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1 . 0  I N T R O D U C T I O N  
This Report presents the results of a Geotechnical Exploration and Geologic Hazards Evaluation performed 
by LACO Associates (LACO) for the proposed Cal Poly Humboldt, Library Circle, Health, Dining, and Housing 
Building Project at Assessor’s Parcel Number (APN) 020-063-007 and -011, located on the Cal Poly Humboldt, 
in Arcata, California (“Site,” see Figure 1 – Site Vicinity Map).  
 
The Site is located on the western central portion of campus west of L.K. Wood Boulevard and is on a graded 
flat on the western edge of Fickle Hill. There are two buildings on the western third of the Site with the 
remaining being a parking lot with a few mature redwood trees.  

2 . 0  P R O J E C T  U N D E R S T A N D I N G  
The project consists of a new building for student health services, dining, and housing. Our scope of services 
is based on correspondence with Fred Saldana of fs3|Hodges (Client representative) on December 21, 2022, 
and subsequently, and our review of Cal Poly Humboldt Health, Dining, and Housing Building Project 
Programming and Feasibility Study Report, dated October 21, 2022, prepared by Cal Poly Humboldt. On 
March 2, 2023, LACO Associates (LACO) was informed that the Library Circle site had been moved from the 
northwest of the library to the south where the ceramics and sculpture labs and student parking is currently 
(Figure 2). At this time there are no specific construction details. Grading plans are not available, but we 
anticipate that the planned grading will be minimal to create level building pads and provide positive Site 
drainage, with cuts and fills less than 3 feet.  

2.1 Scope of Services 
The following Geotechnical Soils Exploration and Geologic Hazard Report was performed to support the 
design and construction of the proposed Site improvements and to satisfy the reporting requirements in the 
2022 California Building Code (CBC) Chapters 16A and 18A. As described in the Client service agreement 
dated February 13, 2023. The scope of services consisted of the following: 

• Review publicly available geotechnical and/or geologic reports, maps, and other relevant data 
and information regarding the Site and vicinity.  

• Perform a Reconnaissance of the project Site to observe and map surface topographic and 
geologic conditions pertinent to the project and subsurface exploration planning. 

• Explore subsurface conditions at the project Site by advancing a series of geotechnical borings. 
Observed by a LACO field geologist and log soils encountered in general accordance with ASTM 
2488 (Visual Manual Procedures) and collect soil samples for laboratory testing. 

• Perform laboratory testing on selected soil samples.  
• Perform geologic and engineering evaluations to develop conclusions and recommendations 

regarding geologic hazards affecting the proposed improvements and geotechnical design criteria. 
• Prepare the following report documenting the results of our services. 

3 . 0  E X P L O R AT I O N  

3.1 Field Exploration Program 
Our initial engineering geologic reconnaissance was performed on March 23, 2023. Our subsurface 
exploration was performed on April 13, 2023, and April 21, 2023, and included the installation of six cone 
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penetration testing (CPT) soundings and drilling, sampling, and logging of three exploratory borings at the 
approximate locations shown on Figure 2 – Boring Location Map. CPT soundings were installed using a 25-ton 
CPT truck and advanced to refusal at varying depths ranging from 15.5 to 42 feet bgs.  
 
Borings GB-1 through GB-3 were installed using track-mounted hollow stem rotary augers equipped with 8-
inch augers and advanced to depths between 16 and 35 feet bgs. Our geologist logged the auger borings 
and obtained samples of the materials encountered. Soils were logged in general accordance with the 
American Society for Testing and Materials (ASTM) Test Procedure D2488 Visual-Manual Procedures. CPT and 
Boring logs are presented in Appendix 1. 
 
Soil samples were collected with a 2-inch outside diameter (OD) Standard Penetration Test (SPT) sampler 
driven with a 140-pound auto-trip hammer falling 30 inches. The number of hammer blows required to drive 
the sampler was recorded during drilling and is presented on the boring logs. Fine-grained soil samples were 
collected by pushing a 3-inch OD Shelby tube sampler.   

3.2 Laboratory Testing 
Relatively undisturbed and disturbed soil samples collected during the field explorations were submitted to 
LACO’s materials testing laboratory. Laboratory tests consisted of the following: 

• Particle Size Analysis – Finer than No. 200 Sieve (ASTM D1140) 
• Sieve Analysis (ASTM C-136) 
• Direct Shear (ASTM D-3080 
• In-Place Unit Weight and Moisture Content (Consolidation and ASTM D-2216/2937) 

 
LACO will archive the soil samples collected for this project for 60 days following the issuance of this report. 
Unless directed otherwise by the Client, all samples will be discarded after the 60-day archive period. 
Laboratory test results are included as Appendix 2 and are summarized in Table 1. 
 
Table 1. Summary of Laboratory Test Results 

Boring 
Depth 
(feet 
bgs) 

Unified Soil 
Classification 

System 
Soil Type 

ASTM 
D1140/D422 ASTM D2216/2937 ASTM D-4318 ASTM D-4318 

Fines Content Dry Unit 
Weight 

Moisture 
Content 

Cohesion, 
 

 C 

Internal 
Angle 

of 
Friction 

Liquid 
Limit 

Plastic 
Index 

(percent finer 
than No. 200 

sieve) 
(pcf) (percent) (psf) (phi) 

  

GB-1 15 SP-SC 30.1 - - - - - - 

GB-2 5 SP-SC - 103.4 15.98 244 42.4 34 15 

GB-2 7 SP-SC - 108.1 17.8 - - - - 

GB-2 10 SC 37.7 - - - - - - 

GB-2 20 SC 31.8 - - - - - - 

GB-3 5 CL 59.2 110.5 20.7 770 28.3 - - 

GB-3 10 SP 22.2 - - - - - - 

GB-3 15 SP 7.2 - - - - - - 

pcf = pounds per cubic foot and psf = pounds per square foot 
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Table 1c. Summary of Laboratory Test Results 

Boring Depth (feet bgs) Initial Void Ratio 
Pre-consolidation 

Pressure (psf) 
Compression 

Index (Cc) 
Recompression 

Index (Cr) 
GB-2 7 0.53 1500 0.08 0.018 

psf = pounds per square foot 

4 . 0  G E O L O G Y  

4.1 Geologic Setting 
The Site is on the western edge of Fickle Hill and is underlain by marine and nonmarine overlap deposits. The 
Site is in the Coast Ranges geomorphic province of Northern California (California Geologic Survey, CGS, 
2002). This marine and nonmarine terrace is bounded to the west by the Arcata Bottoms alluvial deposits, to 
the south and east by Humboldt Bay, to the north by the Mad River, and to the east by Fickle Hill. According 
to published geologic maps (McLaughlin et al., 2000), the Site is underlain by late Pleistocene to middle 
Miocene, thin-bedded to massive, weakly lithified siltstone, fine to medium-grained sandstone, silty to 
diatomaceous mudstone and locally soft, scaly mudstone. A relevant portion of the geologic map is 
presented as Figure 3 – Regional Geologic Map. 

4.2 Seismicity 
The Site is in a seismically active region where large earthquakes may be expected to occur during the 
economic life span (50 years) of the planned improvements. The seismicity of the area is dominated by the 
presence of the Cascadia subduction zone (CSZ) wherein oceanic crust of the Juan de Fuca/Gorda plate 
is being actively subducted beneath the leading edge of the North American plate. Plate convergence 
along the Gorda segment of the CSZ is occurring at a rate of about 30 to 40 millimeters per year (mm/yr) 
(Heaton and Kanamori, 1984). Petersen reports a convergence rate of 35 mm/yr for the entire segment of 
the CSZ (Petersen et al., 1996). Upper plate crustal deformation associated with the subduction of the Gorda 
plate is expressed as a 90-kilometer (km)-wide fold and thrust belt that comprises the accretionary complex 
along the North American plate margin (Carver, 1987). 
 
Convergence within the accretionary complex is accommodated by growth of the fold and thrust belt 
(Carver and McCalpin, 1996). Northwest-striking thrust faults, northeast-dipping thrust faults, and fault-related 
folds form imbricate thrust fans that merge into sole thrusts that extend into or near the interface between 
the Gorda and North American plates (Clarke and Carver, 1992). Where the fold and thrust belt extends on 
land between Cape Mendocino and Big Lagoon, a cumulative slip of greater than 15 kilometers (km) has 
been estimated from measured vertical separations of lower Pleistocene sediments across faults (Kelsey and 
Carver, 1988). Coupled with displacements of upper Pleistocene marine terraces, these relations indicate 
the fold and thrust belt is accommodating at least 20 mm/yr of northeast-southwest horizontal contraction 
(Clarke and Carver, 1992). The apparent youthfulness of these structures indicates the subduction zone is 
strongly coupled and compressive deformation within the North American plate margin is active (Clarke and 
Carver, 1992). 
 
The closest active fault is the Fickle Hill fault zone, located approximately 0.5 km south of the Site. Other 
potentially causative faults in the vicinity of the Site include the Mad River fault zone approximately 4 km to 
the north and the Cascadia megathrust, approximately 66.5 km west of the Site (California Division of Mines 

RFP PW23-3 
Exhibit B1 

8 of 268



 

Project No 5376.13, July 1, 2023 
Page 4 of 14 

and Geology, CDMG, 2000). The Site is not in a “Fault Rupture Hazard Zone” (Bryant and Hart, 2007), or within 
an area currently designated as a “Seismic Hazard Zone” by the State. 
 

5 . 0  S I T E  A N D  S U B S U R F A C E  C O N D I T I O N S  

5.1 Site Conditions 
The Site is a roughly rectangular, approximately 2-acre lot east of LK Wood Boulevard in Arcata, California 
that is currently developed with three existing one-story buildings with landscaping and walkways. In addition 
to the buildings, the Site is covered with redwood trees and a paved access road with parking (Figure 2– Site 
Plan). The Site is flat with very low relief and is approximately 92 feet above mean sea level (msl) as measured 
by Google Earth. The Site is bordered to the north by campus residential housing. LK Wood Boulevard and 
Highway 101 to the west. Campus classroom buildings are on the west side of the study area with parking 
lots on the east side and to the south. 

5.2 Subsurface Conditions 
Our exploration indicates the Site is blanketed by between 20 to 30 feet of medium-dense clayey sand with 
scattered fine gravel (SC), overlying dense to very dense partially cemented sands (SW and SP) to the 
maximum extent explored. We encountered groundwater at a depth of approximately 20 feet bgs.  
 

6 . 0  S U B S U R F A C E  C O N D I T I O N S  

6.1 Site Exploration 
Our exploration indicates the Site is blanketed by between 20 to 30 feet of medium-dense clayey sand with 
scattered fine gravel (SC), overlying dense to very dense partially cemented sands (SW and SP) to the 
maximum extent explored. The borings encountered groundwater at depths of approximately 20 feet bgs.  

6.2 Groundwater Conditions 
Groundwater was encountered at the time of CPT soundings and in borings at a depth of approximately 20 
feet bgs. Review of groundwater data for an adjacent fuel station site on the California Geotracker website 
indicates that groundwater can get as high as 8 feet seasonally. Groundwater is expected to have a 
negligible impact on the proposed foundation and utility excavations. 
 

7 . 0  G E O L O G I C  H A Z A R D  A S S E S S M E N T  
Potential geologic and soil hazards assessed for the project Site include seismic ground shaking, surface fault 
rupture, liquefaction and related phenomena, settlement, high groundwater, flooding, and swelling or 
shrinking soils. The assessments for these potential hazards are presented below. 
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7.1 Seismology and Seismic Ground Motions 
As noted in Section 4.3 of this report, the Site is in a seismically active area. Given the proximity of the 
proposed structures to active seismic sources (Cascadia subduction zone and other active faults), there is a 
high probability that the Site will experience strong ground shaking during the 50-year economic lifespan of 
the proposed development. The spectral response accelerations for seismic analysis and design of the 
proposed structure, as prescribed by the 2022 California Building Code (CBC) and the American Society of 
Civil Engineers “Minimum Design Loads and Associated Criteria for Buildings and Other Structures” (ASCE 7-
16), will be assessed by others. 

7.1.1  Historic Seismicity 
The project Site is in an area of historical seismic activity with a number of large earthquakes occurring during 
historic times. As cataloged by Toppozada and Branum (2002) and the United States Geologic Survey (USGS, 
2019), the epicenters of 25 significant historical earthquakes greater than moment magnitude 6 have 
occurred within 100 km of the Site.  
 
Based on mapping by Toppozada et al. (2000), the Site is within an area that has experienced one 
earthquake with a Modified Mercalli Intensity (MMI) of VII or greater between 1800 and 1999. This earthquake 
occurred on November 13, 1860, with an estimated magnitude of 5.5. The epicenter was in the Samoa area, 
approximately 8 km southwest of the Site. The Humboldt Times reported that the earthquake resulted in the 
cracking of plaster walls and the settlement of chimneys in the Site vicinity. 

7.2 Co-Seismic Ground Deformation 

7.2.1  Surface Fault Rupture 
The Site is not located within an Alquist-Priolo earthquake fault zone and, as such, does not require a trench-
based fault rupture hazard evaluation (CDMG, 2000). Based on the distance between the Site and the 
closest active fault, the potential for surface fault rupture to occur within the Site is low. 

7.2.2  Liquefaction 
The Site is located in an area considered to have a low liquefaction potential (CDMG, 1995)1. As discussed 
in Section 5.1 of this report, in general, the stratigraphy encountered consisted of approximately 20 to 30 feet 
of medium-dense clayey sand (SC) overlying dense to very dense, sand (SW and SP) extending to the depth 
explored of 42 feet bgs. The Site and nearby topography are gently flat and, therefore, lateral spreading is 
considered negligible. Groundwater was encountered at a depth of approximately 20 feet bgs but has been 
recorded as high as 8 feet at an adjacent campus site as discussed in Section 5.2. 
 
CPT data was used to evaluate the liquefaction potential, related dynamic settlement, and lateral spreading 
at the Site using the liquefaction analysis program Cliq Version 1.5.1.26 by Geologismiki. Table 2 presents the 
method and seismic parameters used in the liquefaction analysis. 

 
 
 
1 A state of soil liquefaction occurs when, as a result of cyclic fluctuations in pore fluid pressure, sediment grains lose contact with one 
another, causing a momentary loss of effective stress and consequently of shear strength. Liquefaction is most commonly initiated by 
earthquake ground motions. Soils in a saturated, loose state and less than approximately 50 feet bgs are the most susceptible to liquefaction. 
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Table 2. Liquefaction Analysis Input Parameters 

Calculation Method  Boulanger & Idriss, 2014 

Maximum Moment Magnitude  9.0* 

PGAM based on SEOC/OSHPD 1.192 

Depth to Groundwater 8 ft 

*Maximum moment magnitude based on the Fickle Hill fault 

 
Our liquefaction evaluations are based on soil data from CPT soundings obtained during the Site exploration 
with an assumed maximum future groundwater elevation of 8 feet bgs. Liquefaction analysis results are 
summarized in Table 3 and presented in Appendix 3. 
 
Data discrepancies in liquefaction potential index and settlement are due to rounding errors of the presented 
data summary (Appendix 3) vs. our calculated totals per 2-foot interval. Cumulative totals are presented 
from the subtotals reported in Cliq.  
 
Table 3. Summary Results of Liquefaction Assessment Data from CPT-1, CPT-3, and CPT-6 

Boring Depth Interval 
(Feet bgs) 

Liquefaction potential  
according to Iwasaki Estimated Vertical 

Settlement if 
Liquefaction Occurs 

(inches) 

Liquefaction 
Potential  

Index (LPI)* (IL) 

Overall Probability of 
Liquefaction* (IL) 

CPT-1 8-10 1.33 Liquefaction Risk Low 0.18 
 10-12 1.03 Liquefaction Risk Low 0.15 
 12-14 0.29 Liquefaction Risk Low 0.03 
 14-16 1.60 Liquefaction Risk Low 0.10 
 16-18 3.37 Liquefaction Risk Low 0.31 
 18-20 1.23 Liquefaction Risk Low 0.13 
 20-22 1.85 Liquefaction Risk Low 0.17 
 22-24 2.29 Liquefaction Risk Low 0.25 
 24-26 1.62 Liquefaction Risk Low 0.17 
 26-28 1.82 Liquefaction Risk Low 0.13 
 28-30 1.58 Liquefaction Risk Low 0.09 
 30-32 2.9 Liquefaction Risk Low 0.26 
 32-34 2.10 Liquefaction Risk Low 0.20 
 34-36 2.35 Liquefaction Risk Low 0.23 
 36-38 2.21 Liquefaction Risk Low 0.22 
 38-40 2.15 Liquefaction Risk Low 0.24 
 40-42 0.51 Liquefaction Risk Low 0.04 

Totals from 
Report Cumulative LPI 30.23 Cumulative 

Settlement 
2.90 
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Liquefaction 

Potential  
Index (LPI)* (IL) 

Overall Probability of 
Liquefaction* (IL) 

 

Boring Depth Interval 
(Feet bgs) 

Liquefaction potential  
according to Iwasaki 

Estimated Vertical 
Settlement if 

Liquefaction Occurs 
(inches) 

     
     

CPT-6 8-10 2.74 Liquefaction Risk Low 0.34 
 10-12 4.02 Liquefaction Risk Low 0.41 
 12-14 2.71 Liquefaction Risk Low 0.24 
 14-16 1.6 Liquefaction Risk Low 0.14 
 16-18 0.45 Liquefaction Risk Low 0.02 
 18-20 1.43 Liquefaction Risk Low 0.06 
 20-22 1.49 Liquefaction Risk Low 0.11 
 22-24 0.2 Liquefaction Risk Low 0.01 

Totals from 
Report Cumulative LPI 14.64 Cumulative 

Settlement 
1.33 

  
CPT-3 8-10 4.07 Liquefaction Risk Low 0.48 

 10-12 4.40 Liquefaction Risk Low 0.52 
 12-14 3.97 Liquefaction Risk Low 0.48 
 14-16 3.48 Liquefaction Risk Low 0.39 
 16-18 3.48 Liquefaction Risk Low 0.33 
 18-20 3.21 Liquefaction Risk Low 0.29 
 20-22 2.03 Liquefaction Risk Low 0.12 
 22-24 0.76 Liquefaction Risk Low 0.04 

 24-26 0.0 Liquefaction Risk Very 
Low 0.00 

 26-28 1.38 Liquefaction Risk Low 0.12 
 28-30 2.05 Liquefaction Risk Low 0.18 
 30-32 0.06 Liquefaction Risk Low 0.00 

Totals from 
Report Cumulative LPI 28.89 Cumulative 

Settlement 
2.95 

* Liquefaction Potential Index (LPI)  
 LPI – 0 – Liquefaction Risk Very Low 
 LPI between 0.0 and 5.0 Liquefaction Risk Low 
 LPI between 5.01 and 15.0 Liquefaction Risk High 

LPI greater than 15.01 Liquefaction Risk Very High 
 

Soils to 42 feet are interpreted to be marine and non-marine terrace deposits based on mapped geology 
(McLaughlin et al., 2000). These deposits have been subjected to previous seismic events with ground 
accelerations equal to or greater than the accelerations used in the analysis. The liquefaction potential for 
the Site is considered Low. The potential risk for individual layers to liquefy at the Site is considered low. If 
liquefaction were to occur at the Site the potential liquefaction settlement could be as much as 3 inches.  
Potential differential settlement at the Site in the event liquefaction occurs is approximately 1.5 inches in 100 
feet based on the CPT location used in the analysis.  
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7.3 Slope Instability/Landsliding 
Given the relatively flat natural slopes on and in the vicinity of the Site, we consider the potential for 
conventional (non-liquefaction induced lateral spreading) slope instability to adversely affect most of the 
proposed improvements is considered to be negligible. 

7.4 Flood and Dam Failure Inundation 
According to FEMA Flood Insurance Rate Maps, Map Number 06023C0689F, effective November 4, 2016, the 
proposed residences are outside of the Special Flood Hazard Area. Based on this FEMA flood hazard 
mapping and the Site elevation, the risk of flooding impacting the study area is low.  

The Dam Failure Inundation map presented by the California Department of Water Resources indicates that 
in the event of a catastrophic failure of the Matthews Dam, the Site is not subject to Mad River flood 
inundation in a rainy-day scenario. The Matthews Dam is located across the Mad River at Ruth Lake Reservoir 
approximately 75 km from the Site. 

7.5 Tsunami Inundation 
According to the CGS Tsunami Inundation Map for Emergency Planning: Arcata North Quadrangle (CGS, 
2021), the Site is not located in an area anticipated to experience inundation. On the basis of this mapping 
and the Site elevation, the risk of tsunami inundation is considered to be low. 

7.6 Expansive Soils 
Expansive soils represent a significant structural hazard to buildings where site and/or climatic conditions lead 
to seasonal or local fluctuations in soil moisture content. In general, in the vicinity of the Site, these fluctuations 
in moisture content can be expected to affect no more than the upper 3 to 4 feet bgs. Based on our 
subsurface exploration, the Site material is generally clayey sands in the anticipated foundation zone. The 
underlying alluvial deposits are dominated by sand. Laboratory Atterberg limits testing of clayey alluvium 
encountered indicate plasticity indices ranging from non-plastic to 15 percent indicating low plasticity. Clays 
in this range have a low potential for expansion. 

7.7 Shallow Groundwater 
As noted in Section 5.2 of this Report, groundwater has been recorded at an adjacent site with a seasonal 
high of approximately 8 feet bgs.  

7.8 Settlement Due to Static Loading 
No preliminary structural loads for the proposed buildings were provided. No building height has been 
provided either. Settlement calculations are based on assuming a relatively moderately loaded wood/steel-
frame construction building underlain by predominantly coarse-grained soils of medium-dense to dense 
consistency with a building load of an estimated 3,000 pounds per square foot (psf). Bearing pressure of 3,000 
psi yields foundation settlements of less than 0.36 inch, which will occur relatively quickly over the course of 
the project construction. Once building plans have been developed LOCO should review them and 
amend this section as necessary.  

Project No 5376.13, July 1, 2023 
Page 8 of 14 

RFP PW23-3 
Exhibit B1 
13 of 268



 

Project No 5376.13, July 1, 2023 
Page 9 of 14 

8 . 0  C O N C L U S I O N S  
Based on the results of our exploration program, we conclude the project is feasible from a geotechnical 
standpoint, provided the recommendations of this report are incorporated into the project design and 
construction. The primary geologic and geotechnical considerations affecting the planned improvements 
are as follows: 

• The potential for strong seismic ground shaking at the Site,  
• The potential for liquefaction differential settlement; and, 
• The potential for static settlement depends on building loads and design. 

 
The potential for strong ground shaking can be addressed by designing the planned improvements utilizing 
the seismic design parameters presented in Section 8.3 of this report. As described in Section 7.8 of this report, 
approximately one-third of an inch of static settlement may occur at the Site vicinity due to light loading (for 
an assumed two-story building), with differential settlement estimated at approximately one-half this value 
over 50 feet. Static settlement could be an issue depending on building design and/or column loads. The 
preliminary evaluation of the settlement is based on a lightly loaded perimeter or thickened edge slab on 
grade. Up to 3 inches of dynamic settlement could occur at the Site in the upper 30 to 35 feet. The structure 
should be designed to resist/accommodate the estimated total and differential static and dynamic 
settlement.  
 

9 . 0  R E C O M M E N D AT I O N S  

9.1 Site Preparation and Grading 
At the locations of the proposed new buildings and exterior flatwork and extending at least 5 feet beyond, 
existing pavement, foundations, irrigation lines, tree root balls, and underground utilities not designated to 
remain should be properly demolished and removed from the Site. Areas should then be stripped of any 
vegetation and topsoil containing organic material. We estimate the depth of stripping will be approximately 
6 to 12 inches. Fill and loose soil should then be removed to expose firm natural soil. The resulting subgrade 
should then be scarified to a depth of 6 inches, moisture conditioned, and compacted as described in Table 
4. 

9.1.1  Uti l i ty Trench Backfi l l  
Trench backfill quality and compaction should generally conform to the requirements of Section 8.1.2 (Table 
4) of this report. Where trenches closely parallel a shallow foundation and the trench bottom is within a two 
horizontal to one vertical plane projected outward and downward from the foundation, concrete slurry (two-
sack minimum) should be used to backfill that portion of the trench below this plane. The use of slurry backfill 
is not required where a narrow trench crosses a footing at or near a right angle. 

9.1.2  Structural Fi l l  
Material used as fill should be free of organic material and rocks larger than 3 inches in greatest dimension, 
and conform to the following requirements: 

Plasticity Index:    15 percent or less 
Liquid Limit:   40 percent or less  
Percent passing No. 200 sieve: 50 maximum; 10 minimum 
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Our exploration indicates the majority of on-site materials are not suitable for use as fill.  
 
Table 4. Soil Compaction Recommendations 

Fill Element Relative Compaction* Moisture Content* 

General fill – raising of site grades 90 percent Near Optimum 

Upper 6 inches of subgrade beneath hardscape 90 percent Wet of Optimum 

Upper 6 inches of subgrade in pavement areas 95 percent Wet of Optimum 

Aggregate base rock beneath hardscape 95 percent Near Optimum 

Pipe bedding and utility trench backfill 90 percent Near Optimum 

*Relative compaction refers to the ratio of the in place dry density of the soil to the maximum dry density as described in the latest edition 
of the ASTM D1557 compaction test procedure. Optimum moisture content is the water content as a percentage of the dry weight of the 
soil corresponding to the maximum dry density. 

9.1.3  Surface Drainage 
The Site should be graded to provide positive drainage away from foundations. A minimum gradient of 3 
percent should be maintained for hardscape areas within 5 feet of a structure where this does not conflict 
with Americans with Disabilities Act (ADA) design requirements. A 5 percent gradient should be maintained 
for landscaped areas not designed to receive foot traffic within 5 feet of a structure. The grading or 
landscaping design and construction should not allow water to pond on the Site within a minimum of 10 feet 
from any engineered structure, nor to migrate beneath any structure. Runoff from hardscaped areas, roofs, 
patios, and other impermeable surfaces should be contained, controlled, and collected in a tight-line pipe 
that outlets into the Site storm drainage or infiltration system. 
 

9.2 Foundations 
It is unknown at this time what type of foundation will be designed. However generally, perimeter footings 
should bear directly on either the undisturbed silty sand, soils, or compacted fill. Perimeter footings should be 
designed using the maximum allowable bearing pressures presented in Table 5. 
 
Non-structural reinforced slab-on-grade floors may be constructed between the perimeter foundations. The 
slabs-on-grade should be placed on undisturbed native subgrade, scarified, and compacted as described 
in Section 8.1 (Site Preparation and Grading) above and overlain by at least 12 inches of 0.75-inch gravel 
(termed “slab base rock”) to act as a capillary moisture break. The gravel should be overlain by a vapor 
retarder (Stego™ wrap or equivalent) to reduce the possibility of moisture migration through the concrete 
floor. Joints between membrane sheets and utility piping openings should be lapped and taped. Care should 
be taken during slab construction to protect the plastic membrane against punctures. 
 
Deeper foundation systems may need to be considered depending on building and column loads and the 
potential for up to 3 inches of liquefiable settlement at the Site.  
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Table 5. Maximum Allowable Bearing Pressures for foundations 
Loading Condition Maximum Allowable Bearing Pressure (psf) 

Dead plus long-term live loads 2,000 

Total, including Wind or Seismic 2,667 

 
Lateral load resistance may be developed via: (1) skin friction between the footing bottoms and underlying 
soil; and (2) passive resistance between the vertical faces of footings. For design, use an allowable friction 
coefficient of 0.30 and a passive lateral bearing pressure of 150 pounds per cubic foot (pcf) equivalent to 
fluid pressure. Passive pressure should be neglected in the upper 1 foot of soil unless confined by concrete 
slabs or pavements. If friction and passive resistances are to be combined, reduce the lesser value by 50 
percent. 
 
Footings adjacent to existing utility trenches or other footings should be deepened enough to bear below a 
1:1 (horizontal to vertical) plane extending upwards from the bottom edge of the utility trench or footing 
excavation. A representative of the project geotechnical engineer should observe the footing excavations 
prior to the placement of reinforcing steel and concrete forms to check that they are founded in suitable 
bearing materials and have been properly cleaned of loose soil.  
 
We recommend the foundation design assume a settlement resulting from imposed foundation loads and 
liquefaction-induced ground deformation of approximately 1 inch and differential settlement over distances 
of 40 feet will be 0.5 inches or less. 

9.3 Seismic Design Parameters 
Earthquake design parameters presented herein are based on the CBC and the standard “Minimum Design 
Loads and Associated Criteria for Buildings and Other Structures,” (ASCE 7-16), which, in turn, is based on a 
maximum considered earthquake ground motion, defined as the motion caused by an event with a 2-
percent probability of exceedance within a 50-year period (recurrence interval of approximately 2,500 
years). We used site parameters of location (40.8752079, -124.08016848), site class D, and risk level III as project 
input to Seismic Design Maps tool co-developed by the Structural Engineers Association of California (SEAOC) 
and California’s Office of Statewide Health Planning and Development (OSHPD) (2023). Values of those 
inputs and model outputs are presented in Table 6.  
 
We refer the building designer to the exemptions listed in ASCE 7-16 to determine whether a site-specific 
ground motion analysis is required. 
 
Table 6. Seismic Design Parameters 

Site 
Class Fa Fv SS S1 SMS SM1 SDS SD1 Ts 

D 1.0 1.7 2.448 1.074 2.448 1.826 1.632 1.217 
 

0.746 

* Fv, SM1, and SD1 may only be used for calculation of Ts. 
 
Fa – Short period coefficient to modify 0.2-second period of mapped spectral response accelerations for Site 

Class. 
Fv – Long period coefficient to modify 1.0-second period of mapped spectral response accelerations for Site 

Class. 
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SS – Mapped spectral response acceleration, 5 percent damped, at 0.2-second period for Site Class.  
S1 – Mapped spectral response acceleration, 5 percent damped, at 1.0-second period for Site Class (in %g). 
SMS – Maximum considered earthquake spectral response acceleration, 5 percent damped, at 0.2-second 

for Site Class effects (in %g). 
SM1 – Maximum considered earthquake spectral response acceleration, 5 percent damped, at 1.0-second 

period for Site Class effects (in %g). 
SDS – Design spectral response acceleration, 5 percent damped, at 0.2-second period (in %g). 
SD1 – Design spectral response acceleration, 5 percent damped, at 1.0-second period (in %g). 
Ts – Transition period, ratio SD1/SDS. 

 

9.4 Construction Considerations 

9.4.1  Temporary Slopes and Trench Excavat ions 
The contractor is responsible for the stability of temporary slopes and trenches excavated at the Site and the 
design and construction of any required shoring. Shoring and bracing should be provided in accordance 
with all applicable local, state, and federal safety regulations, including the current Occupational Safety 
and Health Administration (OSHA) excavation and trench safety standards. Because of the potential for 
variable soil conditions, field modifications of temporary cut slopes may be required. Unstable materials 
encountered on the slopes during the excavation should be trimmed off, even if this requires cutting the 
slope back at flatter inclinations. 

1 0 . 0  F U T U R E  G E O T E C H N I C A L  S E R V I C E S  

10.1 Finalized Foundation Recommendations 
Once plans have been determined for the proposed Health, Dining, and Housing Building, LACO should 
review the proposed building along with the estimated structural loads so that we can give specific 
foundation recommendations prior to finalizing building plans.   

10.2 Plan Review 
To better assure conformance of the final design documents with the recommendations contained in this 
Report, LACO’s geotechnical department should review the completed project plans prior to construction. 
The plans should be made available for our review as soon as possible after completion so we can better 
assist in keeping your project schedule on track. 

10.3 Construction Observation and Testing 
LACO should be retained to observe and test the earthwork and foundation installation phases of 
construction in order to: (1) check that subsurface conditions exposed during construction are substantially 
the same as those interpolated from our limited subsurface exploration, on which the analysis and design 
were based; (2) observe compliance with the geotechnical aspects and specifications presented in the 
approved plans; and (3) allow design changes in the event that subsurface conditions differ from those 
anticipated. The recommendations in this report are based on limited subsurface information. The nature 
and extent of variation across the Site may not become evident until construction. If variations are then 
exposed, it will be necessary to re-evaluate our recommendations. 
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1 1 . 0  L I M I T A T I O N S  
This Report has been prepared for the exclusive use of the Client, its design team, contractors and 
consultants, and appropriate public authorities for specific application to the proposed Site improvements. 
LACO has exercised a standard of care equal to that generated for this industry to ensure the information 
contained in this Report is current and accurate. The opinions presented in this Report are based upon 
information obtained from subsurface excavations, a Site Reconnaissance, review of geologic maps and 
data available to us, and upon local experience and engineering judgment, and have been formulated in 
accordance with generally accepted geotechnical engineering practices that exist in California at the time 
this Report was prepared. In addition, geotechnical issues may arise that are not apparent at this time. No 
other warranty, expressed or implied, is made or should be inferred. A brochure prepared by ASFE 
(Association of Firms Practicing in the Geosciences) has been included in Appendix 4 of this report. We 
recommend that all individuals reading this report also read this brochure. 
 
Data generated for this Report represents information gathered at that time and at the widely spaced 
locations indicated. Subsurface conditions may be highly variable and difficult to predict. As such, the 
recommendations included in this Report are based, in part, on assumptions about subsurface conditions 
that may only be observed and/or tested during subsequent project earthwork. Accordingly, the validity of 
these recommendations is contingent upon review of the subsurface conditions exposed during construction 
in order to check that they are consistent with those characterized in this Report. Upon request, LACO can 
discuss the extent of (and fee for) observations and tests required to check the validity of the 
recommendations presented herein. 
 
The opinions presented in this Report are valid as of the present date for the property evaluated. Changes in 
the condition of the property can occur over time, whether due to natural processes or the works of man, 
on this or adjacent properties. In addition, changes in applicable standards of practice can occur, whether 
from legislation or the broadening of knowledge. Accordingly, the opinions presented in this report may be 
invalidated, wholly or partially, by changes outside our control. Therefore, this report is subject to review and 
should not be relied upon after a period of three years, nor should it be used, or is it applicable, for any 
property other than that evaluated. This Report is valid solely for the purpose, site, and project described in 
this document. Any alteration, unauthorized distribution, or deviation from this description will invalidate this 
Report. LACO assumes no responsibility for any third-party reliance on the data presented. Additionally, the 
data presented should not be utilized by any third-party to represent data for any other time or location. 
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Figure 1 Site Vicinity Map 

Figure 2 Site Plan 

Figure 3 Regional Geologic Map  
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3088 22-50

Asphalt
Aggregate base, dark brown

(SP-SC) Poorly-graded clayey sand with <15%
gravel, pale olive, dry, medium dense

Logged from drill cuttings

Changes color, brownish-yellow

(SC) Sand with Clay, reddish brown, moist, very
dense

Refusal at 16.0 feet.
Bottom of borehole at 16.0 feet.

SPT
1

LOGGED BY SLF

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR Fisch Drilling GROUND WATER LEVELS:

CHECKED BY GLM

DATE STARTED 4/21/23 COMPLETED 4/21/23

AT END OF DRILLING ---

HOLE SIZE 8 inchesGROUND ELEVATION

NOTES

AT TIME OF DRILLING --- Groundwater not encountered
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BORING NUMBER GB-1

PROJECT NAME CPH: Library Circle and Sustainability Center Geotech Eval

PROJECT LOCATION Arcata, California

CLIENT Cal Poly Humboldt

PROJECT NUMBER 5376.13
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38

32

16

18

83

72

72

72

3-6-6
(12)

4-9-16
(25)

8-19-16
(35)

17-22-28
(50)

  Direct Shear
C=244

phi=42.4

103

108

Asphalt
Aggregate base, dark brown

(SC) Clayey sand, moist, medium dense

(SC) Clayey sand, gray, dry to moist

Changes color, yellow-brown

(SC) Clayey sand, red-brown, dry to moist, medium
dense

Continues, with mottling, medium dense

Continues

(SC) Clayey sand with fine gravel, yellow brown,
moist, dense to very dense, iron and manganeese
staining

Bottom of borehole at 26.5 feet.

SH
1

SPT
1

SPT
2

SPT
3

SPT
4

LOGGED BY SLF

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR Fisch Drilling GROUND WATER LEVELS:

CHECKED BY GLM

DATE STARTED 4/21/23 COMPLETED 4/21/23

AT END OF DRILLING ---

HOLE SIZE 8 inchesGROUND ELEVATION

NOTES

AT TIME OF DRILLING 23.00 feet
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BORING NUMBER GB-2

PROJECT NAME CPH: Library Circle and Sustainability Center Geotech Eval

PROJECT LOCATION Arcata, California

CLIENT Cal Poly Humboldt

PROJECT NUMBER 5376.13
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59

22

7

15193421

83

83

67

78

67

67

4-5-6
(11)

5-8-9
(17)

4-5-7
(12)

5-7-8
(15)

7-10-9
(19)

50

15  Direct Shear
C=770

phi=28.3

111

Asphalt
(ML) Low plasticity clayey silt with sand, dark
brown, moist

(CL) Clay with fine sand, olive gray, dry to moist,
firm to stiff

Changes color, light yellow-brown

(SP) Medium coarse sand, olive gray, dry to moist,
medium dense

(SP) Sand, yellow-brown, dry to moist, medium
dense

Continues, wet

(SW) Well-graded sand with fine gravel,
yellowish-brown, wet, medium dense

(SW-SM) Silty sand with gravel, reddish-brown,
wet, medium dense

Refusal at 35.0 feet.
Bottom of borehole at 35.0 feet.

SH
1

SPT
1

SPT
2

SPT
3

SPT
4

SPT
5

SPT
6

LOGGED BY SLF

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR Fisch Drilling GROUND WATER LEVELS:

CHECKED BY GLM

DATE STARTED 4/21/23 COMPLETED 4/21/23

AT END OF DRILLING 20.00 feet

HOLE SIZE 8 inchesGROUND ELEVATION

NOTES

AT TIME OF DRILLING ---
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BORING NUMBER GB-3

PROJECT NAME CPH: Library Circle and Sustainability Center Geotech Eval

PROJECT LOCATION Arcata, California

CLIENT Cal Poly Humboldt

PROJECT NUMBER 5376.13
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LACO Associates
Location Liberty Circle Geo Evaluation Operator JM-GM
Job Number 5376.13 Cone Number DDG1596 GPS
Hole Number CPT-01 Date and Time 4/13/2023 8:23:21 AM
Equilized Pressure 1.7 EST GW Depth During Test 19.1

23.13 ft

 0 Time (Sec) 300.00

2

0

PR
ES

SU
R

E 
U

2 
PS

I

Page 1 of 1
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:53 PM 1

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

SBT - Bq plots

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:53 PM 2

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

ArcataLocation:

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

SBT - Bq plots (normalized)

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:53 PM 3

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

Bq plots (Schneider)

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:53 PM 4

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:53 PM

Project file: 

5
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:54 PM 6

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:54 PM 7

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

Mod. SBTn legend

1. CCS: ClayLike - Contractive, Sensitive

2. CC: Clay-like - Contractive

3. CD: Clay-Like: Dilative

4. TC: Transitional - Contractive

5. TD: Transitional - Dilative

6. SC: Sand-like - Contractive

7. SD: Sand-like - Dilative

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:54 PM 8

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

Updated SBTn plots

CCS:
CC:
CD:
TC:
TD:
SC:
SD:

Clay-like - Contractive - Sensitive
Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:54 PM 9

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

Calculation parameters

Relative density constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and q t

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:54 PM 10

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: Auto

OCR factor for clays, Nkt: Auto

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Q tn (Robertson, 2009)

User defined estimation data

Flat Dilatometer Test data

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:54 PM 11

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

Calculation parameters

Soil Sensitivity factor, NS: 350.00

User defined estimation data

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 1:53:54 PM 12

Project file: 
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 41.34 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-01

Location:

Bearing Capacity calculation is
perfromed based on the formula:

soiltkult qqRQ 

where:
Rk: Bearing capacity factor

q t: Average corrected cone
resistance over calculation depth

qsoil: Pressure applied by soil

above footing

No B
(ft)

Start
Depth

(ft)

End Depth
(ft)

Ave. qt

(tsf)
Soil Press.

(tsf)
Ult. bearing 

cap. (tsf)

Rk

:: Tabular results ::

1 3.00 1.60 6.10 13.70 0.10 2.840.20

2 3.70 1.60 7.15 18.59 0.10 3.810.20

3 4.40 1.60 8.20 22.75 0.10 4.650.20

4 5.10 1.60 9.25 24.72 0.10 5.040.20

5 5.80 1.60 10.30 26.07 0.10 5.310.20

6 6.50 1.60 11.35 28.18 0.10 5.730.20

7 7.20 1.60 12.40 28.37 0.10 5.770.20

8 7.90 1.60 13.45 28.78 0.10 5.850.20

9 8.60 1.60 14.50 32.79 0.10 6.650.20

10 9.30 1.60 15.55 40.35 0.10 8.170.20

11 10.00 1.60 16.60 46.86 0.10 9.470.20

12 10.70 1.60 17.65 49.60 0.10 10.020.20

13 11.40 1.60 18.70 51.93 0.10 10.480.20

14 12.10 1.60 19.75 51.38 0.10 10.370.20

15 12.80 1.60 20.80 51.12 0.10 10.320.20
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This software is licensed to: Middle Earth Geo Testing

:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10k then 1.00I and 3.27I 

cI1.37--4.52
cc 10k then 3.27I and 4.00I 



:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N














 
cI0.28171.1268tn601

10

1
QN




:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q 

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cuto f f)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 

(applicable only to Ic < Ic_cuto f f)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,

:: Drained Friction Angle, φ (°) ::

(applicable only to SBTn: 5, 6, 7 and 8  or Ic < Ic_cuto f f)

:: 1-D constrained modulus, M (MPa) ::

 
c0.5 5 I+1.6 8CP T t vM=0.0 3( qσ )1 0   

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG 


:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 










:: Undrained peak shear strength, Su (kPa) ::

 

kt

vt
u

rkt

N

σq
S

defineduser or  )log(F710.50N






:: Overconsolidation Ratio, OCR ::

tnO CR

1.25

r

0.20
tn

O CR

Qk  OCR

defineduser or  
))log(F7(10.500.25

Q
k


















:: Remolded undrained shear strength, Su(rem) (kPa) ::

  sremu fS 

:: Unit Weight, g (kN/m³) ::

weightunit water g where

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw


















(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cuto f f)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K  

:: Soil Sensitivity, St ::

r

S
t

F

N
S 

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

:: Peak Friction Angle, φ' (°) ::

 tq
0.121
q

' logQB0.3360.256B29.5φ 

(applicable for 0.10<Bq<1.00)

 
  'c vtn,c sφ φ+15.9 4log( Q )26.8 8

If Ic > 2.20
α = 14 for Q tn > 14

α = Q tn for Q tn ≤ 14
MCPT = α·(q t − σv)

 

If Ic ≥ 2.20
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

SBT - Bq plots

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

ArcataLocation:

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

SBT - Bq plots (normalized)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

Bq plots (Schneider)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 2:18:04 PM 7
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

Mod. SBTn legend

1. CCS: ClayLike - Contractive, Sensitive

2. CC: Clay-like - Contractive

3. CD: Clay-Like: Dilative

4. TC: Transitional - Contractive

5. TD: Transitional - Dilative

6. SC: Sand-like - Contractive

7. SD: Sand-like - Dilative
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

Updated SBTn plots

CCS:
CC:
CD:
TC:
TD:
SC:
SD:

Clay-like - Contractive - Sensitive
Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

Calculation parameters

Relative density constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and q t

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: Auto

OCR factor for clays, Nkt: Auto

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Q tn (Robertson, 2009)

User defined estimation data

Flat Dilatometer Test data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

Calculation parameters

Soil Sensitivity factor, NS: 350.00

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 39.04 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-02

Location:

Bearing Capacity calculation is
perfromed based on the formula:

soiltkult qqRQ 

where:
Rk: Bearing capacity factor

q t: Average corrected cone
resistance over calculation depth

qsoil: Pressure applied by soil

above footing

No B
(ft)

Start
Depth

(ft)

End Depth
(ft)

Ave. qt

(tsf)
Soil Press.

(tsf)
Ult. bearing 

cap. (tsf)

Rk

:: Tabular results ::

1 3.00 1.60 6.10 39.97 0.10 8.090.20

2 3.70 1.60 7.15 41.18 0.10 8.330.20

3 4.40 1.60 8.20 42.55 0.10 8.610.20

4 5.10 1.60 9.25 42.78 0.10 8.650.20

5 5.80 1.60 10.30 42.85 0.10 8.670.20

6 6.50 1.60 11.35 47.90 0.10 9.680.20

7 7.20 1.60 12.40 50.96 0.10 10.290.20

8 7.90 1.60 13.45 57.15 0.10 11.530.20

9 8.60 1.60 14.50 63.41 0.10 12.780.20

10 9.30 1.60 15.55 67.54 0.10 13.600.20

11 10.00 1.60 16.60 72.18 0.10 14.530.20

12 10.70 1.60 17.65 73.06 0.10 14.710.20

13 11.40 1.60 18.70 73.04 0.10 14.700.20

14 12.10 1.60 19.75 72.18 0.10 14.530.20

15 12.80 1.60 20.80 71.47 0.10 14.390.20
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This software is licensed to: Middle Earth Geo Testing

:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10k then 1.00I and 3.27I 

cI1.37--4.52
cc 10k then 3.27I and 4.00I 



:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N














 
cI0.28171.1268tn601

10

1
QN




:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q 

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cuto f f)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 

(applicable only to Ic < Ic_cuto f f)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,

:: Drained Friction Angle, φ (°) ::

(applicable only to SBTn: 5, 6, 7 and 8  or Ic < Ic_cuto f f)

:: 1-D constrained modulus, M (MPa) ::

 
c0.5 5 I+1.6 8CP T t vM=0.0 3( qσ )1 0   

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG 


:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 










:: Undrained peak shear strength, Su (kPa) ::

 

kt

vt
u

rkt

N

σq
S

defineduser or  )log(F710.50N






:: Overconsolidation Ratio, OCR ::

tnO CR

1.25

r

0.20
tn

O CR

Qk  OCR

defineduser or  
))log(F7(10.500.25

Q
k


















:: Remolded undrained shear strength, Su(rem) (kPa) ::

  sremu fS 

:: Unit Weight, g (kN/m³) ::

weightunit water g where

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw


















(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cuto f f)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K  

:: Soil Sensitivity, St ::

r

S
t

F

N
S 

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

:: Peak Friction Angle, φ' (°) ::

 tq
0.121
q

' logQB0.3360.256B29.5φ 

(applicable for 0.10<Bq<1.00)

 
  'c vtn,c sφ φ+15.9 4log( Q )26.8 8

If Ic > 2.20
α = 14 for Q tn > 14

α = Q tn for Q tn ≤ 14
MCPT = α·(q t − σv)

 

If Ic ≥ 2.20
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

SBT - Bq plots

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

ArcataLocation:

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

SBT - Bq plots (normalized)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

Bq plots (Schneider)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 2:22:14 PM 6
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 2:22:14 PM 7
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

Mod. SBTn legend

1. CCS: ClayLike - Contractive, Sensitive

2. CC: Clay-like - Contractive

3. CD: Clay-Like: Dilative

4. TC: Transitional - Contractive

5. TD: Transitional - Dilative

6. SC: Sand-like - Contractive

7. SD: Sand-like - Dilative

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 2:22:14 PM 8
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

Updated SBTn plots

CCS:
CC:
CD:
TC:
TD:
SC:
SD:

Clay-like - Contractive - Sensitive
Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

Calculation parameters

Relative density constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and q t

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: Auto

OCR factor for clays, Nkt: Auto

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Q tn (Robertson, 2009)

User defined estimation data

Flat Dilatometer Test data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

Calculation parameters

Soil Sensitivity factor, NS: 350.00

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 34.94 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-03

Location:

Bearing Capacity calculation is
perfromed based on the formula:

soiltkult qqRQ 

where:
Rk: Bearing capacity factor

q t: Average corrected cone
resistance over calculation depth

qsoil: Pressure applied by soil

above footing

No B
(ft)

Start
Depth

(ft)

End Depth
(ft)

Ave. qt

(tsf)
Soil Press.

