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1.0 DEVELOPMENT OF CPTLIQ  

1.1  Overview 

This section explains the components of the simplified liquefaction assessment tool 

CPTLiq, and provides some guidance for how the tool should be used. The simplified models used 

in CPTLiq were developed and validated, as documented in two UDOT research report volumes 

for Phases 1 and 2 of the TPF-5(338) pooled fund study that was funded by the Utah, Oregon, 

South Carolina, and Connecticut Departments of Transportation. The current version of the 

CPTLiq spreadsheet tool is available on the TPF-5(338) pooled fund study webpage and also from 

the Utah Department of Transportation (Research & Innovation Division, and Geotechnical 

Division) and Brigham Young University (Department of Civil and Environmental Engineering). 

In Section 1.2 the components of CPTLiq are described. Each of these components is 

contained within a separate tab in the CPTLiq MS Excel spreadsheet. 

1.2 Description of Tool Components 

1.2.1 Inputs 

This section of the spreadsheet is the starting place of the analysis.  Here, the user may 

select which analyses and options he or she would prefer (Figure 1-1) and enter the soil profile 

information (Figure 1-2), mapped reference values, and other parameters, which are necessary for 

the simplified performance-based and deterministic procedures (Figure 1-4), and options for 

corrections/modifications (Figure 1-4). Once inputs are correctly entered, the user may click on 

the blue “Analyze” button to begin the analysis tool. CPTLiq limits the number of data rows to 

1,500 depth increments. Due to the size and complexity of CPT data, it may take several seconds 

(or several minutes if using the optional CPT modifications/corrections) for the spreadsheet to 

complete all the calculations. Consider decreasing depth increments, if necessary by thinning the 

number of rows, thereby increasing the depth increment between rows (i.e., enter readings at every 

0.1 depth increment rather than entering readings at every 0.01 depth increment).  
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The mapped reference parameter values were developed using a generic reference soil 

profile and performance-based methods across a grid of points in the state of interest. The 

development of these reference parameter values, the grid points, and the details of the 

performance-based analysis are described in the Phase 2 report volume associated with this 

research. The reference parameter maps are available in the Phase 2 report or the interactive 

reference map database for a few states. A link to the Reference Map Database and a blue button 

hyperlinked to the database are provided in the Inputs tab of the spreadsheet (Figure 1-3). The 

current URL to the Reference Map Database is:  https://tethys.byu.edu/apps/lfhazard/ 

Along with some general inputs, the input cells on the Inputs tab are color coded to help 

the user understand what is needed for each hazard. Liquefaction triggering inputs are blue, 

Settlement inputs are red, and Lateral Spread inputs are green. At the bottom of the sheet, there is 

a section for deterministic inputs if the user would like to consider a deterministic analysis as well. 

Note that many of the cells on the Inputs tab have red flags in the top-right corner. This means that 

the user may hover his/her mouse over the flag, and an instructive text box will appear to provide 

more information to the user regarding that cell.  

 

  

Figure 1-1: Analysis Selections section on the Inputs tab 

 

https://tethys.byu.edu/apps/lfhazard/
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Figure 1-2: Soil profile input section  
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Figure 1-3: Analysis Parameters 
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Figure 1-4: Options for Corrections/Modifications 

 

1.2.2 Soil Info 

This section performs intermediate calculations to be used later in the spreadsheet. Some 

of these intermediate calculations include the iterative process to compute the soil behavior index, 

Ic, conversion of inputs to metric units for the simplified procedure, calculating qc1ncs and Qtncs, 

etc. This section also contains intermediate steps for the thin layer and transition layer corrections.  

 

1.2.3 Map Help 

This section shows an example of a liquefaction parameter map and shows how to retrieve 

the mapped reference liquefaction loading value, lateral spread displacement value, or post-

liquefaction settlement value. 
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1.2.4 Simplified Performance-based Liquefaction Triggering Tabs 

1.2.4.1 PB Liquefaction Initiation 

This section of the spreadsheet shows the calculations for the simplified performance-based 

liquefaction initiation procedure.  The Boulanger and Idriss (2014) and Ku et al. (2012) model is 

simplified as detailed in the Final Report of this research (Phase 2).  The user is not required to do 

anything on this page.  This section is simply for reference if the engineer would like to see the 

calculation process. 

