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Abstract: In response to the poor excavation effect of traditional blasting in complex lithology tunnels ,a method
called advanced cutting control blasting is proposed based on the research of traditional smooth blasting and pre-split-
ting blasting. This method involves conducting the blasting around weak surrounding rock areas after tunnel contou-

ring hole blasting. A quasi-three-dimensional model was established , and numerical simulations were conducted using
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the fluid-structure interaction (ALE) algorithm and ANSYS/LS-DYNA finite element analysis software to compare
the advanced cutting control blasting method with traditional pre-splitting and smooth blasting methods. The results
show that compared to smooth blasting and pre-splitting, advanced cutting control blasting reduced the depth of dam-
age around the tunnel contour by 6. 85% and 10. 08% , respectively. Based on simulation results, field blast test
plans were designed, and comparative tests between smooth surface blasting and advanced cutting control blasting
methods were carried out. The blast results demonstrated that after adopting the advanced cutting control method , the
tunnel contour had good shaping effects without block falling or collapse in weak surrounding rock areas,while over-
excavation was effectively controlled. Three-dimensional cross-sectional scanning data and statistical results of post-
blast sections indicated that compared to well-performing smooth surface blasting, maximum over-excavation decreased
by 35.98% ,average over-excavation decreased by 25.60% , concrete consumption decreased by 26. 3% , and flatness
standard deviation increased by 24.29%. This method has been verified through field practice as it reduces over-exca-
vation while mitigating blast damage in complex lithology areas,thereby improving tunnel retaining rock flatness.
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Adverse geological conditions

of mud trapping on the tunnel roof
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Fg. 2 Dimension diagram of finite element model(unit:cm)
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Table 1 Rock material parameters

W p/ RTINSy H—1k H—1k RIS JE Ak MEER SR
(kg - m™) G/GPa WEIIF, RS F, 2HS SHN R f,/MPa
2440 17.6 0.79 1.6 0.007 0.61 40
®2 MEHMRSHER
Table 2 Explosive material parameters
W p/ Hrk D/ C-J J£71 KELARAETT R L
(kg +m™) (m-s™')  Py/GPa 4/GPa  B/GPa R, R, w E/GPa
1.1 3800 37 852.4 18.02 4.6 1.30 0.38 10.2
x3 TEMRBEER
Table 3 Air material parameters
B p/ BULES IR 2 RS TR
(kg -m™) P./Pa MU/(N-s/m™?)  C,~C, C, C, C, e v
0.0012 -1E-10 2.00E -05 0 0.4 0.4 0 0 1
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Fig. 3 Initiation sequence of presplit,smooth and advanced cutting blasts
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Fig. 4 Damage area comparison diagram of presplit,smooth blasting and advanced cutting blasting
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(b) Advanced cutting blasting hole mesh layout (scheme 2)
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Fig. 6 Drill blast design comparison chart( unit;cm)
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Table 4 Smooth blasting charge design table

T L2 FR AR/ FLK/em AR/ itk HE B
HaREFL () 14 283 8.0 33.6 1
HREFL(K) 16 426 11.0 52.8 3

AL 35 370 7.5 78.8 1359
A B AL 21 350 4.0 25.2 9
AL 10 370 9.0 27.0 11
JafL 58 350 1.3 21.8 11
it 154 239.2
x5 ARTEBEIVIBEREITE
Table 5 Advanced cutting blasting charge design table

J L4 FR JILERE/ A FLK/em HFLZiR/& ZiR/kg B
FARGFL () 14 283 8.0 33.6 1
ARFL(K) 16 426 11.0 52.8 3

AL 35 370 7.5 78.8 1359
A R L 21 350 4.0 25.2 11
JEAL 10 370 9.0 27.0 13
JEAL(YIE) 7 350 1.5 3.2 7
JaifLOGT) 51 350 1.3 19.9 13
=82k 154 240.4
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Fig. 9 Analysis cloud image of tunnel 3D cross section scanning data
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Table 6 Overcutting quantity table of blasting tunneling
WF THZE T KB RE/m AU % ROKHEIE/m SFHEIE/m

K DI S A 3 28.535 659.768 4.843 1.477

W J5 % — G R 6.958 160. 879 1.144 0.360

=K J5 B — G 9.881 228.468 0.949 0.511

SR J5 & U 6.203 143.422 0.670 0.324
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