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Mixed multi-weakness plane softening model for jointed rock mass
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Abstract: Fractured rock mass with densely distributed joints is often encountered in geotechnical engineering field. So it is
necessary to develop a reasonable constitutive model to conduct studies on mechanical behavior of such kind of rock mass. A
mixed multi-weakness planes softening constitutive model is established for the rock mass with less than three sets of joint
weakness planes, which is considered as a macroscopic composite materid in a broader sense. The rock mass satisfies
composite the Mohr-Coulomb criterion with tension cutoff or the Hoek-Brown failure criterion by setting yield factor. Joint
plane with hilinear characterigtics follows the composite Mohr-Coulomb criterion with tension cutoff. Softening parameters,
which are variables corrdated to plagtic strain and tensile strain, are used to describe the softening characteristics of materials.
Based on the secondary development platform of constitutive model in FLAC™®, this mixed softening model has been
successfully developed and embedded. It is verified by simulating the uniaxial compression test on rock mass that is obliquely
cut by double joint planes. The calculated results agree with the related tests fairly well, and satisfy the macro-destruction
mechanism of rock. Thus, it is shown that this model is correct and can be applied in practica projects.
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TR S BE Sa AR, B 5K
Iy B T A AL ARAG S PE I S 0K R K SR BEAT A
A5 B L BT U] AR R AR G, AR
DK; = 2(De)" + (D) + (DR » (19)

Dki =Del, (16)



188 s *

T

25

o2 R 2010 4F

S, e, 715 BT 30 A R 1A 5% 7 [ AR 44
(1=1,2,3), Dely, 5B fr AR H i

2 1EBRIRH A KW
2.1 HWENMFALERESS

AL L ) A T 2 55 T A R
VC™iE S/ FLAC® [ A5 AKE G Rt T —UOTF
Ko BN FLAC® B3 o W AT 64745 B A 1 o ST
GO TREN o AKERL IR UK B AR 2
R AR — b SR A AT,y B A
AR SOMEHE M “ERE AT S SOR R
BRHIK TG 5 BT A 7 B A A R e, A
oo A S BAE AR RN, [ SCRAT T
MENEYE. Wi 3, KEX SO S AR, T
EREAES SRR ity 7 v = P B RS RE P eacy = bl LY 7
oo 0T BT 1) g VU3 S AR AR AR R T TR ) 1)
JEIERAA bR R AR RN o T BRI A IR AR T RN,
(1) 43 P AR o 48 8 T A AR AR bR R R A PR T AR
TERIN. 7 o

3 EEEET
Fig. 3 Composite dements

PR RLS RB P AK 5 R, (AR AR AT
DLad ik e 3L e A 7 & $¢ Mohr-Coulomb &%,
Hoek-Brown 5 5 Jist A #HE D) o 5 310 2% 18 T 22 2159 T
PTG DL, fe % nl e e 3 A B IEAS B A (11 BRI
7 BT 55 ek IR 34 B A Mohr-Coulomb ATt 47 it
JRim P eI, R E ] 25 R BT R X R,
177 8 A AT Ve MORHA AT U0k . A
REFIT EER R TR AR P X200 I 5 TN 55 8 AR A DG 1) 3K
WSHCKRIIATRIR, FAPEH R A th e DAL
TEREN, PPt NBACHT B B 2 TR .
2.2 WERFLEWMBERRE

BRI e e A BRAH S
B, WK S5, 5INH T RS S
W TEESEORM 5 BUEAT S (R A B
FIAFEHA - BIM B 58 Je 15 % MR (0 R
A&, LRRFIE) . EAFRPITHERT, MR

SEHUBPEARRIICR, HPER B Hooke & fRIMZ 1
RARTAT N g AR (PG40 5 B P B B4 4 5 (i
A F Qp=0 It 4 Mohr-Coulomb 45432 b il () 5
B R e HRMAEIL), Qo=1 I A Hoek-Brown 5 & 1 1))
(RUE AT e MR, 1 2 L1 5 iy Jee R T R
WUJSA) 3 Ry S e P, AT e R T (R8s 7 DU K B
PN ) EATAE I