 

1.2.4.2 Deterministic Liquefaction Initiation 

This section of the spreadsheet calculates deterministic liquefaction initiation values.  The 

formulas for the deterministic Idriss and Boulanger (2008) model and from the deterministic 

Robertson and Wride (2010) model are used here.  The user is not required to do anything on this 

page.  This section is simply for reference if the engineer would like to see the calculation process. 

 

1.2.5 Simplified Performance-based Post- Liquefaction Settlement Tabs 

Simplified performance-based settlement calculations are performed on the PB Settlement 

tab. The Det Settlement tab contains calculations to perform a deterministic analysis of liquefaction 

settlement. Both the performance-based and deterministic calculations are based on the Ishihara 

and Yoshimine (1992) settlement model. The simplified procedure uses Factor of Safety obtained 

from the Boulanger and Idriss (2014) and Ku et al. (2012) liquefaction triggering procedures. 

These sheets are available for review from the user but do not require any input or changes from 

the user.  

 

1.2.6 Simplified Performance-based Lateral Spread Displacement Tabs 

This portion of the spreadsheet determines the simplified and deterministic lateral spread 

displacements based on the Zhang et al. (2004) empirical model and the simplified procedure 

developed in study TPF-5(338). The deterministic and simplified equations can be seen on this 

page, and all lateral spread calculations are performed on this page. This sheet does not require 

any input from the user. This section is to provide a reference to the engineer. 
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1.2.7 Final Summary Tab 

This section shows the final results of the analyses chosen on the Inputs tab.  The format 

of this section is already formatted for easy printing.  The headers of each page are associated with 

the project information entered on the Inputs tab.  The first page provides a summary of inputs 

from the Inputs tab to facilitate easy checking of the inputs.  The following pages show the results 

of the analyses.  To print only the pages with the user-specified analyses, return to the Inputs tab 

and click the “Print Final Summary” button.  The print preview window will appear and show only 

the user-specified analyses.  

 

1.2.8 References 

This tab provides references for the models used in this spreadsheet and further guidance 

for using this spreadsheet. 
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2.0 SUGGESTED SIMPLIFIED PROCEDURE 

The following sections describe the suggested simplified procedure for assessing 

liquefaction triggering hazard, post-liquefaction settlement, and lateral spread displacement.  

2.1 Simplified Performance-based Liquefaction Triggering 

1) Select an appropriate return period (TR) for your project (this may depend on the 

intended use of the building, code requirements, etc.). 

2) Retrieve the mapped reference value (reference liquefaction loading value) (i.e. ref

reqq  

and/or ( )%refCSR ) from the maps or the interactive reference map database with the 

desired return period and model (i.e. Ku et al., 2012 or Boulanger and Idriss, 2014).  

Note that clicking on the blue button labeled “Reference Map Database” on the Inputs 

tab will open the online database in an internet browser. Additional guidance steps are 

provided in a list next to the blue button in the spreadsheet. See also the Map Help tab 

for an example reference parameter map. Note that the provided ref

reqq  maps are based 

on the Ku et al. (2012) model, and the ( )%refCSR maps are based on the Boulanger 

and Idriss model (2014). The reference parameter data from the Tethys database allows 

the user to select USGS data based on its 2008 seismic source model or its 2014 seismic 

source model. The user should select whichever seismic source model is consistent 

with the code requirements that he/she is using. In general, it is recommended to use 

the more recent seismic source model when possible/allowed. Some states (e.g., 

Alaska, which was not mapped in this study but will be mapped in future studies) do 

not have a 2014 seismic source model available. For those states, only the 2008 data is 

available and/or will be defaulted to if 2014 is selected from the list of options. The 

user should also select the same year from the USGS interactive deaggregation tool 

when retrieving mean magnitude and PGA. 

3) Enter the required soil profile information into the Inputs tab (See Figure 2-1). Required 

values include the qc, fs, and u (commonly found from CPT soundings data) and water 

table depth.  An optional input is the “Non-Liq” column. The spreadsheet already 

computes susceptibility based on triggering results. This value is not required, but 
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allows the user to manually indicate if a layer is non-liquefiable, if desired. Layers 

indicated as “NL” will not be considered in liquefaction analyses.  

a. Soil profile information can be entered in either SI or English customary units.  

