691956.796377.71‐3.77911397.65629

17.05691885.496145.32‐3.74713400.20930

17.05691810.45900.58‐3.71515402.76131

17.05691731.615643.78‐3.68317405.31432

17.05691649.615376.52‐3.65119407.86633

17.05691564.475099.03‐3.61921410.41934

17.05691476.24811.33‐3.58723412.97135

17.05691384.794513.41‐3.55525415.52436

17.05691290.254205.28‐3.52328418.07737

17.05691194.43892.87‐3.4913420.62938

17.0571098.853581.43‐3.45932423.18239

17.0571003.593270.96‐3.42734425.73440

17.0569908.6222961.44‐3.39536428.28741

17.0569813.9552652.9‐3.36338430.83942

17.0569450.9081469.63‐2.78945433.2843

17.0569110.422359.895‐2.21553435.7244

17.0569‐207.505‐676.315‐1.6416438.1645

17.0569‐502.873‐1639‐1.06768440.646

17.0569‐755.394‐2462.03‐0.493754443.04147

17.0569‐1041.27‐3393.793.20059444.80348
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17.057‐1068.42‐3482.264.05255445.30449

17.0569‐227.597‐741.85445.8650

00011.2817449.55151

List Of Coordinates

Water Table

YX

30

3332.376

3346

3780

Line Load

YX

9.00277392.033

10404

11418

11.2146442.036

Block Search Window

YX

‐4.508333.156

‐1.039348.808

‐1.183322.807

‐4.906303.306

Block Search Window

YX

8.204398.045

‐3.209397.795

‐2.633432.762

8.843406.585

Block Search Window

YX

10.004430.441

‐1.921447.886

‐2.09453.386

10.262453.301

Block Search Window

YX

‐3.577383.496

‐3.408395.003

‐1.039394.918

‐1.208383.496

Block Search Window

YX

9.158408.089

‐2.375434.696

‐2.375446.431

9.666428.733
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External Boundary

YX

‐400

‐40780

‐30780

‐11780

1780

4.05255780

5780

13780

19780

20776

22720

25674

25586

20574

15562

13556

12530

11418

10404

9392

8382

5358

4.05255352.315

3346

1334

0328

‐0.999162322.405

‐5300

‐6294

‐11276

‐12272

‐13250

‐14242

‐15230

‐15208

‐14192

‐14162

‐13131

‐12126

‐11114

‐10106

‐996

‐886

‐776

‐662

‐550

‐439

‐335

‐228

‐18

‐10

‐240

Material Boundary

YX

4.05255352.315

4.05255741.802

4.05255780
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Material Boundary

YX

5358

5780

Material Boundary

YX

13556

13780

Material Boundary

YX

‐0.999162322.405

‐0.999162410.234

4.05255741.802

Material Boundary

YX

‐5300

1780

Material Boundary

YX

‐11276

‐11780

Material Boundary

YX

‐240

‐24410.881

‐30780
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 300.00 lbs/ft2  300.00 lbs/ft2

Material Name Color Unit Weight (lbs/ 3) Sat. Unit Weight
(lbs/ 3) Strength Type Cohesion

(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Clay 115 120 Mohr‐Coulomb 800 0 Water Surface

Sand 120 120 Mohr‐Coulomb 0 33 Water Surface

Sand (Liq) 120 120 Mohr‐Coulomb 110 0 Water Surface

Sand (1) 120 125 Mohr‐Coulomb 0 34 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Dense) 125 125 Mohr‐Coulomb 0 34 Water Surface

Method: spencer
Factor of Safety: 1.02
Axis Loca on: 373.729, 132.244
Le  Slip Surface Endpoint: 322.452, ‐0.991
Right Slip Surface Endpoint: 449.551, 11.282
Le  Slope Intercept: 322.452 3.000
Right Slope Intercept: 449.551 11.282

Support Name Color Type Force Applica on Out‐Of‐Plane Spacing Pile Shear
Strength Force Direc on

Seawall Bulkhead Micro Pile Passive (Method B) 1 30000 Perpendicular to pile

  0.2580
60

40
20

0
-2

0

280 300 320 340 360 380 400 420 440 460
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Section A1 - Load Demand for FS = 1.0 and  Yield Accel. 0.25

Project No.: 

602668-002

Scale
1:240

Units
feet

Analyzed By
JEH

Condition
Liquefaction

Date
December 5, 2011

Project

Bayside Village - Backbay Landing - Load Demand on Bulkhead due to Liquefaction
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Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Load Demand on Bulkhead due to Liquefaction

Project Summary

File Name: Sec A1 ‐ Z4 ‐ LQ1 ‐ PS 025 ‐ BK1 ‐ SS

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Load Demand on Bulkhead due to Liquefaction

Analysis: Section A1 ‐ Load Demand for FS = 1.0 and Yield Accel. 0.25

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 5, 2011

Comments:

Liquefaction

602668‐002

Specific Surface analyzed is Critical Surface identifed by search

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 1

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 115

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 55

Right Projection Angle (End Angle): 85

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

Seismic Load Coefficient (Horizontal): 0.25

1 Distributed Load present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Material Properties

Sand (Dense)Gravelly SandSand (1)Sand (Liq)SandClaySite FillEmbankment 
Fill

Property

________________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125125120120120115105
Unsaturated Unit Weight 

[lbs/ft3]

125130125120120120110
Saturated Unit Weight 

[lbs/ft3]

0001100800100100Cohesion [psf]

34363403303232Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater TableNoneWater Surface

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated
Hu Value

0Ru Value

Support Properties

Seawall Bulkhead

Support Type: Micro‐Pile

Force Application: Passive

Out‐of‐Plane Spacing: 1 ft

Pile Shear Strength: 30000 lb

Force Direction: Perpendicular to Pile

Global Minimums

Method: spencer

FS: 1.015410

Axis Location: 373.729, 132.244

Left Slip Surface Endpoint: 322.452, ‐0.991

Right Slip Surface Endpoint: 449.551, 11.282

Left Slope Intercept: 322.452 3.000

Right Slope Intercept: 449.551 11.282

Resisting Moment=6.31105e+006 lb‐ft

Driving Moment=6.21526e+006 lb‐ft

Resisting Horizontal Force=44734.4 lb

Driving Horizontal Force=44055.4 lb

Global Minimum Coordinates

Method: spencer

YX

‐0.990631322.452

‐4.58388333.158

‐3.84307392.551

‐3.36338430.839

‐0.493754443.041
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3.20059444.803

11.2817449.551

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 1

Number of Invalid Surfaces: 0

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.01541

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

122.542277.043399.585110108.3310110Sand (Liq)847.5922.67651

201.592333.097534.689110108.3310110Sand (Liq)1209.82.67652

279.546389.152668.698110108.3310110Sand (Liq)1569.892.67653

356.927445.207802.134110108.3310110Sand (Liq)1927.192.67654

315.176472.184787.36110108.3310110Sand (Liq)2153.592.699665

336.079470.082806.161110108.3310110Sand (Liq)2212.652.699666

356.981467.981824.962110108.3310110Sand (Liq)2271.72.699667

377.883465.88843.763110108.3310110Sand (Liq)2330.762.699668

399.636463.779863.415110108.3310110Sand (Liq)2392.062.699669

441.121461.678902.799110108.3310110Sand (Liq)2505.212.6996610

490.866459.576950.442110108.3310110Sand (Liq)2640.072.6996611

539.728457.475997.203110108.3310110Sand (Liq)2772.442.6996612

587.335455.3741042.71110108.3310110Sand (Liq)2901.252.6996613

629.975453.2731083.25110108.3310110Sand (Liq)30162.6996614

662.329451.1721113.5110108.3310110Sand (Liq)3101.652.6996615

694.37449.071143.44110108.3310110Sand (Liq)3186.42.6996616

2686.07446.9693133.04110108.3310110Sand (Liq)3271.142.6996617

758.452444.8681203.32110108.3310110Sand (Liq)3355.892.6996618

790.492442.7671233.26110108.3310110Sand (Liq)3440.642.6996619

822.532440.6651263.2110108.3310110Sand (Liq)3525.392.6996620

854.572438.5641293.14110108.3310110Sand (Liq)3610.142.6996621

886.615436.4631323.08110108.3310110Sand (Liq)3694.892.6996622

915.866434.3621350.23110108.3310110Sand (Liq)3771.742.6996623

941.175432.2611373.44110108.3310110Sand (Liq)3837.442.6996624

966.46430.1591396.62110108.3310110Sand (Liq)3903.062.6996625

1049.26428.0581477.32110108.3310110Sand (Liq)3968.412.6996626

1313.63426.011739.64110108.3310110Sand (Liq)3804.592.5525627

1333.27424.0141757.29110108.3310110Sand (Liq)3851.812.5525628

1352.91422.0191774.93110108.3310110Sand (Liq)3899.022.5525629

1372.54420.0231792.57110108.3310110Sand (Liq)3946.242.5525630

1391.64418.0281809.66110108.3310110Sand (Liq)3992.382.5525631

1408.46416.0321824.49110108.3310110Sand (Liq)4032.412.5525632

1425.05414.0371839.08110108.3310110Sand (Liq)4071.482.5525633

1441.64412.0411853.68110108.3310110Sand (Liq)4110.552.5525634

1458.23410.0461868.28110108.3310110Sand (Liq)4149.622.5525635

1474.8408.051882.85110108.3310110Sand (Liq)4188.672.5525636

1482.2406.0551888.26110108.3310110Sand (Liq)4205.12.5525637

1482.82404.0591886.88110108.3310110Sand (Liq)4201.412.5525638

1483.44402.0641885.5110108.3310110Sand (Liq)4197.732.5525639

1484.06400.0681884.13110108.3310110Sand (Liq)4194.042.5525640

1484.67398.0731882.75110108.3310110Sand (Liq)4190.352.5525641

1378.23379.1681757.4110108.3310110Sand (Liq)3922.952.4402342

1352.93343.3551696.29110108.3310110Sand (Liq)3760.472.4402343

1327.64307.5431635.18110108.3310110Sand (Liq)3597.992.4402344

1302.34271.731574.07110108.3310110Sand (Liq)3435.512.4402345

1158.44235.9171394.36110108.3310110Sand (Liq)3273.032.4402346
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346.274102.747449.021224.874221.461330Sand1916.211.762647

342.4180342.418222.369218.994330Sand408.1480.50052748

‐427.0310‐427.031800787.8590800Clay395.3910.55662549

64.0245064.0245140.007137.88232100Site Fill1210.73.690550

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.01541

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

00496.864‐0.990631322.4521

10.0228124.794706.102‐1.88894325.1292

10.0228248.9891408.81‐2.78726327.8053

10.0228371.7662103.5‐3.68557330.4824

10.0228494.3762797.24‐4.58388333.1585

10.0228470.0842659.79‐4.55021335.8586

10.0228437.4892475.37‐4.51654338.5587

10.0228396.5912243.96‐4.48286341.2578

10.0228347.391965.58‐4.44919343.9579

10.0228289.9471640.56‐4.41552346.65710

10.0228225.6721276.88‐4.38184349.35611

10.0228155.155877.887‐4.34817352.05612

10.022878.5111444.225‐4.3145354.75613

10.0228‐4.09515‐23.1708‐4.28082357.45514

10.0228‐92.0129‐520.62‐4.24715360.15515

10.0228‐183.895‐1040.5‐4.21348362.85516

10.0228‐279.699‐1582.57‐4.1798365.55417

10.02284911.0227787.2‐4.14613368.25418

10.02284807.3727200.7‐4.11246370.95419

10.02284699.826592‐4.07878373.65320

10.02284588.3125961.2‐4.04511376.35321

10.02284472.8925308.1‐4.01144379.05322

10.02284353.5524632.9‐3.97776381.75223

10.02284230.6523937.5‐3.94409384.45224

10.02284104.7123224.9‐3.91042387.15225

10.02283975.7322495.2‐3.87674389.85126

10.02283843.3921746.4‐3.84307392.55127

10.02283714.4221016.6‐3.81109395.10428

10.02283583.2620274.5‐3.77911397.65629

10.02283449.9219520.1‐3.74713400.20930

10.02283314.418753.3‐3.71515402.76131

10.02283176.7417974.4‐3.68317405.31432

10.02283037.2217185‐3.65119407.86633

10.02282895.916385.3‐3.61921410.41934

10.02282752.7715575.5‐3.58723412.97135

10.02282607.8314755.4‐3.55525415.52436

10.02282461.0813925.1‐3.52328418.07737

10.02282313.5713090.5‐3.4913420.62938

10.02282166.2412256.8‐3.45932423.18239

10.02282019.0811424.2‐3.42734425.73440

10.02271872.0810592.5‐3.39536428.28741

10.02281725.269761.74‐3.36338430.83942

10.02281420.488037.26‐2.78945433.2843

10.02281129.086388.47‐2.21553435.7244

10.0228851.0554815.37‐1.6416438.1645

10.0228586.4083317.97‐1.06768440.646

10.0228347.1691964.32‐0.493754443.04147

10.022838.4464217.5343.20059444.80348

10.0228‐11.7359‐66.4034.05255445.30449

10.0228119.958678.7385445.8650

00011.2817449.55151
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List Of Coordinates

