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Linear Regression Analysis on Sadovsky
Formula for Open-pit Bench Blasting

DU Jun,HUA Liang-kui,LlI Mei-jie, WANG Hong-qiang ,WANG Ming-wei
(North Blasting Technology Co. ,LTD. ,Beijing 100089 , China)

Abstract; With the continuous development of blasting equipment , the popularization of high-precision detonator
detonators and electronic detonators have been widely used in open-pit bench blasting. However, the definition is
vague in the selection of the maximum amount of initiating charge and the distance from the detonation source to the
vibration measurement point for the linear regression analysis of the Sadovsky formula when the vibration measure-
ment point is close to the blasting area, and the dispersion position of the blast hole cannot be ignored. A proportional
distance was used to measure close-range blasting vibrations by hole blasting. The total charge with a delay interval
smaller than 8 ms or the charge quantity nearest to the vibration measurement point was selected as the maximum
blasting charge in a section. The distance between the detonation source and the vibration measurement point was se-
lected as the three-dimensional distance between the center of the hole range of the maximum blasting charge and the
vibration measurement point or the three-dimensional distance between the hole and the nearest vibration measure-
ment point. The one with a smaller proportional distance was selected for linear regression by comparing the group
proportional and single proportional distances. The results show that it has relatively accurate linear regression using
this method for the same direction or near the direction of the vibration point value after the noise reduction process.
Key words: hole-by-hole blasting; blasting vibration; close-range vibration measurement; linear regression;
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8 KA LR B A Ml I, J A A2 A 5 3L
IO P R BRI B0 B i A 22 i R ) AR BBAR 2h TA R Ak
TS 28 47 5 S E R A R
X T AT P /N Y 8 DR L I 3 g E S 3 S
BRI A AR B0 10 39 (4 S i AN 25 2240 TR Ik o 2
KRR AN T o o AR AR B R A SRS
Fibsfl ™0 FE 725 A AL S A A 55 KOR il
ek P P RN IR B, SR T A9 B R B e XF
SR BEA T IR ) 7 05 , o B R A AT
LR BRI, 15 K a {8, H20 Fr BE THAE A
SPRE TR ZE B BRIA

1 BRRFHNAE

e KR R B E A 8 KR, 00
AL OKEEET it A O RESLAE A7 A R i
LM BTN o BSOS  E RRIR £h

A R WAL S T E RS, Rl e AT s 9¢ )2 #n
FREREREAT o BEA L RGE 511 m x399 m; 35 AN
KA 293.61 7 t, F B A A0 & 2846.76 T t,
K G B 12 m, 8L 4 K H FlexiROC D50 J&
I FLAHL— AL, FLA2 & 138 mm,

2 Bl

B XTI B SE AT 58 KR 7 AR 2l i g gk
77 4 R A3HE 1364 ~ 1352 m 51352 ~ 1340 m
EH 1340 ~ 1328 m & ¥ & 1328 ~ 1316 m &,
4 ASREBE DX I 34 R FH 22 FLOREIR B T KE 24, 4k iy
150 g, 4h 3R K AL 35k H ks B2 45 T 48, L1
PEPE 17 ms B 25 ms, HE 0] 2 £ 42 ms, FLN A
500 ms , 32y 45k R LR 2N
2.1 BHESHENA

SRS R ILE 1,

1 BHSHSZITER
Table 1 Blasting parameters
JEIX g ife 25 " " AL I K — B ek HE
AN Kl /AN A
=19 K i HEg LBV A FLIR/m fLHERE/m kg 2/ kg B s
1364 ~1352 m 3.0 1 13 361 12~12.5 65 75 ~87.5 612.5 17/42/500
1352 ~ 1340 m 6.7 1 7 216 12~12.5 6x5 75 ~87.5 612.5 17/42/500
1340 ~ 1328 m 1.9 o 12 165 11~12 6 x4 87.5 612.5 25/42/500
1328 ~1312 m 4.0 1 8 166 12~12.5 5.5x4 87.5 240 25/42/500
2.2 RN EE R MR =T 4B g 1364 m S BEHH 1 m &b, 6 5500 F
2.2.1 MR Bk 1376 m FEIET 2.5 m Ak BARE R 25 7R 2 K 0L

TR F TP R 22 ) TC-4850 B ak M HR AV, R
FESZ 8 k, fil & 13 0.2 em/s , SR AESERT — 100 ms,
SRATAR JEE AR AR A X ) 245 s, ZE R s i) BB 45
2.2.2 MIkENL

