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Theory of creep disturbance effect of rock and its application in support of
deep dynamic engineering

HUANG Wan-peng, SUN Yuan-xiang, CHEN Shao-jie
(College of Energy and Mining Engineering, Shandong University of Science and Technology, Qingdao 266590, China)
Abstract: The surrounding rock of deep engineering shows obvious creep characteristics. When it is affected by the external
cyclic impact load with medium-grade energy (impacting energy of 103~10° J), a long-term large deformation dynamic disaster
will occur. Based on the recent researches on the theory of creep disturbance effect of rock, the long-term large deformation
mechanism and the stability control of deep dynamic engineering under cyclic medium-grade impact load are studied. The
comprehensive research methods include the rock dynamics experiment, theoretical analysis of dynamic deformation and
failure of the surrounding rock combined with the field engineering practice are adopted. According to the researches, the
deformation law of creep disturbance of rock is summarized and analyzed. The stress and strain threshold indexes of creep rock
mass sensitive to the external impact disturbance are determined. According to the relationship between the in-situ stress
gradient and the strength gradient of surrounding rock, the state zone of the surrounding rock in deep dynamic engineering is
re-divided. A new understanding about the mechanism of long-term large deformation and instability in deep surrounding rock
is discovered based on the dynamic movement of e sensitive zone of disturbanc within the surrounding rock. The distribution
and evolution law of the stress field in the urrounding rock is discussed. Then the long-term stability control principle of deep
dynamic engineering is determined. That is, the supporting structures provide sufficient lateral confining pressure at the
boundary of the sensitive zone of the disturbance. The lateral confining pressure must increase the anti-disturbance strength
gradient in this zone to the static concentrated stress level. It can make the sensitive zone of disturbance disappear. The design

method for support of the surrounding rock for deep dynamic ___

engineering is also proposed based on the theoretical analysis, E4WE: EXERRZESTH (51774195, 51304127): L H R
laboratory testing and field monitoring of dynamic load. KAFRBRUETHBA SR H - (2019TDIHIOD

s A 2020-12-25
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The designing process of supporting parameters is optimized. The research findings have been applied in multiple field

engineering examples with ideal results.

Key words: deep engineering; creep disturbance; dynamic disaster; mechanism analysis; supporting system
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Fig. 1 Curves of cumulative disturbance deformation of typical

rock under creep
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Fig. 2 Curves of cumulative disturbance deformation of red
sandstone under same static stress level
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Fig. 3 Creep-time curve of typical rock
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Fig. 4 Model for state zoning of surrounding rock after excavation of deep engineering
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Fig. 8 Design process of support for deep dynamic rock engineering
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Table 2 Mechanical parameters of surrounding rock of roadway

22222 AN PR SR FRATRIE WE ¢ HRANES N BEE A it shaeE
/MPa /MPa /MPa /MPa 1°) /MPa
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Table 3 System of supporting technologies and parameters
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MR R ®21.6 mm X 8000 mm T S ANA 4% JAHEEE 1.2 mX 1.6 m 0.18
- B 2000 mm X 1000 mm 2k 2277 4% W] — —
TREE LW R C20 &R+ JE /£ 80 mm —
ZIRINEE S R 5 @194 mm X 10 mm L C40 S5 KR EE L HEEE 0.8 m 1.46
B FlA T 3 AR K Y8 — —
it 1.96
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Fig. 9 Effect of engineering application

4.2 HipTEREH

A AR KON B VR 0] T B He R TE AR Y
SCPBOT B EER RS, AR I RE TR
Prb el 12 1 BRI 5 SCPP B T i R B M ok T
LA RER 50 A8 A IR MR AL, R

(SR SN IEA o Gt R i ey & R ) A R T8 ) WAL AH =B Fill (-1200m )
W 10 FroR o B8 K H SR BOR R R AMAE R B Bt 10 &85> T#2 R L4l
VRIF AR, FHAbIRISh E SR T (T RIEE LA Fig. 10 Partial examples of engineering application
O At EAAH [ R 3 PR R PR A
' ' 5 &

(1) & ARASH A S B B T S AT ik
NI AR o X A8 ey DBl 28T 1) 7 2 A
HA SR E R AR BUR , TR AN E N
PR RSN ARASRRUR, LA IX 1A] 1A B AT R A
PItah s 5 HAKR ISR AR 2, X TR SR A A T

L

' N | K o
- TS B KB S PR L TS

[

(2) T /7B S S5 L2 P BB O R
TRIFR O BERAHET T RHAK, H2th T o
AR el B 1 PR VR S PR 2 A L
U, Ay 2 A R R X 1 7 T HL S o
BB B R R R TR K IR AT AR
(3) HHENIE TR (0 K TR b, e
.. AT R B X B S O T2 B T
T — BRSO IX 1 P PO RO KB At o S S




