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Undrained Shear Strength Additional Note and 

Examples 

 

Introduction 

This document provides additional resource that you will find helpful for undrained shear strength feature 

in Settle3. For more information on the feature itself, please refer to our online documentation here:  

Note that this feature is only for post-processing purposes. This feature does not affect the analysis but 

provides an additional output result for the user with the undrained shear strength using Shansep method. 

For more details on the equations, you can find it in our theory manual. 

 

Model description 

The model we’ll be looking into in this document is a simple single layer model with the following material 

properties shown below: 

 

The material has non-linear method with: 

Cc = 0.3, Cr = 0.1, e0 = 1.1 , and OCR of 1. 

The undrained shear strength parameters are defined as below: 

https://www.rocscience.com/help/settle3/documentation/analysis-results/undrained-shear-strength
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Case 1) A = 0, S = 1, m = 0. 

In our Undrained Shear Strength documentation, the basic equation employed for undrained shear 

strength is shown below: 

𝑆𝑢 = 𝐴 + 𝑆𝑢𝑐𝑎𝑙𝑐 

𝑆𝑢 = 𝐴 + 𝜎′
𝑣𝑐𝑆(𝑂𝐶𝑅)

𝑚 

Where 

A = Initial shear strength (Su0), which can be depth-dependent 

𝜎′
𝑣𝑐 = Vertical consolidation stress 

S = undrained strength ratio at OCR = 1 (In range between 0 to 1) 

OCR = over-consolidation ratio (𝜎′
𝑝/𝜎

′
𝑣) 

m = strength rebound exponent (in range between 0 to 1) 

of which the parameters A, S and m are the input parameters in Settle3. 

For the parameters chosen for this specific example, we’re expecting to see only the parameter S to be 

shown in the results, which should equal to: 

𝑆𝑢 = 𝐴 + 𝜎′
𝑣𝑐𝑆(𝑂𝐶𝑅)

𝑚 

𝑆𝑢 = 0 + 𝜎′
𝑣𝑐1(𝑂𝐶𝑅)

0 

𝑆𝑢 = 𝜎′
𝑣𝑐 

This example is simplified to demonstrate that undrained shear strength to show only the vertical 

consolidation stress when these parameters are used.  

For the example provided, we’ll create multiple stages and ground water at surface level. The depth of 

soil profile will be 40 ft.  

At the initial stages when the load is not applied, Settle3 will return the initial undrained shear strength 

(Su0) which is the A parameter defined in the Undrained shear strength dialog. Thus, if you have A = 0 in 

the dialog, then Settle3 will return undrained shear strength of 0 for the initial stages without load. 
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Then, when the load of 10 ksf is applied, you’ll see that the undrained shear strength also shows 10 ksf 

as shown below: 

 

In Settle3, in each stage, the calculated pre-consolidation stress, Pc, is compared to the previous 

maximum Pc. If Pc > Pcmax then the increased undrained shear strength is calculated as: 

𝑆𝑢 = 𝐴 + (𝑆𝑢𝑖 − 𝑆𝑢0,𝑐𝑎𝑙𝑐) 
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Note that this Su0,calc is the initial calculated undrained shear strength and is not the same as the A 

parameter that the user has defined in the initial shear strength equation. 

 

For Stage 0, the initial calculated Su value is: 

𝑆𝑢0,𝑐𝑎𝑙𝑐 = 𝜎′
0𝑆(𝑂𝐶𝑅0)

𝑚 

Where 𝜎′
0 is the effective stress in Stage 0. 

OCR0 is the in-situ OCR value in stage 0 (based on user-input). 

 

And the current stage Sui 

𝑆𝑢𝑖 = 𝐴 + 𝜎′
𝑣𝑐𝑆(𝑂𝐶𝑅)

𝑚 

Where 𝜎′
𝑣𝑐 = 𝜎′

0 + 𝜎𝑙 − 𝑢𝑒𝑡 (initial effective stress + current loading stress – current excess pore 

pressure). 

𝑂𝐶𝑅 =
𝜎′

𝑝

𝜎′
𝑣𝑐

=
𝜎′

0𝑂𝐶𝑅0

𝜎′
𝑣𝑐

 

 

So with the difference in the initial calculated undrained shear strength to the current undrained shear 

strength calculation becomes: 

𝑆𝑢 = 𝐴 + ((𝐴 + 𝜎′
𝑣𝑐𝑆(𝑂𝐶𝑅)

𝑚) − 𝜎′
0𝑆(𝑂𝐶𝑅0)

𝑚) 

Where A = 0, m = 0, S = 1 in our example. This leads to: 

𝑆𝑢 = 0 + ((0 + 𝜎′
𝑣𝑐𝑆) − 𝜎′

0𝑆) 

𝑆𝑢 = ((𝜎′
𝑣𝑐) − 𝜎′

0) 

𝑆𝑢 = (𝜎′
0 + 𝜎𝑙 − 𝑢𝑒𝑡) − 𝜎′

0) 

Where there is no excess pore water pressure, so uet = 0. This leads to  

𝑆𝑢 = (𝜎′
0 + 𝜎𝑙 − 0) − 𝜎′

0) 

𝑆𝑢 = 𝜎𝑙 

The undrained shear strength equals to the loading stress for this specific example and you can see that 

those two yield equivalent result underneath the load for 10ksf load as defined in the query line: 
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Case 2) A = 0.22, S = 1, m = 0.8. 

For the same model, if you apply the coefficient value of A = 0.22, then the model will show the initial 

undrained shear strength shown in first stage, which has no load: 

 

With the applied A coefficient to the calculation with different m value, then the undrained shear strength 

at the top of the query point at loading stress now changes compared to the case1.  
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Now this Su value is calculated with the parameters A = 0.22, S = 1, m = 0.8. Note that for each stage, 

the Pc is calculated and then compares the initial calculated undrained shear strength with the initial 

effective stress to the current stage calculation and finds the difference of the two to yield the undrained 

shear strength.  

𝑆𝑢 = 𝐴 + (𝑆𝑢𝑖 − 𝑆𝑢0,𝑐𝑎𝑙𝑐) 

 

Additional note 

From the model, we have demonstrated how each parameter in the undrained shear strength equation 

changes the results using a simple example. There is additional option in the undrained shear strength 

dialog to use constant Su in install stage. An “initial” stage other than Stage 0 can also be specified, as a 

global setting for all materials, and a “constant Su in initial stage” can be selected on a per material basis. 

For more details on this, you can check our theory documentation for more details. 

There’s also “A Advanced Option” which allows users to define datum dependency with three options: 

Bottom, Rage of change, and Rate of change with Cutoff. This allows users to define A parameter with 

datum dependency with respect to the user-inputs from one of the following options. 

 

Note that the purpose of this documentation was to demonstrate how the parameters are used to calutate 

the results. This feature can be carried out in more complex models to illustrate the undrained shear 

strength calculations with multiple stages in Settel3. We encourage users to be familiar with the equations 

provided in the documentation and refer to the original reference provided below. ■ 
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