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Fig. 1 Image of the damage zones surrounding a blasthole under blasting in traditional and improved calculation model
P 1 () oy e atE A 78 e ) LR T B 0 IX s 3o R 92 DU 4 DX A R o, 45 B0 3 40 IX A 0 B s S
TR ca()<<r <b, (DR T Kb, (0)<<r <b; (D3 HEZ X b ()<< <by (O ;MK ,
by (O<r <<oo, UK, a(o) HEKSERN R0 (OB PER b (OB T X5,
by (O RBERE X 4R,
1.2 HEEH®
TE A A TR A — TG R 0 [ A T 235 T o 52 1) — A PN 305 T il ) 22 A0 00 4 R A7 280 A0 1 L 1 T
B+ (L) [BIHE T 2 Jias Vil 1) G B A2E e, o] b 10 000 Ay il Xof K P 1 3 28 [ A8 5 (2) B3 1R DX A Ry 45 1ol ) 4 A
AT R 45 H 3% 28 6 5 01 B BUAR A T o AE 2 B0RE 22 ) ATh 98 5 A N EE 482 07 5 (3) R A= SR 1 2 Jik b A8 o 465 44 i
ik » 2200 1 A A IR 0 A SR G AR
2 REE

2.1 HHETERX
AR AR b 22 15 38 1) F5T, 78 MR X 0 B 10 A O

2 2 2 2
0, =0y |:1 - (bij :|+67-:11” (bl) ’ Oy — 0y |:1 - (/)H ) :|_ Gr:b“ (bij (D
r r r r




5110 Ve RAR AR - A A Bl L OB B DX T S AR Y Yy et 103

R 1o, AR K B YL 0 =y ) R BOF 1110 oy 5 F RIS A7 AE SRS I I P T X 0
S G LRI AT B AT BRI o= — (o, B R (D 0,0, =[0,] 420,
3 X 4 31

bZ
uzlE”fxp4+%> 2)

2.2 MWEIX
24 11 X B RR AR JE A 32 B A IR, 3220 T 3R k2 0y L (B R AR g o vk 2L AR AR AT, B
B R | X ALk i a9 3 gk X i 2. B I X AR o, =0, A o O R AT AR AR .

do, | o,

dr r
FEWH N XAMUH FA o,=[o ]+ 20, NI H A o.=[o. . H[o. | A A PHIPL TR E .,
A A 0 i 2 11 X A9 42 ) g H

=0 (3

_ Lo J+20)by _[o.1b,

()
.
SR ) BT r=bu B g (0) =2y (Lo )+ 000 BRI KPR r =0y AbE9 8
14y lod+200 oy, [od+ 200
u,, (1) = i by [ac]( BET) (1—wln 0] ) (5)

2.3 MHEIRX
W T X PAPERE IR X FERE 2 | X 7= A R 24 4% , 5 200 R R I K L DR e 75 228 2% 0 IX S8
AT RRAE . SR AR QB sl i R S R i 24 T X 5 10 55 Bk ek

he? + € =0 (6)
K MR T KA AMETAKE,
AR T KA
u(e) =1+y[ac][(lilh)+(}lliy)r+b[ l""/”Lrﬂ"'h} (7
[Ut]+25() 71 h o o o [Gt]+26()
H T RARHAEC L = o]+ o 1+h<1 ) — (1 —)n 7[(;] .
£ Mohr-Coulomb Ji Az #E W A8 A S i 53 7 #1452 JEB‘Z” A2 1] BE 7 B 43 A
_ 1+ sind b i 1*smt9
2sind Lo ]( j 2sind Lo (8)

2.4 MERX
TE e U s R R R KE SR VR TR € 2 BE I 1% 3 A 32 B 5 20 00 e 4 535 VI VE L, 25 0 9l o2 2 iR B
BB R 25 RE R AR AL X, 32 XU A mT DU 4% 1) [] P O T e 4 01 B BT R 2R 0 i Ui A
JoT o L2 il AR UKL 22 RIS SR EL A N EE 8 ) . E R B IX R F VA 56 2R N 43 1 Mohr-Coulomb 58 B2 #E D] .
(6, —04)/2=[— (o, +0,)sind]/2 9

MBS R 5, —o. 0. 2B ﬁ%#?%ammmrﬁrm—b]&ﬁyﬁ%mﬁ%
FPRHE s 0, S5 1A P A
5.9 3 P AT B 104 Ty T o i A0 T X 40 2 1 1 )
a,za.(bx/r)% 1o
ZO‘SSin6+ [o.](1 — sin®)
ST 1 8 0 BT B RS2 P by — &b JUr € W I el
8 T X B T P 240 4% T A TE 8 X £ 7