Water Table

YX

30

3332.376

3346

3780

Line Load

YX

9.00277392.033

10404

11418

11.2146442.036

Non‐Circular Failure Surface

YX

‐0.990631322.452

‐4.58388333.158

‐3.84307392.551

‐3.36338430.839

‐0.493754443.041

3.20059444.803

11.2817449.551

External Boundary

YX

‐400

‐40780

‐30780

‐11780

1780

4.05255780

5780

13780

19780

20776

22720

25674

25586

20574

15562

13556

12530

11418

10404

9392

8382

5358

4.05255352.315

3346

1334

0328

‐0.999162322.405

‐5300

‐6294

‐11276
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‐12272

‐13250

‐14242

‐15230

‐15208

‐14192

‐14162

‐13131

‐12126

‐11114

‐10106

‐996

‐886

‐776

‐662

‐550

‐439

‐335

‐228

‐18

‐10

‐240

Material Boundary

YX

4.05255352.315

4.05255741.802

4.05255780

Material Boundary

YX

5358

5780

Material Boundary

YX

13556

13780

Material Boundary

YX

‐0.999162322.405

‐0.999162410.234

4.05255741.802

Material Boundary

YX

‐5300

1780

Material Boundary

YX

‐11276

‐11780

Material Boundary
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YX

‐240

‐24410.881

‐30780
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1.761.76

 300.00 lbs/ft2  200.00 lbs/ft2

1.761.76

Material Name Color Unit Weight (lbs/ 3) Sat. Unit Weight
(lbs/ 3) Strength Type Cohesion

(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Clay 115 120 Mohr‐Coulomb 1000 0 Water Surface

Sand (Liq) 120 120 Mohr‐Coulomb 150 0 Water Surface

Sand 120 120 Mohr‐Coulomb 0 33 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Dense) 125 125 Mohr‐Coulomb 0 34 Water Surface

Method: spencer
Factor of Safety: 1.76
Axis Loca on: 339.554, 81.311
Le  Slip Surface Endpoint: 313.022, ‐0.498
Right Slip Surface Endpoint: 389.082, 11.000
Le  Slope Intercept: 313.022 3.500
Right Slope Intercept: 389.082 11.000

80
60

40
20

0
-2

0

280 300 320 340 360 380 400 420 440 460
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Section B2 - Post-Liquefaction Stability

Project No.: 

602668-002

Scale
1:240

Units
feet

Analyzed By
JEH

Condition
Liquefaction

Date
December 5, 2011

Project

Bayside Village - Backbay Landing - Load Demand on Bulkhead due to Liquefaction
SLIDEINTERPRET 6.008



Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Load Demand on Bulkhead due to Liquefaction

Project Summary

File Name: Sec B2 ‐ X1 ‐ LQ1 ‐ PstLiq1

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Load Demand on Bulkhead due to Liquefaction

Analysis: Section B2 ‐ Post‐Liquefaction Stability

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 5, 2011

Comments:

Liquefaction

602668‐002

Search for Critical Surface with Residual Strength

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 5000

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 125

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 55

Right Projection Angle (End Angle): 85

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

2 Distributed Loads present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Distributed Load 2

Distribution: Constant

Magnitude [lbs/ft2]: 200

Orientation: Vertical

Material Properties

Sand (Dense)Gravelly SandSandSand (Liq)ClaySite FillProperty

__________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125125120120115105Unsaturated Unit Weight [lbs/ft3]

125130120120120110Saturated Unit Weight [lbs/ft3]

0001501000100Cohesion [psf]

3436330032Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater Surface

Automatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedHu Value

Global Minimums

Method: spencer

FS: 1.763540

Axis Location: 339.554, 81.311

Left Slip Surface Endpoint: 313.022, ‐0.498

Right Slip Surface Endpoint: 389.082, 11.000

Left Slope Intercept: 313.022 3.500

Right Slope Intercept: 389.082 11.000

Resisting Moment=1.16278e+006 lb‐ft

Driving Moment=659342 lb‐ft

Resisting Horizontal Force=11961 lb

Driving Horizontal Force=6782.39 lb

Global Minimum Coordinates

Method: spencer

YX

‐0.498407313.022

‐0.499136329.596

‐0.495179377.022

2.51185381.667

11389.082

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 2825

Number of Invalid Surfaces: 2176

Error Codes:

Page 2 of 6
SLIDEINTERPRET 6.008

Sec B2 - X1 - LQ1 - PstLiq1.slim Leighton Consulting, Inc.   December 5, 2011



Error Code ‐107 reported for 929 surfaces

Error Code ‐108 reported for 727 surfaces

Error Code ‐111 reported for 16 surfaces

Error Code ‐112 reported for 504 surfaces

Error Codes

The following errors were encountered during the computation:

‐107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if high external or anchor loads are applied against the failure 

direction.

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving force is very small (0.1 is an arbitrary number).

‐111 = safety factor equation did not converge

‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This screens out some slip surfaces which may not be 

valid in the context of the analysis, in particular, deep seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.76354

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

6.55867249.504256.0634.259422.41527330Sand577.7962.273151

14.3985249.509263.9089.350775.30227330Sand374.3961.430032

20.4538249.513269.96713.28297.53195330Sand382.8211.430033

26.5085249.517276.02517.21519.76167330Sand391.2451.430034

38.9923249.521288.51325.322314.3588330Sand404.9741.430035

60.2732249.525309.79839.142422.1954330Sand433.5491.430036

81.0677249.528330.59652.645529.8522330Sand463.0071.430037

97.8599249.532347.39263.550936.036330Sand488.3741.430038

111.76249.536361.29672.577541.1544330Sand508.0541.430039

125.744249.54375.28481.659246.3041330Sand527.6971.4300310

139.729249.544389.27390.74151.4539330Sand547.3391.4300311

154.076249.542403.618100.05856.737330Sand598.3961.5078812

168.81249.534418.344109.62662.1625330Sand620.2011.5078813

183.544249.526433.07119.19467.5879330Sand642.0061.5078814

198.276249.519447.795128.76273.0134330Sand663.811.5078815

217.426249.511466.937141.19880.0651330Sand691.81.5078816

254.615249.503504.11815085.05620150Sand (Liq)761.0161.5341217

302.218249.495551.71315085.05620150Sand (Liq)834.0771.5341218

328.195249.487577.68215085.05620150Sand (Liq)873.9161.5341219

353.156249.479602.63515085.05620150Sand (Liq)912.1971.5341220

376.476249.471625.94715085.05620150Sand (Liq)947.961.5341221

399.904249.463649.36715085.05620150Sand (Liq)983.8891.5341222

434.938249.455684.39315085.05620150Sand (Liq)1037.621.5341223

475.197249.447724.64415085.05620150Sand (Liq)1099.381.5341224

523.057249.439772.49615085.05620150Sand (Liq)1172.791.5341225

600.595249.431850.02615085.05620150Sand (Liq)1291.721.5341226

681.125249.423930.54815085.05620150Sand (Liq)1415.261.5341227

761.661249.4151011.0815085.05620150Sand (Liq)1538.81.5341228

842.191249.4071091.615085.05620150Sand (Liq)1662.331.5341229

922.727249.3991172.1315085.05620150Sand (Liq)1785.871.5341230

1002.89249.3911252.2815085.05620150Sand (Liq)1908.841.5341231

1035.81249.3831285.1915085.05620150Sand (Liq)1959.331.5341232

1035.8249.3751285.1715085.05620150Sand (Liq)1959.311.5341233

1035.79249.3671285.1615085.05620150Sand (Liq)1959.281.5341234

1035.79249.3591285.1515085.05620150Sand (Liq)1959.261.5341235

1035.78249.3511285.1315085.05620150Sand (Liq)1959.241.5341236

1035.77249.3431285.1215085.05620150Sand (Liq)1959.211.5341237

1035.77249.3351285.115085.05620150Sand (Liq)1959.191.5341238

1035.76249.3271285.0815085.05620150Sand (Liq)1959.161.5341239

1035.75249.3191285.0715085.05620150Sand (Liq)1959.141.5341240

1035.75249.3111285.0615085.05620150Sand (Liq)1959.121.5341241

1035.73249.3031285.0415085.05620150Sand (Liq)1959.091.5341242

1167.05218.0261385.0815085.05620150Sand (Liq)18841.5482343

Page 3 of 6
SLIDEINTERPRET 6.008

Sec B2 - X1 - LQ1 - PstLiq1.slim Leighton Consulting, Inc.   December 5, 2011



1116.26155.481271.7415085.05620150Sand (Liq)1697.771.5482344

1065.4592.93341158.3915085.05620150Sand (Liq)1511.551.5482345

453.1230453.1231000567.04101000Clay1391.441.7444846

565.3190565.319453.251257.01232100Site Fill845.5091.4177247

450.210450.21381.322216.22532100Site Fill603.9351.4177248

335.10335.1309.394175.43932100Site Fill362.3611.4177249

219.990219.99237.465134.65232100Site Fill120.7871.4177250

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.76354

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

00498.803‐0.498407313.0221

5.399884.2729645.2042‐0.498507315.2952

5.399887.2716776.928‐0.49857316.7253

5.3998710.5103111.19‐0.498633318.1564

5.3998913.9888147.989‐0.498696319.5865

5.3998921.5965228.472‐0.498759321.0166

5.3998831.0667328.659‐0.498822322.4467

5.3998840.8183431.822‐0.498885323.8768

5.3998749.222520.727‐0.498948325.3069

5.3998857.8283611.773‐0.49901326.73610

5.3998866.7957706.641‐0.499073328.16611

5.3998876.1242805.328‐0.499136329.59612

5.3998886.3434913.439‐0.49901331.10413

5.3998796.96331025.79‐0.498885332.61114

5.39987107.9841142.38‐0.498759334.11915

5.39989119.4051263.2‐0.498633335.62716

5.39985131.6991393.27‐0.498507337.13517

5.39987144.0711524.15‐0.498379338.66918

5.39987156.3991654.57‐0.498251340.20319

5.39986168.7261784.98‐0.498123341.73720

5.39986181.0531915.39‐0.497995343.27221

5.39989193.382045.79‐0.497867344.80622

5.39986205.7062176.2‐0.497739346.3423

5.39988218.0322306.59‐0.497611347.87424

5.39987230.3582436.99‐0.497483349.40825

5.39989242.6832567.37‐0.497355350.94226

5.39989255.0072697.75‐0.497227352.47627

5.39988267.332828.12‐0.497099354.0128

5.39989279.6522958.47‐0.496971355.54529

5.39988291.9733088.82‐0.496843357.07930

5.39987304.2933219.16‐0.496715358.61331

5.39988316.6123349.48‐0.496587360.14732

5.39989328.9313479.8‐0.496459361.68133

5.39986341.2493610.13‐0.496331363.21534

5.39987353.5683740.45‐0.496203364.74935

5.39988365.8873870.77‐0.496075366.28336

5.39988378.2064001.09‐0.495947367.81737

5.39987390.5244131.41‐0.495819369.35238

5.39988402.8434261.73‐0.495691370.88639

5.39988415.1624392.05‐0.495563372.4240

5.39988427.4814522.38‐0.495435373.95441

5.39987439.7994652.7‐0.495307375.48842

5.39988452.1184783.02‐0.495179377.02243

5.39987333.3333526.380.507165378.5744

5.39988225.2882383.351.50951380.11945

5.39987127.9811353.932.51185381.66746

5.39987135.9561438.34.50871383.41147

5.3998883.6794885.2566.13153384.82948
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5.3998743.5944461.1927.75435386.24749

5.3998815.7013166.1069.37718387.66550

00011389.08251

List Of Coordinates

Water Table

YX

3.50

3.5500

Line Load

YX

11377.022

11402.317

Line Load

YX

11403.592

11500

Block Search Window

YX

‐1.375395.561

3.035395.435

2.909338.614

‐1.249320.345

Block Search Window

YX

3.126397.484

‐1.291397.484

‐0.907429.744

3.894429.552

Block Search Window

YX

9.463430.32

‐2.443430.512

‐2.443467.766

9.847467.574

External Boundary

YX

‐400

‐40500

‐37.5500

‐30500

‐11.5096500

‐0.498507500

2.50201500

4.50871500

11500

11360

6350

5346
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4.50871342.561

4339

3336

2.50201333.012

1324

0320

‐0.498507313.021

‐1306

‐2300

‐3274

‐3220

‐4216

‐5202

‐6190

‐7166

‐8140

‐9120

‐10108

‐1194

‐11.509686.8651

‐1280

‐1360

‐130

‐14.50

‐37.50

Material Boundary

YX

4.50871342.561

4.50871500

Material Boundary

YX

2.50201333.012

2.50201500

Material Boundary

YX

‐0.498507313.021

‐0.498507500

Material Boundary

YX

‐11.509686.8651

‐11.5096500

Material Boundary

YX

‐14.50

‐14.5369.915

‐30500

Material Boundary

YX

‐37.50

‐37.5500
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 300.00 lbs/ft2  200.00 lbs/ft2

Material Name Color Unit Weight (lbs/ 3) Sat. Unit Weight
(lbs/ 3) Strength Type Cohesion

(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Clay 115 120 Mohr‐Coulomb 1000 0 Water Surface

Sand (Liq) 120 120 Mohr‐Coulomb 150 0 Water Surface

Sand 120 120 Mohr‐Coulomb 0 33 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Dense) 125 125 Mohr‐Coulomb 0 34 Water Surface

Method: spencer
Factor of Safety: 0.52
Axis Loca on: 390.887, 139.350
Le  Slip Surface Endpoint: 333.078, 2.513
Right Slip Surface Endpoint: 465.671, 11.000
Le  Slope Intercept: 333.078 3.500
Right Slope Intercept: 465.671 11.000

  0.2580
60

40
20

0
-2

0

300 320 340 360 380 400 420 440 460 480
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Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Load Demand on Bulkhead due to Liquefaction

Project Summary

File Name: Sec B2 ‐ X1 ‐ LQ1 ‐ PS1

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Load Demand on Bulkhead due to Liquefaction

Analysis: Section B2 ‐ Critical Surface with Yield Acceleration (ky) 0.25

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 5, 2011

Comments:

Liquefaction

602668‐002

Search for Critical Surface

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 5000

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 125

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 55

Right Projection Angle (End Angle): 85

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

Seismic Load Coefficient (Horizontal): 0.25

2 Distributed Loads present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Distributed Load 2

Distribution: Constant

Magnitude [lbs/ft2]: 200

Orientation: Vertical

Material Properties

Sand (Dense)Gravelly SandSandSand (Liq)ClaySite FillProperty

__________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125125120120115105Unsaturated Unit Weight [lbs/ft3]

125130120120120110Saturated Unit Weight [lbs/ft3]

0001501000100Cohesion [psf]

3436330032Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater Surface

Automatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedHu Value

Global Minimums

Method: spencer

FS: 0.515822

Axis Location: 390.887, 139.350

Left Slip Surface Endpoint: 333.078, 2.513

Right Slip Surface Endpoint: 465.671, 11.000

Left Slope Intercept: 333.078 3.500

Right Slope Intercept: 465.671 11.000

Resisting Moment=2.84936e+006 lb‐ft

Driving Moment=5.52393e+006 lb‐ft

Resisting Horizontal Force=19835.8 lb

Driving Horizontal Force=38454.7 lb

Global Minimum Coordinates

Method: spencer

YX

2.51294333.078

0.735152337.385

‐0.0407162340.418

‐0.498457343.971

‐0.498455352.269

‐0.498452359.288

‐0.498458370.226

‐0.498456374.348

‐0.498458378.541

‐0.498452393.698

‐0.498454399.894

‐0.498461402.317

‐0.498442409.308

‐0.498461409.349
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‐0.498452410.582

‐0.498457425.468

‐0.498452428.511

‐0.498457450.639

0.0271391455.939

1.05391460.835

2.51093465.165

6.50906465.218

11465.671

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 2899

Number of Invalid Surfaces: 2102

Error Codes:

Error Code ‐108 reported for 266 surfaces

Error Code ‐111 reported for 1085 surfaces

Error Code ‐112 reported for 751 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving force is very small (0.1 is an arbitrary number).

