FRVECIN B wOE 5 W ik Vol. 37, No. 1

2017 41 A EXPLOSION AND SHOCK WAVES Jan. , 2017

DOI: 10. 11883/1001-1455(2017)01-0027-10

IR 4 i R AR RO R B o R AR G A

TEECELK. A O#LCEEH  Hes?
QBB TR AR TR S @R, #1dk :I 430070;
2. A NBIFEBHARAF ., =m EW 650101
3. = B HR MY F AR AE Bl S LA B . = BEW] 650101)

T T AR T A L 2 I3 300 35 A0 e T 425 68 41 20 3 ) A% 9 A DA B AR I i AR L DL B
B A S M 30 3 R F S AR S R R I 4 S A R R A O ik R RO AR TR IR B
T S AL B AN TR AL A I 2l 3 BE L 3 BT S [ 24 1 T B R R 22 U 1 1 48 A 40 9 L DA B AR Bl R 1 2 A
A, BFIT R WL B XA B IR Bl T 0 0 R A A N I O R X B R I 2 R 400 TR SR
KF X 22 MR 4R S B S IR R AR 56 &R s U SRR AN 10 Yo R 451 405 5t B, 51 4 by J% 1 4 i
A AL M X R A I AR B TR S 11,54 em/s AR5 AR 5. 57 miy o FE R MR B 1 22 OO B I B4R Bl
BEA 24,20 em/s, Je KRG 4R 7,56 m, I m i KA NG 2 #or X B2 R,

SR MR R 5 P I s M) A TR B s B A

hESES: 0381;TD 235.1 E#RFE R 13035 XHAFRERD: A

Xt o T A SR PR T4, 2 7 W] e O Ml i A (A3 407 0 R D DR AR e 5 1 ) o il DX S 4 ™ A
BN 3 FURLI 7 5 24 H AR B A A 5 U ST 7 B I L 25 S O A7 A R (R I 2 0 3 Bl A A Y
PR Y AR Y . 2 YR RO YT R B T R R B RN R e B
Hh 2 IR B e A A T A 28 0 2 AT S L S L R e A AR R P 2 W R R T IR ) D R W)
. YR Bl P A e PSR A BB AR /N AL TR A58 B I s 25 7 AR O A SE T B R, S B AR . A
ek — 7 WO TR BE I Rl AL R T I A ) A A S AR i B R B TR G AR T AN TR D )
(9 41 2l 32 P32 i 10 7 2K 0 A ) 2 AN ) el 400 o SR )2 5 B i AR e LR R R B 7E o b
PR T E R E A . E AT R R I A0 4R B R DL B AR 1 4 AR A R R I A A R R AR 5 Li
Haibo %17 45 H T A A B YRR A 04 DR R B 11 91 8l 3 J32 2 4 I (L o X 22 W BB i 140 004 DR R 0 5 20 5 TR
I o o 1R Sy I A2 1 AL AR PR A4 0 B A R AR 2 ) 6 R WE S L . AR DL s B
RN B I LR S J5 300 3 4 P T 425 D 5 R N 3 355 S A A 940 7 S 3 B A iR 8l R R
4o 20 U 8 A P P B D 3k A B o T 38 o AR P R AR R A E R A B L L O 2
M 0 A D P ) S5 I 50 e R 090 94 A A LA R R 1 24 ) IR s R R SR AR A5 A 9 R
145G 28 3 X B U AR A8 LA % 22 R A 7™ A A 40 0 A7 20 A 8 T2 T R 0 I B0 22 il o o

1 Bimiik

1.1 WAL (R)MHE

LI KO+850~K0-+930 Ab (I 23 25 ot DU 9% i1 3 S B il 40 i A2 R 1+ 0. 5, BT I M
10,0 mL B DLK 20 F L H R RN 20~40 cm, A R MM Sy 36°, 55 J2E ] 5 Bk E & 157/
FAEZE, YA R T BN EUE S

I 4 WA T R 2 # A a7 LKEZ IRFLIB B =0, WALIR 2.5~2.8 m, HAE N 40 cm;1~4

» UWFRHEI: 2015-10-08; &E HEY: 2016-01-14
EETH: BERHAR#IELTH (51374163); A L Mis )T 2010 BH4% Loimi H (=22 FF 2010(A)07-2)
F—1EE: THMA9SI— OB 1+ BEMEE: HILK . xiayyl965@126. com,



