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Numerical analysis of damage and disturbance effect of
surrounding rocks induced by deep tunnel blast excavation

YU Langlang, WANG Zhiliang, WANG Shumin, LI Songyu
(School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei, Anhui 230009, China)

Abstract: The damage and failure analysis of deep rock mass subjected to blasting under different crustal stress
conditions is still insufficient at present. To explore the damage and failure law of surrounding rocks of deep
tunnel during blasting excavation, based on the finite element software ANSYS/LS-DYNA, the Riedel-Hiermaier-
Thoma constitutive model is adopted to carry out numerical analysis on the influencing factors of tunnel blasting
effect and surrounding rock disturbance range under different crustal stress environments. The results show that
the cross-section damage degree of the bidirectional isobaric tunnel is negatively correlated with the geostress
level. With the increasing geostress, the damage of the tunnel floor is more significantly suppressed by geostress.
The surrounding rocks at the waist of the tunnel is prominently disturbed by blasting, and its stress and vibration
velocity increase significantly with the increasing lateral pressure coefficient, and the vibration velocity increases
by more than 40%, much higher than that of the top surrounding rocks. Under the vertical stress of 20 MPa, the

amplitudes of stress and vibration velocity at the waist measuring point increase slowly with the increasing lateral
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pressure coefficient. When the vertical stress rises to 60 MPa, the lateral pressure coefficient has a great influence

on the disturbance of surrounding rocks. The relevant conclusions obtained are of important guiding significance

for actual engineering construction, and are of certain reference value for monitoring the stability of tunnel

surrounding rocks and optimizing support parameters.

Keywords: deep tunnel; blast excavation; surrounding rock; disturbance and damage; numerical simulation
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1.2 MES%

FE TR i RS A Ak R, M L AE FE A R O £
A&, & H1 LS-DYNA 4K 4 H i i 5C 8 7 *MAT_SOIL_
AND_FOAM & UM B 240, LI ZEMBHI AR G 2
Bangk 1 piR,

x1 BEWMREESH
Table 1 Main parameters of the stemmed material
. BE R
B kgm?)  igpa K
IE 1 800 0.064 0.3 3.4x10"° 7.03x107 0.3 —6.9x10°*
H: Ao Ay AR IRERECE 1t PN ST VIWHA

W

A 4, A, P,

5T LS-DYNA # {4 H i *MAT_HIGH_EXPLOSI-
VE_BURN F1*EOS_JWL 38 57 %] K 25 b4 B4 3 A )
PR RORARZS B AT S Horh, R RBHAR T
Ve R SIRBNCR, HREA .

E
Po=Al1-—|e™ 4+ B[1- ——Je®v+ 220 (1)
VR, VR, v

A P—HEZG R IE 7 £ 19 K J1/MPa;
E— BRI P R RE /(T 'm ™)
V——"S AR
A. B—RETT RS HU/Pa
R\ R,, o—TCimNZHL,
XoF 5% 38 0 EAZ AT 2 B R, T — 2
BRI E 2 S48, TR 2
R2 HHHNEESY

Table 2 Main parameters of explosive

WS B/ (kgm™) B#/(ms')  4/Pa R,
HUE 1500 7 450 6.25x10"" 525 1.6 0.086x10"

R, EJ/(Jm?)

23S H H*MAT_NULL MR R BB R ffi ik .
RS TR N
Py =Co+ Ciu+Coypld + Cof’ +(Cy+ Csu+ Cop)E - (2)

E—— 3 G R SR B /()

