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Study on stress evolution and damage fracture of cut blasting in

high in-situ stress roadway

DING Chenxi', LIANG Xintong', YANG Renshu', GUO Xiao®, YANG Yang', ZHOU Jun®, ZHU Xinguang’

(1.School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2.School of Mathematics and Physics,
University of Science and Technology Beijing, Beijing 100083, China; 3. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100083, China)

Abstract: In recent years, the mining state of mineral resources has changed from open air to underground and from shallow to deep. In
the drilling and blasting construction of deep rock masses, in-situ stress has a significant impact on the blasting effect. An improved con-
tinuum-discontinuum element method (CDEM) considering energy dissipation in the crushing zone under blasting load is used to study the
stress evolution process and rupture damage characteristics of ordinary straight hole cut blasting and large empty hole cut blasting under
different in-situ stress conditions based on a two-dimensional plane strain model. The numerical results show that the existence of the large
empty hole enhances the reflection and stretching effect of the explosion stress wave, weakens the inhibitory effect of the ground stress on
the explosion crack expansion, promotes the expansion of the main explosion crack, increases the fractal damage and damage area of the
trough blast, and improves the crushing degree of the rock mass of the trough blasting. The bi-directional isobaric in-situ stress has an in-

hibitory effect on the propagation of blast-induced cracks, especially on the propagation of radial cracks. The larger in-situ stress weakens
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the interaction of blasting stress waves between holes, and the guiding effect of adjacent holes on the propagation of the main crack is

weakened. With the increase of in-situ stress, the fractal dimension and fractal damage of explosion crack decrease gradually on the whole,

but the fissure differentiated damage and damage area of large empty hole blasting are significantly greater than the fissure differentiated

damage and damage area of ordinary straight hole blasting. It shows that in the high in-situ stress environment, the large empty hole cut

blasting can still significantly increase the rock crushing degree and crushing range and improve the blasting effect and crushing efficiency.

Key words: in-situ stress; cut blasting; CDEM; stress evolution; damage fracture

0 3

BEE A2 22 55 R R AN D B BE T, X
DA GEIR A oR S R AR S e e . i
MR HER VA B A TR 2 KT A 5 B 2R AE P
A N2 TP AR 7P RIAE 16 A5 5K, ) M BRIRFRIT A
SRR K RS . AliHRE H AT IR TSR EE 7 T
P20 BT B, B A MR s R R R AT S
o 3SR RSS2 PR P A T MRt
TR S B SRR, SRS R AN 1] Ay R 7 AL
BB A o, A A TR S ik R SRR A
A7 A FH L SRR T AR i 1 DGR AR
FCrbr, AR AR 2 A 1 1 Bl MR A P R 3
FEEOAR Z —, B T M7 5 W e P D s | Al
TR | Wlr i BB 51 A o A AR SRR
AR -, S T LR DX A 7 R i e AR
(EE PNV sy 1D A S MR N TR E e Syt ol i AN B U
B R AR A AL, B R s LB IR F A AR e e AR B,
5 BB BB LU, S 1% e 5 it 2 FL ) I o S o
AELRR, A A RSB S AN 5 2

AR, AR ZBHIT AR M TR A SR
FERE LB AN, FHEA TS i T R T A, H
W ST BT T AR A R Hh R L R
RIS AL A TR A SC AR, K BIE 4 I KA
FLH R TR B RE 0 35 B L AL A AR Iedh, T R
S PR T SR A B IR SRR R R,
W BUEREANRAT T FLN AL 7 B JE L, - AE2D
U 4 ) £l T gt AT 1 TR . FE R EEA b
g FLE IR R DR R, 2205 7 ) 5 a4
(EAE DL 73 B e B 25 LB 1 SR R A5 A 1V 7 40
(A5 FEA FLIR] b 2 FLBE b i KRN ) s £L AR
MR o iR S0 S b g 2 Rl 234
e T 25 AL 4R H RN Y Sy 2 LR, D RS £L
EHR AR BRI T BE LR

FI I, A G H R AR i IR AR, i o 2 )2
EFXP A M P B AR R T, B 5 B N
XTREBCR BN o SR, 52 B R W 3 A E i T
TR IEE (R8I, LIS 7 X8 1 SR FA) 3 M0 B 0 AN

80

i

2 U DRIk, T TR RS i R 3 VR F R R
HLERAT ST 38 VIR, A T 0 TR e R g i =
BARAIRER 2 RGNS . W TAEC 24t
THIEHR G BL, BAAE T 3 0 7 Xt Fa Rt 1 1o
AL AR AE BT R T
TN ) 52 P AR T i e ) I A, RSB ADL w55
M T R TR PR e LB S 1 T B, Ho,
A FRICTT S A SBE RIS b e o i Tk
I, A RRICI R R — M TS B 12707 %,
TERLL IR AL I FN RS e 45 (R REJ I A7 75 Je PR
Mo ZET I, ASCRINESAREL FIUTTE, XA
7 3t 137 7 25 P 2 R Sl R A Al AR s L R A
R ) SR AN R F AL A T X LT