Select the desired option by clicking the associated toggle above the soil profile 

table. Make sure that the values you enter for the soil profile are in the correct 

units.  

b. The user can also enter the water level at time of exploration and the design 

water level (i.e. water level at time of earthquake).  qc1ncs is calculated using the 

design ground water depth.  
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Figure 2-1: Soil profile information 
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4) On the Inputs tab under “Analysis Selections” (See Figure 1-1), select the desired 

models and analyses.  If the user wishes to use a deterministic analysis as an upper-

bound to the performance-based results, the user should select the appropriate 

deterministic checkbox. 

5) On the Inputs tab, enter liquefaction triggering parameters to be used in the simplified 

performance-based correction factors. The calculations will be performed in the 

spreadsheet automatically, but a few parameters must be provided by the user: 

a. PGA: Peak Ground Acceleration should be retrieved from the USGS 

Interactive Deaggregation website (Unified Hazard Tool) 

(https://earthquake.usgs.gov/hazards/interactive/) at the return period specified 

in step 1.  Use Table 2-1 to convert return periods to exceedance probabilities, 

if needed. 

 

Table 2-1: Conversions between Return Period and Exceedance Probability 

for use in the USGS interactive deaggregations website 

 Exceedance Probability 

Return Period Percent Years 

475 10 (15) 50 (75) 

1,039 (1,033) 2 (7) 21 (75) 

2,475 2 (3) 50 (75) 

 

After entering the Edition/model (Dynamic: Conterminous U.S. 2014, selecting 

the most recent version; or Dynamic: Conterminous U.S. 2008 if using the 2008 

USGS seismic source model data on Tethys), latitude and longitude of the site, 

return period or exceedance probability, Spectral Period of 0.0 seconds (Peak 

Ground Acceleration), and Vs,30 of 760 m/s (Site Class B/C boundary), compute 

deaggregation on the website and retrieve the PGA from the output report.  This 

value is necessary for estimating the Fpga.  An example of where this number is 

located in the output report is provided in the References tab of the spreadsheet. 

b. Fpga: If the user selects “1” from the “Fpga Calc” dropdown menu, the 

spreadsheet will calculate Fpga according to the 2012 AASHTO code.  

Otherwise, a “2” indicates that a user-defined Fpga is entered. However, this 
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cannot be done if the Site Class is F (see notes about Site Class below), and 

therefore, the user must specify an Fpga value based on a site response analysis. 

c. Mw: The mean moment magnitude (Mw) is used to calculate the rd correction 

factor as discussed in the study TPF-5(338) Final Reports.  The value for Mw 

that should be used is located under Mean (over all sources) on the 

deaggregation output. 

d. Site Class: The site class is necessary for calculating the Fpga.  Site class is 

determined based on soil type and soil properties.  See the References tab of the 

spreadsheet for further help in determining site class. 

6) On the Inputs tab under “Mapped Reference Values”, enter the mapped values retrieved 

as part of step 2. At least one of the two parameters (CSR(%)ref or qreq
ref) is necessary 

for analysis, but be aware of which model each of these parameters is associated with 

(see step 2).  Also report the return period associated with the chosen map (this value 

will not be used in any calculations, but will be displayed on the final summary pages 

for reference). 

7) If the user wishes to use a deterministic analysis as an upper-bound to the performance-

based results, the user should enter the deterministic values of PGA, Mw, and percentile 

of the PGA to be considered.  This percentile value is not used in any calculations, but 

will be displayed on the final summary page for reference. For computing Fpga for the 

deterministic analysis, the user can either enter ‘1’ to automatically compute Fpga using 

the same soil site classification specified in the probabilistic analysis parameters input, 

or can enter ‘2’ to specify a different site-specific Fpga value 

a. Deterministic values of PGA and Mw should be assessed by an experienced 

individual with proper training in deterministic seismic hazard analysis 

(DSHA). 

b. It is suggested (as explained previously in the Phase 2 report) that a 

deterministic analysis should be considered when the engineer suspects that the 

project could benefit from a deterministic cap.  In areas of low seismicity, this 

is likely unnecessary. 

8) Several dropdown lists are displayed near the top of the Inputs tab (under the “Analysis 

Selections” section) which allow the user to select which analyses (liquefaction 
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initiation, settlement, or lateral spread), models (Ku et al. or Boulanger and Idriss), and 

options (PL or FSL) the user would like to consider.  Select the desired analyses, models, 

and options before proceeding to the next step. 