9

PO, S5 E AR AR RSN RN B Ve N AR A TR S R 1629

REZA DB BUR DXL FHALSRAE R W (M1 BBl {2 1X
ST B LB LR = R P BT, A
PRI B U X T 2K

(4) B T BN R TREE S S seit Uy
%, AT SRR, FRERRA =R
DR Bt T 145 2 MR B 5 a8 R TR S TR
a5 BB R -

SE -

(1] WAE, & U, 8 4, SRRl U A T B
BRI FIT [T TRERRESER, 2017, 49(1): 1
- 8. (XIE He-ping, GAO Feng, JU Yang, et al. Novel idea

and disruptive technologies for the exploration and research

of deep earth[J]. Advanced Engineering Sciences, 2017, 49(1):

1 - 8. (in Chinese))

2] 45, A i, EAOE, S OREE RS IEITRFIE 5
R HTEAOCEEER, 2017, 27(6): 1236 - 1262. (LI
Xi-bing, ZHOU Jian, WANG Shao-feng, et al. Review and
practice of deep mining for solid mineral resources[J]. The
Chinese Journal of Nonferrous Metals, 2017, 27(6): 1236 -
1262. (in Chinese))

(3] WA “IRERE AT 2 HIRREE " B U AR U AR
RIBHEI] TERZES5EAR, 2017, 492): 1 - 16. (XIE
He-ping. Research framework and anticipated results of deep
rock mechanics and mining theory[J]. Advanced Engineering
Sciences, 2017, 49(2): 1 - 16. (in Chinese))

(4] EWEZR, BREE. FEBRG iR BT IR AL T
BH5EHI]. AA S TR, 2015, 34(11): 2188 -
2204. (JIANG Yao-dong, ZHAO Yi-xin. State of the art:
investigation on mechanism, forecast and control of coal
bumps in China[J]. Chinese Journal of Rock Mechanics and
Engineering, 2015, 34(11): 2188 - 2204. (in Chinese))

(5] MudEik, VEPK, B, S H A A L RN
WFEM]. dbgt: Bl E R, 2007: 1-10. (GAO Yan-fa,
FAN Qing-zhong, CUI Xi-hai, et al. Experimental Study on
the Perturbation Effect of Rock Rheology[M]. Beijing:
Science Press, 2007: 1 - 10. (in Chinese))

[6] GAO Y F, HUANG W P, QU G L, et al. Perturbation effect of
rock rheology under uniaxial compression[J]. Journal of
Central South University, 2017, 24(7): 1684 - 1695.

(71 8, mseik, £ % REEM TREE B KRR
TENLE Bz BOR[I]. BHREER, 2014, 39(5): 822 - 828.
(HUANG Wan-peng, GAO Yan-fa, WANG Jun. Deep rock

tunnel’s long large deformation mechanism and control

technology under disturbance effects[J]. Journal of China
Coal Society, 2014, 39(5): 822 - 828. (in Chinese))

(8] & . MEWT IR AYE I 5 T XU IR R M s TR SR B A
HERE[T). SRR, 2020, 45(5): 1557 - 1566. (YUAN Liang
Research progress on risk identification, assessment ,
monitoring and early warning technologies of typical
dynamic hazards in coal mines[J]. Journal of China Coal
Society, 2020, 45(5): 1557 - 1566. (in Chinese))

(91 ZHRTR, (22K, SEARA. SRU8CE A BT 5 b v i S 1
WA A ST, SRR, 2018, 47(1): 162
= 171. (LI Zhen-lei, HE Xue-qiu, DOU Lin-ming. Control
measures and practice for rock burst induced by overburden
fracture in top-coal caving mining[J]. Journal of China
University of Ming and Technology, 2018, 47(1): 162 - 171.
(in Chinese))

[10] EE3C, W1, 2%, & ol SBEHAT-H S R
GE R RN R EG K 224R, 2018, 47(1): 183 -
189. (WANG Ai-wen, PAN Yi-shan, LI Zhong-hua, et al.
Complex stiffness characteristics of bolt and surrounding
rock system in bump-prone roadways[J]. Journal of China
University of Ming and Technology, 2018, 47(1): 183 - 189.
(in Chinese))

(1] R7IK, FEE, FO0%, & AaHR-prdrl B

RS REE]. R 554 16 TR, 2019, 1(1):

013003. (ZHU Wan-cheng, NIU Lei-lei, LI Shao-hua, et al.

