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This paper converges its focus on the numerical 
investigation of an embankment-foundation system 
subjected to reverse faulting. Using the leading 
geotechnical engineering software PLAXIS v.2024, 
the numerical simulations were conducted by 
selecting two advanced constitutive models, 
namely the Hardening Soil model (HS model) and 
the NorSand model (NS model). This paper aims 
to evaluate and compare the performance of each 
constitutive model in terms of generated shear 
band and embankment inclination, furthermore 
Gaussian points within the shear band were 
selected to assess their stress state during the 
shear rupture progression. 

The simulations were conducted for two specific 
cases, a non-reinforced embankment system and 
later a reinforced embankment system where a 
geocell mattress was applied to the foundation as 
mitigation technique against the fault rupture. The 
height of the foundation and embankment were 
respectively 20 cm and 12 cm, the system spans 
over a width of 100 cm. Soil models parameters 
are reported in Table 1. 

The performance of each soil constitutive model 
has been assessed by comparing the embankment 
inclination with the results obtained from a physical 
model laboratory test. 
 
Table 1. Soil Model Parameters  

HS  
Properties 

Values NS  
Properties 

Values 

γ (kN/m3) 16.3 Gref (MPa) 36 
Φ ( ⁰ ) 41 CSL  Г= 0.91-0.01lnp’ 
Ψ ( ⁰ ) 11 Mtc 1.5 
Eur (MPa) 96 Xtc 4.6 
E50 (MPa) 38 H 200 
m (-) 0.5 nG (-) 0.5 

 
While both models effectively predict the 

evolution of the shear band (Fig. 1), the NS model 
better predicts the embankment’s inclination, the 
HS model on the other hand tends to 
underestimate the results as illustrated in Figure 2. 
Besides the underestimation obtained from the 
Hardening soil model, the results from the 
numerical analysis suggest the following 

conclusions: 
-Compared to the HS model, the NS model 
predicts that shear propagation path reaches the 
ground earlier than the HS model.  
-The NS model exhibits a strain localization effect 
while the HS model manifests wider shear band. 
-The NS model displays higher amount of strain 
within the foundation compared to the HS model.  
 
 

  

Fig. 1. Shear propagation within embankment-foundation 
system: (a) HS model  (b) NS model 
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Fig. 2. Inclination of the unreinforced embankment 
foundation system 
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