‐111 = safety factor equation did not converge

‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This screens out some slip surfaces which may not be 

valid in the context of the analysis, in particular, deep seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.515822

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

349.38889.3262438.714150290.7980150Sand (Liq)269.7982.153821

431.597144.793576.39150290.7980150Sand (Liq)553.2842.153822

449.11196.734645.844150290.7980150Sand (Liq)1288.613.033123

464.996235.222700.218150290.7980150Sand (Liq)1996.173.552334

444.248249.504693.752150290.7980150Sand (Liq)1766.912.765935

501.752249.504751.256150290.7980150Sand (Liq)1944.562.765936

588.608249.504838.112150290.7980150Sand (Liq)2212.932.765937

707.539249.504957.043150290.7980150Sand (Liq)2182.832.339798

817.51249.5041067.01150290.7980150Sand (Liq)2470.252.339799

927.478249.5031176.98150290.7980150Sand (Liq)2757.672.3397910

1011.58249.5031261.08150290.7980150Sand (Liq)3479.732.7344911

1015.93249.5041265.43150290.7980150Sand (Liq)3493.042.7344912

1015.93249.5041265.43150290.7980150Sand (Liq)3493.052.7344913

1015.93249.5041265.43150290.7980150Sand (Liq)3493.052.7344914

1015.93249.5041265.43150290.7980150Sand (Liq)5265.414.1219715

1124.6249.5041374.11150290.7980150Sand (Liq)5356.694.1934316

1315.93249.5041565.44150290.7980150Sand (Liq)3872.343.0314217

1315.93249.5041565.44150290.7980150Sand (Liq)3872.343.0314218

1315.93249.5041565.44150290.7980150Sand (Liq)3872.343.0314219

1315.93249.5041565.44150290.7980150Sand (Liq)3872.343.0314220

1315.93249.5031565.44150290.7980150Sand (Liq)3872.343.0314221

1315.93249.5031565.43150290.7980150Sand (Liq)3957.273.0979122

1315.93249.5031565.43150290.7980150Sand (Liq)3957.273.0979123

1315.93249.5041565.44150290.7980150Sand (Liq)3094.462.4224624

1142.98249.5041392.49150290.7980150Sand (Liq)4465.243.4955625

1215.93249.5031465.43150290.7980150Sand (Liq)4465.233.4955626

1216.35249.5031465.85150290.7980150Sand (Liq)52.23120.040888627
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1215.92249.5041465.43150290.7980150Sand (Liq)1575.711.2335228

1215.93249.5031465.43150290.7980150Sand (Liq)3803.092.9772129

1215.93249.5041465.43150290.7980150Sand (Liq)3803.092.9772130

1215.93249.5041465.43150290.7980150Sand (Liq)3803.092.9772131

1215.93249.5041465.43150290.7980150Sand (Liq)3803.092.9772132

1215.93249.5041465.43150290.7980150Sand (Liq)3803.092.9772133

1215.93249.5041465.43150290.7980150Sand (Liq)3886.313.0423534

1215.93249.5031465.43150290.7980150Sand (Liq)3533.372.7660635

1215.93249.5031465.43150290.7980150Sand (Liq)3533.372.7660636

1215.93249.5041465.43150290.7980150Sand (Liq)3533.372.7660637

1215.93249.5041465.43150290.7980150Sand (Liq)3533.372.7660638

1215.93249.5041465.43150290.7980150Sand (Liq)3533.372.7660639

1215.93249.5041465.43150290.7980150Sand (Liq)3533.372.7660640

1215.93249.5041465.43150290.7980150Sand (Liq)3533.372.7660641

1215.93249.5041465.43150290.7980150Sand (Liq)3533.372.7660642

1124.41241.3041365.71150290.7980150Sand (Liq)3343.092.6498143

1113.7224.9061338.61150290.7980150Sand (Liq)3259.532.6498144

1013.07200.6891213.76150290.7980150Sand (Liq)2897.772.4484245

994.409168.6541163.06150290.7980150Sand (Liq)2746.932.4484246

888.2129.9071018.11150290.7980150Sand (Liq)2267.642.16547

865.06984.4476949.517150290.7980150Sand (Liq)2078.372.16548

‐111.1930‐111.19330.51959.165832100Site Fill36.2880.052816949

‐85.85190‐85.851946.353789.863832100Site Fill106.7240.45265550

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.515822

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

0030.3982.51294333.0781

22.739416.624994.071.62404335.2312

22.739846.2942019.270.735152337.3853

22.73911290.993080.31‐0.0407162340.4184

22.7391649.113934.8‐0.498457343.9715

22.7391801.084297.4‐0.498457346.7376

22.7391934.434615.58‐0.498456349.5037

22.7392039.674866.68‐0.498455352.2698

22.7392096.125001.37‐0.498454354.6089

22.7392122.465064.22‐0.498453356.94810

22.7392118.685055.2‐0.498452359.28811

22.7392087.364980.46‐0.498454362.02212

22.73912054.644902.38‐0.498455364.75713

22.7392021.914824.31‐0.498456367.49114

22.7391989.194746.23‐0.498458370.22615

22.73911939.874628.54‐0.498456374.34816

22.73911889.694508.81‐0.498458378.54117

22.73911853.414422.25‐0.498457381.57318

22.7391817.134335.7‐0.498456384.60419

22.73911780.864249.14‐0.498455387.63520

22.7391744.584162.59‐0.498453390.66721

22.7391708.34076.03‐0.498452393.69822

22.7391671.233987.58‐0.498453396.79623

22.7391634.163899.13‐0.498454399.89424

22.73911605.183829.97‐0.498461402.31725

22.7391563.343730.15‐0.498452405.81226

22.73911521.513630.33‐0.498442409.30827

22.7391521.033629.19‐0.498461409.34928

22.7391506.263593.96‐0.498452410.58229

22.73911470.643508.95‐0.498453413.55930

22.7391435.013423.95‐0.498454416.53731

22.7391399.383338.94‐0.498455419.51432
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22.73911363.763253.94‐0.498456422.49133

22.7391328.133168.93‐0.498457425.46834

22.7391291.723082.06‐0.498452428.51135

22.7391258.623003.08‐0.498453431.27736

22.7391225.522924.11‐0.498453434.04337

22.7391192.422845.13‐0.498454436.80938

22.7391159.322766.15‐0.498455439.57539

22.7391126.222687.18‐0.498455442.34140

22.7391093.122608.2‐0.498456445.10741

22.7391060.022529.22‐0.498457447.87342

22.7391026.922450.25‐0.498457450.63943

22.739849.1692026.13‐0.235659453.28944

22.739683.1571630.020.0271391455.93945

22.739416.783994.4480.540523458.38746

22.739177.121422.6131.05391460.83547

22.739‐107.468‐256.421.7824246348

22.739‐351.285‐838.1692.51093465.16549

22.739‐167.456‐399.5526.50906465.21850

00011465.67151

List Of Coordinates

Water Table

YX

3.50

3.5500

Line Load

YX

11377.022

11402.317

Line Load

YX

11403.592

11500

Block Search Window

YX

‐1.375395.561

3.035395.435

2.909338.614

‐1.249320.345

Block Search Window

YX

3.126397.484

‐1.291397.484

‐0.907429.744

3.894429.552

Block Search Window

YX

9.463430.32

‐2.443430.512

‐2.443467.766

9.847467.574
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External Boundary

YX

‐400

‐40500

‐37.5500

‐30500

‐11.5096500

‐0.498507500

2.50201500

4.50871500

11500

11360

6350

5346

4.50871342.561

4339

3336

2.50201333.012

1324

0320

‐0.498507313.021

‐1306

‐2300

‐3274

‐3220

‐4216

‐5202

‐6190

‐7166

‐8140

‐9120

‐10108

‐1194

‐11.509686.8651

‐1280

‐1360

‐130

‐14.50

‐37.50

Material Boundary

YX

4.50871342.561

4.50871500

Material Boundary

YX

2.50201333.012

2.50201500

Material Boundary

YX

‐0.498507313.021

‐0.498507500

Material Boundary

YX
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‐11.509686.8651

‐11.5096500

Material Boundary

YX

‐14.50

‐14.5369.915

‐30500

Material Boundary

YX

‐37.50

‐37.5500
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 300.00 lbs/ft2  200.00 lbs/ft2

Material Name Color Unit Weight (lbs/ 3) Sat. Unit Weight
(lbs/ 3) Strength Type Cohesion

(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Clay 115 120 Mohr‐Coulomb 1000 0 Water Surface

Sand (Liq) 120 120 Mohr‐Coulomb 150 0 Water Surface

Sand 120 120 Mohr‐Coulomb 0 33 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Dense) 125 125 Mohr‐Coulomb 0 34 Water Surface

Method: spencer
Factor of Safety: 1.01
Axis Loca on: 390.887, 139.350
Le  Slip Surface Endpoint: 333.078, 2.513
Right Slip Surface Endpoint: 465.671, 11.000
Le  Slope Intercept: 333.078 3.500
Right Slope Intercept: 465.671 11.000

Support Name Color Type Force Applica on Out‐Of‐Plane Spacing Pile Shear
Strength Force Direc on

Seawall Bulkhead Micro Pile Passive (Method B) 1 20000 Perpendicular to pile

  0.25

80
60

40
20

0
-2

0

280 300 320 340 360 380 400 420 440 460 480
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Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Load Demand on Bulkhead due to Liqefaction

Project Summary

File Name: Sec B2 ‐ X1 ‐ LQ1 ‐ PS1 ‐ SS a

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Load Demand on Bulkhead due to Liqefaction

Analysis: Section B2 ‐ Load Demand for FS = 1.0 and Yield Accel. 0.25

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 5, 2011

Comments:

Liquefaction

602668‐002

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 1

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 125

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 55

Right Projection Angle (End Angle): 85

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

Seismic Load Coefficient (Horizontal): 0.25

2 Distributed Loads present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Distributed Load 2

Distribution: Constant

Magnitude [lbs/ft2]: 200

Orientation: Vertical

Material Properties

Sand (Dense)Gravelly SandSandSand (Liq)ClaySite FillProperty

__________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125125120120115105Unsaturated Unit Weight [lbs/ft3]

125130120120120110Saturated Unit Weight [lbs/ft3]

0001501000100Cohesion [psf]

3436330032Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater Surface

Automatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedAutomatically CalculatedHu Value

Support Properties

Seawall Bulkhead

Support Type: Micro‐Pile

Force Application: Passive

Out‐of‐Plane Spacing: 1 ft

Pile Shear Strength: 20000 lb

Force Direction: Perpendicular to Pile

Global Minimums

Method: spencer

FS: 1.012460

Axis Location: 390.887, 139.350

Left Slip Surface Endpoint: 333.078, 2.513

Right Slip Surface Endpoint: 465.671, 11.000

Left Slope Intercept: 333.078 3.500

Right Slope Intercept: 465.671 11.000

Resisting Moment=5.65259e+006 lb‐ft

Driving Moment=5.58305e+006 lb‐ft

Resisting Horizontal Force=39840.5 lb

Driving Horizontal Force=39350.4 lb

Global Minimum Coordinates

Method: spencer

YX

2.51294333.078

0.735152337.385

‐0.0407162340.418

‐0.498457343.971

‐0.498455352.269
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‐0.498452359.288

