W46 % 8 wmOE 5 W & Vol. 46, No. 8
2026 4F 8 J EXPLOSION AND SHOCK WAVES Aug., 2026

DOI: 10.11883/bzycj-2025-0297

& B R FE T 4R 1 B T fE A A RO 2

B OEW RELLE RLFE B REEELARELE R
(1. BN TR DR Sl by 5 9 3 B 42 K EE i SE I =, 20 B RS 232001
2. WERERTR¥0 W T TG TR DO, 28 R 232001;
3. W TR T 502, L8 R 232001)

EE: AR TUNE i R B ot 4 3k 9T T 5 82 A R M O S I, oK BT A TR PR R s ) I 2k D8 T TRT A4 R B AN TR R B
Jias B & A, SR A 43 8 2UE 3 4 A% IR AT (split Hopkinson pressure bar, SHPB) SZ 46 R 4 #3478 & JE 46 52 56, 4> M ik £k 3)
R BE . RS B FEHURR AF i AR AS B AR A, AR AL B A S 4. SR B W T A E AN 10 A 20 mm
FIRD 5 R, Bl 2 6 IR B 88 K, B A W AR 8 7799 99 R B& 17.69% 1 39.05%, 5 25 W I 48 43 il 38 K 7.58% 1 18.56%,
FEBLAE 20 BT 22.87% FI 45.92%, FEHLAE 5 40 B T 26.92% F1 73.08%, HLARAF B8 5 e 55 320 7 ek /N, 26 W 448 A s
FET) MtEFé?*ﬂz}:E@#ﬁ&%““ﬁ ORI ARTE ey A RE R A 2, oo R R R M A B B AN 20 mm B, R4 93
25 75 1 RE RN Bl PR HCIRR AE I 2 i R P A TR S T R, B AR T N 3R U R s LA B R TR SR AL -
%L%’Eéﬁ,ﬁ)slfﬁff%‘m, R 1% 385 DR fis IR 5 RN AR, Bk TR R S 4 T T AR LR 20K 96.1%, BLORIE & A B A B B 3 )
G,

S GRIR): YRR, MR SHPB S2Uh R4, MA F L, DALtk

FE S 2S: 0389; TD235 EfRFERARE: 1303599 XRKARERE: A

Influences of cutting cavity depth on subsequent rock breaking
properties of driving sections

CHENG Bing'*?, YUAN Weiqi’, WANG Quan’, ZONG Qi*, WANG Haibo?, ZHENG Qianggiang®, LYU Nao’
(1. State Key Laboratory of Mining Response and Disaster Prevention and Control in Deep Coal Mines,
Anhui University of Science and Technology, Huainan 232001, Anhui, China,
2. Engineering Research Center of Underground Mine Construction of Ministry of Education,
Anhui University of Science and Technology, Huainan 232001, Anhui, China;
3. School of Chemical and Blasting Engineering, Anhui University of Science and Technology,
Huainan 232001, Anhui, China)

Abstract: Cutting blasting is a crucial step in underground blasting driving. To investigate the influences of cutting cavity
depth on subsequent rock breaking properties, driving sections with different cutting cavities depths were simplified as
sandstone specimens with different depths of cavities. A series of dynamic compression tests were conducted using a 50 mm
diameter split Hopkinson pressure bar (SHPB) testing system. Then, the dynamic peak stresses, dynamic peak strains, energy
dissipation characteristics, and fracture patterns of the specimens were analyzed as the cavity depth varied, and the field cutting
blasting parameters were optimized accordingly. The results demonstrate significant trends for sandstone specimens with

cavity diameters of 10 and 20 mm. As the cavity depth increases, the dynamic peak stress decreases by 17.69% and 39.05%,
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the dynamic peak strain increases by 7.58% and 18.56%, the dissipation energy increases by 22.87% and 45.92%, the
dissipation energy density increases by 26.92% and 73.08%, respectively. And the specimens fragmentation size also gradually
decreases with the extension of cavity depth. These findings indicate that increasing cutting cavity depth could reduce the rock
mass resistance to failure, enhance its deformation capacity and energy utilization efficiency, and improve its fragmentation
effects. When the cavity diameter is 20 mm, the dynamic mechanical properties and energy dissipation characteristics of the
specimens change at a faster rate with the increase of cavity depth, and the fragmentation size is smaller. This indicates that
increasing the cutting cavity diameter is also beneficial for rock breaking. The cutting blasting technique with inner-hole and
outer-hole composite delays is adopted, which can increase the cavity depth and diameter to provide sufficient free surfaces for
subsequent blasting process. This optimization achieved remarkable filed performance that increasing the cycle advance and
hole utilization rate of the full-section blasting into 5.0 m and 96.1%, and ensuring uniform and reasonable rock fragmentation
degree. The research findings not only effectively reveal the influences of cutting cavity depth on the full-section rock breaking
effects, but also provide theoretical supports and practical references for the design optimization of actual cutting blasting
projects.
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Fig. 1 A simplified model of underground driving section
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Fig. 2 Diagram of rock specimens containing a cavity
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Table 1 Geometric parameters of sandstone specimens
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mm mm mm mm
1 50 45 0 0
2 50 45 10 15
3 50 45 10 30
4 50 45 10 45
5 50 45 20 15
6 50 45 20 30
7 50 45 20 45
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Table 2 Static physical and mechanical parameters

R/ A PUERREE/  BUhismEE/
B TR LE
(kg'm™) GPa MPa MPa
2690 24.6 0.23 61.4 52
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Fig. 3 Physical image of sandstone specimens
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Fig. 5 Stress equilibrium curves
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Fig. 6 Stress-strain curves of sandstone specimens
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Fig. 7 Fracture process of a typical sandstone specimen
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Table 3 Impact compression testing results of sandstone specimens

RS d/mm D/mm o./MPa £/107 W1 &(J-em™)
1 0 0 92.7 10.02 22.82 0.26
2 10 15 90.4 10.11 24.39 0.28
3 10 30 84.4 10.30 27.15 0.32
4 10 45 76.3 10.78 28.04 0.33
5 20 15 753 10.15 28.60 0.34
6 20 30 66.1 10.75 31.39 0.40
7 20 45 56.5 11.88 33.30 0.45
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Fig. 8 Variation of dynamic peak stress with cavity depth
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Fig. 9 Variation of dynamic peak strain with cavity depth
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Fig. 10 Variation of dissipated energy with cavity depth Fig. 11 Variation of dissipated energy density with cavity depth
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Fig. 12 Fracture pattern of an intact sandstone specimen
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(a) d=10 mm, D=15 mm (b) =10 mm, D=30 mm (¢) d=10 mm, D=45 mm

(d) d=20 mm, D=15 mm (e) =20 mm, D=30 mm (f) =20 mm, D=45 mm
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Fig. 13 Fracture patterns of sandstone specimens containing cavity
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Fig. 14  Fracture patterns at the bottom of partial specimens
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