(tsf)
Ult. bearing 

cap. (tsf)

Rk

:: Tabular results ::

1 3.00 1.60 6.10 11.19 0.10 2.330.20

2 3.70 1.60 7.15 16.75 0.10 3.450.20

3 4.40 1.60 8.20 23.21 0.10 4.740.20

4 5.10 1.60 9.25 28.40 0.10 5.780.20

5 5.80 1.60 10.30 33.01 0.10 6.700.20

6 6.50 1.60 11.35 38.97 0.10 7.890.20

7 7.20 1.60 12.40 42.85 0.10 8.670.20

8 7.90 1.60 13.45 45.59 0.10 9.210.20

9 8.60 1.60 14.50 48.52 0.10 9.800.20

10 9.30 1.60 15.55 53.64 0.10 10.820.20

11 10.00 1.60 16.60 58.16 0.10 11.730.20

12 10.70 1.60 17.65 64.37 0.10 12.970.20

13 11.40 1.60 18.70 68.37 0.10 13.770.20

14 12.10 1.60 19.75 73.24 0.10 14.740.20

15 12.80 1.60 20.80 79.64 0.10 16.020.20
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This software is licensed to: Middle Earth Geo Testing

:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10k then 1.00I and 3.27I 

cI1.37--4.52
cc 10k then 3.27I and 4.00I 



:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N














 
cI0.28171.1268tn601

10

1
QN




:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q 

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cuto f f)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 

(applicable only to Ic < Ic_cuto f f)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,

:: Drained Friction Angle, φ (°) ::

(applicable only to SBTn: 5, 6, 7 and 8  or Ic < Ic_cuto f f)

:: 1-D constrained modulus, M (MPa) ::

 
c0.5 5 I+1.6 8CP T t vM=0.0 3( qσ )1 0   

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG 


:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 










:: Undrained peak shear strength, Su (kPa) ::

 

kt

vt
u

rkt

N

σq
S

defineduser or  )log(F710.50N






:: Overconsolidation Ratio, OCR ::

tnO CR

1.25

r

0.20
tn

O CR

Qk  OCR

defineduser or  
))log(F7(10.500.25

Q
k


















:: Remolded undrained shear strength, Su(rem) (kPa) ::

  sremu fS 

:: Unit Weight, g (kN/m³) ::

weightunit water g where

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw


















(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cuto f f)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K  

:: Soil Sensitivity, St ::

r

S
t

F

N
S 

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

:: Peak Friction Angle, φ' (°) ::

 tq
0.121
q

' logQB0.3360.256B29.5φ 

(applicable for 0.10<Bq<1.00)

 
  'c vtn,c sφ φ+15.9 4log( Q )26.8 8

If Ic > 2.20
α = 14 for Q tn > 14

α = Q tn for Q tn ≤ 14
MCPT = α·(q t − σv)

 

If Ic ≥ 2.20
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

SBT - Bq plots

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

ArcataLocation:

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

SBT - Bq plots (normalized)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

Bq plots (Schneider)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

Mod. SBTn legend

1. CCS: ClayLike - Contractive, Sensitive

2. CC: Clay-like - Contractive

3. CD: Clay-Like: Dilative

4. TC: Transitional - Contractive

5. TD: Transitional - Dilative

6. SC: Sand-like - Contractive

7. SD: Sand-like - Dilative
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

Updated SBTn plots

CCS:
CC:
CD:
TC:
TD:
SC:
SD:

Clay-like - Contractive - Sensitive
Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

Calculation parameters

Relative density constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and q t

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: Auto

OCR factor for clays, Nkt: Auto

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Q tn (Robertson, 2009)

User defined estimation data

Flat Dilatometer Test data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

Calculation parameters

Soil Sensitivity factor, NS: 350.00

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.75 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04

Location:

Bearing Capacity calculation is
perfromed based on the formula:

soiltkult qqRQ 

where:
Rk: Bearing capacity factor

q t: Average corrected cone
resistance over calculation depth

qsoil: Pressure applied by soil

above footing

No B
(ft)

Start
Depth

(ft)

End Depth
(ft)

Ave. qt

(tsf)
Soil Press.

(tsf)
Ult. bearing 

cap. (tsf)

Rk

:: Tabular results ::

1 3.00 1.60 6.10 66.39 0.10 13.370.20

2 3.70 1.60 7.15 68.05 0.10 13.710.20

3 4.40 1.60 8.20 67.32 0.10 13.560.20

4 5.10 1.60 9.25 69.48 0.10 13.990.20

5 5.80 1.60 10.30 69.43 0.10 13.980.20

6 6.50 1.60 11.35 71.61 0.10 14.420.20

7 7.20 1.60 12.40 78.50 0.10 15.800.20

8 7.90 1.60 13.45 93.94 0.10 18.880.20

9 8.60 1.60 14.50 119.22 0.10 23.940.20

10 9.30 1.60 15.55 135.80 0.10 27.260.20

11 10.00 1.60 16.60 139.65 0.10 28.030.20

12 10.70 1.60 17.65 139.65 0.10 28.030.20

13 11.40 1.60 18.70 139.65 0.10 28.030.20

14 12.10 1.60 19.75 139.65 0.10 28.030.20

15 12.80 1.60 20.80 139.65 0.10 28.030.20
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This software is licensed to: Middle Earth Geo Testing

:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10k then 1.00I and 3.27I 

cI1.37--4.52
cc 10k then 3.27I and 4.00I 



:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N














 
cI0.28171.1268tn601

10

1
QN




:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q 

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cuto f f)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 

(applicable only to Ic < Ic_cuto f f)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,

:: Drained Friction Angle, φ (°) ::

(applicable only to SBTn: 5, 6, 7 and 8  or Ic < Ic_cuto f f)

:: 1-D constrained modulus, M (MPa) ::

 
c0.5 5 I+1.6 8CP T t vM=0.0 3( qσ )1 0   

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG 


:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 










:: Undrained peak shear strength, Su (kPa) ::

 

kt

vt
u

rkt

N

σq
S

defineduser or  )log(F710.50N






:: Overconsolidation Ratio, OCR ::

tnO CR

1.25

r

0.20
tn

O CR

Qk  OCR

defineduser or  
))log(F7(10.500.25

Q
k


















:: Remolded undrained shear strength, Su(rem) (kPa) ::

  sremu fS 

:: Unit Weight, g (kN/m³) ::

weightunit water g where

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw


















(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cuto f f)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K  

:: Soil Sensitivity, St ::

r

S
t

F

N
S 

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

:: Peak Friction Angle, φ' (°) ::

 tq
0.121
q

' logQB0.3360.256B29.5φ 

(applicable for 0.10<Bq<1.00)

 
  'c vtn,c sφ φ+15.9 4log( Q )26.8 8

If Ic > 2.20
α = 14 for Q tn > 14

α = Q tn for Q tn ≤ 14
MCPT = α·(q t − σv)

 

If Ic ≥ 2.20
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

SBT - Bq plots

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

ArcataLocation:

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

SBT - Bq plots (normalized)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

Bq plots (Schneider)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 2:38:58 PM 6
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

Mod. SBTn legend

1. CCS: ClayLike - Contractive, Sensitive

2. CC: Clay-like - Contractive

3. CD: Clay-Like: Dilative

4. TC: Transitional - Contractive

5. TD: Transitional - Dilative

6. SC: Sand-like - Contractive

7. SD: Sand-like - Dilative
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

Updated SBTn plots

CCS:
CC:
CD:
TC:
TD:
SC:
SD:

Clay-like - Contractive - Sensitive
Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

Calculation parameters

Relative density constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and q t

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: Auto

OCR factor for clays, Nkt: Auto

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Q tn (Robertson, 2009)

User defined estimation data

Flat Dilatometer Test data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

Calculation parameters

Soil Sensitivity factor, NS: 350.00

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 15.09 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04A

Location:

Bearing Capacity calculation is
perfromed based on the formula:

soiltkult qqRQ 

where:
Rk: Bearing capacity factor

q t: Average corrected cone
resistance over calculation depth

qsoil: Pressure applied by soil

above footing

No B
(ft)

Start
Depth

(ft)

End Depth
(ft)

Ave. qt

(tsf)
Soil Press.

(tsf)
Ult. bearing 

cap. (tsf)

Rk

:: Tabular results ::

1 3.00 1.60 6.10 65.68 0.10 13.230.20

2 3.70 1.60 7.15 67.27 0.10 13.550.20

3 4.40 1.60 8.20 66.90 0.10 13.480.20

4 5.10 1.60 9.25 67.35 0.10 13.570.20

5 5.80 1.60 10.30 67.27 0.10 13.550.20

6 6.50 1.60 11.35 68.76 0.10 13.850.20

7 7.20 1.60 12.40 80.69 0.10 16.230.20

8 7.90 1.60 13.45 108.12 0.10 21.720.20

9 8.60 1.60 14.50 130.54 0.10 26.200.20

10 9.30 1.60 15.55 139.95 0.10 28.090.20

11 10.00 1.60 16.60 139.95 0.10 28.090.20

12 10.70 1.60 17.65 139.95 0.10 28.090.20

13 11.40 1.60 18.70 139.95 0.10 28.090.20

14 12.10 1.60 19.75 139.95 0.10 28.090.20

15 12.80 1.60 20.80 139.95 0.10 28.090.20
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This software is licensed to: Middle Earth Geo Testing

:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10k then 1.00I and 3.27I 

cI1.37--4.52
cc 10k then 3.27I and 4.00I 



:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N














 
cI0.28171.1268tn601

10

1
QN




:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q 

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cuto f f)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 

(applicable only to Ic < Ic_cuto f f)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,

:: Drained Friction Angle, φ (°) ::

(applicable only to SBTn: 5, 6, 7 and 8  or Ic < Ic_cuto f f)

:: 1-D constrained modulus, M (MPa) ::

 
c0.5 5 I+1.6 8CP T t vM=0.0 3( qσ )1 0   

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG 


:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 










:: Undrained peak shear strength, Su (kPa) ::

 

kt

vt
u

rkt

N

σq
S

defineduser or  )log(F710.50N






:: Overconsolidation Ratio, OCR ::

tnO CR

1.25

r

0.20
tn

O CR

Qk  OCR

defineduser or  
))log(F7(10.500.25

Q
k


















:: Remolded undrained shear strength, Su(rem) (kPa) ::

  sremu fS 

:: Unit Weight, g (kN/m³) ::

weightunit water g where

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw


















(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cuto f f)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K  

:: Soil Sensitivity, St ::

r

S
t

F

N
S 

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

:: Peak Friction Angle, φ' (°) ::

 tq
0.121
q

' logQB0.3360.256B29.5φ 

(applicable for 0.10<Bq<1.00)

 
  'c vtn,c sφ φ+15.9 4log( Q )26.8 8

If Ic > 2.20
α = 14 for Q tn > 14

α = Q tn for Q tn ≤ 14
MCPT = α·(q t − σv)

 

If Ic ≥ 2.20
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

SBT - Bq plots

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

ArcataLocation:

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

SBT - Bq plots (normalized)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

Bq plots (Schneider)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

Mod. SBTn legend

1. CCS: ClayLike - Contractive, Sensitive

2. CC: Clay-like - Contractive

3. CD: Clay-Like: Dilative

4. TC: Transitional - Contractive

5. TD: Transitional - Dilative

6. SC: Sand-like - Contractive

7. SD: Sand-like - Dilative
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

Updated SBTn plots

CCS:
CC:
CD:
TC:
TD:
SC:
SD:

Clay-like - Contractive - Sensitive
Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 2:26:43 PM 9

Project file: E:\04-13-23 DATA 2023119\Liberty Circle Geo Evaluation CPeIT.cpt

RFP PW23-3 
Exhibit B1 
108 of 268



Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

Calculation parameters

Relative density constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and q t

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: Auto

OCR factor for clays, Nkt: Auto

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Q tn (Robertson, 2009)

User defined estimation data

Flat Dilatometer Test data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

Calculation parameters

Soil Sensitivity factor, NS: 350.00

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 16.40 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-04B

Location:

Bearing Capacity calculation is
perfromed based on the formula:

soiltkult qqRQ 

where:
Rk: Bearing capacity factor

q t: Average corrected cone
resistance over calculation depth

qsoil: Pressure applied by soil

above footing

No B
(ft)

Start
Depth

(ft)

End Depth
(ft)

Ave. qt

(tsf)
Soil Press.

(tsf)
Ult. bearing 

cap. (tsf)

Rk

:: Tabular results ::

1 3.00 1.60 6.10 65.44 0.10 13.180.20

2 3.70 1.60 7.15 65.57 0.10 13.210.20

3 4.40 1.60 8.20 65.31 0.10 13.160.20

4 5.10 1.60 9.25 65.52 0.10 13.200.20

5 5.80 1.60 10.30 65.30 0.10 13.160.20

6 6.50 1.60 11.35 65.38 0.10 13.170.20

7 7.20 1.60 12.40 68.35 0.10 13.770.20

8 7.90 1.60 13.45 77.37 0.10 15.570.20

9 8.60 1.60 14.50 83.49 0.10 16.790.20

10 9.30 1.60 15.55 86.55 0.10 17.410.20

11 10.00 1.60 16.60 97.04 0.10 19.500.20

12 10.70 1.60 17.65 97.04 0.10 19.500.20

13 11.40 1.60 18.70 97.04 0.10 19.500.20

14 12.10 1.60 19.75 97.04 0.10 19.500.20

15 12.80 1.60 20.80 97.04 0.10 19.500.20
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This software is licensed to: Middle Earth Geo Testing

:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10k then 1.00I and 3.27I 

cI1.37--4.52
cc 10k then 3.27I and 4.00I 



:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N














 
cI0.28171.1268tn601

10

1
QN




:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q 

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cuto f f)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 

(applicable only to Ic < Ic_cuto f f)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,

:: Drained Friction Angle, φ (°) ::

(applicable only to SBTn: 5, 6, 7 and 8  or Ic < Ic_cuto f f)

:: 1-D constrained modulus, M (MPa) ::

 
c0.5 5 I+1.6 8CP T t vM=0.0 3( qσ )1 0   

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG 


:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 










:: Undrained peak shear strength, Su (kPa) ::

 

kt

vt
u

rkt

N

σq
S

defineduser or  )log(F710.50N






:: Overconsolidation Ratio, OCR ::

tnO CR

1.25

r

0.20
tn

O CR

Qk  OCR

defineduser or  
))log(F7(10.500.25

Q
k


















:: Remolded undrained shear strength, Su(rem) (kPa) ::

  sremu fS 

:: Unit Weight, g (kN/m³) ::

weightunit water g where

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw


















(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cuto f f)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K  

:: Soil Sensitivity, St ::

r

S
t

F

N
S 

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

:: Peak Friction Angle, φ' (°) ::

 tq
0.121
q

' logQB0.3360.256B29.5φ 

(applicable for 0.10<Bq<1.00)

 
  'c vtn,c sφ φ+15.9 4log( Q )26.8 8

If Ic > 2.20
α = 14 for Q tn > 14

α = Q tn for Q tn ≤ 14
MCPT = α·(q t − σv)

 

If Ic ≥ 2.20
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

SBT - Bq plots

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

ArcataLocation:

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

SBT - Bq plots (normalized)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

Bq plots (Schneider)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

Mod. SBTn legend

1. CCS: ClayLike - Contractive, Sensitive

2. CC: Clay-like - Contractive

3. CD: Clay-Like: Dilative

4. TC: Transitional - Contractive

5. TD: Transitional - Dilative

6. SC: Sand-like - Contractive

7. SD: Sand-like - Dilative
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

Updated SBTn plots

CCS:
CC:
CD:
TC:
TD:
SC:
SD:

Clay-like - Contractive - Sensitive
Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

Calculation parameters

Relative density constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and q t

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: Auto

OCR factor for clays, Nkt: Auto

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Q tn (Robertson, 2009)

User defined estimation data

Flat Dilatometer Test data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

Calculation parameters

Soil Sensitivity factor, NS: 350.00

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 17.88 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-05

Location:

Bearing Capacity calculation is
perfromed based on the formula:

soiltkult qqRQ 

where:
Rk: Bearing capacity factor

q t: Average corrected cone
resistance over calculation depth

qsoil: Pressure applied by soil

above footing

No B
(ft)

Start
Depth

(ft)

End Depth
(ft)

Ave. qt

(tsf)
Soil Press.

(tsf)
Ult. bearing 

cap. (tsf)

Rk

:: Tabular results ::

1 3.00 1.60 6.10 25.02 0.10 5.100.20

2 3.70 1.60 7.15 28.35 0.10 5.770.20

3 4.40 1.60 8.20 33.67 0.10 6.830.20

4 5.10 1.60 9.25 38.08 0.10 7.710.20

5 5.80 1.60 10.30 41.27 0.10 8.350.20

6 6.50 1.60 11.35 42.86 0.10 8.670.20

7 7.20 1.60 12.40 44.58 0.10 9.010.20

8 7.90 1.60 13.45 46.78 0.10 9.450.20

9 8.60 1.60 14.50 54.49 0.10 10.990.20

10 9.30 1.60 15.55 74.69 0.10 15.030.20

11 10.00 1.60 16.60 93.76 0.10 18.850.20

12 10.70 1.60 17.65 106.83 0.10 21.460.20

13 11.40 1.60 18.70 108.90 0.10 21.880.20

14 12.10 1.60 19.75 108.90 0.10 21.880.20

15 12.80 1.60 20.80 108.90 0.10 21.880.20
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This software is licensed to: Middle Earth Geo Testing

:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10k then 1.00I and 3.27I 

cI1.37--4.52
cc 10k then 3.27I and 4.00I 



:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N














 
cI0.28171.1268tn601

10

1
QN




:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q 

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cuto f f)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 

(applicable only to Ic < Ic_cuto f f)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,

:: Drained Friction Angle, φ (°) ::

(applicable only to SBTn: 5, 6, 7 and 8  or Ic < Ic_cuto f f)

:: 1-D constrained modulus, M (MPa) ::

 
c0.5 5 I+1.6 8CP T t vM=0.0 3( qσ )1 0   

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG 


:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 










:: Undrained peak shear strength, Su (kPa) ::

 

kt

vt
u

rkt

N

σq
S

defineduser or  )log(F710.50N






:: Overconsolidation Ratio, OCR ::

tnO CR

1.25

r

0.20
tn

O CR

Qk  OCR

defineduser or  
))log(F7(10.500.25

Q
k


















:: Remolded undrained shear strength, Su(rem) (kPa) ::

  sremu fS 

:: Unit Weight, g (kN/m³) ::

weightunit water g where

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw


















(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cuto f f)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K  

:: Soil Sensitivity, St ::

r

S
t

F

N
S 

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

:: Peak Friction Angle, φ' (°) ::

 tq
0.121
q

' logQB0.3360.256B29.5φ 

(applicable for 0.10<Bq<1.00)

 
  'c vtn,c sφ φ+15.9 4log( Q )26.8 8

If Ic > 2.20
α = 14 for Q tn > 14

α = Q tn for Q tn ≤ 14
MCPT = α·(q t − σv)

 

If Ic ≥ 2.20
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

SBT - Bq plots

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 2:30:35 PM 2
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

ArcataLocation:

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravelly sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

SBT - Bq plots (normalized)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

Bq plots (Schneider)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

Mod. SBTn legend

1. CCS: ClayLike - Contractive, Sensitive

2. CC: Clay-like - Contractive

3. CD: Clay-Like: Dilative

4. TC: Transitional - Contractive

5. TD: Transitional - Dilative

6. SC: Sand-like - Contractive

7. SD: Sand-like - Dilative
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

Updated SBTn plots

CCS:
CC:
CD:
TC:
TD:
SC:
SD:

Clay-like - Contractive - Sensitive
Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

Calculation parameters

Relative density constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and q t

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: Auto

OCR factor for clays, Nkt: Auto

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Q tn (Robertson, 2009)

User defined estimation data

Flat Dilatometer Test data

CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/20/2023, 2:30:36 PM 11

Project file: E:\04-13-23 DATA 2023119\Liberty Circle Geo Evaluation CPeIT.cpt

RFP PW23-3 
Exhibit B1 
138 of 268



Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

Calculation parameters

Soil Sensitivity factor, NS: 350.00

User defined estimation data
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Project: Liberty Circle Geo Evaluation

Middle Earth Geo Testing, Inc.

www.middleearthgeo.com

Total depth: 23.62 ft, Date: 4/13/2023

Surface Elevation: 0.00 ft

Arcata

Coords: X:0.00, Y:0.00

Cone Type: 15cm

Cone Operator: JM-GM

CPT: CPT-06

Location:

Bearing Capacity calculation is
perfromed based on the formula:

soiltkult qqRQ 

where:
Rk: Bearing capacity factor

q t: Average corrected cone
resistance over calculation depth

qsoil: Pressure applied by soil

above footing

No B
(ft)

Start
Depth

(ft)

End Depth
(ft)

Ave. qt

(tsf)
Soil Press.

(tsf)
Ult. bearing 

cap. (tsf)

Rk

:: Tabular results ::

1 3.00 1.60 6.10 19.56 0.10 4.010.20

2 3.70 1.60 7.15 26.56 0.10 5.410.20

3 4.40 1.60 8.20 30.00 0.10 6.100.20

4 5.10 1.60 9.25 30.88 0.10 6.270.20

5 5.80 1.60 10.30 33.13 0.10 6.720.20

6 6.50 1.60 11.35 38.75 0.10 7.850.20

7 7.20 1.60 12.40 42.44 0.10 8.580.20

8 7.90 1.60 13.45 45.96 0.10 9.290.20

9 8.60 1.60 14.50 51.28 0.10 10.350.20

10 9.30 1.60 15.55 52.79 0.10 10.650.20

11 10.00 1.60 16.60 58.38 0.10 11.770.20

12 10.70 1.60 17.65 65.90 0.10 13.280.20

13 11.40 1.60 18.70 69.71 0.10 14.040.20

14 12.10 1.60 19.75 72.18 0.10 14.530.20

15 12.80 1.60 20.80 73.72 0.10 14.840.20
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This software is licensed to: Middle Earth Geo Testing

:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10k then 1.00I and 3.27I 

cI1.37--4.52
cc 10k then 3.27I and 4.00I 



:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N














 
cI0.28171.1268tn601

10

1
QN




:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q 

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cuto f f)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 

(applicable only to Ic < Ic_cuto f f)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,

:: Drained Friction Angle, φ (°) ::

(applicable only to SBTn: 5, 6, 7 and 8  or Ic < Ic_cuto f f)

:: 1-D constrained modulus, M (MPa) ::

 
c0.5 5 I+1.6 8CP T t vM=0.0 3( qσ )1 0   

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG 


:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 










:: Undrained peak shear strength, Su (kPa) ::

 

kt

vt
u

rkt

N

σq
S

defineduser or  )log(F710.50N






:: Overconsolidation Ratio, OCR ::

tnO CR

1.25

r

0.20
tn

O CR

Qk  OCR

defineduser or  
))log(F7(10.500.25

Q
k


















:: Remolded undrained shear strength, Su(rem) (kPa) ::

  sremu fS 

:: Unit Weight, g (kN/m³) ::

weightunit water g where

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw


















(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cuto f f)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K  

:: Soil Sensitivity, St ::

r

S
t

F

N
S 

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cuto f f)

:: Peak Friction Angle, φ' (°) ::

 tq
0.121
q

' logQB0.3360.256B29.5φ 

(applicable for 0.10<Bq<1.00)

 
  'c vtn,c sφ φ+15.9 4log( Q )26.8 8

If Ic > 2.20
α = 14 for Q tn > 14

α = Q tn for Q tn ≤ 14
MCPT = α·(q t − σv)

 

If Ic ≥ 2.20
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Library Circle Geo Evaluations

Cal Poly Humboldt SAMPLE ID

Arcata, CA

(B) gms (B) gms

(C) gms (C) gms

gms gms

(A) (A)

(B) gms (B) gms

(C) gms (C) gms

gms gms

(A) (A)

(B) gms (B) gms

(C) gms (C) gms

gms gms

(A) (A)

PROJECT

FINER THAN #200 SIEVE

ASTM C117/ASTM D-1140

JOB NO. 5376.13 SHEET

SOIL TYPE

LOCATION

CLIENT

CHECKED BYVARIOUS SANDS

TEST BY

GB-1 @ 15.0'

GB-2 @ 20.0'

23-022EK

5/5/23AMC

1 of 1

DATE

168.2

CHECK DATE

GB-2 @ 10.0'

138.6Net sample (Dry)Net sample (Dry)

Dry sample after washing

 Total Material finer than 200 sieve

% Material finer than 200 sieve

A=[(B-C)/B]X100

117.6 86.4

 Total Material finer than 200 sieve 52.2

37.7%% Material finer than 200 sieve

50.6

30.1%

31.8%

30.8

22.2%

Dry sample after washing

126.0

184.7

Net sample (Dry) 0.0

Dry sample after washing 0.0

A=[(B-C)/B]X100

0

A=[(B-C)/B]X100

0

A=[(B-C)/B]X100

 Total Material finer than 200 sieve  Total Material finer than 200 sieve

% Material finer than 200 sieve

Net sample (Dry)

58.7

% Material finer than 200 sieve

Dry sample after washing

Net sample (Dry)

A=[(B-C)/B]X100

 Total Material finer than 200 sieve 0.0

% Material finer than 200 sieve #DIV/0!

GB-3 @ 10.0'

Net sample (Dry) 138.5

Dry sample after washing 107.7

A=[(B-C)/B]X100

 Total Material finer than 200 sieve 0.0

% Material finer than 200 sieve #DIV/0!

0.0

Dry sample after washing 0.0

P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\07 Material Testing\Lab Tests\5376.13 

#200Washes 23-022EK
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SAMPLE ID

GB-3 @ 5.0'-7.0'

Material Source GB-3 @ 5.0'-7.0'

*
 Groove closure = 13mm

Run 3

PLASTIC LIMIT

29.44

28.11

1.33

29.73

1.64

Run 2

PROJECT

SOIL TYPE

SOURCE

CLIENT

CHECKED BY

Cal Poly Humboldt

CHECK DATE

ATTERBERG LIMITS

ASTM D-4318

JOB NO. 5376.13 SHEETLibrary Circle Geo Evaluation

CL

23-022EK

0 1/0/00

5/18/23TEST BY SLC

1 of 1

DATE

Point 1 Point 2 Point 3

31.37

Run 1

21.36 18.43

Dry Soil (gm)

Water (gm)

Tare (gm)

*
 Number of Blows

21.43

18.20

3.23

8.66

9.54

33.9%

33

Tare + Wet Soil (gm)

Tare + Dry Soil (gm)

Water Content (%) 34.8%

15.86

2.57

8.55

7.31

35.2%

18.03

3.33

8.45

9.58

27 22

PLASTIC LIMIT = 

PLASTIC INDEX =

34

19

15

LIQUID LIMIT =

21.06

8.67

18.92%

6.91

19.25%

21.20

25.0%

30.0%

35.0%

40.0%

1 10 100

W
at

er
 c

o
n

te
n

t 
%

Number of Blows

Liquid Limit

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100 110

P
L

A
S

T
IC

IT
Y

 I
N

D
E

X

LIQUID LIMIT

ML or OL

CL-ML

CL or OL

CH or OH

MH or OH

P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\07 Material Testing\Lab Tests\5376.13 Atterberg 
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SAMPLE ID

Diameter of Sample cm

Area of Sample cm
2

Density of Water ρw gram/cm
3

Specific Gravity of Solids  G gram/cm
3

Initial Specimen Height H0 cm Final Speciment Height Hf cm

Water Content Water Content

Wet soil + pan gram Wet soil + pan gram

Dry soil + pan gram Dry soil + pan gram

Pan gram Pan gram

Total water gram Total water gram

Dry soil gram Dry soil gram

Water Content Wfp Water Content Wfp 

Moisture Density Moisture Density 

Wet soil + consol assembly gram Wet soil + consol assembly gram

Consol assembly gram Consol assembly gram

Moist Mass of Specimen MTI gram Moist Mass of Specimen MTf gram

Initial Volume of Sample Vo cm
3

Final Volume of Sample Vf cm
3

Wet Density gram/cm
3

Wet Density gram/cm
3

Dry Mass of Specimen Md grams Dry Mass of Specimen Md grams

Initial Dry Density ρd gram/cm
3

Final Dry Density gram/cm
3

Dry Unit Weight lb/ft
3

Final Dry Unit Wieght lb/ft
3

Volume of Solids Vs cm
3

Volume of Solids Vs cm
3

Equivalent Height of Solids Hs cm Equivalent Height of Solids Hs cm

Void Ratio Before Test eo Void Ratio After Test ef

Initial Degree of Saturation  So Final Degree of Saturation  Sf

2.11%

6.59%

0.0086

4.74%

2.45

0.43

0.48

0.510.0312

0.1199

0.0533

1000

250

-0.0071

-0.0075

-0.0084

0.44

-0.0191 0.1295

-0.0180 0.1486 5.87% 2.384000

0.47-0.0213 0.1082 4.28% 2.42

5.12% 2.40 0.45

118.0%

1152.6

3.22%

0.53

2.2

136.3

51.4

1.62

0.53

0.53

1.23%

0.34%

0.67% 2.51

988

164.6

75.4

Void Ratio           

e=(H-Hs )/Hs

0.14%

1.8

0.00%

0.52

2.48

0.47

0.0084

0.0035

Load 

Increment

Change in 

height              

df  (cm)

0.0815

0.1666

0.46

0.50

2.52

2.50

8000

2000

0.0184

0.0384

0.0221

0.0467

0.0282

0.0142

Percent strain            

ε= ∑ΔH/H0

Height                  

H=H0-ΔH

2.53

2.53

2.41

2.36

112.8108.1

16000

4000

Change in 

height                                   

df (inches)

1

0.0033

0.0014

0.0056

0.0020

Initial

500

125

1000

250

0.0151

0.0087

0.0111

∑ΔH

0

0.0170

0.0051

0.0035

2.38

31.7

POSTCONSOLIDATION

135.7

20.8%

172.2

144.0

8.3

28.2

2.65

149.0

8.4

183.9

2.53

1

6.35

88.8%

0.53

52.3

1.7

17.8%

26.5

157.4

2.0

PRECONSOLIDATION

987.1

163.4

1150.5

138.7

80.1

1.65

TEST BY AMC

CLIENT Cal Poly Humboldt

DATE 6/2/23LOCATION GB-2 @ 7.0'

CHECKED BY CHECK DATESOIL TYPE Sand w/ fines

CONSOLIDATION TEST 

ASTM D-2435

23-022EK 1 of 11

SHEETPROJECT Library Circle Geo Eval JOB NO. 5376.13
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NO NEED TO MESS WITH THIS TABLE.  IT AUTOMATICALLY GETS ITS DATA FROM "CALCULATIONS" SHEET

Load 

Increment

Change in 

height                                   

df (inches)

Change in 

height              

df  (cm)

∑ΔH

Percent 

strain            

ε= 

∑ΔH/H0

Height                  

H=H0-ΔH

Void Ratio           

e=(H-Hs )/Hs

Initial 1 0 0 0.00% 2.53 0.53

125 0.001 0.004 0.004 0.14% 2.53 0.53

250 0.002 0.005 0.009 0.34% 2.52 0.53

500 0.003 0.008 0.017 0.67% 2.51 0.52

1000 0.006 0.014 0.031 1.23% 2.50 0.51

2000 0.009 0.022 0.053 2.11% 2.48 0.50

4000 0.011 0.028 0.082 3.22% 2.45 0.48

8000 0.015 0.038 0.120 4.74% 2.41 0.46

16000 0.018 0.047 0.167 6.59% 2.36 0.43

4000 -0.007 -0.018 0.149 5.87% 2.38 0.44

1000 -0.008 -0.019 0.130 5.12% 2.40 0.45

250 -0.008 -0.021 0.108 4.28% 2.42 0.47
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SAMPLE ID

NOTES:

Assumed Specific Gravity = 2.65

CONSOLIDATION TEST 

ASTM D-2435

23-022EK 2 of 11

SHEET

Cal Poly Humboldt

Library Circle Geo Eval JOB NO. 5376.13

CLIENT

PROJECT

6/2/23
SOIL TYPE Sand w/ fines CHECKED BY CHECK DATE

LOCATION GB-2 @ 7.0' TEST BY AMC

 Moisture %

% Saturation

Dry Density, pcf

Void Ratio

DATE

Initial 

0.53

17.8%

88.8%

108.1

Final

118.0%

112.8

0.47

20.8%

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

7.00%

1 10 100 1000 10000 100000

S
tr

a
in

, 
%

  
  

  
  
 

Effective Stress, psf

Strain-Log-P Curve
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SAMPLE ID

NOTES:

Assumed Specific Gravity = 2.65

0.53

17.8%

88.8%

108.1

SOIL TYPE Sand w/ fines

Final

118.0%

112.8

0.47

20.8% Moisture %

% Saturation

Dry Density, pcf

Void Ratio

Initial 

DATE 6/2/23LOCATION GB-2 @ 7.0'
CHECKED BY CHECK DATE

TEST BY AMC

PROJECT Library Circle Geo Eval JOB NO. 5376.13

CLIENT Cal Poly Humboldt

CONSOLIDATION TEST 

ASTM D-2435

23-022EK 2 of 11

SHEET

0.40

0.42

0.44

0.46

0.48

0.50

0.52

0.54

10 100 1000 10000 100000

V
o

id
 R

a
ti

o
 

Effective Stress, psf

Void Ratio-Log-P Curve
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SAMPLE ID

at 5.0'-7.0'

Diameter (inch)

Height (inch)

Water Content (%)

Dry Density (pcf)

Void Ratio*

Peak Shear Stress (psf)

c - intercept (cohesion)

phi (internal friction angle)

Notes: Undisturbed Shelby 

1 of 1

DATE

Cal Poly Humboldt

CHECKED BY CHECK DATESand with fines

23-022EK

5/11/23

PROJECT

SOIL TYPE

LOCATION

CLIENT

AMCTEST BYGB-2

DIRECT SHEAR

ASTM D-3080

JOB NO. 5376.13 SHEETLibrary Circle Geo Evaluations

Point 1 Point 2 Point 3

244

42.4°

1547.1

*Void ratio calculation assumes a specific gravity of 2.65

0.6 0.6 0.60.6

2754.7 4107.5

15.9

2.5

103.4

15.2

Average

Sample Dimensions

1.0

16.1 16.4

103.0 101.8105.4

0

500

1000

1500

2000

2500

3000

3500

4000

4500

0
.0

0
0

0
.0

5
0

0
.1

0
0

0
.1

5
0

0
.2

0
0

0
.2

5
0

0
.3

0
0

S
h
ea

r 
S

tr
es

s 
T

(p
sf

)

Displacement (in)

Shear Stress -vs- Displacement

y = 0.9122x + 244.41

R² = 0.999

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

3500.00

4000.00

4500.00

0.00 500.00 1000.00 1500.00 2000.00 2500.00 3000.00 3500.00 4000.00 4500.00

M
ax

im
u
m

 S
h
ea

r 
S

tr
es

s,
 t

m
a

x
(p

sf
)

Normal Stress, sn (psf)

Maximum Shear Stress -vs- Normal Stress
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SAMPLE ID

at 5.0'-7.0'

Diameter (inch)

Height (inch)

Water Content (%)

Dry Density (pcf)

Void Ratio*

Peak Shear Stress (psf)

c - intercept (cohesion)

phi (internal friction angle)

Notes: Undisturbed Shelby

2.5

101.8

20.8

Average

Sample Dimensions

1.0

22.0 22.4

101.8 100.4103.4

Point 1 Point 2 Point 3

770

28.3°

1552.9

*Void ratio calculation assumes a specific gravity of 2.65

0.6 0.7 0.60.6

2218.1 3056.8

21.7

DIRECT SHEAR

ASTM D-3080

JOB NO. 5376.13 SHEETLibrary Circle Geo EvaluationsPROJECT

SOIL TYPE

LOCATION

CLIENT

AMCTEST BYGB-3

1 of 1

DATE

Cal Poly Humboldt

CHECKED BY CHECK DATESand with fines

23-022EK

5/16/23

0
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1000

1500
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3500
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0
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0
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0
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S
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s 
T
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)

Displacement (in)

Shear Stress -vs- Displacement

y = 0.5376x + 770.48

R² = 0.9955

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

3500.00

0.00 500.00 1000.00 1500.00 2000.00 2500.00 3000.00 3500.00 4000.00 4500.00
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Normal Stress, sn (psf)

Maximum Shear Stress -vs- Normal Stress
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LAB ID

*Void ratio calculation assumes a specific gravity of 2.65 

**Unconfined compressive strength as measured with a pocket penetrometer.  Average of three readings.

% Saturation

Dry Density (pcf)

#REF!#REF!0.00.0

#REF!

#REF!

Sample Depth (ft bgs)

#REF!#REF!0.00.0Compressive Strength** (tsf)

Void Ratio*

Wet Density (pcf)

#REF!

#REF!

#REF!

#REF!

#REF!#REF!

#REF!

#REF!#REF!

#REF!

#REF!

#REF!

#REF!

#REF! #REF! #REF!

#REF!

#REF!

#REF!#REF!

#REF!

0.5

133.4

110.5

#DIV/0!

#DIV/0!

#DIV/0!

Soil Type (USCS)

Moisture Content (%)

#REF!

#REF!

#DIV/0!

#DIV/0!

0.0

0.0

0.0

0.0

#DIV/0!

#DIV/0!

#REF!

GB-3

VARIOUS

5.0-7.0

20.7

PROJECT

Arcata, CA

0.0 0.0Sample Location

SOIL TYPE

LOCATION

CLIENT Cal Poly Humboldt

CHECKED BY

#REF!

#REF!

#REF!

#REF!

0.0

0.0

0.00.0

0

#DIV/0!

MOISTURE / DENSITY

ASTM D-2216 / 2937

JOB NO. 5376.13 SHEETLibrary Circle Geo Evaluations

110.0 #DIV/0! #DIV/0! 0.0

VARIOUS

23-022EK

6/6/23

1 of 1

#REF!

AMCTEST BY DATE

0.0

#REF!

CHECK DATE

0.0
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Page Project No.  

1 5376.13

Project Tested By Date 

AMC 5/18/23

Sample ID
Client Checked By Date 

CLAY

COARSE FINE COARSE MEDIUM FINE

GRAVEL= 0.8% GRAVEL= passing 3" and retained on #4 sieve

SAND= 40.0% SAND= passing #4 sieve and retained on #200 sieve

SILT= 28.2% SILT= 0.074mm to 0.005mm

CLAY= 31.0% CLAY= smaller than 0.005mm

SAMPLE LOCATION SOIL CLASSIFICATION

GB-3 @ 5.0'-7.0' Sandy Lean Clay

COBBLES
GRAVEL SAND SILT

23-022EK

PARTICLE SIZE ANALYSIS

WORKSHEET (ASTM D422)

Library Circle Geo Evaluation

Cal Poly Humboldt

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

0.0010.010.1110100

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

GRAIN SIZE IN MILLIMETERS

50 5 0.5 0.05 0.005

3

2
-1

/2

2

1
-1

/2

1 3
/4 1

/2

3
/8 4

8 1
0 1

6

2
0

3
0

4
0 5

0

6
0

1
0
0

2
0
0

2
7
0
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Tested By: AMC Date:

Checked By: Date:

Total Sample Weight 646.1 grams

Wt. % % Wt. % % Wt. % % Wt. % %

Ret. Ret. Pass Ret. Ret. Pass Ret. Ret. Pass Ret. Ret. Pass

40.6

40.6

57.0

97.6

39.2

136.8

58.5

195.3

57.3

252.6

11.4

264.0

20.5
284.5

GB-3 @ 15.0'

5376.13Project No.

Sample ID:

Material Desc.

Sample Location

Cal Poly Humboldt

23-022EK

Size of Sample (g)

(62.5mm) 2
 1

/2

(9.5mm) 3/8

(75mm) 3

(600mm) 30

Combined

Grading %

(2.36mm) 8

(50mm) 2

(4.75mm) 4

(12.5mm) 1/2

(37.5mm) 1 1/2

(25mm) 1

(19mm) 3/4

14.3 85.7

34.3

86

66

51.948.1

Wash Wt.

(300mm) 50

(150mm) 100

(75mm) 200

(1.18mm) 16 65.7

7

0

31

11

52

11.288.8

92.8 7.2

68.6 31.4

0100.0

Pass (4.75mm) #4(37.5mm x 19mm) 1
1
/2 x 

3
/4 (19mm x 4.75mm) 

3
/4 x #4

284.5

44.03%

646.1

Client:

SIEVE ANALYSIS WORKSHEET (ASTM C-136)

Manufacturer

Sand

Native

5/5/2023

(37.5mm) Ret. 1 
1
/2

% Used

Partial Weight (g)

5376.13 Sieve Analysis, Fine 23-022EK
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Project No. 5376.13, July 1, 2023 

 

 

 

A P P E N D I X  3  

Liquefaction Analysis 
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Vertical settlements data report
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LIQUEFACTION ANALYSIS REPORT

Input parameters and analysis data

Analysis method:
Fines correction method:

Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

.

G.W.T. (in-situ):

G.W.T. (earthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Project title : CalL Poly Humboldt health dining and housing
facility

Location : Arcata, CA

GeoLogismiki

Geotechnical Engineers

Merarhias 56

http://www.geologismiki.gr

CPT file : CPT-01 - Basic

20.00 ft

8.00 ft

5

2.50

Based on SBT

Use fill:
Fill height:

Fill weight:
Trans. detect. applied:
Kσ applied:

No

N/A

N/A

No

Yes

Clay like behavior

applied:

Limit depth applied:

Limit depth:

MSF method:

 

Sands only

Yes

42.00 ft

Method based

Cone res istance

qt (tsf)
4002000

D
e
p
th

 (
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)

40

38
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32
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Cone res istance SBTn Plot

Ic (Robertson 1990)
4321
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SBTn Plot CRR plot

CRR & CSR
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During earthq.
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Liquefaction
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Normalized friction ratio (%)
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Frict ion Ratio

Rf (%)
1086420
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0

Frict ion Ratio

M w= 71 / 2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
21.510.50

40

38
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34

32
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28
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24

22

20

18

16

14

12

10

8

6

4

2

0

FS Plot

During earthq.

Zone A1 : Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:04 AM
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

Cone res istance

qt (tsf)
400200
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Cone res istance

CPT bas ic  in terpretat ion p lots

Frict ion Ratio

Rf (%)
1086420
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Frict ion Ratio Pore pressure

u (psi)
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
4321
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SBT Plot Soi l  Behaviour Type

SBT (Robertson et al. 1986)
1817161514131211109876543210
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0
Soil Behaviour Type

Sand

Silty sand & sandy silt

Clay

Clay & silty clay

Clay & silty clay

Clay
Clay

Clay & silty clay

Clay

Silty sand & sandy silt
Sand & silty sand
Silty sand & sandy silt
Sand & silty sand

Clay & silty clay

Silty sand & sandy silt

Silty sand & sandy silt
Clay & silty clay

Clay & silty clay
Very dense/stiff soil

Silty sand & sandy silt
Very dense/stiff soil

Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt

Very dense/stiff soil

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:04 AM 2

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

clayey sand9. Very stiff fine grained
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

Norm. cone resistance

Qtn
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Norm. cone resistance

CPT bas ic  in terpretat ion p lots  (normal i zed)

Norm. friction ratio

Fr (%)
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Norm. friction ratio Nom. pore pressure ratio
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.16 423.18 0.61 124.220.000.40

2 0.33 216.07 1.15 125.010.000.52

3 0.49 174.77 1.88 125.400.280.77

4 0.66 195.02 1.20 124.872.420.25

5 0.82 172.70 1.55 124.003.050.21

6 0.98 130.49 0.76 122.363.260.15

7 1.15 118.79 0.64 121.175.120.27

8 1.31 87.86 0.86 118.797.320.97

9 1.48 49.82 0.79 116.9311.140.49

10 1.64 28.59 0.62 114.9518.45-0.14

11 1.80 10.46 0.28 111.8629.225.04

12 1.97 8.72 0.29 108.7140.815.41

13 2.13 7.54 0.27 106.2351.087.35

14 2.30 7.91 0.27 106.4853.717.90

15 2.46 8.39 0.29 107.2254.918.10

16 2.62 8.45 0.35 108.1654.758.32

17 2.79 9.20 0.44 109.0255.108.31

18 2.95 9.82 0.46 109.6555.358.52

19 3.12 9.64 0.47 110.0454.678.45

20 3.28 9.72 0.45 110.1753.219.00

21 3.44 10.17 0.44 110.3551.979.48

22 3.61 11.15 0.45 110.6251.7910.01

23 3.77 11.79 0.49 111.0652.0210.67

24 3.94 10.63 0.54 111.4751.3210.67

25 4.10 10.73 0.58 111.7450.0610.52

26 4.27 12.31 0.55 111.8149.0211.20

27 4.43 13.70 0.51 111.5548.1511.66

28 4.59 13.49 0.49 110.9846.9511.81

29 4.76 11.04 0.44 110.5645.7211.08

30 4.92 10.65 0.39 110.4644.9411.30

31 5.09 12.78 0.41 110.4343.2012.23

32 5.25 14.59 0.47 110.5639.8212.76

33 5.41 16.20 0.45 110.7537.2414.07

34 5.58 17.57 0.41 110.6535.5014.40

35 5.74 16.70 0.39 110.2434.4915.28

36 5.91 16.32 0.35 111.5137.2415.40

37 6.07 15.22 0.35 114.1342.5514.88

38 6.23 15.27 0.83 117.9136.3215.61

39 6.40 17.66 1.41 121.2632.6716.65

40 6.56 54.43 1.98 123.5228.9617.08

41 6.73 58.65 2.47 124.7227.2012.79

42 6.89 61.49 2.12 125.1725.7611.89

43 7.05 44.70 1.96 125.0627.167.13

44 7.22 36.66 1.77 124.7428.9911.65

45 7.38 41.01 2.01 124.7531.7716.40

46 7.55 40.19 2.30 125.3531.3117.51

47 7.71 42.93 2.42 126.1929.1620.24

48 7.87 55.47 2.67 126.2327.2121.24
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 8.04 64.09 2.63 126.0126.7719.49

50 8.20 57.78 1.82 125.5626.8013.86

51 8.37 40.56 1.94 124.4027.319.55

52 8.53 35.45 1.84 123.0129.7914.76

53 8.69 33.86 1.35 122.3433.5215.02

54 8.86 28.79 1.42 121.5534.9716.26

55 9.02 29.81 1.49 120.7633.9417.36

56 9.19 26.04 1.33 120.7735.8616.03

57 9.35 32.78 1.12 121.2037.9717.54

58 9.51 25.96 1.48 122.3937.3213.99

59 9.68 24.38 1.91 123.8836.4917.23

60 9.84 43.98 2.51 125.1536.7320.29

61 10.01 45.93 2.81 126.1035.4913.88

62 10.17 46.81 2.69 126.8334.5115.49

63 10.33 46.17 2.63 126.8934.5314.57

64 10.50 41.88 2.85 126.6032.7114.38

65 10.66 45.95 2.58 125.9932.6116.07

66 10.83 56.08 2.10 125.1932.7711.93

67 10.99 40.05 1.78 124.0830.387.57

68 11.15 35.21 1.57 122.8129.5015.75

69 11.32 44.90 1.28 121.4431.1016.07

70 11.48 36.72 1.20 120.2830.6216.51

71 11.65 30.45 1.03 119.5130.9717.42

72 11.81 31.34 0.87 119.1534.5028.00

73 11.98 26.37 1.06 119.3836.7123.65

74 12.14 24.62 1.24 119.9036.5831.14

75 12.30 29.68 1.46 120.4537.1132.24

76 12.47 35.89 1.37 120.6936.7934.91

77 12.63 34.49 1.29 120.8135.5731.88

78 12.80 30.59 1.21 120.6235.3534.98

79 12.96 32.14 1.25 120.7536.0839.62

80 13.12 29.68 1.29 121.4437.8739.82

81 13.29 34.28 1.50 122.8139.5544.75

82 13.45 33.27 1.95 124.5740.6244.13

83 13.62 36.95 2.59 126.7836.6842.91

84 13.78 46.13 3.29 128.5432.3147.62

85 13.94 80.83 3.91 129.8828.0437.88

86 14.11 98.62 3.80 130.4123.701.11

87 14.27 108.68 3.73 130.6819.38-2.99

88 14.44 115.42 2.76 130.8716.23-4.05

89 14.60 140.73 2.84 131.0214.50-4.88

90 14.76 171.19 3.49 131.1814.10-5.90

91 14.93 161.14 3.61 131.6014.53-0.91

92 15.09 132.21 3.91 131.4915.060.16

93 15.26 121.91 3.70 130.7715.571.48

94 15.42 119.41 2.74 129.9414.590.99

95 15.58 125.82 2.21 129.0412.770.01

96 15.75 159.37 1.88 128.3311.53-0.98
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 15.91 158.48 2.08 128.1511.41-1.68

98 16.08 139.84 2.43 128.1412.26-0.18

99 16.24 118.85 2.48 127.9814.260.15

100 16.40 95.75 2.35 127.7416.520.28

101 16.57 89.99 2.04 127.4718.160.53

102 16.73 92.01 2.15 127.3219.860.23

103 16.90 96.22 2.33 127.1920.91-0.06

104 17.06 82.97 2.54 127.2221.05-0.18

105 17.22 75.08 2.32 126.9419.330.31

106 17.39 89.81 2.09 126.2417.390.18

107 17.55 116.75 1.52 125.4914.96-0.21

108 17.72 116.67 1.20 124.9113.50-1.06

109 17.88 117.88 1.40 124.5513.55-0.04

110 18.04 96.48 1.56 124.6615.750.20

111 18.21 79.31 1.77 125.1019.120.28

112 18.37 68.50 1.88 125.1223.140.18

113 18.54 63.52 2.02 124.5927.27-0.18

114 18.70 58.14 1.86 123.8331.35-0.35

115 18.86 39.41 1.42 123.0336.03-0.12

116 19.03 31.50 1.35 122.5340.183.19

117 19.19 26.33 1.46 122.7341.433.12

118 19.36 36.01 1.83 123.6140.453.21

119 19.52 54.97 2.13 124.6038.431.74

120 19.69 54.66 2.23 125.2835.711.25

121 19.85 55.48 2.27 125.4335.851.17

122 20.01 54.29 2.02 125.3138.220.95

123 20.18 38.17 2.02 125.2239.660.87

124 20.34 38.17 2.19 125.1141.102.91

125 20.51 45.14 2.25 125.2440.862.36

126 20.67 46.20 2.25 125.2536.672.62

127 20.83 57.70 2.16 125.3031.412.19

128 21.00 64.69 1.64 125.5025.171.70

129 21.16 79.66 1.73 125.7918.891.62

130 21.33 114.33 1.83 125.8413.941.53

131 21.49 149.60 1.83 126.0711.161.40

132 21.65 174.34 1.57 126.089.861.03

133 21.82 163.49 1.46 125.8410.010.55

134 21.98 132.43 1.53 125.5511.610.14

135 22.15 99.28 1.62 125.3515.03-0.18

136 22.31 79.09 1.79 124.7519.06-0.21

137 22.47 67.62 1.83 124.2723.180.13

138 22.64 62.59 1.35 123.9626.370.07

139 22.80 59.26 1.49 123.7127.51-0.04

140 22.97 56.10 1.62 123.5127.80-0.04

141 23.13 63.41 1.65 123.8629.080.46

142 23.29 61.86 1.66 123.9930.31-1.03

143 23.46 56.77 1.78 123.9631.40-1.79

144 23.62 50.91 1.72 123.8532.47-1.78
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

