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Study on progressive destruction model and constitutive model of red
sandstone under limiting shear creep

ZHAQ Hongbao , LI Huahua , HU Guilin
(School of Resources and Safety Engineering, China University of Mining and
Technology (Beijing) , Beijing 100083, P.R.China)

Abstract: Taking square rock block of red sandstone as research object, we studied all of progressive
properties, process and model of destruction of red sandstone under restrictive shear and restrictive shear
creep with a self-designed shear creep experimental device of coal or weak rock, a monitor software of coal
or rock micromechanics properties and ultrasonic test equipment. The results show that apparent
progressive property of red sandstone samples is shown under condition of restrictive shear and restrictive
shear creep. The decrease extent of ultrasonic wave velocity in red sandstone samples is samller than those
in most of the testing process, and the significantly decrease extent is only shown near the destruction of
the sample. The destruction process contains four stages: key fracture plane forms firstly, then abundant
secondary micro-fractures forms, and these secondary micro-fractures develope and interconnect, and
finally the friction on shear plane is overcome and burst destruction occurs and the main large crack appears
in beneath of samples. The development process of destruction is progressive, and the destruction model is

burst. A constitutive model that can be used to express the properties of progressive destruction of red
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sandstone is proposed.
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Fig.1 Main experimental device
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Fig.2 Experimental principle Fig.3 Test speciments
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Fig.4 Shear creep stress levels of the test
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Fig.5 The change of ultrasonic propagation in the process of restrictive sheer creep
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Fig.6 The apparent cracks in the process of test (magnified 1 000 times)
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Fig.7 The characteristic curve under restrictive sheer creep
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Fig.8 The developing process of failure in the main control fracture surface

SyHTE 8 FIH

1) 1R A B0 DR i i 552 B 2 S T T 45 R 2R SR T B Bk A R0 Al » I e 28 Al BR Al 1 59 ) 1

IO 7 5 B FEE A8 D T e R B A

2) EAE RGOV BUA » ve MR BR 5 55 Y b 1E Ry S BB R ) G I R R AR 9 IR GRS I Ot BRAE 4
28 B T7 B R B X

B)Iﬁﬁﬂ“é{(m}i#ﬁﬂﬁkﬁTtE—/\ﬂﬂf# S S0 2 W I8 U G 2 B0 T A ) B0 AR L Tk 4 ik

PANET R BU AW TTE , e 8 2 20T AR .

A FRAE B9 DI IR e 77 0 A e — A BT SRR 0 A R 1 A S S R o B Y IR BR

4 B 171 95 A Hh Y T R T A

3 FR&EMFTIIREERARGEER

3.1 AMREIET
AR b 3 ST A9F 5 A0 50 A 5 DA B P B 70 05 2 A R 1) e e R A B — e i i O, AR TR R AT
TR A A KR A L AN AT 9 IR

E,

E

VAVA

1|

B9 FEIHWABER
Fig.9 The constitutive model



94 TRKEFFIR % 39 %

RN 3 WA ARG BT LI I3 AN A o T34 S 7 SCPY oo R AL, 58 va A T IR 3K 5 . 75 28
P I HR I o o PR B D7) 055 28 3 R ) 470 e 0 A B B et i A8 B B R T g T 43 R AE L I 36 1 v 4 I
FAE PR 1 B VG 7 gk A v 7 A 8 TE W ) R AR AR T B B R AR TS BRI ) S M A T D) A A RORE ) e A
W BIREEARN FEE AR ST H 9

1) BIR A P4 B 17 5 A% 1) 490 463 05 72 I BB R s 7 I IS o 3k 28 B B Ky T e A Y M A R AL L e IR T A AR
RN BB FAE 0 28055 A8 By B A A I

2)) H4¢ R A B U 7 gk A v A T L T X i RE A T 4 5 el A5 S8CA B U0 N T s INE S R S0 g
J 3 PRI R IR a7 0 A g R A A

3 45 R 1 5 G 28 R o B T B AA T SRAE L 5 AT el e 0 i A A IR T i ) BT U0 A

4) 1R RE A A B H BIR o 1 B U s 2 ) o ik Ul A A
3.2 KMTEKRME

W .o, <<cyvtitos=rt,

DY o<z, H oo Fos<<o, W) XV SO AR AL Ry FF IR SCHE AL, AN 7 2 R

YE\E,

71 71 _E2
y=—+-—-—U0—e2") ,fl:r, = E2 ° X
E, E, (E, +E, (d—e2))

ST s = 7E . - D BB RS g A4 5 7 Ay
yEE,

T:T1+Z’3: £z +}/E3o (3)
(E,+E, (d—e2"))
2)%/] T5<T1 E. Tl+f3<fq vaxﬁﬂ:ﬁiﬁﬁ*ﬁﬂﬁ
. (e — ) Y+
7:%“#%(1*677%1)‘#&1‘7&]:2‘1: 1 1 e o 7N ° 4
B " (4 a—erH+)
E, E, 7
XTI ooy =yE; W I E A 4 A 44 7 7 Oy
)’Jriz
r=r g+ 7E, (5)
(Frga—er -
DY oy > H ooyt > BELRFT PG TR,
E2 (t1 —15) )’+il‘,
Y=t el = (6)
Lo n (+pa—ew)+—)
El Ez m

$FM s =7E;;
XtF T sy—co, U b i A B ACKY 5 BE N .y —o0,

4 & it

1) BIR Al 4 B D)ok A rh 3500 P P 90 4 A2 A KL T 23 kg A8 i/ 9 BE I o J) 8 7 B o HL 22 12 /S By
B ol 908 24 R 20 » (AR SR B3O B T  BE 1A A  7 J6  k/)