28 w5 i 537 &
PR M ALK RIS 1. 5~2.5 m BB AL Slant of slope
RO 2580 0N 3. 2.4, 8.4.8.7. 2 kg, 7 I IR JE o
FLAE AT e A B 12 4, WS R T 7 e A E 5 4L &N :% F1 @+ 38| |o15 o017 o1 021
LY 5.0~8.0 m, 1420 130 mms R £ |E| @ o8| o1 ©10 O o
W18 ~7 8 IV A O BBk A i B ©° 18|01 ° b ke
gt AL A S AL RO P A < ] 0108 o
B 1. E 0o
1.2 FEiEMK -
MK % % N RS-STOID i, R — % —  E o

Wes LT, I RERR L SIE S 0.1 mL B *Blasting hole OAcoustic hole @ Velocity monitoring points

RT3 Uk U AR B AT 380, e P AL A R R 1
e, élﬂlf( {':P/EZ o 25 ) T B A Hf[ﬁu Fﬁ' ff{ﬂi'gﬂ%[, Bt Fig. 1 Layout diagram of measuring points

S8 U I RE B U D L BRI . R A Y
DR 3R 4 5 A e 1 S SR B R e AR K R A L L R R A R BB 2 5 B A i R N 3 AR
J5 AT T B R e 0 R I, AR R AR Y RN R T A A AR A, AT N ARG R D
FR AR 9 IR RS
D1:1*(v1/v0)2:1*(1*77)2 [@D)
A v o SR B0 R S A AR R
X 22 YRR v T 4505 AR B K B T 6 K LA AR S AT 0 A T A ) A R D 2 1K
HROE R BRB O HARE BE DA
D' =D, + AD, (2)
AD, =1— (1 —Av,/Av)? =1—(1— )%,
AD; =1—(1—Av;/Av)* =1— 1 —9)%,++,AD, =1 — (1 — Av,/Ay)* =1— (1 —p)°
Xf: D NIRRT WD s Ao, BB 0 5 a—1 WHRBES 758220 AD, o WHRBEHG .
AN T TR HE P LR 1 7 7 S AT 38 1.0 0 1 Ay SR B0 49 42 0 48 s % 1oz 14 5 R B A5 R JEE S 0. 19,
1.3 #RhE E
A0 ) P B R SR D)1 A A A R F) AR 7 ) UBOX-5016 W I ASC 22 , B 102 i
B ) S R B 2 1) S M S AR X B R A PR IR Bl B A A% B ek B v B Oy k. DY B R i
N T) 245 5 T ) R B A A5 SN i T R K Y- D [l R B ) AR A L R 5 U 2 i 3 1) R B A R AL
Y 2y 30 RE T L A I 3 M B ek
V=K/Q/R)* (3)
XV IR K o S MR B EG Q B 25 st R I B R I A BE B

2 KBERRBEESNT

2.1 BB EE

7L 5 R R R R A G B R U AR Y R R R 1 R AR O R B R . B T I A S AR A
5 00 T 0 7 ALV TR T ) R K ST AR T ) 7 R A R R A A S AR A A0 R T S A R L T 2 U R
PO R R B, DB e e R AL 1—-2.2—3.6—7.7—8.8—9,9—10,14—15.16
— 17 AT 50T . R R R BT S AN [F) TR B A 75 3 AR Ak ok A A R 451 43 . DA TG ) DT A5 0 R RE R L Bl R
JE . LA YR R ] 2 R LR S R AR S R M an B 2 i 38 S VIR B O ) A R AR Ak
AT A (D ~ (O THE I 7 R AR R 1000 JF i F2 BE 0. 19 Sy 4 43 B, 75 328 A A1 58 DA 338 A 3% T 1) 3
PRS2 T 2B U s 4 SR B DN A 30 7 e KRR AR A A ZEFLIR 0~ 3.5 m 10 Bl P 453 405 188 52 i 13 9052 38 75 )
FLIEE B (AR AL T AR AL . Fe00 U S5 AR 10 7 ST B L A5 B B RO B R SRR AR, L 1