145 23.79 46.96 1.68 123.7532.91-1.44

146 23.95 53.56 1.62 123.6531.67-0.67

147 24.11 57.45 1.59 123.5828.67-1.32

148 24.28 65.40 1.58 123.9526.84-1.24

149 24.44 76.18 1.41 124.4027.27-1.07

150 24.61 72.05 1.87 124.6729.19-1.31

151 24.77 57.47 2.09 124.6931.51-1.69

152 24.93 43.50 2.04 124.6133.79-3.72

153 25.10 45.09 1.81 124.2135.01-3.58

154 25.26 56.91 1.52 124.0434.42-3.34

155 25.43 57.59 1.54 124.9133.51-3.85

156 25.59 59.77 1.86 126.4531.55-4.43

157 25.75 63.98 2.90 128.6129.09-4.60

158 25.92 89.25 3.51 130.2028.63-5.25

159 26.08 129.39 4.43 131.4628.88-6.19

160 26.25 103.97 4.35 132.2427.19-6.33

161 26.41 91.92 4.59 132.6625.29-6.66

162 26.57 115.42 4.40 132.8824.63-6.76

163 26.74 138.77 4.11 133.5123.21-7.69

164 26.90 151.30 4.82 134.1621.97-7.88

165 27.07 160.13 5.63 134.5121.89-7.87

166 27.23 151.37 6.06 134.0821.57-8.06

167 27.40 134.81 5.40 133.0221.71-8.01

168 27.56 128.34 2.74 131.4721.74-7.89

169 27.72 102.25 1.99 129.6220.54-7.98

170 27.89 98.71 2.02 128.4518.73-8.14

171 28.05 112.93 2.31 129.1518.12-9.36

172 28.22 136.52 3.25 130.7217.44-9.33

173 28.38 168.15 3.68 131.8817.35-9.34

174 28.54 182.59 4.50 132.8718.15-9.55

175 28.71 153.05 4.27 133.5119.10-9.76

176 28.87 135.31 4.74 133.8720.39-9.98

177 29.04 138.98 5.09 133.8121.93-10.70

178 29.20 147.89 5.00 133.6122.78-10.70

179 29.36 138.92 4.76 133.1622.23-10.82

180 29.53 124.21 3.96 132.4421.74-10.86

181 29.69 130.54 3.40 131.4022.06-11.02

182 29.86 121.89 3.16 130.3422.09-11.13

183 30.02 101.24 2.76 129.4922.16-11.73

184 30.18 101.32 2.66 128.8223.22-11.83

185 30.35 95.29 2.46 128.2024.07-11.80

186 30.51 90.80 2.47 127.6423.76-11.83

187 30.68 90.48 2.33 127.0623.22-11.84

188 30.84 91.65 1.90 126.9122.45-11.80

189 31.00 95.29 1.81 126.9322.04-11.98

190 31.17 104.44 2.16 127.0621.84-11.98

191 31.33 98.89 2.44 127.4921.99-11.61

192 31.50 98.22 2.47 127.9622.44-11.74
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

193 31.66 101.59 2.47 128.1122.70-11.84

194 31.82 101.41 2.52 128.0621.93-11.95

195 31.99 104.63 2.40 127.9020.83-12.01

196 32.15 112.08 2.25 127.8120.17-12.05

197 32.32 114.93 2.08 127.9220.61-12.47

198 32.48 112.97 2.25 128.2122.19-12.40

199 32.64 96.57 2.73 128.5025.06-12.38

200 32.81 83.61 3.03 128.7728.34-12.37

201 32.97 72.19 3.11 128.8830.89-12.35

202 33.14 74.77 2.97 128.9531.43-12.35

203 33.30 84.16 2.79 129.0330.53-12.37

204 33.46 92.42 2.92 129.1528.85-12.43

205 33.63 96.93 3.04 128.5825.76-12.47

206 33.79 97.13 3.07 128.1923.38-12.47

207 33.96 104.54 1.56 127.8721.62-12.53

208 34.12 112.45 1.85 127.6720.38-12.54

209 34.28 115.74 2.22 127.5919.66-12.53

210 34.45 115.69 2.59 128.4421.36-12.93

211 34.61 110.23 2.85 129.0423.34-13.35

212 34.78 96.97 2.98 129.3324.78-13.24

213 34.94 94.16 3.08 129.5825.52-13.14

214 35.10 99.88 2.92 129.7826.67-13.07

215 35.27 111.28 3.14 129.9226.95-13.01

216 35.43 98.25 3.39 129.8926.67-12.96

217 35.60 97.25 3.27 129.7526.47-12.95

218 35.76 98.30 2.97 129.3826.28-12.92

219 35.93 99.41 2.62 128.9925.09-12.89

220 36.09 104.27 2.45 128.7424.12-12.86

221 36.25 107.07 2.56 128.6823.95-12.84

222 36.42 106.86 2.71 128.7224.43-12.82

223 36.58 100.01 2.85 128.8225.01-12.81

224 36.75 93.10 2.75 128.8625.24-12.80

225 36.91 98.07 2.68 128.4224.47-12.78

226 37.07 105.01 2.65 128.1323.89-12.76

227 37.24 107.57 1.91 128.0823.62-12.74

228 37.40 102.02 2.33 128.2923.49-12.73

229 37.57 96.92 2.64 128.4824.12-12.69

230 37.73 106.86 2.96 128.6926.09-12.60

231 37.89 100.48 3.02 128.3327.38-12.57

232 38.06 82.23 2.52 127.6427.37-12.55

233 38.22 74.01 1.94 126.7127.47-12.54

234 38.39 79.90 1.60 125.7927.06-12.77

235 38.55 83.97 1.72 125.3326.47-12.82

236 38.71 85.50 1.86 125.5326.11-12.79

237 38.88 80.16 1.95 125.8626.47-12.78

238 39.04 83.42 2.12 125.9826.97-12.76

239 39.21 83.21 2.00 125.8827.38-12.75

240 39.37 80.51 1.90 125.7327.20-12.74
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

241 39.53 78.76 1.78 125.4826.81-12.75

242 39.70 79.54 1.76 125.7927.13-12.79

243 39.86 83.45 1.80 127.0728.64-12.79

244 40.03 86.43 2.37 129.2330.58-12.79

245 40.19 91.14 3.65 132.4130.62-12.78

246 40.35 107.05 5.34 136.0428.20-12.78

247 40.52 170.50 8.51 137.2826.05-12.75

248 40.68 266.24 12.41 137.28100.00-12.73

249 40.85 293.32 14.28 137.28100.00-12.65

250 41.01 347.27
-273363.2

4
137.28100.00-12.55

251 41.17 418.65
-273363.2

4
137.28100.00-11.99

252 41.34 501.94
-273363.2

4
137.28100.00-11.82

Abbreviations

Depth:
qc:

fs:
u:

Fines content:

Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

1 0.16 0.01 0.00 0.01 1.00 0.773 1.156 1.10 2.0000.67 No1.00

2 0.33 0.02 0.00 0.02 1.00 0.773 1.156 1.10 2.0000.67 No1.00

3 0.49 0.03 0.00 0.03 1.00 0.773 1.156 1.10 2.0000.67 No1.00

4 0.66 0.04 0.00 0.04 1.00 0.773 1.156 1.10 2.0000.67 No1.00

5 0.82 0.05 0.00 0.05 1.00 0.773 1.156 1.10 2.0000.67 No1.00

6 0.98 0.06 0.00 0.06 1.00 0.773 1.156 1.10 2.0000.67 No1.00

7 1.15 0.07 0.00 0.07 1.00 0.773 1.156 1.10 2.0000.67 No1.00

8 1.31 0.08 0.00 0.08 1.00 0.773 1.156 1.10 2.0000.67 No1.00

9 1.48 0.09 0.00 0.09 1.00 0.773 1.156 1.10 2.0000.67 No1.00

10 1.64 0.10 0.00 0.10 1.00 0.773 1.156 1.10 2.0000.67 No1.00

11 1.80 0.11 0.00 0.11 1.00 0.773 1.156 1.10 2.0000.67 No1.00

12 1.97 0.12 0.00 0.12 1.00 0.773 1.156 1.10 2.0000.67 No1.00

13 2.13 0.13 0.00 0.13 1.00 0.773 1.156 1.10 2.0000.67 No1.00

14 2.30 0.14 0.00 0.14 1.00 0.773 1.156 1.10 2.0000.67 No1.00

15 2.46 0.14 0.00 0.14 1.00 0.773 1.156 1.10 2.0000.67 No1.00

16 2.62 0.15 0.00 0.15 1.00 0.773 1.156 1.10 2.0000.67 No1.00

17 2.79 0.16 0.00 0.16 1.00 0.773 1.156 1.10 2.0000.67 No1.00

18 2.95 0.17 0.00 0.17 1.00 0.773 1.156 1.10 2.0000.67 No1.00

19 3.12 0.18 0.00 0.18 1.00 0.773 1.156 1.10 2.0000.67 No1.00

20 3.28 0.19 0.00 0.19 1.00 0.773 1.156 1.10 2.0000.67 No1.00

21 3.44 0.20 0.00 0.20 1.00 0.773 1.156 1.10 2.0000.67 No1.00

22 3.61 0.21 0.00 0.21 1.00 0.773 1.156 1.10 2.0000.67 No1.00

23 3.77 0.22 0.00 0.22 1.00 0.773 1.156 1.10 2.0000.67 No1.00

24 3.94 0.23 0.00 0.23 1.00 0.773 1.156 1.10 2.0000.67 No1.00

25 4.10 0.23 0.00 0.23 1.00 0.773 1.156 1.10 2.0000.67 No1.00

26 4.27 0.24 0.00 0.24 1.00 0.773 1.156 1.10 2.0000.67 No1.00

27 4.43 0.25 0.00 0.25 1.00 0.773 1.156 1.10 2.0000.67 No1.00

28 4.59 0.26 0.00 0.26 1.00 0.773 1.156 1.10 2.0000.67 No1.00

29 4.76 0.27 0.00 0.27 1.00 0.773 1.156 1.10 2.0000.67 No1.00

30 4.92 0.28 0.00 0.28 1.00 0.773 1.156 1.10 2.0000.67 No1.00

31 5.09 0.29 0.00 0.29 1.00 0.773 1.156 1.10 2.0000.67 No1.00

32 5.25 0.30 0.00 0.30 1.00 0.773 1.156 1.10 2.0000.67 No1.00

33 5.41 0.31 0.00 0.31 1.00 0.773 1.156 1.10 2.0000.67 No1.00

34 5.58 0.32 0.00 0.32 1.00 0.773 1.156 1.10 2.0000.67 No1.00

35 5.74 0.33 0.00 0.33 1.00 0.773 1.156 1.10 2.0000.67 No1.00

36 5.91 0.33 0.00 0.33 1.00 0.773 1.156 1.10 2.0000.67 No1.00

37 6.07 0.34 0.00 0.34 1.00 0.773 1.156 1.10 2.0000.67 No1.00

38 6.23 0.35 0.00 0.35 1.00 0.773 1.156 1.10 2.0000.67 No1.00

39 6.40 0.36 0.00 0.36 1.00 0.773 1.156 1.10 2.0000.67 No1.00

40 6.56 0.37 0.00 0.37 1.00 0.773 1.156 1.10 2.0000.67 No1.00

41 6.73 0.38 0.00 0.38 1.00 0.773 1.156 1.10 2.0000.67 No1.00

42 6.89 0.39 0.00 0.39 1.00 0.773 1.156 1.10 2.0000.67 No1.00

43 7.05 0.40 0.00 0.40 1.00 0.773 1.156 1.10 2.0000.67 No1.00

44 7.22 0.41 0.00 0.41 1.00 0.773 1.156 1.10 2.0000.67 No1.00

45 7.38 0.42 0.00 0.42 1.00 0.773 1.156 1.10 2.0000.67 No1.00

46 7.55 0.44 0.00 0.44 1.00 0.773 1.156 1.10 2.0000.67 No1.00

47 7.71 0.45 0.00 0.45 1.00 0.773 1.156 1.10 2.0000.67 No1.00

48 7.87 0.46 0.00 0.46 1.00 0.773 1.156 1.10 2.0000.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

49 8.04 0.47 0.00 0.47 1.00 0.776 1.159 1.10 1.0060.67 No1.00

50 8.20 0.48 0.01 0.47 1.00 0.784 1.171 1.10 0.9520.67 No1.00

51 8.37 0.49 0.01 0.48 1.00 0.792 1.184 1.10 0.8530.67 No1.00

52 8.53 0.50 0.02 0.48 1.00 0.800 1.196 1.09 0.8460.67 No1.00

53 8.69 0.51 0.02 0.49 1.00 0.808 1.207 1.09 0.8520.67 No1.00

54 8.86 0.52 0.03 0.49 1.00 0.816 1.219 1.08 0.8470.67 No1.00

55 9.02 0.53 0.03 0.49 1.00 0.823 1.230 1.08 0.8570.67 No1.00

56 9.19 0.54 0.04 0.50 1.00 0.831 1.242 1.08 0.8570.67 No1.00

57 9.35 0.55 0.04 0.50 1.00 0.838 1.252 1.08 0.8830.67 No1.00

58 9.51 0.56 0.05 0.51 1.00 0.845 1.263 1.07 0.8720.67 No1.00

59 9.68 0.57 0.05 0.51 1.00 0.852 1.274 1.07 0.8760.67 No1.00

60 9.84 0.58 0.06 0.52 1.00 0.859 1.283 1.09 0.9450.67 No1.00

61 10.01 0.59 0.06 0.52 1.00 0.866 1.294 1.09 0.9600.67 No1.00

62 10.17 0.60 0.07 0.53 1.00 0.872 1.303 1.09 0.9690.67 No1.00

63 10.33 0.61 0.07 0.54 1.00 0.879 1.313 1.09 0.9730.67 No1.00

64 10.50 0.62 0.08 0.54 1.00 0.885 1.322 1.08 0.9600.67 No1.00

65 10.66 0.63 0.08 0.55 1.00 0.891 1.332 1.08 0.9830.67 No1.00

66 10.83 0.64 0.09 0.55 1.00 0.897 1.341 1.09 1.0420.67 No1.00

67 10.99 0.65 0.09 0.56 1.00 0.903 1.350 1.07 0.9700.67 No1.00

68 11.15 0.66 0.10 0.56 1.00 0.909 1.358 1.07 0.9600.67 No1.00

69 11.32 0.67 0.10 0.57 1.00 0.915 1.367 1.08 1.0010.67 No1.00

70 11.48 0.68 0.11 0.57 1.00 0.921 1.376 1.07 0.9780.67 No1.00

71 11.65 0.69 0.11 0.58 1.00 0.927 1.385 1.06 0.9680.67 No1.00

72 11.81 0.70 0.12 0.58 1.00 0.932 1.393 1.06 0.9780.67 No1.00

73 11.98 0.71 0.12 0.58 1.00 0.938 1.401 1.06 0.9740.67 No1.00

74 12.14 0.72 0.13 0.59 1.00 0.943 1.409 1.06 0.9760.67 No1.00

75 12.30 0.73 0.13 0.59 1.00 0.948 1.417 1.06 0.9930.67 No1.00

76 12.47 0.74 0.14 0.60 1.00 0.954 1.425 1.06 1.0160.67 No1.00

77 12.63 0.75 0.14 0.60 1.00 0.959 1.432 1.06 1.0160.67 No1.00

78 12.80 0.76 0.15 0.61 1.00 0.964 1.440 1.06 1.0120.67 No1.00

79 12.96 0.77 0.15 0.61 1.00 0.969 1.447 1.06 1.0210.67 No1.00

80 13.12 0.78 0.16 0.62 1.00 0.973 1.455 1.05 1.0210.67 No1.00

81 13.29 0.79 0.17 0.62 1.00 0.978 1.462 1.06 1.0400.67 No1.00

82 13.45 0.80 0.17 0.63 1.00 0.983 1.469 1.05 1.0420.67 No1.00

83 13.62 0.81 0.18 0.63 1.00 0.988 1.476 1.06 1.0560.67 No1.00

84 13.78 0.82 0.18 0.64 1.00 0.992 1.482 1.06 1.0890.67 No1.00

85 13.94 0.83 0.19 0.64 1.00 0.996 1.488 1.08 1.3240.67 No1.00

86 14.11 0.84 0.19 0.65 1.00 1.000 1.495 1.10 1.5490.67 No1.00

87 14.27 0.85 0.20 0.66 1.00 1.004 1.501 1.10 1.6580.67 No1.00

88 14.44 0.86 0.20 0.66 1.00 1.009 1.507 1.10 1.6600.67 No1.00

89 14.60 0.87 0.21 0.67 1.00 1.012 1.513 1.10 1.8300.67 No1.00

90 14.76 0.88 0.21 0.67 1.00 1.016 1.518 1.10 1.8370.67 No1.00

91 14.93 0.89 0.22 0.68 1.00 1.020 1.524 1.10 1.8440.67 No1.00

92 15.09 0.90 0.22 0.68 1.00 1.024 1.530 1.10 1.8510.67 No1.00

93 15.26 0.92 0.23 0.69 1.00 1.028 1.535 1.09 1.7520.67 No1.00

94 15.42 0.93 0.23 0.69 1.00 1.031 1.541 1.08 1.6200.67 No1.00

95 15.58 0.94 0.24 0.70 1.00 1.035 1.546 1.08 1.5750.67 No1.00

96 15.75 0.95 0.24 0.71 1.00 1.038 1.552 1.10 1.8780.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

97 15.91 0.96 0.25 0.71 1.00 1.042 1.557 1.10 1.8880.67 No1.00

98 16.08 0.97 0.25 0.72 1.00 1.046 1.562 1.08 1.7780.67 No1.00

99 16.24 0.98 0.26 0.72 1.00 1.049 1.567 1.07 1.5820.67 No1.00

100 16.40 0.99 0.26 0.73 1.00 1.052 1.572 1.06 1.3780.67 No1.00

101 16.57 1.00 0.27 0.73 1.00 1.056 1.578 1.06 1.3590.67 No1.00

102 16.73 1.01 0.27 0.74 1.00 1.059 1.582 1.06 1.4090.67 No1.00

103 16.90 1.02 0.28 0.74 1.00 1.062 1.587 1.06 1.4770.67 No1.00

104 17.06 1.03 0.28 0.75 1.00 1.066 1.592 1.05 1.3410.67 No1.00

105 17.22 1.04 0.29 0.75 1.00 1.069 1.597 1.05 1.2690.67 No1.00

106 17.39 1.05 0.29 0.76 1.00 1.072 1.602 1.05 1.3550.67 No1.00

107 17.55 1.06 0.30 0.76 1.00 1.075 1.606 1.06 1.5890.67 No1.00

108 17.72 1.07 0.30 0.77 1.00 1.078 1.611 1.05 1.5010.67 No1.00

109 17.88 1.08 0.31 0.77 1.00 1.081 1.616 1.05 1.5200.67 No1.00

110 18.04 1.09 0.31 0.78 1.00 1.084 1.620 1.05 1.3850.67 No1.00

111 18.21 1.10 0.32 0.78 1.00 1.087 1.625 1.04 1.3110.67 No1.00

112 18.37 1.11 0.32 0.79 1.00 1.090 1.629 1.04 1.2760.67 No1.00

113 18.54 1.12 0.33 0.80 1.00 1.093 1.634 1.04 1.2680.67 No1.00

114 18.70 1.13 0.33 0.80 1.00 1.096 1.638 1.03 1.2530.67 No1.00

115 18.86 1.14 0.34 0.80 1.00 1.099 1.642 1.03 1.1910.67 No1.00

116 19.03 1.15 0.34 0.81 1.00 1.102 1.647 1.03 1.1770.67 No1.00

117 19.19 1.16 0.35 0.81 1.00 1.105 1.651 1.02 1.1690.67 No1.00

118 19.36 1.17 0.35 0.82 1.00 1.108 1.655 1.03 1.1940.67 No1.00

119 19.52 1.18 0.36 0.83 1.00 1.110 1.659 1.03 1.2630.67 No1.00

120 19.69 1.20 0.36 0.83 1.00 1.113 1.663 1.03 1.2620.67 No1.00

121 19.85 1.21 0.37 0.84 1.00 1.116 1.667 1.03 1.2680.67 No1.00

122 20.01 1.22 0.37 0.84 1.00 1.118 1.671 1.03 1.2690.67 No1.00

123 20.18 1.23 0.38 0.85 1.00 1.121 1.675 1.02 1.2160.67 No1.00

124 20.34 1.24 0.39 0.85 1.00 1.124 1.679 1.02 1.2200.67 No1.00

125 20.51 1.25 0.39 0.86 1.00 1.126 1.683 1.02 1.2450.67 No1.00

126 20.67 1.26 0.40 0.86 1.00 1.129 1.686 1.02 1.2490.67 No1.00

127 20.83 1.27 0.40 0.87 1.00 1.131 1.690 1.02 1.2910.67 No1.00

128 21.00 1.28 0.41 0.87 1.00 1.133 1.694 1.02 1.3120.67 No1.00

129 21.16 1.29 0.41 0.88 1.00 1.136 1.697 1.02 1.3610.67 No1.00

130 21.33 1.30 0.42 0.88 1.00 1.138 1.701 1.03 1.5320.67 No1.00

131 21.49 1.31 0.42 0.89 1.00 1.140 1.704 1.03 1.7370.67 No1.00

132 21.65 1.32 0.43 0.89 1.00 1.143 1.707 1.03 1.9030.67 No1.00

133 21.82 1.33 0.43 0.90 1.00 1.145 1.711 1.03 1.7470.67 No1.00

134 21.98 1.34 0.44 0.90 1.00 1.147 1.714 1.03 1.5720.67 No1.00

135 22.15 1.35 0.44 0.91 1.00 1.150 1.718 1.02 1.4480.67 No1.00

136 22.31 1.36 0.45 0.91 1.00 1.152 1.721 1.02 1.3790.67 No1.00

137 22.47 1.37 0.45 0.92 1.00 1.154 1.724 1.02 1.3450.67 No1.00

138 22.64 1.38 0.46 0.92 1.00 1.156 1.728 1.02 1.3350.67 No1.00

139 22.80 1.39 0.46 0.93 1.00 1.158 1.731 1.02 1.3260.67 No1.00

140 22.97 1.40 0.47 0.93 1.00 1.161 1.734 1.01 1.3160.67 No1.00

141 23.13 1.41 0.47 0.94 1.00 1.163 1.737 1.01 1.3550.67 No1.00

142 23.29 1.42 0.48 0.94 1.00 1.165 1.740 1.01 1.3530.67 No1.00

143 23.46 1.43 0.48 0.95 1.00 1.167 1.744 1.01 1.3340.67 No1.00

144 23.62 1.44 0.49 0.95 1.00 1.169 1.747 1.01 1.3140.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

145 23.79 1.45 0.49 0.96 1.00 1.171 1.750 1.01 1.3030.67 No1.00

146 23.95 1.46 0.50 0.96 1.00 1.173 1.753 1.01 1.3290.67 No1.00

147 24.11 1.47 0.50 0.97 1.00 1.175 1.756 1.01 1.3420.67 No1.00

148 24.28 1.48 0.51 0.97 1.00 1.177 1.759 1.01 1.3780.67 No1.00

149 24.44 1.49 0.51 0.98 1.00 1.179 1.762 1.01 1.4490.67 No1.00

150 24.61 1.50 0.52 0.98 1.00 1.181 1.765 1.01 1.4300.67 No1.00

151 24.77 1.51 0.52 0.99 1.00 1.183 1.767 1.01 1.3580.67 No1.00

152 24.93 1.52 0.53 0.99 1.00 1.185 1.770 1.01 1.3110.67 No1.00

153 25.10 1.53 0.53 1.00 1.00 1.187 1.773 1.01 1.3200.67 No1.00

154 25.26 1.54 0.54 1.00 1.00 1.188 1.776 1.01 1.3680.67 No1.00

155 25.43 1.55 0.54 1.01 1.00 1.190 1.779 1.01 1.3720.67 No1.00

156 25.59 1.56 0.55 1.01 1.00 1.192 1.781 1.00 1.3810.67 No1.00

157 25.75 1.57 0.55 1.02 1.00 1.194 1.783 1.00 1.3990.67 No1.00

158 25.92 1.58 0.56 1.03 1.00 1.195 1.786 1.00 1.5910.67 No1.00

159 26.08 1.60 0.56 1.03 1.00 1.197 1.788 1.01 2.3660.67 No1.00

160 26.25 1.61 0.57 1.04 1.00 1.198 1.790 1.00 1.7780.67 No1.00

161 26.41 1.62 0.57 1.04 1.00 1.200 1.793 1.00 1.6010.67 No1.00

162 26.57 1.63 0.58 1.05 1.00 1.201 1.795 1.00 1.9600.67 No1.00

163 26.74 1.64 0.58 1.05 1.00 1.203 1.797 1.00 2.3900.67 No1.00

164 26.90 1.65 0.59 1.06 1.00 1.204 1.799 1.00 2.3960.67 No1.00

165 27.07 1.66 0.59 1.07 1.00 1.205 1.801 1.00 2.4020.67 No1.00

166 27.23 1.67 0.60 1.07 1.00 1.206 1.803 1.00 2.4080.67 No1.00

167 27.40 1.68 0.61 1.08 1.00 1.208 1.805 1.00 2.4130.67 No1.00

168 27.56 1.69 0.61 1.08 1.00 1.209 1.807 1.00 2.2180.67 No1.00

169 27.72 1.70 0.62 1.09 1.00 1.211 1.809 1.00 1.6710.67 No1.00

170 27.89 1.71 0.62 1.09 1.00 1.212 1.811 0.99 1.6010.67 No1.00

171 28.05 1.73 0.63 1.10 1.00 1.214 1.813 0.99 1.7560.67 No1.00

172 28.22 1.74 0.63 1.11 1.00 1.215 1.815 0.99 2.2180.67 No1.00

173 28.38 1.75 0.64 1.11 1.00 1.216 1.817 0.99 2.4550.67 No1.00

174 28.54 1.76 0.64 1.12 1.00 1.217 1.819 0.98 2.4610.67 No1.00

175 28.71 1.77 0.65 1.12 1.00 1.219 1.821 0.98 2.4630.67 No1.00

176 28.87 1.78 0.65 1.13 1.00 1.220 1.823 0.99 2.3800.67 No1.00

177 29.04 1.79 0.66 1.13 1.00 1.221 1.825 0.98 2.4690.67 No1.00

178 29.20 1.80 0.66 1.14 1.00 1.222 1.826 0.98 2.4810.67 No1.00

179 29.36 1.81 0.67 1.15 1.00 1.223 1.828 0.98 2.4800.67 No1.00

180 29.53 1.82 0.67 1.15 1.00 1.225 1.830 0.98 2.0950.67 No1.00

181 29.69 1.83 0.68 1.16 1.00 1.226 1.832 0.98 2.2910.67 No1.00

182 29.86 1.85 0.68 1.16 1.00 1.227 1.833 0.98 2.0500.67 No1.00

183 30.02 1.86 0.69 1.17 1.00 1.228 1.835 0.98 1.7020.67 No1.00

184 30.18 1.87 0.69 1.17 1.00 1.230 1.837 0.98 1.7190.67 No1.00

185 30.35 1.88 0.70 1.18 1.00 1.231 1.839 0.98 1.6600.67 No1.00

186 30.51 1.89 0.70 1.18 1.00 1.232 1.841 0.98 1.6130.67 No1.00

187 30.68 1.90 0.71 1.19 1.00 1.233 1.843 0.98 1.6070.67 No1.00

188 30.84 1.91 0.71 1.20 1.00 1.235 1.845 0.98 1.6120.67 No1.00

189 31.00 1.92 0.72 1.20 1.00 1.236 1.847 0.98 1.6430.67 No1.00

190 31.17 1.93 0.72 1.21 1.00 1.237 1.849 0.98 1.7450.67 No1.00

191 31.33 1.94 0.73 1.21 1.00 1.238 1.850 0.98 1.6830.67 No1.00

192 31.50 1.95 0.73 1.22 1.00 1.240 1.852 0.98 1.6830.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

193 31.66 1.96 0.74 1.22 1.00 1.241 1.854 0.98 1.7260.67 No1.00

194 31.82 1.97 0.74 1.23 1.00 1.242 1.856 0.98 1.7140.67 No1.00

195 31.99 1.98 0.75 1.23 1.00 1.243 1.857 0.98 1.7360.67 No1.00

196 32.15 1.99 0.75 1.24 1.00 1.244 1.859 0.97 1.8230.67 No1.00

197 32.32 2.00 0.76 1.24 1.00 1.245 1.861 0.97 1.8790.67 No1.00

198 32.48 2.01 0.76 1.25 1.00 1.247 1.863 0.97 1.8840.67 No1.00

199 32.64 2.02 0.77 1.25 1.00 1.248 1.864 0.97 1.7020.67 No1.00

200 32.81 2.03 0.77 1.26 1.00 1.249 1.866 0.98 1.6010.67 No1.00

201 32.97 2.04 0.78 1.27 1.00 1.250 1.868 0.98 1.5290.67 No1.00

202 33.14 2.06 0.78 1.27 1.00 1.251 1.869 0.98 1.5490.67 No1.00

203 33.30 2.07 0.79 1.28 1.00 1.252 1.871 0.97 1.6200.67 No1.00

204 33.46 2.08 0.79 1.28 1.00 1.253 1.872 0.97 1.6920.67 No1.00

205 33.63 2.09 0.80 1.29 1.00 1.254 1.874 0.97 1.7190.67 No1.00

206 33.79 2.10 0.80 1.29 1.00 1.255 1.875 0.97 1.6990.67 No1.00

207 33.96 2.11 0.81 1.30 1.00 1.256 1.877 0.97 1.7600.67 No1.00

208 34.12 2.12 0.81 1.30 1.00 1.257 1.879 0.97 1.8430.67 No1.00

209 34.28 2.13 0.82 1.31 1.00 1.258 1.880 0.96 1.8740.67 No1.00

210 34.45 2.14 0.83 1.31 1.00 1.259 1.882 0.96 1.9180.67 No1.00

211 34.61 2.15 0.83 1.32 1.00 1.260 1.883 0.96 1.8710.67 No1.00

212 34.78 2.16 0.84 1.32 1.00 1.261 1.885 0.97 1.7180.67 No1.00

213 34.94 2.17 0.84 1.33 1.00 1.262 1.886 0.97 1.6960.67 No1.00

214 35.10 2.18 0.85 1.34 1.00 1.263 1.887 0.96 1.7720.67 No1.00

215 35.27 2.19 0.85 1.34 1.00 1.264 1.889 0.96 1.9440.67 No1.00

216 35.43 2.20 0.86 1.35 1.00 1.265 1.890 0.96 1.7540.67 No1.00

217 35.60 2.21 0.86 1.35 1.00 1.266 1.892 0.96 1.7410.67 No1.00

218 35.76 2.22 0.87 1.36 1.00 1.267 1.893 0.96 1.7530.67 No1.00

219 35.93 2.23 0.87 1.36 1.00 1.268 1.894 0.96 1.7550.67 No1.00

220 36.09 2.25 0.88 1.37 1.00 1.269 1.896 0.96 1.8040.67 No1.00

221 36.25 2.26 0.88 1.37 1.00 1.270 1.897 0.96 1.8400.67 No1.00

222 36.42 2.27 0.89 1.38 1.00 1.271 1.898 0.96 1.8440.67 No1.00

223 36.58 2.28 0.89 1.39 1.00 1.271 1.900 0.96 1.7640.67 No1.00

224 36.75 2.29 0.90 1.39 1.00 1.272 1.901 0.96 1.6940.67 No1.00

225 36.91 2.30 0.90 1.40 1.00 1.273 1.902 0.96 1.7390.67 No1.00

226 37.07 2.31 0.91 1.40 1.00 1.274 1.904 0.96 1.8150.67 No1.00

227 37.24 2.32 0.91 1.41 1.00 1.275 1.905 0.95 1.8460.67 No1.00

228 37.40 2.33 0.92 1.41 1.00 1.276 1.906 0.96 1.7750.67 No1.00

229 37.57 2.34 0.92 1.42 1.00 1.277 1.908 0.96 1.7270.67 No1.00

230 37.73 2.35 0.93 1.42 1.00 1.278 1.909 0.95 1.8710.67 No1.00

231 37.89 2.36 0.93 1.43 1.00 1.279 1.910 0.95 1.7990.67 No1.00

232 38.06 2.37 0.94 1.43 1.00 1.279 1.912 0.96 1.6240.67 No1.00

233 38.22 2.38 0.94 1.44 1.00 1.280 1.913 0.96 1.5710.67 No1.00

234 38.39 2.39 0.95 1.44 1.00 1.281 1.914 0.96 1.6080.67 No1.00

235 38.55 2.40 0.95 1.45 1.00 1.282 1.916 0.96 1.6360.67 No1.00

236 38.71 2.41 0.96 1.45 1.00 1.283 1.917 0.96 1.6470.67 No1.00

237 38.88 2.42 0.96 1.46 1.00 1.284 1.918 0.96 1.6110.67 No1.00

238 39.04 2.43 0.97 1.47 1.00 1.285 1.920 0.96 1.6380.67 No1.00

239 39.21 2.44 0.97 1.47 1.00 1.286 1.921 0.96 1.6400.67 No1.00

240 39.37 2.45 0.98 1.48 1.00 1.287 1.922 0.96 1.6200.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

241 39.53 2.46 0.98 1.48 1.00 1.287 1.924 0.96 1.6070.67 No1.00

242 39.70 2.47 0.99 1.49 1.00 1.288 1.925 0.96 1.6150.67 No1.00

243 39.86 2.49 0.99 1.49 1.00 1.289 1.926 0.95 1.6520.67 No1.00

244 40.03 2.50 1.00 1.50 1.00 1.290 1.927 0.95 1.6870.67 No1.00

245 40.19 2.51 1.00 1.50 1.00 1.291 1.928 0.95 1.7310.67 No1.00

246 40.35 2.52 1.01 1.51 1.00 1.291 1.929 0.94 1.9060.67 No1.00

247 40.52 2.53 1.01 1.51 1.00 1.292 1.930 0.89 2.8790.67 No1.00

248 40.68 2.54 1.02 1.52 1.00 1.292 1.931 0.89 2.8840.67 No1.00

249 40.85 2.55 1.02 1.53 1.00 1.293 1.932 0.89 2.8890.67 No1.00

250 41.01 2.56 1.03 1.53 1.00 1.293 1.932 0.89 2.8940.67 No1.00

251 41.17 2.57 1.03 1.54 1.00 1.294 1.933 0.89 2.8990.67 No1.00

252 41.34 2.59 1.04 1.55 1.00 1.294 1.934 0.89 2.9040.67 No1.00

Depth:
σv:
u0:
σv ':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 332.08 0.00 0.99 0.26 1.70 679.90 0.00 4.000 No No0.16 2.00254.00

2 245.03 0.00 1.24 0.26 1.70 347.15 0.00 4.000 No No0.33 2.00254.00

3 236.35 0.00 1.29 0.26 1.70 280.79 0.00 4.000 No No0.49 2.00254.00

4 177.82 0.00 1.47 0.26 1.70 313.33 0.00 4.000 No No0.66 2.00254.00

5 158.36 0.00 1.51 0.26 1.70 277.47 0.00 4.000 No No0.82 2.00254.00

6 140.98 0.00 1.53 0.32 1.70 209.65 0.00 4.000 No No0.98 2.00209.65

7 111.94 0.00 1.64 0.34 1.70 190.85 0.00 4.000 No No1.15 2.00190.85

8 83.12 3.92 1.76 0.42 1.70 141.16 0.02 4.000 No No1.31 2.00141.18

9 59.12 17.45 1.93 0.48 1.70 80.04 28.09 4.000 No No1.48 2.00108.13

10 37.12 37.68 2.18 0.50 1.70 45.93 51.43 4.000 No No1.64 2.0097.36

11 21.08 60.34 2.47 0.57 1.70 16.81 53.51 4.000 No No1.80 2.0070.31

12 12.72 79.54 2.71 0.57 1.70 14.01 0.00 4.000 No Yes1.97 2.0014.01

13 8.70 93.82 2.89 0.58 1.70 12.11 0.00 4.000 No Yes2.13 2.0012.11

14 8.31 97.17 2.93 0.57 1.70 12.71 0.00 4.000 No Yes2.30 2.0012.71

15 8.41 98.67 2.95 0.57 1.70 13.48 0.00 4.000 No Yes2.46 2.0013.48

16 8.87 98.47 2.94 0.57 1.70 13.58 0.00 4.000 No Yes2.62 2.0013.58

17 9.22 98.90 2.95 0.56 1.70 14.78 0.00 4.000 No Yes2.79 2.0014.78

18 9.49 99.21 2.95 0.56 1.70 15.78 0.00 4.000 No Yes2.95 2.0015.78

19 9.84 98.37 2.94 0.56 1.70 15.49 0.00 4.000 No Yes3.12 2.0015.49

20 10.23 96.55 2.92 0.56 1.70 15.62 0.00 4.000 No Yes3.28 2.0015.62

21 10.63 94.97 2.90 0.56 1.70 16.34 0.00 4.000 No Yes3.44 2.0016.34

22 10.84 94.74 2.90 0.55 1.70 17.91 0.00 4.000 No Yes3.61 2.0017.91

23 11.04 95.03 2.90 0.55 1.70 18.94 0.00 4.000 No Yes3.77 2.0018.94

24 11.47 94.13 2.89 0.56 1.70 17.08 0.00 4.000 No Yes3.94 2.0017.08

25 11.99 92.49 2.87 0.56 1.70 17.24 0.00 4.000 No Yes4.10 2.0017.24

26 12.33 91.12 2.85 0.55 1.70 19.78 0.00 4.000 No Yes4.27 2.0019.78

27 12.42 89.95 2.84 0.54 1.70 22.01 0.00 4.000 No Yes4.43 2.0022.01

28 12.40 88.32 2.82 0.54 1.70 21.67 0.00 4.000 No Yes4.59 2.0021.67

29 12.50 86.61 2.80 0.56 1.70 17.74 0.00 4.000 No Yes4.76 2.0017.74

30 12.68 85.53 2.78 0.56 1.70 17.11 0.00 4.000 No Yes4.92 2.0017.11

31 13.23 83.05 2.75 0.55 1.70 20.53 0.00 4.000 No Yes5.09 2.0020.53

32 14.54 78.03 2.69 0.54 1.70 23.44 0.00 4.000 No Yes5.25 2.0023.44

33 15.77 74.04 2.64 0.53 1.70 26.03 0.00 4.000 No Yes5.41 2.0026.03

34 16.48 71.23 2.60 0.53 1.70 28.23 0.00 4.000 No Yes5.58 2.0028.23

35 16.62 69.57 2.58 0.53 1.70 26.83 0.00 4.000 No Yes5.74 2.0026.83

36 16.43 74.03 2.64 0.53 1.70 26.22 0.00 4.000 No Yes5.91 2.0026.22

37 16.46 82.11 2.74 0.54 1.70 24.45 0.00 4.000 No Yes6.07 2.0024.45

38 24.01 72.56 2.62 0.54 1.70 24.53 0.00 4.000 No Yes6.23 2.0024.53

39 32.47 66.48 2.54 0.53 1.70 28.37 0.00 4.000 No Yes6.40 2.0028.37

40 41.71 59.85 2.46 0.40 1.52 78.36 70.64 4.000 No No6.56 2.00149.00

41 47.57 56.54 2.42 0.40 1.49 82.85 70.73 4.000 No No6.73 2.00153.58

42 51.36 53.72 2.38 0.39 1.47 85.65 70.37 4.000 No No6.89 2.00156.02

43 48.67 56.46 2.42 0.44 1.52 64.37 65.60 4.000 No No7.05 2.00129.98

44 45.00 59.91 2.46 0.46 1.54 53.45 63.67 4.000 No No7.22 2.00117.12

45 41.31 64.92 2.52 0.45 1.51 58.36 0.00 4.000 No Yes7.38 2.0058.36

46 43.50 64.12 2.51 0.45 1.49 56.77 0.00 4.000 No Yes7.55 2.0056.77

47 49.01 60.24 2.47 0.45 1.47 59.75 65.54 4.000 No No7.71 2.00125.29

48 52.36 56.56 2.42 0.42 1.42 74.37 68.40 4.000 No No7.87 2.00142.77
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 52.41 55.69 2.41 0.40 1.38 83.76 70.66 0.321 No No8.04 0.32154.42

50 50.90 55.76 2.41 0.41 1.39 75.88 68.52 0.256 No No8.20 0.27144.40

51 46.56 56.74 2.42 0.46 1.43 54.83 63.07 0.167 No No8.37 0.20117.90

52 39.49 61.39 2.48 0.48 1.43 48.01 62.56 0.153 No No8.53 0.18110.57

53 33.90 67.94 2.56 0.48 1.42 45.54 0.00 4.000 No Yes8.69 2.0045.54

54 31.02 70.37 2.59 0.50 1.43 38.82 0.00 4.000 No Yes8.86 2.0038.82

55 30.49 68.65 2.57 0.49 1.41 39.77 0.00 4.000 No Yes9.02 2.0039.77

56 28.91 71.82 2.61 0.51 1.41 34.74 0.00 4.000 No Yes9.19 2.0034.74

57 28.03 75.19 2.65 0.48 1.38 42.65 0.00 4.000 No Yes9.35 2.0042.65

58 30.87 74.15 2.64 0.51 1.39 34.04 0.00 4.000 No Yes9.51 2.0034.04

59 34.84 72.84 2.62 0.52 1.38 31.79 0.00 4.000 No Yes9.68 2.0031.79

60 37.64 73.23 2.63 0.45 1.32 54.72 0.00 4.000 No Yes9.84 2.0054.72

61 41.69 71.21 2.60 0.45 1.30 56.55 0.00 4.000 No Yes10.01 2.0056.55

62 45.18 69.60 2.58 0.45 1.29 57.16 0.00 4.000 No Yes10.17 2.0057.16

63 45.56 69.64 2.58 0.45 1.28 56.04 0.00 4.000 No Yes10.33 2.0056.04

64 47.59 66.56 2.54 0.47 1.28 50.82 0.00 4.000 No Yes10.50 2.0050.82

65 46.21 66.38 2.54 0.46 1.27 55.04 0.00 4.000 No Yes10.66 2.0055.04

66 44.02 66.65 2.55 0.43 1.24 65.81 0.00 4.000 No Yes10.83 2.0065.81

67 44.63 62.45 2.49 0.48 1.26 47.75 62.77 0.153 No No10.99 0.16110.52

68 42.79 60.86 2.47 0.49 1.26 41.99 60.72 0.141 No No11.15 0.15102.72

69 37.68 63.75 2.51 0.46 1.24 52.45 0.00 4.000 No Yes11.32 2.0052.45

70 35.99 62.89 2.50 0.49 1.24 43.09 61.56 0.144 No No11.48 0.15104.65

71 34.25 63.51 2.51 0.51 1.24 35.79 0.00 4.000 No Yes11.65 2.0035.79

72 30.24 69.59 2.58 0.50 1.23 36.50 0.00 4.000 No Yes11.81 2.0036.50

73 28.87 73.19 2.63 0.52 1.23 30.68 0.00 4.000 No Yes11.98 2.0030.68

74 30.01 72.97 2.62 0.53 1.23 28.52 0.00 4.000 No Yes12.14 2.0028.52

75 30.65 73.82 2.64 0.51 1.21 33.93 0.00 4.000 No Yes12.30 2.0033.93

76 31.53 73.31 2.63 0.49 1.19 40.46 0.00 4.000 No Yes12.47 2.0040.46

77 33.06 71.34 2.60 0.50 1.19 38.71 0.00 4.000 No Yes12.63 2.0038.71

78 33.08 70.99 2.60 0.51 1.19 34.26 0.00 4.000 No Yes12.80 2.0034.26

79 32.79 72.17 2.61 0.50 1.18 35.71 0.00 4.000 No Yes12.96 2.0035.71

80 32.58 75.03 2.65 0.51 1.17 32.84 0.00 4.000 No Yes13.12 2.0032.84

81 33.87 77.63 2.68 0.50 1.16 37.51 0.00 4.000 No Yes13.29 2.0037.51

82 36.69 79.25 2.70 0.50 1.15 36.21 0.00 4.000 No Yes13.45 2.0036.21

83 46.92 73.14 2.63 0.49 1.14 39.85 0.00 4.000 No Yes13.62 2.0039.85

84 59.66 65.87 2.54 0.47 1.13 49.17 0.00 4.000 No Yes13.78 2.0049.17

85 74.61 58.15 2.44 0.39 1.10 84.08 71.65 0.332 No No13.94 0.25155.73

86 90.17 49.51 2.33 0.37 1.09 101.39 72.60 0.579 No No14.11 0.37174.00

87 108.93 39.91 2.21 0.36 1.08 111.03 68.64 0.718 No No14.27 0.43179.68

88 126.88 32.11 2.11 0.36 1.08 117.38 61.96 0.708 No No14.44 0.43179.34

89 139.38 27.46 2.06 0.33 1.07 141.67 59.71 2.047 No No14.60 1.12201.38

90 144.09 26.31 2.04 0.29 1.05 170.43 62.81 4.000 No No14.76 2.00233.24

91 145.41 27.52 2.06 0.30 1.05 160.16 63.33 4.000 No No14.93 2.00223.50

92 141.16 28.97 2.07 0.34 1.05 131.78 60.40 1.251 No No15.09 0.68192.17

93 132.10 30.35 2.09 0.35 1.05 121.26 60.38 0.777 No No15.26 0.44181.64

94 131.75 27.69 2.06 0.37 1.05 118.47 55.71 0.583 No No15.42 0.36174.18

95 137.00 22.46 1.99 0.37 1.05 124.40 46.43 0.518 No No15.58 0.33170.83

96 140.58 18.68 1.95 0.33 1.04 156.26 40.55 1.588 No No15.75 0.85196.81
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 140.46 18.30 1.94 0.34 1.03 154.89 39.16 1.374 No No15.91 0.73194.05