20 PR P 5 70 0 8 e R e AR A i 5 A S AR (LA E BSOS I A B B O i L s R
BRI 7™ A2 18 BT R (/N SO R LA ROST A 1.4 06

3R PRI A S 7 2o A S B 2 o Tl 4 e IR 2R S0, SR A EL S RIS 3R 0 IX e » I o il PR A 1 5
DY 1E 8 5 S JEE 38 7 i e 2 R 1 A



P AT, F RARTE Tt XA EFTEXES AN FT RSN 95

A P BT Y] L R 5T D)0 AL o FE A B A T A R R B - IR R R A e AR — AN W SR k5K
SYFENL T —Ff LA SCVU URERL D BEfl I IBCH AR L 2R AR T o 50 Jal ) A R R TR G2 A T T L
Uy b 2 A R ) 18 B 70 05 7 1 i o U IR e

SE K

[ 1] Lacroix P, Amitrano D. Long-term dynamics of rockslides and damage propagation inferred from mechanical mode-
ling[ J ]. Journal of Geophysical Research Earth Surface,2013,118(4):2292-2307.

[ 2] Pellet F L, Keshavarz M, Boulon M. Influence of humidity conditions on shear strength of clay rock discontinu-
ities[ J|. Engineering Geology,2013,157(2):33-38.

[ 3] Goren L, Aharonov E. On the stability of landslides: A thermo-poro-elastic approach[J]. Earth and Planetary Science
Letters,2009,277(3) :365-372.

[ 4 ] SRR, I3 bR 0 1 K. b 7 3200 38 8 TR WL ) B JHE 1 3R 1) 43 BT R 1 [T 125 0 1 2% 5 DA% 4R, 2009, 28(8) : 1714-1723.
ZHENG Yingren, YE Hailin, HUANG Runqiu. Analysis and discussion of failure mechanism and fracture surface of
slope under earthquake[J]. Chinese Journal of Rock Mechanics and Engineering,2009,28(8) :1714-1723.(in Chinese)

(5] @b, i TUAR. 42 00 25 o0 s 3 et 1k 532 i ) B (B ASE 0L T . 45 Js 9 1, 20111, 40(7) : 32-35.

ZHAO Hongbao, PAN Weidong. Numerical simulation of the impact of excavation on stability of rock slope[ J]. Metal
Mine, 2011,40(7) :32-35.(in Chinese)

[ 6 ] Kalatehjari R, Ali N B, Ashrafi E. Fiding the critical slip surface of a soil slope with the aid of particle swarm optimiza-
tion[ C]J //11th International Multidisciplinary Scientific Geoconference,2011, Albena, Bulgaria.[S.1.]: SEMG,459-466.

[ 7 ] Hajiazizi M, Tavana H. Determining three-dimensional non-spherical critical slip surface in earth slopes using an
optimization method[J]. Engineering Geology,2013,153(1) :114-124.

[ 8 ] Mendjel D, Messast S. Development of limit equilibrium method as optimization in slope stability analysis[J]. Structural
Engineering and Mechanics,2012,41(3) ;339-348.

L91 mWoE, 3R T, £ 205 IFE 5] i KGR 38 52 30 WA T R 20 M LT R VP 38 58 2 e 2 4R . 2001, 17(4) < 8-12.

RUI Yongqin. HE Chunning, WANG Huiyong, et al. Analysis of deformation and failure development of the large-scale
toppling-sliding slope under mining[ J]. Journal of Changsha Communications University,2001,17(4): 8-12.(in Chinese)

L10] Gk A /N B0 BRAE 2, 46 1 B3R SR 37 BB o 728 T e 28 o o7 5 AiE 174 A U SBLR B B SR [0 )5 1 12 5 TR 224k, 2011, 30
(s1):2913-2923.

YIN Guangzhi, LI Xiaoshuang, WEI Zuoan, et al. Similar simulation study of deformation and failure response features of
slope and stope rocks[ ] ]. Chinese Journal of Rock Mechanics and Engineering,2011,30(s1):2913-2923.(in Chinese)

C11] 8% AT 5 A 4 A R R MUY ) A e L) 0. £ TR 2% 4k, 2006, 28(10) : 1191-1197.

DAI Zihang, LU Caijin. Mechanical explanations on mechanism of slope stability[ J]. Chinese Journal of Geotechnical
Engineering,2006,28(10) :1191-1197. (in Chinese)

L12] WA 58 6 W m u 8 % 5 R ARy 0 22 20 i LT 1 ¢ 2% 4k . 2000, 25(6) : 598-603.

CHEN Youliang. Mechanical analysis of slipping of rock slope[J]. Journal of Coal Society,2000,25(6) :598-603.(in Chinese)

L1370 A DRFE, Jal £ o &7 4K AR » 55 R B AT /K V- 8% KM iy 5 200 3¢ I 338 1k 2 e K iz T LT 1. e B0 b R 2% 27 41 . 2008, 37(6) - 740-744.
CAI Qingxiang, ZHOU Wei, SHU Jisen, et al. Analysis and application on end-slope timeliness of internal dumping
under flat dipping ore body in large surface coal mine[]]. Journal of China University of Mining &. Technology, 2008,
37(6) :740-744.(in Chinese)

C14] BRAL R 1 K, 5K 2 P 990 22 S0 B8 R 3t SR 3 2500 N Y A B A 8 PR LT 2R 2 41 . 2008, 33(2) 1 148-152,

CHEN Shikuo, YANG Tianhong, ZHANG Huaxing. The slope stability under underground mining of Anjialing open-pit
mine Pingshuo[ J]. Journal of Coal Society,2008,33(2):148-152.(in Chinese)

(it EXERP)



