H436 M2 ok Vol. 43 No.2
2026 46 A BLASTING Jun. 2026

doi:10.3963/j. issn. 1001 —487X. 2026. 02. 002

BEE N TSI EARE R RIEFIR
Am L E T EET AN BXE ALY REETT R K

(1. AL Bl B M BR 2w, i 43007052, ‘/Tﬂdt% a. R 2 AR I 8 o A S
b WAL (BB B HE SRR AR RE , i 430056)

B OE, ME4REEIP AR AL LY R TALRETBETIELHEGHORTERE, ARR
IR B A SLIL AR A AL LY EIAER T B AR rabuh, b A TRE R AT LT RILALR
Ry AR K I, Hf%ﬁ/ﬁi%%@?ﬂﬂzum BY RRBLR, F oA MILRIIE L B R84 F 4
K 3¢ 3LR 2L 4 B 3 a8 9 v i) s 2 kB BAAREMAT A/ = 3L 8 T 3L B ok A S AR, St it —
%Hém‘:izm‘%zuxﬂﬁ’ Ry RFEGFOMNH, EEEAN. AT FH, % K=2.0 L L=11D(HLHE
BYRK=1.25/1.5 B L=13D o JasLia L4 @ AR A 8IF; A =L F@nr, % K=1.5 B L=13D &,
T FEER R A R FE ILEE RS LSS E LT E A TR ELL TR ARSI S 5
SN BT %09 R A B F R AR U By R B R ey M FLaE S & T e R A, AR 52 LT M SL e L el
B aey o tE A st 2l S T RARLA LR EFRPE N TAEILZA, AR TILEA 5] F R A ILIL
8] B 43 52 vy B A8 St A4 —}iz&ﬁFi‘ﬁﬁﬂﬁl‘J#%é’Nlﬁﬂ&*}L%l
KEEIE: MR A2 EILgE; ALy R BRI M
mESHES: TD235.3 S‘Cﬁﬂmb\ﬁg; A XEHE: 1001 -487X(2026)02 —0014 — 12

Blast-induced Crack Propagation Mechanism Between Tunnel
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Abstract: The quality of tunnel contour surfaces in drilling and blasting construction is fundamentally governed
by the propagation efficiency and coalescence behavior of fractures generated between perimeter blast holes. This re-
search employed physical modeling and computational analysis to investigate the influence of empty holes around a
tunnel perimeter on the propagation law and coalescence effectiveness of cracks. Firstly, comparative model experi-

ments were conducted to evaluate crack propagation and coalescence effectiveness between perimeter holes with and
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without relief-hole guidance,and to systematically analyze how blast-hole spacing( L) and the decoupling coefficient
(K) affect these processes. Subsequently , numerical simulations were employed to study the stress wave propagation
between holes under both configurations, thereby elucidating the fundamental mechanisms through which empty holes
optimize fracture propagation paths and enhance coalescence effectiveness. Results indicate that effective crack coa-
lescence between blast holes occurs under two parameter sets without empty hole guidance,K =2.0 with L=11D or
K=1.25/1.5 with L =13D,where D denotes blast hole diameter. The empty hole guidance demonstrates optimal
performance at K =1.5 and L =13D,producing a smoothly coalesced crack that aligns nearly perfectly with the inter-
hole connecting line. The observed guiding phenomenon results from stress concentrations at the empty-hole walls,
where superimposed reflected tensile waves and incident waves redirect fracture paths toward the inter-hole center-
lines , thereby controlling crack propagation trajectories and coalescence patterns. Both experimental modeling and
computational analysis revealed that the radius of the crack zone around the perimeter holes under empty-hole guid-

ance was significantly smaller than under conventional blasting, demonstrating their dual functionality in simultane-

ously directing inter-hole crack coalescence while restricting undesirable radial fracture propagation.
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Fig. 4 Comparison of crack penetration effects between blastholes with/without empty hole

guidance under decoupling coefficients K=1.0 and 1.25
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