98 134.45 20.92 1.97 0.36 1.03 136.37 44.42 0.751 No No16.08 0.42180.80

99 120.58 26.79 2.05 0.37 1.03 115.62 53.64 0.492 No No16.24 0.31169.26

100 107.29 32.85 2.12 0.40 1.03 92.97 57.62 0.293 No No16.40 0.21150.59

101 98.57 36.99 2.17 0.41 1.02 87.02 60.44 0.273 No No16.57 0.20147.47

102 91.39 41.04 2.23 0.40 1.02 88.58 64.08 0.307 No No16.73 0.22152.65

103 87.26 43.45 2.26 0.39 1.01 92.20 66.66 0.360 No No16.90 0.24158.86

104 87.22 43.77 2.26 0.42 1.01 79.25 63.61 0.248 No No17.06 0.18142.86

105 92.17 39.79 2.21 0.44 1.01 71.45 59.02 0.199 No No17.22 0.16130.47

106 96.25 35.08 2.15 0.41 1.00 85.08 58.22 0.250 No No17.39 0.18143.30

107 103.24 28.71 2.07 0.38 1.00 110.18 55.72 0.442 No No17.55 0.28165.90

108 107.52 24.62 2.02 0.39 0.99 109.67 48.61 0.355 No No17.72 0.24158.28

109 105.42 24.77 2.02 0.39 0.99 110.41 49.01 0.366 No No17.88 0.24159.42

110 95.77 30.84 2.10 0.41 0.99 89.98 54.59 0.257 No No18.04 0.19144.57

111 85.14 39.30 2.20 0.43 0.98 73.61 59.17 0.207 No No18.21 0.16132.77

112 73.19 48.32 2.32 0.45 0.98 63.28 61.99 0.184 No No18.37 0.14125.28

113 61.78 56.67 2.42 0.45 0.97 58.41 64.04 0.177 No No18.54 0.14122.45

114 52.22 64.18 2.51 0.46 0.97 53.22 0.00 4.000 No Yes18.70 2.0053.22

115 43.80 72.10 2.61 0.50 0.96 35.81 0.00 4.000 No Yes18.86 2.0035.81

116 38.30 78.59 2.69 0.52 0.96 28.44 0.00 4.000 No Yes19.03 2.0028.44

117 37.68 80.46 2.72 0.54 0.95 23.64 0.00 4.000 No Yes19.19 2.0023.64

118 40.73 78.99 2.70 0.51 0.95 32.26 0.00 4.000 No Yes19.36 2.0032.26

119 45.52 75.91 2.66 0.47 0.95 49.29 0.00 4.000 No Yes19.52 2.0049.29

120 51.11 71.57 2.61 0.47 0.94 48.79 0.00 4.000 No Yes19.69 2.0048.79

121 51.53 71.80 2.61 0.47 0.94 49.34 0.00 4.000 No Yes19.85 2.0049.34

122 48.17 75.58 2.66 0.47 0.94 48.09 0.00 4.000 No Yes20.01 2.0048.09

123 46.27 77.80 2.69 0.51 0.93 33.55 0.00 4.000 No Yes20.18 2.0033.55

124 44.42 79.96 2.71 0.51 0.93 33.48 0.00 4.000 No Yes20.34 2.0033.48

125 45.11 79.62 2.71 0.49 0.93 39.61 0.00 4.000 No Yes20.51 2.0039.61

126 50.41 73.12 2.63 0.49 0.93 40.46 0.00 4.000 No Yes20.67 2.0040.46

127 58.71 64.30 2.52 0.47 0.93 50.62 0.00 4.000 No Yes20.83 2.0050.62

128 72.54 52.53 2.37 0.46 0.93 56.72 62.07 0.169 No No21.00 0.13118.79

129 93.22 38.75 2.20 0.44 0.93 69.91 57.87 0.191 No No21.16 0.14127.79

130 116.54 25.88 2.04 0.40 0.93 100.82 49.36 0.290 No No21.33 0.19150.18

131 136.30 17.51 1.93 0.38 0.94 132.30 34.04 0.448 No No21.49 0.26166.34

132 146.85 13.22 1.88 0.36 0.94 154.31 20.92 0.606 No No21.65 0.32175.24

133 143.84 13.72 1.88 0.38 0.93 144.13 22.13 0.447 No No21.82 0.26166.26

134 129.73 18.91 1.95 0.40 0.93 116.10 36.26 0.305 No No21.98 0.19152.36

135 108.38 28.90 2.07 0.42 0.92 86.48 51.34 0.225 No No22.15 0.16137.82

136 88.20 39.16 2.20 0.44 0.92 68.50 57.85 0.187 No No22.31 0.14126.35

137 73.57 48.41 2.32 0.46 0.91 58.31 60.74 0.169 No No22.47 0.13119.04

138 64.93 54.92 2.40 0.46 0.91 53.80 62.17 0.163 No No22.64 0.12115.97

139 61.80 57.14 2.43 0.47 0.91 50.78 62.08 0.157 No No22.80 0.12112.87

140 60.64 57.69 2.43 0.48 0.90 47.91 61.46 0.151 No No22.97 0.11109.37

141 59.47 60.08 2.46 0.46 0.91 54.27 63.95 0.168 No No23.13 0.12118.22

142 57.80 62.33 2.49 0.46 0.90 52.82 64.18 0.165 No No23.29 0.12117.00

143 55.97 64.27 2.52 0.47 0.90 48.27 0.00 4.000 No Yes23.46 2.0048.27

144 53.99 66.14 2.54 0.49 0.90 43.09 0.00 4.000 No Yes23.62 2.0043.09
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

145 53.11 66.89 2.55 0.50 0.89 39.58 0.00 4.000 No Yes23.79 2.0039.58

146 54.84 64.74 2.52 0.48 0.89 45.22 0.00 4.000 No Yes23.95 2.0045.22

147 59.89 59.33 2.45 0.48 0.89 48.48 62.11 0.153 No No24.11 0.11110.59

148 64.91 55.83 2.41 0.46 0.89 55.29 62.89 0.167 No No24.28 0.12118.18

149 65.69 56.68 2.42 0.44 0.90 64.66 65.76 0.199 No No24.44 0.14130.42

150 62.89 60.28 2.47 0.44 0.90 60.95 65.89 0.188 No No24.61 0.13126.84

151 58.83 64.47 2.52 0.47 0.89 48.17 0.00 4.000 No Yes24.77 2.0048.17

152 54.96 68.39 2.57 0.50 0.88 36.11 0.00 4.000 No Yes24.93 2.0036.11

153 52.07 70.43 2.59 0.50 0.88 37.40 0.00 4.000 No Yes25.10 2.0037.40

154 52.52 69.44 2.58 0.47 0.88 47.46 0.00 4.000 No Yes25.26 2.0047.46

155 56.61 67.93 2.56 0.47 0.88 47.95 0.00 4.000 No Yes25.43 2.0047.95

156 65.44 64.53 2.52 0.47 0.88 49.72 0.00 4.000 No Yes25.59 2.0049.72

157 79.93 60.10 2.46 0.46 0.88 53.22 63.66 0.165 No No25.75 0.12116.88

158 89.19 59.24 2.45 0.41 0.89 75.16 69.54 0.257 No No25.92 0.16144.70

159 95.62 59.71 2.46 0.34 0.91 110.95 79.72 1.162 No No26.08 0.49190.67

160 105.90 56.52 2.42 0.39 0.89 87.88 72.11 0.372 No No26.25 0.21159.99

161 115.80 52.78 2.37 0.41 0.89 77.02 67.64 0.257 No No26.41 0.16144.66

162 120.17 51.44 2.36 0.37 0.90 97.72 72.60 0.509 No No26.57 0.26170.31

163 131.40 48.48 2.32 0.34 0.90 118.54 76.54 1.450 No No26.74 0.61195.08

164 143.29 45.81 2.29 0.32 0.91 129.74 77.75 2.964 No No26.90 1.24207.49

165 147.16 45.62 2.28 0.31 0.91 137.65 79.65 4.000 No No27.07 1.66217.30

166 145.08 44.92 2.27 0.32 0.90 129.40 77.05 2.776 No No27.23 1.15206.45

167 135.27 45.23 2.28 0.35 0.90 114.15 73.38 1.003 No No27.40 0.42187.53

168 122.98 45.30 2.28 0.36 0.89 108.16 71.90 0.729 No No27.56 0.33180.06

169 115.29 42.61 2.25 0.41 0.88 84.74 64.23 0.282 No No27.72 0.17148.97

170 115.63 38.37 2.19 0.42 0.87 81.35 60.29 0.242 No No27.89 0.15141.64

171 123.58 36.89 2.17 0.39 0.88 93.64 61.89 0.330 No No28.05 0.19155.53

172 139.65 35.19 2.15 0.36 0.89 114.39 64.94 0.708 No No28.22 0.32179.33

173 150.51 34.97 2.15 0.31 0.90 142.99 71.11 4.000 No No28.38 1.63214.10

174 154.99 36.96 2.17 0.29 0.91 156.31 76.47 4.000 No No28.54 1.63232.78

175 155.47 39.24 2.20 0.33 0.89 129.10 72.39 2.060 No No28.71 0.84201.49

176 151.42 42.27 2.24 0.35 0.88 113.02 71.00 0.859 No No28.87 0.36184.02

177 142.68 45.71 2.28 0.34 0.89 116.32 74.25 1.157 No No29.04 0.47190.57

178 136.91 47.55 2.31 0.33 0.89 124.29 77.48 2.093 No No29.20 0.84201.77

179 135.95 46.38 2.29 0.34 0.88 115.97 74.59 1.157 No No29.36 0.47190.56

180 132.53 45.29 2.28 0.37 0.87 102.59 70.47 0.560 No No29.53 0.27173.06

181 123.20 45.99 2.29 0.36 0.88 108.10 72.33 0.739 No No29.69 0.32180.43

182 115.68 46.06 2.29 0.37 0.87 100.26 70.36 0.515 No No29.86 0.25170.62

183 109.89 46.22 2.29 0.41 0.86 82.06 65.77 0.275 No No30.02 0.16147.83

184 101.94 48.49 2.32 0.41 0.86 82.07 66.99 0.283 No No30.18 0.16149.07

185 95.66 50.27 2.34 0.41 0.85 76.79 66.47 0.250 No No30.35 0.15143.26

186 93.74 49.62 2.33 0.42 0.85 72.81 65.11 0.226 No No30.51 0.14137.92

187 92.53 48.50 2.32 0.43 0.85 72.39 64.46 0.221 No No30.68 0.14136.85

188 94.36 46.85 2.30 0.43 0.85 73.24 63.84 0.222 No No30.84 0.14137.08

189 95.98 45.96 2.29 0.42 0.85 76.21 64.12 0.236 No No31.00 0.14140.33

190 97.53 45.53 2.28 0.40 0.85 83.94 65.86 0.287 No No31.17 0.16149.79

191 99.52 45.84 2.29 0.41 0.85 79.05 64.79 0.253 No No31.33 0.15143.84

192 100.74 46.82 2.30 0.41 0.84 78.39 65.16 0.251 No No31.50 0.15143.55
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

193 100.78 47.39 2.30 0.41 0.85 81.18 66.18 0.272 No No31.66 0.16147.36

194 103.41 45.70 2.28 0.41 0.84 80.85 65.17 0.265 No No31.82 0.15146.02

195 106.75 43.27 2.25 0.41 0.84 83.40 64.33 0.275 No No31.99 0.16147.73

196 109.03 41.75 2.23 0.40 0.85 89.63 64.85 0.321 No No32.15 0.18154.48

197 108.06 42.76 2.25 0.39 0.85 92.01 66.14 0.353 No No32.32 0.19158.15

198 103.85 46.27 2.29 0.39 0.85 90.33 67.93 0.355 No No32.48 0.19158.27

199 95.88 52.31 2.37 0.41 0.84 76.33 67.26 0.252 No No32.64 0.15143.59

200 87.84 58.71 2.45 0.43 0.83 65.42 66.65 0.204 No No32.81 0.13132.07

201 82.08 63.37 2.50 0.45 0.82 55.91 0.00 4.000 No Yes32.97 2.0055.91

202 81.25 64.33 2.52 0.45 0.82 57.96 0.00 4.000 No Yes33.14 2.0057.96

203 83.92 62.72 2.50 0.43 0.83 65.65 67.92 0.209 No No33.30 0.13133.57

204 88.90 59.67 2.46 0.42 0.83 72.43 68.91 0.241 No No33.46 0.14141.34

205 94.86 53.71 2.38 0.41 0.83 75.99 67.75 0.252 No No33.63 0.15143.74

206 100.51 48.84 2.32 0.42 0.83 75.92 65.55 0.241 No No33.79 0.14141.47

207 105.18 45.02 2.28 0.41 0.83 81.94 65.05 0.270 No No33.96 0.15146.99

208 108.93 42.25 2.24 0.40 0.83 88.45 64.90 0.313 No No34.12 0.17153.35

209 111.55 40.56 2.22 0.40 0.83 91.06 64.33 0.329 No No34.28 0.18155.39

210 110.03 44.44 2.27 0.39 0.83 91.08 67.01 0.353 No No34.45 0.18158.10

211 106.37 48.75 2.32 0.40 0.83 86.46 68.28 0.324 No No34.61 0.17154.74

212 103.20 51.73 2.36 0.42 0.82 75.21 66.71 0.243 No No34.78 0.14141.91

213 102.31 53.24 2.38 0.42 0.82 72.78 66.69 0.232 No No34.94 0.14139.48

214 99.92 55.51 2.41 0.41 0.82 77.54 68.88 0.267 No No35.10 0.15146.42

215 99.98 56.05 2.41 0.39 0.83 87.11 71.71 0.360 No No35.27 0.19158.82

216 100.81 55.50 2.41 0.41 0.82 75.95 68.44 0.256 No No35.43 0.15144.38

217 100.71 55.13 2.40 0.42 0.82 74.98 68.03 0.249 No No35.60 0.14143.02

218 99.31 54.75 2.40 0.41 0.82 75.75 68.10 0.253 No No35.76 0.14143.84

219 101.07 52.37 2.37 0.41 0.81 76.50 67.33 0.253 No No35.93 0.14143.83

220 103.00 50.37 2.34 0.41 0.82 80.41 67.48 0.275 No No36.09 0.15147.89

221 103.34 50.04 2.34 0.40 0.82 82.65 67.91 0.293 No No36.25 0.16150.56

222 102.08 51.03 2.35 0.40 0.82 82.39 68.31 0.294 No No36.42 0.16150.70

223 100.84 52.20 2.36 0.41 0.81 76.57 67.27 0.253 No No36.58 0.14143.84

224 100.43 52.67 2.37 0.43 0.80 70.74 65.90 0.221 No No36.75 0.13136.64

225 100.57 51.10 2.35 0.42 0.81 74.71 66.30 0.239 No No36.91 0.14141.00

226 100.97 49.89 2.34 0.41 0.81 80.35 67.24 0.274 No No37.07 0.15147.59

227 101.73 49.34 2.33 0.40 0.81 82.36 67.50 0.288 No No37.24 0.16149.86

228 103.49 49.08 2.33 0.41 0.80 77.61 66.12 0.252 No No37.40 0.14143.72

229 102.59 50.38 2.34 0.42 0.80 73.31 65.60 0.230 No No37.57 0.13138.91

230 97.52 54.38 2.39 0.40 0.81 81.61 69.55 0.297 No No37.73 0.16151.16

231 91.92 56.87 2.42 0.41 0.80 76.26 69.03 0.261 No No37.89 0.14145.29

232 88.51 56.86 2.42 0.45 0.79 61.21 64.87 0.186 No No38.06 0.11126.08

233 83.94 57.05 2.43 0.46 0.78 54.55 63.09 0.166 No No38.22 0.11117.64

234 80.94 56.26 2.42 0.45 0.78 59.15 64.10 0.179 No No38.39 0.11123.25

235 80.52 55.11 2.40 0.44 0.79 62.32 64.56 0.188 No No38.55 0.12126.88

236 82.41 54.41 2.39 0.44 0.79 63.45 64.62 0.192 No No38.71 0.12128.06

237 83.07 55.11 2.40 0.45 0.78 59.09 63.68 0.178 No No38.88 0.11122.77

238 82.38 56.10 2.41 0.44 0.78 61.64 64.73 0.187 No No39.04 0.11126.37

239 81.03 56.87 2.42 0.45 0.78 61.41 64.93 0.187 No No39.21 0.11126.33

240 80.90 56.54 2.42 0.45 0.78 59.16 64.20 0.179 No No39.37 0.11123.35
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

241 80.91 55.77 2.41 0.45 0.77 57.67 63.52 0.174 No No39.53 0.11121.19

242 81.55 56.39 2.42 0.45 0.77 58.22 63.89 0.176 No No39.70 0.11122.11

243 83.68 59.27 2.45 0.44 0.78 61.32 65.68 0.189 No No39.86 0.11127.00

244 89.34 62.82 2.50 0.44 0.78 63.69 67.40 0.201 No No40.03 0.12131.09

245 107.53 62.88 2.50 0.43 0.78 67.40 68.46 0.218 No No40.19 0.13135.87

246 144.09 58.44 2.44 0.40 0.79 80.23 70.68 0.295 No No40.35 0.15150.91

247 185.47 54.29 2.39 0.31 0.84 135.00 84.05 4.000 No No40.52 1.39219.05

248 236.69 100.00 4.06 0.26 0.86 215.74 0.00 4.000 No Yes40.68 1.39215.74

249 299.02 100.00 4.06 0.26 0.86 237.47 0.00 4.000 No Yes40.85 1.38237.47

250 365.31 100.00 4.06 0.26 0.86 280.92 0.00 4.000 No Yes41.01 1.38280.92

251 395.79 100.00 4.06 0.26 0.86 338.38 0.00 4.000 No Yes41.17 1.38338.38

252 454.18 100.00 4.06 0.26 0.85 405.34 0.00 4.000 No Yes41.34 1.38405.34

Abbreviations

Depth:

qt:
FC:

Ic:

m:

CN:
qc1N:

Δqc1N:
qc1N,cs:

CRR7.5:

FS:

Depth from free surface, at which CPT was performed (ft)

Total cone resistance
Fines content (%)

Soil behavior type index

Stress exponent

Overburden correction factor
Normalized and adjusted cone resistance

Cone resistance correction factor due to fines
Normalized and adjusted cone resistance

Cyclic resistance ratio for Mw=7.5

Factor of safety against soil liquefaction
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

0.16 2.00 0.00 9.98 0.17 0.00 0.33 2.00 0.00 9.95 0.17 0.00

0.49 2.00 0.00 9.93 0.16 0.00 0.66 2.00 0.00 9.90 0.17 0.00

0.82 2.00 0.00 9.88 0.16 0.00 0.98 2.00 0.00 9.85 0.16 0.00

1.15 2.00 0.00 9.82 0.17 0.00 1.31 2.00 0.00 9.80 0.16 0.00

1.48 2.00 0.00 9.77 0.17 0.00 1.64 2.00 0.00 9.75 0.16 0.00

1.80 2.00 0.00 9.73 0.16 0.00 1.97 2.00 0.00 9.70 0.17 0.00

2.13 2.00 0.00 9.68 0.16 0.00 2.30 2.00 0.00 9.65 0.17 0.00

2.46 2.00 0.00 9.63 0.16 0.00 2.62 2.00 0.00 9.60 0.16 0.00

2.79 2.00 0.00 9.57 0.17 0.00 2.95 2.00 0.00 9.55 0.16 0.00

3.12 2.00 0.00 9.52 0.17 0.00 3.28 2.00 0.00 9.50 0.16 0.00

3.44 2.00 0.00 9.48 0.16 0.00 3.61 2.00 0.00 9.45 0.17 0.00

3.77 2.00 0.00 9.43 0.16 0.00 3.94 2.00 0.00 9.40 0.17 0.00

4.10 2.00 0.00 9.38 0.16 0.00 4.27 2.00 0.00 9.35 0.17 0.00

4.43 2.00 0.00 9.32 0.16 0.00 4.59 2.00 0.00 9.30 0.16 0.00

4.76 2.00 0.00 9.27 0.17 0.00 4.92 2.00 0.00 9.25 0.16 0.00

5.09 2.00 0.00 9.22 0.17 0.00 5.25 2.00 0.00 9.20 0.16 0.00

5.41 2.00 0.00 9.18 0.16 0.00 5.58 2.00 0.00 9.15 0.17 0.00

5.74 2.00 0.00 9.13 0.16 0.00 5.91 2.00 0.00 9.10 0.17 0.00

6.07 2.00 0.00 9.07 0.16 0.00 6.23 2.00 0.00 9.05 0.16 0.00

6.40 2.00 0.00 9.02 0.17 0.00 6.56 2.00 0.00 9.00 0.16 0.00

6.73 2.00 0.00 8.97 0.17 0.00 6.89 2.00 0.00 8.95 0.16 0.00

7.05 2.00 0.00 8.93 0.16 0.00 7.22 2.00 0.00 8.90 0.17 0.00

7.38 2.00 0.00 8.88 0.16 0.00 7.55 2.00 0.00 8.85 0.17 0.00

7.71 2.00 0.00 8.82 0.16 0.00 7.87 2.00 0.00 8.80 0.16 0.00

8.04 0.32 0.68 8.77 0.17 0.31 8.20 0.27 0.73 8.75 0.16 0.31

8.37 0.20 0.80 8.72 0.17 0.36 8.53 0.18 0.82 8.70 0.16 0.35

8.69 2.00 0.00 8.68 0.16 0.00 8.86 2.00 0.00 8.65 0.17 0.00

9.02 2.00 0.00 8.63 0.16 0.00 9.19 2.00 0.00 8.60 0.17 0.00

9.35 2.00 0.00 8.58 0.16 0.00 9.51 2.00 0.00 8.55 0.16 0.00

9.68 2.00 0.00 8.52 0.17 0.00 9.84 2.00 0.00 8.50 0.16 0.00

10.01 2.00 0.00 8.47 0.17 0.00 10.17 2.00 0.00 8.45 0.16 0.00

10.33 2.00 0.00 8.43 0.16 0.00 10.50 2.00 0.00 8.40 0.17 0.00

10.66 2.00 0.00 8.38 0.16 0.00 10.83 2.00 0.00 8.35 0.17 0.00

10.99 0.16 0.84 8.33 0.16 0.34 11.15 0.15 0.85 8.30 0.16 0.35

11.32 2.00 0.00 8.27 0.17 0.00 11.48 0.15 0.85 8.25 0.16 0.34

11.65 2.00 0.00 8.22 0.17 0.00 11.81 2.00 0.00 8.20 0.16 0.00

11.98 2.00 0.00 8.17 0.17 0.00 12.14 2.00 0.00 8.15 0.16 0.00

12.30 2.00 0.00 8.13 0.16 0.00 12.47 2.00 0.00 8.10 0.17 0.00

12.63 2.00 0.00 8.08 0.16 0.00 12.80 2.00 0.00 8.05 0.17 0.00

12.96 2.00 0.00 8.02 0.16 0.00 13.12 2.00 0.00 8.00 0.16 0.00

13.29 2.00 0.00 7.97 0.17 0.00 13.45 2.00 0.00 7.95 0.16 0.00

13.62 2.00 0.00 7.92 0.17 0.00 13.78 2.00 0.00 7.90 0.16 0.00

13.94 0.25 0.75 7.88 0.16 0.29 14.11 0.37 0.63 7.85 0.17 0.25

14.27 0.43 0.57 7.83 0.16 0.22 14.44 0.43 0.57 7.80 0.17 0.23

14.60 1.12 0.00 7.77 0.16 0.00 14.76 2.00 0.00 7.75 0.16 0.00

14.93 2.00 0.00 7.72 0.17 0.00 15.09 0.68 0.32 7.70 0.16 0.12

15.26 0.44 0.56 7.67 0.17 0.22 15.42 0.36 0.64 7.65 0.16 0.24

15.58 0.33 0.67 7.63 0.16 0.25 15.75 0.85 0.15 7.60 0.17 0.06
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

15.91 0.73 0.27 7.58 0.16 0.10 16.08 0.42 0.58 7.55 0.17 0.23

16.24 0.31 0.69 7.53 0.16 0.25 16.40 0.21 0.79 7.50 0.16 0.29

16.57 0.20 0.80 7.47 0.17 0.31 16.73 0.22 0.78 7.45 0.16 0.28

16.90 0.24 0.76 7.42 0.17 0.29 17.06 0.18 0.82 7.40 0.16 0.29

17.22 0.16 0.84 7.38 0.16 0.30 17.39 0.18 0.82 7.35 0.17 0.31

17.55 0.28 0.72 7.33 0.16 0.26 17.72 0.24 0.76 7.30 0.17 0.29

17.88 0.24 0.76 7.28 0.16 0.27 18.04 0.19 0.81 7.25 0.16 0.29

18.21 0.16 0.84 7.22 0.17 0.32 18.37 0.14 0.86 7.20 0.16 0.30

18.54 0.14 0.86 7.17 0.17 0.32 18.70 2.00 0.00 7.15 0.16 0.00

18.86 2.00 0.00 7.13 0.16 0.00 19.03 2.00 0.00 7.10 0.17 0.00

19.19 2.00 0.00 7.08 0.16 0.00 19.36 2.00 0.00 7.05 0.17 0.00

19.52 2.00 0.00 7.03 0.16 0.00 19.69 2.00 0.00 7.00 0.17 0.00

19.85 2.00 0.00 6.97 0.16 0.00 20.01 2.00 0.00 6.95 0.16 0.00

20.18 2.00 0.00 6.92 0.17 0.00 20.34 2.00 0.00 6.90 0.16 0.00

20.51 2.00 0.00 6.87 0.17 0.00 20.67 2.00 0.00 6.85 0.16 0.00

20.83 2.00 0.00 6.83 0.16 0.00 21.00 0.13 0.87 6.80 0.17 0.31

21.16 0.14 0.86 6.78 0.16 0.28 21.33 0.19 0.81 6.75 0.17 0.28

21.49 0.26 0.74 6.72 0.16 0.24 21.65 0.32 0.68 6.70 0.16 0.22

21.82 0.26 0.74 6.67 0.17 0.26 21.98 0.19 0.81 6.65 0.16 0.26

22.15 0.16 0.84 6.62 0.17 0.29 22.31 0.14 0.86 6.60 0.16 0.28

22.47 0.13 0.87 6.58 0.16 0.28 22.64 0.12 0.88 6.55 0.17 0.30

22.80 0.12 0.88 6.53 0.16 0.28 22.97 0.11 0.89 6.50 0.17 0.30

23.13 0.12 0.88 6.47 0.16 0.28 23.29 0.12 0.88 6.45 0.16 0.28

23.46 2.00 0.00 6.42 0.17 0.00 23.62 2.00 0.00 6.40 0.16 0.00

23.79 2.00 0.00 6.37 0.17 0.00 23.95 2.00 0.00 6.35 0.16 0.00

24.11 0.11 0.89 6.33 0.16 0.27 24.28 0.12 0.88 6.30 0.17 0.29

24.44 0.14 0.86 6.28 0.16 0.26 24.61 0.13 0.87 6.25 0.17 0.28

24.77 2.00 0.00 6.23 0.16 0.00 24.93 2.00 0.00 6.20 0.16 0.00

25.10 2.00 0.00 6.17 0.17 0.00 25.26 2.00 0.00 6.15 0.16 0.00

25.43 2.00 0.00 6.12 0.17 0.00 25.59 2.00 0.00 6.10 0.16 0.00

25.75 0.12 0.88 6.08 0.16 0.26 25.92 0.16 0.84 6.05 0.17 0.26

26.08 0.49 0.51 6.03 0.16 0.15 26.25 0.21 0.79 6.00 0.17 0.25

26.41 0.16 0.84 5.98 0.16 0.24 26.57 0.26 0.74 5.95 0.16 0.21

26.74 0.61 0.39 5.92 0.17 0.12 26.90 1.24 0.00 5.90 0.16 0.00

27.07 1.66 0.00 5.87 0.17 0.00 27.23 1.15 0.00 5.85 0.16 0.00

27.40 0.42 0.58 5.82 0.17 0.18 27.56 0.33 0.67 5.80 0.16 0.19

27.72 0.17 0.83 5.78 0.16 0.23 27.89 0.15 0.85 5.75 0.17 0.25

28.05 0.19 0.81 5.73 0.16 0.23 28.22 0.32 0.68 5.70 0.17 0.20

28.38 1.63 0.00 5.67 0.16 0.00 28.54 1.63 0.00 5.65 0.16 0.00

28.71 0.84 0.16 5.62 0.17 0.05 28.87 0.36 0.64 5.60 0.16 0.17

29.04 0.47 0.53 5.57 0.17 0.15 29.20 0.84 0.16 5.55 0.16 0.04

29.36 0.47 0.53 5.53 0.16 0.14 29.53 0.27 0.73 5.50 0.17 0.21

29.69 0.32 0.68 5.48 0.16 0.18 29.86 0.25 0.75 5.45 0.17 0.21

30.02 0.16 0.84 5.42 0.16 0.22 30.18 0.16 0.84 5.40 0.16 0.22

30.35 0.15 0.85 5.37 0.17 0.24 30.51 0.14 0.86 5.35 0.16 0.22

30.68 0.14 0.86 5.32 0.17 0.24 30.84 0.14 0.86 5.30 0.16 0.22

31.00 0.14 0.86 5.28 0.16 0.22 31.17 0.16 0.84 5.25 0.17 0.23

31.33 0.15 0.85 5.23 0.16 0.22 31.50 0.15 0.85 5.20 0.17 0.23
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

31.66 0.16 0.84 5.18 0.16 0.21 31.82 0.15 0.85 5.15 0.16 0.21

31.99 0.16 0.84 5.12 0.17 0.22 32.15 0.18 0.82 5.10 0.16 0.20

32.32 0.19 0.81 5.07 0.17 0.21 32.48 0.19 0.81 5.05 0.16 0.20

32.64 0.15 0.85 5.03 0.16 0.21 32.81 0.13 0.87 5.00 0.17 0.23

32.97 2.00 0.00 4.98 0.16 0.00 33.14 2.00 0.00 4.95 0.17 0.00

33.30 0.13 0.87 4.93 0.16 0.21 33.46 0.14 0.86 4.90 0.16 0.21

33.63 0.15 0.85 4.87 0.17 0.22 33.79 0.14 0.86 4.85 0.16 0.20

33.96 0.15 0.85 4.82 0.17 0.21 34.12 0.17 0.83 4.80 0.16 0.19

34.28 0.18 0.82 4.78 0.16 0.19 34.45 0.18 0.82 4.75 0.17 0.20

34.61 0.17 0.83 4.73 0.16 0.19 34.78 0.14 0.86 4.70 0.17 0.21

34.94 0.14 0.86 4.68 0.16 0.20 35.10 0.15 0.85 4.65 0.16 0.19

35.27 0.19 0.81 4.62 0.17 0.20 35.43 0.15 0.85 4.60 0.16 0.19

35.60 0.14 0.86 4.57 0.17 0.20 35.76 0.14 0.86 4.55 0.16 0.19

35.93 0.14 0.86 4.52 0.17 0.20 36.09 0.15 0.85 4.50 0.16 0.19

36.25 0.16 0.84 4.48 0.16 0.18 36.42 0.16 0.84 4.45 0.17 0.19

36.58 0.14 0.86 4.43 0.16 0.18 36.75 0.13 0.87 4.40 0.17 0.20

36.91 0.14 0.86 4.37 0.16 0.18 37.07 0.15 0.85 4.35 0.16 0.18

37.24 0.16 0.84 4.32 0.17 0.19 37.40 0.14 0.86 4.30 0.16 0.18

37.57 0.13 0.87 4.27 0.17 0.19 37.73 0.16 0.84 4.25 0.16 0.17

37.89 0.14 0.86 4.23 0.16 0.18 38.06 0.11 0.89 4.20 0.17 0.19

38.22 0.11 0.89 4.18 0.16 0.18 38.39 0.11 0.89 4.15 0.17 0.19

38.55 0.12 0.88 4.12 0.16 0.18 38.71 0.12 0.88 4.10 0.16 0.18

38.88 0.11 0.89 4.07 0.17 0.19 39.04 0.11 0.89 4.05 0.16 0.17

39.21 0.11 0.89 4.02 0.17 0.18 39.37 0.11 0.89 4.00 0.16 0.17

39.53 0.11 0.89 3.98 0.16 0.17 39.70 0.11 0.89 3.95 0.17 0.18

39.86 0.11 0.89 3.93 0.16 0.17 40.03 0.12 0.88 3.90 0.17 0.18

40.19 0.13 0.87 3.88 0.16 0.17 40.35 0.15 0.85 3.85 0.16 0.16

40.52 1.39 0.00 3.82 0.17 0.00 40.68 1.39 0.00 3.80 0.16 0.00

40.85 1.38 0.00 3.77 0.17 0.00 41.01 1.38 0.00 3.75 0.16 0.00

41.17 1.38 0.00 3.73 0.16 0.00 41.34 1.38 0.00 3.70 0.17 0.00

Abbreviations

Overal l  l iquefact ion potential: 30.38

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:

FL:
wz:

dz:

LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic
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qt:
Ic:

FS:

Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index

Calculated Factor of Safety against liquefaction

Post-liquefaction volumentric strain

RFP PW23-3 
Exhibit B1 
185 of 268



This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

8.04 154.42 0.32 1.73 0.040.86 8.20 144.40 0.27 1.87 0.040.86

8.37 117.90 0.20 2.32 0.050.86 8.53 110.57 0.18 2.48 0.050.86

8.69 45.54 2.00 0.00 0.000.85 8.86 38.82 2.00 0.00 0.000.85

9.02 39.77 2.00 0.00 0.000.85 9.19 34.74 2.00 0.00 0.000.84

9.35 42.65 2.00 0.00 0.000.84 9.51 34.04 2.00 0.00 0.000.84

9.68 31.79 2.00 0.00 0.000.84 9.84 54.72 2.00 0.00 0.000.83

10.01 56.55 2.00 0.00 0.000.83 10.17 57.16 2.00 0.00 0.000.83

10.33 56.04 2.00 0.00 0.000.82 10.50 50.82 2.00 0.00 0.000.82

10.66 55.04 2.00 0.00 0.000.82 10.83 65.81 2.00 0.00 0.000.82

10.99 110.52 0.16 2.36 0.050.81 11.15 102.72 0.15 2.54 0.050.81

11.32 52.45 2.00 0.00 0.000.81 11.48 104.65 0.15 2.47 0.050.81

11.65 35.79 2.00 0.00 0.000.80 11.81 36.50 2.00 0.00 0.000.80

11.98 30.68 2.00 0.00 0.000.80 12.14 28.52 2.00 0.00 0.000.79

12.30 33.93 2.00 0.00 0.000.79 12.47 40.46 2.00 0.00 0.000.79

12.63 38.71 2.00 0.00 0.000.79 12.80 34.26 2.00 0.00 0.000.78

12.96 35.71 2.00 0.00 0.000.78 13.12 32.84 2.00 0.00 0.000.78

13.29 37.51 2.00 0.00 0.000.77 13.45 36.21 2.00 0.00 0.000.77

13.62 39.85 2.00 0.00 0.000.77 13.78 49.17 2.00 0.00 0.000.77

13.94 155.73 0.25 1.52 0.030.76 14.11 174.00 0.37 0.81 0.020.76

14.27 179.68 0.43 0.66 0.010.76 14.44 179.34 0.43 0.66 0.010.76

14.60 201.38 1.12 0.02 0.000.75 14.76 233.24 2.00 0.00 0.000.75

14.93 223.50 2.00 0.00 0.000.75 15.09 192.17 0.68 0.34 0.010.74

15.26 181.64 0.44 0.60 0.010.74 15.42 174.18 0.36 0.78 0.010.74

15.58 170.83 0.33 0.87 0.020.74 15.75 196.81 0.85 0.15 0.000.73

15.91 194.05 0.73 0.27 0.010.73 16.08 180.80 0.42 0.61 0.010.73

16.24 169.26 0.31 0.91 0.020.72 16.40 150.59 0.21 1.49 0.030.72

16.57 147.47 0.20 1.52 0.030.72 16.73 152.65 0.22 1.46 0.030.72

16.90 158.86 0.24 1.28 0.030.71 17.06 142.86 0.18 1.56 0.030.71

17.22 130.47 0.16 1.72 0.030.71 17.39 143.30 0.18 1.54 0.030.71

17.55 165.90 0.28 0.99 0.020.70 17.72 158.28 0.24 1.28 0.030.70

17.88 159.42 0.24 1.23 0.020.70 18.04 144.57 0.19 1.50 0.030.69

18.21 132.77 0.16 1.64 0.030.69 18.37 125.28 0.14 1.75 0.030.69

18.54 122.45 0.14 1.78 0.040.69 18.70 53.22 2.00 0.00 0.000.68

18.86 35.81 2.00 0.00 0.000.68 19.03 28.44 2.00 0.00 0.000.68

19.19 23.64 2.00 0.00 0.000.67 19.36 32.26 2.00 0.00 0.000.67

19.52 49.29 2.00 0.00 0.000.67 19.69 48.79 2.00 0.00 0.000.67

19.85 49.34 2.00 0.00 0.000.66 20.01 48.09 2.00 0.00 0.000.66

20.18 33.55 2.00 0.00 0.000.66 20.34 33.48 2.00 0.00 0.000.66

20.51 39.61 2.00 0.00 0.000.65 20.67 40.46 2.00 0.00 0.000.65

20.83 50.62 2.00 0.00 0.000.65 21.00 118.79 0.13 1.73 0.040.64

21.16 127.79 0.14 1.59 0.030.64 21.33 150.18 0.19 1.32 0.030.64

21.49 166.34 0.26 0.88 0.020.64 21.65 175.24 0.32 0.64 0.010.63

21.82 166.26 0.26 0.88 0.020.63 21.98 152.36 0.19 1.28 0.020.63

22.15 137.82 0.16 1.43 0.030.62 22.31 126.35 0.14 1.56 0.030.62

22.47 119.04 0.13 1.66 0.030.62 22.64 115.97 0.12 1.70 0.030.62

22.80 112.87 0.12 1.74 0.030.61 22.97 109.37 0.11 1.79 0.040.61

23.13 118.22 0.12 1.64 0.030.61 23.29 117.00 0.12 1.65 0.030.61

23.46 48.27 2.00 0.00 0.000.60 23.62 43.09 2.00 0.00 0.000.60
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

23.79 39.58 2.00 0.00 0.000.60 23.95 45.22 2.00 0.00 0.000.59

24.11 110.59 0.11 1.71 0.030.59 24.28 118.18 0.12 1.59 0.030.59

24.44 130.42 0.14 1.42 0.030.59 24.61 126.84 0.13 1.46 0.030.58

24.77 48.17 2.00 0.00 0.000.58 24.93 36.11 2.00 0.00 0.000.58

25.10 37.40 2.00 0.00 0.000.57 25.26 47.46 2.00 0.00 0.000.57

25.43 47.95 2.00 0.00 0.000.57 25.59 49.72 2.00 0.00 0.000.57

25.75 116.88 0.12 1.54 0.030.56 25.92 144.70 0.16 1.21 0.020.56

26.08 190.67 0.49 0.32 0.010.56 26.25 159.99 0.21 0.96 0.020.56

26.41 144.66 0.16 1.19 0.020.55 26.57 170.31 0.26 0.67 0.010.55

26.74 195.08 0.61 0.25 0.010.55 26.90 207.49 1.24 0.00 0.000.54

27.07 217.30 1.66 0.00 0.000.54 27.23 206.45 1.15 0.01 0.000.54

27.40 187.53 0.42 0.35 0.010.54 27.56 180.06 0.33 0.46 0.010.53

27.72 148.97 0.17 1.11 0.020.53 27.89 141.64 0.15 1.17 0.020.53

28.05 155.53 0.19 1.04 0.020.52 28.22 179.33 0.32 0.46 0.010.52

28.38 214.10 1.63 0.00 0.000.52 28.54 232.78 1.63 0.00 0.000.52

28.71 201.49 0.84 0.09 0.000.51 28.87 184.02 0.36 0.38 0.010.51

29.04 190.57 0.47 0.29 0.010.51 29.20 201.77 0.84 0.08 0.000.51

29.36 190.56 0.47 0.29 0.010.50 29.53 173.06 0.27 0.55 0.010.50

29.69 180.43 0.32 0.42 0.010.50 29.86 170.62 0.25 0.59 0.010.49

30.02 147.83 0.16 1.04 0.020.49 30.18 149.07 0.16 1.02 0.020.49

30.35 143.26 0.15 1.06 0.020.49 30.51 137.92 0.14 1.10 0.020.48

30.68 136.85 0.14 1.10 0.020.48 30.84 137.08 0.14 1.10 0.020.48

31.00 140.33 0.14 1.06 0.020.47 31.17 149.79 0.16 0.98 0.020.47

31.33 143.84 0.15 1.02 0.020.47 31.50 143.55 0.15 1.02 0.020.47

31.66 147.36 0.16 0.98 0.020.46 31.82 146.02 0.15 0.99 0.020.46

31.99 147.73 0.16 0.97 0.020.46 32.15 154.48 0.18 0.91 0.020.46

32.32 158.15 0.19 0.83 0.020.45 32.48 158.27 0.19 0.82 0.020.45

32.64 143.59 0.15 0.97 0.020.45 32.81 132.07 0.13 1.06 0.020.44

32.97 55.91 2.00 0.00 0.000.44 33.14 57.96 2.00 0.00 0.000.44

33.30 133.57 0.13 1.03 0.020.44 33.46 141.34 0.14 0.96 0.020.43

33.63 143.74 0.15 0.94 0.020.43 33.79 141.47 0.14 0.95 0.020.43

33.96 146.99 0.15 0.90 0.020.42 34.12 153.35 0.17 0.85 0.020.42

34.28 155.39 0.18 0.84 0.020.42 34.45 158.10 0.18 0.77 0.020.42

34.61 154.74 0.17 0.83 0.020.41 34.78 141.91 0.14 0.91 0.020.41

34.94 139.48 0.14 0.92 0.020.41 35.10 146.42 0.15 0.86 0.020.41

35.27 158.82 0.19 0.72 0.010.40 35.43 144.38 0.15 0.87 0.020.40

35.60 143.02 0.14 0.87 0.020.40 35.76 143.84 0.14 0.86 0.020.39

35.93 143.83 0.14 0.85 0.020.39 36.09 147.89 0.15 0.82 0.020.39

36.25 150.56 0.16 0.80 0.020.39 36.42 150.70 0.16 0.79 0.020.38

36.58 143.84 0.14 0.83 0.020.38 36.75 136.64 0.13 0.87 0.020.38

36.91 141.00 0.14 0.83 0.020.37 37.07 147.59 0.15 0.79 0.020.37

37.24 149.86 0.16 0.77 0.020.37 37.40 143.72 0.14 0.80 0.020.37

37.57 138.91 0.13 0.82 0.020.36 37.73 151.16 0.16 0.74 0.010.36

37.89 145.29 0.14 0.77 0.010.36 38.06 126.08 0.11 0.89 0.020.35

38.22 117.64 0.11 0.96 0.020.35 38.39 123.25 0.11 0.90 0.020.35

38.55 126.88 0.12 0.87 0.020.35 38.71 128.06 0.12 0.85 0.020.34

38.88 122.77 0.11 0.88 0.020.34 39.04 126.37 0.11 0.85 0.020.34

39.21 126.33 0.11 0.84 0.020.34 39.37 123.35 0.11 0.86 0.020.33
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

39.53 121.19 0.11 0.87 0.020.33 39.70 122.11 0.11 0.85 0.020.33

39.86 127.00 0.11 0.81 0.020.32 40.03 131.09 0.12 0.78 0.020.32

40.19 135.87 0.13 0.74 0.010.32 40.35 150.91 0.15 0.65 0.010.32

40.52 219.05 1.39 0.00 0.000.31 40.68 215.74 1.39 0.00 0.000.31

40.85 237.47 1.38 0.00 0.000.31 41.01 280.92 1.38 0.00 0.000.30

41.17 338.38 1.38 0.00 0.000.30 41.34 405.34 1.38 0.00 0.000.30

Total est imated sett lement: 2.77

Abbreviations

Qtn,cs:

FS:
ev (%):

DF:

Settlement:

Equivalent clean sand normalized cone resistance

Factor of safety against liquefaction
Post-liquefaction volumentric strain

ev depth weighting factor

Calculated settlement
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

0.16 332.08 1.00 564.91 0.99 N/A N/A564.91

0.33 245.03 1.00 416.80 1.24 N/A N/A416.80

0.49 236.35 1.00 402.02 1.29 N/A N/A402.02

0.66 177.82 1.00 302.42 1.47 N/A N/A302.42

0.82 158.36 1.00 269.30 1.51 N/A N/A269.30

0.98 140.98 1.00 239.72 1.53 N/A N/A239.72

1.15 111.94 1.00 190.25 1.64 N/A N/A190.30

1.31 83.12 1.08 152.48 1.76 N/A N/A141.25

1.48 59.12 1.22 122.43 1.93 N/A N/A100.42

1.64 37.12 1.63 102.50 2.18 N/A N/A62.98

1.80 21.08 2.61 92.96 2.47 N/A N/A35.67

1.97 12.72 4.05 86.70 2.71 N/A N/A21.43

2.13 8.70 5.55 81.03 2.89 N/A N/A14.59

2.30 8.31 5.97 82.99 2.93 N/A N/A13.90

2.46 8.41 6.16 86.67 2.95 N/A N/A14.07

2.62 8.87 6.14 91.00 2.94 N/A N/A14.83

2.79 9.22 6.19 95.40 2.95 N/A N/A15.41

2.95 9.49 6.23 98.78 2.95 N/A N/A15.85

3.12 9.84 6.12 100.57 2.94 N/A N/A16.43

3.28 10.23 5.89 100.62 2.92 N/A N/A17.08

3.44 10.63 5.69 101.07 2.90 N/A N/A17.75

3.61 10.84 5.67 102.44 2.90 N/A N/A18.08

3.77 11.04 5.70 105.02 2.90 N/A N/A18.42

3.94 11.47 5.59 107.02 2.89 N/A N/A19.14

4.10 11.99 5.40 107.94 2.87 N/A N/A20.00

4.27 12.33 5.24 107.73 2.85 N/A N/A20.56

4.43 12.42 5.11 105.66 2.84 N/A N/A20.69

4.59 12.40 4.93 101.73 2.82 N/A N/A20.65

4.76 12.50 4.74 98.67 2.80 N/A N/A20.80

4.92 12.68 4.63 97.68 2.78 N/A N/A21.09

5.09 13.23 4.38 96.40 2.75 N/A N/A22.01

5.25 14.54 3.91 94.74 2.69 N/A N/A24.23

5.41 15.77 3.57 93.82 2.64 N/A N/A26.30

5.58 16.48 3.34 91.98 2.60 N/A N/A27.50

5.74 16.62 3.22 89.20 2.58 N/A N/A27.71

5.91 16.43 3.57 97.69 2.64 N/A N/A27.39

6.07 16.46 4.29 117.53 2.74 N/A N/A27.41

6.23 24.01 3.45 138.75 2.62 N/A N/A40.24

6.40 32.47 3.00 163.75 2.54 N/A N/A54.61

6.56 41.71 2.58 181.26 2.46 N/A N/A70.32

6.73 47.57 2.39 192.09 2.42 N/A N/A80.28

6.89 51.36 2.25 194.92 2.38 N/A N/A86.70

7.05 48.67 2.39 196.11 2.42 N/A N/A82.11

7.22 45.00 2.58 195.71 2.46 N/A N/A75.84

7.38 41.31 2.89 201.19 2.52 N/A N/A69.55

7.55 43.50 2.84 208.10 2.51 N/A N/A73.26

7.71 49.01 2.60 214.81 2.47 N/A N/A82.62

7.87 52.36 2.39 211.37 2.42 N/A N/A88.29
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

8.04 52.41 2.35 207.48 2.41 0.19 0.8188.36

8.20 50.90 2.35 201.68 2.41 0.17 0.8185.77

8.37 46.56 2.40 188.37 2.42 0.12 0.7978.37

8.53 39.49 2.67 177.01 2.48 0.12 0.7766.33

8.69 33.90 3.10 176.17 2.56 0.12 4.7156.81

8.86 31.02 3.28 170.13 2.59 0.11 4.2151.89

9.02 30.49 3.15 160.65 2.57 0.11 4.0650.98

9.19 28.91 3.39 163.61 2.61 0.10 3.7748.27

9.35 28.03 3.66 170.87 2.65 0.12 3.5946.65

9.51 30.87 3.58 180.67 2.64 0.10 3.8950.51

9.68 34.84 3.47 194.26 2.62 0.10 4.3255.98

9.84 37.64 3.50 209.04 2.63 0.14 4.5959.70

10.01 41.69 3.34 216.60 2.60 0.14 5.0064.79

10.17 45.18 3.22 222.10 2.58 0.14 5.3368.95

10.33 45.56 3.22 221.03 2.58 0.14 5.2868.55

10.50 47.59 3.00 210.28 2.54 0.12 5.4270.01

10.66 46.21 2.99 200.43 2.54 0.13 5.1867.01

10.83 44.02 3.01 189.42 2.55 0.15 4.8562.93

10.99 44.63 2.73 170.54 2.49 0.12 0.7662.37

11.15 42.79 2.64 155.03 2.47 0.11 0.7658.80

11.32 37.68 2.82 144.56 2.51 0.13 3.9551.33

11.48 35.99 2.76 133.45 2.50 0.11 0.7348.32

11.65 34.25 2.80 127.21 2.51 0.10 3.4845.42

11.81 30.24 3.22 128.81 2.58 0.10 3.0240.00

11.98 28.87 3.50 132.72 2.63 0.10 2.8437.94

12.14 30.01 3.48 135.70 2.62 0.09 2.9138.98

12.30 30.65 3.55 139.94 2.64 0.10 2.9439.42

12.47 31.53 3.51 140.44 2.63 0.11 2.9840.03

12.63 33.06 3.35 138.81 2.60 0.11 3.0841.40

12.80 33.08 3.33 136.06 2.60 0.10 3.0440.90

12.96 32.79 3.42 137.22 2.61 0.10 2.9840.15

13.12 32.58 3.65 144.54 2.65 0.10 2.9239.61

13.29 33.87 3.87 158.32 2.68 0.11 3.0040.87

13.45 36.69 4.02 176.60 2.70 0.11 3.2143.94

13.62 46.92 3.49 193.34 2.63 0.11 4.0755.33

13.78 59.66 2.96 204.63 2.54 0.12 5.1369.21

13.94 74.61 2.48 211.04 2.44 0.19 0.8085.09

14.11 90.17 2.05 207.31 2.33 0.24 0.83100.96

14.27 108.93 1.70 203.11 2.21 0.25 0.85119.81

14.44 126.88 1.48 203.32 2.11 0.25 0.87137.34

14.60 139.38 1.38 205.69 2.06 0.38 0.88149.06

14.76 144.09 1.36 207.44 2.04 0.85 0.89152.75

14.93 145.41 1.38 211.33 2.06 0.63 0.89153.00

15.09 141.16 1.41 208.07 2.07 0.31 0.88147.50

15.26 132.10 1.44 197.25 2.09 0.26 0.87136.96

15.42 131.75 1.38 187.33 2.06 0.24 0.87135.30

15.58 137.00 1.29 179.80 1.99 0.24 0.87139.25

15.75 140.58 1.24 174.87 1.95 0.44 0.88141.55

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:04 AM 34

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

RFP PW23-3 
Exhibit B1 
190 of 268



This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

15.91 140.46 1.23 172.78 1.94 0.42 0.88140.44

16.08 134.45 1.27 169.30 1.97 0.29 0.87133.57

16.24 120.58 1.37 162.84 2.05 0.22 0.85119.13

16.40 107.29 1.50 157.83 2.12 0.17 0.83105.35

16.57 98.57 1.61 154.41 2.17 0.16 0.8296.06

16.73 91.39 1.73 153.08 2.23 0.18 0.8188.41

16.90 87.26 1.81 151.91 2.26 0.19 0.8083.73

17.06 87.22 1.83 151.64 2.26 0.16 0.8083.06

17.22 92.17 1.69 147.39 2.21 0.14 0.8187.14

17.39 96.25 1.55 140.47 2.15 0.16 0.8190.34

17.55 103.24 1.41 135.32 2.07 0.21 0.8296.30

17.72 107.52 1.33 132.30 2.02 0.19 0.8399.67

17.88 105.42 1.33 129.12 2.02 0.20 0.8297.09

18.04 95.77 1.45 126.93 2.10 0.16 0.8187.48

18.21 85.14 1.68 129.03 2.20 0.14 0.7976.99

18.37 73.19 2.00 131.08 2.32 0.13 0.7765.45

18.54 61.78 2.40 130.85 2.42 0.13 0.7554.53

18.70 52.22 2.84 129.38 2.51 0.13 3.2245.49

18.86 43.80 3.41 128.22 2.61 0.10 2.6637.58

19.03 38.30 3.96 128.19 2.69 0.10 2.3032.38

19.19 37.68 4.13 130.32 2.72 0.09 2.2431.55

19.36 40.73 4.00 135.48 2.70 0.10 2.4133.91

19.52 45.52 3.72 140.64 2.66 0.13 2.6737.77

19.69 51.11 3.37 142.51 2.61 0.12 2.9842.27

19.85 51.53 3.39 143.33 2.61 0.12 2.9842.30

20.01 48.17 3.70 144.45 2.66 0.12 2.7639.08

20.18 46.27 3.89 144.99 2.69 0.10 2.6437.28

20.34 44.42 4.08 145.22 2.71 0.10 2.5235.55

20.51 45.11 4.05 145.76 2.71 0.11 2.5535.97

20.67 50.41 3.49 140.93 2.63 0.11 2.8440.35

20.83 58.71 2.85 134.86 2.52 0.12 3.3147.29

21.00 72.54 2.19 129.22 2.37 0.12 0.7658.99

21.16 93.22 1.66 127.22 2.20 0.13 0.7976.68

21.33 116.54 1.35 130.70 2.04 0.17 0.8296.82

21.49 136.30 1.22 138.92 1.93 0.25 0.85113.89

21.65 146.85 1.17 143.63 1.88 0.36 0.86122.91

21.82 143.84 1.17 140.87 1.88 0.29 0.85119.97

21.98 129.73 1.24 132.92 1.95 0.19 0.84107.31

22.15 108.38 1.41 124.57 2.07 0.15 0.8188.40

22.31 88.20 1.67 118.44 2.20 0.13 0.7870.85

22.47 73.57 2.01 116.82 2.32 0.12 0.7558.21

22.64 64.93 2.31 117.15 2.40 0.12 0.7450.75

22.80 61.80 2.42 116.35 2.43 0.12 0.7347.98

22.97 60.64 2.45 115.06 2.43 0.11 0.7346.87

23.13 59.47 2.59 118.35 2.46 0.13 0.7245.68

23.29 57.80 2.73 120.25 2.49 0.13 0.7244.11

23.46 55.97 2.85 120.92 2.52 0.12 2.9442.43

23.62 53.99 2.97 120.98 2.54 0.11 2.8340.67
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