‐0.498458370.226

‐0.498456374.348

‐0.498458378.541

‐0.498452393.698

‐0.498454399.894

‐0.498461402.317

‐0.498442409.308

‐0.498461409.349

‐0.498452410.582

‐0.498457425.468

‐0.498452428.511

‐0.498457450.639

0.0271391455.939

1.05391460.835

2.51093465.165

6.50906465.218

11465.671

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 1

Number of Invalid Surfaces: 0

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.01246

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

128.66289.3262217.988150148.1540150Sand (Liq)269.7982.153821

206.559144.793351.352150148.1540150Sand (Liq)553.2842.153822

289.575196.734486.309150148.1540150Sand (Liq)1288.613.033123

357.96235.222593.182150148.1540150Sand (Liq)1996.173.552334

387.681249.504637.185150148.1540150Sand (Liq)1766.912.765935

449.57249.504699.074150148.1540150Sand (Liq)1944.562.765936

1597.77249.5041847.27150148.1540150Sand (Liq)2212.932.765937

671.066249.504920.57150148.1540150Sand (Liq)2182.832.339798

789.427249.5041038.93150148.1540150Sand (Liq)2470.252.339799

907.784249.5031157.29150148.1540150Sand (Liq)2757.672.3397910

998.297249.5031247.8150148.1540150Sand (Liq)3479.732.7344911

1002.99249.5041252.49150148.1540150Sand (Liq)3493.042.7344912

1002.99249.5041252.49150148.1540150Sand (Liq)3493.052.7344913

1002.99249.5041252.49150148.1540150Sand (Liq)3493.052.7344914

1002.99249.5041252.49150148.1540150Sand (Liq)5265.414.1219715

1111.66249.5041361.16150148.1540150Sand (Liq)5356.694.1934316

1302.99249.5041552.49150148.1540150Sand (Liq)3872.343.0314217

1302.99249.5041552.49150148.1540150Sand (Liq)3872.343.0314218

1302.99249.5041552.49150148.1540150Sand (Liq)3872.343.0314219

1302.99249.5041552.49150148.1540150Sand (Liq)3872.343.0314220

1302.99249.5031552.49150148.1540150Sand (Liq)3872.343.0314221

1302.99249.5031552.49150148.1540150Sand (Liq)3957.273.0979122

1302.99249.5031552.49150148.1540150Sand (Liq)3957.273.0979123

1302.99249.5041552.49150148.1540150Sand (Liq)3094.462.4224624

1130.04249.5041379.54150148.1540150Sand (Liq)4465.243.4955625

1202.99249.5031452.49150148.1540150Sand (Liq)4465.233.4955626

1203.16249.5031452.66150148.1540150Sand (Liq)52.23120.040888627

1202.98249.5041452.49150148.1540150Sand (Liq)1575.711.2335228

1202.99249.5031452.49150148.1540150Sand (Liq)3803.092.9772129

1202.99249.5041452.49150148.1540150Sand (Liq)3803.092.9772130
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1202.99249.5041452.49150148.1540150Sand (Liq)3803.092.9772131

1202.99249.5041452.49150148.1540150Sand (Liq)3803.092.9772132

1202.99249.5041452.49150148.1540150Sand (Liq)3803.092.9772133

1202.99249.5041452.49150148.1540150Sand (Liq)3886.313.0423534

1202.99249.5031452.49150148.1540150Sand (Liq)3533.372.7660635

1202.99249.5031452.49150148.1540150Sand (Liq)3533.372.7660636

1202.99249.5041452.49150148.1540150Sand (Liq)3533.372.7660637

1202.99249.5041452.49150148.1540150Sand (Liq)3533.372.7660638

1202.99249.5041452.49150148.1540150Sand (Liq)3533.372.7660639

1202.99249.5041452.49150148.1540150Sand (Liq)3533.372.7660640

1202.99249.5041452.49150148.1540150Sand (Liq)3533.372.7660641

1202.99249.5041452.49150148.1540150Sand (Liq)3533.372.7660642

1160.33241.3041401.63150148.1540150Sand (Liq)3343.092.6498143

1146.79224.9061371.7150148.1540150Sand (Liq)3259.532.6498144

1088.83200.6891289.52150148.1540150Sand (Liq)2897.772.4484245

1063.39168.6541232.04150148.1540150Sand (Liq)2746.932.4484246

992.206129.9071122.11150148.1540150Sand (Liq)2267.642.16547

957.71984.44761042.17150148.1540150Sand (Liq)2078.372.16548

‐106.7640‐106.76433.286732.877132100Site Fill36.2880.052816949

‐69.54550‐69.545556.543155.847232100Site Fill106.7240.45265550

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.01246

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

0030.3982.51294333.0781

8.2987971.7046491.591.62404335.2312

8.2988147.391010.470.735152337.3853

8.29879221.1891516.42‐0.0407162340.4184

8.29878264.9971816.76‐0.498457343.9715

8.29882260.5161786.03‐0.498457346.7376

8.29878249.5561710.9‐0.498456349.5037

8.298773146.0621568.7‐0.498455352.2698

8.298813117.1821370.6‐0.498454354.6089

8.298773077.8121100.8‐0.498453356.94810

8.298813027.9720759‐0.498452359.28811

8.298792960.3420295.4‐0.498454362.02212

8.29882892.2419828.5‐0.498455364.75713

8.298782824.1319361.6‐0.498456367.49114

8.29882756.0218894.6‐0.498458370.22615

8.298792653.3618190.8‐0.498456374.34816

8.29882548.9117474.7‐0.498458378.54117

8.29882473.4116957.1‐0.498457381.57318

8.298792397.9116439.5‐0.498456384.60419

8.29882322.415921.8‐0.498455387.63520

8.29882246.915404.2‐0.498453390.66721

8.298792171.414886.6‐0.498452393.69822

8.29882094.2414357.6‐0.498453396.79623

8.29882017.0813828.6‐0.498454399.89424

8.298761956.7413415‐0.498461402.31725

8.298781869.6812818.1‐0.498452405.81226

8.298761782.6112221.2‐0.498442409.30827

8.298811781.612214.2‐0.498461409.34928

8.298761750.8712003.6‐0.498452410.58229

8.298791676.7211495.2‐0.498453413.55930

8.298821602.5710986.8‐0.498454416.53731

8.298781528.4210478.5‐0.498455419.51432

8.298771454.269970.09‐0.498456422.49133

8.298781380.119461.72‐0.498457425.46834

8.298821304.348942.21‐0.498452428.51135
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8.298781235.448469.9‐0.498453431.27736

8.29881166.557997.58‐0.498453434.04337

8.298761097.657525.26‐0.498454436.80938

8.298791028.767052.94‐0.498455439.57539

8.29879959.8676580.62‐0.498455442.34140

8.2988890.9746108.3‐0.498456445.10741

8.29879822.085635.99‐0.498457447.87342

8.29878753.1865163.67‐0.498457450.63943

8.29879634.9844353.3‐0.235659453.28944

8.29879520.9753571.680.0271391455.93945

8.29879371.8112549.050.540523458.38746

8.2988232.451593.621.05391460.83547

8.2987977.4458530.951.7824246348

8.29879‐62.1617‐426.1662.51093465.16549

8.2988‐0.968675‐6.6416.50906465.21850

00011465.67151

List Of Coordinates

Water Table

YX

3.50

3.5500

Line Load

YX

11377.022

11402.317

Line Load

YX

11403.592

11500

Non‐Circular Failure Surface

YX

2.51294333.078

0.735152337.385

‐0.0407162340.418

‐0.498457343.971

‐0.498455352.269

‐0.498452359.288

‐0.498458370.226

‐0.498456374.348

‐0.498458378.541

‐0.498452393.698

‐0.498454399.894

‐0.498461402.317

‐0.498442409.308

‐0.498461409.349

‐0.498452410.582

‐0.498457425.468

‐0.498452428.511

‐0.498457450.639

0.0271391455.939

1.05391460.835

2.51093465.165

6.50906465.218

11465.671
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External Boundary

YX

‐400

‐40500

‐37.5500

‐30500

‐11.5096500

‐0.498507500

2.50201500

4.50871500

11500

11360

6350

5346

4.50871342.561

4339

3336

2.50201333.012

1324

0320

‐0.498507313.021

‐1306

‐2300

‐3274

‐3220

‐4216

‐5202

‐6190

‐7166

‐8140

‐9120

‐10108

‐1194

‐11.509686.8651

‐1280

‐1360

‐130

‐14.50

‐37.50

Material Boundary

YX

4.50871342.561

4.50871500

Material Boundary

YX

2.50201333.012

2.50201500

Material Boundary

YX

‐0.498507313.021

‐0.498507500

Material Boundary

YX
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‐11.509686.8651

‐11.5096500

Material Boundary

YX

‐14.50

‐14.5369.915

‐30500

Material Boundary

YX

‐37.50

‐37.5500
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1.141.14

W

 300.00 lbs/ft2  200.00 lbs/ft2  200.00 lb

1.141.14

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Silty Sand 115 120 Mohr‐Coulomb 0 32 Water Surface

Clay 115 120 Mohr‐Coulomb 800 0 Water Surface

Silty Sand (Liq) 115 120 Mohr‐Coulomb 110 0 Water Surface

Sand 120 125 Mohr‐Coulomb 0 33 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Liq) 115 120 Mohr‐Coulomb 400 0 Water Surface

Method: spencer
Factor of Safety: 1.14
Axis Loca on: 334.095, 60.684
Le  Slip Surface Endpoint: 316.225, 2.056
Right Slip Surface Endpoint: 370.275, 11.211
Le  Slope Intercept: 316.225 3.500
Right Slope Intercept: 370.275 11.211

80
60

40
20

0

300 320 340 360 380 400 420 440 460 480

P:\Leighton Consulting\602000\602668.002 Bayside Village in Newport Beach\Analyses\Slope Stability\Section C3\Sec C3 - A4 - LQ1 - pstliq.slim

Section C3 - C3'  Post-Liquefaction Stability

Project No.: 

602668-002

Scale
1:240

Units
feet

Analyzed By
JEH

Condition
Liquefaction

Date
December 5, 2011

Project

Bayside Village - Backbay Landing - Load Demand on Seawall Bulkhead due to Liquefaction
SLIDEINTERPRET 6.008



Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Load Demand on Seawall Bulkhead due to Liquefaction

Project Summary

File Name: Sec C3 ‐ A4 ‐ LQ1 ‐ pstliq

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Load Demand on Seawall Bulkhead due to Liquefaction

Analysis: Section C3 ‐ C3' Post‐Liquefaction Stability

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 5, 2011

Comments:

Liquefaction

602668‐002

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 5000

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 115

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 65

Right Projection Angle (End Angle): 75

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

2 Distributed Loads present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Distributed Load 2

Distribution: Constant

Magnitude [lbs/ft2]: 200

Orientation: Vertical

Material Properties

Sand (Liq)Gravelly SandSandSilty Sand (Liq)ClaySilty SandSite FillProperty

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

115125120115115115105
Unsaturated Unit Weight 

[lbs/ft3]

120130125120120120110
Saturated Unit Weight 

[lbs/ft3]

400001108000100Cohesion [psf]

03633003232Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated
Hu Value

Global Minimums

Method: spencer

FS: 1.142440

Axis Location: 334.095, 60.684

Left Slip Surface Endpoint: 316.225, 2.056

Right Slip Surface Endpoint: 370.275, 11.211

Left Slope Intercept: 316.225 3.500

Right Slope Intercept: 370.275 11.211

Resisting Moment=562705 lb‐ft

Driving Moment=492545 lb‐ft

Resisting Horizontal Force=7408.84 lb

Driving Horizontal Force=6485.09 lb

Global Minimum Coordinates

Method: spencer

YX

2.05613316.225

1.50596318.897

1.28894319.624

0.619564321.315

‐0.494768323.548

‐0.932939324.77

‐1.26268325.99

‐1.45979327.253

‐1.50671328.53

‐1.50666332.615

‐1.50661334.921

‐1.50656336.833

‐1.50653337.989
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‐1.5065340.347

‐1.50648340.409

‐1.5059340.731

‐1.49505343.498

‐1.48683345.035

‐1.47287346.677

‐1.46561348.548

‐1.46162350.336

‐1.46743352.285

‐1.47523354.453

‐1.4845355.341

‐1.50622358

‐0.951537359.082

‐0.279884360.379

0.497354361.855

1.50804363.731

3.11933364.963

4.48529366.206

5.99269367.13

7.89511368.288

9.55578369.287

11.211370.275

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 2982

Number of Invalid Surfaces: 2019

Error Codes:

Error Code ‐108 reported for 367 surfaces

Error Code ‐111 reported for 810 surfaces

Error Code ‐112 reported for 842 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving force is very small (0.1 is an arbitrary number).

