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Fig. 1 Mechanical model of tunnel crossing fault fracture zone
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Fig.2 Cusp point mutation model
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Tab.1 Physical calculation parameters
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Tab. 2 Blasting calculation parameter
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Fig.3 Blast load curve
32 #HBIET
LR B B ZK105 4210 ~ ZK105 + 485
B 58 i A BRI 2 A B MIDAS GTS NX
AN BRI T 7 S AR R A A, W R 4, B AR A
THEMEI S B R 3, M6 E4Erg 5, 0 IH bR
1 50N AR A 30 55 B0 HCR R AR Y 3~ 5
5 45 6 W7 J2 S B 2k VR 5 M T 4% 1 L TR SR A RS

B4 BE=4#itEER
Fig. 4 Longitudinal bending moment of pipeline
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Tab.3 Numerical simulation of material parameters
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Fig.5 Pore pressure contour nephogram

of surrounding rock



S AL ESE 110 SR A - A0 RV B Y O I L R W) A B T/ R T HZ I B R E MR AT

41.2 BLKMT BEE ML W

RWFSE L K B B % TE e R T Y R
Wi 23 BT 1 B B 38 T 425 B 8 1 A8 A A% 100 B
FiERARm Mg EWLE 6, K6 fTE
HH L B A R 2 R B 1) 7 % 0 A A R 28 TS S
0 bR T2 5 S BURA I ) & AR AR A R
F T 42 S0 2 1 P 0060 i e S, SR U 2 AR b
BEIERT AR, 8@t K 6. (b)) XLk
K, TCB U AT B GE BE TR E O 149. 99
mm, B g N HETIIRE S 307, 83 mm, 29 & i
H 2 A,

| 118/ m A7¥8/m )
L1893 5#5260000X10
151965593 L 1225500X10°

47414 58X10° 750001 X10°

45173 24 X10° 375500X10°

* 4> 931 89X 107 25760 00X 10°

~ 716,905 42X 10 ~ % 765 00x10°
- ") 55080 10° - 2 227700%10"
5792 15X [0F 2 215775010°

26033 50 10° |H - A8 00x0°

158074 84X10° 1% 17850%10°

1 051 62X 10" 14790010

* 127575 10" 217795010

£9%1.499 89X 10 123,080 00%10"

(a) TBRFHTHEUBRE ) ZRFHTESUBRE
Eoe BEAEEFEEERAMUBETEARE
Fig. 6 Nephogram of vertical displacement of

surrounding rock after tunnel excavation
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Fig.7 The vertical displacement curve changes
with the depth of tunnel excavation
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Fig. 8 Stress nephogram of surrounding rock
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Fig.9 Surrounding rock stress at different depth

under different conditions
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Fig. 10  Surrounding rock monitoring point
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Study on Surrounding Rock Stability of Seepage Tunnel Blasting Excavation

in a Fault Zone Based on Cusp Mutation Theory
GUO Yan-chao"*, LI Xu-zhe *, MIAO Jing-chuan', CHEN Nuo®*, LI Wen-jie’, LIANG Bin’
(1. The 1" Construction Co. , Ltd. of China Railway Construction 15" Group, Xi’an 710018, China;

2. School of Civil Engineering and Architecture, Henan University of Science and Technology, Luoyang 471000, China)

Abstract: Based on the instability criterion proposed by the cusp catastrophe theory, the whole surrounding rock was
judged, and the relevant tunnel excavation model was established by using the finite element software MIDAS GTS NX,
and the changes in surrounding rock stress, displacement and maximum vibration velocity peak in the tunnel-fault system
under the conditions of groundwater seepage and blasting were studied by taking No. 2 tunnel project of Daliangshan in
Lexi Highway of Sichuan Province for an example. The results show that the comprehensive stiffness ratio of the sur-
rounding rock £<C1 and the bifurcation set equation A<C0 are found by the calculation of the instability criterion, both of
which indicate that the surrounding rock has the risk of instability. Under the seepage condition, the maximum principal
stress of the fault surrounding rock is 27. 71 MPa, and the displacement settlement of the vault is 307. 83 mm. Compared
with the non-fault area, the stress increases by about 20. 64% , and the displacement increases by 105. 21%. Influenced
by blasting factors, the maximum vertical peak vibration velocity at the fault area is about 13 times that of the common
surrounding rock, it is up to 162. 97 cm/s. It can be seen that the existence of a fault will have an amplification effect on
the dynamic response of surrounding rock. Both theoretical calculation and numerical simulation results show that the F3
fracture of the Daliangshan Tunnel has the risk of instability, and corresponding preventive measures should be taken in
advance during construction.

Key words: cusp catastrophe theory; fault zone tunnel; groundwater seepage; blasting; surrounding rock stability;

numerical simulation