(1)1364 ~1352 m & B X 16

IR DX IR A1 6 IR A, 1 -5 SR
RAGMALAL AR, 58,2 55, 5 45

1364 ~ 1352 m {3 Bkl DX IR s A1 5 s
Fig. 1
in the 1364 ~ 1352 m blasting area

Al 1

Vibration measurement point layout

Pl 1, A BRI 2
(2)1352 ~ 1340 m & B X 3,
PR DI A B 6 AN PR A5, 1SR A5
LAl I FE— KT 2 ~5 B 7 54T 1364 m
Tf o BARE MR s B R LR 2, 45 4R o 2k
B3,

1352 ~ 1340 m {5 [y R DX SR A B s S
Fig. 2 Vibration measurement point layout

in the 1352 ~ 1340 m blasting area

Kl 2
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SUHRAALT 1352 m SF-5 12 m 5245 AL

AR SR B LA 3, 2R 5 B B L 4

&2 1364 ~ 1352 m & MR X R AL 4R

Table 2 Coordinates of vibration measurement points in the 1364 ~ 1352 m blasting area

Y 1 2 3 4 5 6
Y 266 145.029 266 102.923 266 054. 666 265 990.767 265 949.537 266 097. 618
AFE X 206 108. 126 296 113. 113 296 167. 189 296 175.418 296 180.072 296 098. 731
VA 1364. 458 1364. 703 1364. 243 1364. 628 1364. 940 1375. 422
W 55 BRI PO KRR r/m 69.77 96.20 128.04 192.13 233.54 109.00
EfE2E H/m 0 0 0 0 0 11
R =(rl+H)"/m 69.77 96.20 128.04 192.13 233.54 109. 55
W 255 B M LK HE ry/m 23.30 34.80 37.90 101.50 143.30 49.76
R, =(rF+H)"/m 23.30 34.80 37.90 101.50 143.30 50.96

&3 1352 ~1340 m AR K UK < L4R

Table 3 Coordinates of vibration measurement points in the 1352 ~ 1340 m blasting area

Rz 1 2 3 4 5 6
Y 266 005. 277 265 995.259 265 993.929 265 992.452 265 985.906 265 977. 59
ABFE X 296 217.842 296 198.561 296 194.923 296 191.113 296 173.541 296 151. 591
VA 1351. 004 1363. 254 1363. 307 1363. 294 1363. 920 1363. 929
WS BRI PO AR r/m 34.67 55.98 59.70 63. 68 82.10 105. 20
B H/m 1.00 13.25 13.31 13.29 13.92 13.93
R =(ri +H)"*/m 34.68 57.53 61.17 65.05 83.27 106. 12
W) 25 5 B M LK R ry/m 19.20 40.90 44. 80 48. 80 67.50 91.00
R, =(ri+H)"/m 19.23 42.99 46.73 50. 58 68.92 92.06
(3)1340 ~ 1328 m {5 B X 45§ D s BARA B LR 5,

PR I AT B 6 IR, T ~ 3 SR ;)
ML TR — e b4 SR S BRI AS T 3 m i LS ¢

6 SRR ST 1364 B4 BEES G2 T 4 m b, Eik : S

4 I

T 5

Kl 4 1328 ~ 1316 m 5 [ DX I ik i A s ]

Fig. 4 Vibration measurement point layout

in the 1328 ~ 1316 m blasting area

_— _
&3 1340 ~ 1328 m {5 Birtam X 4R A5 A S 2 R 3 %E&*}Eﬂ]ﬁj:ﬁ
Fig. 3 Vibration measurement point layout 3.1 BEiRshEES T
in the 1340 ~ 1328 m blasting area AR DX I % 5 S R L3R 6.
TR0 T A U R A T R R X BRI, AR AR
(4)1328 ~ 1316 m S EIARGK DI T IR BEME AT RASHAR B . S T R

R AT S ARG, ~3 5 0AR gy e atot , SR R ARG 3 0E 3k 14 77 S U AR AX
MBS AL TR —m R 4 ~5 v(ﬂ]%,mu? AR 4 4% 2h BB, %3 i ok 9 156 B 300 Hz, 451t

1340 m P58, HARSIIR SR SR 4,4 Z52nsR 7 R,
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R4 1340 ~ 1328 m AR K UK < L4R

Table 4 Coordinates of vibration measurement points in the 1340 ~ 1328 m blasting area