Co—Co—TUMRME UM S 1) 7 45

p— VIR I 225 B BE /(kgrm ™)
p—Y Wi I 2 A5 B S/ (kgrm™) o

E;YC(,:Cl:CZZC3:C6:0, C4:C5:)’_1,)’7‘7H3
Pl X TSR, y=14, 5B EESHI| T
#3h,

"3 EEHPNEESHY

Table 3 Main parameters of air

SR BH po/(kg'm™) C, Cs E/(Jm™)
U 1.2 0.4 0.4 2.5x10°

RHT A A4 4570 5 {2 4 7 0 284 bR, 1248
TR T 5 1 M 5 A s e B vy L 2 a5k
FBRASRBE T R . AR SO G i R A, H
WS B ) B A3 R A3 B0 R A 69.34% . T A
20.25% . F19E5.41% . Hiflh 5.00%, HAK SH I3 420,
1.3 TR

AR SCASEALUBIE 5% AS [) b B, 7 £ 0 T, S8 5 W T B
T 7E MR BT P20 TR B A 0 3845 B M 3 2 i B
TR 3 PR TN TR A TR AT D B 55
FREREIT S, o =0, o RKTFI7 N 11, o,
Sk B 166 0 17 75 @ AR ] o, FIUR [0 1 7 2250 (k)
T RGEBETTZ; @ Ao, FMIARIE kT BB BT,



- 120 - K SCHb 5 T Hb T %5
Fx4 XHEZERHAT TESH
Table 4 Main parameters of the marble RHT model
KREESHL (kg m™) WiPERL E/GPa B, B, 7,/GPa T,/GPa A N f/MPa
IR 2763 12.43 0.9 0.9 46.72 0 1.65 0.56 130
KIEAESE A £ 0, B E,Cls™ E T/s™ EC/s™ ET/s™ B.
e 0.25 0.1 0.010'5 0.7 3.0x10° 3.0x10°¢ 3.0x10% 3.0x10% 0.009 756
KILASE B g & & D, D, & A, N,
IR 0.013 33 0.78 0.7 0.44 0.037 1 0.01 1.59 0.62
RIHZHL 4,/GPa 4,/GPa 4,/GPa Pu/MPa P,/GPa N, a
HUE 46.72 42.05 —4.32 43.33 6 4 1.078

: By By Ty LIPREHREBEG A NNRBHSEG LIPURMREE; £ £ MR SRR ; 0, BN LodefitHIC 2% E,C. E,THSHESR ., Piff
AR EC, ETHIES  RAPRIASSE; B, B HEGH  BUANN AEAGHG g2 of F RS BLE IS4G SRS IR REG D, DoABUGSEG & hfi/Mit

ﬁﬁﬂ%%ﬂﬁ/}f. Ap

2 WEEEFHFEELSHT

Pl 3 Sy S 5 T T o 3 7 XL 1] 565 e 3 v 1) e e 3
=B, XA, Yo ,=0,= 0 if, B % 7m0
FER R o SZHRKE VL, FLIRLA (AR R IX (L1 5343 )
BT, WA 3(a) s o Bl HLRE 7 0, R G
PG FERE DN . 784 ZE 60 MPa IR, % 1~ T 451 40 )

(a) 6,~0,=0 MPa (b) 6,=0,=20 MPa

(¢) 6,70,=40 MPa

NOWRIRBRWBHEG A1 Ay A9 HugoniotREL Py Peomp HETIE  TEIBRIL; N AFLBFEEG a0 HFLBRE

iR (A CE S R AR R 2 =T 3 N -t it T 373
SCRAE R Mo N SRR N R 2%, E 3(d) iR . 1k
b, Bl N7 BE 0, VAR L 300 AR 8 il SR A7 b
N I ACE R RIAE - 58 . 1Y o =0, = 0 B, JIE AR AL
PRI RO B A 24 0 138 F] 60 MPa I, JR A FL JE A 4
53 3 FB1 B S 92, L T 8 A ™ A ) 2B L B
A, AR R I SRR

b

=

cooococoooo—~ A

o—NWwhuUuoawxwoo F
|

(d) 0,=0,=60 MPa

3 AERAKFETHERGSHE

Fig. 3 Excavation damage under different stress levels
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Fig. 7 Vibration velocity histories in the X direction under the

influence of different k values
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