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Fig. 1 Microcracks model under axial compression and

lateral tension in brittle rocks
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Fig. 3 Effects of the lateral tensile and compressive stresses on the vertical STI‘CSS’CraCk length curve, the vertical stress-strain curve,

the initial elastic modulus,the peak strength,and the crack initiation stress

X HIDIVPIESE A SN S HEE N L PV RS
el 1y SO 7 5 AR gt £ L AR 4 E B B S AR
Wit 2 000 1) s 17 7 8 A il i 92 g A T K 5 i
CETAAR: NP T AA R N TR 4 N i R 1 DB
JS2 1 58K A ) i SRR | SR SR RN g R i
(L5 J3E 32 T 38 A O 1 37 IO ) 3 K A A R U
SR R | 2R S0 BN T R W 5iR R O T D
P 3 D) Il ) F2 5 3 T B LS 2L ) 5 e {5
J3E 22 ) F) b 1) SO 7 (L YL [ Ay 00 i 37 e 5 i ) e
246 055 72 A A ) P RE I T R S R AR AL T KA
3.3 M rE L R 7 3 1o [ 4R 9% 3 Ok RUER I 2 0

Pl 4 2 3 T AN a0 1) 7 gV R il 1) S 4
LR8N AN AR N IR A S 3

Mgk, ZETFE 4G, d), B 4Ce) $ BT A [ 4
07 3 B8 N 3 VR T il 1) s A4 s A 2 R0 TR 5 R
AR AR AR e H R S I A N AR R R s
i A B B B N AR 25 5 ) 22 09 e AE (R (0. 9¢y —
0.1e,)/€0.9¢,—0.1¢t,) e, MIFARRBNAE , ¢, H
e 78 AR ) ) o ) 1) s 7 3 K G B R R
1) A DRI 18 A 6 25 0 78 38N W 9 /) 5 I 0 ) 37 7
T3 R U 78 SR IR T AN T 9 /), R 2 e R R A I
Ak
3.4 M Ehr-TE Rz ) 3R 2 3 4 6 JE 48 45 3T R 3 M
3.3 WBIESE T AE A ) R 46 N g 5 E N ]
PR VR T B MM A A i AR et 2, 181 5
Ca, D) BFGE T 0 1] 7 3 H I ) BN ) i) 58 748



750 " A4 F ¥ R #39%

Ao X il 1] R 45 A8 SO B REUE AR Rl B AR ARZR Iy 1 BE A R AR A DR R R T R AR
SR AR AR A M E B SR AR ) B S B B R AOIEAR AL . O ) T R B A R, S BT R
SR Rl 1) LA 28 Ty R B AR A R 0 A i A R Y S A T 5 BT A [ P
TS A A L AR ) B R ) B B SRECK BE R N RSO R S 1 AR A T — O 3

Cep vl g ,=-80 MPa x1072
16" 56,v=0.14 m+s™', 0,=-80 MPa 1020 1 2,1.50 MPa 2.7r 0,=-80 MPa
0,=1.50 MPa 24} 9=1.50 MPa
12+ 0,=1.25 MPa 10 7,=1.25 MPa 2.1 0,=1.25 MPa
g A
g é 10-F “« 1.8
=08 = 1.5 7,=1 MPa
10781 1.2
041 L
L ) 10710k, L i 09 L )
0 2 4 0 2 4 0 2 4
t/s x10° t/s x10° t/s x10°
(a) ROz (b) REERI (c) HhmI AL e,
(a) Wing crack length / (b) Crack velocity /' (c) Strain rate ¢,
10' [o,=-80 MPa 10%r, ,=-80 MPa 7107
10 F 0,=1.50 MPa
L 107F 10°F 4107 .
10t - N
107k 1061 410712
ol . )
10 0 2 4 -2 -1 0 1 2
t/s x10° o,/MPa
3
(d) B o (¢) BRASTEIRINa) ¢, B Razs MR e,
(d) Strain rate €] (e) creep failure time 7., and the steady-state strain rate &,

P4 A 7 ) X B AR A R e SR B 1, B L R R o RAR R € BRARREIRE ) ¢ MARSEEAER | Hm
Fig. 4 Effects of the lateral tensile stress on the wing crack length [, the crack velocity (', the axial strain ¢ , the strain rate €},