‐111 = safety factor equation did not converge

‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This screens out some slip surfaces which may not be 

valid in the context of the analysis, in particular, deep seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.14244

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

45.8228107.263153.08628.633425.0634320Silty Sand380.4362.672541

95.8495124.542220.39259.89352.4255320Silty Sand2.396410.01229492

124.424131.314255.73811096.28510110Silty Sand (Liq)152.3720.7148023

180.563158.855339.41811096.28510110Silty Sand (Liq)479.3951.691264

253.701197.123450.82411096.28510110Silty Sand (Liq)422.4981.116365

318.568231.89550.45811096.28510110Silty Sand (Liq)529.6061.116366

363.548262.944626.49211096.28510110Silty Sand (Liq)693.5641.221647

409.498286.903696.40111096.28510110Silty Sand (Liq)791.6711.220018

443.966303.341747.30711096.28510110Silty Sand (Liq)904.4841.262889

469.381310.955780.33611096.28510110Silty Sand (Liq)980.3841.2775910

503.862312.418816.2811096.28510110Silty Sand (Liq)1151.941.4238711

543.455312.417855.87211096.28510110Silty Sand (Liq)1129.081.330512

593.919312.416906.33511096.28510110Silty Sand (Liq)1196.211.330513

713.222312.4151025.6411096.28510110Silty Sand (Liq)1174.251.1530614
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834.294312.4131146.7111096.28510110Silty Sand (Liq)1313.841.1530615

945.004312.4121257.4211096.28510110Silty Sand (Liq)1194.790.95571416

1026.31312.411338.7211096.28510110Silty Sand (Liq)1272.490.95571417

1082.15312.4081394.5611096.28510110Silty Sand (Liq)1603.751.1560218

1128.27312.4071440.6811096.28510110Silty Sand (Liq)1690.171.1791319

1157.89312.4061470.2911096.28510110Silty Sand (Liq)1725.091.1791320

1165.5312.4051477.9111096.28510110Silty Sand (Liq)90.60580.061605921

1165.2312.3861477.5911096.28510110Silty Sand (Liq)474.4640.32261222

1164.59312.1991476.7911096.28510110Silty Sand (Liq)2034.341.3835923

1164.28311.861476.1411096.28510110Silty Sand (Liq)2033.441.3835924

1163.58311.4351475.0211096.28510110Silty Sand (Liq)2257.781.5370925

1162.12310.7421472.8611096.28510110Silty Sand (Liq)2408.131.6411326

1161.32310.1941471.5111096.28510110Silty Sand (Liq)1371.040.93583527

1159.94309.9671469.9111096.28510110Silty Sand (Liq)1369.540.93583528

1158.98309.7921468.7711096.28510110Silty Sand (Liq)1306.60.89373229

1157.74309.6671467.411096.28510110Silty Sand (Liq)1305.390.89373230

1157.68309.6961467.3711096.28510110Silty Sand (Liq)1422.540.97468231

1156.63309.8771466.511096.28510110Silty Sand (Liq)1421.690.97468232

1155.67310.0891465.7611096.28510110Silty Sand (Liq)1580.491.084233

1154.54310.3331464.8711096.28510110Silty Sand (Liq)1579.531.084234

1155.1310.7441465.8411096.28510110Silty Sand (Liq)1292.330.88733335

1153.82311.3721465.1911096.28510110Silty Sand (Liq)1935.961.3294336

1152.91312.051464.9611096.28510110Silty Sand (Liq)1935.481.3294337

1322.07295.0821617.1511096.28510110Silty Sand (Liq)1538.971.0824538

1286.94256.821543.7611096.28510110Silty Sand (Liq)1746.531.2969239

1245.09211.6151456.7111096.28510110Silty Sand (Liq)1856.891.4760640

1207.3171.5981378.8911096.28510110Silty Sand (Liq)1106.420.93800541

1179.43140.0651319.4911096.28510110Silty Sand (Liq)1048.440.93800542

681.31974.026755.345425.735372.654320Silty Sand1218.381.2314643

703.80111.877715.678439.783384.951320Silty Sand301.0550.34648844

343.6370343.637800700.2560800Clay707.2240.89680645

478.3590478.359298.912261.643320Silty Sand595.4170.92436646

417.790417.79261.065228.515320Silty Sand161.4590.30591547

296.4990296.499285.273249.70532100Site Fill361.8020.8519548

212.7280212.728232.927203.88632100Site Fill262.6440.99924349

123.6530123.653177.267155.16532100Site Fill86.46340.98796350

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.14244

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

0065.04472.05613316.2251

4.3159514.9035197.4751.50596318.8972

4.3159215.0243199.0771.50229318.9093

4.3159424.9115330.0841.28894319.6244

4.3159355.1096730.2180.619564321.3155

4.3159582.24761089.80.0623977322.4326

4.31593113.5061503.99‐0.494768323.5487

4.31593143.1011896.13‐0.932939324.778

4.31594169.2972243.23‐1.26268325.999

4.31594189.5912512.13‐1.45979327.25310

4.31595201.6382671.75‐1.50671328.5311

4.31593211.9832808.84‐1.5067329.95412

4.31593221.652936.93‐1.50668331.28513

4.31593231.3173065.02‐1.50666332.61514

4.31593239.6943176.02‐1.50664333.76815

4.31594248.0713287.01‐1.50661334.92116

4.31594255.0133378.99‐1.50658335.87717

4.31593261.9553470.98‐1.50656336.83318

4.31594270.3533582.25‐1.50653337.98919

Page 4 of 7
SLIDEINTERPRET 6.008

Sec C3 - A4 - LQ1 - pstliq.slim Leighton Consulting, Inc.   December 5, 2011



4.31595278.923695.76‐1.50652339.16820

4.31593287.4863809.28‐1.5065340.34721

4.31593287.9313815.17‐1.50648340.40922

4.31593290.2113845.38‐1.5059340.73123

4.31594299.6613970.59‐1.50048342.11524

4.31593309.114095.8‐1.49505343.49825

4.31593319.3644231.67‐1.48683345.03526

4.31594329.7384369.12‐1.47287346.67727

4.31594336.1364453.89‐1.46924347.61228

4.31594342.5344538.67‐1.46561348.54829

4.31594348.8074621.79‐1.46362349.44230

4.31594355.084704.91‐1.46162350.33631

4.31593362.4844803.02‐1.46452351.3132

4.31593369.8884901.13‐1.46743352.28533

4.31594378.1985011.23‐1.47133353.36934

4.31594386.5085121.34‐1.47523354.45335

4.31594393.9825220.37‐1.4845355.34136

4.31593404.8435364.29‐1.49536356.6737

4.31594415.7055508.2‐1.5062235838

4.31594355.8734715.41‐0.951537359.08239

4.31593287.0443803.42‐0.279884360.37940

4.31593212.3222813.330.497354361.85541

4.31594166.552206.831.0027362.79342

4.31594123.0421630.341.50804363.73143

4.3159365.8233872.1783.11933364.96344

4.3159455.3286733.1193.5365.30945

4.3159477.17051022.534.48529366.20646

4.3159441.0034543.3065.99269367.1347

4.3159330.4308403.2176.49532367.43648

4.3159215.1631200.9167.89511368.28849

4.315943.8773251.37559.55578369.28750

00011.211370.27551

List Of Coordinates

Water Table

YX

3.50

3.5322

3.5540

Line Load

YX

11.3572357.999

11.0004387.965

Line Load

YX

10.9767389.955

10.5430

10.5540

Block Search Window

YX

‐1.307295.385

‐1.341324.105

1.015320.93

0.991310.688
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Block Search Window

YX

‐1.16336.663

‐1.16350.981

1.094350.981

1.094336.663

Block Search Window

YX

10.399358.809

3.034358.809

2.859377.986

10.029368.971

Block Search Window

YX

‐1.232352.426

‐1.232378.097

1.036378.097

1.036352.426

Block Search Window

YX

9.927370.713

2.654380.649

2.449394.58

9.927394.273

External Boundary

YX

‐400

‐40540

‐8.5540

‐6.5540

‐4.50205540

‐1.5067540

1.50229540

3.5540

4.50291540

6.49532540

10.5540

10.5430

11.5346

11.5344

11.5340

11338

10336

6.49532332.495

6332

5328

4.50291326.012

3.5322

2316

1.50229312.018

1308

0302

‐1294

‐1.5067289.946
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‐2286

‐3274

‐4240

‐4.50205217.91

‐5196

‐6164

‐6136

‐5120

‐270

‐164

146

10

‐6.50

‐8.50

Material Boundary

YX

6.49532332.495

6.49532540

Material Boundary

YX

4.50291326.012

4.50291540

Material Boundary

YX

1.50229312.018

1.50229540

Material Boundary

YX

‐1.5067289.946

‐1.5067540

Material Boundary

YX

‐4.50205217.91

‐4.50205540

Material Boundary

YX

‐6.50

‐6.5540

Material Boundary

YX

‐8.50

‐8.5540

Material Boundary

YX

3.5322

3.5540
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0.390.39

W

 300.00 lbs/ft2  200.00 lbs/ft2

0.390.39 Material Name Color Unit Weight (lbs/ 3) Sat. Unit Weight
(lbs/ 3) Strength Type Cohesion

(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Silty Sand 115 120 Mohr‐Coulomb 0 32 Water Surface

Clay 115 120 Mohr‐Coulomb 800 0 Water Surface

Silty Sand (Liq) 115 120 Mohr‐Coulomb 110 0 Water Surface

Sand 120 125 Mohr‐Coulomb 0 33 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Liq) 115 120 Mohr‐Coulomb 400 0 Water Surface

Method: spencer
Factor of Safety: 0.39
Axis Loca on: 335.084, 71.621
Le  Slip Surface Endpoint: 312.052, 1.506
Right Slip Surface Endpoint: 377.356, 11.127
Le  Slope Intercept: 312.052 3.500
Right Slope Intercept: 377.356 11.127

  0.25

80
60

40
20

0
-2

0

280 300 320 340 360 380 400 420 440 460
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Section C3 - C3'  Upper Liquefiable Zone - Critical Surface - ky 0.25

Project No.: 

602668-002

Scale
1:240

Units
feet

Analyzed By
JEH

Condition
Liquefaction

Date
December 6, 2011

Project

Bayside Village - Backbay Landing - Load Demand on Seawall Bulkhead due to Liquefaction
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Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Load Demand on Seawall Bulkhead due to Liquefaction

Project Summary

File Name: Sec C3 ‐ A4 ‐ LQ1 ‐ PS025 ‐ MC

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Load Demand on Seawall Bulkhead due to Liquefaction

Analysis: Section C3 ‐ C3' Upper Liquefiable Zone ‐ Critical Surface ‐ ky 0.25

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 6, 2011

Comments:

Liquefaction

602668‐002

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 5000

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 115

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 65

Right Projection Angle (End Angle): 75

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

Seismic Load Coefficient (Horizontal): 0.25

2 Distributed Loads present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Distributed Load 2

Distribution: Constant

Magnitude [lbs/ft2]: 200

Orientation: Vertical

Material Properties

Sand (Liq)Gravelly SandSandSilty Sand (Liq)ClaySilty SandSite FillProperty

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

115125120115115115105
Unsaturated Unit Weight 

[lbs/ft3]

120130125120120120110
Saturated Unit Weight 

[lbs/ft3]

400001108000100Cohesion [psf]

03633003232Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated
Hu Value

Global Minimums

Method: spencer

FS: 0.392090

Axis Location: 335.084, 71.621

Left Slip Surface Endpoint: 312.052, 1.506

Right Slip Surface Endpoint: 377.356, 11.127

Left Slope Intercept: 312.052 3.500

Right Slope Intercept: 377.356 11.127

Resisting Moment=629686 lb‐ft

Driving Moment=1.60597e+006 lb‐ft

Resisting Horizontal Force=7615.02 lb

Driving Horizontal Force=19421.6 lb

Global Minimum Coordinates

Method: spencer

YX

1.50649312.052

‐1.50675321.419

‐1.50675327.194

‐1.50675343.519

‐1.50675353.219

‐1.50675359.022

‐0.476476366.924

1.50603373.846

4.45078375.684

11.1267377.356

Valid / Invalid Surfaces
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Method: spencer

Number of Valid Surfaces: 909

Number of Invalid Surfaces: 4092

Error Codes:

Error Code ‐108 reported for 218 surfaces

Error Code ‐111 reported for 1920 surfaces

Error Code ‐112 reported for 1954 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving force is very small (0.1 is an arbitrary number).

‐111 = safety factor equation did not converge

‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This screens out some slip surfaces which may not be 

valid in the context of the analysis, in particular, deep seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.39209

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

289.926137.825427.751110280.5480110Silty Sand (Liq)207.4691.338171

324.594164.686489.28110280.5480110Silty Sand (Liq)289.4861.338172

359.562191.547551.109110280.5480110Silty Sand (Liq)371.5181.338173

403.469218.408621.877110280.5480110Silty Sand (Liq)460.6061.338174

444.86245.269690.129110280.5480110Silty Sand (Liq)555.5151.338175

486.248272.13758.378110280.5480110Silty Sand (Liq)650.4251.338176

527.645298.991826.636110280.5480110Silty Sand (Liq)745.3351.338177

349.977312.421662.398110280.5480110Silty Sand (Liq)875.6811.443738

385.133312.421697.554110280.5480110Silty Sand (Liq)933.1851.443739

422.175312.421734.596110280.5480110Silty Sand (Liq)993.1111.4437310

459.218312.421771.639110280.5480110Silty Sand (Liq)1053.041.4437311

493.847312.421806.268110280.5480110Silty Sand (Liq)964.6541.2557512

526.067312.421838.488110280.5480110Silty Sand (Liq)1009.991.2557513

558.286312.421870.707110280.5480110Silty Sand (Liq)1055.331.2557514

591.948312.421904.369110280.5480110Silty Sand (Liq)1102.691.2557515

684.363312.421996.784110280.5480110Silty Sand (Liq)1232.731.2557516

802.308312.4211114.73110280.5480110Silty Sand (Liq)1398.691.2557517

919.983312.4211232.4110280.5480110Silty Sand (Liq)1564.271.2557518

1008.97312.4211321.39110280.5480110Silty Sand (Liq)1689.481.2557519

1065.51312.4211377.93110280.5480110Silty Sand (Liq)1769.051.2557520

1100.32312.4211412.74110280.5480110Silty Sand (Liq)1818.021.2557521

1120.27312.4211432.69110280.5480110Silty Sand (Liq)1846.11.2557522

1120.85312.4211433.27110280.5480110Silty Sand (Liq)1846.911.2557523

1120.85312.4211433.27110280.5480110Silty Sand (Liq)1846.911.2557524

1120.85312.4211433.27110280.5480110Silty Sand (Liq)2038.171.3857925

1120.81312.4211433.23110280.5480110Silty Sand (Liq)2038.121.3857926

1119.75312.4211432.17110280.5480110Silty Sand (Liq)2036.461.3857927

1118.21312.4211430.63110280.5480110Silty Sand (Liq)2034.061.3857928

1116.66312.4211429.08110280.5480110Silty Sand (Liq)2031.661.3857929

1115.11312.4211427.53110280.5480110Silty Sand (Liq)2029.261.3857930

1113.57312.4211425.99110280.5480110Silty Sand (Liq)2026.861.3857931

1111.98312.4211424.41110280.5480110Silty Sand (Liq)2119.081.450632

1110.36312.4211422.79110280.5480110Silty Sand (Liq)2116.451.450633

1108.75312.4211421.17110280.5480110Silty Sand (Liq)2113.821.450634

1318.62312.4211631.04110280.5480110Silty Sand (Liq)2111.191.450635

1276.37307.0641583.43110280.5480110Silty Sand (Liq)1900.941.3170236

1268.28296.3491564.63110280.5480110Silty Sand (Liq)1871.631.3170237

1260.19285.6341545.83110280.5480110Silty Sand (Liq)1842.331.3170238
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1252.1274.9191527.02110280.5480110Silty Sand (Liq)1813.021.3170239

