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New method for introducing gradient stress into rock-burst prediction
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Abstract: During the excavation of underground projects, the tangential stress in the surrounding rock near the cave wall is
distributed in a gradient because of the disturbance of excavation unloading in the deep rock mass. In order to explore the
effects of gradient stress on rock-burst characteristics, the rock-burst tests under the effects of different gradient stresses on
large-sized specimens are conducted with the help of the independently developed rock-burst test simulation device. It is found
that there is an obvious correlation between the intensity of rock-burst of rock mass and the gradient stress that it is subjected to.
On the basis of considering a large number of engineering examples, the intensity ratio of gradient stress is introduced to
optimize the intensity stress ratio criterion so as to establish a prediction method for rock-burst with gradient stress. The results
show that there is a clear correlation between the intensity of rock-burst of rock mass and the gradient stress it is subjected to.
The criterion considering the gradient stress of the rock-burst overcomes the uneven problem of the traditional intensity-stress
ratio index, and the prediction accuracy is raised to 90.4%, which provides a theoretical basis for the prediction of rock-burst of

underground projects.
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Fig. 1 Distribution of tangential stress of surrounding rock before and after tunnel excavation
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Table 1 Classification of stress intensity ratio criterion
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Fig. 2 Developed YB-A type rock-burst simulation test device
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Fig. 3 Schematic diagram of specimen loading under gradient

stress
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Fig. 4 Stress loading paths of specimen
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Fig. 5 Macroscopic failure of rock-burst of specimens under
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Table 4 Statistics of field rock-bursts ( o, /Rc<0.3)
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Table 5 Statistics of field rock-bursts (0.3< o, /R <0.4)
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Table 7 Rock-bursts in Shuangjiangkou dam area and predicted results
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Fig. 7 Two-dimensional distribution of rock burst grade

B IR o, /R T HEAR WLER 4~60 XT5R
AR G RIS, Guih RS0 73 4R, b6 R R e R
EETH R A5 00 e 5 T 5 S P i AR B FE AN PR 2R
W, LTI R IR0 7 A, Bz R TR i
TMAER =N 90.4%, MRMELSUE A o,/ R,
I XFZ 73 A A AT T, BTh RGBSR 36 1,
T AER 2 49% . Tt B 51 B BE R g L A Bl R $
i T A R T AR R

3 ZEBISHh

BT 7K S AL R 1L RS 2, Bk i I8 Bl
IR LATH B 2 o T A BRI 5 2R Tt
X ek ¥4y 3 B 77RO )R BUNIE EW B OB R . 165
FAERCT R, AR R A e R, BT ERE R,
W 5 BB IR RE, )X AE R HLH N
o BTARIERTA ORI A4 SIhNEI%; %
EIITEZ A A BERRIE . SRS AT WA B L, 1B
REEIL 0.1~0.6 m, somjs THbEE, 45 ARG L4
Fofk, N T TRERETE . e o SR X S PR
fIE R Fo0 45 R W3R 71223,

M 8 FHMLE Frkn, XYL X AN AL B A
FMWIIE 6 1, ARGy B LE R B P £ SR Dl %6
BN 11, 5EEhR A R —E 2. 2R,



2104 H O+ T OB % M

2020 4F

SR FHBE LN 7 5 B2 LU, A 6 A S 9] 4= S 000 A
Ty, Ul BB L 7 5 2 BUAS AR 8 7 7 5 2 AT — S L
o T HINE R R A G,

4 £ B

COZRSCAEBN A EFFR I YB-A AL O
AL KR PR REAT AR BB S P
S N R RUE S PR S
PEREIB AT, SPHT I ZE 5 AT BB I 5%
REI, HRTTRIRRIEEK, PEE H Z
K, BRI R R D

(2) O TERZITIBEE R0 AR, 51
SIGEIEHRBEEN X S M RLRE, JFAR BRI N
IR MBI R 1 5 AU R R
TS 5173 L 008 53 3 g =m0

0

_O'e . Rc

O 9 max
P= R, O pmax
(3D I 0 KB Py A T2 S AT I 43 5 3 X
f], FExF ISR, SAZAIERA 90.4% M AEF%,
SUR 1AL G BR R 7 EERR B X TR AN 5 1) 1)t o 1%
TR 5 vERS N TRE R TE il TR0 5 P 2 AR AL
HABEBEMIRTE L.

o

SEH:

[1] GUO Z P, YANG H Z, XIE W W, et al. Analysis of rock burst
risk of roadway in lower seam “knife handle” type isolated
working face[J]. Geotechnical and Geological Engineering,
2019:1-13.

