5 51 545 6 3]
2023 4F 6 J1

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 51 No. 6
Jun. 2023

NEHS: 0253-374X(2023)06-0827-12

DOI: 10. 11908/j. issn. 0253-374x. 23071

1R KM i I BB & & AT Bl S B R IR IS

) 1 A M1 =
f‘!\t{ B}] 9 %’ﬂ‘éldﬁ: 9 r‘?’j

&7, ARARSC, 5

AR, TRBRRT

(1. FEAETRER: B nhds B O8I E A 5SS %, VT8 BiAT 21000752, BIRTELT R WU TREABE, V195 m &L 210094
3. 32391 FFBN, )74 TN 51000034, 96911 #BEA 4L 5T 100011)

TE . NBFFTIm DR AR T A 00 Hl o P Bl X TR =
MR M AL, SR FH Bl b 2550y A A0 3 0 2 1 o T AL
BRI ISY . RMK N 1.3 m 597 Ik ik, 523 7 M
iR 7028 (1 000 m HEER ) |3 % 142 B0 K v 48 sl
e AL, IR P A AL R B AR R A
T 2 P, W i R A A R S AR SRR LRI
R AT IR 00 o 300 Ao 7 A IOt o AN ] 0 L %) oo o
Peahfard , PR T S Aot 4B O R B
FE RN WG 2 B0 S R B4, 902615 3 T VR = 1 %8 4 1)
o A3HTAF 30T & 240 A HR FEA A W2 S A AN R
oL E R T BESRALS] . aG2s SRR, BN s )
LBl BRI & IR = A BRI BB e sk o3
e o A A G, TR SRR SR 5 e A, AR AR
X b RS iR R TR RE .

EREIR: REHL R B) S A A R R 5 9 E
L5 AR g
FESES: 038 XRAFRERG: A

Experimental Simulation of Explosive
Impact Disturbance Induced Damage of
Surrounding Rock Containing Structural
Surfaces

XIONG Ziming', LI Zhihao', GAO Lei"*, CHENG
Xiangzhen®, MA Chao', CHEN Huanxin'

(1. State Key Laboratory of Disaster Prevention & Mitigation of
Explosion & Impact , Army Engineering University of PLA,
Nanjing 210007, China; 2. School of Mechanical Engineering,
Nanjing University of Science and Technology, Nanjing 210094,
China; 3. Troops 32391, Guangzhou 510000, China; 4. Troops
96911, Beijing 100011, China)

Abstract: In order to investigate the mechanism of the
effect of ground impact disturbance generated by the blast

action in the remote zone on the damage of deeply buried
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caverns, a similar simulation test was conducted using a
ground impact effect simulation test device. A cube
specimen with its side length of 1.3 m was used to
simulate the entire process from ground stress loading
(1 000 m burial depth), cavern excavation to blast ground
impact disturbance loading. During the test, sensors were
placed inside the specimen and the cavern to monitor the
change of stress, strain, displacement and damage inside
the cavern. Damage phenomena such as debris crumbling
out, fracture connectivity leading to block crumbling out,
block slip and fault activation were reproduced by
applying impact disturbance loads with different peak
values on top of the specimen. Ultimately, preliminary
safety thresholds for deeply buried cavern chambers were
obtained. The damage mechanisms of fractured, block
and fault-bearing rocks under different ground impact
disturbances were obtained. Tests have proven that
smaller dynamic disturbances can induce damage in
deeply buried cavities. Moreover, the degree of chamber
with  the

perturbations and the peak of impact load. The test results

damage increases number of impact

demonstrate that ground shock disturbances in the distant
area of the explosion can still induce engineering hazards.

Key words: explosive ground impact disturbance;

surrounding rock containing structural surfaces; deeply
buried cavern; disaster simulation; similar simulation

tests
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Fig. 1 Ground impact effect simulation test device
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Fig. 2 Test specimen size and sensor arrangement (unit: mm)
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Fig. 3 Comparison of pressure conditions at the top of the specimen
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Fig. 6 Displacement monitoring during impact
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Fig. 9 Damage within the cavern in ground impact disturbance

U ONAARR/ QU iy e ] IS 17 ST B2 TN
FEBRIE R 171, 3 mokt V2 B, i 28 kb 20 4 KRz
OB IR DX B s B o 2 Bk ) 2 4% 0 Y L 401 R By
148.0 mekt "* B, 2338 B 2 )2 A 0TS o IRLIL
224 % ) Ao U 2 ] RIS, 5 B s b T 1 S 9
3.3 ZRAHEHIERA TS ARAEHEESHINER

Y I A R B T A, PN EB R
LB HLE & T A8k BHIL, J S s A P25
FLAAR ) LR IE , {SGE 3 1050 30 52 0T A5 36 43 1
DL, oy BT LRI . 7626 4 Yk bt v, i
Jon ) 34 TOU T 6% 7 g 3 A {E 23 5 2 0. 63 1 0. 83
MPa, BJR T4 3k i B0 J7 I 0. 57 MPa.

110 Ry 35 4 v iy o 2 v ) 2 1A 3 10 A SR 1
o MWEII0 AT LA, s ER T LR AE W)=
e R N TR P S = 2 % N 55 U R B
JE A o AR 56 4 kbl RO REIR AR KT
55 3 by A SR B AR & O AR . R b
TR G 1 32 2t PR e TR A S A 45 1Y
EH.

L £
s
(e &,

E10 F4xmETHRERT

Fig. 10 Interior of the cavern in the fourth impact
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Fig. 11 Interior of the cavern in the fifth impact
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Fig. 12 Damage within the cavern caused by impact
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Fig. 13 Fractured enclosure failure pattern
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Fig. 14 Block system enclosure damage pattern

ALK W R AN = 14, B T 2 ) SR, I
SEBTZ TR DRI L A JE L BB v . s
)R AEIT, ohil Peghis 255 MR 8, S ECER
(9 TAREGE , WA 15 P o PRk, % 3 DR ML 25 i
AR 0 N T e o S WA N7 e I ]
J W O , 2 28 i ™ B A R



5 6 1

FE I, 45 B b il P S5 S 5 5 K T TR e PR L 837

Fig. 15

E15 aWEEEHIMENX

Fault-bearing enclosure damage pattern
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