1244.01264.2041508.22110280.5480110Silty Sand (Liq)1783.721.3170240

1235.93253.491489.42110280.5480110Silty Sand (Liq)1754.411.3170241

1097.25235.7611333.01110280.5480110Silty Sand (Liq)1794.731.3844842

1082.81211.021293.83110280.5480110Silty Sand (Liq)1726.461.3844843

1068.37186.2781254.65110280.5480110Silty Sand (Liq)1658.191.3844844

1053.94161.5361215.47110280.5480110Silty Sand (Liq)1589.921.3844845

1039.5136.7941176.29110280.5480110Silty Sand (Liq)1521.651.3844846

294.09962.2118356.311183.774468.704320Silty Sand1187.061.2442947

‐826.8380‐826.8388002040.350800Clay461.9230.59331248

100.140100.1462.5744159.592320Silty Sand310.2010.51219849

‐46.54440‐46.544470.9158180.86632100Site Fill282.9551.1602550

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.39209

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

00123.9911.50649312.0521

23.2802244.166567.4871.07603313.392

23.2802488.6531135.720.645567314.7283

23.2802733.8431705.590.215103316.0664

23.2802984.6472288.5‐0.21536317.4055

23.28021231.872863.09‐0.645823318.7436

23.28021475.523429.38‐1.07629320.0817

23.28021715.593987.34‐1.50675321.4198

23.28031796.244174.78‐1.50675322.8639

23.28021870.134346.52‐1.50675324.30710

23.28021937.574503.27‐1.50675325.7511

23.28021998.574645.05‐1.50675327.19412

23.28022046.394756.18‐1.50675328.4513

23.28022089.334855.98‐1.50675329.70614

23.28022127.394944.45‐1.50675330.96115

23.28022160.365021.07‐1.50675332.21716

23.28022179.345065.19‐1.50675333.47317

23.28022180.475067.81‐1.50675334.72918

23.28022163.795029.04‐1.50675335.98419

23.28022133.644958.97‐1.50675337.2420

23.28022094.934869.01‐1.50675338.49621

23.28022050.964766.8‐1.50675339.75222

23.28022003.964657.57‐1.50675341.00723

23.28021956.884548.14‐1.50675342.26324

23.28031909.84438.71‐1.50675343.51925

23.28031857.844317.95‐1.50675344.90526

23.28021805.884197.2‐1.50675346.2927

23.28021754.114076.87‐1.50675347.67628

23.28021702.593957.13‐1.50675349.06229

23.28021651.333837.99‐1.50675350.44830

23.28021600.333719.46‐1.50675351.83431

23.28031549.593601.52‐1.50675353.21932

23.28031496.753478.71‐1.50675354.6733

23.28021444.193356.56‐1.50675356.1234

23.28031391.923235.07‐1.50675357.57135

23.28021339.933114.24‐1.50675359.02236

23.28021177.442736.59‐1.33504360.33937

23.28021019.52369.51‐1.16333361.65638

23.2802866.1012012.98‐0.991613362.97339

23.2802717.2421667‐0.819901364.2940

23.2802572.9241331.58‐0.648188365.60741

23.2803433.1481006.71‐0.476476366.92442

23.2802179.807417.905‐0.0799742368.30843
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23.2802‐59.506‐138.3030.316528369.69344

23.2802‐284.792‐661.9080.713029371.07745

23.2803‐496.051‐1152.911.10953372.46246

23.2803‐693.282‐1611.311.50603373.84647

23.2802‐875.727‐2035.353.5375.09148

23.2803‐66.3155‐154.1294.45078375.68449

23.2802‐152.603‐354.6776.49532376.19650

00011.1267377.35651

List Of Coordinates

Water Table

YX

3.50

3.5322

3.5540

Line Load

YX

11.3572357.999

11.0004387.965

Line Load

YX

10.9767389.955

10.5430

10.5540

Block Search Window

YX

‐1.307295.385

‐1.341324.105

1.015320.93

0.991310.688

Block Search Window

YX

‐1.16336.663

‐1.16350.981

1.094350.981

1.094336.663

Block Search Window

YX

10.042355.417

2.677355.417

2.502374.594

10.349367.384

Block Search Window

YX

‐1.232352.426

‐1.232378.097

1.036378.097

1.036352.426
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Block Search Window

YX

10.552368.124

2.672376.222

3.074391.991

10.552391.684

External Boundary

YX

‐400

‐40540

‐8.5540

‐6.5540

‐4.50205540

‐1.5067540

1.50229540

3.5540

4.50291540

6.49532540

10.5540

10.5430

11.5346

11.5344

11.5340

11338

10336

6.49532332.495

6332

5328

4.50291326.012

3.5322

2316

1.50229312.018

1308

0302

‐1294

‐1.5067289.946

‐2286

‐3274

‐4240

‐4.50205217.91

‐5196

‐6164

‐6136

‐5120

‐270

‐164

146

10

‐6.50

‐8.50

Material Boundary

YX

6.49532332.495

6.49532540

Material Boundary

YX
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4.50291326.012

4.50291540

Material Boundary

YX

1.50229312.018

1.50229540

Material Boundary

YX

‐1.5067289.946

‐1.5067540

Material Boundary

YX

‐4.50205217.91

‐4.50205540

Material Boundary

YX

‐6.50

‐6.5540

Material Boundary

YX

‐8.50

‐8.5540

Material Boundary

YX

3.5322

3.5540
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1.001.00

W

 300.00 lbs/ft2  200.00 lbs/ft2  200.00 lbs/ft2

1.001.00

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(lb/ 2) Phi Ver cal

Stress Ra o Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Silty Sand 115 120 Mohr‐Coulomb 0 32 Water Surface

Clay 115 120 Mohr‐Coulomb 800 0 Water Surface

Silty Sand (Liq) 115 120 Mohr‐Coulomb 110 0 Water Surface

Sand 120 125 Mohr‐Coulomb 0 33 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Liq) 115 120 Mohr‐Coulomb 400 0 Water Surface

Method: spencer
Factor of Safety: 1.00
Axis Loca on: 335.084, 71.621
Le  Slip Surface Endpoint: 312.052, 1.506
Right Slip Surface Endpoint: 377.356, 11.127
Le  Slope Intercept: 312.052 3.500
Right Slope Intercept: 377.356 11.127

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing

Pile Shear
Strength Force Direc on

Seawall Bulkhead
Micro
Pile

Passive (Method B) 1 14000 Perpendicular to pile

  0.25

80
60

40
20

0

300 320 340 360 380 400 420 440 460 480 50
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Section C3 - C3'  Bulkhead Load Demand - Liquefaction in Upper Zone - ky 0.25

Project No.: 

602668-002

Scale
1:240

Units
feet

Analyzed By
JEH

Condition
Liquefaction

Date
December 4, 2011

Project
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Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Bulkhead Load Demand due to Liquefaction

Project Summary

File Name: Sec C3 ‐ A4 ‐ BK1 ‐ LQ1 ‐ PS025 ‐ MC2

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Bulkhead Load Demand due to Liquefaction

Analysis: Section C3 ‐ C3' Bulkhead Load Demand ‐ Liquefaction in Upper Zone ‐ ky 0.25

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 4, 2011

Comments:

Liquefaction

602668‐002

Liquefaction with Seismic Load

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 1

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 115

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 65

Right Projection Angle (End Angle): 80

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

Seismic Load Coefficient (Horizontal): 0.25

2 Distributed Loads present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Distributed Load 2

Distribution: Constant

Magnitude [lbs/ft2]: 200

Orientation: Vertical

Material Properties

Sand (Liq)Gravelly SandSandSilty Sand (Liq)ClaySilty SandSite FillProperty

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

115125120115115115105
Unsaturated Unit Weight 

[lbs/ft3]

120130125120120120110
Saturated Unit Weight 

[lbs/ft3]

400001108000100Cohesion [psf]

03633003232Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated
Hu Value

Support Properties

Seawall Bulkhead

Support Type: Micro‐Pile

Force Application: Passive

Out‐of‐Plane Spacing: 1 ft

Pile Shear Strength: 14000 lb

Force Direction: Perpendicular to Pile

Global Minimums

Method: spencer

FS: 0.997553

Axis Location: 335.084, 71.621

Left Slip Surface Endpoint: 312.052, 1.506

Right Slip Surface Endpoint: 377.356, 11.127

Left Slope Intercept: 312.052 3.500

Right Slope Intercept: 377.356 11.127

Resisting Moment=1.69395e+006 lb‐ft

Driving Moment=1.69811e+006 lb‐ft

Resisting Horizontal Force=21863.2 lb

Driving Horizontal Force=21916.8 lb

Global Minimum Coordinates

Method: spencer

YX

1.50649312.052

‐1.50675321.419
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‐1.50675327.194

‐1.50675343.519

‐1.50675353.219

‐1.50675359.022

‐0.476476366.924

1.50603373.846

4.45078375.684

11.1267377.356

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 1

Number of Invalid Surfaces: 0

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.997553

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

99.6763137.825237.501110110.270110Silty Sand (Liq)207.4691.338171

134.233164.686298.919110110.270110Silty Sand (Liq)289.4861.338172

168.954191.547360.501110110.270110Silty Sand (Liq)371.5181.338173

210.895218.408429.303110110.270110Silty Sand (Liq)460.6061.338174

253.539245.269498.808110110.270110Silty Sand (Liq)555.5151.338175

296.184272.13568.314110110.270110Silty Sand (Liq)650.4251.338176

338.828298.991637.819110110.270110Silty Sand (Liq)745.3351.338177

284.182312.421596.603110110.270110Silty Sand (Liq)875.6811.443738

321.355312.421633.776110110.270110Silty Sand (Liq)933.1851.443739

360.325312.421672.746110110.270110Silty Sand (Liq)993.1111.4437310

399.297312.421711.718110110.270110Silty Sand (Liq)1053.041.4437311

435.729312.421748.15110110.270110Silty Sand (Liq)964.6541.2557512

469.625312.421782.046110110.270110Silty Sand (Liq)1009.991.2557513

503.522312.421815.943110110.270110Silty Sand (Liq)1055.331.2557514

3264.5312.4213576.92110110.270110Silty Sand (Liq)1102.691.2557515

636.16312.421948.581110110.270110Silty Sand (Liq)1232.731.2557516

760.245312.4211072.67110110.270110Silty Sand (Liq)1398.691.2557517

884.044312.4211196.47110110.270110Silty Sand (Liq)1564.271.2557518

977.654312.4211290.07110110.270110Silty Sand (Liq)1689.481.2557519

1037.15312.4211349.57110110.270110Silty Sand (Liq)1769.051.2557520

1073.76312.4211386.18110110.270110Silty Sand (Liq)1818.021.2557521

1094.75312.4211407.18110110.270110Silty Sand (Liq)1846.11.2557522

1095.36312.4211407.78110110.270110Silty Sand (Liq)1846.911.2557523

1095.36312.4211407.78110110.270110Silty Sand (Liq)1846.911.2557524

1095.36312.4211407.78110110.270110Silty Sand (Liq)2038.171.3857925

1095.33312.4211407.75110110.270110Silty Sand (Liq)2038.121.3857926

1094.21312.4211406.63110110.270110Silty Sand (Liq)2036.461.3857927

1092.58312.4211405110110.270110Silty Sand (Liq)2034.061.3857928

1090.95312.4211403.37110110.270110Silty Sand (Liq)2031.661.3857929

1089.33312.4211401.75110110.270110Silty Sand (Liq)2029.261.3857930

1087.71312.4211400.13110110.270110Silty Sand (Liq)2026.861.3857931

1086.04312.4211398.46110110.270110Silty Sand (Liq)2119.081.450632

1084.33312.4211396.76110110.270110Silty Sand (Liq)2116.451.450633

1082.63312.4211395.05110110.270110Silty Sand (Liq)2113.821.450634

1257.1312.4211569.53110110.270110Silty Sand (Liq)2111.191.450635

1309.13307.0641616.19110110.270110Silty Sand (Liq)1900.941.3170236

1299.6296.3491595.95110110.270110Silty Sand (Liq)1871.631.3170237

1290.07285.6341575.7110110.270110Silty Sand (Liq)1842.331.3170238

1280.54274.9191555.46110110.270110Silty Sand (Liq)1813.021.3170239

1271.01264.2041535.21110110.270110Silty Sand (Liq)1783.721.3170240
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1261.47253.491514.96110110.270110Silty Sand (Liq)1754.411.3170241

