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Introduction
Many geotechnical systems comprise a soil or rock with an anisotropic strength definition.  Consider, 
for example, a silty soil containing clay stratifications. The shear strength of the silt and clay could be 
very different. Similarly, the shear strength of jointed or fractured rock can vary significantly from 
one joint-set to the next. The Anisotropic Strength and Anisotropic Function (Fn.) material models 
can be used to accommodate strength anisotropy.  The Anisotropic Function material model is rather 
versatile because it allows the effective stress strength properties  and  to vary with slice base 𝜙' 𝑐'
angle.  In addition, an anisotropic function can be associated with the Mohr-Coulomb material model 

to modify the entire strength , which could be an undrained strength , with base angle.  None 𝜏 𝜏= 𝑆𝑢
of these approaches, however, is ideal if the strength is anisotropic (i.e. directional dependent) and 
varies non-linearly with vertical effective stress relationship. The Composite Strength Material model 
Add-In allows up to four shear-normal functions to be used to define the strength for a single 
material.  Each shear-normal function is associated with a range of slice base angles. 

Background
A shear-normal strength function is a generalized approach for defining the shear strength of a 
material in SLOPE/W. In fact, a shear-normal function could be used to recover the functionality of 
many material models in SLOPE/W.  A Mohr-Coulomb material model, for example, produces a linear 
shear strength verses stress relationship with the y-intercept equal to the cohesion. Although very 
flexible, the Shear-Normal material model is limited to a singe function.

The Composite Strength Material Model add-in expands the functionality by allowing the material 
model to access up to four different shear-normal functions.  Each shear-normal function is 
associated with a different range of slip surface base angles.  The key steps to using this add-in are:
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1) Define the shear-normal strength functions (Define – Strength Functions – Shear/Normal) for 
the various materials (note: the ‘type’ is conventional spline data point function; Figure 1);

2) Create a shear-normal strength function that is defined by means of the Composite Material 
Model add-in, which makes use of the function from (1) and requires specification of the base 
angle ranges for each function (note: the ‘type’ is ‘add-in’; Figure 2); and, 

3) Define a Shear/Normal Fn. material model that uses (2).  

Numerical Experiment
Figure 1 presents the model configuration. The geometry is mirrored at the centreline to 
demonstrate the definition for right-to-left and left-to right analyses. The geology comprises jointed 
rock with a single fracture set dipping at angle of 29.6.  The entry-exit method is used to search for 
the critical slip surface. The impenetrable material model is used to force a composite slip surface 
shape. There are a total of four analyses in the file.  Two of the analyses, which use an Anisotropic Fn. 
model, are included to verify the results of the Add-In. 

 29.6° 

 29.6° 

Figure 1.  Model configuration.

Figure 2 presents the shear-normal functions for the intact rock and fracture (bedding). Figure 3 
presents the shear-normal function that uses the ShearNormalStress add-in.  The reader should 
consult the file for more details. There are a total of ten inputs for the add-in including three pairs of 
angle inputs (Alpha 1 – Alpha 2, Beta 1 – Beta 2, and Gamma 1 – Gamma 2) and four shear normal 
functions (Shear Normal Alpha, Shear Normal Beta, Shear Normal Gamma, Shear Normal Intact). 
Naturally, the first three shear normal functions in the list correspond to the three pairs of angle 
inputs.

In this case, the bedding strength function must be used when the slip surface is nearly parallel with 
the fracture set sloping at 29.6. For the left-to-right analysis, alpha 1 and alpha2 are input as -30 and 
-29, respectively, which corresponds to the dip of the fracture set. The shearNormalAlpha input 
points to the bedding shear-normal funtion with the syntax given as:

‘Functions.Material.StressStrain.StrengthFns.'Bedding'.
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The syntax for the shear-normal input can be better understood by unzipping the GSZ file and 
reviewing the XML file contained within. The beta and gamma angle pairs were chosen randomly 
because there is only one joint set in the analysis. The beta and gamma shear normal input 
references the intact rock function. Finally, the Shear Normal Intact also references in the intact 
strength function. 

Figure 2. Shear-normal function for the intact rock and bedding.
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Figure 3. Inputs for the shear-normal function add-in.

Results and Discussion
Figure 4 presents the effective normal stress at the base of each slice for the critical slip surface and 
Figure 5 presents the corresponding shear strength. The shear strength for slices #1 to #24 is 
governed by the bedding shear-normal function as the slip surface base angle of these slices is -29.6. 
At slice 25, the base angle exceeds the alpha range and the intact strength is utilized. The shear 
strength at the base of each slice was verified in a spreadsheet by calculating the strength using the 
shear normal effective stress (Figure 4) and the slope of the shear-normal functions shown in Figure 
2 (not presented). 
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Figure 4. Effective normal stress verses x-coordinate.
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Figure 5. Shear strength verses x-coordinate.