1 HERUMSHTEES

1.1 ## CDEM F3EENT

e 2 -3k 2L BT )7 1 (CDEM) U 2 5L Ty
& 1 H 5 R S BT BR OGBS OC AR A, B AR
PIER I R, AR IR G2 I, B2 A
LR, SCEUAR R IR R () 1) . 5%
(45 BR OC AN 5 BT AR AR e B — S i e, X )
Tl i e B Ay R, Bl DUk AL
PE 12447 R, 38 B AR 1 P R SRR R AR T
M PR AR, A T B S i ARS4DL 4 S0 o e 24 1)
LUy

B b

FLS R
Bt Yeth S

1 CDEM % ff 4 7L by 3 Ak 1 g 1)
Fig.1 Fundamental components of CDEM

numerical model"'¥

CDEM J7 5 RBA% L1 A T 5 b S B 4 B X (1Y)
TGS . (AR, TR R & 2, MR —
SRR UL 4 B A0 S B OB A X it e ) L
B . CDEM 5 i AE AT AR B B E A LT, e



VRN - e IO 7 B S R AR 1 1 AL S AR R TS

2024 455 7 #H

2 R R X BTE B, LR L B BB IX . F
TR R XS AN, FERF ST A A i A F v v L2
W 73 B DX ) 9L R, LT e DX X A e 1 ) T B
AT ZWE o ST I, 2535 25 R A 2k T MR IX
1) BE B T4 6, 8 T BLE T RAS HOB R X FE RE R
FEIF K RE AT AT AR CF, B T3l TR
LUy RS Y B CDEM 77 181, (75 40 (e A 401
TR A E L R P B A

1.2 HEENEKRSH

K Rkt CDEM Jy ik, 7 B HR Al Ak
25 FL L IR AR 2 Fi S [R] AR X 00— - T o A8 J
WA 53 N A R R (R B AN 1] 2 B,
FAARSE 2 100 mmx1 900 mm, JFLEFE K 22.5 mm,
AHABHIALIAIEE g 600 mm, K 2s £L 27 0 i 1 ol 4k
EBEARI AN &) 3 T, %A L3 L HR PR AR A 76 oy
L, FE AR B IRE T — 2 100 mm (1
£l

FERE R, 2 AR FHER B A A A, K24
SR T HR R AR, A BRLOT 22 ] ) 422 fik T8 R i
Witk B, 3 A O TR SRR AR RS
B 1, JEASHOLE 2,

SR AR T A 1 RS v b R T RS, R
AR LN 7, K5 [ HUNE TR 6, RS EL T IR]
OV TT R 0o BSCTEASEAEL H i o ) 2t 17 3 A L ] 46
U S1, B oy=0,0 A7 XI5 SCAS ) B A 0L 54451
HEATHER, L 10 MPa-10 MPa 278 7K - J7 [ Hi )37 /)
FVRS B 5 18] R 138 10 MPa 59 591, 20 MPa -
20 MPa. 30 MPa-30 MPa [r]3H,

2 BEEAHEEERN RN Y R

sEAl

2.1 EEBEHRBERE
- R PR AR (4 T A ANy R N ] 4
Fis, KE2g R RC N =0, MR RI LA 42

, 2100 ,

B2 TREREERHEAGR T+ WXL
Fig.2 Dimensions and mesh division of ordinary straight
hole cut blasting model

2100

B3 ARFARGERBEA R T 5 FHEX L

Fig.3 Dimensions and mesh division of large empty

hole cut blasting model

LRI, MLAL Y 2 2280, 0 R TE R I Y
IR R R O R K 2 A, AR i T R e
AR RS =300 ps A, 4 MEFLREG™ 4 H) R
BURIHRKE I, IR LA ST, KX R 7 UK AL A o0 )
152 2 0 I T 1] M 40, 2 240 A S 249 g O 7
W L[] 25 [ S R, g K 2B i 7 R 7 1) S BB
Bl =300 ps Ji, MOALIIS S04 i A R AR
YRR, fLIRIEKE £ RSN R B g o fLIAJ R KR
AR a0 =l RO RN I N A e RIS R (iR (A E