%13 TR R S T SR Y R Bl 4 ) R A0 4 29

(a) Acoustic holes 1-2 (b) Acoustic holes 3—4

—&— Initial value
—— First blasting
—a— Second blasting

—&— Initial value
—4— First blasting

—&— Second blasting

3.0
—6— Third blasting —6— Third blasting
—o—Fourth blasting 2.8 —O—Fourth blasting
26 L L 2.6 _ — o - -
0 05 10 15 20 25 30 35 40 45 50 0 05 10 15 20 25 30 35 40 45 50
H/m H/m
(c) Acoustic holes 6-7 (d) Acoustic holes 7-8
4.0 4.0
3.8 _ 3.8
i 0
3.6 3.6
Y ) % 34
E ¥ —&—Initial value E 4
3 32 —a— First blasting = 3‘21 A ¥ —a— First blasting
3. 048 —&— Second blasting 30624 —&— Second blasting
98 —6— Third blasting —o— Third blasting
T ——Fourth blasting 28] ——Fourth blasting
26 L I L I L L L L L L L 1 L 1 L 1 1 1 n ) L L L L L L n L n ]
0 05 10 15 20 25 30 35 40 45 50 2'60 05 10 15 20 25 30 35 40 45 50
H/m H/m
(e) Acoustic holes 8-9 20 (f) Acoustic holes 9—10
3.8
i
3.6
.. Tw 3. o ..
—&— Initial value E —&— Initial value
—4— First blasting g 3. —4— First blasting
—— Second blasting 3.008 —&— Second blasting
—6— Third blasting 5 —6— Third blasting
—o—Fourth blasting 8 —o—Fourth blasting
26 L L L n L n L n L J R —t ! L 1 L 1 L 1 L L 1 L L 1 L )
0 05 10 15 20 25 30 35 40 45 50 2 60 05 10 15 20 25 3.0 35 40 45 50
H/m H/m

(g) Acoustic holes 14-15 (h) Acoustic holes 16—17
r 4.01

4.0
3.8 3.8
3.6, 36

w34 —8— Initial value = 3404 —&— Initial value

_\i 394 —— First blasting é, 39l —— First blasting

3 - —&— Second blasting = 20 r —&— Second blasting
3.0 —o— Third blasting 30 —o— Third blasting
2.8} —o—Fourth blasting 2.8t —o—Fourth blasting
26 L L 1 L 1 1 1 1 L L ] 26 1 n = I n 1 n n n TR 1 T I )

0 05 10 L5 20 25 3.0 35 40 45 50 0 05 10 15 20 25 3.0 35 40 45 50
H/m H/m

P 2 pa o BE 5 AL TR BE Y 56 2R

Fig. 2 Relation between acoustic velocity and test hole depth
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Table 1 Test data of blasting sound wave

Q/kg WAL g = R/m H,/m AH,/m Q/kg AL g = R/m H,/m AH,/m
1—2 3.0 2.4 1—2 5.8 2.6 0.0

2—3 2.4 2.6 2—3 4.8 2.9 0.0

6—7 4.2 1.7 6—7 2.2 3.2 0.4

3.2 7—38 4.8 L1 4.8 7—38 2.7 2.9 0.4
1 gk 8—9 6.3 0.1 3 R 8—9 3.3 2.6 0.9
9—10 7.3 0.0 9—10 4.2 2.0 1.0

14—15 5.2 0.6 14—15 6.1 0.9 0.0

16—17 8.8 0.0 16—17 10. 1 0.0 0.0

1—2 3.5 2.6 0.2 1—2 9.1 2.6 0.0

2—3 2.8 2.9 0.3 2—3 8.1 2.9 0.0

6—7 2.7 2.8 1.1 6—7 4.0 3.2 0.0

4.8 7—38 3.5 2.5 1.4 7.2 7—8 3.2 3.4 0.5
%2 WERE 89 4.4 1.7 1.6 94 WERE 89 2.6 3.5 0.9
9—10 5.3 1.0 1.0 9—10 2.3 3.6 1.6

14—15 5.4 0.9 0.3 14—15 8.3 0.9 0.0

16—17 9.6 0.0 0.0 16—17 11.4 0.0 0.0

7
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Fig. 3 Damage region induced by single blasting Fig. 4 Relation between largest doses and damage region
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Table 2 Acoustic velocity change rate and damage level