1177.69235.7611413.46110110.270110Silty Sand (Liq)1794.731.3844842

1159.17211.021370.19110110.270110Silty Sand (Liq)1726.461.3844843

1140.64186.2781326.92110110.270110Silty Sand (Liq)1658.191.3844844

1122.12161.5361283.66110110.270110Silty Sand (Liq)1589.921.3844845

1103.59136.7941240.39110110.270110Silty Sand (Liq)1521.651.3844846

494.60662.2118556.818309.064309.822320Silty Sand1187.061.2442947

‐29.22990‐29.2299800801.9620800Clay461.9230.59331248

200.3170200.317125.172125.479320Silty Sand310.2010.51219849

36.522036.522122.822123.12332100Site Fill282.9551.1602550

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.997553

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

00123.9911.50649312.0521

13.737862.9699257.5741.07603313.392

13.7378126.11515.8450.645567314.7283

13.7378189.624775.6450.215103316.0664

13.7378256.121047.64‐0.21536317.4055

13.7377320.7151311.87‐0.645823318.7436

13.7378383.411568.31‐1.07629320.0817

13.7378444.2041816.99‐1.50675321.4198

13.7378429.8841758.41‐1.50675322.8639

13.7378411.7281684.15‐1.50675324.30710

13.7378389.9091594.9‐1.50675325.7511

13.7378364.4281490.67‐1.50675327.19412

13.7378339.2871387.83‐1.50675328.4513

13.7377311.3741273.66‐1.50675329.70614

13.7378280.6911148.15‐1.50675330.96115

13.73783669.7315010.8‐1.50675332.21716

13.73783628.214840.9‐1.50675333.47317

13.73783576.5414629.6‐1.50675334.72918

13.73793514.7514376.8‐1.50675335.98419

13.73783445.314092.8‐1.50675337.2420

13.7378337113788.9‐1.50675338.49621

13.73783293.713472.7‐1.50675339.75222

13.73783214.6913149.5‐1.50675341.00723

13.73773135.6212826.1‐1.50675342.26324

13.73783056.5612502.7‐1.50675343.51925

13.73782969.3112145.8‐1.50675344.90526

13.73782882.0611788.9‐1.50675346.2927

13.73782794.9211432.4‐1.50675347.67628

13.73782707.9211076.6‐1.50675349.06229

13.73782621.0610721.3‐1.50675350.44830

13.73782534.3610366.6‐1.50675351.83431

13.73782447.810012.6‐1.50675353.21932

13.73782357.359642.57‐1.50675354.6733

13.73782267.069273.25‐1.50675356.1234

13.73782176.938904.58‐1.50675357.57135

13.73782086.968536.57‐1.50675359.02236

13.73781938.47928.89‐1.33504360.33937

13.73781792.487332.01‐1.16333361.65638

13.73781649.26745.93‐0.991613362.97339

13.73781508.566170.66‐0.819901364.2940

13.73781370.565606.19‐0.648188365.60741

13.73781235.25052.52‐0.476476366.92442

13.73771025.784195.91‐0.0799742368.30843

13.7378824.7323373.510.316528369.69344

13.7378632.0462585.340.713029371.07745
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13.7378447.7261831.391.10953372.46246

13.7378271.7731111.671.50603373.84647

13.737821.935489.72553.5375.09148

13.7378116.697477.3434.45078375.68449

13.737813.308354.43666.49532376.19650

00011.1267377.35651

List Of Coordinates

Water Table

YX

3.50

3.5322

3.5540

Line Load

YX

11.3551358.17

10.9983388.141

Line Load

YX

10.9752390.084

10.5430

10.5539.88

Non‐Circular Failure Surface

YX

1.50649312.052

‐1.50675321.419

‐1.50675327.194

‐1.50675343.519

‐1.50675353.219

‐1.50675359.022

‐0.476476366.924

1.50603373.846

4.45078375.684

11.1267377.356

External Boundary

YX

‐400

‐40540

‐8.5540

‐6.5540

‐4.50205540

‐1.5067540

1.50229540

3.5540

4.50291540

6.49532540

10.5540

10.5430

11.5346

11.5344

11.5340

11338

10336
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6.49532332.495

6332

5328

4.50291326.012

3.5322

2316

1.50229312.018

1308

0302

‐1294

‐1.5067289.946

‐2286

‐3274

‐4240

‐4.50205217.91

‐5196

‐6164

‐6136

‐5120

‐270

‐164

146

10

‐6.50

‐8.50

Material Boundary

YX

6.49532332.495

6.49532540

Material Boundary

YX

4.50291326.012

4.50291540

Material Boundary

YX

1.50229312.018

1.50229540

Material Boundary

YX

‐1.5067289.946

‐1.5067540

Material Boundary

YX

‐4.50205217.91

‐4.50205540

Material Boundary

YX

‐6.50

‐6.5540

Material Boundary
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YX

‐8.50

‐8.5540

Material Boundary

YX

3.5322

3.5540
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0.870.87

 300.00 lbs/ft2  200.00 lbs/ft2

0.870.87

Material Name Color Unit Weight (lbs/ 3) Sat. Unit Weight
(lbs/ 3) Strength Type Cohesion

(lb/ 2) Phi Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Silty Sand 115 120 Mohr‐Coulomb 0 32 Water Surface

Clay 115 120 Mohr‐Coulomb 800 0 Water Surface

Silty Sand (Liq) 115 120 Mohr‐Coulomb 110 0 Water Surface

Sand 120 125 Mohr‐Coulomb 0 33 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Liq) 115 120 Mohr‐Coulomb 400 0 Water Surface

Method: spencer
Factor of Safety: 0.87
Axis Loca on: 310.753, 96.096
Le  Slip Surface Endpoint: 278.674, ‐2.610
Right Slip Surface Endpoint: 370.471, 11.209
Le  Slope Intercept: 278.674 3.500
Right Slope Intercept: 370.471 11.209

  0.25

80
60

40
20

0

260 280 300 320 340 360 380 400 420 440
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Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Load Demand on Seawall Bulkhead due to Liquefaction

Project Summary

File Name: Sec C3 ‐ A4 ‐ LQ2 ‐ PS025 ‐ MC

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Load Demand on Seawall Bulkhead due to Liquefaction

Analysis: Section C3 ‐ C3' Lower Liquefiable Zone ‐ Critical Surface ‐ ky 0.25

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 5, 2011

Comments:

Liquefaction

602668‐002

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 5000

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 115

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 65

Right Projection Angle (End Angle): 75

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

Seismic Load Coefficient (Horizontal): 0.25

2 Distributed Loads present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Distributed Load 2

Distribution: Constant

Magnitude [lbs/ft2]: 200

Orientation: Vertical

Material Properties

Sand (Liq)Gravelly SandSandSilty Sand (Liq)ClaySilty SandSite FillProperty

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

115125120115115115105
Unsaturated Unit Weight 

[lbs/ft3]

120130125120120120110
Saturated Unit Weight 

[lbs/ft3]

400001108000100Cohesion [psf]

03633003232Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated
Hu Value

Global Minimums

Method: spencer

FS: 0.870261

Axis Location: 310.753, 96.096

Left Slip Surface Endpoint: 278.674, ‐2.610

Right Slip Surface Endpoint: 370.471, 11.209

Left Slope Intercept: 278.674 3.500

Right Slope Intercept: 370.471 11.209

Resisting Moment=3.42266e+006 lb‐ft

Driving Moment=3.93291e+006 lb‐ft

Resisting Horizontal Force=30869.3 lb

Driving Horizontal Force=35471.3 lb

Global Minimum Coordinates

Method: spencer

YX

‐2.61049278.674

‐6.51201291.072

‐6.49132341.913

‐4.51247352.707

1.51272363.32

4.47494366.051

11.2087370.471

Valid / Invalid Surfaces

Method: spencer
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Number of Valid Surfaces: 2527

Number of Invalid Surfaces: 2474

Error Codes:

Error Code ‐108 reported for 330 surfaces

Error Code ‐111 reported for 328 surfaces

Error Code ‐112 reported for 1816 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving force is very small (0.1 is an arbitrary number).

‐111 = safety factor equation did not converge

‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This screens out some slip surfaces which may not be 

valid in the context of the analysis, in particular, deep seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.870261

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

129.568400.967530.53584.143696.6878330Sand853.3792.003581

224.928440.311665.239146.07167.846330Sand1032.232.003582

320.288479.656799.944207.997239.005330Sand1211.092.003583

511.328520.1071031.44400459.6320400Sand (Liq)1470.742.116264

567.861561.6641129.52400459.6320400Sand (Liq)1672.652.116265

622.618603.2211225.84400459.6320400Sand (Liq)1876.462.116266

680.304624.3751304.68441.794507.657330Sand35.68020.03814817

355.089624.724979.813230.597264.975330Sand1855.151.966818

369.604624.674994.278240.024275.807330Sand1882.81.966819

384.119624.6241008.74249.45286.638330Sand1910.461.9668110

398.634624.5741023.21258.877297.471330Sand1938.111.9668111

413.149624.5241037.67268.303308.302330Sand1965.771.9668112

429.433624.4741053.91278.878320.453330Sand1994.341.9668113

449.474624.4251073.9291.891335.406330Sand2029.841.9668114

468.565624.3751092.94304.291349.655330Sand2066.781.9668115

486.471624.3251110.8315.919363.016330Sand21031.9668116

500.544624.2751124.82325.057373.517330Sand2132.371.9668117

515.059624.2251139.28334.484384.349330Sand2160.031.9668118

529.574624.1751153.75343.91395.18330Sand2187.681.9668119

546.041624.1251170.17354.603407.467330Sand2216.811.9668120

573.42624.0751197.49372.383427.898330Sand2265.991.9668121

601.256624.0251225.28390.459448.669330Sand2321.491.9668122

627.419623.9751251.39400459.6320400Sand (Liq)2345.981.9398823

671.383623.9261295.31400459.6320400Sand (Liq)2439.41.9398824

723.45623.8771347.33400459.6320400Sand (Liq)2547.41.9398825

775.518623.8281399.35400459.6320400Sand (Liq)2655.411.9398826

827.581623.7781451.36400459.6320400Sand (Liq)2763.421.9398827

880.592623.7291504.32400459.6320400Sand (Liq)2873.391.9398828

1020.44623.681644.12400459.6320400Sand (Liq)3163.671.9398829

1210.78623.6311834.41400459.6320400Sand (Liq)3558.791.9398830

1349.01623.5811972.59400459.6320400Sand (Liq)3845.681.9398831

1419.52623.5322043.05400459.6320400Sand (Liq)3992.011.9398832

1443.93623.4832067.42400459.6320400Sand (Liq)4042.581.9398833

1260.15611.111871.26400459.6320400Sand (Liq)4447.42.1587834

1242.49586.4141828.91400459.6320400Sand (Liq)4344.842.1587835

1223.41561.7181785.12400459.6320400Sand (Liq)4238.812.1587836

1203.36537.0221740.38400459.6320400Sand (Liq)4130.462.1587837

1183.31512.3261695.64400459.6320400Sand (Liq)4022.112.1587838

872.365499.6531372.02400459.6320400Sand (Liq)33.73360.018359439

812.7468.1761280.88527.772606.453330Sand3118.641.758740

778.502405.8731184.38505.566580.936330Sand2895.281.758741
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744.561343.571088.13483.524555.608330Sand2671.921.758742

1080.26281.0161361.27110126.3990110Silty Sand (Liq)2471.781.7728243

1043.05218.2121261.26110126.3990110Silty Sand (Liq)2253.731.7728244

1005.84155.4081161.25110126.3990110Silty Sand (Liq)2035.691.7728245

599.18862.0033661.191374.414430.232320Silty Sand1771.151.8327446

219.6480219.648800919.2640800Clay709.7590.89912247

379.6790379.679237.25272.619320Silty Sand816.5131.32648

218.8770218.877236.769272.06732100Site Fill578.5931.5467249

117.810117.81173.616199.49932100Site Fill192.8641.5467250

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 0.870261

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

001164.95‐2.61049278.6741

14.7117148.627566.063‐3.24101280.6782

14.7117343.4221307.96‐3.87153282.6813

14.7117584.3852225.69‐4.50205284.6854

14.7117990.3213771.74‐5.16803286.8015

14.71161401.925339.38‐5.83402288.9176

14.71171813.556907.1‐6.5291.0347

14.71171821.556937.56‐6.51201291.0728

14.71171893.727212.44‐6.5112293.0399

14.71171966.77490.38‐6.5104295.00510

14.71172040.487771.38‐6.5096296.97211

14.71172115.078055.45‐6.5088298.93912

14.71172190.468342.59‐6.508300.90613

14.71172269.228642.56‐6.5072302.87314

14.71172351.88957.08‐6.5064304.8415

14.71172434.919273.61‐6.5056306.80616

14.71172516.939585.99‐6.5048308.77317

14.71172597.179891.59‐6.504310.7418

14.71182678.2110200.2‐6.5032312.70719

14.71172760.0610512‐6.5024314.67420

14.71182845.0710835.7‐6.5016316.6421

14.71172934.6811177‐6.5008318.60722

14.71173023.4411515.1‐6.5320.57423

14.71173105.3811827.2‐6.49921322.51424

14.71173179.112107.9‐6.49842324.45425

14.71183245.7212361.6‐6.49763326.39426

14.71173305.2312588.3‐6.49684328.33427

14.71173357.6512788‐6.49605330.27328

14.71173402.8412960.1‐6.49526332.21329

14.71173428.9413059.5‐6.49447334.15330

14.71173429.0713060‐6.49368336.09331

14.71173410.3412988.6‐6.4929338.03332

14.71173381.9812880.6‐6.49211339.97333

14.71173350.3112760‐6.49132341.91334

14.71173124.4511899.8‐6.09555344.07235

14.71172909.7311082‐5.69978346.2336

14.71172706.5210308.1‐5.30401348.38937

14.71172515.079578.9‐4.90824350.54838

14.71172335.388894.54‐4.51247352.70739

14.71172331.638880.24‐4.50205352.72540

14.71172071.177888.26‐3.5036354.48441

14.71171838.897003.59‐2.50515356.24242

14.71171634.86226.31‐1.5067358.00143

14.71161171.654462.37‐0.500226359.77444

14.7117749.2492853.590.506245361.54745

14.7117367.5861399.991.51272363.3246
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14.7117113.357431.7313.5365.15247