= 1 2 3 4 5 6
Y 266 054.223 266 130.023 266 304.953 265 925.296 26 5917.539 266 288. 367
bR X 296 310.760 296 298.012 296 258.443 296 294. 064 296 279. 044 296 265. 979
Z 1328. 815 1328. 166 1340. 336 1352. 559 1363. 800 1327. 311
T 25 F IR KSR )/ m 101.2 178.0 339.5 357.3 51.6 68.4
£ H/m -12 -12 -12 24 12 24
R =(r +H)"*/m 101.91 178.4 339.71 358.11 52.98 72.49
W5 B RS ALKF#E r,/m 61.3 136.3 297. 4 315.4 28.9 45.8
R,=(A+H)"*/m 62.46 136.83 297. 64 316.31 31.29 51.71

&S5 1328 ~1316 m & MR X R = 44 4R

Table 5 Coordinates of vibration measurement points in the 1328 ~ 1316 m blasting area

i 1 2 3 4 5
Y 266 028.939 266 112.681 266 074.008 266 050.937 266 034. 848
ABFE X 206 248.424 296 209. 842 296 225.770 296 179.175 296 139. 713
Z 1328.193 1327.980 1328.101 1351.288 1352. 134
TR s B E O ACEEE r/m - 68.86 41.93 33.28 84.13 126.16
FFEZE H/m 0 0 0 23 24
R =(rl +H)"*/m 68. 86 41.93 33.28 87.22 128.42
PR 5 ST FLKSFEIE r,/m 14,03 18.20 18.04 69.93 112. 40
R, =(F +H)"/m 14.03 18.20 18.04 73.62 114.93
*®6 ZANWERHERENIRAXER *®7 EREREEWIRIKXESGREERL
Table 6 Vector blast vibration velocities in each blasting area Table 7 Optimized vector blast vibration
A K Bk ) 15 2 S/ (em + s7) velocities in each blasting area
1 20. 15 BT X 45k WSS FEMEBE (em - s7h)
2 8.67 1 19.54
1364 ~ 1352 3 739 2 540
) 4 180 1364 ~1352 m ) 728
5 2.87 4 1.79
6 10.97 5 2.85
6 10.77
1 26.68
’ 1113 1 25.01
3 10.19 2 11.01
1352 ~ 1340 m A 9 27 1352 - 1340 m 2 1(9)_ ;;
5 3.67 :
7 2.04 > 3.68
6 2.01
1 4.01
1 3.83
i (1)' ;z 2 1.73
1340 ~1328 m ’ 3 0.31
4 0.57 1340 ~1328 m . 0 54
> 13.62 5 12. 54
6 6.71 6 6.15
! 29.70 1 29.26
2 18.15 2 18.17
1328 ~1316 m 3 9.24 1328 ~1316 m 3 9.23
4 1.91 4 1.88
5 0.89 5 0.87
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3.2 BRI EE IS
AR PR R HTHEA R V = K(/]?)EX R -

35—, BRI ZRI
/o
V = K(R')™ (1)
INFCH I A AT X B R BGa A, |
lg(V) =lg K - alg(R") (2)

APV R BB AR Sl ORI I O
FEE  em/s s K b 3 28 8, 5 8 M i 2 1T 2% R R
HERAEE X 265 SIE P 28 JINR 0 AT O 5 R il BB B B
m, I e SRR O i) = 4ERE RS (R, ) A £ 5 e
ITIEAL =4 RS (R, ) 5 Q e K — I B A
WSO AL AE B B 22 < 8 ms ) 0 L Jie K2 245 o AN
(Qy) FIEEES I ki e e M AL 2548 ( Q) s R" N LB

f%ﬁﬁﬂ%%ﬁ%wﬁ=;%)ﬂ$ﬂ%%ﬁ%

) 9%,[ R,IJL >R’ﬁ¥H¢5R’ :R,mﬁ 9&27R, =

R,
/0
R’y 5o AR R, SHOE TR G, SA Ak
i, IR IRA K .

K H origin FAEXT A (2) Hlg KA o HIEAT

(R,m =

LA, WAL S ~ 14 8
L4, —1,2,3,45 5 LR A
1 R'—LLBIRE RS
1.2+ V— 5 R R R A
Wi y=atb
1O i 3T
[ 241077 = 0.11869
[#%_ [-1.5822320.11582]
S 0.8 | REFHM_|0.00593
= Pearson's ~0.99468
j.o R¥-J5 (COD) | 0.9894
W X
0.6 L WS RV 7 | 0.9841
04 5
4
0.2 |

07 0.8 09 1.0 1.1 12 13 14 1.5
lg(R")
B 5 1364 ~1352 m & Hrd ik X ek vk [n] )
Fig. 5 Linear regression of 1364 ~ 1352 m blasting area