H/m 1 R 5 2 DR 553 YR 5 4 TR
7 D 7 D 7 D b/ D

0.2 9. 66 0.184 12.35 0.232 15.93 0.293 17.52 0.320
0.4 10. 21 0.194 12.03 0.226 16.76 0.307 18. 36 0.334
0.6 10. 66 0.202 12.87 0. 241 16. 94 0. 310 17.55 0.320
0.8 11.12 0.210 13.75 0.256 16.70 0.306 18.49 0.336
1.0 11. 05 0.209 12. 63 0.237 15.05 0.278 18.17 0.330
1.2 9.21 0.176 11.99 0.225 13.62 0. 254 20.45 0. 367
1.4 10. 22 0.194 12. 89 0. 241 15. 36 0.284 18.08 0.329
1.6 10. 75 0. 204 14.61 0.271 16. 48 0.302 17. 89 0.326
1.8 9.35 0.178 11.77 0.222 15.12 0. 280 16. 08 0. 296
2.0 7.23 0.139 11. 04 0. 209 12.52 0.235 14.11 0.262
2.2 3.29 0. 065 10. 06 0.191 12.92 0.242 13.41 0. 250
2.4 2.98 0.059 10. 55 0. 200 11.93 0.224 13.15 0. 246
2.6 1. 24 0.025 10. 20 0.194 12.98 0.243 13.93 0. 259
2.8 2.72 0.054 10.11 0.192 12.70 0.238 14.52 0.269
3.0 1.32 0.026 6.69 0.129 10.92 0. 206 12.27 0. 230
3.2 2.70 0.053 5.58 0.108 8.72 0.167 9.41 0.179
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Table 3 Test data of blasting vibration velocity

Q/kg M R/m V./Cmess ") Vi/(em+*s D ||Q/kg Wi R/m V./Ccmes ') V,/(cm+*s ')
1# 6.8 9.01 8. 80 1# 5.1 15.5 13.5
2% 15.5 1.02 1.08 24 13.4 5.24 4. 65
3# 35. 1 1.02 1.08 34 33.0 1.55 1.65
3.2 4% 55.0 0.54 0.68 4.8  4# 53.0 0.75 0.95
5% 14. 4 3.11 3.30 54 14.7 4,38 4.25
6% 26. 1 1. 62 1.71 6 25.5 2.56 2.21
T# 38.6 1.05 1.14 74 36.2 1.43 1.21
14 4.5 17.50 16. 50 1# 5.5 17. 20 17.50
24 10.6 5.91 6.21 2# 8.0 12. 20 11. 10
3 29.9 1. 65 1.97 34 27.0 2.55 2.83
4.8 4% 49.8 0.75 1.15 7.2 4% 46. 9 1. 40 1.81
5% 14. 3 3. 86 4. 65 5# 14.7 5.01 5. 86
6% 25.4 2.11 2.71 6 25.6 2.71 3.61
TH 36.2 1.35 1.22 7H 36.4 1.84 2.21
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Fig. 8 Relation between peak vibration velocity and explosive distance
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Table 4 Regression data of blasting vibration velocity
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(a) Single blasting excavation

(b) Multiple blasting excavation
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Fig. 13 Sketch map of slope blasting excavation
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Blasting vibration control and damage characteristics of bedding rock slopes
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Abstract: In order to understand the law of vibration propagation and the damage degree of the bed-
ding rock slope during blasting excavation, we studied the bedding slope in Puli-Xuanwei Expressway
in Yunnan Province as an example. By applying acoustic tests in combination with the monitoring vi-
bration and sound velocities under different depths of the rock mass, we obtained the vibration veloci-
ties at different locations after blasting, and analyzed the damage range as well as the propagation and
attenuation law of the vibration wave measured of different explosive doses. The results show that the
vibration velocity at any point of the blasting area exhibits a corresponding relationship with the dam-
age depth of the slope. It exhibits a linear relation for single explosion and a presents non-linear rela-
tion for repeated explosion. Assuming a decrease of 10% in the sound velocity as the damage limit and
the control value of blasting, the critical velocity corresponding to single explosion is 11. 54 cm/s, the
damage radius is 5. 57 m, and the critical velocity corresponding to repeated explosion is 24. 20 cm/s,
the damage radius is 7. 56 m. The largest explosive dose is deduced by two ways mentioned above ac-
cording to the Sadaovsk Formula.

Keywords: mechanics of explosion; blasting control; acoustic test; bedding rock slope; damage
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