23.79 53.11 3.03 120.49 2.55 0.11 2.7739.81

23.95 54.84 2.88 118.39 2.52 0.11 2.8541.09

24.11 59.89 2.55 114.89 2.45 0.12 0.7245.11

24.28 64.91 2.36 115.43 2.41 0.12 0.7349.01

24.44 65.69 2.40 118.56 2.42 0.14 0.7349.40

24.61 62.89 2.60 122.01 2.47 0.14 0.7346.88

24.77 58.83 2.86 124.27 2.52 0.12 3.0043.41

24.93 54.96 3.13 125.78 2.57 0.10 2.7940.15

25.10 52.07 3.28 123.92 2.59 0.11 2.6337.74

25.26 52.52 3.21 121.94 2.58 0.12 2.6437.99

25.43 56.61 3.10 126.98 2.56 0.12 2.8440.97

25.59 65.44 2.87 136.41 2.52 0.12 3.2947.58

25.75 79.93 2.59 151.61 2.46 0.12 0.7558.50

25.92 89.19 2.54 165.87 2.45 0.17 0.7765.25

26.08 95.62 2.57 179.17 2.46 0.31 0.7869.75

26.25 105.90 2.39 185.16 2.42 0.20 0.7977.42

26.41 115.80 2.20 187.01 2.37 0.16 0.8084.91

26.57 120.17 2.14 188.35 2.36 0.23 0.8188.03

26.74 131.40 2.01 193.77 2.32 0.33 0.8296.42

26.90 143.29 1.90 200.28 2.29 0.41 0.83105.31

27.07 147.16 1.89 204.30 2.28 0.50 0.84107.84

27.23 145.08 1.87 198.11 2.27 0.40 0.84106.05

27.40 135.27 1.88 184.98 2.28 0.29 0.8398.41

27.56 122.98 1.88 167.67 2.28 0.25 0.8189.07

27.72 115.29 1.78 149.03 2.25 0.17 0.8083.51

27.89 115.63 1.65 138.50 2.19 0.15 0.8084.05

28.05 123.58 1.60 144.21 2.17 0.18 0.8189.87

28.22 139.65 1.56 158.40 2.15 0.25 0.83101.67

28.38 150.51 1.55 169.78 2.15 0.47 0.84109.40

28.54 154.99 1.61 179.93 2.17 0.73 0.84111.99

28.71 155.47 1.67 186.79 2.20 0.36 0.84111.57

28.87 151.42 1.77 191.01 2.24 0.27 0.84107.75

29.04 142.68 1.90 190.81 2.28 0.30 0.83100.54

29.20 136.91 1.97 188.85 2.31 0.37 0.8295.81

29.36 135.95 1.92 182.82 2.29 0.30 0.8295.02

29.53 132.53 1.88 174.03 2.28 0.23 0.8292.47

29.69 123.20 1.91 163.23 2.29 0.26 0.8185.50

29.86 115.68 1.91 152.80 2.29 0.22 0.8079.94

30.02 109.89 1.92 145.03 2.29 0.17 0.7975.63

30.18 101.94 2.01 139.83 2.32 0.17 0.7869.57

30.35 95.66 2.09 135.21 2.34 0.16 0.7764.78

30.51 93.74 2.06 130.40 2.33 0.15 0.7763.35

30.68 92.53 2.01 125.55 2.32 0.15 0.7662.46

30.84 94.36 1.94 123.80 2.30 0.15 0.7763.73

31.00 95.98 1.91 123.56 2.29 0.15 0.7764.77

31.17 97.53 1.89 124.23 2.28 0.17 0.7765.69

31.33 99.52 1.90 127.19 2.29 0.16 0.7766.83

31.50 100.74 1.94 130.75 2.30 0.16 0.7767.34
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This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

31.66 100.78 1.96 131.80 2.30 0.17 0.7767.10

31.82 103.41 1.90 130.80 2.28 0.16 0.7868.92

31.99 106.75 1.81 128.96 2.25 0.17 0.7871.34

32.15 109.03 1.76 127.97 2.23 0.18 0.7872.91

32.32 108.06 1.79 128.67 2.25 0.19 0.7871.89

32.48 103.85 1.92 131.22 2.29 0.19 0.7868.35

32.64 95.88 2.18 135.26 2.37 0.16 0.7662.04

32.81 87.84 2.51 140.19 2.45 0.15 0.7555.81

32.97 82.08 2.79 143.52 2.50 0.13 3.4951.41

33.14 81.25 2.85 144.43 2.52 0.14 3.4450.60

33.30 83.92 2.75 143.93 2.50 0.15 0.7452.32

33.46 88.90 2.57 142.95 2.46 0.16 0.7555.70

33.63 94.86 2.25 135.07 2.38 0.16 0.7660.09

33.79 100.51 2.02 130.07 2.32 0.16 0.7764.25

33.96 105.18 1.87 126.67 2.28 0.17 0.7767.67

34.12 108.93 1.77 124.70 2.24 0.18 0.7870.37

34.28 111.55 1.72 123.85 2.22 0.18 0.7872.17

34.45 110.03 1.85 130.19 2.27 0.19 0.7870.36

34.61 106.37 2.02 135.64 2.32 0.18 0.7767.13

34.78 103.20 2.15 138.78 2.36 0.16 0.7764.45

34.94 102.31 2.22 141.26 2.38 0.16 0.7763.49

35.10 99.92 2.34 143.77 2.41 0.17 0.7661.48

35.27 99.98 2.37 144.95 2.41 0.20 0.7661.25

35.43 100.81 2.34 144.19 2.41 0.17 0.7661.67

35.60 100.71 2.32 142.54 2.40 0.16 0.7661.47

35.76 99.31 2.30 139.07 2.40 0.16 0.7660.48

35.93 101.07 2.18 134.78 2.37 0.16 0.7661.74

36.09 103.00 2.09 131.89 2.34 0.17 0.7663.06

36.25 103.34 2.08 131.14 2.34 0.17 0.7663.15

36.42 102.08 2.12 131.57 2.35 0.18 0.7662.04

36.58 100.84 2.17 132.51 2.36 0.16 0.7660.93

36.75 100.43 2.20 132.77 2.37 0.15 0.7660.42

36.91 100.57 2.12 128.69 2.35 0.16 0.7660.58

37.07 100.97 2.07 126.00 2.34 0.17 0.7660.86

37.24 101.73 2.05 125.31 2.33 0.17 0.7661.24

37.40 103.49 2.03 126.57 2.33 0.16 0.7662.20

37.57 102.59 2.09 128.15 2.34 0.15 0.7661.27

37.73 97.52 2.28 130.96 2.39 0.18 0.7557.42

37.89 91.92 2.41 129.09 2.42 0.17 0.7453.55

38.06 88.51 2.41 123.79 2.42 0.14 0.7451.37

38.22 83.94 2.42 117.33 2.43 0.12 0.7348.48

38.39 80.94 2.38 110.95 2.42 0.13 0.7346.66

38.55 80.52 2.32 107.62 2.40 0.14 0.7246.43

38.71 82.41 2.28 108.46 2.39 0.14 0.7347.51

38.88 83.07 2.32 110.54 2.40 0.13 0.7347.69

39.04 82.38 2.37 111.43 2.41 0.14 0.7347.03

39.21 81.03 2.41 110.92 2.42 0.14 0.7246.02

39.37 80.90 2.39 109.74 2.42 0.13 0.7245.86

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:04 AM 37

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

RFP PW23-3 
Exhibit B1 
193 of 268



This software is licensed to: LACO Associates CPT name: CPT-01 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

39.53 80.91 2.35 107.83 2.41 0.13 0.7245.84

39.70 81.55 2.38 109.74 2.42 0.13 0.7246.01

39.86 83.68 2.54 118.94 2.45 0.14 0.7346.76

40.03 89.34 2.76 136.21 2.50 0.15 0.7349.40

40.19 107.53 2.76 164.45 2.50 0.15 0.7659.57

40.35 144.09 2.50 202.32 2.44 0.18 0.8081.04

40.52 185.47 2.28 240.37 2.39 0.54 0.83105.59

40.68 236.69 26.61 3287.45 4.06 0.86 8.83123.56

40.85 299.02 26.61 4148.34 4.06 0.89 11.14155.92

41.01 365.31 26.61 5059.83 4.06 0.92 13.58190.18

41.17 395.79 26.61 5467.72 4.06 0.93 14.68205.51

41.34 454.18 26.61 6258.59 4.06 0.96 16.80235.24

qt:
Kc:

Qtn,cs:
Ic:

Su(liq)/σ'v:

Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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LIQUEFACTION ANALYSIS REPORT

Input parameters and analysis data

Analysis method:
Fines correction method:

Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

.

G.W.T. (in-situ):

G.W.T. (earthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Project title : CalL Poly Humboldt health dining and housing
facility

Location : Arcata, CA

GeoLogismiki

Geotechnical Engineers

Merarhias 56

http://www.geologismiki.gr

CPT file : CPT-06 - Basic
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8.00 ft
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2.50

Based on SBT

Use fill:
Fill height:

Fill weight:
Trans. detect. applied:
Kσ applied:

No

N/A

N/A

No

Yes

Clay like behavior

applied:

Limit depth applied:

Limit depth:

MSF method:

 

Sands only
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Frict ion Ratio

M w= 71 / 2, sigma'=1 atm base curve Summary of liquefaction potential
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Factor of safety
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FS Plot

During earthq.

Zone A1 : Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

Cone res istance
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Soil Behaviour Type

Sand & silty sand
Silty sand & sandy silt
Clay & silty clay

Clay

Clay & silty clay

Silty sand & sandy silt
Clay & silty clay
Clay

Clay & silty clay

Silty sand & sandy silt

Clay & silty clay

Very dense/stiff soil

Very dense/stiff soil

Clay & silty clay

Very dense/stiff soil

Clay & silty clay
Clay & silty clay
Clay

Very dense/stiff soil
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

clayey sand9. Very stiff fine grained
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

Norm. cone resistance
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Norm. Soil Behaviour Type

Sand
Sand & silty sand
Silty sand & sandy silt
Clay & silty clay

Clay

Clay & silty clay
Very dense/stiff soil
Clay & silty clay

Silty sand & sandy silt
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Very dense/stiff soil
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Clay & silty clay

Very dense/stiff soil
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Very dense/stiff soil
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

clayey sand9. Very stiff fine grained

Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

Norm. cone resistance
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft

F.S. color scheme LPI color scheme

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.16 237.35 0.56 119.380.002.19

2 0.33 114.77 0.65 119.342.361.27

3 0.49 97.26 0.72 119.733.180.66

4 0.66 86.25 0.83 120.317.890.52

5 0.82 76.14 0.91 121.2011.200.56

6 0.98 60.89 1.34 121.4414.92-0.08

7 1.15 54.41 1.48 121.0919.230.17

8 1.31 36.56 1.23 120.6524.450.36

9 1.48 26.29 0.96 119.9229.022.25

10 1.64 24.73 1.00 119.1634.382.30

11 1.80 24.42 1.14 119.0038.062.19

12 1.97 23.07 1.28 119.4241.152.26

13 2.13 22.23 1.32 119.7044.582.21

14 2.30 19.61 1.41 119.6147.811.93

15 2.46 17.11 1.39 119.3450.341.47

16 2.62 16.02 1.24 118.9752.951.36

17 2.79 16.12 1.20 118.4853.971.38

18 2.95 15.25 1.16 117.9553.581.86

19 3.12 15.47 1.10 117.5653.581.62

20 3.28 15.39 1.01 117.2053.991.82

21 3.44 14.26 0.98 116.8753.991.98

22 3.61 13.91 0.99 116.3654.392.00

23 3.77 13.87 0.96 115.7255.152.01

24 3.94 12.80 0.82 115.1054.991.81

25 4.10 11.82 0.69 114.5954.691.96

26 4.27 12.20 0.66 114.2954.222.28

27 4.43 12.52 0.74 114.4352.202.35

28 4.59 13.46 0.81 115.1450.732.35

29 4.76 16.21 0.83 116.3249.632.65

30 4.92 16.84 0.97 117.5748.202.66

31 5.09 19.07 1.22 118.8146.654.13

32 5.25 21.11 1.40 119.8742.424.46

33 5.41 23.47 1.56 120.5743.354.42

34 5.58 33.62 1.39 121.4143.224.80

35 5.74 19.00 1.58 122.9638.513.56

36 5.91 25.54 1.95 124.7133.394.38

37 6.07 50.62 2.58 126.1631.464.90

38 6.23 67.03 3.09 127.3828.614.54

39 6.40 64.93 3.08 128.0326.304.40

40 6.56 60.32 3.03 127.9625.894.40

41 6.73 59.36 2.65 127.4325.884.52

42 6.89 53.54 2.40 126.6225.894.20

43 7.05 56.80 2.24 125.6625.734.21

44 7.22 50.00 1.88 124.8124.993.72

45 7.38 45.35 1.73 123.9423.753.65

46 7.55 52.11 1.54 122.7822.473.55

47 7.71 51.08 1.33 121.9921.123.28

48 7.87 50.77 1.02 121.5520.393.15
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 8.04 51.08 1.11 121.3221.282.94

50 8.20 46.38 1.33 121.1923.192.85

51 8.37 41.01 1.43 121.3826.052.70

52 8.53 32.74 1.39 121.5630.532.72

53 8.69 31.29 1.38 121.8333.962.78

54 8.86 25.27 1.59 122.3834.672.79

55 9.02 31.93 1.82 123.3033.123.59

56 9.19 43.03 1.98 124.3530.783.40

57 9.35 51.92 2.16 125.2528.993.40

58 9.51 60.07 2.27 125.5028.403.15

59 9.68 52.42 2.43 125.2628.943.07

60 9.84 42.06 2.04 125.0227.273.27

61 10.01 36.36 1.73 124.9125.163.53

62 10.17 63.85 1.65 124.8622.294.29

63 10.33 79.70 1.87 125.1919.343.49

64 10.50 84.97 2.02 125.5417.113.55

65 10.66 90.43 2.00 125.2116.303.50

66 10.83 83.83 1.79 124.6215.913.49

67 10.99 73.04 1.17 124.0515.173.42

68 11.15 74.74 1.22 123.9615.043.55

69 11.32 87.57 1.39 124.5115.703.43

70 11.48 92.69 1.89 126.0117.492.98

71 11.65 85.58 2.36 127.2319.272.99

72 11.81 77.34 2.96 128.2421.983.38

73 11.98 75.30 3.00 128.9724.213.69

74 12.14 69.64 3.30 129.5225.853.69

75 12.30 79.13 3.48 129.9126.923.69

76 12.47 77.77 3.65 130.4927.503.63

77 12.63 74.25 3.91 131.1727.413.74

78 12.80 83.46 4.29 131.9328.193.69

79 12.96 89.74 4.77 132.7128.603.78

80 13.12 90.24 5.48 133.3728.863.94

81 13.29 95.46 5.81 133.7428.194.08

82 13.45 91.25 5.85 133.9826.944.21

83 13.62 106.94 5.21 134.0925.034.79

84 13.78 119.91 5.10 133.5923.354.34

85 13.94 130.68 5.16 132.7021.574.24

86 14.11 112.99 3.76 131.6920.924.20

87 14.27 98.41 2.88 130.6421.365.34

88 14.44 86.90 2.61 129.5223.594.68

89 14.60 77.18 2.94 129.1326.683.78

90 14.76 59.78 3.46 129.5229.423.98

91 14.93 60.01 3.61 130.4231.824.25

92 15.09 75.31 4.07 131.3333.334.05

93 15.26 81.67 4.88 132.3132.624.25

94 15.42 82.98 5.34 133.2031.904.11

95 15.58 92.74 5.82 133.9931.764.24

96 15.75 93.76 5.95 134.4831.244.35
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 15.91 101.21 6.48 134.9130.434.23

98 16.08 105.64 6.33 135.6027.114.13

99 16.24 110.81 6.58 136.8124.425.47

100 16.40 177.70 7.17 137.2823.024.65

101 16.57 207.13 9.59 137.2822.655.00

102 16.73 205.79 11.36 137.2822.665.68

103 16.90 191.78 12.25 137.2824.266.45

104 17.06 184.24 12.83 137.2826.027.97

105 17.22 169.59 12.43 137.2826.778.23

106 17.39 165.93 12.22 137.2826.868.32

107 17.55 176.73 10.92 137.2826.4812.32

108 17.72 170.88 9.95 137.2825.749.63

109 17.88 165.37 9.12 137.2825.398.66

110 18.04 153.79 7.90 137.2825.779.21

111 18.21 117.99 6.20 135.9727.298.56

112 18.37 106.76 5.23 134.7629.479.15

113 18.54 80.22 5.06 133.9731.276.99

114 18.70 81.00 5.45 133.9631.577.31

115 18.86 101.08 5.76 134.0831.707.39

116 19.03 114.69 6.22 134.3730.287.64

117 19.19 110.19 5.64 134.5828.007.45

118 19.36 112.64 5.58 134.5927.317.50

119 19.52 128.76 5.44 134.3728.357.57

120 19.69 115.61 5.53 134.2729.676.78

121 19.85 89.30 5.80 134.1130.867.15

122 20.01 85.88 5.66 133.8731.597.90

123 20.18 89.97 5.38 133.6630.597.50

124 20.34 111.78 4.87 132.9227.656.92

125 20.51 124.50 4.58 132.1725.626.97

126 20.67 112.87 2.91 131.3624.526.48

127 20.83 97.35 3.23 130.3326.186.40

128 21.00 83.92 3.25 129.1629.346.10

129 21.16 53.16 3.06 128.5334.195.17

130 21.33 50.91 2.90 127.6138.875.29

131 21.49 47.84 2.50 126.5445.324.59

132 21.65 43.16 2.27 126.4150.114.71

133 21.82 29.39 2.26 127.0746.885.13

134 21.98 29.13 3.33 129.3139.585.69

135 22.15 74.69 3.62 131.9737.235.21

136 22.31 128.72 5.65 134.8533.874.99

137 22.47 119.67 8.02 137.2830.365.65

138 22.64 149.24 10.33 137.2829.577.07

139 22.80 181.27 12.28 137.2830.136.62

140 22.97 188.91 13.70 137.28100.006.80

141 23.13 199.44 15.58 137.28100.007.48

142 23.29 333.51
-273363.2

5
137.28100.0011.97

143 23.46 506.64
-273363.2

5
137.28100.0010.33

144 23.62 528.35
-273363.2

5
137.28100.0012.74
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

Abbreviations

Depth:
qc:

fs:
u:

Fines content:

Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

1 0.16 0.01 0.00 0.01 1.00 0.773 1.156 1.10 2.0000.67 No1.00

2 0.33 0.02 0.00 0.02 1.00 0.773 1.156 1.10 2.0000.67 No1.00

3 0.49 0.03 0.00 0.03 1.00 0.773 1.156 1.10 2.0000.67 No1.00

4 0.66 0.04 0.00 0.04 1.00 0.773 1.156 1.10 2.0000.67 No1.00

5 0.82 0.05 0.00 0.05 1.00 0.773 1.156 1.10 2.0000.67 No1.00

6 0.98 0.06 0.00 0.06 1.00 0.773 1.156 1.10 2.0000.67 No1.00

7 1.15 0.07 0.00 0.07 1.00 0.773 1.156 1.10 2.0000.67 No1.00

8 1.31 0.08 0.00 0.08 1.00 0.773 1.156 1.10 2.0000.67 No1.00

9 1.48 0.09 0.00 0.09 1.00 0.773 1.156 1.10 2.0000.67 No1.00

10 1.64 0.10 0.00 0.10 1.00 0.773 1.156 1.10 2.0000.67 No1.00

11 1.80 0.11 0.00 0.11 1.00 0.773 1.156 1.10 2.0000.67 No1.00

12 1.97 0.12 0.00 0.12 1.00 0.773 1.156 1.10 2.0000.67 No1.00

13 2.13 0.13 0.00 0.13 1.00 0.773 1.156 1.10 2.0000.67 No1.00

14 2.30 0.14 0.00 0.14 1.00 0.773 1.156 1.10 2.0000.67 No1.00

15 2.46 0.15 0.00 0.15 1.00 0.773 1.156 1.10 2.0000.67 No1.00

16 2.62 0.16 0.00 0.16 1.00 0.773 1.156 1.10 2.0000.67 No1.00

17 2.79 0.17 0.00 0.17 1.00 0.773 1.156 1.10 2.0000.67 No1.00

18 2.95 0.18 0.00 0.18 1.00 0.773 1.156 1.10 2.0000.67 No1.00

19 3.12 0.19 0.00 0.19 1.00 0.773 1.156 1.10 2.0000.67 No1.00

20 3.28 0.20 0.00 0.20 1.00 0.773 1.156 1.10 2.0000.67 No1.00

21 3.44 0.21 0.00 0.21 1.00 0.773 1.156 1.10 2.0000.67 No1.00

22 3.61 0.22 0.00 0.22 1.00 0.773 1.156 1.10 2.0000.67 No1.00

23 3.77 0.22 0.00 0.22 1.00 0.773 1.156 1.10 2.0000.67 No1.00

24 3.94 0.23 0.00 0.23 1.00 0.773 1.156 1.10 2.0000.67 No1.00

25 4.10 0.24 0.00 0.24 1.00 0.773 1.156 1.10 2.0000.67 No1.00

26 4.27 0.25 0.00 0.25 1.00 0.773 1.156 1.10 2.0000.67 No1.00

27 4.43 0.26 0.00 0.26 1.00 0.773 1.156 1.10 2.0000.67 No1.00

28 4.59 0.27 0.00 0.27 1.00 0.773 1.156 1.10 2.0000.67 No1.00

29 4.76 0.28 0.00 0.28 1.00 0.773 1.156 1.10 2.0000.67 No1.00

30 4.92 0.29 0.00 0.29 1.00 0.773 1.156 1.10 2.0000.67 No1.00

31 5.09 0.30 0.00 0.30 1.00 0.773 1.156 1.10 2.0000.67 No1.00

32 5.25 0.31 0.00 0.31 1.00 0.773 1.156 1.10 2.0000.67 No1.00

33 5.41 0.32 0.00 0.32 1.00 0.773 1.156 1.10 2.0000.67 No1.00

34 5.58 0.33 0.00 0.33 1.00 0.773 1.156 1.10 2.0000.67 No1.00

35 5.74 0.34 0.00 0.34 1.00 0.773 1.156 1.10 2.0000.67 No1.00

36 5.91 0.35 0.00 0.35 1.00 0.773 1.156 1.10 2.0000.67 No1.00

37 6.07 0.36 0.00 0.36 1.00 0.773 1.156 1.10 2.0000.67 No1.00

38 6.23 0.37 0.00 0.37 1.00 0.773 1.156 1.10 2.0000.67 No1.00

39 6.40 0.38 0.00 0.38 1.00 0.773 1.156 1.10 2.0000.67 No1.00

40 6.56 0.39 0.00 0.39 1.00 0.773 1.156 1.10 2.0000.67 No1.00

41 6.73 0.40 0.00 0.40 1.00 0.773 1.156 1.10 2.0000.67 No1.00

42 6.89 0.41 0.00 0.41 1.00 0.773 1.156 1.10 2.0000.67 No1.00

43 7.05 0.42 0.00 0.42 1.00 0.773 1.156 1.10 2.0000.67 No1.00

44 7.22 0.43 0.00 0.43 1.00 0.773 1.156 1.10 2.0000.67 No1.00

45 7.38 0.44 0.00 0.44 1.00 0.773 1.156 1.10 2.0000.67 No1.00

46 7.55 0.45 0.00 0.45 1.00 0.773 1.156 1.10 2.0000.67 No1.00

47 7.71 0.46 0.00 0.46 1.00 0.773 1.156 1.10 2.0000.67 No1.00

48 7.87 0.47 0.00 0.47 1.00 0.773 1.156 1.10 2.0000.67 No1.00

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:06 AM 50

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

RFP PW23-3 
Exhibit B1 
206 of 268



This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

49 8.04 0.48 0.00 0.48 1.00 0.775 1.159 1.10 0.8710.67 No1.00

50 8.20 0.49 0.01 0.49 1.00 0.783 1.171 1.10 0.8600.67 No1.00

51 8.37 0.50 0.01 0.49 1.00 0.792 1.183 1.09 0.8530.67 No1.00

52 8.53 0.51 0.02 0.50 1.00 0.799 1.194 1.08 0.8390.67 No1.00

53 8.69 0.52 0.02 0.50 1.00 0.807 1.205 1.08 0.8450.67 No1.00

54 8.86 0.53 0.03 0.51 1.00 0.814 1.217 1.07 0.8390.67 No1.00

55 9.02 0.54 0.03 0.51 1.00 0.822 1.228 1.08 0.8620.67 No1.00

56 9.19 0.55 0.04 0.52 1.00 0.829 1.239 1.09 0.9050.67 No1.00

57 9.35 0.56 0.04 0.52 1.00 0.836 1.249 1.10 0.9510.67 No1.00

58 9.51 0.57 0.05 0.53 1.00 0.843 1.259 1.10 1.0100.67 No1.00

59 9.68 0.59 0.05 0.53 1.00 0.850 1.270 1.09 0.9670.67 No1.00

60 9.84 0.60 0.06 0.54 1.00 0.856 1.279 1.08 0.9250.67 No1.00

61 10.01 0.61 0.06 0.54 1.00 0.863 1.289 1.07 0.9110.67 No1.00

62 10.17 0.62 0.07 0.55 1.00 0.869 1.299 1.10 1.0330.67 No1.00

63 10.33 0.63 0.07 0.55 1.00 0.875 1.308 1.10 1.1540.67 No1.00

64 10.50 0.64 0.08 0.56 1.00 0.882 1.317 1.10 1.1770.67 No1.00

65 10.66 0.65 0.08 0.56 1.00 0.887 1.326 1.10 1.2250.67 No1.00

66 10.83 0.66 0.09 0.57 1.00 0.894 1.335 1.10 1.1410.67 No1.00

67 10.99 0.67 0.09 0.57 1.00 0.899 1.344 1.09 1.0530.67 No1.00

68 11.15 0.68 0.10 0.58 1.00 0.905 1.352 1.09 1.0660.67 No1.00

69 11.32 0.69 0.10 0.58 1.00 0.911 1.361 1.10 1.1820.67 No1.00

70 11.48 0.70 0.11 0.59 1.00 0.916 1.369 1.10 1.2940.67 No1.00

71 11.65 0.71 0.11 0.59 1.00 0.922 1.377 1.10 1.2380.67 No1.00

72 11.81 0.72 0.12 0.60 1.00 0.927 1.385 1.09 1.1880.67 No1.00

73 11.98 0.73 0.12 0.61 1.00 0.932 1.393 1.09 1.1900.67 No1.00

74 12.14 0.74 0.13 0.61 1.00 0.937 1.400 1.08 1.1540.67 No1.00

75 12.30 0.75 0.13 0.62 1.00 0.942 1.407 1.09 1.2530.67 No1.00

76 12.47 0.76 0.14 0.62 1.00 0.947 1.415 1.09 1.2450.67 No1.00

77 12.63 0.77 0.14 0.63 1.00 0.952 1.422 1.08 1.2130.67 No1.00

78 12.80 0.78 0.15 0.63 1.00 0.956 1.429 1.09 1.3220.67 No1.00

79 12.96 0.79 0.15 0.64 1.00 0.961 1.436 1.10 1.4190.67 No1.00

80 13.12 0.80 0.16 0.64 1.00 0.965 1.442 1.09 1.4300.67 No1.00

81 13.29 0.82 0.17 0.65 1.00 0.970 1.449 1.10 1.5200.67 No1.00

82 13.45 0.83 0.17 0.66 1.00 0.974 1.455 1.09 1.4320.67 No1.00

83 13.62 0.84 0.18 0.66 1.00 0.978 1.462 1.10 1.7550.67 No1.00

84 13.78 0.85 0.18 0.67 1.00 0.982 1.468 1.10 1.7760.67 No1.00

85 13.94 0.86 0.19 0.67 1.00 0.986 1.474 1.10 1.7830.67 No1.00

86 14.11 0.87 0.19 0.68 1.00 0.990 1.480 1.10 1.7910.67 No1.00

87 14.27 0.88 0.20 0.69 1.00 0.994 1.486 1.08 1.4790.67 No1.00

88 14.44 0.89 0.20 0.69 1.00 0.998 1.492 1.07 1.3510.67 No1.00

89 14.60 0.90 0.21 0.70 1.00 1.002 1.498 1.07 1.2750.67 No1.00

90 14.76 0.91 0.21 0.70 1.00 1.006 1.503 1.05 1.1640.67 No1.00

91 14.93 0.92 0.22 0.71 1.00 1.010 1.509 1.05 1.1750.67 No1.00

92 15.09 0.93 0.22 0.71 1.00 1.014 1.514 1.06 1.2940.67 No1.00

93 15.26 0.95 0.23 0.72 1.00 1.017 1.520 1.06 1.3590.67 No1.00

94 15.42 0.96 0.23 0.72 1.00 1.021 1.525 1.06 1.3730.67 No1.00

95 15.58 0.97 0.24 0.73 1.00 1.024 1.530 1.07 1.5080.67 No1.00

96 15.75 0.98 0.24 0.74 1.00 1.028 1.535 1.07 1.5210.67 No1.00

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:06 AM 51

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

RFP PW23-3 
Exhibit B1 
207 of 268



This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

97 15.91 0.99 0.25 0.74 1.00 1.031 1.540 1.07 1.6550.67 No1.00

98 16.08 1.00 0.25 0.75 1.00 1.034 1.545 1.07 1.7120.67 No1.00

99 16.24 1.01 0.26 0.75 1.00 1.037 1.550 1.07 1.7890.67 No1.00

100 16.40 1.02 0.26 0.76 1.00 1.040 1.554 1.10 1.8820.67 No1.00

101 16.57 1.03 0.27 0.77 1.00 1.043 1.559 1.10 1.8920.67 No1.00

102 16.73 1.05 0.27 0.77 1.00 1.046 1.563 1.09 1.9010.67 No1.00

103 16.90 1.06 0.28 0.78 1.00 1.049 1.568 1.09 1.9110.67 No1.00

104 17.06 1.07 0.28 0.78 1.00 1.052 1.572 1.09 1.9200.67 No1.00

105 17.22 1.08 0.29 0.79 1.00 1.055 1.576 1.09 1.9300.67 No1.00

106 17.39 1.09 0.29 0.80 1.00 1.058 1.580 1.08 1.9390.67 No1.00

107 17.55 1.10 0.30 0.80 1.00 1.060 1.584 1.08 1.9480.67 No1.00

108 17.72 1.11 0.30 0.81 1.00 1.063 1.589 1.08 1.9580.67 No1.00

109 17.88 1.12 0.31 0.82 1.00 1.066 1.593 1.08 1.9660.67 No1.00

110 18.04 1.13 0.31 0.82 1.00 1.068 1.596 1.08 1.9750.67 No1.00

111 18.21 1.15 0.32 0.83 1.00 1.071 1.600 1.06 2.0160.67 No1.00

112 18.37 1.16 0.32 0.83 1.00 1.074 1.604 1.05 1.7420.67 No1.00

113 18.54 1.17 0.33 0.84 1.00 1.076 1.608 1.03 1.3780.67 No1.00

114 18.70 1.18 0.33 0.85 1.00 1.079 1.612 1.03 1.3880.67 No1.00

115 18.86 1.19 0.34 0.85 1.00 1.081 1.616 1.04 1.6490.67 No1.00

116 19.03 1.20 0.34 0.86 1.00 1.084 1.620 1.05 1.9450.67 No1.00

117 19.19 1.21 0.35 0.86 1.00 1.086 1.623 1.04 1.7910.67 No1.00

118 19.36 1.22 0.35 0.87 1.00 1.089 1.627 1.04 1.8360.67 No1.00

119 19.52 1.23 0.36 0.88 1.00 1.091 1.630 1.05 2.0710.67 No1.00

120 19.69 1.25 0.36 0.88 1.00 1.094 1.634 1.04 1.9470.67 No1.00

121 19.85 1.26 0.37 0.89 1.00 1.096 1.638 1.03 1.4800.67 No1.00

122 20.01 1.27 0.37 0.89 1.00 1.098 1.641 1.03 1.4480.67 No1.00

123 20.18 1.28 0.38 0.90 1.00 1.101 1.644 1.03 1.4900.67 No1.00

124 20.34 1.29 0.39 0.90 1.00 1.103 1.648 1.03 1.8170.67 No1.00

125 20.51 1.30 0.39 0.91 1.00 1.105 1.651 1.03 2.1250.67 No1.00

126 20.67 1.31 0.40 0.92 1.00 1.107 1.655 1.03 1.7920.67 No1.00

127 20.83 1.32 0.40 0.92 1.00 1.110 1.658 1.02 1.5590.67 No1.00

128 21.00 1.33 0.41 0.93 1.00 1.112 1.662 1.02 1.4370.67 No1.00

129 21.16 1.34 0.41 0.93 1.00 1.114 1.665 1.01 1.2620.67 No1.00

130 21.33 1.35 0.42 0.94 1.00 1.117 1.668 1.01 1.2610.67 No1.00

131 21.49 1.36 0.42 0.94 1.00 1.119 1.672 1.01 1.2570.67 No1.00

132 21.65 1.37 0.43 0.95 1.00 1.121 1.675 1.01 1.2460.67 No1.00

133 21.82 1.38 0.43 0.95 1.00 1.123 1.678 1.01 1.2100.67 No1.00

134 21.98 1.39 0.44 0.96 1.00 1.125 1.682 1.01 1.2100.67 No1.00

135 22.15 1.41 0.44 0.96 1.00 1.127 1.685 1.01 1.4050.67 No1.00

136 22.31 1.42 0.45 0.97 1.00 1.129 1.687 1.02 2.1990.67 No1.00

137 22.47 1.43 0.45 0.98 1.00 1.131 1.690 1.02 2.0900.67 No1.00

138 22.64 1.44 0.46 0.98 1.00 1.133 1.693 1.02 2.2050.67 No1.00

139 22.80 1.45 0.46 0.99 1.00 1.135 1.695 1.02 2.2120.67 No1.00

140 22.97 1.46 0.47 1.00 1.00 1.137 1.698 1.02 2.2200.67 No1.00

141 23.13 1.47 0.47 1.00 1.00 1.138 1.701 1.02 2.2270.67 No1.00

142 23.29 1.48 0.48 1.01 1.00 1.140 1.703 1.01 2.2340.67 No1.00

143 23.46 1.50 0.48 1.01 1.00 1.142 1.706 1.01 2.2420.67 No1.00

144 23.62 1.51 0.49 1.02 1.00 1.143 1.708 1.01 2.2490.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

Depth:
σv:
u0:
σv ':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 184.84 0.00 1.22 0.26 1.70 381.34 0.00 4.000 No No0.16 2.00254.00

2 130.10 0.00 1.47 0.35 1.70 184.39 0.00 4.000 No No0.33 2.00184.39

3 122.37 0.00 1.52 0.39 1.70 156.26 0.00 4.000 No No0.49 2.00156.26

4 87.07 6.13 1.79 0.42 1.70 138.57 0.80 4.000 No No0.66 2.00139.37

5 75.00 17.63 1.93 0.39 1.70 122.33 33.29 4.000 No No0.82 2.00155.62

6 62.85 28.60 2.07 0.40 1.70 97.83 53.14 4.000 No No0.98 2.00150.97

7 50.87 39.57 2.21 0.40 1.70 87.42 62.69 4.000 No No1.15 2.00150.10

8 40.59 51.07 2.35 0.46 1.70 58.74 62.02 4.000 No No1.31 2.00120.76

9 33.30 59.98 2.46 0.49 1.70 42.24 60.55 4.000 No No1.48 2.00102.79

10 27.04 69.39 2.58 0.49 1.70 39.73 0.00 4.000 No Yes1.64 2.0039.73

11 24.18 75.32 2.65 0.49 1.70 39.23 0.00 4.000 No Yes1.80 2.0039.23

12 22.84 80.04 2.71 0.50 1.70 37.07 0.00 4.000 No Yes1.97 2.0037.07

13 21.32 85.02 2.78 0.50 1.70 35.72 0.00 4.000 No Yes2.13 2.0035.72

14 19.63 89.49 2.83 0.51 1.70 31.51 0.00 4.000 No Yes2.30 2.0031.51

15 18.24 92.85 2.87 0.52 1.70 27.49 0.00 4.000 No Yes2.46 2.0027.49

16 16.85 96.21 2.92 0.53 1.70 25.74 0.00 4.000 No Yes2.62 2.0025.74

17 16.02 97.50 2.93 0.53 1.70 25.90 0.00 4.000 No Yes2.79 2.0025.90

18 15.67 97.00 2.93 0.53 1.70 24.50 0.00 4.000 No Yes2.95 2.0024.50

19 15.32 97.01 2.93 0.53 1.70 24.85 0.00 4.000 No Yes3.12 2.0024.85

20 14.88 97.52 2.93 0.53 1.70 24.73 0.00 4.000 No Yes3.28 2.0024.73

21 14.61 97.53 2.93 0.54 1.70 22.91 0.00 4.000 No Yes3.44 2.0022.91

22 14.07 98.02 2.94 0.54 1.70 22.35 0.00 4.000 No Yes3.61 2.0022.35

23 13.36 98.97 2.95 0.54 1.70 22.28 0.00 4.000 No Yes3.77 2.0022.28

24 12.95 98.77 2.95 0.54 1.70 20.57 0.00 4.000 No Yes3.94 2.0020.57

25 12.67 98.39 2.94 0.55 1.70 18.99 0.00 4.000 No Yes4.10 2.0018.99

26 12.59 97.81 2.94 0.55 1.70 19.60 0.00 4.000 No Yes4.27 2.0019.60

27 13.28 95.26 2.90 0.55 1.70 20.12 0.00 4.000 No Yes4.43 2.0020.12

28 14.28 93.36 2.88 0.54 1.70 21.63 0.00 4.000 No Yes4.59 2.0021.63

29 15.66 91.92 2.86 0.53 1.70 26.04 0.00 4.000 No Yes4.76 2.0026.04

30 17.38 90.02 2.84 0.53 1.70 27.06 0.00 4.000 No Yes4.92 2.0027.06

31 19.39 87.90 2.81 0.51 1.70 30.64 0.00 4.000 No Yes5.09 2.0030.64

32 22.88 81.92 2.74 0.51 1.70 33.92 0.00 4.000 No Yes5.25 2.0033.92

33 23.32 83.26 2.75 0.49 1.70 37.71 0.00 4.000 No Yes5.41 2.0037.71

34 24.61 83.07 2.75 0.45 1.69 53.79 0.00 4.000 No Yes5.58 2.0053.79

35 30.51 76.02 2.66 0.52 1.70 30.53 0.00 4.000 No Yes5.74 2.0030.53

36 39.23 67.71 2.56 0.49 1.70 41.03 0.00 4.000 No Yes5.91 2.0041.03

37 45.49 64.39 2.52 0.41 1.56 74.40 0.00 4.000 No Yes6.07 2.0074.40

38 53.75 59.21 2.45 0.37 1.48 93.67 74.70 4.000 No No6.23 2.00168.37

39 60.52 54.77 2.40 0.38 1.48 90.57 72.15 4.000 No No6.40 2.00162.72

40 61.10 53.97 2.39 0.40 1.48 84.39 70.14 4.000 No No6.56 2.00154.52

41 59.05 53.96 2.39 0.40 1.47 82.48 69.61 4.000 No No6.73 2.00152.09

42 56.06 53.97 2.39 0.42 1.48 74.80 67.53 4.000 No No6.89 2.00142.34

43 53.07 53.64 2.38 0.41 1.45 78.08 68.29 4.000 No No7.05 2.00146.37

44 51.62 52.16 2.36 0.43 1.47 69.29 65.30 4.000 No No7.22 2.00134.60

45 51.12 49.60 2.33 0.45 1.47 63.19 62.56 4.000 No No7.38 2.00125.76

46 49.91 46.89 2.30 0.43 1.44 70.86 63.25 4.000 No No7.55 2.00134.11

47 50.13 43.91 2.26 0.44 1.44 69.28 61.19 4.000 No No7.71 2.00130.47

48 50.33 42.27 2.24 0.44 1.43 68.44 59.97 4.000 No No7.87 2.00128.41
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 48.11 44.27 2.27 0.44 1.41 68.12 61.10 0.195 No No8.04 0.22129.23

50 44.44 48.44 2.32 0.45 1.41 61.81 61.66 0.180 No No8.20 0.21123.47

51 40.54 54.29 2.39 0.46 1.41 54.65 62.17 0.165 No No8.37 0.19116.82

52 35.38 62.72 2.50 0.49 1.42 43.95 61.77 0.145 No No8.53 0.17105.72

53 32.49 68.68 2.57 0.49 1.41 41.72 0.00 4.000 No Yes8.69 2.0041.72

54 32.90 69.87 2.59 0.51 1.42 33.87 0.00 4.000 No Yes8.86 2.0033.87

55 36.73 67.25 2.55 0.49 1.39 41.80 0.00 4.000 No Yes9.02 2.0041.80

56 42.49 63.16 2.50 0.46 1.34 54.68 0.00 4.000 No Yes9.19 2.0054.68

57 47.92 59.92 2.46 0.44 1.32 64.54 66.79 0.202 No No9.35 0.21131.33

58 49.95 58.82 2.45 0.42 1.29 73.26 68.87 0.244 No No9.51 0.24142.13

59 48.61 59.82 2.46 0.44 1.30 64.18 66.65 0.200 No No9.68 0.21130.84

60 51.00 56.66 2.42 0.47 1.31 52.04 62.28 0.160 No No9.84 0.17114.32

61 54.93 52.51 2.37 0.49 1.31 45.15 58.95 0.143 No No10.01 0.16104.10

62 61.44 46.50 2.29 0.42 1.26 75.78 64.31 0.235 No No10.17 0.23140.09

63 71.11 39.82 2.21 0.39 1.23 92.57 64.12 0.340 No No10.33 0.29156.68

64 80.61 34.38 2.14 0.39 1.22 97.91 60.37 0.355 No No10.50 0.30158.28

65 82.44 32.28 2.12 0.38 1.21 103.24 59.16 0.398 No No10.66 0.32162.39

66 81.45 31.26 2.10 0.40 1.21 95.89 56.35 0.304 No No10.83 0.27152.24

67 81.97 29.29 2.08 0.43 1.22 84.13 51.41 0.216 No No10.99 0.21135.53

68 82.42 28.92 2.07 0.43 1.21 85.47 51.17 0.221 No No11.15 0.21136.63

69 82.77 30.71 2.10 0.40 1.19 98.22 56.13 0.320 No No11.32 0.27154.35

70 83.63 35.33 2.15 0.38 1.17 102.61 62.42 0.430 No No11.48 0.33165.02

71 83.74 39.65 2.21 0.39 1.17 94.56 64.46 0.362 No No11.65 0.29159.03

72 80.16 45.82 2.29 0.40 1.17 85.36 66.39 0.301 No No11.81 0.25151.75

73 77.45 50.56 2.34 0.40 1.16 82.65 68.16 0.294 No No11.98 0.25150.82

74 75.89 53.90 2.39 0.41 1.16 76.30 67.91 0.255 No No12.14 0.22144.21

75 75.27 56.00 2.41 0.39 1.14 85.59 71.28 0.342 No No12.30 0.27156.87

76 76.90 57.12 2.43 0.40 1.14 83.72 71.18 0.325 No No12.47 0.26154.90

77 80.92 56.94 2.42 0.40 1.14 79.71 70.01 0.287 No No12.63 0.24149.72

78 83.15 58.43 2.44 0.39 1.12 88.57 73.00 0.389 No No12.80 0.29161.57

79 86.69 59.19 2.45 0.37 1.11 94.42 74.90 0.493 No No12.96 0.35169.33

80 90.09 59.68 2.46 0.37 1.11 94.47 75.09 0.497 No No13.12 0.35169.55

81 94.79 58.43 2.44 0.36 1.10 99.19 75.96 0.604 No No13.29 0.40175.15

82 100.82 56.03 2.41 0.37 1.10 94.60 73.76 0.478 No No13.45 0.33168.37

83 108.91 52.24 2.37 0.35 1.08 109.65 76.19 0.930 No No13.62 0.53185.84

84 112.42 48.76 2.32 0.33 1.08 121.90 77.59 1.838 No No13.78 1.04199.49

85 113.85 44.91 2.27 0.32 1.07 131.94 77.69 3.405 No No13.94 1.91209.63

86 109.84 43.47 2.26 0.35 1.07 114.30 72.21 0.958 No No14.11 0.53186.51

87 101.30 44.45 2.27 0.37 1.07 99.61 69.18 0.484 No No14.27 0.33168.79

88 87.12 49.27 2.33 0.39 1.07 87.83 68.90 0.340 No No14.44 0.25156.73

89 76.52 55.53 2.41 0.41 1.07 77.85 68.97 0.269 No No14.60 0.21146.83

90 71.90 60.72 2.47 0.44 1.07 60.35 65.85 0.187 No No14.76 0.16126.19

91 70.85 65.02 2.53 0.44 1.06 60.24 0.00 4.000 No Yes14.93 2.0060.24

92 72.01 67.62 2.56 0.41 1.05 74.90 0.00 4.000 No Yes15.09 2.0074.90

93 78.60 66.40 2.54 0.40 1.05 80.72 0.00 4.000 No Yes15.26 2.0080.72

94 85.35 65.15 2.53 0.40 1.04 81.64 0.00 4.000 No Yes15.42 2.0081.64

95 90.53 64.91 2.52 0.38 1.03 90.69 0.00 4.000 No Yes15.58 2.0090.69

96 95.33 63.98 2.51 0.38 1.03 91.27 0.00 4.000 No Yes15.75 2.0091.27
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 100.90 62.54 2.49 0.36 1.02 98.04 77.05 0.602 No No15.91 0.36175.09

