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Optimization Study of Cut Patterns Considering Bedding Distribution in Roadway
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2.Faculty of land Resources Engineering, Kunming University of Science and Technology » Kunming, Yunnan 650093, China)

Abstract: The joint bedding structures in the roadway will change the stress propagation and failure mode of the rock mass
under the blasting load, and affect the cutting blasting effect and driving efficiency. In order to reveal the influence mechanism
of bedding structure on the response of cut blasting, a quasi-three-dimensional finite element model of roadway considering joint
dip angle was constructed based on the engineering background of a mine roadway. The ALE fluid-solid coupling algorithm was
used to compare and analyze the characteristics of stress wave propagation and damage evolution under the conditions without
bedding and with bedding. The results show that the bedding structure significantly weakens the stress wave coupling strength,
and the average effective stress decreases by 61.64% , which causes the difficulty in forming effective penetration in the central
area of the cut. Regarding this issue, an improvement scheme for adding auxiliary cutting holes was proposed. The results of
numerical simulation and field test show that the improved scheme effectively enhances the energy aggregation effect in the
central area of the cut, and forms a typical “through-type high-damage channel”. The rock mass is more fully broken, the
continuity is better, and the bulk rate is significantly reduced. The research results can provide theoretical support and
engineering reference for cutting blasting design under complex structural plane conditions.
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Fig.1 Typical bedding structures in a tunneling roadway
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Fig.2 Schematic of the finite element models
22 MBSHBE
2.2.1 HAOMKE
A A ffi [ Riedel-Hiermaier-Thoma (RHT) ##

R R AT A 2R R S — A T TR B s
A A5 WS PR A e A0 45 SR PR Y L ) T
HRIEGT 4T B A R RSy R E s, RHT HL
BERVGE 5 1 3 B2 R4S 3 RE 9% il 38 A1 i — B o7
1708, LB e 52\ s I Ak L 107 728 s A | 3z Ao A s 44
T HY R AR AR S, RHT 58 B B84 5 3 SR g
T & 2 S3C T 587 A IR T 70 32 4 o T L A1 BT 3 BT

HKES
H3 RHTBAREEGNSSERTFE
Fig.3 Static compressive meridians in different

orientations of the RHT model
RHT #AR W AGE D hA (D TRk,

D = E A;fp
A Ae? Sy BFUIAME N AR e " RN AR
HAopH AR D =0.2 8 bR 56 5 5 E 07
EHEN L RIE D > 0.2 BT R R K5
ML, RHT AMBIRISEILE 1,

(D

X1 RHT A#HER S

Table 1 RHT constitutive model parameters

00/(kg + m™*) G/GPa f</MPa N B Bo B T
2 600 28.7 154 0.697 0.011 5 1.68 1.68 30.64
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Table 2 Parameters of thelayered rock mass

R/ FPE A/ VA I JH RS/ B IR/
(kg * m™%) GPa » MPa GPa
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Fig.4 Stress wave propagation contours in a non-bedding roadway
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Fig.10 Blast hole layout of improved cut blasting

B11 XS PR T s A D7 58 5 1 18 A LS
A4 B D SR A 2 BEAR OE P R 5405 AL 45 R (BT
PRI AL F RSO o H L 11 Ca) BT DL 76 T b F 1y 58
L EAR R M LR D B 540 X (LD X0 L 3
HT T2 B A R 0 I A 4 1 1 5 4 L R B e B 1Y
RO AR 03, SRR B2 . TR 11 Ch) A itk )
FEHE 7 S04 T P XT F A AL, s T AP XK
P14 DB R 5 258 L A A5 Jmy 3 v L 0 A DA SR R & L B
BB 7 A Al A DR R S ) | i R R T
b R MR YA AL BB S5 A AR e T
JZ2 R W S5 PF T 4R DAY BRI RE L T X R B AR
T8 AR e B A B AR A

SO
(a) FHEHTR

 (b) HEEREFE
B11 MHEFREEFRIL

Fig.11 Comparison of improved and original schemes

4 IWFHA B

BT bR B AL TS 58 0 R R AT M AL AT
(UWLIE 12) . TR 13 D ik s HE 7 58 St I 1) 45 3 48
WS 4n 1 . NI 13 7T LI GE 2, £ R X0 R



KR, FHEESEERESHAEEF XKLL F LHE L FL,2026,46(5). 79

RBERE 6 53 » B JEE B R A5 /N Sf RRRA B8 2, R L W]
1 R B T A1 5% B L 3R I SR X O 0 1 R 4 0 e
ERHGETE . B AR B A BRI 52 75 5 %
eSS AE A T I SRR RR R AE . AR AR B T SR
H UL R R A Qi g R) R 2% O T SR R E T R
o DX 3B O 0 A 8 A A PR 0 2 L s —
e 5 HEFL A R AR S A % . B AR AT R
(EASE DL 53 w50 Y v 43 3 7 R B — B0, B i
TR BT R L A PR T G o R 0 R L DL i
PR T P AR5 Y B T SR W RE A5 I 3 S0 AR i OCR
NG EER A1 518 5 3 L B T A A AR B
R4 i B HE T fEL

E12 BMFMEAGE
Fig.12  On-site blasthole layout

13 BHEE S e EE
Fig.13 Blast pile of improved cut blasting scheme

(1) J2 BRES R Xk il kst s 16y 17 3 A% 48 5 0 e

BARAWEFELW, FEBRDIZIRRY], 200

HI 55 1IN 3 A e AL 2 T A% 6 BE L P A 0N

JIREBRIL 61.64 20, AL A I T #8552 BH . F 1

DI s A B3 R A I E ROR R B
(2) T Sk J5 By 38R AL 7 52 BRI AT B

JE P61 7 58 v B8 0 B A AL, FLER 1 000 mm, Al

B 907, A A 5 b XY BE AR AR AL

IV IVIR)E  FE gy & S X VR TN R T S

A DR BT MR Y B R g A E 0 A A

W B S8 00 R SE 1 A
(3) 7R 96 Bk 1 o o FR R 7 58 0 A R

DAL T7 28 T2t 5 o 18 R XS8R0 A 78 0 B R A D

ANV R B ZE TR ABERTE T 08, AE R

U AT A

5 % 3L #fk (References) :

(1] A, o i Lo v R T8l A 10 O B B R R R T e B () ). kol
24, 2022,44(3) :64-85.

