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VISCO-ELASTOPLASTIC CONSTITUTIVE MODEL FOR SEDIMENTARY
SOFT ROCK AND ITS APPLICATION TO NUMERICAL CALCULATION
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Abstract: The sedimentary soft rock is a kind of geomaterial that exhibits the mechanical properties of strain
softening, rheology, and influenced by the intermediate principal stress. In order to describe these properties as
comprehensively as possible, a new visco-elastoplastic constitutive model is developed. Based on the tj; concept
and subloading surface, this model uses a state variable p which is a void ratio difference between the over-
consolidated and normal consolidated states, and introduces a non-homogenous function as an evolution law for p.
Compared to the Cam-clay model, only 4 new parameters are added to the new model, which have explicit
physical meanings and can be determined from triaxial tests. A progressive failure of soft rock slope due to heavy
rain is taken as background, and soil-water coupled FEM is conducted to investigate the influences of 2 kinds of
groundwater table changes on the failure. The shear strain, displacement vector and propagation of the failure
among the slope are analyzed carefully to clarify its failure.

Key words: rock mechanics; soft rock; visco-elastoplasticity; constitutive model; progressive failure

W TR SR A 2B BN, s B NAS AL
AR 2R, IR R RN s fE N AR
WAL 5T, F. Oka Fil T. Adachi®4 i 7T—AN LT )
PCAAERIE A, A2 BRI IR R BV N AR SRR s RS ARREME T, B

1 35l

]l

Wk A #: 2010 - 02 -25; f&EHH#: 2010 - 03 - 29

BEEWH: LRTRAERZ B4 1% B H (08PJ1406600); L 11 Ty 24 RL ¥ 331 H ¥ 111 (B208)

BN HE@975-), W, fld, 1998 fEHENL T RIEAS M KA TR AN TR, BUERIZ0%, E8NTS + TREEOE o 507 1 i)
HeE S W TAE. E-mail: ygl@sjtu.edu.cn



FE29k BT

MR AR, S HERUFCA IR SR IR EA R S JERUE v 530 ]

*1349

4By B AR AN Graham (RIS BE B YERIREAT I 3K,
PRt T ICAAE =N P IRES TR F SRR B EA R K R
Rk o VIR R o SR T T o e ) S Bl s
TASTRI LG 730, TIN5 S AL R £
T R A A E L IR AR A o A R [R) FEN )
SEWI, F Zhang %P ¢ SIS F Oka Fi
T. AdachiPIffsiie, i W] LL% R v 1] 3 B
5ER JEERTIE 1 N AR (R e o A IX SEAR A I AN REAR 4
FR 42 I M A B 1) ) AR

T. Adachi 1 T. Ogawal™ [ i i % = i [ 5
AKRI AR s T B BRI I0,  HCa 1 AR AL M BT
MPEAZSS, 4 2% K, I N AR A AN B
a4, XMILG IO I ) F R S T A5 11
Iy ARACL, AR IR A e Sy W AR RE AR 1) [ Hs 1R P IA A
& SR A 7. B AEA R L
B ARG 6. Bk, ASCEET R A A
ty ME, DU G5IRES S TR0  SIR A 1) (1 FLER
L 22 o IRSAEE, IR IZIRES = I EN 5
ANIRAZRREL, AT SZ A — AN I R IR AR
B, AR BRZR-G R HOH T N AR AL . AR A
) R . B T BROCIE AU 135
ORI E ) 87 N TP aEE 7 A R 1382 31 vl ) i P AT
AR RS A 250

2 FhREBIMEAHRE

2.1 BT EH

I e AR B 2 s it i S T AR I R AE
W T 9 (R T g B 5 S BT U A L 4 6 AR AE
t, I 77 %% ] h B S A B R , RIEBLT ¢ F AR
AR, AKRAE ¢ )% IRt L8R 4

f:ln:A+g(X):|nttA+g(X)—|n:&:o 1)

N1 NO NO

>N ’

1( XY
g<X)—E[Wj )
R o(X) MR X A BT,
U FE s M I Ok TR
W, HAT

M= (X7 + X ) ®)

F

ot

Y, :i
" V2((JR +05)

e Xeo Y 2Bl BI N s X B PEBTIZK LE Y
FENS FRZE NI R Dy =Bl I 455 I %y L
o, | o FEIR RS P Q)T ASE

(4)

f:In:—N+g(X)—(InttNi—lntNiJ:O )

NO NO N1

M 50 LE K [ 45 St A AT B AT T R
SRt Ny 2 ) R R FL BT L B [ 5 N DT PR SR AR
ATt NS b RS, B 100 N
25 6] PR ST I L R I 5 e e T e AL B LE -
INFIPS -

0 tno=98kPa N1 tN1e Inty

€

(b)

B Lt M 2SR R G i 1E R 4 et Al i A ALBRE
EASVPIP S

Fig.1 Subloading surface, normally consolidated surface and
relationship between void ratio and stress in t; stress
space

RS S P 2R 5 S AV S

£ =C, |nttNA 6)
NO
Ty
C - ™
P l+g,



«1350 ¢ AR TR 2010 4F
e B, IR RN AR — A 20, 4 , of
SRR B 25 (A — K ); e, WIFIIE p'=98 kPa fo =% (14)

2% LB . S8k, I 45 RS AL & prl K
INA

t t
pzqu@:a+%mﬂnfe (8)