98 117.89 56.35 2.42 0.36 1.02 101.88 75.90 0.666 No No16.08 0.39177.77

99 140.57 50.99 2.35 0.36 1.02 106.42 74.70 0.761 No No16.24 0.43181.12

100 161.49 48.08 2.31 0.26 1.01 169.47 89.60 4.000 No No16.40 2.00254.00

101 178.72 47.27 2.30 0.26 1.01 196.95 96.15 4.000 No No16.57 2.00254.00

102 193.41 47.30 2.30 0.26 1.00 195.13 95.71 4.000 No No16.73 2.00254.00

103 191.80 50.66 2.35 0.26 1.00 181.31 94.46 4.000 No No16.90 2.00254.00

104 183.57 54.23 2.39 0.26 1.00 173.71 94.55 4.000 No No17.06 2.00254.00

105 177.78 55.71 2.41 0.27 0.99 159.46 91.43 4.000 No No17.22 2.00250.89

106 173.61 55.87 2.41 0.27 0.99 155.54 90.44 4.000 No No17.39 2.00245.98

107 169.84 55.14 2.40 0.26 0.99 165.27 92.74 4.000 No No17.55 2.00254.00

108 166.68 53.67 2.38 0.27 0.99 159.32 90.34 4.000 No No17.72 2.00249.65

109 157.09 52.98 2.37 0.28 0.98 153.69 88.44 4.000 No No17.88 2.00242.13

110 143.09 53.73 2.38 0.29 0.98 142.38 85.77 4.000 No No18.04 2.00228.15

111 124.95 56.70 2.42 0.35 0.97 108.44 77.85 0.948 No No18.21 0.47186.29

112 108.07 60.81 2.47 0.37 0.97 97.64 76.37 0.579 No No18.37 0.33174.01

113 97.52 64.04 2.51 0.41 0.96 72.75 0.00 4.000 No Yes18.54 2.0072.75

114 96.86 64.57 2.52 0.41 0.96 73.19 0.00 4.000 No Yes18.70 2.0073.19

115 97.54 64.81 2.52 0.38 0.96 91.40 0.00 4.000 No Yes18.86 2.0091.40

116 104.03 62.28 2.49 0.35 0.96 103.62 78.55 0.794 No No19.03 0.41182.17

117 113.58 58.05 2.44 0.36 0.95 99.10 75.79 0.598 No No19.19 0.33174.89

118 116.48 56.74 2.42 0.36 0.95 101.00 75.81 0.642 No No19.36 0.35176.81

119 111.40 58.72 2.45 0.33 0.95 115.57 80.63 1.537 No No19.52 0.74196.20

120 106.54 61.16 2.48 0.36 0.94 103.09 78.02 0.760 No No19.69 0.39181.12

121 102.01 63.31 2.50 0.40 0.93 78.75 0.00 4.000 No Yes19.85 2.0078.75

122 98.61 64.61 2.52 0.41 0.93 75.40 0.00 4.000 No Yes20.01 2.0075.40

123 100.39 62.83 2.50 0.40 0.93 78.93 71.72 0.293 No No20.18 0.20150.65

124 105.10 57.41 2.43 0.37 0.93 98.57 75.40 0.578 No No20.34 0.32173.96

125 107.39 53.43 2.38 0.35 0.93 109.99 76.84 0.972 No No20.51 0.46186.83

126 106.18 51.20 2.35 0.37 0.93 99.14 72.87 0.540 No No20.67 0.30172.01

127 94.45 54.55 2.39 0.39 0.92 84.94 70.52 0.330 No No20.83 0.21155.46

128 79.73 60.56 2.47 0.42 0.92 72.76 69.29 0.244 No No21.00 0.17142.05

129 66.72 69.07 2.58 0.48 0.90 45.42 0.00 4.000 No Yes21.16 2.0045.42

130 55.87 76.59 2.67 0.48 0.90 43.38 0.00 4.000 No Yes21.33 2.0043.38

131 44.96 86.06 2.79 0.49 0.90 40.65 0.00 4.000 No Yes21.49 2.0040.65

132 40.16 92.55 2.87 0.50 0.90 36.52 0.00 4.000 No Yes21.65 2.0036.52

133 44.91 88.22 2.82 0.53 0.89 24.61 0.00 4.000 No Yes21.82 2.0024.61

134 61.09 77.67 2.68 0.54 0.88 24.31 0.00 4.000 No Yes21.98 2.0024.31

135 76.40 74.02 2.64 0.43 0.90 63.77 0.00 4.000 No Yes22.15 2.0063.77

136 100.37 68.52 2.57 0.34 0.92 112.22 0.00 4.000 No Yes22.31 1.82112.22

137 130.80 62.43 2.49 0.35 0.92 103.73 78.63 0.800 No No22.47 0.38182.35

138 153.65 60.98 2.47 0.31 0.93 130.60 85.71 4.000 No No22.64 1.81216.31

139 167.80 62.01 2.49 0.26 0.94 160.23 94.48 4.000 No No22.80 1.81254.00

140 210.59 100.00 4.06 0.26 0.93 166.78 0.00 4.000 No Yes22.97 1.80166.78

141 282.08 100.00 4.06 0.26 0.93 175.87 0.00 4.000 No Yes23.13 1.80175.87

142 351.51 100.00 4.06 0.26 0.93 293.76 0.00 4.000 No Yes23.29 1.79293.76

143 415.07 100.00 4.06 0.26 0.93 445.72 0.00 4.000 No Yes23.46 1.78445.72

144 485.21 100.00 4.06 0.26 0.93 464.29 0.00 4.000 No Yes23.62 1.78464.29
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

Abbreviations

Depth:

qt:
FC:

Ic:

m:

CN:
qc1N:

Δqc1N:
qc1N,cs:

CRR7.5:

FS:

Depth from free surface, at which CPT was performed (ft)

Total cone resistance
Fines content (%)

Soil behavior type index

Stress exponent

Overburden correction factor
Normalized and adjusted cone resistance

Cone resistance correction factor due to fines
Normalized and adjusted cone resistance

Cyclic resistance ratio for Mw=7.5

Factor of safety against soil liquefaction
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

0.16 2.00 0.00 9.98 0.17 0.00 0.33 2.00 0.00 9.95 0.17 0.00

0.49 2.00 0.00 9.93 0.16 0.00 0.66 2.00 0.00 9.90 0.17 0.00

0.82 2.00 0.00 9.88 0.16 0.00 0.98 2.00 0.00 9.85 0.16 0.00

1.15 2.00 0.00 9.82 0.17 0.00 1.31 2.00 0.00 9.80 0.16 0.00

1.48 2.00 0.00 9.77 0.17 0.00 1.64 2.00 0.00 9.75 0.16 0.00

1.80 2.00 0.00 9.73 0.16 0.00 1.97 2.00 0.00 9.70 0.17 0.00

2.13 2.00 0.00 9.68 0.16 0.00 2.30 2.00 0.00 9.65 0.17 0.00

2.46 2.00 0.00 9.63 0.16 0.00 2.62 2.00 0.00 9.60 0.16 0.00

2.79 2.00 0.00 9.57 0.17 0.00 2.95 2.00 0.00 9.55 0.16 0.00

3.12 2.00 0.00 9.52 0.17 0.00 3.28 2.00 0.00 9.50 0.16 0.00

3.44 2.00 0.00 9.48 0.16 0.00 3.61 2.00 0.00 9.45 0.17 0.00

3.77 2.00 0.00 9.43 0.16 0.00 3.94 2.00 0.00 9.40 0.17 0.00

4.10 2.00 0.00 9.38 0.16 0.00 4.27 2.00 0.00 9.35 0.17 0.00

4.43 2.00 0.00 9.32 0.16 0.00 4.59 2.00 0.00 9.30 0.16 0.00

4.76 2.00 0.00 9.27 0.17 0.00 4.92 2.00 0.00 9.25 0.16 0.00

5.09 2.00 0.00 9.22 0.17 0.00 5.25 2.00 0.00 9.20 0.16 0.00

5.41 2.00 0.00 9.18 0.16 0.00 5.58 2.00 0.00 9.15 0.17 0.00

5.74 2.00 0.00 9.13 0.16 0.00 5.91 2.00 0.00 9.10 0.17 0.00

6.07 2.00 0.00 9.07 0.16 0.00 6.23 2.00 0.00 9.05 0.16 0.00

6.40 2.00 0.00 9.02 0.17 0.00 6.56 2.00 0.00 9.00 0.16 0.00

6.73 2.00 0.00 8.97 0.17 0.00 6.89 2.00 0.00 8.95 0.16 0.00

7.05 2.00 0.00 8.93 0.16 0.00 7.22 2.00 0.00 8.90 0.17 0.00

7.38 2.00 0.00 8.88 0.16 0.00 7.55 2.00 0.00 8.85 0.17 0.00

7.71 2.00 0.00 8.82 0.16 0.00 7.87 2.00 0.00 8.80 0.16 0.00

8.04 0.22 0.78 8.77 0.17 0.35 8.20 0.21 0.79 8.75 0.16 0.34

8.37 0.19 0.81 8.72 0.17 0.36 8.53 0.17 0.83 8.70 0.16 0.35

8.69 2.00 0.00 8.68 0.16 0.00 8.86 2.00 0.00 8.65 0.17 0.00

9.02 2.00 0.00 8.63 0.16 0.00 9.19 2.00 0.00 8.60 0.17 0.00

9.35 0.21 0.79 8.58 0.16 0.33 9.51 0.24 0.76 8.55 0.16 0.32

9.68 0.21 0.79 8.52 0.17 0.35 9.84 0.17 0.83 8.50 0.16 0.34

10.01 0.16 0.84 8.47 0.17 0.37 10.17 0.23 0.77 8.45 0.16 0.32

10.33 0.29 0.71 8.43 0.16 0.29 10.50 0.30 0.70 8.40 0.17 0.30

10.66 0.32 0.68 8.38 0.16 0.28 10.83 0.27 0.73 8.35 0.17 0.32

10.99 0.21 0.79 8.33 0.16 0.32 11.15 0.21 0.79 8.30 0.16 0.32

11.32 0.27 0.73 8.27 0.17 0.31 11.48 0.33 0.67 8.25 0.16 0.27

11.65 0.29 0.71 8.22 0.17 0.30 11.81 0.25 0.75 8.20 0.16 0.30

11.98 0.25 0.75 8.17 0.17 0.32 12.14 0.22 0.78 8.15 0.16 0.31

12.30 0.27 0.73 8.13 0.16 0.29 12.47 0.26 0.74 8.10 0.17 0.31

12.63 0.24 0.76 8.08 0.16 0.30 12.80 0.29 0.71 8.05 0.17 0.29

12.96 0.35 0.65 8.02 0.16 0.26 13.12 0.35 0.65 8.00 0.16 0.25

13.29 0.40 0.60 7.97 0.17 0.25 13.45 0.33 0.67 7.95 0.16 0.26

13.62 0.53 0.47 7.92 0.17 0.19 13.78 1.04 0.00 7.90 0.16 0.00

13.94 1.91 0.00 7.88 0.16 0.00 14.11 0.53 0.47 7.85 0.17 0.19

14.27 0.33 0.67 7.83 0.16 0.26 14.44 0.25 0.75 7.80 0.17 0.30

14.60 0.21 0.79 7.77 0.16 0.30 14.76 0.16 0.84 7.75 0.16 0.32

14.93 2.00 0.00 7.72 0.17 0.00 15.09 2.00 0.00 7.70 0.16 0.00

15.26 2.00 0.00 7.67 0.17 0.00 15.42 2.00 0.00 7.65 0.16 0.00

15.58 2.00 0.00 7.63 0.16 0.00 15.75 2.00 0.00 7.60 0.17 0.00
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

15.91 0.36 0.64 7.58 0.16 0.23 16.08 0.39 0.61 7.55 0.17 0.24

16.24 0.43 0.57 7.53 0.16 0.21 16.40 2.00 0.00 7.50 0.16 0.00

16.57 2.00 0.00 7.47 0.17 0.00 16.73 2.00 0.00 7.45 0.16 0.00

16.90 2.00 0.00 7.42 0.17 0.00 17.06 2.00 0.00 7.40 0.16 0.00

17.22 2.00 0.00 7.38 0.16 0.00 17.39 2.00 0.00 7.35 0.17 0.00

17.55 2.00 0.00 7.33 0.16 0.00 17.72 2.00 0.00 7.30 0.17 0.00

17.88 2.00 0.00 7.28 0.16 0.00 18.04 2.00 0.00 7.25 0.16 0.00

18.21 0.47 0.53 7.22 0.17 0.20 18.37 0.33 0.67 7.20 0.16 0.23

18.54 2.00 0.00 7.17 0.17 0.00 18.70 2.00 0.00 7.15 0.16 0.00

18.86 2.00 0.00 7.13 0.16 0.00 19.03 0.41 0.59 7.10 0.17 0.22

19.19 0.33 0.67 7.08 0.16 0.23 19.36 0.35 0.65 7.05 0.17 0.24

19.52 0.74 0.26 7.03 0.16 0.09 19.69 0.39 0.61 7.00 0.17 0.22

19.85 2.00 0.00 6.97 0.16 0.00 20.01 2.00 0.00 6.95 0.16 0.00

20.18 0.20 0.80 6.92 0.17 0.29 20.34 0.32 0.68 6.90 0.16 0.23

20.51 0.46 0.54 6.87 0.17 0.19 20.67 0.30 0.70 6.85 0.16 0.23

20.83 0.21 0.79 6.83 0.16 0.26 21.00 0.17 0.83 6.80 0.17 0.29

21.16 2.00 0.00 6.78 0.16 0.00 21.33 2.00 0.00 6.75 0.17 0.00

21.49 2.00 0.00 6.72 0.16 0.00 21.65 2.00 0.00 6.70 0.16 0.00

21.82 2.00 0.00 6.67 0.17 0.00 21.98 2.00 0.00 6.65 0.16 0.00

22.15 2.00 0.00 6.62 0.17 0.00 22.31 1.82 0.00 6.60 0.16 0.00

22.47 0.38 0.62 6.58 0.16 0.20 22.64 1.81 0.00 6.55 0.17 0.00

22.80 1.81 0.00 6.53 0.16 0.00 22.97 1.80 0.00 6.50 0.17 0.00

23.13 1.80 0.00 6.47 0.16 0.00 23.29 1.79 0.00 6.45 0.16 0.00

23.46 1.78 0.00 6.42 0.17 0.00 23.62 1.78 0.00 6.40 0.16 0.00

Abbreviations

Overal l  l iquefact ion potential: 14.65

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:

FL:
wz:

dz:

LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

Cone res istance
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qt:
Ic:

FS:

Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index

Calculated Factor of Safety against liquefaction

Post-liquefaction volumentric strain
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

8.04 129.23 0.22 2.12 0.040.86 8.20 123.47 0.21 2.22 0.040.86

8.37 116.82 0.19 2.34 0.050.86 8.53 105.72 0.17 2.60 0.050.86

8.69 41.72 2.00 0.00 0.000.85 8.86 33.87 2.00 0.00 0.000.85

9.02 41.80 2.00 0.00 0.000.85 9.19 54.68 2.00 0.00 0.000.84

9.35 131.33 0.21 2.03 0.040.84 9.51 142.13 0.24 1.85 0.040.84

9.68 130.84 0.21 2.02 0.040.84 9.84 114.32 0.17 2.33 0.040.83

10.01 104.10 0.16 2.56 0.050.83 10.17 140.09 0.23 1.86 0.040.83

10.33 156.68 0.29 1.59 0.030.82 10.50 158.28 0.30 1.50 0.030.82

10.66 162.39 0.32 1.30 0.030.82 10.83 152.24 0.27 1.67 0.030.82

10.99 135.53 0.21 1.89 0.040.81 11.15 136.63 0.21 1.87 0.040.81

11.32 154.35 0.27 1.62 0.030.81 11.48 165.02 0.33 1.17 0.020.81

11.65 159.03 0.29 1.43 0.030.80 11.81 151.75 0.25 1.64 0.030.80

11.98 150.82 0.25 1.64 0.030.80 12.14 144.21 0.22 1.72 0.030.79

12.30 156.87 0.27 1.52 0.030.79 12.47 154.90 0.26 1.58 0.030.79

12.63 149.72 0.24 1.63 0.030.79 12.80 161.57 0.29 1.28 0.030.78

12.96 169.33 0.35 0.98 0.020.78 13.12 169.55 0.35 0.97 0.020.78

13.29 175.15 0.40 0.79 0.020.77 13.45 168.37 0.33 1.00 0.020.77

13.62 185.84 0.53 0.52 0.010.77 13.78 199.49 1.04 0.04 0.000.77

13.94 209.63 1.91 0.00 0.000.76 14.11 186.51 0.53 0.51 0.010.76

14.27 168.79 0.33 0.97 0.020.76 14.44 156.73 0.25 1.46 0.030.76

14.60 146.83 0.21 1.60 0.030.75 14.76 126.19 0.16 1.89 0.040.75

14.93 60.24 2.00 0.00 0.000.75 15.09 74.90 2.00 0.00 0.000.74

15.26 80.72 2.00 0.00 0.000.74 15.42 81.64 2.00 0.00 0.000.74

15.58 90.69 2.00 0.00 0.000.74 15.75 91.27 2.00 0.00 0.000.73

15.91 175.09 0.36 0.75 0.010.73 16.08 177.77 0.39 0.68 0.010.73

16.24 181.12 0.43 0.60 0.010.72 16.40 254.00 2.00 0.00 0.000.72

16.57 254.00 2.00 0.00 0.000.72 16.73 254.00 2.00 0.00 0.000.72

16.90 254.00 2.00 0.00 0.000.71 17.06 254.00 2.00 0.00 0.000.71

17.22 250.89 2.00 0.00 0.000.71 17.39 245.98 2.00 0.00 0.000.71

17.55 254.00 2.00 0.00 0.000.70 17.72 249.65 2.00 0.00 0.000.70

17.88 242.13 2.00 0.00 0.000.70 18.04 228.15 2.00 0.00 0.000.69

18.21 186.29 0.47 0.47 0.010.69 18.37 174.01 0.33 0.73 0.010.69

18.54 72.75 2.00 0.00 0.000.69 18.70 73.19 2.00 0.00 0.000.68

18.86 91.40 2.00 0.00 0.000.68 19.03 182.17 0.41 0.54 0.010.68

19.19 174.89 0.33 0.69 0.010.67 19.36 176.81 0.35 0.65 0.010.67

19.52 196.20 0.74 0.22 0.000.67 19.69 181.12 0.39 0.55 0.010.67

19.85 78.75 2.00 0.00 0.000.66 20.01 75.40 2.00 0.00 0.000.66

20.18 150.65 0.20 1.36 0.030.66 20.34 173.96 0.32 0.70 0.010.66

20.51 186.83 0.46 0.43 0.010.65 20.67 172.01 0.30 0.74 0.010.65

20.83 155.46 0.21 1.29 0.020.65 21.00 142.05 0.17 1.42 0.030.64

21.16 45.42 2.00 0.00 0.000.64 21.33 43.38 2.00 0.00 0.000.64

21.49 40.65 2.00 0.00 0.000.64 21.65 36.52 2.00 0.00 0.000.63

21.82 24.61 2.00 0.00 0.000.63 21.98 24.31 2.00 0.00 0.000.63

22.15 63.77 2.00 0.00 0.000.62 22.31 112.22 1.82 0.00 0.000.62

22.47 182.35 0.38 0.49 0.010.62 22.64 216.31 1.81 0.00 0.000.62

22.80 254.00 1.81 0.00 0.000.61 22.97 166.78 1.80 0.00 0.000.61

23.13 175.87 1.80 0.00 0.000.61 23.29 293.76 1.79 0.00 0.000.61

23.46 445.72 1.78 0.00 0.000.60 23.62 464.29 1.78 0.00 0.000.60

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:06 AM 61

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

RFP PW23-3 
Exhibit B1 
217 of 268



This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

Total est imated sett lement: 1.38

Abbreviations

Qtn,cs:

FS:
ev (%):

DF:

Settlement:

Equivalent clean sand normalized cone resistance

Factor of safety against liquefaction
Post-liquefaction volumentric strain

ev depth weighting factor

Calculated settlement

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:06 AM 62

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

RFP PW23-3 
Exhibit B1 
218 of 268



This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

0.16 184.84 1.00 314.43 1.22 N/A N/A314.43

0.33 130.10 1.00 221.28 1.47 N/A N/A221.28

0.49 122.37 1.00 208.12 1.52 N/A N/A208.12

0.66 87.07 1.10 162.69 1.79 N/A N/A148.05

0.82 75.00 1.22 155.72 1.93 N/A N/A127.49

0.98 62.85 1.40 149.87 2.07 N/A N/A106.82

1.15 50.87 1.68 145.56 2.21 N/A N/A86.42

1.31 40.59 2.12 146.28 2.35 N/A N/A68.92

1.48 33.30 2.58 146.04 2.46 N/A N/A56.50

1.64 27.04 3.21 146.93 2.58 N/A N/A45.83

1.80 24.18 3.67 150.44 2.65 N/A N/A40.95

1.97 22.84 4.09 158.19 2.71 N/A N/A38.66

2.13 21.32 4.58 165.02 2.78 N/A N/A36.05

2.30 19.63 5.06 167.67 2.83 N/A N/A33.17

2.46 18.24 5.44 167.47 2.87 N/A N/A30.78

2.62 16.85 5.85 166.01 2.92 N/A N/A28.39

2.79 16.02 6.01 162.06 2.93 N/A N/A26.96

2.95 15.67 5.95 156.79 2.93 N/A N/A26.36

3.12 15.32 5.95 153.15 2.93 N/A N/A25.75

3.28 14.88 6.01 150.24 2.93 N/A N/A24.98

3.44 14.61 6.01 147.35 2.93 N/A N/A24.50

3.61 14.07 6.08 143.28 2.94 N/A N/A23.58

3.77 13.36 6.20 138.55 2.95 N/A N/A22.35

3.94 12.95 6.17 133.55 2.95 N/A N/A21.63

4.10 12.67 6.13 129.51 2.94 N/A N/A21.14

4.27 12.59 6.05 127.00 2.94 N/A N/A20.99

4.43 13.28 5.73 126.86 2.90 N/A N/A22.14

4.59 14.28 5.50 131.08 2.88 N/A N/A23.83

4.76 15.66 5.33 139.47 2.86 N/A N/A26.16

4.92 17.38 5.11 148.70 2.84 N/A N/A29.08

5.09 19.39 4.88 158.52 2.81 N/A N/A32.48

5.25 22.88 4.27 163.94 2.74 N/A N/A38.40

5.41 23.32 4.40 172.14 2.75 N/A N/A39.12

5.58 24.61 4.38 181.00 2.75 N/A N/A41.30

5.74 30.51 3.73 191.64 2.66 N/A N/A51.33

5.91 39.23 3.08 203.98 2.56 N/A N/A66.13

6.07 45.49 2.86 219.36 2.52 N/A N/A76.77

6.23 53.75 2.54 230.70 2.45 N/A N/A90.81

6.40 60.52 2.30 235.37 2.40 N/A N/A102.30

6.56 61.10 2.26 233.44 2.39 N/A N/A103.27

6.73 59.05 2.26 225.49 2.39 N/A N/A99.77

6.89 56.06 2.26 213.99 2.39 N/A N/A94.67

7.05 53.07 2.24 201.01 2.38 N/A N/A89.56

7.22 51.62 2.17 189.23 2.36 N/A N/A87.07

7.38 51.12 2.06 177.37 2.33 N/A N/A86.21

7.55 49.91 1.94 163.57 2.30 N/A N/A84.14

7.71 50.13 1.83 154.68 2.26 N/A N/A84.48

7.87 50.33 1.77 149.74 2.24 N/A N/A84.46
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

8.04 48.11 1.84 147.61 2.27 0.14 0.8080.05

8.20 44.44 2.01 148.44 2.32 0.13 0.7973.93

8.37 40.54 2.28 154.16 2.39 0.12 0.7767.72

8.53 35.38 2.75 163.14 2.50 0.11 0.7659.31

8.69 32.49 3.15 171.50 2.57 0.11 4.3654.38

8.86 32.90 3.24 178.45 2.59 0.10 4.3355.05

9.02 36.73 3.05 183.66 2.55 0.11 4.7560.18

9.19 42.49 2.78 188.33 2.50 0.13 5.4067.77

9.35 47.92 2.58 192.83 2.46 0.14 0.7974.71

9.51 49.95 2.52 192.66 2.45 0.16 0.7976.52

9.68 48.61 2.58 189.47 2.46 0.14 0.7973.57

9.84 51.00 2.40 181.19 2.42 0.12 0.7975.52

10.01 54.93 2.19 173.84 2.37 0.11 0.8079.38

10.17 61.44 1.93 166.70 2.29 0.15 0.8186.42

10.33 71.11 1.69 164.70 2.21 0.18 0.8297.33

10.50 80.61 1.54 165.46 2.14 0.19 0.84107.69

10.66 82.44 1.48 160.98 2.12 0.20 0.84108.44

10.83 81.45 1.46 154.41 2.10 0.17 0.84105.71

10.99 81.97 1.42 148.63 2.08 0.14 0.83104.86

11.15 82.42 1.41 147.05 2.07 0.14 0.83104.32

11.32 82.77 1.45 150.72 2.10 0.18 0.83104.07

11.48 83.63 1.56 164.10 2.15 0.20 0.83105.09

11.65 83.74 1.69 177.07 2.21 0.19 0.83104.97

11.81 80.16 1.90 191.25 2.29 0.18 0.83100.54

11.98 77.45 2.10 203.34 2.34 0.18 0.8296.84

12.14 75.89 2.26 212.99 2.39 0.16 0.8294.37

12.30 75.27 2.36 219.57 2.41 0.19 0.8292.88

12.47 76.90 2.42 227.75 2.43 0.19 0.8293.97

12.63 80.92 2.41 236.12 2.42 0.18 0.8297.81

12.80 83.15 2.50 248.53 2.44 0.20 0.8399.57

12.96 86.69 2.54 261.07 2.45 0.23 0.83102.82

13.12 90.09 2.57 271.58 2.46 0.23 0.84105.80

13.29 94.79 2.50 274.34 2.44 0.25 0.84109.91

13.45 100.82 2.37 273.00 2.41 0.22 0.85115.40

13.62 108.91 2.18 267.43 2.37 0.28 0.86122.85

13.78 112.42 2.02 252.90 2.32 0.35 0.86125.11

13.94 113.85 1.87 233.51 2.27 0.43 0.86125.03

14.11 109.84 1.81 216.43 2.26 0.28 0.85119.26

14.27 101.30 1.85 201.75 2.27 0.22 0.84109.02

14.44 87.12 2.04 190.22 2.33 0.19 0.8293.11

14.60 76.52 2.34 190.26 2.41 0.17 0.8081.32

14.76 71.90 2.63 199.51 2.47 0.14 0.7975.91

14.93 70.85 2.90 215.26 2.53 0.14 5.4174.24

15.09 72.01 3.08 230.40 2.56 0.17 5.4474.86

15.26 78.60 2.99 242.06 2.54 0.19 5.8780.89

15.42 85.35 2.91 253.04 2.53 0.19 6.3187.02

15.58 90.53 2.89 264.53 2.52 0.22 6.6291.47

15.75 95.33 2.83 269.98 2.51 0.22 6.8995.36
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

15.91 100.90 2.74 273.93 2.49 0.25 0.8399.99

16.08 117.89 2.38 275.58 2.42 0.25 0.85115.65

16.24 140.57 2.12 289.71 2.35 0.26 0.87136.70

16.40 161.49 1.99 310.41 2.31 0.89 0.89155.77

16.57 178.72 1.96 335.04 2.30 0.91 0.91170.96

16.73 193.41 1.96 359.99 2.30 0.92 0.92183.57

16.90 191.80 2.10 379.76 2.35 0.91 0.91180.46

17.06 183.57 2.27 389.27 2.39 0.91 0.91171.23

17.22 177.78 2.35 386.12 2.41 0.90 0.90164.39

17.39 173.61 2.36 375.00 2.41 0.89 0.89159.08

17.55 169.84 2.32 358.03 2.40 0.89 0.89154.34

17.72 166.68 2.25 337.33 2.38 0.89 0.89150.19

17.88 157.09 2.21 310.58 2.37 0.88 0.88140.39

18.04 143.09 2.25 284.99 2.38 0.66 0.86126.74

18.21 124.95 2.40 262.95 2.42 0.29 0.84109.50

18.37 108.07 2.63 246.66 2.47 0.24 0.8293.66

18.54 97.52 2.83 236.94 2.51 0.17 5.8983.58

18.70 96.86 2.87 236.25 2.52 0.17 5.7982.32

18.86 97.54 2.89 237.26 2.52 0.22 5.7882.23

19.03 104.03 2.72 237.39 2.49 0.28 0.8187.16

19.19 113.58 2.47 234.57 2.44 0.24 0.8294.78

19.36 116.48 2.40 232.03 2.42 0.25 0.8296.54

19.52 111.40 2.51 229.82 2.45 0.34 0.8191.47

19.69 106.54 2.65 229.84 2.48 0.27 0.8186.58

19.85 102.01 2.79 228.88 2.50 0.18 5.7382.08

20.01 98.61 2.87 225.91 2.52 0.17 5.4978.65

20.18 100.39 2.76 220.24 2.50 0.18 0.8079.87

20.34 105.10 2.44 204.27 2.43 0.24 0.8083.74

20.51 107.39 2.23 191.12 2.38 0.29 0.8185.56

20.67 106.18 2.13 179.78 2.35 0.23 0.8084.45

20.83 94.45 2.29 170.55 2.39 0.19 0.7974.50

21.00 79.73 2.62 162.65 2.47 0.16 0.7662.11

21.16 66.72 3.18 162.85 2.58 0.12 3.5751.17

21.33 55.87 3.78 159.56 2.67 0.12 2.9742.19

21.49 44.96 4.69 155.95 2.79 0.12 2.3633.28

21.65 40.16 5.40 158.52 2.87 0.11 2.1029.33

21.82 44.91 4.92 161.67 2.82 0.09 2.3432.89

21.98 61.09 3.88 176.22 2.68 0.09 3.2045.45

22.15 76.40 3.57 203.58 2.64 0.15 4.0057.09

22.31 100.37 3.14 237.25 2.57 0.35 5.2675.50

22.47 130.80 2.73 270.56 2.49 0.28 0.8399.01

22.64 153.65 2.64 307.24 2.47 0.52 0.85116.21

22.80 167.80 2.71 342.04 2.49 0.86 0.86126.36

22.97 210.59 26.61 4062.40 4.06 0.89 10.91152.69

23.13 282.08 26.61 5427.17 4.06 0.93 14.57203.99

23.29 351.51 26.61 6740.51 4.06 0.97 18.10253.35

23.46 415.07 26.61 7927.67 4.06 0.99 21.28297.97

23.62 485.21 26.61 9232.23 4.06 1.02 24.79347.00
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This software is licensed to: LACO Associates CPT name: CPT-06 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

qt:
Kc:

Qtn,cs:
Ic:

Su(liq)/σ'v:

Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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LIQUEFACTION ANALYSIS REPORT

Input parameters and analysis data

Analysis method:
Fines correction method:

Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

.

G.W.T. (in-situ):

G.W.T. (earthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Project title : CalL Poly Humboldt health dining and housing
facility

Location : Arcata, CA

GeoLogismiki

Geotechnical Engineers

Merarhias 56

http://www.geologismiki.gr

CPT file : CPT-03 - Basic

20.00 ft

8.00 ft

5

2.50

Based on SBT

Use fill:
Fill height:

Fill weight:
Trans. detect. applied:
Kσ applied:

No

N/A

N/A

No

Yes

Clay like behavior

applied:

Limit depth applied:

Limit depth:

MSF method:

 

Sands only

Yes

42.00 ft

Method based

Cone res istance
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4321

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0
SBTn Plot CRR plot

CRR & CSR
0.60.40.20

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0
CRR plot

During earthq.

qc1N,cs
200180160140120100806040200

C
y
cl

ic
 S

tr
e
ss

 R
a
ti
o
*
 (

C
S
R

*
)

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

Liquefaction

No Liquefaction

Normalized friction ratio (%)
0.1 1 10

N
o
rm

a
li
ze

d
 C

P
T
 p

e
n
e
tr

a
ti
o
n
 r

e
si

st
a
n
ce

1

10

100

1,000

Frict ion Ratio

Rf (%)
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Frict ion Ratio

M w= 71 / 2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
21.510.50
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FS Plot

During earthq.

Zone A1 : Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground

geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,

brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

Cone res istance

qt (tsf)
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SBT Plot Soi l  Behaviour Type

SBT (Robertson et al. 1986)
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Soil Behaviour Type

Sand
Silty sand & sandy silt

Clay

Organic soil

Clay

Clay & silty clay

Silty sand & sandy silt

Sand & silty sand
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Sand & silty sand
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

clayey sand9. Very stiff fine grained
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Norm. friction ratio
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Norm. Soil Behaviour Type

Sand
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Clay & silty clay

Clay
Clay & silty clay
Very dense/stiff soil

Silty sand & sandy silt

Sand & silty sand
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Sand & silty sand
Very dense/stiff soil

Very dense/stiff soil
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

clayey sand9. Very stiff fine grained

Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft
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Norm. cone resistance
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L iquefact ion ana lys is  overa l l  p lots  ( intermediate resu l ts)
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft

F.S. color scheme LPI color scheme

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft

RFP PW23-3 
Exhibit B1 
228 of 268



This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

Norm. cone resistance

qc1N
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Norm. cone resistance

Check for  s t rength loss  p lots  ( Idr iss  & Boulanger  (2008))

Residual strength correct ion
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Residual strength correct ion Corrected norm. cone resistance
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Corrected norm. cone resistance SBTn Index
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Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

B&I (2014)

B&I (2014)

Based on Ic value

9.00

1.19

20.00 ft

Depth to GWT (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

8.00 ft

5

2.50

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

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

N/A

No

Yes

Sands only

Yes

42.00 ft
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:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.16 516.82 1.54 128.910.007.00

2 0.33 271.52 1.88 128.830.727.00

3 0.49 207.16 2.12 128.371.876.00

4 0.66 117.46 2.27 126.756.758.00

5 0.82 60.95 1.81 124.7112.048.00

6 0.98 36.54 1.10 121.9320.758.00

7 1.15 19.88 0.77 118.5530.158.00

8 1.31 16.13 0.71 115.4837.689.00

9 1.48 14.06 0.62 113.6843.969.00

10 1.64 12.47 0.56 112.7745.994.00

11 1.80 13.40 0.55 111.7447.764.00

12 1.97 12.66 0.49 110.4950.164.00

13 2.13 9.74 0.41 109.2052.674.00

14 2.30 6.88 0.30 107.9753.144.00

15 2.46 5.97 0.27 106.3756.524.00

16 2.62 9.90 0.28 104.7560.204.00

17 2.79 6.12 0.22 103.7263.604.00

18 2.95 4.06 0.18 103.0266.763.00

19 3.12 3.19 0.18 101.9678.453.00

20 3.28 3.32 0.20 102.7184.173.00

21 3.44 3.75 0.22 103.7086.993.00

22 3.61 5.01 0.35 106.7496.993.00

23 3.77 4.17 0.34 111.7248.793.00

24 3.94 3.31 0.84 114.4036.653.00

25 4.10 45.10 0.89 114.8835.085.00

26 4.27 39.24 0.85 114.7133.785.00

27 4.43 12.17 0.49 113.1030.214.00

28 4.59 7.20 0.23 109.7239.274.00

29 4.76 5.67 0.17 105.3456.254.00

30 4.92 5.91 0.18 104.2958.104.00

31 5.09 6.46 0.23 105.8055.973.00

32 5.25 8.94 0.35 108.1851.174.00

33 5.41 11.61 0.44 110.2749.644.00

34 5.58 15.53 0.56 111.9746.304.00

35 5.74 13.44 0.65 113.4644.604.00

36 5.91 16.82 0.66 114.9845.114.00

37 6.07 17.61 0.82 116.4344.154.00

38 6.23 17.24 1.07 118.4944.843.00

39 6.40 24.55 1.23 121.2139.474.00

40 6.56 23.08 1.89 123.9132.673.00

41 6.73 51.06 2.44 125.9128.619.00

42 6.89 74.37 2.95 126.9325.948.00

43 7.05 71.37 3.08 127.2923.609.00

44 7.22 64.96 2.30 127.0022.308.00

45 7.38 54.73 2.07 126.0021.625.00

46 7.55 60.54 1.82 124.6920.245.00

47 7.71 62.21 1.52 123.7919.295.00

48 7.87 62.78 1.40 122.9017.905.00
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 8.04 59.66 1.29 121.9317.075.00

50 8.20 55.97 1.13 121.1216.605.00

51 8.37 56.34 0.96 120.4616.315.00

52 8.53 56.59 0.90 119.9015.865.00

53 8.69 57.57 0.94 119.5015.125.00

54 8.86 58.47 0.91 119.3814.595.00

55 9.02 62.01 0.84 119.5514.226.00

56 9.19 64.36 0.85 119.7913.976.00

57 9.35 66.84 0.95 120.0413.836.00

58 9.51 67.77 1.04 120.3713.965.00

59 9.68 67.28 1.03 120.6313.805.00

60 9.84 67.52 1.03 120.8313.605.00

61 10.01 74.05 0.98 120.9613.266.00

62 10.17 76.14 1.04 121.0912.816.00

63 10.33 78.83 1.08 121.0112.206.00

64 10.50 81.17 1.06 121.0211.896.00

65 10.66 80.42 0.91 120.9811.506.00

66 10.83 83.29 0.95 120.9611.096.00

67 10.99 86.13 0.97 120.9410.656.00

68 11.15 90.32 1.02 121.0510.596.00

69 11.32 93.79 1.00 120.9910.616.00

70 11.48 86.69 0.96 120.8310.676.00

71 11.65 82.94 0.91 120.5110.736.00

72 11.81 82.62 0.88 120.1911.016.00

73 11.98 83.03 0.84 119.9511.236.00

74 12.14 81.00 0.85 119.9411.606.00

75 12.30 77.89 0.85 120.0412.176.00

76 12.47 75.31 0.93 120.3212.956.00

77 12.63 73.52 0.97 120.6313.555.00

78 12.80 73.84 1.05 120.9013.845.00

79 12.96 76.70 1.07 121.0313.925.00

80 13.12 79.49 1.03 121.0513.746.00

81 13.29 78.11 1.01 120.9613.346.00

82 13.45 78.81 0.96 120.6612.916.00

83 13.62 81.65 0.95 120.4312.836.00

84 13.78 80.69 0.85 120.3412.986.00

85 13.94 77.88 0.89 120.5513.456.00

86 14.11 74.47 0.97 120.9213.755.00

87 14.27 75.07 1.11 121.6213.555.00

88 14.44 84.64 1.18 122.3412.855.00

89 14.60 101.90 1.26 122.9811.776.00

90 14.76 112.39 1.29 123.4410.496.00

91 14.93 120.70 1.30 123.829.436.00

92 15.09 128.55 1.29 124.048.896.00

93 15.26 135.27 1.32 124.188.876.00

94 15.42 132.38 1.35 124.309.256.00

95 15.58 120.13 1.39 124.409.966.00

96 15.75 111.52 1.44 124.4110.846.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 15.91 107.19 1.46 124.4611.636.00

98 16.08 106.80 1.45 124.5612.026.00

99 16.24 110.43 1.49 124.7911.826.00

100 16.40 113.47 1.52 125.1111.006.00

101 16.57 126.11 1.60 125.509.876.00

102 16.73 146.66 1.63 125.728.526.00

103 16.90 163.99 1.63 125.877.506.00

104 17.06 178.98 1.46 125.916.996.00

105 17.22 173.78 1.48 125.887.086.00

106 17.39 158.75 1.54 125.857.586.00

107 17.55 141.40 1.61 125.998.616.00

108 17.72 137.21 1.68 126.239.936.00

109 17.88 135.59 1.77 126.5611.126.00

110 18.04 127.22 1.93 126.9211.726.00

111 18.21 126.77 2.07 127.1711.856.00

112 18.37 135.16 2.10 127.1611.646.00

113 18.54 144.27 1.97 127.0311.076.00

114 18.70 144.72 1.72 126.7710.586.00

115 18.86 145.09 1.67 126.5810.456.00

116 19.03 137.35 1.69 126.6010.666.00

117 19.19 134.59 1.87 126.8310.836.00

118 19.36 138.61 2.02 127.0910.426.00

119 19.52 148.93 1.99 127.389.456.00

120 19.69 174.10 1.87 127.588.376.00

121 19.85 195.20 1.83 127.767.556.00

122 20.01 201.17 1.87 127.876.956.00

123 20.18 197.14 2.05 128.176.806.00

124 20.34 194.17 1.97 128.476.956.00

125 20.51 203.09 2.18 128.806.906.00

126 20.67 203.44 2.22 129.106.446.00

127 20.83 225.15 2.25 129.375.966.00

128 21.00 251.13 2.32 129.505.696.00

129 21.16 250.53 2.18 129.605.776.00

130 21.33 236.44 2.28 129.656.366.00

131 21.49 204.69 2.37 129.597.396.00

132 21.65 180.63 2.47 129.558.546.00

133 21.82 171.43 2.51 129.469.336.00

134 21.98 174.75 2.41 129.499.066.00

135 22.15 187.63 2.35 129.538.136.00

136 22.31 222.79 2.34 129.386.726.00

137 22.47 239.51 2.29 129.345.486.00

138 22.64 260.56 1.94 129.524.706.00

139 22.80 274.92 2.02 129.894.746.00

140 22.97 276.73 2.36 130.455.306.00

141 23.13 247.56 2.83 130.836.186.00

142 23.29 227.84 3.24 131.097.176.00

143 23.46 208.42 2.78 131.117.386.00

144 23.62 212.20 2.73 130.796.896.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

145 23.79 263.28 2.46 130.325.906.00

146 23.95 264.99 2.17 130.264.926.00

147 24.11 279.09 2.22 130.334.206.00

148 24.28 299.39 2.39 130.533.786.00

149 24.44 298.90 2.60 131.053.366.00

150 24.61 333.36 2.59 131.383.056.00

151 24.77 369.80 2.76 131.362.986.00

152 24.93 359.80 2.58 130.982.966.00

153 25.10 308.75 2.33 130.393.166.00

154 25.26 266.52 2.03 129.693.526.00

155 25.43 248.08 1.84 129.253.906.00

156 25.59 261.61 1.97 129.093.866.00

157 25.75 279.04 2.14 129.093.486.00

158 25.92 301.27 2.13 129.243.066.00

159 26.08 314.47 1.92 129.062.656.00

160 26.25 316.72 1.88 128.602.336.00

161 26.41 305.71 1.63 127.842.106.00

162 26.57 288.90 1.53 126.821.966.00

163 26.74 273.96 1.28 126.272.326.00

164 26.90 254.04 0.95 126.133.246.00

165 27.07 225.72 1.50 126.144.806.00

166 27.23 182.80 1.72 126.327.216.00

167 27.40 137.66 1.85 126.6710.746.00

168 27.56 110.96 1.89 126.5214.745.00

169 27.72 94.76 1.88 126.2218.735.00

170 27.89 85.16 1.94 125.9021.555.00

171 28.05 78.94 1.92 125.7123.055.00

172 28.22 78.20 1.83 125.5622.685.00

173 28.38 83.35 1.84 125.6219.445.00

174 28.54 97.31 1.67 125.8014.675.00

175 28.71 141.76 1.64 125.9510.746.00

176 28.87 192.64 1.51 126.018.176.00

177 29.04 213.97 1.43 126.607.016.00

178 29.20 204.96 1.50 127.967.356.00

179 29.36 195.15 2.02 130.028.846.00

180 29.53 194.71 3.12 132.3611.586.00

181 29.69 219.94 4.52 134.1413.406.00

182 29.86 203.00 6.24 135.4814.705.00

183 30.02 225.75 6.13 135.4414.395.00

184 30.18 221.46 6.23 134.9813.535.00

185 30.35 208.38 2.86 133.8411.446.00

186 30.51 233.27 2.84 132.609.606.00

187 30.68 240.22 2.51 131.987.906.00

188 30.84 253.95 2.79 134.007.516.00

189 31.00 298.61 4.48 136.818.776.00

190 31.17 408.50 6.79 137.2810.386.00

191 31.33 387.37 10.98 137.2812.508.00

192 31.50 357.13 12.52 137.2814.358.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

193 31.66 275.23 13.12 137.2816.109.00

194 31.82 278.30 12.50 137.2817.559.00

195 31.99 340.28 11.86 137.2819.428.00

196 32.15 297.70 12.68 137.2820.688.00

197 32.32 244.47 13.94 137.2822.589.00

198 32.48 202.75 13.69 137.2825.469.00

199 32.64 184.55 13.71 137.2827.569.00

200 32.81 215.45 13.44 137.2829.519.00

201 32.97 208.99 12.60 137.2830.669.00

202 33.14 164.83 13.10 137.2828.639.00

203 33.30 164.57 13.64 137.2826.189.00

204 33.46 262.78 14.32 137.2823.369.00

205 33.63 332.30 15.13 137.2821.399.00

206 33.79 391.87 16.55 137.2820.228.00

207 33.96 340.12 17.86 137.2820.379.00

208 34.12 298.26 17.65 137.2821.789.00

209 34.28 287.43 17.12 137.28100.009.00

210 34.45 250.14 16.67 137.28100.009.00

211 34.61 276.15
-273363.2

7
137.28100.000.00

212 34.78 289.97
-273363.2

7
137.28100.000.00

213 34.94 406.33
-273363.2

7
137.28100.000.00

Abbreviations

Depth:
qc:

fs:
u:

Fines content:

Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

1 0.16 0.01 0.00 0.01 1.00 0.773 1.156 1.10 2.0000.67 No1.00

2 0.33 0.02 0.00 0.02 1.00 0.773 1.156 1.10 2.0000.67 No1.00

3 0.49 0.03 0.00 0.03 1.00 0.773 1.156 1.10 2.0000.67 No1.00

4 0.66 0.04 0.00 0.04 1.00 0.773 1.156 1.10 2.0000.67 No1.00

5 0.82 0.05 0.00 0.05 1.00 0.773 1.156 1.10 2.0000.67 No1.00

6 0.98 0.06 0.00 0.06 1.00 0.773 1.156 1.10 2.0000.67 No1.00

7 1.15 0.07 0.00 0.07 1.00 0.773 1.156 1.10 2.0000.67 No1.00

8 1.31 0.08 0.00 0.08 1.00 0.773 1.156 1.10 2.0000.67 No1.00

9 1.48 0.09 0.00 0.09 1.00 0.773 1.156 1.10 2.0000.67 No1.00

10 1.64 0.10 0.00 0.10 1.00 0.773 1.156 1.10 2.0000.67 No1.00

11 1.80 0.11 0.00 0.11 1.00 0.773 1.156 1.10 2.0000.67 No1.00

12 1.97 0.12 0.00 0.12 1.00 0.773 1.156 1.10 2.0000.67 No1.00

13 2.13 0.13 0.00 0.13 1.00 0.773 1.156 1.10 2.0000.67 No1.00

14 2.30 0.14 0.00 0.14 1.00 0.773 1.156 1.10 2.0000.67 No1.00

15 2.46 0.14 0.00 0.14 1.00 0.773 1.156 1.10 2.0000.67 No1.00

16 2.62 0.15 0.00 0.15 1.00 0.773 1.156 1.10 2.0000.67 No1.00

17 2.79 0.16 0.00 0.16 1.00 0.773 1.156 1.10 2.0000.67 No1.00

18 2.95 0.17 0.00 0.17 1.00 0.773 1.156 1.10 2.0000.67 No1.00

19 3.12 0.18 0.00 0.18 1.00 0.773 1.156 1.10 2.0000.67 No1.00

20 3.28 0.19 0.00 0.19 1.00 0.773 1.156 1.10 2.0000.67 No1.00

21 3.44 0.20 0.00 0.20 1.00 0.773 1.156 1.10 2.0000.67 No1.00

22 3.61 0.20 0.00 0.20 1.00 0.773 1.156 1.10 2.0000.67 No1.00

23 3.77 0.21 0.00 0.21 1.00 0.773 1.156 1.10 2.0000.67 No1.00

24 3.94 0.22 0.00 0.22 1.00 0.773 1.156 1.10 2.0000.67 No1.00

25 4.10 0.23 0.00 0.23 1.00 0.773 1.156 1.10 2.0000.67 No1.00

26 4.27 0.24 0.00 0.24 1.00 0.773 1.156 1.10 2.0000.67 No1.00

27 4.43 0.25 0.00 0.25 1.00 0.773 1.156 1.10 2.0000.67 No1.00

28 4.59 0.26 0.00 0.26 1.00 0.773 1.156 1.10 2.0000.67 No1.00

29 4.76 0.27 0.00 0.27 1.00 0.773 1.156 1.10 2.0000.67 No1.00

30 4.92 0.28 0.00 0.28 1.00 0.773 1.156 1.10 2.0000.67 No1.00

31 5.09 0.29 0.00 0.29 1.00 0.773 1.156 1.10 2.0000.67 No1.00

32 5.25 0.29 0.00 0.29 1.00 0.773 1.156 1.10 2.0000.67 No1.00

33 5.41 0.30 0.00 0.30 1.00 0.773 1.156 1.10 2.0000.67 No1.00

34 5.58 0.31 0.00 0.31 1.00 0.773 1.156 1.10 2.0000.67 No1.00

35 5.74 0.32 0.00 0.32 1.00 0.773 1.156 1.10 2.0000.67 No1.00

36 5.91 0.33 0.00 0.33 1.00 0.773 1.156 1.10 2.0000.67 No1.00

37 6.07 0.34 0.00 0.34 1.00 0.773 1.156 1.10 2.0000.67 No1.00

38 6.23 0.35 0.00 0.35 1.00 0.773 1.156 1.10 2.0000.67 No1.00

39 6.40 0.36 0.00 0.36 1.00 0.773 1.156 1.10 2.0000.67 No1.00

40 6.56 0.37 0.00 0.37 1.00 0.773 1.156 1.10 2.0000.67 No1.00

41 6.73 0.38 0.00 0.38 1.00 0.773 1.156 1.10 2.0000.67 No1.00

42 6.89 0.39 0.00 0.39 1.00 0.773 1.156 1.10 2.0000.67 No1.00

43 7.05 0.40 0.00 0.40 1.00 0.773 1.156 1.10 2.0000.67 No1.00

44 7.22 0.41 0.00 0.41 1.00 0.773 1.156 1.10 2.0000.67 No1.00

45 7.38 0.42 0.00 0.42 1.00 0.773 1.156 1.10 2.0000.67 No1.00

46 7.55 0.43 0.00 0.43 1.00 0.773 1.156 1.10 2.0000.67 No1.00

47 7.71 0.44 0.00 0.44 1.00 0.773 1.156 1.10 2.0000.67 No1.00

48 7.87 0.45 0.00 0.45 1.00 0.773 1.156 1.10 2.0000.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

