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Isotropic and Anisotropic Modified Cam-Clay Models

Isotropic MCC (Burland, 1965) Anisotropic MCC (AMCC) (Dafalias, 1986)
PPl + qé? = p [(€7)? + (Men)?] '/ PP + gé? = p [(€7)? + (MeP)2 + 2azrer] '/
f=9=¢"—M*p(po—p) =0 f=9=(¢—pa)’*— (M?—a*)p(po —p) =0
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SANICLAY: Plastic Potential Surface (PPS) and Yield Surface (YS)
Dafalias (1986), Dafalias et al (2006), Jiang et al (2012) Modification

PPS: g=(q—ap)’—(M’-a’)p(p,—p)=0

YS: f=(g—ap)—(N*-a*)p(p,— p)=0

M =M, and N=N_ when n>o

» M=M, and N=N, when n<o
p

<n Fabric Variable oo common to YS and PPS

Fig. 1. Schematic diagram of the anisotropic yield and plastic
potential surfaces in the p—q space; reproduced from Dafalias &
Taiebat (2013)



Fitting YS of AMCC to data with N=M
(Wheeler et al., 2003)
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Fitting YS of AMCC to data with N>M, N=M, N<M
(Jiang and Ling, 2010)
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Forms of Rotational Hardening (RH)

Genericform: &= <L>cp,L[a,(7)—a] n=4

Po P
Loading index (plastic multiplier): L ~~NE&" :€"
Bounding attractor: o, (1) towards which ¢ converges under fixed 7

U
Dafalias (1986) : o, ()=~

M In|
Dafalias and Taiebat (2013): ab(n)=i?(1—eXp[—S%1)
Inl [Nl
Dafalias and Taiebat (2014): Oﬂb(n)=n£m<1—(%) >+&exp(—u<i—l>n

Non generic form: (Wheeler et al, 2003)
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Variation of bounding attractor «,(n)/M under fixed n/M

Zero CS fabric = o,(M)=a,#0

Non-zero CS fabric= o, (M)=0a, #0 _
Non-zero CS fabric = o,(M)=o, #0
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Requirements for RH

e Unique Critical State Line (CSL) in e — p space

« Must be able to simulate K, loading for calibration

« Not excessive rotation (e.g. ¢, = ¢ <M )

b max

« Must have «,(n)<n forall 17 in order to avoid €, <0 for >0



RH and Uniqueness of Critical State Line (CSL)

Atn=M =o,M)=c,
For N =M and N # M one has

Pe 14 %

py 2 M

p. 1-(a,/N)

p, 1+(M/N)Y=2(M/N)o, /N)

If (e, / M) 1s same for all Lode angles

the ratio (p, / p,) 1s fixed and defines
unique CSL 1n e-p space in regards

to a unique Normal Consolidation Line (NCL) p, versus e

NOTE: o /N= (o / M)M /N)



Specification of Unique CSL by Various RH Rules

I
Recall Z< = 5(1 + OAC/;) — Unique CSL if O]\;C independent of Lode Angle
Po
|
(i) RH of Dafalias (1986): P _ 2
M x
|
(i) RH of Wheeler et al (2003): % _ 2
M3
1
(iii) RH of Dafalias and Taiebat (2013): 3‘4 =—[1-exp(-s)]
(iv) RH of Dafalias and Taiebat (2014): ?\;" . Input

I
NOTE: Tf o =0 — £< == (MCC)
po 2
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Comparison of Wheeler et al. (2003)
and Dafalias and Taiebat (2013) RH Rules

RH of Wheeler et al (2003) -> Unique CS <- RH of Dafalias and Taiebat (2013)
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Value of RH variable a under Ko Loading

3(1-K,)

Under Ko = n=n, = 129K
0

and o =0, given by:

My, 3=/ )y, — M

ForG=oc = o, = Dafalias, 1986
K, 3(1_(’(/1)) (Dafalias )

2 2
+3n, - M
Foralso kx =0 = oy = Nk, 7731<0 ¢

(Wheeler et al, 2003)

NOTE: The value of o, is INDEPENDENT of the RH rule used



Calibration of RH parameters under Ko loading

j— nKO

OCKO

3(3771(0 o 4a1(0 )(Mcz - 772K0 )
8(3aK0 o 77K0 )(77K0 o (XKO )

(i) RH of Dafalias (1986): X

(ii) RH of Wheeler et al (2003): B =

| |
(i11) RH of Dafalias and Taiebat (2013): Oy iﬂ{l — exp(—s 7\;0 ﬂ
Z

I 1"
(iv) RH of Dafalias and Taiebat (2014): o =Ty ;;c + m( 7}\1;0 j

NOTE : K, fitting does not guarrantee the correct fitting

under other constant 7 loading



Drained Loading Simulation for Otaniemi clay
Wheeler et al (2003) RH & Dafalias and Taiebat (2013) RH
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Undrained Simulation LCT Clay Undrained Simulation LCT Clay

(Wheeler et al, 2003) (Dafalias and Taiebat, 2013)
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Undrained Simulation LCT Clay
(Wheeler et al, 2003)
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Undrained Simulation LCT Clay
(Dafalias and Taiebat, 2013)
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Undrained Loading Simulation of LCT Clay with N<M
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the Simplest RH
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Does RH for sands suffices to characterize fabric ?
Answer: take a=0; yet sand can have anisotropic fabric
by means of deposition => needs a Fabric Tensor
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CONCLUSION
The RH variable a is the macroscopic manifestation of fabric in clays. Its
evolution towards a unique CS value guarantees uniqueness of CSL in e-p space

RH Rule Unique CSL Restricted Rotation Ko simulation/calibration
Dafalias (1986) Yes No Yes
(modified)
Wheeler et al (2003) Yes No Yes
Dafalias/Taiebat (2013) Yes Yes Yes
Dafalias/Taiebat (2014) Yes Yes Yes

NOTE 1: With the exception of Dafalias/Taiebat (2014), all other RH rules provide

necessarily non-zero anisotropic fabric at Critical State
NOTE 2: The NO’s can be corrected



