a5k W2 i R s ke Vol. 45 Supp. 2
2020 % 12 H JOURNAL OF CHINA COAL SOCIETY Dec. 2020

E SR B, B SO BN, A5 s AL IR PR 2 LN, SR S HOT 5T 7] . B2, 2020,45(S2) :791-800.
ZHANG Zhaoran, CHEN Huayi, JJAO Weigang, et al. Rock breaking mechanism and blasting parameters of straight-
hole cutting with empty-hole[ J ]. Journal of China Coal Society,2020,45(S2) :791-800.

BELEREAEZS AN KBRS HAR

KES B HERP,

(LA Tolk R £ AR TREZARE, db5 100144 2. P I b S TARDREE BRITAE A | R STl 467013 3. AL at il s ik 8 e BR A
A ,Jbat 100038)

B E.ARZZLHIBBRN AR AL ARBEEAREE BRE T EA S 2 454l E
IR A B A T SEARIE Y P A K S U AL IR A4S A st § B AT AR = JLaom vy Hoah b3k
7T WAE KA T BN, LA F O AR A FGEH AsE, AREREN .47
JUARAE AR B B0 BOR I T AR R AR B R ILeg 8 A P ROE | B R fe A
Jik = 18] 2k B AR R 69 25 2R3 A R AT A E B9 AL R B, B ) B 2R xE B B B BT R A
FILWIL I B AR T EER e 8 h FEAGALN T A AR T A S LA Il
BERAK,ZEBAEBEL, Ah@EZ LS TILAZRME, K ARSIUWB T B A6 RS, R4
8 B A7 0% FF A6 3 AR BN B AR T LS M Ui S & AL B AR R KRR i 00 £ A AN A AR ST ) 2
BN BTG R WK A BLBIR AR S A R AR R AT ARG, AR TR SBRAE R
BT AR R A, WBRAERKR AL LY BV A B, 0 T HREHIES SR AR
WEAF LB T ERKEGH 0, T TRELGRKEFEAX, T A AREAAKX  ZILLAE
MALFARBEAR, AFILARBBAK P RILE =S L BRAELLR HEAR FLiEd
AR ER ZE JOILIAIE o HBEAEALLR SHLAGHIKER (ZLF2 ) A,

KEEW . 2 A K ARSI, AR, TILA R Rk A%

rhE 43S . TD236 M ERARERD A X E S :0253-9993(2020) S2-0791-10

Rock breaking mechanism and blasting parameters of straight-
hole cutting with empty-hole

ZHANG Zhaoran' ,CHEN Huayi’,JIAO Weigang’, YU Tianfu'

(1. School of Civil Engineering, North China University of Technology, Beijing 100144, China; 2. Pingdingshan Shenma Engineering Plastics Co. , Lid. ,
Pingdingshan 467013, China; 3. BGI Engineering Consultants Ltd. ,Beijing 100038, China)

Abstract: The cutting is the key to the blasting of rock roadway. The straight-hole cutting with empty-hole is widely
used. Aiming at the problem that there is no reliable basis for determining the parameters of straight-hole cutting with
empty-hole , taking straight-hole cutting with large empty-hole as object,based on the analysis of the effect of empty-
hole , the theoretical analysis of the cut blasting parameters was performed , combined with a numerical example to veri-
fy the effectiveness of the design of the blasting parameters. Research shows that the cut-breaking rock is the result of
the combination of fissures caused by explosive explosion in the blasthole, stress concentration effect , free surface effect