49 8.04 0.46 0.00 0.46 1.00 0.776 1.159 1.10 0.9010.67 No1.00

50 8.20 0.47 0.01 0.47 1.00 0.784 1.171 1.10 0.8810.67 No1.00

51 8.37 0.48 0.01 0.47 1.00 0.792 1.184 1.10 0.8870.67 No1.00

52 8.53 0.49 0.02 0.48 1.00 0.800 1.196 1.10 0.8900.67 No1.00

53 8.69 0.50 0.02 0.48 1.00 0.808 1.207 1.10 0.8930.67 No1.00

54 8.86 0.51 0.03 0.49 1.00 0.816 1.220 1.10 0.8980.67 No1.00

55 9.02 0.52 0.03 0.49 1.00 0.824 1.231 1.10 0.9170.67 No1.00

56 9.19 0.53 0.04 0.50 1.00 0.831 1.242 1.10 0.9310.67 No1.00

57 9.35 0.54 0.04 0.50 1.00 0.839 1.253 1.10 0.9480.67 No1.00

58 9.51 0.55 0.05 0.50 1.00 0.846 1.264 1.10 0.9600.67 No1.00

59 9.68 0.56 0.05 0.51 1.00 0.853 1.275 1.10 0.9610.67 No1.00

60 9.84 0.57 0.06 0.51 1.00 0.860 1.285 1.10 0.9660.67 No1.00

61 10.01 0.58 0.06 0.52 1.00 0.867 1.295 1.10 0.9980.67 No1.00

62 10.17 0.59 0.07 0.52 1.00 0.873 1.305 1.10 1.0050.67 No1.00

63 10.33 0.60 0.07 0.53 1.00 0.880 1.315 1.10 1.0100.67 No1.00

64 10.50 0.61 0.08 0.53 1.00 0.887 1.325 1.09 1.0190.67 No1.00

65 10.66 0.62 0.08 0.54 1.00 0.893 1.334 1.09 1.0100.67 No1.00

66 10.83 0.63 0.09 0.54 1.00 0.899 1.344 1.09 1.0170.67 No1.00

67 10.99 0.64 0.09 0.55 1.00 0.905 1.352 1.09 1.0210.67 No1.00

68 11.15 0.65 0.10 0.55 1.00 0.911 1.361 1.09 1.0430.67 No1.00

69 11.32 0.66 0.10 0.56 1.00 0.917 1.370 1.09 1.0660.67 No1.00

70 11.48 0.67 0.11 0.56 1.00 0.923 1.379 1.08 1.0400.67 No1.00

71 11.65 0.68 0.11 0.57 1.00 0.929 1.388 1.08 1.0320.67 No1.00

72 11.81 0.69 0.12 0.57 1.00 0.934 1.396 1.08 1.0440.67 No1.00

73 11.98 0.70 0.12 0.58 1.00 0.940 1.405 1.08 1.0570.67 No1.00

74 12.14 0.71 0.13 0.58 1.00 0.945 1.413 1.08 1.0640.67 No1.00

75 12.30 0.72 0.13 0.59 1.00 0.951 1.420 1.08 1.0690.67 No1.00

76 12.47 0.73 0.14 0.59 1.00 0.956 1.428 1.08 1.0800.67 No1.00

77 12.63 0.74 0.14 0.60 1.00 0.961 1.436 1.07 1.0880.67 No1.00

78 12.80 0.75 0.15 0.60 1.00 0.966 1.444 1.07 1.0990.67 No1.00

79 12.96 0.76 0.15 0.61 1.00 0.971 1.451 1.08 1.1200.67 No1.00

80 13.12 0.77 0.16 0.61 1.00 0.976 1.458 1.08 1.1360.67 No1.00

81 13.29 0.78 0.17 0.62 1.00 0.981 1.466 1.07 1.1240.67 No1.00

82 13.45 0.79 0.17 0.62 1.00 0.986 1.473 1.07 1.1230.67 No1.00

83 13.62 0.80 0.18 0.62 1.00 0.991 1.480 1.07 1.1390.67 No1.00

84 13.78 0.81 0.18 0.63 1.00 0.995 1.487 1.07 1.1420.67 No1.00

85 13.94 0.82 0.19 0.63 1.00 1.000 1.494 1.07 1.1420.67 No1.00

86 14.11 0.83 0.19 0.64 1.00 1.004 1.501 1.06 1.1360.67 No1.00

87 14.27 0.84 0.20 0.64 1.00 1.009 1.507 1.06 1.1400.67 No1.00

88 14.44 0.85 0.20 0.65 1.00 1.013 1.514 1.07 1.1750.67 No1.00

89 14.60 0.86 0.21 0.65 1.00 1.017 1.520 1.07 1.2450.67 No1.00

90 14.76 0.87 0.21 0.66 1.00 1.021 1.526 1.07 1.2480.67 No1.00

91 14.93 0.88 0.22 0.66 1.00 1.026 1.532 1.07 1.2340.67 No1.00

92 15.09 0.89 0.22 0.67 1.00 1.029 1.538 1.07 1.2490.67 No1.00

93 15.26 0.90 0.23 0.67 1.00 1.034 1.544 1.07 1.2930.67 No1.00

94 15.42 0.91 0.23 0.68 1.00 1.037 1.550 1.07 1.3040.67 No1.00

95 15.58 0.92 0.24 0.68 1.00 1.041 1.556 1.06 1.2760.67 No1.00

96 15.75 0.93 0.24 0.69 1.00 1.045 1.561 1.06 1.2800.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

97 15.91 0.94 0.25 0.69 1.00 1.049 1.567 1.06 1.2970.67 No1.00

98 16.08 0.95 0.25 0.70 1.00 1.052 1.572 1.06 1.3170.67 No1.00

99 16.24 0.96 0.26 0.70 1.00 1.056 1.578 1.06 1.3370.67 No1.00

100 16.40 0.97 0.26 0.71 1.00 1.059 1.583 1.06 1.3120.67 No1.00

101 16.57 0.98 0.27 0.71 1.00 1.063 1.588 1.06 1.3220.67 No1.00

102 16.73 0.99 0.27 0.72 1.00 1.066 1.593 1.06 1.3640.67 No1.00

103 16.90 1.00 0.28 0.73 1.00 1.070 1.598 1.07 1.4760.67 No1.00

104 17.06 1.01 0.28 0.73 1.00 1.073 1.603 1.07 1.6620.67 No1.00

105 17.22 1.02 0.29 0.74 1.00 1.076 1.608 1.07 1.5860.67 No1.00

106 17.39 1.03 0.29 0.74 1.00 1.079 1.613 1.06 1.4270.67 No1.00

107 17.55 1.04 0.30 0.75 1.00 1.083 1.618 1.05 1.3390.67 No1.00

108 17.72 1.05 0.30 0.75 1.00 1.086 1.622 1.05 1.4240.67 No1.00

109 17.88 1.06 0.31 0.76 1.00 1.089 1.627 1.06 1.5430.67 No1.00

110 18.04 1.07 0.31 0.76 1.00 1.092 1.631 1.06 1.5060.67 No1.00

111 18.21 1.09 0.32 0.77 1.00 1.095 1.636 1.05 1.5120.67 No1.00

112 18.37 1.10 0.32 0.77 1.00 1.098 1.640 1.06 1.5970.67 No1.00

113 18.54 1.11 0.33 0.78 1.00 1.101 1.645 1.06 1.6530.67 No1.00

114 18.70 1.12 0.33 0.78 1.00 1.103 1.649 1.05 1.5850.67 No1.00

115 18.86 1.13 0.34 0.79 1.00 1.106 1.653 1.05 1.5700.67 No1.00

116 19.03 1.14 0.34 0.79 1.00 1.109 1.657 1.05 1.5080.67 No1.00

117 19.19 1.15 0.35 0.80 1.00 1.112 1.661 1.05 1.4990.67 No1.00

118 19.36 1.16 0.35 0.80 1.00 1.114 1.665 1.04 1.4950.67 No1.00

119 19.52 1.17 0.36 0.81 1.00 1.117 1.669 1.04 1.4810.67 No1.00

120 19.69 1.18 0.36 0.81 1.00 1.120 1.673 1.05 1.6110.67 No1.00

121 19.85 1.19 0.37 0.82 1.00 1.122 1.677 1.05 1.8740.67 No1.00

122 20.01 1.20 0.37 0.83 1.00 1.125 1.681 1.05 1.9930.67 No1.00

123 20.18 1.21 0.38 0.83 1.00 1.127 1.684 1.05 1.9050.67 No1.00

124 20.34 1.22 0.39 0.84 1.00 1.130 1.688 1.05 1.8480.67 No1.00

125 20.51 1.23 0.39 0.84 1.00 1.132 1.692 1.05 2.0380.67 No1.00

126 20.67 1.24 0.40 0.85 1.00 1.134 1.695 1.05 2.0450.67 No1.00

127 20.83 1.25 0.40 0.85 1.00 1.137 1.698 1.06 2.1360.67 No1.00

128 21.00 1.26 0.41 0.86 1.00 1.139 1.702 1.06 2.1320.67 No1.00

129 21.16 1.27 0.41 0.86 1.00 1.141 1.705 1.06 2.1400.67 No1.00

130 21.33 1.29 0.42 0.87 1.00 1.144 1.709 1.06 2.1480.67 No1.00

131 21.49 1.30 0.42 0.87 1.00 1.146 1.712 1.04 2.0720.67 No1.00

132 21.65 1.31 0.43 0.88 1.00 1.148 1.715 1.03 1.7280.67 No1.00

133 21.82 1.32 0.43 0.89 1.00 1.150 1.718 1.03 1.7400.67 No1.00

134 21.98 1.33 0.44 0.89 1.00 1.152 1.722 1.03 1.7340.67 No1.00

135 22.15 1.34 0.44 0.90 1.00 1.154 1.725 1.03 1.7800.67 No1.00

136 22.31 1.35 0.45 0.90 1.00 1.156 1.728 1.04 2.2100.67 No1.00

137 22.47 1.36 0.45 0.91 1.00 1.158 1.731 1.05 2.2020.67 No1.00

138 22.64 1.37 0.46 0.91 1.00 1.160 1.734 1.04 2.2100.67 No1.00

139 22.80 1.38 0.46 0.92 1.00 1.162 1.737 1.04 2.2180.67 No1.00

140 22.97 1.39 0.47 0.92 1.00 1.164 1.740 1.04 2.2260.67 No1.00

141 23.13 1.40 0.47 0.93 1.00 1.166 1.743 1.04 2.2330.67 No1.00

142 23.29 1.41 0.48 0.94 1.00 1.168 1.745 1.03 2.2500.67 No1.00

143 23.46 1.42 0.48 0.94 1.00 1.170 1.748 1.03 2.1460.67 No1.00

144 23.62 1.43 0.49 0.95 1.00 1.172 1.751 1.02 2.2470.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

145 23.79 1.45 0.49 0.95 1.00 1.174 1.754 1.03 2.2630.67 No1.00

146 23.95 1.46 0.50 0.96 1.00 1.175 1.756 1.03 2.2700.67 No1.00

147 24.11 1.47 0.50 0.96 1.00 1.177 1.759 1.03 2.2770.67 No1.00

148 24.28 1.48 0.51 0.97 1.00 1.179 1.762 1.03 2.2850.67 No1.00

149 24.44 1.49 0.51 0.97 1.00 1.181 1.764 1.02 2.2920.67 No1.00

150 24.61 1.50 0.52 0.98 1.00 1.182 1.767 1.02 2.2990.67 No1.00

151 24.77 1.51 0.52 0.99 1.00 1.184 1.769 1.02 2.3060.67 No1.00

152 24.93 1.52 0.53 0.99 1.00 1.186 1.772 1.02 2.3130.67 No1.00

153 25.10 1.53 0.53 1.00 1.00 1.187 1.774 1.02 2.3200.67 No1.00

154 25.26 1.54 0.54 1.00 1.00 1.189 1.777 1.02 2.3270.67 No1.00

155 25.43 1.55 0.54 1.01 1.00 1.191 1.779 1.01 2.3340.67 No1.00

156 25.59 1.56 0.55 1.01 1.00 1.192 1.782 1.01 2.3410.67 No1.00

157 25.75 1.57 0.55 1.02 1.00 1.194 1.784 1.01 2.3480.67 No1.00

158 25.92 1.58 0.56 1.02 1.00 1.196 1.786 1.01 2.3550.67 No1.00

159 26.08 1.59 0.56 1.03 1.00 1.197 1.789 1.01 2.3620.67 No1.00

160 26.25 1.60 0.57 1.04 1.00 1.199 1.791 1.01 2.3690.67 No1.00

161 26.41 1.62 0.57 1.04 1.00 1.200 1.794 1.00 2.3760.67 No1.00

162 26.57 1.63 0.58 1.05 1.00 1.202 1.796 1.00 2.3820.67 No1.00

163 26.74 1.64 0.58 1.05 1.00 1.204 1.798 1.00 2.3890.67 No1.00

164 26.90 1.65 0.59 1.06 1.00 1.205 1.801 1.00 2.3960.67 No1.00

165 27.07 1.66 0.59 1.06 1.00 1.207 1.803 1.00 2.4030.67 No1.00

166 27.23 1.67 0.60 1.07 1.00 1.208 1.806 1.00 1.7050.67 No1.00

167 27.40 1.68 0.61 1.07 1.00 1.210 1.808 1.00 1.5980.67 No1.00

168 27.56 1.69 0.61 1.08 1.00 1.212 1.810 1.00 1.6110.67 No1.00

169 27.72 1.70 0.62 1.08 1.00 1.213 1.813 1.00 1.5660.67 No1.00

170 27.89 1.71 0.62 1.09 1.00 1.215 1.815 1.00 1.5240.67 No1.00

171 28.05 1.72 0.63 1.09 1.00 1.216 1.817 1.00 1.4930.67 No1.00

172 28.22 1.73 0.63 1.10 1.00 1.218 1.819 1.00 1.4880.67 No1.00

173 28.38 1.74 0.64 1.10 1.00 1.219 1.822 0.99 1.4950.67 No1.00

174 28.54 1.75 0.64 1.11 1.00 1.221 1.824 0.99 1.5080.67 No1.00

175 28.71 1.76 0.65 1.11 1.00 1.222 1.826 0.99 1.6460.67 No1.00

176 28.87 1.77 0.65 1.12 1.00 1.224 1.828 0.99 1.8640.67 No1.00

177 29.04 1.78 0.66 1.12 1.00 1.225 1.830 0.99 2.2190.67 No1.00

178 29.20 1.79 0.66 1.13 1.00 1.226 1.832 0.99 2.0230.67 No1.00

179 29.36 1.80 0.67 1.14 1.00 1.228 1.834 0.99 2.0240.67 No1.00

180 29.53 1.81 0.67 1.14 1.00 1.229 1.836 0.98 2.4970.67 No1.00

181 29.69 1.82 0.68 1.15 1.00 1.230 1.838 0.98 2.5070.67 No1.00

182 29.86 1.84 0.68 1.15 1.00 1.231 1.839 0.97 2.5130.67 No1.00

183 30.02 1.85 0.69 1.16 1.00 1.232 1.841 0.97 2.5190.67 No1.00

184 30.18 1.86 0.69 1.16 1.00 1.233 1.842 0.97 2.5250.67 No1.00

185 30.35 1.87 0.70 1.17 1.00 1.234 1.844 0.97 2.5320.67 No1.00

186 30.51 1.88 0.70 1.18 1.00 1.235 1.846 0.97 2.5380.67 No1.00

187 30.68 1.89 0.71 1.18 1.00 1.236 1.847 0.97 2.5340.67 No1.00

188 30.84 1.90 0.71 1.19 1.00 1.237 1.849 0.97 2.5500.67 No1.00

189 31.00 1.91 0.72 1.19 1.00 1.238 1.850 0.96 2.5560.67 No1.00

190 31.17 1.92 0.72 1.20 1.00 1.239 1.852 0.96 2.5620.67 No1.00

191 31.33 1.93 0.73 1.21 1.00 1.240 1.853 0.96 2.5680.67 No1.00

192 31.50 1.95 0.73 1.21 1.00 1.241 1.854 0.96 2.5740.67 No1.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

193 31.66 1.96 0.74 1.22 1.00 1.242 1.856 0.96 2.5800.67 No1.00

194 31.82 1.97 0.74 1.22 1.00 1.243 1.857 0.96 2.5850.67 No1.00

195 31.99 1.98 0.75 1.23 1.00 1.244 1.858 0.95 2.5920.67 No1.00

196 32.15 1.99 0.75 1.24 1.00 1.245 1.860 0.95 2.5970.67 No1.00

197 32.32 2.00 0.76 1.24 1.00 1.245 1.861 0.95 2.6030.67 No1.00

198 32.48 2.01 0.76 1.25 1.00 1.246 1.862 0.95 2.6090.67 No1.00

199 32.64 2.02 0.77 1.26 1.00 1.247 1.863 0.95 2.6150.67 No1.00

200 32.81 2.04 0.77 1.26 1.00 1.248 1.865 0.95 2.6210.67 No1.00

201 32.97 2.05 0.78 1.27 1.00 1.249 1.866 0.95 2.6260.67 No1.00

202 33.14 2.06 0.78 1.27 1.00 1.250 1.867 0.94 2.6320.67 No1.00

203 33.30 2.07 0.79 1.28 1.00 1.250 1.868 0.94 2.6380.67 No1.00

204 33.46 2.08 0.79 1.29 1.00 1.251 1.870 0.94 2.6430.67 No1.00

205 33.63 2.09 0.80 1.29 1.00 1.252 1.871 0.94 2.6490.67 No1.00

206 33.79 2.10 0.80 1.30 1.00 1.253 1.872 0.94 2.6550.67 No1.00

207 33.96 2.11 0.81 1.30 1.00 1.254 1.873 0.94 2.6610.67 No1.00

208 34.12 2.13 0.81 1.31 1.00 1.254 1.874 0.94 2.6660.67 No1.00

209 34.28 2.14 0.82 1.32 1.00 1.255 1.875 0.93 2.6720.67 No1.00

210 34.45 2.15 0.83 1.32 1.00 1.256 1.877 0.93 2.6780.67 No1.00

211 34.61 2.16 0.83 1.33 1.00 1.257 1.878 0.93 2.6830.67 No1.00

212 34.78 2.17 0.84 1.34 1.00 1.257 1.879 0.93 2.6890.67 No1.00

213 34.94 2.18 0.84 1.34 1.00 1.258 1.880 0.93 2.6940.67 No1.00

Depth:
σv:
u0:
σv ':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 405.93 0.00 1.06 0.26 1.70 830.34 0.00 4.000 No No0.16 2.00254.00

2 277.00 0.00 1.33 0.26 1.70 436.24 0.00 4.000 No No0.33 2.00254.00

3 234.89 0.00 1.43 0.26 1.70 332.83 0.00 4.000 No No0.49 2.00254.00

4 138.83 1.63 1.73 0.34 1.70 188.72 0.00 4.000 No No0.66 2.00188.72

5 88.51 20.27 1.97 0.43 1.70 97.92 37.37 4.000 No No0.82 2.00135.29

6 50.31 43.07 2.25 0.46 1.70 58.71 58.04 4.000 No No0.98 2.00116.74

7 29.63 62.05 2.49 0.52 1.70 31.94 58.19 4.000 No No1.15 2.0090.13

8 19.93 74.73 2.65 0.53 1.70 25.92 0.00 4.000 No Yes1.31 2.0025.92

9 15.29 84.13 2.76 0.54 1.70 22.59 0.00 4.000 No Yes1.48 2.0022.59

10 13.83 87.00 2.80 0.55 1.70 20.03 0.00 4.000 No Yes1.64 2.0020.03

11 12.54 89.42 2.83 0.54 1.70 21.53 0.00 4.000 No Yes1.80 2.0021.53

12 11.09 92.62 2.87 0.55 1.70 20.34 0.00 4.000 No Yes1.97 2.0020.34

13 9.79 95.86 2.91 0.56 1.70 15.65 0.00 4.000 No Yes2.13 2.0015.65

14 9.09 96.46 2.92 0.58 1.70 11.05 0.00 4.000 No Yes2.30 2.0011.05

15 7.78 100.00 2.97 0.58 1.70 9.59 0.00 4.000 No Yes2.46 2.009.59

16 6.64 100.00 3.03 0.56 1.70 15.91 0.00 4.000 No Yes2.62 2.0015.91

17 5.90 100.00 3.07 0.58 1.70 9.83 0.00 4.000 No Yes2.79 2.009.83

18 5.37 100.00 3.12 0.60 1.70 6.52 0.00 4.000 No Yes2.95 2.006.52

19 4.13 100.00 3.27 0.60 1.70 5.13 0.00 4.000 No Yes3.12 2.005.13

20 3.91 100.00 3.34 0.60 1.70 5.33 0.00 4.000 No Yes3.28 2.005.33

21 3.93 100.00 3.37 0.60 1.70 6.02 0.00 4.000 No Yes3.44 2.006.02

22 3.96 100.00 3.48 0.59 1.70 8.05 0.00 4.000 No Yes3.61 2.008.05

23 12.32 90.80 2.85 0.60 1.70 6.70 0.00 4.000 No Yes3.77 2.006.70

24 19.42 73.09 2.63 0.61 1.70 5.32 0.00 4.000 No Yes3.94 2.005.32

25 20.86 70.55 2.59 0.41 1.70 72.46 0.00 4.000 No Yes4.10 2.0072.46

26 21.46 68.38 2.57 0.43 1.70 63.04 0.00 4.000 No Yes4.27 2.0063.04

27 21.94 62.15 2.49 0.56 1.70 19.55 54.71 4.000 No No4.43 2.0074.26

28 14.10 77.19 2.68 0.58 1.70 11.57 0.00 4.000 No Yes4.59 2.0011.57

29 7.54 100.00 2.97 0.59 1.70 9.11 0.00 4.000 No Yes4.76 2.009.11

30 6.89 100.00 2.99 0.58 1.70 9.50 0.00 4.000 No Yes4.92 2.009.50

31 7.77 99.97 2.96 0.58 1.70 10.38 0.00 4.000 No Yes5.09 2.0010.38

32 9.74 93.94 2.89 0.57 1.70 14.36 0.00 4.000 No Yes5.25 2.0014.36

33 11.25 91.93 2.86 0.55 1.70 18.65 0.00 4.000 No Yes5.41 2.0018.65

34 13.33 87.43 2.81 0.53 1.70 24.95 0.00 4.000 No Yes5.58 2.0024.95

35 15.06 85.05 2.78 0.54 1.70 21.59 0.00 4.000 No Yes5.74 2.0021.59

36 16.18 85.77 2.78 0.53 1.70 27.02 0.00 4.000 No Yes5.91 2.0027.02

37 17.99 84.41 2.77 0.52 1.70 28.29 0.00 4.000 No Yes6.07 2.0028.29

38 19.91 85.38 2.78 0.52 1.70 27.70 0.00 4.000 No Yes6.23 2.0027.70

39 26.77 77.50 2.68 0.49 1.70 39.37 0.00 4.000 No Yes6.40 2.0039.37

40 38.14 66.48 2.54 0.50 1.70 36.98 0.00 4.000 No Yes6.56 2.0036.98

41 48.98 59.20 2.45 0.41 1.53 73.66 69.11 4.000 No No6.73 2.00142.78

42 57.07 54.07 2.39 0.36 1.43 100.77 74.63 4.000 No No6.89 2.00175.41

43 63.41 49.30 2.33 0.37 1.44 96.84 71.29 4.000 No No7.05 2.00168.13

44 65.29 46.52 2.29 0.39 1.45 88.80 67.68 4.000 No No7.22 2.00156.47

45 62.85 45.03 2.28 0.42 1.47 76.06 63.56 4.000 No No7.38 2.00139.62

46 61.12 41.91 2.24 0.41 1.44 82.49 63.20 4.000 No No7.55 2.00145.69

47 60.06 39.71 2.21 0.41 1.43 83.96 61.97 4.000 No No7.71 2.00145.92

48 60.30 36.33 2.17 0.41 1.42 84.26 59.21 4.000 No No7.87 2.00143.48
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 59.46 34.27 2.14 0.43 1.42 80.14 56.31 0.220 No No8.04 0.24136.45

50 58.34 33.08 2.13 0.44 1.42 75.37 54.06 0.196 No No8.20 0.22129.43

51 57.30 32.32 2.12 0.44 1.41 75.26 53.23 0.193 No No8.37 0.22128.48

52 57.06 31.14 2.10 0.44 1.40 75.09 51.86 0.189 No No8.53 0.21126.95

53 58.27 29.14 2.08 0.45 1.39 75.90 49.57 0.185 No No8.69 0.21125.47

54 59.88 27.68 2.06 0.45 1.38 76.52 47.70 0.181 No No8.86 0.20124.23

55 61.93 26.68 2.05 0.44 1.37 80.19 46.90 0.189 No No9.02 0.21127.09

56 63.97 25.97 2.04 0.44 1.35 82.36 46.19 0.193 No No9.19 0.21128.55

57 65.73 25.56 2.03 0.44 1.34 84.65 45.93 0.199 No No9.35 0.21130.58

58 66.83 25.94 2.04 0.44 1.33 85.06 46.62 0.203 No No9.51 0.21131.68

59 68.77 25.48 2.03 0.44 1.32 83.96 45.68 0.197 No No9.68 0.20129.64

60 70.63 24.91 2.02 0.44 1.31 83.75 44.66 0.193 No No9.84 0.20128.40

61 72.84 23.93 2.01 0.43 1.29 90.53 44.04 0.213 No No10.01 0.21134.57

62 75.63 22.58 1.99 0.43 1.28 92.46 41.70 0.211 No No10.17 0.21134.16

63 78.21 20.75 1.97 0.43 1.28 95.14 38.11 0.208 No No10.33 0.21133.26

64 80.06 19.79 1.96 0.43 1.27 97.24 36.12 0.209 No No10.50 0.20133.36

65 82.05 18.58 1.94 0.44 1.26 96.09 32.89 0.195 No No10.66 0.19128.98

66 84.35 17.27 1.93 0.44 1.26 98.84 29.66 0.193 No No10.83 0.19128.51

67 86.88 15.86 1.91 0.44 1.25 101.63 25.82 0.190 No No10.99 0.19127.44

68 88.13 15.64 1.91 0.44 1.24 105.53 25.50 0.201 No No11.15 0.19131.03

69 88.06 15.73 1.91 0.43 1.22 108.51 26.06 0.213 No No11.32 0.20134.57

70 87.36 15.91 1.91 0.45 1.22 100.36 25.86 0.187 No No11.48 0.18126.22

71 85.90 16.10 1.91 0.45 1.22 95.73 25.97 0.175 No No11.65 0.17121.70

72 83.34 17.02 1.93 0.45 1.21 94.64 28.49 0.179 No No11.81 0.17123.13

73 81.58 17.71 1.93 0.45 1.20 94.36 30.38 0.183 No No11.98 0.17124.74

74 80.06 18.91 1.95 0.45 1.20 91.50 33.18 0.183 No No12.14 0.17124.68

75 78.23 20.65 1.97 0.45 1.19 87.48 36.80 0.182 No No12.30 0.17124.28

76 76.39 23.00 2.00 0.45 1.18 84.00 41.21 0.184 No No12.47 0.17125.20

77 75.53 24.76 2.02 0.45 1.17 81.50 44.02 0.185 No No12.63 0.17125.52

78 75.85 25.59 2.03 0.44 1.16 81.30 45.38 0.188 No No12.80 0.17126.68

79 76.41 25.80 2.04 0.44 1.16 83.80 46.17 0.198 No No12.96 0.18129.97

80 77.47 25.31 2.03 0.43 1.15 86.26 45.79 0.204 No No13.12 0.18132.05

81 79.04 24.15 2.01 0.44 1.14 84.47 43.43 0.191 No No13.29 0.17127.90

82 79.84 22.89 2.00 0.45 1.14 84.85 41.12 0.186 No No13.45 0.17125.97

83 79.51 22.65 2.00 0.44 1.13 87.30 41.03 0.193 No No13.62 0.17128.33

84 78.78 23.10 2.00 0.44 1.13 85.85 41.70 0.190 No No13.78 0.17127.55

85 78.03 24.46 2.02 0.45 1.12 82.48 43.66 0.186 No No13.94 0.16126.14

86 78.63 25.34 2.03 0.45 1.12 78.55 44.48 0.178 No No14.11 0.16123.03

87 82.87 24.76 2.02 0.45 1.11 78.79 43.55 0.177 No No14.27 0.16122.34

88 89.77 22.72 2.00 0.44 1.10 88.08 41.30 0.196 No No14.44 0.17129.39

89 99.02 19.43 1.96 0.42 1.09 105.05 36.25 0.240 No No14.60 0.19141.30

90 109.72 15.32 1.90 0.42 1.09 115.34 25.38 0.238 No No14.76 0.19140.72

91 119.85 11.74 1.86 0.43 1.08 123.38 13.89 0.223 No No14.93 0.18137.27

92 125.94 9.83 1.84 0.42 1.08 130.72 8.04 0.229 No No15.09 0.18138.76

93 127.49 9.76 1.83 0.41 1.07 136.64 8.00 0.257 No No15.26 0.20144.64

94 125.66 11.11 1.85 0.41 1.06 133.10 12.20 0.261 No No15.42 0.20145.30

95 121.38 13.53 1.88 0.42 1.06 120.39 19.83 0.236 No No15.58 0.18140.21

96 115.69 16.49 1.92 0.42 1.06 111.23 28.65 0.234 No No15.75 0.18139.88
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 111.30 19.00 1.95 0.42 1.05 106.40 35.29 0.242 No No15.91 0.19141.68

98 109.97 20.19 1.96 0.41 1.04 105.48 38.22 0.252 No No16.08 0.19143.70

99 112.89 19.59 1.96 0.41 1.04 108.56 37.10 0.263 No No16.24 0.20145.66

100 120.78 16.97 1.92 0.42 1.04 111.14 30.12 0.240 No No16.40 0.18141.26

101 132.22 13.26 1.88 0.42 1.03 122.95 19.05 0.244 No No16.57 0.18142.00

102 145.93 8.48 1.82 0.41 1.03 142.30 4.65 0.270 No No16.73 0.20146.95

103 157.99 4.62 1.77 0.39 1.02 158.26 0.10 0.355 No No16.90 0.24158.36

104 164.52 2.59 1.74 0.37 1.02 171.90 0.00 0.538 No No17.06 0.32171.90

105 163.47 2.99 1.75 0.38 1.01 166.35 0.00 0.448 No No17.22 0.28166.35

106 158.11 4.94 1.77 0.40 1.01 151.45 0.17 0.300 No No17.39 0.21151.61

107 149.43 8.80 1.82 0.42 1.01 134.41 5.30 0.233 No No17.55 0.17139.71

108 140.12 13.44 1.88 0.40 1.00 129.86 20.14 0.289 No No17.72 0.20150.00

109 133.72 17.37 1.93 0.39 1.00 127.84 33.13 0.382 No No17.88 0.25160.98

110 132.48 19.28 1.95 0.39 0.99 119.50 37.71 0.345 No No18.04 0.23157.22

111 133.89 19.66 1.96 0.39 0.99 118.61 38.61 0.345 No No18.21 0.23157.23

112 135.71 19.01 1.95 0.38 0.99 126.05 37.79 0.415 No No18.37 0.26163.84

113 139.29 17.21 1.93 0.38 0.98 134.08 33.31 0.463 No No18.54 0.28167.38

114 141.40 15.61 1.91 0.38 0.98 133.97 28.01 0.393 No No18.70 0.25161.98

115 141.29 15.17 1.90 0.39 0.98 133.83 26.50 0.375 No No18.86 0.24160.33

116 140.16 15.87 1.91 0.40 0.97 126.14 28.15 0.320 No No19.03 0.21154.28

117 141.00 16.44 1.92 0.40 0.97 123.15 29.71 0.309 No No19.19 0.21152.85

118 146.80 15.10 1.90 0.40 0.96 126.33 25.61 0.302 No No19.36 0.20151.95

119 158.37 11.81 1.86 0.40 0.96 135.22 14.68 0.288 No No19.52 0.19149.90

120 171.69 7.91 1.81 0.39 0.96 157.80 3.53 0.386 No No19.69 0.24161.33

121 183.39 4.81 1.77 0.36 0.96 176.82 0.14 0.646 No No19.85 0.34176.97

122 192.44 2.47 1.74 0.35 0.96 181.84 0.00 0.783 No No20.01 0.39181.84

123 198.24 1.84 1.74 0.36 0.95 177.77 0.00 0.666 No No20.18 0.35177.77

124 199.89 2.45 1.74 0.37 0.95 174.71 0.00 0.594 No No20.34 0.32174.71

125 204.68 2.24 1.74 0.35 0.95 182.72 0.00 0.813 No No20.51 0.40182.72

126 215.48 0.35 1.72 0.35 0.95 182.75 0.00 0.814 No No20.67 0.40182.75

127 226.75 0.00 1.69 0.33 0.95 202.76 0.00 2.218 No No20.83 1.04202.76

128 233.42 0.00 1.68 0.30 0.96 226.87 0.00 4.000 No No21.00 1.88226.87

129 233.67 0.00 1.68 0.30 0.95 225.99 0.00 4.000 No No21.16 1.87225.99

130 224.77 0.02 1.71 0.31 0.95 212.41 0.00 4.000 No No21.33 1.86212.41

131 208.83 4.21 1.77 0.35 0.94 182.42 0.04 0.804 No No21.49 0.39182.46

132 193.67 8.56 1.82 0.38 0.94 160.04 5.11 0.432 No No21.65 0.25165.15

133 183.91 11.39 1.85 0.38 0.94 151.64 13.95 0.438 No No21.82 0.25165.59

134 187.53 10.41 1.84 0.38 0.93 154.30 10.60 0.428 No No21.98 0.25164.90

135 199.31 7.02 1.80 0.38 0.93 165.51 1.96 0.464 No No22.15 0.26167.47

136 217.13 1.51 1.73 0.33 0.94 197.81 0.00 1.675 No No22.31 0.76197.81

137 237.17 0.00 1.67 0.31 0.94 213.17 0.00 4.000 No No22.47 1.82213.17

138 254.99 0.00 1.62 0.29 0.94 232.70 0.00 4.000 No No22.64 1.81232.70

139 259.94 0.00 1.62 0.27 0.95 245.99 0.00 4.000 No No22.80 1.80245.99

140 257.61 0.00 1.66 0.27 0.95 247.39 0.00 4.000 No No22.97 1.80247.39

141 247.18 0.00 1.70 0.30 0.94 219.53 0.00 4.000 No No23.13 1.79219.53

142 234.64 3.34 1.75 0.33 0.93 200.73 0.00 1.972 No No23.29 0.88200.73

143 231.95 4.17 1.76 0.35 0.93 182.35 0.04 0.802 No No23.46 0.37182.39

144 235.43 2.21 1.74 0.35 0.93 185.57 0.00 0.919 No No23.62 0.41185.57

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:08 AM 86

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

RFP PW23-3 
Exhibit B1 
242 of 268



This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

145 245.68 0.00 1.69 0.29 0.94 233.13 0.00 4.000 No No23.79 1.77233.13

146 263.88 0.00 1.63 0.29 0.94 234.45 0.00 4.000 No No23.95 1.76234.45

147 281.22 0.00 1.59 0.27 0.94 247.51 0.00 4.000 No No24.11 1.76247.51

148 295.23 0.00 1.56 0.26 0.94 265.66 0.00 4.000 No No24.28 1.75254.00

149 316.19 0.00 1.54 0.26 0.94 264.94 0.00 4.000 No No24.44 1.75254.00

150 332.34 0.00 1.51 0.26 0.94 295.15 0.00 4.000 No No24.61 1.74254.00

151 334.21 0.00 1.51 0.26 0.94 327.06 0.00 4.000 No No24.77 1.73254.00

152 327.73 0.00 1.51 0.26 0.93 317.88 0.00 4.000 No No24.93 1.73254.00

153 310.68 0.00 1.52 0.26 0.93 272.47 0.00 4.000 No No25.10 1.72254.00

154 289.04 0.00 1.55 0.29 0.93 233.51 0.00 4.000 No No25.26 1.72233.51

155 272.89 0.00 1.57 0.31 0.92 215.85 0.00 4.000 No No25.43 1.71215.85

156 271.39 0.00 1.57 0.29 0.92 228.30 0.00 4.000 No No25.59 1.71228.30

157 280.98 0.00 1.54 0.27 0.93 244.52 0.00 4.000 No No25.75 1.70244.52

158 294.71 0.00 1.52 0.26 0.93 264.49 0.00 4.000 No No25.92 1.70254.00

159 303.53 0.00 1.49 0.26 0.93 275.80 0.00 4.000 No No26.08 1.69254.00

160 305.50 0.00 1.46 0.26 0.93 277.48 0.00 4.000 No No26.25 1.69254.00

161 300.04 0.00 1.45 0.26 0.93 267.57 0.00 4.000 No No26.41 1.68254.00

162 287.95 0.00 1.44 0.27 0.92 252.49 0.00 4.000 No No26.57 1.68252.49

163 269.75 0.00 1.46 0.28 0.92 238.01 0.00 4.000 No No26.74 1.67238.01

164 245.17 0.00 1.53 0.31 0.91 218.96 0.00 4.000 No No26.90 1.67218.96

165 214.92 0.00 1.63 0.34 0.90 192.27 0.00 1.257 No No27.07 0.52192.27

166 182.32 3.50 1.76 0.40 0.88 152.69 0.01 0.308 No No27.23 0.18152.70

167 150.46 16.15 1.91 0.42 0.88 114.19 27.92 0.244 No No27.40 0.15142.11

168 122.35 28.11 2.06 0.41 0.88 91.96 51.28 0.250 No No27.56 0.16143.24

169 101.57 38.36 2.19 0.42 0.87 78.19 59.53 0.225 No No27.72 0.14137.71

170 89.68 44.87 2.27 0.43 0.87 69.92 61.90 0.203 No No27.89 0.13131.82

171 84.15 48.13 2.31 0.44 0.86 64.52 62.23 0.188 No No28.05 0.13126.74

172 84.66 47.35 2.30 0.45 0.86 63.76 61.64 0.184 No No28.22 0.12125.40

173 95.99 40.07 2.21 0.45 0.86 67.89 58.35 0.187 No No28.38 0.12126.24

174 118.73 27.92 2.06 0.44 0.86 79.21 48.56 0.191 No No28.54 0.13127.77

175 145.89 16.14 1.91 0.41 0.87 116.36 28.09 0.256 No No28.71 0.16144.45

176 170.21 7.19 1.80 0.39 0.88 159.41 2.19 0.389 No No28.87 0.21161.59

177 189.78 2.68 1.75 0.36 0.88 178.41 0.00 0.683 No No29.04 0.31178.41

178 200.37 4.02 1.76 0.37 0.88 169.94 0.03 0.503 No No29.20 0.25169.97

179 205.83 9.63 1.83 0.37 0.88 161.58 8.22 0.501 No No29.36 0.25169.80

180 203.64 18.82 1.95 0.32 0.89 163.92 41.96 2.679 No No29.53 1.07205.88

181 207.79 24.32 2.02 0.27 0.91 188.55 61.38 4.000 No No29.69 1.60249.93

182 213.05 28.01 2.06 0.28 0.90 173.10 66.75 4.000 No No29.86 1.59239.85

183 215.78 27.14 2.05 0.26 0.91 193.45 68.84 4.000 No No30.02 1.59254.00

184 218.45 24.69 2.02 0.27 0.90 189.41 62.46 4.000 No No30.18 1.58251.87

185 225.90 18.39 1.94 0.31 0.89 175.29 41.92 4.000 No No30.35 1.58217.21

186 231.54 12.33 1.87 0.31 0.89 195.86 19.75 4.000 No No30.51 1.58215.61

187 246.97 6.17 1.79 0.33 0.88 199.99 0.99 2.000 No No30.68 0.79200.98

188 287.00 4.65 1.77 0.31 0.88 212.40 0.12 4.000 No No30.84 1.57212.52

189 317.82 9.40 1.83 0.26 0.90 254.36 9.59 4.000 No No31.00 1.57254.00

190 341.21 14.94 1.90 0.26 0.90 347.59 43.57 4.000 No No31.17 1.56254.00

191 345.47 21.67 1.98 0.26 0.90 329.28 75.16 4.000 No No31.33 1.56254.00

192 341.42 27.02 2.05 0.26 0.90 303.25 89.08 4.000 No No31.50 1.55254.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m Δqc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

193 327.78 31.77 2.11 0.26 0.90 233.47 86.05 4.000 No No31.66 1.55254.00

194 309.85 35.48 2.16 0.26 0.90 235.85 92.74 4.000 No No31.82 1.55254.00

195 287.32 40.00 2.21 0.26 0.90 288.07 111.43 4.000 No No31.99 1.54254.00

196 272.82 42.92 2.25 0.26 0.89 251.77 106.08 4.000 No No32.15 1.54254.00

197 254.07 47.13 2.30 0.26 0.89 206.54 98.53 4.000 No No32.32 1.54254.00

198 229.11 53.12 2.38 0.26 0.89 171.13 93.23 4.000 No No32.48 1.53254.00

199 211.37 57.22 2.43 0.27 0.89 155.00 90.94 4.000 No No32.64 1.53245.94

200 195.44 60.88 2.47 0.26 0.89 181.48 100.00 4.000 No No32.81 1.53254.00

201 187.81 62.95 2.50 0.26 0.89 175.87 99.29 4.000 No No32.97 1.52254.00

202 203.45 59.24 2.45 0.30 0.88 136.36 86.64 4.000 No No33.14 1.52222.99

203 226.82 54.55 2.39 0.30 0.87 135.78 84.39 4.000 No No33.30 1.52220.17

204 263.40 48.78 2.32 0.26 0.89 220.49 103.47 4.000 No No33.46 1.51254.00

205 298.45 44.53 2.27 0.26 0.89 278.54 114.54 4.000 No No33.63 1.51254.00

206 325.19 41.86 2.24 0.26 0.89 328.16 123.73 4.000 No No33.79 1.51254.00

207 330.12 42.22 2.24 0.26 0.89 284.54 113.42 4.000 No No33.96 1.50254.00

208 313.69 45.39 2.28 0.26 0.88 249.28 107.98 4.000 No No34.12 1.50254.00

209 290.52 100.00 4.06 0.26 0.88 240.01 0.00 4.000 No Yes34.28 1.50240.01

210 280.47 100.00 4.06 0.26 0.88 208.66 0.00 4.000 No Yes34.45 1.49208.66

211 302.06 100.00 4.06 0.26 0.88 230.15 0.00 4.000 No Yes34.61 1.49230.15

212 302.54 100.00 4.06 0.26 0.88 241.43 0.00 4.000 No Yes34.78 1.49241.43

213 357.02 100.00 4.06 0.26 0.88 337.99 0.00 4.000 No Yes34.94 1.48337.99

Abbreviations

Depth:

qt:
FC:

Ic:

m:

CN:
qc1N:

Δqc1N:
qc1N,cs:

CRR7.5:

FS:

Depth from free surface, at which CPT was performed (ft)

Total cone resistance
Fines content (%)

Soil behavior type index

Stress exponent

Overburden correction factor
Normalized and adjusted cone resistance

Cone resistance correction factor due to fines
Normalized and adjusted cone resistance

Cyclic resistance ratio for Mw=7.5

Factor of safety against soil liquefaction
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

0.16 2.00 0.00 9.98 0.17 0.00 0.33 2.00 0.00 9.95 0.17 0.00

0.49 2.00 0.00 9.93 0.16 0.00 0.66 2.00 0.00 9.90 0.17 0.00

0.82 2.00 0.00 9.88 0.16 0.00 0.98 2.00 0.00 9.85 0.16 0.00

1.15 2.00 0.00 9.82 0.17 0.00 1.31 2.00 0.00 9.80 0.16 0.00

1.48 2.00 0.00 9.77 0.17 0.00 1.64 2.00 0.00 9.75 0.16 0.00

1.80 2.00 0.00 9.73 0.16 0.00 1.97 2.00 0.00 9.70 0.17 0.00

2.13 2.00 0.00 9.68 0.16 0.00 2.30 2.00 0.00 9.65 0.17 0.00

2.46 2.00 0.00 9.63 0.16 0.00 2.62 2.00 0.00 9.60 0.16 0.00

2.79 2.00 0.00 9.57 0.17 0.00 2.95 2.00 0.00 9.55 0.16 0.00

3.12 2.00 0.00 9.52 0.17 0.00 3.28 2.00 0.00 9.50 0.16 0.00

3.44 2.00 0.00 9.48 0.16 0.00 3.61 2.00 0.00 9.45 0.17 0.00

3.77 2.00 0.00 9.43 0.16 0.00 3.94 2.00 0.00 9.40 0.17 0.00

4.10 2.00 0.00 9.38 0.16 0.00 4.27 2.00 0.00 9.35 0.17 0.00

4.43 2.00 0.00 9.32 0.16 0.00 4.59 2.00 0.00 9.30 0.16 0.00

4.76 2.00 0.00 9.27 0.17 0.00 4.92 2.00 0.00 9.25 0.16 0.00

5.09 2.00 0.00 9.22 0.17 0.00 5.25 2.00 0.00 9.20 0.16 0.00

5.41 2.00 0.00 9.18 0.16 0.00 5.58 2.00 0.00 9.15 0.17 0.00

5.74 2.00 0.00 9.13 0.16 0.00 5.91 2.00 0.00 9.10 0.17 0.00

6.07 2.00 0.00 9.07 0.16 0.00 6.23 2.00 0.00 9.05 0.16 0.00

6.40 2.00 0.00 9.02 0.17 0.00 6.56 2.00 0.00 9.00 0.16 0.00

6.73 2.00 0.00 8.97 0.17 0.00 6.89 2.00 0.00 8.95 0.16 0.00

7.05 2.00 0.00 8.93 0.16 0.00 7.22 2.00 0.00 8.90 0.17 0.00

7.38 2.00 0.00 8.88 0.16 0.00 7.55 2.00 0.00 8.85 0.17 0.00

7.71 2.00 0.00 8.82 0.16 0.00 7.87 2.00 0.00 8.80 0.16 0.00

8.04 0.24 0.76 8.77 0.17 0.34 8.20 0.22 0.78 8.75 0.16 0.33

8.37 0.22 0.78 8.72 0.17 0.35 8.53 0.21 0.79 8.70 0.16 0.33

8.69 0.21 0.79 8.68 0.16 0.34 8.86 0.20 0.80 8.65 0.17 0.36

9.02 0.21 0.79 8.63 0.16 0.33 9.19 0.21 0.79 8.60 0.17 0.35

9.35 0.21 0.79 8.58 0.16 0.33 9.51 0.21 0.79 8.55 0.16 0.33

9.68 0.20 0.80 8.52 0.17 0.35 9.84 0.20 0.80 8.50 0.16 0.33

10.01 0.21 0.79 8.47 0.17 0.35 10.17 0.21 0.79 8.45 0.16 0.33

10.33 0.21 0.79 8.43 0.16 0.33 10.50 0.20 0.80 8.40 0.17 0.35

10.66 0.19 0.81 8.38 0.16 0.33 10.83 0.19 0.81 8.35 0.17 0.35

10.99 0.19 0.81 8.33 0.16 0.33 11.15 0.19 0.81 8.30 0.16 0.33

11.32 0.20 0.80 8.27 0.17 0.34 11.48 0.18 0.82 8.25 0.16 0.33

11.65 0.17 0.83 8.22 0.17 0.35 11.81 0.17 0.83 8.20 0.16 0.33

11.98 0.17 0.83 8.17 0.17 0.35 12.14 0.17 0.83 8.15 0.16 0.33

12.30 0.17 0.83 8.13 0.16 0.33 12.47 0.17 0.83 8.10 0.17 0.35

12.63 0.17 0.83 8.08 0.16 0.33 12.80 0.17 0.83 8.05 0.17 0.35

12.96 0.18 0.82 8.02 0.16 0.32 13.12 0.18 0.82 8.00 0.16 0.32

13.29 0.17 0.83 7.97 0.17 0.34 13.45 0.17 0.83 7.95 0.16 0.32

13.62 0.17 0.83 7.92 0.17 0.34 13.78 0.17 0.83 7.90 0.16 0.32

13.94 0.16 0.84 7.88 0.16 0.32 14.11 0.16 0.84 7.85 0.17 0.34

14.27 0.16 0.84 7.83 0.16 0.32 14.44 0.17 0.83 7.80 0.17 0.34

14.60 0.19 0.81 7.77 0.16 0.31 14.76 0.19 0.81 7.75 0.16 0.31

14.93 0.18 0.82 7.72 0.17 0.33 15.09 0.18 0.82 7.70 0.16 0.31

15.26 0.20 0.80 7.67 0.17 0.32 15.42 0.20 0.80 7.65 0.16 0.30

15.58 0.18 0.82 7.63 0.16 0.30 15.75 0.18 0.82 7.60 0.17 0.32
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

