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This memo is a user manual for the new shear strength model, called “Su-calculated with Yield 

Stress”, implemented in D-Geo Stability version 16.1.2.901. 

 

Note that this new model is not yet available in combination with the Reliability Analysis Module 

(probabilistic analyses). This will be implemented in a future version. 

 

1 Theory 

1.1 New Su-calculated model (with yield stress) 

The new undrained shear strength model is implemented as follows: 

 

su = σ’vi × S × OCR
m

,  with  OCR = σ’vy / σ’vi = (σ’vi + POP) / σ’vi 

 

with: 

 

su  Undrained shear strength [kN/m
2
] 

σ’vi  Effective vertical stress [kN/m
2
] 

S Undrained shear strength ratio (normally consolidated) = (su/σ’vc)nc [-] 

OCR Overconsolidation ratio [-] 

m Strength increase exponent [-] 

σ’vy  Vertical yield stress [kN/m
2
] 

POP Pre overburden pressure [kN/m
2
]  

1.2 Procedure for the determination of the POP from a list of σ’vy-measurements 

When one or more yield stress values are measured at certain levels, these data must be 

assigned to the soils. The following procedure is used: 

 

• First, the geometry is divided in columns, and these columns are divided in areas (see 

paragraph 3.2.1 called “Definition of a stress grid” of the functional design of the WTI 

kernel for a detailed description how to get those area’s). 

• Next, all the POP-values are calculated (POP = σ’vy - σ’vi) by the kernel at the specified 

yield stress positions. 

• If one or more calculated POP are present in the same soil material, all the areas with this 

soil material get the average value of these POP. 

• Next, along a column, the following is done for the areas without a POP: 

– The areas situated above the highest area with a POP get that POP. 
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– The areas situated below the lowest area with a POP get that POP. 

– The areas with a POP above and below get an interpolated value over the Z-

coordinate at the middle of these areas. 

• Finally, per row, the following is done for the areas without a POP: 

– If no POP is available in an area, the POP given to that area is the POP with the X-

coordinate closest to the X-coordinate of the middle of the area. 

• In case there are still areas without POP (meaning a column without POP), all the areas 

in the column get the value of the closest calculated POP. 

 

When determining the POP of a layer, it is not taken into account that the layer changes in 

thickness or that the surface line above changes. 

2 User Interface Input 

2.1 Model window 

In the Model window, the new shear strength method Su-calculated with yield stress can be 

choose as default shear strength model. 

 

The Su-calculated with POP model per soil type is still available.  

 

For sand layers, the C-phi model can be used; this has to be defined in the Materials window, 

see § 2.3. 
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2.2 Measured Yield Stresses window 

The list of yield stress points with X- and Z-coordinates needed with the Su-calculated with 

yield stress model, can be entered by selecting Measured Yield Stresses under the Soil menu. 

 

Note that the copy and paste buttons are available to fill the list (copy and paste from an Excel 

sheet or Matlab or Python output). 

 

 
 

2.3 Materials window 

 

The shear strength model (and the needed parameters) can be defined by selecting Materials 

under the Soil menu. For Su-calculated with yield stress model, two parameters need to be 

defined: 

S Undrained shear strength ratio (normally consolidated) = (su/σ’vc)nc [-] 

m Strength increase exponent [-] 
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2.4 View Input window 

The positions of the yield stress measurements inputted in the Measured Yield Stresses 

window (see § 2.2) are displayed in the View Input window (Input tab) with the marker , see 

figure below. 
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2.5 Reference Level for Ratio S 

In this window, it is possible to define a reference surface level. This option applies only to the 

calculated undrained strength models. It is appropriate to use the reference level, if an 

embankment has been added to initially over-consolidated soil. 

 

 
 

Top of layer: Select the top of the layer that will be used as the reference level. 

 

D-GEO STABILITY uses the reference level to calculate the yield stress:  

σ’vy = max(σ’vi,ref + POP; σ’vi) 

 

σ’vi,ref The reference value of the vertical effective stress is determined from a reference level 

of the historic ground surface. 
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σ’vi The vertical effective stress is determined from the top of a new embankment. 

 

3 User Interface Output 

3.1 Report window 

In the Report, the yield stress, POP and OCR per slice are reported. 

Note that results per slices are available in the Report only if option Long report was selected 

in the Calculation >> Start window. 

 

 
 

3.2 Stresses window 

On the menu bar, click Results and then select the Stresses option to open a window which 

gives access to various graphical representations of the calculated results. 

Clicking on the buttons    gives access respectively to the POP,  OCR and yield 

stress per slice along the calculated slip plane. 
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4 Testing the Su-calculated with yield stress model 

A comparison with the results given by the WTI kernel Macro-Stability has been performed as 

the Su-calculated with yield stress model is also implemented in this kernel. 

Four test cases have been used, for the three methods Bishop, Spencer and Uplift-Van and for 

a single slip plane. 
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4.1 Test case 1: Lekdijk dp 183 

 

4.2 Test case 2: Lekdijk dp 190  
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4.3 Test case 3: Markermeerdijk 

 

4.4 Test case 4: Wolpherensedijk 
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4.5 Test case 5: Lekdijk west 10a ultimate A 

 
 

4.6 Results of the comparison between D-Geo Stability and WTI MacroStability kernel 

The results of the comparison are given in the table below. 

The calculated safety factors are very close (and sometimes exactly the same) for the first test 

case, but not for the other ones because in those test cases the same material is used in 

different layers and/or contains several yield stress measurements: D-Geo Stability uses an 

average value of all the POP values available for the material whereas WTI MacroStability 

uses also an average value of the POP values but per column (of the pre-process calculation) 

not for the complete section. 
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