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An anisotropic failure criterion for geomaterials
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GAO Zhi-wei, ZHAO Ji-dong, YAO Yang-ping
(1. Department of Civil and Environmental Engineering, The Hong Kong University of Science and Technology, Hong Kong, China;
2. Department of Civil Engineering, Beihang University, Beijing 100191, China)

Abstract: The strength of geomaterials is strongly influenced by their fabric anisotropy, which can not be characterized by the
isotropic failure criterion reasonably. A general anisotropic failure criterion is proposed. To characterize relative orientation between
the loading direction and material fabric, an anisotropic variable expressed by the joint invariants of the stress tensor and fabric tensor
is introduced. The failure criterion is developed based on the failure characteristics of geomaterials in both the meridian plane and
deviatoric plane, which leads to a general three-dimensional description of strength anisotropy. Compared with the isotropic failure
criterion, only two new parameters are introduced in the anisotropic one. All the model parameters can be readily calibrated based on
the conventional laboratory tests. Comparison between the model predictions with the test results on sand, clay, natural clay as well as
rock demonstrates that the new criterion can characterize the strength anisotropy of geomaterials in a reasonable manner.

Key words: anisotropy; geomaterials; failure criterion; true triaxial tests

FFE T 17 5 PR IRPAT I 43 2 (10 de k3 0 72
ST LIRS 34% . X F&ib, & ) e PR RI A
IRBA 5. Yong 1 Silvestri™BF58 &I, RE KL

1 5 5
KEHPRIFIBTSRI, 1 THOR. RSO

BRI, 25 B R R I — e FE
(45 ) Sk o S 4 1) etk — R SR 1IE A8 4% 1)
e ——FEDURR I B BRI B T2 m A,

YORT [ ST BRI K2 2,
AR ) S o R IR AT S . 1]
w1, AEWFIURI A IR R S, Oda ZP%
WL, AEINE ) R ORR T A5 2 ) B KAk E )

Wk HI: 2010-12-14
FEETH . AW PR IEECT 7T H  (No. 623609).

A PR 70 s 5 FEE Bt 32 1 5 vl R AR AT S SR AR AL

JIr A3 ) B /IMEL A B KAE Y 60%~75% . Nishimura
BV 2 I BRI T R ARAE SR -5 1) %
) S o 45 SR W, 7 Bishop 2816 =0.5 4T,
RN I g/ p Lo/ N I by 40% (e p A
ROPIERNT), g WBIN D —IEL T, AAa
L R 5 ) PR R AR A K. BRI, A A

BAEET S w55, 1983 4R, MLERSUE, TENGRE BRI TH TS, E-mail: gzwee@ust.hk

WIEE: BEZR,

%, 1975 4F4, BhEREER, AR, FENFE AR ARRHETIY . E-mail: jzhao@ust.hk



16 E2

Joo 2011 4F

ol A5 0 S A EER A LA ) TR
S2br -, Zdravkovié 2 E AT RG4S LR,
2 SRR AR JEE 110 5 1) S5 T LB Gt 0 R
IR 6 b B PRI B B AR v i

KR 12 B2 0 LR I A2 3T 4% )
FIPEE B, S TIIEAS REAR G M AR 25 1) S 1k o)
FEHIIR 1550, 0201, Callisto A1 Calabresit™ % B
Mohr-Coulomb 11 Lade 5 & #E WU # AN GE % & H R
KR Pisa B AE = HIARE: FIOBIRREE. Pk, —
S Z B T R] DA R R I AZ £ ) R 1 1R A AR
WEo 75 Lade 5852 v U R At b, 38 3K 0 i 1 T
BRI SE R Ve, Ablev AT Lade® #2441 —
AN S ERR I o ESE, XN SRS I LS A
TR TAPRHE IR 4 P IR
HANIE T HADTE — RIS L, 0 > 8k il
A e e T S BN )k A2 R sk R AR R . A
Pietruszezak 1 Mroz!"IRFFE I JERE |, Lade!" 4
F T AT Lade 585 WE U ) 5 v S 1k sk P M U
Mortara 42 T —ANE S T oa HAORHR & 1)
PRSI, EANE RS S UL R, iR
AR TT LAY 1) SMPUIHT Lade SRBEAEN . (75
B, AR Z & ) e o B R L5
SHE AR SR, X EAEEA LR .