15.91 0.19 0.81 7.58 0.16 0.30 16.08 0.19 0.81 7.55 0.17 0.32

16.24 0.20 0.80 7.53 0.16 0.29 16.40 0.18 0.82 7.50 0.16 0.30

16.57 0.18 0.82 7.47 0.17 0.32 16.73 0.20 0.80 7.45 0.16 0.29

16.90 0.24 0.76 7.42 0.17 0.29 17.06 0.32 0.68 7.40 0.16 0.24

17.22 0.28 0.72 7.38 0.16 0.26 17.39 0.21 0.79 7.35 0.17 0.30

17.55 0.17 0.83 7.33 0.16 0.30 17.72 0.20 0.80 7.30 0.17 0.30

17.88 0.25 0.75 7.28 0.16 0.27 18.04 0.23 0.77 7.25 0.16 0.27

18.21 0.23 0.77 7.22 0.17 0.29 18.37 0.26 0.74 7.20 0.16 0.26

18.54 0.28 0.72 7.17 0.17 0.27 18.70 0.25 0.75 7.15 0.16 0.26

18.86 0.24 0.76 7.13 0.16 0.26 19.03 0.21 0.79 7.10 0.17 0.29

19.19 0.21 0.79 7.08 0.16 0.27 19.36 0.20 0.80 7.05 0.17 0.29

19.52 0.19 0.81 7.03 0.16 0.28 19.69 0.24 0.76 7.00 0.17 0.28

19.85 0.34 0.66 6.97 0.16 0.22 20.01 0.39 0.61 6.95 0.16 0.21

20.18 0.35 0.65 6.92 0.17 0.23 20.34 0.32 0.68 6.90 0.16 0.23

20.51 0.40 0.60 6.87 0.17 0.21 20.67 0.40 0.60 6.85 0.16 0.20

20.83 1.04 0.00 6.83 0.16 0.00 21.00 1.88 0.00 6.80 0.17 0.00

21.16 1.87 0.00 6.78 0.16 0.00 21.33 1.86 0.00 6.75 0.17 0.00

21.49 0.39 0.61 6.72 0.16 0.20 21.65 0.25 0.75 6.70 0.16 0.25

21.82 0.25 0.75 6.67 0.17 0.26 21.98 0.25 0.75 6.65 0.16 0.24

22.15 0.26 0.74 6.62 0.17 0.25 22.31 0.76 0.24 6.60 0.16 0.08

22.47 1.82 0.00 6.58 0.16 0.00 22.64 1.81 0.00 6.55 0.17 0.00

22.80 1.80 0.00 6.53 0.16 0.00 22.97 1.80 0.00 6.50 0.17 0.00

23.13 1.79 0.00 6.47 0.16 0.00 23.29 0.88 0.12 6.45 0.16 0.04

23.46 0.37 0.63 6.42 0.17 0.21 23.62 0.41 0.59 6.40 0.16 0.18

23.79 1.77 0.00 6.37 0.17 0.00 23.95 1.76 0.00 6.35 0.16 0.00

24.11 1.76 0.00 6.33 0.16 0.00 24.28 1.75 0.00 6.30 0.17 0.00

24.44 1.75 0.00 6.28 0.16 0.00 24.61 1.74 0.00 6.25 0.17 0.00

24.77 1.73 0.00 6.23 0.16 0.00 24.93 1.73 0.00 6.20 0.16 0.00

25.10 1.72 0.00 6.17 0.17 0.00 25.26 1.72 0.00 6.15 0.16 0.00

25.43 1.71 0.00 6.12 0.17 0.00 25.59 1.71 0.00 6.10 0.16 0.00

25.75 1.70 0.00 6.08 0.16 0.00 25.92 1.70 0.00 6.05 0.17 0.00

26.08 1.69 0.00 6.03 0.16 0.00 26.25 1.69 0.00 6.00 0.17 0.00

26.41 1.68 0.00 5.98 0.16 0.00 26.57 1.68 0.00 5.95 0.16 0.00

26.74 1.67 0.00 5.92 0.17 0.00 26.90 1.67 0.00 5.90 0.16 0.00

27.07 0.52 0.48 5.87 0.17 0.15 27.23 0.18 0.82 5.85 0.16 0.23

27.40 0.15 0.85 5.82 0.17 0.26 27.56 0.16 0.84 5.80 0.16 0.24

27.72 0.14 0.86 5.78 0.16 0.24 27.89 0.13 0.87 5.75 0.17 0.26

28.05 0.13 0.87 5.73 0.16 0.24 28.22 0.12 0.88 5.70 0.17 0.26

28.38 0.12 0.88 5.67 0.16 0.24 28.54 0.13 0.87 5.65 0.16 0.24

28.71 0.16 0.84 5.62 0.17 0.25 28.87 0.21 0.79 5.60 0.16 0.22

29.04 0.31 0.69 5.57 0.17 0.20 29.20 0.25 0.75 5.55 0.16 0.20

29.36 0.25 0.75 5.53 0.16 0.20 29.53 1.07 0.00 5.50 0.17 0.00

29.69 1.60 0.00 5.48 0.16 0.00 29.86 1.59 0.00 5.45 0.17 0.00

30.02 1.59 0.00 5.42 0.16 0.00 30.18 1.58 0.00 5.40 0.16 0.00

30.35 1.58 0.00 5.37 0.17 0.00 30.51 1.58 0.00 5.35 0.16 0.00

30.68 0.79 0.21 5.32 0.17 0.06 30.84 1.57 0.00 5.30 0.16 0.00

31.00 1.57 0.00 5.28 0.16 0.00 31.17 1.56 0.00 5.25 0.17 0.00

31.33 1.56 0.00 5.23 0.16 0.00 31.50 1.55 0.00 5.20 0.17 0.00
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

31.66 1.55 0.00 5.18 0.16 0.00 31.82 1.55 0.00 5.15 0.16 0.00

31.99 1.54 0.00 5.12 0.17 0.00 32.15 1.54 0.00 5.10 0.16 0.00

32.32 1.54 0.00 5.07 0.17 0.00 32.48 1.53 0.00 5.05 0.16 0.00

32.64 1.53 0.00 5.03 0.16 0.00 32.81 1.53 0.00 5.00 0.17 0.00

32.97 1.52 0.00 4.98 0.16 0.00 33.14 1.52 0.00 4.95 0.17 0.00

33.30 1.52 0.00 4.93 0.16 0.00 33.46 1.51 0.00 4.90 0.16 0.00

33.63 1.51 0.00 4.87 0.17 0.00 33.79 1.51 0.00 4.85 0.16 0.00

33.96 1.50 0.00 4.82 0.17 0.00 34.12 1.50 0.00 4.80 0.16 0.00

34.28 1.50 0.00 4.78 0.16 0.00 34.45 1.49 0.00 4.75 0.17 0.00

34.61 1.49 0.00 4.73 0.16 0.00 34.78 1.49 0.00 4.70 0.17 0.00

34.94 1.48 0.00 4.68 0.16 0.00

Abbreviations

Overal l  l iquefact ion potential: 29.24

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:

FL:
wz:

dz:

LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

8.04 136.45 0.24 1.99 0.040.86 8.20 129.43 0.22 2.11 0.040.86

8.37 128.48 0.22 2.12 0.040.86 8.53 126.95 0.21 2.14 0.040.86

8.69 125.47 0.21 2.16 0.040.85 8.86 124.23 0.20 2.17 0.040.85

9.02 127.09 0.21 2.11 0.040.85 9.19 128.55 0.21 2.08 0.040.84

9.35 130.58 0.21 2.04 0.040.84 9.51 131.68 0.21 2.01 0.040.84

9.68 129.64 0.20 2.04 0.040.84 9.84 128.40 0.20 2.06 0.040.83

10.01 134.57 0.21 1.95 0.040.83 10.17 134.16 0.21 1.95 0.040.83

10.33 133.26 0.21 1.95 0.040.82 10.50 133.36 0.20 1.95 0.040.82

10.66 128.98 0.19 2.01 0.040.82 10.83 128.51 0.19 2.01 0.040.82

10.99 127.44 0.19 2.02 0.040.81 11.15 131.03 0.19 1.96 0.040.81

11.32 134.57 0.20 1.89 0.040.81 11.48 126.22 0.18 2.02 0.040.81

11.65 121.70 0.17 2.10 0.040.80 11.81 123.13 0.17 2.07 0.040.80

11.98 124.74 0.17 2.03 0.040.80 12.14 124.68 0.17 2.02 0.040.79

12.30 124.28 0.17 2.02 0.040.79 12.47 125.20 0.17 2.00 0.040.79

12.63 125.52 0.17 1.99 0.040.79 12.80 126.68 0.17 1.96 0.040.78

12.96 129.97 0.18 1.90 0.040.78 13.12 132.05 0.18 1.86 0.040.78

13.29 127.90 0.17 1.92 0.040.77 13.45 125.97 0.17 1.95 0.040.77

13.62 128.33 0.17 1.90 0.040.77 13.78 127.55 0.17 1.91 0.040.77

13.94 126.14 0.16 1.92 0.040.76 14.11 123.03 0.16 1.97 0.040.76

14.27 122.34 0.16 1.97 0.040.76 14.44 129.39 0.17 1.85 0.040.76

14.60 141.30 0.19 1.67 0.030.75 14.76 140.72 0.19 1.67 0.030.75

14.93 137.27 0.18 1.71 0.030.75 15.09 138.76 0.18 1.69 0.030.74

15.26 144.64 0.20 1.60 0.030.74 15.42 145.30 0.20 1.59 0.030.74

15.58 140.21 0.18 1.65 0.030.74 15.75 139.88 0.18 1.65 0.030.73

15.91 141.68 0.19 1.62 0.030.73 16.08 143.70 0.19 1.58 0.030.73

16.24 145.66 0.20 1.55 0.030.72 16.40 141.26 0.18 1.60 0.030.72

16.57 142.00 0.18 1.59 0.030.72 16.73 146.95 0.20 1.52 0.030.72

16.90 158.36 0.24 1.30 0.030.71 17.06 171.90 0.32 0.81 0.020.71

17.22 166.35 0.28 0.98 0.020.71 17.39 151.61 0.21 1.45 0.030.71

17.55 139.71 0.17 1.58 0.030.70 17.72 150.00 0.20 1.45 0.030.70

17.88 160.98 0.25 1.16 0.020.70 18.04 157.22 0.23 1.32 0.030.69

18.21 157.23 0.23 1.31 0.030.69 18.37 163.84 0.26 1.04 0.020.69

18.54 167.38 0.28 0.92 0.020.69 18.70 161.98 0.25 1.10 0.020.68

18.86 160.33 0.24 1.16 0.020.68 19.03 154.28 0.21 1.36 0.030.68

19.19 152.85 0.21 1.37 0.030.67 19.36 151.95 0.20 1.37 0.030.67

19.52 149.90 0.19 1.39 0.030.67 19.69 161.33 0.24 1.10 0.020.67

19.85 176.97 0.34 0.63 0.010.66 20.01 181.84 0.39 0.53 0.010.66

20.18 177.77 0.35 0.61 0.010.66 20.34 174.71 0.32 0.68 0.010.66

20.51 182.72 0.40 0.51 0.010.65 20.67 182.75 0.40 0.50 0.010.65

20.83 202.76 1.04 0.03 0.000.65 21.00 226.87 1.88 0.00 0.000.64

21.16 225.99 1.87 0.00 0.000.64 21.33 212.41 1.86 0.00 0.000.64

21.49 182.46 0.39 0.50 0.010.64 21.65 165.15 0.25 0.92 0.020.63

21.82 165.59 0.25 0.90 0.020.63 21.98 164.90 0.25 0.92 0.020.63

22.15 167.47 0.26 0.83 0.020.62 22.31 197.81 0.76 0.18 0.000.62

22.47 213.17 1.82 0.00 0.000.62 22.64 232.70 1.81 0.00 0.000.62

22.80 245.99 1.80 0.00 0.000.61 22.97 247.39 1.80 0.00 0.000.61

23.13 219.53 1.79 0.00 0.000.61 23.29 200.73 0.88 0.09 0.000.61

23.46 182.39 0.37 0.47 0.010.60 23.62 185.57 0.41 0.42 0.010.60
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

23.79 233.13 1.77 0.00 0.000.60 23.95 234.45 1.76 0.00 0.000.59

24.11 247.51 1.76 0.00 0.000.59 24.28 254.00 1.75 0.00 0.000.59

24.44 254.00 1.75 0.00 0.000.59 24.61 254.00 1.74 0.00 0.000.58

24.77 254.00 1.73 0.00 0.000.58 24.93 254.00 1.73 0.00 0.000.58

25.10 254.00 1.72 0.00 0.000.57 25.26 233.51 1.72 0.00 0.000.57

25.43 215.85 1.71 0.00 0.000.57 25.59 228.30 1.71 0.00 0.000.57

25.75 244.52 1.70 0.00 0.000.56 25.92 254.00 1.70 0.00 0.000.56

26.08 254.00 1.69 0.00 0.000.56 26.25 254.00 1.69 0.00 0.000.56

26.41 254.00 1.68 0.00 0.000.55 26.57 252.49 1.68 0.00 0.000.55

26.74 238.01 1.67 0.00 0.000.55 26.90 218.96 1.67 0.00 0.000.54

27.07 192.27 0.52 0.29 0.010.54 27.23 152.70 0.18 1.10 0.020.54

27.40 142.11 0.15 1.18 0.020.54 27.56 143.24 0.16 1.17 0.020.53

27.72 137.71 0.14 1.21 0.020.53 27.89 131.82 0.13 1.26 0.030.53

28.05 126.74 0.13 1.31 0.030.52 28.22 125.40 0.12 1.32 0.030.52

28.38 126.24 0.12 1.30 0.030.52 28.54 127.77 0.13 1.28 0.020.52

28.71 144.45 0.16 1.11 0.020.51 28.87 161.59 0.21 0.83 0.020.51

29.04 178.41 0.31 0.46 0.010.51 29.20 169.97 0.25 0.62 0.010.51

29.36 169.80 0.25 0.62 0.010.50 29.53 205.88 1.07 0.01 0.000.50

29.69 249.93 1.60 0.00 0.000.50 29.86 239.85 1.59 0.00 0.000.49

30.02 254.00 1.59 0.00 0.000.49 30.18 251.87 1.58 0.00 0.000.49

30.35 217.21 1.58 0.00 0.000.49 30.51 215.61 1.58 0.00 0.000.48

30.68 200.98 0.79 0.11 0.000.48 30.84 212.52 1.57 0.00 0.000.48

31.00 254.00 1.57 0.00 0.000.47 31.17 254.00 1.56 0.00 0.000.47

31.33 254.00 1.56 0.00 0.000.47 31.50 254.00 1.55 0.00 0.000.47

31.66 254.00 1.55 0.00 0.000.46 31.82 254.00 1.55 0.00 0.000.46

31.99 254.00 1.54 0.00 0.000.46 32.15 254.00 1.54 0.00 0.000.46

32.32 254.00 1.54 0.00 0.000.45 32.48 254.00 1.53 0.00 0.000.45

32.64 245.94 1.53 0.00 0.000.45 32.81 254.00 1.53 0.00 0.000.44

32.97 254.00 1.52 0.00 0.000.44 33.14 222.99 1.52 0.00 0.000.44

33.30 220.17 1.52 0.00 0.000.44 33.46 254.00 1.51 0.00 0.000.43

33.63 254.00 1.51 0.00 0.000.43 33.79 254.00 1.51 0.00 0.000.43

33.96 254.00 1.50 0.00 0.000.42 34.12 254.00 1.50 0.00 0.000.42

34.28 240.01 1.50 0.00 0.000.42 34.45 208.66 1.49 0.00 0.000.42

34.61 230.15 1.49 0.00 0.000.41 34.78 241.43 1.49 0.00 0.000.41

34.94 337.99 1.48 0.00 0.000.41

Total est imated sett lement: 2.93

Abbreviations

Qtn,cs:

FS:
ev (%):

DF:

Settlement:

Equivalent clean sand normalized cone resistance

Factor of safety against liquefaction
Post-liquefaction volumentric strain

ev depth weighting factor

Calculated settlement
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

0.16 405.93 1.00 690.52 1.06 N/A N/A690.52

0.33 277.00 1.00 471.18 1.33 N/A N/A471.18

0.49 234.89 1.00 399.52 1.43 N/A N/A399.52

0.66 138.83 1.06 250.27 1.73 N/A N/A236.10

0.82 88.51 1.26 189.27 1.97 N/A N/A150.48

0.98 50.31 1.80 153.93 2.25 N/A N/A85.48

1.15 29.63 2.71 136.23 2.49 N/A N/A50.29

1.31 19.93 3.62 122.36 2.65 N/A N/A33.76

1.48 15.29 4.49 116.00 2.76 N/A N/A25.85

1.64 13.83 4.78 111.75 2.80 N/A N/A23.36

1.80 12.54 5.05 106.71 2.83 N/A N/A21.14

1.97 11.09 5.41 101.00 2.87 N/A N/A18.66

2.13 9.79 5.80 95.38 2.91 N/A N/A16.43

2.30 9.09 5.88 89.52 2.92 N/A N/A15.23

2.46 7.78 6.42 83.39 2.97 N/A N/A12.99

2.62 6.64 7.03 77.58 3.03 N/A N/A11.04

2.79 5.90 7.60 74.22 3.07 N/A N/A9.76

2.95 5.37 8.15 72.04 3.12 N/A N/A8.84

3.12 4.13 10.24 68.87 3.27 N/A N/A6.73

3.28 3.91 11.29 71.50 3.34 N/A N/A6.33

3.44 3.93 11.82 75.11 3.37 N/A N/A6.36

3.61 3.96 13.72 87.51 3.48 N/A N/A6.38

3.77 12.32 5.20 107.12 2.85 N/A N/A20.59

3.94 19.42 3.49 114.00 2.63 N/A N/A32.66

4.10 20.86 3.29 115.51 2.59 N/A N/A35.08

4.27 21.46 3.13 113.09 2.57 N/A N/A36.10

4.43 21.94 2.72 100.17 2.49 N/A N/A36.89

4.59 14.10 3.83 90.28 2.68 N/A N/A23.54

4.76 7.54 6.38 78.86 2.97 N/A N/A12.36

4.92 6.89 6.68 75.17 2.99 N/A N/A11.25

5.09 7.77 6.33 80.64 2.96 N/A N/A12.74

5.25 9.74 5.57 89.53 2.89 N/A N/A16.08

5.41 11.25 5.33 99.30 2.86 N/A N/A18.62

5.58 13.33 4.83 106.91 2.81 N/A N/A22.14

5.74 15.06 4.58 114.84 2.78 N/A N/A25.07

5.91 16.18 4.65 125.51 2.78 N/A N/A26.96

6.07 17.99 4.52 135.56 2.77 N/A N/A30.02

6.23 19.91 4.62 153.58 2.78 N/A N/A33.28

6.40 26.77 3.86 173.53 2.68 N/A N/A44.93

6.56 38.14 3.00 192.63 2.54 N/A N/A64.25

6.73 48.98 2.54 209.97 2.45 N/A N/A82.67

6.89 57.07 2.27 218.48 2.39 N/A N/A96.43

7.05 63.41 2.04 219.11 2.33 N/A N/A107.19

7.22 65.29 1.93 212.97 2.29 N/A N/A110.37

7.38 62.85 1.87 198.85 2.28 N/A N/A106.20

7.55 61.12 1.76 181.79 2.24 N/A N/A103.24

7.71 60.06 1.69 171.27 2.21 N/A N/A101.41

7.87 60.30 1.59 161.77 2.17 N/A N/A101.81
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

8.04 59.46 1.53 150.84 2.14 0.14 0.8298.35

8.20 58.34 1.50 142.44 2.13 0.13 0.8294.72

8.37 57.30 1.49 135.83 2.12 0.13 0.8191.44

8.53 57.06 1.46 130.46 2.10 0.13 0.8189.49

8.69 58.27 1.41 126.64 2.08 0.13 0.8189.55

8.86 59.88 1.38 125.13 2.06 0.13 0.8190.38

9.02 61.93 1.36 125.67 2.05 0.13 0.8292.08

9.19 63.97 1.35 126.71 2.04 0.13 0.8293.74

9.35 65.73 1.34 127.86 2.03 0.14 0.8295.12

9.51 66.83 1.35 129.37 2.04 0.14 0.8295.75

9.68 68.77 1.34 130.59 2.03 0.14 0.8297.26

9.84 70.63 1.33 131.45 2.02 0.13 0.8398.66

10.01 72.84 1.32 131.99 2.01 0.14 0.83100.34

10.17 75.63 1.29 132.84 1.99 0.15 0.83102.73

10.33 78.21 1.26 132.40 1.97 0.15 0.83104.67

10.50 80.06 1.25 132.32 1.96 0.15 0.84105.78

10.66 82.05 1.23 132.12 1.94 0.14 0.84107.06

10.83 84.35 1.22 132.18 1.93 0.15 0.84108.63

10.99 86.88 1.20 132.51 1.91 0.15 0.84110.51

11.15 88.13 1.20 132.87 1.91 0.16 0.84111.05

11.32 88.06 1.20 131.67 1.91 0.17 0.84109.95

11.48 87.36 1.20 129.77 1.91 0.15 0.84108.16

11.65 85.90 1.20 126.71 1.91 0.14 0.83105.41

11.81 83.34 1.21 123.26 1.93 0.14 0.83101.57

11.98 81.58 1.22 120.61 1.93 0.14 0.8398.66

12.14 80.06 1.24 119.17 1.95 0.14 0.8296.21

12.30 78.23 1.26 118.15 1.97 0.13 0.8293.52

12.47 76.39 1.30 118.12 2.00 0.13 0.8190.86

12.63 75.53 1.33 118.81 2.02 0.13 0.8189.34

12.80 75.85 1.34 119.73 2.03 0.13 0.8189.04

12.96 76.41 1.35 119.99 2.04 0.14 0.8188.98

13.12 77.47 1.34 119.78 2.03 0.14 0.8189.41

13.29 79.04 1.32 119.10 2.01 0.13 0.8190.29

13.45 79.84 1.30 117.25 2.00 0.13 0.8190.32

13.62 79.51 1.29 115.42 2.00 0.14 0.8189.18

13.78 78.78 1.30 114.18 2.00 0.13 0.8187.72

13.94 78.03 1.32 114.37 2.02 0.13 0.8186.35

14.11 78.63 1.34 115.78 2.03 0.13 0.8186.39

14.27 82.87 1.33 120.15 2.02 0.13 0.8190.35

14.44 89.77 1.30 125.59 2.00 0.14 0.8296.95

14.60 99.02 1.25 131.92 1.96 0.17 0.84105.88

14.76 109.72 1.19 138.50 1.90 0.18 0.85116.13

14.93 119.85 1.15 144.78 1.86 0.20 0.86125.60

15.09 125.94 1.13 148.40 1.84 0.21 0.87130.94

15.26 127.49 1.13 149.10 1.83 0.24 0.87131.63

15.42 125.66 1.15 147.87 1.85 0.23 0.86129.01

15.58 121.38 1.17 145.31 1.88 0.19 0.86123.98

15.75 115.69 1.21 141.81 1.92 0.17 0.85117.50
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

15.91 111.30 1.24 139.38 1.95 0.17 0.84112.41

16.08 109.97 1.26 138.66 1.96 0.17 0.84110.33

16.24 112.89 1.25 140.40 1.96 0.18 0.84112.49

16.40 120.78 1.21 144.94 1.92 0.18 0.85119.49

16.57 132.22 1.17 151.77 1.88 0.20 0.86129.83

16.73 145.93 1.12 159.41 1.82 0.26 0.88142.28

16.90 157.99 1.09 166.08 1.77 0.34 0.89152.99

17.06 164.52 1.07 169.17 1.74 0.47 0.89158.38

17.22 163.47 1.07 167.68 1.75 0.41 0.89156.49

17.39 158.11 1.09 163.75 1.77 0.30 0.89150.46

17.55 149.43 1.12 158.83 1.82 0.23 0.88141.39

17.72 140.12 1.17 154.24 1.88 0.22 0.87131.71

17.88 133.72 1.22 152.13 1.93 0.23 0.86124.89

18.04 132.48 1.24 152.92 1.95 0.21 0.86122.95

18.21 133.89 1.25 154.20 1.96 0.21 0.86123.45

18.37 135.71 1.24 154.25 1.95 0.23 0.86124.40

18.54 139.29 1.22 154.35 1.93 0.26 0.86126.93

18.70 141.40 1.20 153.30 1.91 0.25 0.86128.17

18.86 141.29 1.19 151.65 1.90 0.25 0.86127.34

19.03 140.16 1.20 150.52 1.91 0.22 0.86125.52

19.19 141.00 1.21 151.42 1.92 0.21 0.86125.53

19.36 146.80 1.19 154.73 1.90 0.22 0.86130.02

19.52 158.37 1.15 161.22 1.86 0.24 0.88139.78

19.69 171.69 1.12 168.42 1.81 0.35 0.89151.05

19.85 183.39 1.09 174.87 1.77 0.55 0.90160.85

20.01 192.44 1.07 179.52 1.74 0.63 0.90168.24

20.18 198.24 1.06 183.61 1.74 0.55 0.91172.93

20.34 199.89 1.07 185.50 1.74 0.51 0.91173.86

20.51 204.68 1.07 189.16 1.74 0.64 0.91177.59

20.67 215.48 1.05 195.97 1.72 0.64 0.92186.78

20.83 226.75 1.03 202.71 1.69 0.93 0.93196.39

21.00 233.42 1.02 206.32 1.68 0.93 0.93201.83

21.16 233.67 1.03 206.58 1.68 0.93 0.93201.50

21.33 224.77 1.05 201.86 1.71 0.92 0.92192.90

21.49 208.83 1.08 192.69 1.77 0.65 0.91178.10

21.65 193.67 1.12 183.97 1.82 0.38 0.90164.08

21.82 183.91 1.15 178.06 1.85 0.33 0.89154.95

21.98 187.53 1.14 179.67 1.84 0.34 0.89157.72

22.15 199.31 1.11 185.64 1.80 0.42 0.90167.72

22.31 217.13 1.06 194.04 1.73 0.92 0.92183.24

22.47 237.17 1.01 203.55 1.67 0.93 0.93200.73

22.64 254.99 1.00 216.08 1.62 0.94 0.94216.08

22.80 259.94 1.00 219.75 1.62 0.94 0.94219.75

22.97 257.61 1.01 218.21 1.66 0.94 0.94216.69

23.13 247.18 1.04 214.87 1.70 0.93 0.93206.58

23.29 234.64 1.07 209.24 1.75 0.93 0.93194.74

23.46 231.95 1.08 207.48 1.76 0.65 0.92191.81

23.62 235.43 1.06 207.27 1.74 0.70 0.93194.63
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This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

23.79 245.68 1.03 209.61 1.69 0.93 0.93203.54

23.95 263.88 1.00 219.24 1.63 0.94 0.94219.24

24.11 281.22 1.00 234.09 1.59 0.95 0.95234.09

24.28 295.23 1.00 245.84 1.56 0.96 0.96245.84

24.44 316.19 1.00 263.48 1.54 0.97 0.97263.48

24.61 332.34 1.00 276.93 1.51 0.98 0.98276.93

24.77 334.21 1.00 278.03 1.51 0.98 0.98278.03

24.93 327.73 1.00 272.10 1.51 0.98 0.98272.10

25.10 310.68 1.00 256.95 1.52 0.97 0.97256.95

25.26 289.04 1.00 237.90 1.55 0.96 0.96237.90

25.43 272.89 1.00 223.50 1.57 0.95 0.95223.50

25.59 271.39 1.00 221.84 1.57 0.95 0.95221.84

25.75 280.98 1.00 229.85 1.54 0.95 0.95229.85

25.92 294.71 1.00 241.36 1.52 0.96 0.96241.36

26.08 303.53 1.00 248.90 1.49 0.96 0.96248.90

26.25 305.50 1.00 250.66 1.46 0.97 0.97250.66

26.41 300.04 1.00 246.18 1.45 0.96 0.96246.18

26.57 287.95 1.00 236.05 1.44 0.96 0.96236.05

26.74 269.75 1.00 219.95 1.46 0.94 0.94219.95

26.90 245.17 1.00 197.93 1.53 0.93 0.93197.93

27.07 214.92 1.00 171.03 1.63 0.87 0.91171.03

27.23 182.32 1.08 153.19 1.76 0.30 0.88142.39

27.40 150.46 1.20 138.09 1.91 0.18 0.85114.81

27.56 122.35 1.39 127.07 2.06 0.16 0.8191.23

27.72 101.57 1.65 122.15 2.19 0.15 0.7974.15

27.89 89.68 1.87 120.31 2.27 0.14 0.7764.47

28.05 84.15 2.00 119.59 2.31 0.13 0.7659.94

28.22 84.66 1.96 118.16 2.30 0.13 0.7660.20

28.38 95.99 1.70 117.32 2.21 0.13 0.7869.01

28.54 118.73 1.39 121.03 2.06 0.13 0.8187.12

28.71 145.89 1.20 131.23 1.91 0.19 0.84109.12

28.87 170.21 1.11 143.12 1.80 0.36 0.86129.12

29.04 189.78 1.07 154.84 1.75 0.57 0.88144.87

29.20 200.37 1.08 164.59 1.76 0.45 0.89152.35

29.36 205.83 1.13 175.04 1.83 0.40 0.89154.71

29.53 203.64 1.24 185.94 1.95 0.54 0.89150.26

29.69 207.79 1.32 200.31 2.02 0.89 0.89151.50

29.86 213.05 1.39 214.08 2.06 0.89 0.89153.91

30.02 215.78 1.37 213.90 2.05 0.89 0.89155.70

30.18 218.45 1.33 209.77 2.02 0.89 0.89157.88

30.35 225.90 1.23 202.84 1.94 0.76 0.90164.70

30.51 231.54 1.16 197.35 1.87 0.90 0.90170.29

30.68 246.97 1.10 201.51 1.79 0.92 0.92183.33

30.84 287.00 1.09 231.67 1.77 0.94 0.94213.37

31.00 317.82 1.13 263.98 1.83 0.95 0.95233.78

31.17 341.21 1.19 294.43 1.90 0.96 0.96247.80

31.33 345.47 1.28 315.95 1.98 0.96 0.96247.07

31.50 341.42 1.37 330.44 2.05 0.96 0.96240.94

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software - Report created on: 7/18/2023, 11:04:08 AM 98

Project file: P:\5300\5376 HSU\5376.13 Library Circle and Sustainability Center Geotech Evaluations\08 Geology\Reports\b_Appendices\Appendix 3 Liquefaction analysis\CPT Liqufaction.clq

RFP PW23-3 
Exhibit B1 
254 of 268



This software is licensed to: LACO Associates CPT name: CPT-03 - Basic

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQt n

31.66 327.78 1.47 336.39 2.11 0.95 0.95228.46

31.82 309.85 1.57 334.54 2.16 0.94 0.94213.70

31.99 287.32 1.70 332.24 2.21 0.93 0.93195.68

32.15 272.82 1.80 330.56 2.25 0.92 0.92184.09

32.32 254.07 1.95 330.90 2.30 0.90 0.90169.35

32.48 229.11 2.22 333.41 2.38 0.89 0.89150.25

32.64 211.37 2.43 332.59 2.43 0.87 0.87136.91

32.81 195.44 2.64 330.02 2.47 0.86 0.86125.09

32.97 187.81 2.77 329.74 2.50 0.85 0.85119.23

33.14 203.45 2.54 330.01 2.45 0.60 0.86129.83

33.30 226.82 2.29 333.98 2.39 0.55 0.88145.86

33.46 263.40 2.02 346.12 2.32 0.91 0.91171.16

33.63 298.45 1.85 361.90 2.27 0.93 0.93195.27

33.79 325.19 1.76 375.51 2.24 0.94 0.94213.48

33.96 330.12 1.77 382.39 2.24 0.94 0.94215.89

34.12 313.69 1.89 382.86 2.28 0.93 0.93203.04

34.28 290.52 26.61 4536.50 4.06 0.91 12.18170.51

34.45 280.47 26.61 4361.71 4.06 0.90 11.71163.94

34.61 302.06 26.61 4683.34 4.06 0.91 12.57176.03

34.78 302.54 26.61 4673.22 4.06 0.91 12.55175.65

34.94 357.02 26.61 5501.46 4.06 0.93 14.77206.78

qt:
Kc:

Qtn,cs:
Ic:

Su(liq)/σ'v:

Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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Procedure for the evaluation of soil liquefaction resistance, NCEER (1998)

Calculation of soil resistance against liquefaction is performed according to the Robertson & Wride (1998) procedure. The

procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER

Workshop on Evaluation of Liquefaction Resistance of Soils). The revised procedure is presented below in the form of a

flowchart1:

1  "Estimating liquefaction-induced ground settlements from CPT for level ground", G. Zhang, P.K. Robertson, and R.W.I. Brachman
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Procedure for the evaluation of soil liquefaction resistance (all soils), Robertson (2010)

Calculation of soil resistance against liquefaction is performed according to the Robertson & Wride (1998) procedure. This

procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER

Workshop on Evaluation of Liquefaction Resistance of Soils). The revised procedure is presented below in the form of a

flowchart1:

1  P.K. Robertson, 2009.  “Performance based earthquake design using the CPT”, Keynote Lecture, International Conference on

Performance-based Design in Earthquake Geotechnical Engineering – from case history to practice, IS-Tokyo, June 2009

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software 101

RFP PW23-3 
Exhibit B1 
257 of 268



Procedure for the evaluation of soil liquefaction resistance, Idriss & Boulanger (2008)
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Procedure for the evaluation of soil liquefaction resistance (sandy soils), Moss et al. (2006)
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Procedure for the evaluation of soil liquefaction resistance, Boulanger & Idriss(2014)
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Procedure for the evaluation of liquefaction-induced lateral spreading displacements

 
Site investigation 

with SPT or 
CPT 

Design 
earthquake 

Ground 
geometry 

SPT data with 
fines content 

measurements or CPT data 

Moment magnitude 

of earthquake (M w ) 
and peak surface 

acceleration ( a max ) 

Geometric parameters 

for each of different 
zones in level (or 

gently sloping) ground 

with (or without) a free 
face 

Liquefaction potential analysis 
to calculate FS, (N 1 ) 60cs  or 

(q c1N ) cs 

( using the NCEER SPT- 
or CPT-based method ( Youd et al. 

2001)) 

Calculation of the lateral 
displacement index 
(LDI) 

( using Figure 1 and Equation [3]) 

Zones with three major 

geometric parameters or 
less - free face height (H), 
the distance to a free face 

(L), or/and slope (S) 

Zones with 
more than 
three major 

geometric 

parameters 

L/H 
or/and 

S 

Estimated lateral displacement, LD 

For gently sloping ground without a free face, 

LD = (S + 0.20) · LDI (for 0.2% < S < 3.5%) 

For level ground with a free face, 

      
( 

LD = 6 · (L/H)-0.8 · LDI (for 5 < L/H < 40) 

Evaluation of 
lateral 

displacements 

based on 
other 

approaches 

and 
engineering 

judgment 

If 
(N 1 ) 60cs  < 14 

or 

( q c1N ) cs  < 70 

evaluate 

potential 
of 

flow 

liquefaction 

1  Flow chart illustrating major steps in estimating liquefaction-induced lateral spreading displacements using the proposed approach

1  Figure 1

1  Equation [3]
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Procedure for the estimation of seismic induced settlements in dry sands

Robertson, P.K. and Lisheng, S., 2010, “Estimation of seismic compression in dry soils using the CPT” FIFTH INTERNATIONAL CONFERENCE ON

RECENT ADVANCES IN GEOTECHNICAL EARTHQUAKE ENGINEERING AND SOIL DYNAMICS, Symposium in honor of professor I. M. Idriss, San

Diego, CA
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Liquefaction Potential Index (LPI) calculation procedure

Graphical presentation of the LPI calculation procedure

Calculation of the Liquefaction Potential Index (LPI) is used to interpret the liquefaction assessment calculations in terms of

severity over depth. The calculation procedure is based on the methology developed by Iwasaki (1982) and is adopted by AFPS.

 

To estimate the severity of liquefaction extent at a given site, LPI is calculated based on the following equation:

LPI =

where:

FL = 1 - F.S. when F.S. less than 1

FL = 0 when F.S. greater than 1

z depth of measurment in meters

 

Values of LPI range between zero (0) when no test point is characterized as liquefiable and 100 when all points are characterized

as susceptible to liquefaction. Iwasaki proposed four (4) discrete categories based on the numeric value of LPI:

⦁ LPI = 0 : Liquefaction risk is very low

⦁ 0 < LPI <= 5 : Liquefaction risk is low

⦁ 5 < LPI <= 15 : Liquefaction risk is high
⦁ LPI > 15 : Liquefaction risk is very high
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Shear-Induced Building Settlement (Ds) calculation procedure

The shear-induced building settlement (Ds) due to liquefaction below the building can be estimated using the relationship

developed by Bray and Macedo (2017): 

where Ds is in the units of mm, c1= -8.35 and c2= 0.072 for LBS ≤ 16, and c1= -7.48 and c2= 0.014 otherwise. Q is the

building contact pressure in units of kPa, HL is the cumulative thickness of the liquefiable layers in the units of m, B is the

building width in the units of m, CAVdp is a standardized version of the cumulative absolute velocity in the units of g-s, Sa1 is

5%-damped pseudo-acceleration response spectral value at a period of 1 s in the units of g, and ε is a normal random variable

with zero mean and 0.50 standard deviation in Ln units. The liquefaction-induced building settlement index (LBS) is: 

where z (m) is the depth measured from the ground surface > 0, W is a foundation-weighting factor wherein W = 0.0 for z less

than Df, which is the embedment depth of the foundation, and W = 1.0 otherwise. The shear strain parameter (ε_shear) is the

liquefaction-induced free-field shear strain (in %) estimated using Zhang et al. (2004). It is calculated based on the estimated Dr

of the liquefied soil layer and the calculated safety factor against liquefaction triggering (FSL).

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software 108

RFP PW23-3 
Exhibit B1 
264 of 268



References

⦁ Lunne, T., Robertson, P.K., and Powell, J.J.M 1997. Cone penetration testing in geotechnical practice, E & FN Spon Routledge,

352 p, ISBN 0-7514-0393-8.

⦁ Boulanger, R.W. and Idriss, I. M., 2007. Evaluation of Cyclic Softening in Silts and Clays. ASCE Journal of Geotechnical and 

Geoenvironmental Engineering June, Vol. 133, No. 6 pp 641-652

⦁ Boulanger, R.W. and Idriss, I. M., 2014. CPT AND SPT BASED LIQUEFACTION TRIGGERING PROCEDURES. DEPARTMENT OF 

CIVIL & ENVIRONMENTAL ENGINEERING COLLEGE OF ENGINEERING UNIVERSITY OF CALIFORNIA AT DAVIS

⦁ Robertson, P.K. and Cabal, K.L., 2007, Guide to Cone Penetration Testing for Geotechnical Engineering. Available at no cost at 

http://www.geologismiki.gr/

⦁ Robertson, P.K. 1990. Soil classification using the cone penetration test. Canadian Geotechnical Journal, 27 (1), 151-8.

⦁ Robertson, P.K. and Wride, C.E., 1998. Cyclic Liquefaction and its Evaluation based on the CPT Canadian Geotechnical Journal,

1998, Vol. 35, August.

⦁ Youd, T.L., Idriss, I.M., Andrus, R.D., Arango, I., Castro, G., Christian, J.T., Dobry, R., Finn, W.D.L., Harder, L.F., Hynes, M.E., 

Ishihara, K., Koester, J., Liao, S., Marcuson III, W.F., Martin, G.R., Mitchell, J.K., Moriwaki, Y., Power, M.S., Robertson, P.K., 
Seed, R., and Stokoe, K.H., Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF 
Workshop on Evaluation of Liquefaction Resistance of Soils, ASCE, Journal of Geotechnical & Geoenvironmental Engineering, 
Vol. 127, October, pp 817-833

⦁ Zhang, G., Robertson. P.K., Brachman, R., 2002, Estimating Liquefaction Induced Ground Settlements from the CPT, Canadian 

Geotechnical Journal, 39: pp 1168-1180

⦁ Zhang, G., Robertson. P.K., Brachman, R., 2004, Estimating Liquefaction Induced Lateral Displacements using the SPT and CPT, 

ASCE, Journal of Geotechnical & Geoenvironmental Engineering, Vol. 130, No. 8, 861-871

⦁ Pradel, D., 1998, Procedure to Evaluate Earthquake-Induced Settlements in Dry Sandy Soils, ASCE, Journal of Geotechnical & 

Geoenvironmental Engineering, Vol. 124, No. 4, 364-368

⦁ Iwasaki, T., 1986, Soil liquefaction studies in Japan: state-of-the-art, Soil Dynamics and Earthquake Engineering, Vol. 5, No. 1, 

2-70

⦁ Papathanassiou G., 2008, LPI-based approach for calibrating the severity of liquefaction-induced failures and for assessing the 

probability of liquefaction surface evidence, Eng. Geol. 96:94–104

⦁ P.K. Robertson, 2009, Interpretation of Cone Penetration Tests - a unified approach., Canadian Geotechnical Journal, Vol. 46, 

No. 11, pp 1337-1355

⦁ P.K. Robertson, 2009. “Performance based earthquake design using the CPT”, Keynote Lecture, International Conference on 

Performance-based Design in Earthquake Geotechnical Engineering - from case history to practice, IS-Tokyo, June 2009

⦁ Robertson, P.K. and Lisheng, S., 2010, “Estimation of seismic compression in dry soils using the CPT” FIFTH INTERNATIONAL 

CONFERENCE ON RECENT ADVANCES IN GEOTECHNICAL EARTHQUAKE ENGINEERING AND SOIL DYNAMICS, Symposium in 
honor of professor I. M. Idriss, SAN diego, CA

⦁ R. E. S. Moss, R. B. Seed, R. E. Kayen, J. P. Stewart, A. Der Kiureghian, K. O. Cetin, CPT-Based Probabilistic and Deterministic 

Assessment of In Situ Seismic Soil Liquefaction Potential, Journal of Geotechnical and Geoenvironmental Engineering, Vol. 132, 
No. 8, August 1, 2006

⦁ I. M. Idriss and R. W. Boulanger, 2008. Soil liquefaction during earthquakes, Earthquake Engineering Research Institute 

MNO-12

⦁ Jonathan D. Bray & Jorge Macedo, Department of Civil & Environmental Engineering, Univ. of California, Berkeley, CA, USA, 
Simplified procedure for estimating liquefaction -induced building settlement, Proceedings of the 19th International Conference 
on Soil Mechanics and Geotechnical Engineering, Seoul 201

CLiq v.2.2.1.11 - CPT Liquefaction Assessment Software 109

RFP PW23-3 
Exhibit B1 
265 of 268



 

Project No. 5376.13, July 1, 2023 

 

 

 

A P P E N D I X  4  

ASFE Brochure 
 

RFP PW23-3 
Exhibit B1 
266 of 268



RFP PW23-3 
Exhibit B1 
267 of 268



RFP PW23-3 
Exhibit B1 
268 of 268


	5376.13 Geotechnical Exploration  Geologic Hazard Report-jer202300720 mal.pdf
	1.0 INTRODUCTION 1
	2.0 PROJECT UNDERSTANDING 1
	2.1 Scope of Services 1
	3.0 Exploration 1
	3.1 Field Exploration Program 1
	3.2 Laboratory Testing 2
	4.0 Geology 3
	4.1 Geologic Setting 3
	4.2 Seismicity 3
	5.0 Site and Subsurface Conditions 4
	5.1 Site Conditions 4
	5.2 Subsurface Conditions 4
	6.0 Subsurface Conditions 4
	6.1 Site Exploration 4
	6.2 Groundwater Conditions 4
	7.0 Geologic Hazard Assessment 4
	7.1 Seismology and Seismic Ground Motions 5
	7.2 Co-Seismic Ground Deformation 5
	7.3 Slope Instability/Landsliding 8
	7.4 Flood and Dam Failure Inundation 8
	7.5 Tsunami Inundation 8
	7.6 Expansive Soils 8
	7.7 Shallow Groundwater 8
	7.8 Settlement Due to Static Loading 8
	8.0 Conclusions 9
	9.0 Recommendations 9
	9.1 Site Preparation and Grading 9
	9.2 Foundations 10
	9.3 Seismic Design Parameters 11
	9.4 Construction Considerations 12
	10.0 Future Geotechnical Services 12
	10.1 Finalized Foundation Recommendations 12
	10.2 Plan Review 12
	10.3 Construction Observation and Testing 12
	11.0 Limitations 13
	12.0 References 13
	Figures  15
	Figure 1 Site Vicinity Map 15
	Figure 2 Site Plan 15
	Figure 3 Regional Geologic Map 15
	Appendix 1 16
	Boring and CPT Logs 16
	Appendix 2 17
	Laboratory Test Results 17
	Appendix 3 18
	Liquefaction Analysis 18
	Appendix 4 19
	ASFE Brochure 19
	1.0 INTRODUCTION
	2.0 PROJECT UNDERSTANDING
	2.1 Scope of Services

	3.0 Exploration
	3.1 Field Exploration Program
	3.2 Laboratory Testing

	4.0 Geology
	4.1 Geologic Setting
	4.2 Seismicity

	5.0 Site and Subsurface Conditions
	5.1 Site Conditions
	5.2 Subsurface Conditions

	6.0 Subsurface Conditions
	6.1 Site Exploration
	6.2 Groundwater Conditions

	7.0 Geologic Hazard Assessment
	7.1 Seismology and Seismic Ground Motions
	7.1.1 Historic Seismicity

	7.2 Co-Seismic Ground Deformation
	7.2.1 Surface Fault Rupture
	7.2.2 Liquefaction

	7.3 Slope Instability/Landsliding
	7.4 Flood and Dam Failure Inundation
	7.5 Tsunami Inundation
	7.6 Expansive Soils
	7.7 Shallow Groundwater
	7.8 Settlement Due to Static Loading

	8.0 Conclusions
	9.0 Recommendations
	9.1 Site Preparation and Grading
	9.1.1 Utility Trench Backfill
	9.1.2 Structural Fill
	9.1.3 Surface Drainage

	9.2 Foundations
	9.3 Seismic Design Parameters
	9.4 Construction Considerations
	9.4.1 Temporary Slopes and Trench Excavations


	10.0 Future Geotechnical Services
	10.1 Finalized Foundation Recommendations
	10.2 Plan Review
	10.3 Construction Observation and Testing

	11.0 Limitations
	12.0 References
	Figures
	Figure 1 Site Vicinity Map
	Figure 2 Site Plan
	Figure 3 Regional Geologic Map


	Figures 1, 3a, and 3b Geo.pdf
	11x17 Figure 2 Boring Loction Map.pdf
	Figures 1, 3a, and 3b Geo
	5376.13 Geotechnical Exploration  Geologic Hazard Report-jer202300720 mal
	Appendix 1
	Boring and CPT Logs


	5376.13 gb1-3 04252023.pdf
	CPT-01 PPD.pdf
	CPT-01 Report.pdf
	CPT-02 Report.pdf
	CPT-03 Report.pdf
	CPT-04 Report.pdf
	CPT-04A Report.pdf
	CPT-04B Report.pdf
	CPT-05 Report.pdf
	CPT-06 Report.pdf
	5376.13 Geotechnical Exploration  Geologic Hazard Report-jer202300720 mal
	Appendix 2
	Laboratory Test Results


	5376.13 #200Washes 23-022EK.pdf
	5376.13 Atterberg Limits GB-3@5'-7' 23-022EK.pdf
	5376.13 Consolidation GB-2@7.0' 23-022EK.pdf
	5376.13 Direct Shear GB-2  23-022EK.pdf
	5376.13 Direct Shear GB-3  23-022EK.pdf
	5376.13 Moisture Density 23-022EK.pdf
	5376.13 Particle Size GB-3  23-022EK.pdf
	5376.13 Sieve Analysis, Fine 23-022EK.pdf
	Corros Rep(ASTM) [CPH-1HS_A] 9386.PDF
	5376.13 Geotechnical Exploration  Geologic Hazard Report-jer202300720 mal
	Appendix 3
	Liquefaction Analysis


	CPT liquefaction analysis 1.19.pdf
	5376.13 Geotechnical Exploration  Geologic Hazard Report-jer202300720 mal
	Appendix 4
	ASFE Brochure


	ASFE Brochure.pdf