2] #& B, ximgpl, ERE, & ETHENE - BUARSER
JS2 AR R LR E TR 4y 0], A R AR AR, 2017,
39(12): 103 - 110. (XU Chen, LIU Xiao-li, WANG En-zhi, et
al. Prediction and classification of strain mode rock-burst
based on five-factor criterion and combined weight-ideal

of Geotechnical
Engineering, 2017, 39(12): 103 - 110. (in Chinese))

[3] JIANG F X, WEI Q D, WANG C W, et al. Analysis of rock

point method[J]. Chinese Journal

burst mechanism in extra-thick coal seam controlled by huge

fault[J].  Meitan
Xuebao/Journal of the China Coal Society, 2014, 39(7): 1191
- 1196.

[4] BRGE, 24 L. SR A FNEL RSy 0TI ) BE ) ) 7
LRI B4 %5 TR, 2007, 26(5): 1012 -
1018. (GONG Feng-qiang, LI Xi-bing. A distance

thick  conglomerate and  thrust

discriminant analysis method for prediction of possibility and

classification of rockburst and its application[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26(5):
1012 - 1018. (in Chinese))

[5] KIDYBINSKI A. Bursting liability indices of coal[J]. Rock
Mech and Min Sci, 1981, 18(6): 295 - 304.

(6] BRGR, F5—, F4 5. He T2k RE AN R AN R A 5k
REFER A P PR ()], 50 % 5 TR SR, 2018,
37(9): 1993 - 2014. (GONG Feng-qiang, YAN Jing-yi, LI
Xi-bing. A new criterion of rock burst proneness based on the
linear energy storage law and the residual elastic energy
index[J].
Engineering, 2018, 37(9): 1993 - 2014. (in Chinese))

(7] ZRHEHK, WEEE, T, A VRIS .
KA KRR, 2001, 22(1): 60 - 63. (LI Shu-lin, FENG
Xia-ting, WANG Yong-jia, et al. Evaluation of Rockburst

Chinese Journal of Rock Mechanics and

Proneness in a Deep Hard Rock Mine[J]. Journal of
Northeastern University, 2001, 22(1): 60 - 63. (in Chinese))

(8] i Hh. U RREIEACA BB L[], A+ TR
223, 2010, 32(6): 874 - 880. (GAO Wei. Prediction of rock
burst based on ant colony clustering algorithm[J]. Chinese
Journal of Geotechnical Engineering, 2010, 32(6): 874 - 880.
(in Chinese))

[91LIU X Q, XIAY Y, LIN M Q. Experimental study of rockburst
under  true-triaxial
Geomechanics and Engineering, 2019, 18(5): 481 - 492.

[10] Zook, ¥2MW, BB, 5 KRS X5 s
IPTERFEI T[] E A 1525 TRESAAR, 2014, 33(7): 1358

- 1365. (XIA Yuan-you, LIN Man-qing, LIAO Lu-lu, et al.

gradient loading  conditions[J].

Fractal characteristic analysis of fragments from rock-burst
tests of large-diameter specimens[J]. Chinese Journal of Rock
Mechanics and Engineering, 2014, 33(7): 1358 - 1365. (in
Chinese))

[11] BROWN E T, HOEK E. Trends in relationships between
measured in-situ, stresses and depth[J]. International Journal
of Rock Mechanics & Mining Sciences, 1978, 15(4): 211 -
215.

(12] 3 . ORI REE S i & S s At 5o ). R
W TRESHAR, 2011, 9(3): 45 - 48. (HUANG Hai. Study
of the crustal stress survey and rock burst prediction for the
Zhongtianshan ~ Tunnel[J].  Traffic
Technology for National Defence, 2011, 9(3): 45 - 48. (in
Chinese))

[13] MEZ, KESI, MIKIR. NARUA R =ZRIT JOoa %
WRIKD). HA 145 TREEAR, 2013, 32(8): 1520 - 1527.

