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Revision of Modified Cam Clay Failure Surface Based
on the Ciritical State Theory

+ A ol Woo, Sang Inn

Abstract

This paper proposes a revised Modified Cam Clay type failure surface based on the critical state theory. In the plane
of the mean effective and von Mises stresses, the original Modified Cam Clay model has an elliptic failure surface
which leads the critical-state mean effective stress to be always half of the pre-consolidation mean effective stress without
hardening and evolution rules. This feature does not agree with the real mechanical response of clay. In this study,
the preconsolidation mean effective stress only reflects the consolidation history of the clay whereas the critical state
mean effective stress only relies on the currenct void ratio of clay. Therefore, the proposed failure surface has a distorted
elliptic shape without any fixed ratio between the preconsolidation and critical state mean effective stresses. Numerical
simulations for various clays using failure surfaces as yield surface provide mechanical responses similar to the

experimental data.
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Table 1. Material constants for the proposed failure surface for the Boston blue clay (BBC), Lower cromer till (LCT), and London clay

(LC)
Relationship Symbol BBC LCT LC Equation
o N 1.138 0.480 1.070 1), @
Normal consolidation line

A 0.187 0.063 0.168 (1, @
Swelling line K 0.036 0.009 0.064 (3), (19)

Poisson’s ratio v 0.250 0.200 0.250 (20)

Critical state surface Mc 1.369 1.153 0.827 (4)
Critical state line r 0.972 0.433 0.916 (5), (6)
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Fig. 7. Experimental (symbols) and numerical simulation (lines) results from the proposed failure surface for Boston Blue Clay under
CIUTXC (triaxial compression tests after the isotropic consolidation) conditions with OCR = 1, 4, and 8 in the spaces of (a)
axial-strain and von Mises stress g normalized by the preconsolidation mean effective stress p’ and (b) mean effective stress

p'and von Mises stress g normalized by p*
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Fig. 8. Experimental (symbols) and numerical simulation (lines) results from the proposed failure surface for Lower Cromer Till under
CIUTXC (triaxial compression tests after the isotropic consolidation) conditions with OCR = 1, 4, and 10 in the spaces of (a)
axial-strain and von Mises stress g normalized by the preconsolidation mean effective stress p and (b) mean effective stress

p'and von Mises stress g normalized by p’
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Fig. 9. Experimental (symbols) and numerical simulation (lines) results from the proposed failure surface for London Clay under CIUTXC
(triaxial compression tests after the isotropic consolidation) conditions with OCR = 1, 2, and 6 in the spaces of (a) axial-strain
and von Mises stress g normalized by the preconsolidation mean effective stress p. and (b) mean effective stress p’ and von

Mises stress g normalized by p':

o

H AEY Dl8t =& Modified Cam Clay Tt/ 13



Gasparre(2005)2] CIUTXC Al¥ AAE 2Fa1sle] AHY
3}tk Table 12 Bonston blue clay, Lower cromer till,
“1]3 London clayoll tfshA] AVEE Aok shajel
Adibe st sle.

Fig. 7, 8, 9+= Z}Z} Boston blue clay, Lower cromer
till, Z228]31 London clayof t3l 4=3% CIUTXC A ¥
AKFig. 7, 8, 994 71%), Alte whHS 0|85t
3t A4 BilFig. 7, 9, 894 A (a) S
F HFEL gp'e] 37 9 0) plp'et glp'e) S3tA
HolErh Fig. 7, 8, 994 Kol Hief Zro] W= o] 7F
3}l Z(Hardening rule) ¥ 2+ 2](Evolution rule)$§l
o|fk & AFtolA] Agket HHE FHAYEL] v A
Al goHE] AsS F BAREE 4= glen, 53] FF4]

=
o= mosls MR WANNE B 4 gk

Cam Clay T3] & Ao}, 45 i@ pig
714 712 MCC Tha)wel Ehelat g2 Wl Foln,

-

e A BREGESE pl B
e @gEol, plot plue] T vlEL glon, pl
23] MYy BRRasYone gey o)

clay, Lower cromer till, Z12]31 London clay©]] tjj3}jA]
ARk s 52 215t AGE APt E3L A
SHEl TS FEBT(Yield surface) 2 M5}, 5
W F H AEYE ATE FAHOR BARHY
o, 2514 A3} WEe] Btk 745h4 2 (Hardening
Rule)& 4-85H4] 4alte, HAES] vl At A5
Agkel e ol §te] & WA 4 Stk £ <
ol A A|jret wHaH-2 A7 F@EE 4 =]
9 g4 2=ulol] ofa) Welsh AR veha 2 =
Sol 4 A iz o] W) g ujl 27

14  g=XerE8sel=2% H36H Md=

o
¥ 9 wEe TRty BE 6% 24 2 v 24
oA Aol 5T A mES Aokd 4 ot
ZALel 2
82 201995 et shedTRAu A
Aol oJsfe] eE Gy ek

10.

