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~ Motivation

Marsh and clay of soft consistency : . : : o
@ [ncorporation of anisotropy in numerical analysisis very
important becausemost of the soils are undergone K,
R ™ e consolidation during the successivedeposition and at
o e ey the sametime the construction of the levee on top of
” — ‘"\4 e them causeghe rotation of the principal stresses
=12 e —y @ Therecent experimental results have also shown that the
I la soil behavior deviate pronouncedly from the fundamental
9= areaof classicalsoil plasticity
Typical soil profile in New Orleans :
(IPET 2007) @ None of the researchesof New Orleans flood protection
systemhave incorporated anisotropic behavior of soils in
their numerical analysisasthey are not readily available
in commercial codes

m=) 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 analysisusing it.
In this study Anisotropic Modified Cam Clay Model (AMCCM) formulated by Dafalias 1987is

taken.
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PP iodel: AMCIRM twiaxial condition

Yield Function

f(pg,pa)=d -2apq +app M g p p

Kinematic hardening,s ( Dafalias 1987
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Parameter«evaluation

The model has 10 independent parameters out of which 7 arethe sameas
that of Isotropic  Modified Cam Clay Model ( MCCM) that can be
characterized by conducting experiments. 3 extra parameter (e.g. x, ¢ and
initial kinematic hardening parameter) canbe evaluatedasfollow.

initial s | AZOAO AL Lol L EAACEL L

an hZ+3@Q (K ), AM? S ADEL O} S

3(1- (k! ) W
Where < %
3(1- K,) 11
= v o = and
k ~ko 1+ 2K,) e evleq 3/2
acri ¢ éat
parameter X
A There is no closed form relation for
X‘g parameter cwhich has to be determined by

back calculation
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Programm maaga‘ltihm

For all gridpoints (nodes)

velocities Equilibrium Equation nodal forces
(Equation of Motion)
, de¥ _ Hs +rg,
dt HX;
E = S;n; s

Gausstheorem
For all zones (elements | e i E s
| Apply Strain increment,® i

Stress- Strain Relatio
Constitutive E ¥on)
strain rates new stre : :
FElastic stress increment estimate: ¢ §= Coufy
z 1 TR
Elastic trial stress : oy =03+ 0y —_— 3= g =V

Kinematic Hardening

OF MIss1s5111]

Stress
oy =55 +P"'5; — a- (">{Av‘ leal =—(q - xap)
ek Check Yield
N_19 . “
3 g a™ =a™ +a ' [-I\i Yes
: 0
Calculate 3+ And calculate the plastic strain:c# =1'% g5 1% %
3 S o¥=of
Update the zone stress and strain Volumetric Strain . : = Soad
i £ =—Ag e? — 1%¢ Correct the elastic stress guess to ob tain new stresses: 7" = # e -l =9‘—3G.¢,f
v n v a

Mixed discretisation Method

Update stress LA elastic and plastic vohumetric strain,

Spedific volume, bulk modulus and pre-consolidation pressure

| =
Bulk Modulus @
- —

Specific Volume
— v"“'P’"" e
¥ =y (1t Az,) e
J
v

Isotropic Hardening

P =parass )
A—K
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~ Implementation in FLAT

The model was written in C++ andcompiled as a DLL (dynamic link library)
that can be loaded whenever it is needed. The DLL filewas named
Quserancam -clay 6
Derived class consists of16
" Ble Edit View Project Bull Debug Toos Window Community Hep IMEMDEr functions

=2 udm - Visual C++ 2005 Bxpress Edition

] - - & = NI W  Release -V
0 |5 Q. These member functions are
= 3% associated withregistration of
2] Solution wdrm (L preject the mode_, _|_nd_|cate state, assign
- & serAnGam. property, initialize the property
L“ R AXESH Base class Constitutivemodel gy state variables, run the
" [ contaBien constitutive model , update the
- 1] STENSORH _ parameters and stresses; and to
.- ”‘: 7 Derived class save or restore the model
----- [ Resource Files UserAnCamClaymodel
S L Source Files
_____ B rerimens T The model consists of3 extra

input parameters: s, x and c



~— Model Verification (1)

I B I A A Parameters (Dafalias 19873
& 9 M. X c G (kPa) K(kPa) &

v VvV V.

A A

0.27 | 0.06 |0.806 |1.63|1.0 |1341200 37362000 0.67

Sample

A

Anisotropic Consolidation Test

p’-1181.96p -1.2158q +1.53¢

1400 /

A 2-D view of Model : # numerical experiment
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~— Model Verification(2)

Drained Test

Theoretical
D =(3po' 00)
s g | 1 —
U,=0.29
qu:MpCr
2n P-=443kPa,
P Tra /M >=0.
L x=1.0, c=4.0
" T faraim) £ E +aiMm
600
— Initial Yield Curve
— Stress path-shearing _-
400 -+ s
200 e
om0 . .. — :
0 200 _ 400 600
pokPa
S.N.| Quantity |Theoretical |Numerical |% Error
1 qcr(kPa) 388 388 0
2 Ve 1.59 1.6 0.6

—Preconsolidation pressure, pc
—Mean Principal stress,p
—Deviaor stress, q

—Alpha

——gpecific volume
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~ " Model Verification(3)
ALJndrained Test

0,=0.29
P.=443kPa,
e
x=1.0,c=4.0, -1.

