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Modified Cam Clay model
(MCC)

ELASTIC BEHAVIOUR

YIELD FUNCTION
PLASTIC POTENTIAL

HARDENING RULE
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MCC - Introduction cPrL

Originally developed at University of Cambridge for saturated clay

Original Cam-Clay - Roscoe et al. 1958

Further works on the original model yielded a modified version

Modified Cam-Clay - Schofield & Worth 1968

The model is based on:
o Critical state concept
o Strain hardening elasto-plasticity
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MCC - Stress and strain framework

Triaxial stress-strain Components of hardening
elastoplastic model
s

3 3
Volumetric strain: ¢, =¢ +2¢,

Mean pressure:  ,'=%12%

(i) elastic behavior
(ii) yield surface

Deviatoric stress: g = 0, — 05 = \/3]2p (iii) plastic potential and flow rule
(iv) hardening rule

Deviatoric strain: ¢, = %(g1 ~&,)

>
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MCC - Elastic behaviour
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N yl: yield surface corresponding to ncl
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MCC - Elastic part - Summary cPrL

2 ) )
deg 0 ’
From isotropic dg'él = /K 1 ] lep]
linear elasticity €d 0 / 361 H%1
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MCC - Yield surface o e s

4 N
MCC in g-p’ plane Effective preconsolidation pressure
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Wood, 1990
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MCC - Plastic potential and flow rule

Associated flow rule

cPi-L

Volumetric and deviatoric plastic strain

[g= F=q*—-M[p'(po—p)]=0 J

Geomechanics- Fall 2024
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MCC - Hardening rule

Successive unloading-reloading paths

v '
ncl AL? =Av—- AV =—(A- K)ln(pon

|
.
I

Piml P::.z
p' (log scale)

\_ y,
Wood, 1990
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MCC - Summary

-

K dq
: : de’ =—dp' de; =—
i. Elastic part D 173G )
C N
ii. Yield function F=q"-M*|p'(py—p)]=0
; 3
iii. Plastic potential g=F=q¢"-M*[p'(p,—p"]=0
= _ , <
iv. Hardening rule o _ Y 4ep
N Po A—k Y
" MCC parameters A

 Elastic: x,G
\° PIasUc:M,A,FJ
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MCC - Summary

Full plastic compliance relationship

. OF dpy 09 N VP P
Hardening modulus > H = _apga_%a_w = —(—p )(/1 D(2p' — py)

—K

Full elasto-plastic stiffness relationship
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MCC Prediction
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MCC - Plastic strains increments

The plastic strain increments are given as usual by the partial derivatives of the plastic potential function

5 p a_g ! !
“d sel _|ap' ) 2P — Do

dq

The ratio provides the direction of the plastic strains:

' sel B M? —n?
583 B 21

n=—<M= 5 > 0 Compression plus distorsion
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MCC - Plastic strains increments

The plastic strain increments are given as usual by the partial derivatives of the plastic potential function

5 p[ 99 -
55 “d (585) dp’ 2p" — Do
’ %)\ "

dq

The ratio provides the direction of the plastic strains:
p' sel M7 —7?
> =
Se, 2N
seb . i . .
n>M= P <0 Expansion (dilation) plus distorsion
€
d
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The plastic strain increments are given as usual by the partial derivatives of the plastic potential function

MCC - Plastic strains increments

seb dg o
5P o' 2p" — po
P
%% 2 "

The ratio provides the direction of the plastic strains:

Se, M?*—n?
583 B 21
sel . . . o . .
n=0= —5 > ®© Compression without distortion (isotropic compression)
£
d
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MCC - Plastic strains increments

The plastic strain increments are given as usual by the partial derivatives of the plastic potential function

—ag !/ !/

(585 ) op’ 2p" — Po
5eP d <q
d % MZ

The ratio provides the direction of the plastic strains:

ssb M? —n?
583 B 21
Seb . . . . " .
n=M= > = 0 Distorsion without compression (critical state conditions)
£
d
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MCC - Plastic strains increments cPrL

What happens as n tends to M?

= The increments of plastic volumetric strains becomes smaller and smaller
= As a consequence, the evolution of the hardening parameter tends to zero

= The shear compliance tends to infinity (shear stiffness tends to zero)

Tends to zero

seb
Sel vp (M2 +772) 27 ‘

Tends to infinity
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MCC - Plastic strains increments

What happens as n tends to M?

Tends to zero

sel
583 vp (M2 + 772) 2N ‘

Tends to infinity

= Asymptotic perfectly plastic condition shear strain continue without any change in yield locus size,
stresses and volumetric strain

n-M= 6l 50=6p' >0
— Critical state 553
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MCC - Prediction cPrL

Drained conventional triaxial compression test - Normally consolidated
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MCC - Prediction cPrL

Drained conventional triaxial compression test - Lightly over consolidated
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MCC - Prediction

Drained conventional triaxial compression test - Heavily over consolidated
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MCC - Prediction cPrL

Undrained conventional triaxial compression test - Normally consolidated
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MCC - Prediction cPrL

Undrained conventional triaxial compression test - Lightly over consolidated
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MCC - Prediction cPrL

Undrained conventional triaxial compression test - Heavily over consolidated
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MCC - Prediction cPrL

Undrained conventional triaxial compression test - From lightly to heavily over consolidated
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Conclusion
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Conclusion cPrL

Critical state :

State in which the soil reaches its ultimate shear strength; the shearing can continue
without any tendency of the soil to change its volume

Modified Cam-Clay :
Modelling of soil behavior within the framework of hardening elasto-plasticity
Estimation of elastic and plastic deformation using MCC

MCC can be used for hand calculations of elements undergoing simple modes of
deformation

Geomechanics- Fall 2024 Lecture 7 - MODIFIED CAM-CLAY MODEL




cPi-L

References

Roscoe, K.H., Shofield, A., & Worth, C.P. (1958) « On the yielding of soils », Geotechnique, Vol. 8, pp. 22-53
Schofield, A. & Worth, C.P. (1968) : « Critical state soil mechanics, Mc Graw Hill, London

Desai, C. S. and Siriwardane, H. J. (1984). Constitutive laws for engineering materials, with emphasis on geologic materials.
Prentice-Hall, New Jersey.

Wood, D. M. (1990). Soil behavior and critical state soil mechanics. Cambridge University Press, Cambridge.
Yu, H. S. (2006). Plasticity and Geotechnics. Advances in Mechanics and Mathematics. Springer, New York.

Atkinson, J. H. and Bransby, P. L. (1978). The Mechanics of Soils, An Introduction to Critical State Soil Mechanics. McGraw-Hill,
London.

Geomechanics- Fall 2024 Lecture 7 - MODIFIED CAM-CLAY MODEL




cPi-L

Thank you for your attention
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