11.

12.

13.

ZF8 (References)

. Chakraborty, T., Salgado, R., and Loukidis, D. (2013), “A Two-

surface Plasticity Model for Clay”, Computers and Geotechnics,
49, pp.170-190.

. Chang, M., Teh, C. L, and Cao, L. (1999), “Critical State Strength

Parameters of Saturated Clays from the Modified Cam Clay Model”,
Canadian Geotechnical Journal, NRC Research Press Ottawa, Canada,
36, pp.876-890.

. Chen, Y. N. and Yang, Z. X. (2017), “A Family of Improved

Yield Surfaces and their Application in Modeling of Isotropically
Over-consolidated Clays”, Computers and Geotechnics, Elsevier
Ltd, 90, pp.133-143.

. Dafalias, Y. F. and Herrmann, L. R. (1986), “Bounding Surface

Plasticity. II: Application to Isotropic Cohesive Soils”, Journal of
Engineering Mechanics, Vol.112, No.12, pp.1263-1291.

. van Eekelen, S. and van Den Berg, P. (1994), “The Delft Egg

Model, A Constitutive Model for Clay”, DIANA Computational
Mechanics ‘84, pp.103-116.

. Gasparre, A. (2005), “Advanced Laboratory Characterisation of

London Clay”, Imperial Colleage London.

. Gens, A. (1982), “Stress-strain and strength characteristics of a

low plasticity clay”, University of London, Imperial College.

. Hattab, M. (2011), “Critical State Notion and Microstructural

Considerations in Clays”, Comptes Rendus Mecanique, Elsevier
Masson SAS, 339, pp.719-726.

. Lee, S. and Oh, S. (1994), “An Anisotropic Elasto-Plastic Constitutive

Model Based on the Generalized Isotropic Hardening Rule for
Clays”, Journal of the Korean Geotechnical Society, Vol.10, No.3,
pp.17-32.

Lee, S., Oh, S., and Kwon, G. (1992), “A Constitutive Model
Using the Spacing Ratio of Critical State”, Journal of the Korean
Geotechnical Society, Vol.8, No.2, pp.45-57.

McCarron, W. O. and Chen, W. F. (1987), “Application of a
Bounding Surface Model to Boston Blue Clay”, Computers and
Structures, Vol.26, No.6, pp.887-897.

Nakai, T. and Matsuoka, H. (1986), “A Generalized Elastoplastic
Constitutive Model for Clay in Three-dimensional Stresses”, Soils
and Foundations, Vol.26, No.3, pp.81-93.

Pestana, J. M. and Whittle, A. J. (1999), “Formulation of a Unified
Constitutive Model for Clays and Sands”, International Journal for
Numerical and Analytical Methods in Geomechanics, 23, pp.1215-
1243.



. Pestana, J. M., Whittle, A. J., and Salvati, L. A. (2002), “Evaluation of

a Constitutive Model for Clays and Sands: Part 1I-clay behaviour”,
International Journal for Numerical and Analytical Methods in
Geomechanics, Vol.26, No.11, pp.1123-1146.

. Roscoe, K. and Burland, J. (1968), “On the generalized stress-strain

behavior of ‘wet’ clay”, Engineering Plasticity, 1, pp.535-609.

. Salgado, R. (2008), The Engineering of Foundations, McGraw-

Hill.

. Schofield, A. and Wroth, P. (1968), Critical State Soil Mechanics.

McGraw-Hill.

. Taiebat, M., Dafalias, Y. F., and Peek, R. (2010), “A Destructuration

19.

Theory and its Application to SANICLAY Model”, International
Journal for Numerical and Analytical Methods in Geomechanics,
34, pp.1009-1040.

Yao, Y. P., Sun, D. A., and Matsuoka, H. (2008), “A unified
constitutive model for both clay and sand with hardening parameter
independent on stress path”, Computers and Geotechnics, Vol.35,
No.2, pp.210-222.

Received : February 28", 2020

Revised : April 11", 2020
Accepted : April 14" 2020

SHH AEH D18t ==& Modified Cam Clay 2% 15