L LPE R, A5 K AR o (03 8 fin,
#8 HPWREE K .o BEMEEETHER

Table 8 Calculation results of K and o

values in each blasting area

FERAE DX dok K1{H afd
1364 ~1352 m 257.0 1.58
1352 ~1340 m 229.1 1.57
1340 ~1328 m 218.8 1.60
1328 ~1316 m 257.0 1.87

14+t —1,2,3,45 A& E A
R — LB RS
1.2 F V—i s BRI T R A
T yma+b*x
e B
1.0 g Ian:zho‘uaszs
N FE —1.57114 + 0.05755
~ REFITM_| 3.20445E-4
% (.8 F Pearson'st__| ~0.99866
—_— RY-7 (COD) | 0.99732
W5 R )7 | 0.99599
0.6 5
0.4
7
0.2 L— ; . : ‘

06 07 08 09 1.0 11
lg(R")

6 1352 ~ 1340 m £ AR DX ARk P ] )5
Fig. 6 Linear regression of 1352 ~ 1340 m blasting area

12p — 12,348 SR
1.0k R'— i E B
V— p R T R B R
0.8 | i y=atbrx
2 B
0'6 B EE 2.33901 # 0.07232
S\ | -1.59846 + 0.0605
S 04 Sio Ll
= o2} WEE A 0ssir
0 -
-0.2
-0.4
3
~06 \ \ \ . h
0.8 1.0 1.2 1.4 1.6

lgR")

Bl 7 1340 ~ 1328 m 5 B DX SR P [l
Fig. 7 Linear regression of 1340 ~ 1328 m blasting area

1.6 —1,2,345 54 HEIA
Lal R4
VI R R R A BB
1.2+ B yatbi
28 B
1.0 fé; ff(l)]:xizxo.oms
EZES —1.85718 # 0.02077
< 08f T e
. R¥F (COD) | 0.99975
— 06 - V%S R J5 | 0.99963
04 r
0.2
0t
~0.2 L L L L |
0.4 0.6 0.8 1.0 1.2 1.4

lg(R")

8 1328 ~1316 m & bk X ek vk 0] )9
Fig. 8 Linear regression of 1328 ~ 1316 m blasting area

HRAE KAE, a {5 B0 7 (4 AR B, 115345 T a5
PYIEE , THAEGR R 9 s,
3.3 BHRSEERE SN

AR 25 DN i ) R M S 1) S PR (E RN BB (B 1Y
P AT LA

(1)1364 ~ 1352 m SRR IX 5 5 5 F1 6 5
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P i R MR J SISO R T 30 AR, AT IR A 25
TSR E] 1376 ~ 1364 m (5B 1 m Ak ,6
BT 1376 ~ 1364 m ST 2.5 m &b, MR 5
WeHR B ALRE A, 76 2 /D 507 B A7 7 o MR IR
BB NN Y AT BEE

(2)1352 ~ 1340 m &5 Fr i X 5 5 =5 F1 6 5
P A, BRI 5 S PR /N TS THEAE, S S A -4
SRS 5 5 N ) AT BRAEAE A LT A 1T U
PR BN AE T A Z B BT S A s, 3 A T g
BB 15 710 BRI IR S e R Jo ) 3 4

(3)1340 ~ 1328 m 5 FRME XL 1.3 .6 IR
RUKC1328 ~ 1316 m 5 BB DX R 2 .3 5 I 4w %
W J= S e 25/ TR TR, AT B B« R T4
B AT 2 B AEAE T B VIR R e e R b i

*9 FERERENSEBILERSEEEIRERIRE
Table 9 Theoretical values of measurement point and
the relative error to the actual value after

noise reduction in each blasting area

. PSTHEAE X

F e 1K, wage o o P
(em-s™) TR/ %

1 16.82 13.92

2 8.91 5.32

1364 ~1352 m 3 779 7.01
4 1.64 8.38

5 1.31 54.04

6 4.88 54.69

1 24.33 2.72

2 10.99 0.18

1352 ~ 1340 m 3 9.98 1.29
4 9.06 2.37

5 6.15 67.12

6 4.20 108.96

1 3.97 3.66

2 1.62 6.36

1340 ~ 1398 m 3 0.58 87.10
4 0.53 1.85

5 11.30 9.89

6 6.84 11.22

1 29.07 0.65

2 18.30 0.72

1328 ~1316 m 3 17.87 93.61
4 1.78 5.32

5 0.86 1.15
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