Creep-impact test of rock: status-of-the-art and prospect[J].
Journal of Mining and Strata Control Engineering, 2019, 1(1):
013003. (in Chinese))

[12] misEik, HEwE, £ 3, 55 ARSI RN G &
HAMRRBTN]. A0 %5 TR, 2008, 27081
1): 3180 - 3185. (GAO Yan-fa, XIAO Hua-qiang, WANG
Bo, et al. A rheological test of sandstone with perturbation
effect and its constitutive relationship study[J]. Chinese
Journal of Rock Mechanics and Engineering, 2008, 27(S1):
3180 - 3185. (in Chinese))

(13] 4B, Zit2, 4R, 5 A Al M AR
KRR A HA 155 TREZEWR, 2007, 2609):
1875 - 1881. (CUI Xi-hai, LI Jin-lan, NIU Xue-liang, et al.
Experimental study on rheological regularly and constitutive
relationship of rock under disturbing loads[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26(9):
1875 - 1881. (in Chinese))

[14] YEPRIE, ek, BOA IR S AR MR L)), &
H 1% 5 TR, 2007, 26(2): 391 - 396. (FAN



1630 A= T

= 3 2021 4

Qing-zhong, GAO Yan-fa. Study on creep properties and
nonlinear creep model of soft rock[J]. Chinese Journal of
Rock Mechanics and Engineering, 2007, 26(2): 391 - 396. (in
Chinese))

[15] FU Z L, ZHENG Y R, LIU Y X. Rock bending creep and
disturbance effects[J]. Journal of Central South University,
2008, 15(S1): 438 - 442.

[16] HUANG W P, XING W B, CHEN S J, et al. Experimental
study on sedimentary rock’s dynamic characteristics under
creep state using a new type of testing equipment[J].
Advances in Materials Science and Engineering, 2017: 1 -
13.

(171 £ ¢, XHEM, PR, 55 RRTS-IV BUA GRS
RN IREE RG] R 2R, 2019, 44(H4T 2): 484 - 491.
(WANG Bo, LIU Chong-yang, CHEN Xue-xi, et al.
Experimental system of rheological disturbance effect of
RRTS-IV rock[J]. Journal of China Coal Society, 2019,
44(S2) : 484 - 491. (in Chinese))

(18] £ B, mER, B, & S a8 =5k
ARIOHT TCT]. SR 24, 2018, 43T 2): 403 - 411.
(WANG Bo, GAO Chang-yan, CHEN Xue-xi, et al. Triaxial
load test study on the perturbation effect of rock rheology[J].
Journal of China Coal Society, 2018, 43(S2): 403 - 411. (in
Chinese))

[19] FkHE{E, TR, XISCH. 2T Z4ERK 2ok M 00 IR

B LFR AR (D). A i, 2009, 30(5): 1431 - 1435.
(ZHANG Yan-bo, HE Man-chao, LIU Wen-tao. Obtaining
strength of deep rock mass based on the accurate
measurement along three dimension routine lines[J]. Rock
and Soil Mechanics, 2009, 30(5): 1431 - 1435. (in Chinese))

[20] XMEAR, B P, KoK, SF BT HU T IRE LR KR
PEFIRMR REGEIEN]. TR KA R (E B RR), 2010,
41(4): 1497 - 1505. (LIU Ye-ke, CAO Ping, YI Yong-liang,
et al. Revised RMR system on underground deep engineering
rock mass property[J]. Journal of Central South University
(Science and Technology), 2010, 41(4): 1497 - 1505. (in
Chinese))

[21] HUANG W P, YUAN Q, TAN Y L, et al. An innovative
support technology employing a concrete-filled steel tubular
structure for a 1000-m-deep roadway in a high in situ stress
field[J]. Tunnelling and Underground Space Technology,
2018, 73: 26 - 36.

221 £ %, BAM, K@V, 5§ B A EE RN
RO B AN TR 2 5 SRS BRI FE (1] A 152
THE2E4R, 2018, 37(2): 461 - 472. (WANG Jun, HUANG
Wan-peng, ZUO lJian-ping, et al. Rheological perturbation
effect of rock and combined support of concrete filled steel
tubes in deep coal mine roadway[J]. Chinese Journal of Rock
Mechanics and Engineering, 2018, 37(2): 461 - 472. (in
Chinese))

. BmERS

DOI: 10.11779/CIGE202109002 — 3 ¥ & [E
DOI: 10.11779/CIGE202109003 —3C & FH[E]
DOI: 10.11779/CIGE202109011 —3Z %t 1 &
DOI: 10.11779/CIGE202109014 —3C ¥ & [E
DOI: 10.11779/CJGE202109017 —3Z # & Hi[E
DOI: 10.11779/CJGE202109018 —3Z # & Hi[E
DOI: 10.11779/CIGE202109019 —3Z 5% &1 [E

....................................................................... (E}a‘i—l)

(546 2>
(546 2
Ut 4, 3 3)
(a4 3)
(a4 3)
(a4 3