AR SO N AT S5 T SR U . Ay
T HER N7 A RHER s, K s AN
I8 7k B RN 2 R i e PR I A AN AR B R 1 4% 1) S
B A o AERKGERIIERE L, BSRAR B
el SR A E 52 . EH I =3l T 46 4 1
N, BV U U 114 45 1) ) 4 o S A DU AT
P A I ST AL 71 R i T TR PR BB Ry
PERENLI, XA A TR AL FE K35 1) S P B it
TOTME . HEN SR 45 SR s R LR I, 1%
SR EEHEN AT DA BRI A 1. . RARF LR
A TR A5 1) Sk

2 T S o P v DU

WIS RERW], S L ADRER L 0 i S P 2
RIEPEBF IR & 10 S, DRI, #8) CARZE
SiR VR PV At b, SRR G g S R R U
JUE

a1 =31, +

2(1-a)l, 1 _
o

~

30
Qe
Rl o WBTBEG M, A RSB B
)’

8 1 =(6,+5,+6,), I, =(65, +5,5, +5,5,) »

I = (515253) , AR 5, (A 09,

a'ifzo-i/__i_[pr[p"'o-oj _p]é‘ii (2)
j j P j

Ah: p AZHEN T n WS 5, N
Kronecker £ 5 o HH TR, X AN SR
LetknR B UEMMET RN . B0 (D, f£(4)
R IR 0 2% 1) S Pk 1) BRI

f(A)=expld[(4+1)' + p(4+1)]) (3

A d R B HGINPII S 4 ik
INETT AR R AR I f 25 T R RS AL BAT

s,.jd,.j

e s,=0,-p8, d,=F,~F,8,/3, HHRE
D N g 5kt FUR 2R 5Kk e 0 T8, Mi=j I,
§,=1; W, &,=0. F&F, Dafalias %' Jf]
[RIRE 2 BRI AR PR I & 1 k. il T
B AR BON IEAS & [ R, B R ) 3
ik x  x, Mlxy, WE, ATLAZk R

A= 4

E 0 0 1-4 0 0
F, =10 F, = 0 1+4 0 (5)
3+ A
0 0 F 0 0 1+4

A A RFIBRAES R AR LI S5 x, - x, [
h A W F R, — ot N T2 RO . Y
PR RS RIS, A= 05 A0S ) SRR B
KB, A=1. BHEHEHF0<A<1, 1 HIL KA
ST A TE . DRI, AR 5 ) SR R K/
FEHH d RFEIRNT, T A4 HRT DAY g 5 [ FA k)
YR TT T AE = S [ A AL B o B8 4l R 4
RIKAT, A=-1; R =R &0 T,
A=1. LN ENNSHD —EME& T, ARiEK
TN 75 ) 5 URR T ) 2 1) (R % A RT3 it 14
KT AR RIS 251 IR, B2
ZHCHR[18]0 fEf F1fl b, 24 fF(A) > 1, &R
P 2 P Y DU DA TRIAEDOS 2% 1o [ PR i B U] (T S
A EREHEND BRI 4 f(A) <1,
PR . MAEHEN RGN ~, 4=1,
F(A) =1, w5 T SR e o i o
WEAH ], X AT AR AR B S E e . 1A
5 ) S e A DU T R 2 A T IR IR T T
Ko

3 A% I S i S A D) 1 6
g T B 4 1 % 160 5% 5 v 1 45 2



B PR S R % i S ol A U 17

P, R L Bhib AR AE A e Bt
Ly i FEUHE NP LU . BARFIAE Y 2 50 5 T3 72
TS WS HICHR[18]. N T AE T 0B 2% 1 Sk ik
PR U5 % i [] P i A DU R 225010, 1 i P88 e U it
WM& RAIE L L

RN
N ‘\8}“‘\'

SR
St
St

(b) 4= I A T

40,

M4

(c) T~ (A SR T

B 1 AR N =A%
B TSR E RN
Fig.1 Illustration of the failure locus in the
three-dimensional space and deviatoric plane
under the typical true triaxial test condition
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sand and the criterion predictions
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Fig.3 Comparison between the true triaxial test results on
San Francisco Bay mud and the criterion predictions
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