1.95
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e M2R- a !
ber E2M?- 23 a
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R 9r - D &
Ue: 3 +ﬂ)
600
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—Preconsolidation pressure, pc

—Mean Principal stress,p
—Deviaor stress, q

pore pressure,u
—Alpha
——specific volume

800 1.9
1R=1
—————————————————————————————— 1.7
29=0.0pP i
T 600 +—————H-"4-——-—t—— 115
o | !
o F--------d-- - -1 R TS
d; +—— i )j
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e} | E
i Bt e e A Ao B 0.9
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0 W — 03
0 S 10 15
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Theoretical |Numerical % Error
S.N/| quantity
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 U, 102 | -53 |106.4 -53 4 0




~

mitivityanalysis forx-and c

AAxiaI strain and s at
critical state vs c- Drained test
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——— validation of the Moglel

Soil similar to the New Orleans Lacustrine clay was taken and see if the

model validates or not.

® Winnipeg Clay (Graham et al. 1988

Properties value
Natural water contenty,, ( %) 54-63
Liquid limit , LL ( %) 65-85
Plasticity Index, Pl (%) 3560
Undrainedshear strength,\§ kPg | 50-75
Sensitivity 3-4
Compression Index 0.61.1
Clay fraction (%) 70-80
Normally consol 175
Depth (m) 8-12
Note :

The experimental data best fit for the
following anisotropic hardening:

19kPa 0.30
241kPa0.33
310kPa- 0.38
380kPa 0.43

250

e 191 kPa o0 241kPa
A 310 kPa A 380 kPa
200 - ——Critical Line —0—Y(C-191 kPa
—e=YC-241 kPa  =—#=YC-310 kPa
—
< 150 : T N
& ]
—
100 59 AR
A
s0 -4
1 EA
3 |

0 50 3§90 R RN LR SRANIA D 8 IO A DI S R T 5
p' kPa

28 samples tested
( 4 overburden pres.)



~— Numerical ‘Application in breached flood wall section

Ml o oncon vense cans resen | et Aeailure Mechanism (IPET 2007)

South London Avenue
Canal Breach

S W ‘:"&‘
z s

Al?thstreet canalBreach ( IPET 2007)
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- Numerical'model , loading ‘and - s@arameters

[
N
]

WL

~N

Lake Pontchartrain Canal Hydrographs

Critical state
patamefet3
K 0.03
M | 0.856
Vo 1.67
o | 0342

(IPET 2007, Seed et al. 2008)

| BN N | 0T I
beach 1 H o s wase sape B mezama i
lacustrine_clay =18 H —crcracos cxemens ’
marsh_toe s s
R marsh_center 2 s i
e concrete 8 74 Et S=u
leveefil E 3 asi- 48
=5 <
g 4 7 3o
HE =
= 2 —3F
1 $2da Py P 1aai
. - - - - - -
§ § 8 § § 5§ &8 € S 8 8 8 2
Date and Time, CDT (IP T 2007)
gtrcngtmgtiﬁncss - : :
T [Permeability ® The model for Lacustrine clay will
S.IN.| Soil Profile | Model I b ried and mpared for
vV (Siu =
{;‘fﬂs E@sh) v [@| K, | n | khtts) Al C N0 oMl
=
; ([Baysound SR HE 3.11 |4.19E+05[0.35/32 | 0.6 |0.4| 3.20E-08
Clay Coulomb C Model
(¢ Lacustrine™~,, 218 | vary [0.35/22 | 0.61 |0.4| 3.20E-08
Clay ar : Sl e s CCM Model
3 [Beach Sand s e 2.95 [1.26E+05 [0.29( 36 | 0.41 |0.4| 0.00049 MCCM Model
Coulomb
Mohr
; S TChE - g ’ o * .
4 Marsh-toe [0 1.71 |2.52E+04[0.35( 36 | 0.6 |0.4| 3.20E-06 Note:
5 Marsh-center gﬂilomb 1.71 |3.35E+04(0.35(36 | 0.6 0.4 3.20E-06 E of Lacustrine clay depends on
Mohr the overburden pressure as
6 Leveefil 2.61 |7.56E+04 035/ 32 | 0.6 |0.4| 3.20E-08 :
Coulomb documented in IPET 2007



~ Comparison of deformation

12
In feet
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Note:

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