and fragmentation space effect. The effect of three effects on rock breaking is different. The stress concentration effect
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causes rock failure to be the main role of tangential stress. The generation of cracks is related to the distance between
the blastholes and the empty-holes, there is a critical value for their distance. The free surface effect is related to the
diameter of the empty-hole. The large diameter hole exacerbates the reflection of stress waves,the tensile failure range
produced by the reflected stress wave has a maximum value at the center line of the empty-hole and blast-holes, and
the range of the tensile failure on both sides of the center line gradually decreases, concave chip crack failure is
formed. The broken expand space effect provides sufficient space for rock breaking,improves blasting efficiency, and
proposes the concept of dynamic broken-expansion coefficient. The influence of the moving distance of the stemming on
the crack propagation length was analyzed. The formulas for calculating the length of blast cracks,formula of the range
of the chipping area at empty-hole,and the formula for the criterion of radial cracks at empty-hole were derived. In the
parameters of straight-hole cutting with holes, the distance L between the blast-hole and empty-hole was determined by
the blast crack zone,the chip crack zone,and the radial crack zone of empty-hole.
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<st + 3)Trrb + stTrrZ

N( st - 1)

12
a$2{ tan(ﬂ/N)}

(33)

@) Fh 24 B DX L ]

LR TR AR SRR L A FLRE IR 5 L B BEAR ] PR
TETRIREASCR | ARSI L ] Ao b e 7 A 170 L X (2R it
KPR w) HEREHS, W o WIHHELAR:

w<a < 2w (34)

@ FartifL LI

25 b a WIBMEZE S 5 IR IR K 25 ] 2B X AR
DAL GEARILAKER(EN BT o« 5 LK
F) 0 o B BB [l 2 2
. < min{Z':(KSd +3) 7, + K7

tan(Tr/N)} } ,

N(Ky - 1)
wsa<2w (35)
.o
a = 2Lsin I (36)
(2) i Bh RS £L AL 1A

DR LA ORI R s 0 B Y, B T B8
FEFLAE B A FLR B 5 R A, B0 A A IR AR
T B 2 A5 F . O A4 4 B A L 2 1) ) 24 Bt
X BENS 5130 5 %l Bh R AL 3] 32 A8 LR 0 )5 OF %
VIRV f 174 B 2 7 2 B R L O BB~ AR Y TR N

AR 415 il Bl 46 1 FL FL 22 1) AF A — A AR
fLChnrE 12 thAL 5 FIfL 8 Z i fL 4) , A4 BN
LI A R 510 LA R 2 P 7 |, DA 054l B H A L T B
bH

b <2a (37)

K12 a5 b IRA
Fig. 12 Relation of a and b
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3.1 TFE#R

R A R E R =8, RIER
Pk, BRI O 2 7655 R XUERFTHR 5 R A
VP 2 S 2 AKEL, FE HA R 32 mm, K
200 mm , #4200 g, 1 ~5 B FAE ] L TR AR

EAE2G ) JFL AR 42 mm, By S8R L)
ARHHIR T A8 B AR, 41 M AR 2 O B LR BR kR
L5 m SRR 70% , A A Y HL )24 2500
%% 10

x1 BEMBENESY

Table 1 Physico-mechanical parameters of rock

i i3] AN FZIEOS 110 S POS i KA
(kg - m™) AL /e PR/ MPa  BRE/MPa
2 850 0.25 0.2 88.9 11.0

3.2 BREARMEK

i RGP RAR T B0y A i ROAS eI 2 22
SR TR) L 38 1o 4 TAT, SR 2 SR A RO, &
BTGB, A A AR A A
() R TS B0 A BB RO 22 IR R
B L E IR E AR | 25 LR & T B LALAES 7 it
T, HA AL A LR AR =8 A HLIC A it T, HoAth
JFR e Mt 515 07 ZARE . Sy R FEDLES AL 1Y)
P BEFLIEE ] 3.0 m, HARBAPEHRIER J 2.7 m
PLE
3.2.1 JflS5haoas LR L

BhAL L AL AT i T B2 R 400 mm 25 L 1Y Bl
S,k LR E N r, =200 mm, R g 2
(25) ~(31) , L WK INER IO 7 10 FRRR A= SARAE LS
PRKE w FRX IR 2, MasfL2Be r, 2Lk
BMHGKE 2, HLRPEE,