9) Save the file. Once everything is correctly entered into the Inputs tab, click “Analyze”.  

The calculations will be displayed on the PB Liquefaction Initiation and Det. 

Liquefaction Initiation tabs.  

10) The Final Summary tab displays plots, tables and a summary of inputs in a printable 

format.  The headers of these pages will reflect information such as company name, 

project name/number, date, etc. entered at the top of the Inputs tab. An example final 

summary output is shown in Figure 2-2. 

 

 

Figure 2-2: Example Final Summary for Simplified Liquefaction Initiation and Settlement 
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2.2 Simplified Performance-based Post-Liquefaction Settlement 

1) All input data and model options are entered and changed on the Inputs tab of the 

simplified tool (Figure 1-1 through Figure 1-4). 

2) Enter the latitude, longitude and select the appropriate return period located at the top 

of the Inputs tab. Options available to select are: 475, 1033, and 2475 year return 

periods.  

3) Enter the required soil profile information in the appropriate cells. Please note that the 

simplified tool only allows for 1,500 soil sub-layers; therefore, shorten the soil profile 

inputs accordingly (Figure 1-2). 

4) In the “Analysis Selections:” section of the Inputs tab, choose the liquefaction hazard 

analysis to be run (Figure 1-1). 

a. The settlement analyses cannot be run without also performing corresponding 

liquefaction initiation model. Thus, the liquefaction initiation and settlement 

options are grouped together. 

b. You may also choose to run a deterministic liquefaction initiation/ settlement 

analysis in the “Analysis Selections:” section. 

5) Enter the required settlement parameters on the “Inputs” tab (Figure 1-4): 

a. PGA: Peak Ground Acceleration should be retrieved from the USGS 

Interactive Deaggregation website (Unified Hazard Tool) 

(https://earthquake.usgs.gov/hazards/interactive/) at the return period specified 

in step 1.  Note that the website uses exceedance probabilities instead of return 

periods.  Use Table 2-1 Table 2-1to convert return periods to exceedance 

probabilities, if needed. 

After entering the Edition/model (Dynamic: Conterminous U.S. 2014), latitude 

and longitude of the site, return period or exceedance probability, Spectral 

Period of 0.0 seconds (Peak Ground Acceleration), and Vs,30 of 760 m/s (Site 

Class B/C boundary), retrieve the PGA from the output report.  This value is 

necessary for estimating the Fpga.  An example of where this number is located 

in the output report is provided in the References tab of the spreadsheet. 

b. Fpga: If the user chooses to “Calculate Fpga automatically” by inputting “1” into 

the corresponding cell, the spreadsheet will calculate Fpga according to the 2012 
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AASHTO code.  However, this cannot be done if the Site Class is F (see notes 

about Site Class below), and therefore, the user must specify an Fpga value based 

on a site response analysis. 

c. Mw: The mean moment magnitude (Mw) is used to calculate the rd correction 

factor as discussed in the TPF-5(338) Final Reports. The value for Mw that 

should be used is located under Mean (over all sources) on the deaggregation 

output.   

d. Site Class: The site class is necessary for calculating the Fpga.  Site class is 

determined based on soil type and soil properties.  See the References tab of the 

spreadsheet for further help in determining site class. 

6) Enter the applicable mapped reference values for CSR (%)ref, qreq
ref, εv,Ku(%)ref, 

εv,B&I(%)ref  obtained from the appropriate liquefaction hazard map (both model and 

return period).  

7) The user can also enter in a PGA, FPGA, MW, and Percentile in the corresponding cells 

to perform a deterministic analysis. 

8) Once everything is correctly entered into the Inputs tab, click “Analyze”.  The 

calculations will be displayed on the Final Summary tab. 

9) The Final Summary tab displays plots, tables and a summary of inputs in a printable 

format.  The headers of these pages will reflect information such as company name, 

project name/number, date, etc. entered at the top of the Inputs tab. An example final 

summary output is shown in Figure 2-2. 

2.3 Simplified Performance-based Lateral Spread Displacement 

1) Select an appropriate return period (TR) for your project (this may depend on the 

intended use of the building, code requirements, etc.). 