N1 N1

AIH(8), PR FEA Gt rT S

foin o) -2 -2 |_0 (9
tho C, l+e,

2.2 HshEN
AAERUR AR Bk, LN A
t N AR ) o Rl IR S AR i Sy
o, Of
& /1atij (10)
X AN —IERbrE, — BN T
2.3 thiRAE
SRS S T Y N AR TR A 1), e AT (AR
AR i i T 5 98k A R ) 25t T 7 A SR AR
(RO U, T PV g R T R N AR R K
/AN, B
f=0 :idij—i(gg—ij:o (11)
0o C 1+eg,

1 p

24 ELE

£ T. Nakai 255 " TR,y B Sufif ik
/N2 R SR TE AR ARE L, B Y
A — UG IR RS TAEAREA R, S8 plf) kR
HUA AR —RAESF IR R, B

P 8D (12)
1+e¢, ty
:/til:':"
h(t) = 221+t /1) (13)

e &0 0t =0 I ZII A ARFR N AZH AR, Tt =0 K
NI, EBCY BT AR I 2t i —
AL E, T A3 KRN A AT
RFE—A g, BIESI— MG AR SR I, ALY
TR eI B, A — LR,
IS IR W S 6T Bl R AR s P AT 5 . 280
o THFR L NGB H, BB SO AR R
LI TR B 2 T IRR L ek

e Glo, )N
G(p, t) — appcn In(1+t/ty) (15)
b a MK ZE, HTEGpl R REE; C,
NN FANSE, BN ARRESE, AL
HT AN [ 1 A 4T S it ) = 2l s 4 a6 45 SRR A
JE o
IR (12) ~ 15 RAK ), s
f,+h(t)/C,  f,+h@)/C,

A= = 16
1(6f+w] w1
Cp atkk tN Cp
/\I:P’
hP :i+G(P’ t) (17)
atkk tN
E%%ﬁ%T,wﬁzglqzo,ﬂuﬁﬁ
Gij
CP
A=h(®/C, =h@)/h° (18)

i 30 (12) A 55 OOk e 2 R R 5,
RATFFe %, Wh)=0, 7EIGARARET, N
SEARFEAAZ ), P f, =0 NI 28 A=0, BIAR™
RGN A, X BARATFE ARSI H .

25 BHHETF

IRPE S AN RN T e P R 7 Rk sk 1.
(10), (12), (13)%&(15)fAA(11), AJLAfFEITHE
AR

of _
S Eyéy +N0)/C,

A= hg P P (19)

+7
C oo

p ij

ijki
oty

2.6 FHHBMNTRR
AR5 3 (L0) A (9) AL T LAFT 213 2R L AR A
e AR T AT LAY i Ry PR S

g =6+ (20)
BN AR R ] Y Hoke 58 BEORSRASE, HI
‘é:l = EiJTkllo'-ij (21)

Eijkl =r§ij5kl +G(5ik51| +5iI5jk) (22)

y
K



$20% M SRR, . MR 1B A RO % JURO T S +1351 «
vE E 10 = o — o(BIE L) — — —s(FRiE k) 1—15
[=——— , G= 23 d (i s
1L+v)d-2v) 2(1+v) (3) ol © 9= o~ (U)o Ev(bﬁ%iﬁlﬁ)__lz
X vk, E SRR, B |
2.7 nEOEm E ar &
EXABIF, i — AW mEAEn, o = 2 .
f >0 (fififk) 0
ef]>0 (>0 Fif <0 (Hir) Y@y o ol e
. 0 2 4 6 8 10
f, =0 (4lii2) {7219
(c) o3=1.0 MPa
les|=0 (a0 (FetE) (25) Lor 1= o1 () — — (iR e
) . ( o q=o—o(IEdE) o a(RBEER)
BN REFI W S AR I IR PR AR, 1 H 8 1-12
Ae R AR AL BRI R AR AR, 1K — MR . @90 o0000000f
KIS g g
28 SHETIRI 5 ¢ L
ARATRE AR B T HER o =l 4 € 2 -3
KO P L. R P i — R RS A 0 R
. s - DO T 000 o oooo o
HER B o W oy 209000 0.1, 0.5, 1.0 % - . ,
2.0 MPa, Hliln) in#dcis %24 0.025%/min. 0 2 4 6 8 10

Kl 2 g HER s — Sl By D)laa 45 2R 5 2R {E )
PR BRAE B AR/ DU R BT UIIZAK I BE I8 Hh 2k
IR AHANZ RS, B PB4 R

1071 q=o—o(@itihLk) - - —a(@Flie i) 1—15
gt © a7 a—o(RIEE) o a(REdE) Ly
< 6 9
o o0 - 3
=4 6 4
e aot 2
2 poo £
& 2 k DDDDDDDDDD 14
Q000 0 0o0o0o oo
0 0
—2 \ 3
0 2 4 6 8 10
I 1A% 1%
(a) 03=0.1 MPa
1o 0= o— (it h4) — - —a(Hiplizk) 1715
8 o q=a—o(iHHE) o s(RRER) o
s 6 §OO < {
E <
= 7,
! °© 1 -6
E 00 00000, 4 5
E j ’—°'°'<_ L, E
pooooommnoonoooooy
0 T O T OO i
—2 L I | \ 3
0 2 4 6 8 10
i N AZ 1%

(b) o= 0.5 MPa

i 1A%
(d) o3=2.0 MPa
Kl 2 MR =R bR gl RS IR I LA
Fig.2 Comparison of the testing data of soft sedimentary rock
and prediction values by the model
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Table 1 Material parameters of slope ground
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Fig.8 Propagation procedure of the progressive failure
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