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Research on Non-linear Shear Strength Criterion for Layered
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Abstract; Tri-axial compression tests are carried out on the layered sandstone specimens taken
from the QEX Tunnel located in Xiangxi of Hunan. The results show that the strength of the rock
is obviously anisotropic and there are two distinct failure modes, i. e. , one is the failure caused by
sliding along the discontinuity and the other is non-sliding failure mode in which fracturing of rock
material, fracturing across the discontinuity and the mixed mode of the above. Then a non-linear
failure criterion for the layered sandstone is proposed to reflect different failure modes using
different methods. Performance of the failure criterion is tested for validation against tri-axial
compression tests data for the layered sandstone specimens. It shows that predicted values are in
good agreement with experimental test data. The applicability of the failure criterion is also
examined using the published experimental data of various types of layered rock mass.
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Fig. 1 Complete stress-strain curves of layered sandstone with different bedding plane inclinations

(a)—BJE 0 MPa; (b)—FF & 20 MPa; (c)—l)JE 40 MPa; (d)—l)JE 60 MPa.
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Table 1 Peak strength of sandstone specimens
MPa
JZ B A/
el [T/ MPa =R/ ()
0 22.5 450 67.5 90.0
0 108 114 93 73 107
20 159 160 174 148 210
40 190 203 202 192 220
60 241 239 232 241 248
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Fig. 2 Typical failure samples of layered sandstone
with different bedding plane inclinations
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Fig. 4 Nonlinear strength criterion for sliding failure
of layered rock mass
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computational value when o«=0° and 90°

S Rt ] o7 A8 DUV A A Ay« AR T il (y
Jr1a]) BRI AEME R AR A B FHE T B A A iR, AR
PR ) [T SPERR S ) TR (2, ) Ky

sin‘a cos*a

it L2
& = ETwosasma(G, E)](a'l—a'3).
(11)

K E T E AT R I 2 BT 1 A A
3 GV v O 3 L BT 1) 9 B DA R R TAL
B AR 5 K Bl ) 0 A8 o U Y e A B Il
(&,0) BEARBEIR & AR TF FIE RN, 5233
TR TC G, 2 A AR IR A
S (12)
Si0) =Ty =03 =E g & (13)
Hor, 8, S, o) RN S), E, Fom BAERL G
R A X5 1] [ P B W] 60

= O-Ia - 0-3 = Eyg\'f ’

la

1 sin‘a costa s .o 1 2vw
E " E += g tcosasin a(G,— E) . (14)
4
k :E<9O)/E<0) :Sl(‘)())/Sl(()) s (15)

n=E,/2G" -v'. (16)
k5 SCHsRIE . #555(12) ~ X (16) AT
0,03 k

Sla _ (17)
S0 O =05 sin’ 4 in’ 2o
10) Ti0y~03 sin"o +kcos’ o +2nsin” acos” o




130 ARRXFFR(BAFFIR)

% 38 A

B8 MRARK(17) , 718
T -0, = ~kEUCO +Bo40'co(0'3/.a';0) ’ 1 ' (18)
sin"« + kcos” « + 2nsin” acos”
K (18) BV Ay A A TR i RS i IR A R 4 v T
Hrb 28k mTa5550(8) , A (9) A=l (15) B «

S1(90) I3 (o5
k= =[ 0.9 + By (o0 (0_ )1/

Sl(O) c(90)

o
I:U'c<0) +Bo‘70(o>( : )% (19)
O

2.3 FELMERIRAN AT
2.3.1  HENAG LB

JITH L BB DR Y U 2% P T R ) AR i B 1Y
R 5w, T T A A v ) 2 B B b
(T g0y sTegony AT RIS AR ARAT) | 43 010E ¢, 0;,
n,B, #l By, , B, Fl By, W] 7RIS E R HLA F 245550
(10) #5E , NIEFEIZEAGR ¢, @, Al n BIBHE T7IE.
2.3.2 ¥ n WHE

MEHE A o E T 08T, sin*a 1Y fH 7]

ZMEATE B, 30 (17) ATE
S/ Sy =1/ [ cos’a(cos’a + (2n/k)sin’a) ] . (20)
M(20) FTE H, S,/ o) FTHLR n/k HYPREL,
AR k BTER. A4 k=1, M= (17) T R
S/ Sy =1/ 11 +2[ (n/k) —1]sin’acos’a] | . (21)
Mo =22 500, 5 (21) B R
Siims)/Sio =1/11+0.25[ (n/k) =11} . (22)
PRI, 2542 1 o =0° 11 22. 5 AT 2 9 =il
RICEAE TR n/k BOME, TR E S50 n. 447
TEZ AR RS T e, AT U4,
2.3.3 S8 ¢, 0, MHE
¥ (5) X (6) A (4) , AT
20;tang; —0?tango/ (1.250
Trestding™ T3 = Tea™ (1 ~tang,cotar) sin2or
K, 28 o o, BT I B I
i, 2 (23) UL S T S8 o, BUEAFTE N 4%
PaT AR g — ZHBR E AT XN R4S tang, 1B, MR
IS SRS eREUH TR R4S @, HYAH.

0,0, 03

cmax) ] (23)

(24)

@ = arctan[%z

Yol o, BT ASILRAS (6) | BN ATHE: c,
OFER
¢; =0, (1 -tang;cota) sin2e | /2 . (25)

3 ARZRMERIREN] B4R Uk

SR IEAS SC A AR 2 P A R v DU A 5 B
SR FH 2 HE DU X180 1 98 G L B 1 S DR A A
PRoi BE HEAT I, O SR 45 R T L, FUE
SIAE AR AT L WL 6. i &) I A S
T EL 4 D 2 5/ , U B AS SCHR H ) B R A DU T ¢
Ul B R AR A B i R A DU 15 B ).

FTZARLANE IR A3 P, R %
VU AN [ 206 2 bR 2 2 S T D s 2 T
(AT A5 JEE A T T, 55 SR E A T X L.

L (a) o 0 MPa

10 20 30 40 50 60 70 80 90
/(%)

Y (0,-0,-0,)cota + (20, —0:/1.250

e ) /SN2
M SHGTR A bSO, 4 28 5 R 1 2480
{E 351 T 32 WO 5 156 {50 L UL L7, el

300
250 M
200 4 A

| o
150F o
o
100F
o 0MPa
5

o/MPa

o 20 MPa
50+ A 40MPa
o 60 MPa
— FE
0 10 20 30 40 50 60 70 80 90

/(%)
Ee6 ®ARWHBIESTMER L
Fig. 6 Comparison of experimental data and predicted
failure strength of sandstone

b o 0MPa
o 3 MPa

80+ A 8 MPa
o ¢ 15MPa
— WWE /,
g 60 ° ° ;
g 4 A A
S 40t .

o
° o

30 40 50 60 70 80 90
/(%)

0 10 20

B7 REHESTmE L

Fig. 7 Comparison of experimental data and predicted failure strength

(a)—THCA " (b)— A TARE™.



%14 ZRE-a

BT B AR RTA Pay 3F K5 3R A M A .

®2 AREBRREEAIEL RN S
Table 2 Parameters of the proposed nonlinear criterion for different rock types
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