2) Retrieve the logged reference lateral spread value (max,BI
ref(%), max,Ku

ref(%)) from the 

map or the interactive reference map database with the desired return period.  

3) Enter the required soil profile information into the Inputs tab.  Required values include 

W (free-face ratio) or S (ground slope gradient). Both of these terms are based on site 

geometry. Figures are provided in the References tab to demonstrate how these 
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parameters should be calculated for a site. If uncertain whether W or S should be used 

at a site, it is generally recommended to compute displacements with each, and then 

select whichever provides the more conservative (i.e., largest) predicted displacement.  

a. Soil profile information can be entered in either SI or English customary units.  

Select the desired option by clicking the associated toggle above the soil profile 

table. 

4) On the Inputs tab under “Analysis Selections”, select the desired models and analyses 

(See Figure 1-1).  If the user wishes to use a deterministic analysis as an upper-bound 

to the performance-based results, the user should select the appropriate deterministic 

checkbox. 

5) On the Inputs tab under “Mapped Reference Values”, enter the mapped values retrieved 

as part of step 2. Also report the return period associated with the chosen analysis.  

6) If the user wishes to use a deterministic analysis as an upper-bound to the performance-

based results, the user should enter the deterministic values of Mw (moment magnitude 

of fault), and percentile of the Mw to be considered.  This percentile value is required 

for the deterministic calculations. 

a. Deterministic values of Mw and PGA should be assessed by an experienced 

individual with proper training in deterministic seismic hazard analysis (DSHA). 

b. It is suggested (as explained previously in this report) that a deterministic analysis 

should be considered when the engineer suspects that the project could benefit 

from a deterministic cap.  In areas of low seismicity, this is likely unnecessary. 

7) Several dropdown menus are displayed near the top of the Inputs tab which allow the 

user to select which analyses (liquefaction initiation, settlement, or lateral spread), 

models (Ku et al or Boulanger and Idriss), and options (PL or FSL) the user would like 

to consider.  Select the desired analyses, models, and options before proceeding to the 

next step. 

8) Once everything is correctly entered into the Inputs tab, click “Analyze”.  The 

calculations will be displayed on the Lateral Spread tab. 

9) The Final Summary tab displays plots, tables and a summary of inputs in a printable 

format.  The headers of these pages will reflect information such as company name, 
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project name/number, date, etc. entered at the top of the Inputs tab. An example of the 

lateral spread results section is shown below in Figure 2-3. 

 

 

Figure 2-3: Example of Final Summary of Lateral Spread Displacement Analysis 

2.4 Corrections and Modifications 

Several correction and modification options were added to the functionality of CPTLiq. 

Each of these corrections are described in further detail in the References tab or in the Phase 1 final 

report associated with the research project.  

2.5 Guidance on Interpretation of Analysis Results 

In interpreting the results from the analysis, there is likely to be some discrepancies 

between the various methods that were selected. These discrepancies are a good thing and help to 
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quantify how much uncertainty or variability may exist in the problem. There is no widely accepted 

approach for how to interpret liquefaction hazard analysis results, and engineers must apply their 

own engineering judgment. In general, we recommend that both a deterministic analysis (i.e., 

scenario-based) and a performance-based analysis be performed. Whichever provides the smaller 

result should be used for design. This approach may seem counter-intuitive to engineers who are 

accustomed to always selecting the larger hazard for design. However, when performing seismic 

hazard analysis, it is customary to select the smaller of the deterministic analysis and the 

probabilistic analysis. This approach prevents the engineer from selecting a ground motion that is 

too large such that is unlikely to occur during the lifespan of the infrastructure, and also from 

selecting an unrealistically inflated probabilistic value that can be commonly computed in areas of 

high seismicity. It is important, however, that the engineer does not confuse a pseudo-probabilistic 

analysis (i.e., a scenario-based analysis in which the PGA and magnitude are taken from the 

deaggregation results of a single return period) with a deterministic analysis. The deterministic 

analysis should incorporate an appropriate PGA and magnitude estimate from a single earthquake 

event on a single specified fault. These parameters are typically estimated using empirical 

magnitude prediction equations and ground motion prediction equations such as those associated 

with NGA West2. Given that these types of equations are not necessarily intuitive, only 

professionals with experience and training in seismic hazard analysis should obtain these 

parameters for deterministic liquefaction hazard analysis.  