104 N L. T 5 35 &

_ 1+1/h 1—h 1-+v 2 -1
u(t)—({: L+—1+h) Lo Jvtr (1D
wu(OX b, ()R FHH
Ju o 14+1/h 1—nh 1+v b;
2u _z(s L+1+hj o6 (12)
P) ‘ : Pl . . .
| BT o0 = G T () D SR o) R I AR
DU 7E J2 K 25 T B BE TR Gr=a (1)) b F
_ 1+v 141/h 1—nh
ada =2 i (5 LJrlJrhj[g":lb*db* (13)

TERURITZ (c=0 B By W X P 2 K 25 1 BE T 06 7= A2 U a =6, =y iy I FLEAR
X AR (13) P FL 4y, s P A
s o Lty 1—n 2 _ 1+v(amm 1—nh 2
%*277% L+LHJMMW+F 2?7& L+1+wam (14)
Kb, R IX A B KA an WK 25 I B i AR

s K=z Lt (51 + ﬂj [o.] 22 (1) AT LT AL A

E 1+4+h
L C s>
AE RN 2 6 05 507 o ML 3 T 1L e P B 19 Tomse-Miiller 4 47 PR B 1
Pl) (ﬂj o A < (A%
Iy
b — (16)

—27, 20y, —=7,)
am 21y Lo
Py A > Tk
Ty 'k

S W R FERIFLBE L B0 U TR 1 5 b R WK 25 I 70 i ) 5% i P 7 L BE 1 10 FE 7 5 A Wy B
2 GBS B 7, =37, = 1. 275 09 S5 K AR FE ) o X IO B s AR IR s e =y [j’)—]* .
T r=a b H o,= p. . B

2sinf

Pm =0 (bﬂjm aan
am
BRr (15) ~ (1) 1%
_9 ;linﬂ pb (il) o Am < AN
“ 1+sind b
QQP/K>+(1—¢/K>(imj } = (18)
b

—27, 2Cy,—7y)
A 2 "y L
Do - am > 1y
ry 'k

H1 X (18) BIVAT SR A% d5c K2 K 25 2 A2 5 AL AR 19 OB Can /) o 87 AR (15D AT SRAT A 3 X B 9 Fl
([Txm/i’],)o
Xt F 25 I Ak He A B B BB, (1 — 1/KD (an/ry) ° &~ 0, X5 AT Lhfajfk

b, —a K2 (19)
HRSZ TR (16) ~ (17) L (19) A oAt bR 2 24 7L R A 1 T Ao 8 DX 2 A A X
ﬁ(?Kﬂgﬁsz an <ry
bxm - » 1 N7 (20)
T (&K%j ’ (ﬁj tR Am = 1
Oy (%

HI Ao AT LUE W By iR IX AR 2232 U IR B2 8 (D) e A R B3 S T TR 3R % (o ], 30



5110 Ve RAR AR - A A Bl L OB B DX T S AR Y Yy et 105

PUHLoR B Lo, ] RPERL I B AAA L v BT IREEIE 2 FIRDLG N ST 00 5 (O MIALIE TS po JLFLIETT py L5 K2
W oo RS D DL R 2 A5 AT 55 (O MALAR 7y

3 AEVERBRTE

1S H THHE PR 4 FE AR S2%S 80 0255 3R M 4E 245 (0, =0. 9 g/cm’ . D=
3600 m/s) FLALIEZ (o, =1. 05 g/cm® . D=4 100 m/s) Fl Gurit k24 (p, =1.0 g/cm®, D=2 200 m/s)
xRl EMEANYEHESY

Table 1 Physico-mechnical properties of different rocks
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Table 2 Comparison of crushing zone models in full scale blasting conditions
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Improved calculation model for the size of crushed zone around blasthole

Leng Zhen-dong'*, Lu Wen-bo'*, Chen Ming'**, Yan Peng'*, Hu Ying-guo'**
(1. State Key Laboratory of Water Resources and Hydropower Engineering Science ,
Wuhan University s Wuhan 430072, Hubei, China;
2. Key Laboratory of Rock Mechanics in Hydraulic Structural Engineering Ministry of Education ,
Wuhan University » Wuhan 430072, Hubei, China)

Abstract; To explore the breakage mechanism of rocks around the blasthole and to accurately predict
the size of the crushed zone in drilling and blasting, an improved calculation model for calculation the
size of the crushed zone was presented. The four-region model was established with hoop compressive
stress in the inner part of fractured zone and cavity expansion effect taken into account. The material
in the crushed zone is assumed to be granular medium without cohesion but with internal friction. On
this basis, the formula for the crushed zone radius in drilling blasting is derived by elastic-plastic me-
chanics theory. The analysis shows that the size of the crushed zone ranges from 1.2 to 5.0 times of
the blasthole radius, and there are notable discrepancies among rock types. Compared with other
models, the improved model is in better agreement with the experiment data.

Key words: mechanics of explosion; calculation model; hoop stress; crushed zone; improvement; cav-
ity expansion
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