Engineering  and



11

EESL, & SINBEEER I T i 2105

(SHANG Yan-jun, ZHANG lJing-jian, FU Bing-jun. Analyses
of three parameters for strain mode rockburst and expression
of rockburst potential[J]. Chinese Journal of Rock Mechanics
and Engineering, 2013, 32(8): 1520 - 1527. (in Chinese))

[14] SKETR, RKER, SR, HBRRAEFMA IR I].
BRIBEZEIR, 1998(4): 83 - 86. (ZHANG Zhi-giang, GUAN
Bao-shu, WEN Han-ming, Basic Analysis of Rock Bursting
Occurrence Condition[J]. Journal of the China Railway
Society, 1998(4): 83 - 86. (in Chinese))

(15] MEF, KT, 2@, BOBMER R A SRR 7 4
MBI, A0 71 5 T REAR, 2008, 27(4F1) 1):
3095 -3103. (LIU Zhang-jun, YUAN Qiu-ping, LI Jian-lin.
Application of fuzzy probability model to prediction of

classification of rockburst intensity[J]. Chinese Journal of

Rock Mechanics and Engineering, 2008, 27(S1): 3095 - 3103.

(in Chinese))

[16] 3%/H %, ZfEn, XWHE, 5. H T ook AR PP A B A A
AT A A 7% 5 TR, 2013, 32(10):
2088 - 2093. (PEI Qi-tao, LI Hai-bo, LIU Ya-qun, et al.
Rockburst prediction based on a modified grey evaluation
model[J].
Engineering, 2013, 32(10): 2088 - 2093. (in Chinese))

[17] #RARAE. N TREA R LSRRI T[], B RSl 2 e 2
#%, 2005(3): 31 - 34. (XU Lin-sheng. Research of rockburst

Chinese Journal of Rock Mechanics and

formation condition in underground engineering[J]. Journal
of Chongqing Jiaotong University, 2005(3): 31 - 34. (in
Chinese))

(18] sRALER, &7 £5, Br 3, &5 MR ARG B
PG T[T, A 712, 2016, 37T 1): 341 - 349.
(ZHANG Chuan-qing, YU Jin, CHEN Jun, et al. Evaluation

method for potential rockburst in underground engineering[J].

Rock and Soil Mechanics, 2016, 37(S1): 341 - 349. (in
Chinese))

[19] BRI, Sy, Hytes, 55 TBM FEisE i T3 7 2
TEIRTHI. & J1%E, 2017, 38(H8F) 2): 241 - 249.
(CHEN Wei-zhong, MA Chi-shuai, TIAN Hong-ming.
Discussion on rockburst predictive method applying to TBM
tunnel construction[J]. Rock and Soil Mechanics, 2017,
38(S2): 241 - 249. (in Chinese))

[20] ZHOU J, LI X B, SHI X Z. Long-term prediction model of
rockburst in underground openings using heuristic algorithms
and support vector machines[J]. Safety Science, 2012, 50(4):
629 - 644.

[21] TRARAE, E2245 ZERIL A B BEIE R R AR R S A R T
T T[T A THRE2EWR, 1999, 21(5): 569 - 572. (XU
Lin-sheng, WANG Lan-sheng. Study on the laws of rockburst
and its forecasting in the tunnel of Erlang Mountain road[J].
Chinese Journal of Geotechnical Engineering, 1999, 21(5):
569 - 572. (in Chinese))

22] B %, FEK, B ST H K B S RHE S s
R AT 5 BR A ]. DY T2 4R, 2010, 30(4):
500 - 503. (ZHAO Jun, YUAN Guo-qing, TANG Shi-ming.
Characteristics of Ground Stress, Genesis and Control of
Rock Burst for the Shuangjiangkou Hydropower Station[J].
Acta Geologica Sichuan, 2010, 30(4): 500 - 503. (in
Chinese))

(23] #padom, & 75, EER, 55 BTy IE R AR BE A
PEVE DA L ). A A S TR AR, 2015, 34(9):
164 - 171. (GUO lJian-giang, ZHAO Qing, WANG Jun-bao,
et al. Rockburst prediction based on elastic strain energy[J].
Chinese Journal of Rock Mechanics and Engineering, 2015,

34(9): 164 - 171. (in Chinese))