14.7117227.558866.6784.47494366.05148

14.711767.465256.9476.49532367.37749

14.71174.5392817.28838.852368.92450

00011.2087370.47151

List Of Coordinates

Water Table

YX

3.50

3.5322

3.5540

Line Load

YX

11.3572357.999

11.0004387.965

Line Load

YX

10.9767389.955

10.5430

10.5540

Block Search Window

YX

‐6.697277.016

‐6.731305.736

‐4.375302.561

‐4.538277.552

Block Search Window

YX

‐6.729312.142

‐6.729326.46

‐4.475326.46

‐4.475312.142

Block Search Window

YX

10.701350.947

3.336350.947

3.161370.124

10.331361.109

Block Search Window

YX

‐6.527332.026

‐6.527357.697

‐2.855357.806

‐2.704331.953

Block Search Window

YX
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10.552363.392

3.279373.328

3.074387.259

10.552386.952

External Boundary

YX

‐400

‐40540

‐8.5540

‐6.5540

‐4.50205540

‐1.5067540

1.50229540

3.5540

4.50291540

6.49532540

10.5540

10.5430

11.5346

11.5344

11.5340

11338

10336

6.49532332.495

6332

5328

4.50291326.012

3.5322

2316

1.50229312.018

1308

0302

‐1294

‐1.5067289.946

‐2286

‐3274

‐4240

‐4.50205217.91

‐5196

‐6164

‐6136

‐5120

‐270

‐164

146

10

‐6.50

‐8.50

Material Boundary

YX

6.49532332.495

6.49532540

Material Boundary

YX

4.50291326.012

4.50291540
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Material Boundary

YX

1.50229312.018

1.50229540

Material Boundary

YX

‐1.5067289.946

‐1.5067540

Material Boundary

YX

‐4.50205217.91

‐4.50205540

Material Boundary

YX

‐6.50

‐6.5540

Material Boundary

YX

‐8.50

‐8.5540

Material Boundary

YX

3.5322

3.5540
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1.241.24

W

 300.00 lbs/ft2  200.00 lbs/ft2  200.0

1.241.24
Material Name Color Unit Weight

(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(lb/ 2) Phi Ver cal

Stress Ra o Water Surface

Site Fill 105 110 Mohr‐Coulomb 100 32 Water Surface

Silty Sand 115 120 Mohr‐Coulomb 0 32 Water Surface

Clay 115 120 Mohr‐Coulomb 800 0 Water Surface

Silty Sand (Liq) 115 120 Mohr‐Coulomb 110 0 Water Surface

Sand 120 125 Mohr‐Coulomb 0 33 Water Surface

Gravelly Sand 125 130 Mohr‐Coulomb 0 36 Water Surface

Sand (Liq) 115 120 Mohr‐Coulomb 400 0 Water Surface

Method: spencer
Factor of Safety: 1.24
Axis Loca on: 310.753, 96.096
Le  Slip Surface Endpoint: 278.674, ‐2.610
Right Slip Surface Endpoint: 370.471, 11.209
Le  Slope Intercept: 278.674 3.500
Right Slope Intercept: 370.471 11.209

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing

Pile Shear
Strength Force Direc on

Seawall Bulkhead
Micro
Pile

Passive (Method B) 1 14000 Perpendicular to pile

  0.25

80
60

40
20

0

280 300 320 340 360 380 400 420 440 460 480
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Section C3 - C3'  Bulkhead Load Demand - Liquefaction in Upper Zone - ky 0.25
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Slide Analysis Information

Bayside Village ‐ Backbay Landing ‐ Bulkhead Load Demand due to Liquefaction

Project Summary

File Name: Sec C3 ‐ A4 ‐ BK1 ‐ LQ2 ‐ PS025 ‐ MC2

Slide Modeler Version: 6.008

Project Title: Bayside Village ‐ Backbay Landing ‐ Bulkhead Load Demand due to Liquefaction

Analysis: Section C3 ‐ C3' Bulkhead Load Demand ‐ Liquefaction in Upper Zone ‐ ky 0.25

Author: JEH

Company: Leighton Consulting, Inc.

Date Created: December 4, 2011

Comments:

Liquefaction

602668‐002

Liquefaction with Seismic Load

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 50

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non‐Circular Block Search

Number of Surfaces: 1

Pseudo‐Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 115

Left Projection Angle (End Angle): 155

Right Projection Angle (Start Angle): 65

Right Projection Angle (End Angle): 80

Minimum Elevation: Not Defined

Minimum Depth: Not Defined
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Loading

Seismic Load Coefficient (Horizontal): 0.25

2 Distributed Loads present

Distributed Load 1

Distribution: Constant

Magnitude [lbs/ft2]: 300

Orientation: Vertical

Distributed Load 2

Distribution: Constant

Magnitude [lbs/ft2]: 200

Orientation: Vertical

Material Properties

Sand (Liq)Gravelly SandSandSilty Sand (Liq)ClaySilty SandSite FillProperty

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

115125120115115115105
Unsaturated Unit Weight 

[lbs/ft3]

120130125120120120110
Saturated Unit Weight 

[lbs/ft3]

400001108000100Cohesion [psf]

03633003232Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated

Automatically 

Calculated
Hu Value

Support Properties

Seawall Bulkhead

Support Type: Micro‐Pile

Force Application: Passive

Out‐of‐Plane Spacing: 1 ft

Pile Shear Strength: 14000 lb

Force Direction: Perpendicular to Pile

Global Minimums

Method: spencer

FS: 1.238310

Axis Location: 310.753, 96.096

Left Slip Surface Endpoint: 278.674, ‐2.610

Right Slip Surface Endpoint: 370.471, 11.209

Left Slope Intercept: 278.674 3.500

Right Slope Intercept: 370.471 11.209

Resisting Moment=4.79227e+006 lb‐ft

Driving Moment=3.87003e+006 lb‐ft

Resisting Horizontal Force=44151.4 lb

Driving Horizontal Force=35654.7 lb

Global Minimum Coordinates

Method: spencer

YX

‐2.61049278.674

‐6.51201291.072
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‐6.49132341.913

‐4.51247352.707

1.51272363.32

4.47494366.051

11.2087370.471

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 1

Number of Invalid Surfaces: 0

Slice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.23831

Effective 
Normal Stress 

[psf]

Pore 
Pressure 
[psf]

Base 
Normal Stress 

[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction Angle 
[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

105.711400.967506.67868.65155.4393330Sand853.3792.003581

182.18440.311622.491118.30895.5399330Sand1032.232.003582

258.644479.656738.3167.965135.641330Sand1211.092.003583

440.621520.107960.728400323.0210400Sand (Liq)1470.742.116264

497.41561.6641059.07400323.0210400Sand (Liq)1672.652.116265

552.172603.2211155.39400323.0210400Sand (Liq)1876.462.116266

547.426624.3751171.8355.503287.087330Sand35.68020.03814817

332.85624.724957.574216.154174.556330Sand1855.151.966818

346.358624.674971.032224.929181.642330Sand1882.81.966819

359.871624.624984.495233.703188.727330Sand1910.461.9668110

373.385624.574997.959242.478195.814330Sand1938.111.9668111

386.898624.5241011.42251.253202.9330Sand1965.771.9668112

402.166624.4741026.64261.168210.907330Sand1994.341.9668113

420.935624.4251045.36273.358220.751330Sand2029.841.9668114

438.684624.3751063.06284.885230.06330Sand2066.781.9668115

455.263624.3251079.59295.65238.753330Sand21031.9668116

468.248624.2751092.52304.084245.564330Sand2132.371.9668117

481.761624.2251105.99312.858252.649330Sand2160.031.9668118

495.27624.1751119.44321.633259.735330Sand2187.681.9668119

510.7624.1251134.82331.651267.826330Sand2216.811.9668120

536.319624.0751160.39348.29281.262330Sand2265.991.9668121

562.126624.0251186.15365.048294.795330Sand2321.491.9668122

592.288623.9751216.26400323.0210400Sand (Liq)2345.981.9398823

635.845623.9261259.77400323.0210400Sand (Liq)2439.41.9398824

687.562623.8771311.44400323.0210400Sand (Liq)2547.41.9398825

739.273623.8281363.1400323.0210400Sand (Liq)2655.411.9398826

790.986623.7781414.76400323.0210400Sand (Liq)2763.421.9398827

2920.91623.7293544.64400323.0210400Sand (Liq)2873.391.9398828

982.544623.681606.22400323.0210400Sand (Liq)3163.671.9398829

1171.59623.6311795.22400323.0210400Sand (Liq)3558.791.9398830

1308.87623.5811932.45400323.0210400Sand (Liq)3845.681.9398831

1378.92623.5322002.45400323.0210400Sand (Liq)3992.011.9398832

1403.16623.4832026.64400323.0210400Sand (Liq)4042.581.9398833

1237.08611.111848.19400323.0210400Sand (Liq)4447.42.1587834

1219.88586.4141806.3400323.0210400Sand (Liq)4344.842.1587835

1201.27561.7181762.99400323.0210400Sand (Liq)4238.812.1587836

1181.7537.0221718.73400323.0210400Sand (Liq)4130.462.1587837

1162.14512.3261674.47400323.0210400Sand (Liq)4022.112.1587838

893.865499.6531393.52400323.0210400Sand (Liq)33.73360.018359439

840.168468.1761308.34545.61440.609330Sand3118.641.758740

805.535405.8731211.41523.121422.448330Sand2895.281.758741

770.907343.571114.48500.632404.286330Sand2671.921.758742

1050.46281.0161331.4811088.83070110Silty Sand (Liq)2471.781.7728243
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1039.15218.2121257.3611088.83070110Silty Sand (Liq)2253.731.7728244

1003.18155.4081158.5911088.83070110Silty Sand (Liq)2035.691.7728245

651.38262.0033713.385407.029328.697320Silty Sand1771.151.8327446

384.6860384.686800646.0420800Clay709.7590.89912247

424.1690424.169265.051214.043320Silty Sand816.5131.32648

265.7470265.747266.057214.85532100Site Fill578.5931.5467249

‐97.08520‐97.085239.334531.764732100Site Fill192.8641.5467250

Interslice Data

Global Minimum Query (spencer) ‐ Safety Factor: 1.23831

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

001164.95‐2.61049278.6741

16.0593134.854468.46‐3.24101280.6782

16.05942991038.67‐3.87153282.6813

16.0594492.4371710.64‐4.50205284.6854

16.0594840.8632921.01‐5.16803286.8015

16.05941195.554153.13‐5.83402288.9176

16.05941550.275385.35‐6.5291.0347

16.05941556.165405.81‐6.51201291.0728

16.05941584.175503.12‐6.5112293.0399

16.05941610.955596.15‐6.5104295.00510

16.05941636.495684.88‐6.5096296.97211

16.05941660.85769.32‐6.5088298.93912

16.05941683.875849.47‐6.508300.90613

16.05931708.295934.31‐6.5072302.87314

16.05941734.026023.67‐6.5064304.8415

16.05941757.536105.35‐6.5056306.80616

16.05941777.216173.7‐6.5048308.77317

16.05941792.856228.02‐6.504310.7418

16.05941807.256278.06‐6.5032312.70719

16.05941820.426323.8‐6.5024314.67420

16.05941834.686373.35‐6.5016316.6421

16.05941850.036426.67‐6.5008318.60722

16.05941860.366462.55‐6.5320.57423

16.05941874.056510.12‐6.49921322.51424

16.05941878.736526.37‐6.49842324.45425

16.05941875.626515.57‐6.49763326.39426

16.05941864.736477.74‐6.49684328.33427

16.05941846.056412.86‐6.49605330.27328

16.05945849.1220318.8‐6.49526332.21329

16.05945801.620153.7‐6.49447334.15330

16.05945725.5919889.7‐6.49368336.09331

16.05945628.9119553.8‐6.4929338.03332

16.05945521.6919181.4‐6.49211339.97333

16.05945410.8118796.2‐6.49132341.91334

16.05945081.0717650.7‐6.09555344.07235

16.05944763.4916547.5‐5.69978346.2336

16.05944458.4715487.9‐5.30401348.38937

16.05934166.2914473‐4.90824350.54838

16.05943886.9513502.6‐4.51247352.70739

16.05933882.0513485.6‐4.50205352.72540

16.05933504.812175.1‐3.5036354.48441

16.05943162.2910985.2‐2.50515356.24242

16.05942854.519916.04‐1.5067358.00143

16.05942336.228115.6‐0.500226359.77444

16.05941855.16444.270.506245361.54745

16.05931418.284926.871.51272363.3246

16.05941056.263669.253.5365.15247

16.05931064.553698.074.47494366.05148
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16.0594840.8572920.996.49532367.37749

16.0594714.6682482.638.852368.92450

00011.2087370.47151

List Of Coordinates

Water Table

YX

3.50

3.5322

3.5540

Line Load

YX

11.3551358.17

10.9983388.141

Line Load

YX

10.9752390.084

10.5430

10.5539.88

Non‐Circular Failure Surface

YX

‐2.61049278.674

‐6.51201291.072

‐6.49132341.913

‐4.51247352.707

1.51272363.32

4.47494366.051

11.2087370.471

External Boundary

YX

‐400

‐40540

‐8.5540

‐6.5540

‐4.50205540

‐1.5067540

1.50229540

3.5540

4.50291540

6.49532540

10.5540

10.5430

11.5346

11.5344

11.5340

11338

10336

6.49532332.495

6332

5328

4.50291326.012

3.5322

2316
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1.50229312.018

1308

0302

‐1294

‐1.5067289.946

‐2286

‐3274

‐4240

‐4.50205217.91

‐5196

‐6164

‐6136

‐5120

‐270

‐164

146

10

‐6.50

‐8.50

Material Boundary

YX

6.49532332.495

6.49532540

Material Boundary

YX

4.50291326.012

4.50291540

Material Boundary

YX

1.50229312.018

1.50229540

Material Boundary

YX

‐1.5067289.946

‐1.5067540

Material Boundary

YX

‐4.50205217.91

‐4.50205540

Material Boundary

YX

‐6.50

‐6.5540

Material Boundary

YX

‐8.50

‐8.5540

Material Boundary
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YX

3.5322

3.5540
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