[, 0T 15 S RIS S ) 0 A/ ], AR
T 56T AL SR AR AR R AEAR AR KR RN AR B ITNY )
AL A 5 SR AR AR 2R CREZELY B 340 37 T ey s Al
brze, B30T BHIE G 34N REBAL kR R ) FATEE
[T P R R B T T2 S ) e =y s VLT bl
ITBIE. [FI, BT RZ 0 E0E 34158, Kk, 3
FrZ VT REAT R G, RUH R 1 27 B o o 2 e I
B SE N B IE G, 75 PRI 5 PR 4L 25 U
TP T AR S RIS Ol T B I e AR 1O
DUPXT HE B Jee R )1 R I PR A I, A8 I I PR 28
1 AT BRI TR A BT . 6T RIS B 2 A
A3 AT BRI R RIS DL, FENMEIE S, R
IR T AT, AR I . R )RR
GARIME I 1) 5 R IREBOE R 20, 9ANKHE IE X3
ik 20 s, WHE BT, DABE R NFEIEIN . 1B
THME IE 5 (1) WY ) d 3 T e A R AR AR bR 2R R AR 1)
FITN Y, RS IR IO ) W) B B R AR R R
Foc o A T MR DR AT e A, Ak T2 I

AR RE A/ A S o RS S D)2 S5
Z I B BREOR R AT S HN AR M, AR LR
e, SRR, RPN €M
ANXVFEAN B SE, HABOE 1252 8UE A
BNSE IR . AT S T PR, R AR B
W B R, BRI 482 P AR PR ik

s FRIF R RAR BTG IE R KA K S
BRIt
2.3 IEEEX VCHERENE

FLACP AWM ) — Wk TP RT3 LB Rk sh
B (DLLSCPR), J8 v A Z SO RN T
SRRPY o 1A RS A B R SO A E R B AEVCT
A CHICH FYiscfE CCPPf) , Sk
PF = BT AR RLR A 2R M 1, 18 OB AL )
ID. ARSHASNG R, BOORAERIRA R, i
B (R AR S HO R P AT i R vh =B v ) AR 6
PESCAF AL F T S S B AR i IR 07 2 B4
FTLE @SN R BT SE I, B LU LK
B



2 1

RIS A WRLA R R g9 i BB (KR ST L SR 189

(1) A7 454 b5 K (UserM odel:: UserM odel (bool
bRegister ): Constitutive Model), = Iijfig & xS 3 i
W R R BT W AR A 2, AT R D3 B A
W& 122248 IR RS HEE

(2) UserModel::Properties() B 5, B4 € T H
TR 74 £, RITFLAC R IR AR BT 1 P 1) 8 37
UserModel:: GetProperty() #1UserM odel :: SetPr-ope-rty()
BRI 3L ] 58 BB T S E IR, X = iR BT AR (1)
He P E R e a3

(3) UserModel :: States() e £/ H e 7 v i 72
PR TR RS, BURAESMERIN It bR R s, Ik
AL B AR RRT 5 BT R FOR S HR 7R 28

(4) UserModel::Initialize() o B 7e sk g S5 xt
TRABR R TTHAT I, FEPITSERRETE R
ARG, FERNIRA ISR B U AL A 8 AT
IR AE

(5) UserModel ::Run() & B2 AN 78 2t il 1o 7 o 4
FEWRE, R AT BRI A KA D it
AT, AT RSB AL OC R ISR M o AEvh Sk R,
MR 57T 1 i I 0] B CIR S R R b T iE 4, IF
X R AE S IR R BRI REAT N B IE . XA S E0HAT B
FIHE, I ARG SR .

(6) UserModel::SaveRestore() s %, - Z IhAg &
XU S SR IT IR B 2 ) 2 S B AR R 4 Rk AT
TRAF-

3 B
A TR R A R BB IR, A
SCA HH S0 Bt Hs A X 6 1) BB AR A R A T I,
N T AR A R A R, B
AR, sk L, 2.
1 PERENFESH
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Table 2 Mechanical parameters for softening materias
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