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 Motivation  

 Typical soil profile in New Orleans 
(IPET 2007) 

Marsh and clay of  soft consistency  
Incorporation  of anisotropy in numerical analysis is very 
important  because most of the soils are undergone K0 
consolidation  during the successive deposition and at 
the same time the construction  of the levee on top of 
them causes the rotation  of the principal  stresses.  
 
The recent experimental results have also shown that the 
soil behavior deviate pronouncedly from the fundamental 
area of classical soil plasticity  
 
None of the researches of New Orleans flood protection  
system have incorporated anisotropic behavior of soils in 
their  numerical analysis as they are not readily available 
in commercial codes 

This study is motivated to  incorporate the anisotropy in soft soil  in FLAC3D by using the  
user defined model capability so that it  can be available to anyone who wants to  do 
numerical analysis using it .  
In this study Anisotropic Modified  Cam Clay Model (AMCCM) formulated by Dafalias 1987 is  
taken. 



 Study framework 

(Known) 



Model: AMCCM- triaxial condition 
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 Kinematic hardening,ʂ ( Dafalias 1987) 
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 Isotropic hardening ( Same as Modified 
Cam Clay Model ) 
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 Parameter evaluation 

The model has 10 independent  parameters  out of which  7  are the same as 
that of Isotropic   Modified  Cam Clay Model  ( MCCM)   that can be 
characterized by  conducting  experiments. 3 extra  parameter (e.g. x, c and 
initial  kinematic hardening parameter)  can be evaluated as follow. 
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 parameter x  

There is no  closed form relation for 
parameter c which has to be determined by 
back calculation 
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Equilibrium Equation

(Equation of Motion)

Stress - Strain Relation

(Constitutive Equation)

For all gridpoints (nodes)

For all zones (elements)
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 Programming algorithm 



 

Implementation in FLAC3D 

The model  was written in C++ and compiled as a DLL (dynamic link library) 
that can be loaded whenever it is needed. The DLL file  was named 
Ȱuserancam -clayȱ  

Base class Constitutivemodel 

Derived class 
UserAnCamClaymodel 

Derived class consists of  16 
member functions 
 
 These member functions are 
associated with registration of 
the model,  indicate state, assign 
property, initialize the property 
or state variables, run the 
constitutive model , update the 
parameters and stresses; and to 
save or restore the  model 

The model consists of 3 extra 
input parameters: ʂini , x and c 



Model Verification (1)  

Å  2-D view of Model  
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Sample 

ɚ ə M c x c G (kPa) K(kPa) eo 

0.27 0.06 0.806 1.63 1.0 1341200 37362000 0.67 

 

Å  Parameters ( Dafalias 1987) 

Å  Different stress path -K0 Test  

Å Anisotropic Consolidation Test    
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Å  Drained Test  

Model Verification(2)  

Ŭin=0.29  

PC=443 kPa, 

ɚ=0.27,ə=0.06 

x=1.0, c=4.0 

S.N. Quantity  Theoretical  Numerical  % Error  

1 qcr (kPa) 388 388 0 

2 vcr 1.59 1.6 0.6 
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Model Verification(3)  
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Å  Undrained  Test  
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R=1 

R=4.4 

S.N. quantity  

Theoretical  Numerical  % Error  

R=1 R=4.4 R=1 R=4.4 R=1 R=4.4 

1 qcr (kPa) 276 167 273 178 -1 5.6 

2 ucr 102 -53 106.8 -53 4 0 
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Å  Axial strain and ʂ at 
 critical state vs  c- Drained test  
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Å  Critical  shear stress and ʂ  vs  c 
Undrained  test  

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 50 100

x=1.0

x=1.30

x=1.63

Ŭin=0.29  

PC=443 kPa, 

ɚ=0.27,ə=0.06 

Ŭ
c
ri
 

c 

c 



Soil similar to the New Orleans  Lacustrine clay  was taken  and see if the 
model validates or not. 

Validation of the Model 

Properties value 

Natural water content, wn ( %) 54-63 

Liquid limit , LL ( %) 65-85 

Plasticity Index, PI (%) 35-60 

Undrained shear strength, Su ( kPa) 50-75 

Sensitivity 3-4 

Compression Index 0.6-1.1 

Clay fraction (%) 70-80 

Normally consolidated, ű ( deg) 17.5 

Depth (m) 8-12 

Winnipeg Clay (Graham et al. 1983) 

28 samples tested 
 ( 4 overburden  pres.) 
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Note : 
 The experimental data best fit for  the 
following anisotropic hardening:  
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Numerical  Application in breached flood wall section 

Å  17th street canal Breach ( IPET 2007) 

Marsh  

Clay 

Marsh 

ÅFailure Mechanism (IPET 2007) 



 Numerical model , loading  and  soil parameters 
WL 

  The model for Lacustrine clay will 
be  varied and compared for  

Å  MC Model 
Å MCCM Model 
Å AMCCM Model 

 

 
*Note:  
 E of Lacustrine clay depends on 
the   overburden pressure as 
documented in IPET 2007 

Critical state 
parameters  

(IPET 2007) 

(IPET 2007, Seed et al. 2008) 
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HORIZONTAL  

VERTICAL  

 Comparison of deformation 
MC 

MCCM 

AMCCM 

12    
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Note:  
 MC model under predicts while MCCM over 
predicts the deformation compared to 
AMCCM ( effect of kinetic hardening) 

In feet  