the creep failure time ¢; and the steady-state strain rate €

x107 %1072 %108
4r1 0,=-80 MPa 19 6 0,=-80 MPa 16
0,=1 MPa 0,=1 MPa
3r _ 16 B 14
o,=-1 MPa o,=-1MPa
E - 4
g 2 1, =
E | U I’ E ° ’ N
\ ' = &
Lr . 10 2r 10
/ &
0 ) ) ) ) -3 | ) ) 1 4-2
00 03 0.6 0.9 1.2 1.5 00 03 0.6 0.9 1.2 1.5
6 6
/s x10 - x10
(a) z-FERY 3578 -] PR AR B FE (b) BI-HEPE 35 falila) HE Al AL L0 A
(a) Effects of the step jumps from tension to compression (b) Effects of the step jumps from tension to compression
on the evolutions of the wing crack length on the evolutions of the wing crack strain
%107 x1072 %1078
5ro,=-80 MPa 19 Tr 0,=-80 MPa 17
16
4} 0,=1MPa 1e 6[ 0,=1 MPa 15
0,=-1 MPa _ 5t 0,=-1 MPa 14
3 ] ' 13 .
g ’ 1° & N 12 %
= 2t =~ 3t 11
40 10
1 -/’l/’——J 2 & -1
1 1 1 1 I_ _3 1 C 1 1 1 1 1 i _2
0 2 -+ 6 8 10 0 2 4 6 8 10
5 5
t/s *10 t/s *10
(c) FE-HIRY 3578 -l R4 AR B (d) FE-RLP 3578l FE Al AR v A
(c) Effects of the step jumps from compression to tension (d) Effects of the step jumps from compression to tension
on the evolutions of the wing crack length on the evolutions of the wing crack strain

5 M 7 - 7 g 9 78 B -0 7 5 738 X il 1] s 24 s A SR 0K B K o7 A5 8 5 i)
Fig. 5 Effects of the step jumps from tension to compression or from compression to tension on the evolutions of
the wing crack length and strain during the axial compressive creep



%62 FRE,F M E TS S B RS AMRETRRAR 751

e 15 37 157 77 B BE A B3 25 2R B0 R e B AR R AR
0 1] R 3 B B R A R B R R AR R

Bl 5 ey dOBFFE T M 3 157 7 ply 37 10 7 3 s 10
FEAL AR X Tl 1) T 47 W5 A SRS BRSO R ik
Tia] ] 78 I 07 72 A& 35 A il 2 B9 52 W A ) 1] B R g
W BE , S0 B R B 1) NS 28 13 T Uk 4 R L AR A
38 R L T 494 A ) 0 7 T A IR ) sk O A I 38
AT U A1 5 2 5% 300 AR 1) T L A7 B B 4
INESSE IRV T S EOS: DN Y [BL S NI
R S AR A o DN 1) B )l L B R B9 5 L
TG R el 17 A R 5 L R T S BT R R
P [F1) A SR 2 B2 i i) 7 78 O R, O )
T B B B 8% 25 RS0 A T g 7 AR N T [ 17
T B B i A5 25 R B0 R RN AR
3.5 ME RL Rz 57 43 % & 3 il 1) JE 4 4 2

RBR

B 6 25 1 M0l 37 157 3 0 G RAE TR & Bl )
s 45 5 A SR B TR L B 803 ARl o g AR R A R
A2 i O 1] 1508 7 23 G R BB
el ) IO A R 0 o 28 T 2 UK D R R R A A
R B2 oS — AN 18] 37 87 7 49 O A S I T
SN S YV EY TR e N 8 U3 NN

T A R B R A AL L B A A R AR AL
x1077 x102  x107
0,=-80 MPa 0,=1.9 MPa 110
200 3¢ 0,=1.3 MPa 125
7,=0.7 MPa 18
161 0,=0.1 MPa 12.0 ip
1.5
- 2F j
12F 2 10 & Y e
g g R W
E | = :
=8t 10.5 1o
1 -
0.0 )
4r l
-0.5 -4
0 ! ! ! -1.0 —
0 0.0 0.8 20 6
x10*
t/s

P16 Ao i 107 g 3 20 488 el 1) 4 S R 4 B AR R L et A A
U A SR AN SR 2 R R A B0H A T 1) N AR B i A i Ak it 4k
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Research into the compressive constitutive and creep failure properties
of brittle rocks under the lateral tension

LI Xiao-zhao', CHE Xing', SHAO Zhu-shan®, QI Cheng-zhi'
(1. School of Civil and Transportation Engineering, Beijing University of Civil Engineering and Architecture,
Beijing 100044 ,Chinaj;
2. School of Science,Xi’an University of Architecture and Technology,Xi’an 710055, China)

Abstract: The lateral stress strongly influences the mechanical properties of brittle rock under axial
compressive loadings, which was widely studied. However, the lateral tensile stress effect on the
mechanical properties under axial compression is rarely studied. Based on the conditions of the positive
and negative directions of the normal and shear stresses acting on the initial crack surface in the wing
crack growth model,the effect of the lateral tensile stress on the axial compressive mechanical behaviors
is studied. The normal stress is only the compressive stress and could not be the tensile stress on the
initial crack surface in brittle rock under constant lateral tensile stress and the axial progressive
compressive stress. The relation between axial stress and wing crack length, the axial stress-strain
relation, the peak strength,the crack initiation stress,and the initial elastic modulus are analyzed during
the transformation from the lateral compression to the lateral tension. The effects of the lateral stress on
the evolutions of the wing crack length,crack velocity,axial strain and strain rate,the creep failure time,
and the stationary strain rate during creep are also analyzed. The compressive creep behaviors of rock
influenced by stress paths of the sudden change between the lateral tension and compression, and the
lateral stepping tension are discussed. The results provide a theoretical help for the stability of

surrounding rock in deep underground engineering.

Key words:rock mechanics;lateral tensile stress;microcracks;stress-strain relation;creep failure
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