R1 HEMBSE

Table 1 Rock material parameters

R/ BRI/ PO SREE/ YNIBGHE/ A PR/ HEESE SR/ SN
(kgm™) GPa MPa (ms™) - MPa ) Q)
2700 7.5 167.8 3500 0.3 13.9 40 10
R HHBY
Table 2 Explosive parameters
PEOE A/ (mes ™) 1RO/ (kT kg ) 1 Bt 24 M B AR HRZE I 1/ MPa
6930 4500 1.333 20 000
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Fig.4 Stress evolution and crack propagation in ordinary straight hole cut blasting

22 KREFFLERGERH

Rz L MR F R R e 1) 17 i Ak AN B e
Bl 5 B . =300 ps &, K fLE AR TR ek 1 7 v
M 7 50 IR R R A E R E S
=300 ps Jii , HFLIRI I 95 PR T HR B AS B DT A B
YRR, FLIRIERE 2480y e . Ak, BRAER 1 U

0,/ MPa
197.8
158.5
119.3
80.00
40.74
1.483
=37.77
—=77.03
—-116.3
—-115.5
—194.8

(a) =200 ps

(b) =300 ps

S FLAR ST B TR T30 o A8 BN AR B g 3
BIPE T, 25 AL FLBE AR 7™ A 28, 23 fLIR I A g
g SIE 4 AL, 4 AT LR 1 2 AL — 0 A A
SN, FhE DA AR, Bk 1R

23 AL A AR T B o 4R R A ) B SIOR A
Gl

(c) =300 ps

B 5 ARILERAGERBE R EOREY R

Fig.5 Stress evolution and crack propagation in large empty hole cut blasting
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Fig.6  Stress evolution and crack propagation in ordinary straight hole cut blasting under different in-situ stress conditions
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Fig.7 Stress evolution and crack propagation in large empty hole cut blasting under different in-situ stress conditions
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Fig.8 Binary images of crack distribution in cut blasting under
zero in-situ stress conditions

BAH . IR0 5 0 g8 2 A e e 5 &, 7T
DU 89 0 4B 8 4 05
42 LEERGERH

AT iR g 2T 3 T AR A A o R S L
A3 AL RSN E 9 s . KEZ908 K I M fLE
7= A BRI B R R BRI B B 2 A H KT
290, UL 4 MOFLELA R, 1B R RG EZ M
JEETT [) P 4 R A 4 S0 B 2 BB I /E T . 10 MPa-
10 MPa S35 (4 B X SR80 53 A 17 D5 TC b, ) 5346101
AN TR I=RA VY ) W (VR S R S T I i e Y [TAPA RT3
Wi, ALY e 2 BGRB8, 302800
[LATE

W& 9 R KERLU AR I —AEAL R S A FUL

ST RO AR Y, A58 E 10 FiR iy 3 AR
W 7 S5 T BRI LB A ) S TR AU LR
10 MPa-10 MPa, 20 MPa-20 MPa # 30 MPa-30 MPa
A B AR K LB B AR EHIR Ol 1,491, 1.498 I
1.485, XF T HIR A 0746, 0.749 Fi1 0.743
TCHLN 1 551 BN RS0 T8 4O o T B0
B 1.536 F110.768 . Bifi 5 Hu i 7 A3 N, £ KE 24
() T AE BN A AR 3 B AR 2 Rt/ N R A
43 KRZTFLERIBEER

AR 3 554 R 2 L I AR PR R o il A 1 284
SO AL R I & 11 fros o b 1 e
T, B KESA LY R 0 A LR 1 R R X A7 B
fEH . 30 MPa-30 MPa 245, L JE ] 3= 2508 i
R IX, MR KE LAY e 2 B R BRI, 25 FL )& BBl 3% A
T AU AR PR T . R T L, RS LA
AR SR, M g | BRI ) A Zs FLIARE A i
GEIREATE S AR

12 B AN R ) 460 T R s FLE IR 18
R A 1) K SR B T8 AE B B2 . 10 MPa-10
MPa, 20 MPa-20 MPa il 30 MPa-30 MPa . {4 ) &
LB AR R 1,521, 1.510 F 1.478, X i
(TGN 0.761 ., 0.752 K1 0.739., JCHLR 1
ST B KR M S B0 T Y BRI 0 T AR 4 43 )

(a) 10 MPa-10 MPa

(b) 20 MPa-20 MPa

(c) 30 MPa-30 MPa

B9 FRHMMNAFHTEREREEGEHRIS A —ELER

Fig.9 Binary images of crack distribution in ordinary straight hole cut blasting under different in-situ stress conditions
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Fig.10 Calculation of crack fractal dimension in ordinary straight hole cut blasting under different in-situ stress conditions
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Fig.11 Binary images of crack distribution in large empty hole cut blasting under different in-situ stress conditions
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Fig.12 Calculation of crack fractal dimension in large empty hole cut blasting under different in-situ stress conditions
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