(1) BEA SR E RS R w

AR (10) ,P=1.01x10° Pa=0. 1 MPa, /2415
K V=0.8 m’/kg, 0 FHIEZJERIRAE 2 000~2 500 C,
WEURIE T=2 300 K, A= WIRESEER K, 7=
0.6 L/kg=6x10"" m’/kg, WA SAAWI IR K T P! =
1 684 MPa,

HRPE(19) , FREFHCGH L LIRS, — B
8L B n =8, ARG E BN 1~
2 mm" BGOSR o' = 1.5 mm, AHEA %2
i D SHALERAAR B D=d, L, WIS R R
AR AR R AN 0.7, L, =2.0 m, Bh&HT
PIoRE o, =11.0 MPa,y=3,D=42 mm, SR A
BB T w = 0. 502 m; 2440 U8 1F G B B A FL I
T w=0.444 m,

(2) X XK 2,

R (6) , JELHE py=1 000 kg/m’ 15 D=
3200 m/s,y=3,r,=16,r,=21 mm,m= 10,0 P, =
3293 MPa; R #E (26) , B 0w =0.444 m, 0] z,, =



w2

SR A A - 52 fL B R 25 LSO B R S Kt e 799

0.012 m,

= (25), W L, = 0.444 +0.012+ 0.2 =
0. 656 m,

WX (27), A =0.25, =175, W L, =
0.412 m,

HF Ly > Ly, RIEZ(31) 00 L=0.656 m, HL
0.6 m,
3.2.2 JALEEE o BB

LA SIS 4 D> BRI (N=4) 0%
K =15 K, =12, #4EX(33) 15 a=0. 885 m,
= (34) 1115, 0. 444 < <0. 888, M HE L (35) HL
a=0.885 m, MIEX (36),L=0.6 m, ([ a =
0. 848 m,

ZE L B a=0.848 m A, il i R ik s ] S4B
RHE U e RIER
3.2.3  HBhAERELLIAIEE o

e X (37), F B M 6 < 1.696 m, HL b =
1 650 mm, NHZ Iy Z AL S ENE 13 3k 2 fir
No

1650

A
D

1 650
1650

A\
\

Z 1650 N

K13 A LA
Fig. 13 Cutting hole layout
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Table 2 Cutting blasting explosive loading

o W/ s AfLEEZy BEZy JpllE B
B
m (®) B/kg H/kg %/m Bl
0 3.1 90 0 0 — —
1 3.0 90 2.0 8.0 1.0 1
2 3.0 90 1.8 7.2 1.2 2

3.2.4 BT BRCRAT

W B IS T LU Y X B o T AR T
T, KRR SCR NS . AR R B — o 1 5 1
Tl R AR R IS R ROR W R e B

RSER X WFE 3,
*x3 BUHHEIL

Table 3 Blasting effect comparison

LN DA 7 % IR 2 YIES
Yt BEIE Yl K FL A IR Ha A

S5 J Al 1 R B/ m 1.5 2.7

J R A % % 75 90
GLZSIAIN BHEE etk
PRI B i i
K [ 1%

4 25 it

(1) EIRFGRE b i T 25 SLA A, (2™ HE R
& L E VNS IS N TR AR 18 Sl IRV oA T I = KIS L]
FEBCH AR, AR R AR A AR 22
B s BRI b o 14 e 34 2 i of Ja A A ]
TREY K EZHAREER W, RSt
HHHAFIE,

(2) &= fLEARIH | SC R S BON ALY
23 FLEE R A L2 6] B R A , 2 FL - e LA s
SE G M AL X 23 FLAR 1] LB DAl 2L XA
Pl 5 AL BT RS A AL 0 2B X f 5

(3) TRESCERFR W], R AR 28 LA Bl ER E R
SRR FHARSE 7 ML H ., g6k 7 2% e A A
S BT ARIR K 8 SRAT B B TR B2
KR,
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