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Abstract: To reveal the influence mechanism of geometric parameters of structural planes on the damage evolution of
surrounding rock and the quality of section formation during tunnel blasting excavation, taking the Xiamen Haicang
Expressway Tunnel project as a prototype, a three-dimensional numerical model was established using LS-DYNA to
conduct numerical experiments. The influence of different structural plane dip angles, widths, and spacing on the
distribution of blasting-induced damage in the tunnel surrounding rock was investigated. The results indicated that
structural planes exerted a pronounced directional control effect on blasting damage. Damage preferentially extended
along the dip direction of the structural planes, while being significantly constrained in the normal direction. As the dip

angle increased from 0° to 90°, the cross-sectional damage pattern transitioned from approximately symmetrical to an
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asymmetrical expansion dominated by directional guidance, exhibiting localized and discrete characteristics due to

segmentation and blocking effects. When the structural plane width increased from 0.1 m to 0.7 m, the interface

weakening effect and stress wave scattering energy dissipation were significantly enhanced, leading to a notable increase

in overbreak area and maximum overbreak. Conversely, as the structural plane spacing increased from 0.6 m to 2.4 m,

overbreak decreased and contour smoothness improved. The research findings provided a basis for understanding energy

control, parameter optimization, and the improvement of formation quality in tunnel blasting.

Keywords: structural plane; tunnel drilling and blasting; numerical experimentation; surrounding rock damage;

overbreak and underbreak
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W& 3 R O T R A, SR i L FLEE 0.45 m, Fe/h
HEBHLZE 0.54 m, FA IR IR BN AL 0.1 m, Ak
Wif 30, REESLAEE 181 AL, B — N PETE ER
PER1LS m, MOFLIRE 1.8 m, 225450 106.05 kg
(WK 3), B b & Fy LW & 113 4~
fL, B2 R 65.35 kg THAEFLE F B ALIEAY, 45

() M fLAR

FEFLAL T3 P eI Z 0 G B N8, $aEfL 40
BIAL AR ALY 2R i 2 2 25 250, FL AR KE 25 B AR
40 mm, JAHFLHMALE AR 40 mm, K H EH A 34 mm
FUKEZS ARG 225 450, ARG R L. 18, 4%
J6L B AR IR R 50 s

’ Lty
Ly
08 fim EiR 1
[ 03 L AL
®b "QT’-J o #f
J o™ e
e —— 114
(b) HALFEREIR AR &R
p— HigERE RS gL

(c) LR LR A
LERE e R e

===

() TR 254 0 R i

K3 GO 2 LA E
Fig.3 The layout of blast holes excavated by step blasting



4 BABSETLINEE K

2026 4

12 HEEEHMESEH

FRIEAF 7 DX 38 14 SE PR T 050 FNRgR B 7 28, T K
F18 m . FEHk 1.8 m &K 11 m (WJLATHIRY, 4n &l
4(a) i, AERRHRST A S cm 1 W% #1731
Oy EZR A1 em B RS HEAT R0 4, BRI
10 611 6295C, K8 T F HH M (WK 4(b)) .
FEL Y W % 1€ ] SOLID164 AT Al cm-g-ps BN il
g 55 D A G G B = DR R ] 190 235 440 1T, SF- 459 1] B8
1.2 m, SEHGEEERCR 0.2 m, A ECh 76° (WL
Bl4(c).(d)), BRI LA S5 S50 bR ) MRy
KA 13 MufL (K 4(e) ~(2)) .,

5 7
~

11m

Zu 18
X m

(a) JLATAERY

(b) Pk 53

(d) & T

FEFL A8 LN S B FL Y5 SR AR B 2 25 554, M fL
BN mm, JAIRR A G325 454, J£L
BEHAAK 40 mm, 254 AN 34 mm, KA 2N
118, 5 M B () 2 42 (B B% >4 50 s, 38 i INITIAL-
DETONATION 3% {37 ¥ 24 T &8 o0 3 2 F Al A%
S BRI DU R R JC RO R A, R R T
W Z IR, X MY F i sh, SR ALE &
AT, A Aol A RS Ry A KE 25 RN s
SE R MR, 1B B — A K 2 R0 s S T sl ek
(WL 4(h)), it + ALE_ MULTI-MATERIAL _
GROUP H i i R FH AR A AR

(h) =B

4 PRI R AR
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Table 1 Parameters of the RHT model
pop e f/MPa  p./(kg-m™) a, G/GPa F; A,/GPa A,/GPa A,/GPa B,
ik 91.66 2 855 1.06 6.442 0.073 47.19 63.23 20.14 1.34
LEFI 48.32 2 060 1.12 4.231 0.064 8.51 11.42 3.63 1.34
F g B, T, T, p./GPa B. B,  E./(10"-s")YE /(107"-s") E/(107%s™")
PN 1.34 47.19 0 3055 0.02476  0.029 77 3.0 3.0 3.0
SEH4TH 1.34 8.51 0 16.11 0.02567  0.029 77 3.0 3.0 3.0
MEREE E/(1072-s") D, B F’ P, G G’ X, A
F=XEN 3.0 1.0 0.010 5 0.38 0.06 0.4 0.7 0.48 1.6
SEKTH 3.0 1.0 0.010 5 0.38 0.06 0.4 0.7 0.48 1.6
PR n 0, N D, E,. A, N,
ik 0.56 0.64 4.0 0.04 0.012 1.6 1.6
SERTE 0.56 0.64 4.0 0.04 0.012 1.6 1.6
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Table 2 Parameters of the explosive model
R,/ (kg-m™) D/(m-s™") P,/GPa A/GPa B/GPa R, R, w E,
1 500 7 450 22 562.3 23.29 5.25 1.77 0.3 0.07
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Table 3  Air materials and equation of state parameters
WP p/(kg'm™) Co o G, G, C, C; C E/10™ MPa
0.012 9 0 0 0 0 0.4 0.4 0 2.5
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Fig.5 Tunnel surrounding rock damage and overbreak and underbreak information
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Fig.6  Eevolution process of surrounding rock damage caused by blasting
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Fig.7 Damage of rock masses with structural planes of different inclinations
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Fig.8 Damage of rock masses with structural planes of different inclinations
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Fig.9 Damage of rock masses with structural planes of different widths
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Table 6 Overbreak of tunnel contours with structural
planes of different widths
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