Ma Weibin. Development and prospeet of key technology of
drilling and blasting for railway mountain tunnels [ ] J.
Journal of the China Railway Society,2022,44(3) :64-85.

[2] WA XUESE AR PH, 45 3 E 1L S W B R Bk 5 &
eI 4B 10 ,2021(5) :13-24.

Tan Jie, Liu Zhigiang, Song Zhaoyang, et al. Status and
development trend of mine shaft sinking technique in China
[J]. Metal Mine,2021(5) ;13-24.

[3] Himanshu V K, Mishra A K, Roy M P, et al. Numerical
simulation based approach for assessment of blast induced
deformation pattern in slot raise excavation[ ] ]. International
Journal of Rock Mechanics and Mining Sciences,2021,144.

[4] Zheng Yun, Chen Congxin, Liu Tingting, et al. Slope
failure mechanisms in dipping interlayered sandstone and
mudstone revealed by model testing and distinct-element
analysis [ ] ]. Bulletin of Engineering Geology and the
Environment,2018,77(1) :49-68.

[5] Gou Yonggang, Shi Xiuzhi, Qiu Xianyang. et al.
Propagation characteristics of blast-induced vibration in
parallel jointed rock mass [ ] ]. International Journal of
Geomechanics,2019,19(5):04019025.

[6] Yuan Haiping., Chen Chenghao. Wang Yixian, et al. Joint
investigation and 3d visual evaluation of rock mass quality
[J]. Advances in Civil Engineering,2020.2020(1) :8858322.

(7] BB ML, SR S0, S () W7 2445 ) 1R 0 T R B 0UA
BB RN L) AR A 5 i, 2024 ,44(6) £ 3-17.
Yang Guoliang, Bi Jingjiu, Dong Zhiwen, et al. Fracturing
mechanism of bedding shale under directional fracture-
controlled blasting[ J]. Explosion and Shock Waves, 2024 ,44
(6):3-17.

[8]  Rong Hai, Li Nannan, Cao Cheen, et al. Numerical simulation

of rock blasting under different in-situ stresses and joint

conditions[ J]. PloS One,2024,19(4) ;e0299258.



80

g LB R S5 A

2026,46(5)

[10]

[11]

[12]

[13]

Yu Qiuyang, Xu Pengfei, Dai Zhenxue, et al. Numerical
analysis of rock joints in tunnel construction during blasting
[J]. Arabian Journal of Geosciences,2021,15:32.

sk A A SOV AL 2 BT 0 L e A xR T G T
WeRCR A sE M), TR %, 2025,31(1) : 24-33.

Zhang Jianguo., Yang Wen, Wang Haibo, et al. The
influence of angle between the bedding plane and borehole on
smooth blasting effect of tunnels[]]. Engineering Blasting,
2025,31(1):24-33.

Himanshu V K, Mishra A K, Roy M P, et al. Influence of
joint orientation and spacing on induced rock mass damage
due to blasting in limestone mines[ J]. Mining, Metallurgy
&. Exploration,2023,40(6) :2349-2359.

AR LB A & B R B IR AL R BF 5 [D]. R B IR
%#,2021.

Wei Dong. Study on failure mechanism of bench blasting in
fractured rock mass[ DJ]. Wuhan: Wuhan University,2021.
XI5 K ST 2 2 A AR 0 2 B R 5 B 5 DL L
W 38 g [ D] AR - R B TR 22, 2021,

Liu Jipeng. Study on blasting crack propagation and control
of horizontal bedding surrounding rock: a case study of
Wanggangshan tunnel[D]. Chengdu:Chengdu University of
Technology,2021.

[14]

[15]

[16]

[17]

[18]

R RE 35 33 L JRIDUAL , A5 LI TRORS 4N Ak S0 A58 280 A
LRI ] %, 2023,40(4) 1 44-51.

Ye Haiwang, Wei Wenpeng, Zhou Hanhong, et al. Refined
numerical model construction and blasting simulation of
fractured rock mass[ J]. Blasting,2023,40(4) :44-51.

Tang Wenhui,

Ding Yuging, Zhang Ruoqi, et al.

Determination and validation of parameters for riedel-

model [ ] ].
Journal,2013,63(5) :524-530.

hiermaier-thoma concrete Defence Science
Huo Xiaofeng, Yu Zhi, Qiu Xianyang, et al. Investigation
of water-coupling presplit blasting considering the role of
LT
Mechanics,2025,321:111067-111067.
A AR WA B ZE. = 5t 1R B AL AR 0 2 8 Pk
W5 BRI AF 58 5 0T % 2025,45(3) : 66-73.

Feng Qingjie, Gu Yazhou, Zhou Yanjun. Optimization and

stress wave parameters Engineering Fracture

application of medium and deep hole blasting parameters in
mine [ ] J.
Development,2025,45(3) :66-73.

Sanguikou lead-zinc Mining Research and
Tian Xingchao, Tao Tiejun, Liu Xia, et al. Calculation of
hole spacing and surrounding rock damage analysis under the

action of in situ stress and joints[ ]J]. Scientific Reports,

2022,12(1):22331.



