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ABSTRACT An empirical formula to describe the relation of particle vibration velocity to explosive’s quantity and
distance from the explosion center is used in the blasting engineering field. Based on this formula, a new empirical
equation to characterize the relation of particle vibration velocity to hypocenter energy and distance to the hypocenter is
presented in this article, which is considered as the attenuation formula of seismic wave energy. In the new equation, the
coefficient of seismic wave energy, K1, is introduced to describe the relationship between hypocenter energy and particle
vibration velocity. It is thought that K has strong relationship with the locale medium characteristic of the hypocenter,
nothing to do with the blasting parameters. According to the energy data of check points, K is calculated by regression
analysis. By using the energy attenuation model, taking particle vibration velocity, distance to the hypocenter and K;
of each microseismic incident as the known parameters, hypocenter energy and attenuation coefficient as the regression
parameters, the hypocenter energy can be obtained by inverse calculation. This method provides a new idea to calculate

the hypocenter energy.
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Fig.1 Plan projection of the geophones and check-shot
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Fig.2 Seismic waves of the check-shot
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Table 1 Seismic wave parameters for each geophone of the

check-shot
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Fig.3 Regression curve of vibration velocity to energy

W v R B AR G W A M R I R A 1
R, 584 n] BLHT T R 9 2 Ve (i 3 52 A b
MOBEEIIFR R, TR T SO A (I 1R B
(1) 9 M Y- J7 R S RE — 7 T AT DA o S AR
T35 T DR Dy 06 TP () v AN 5 B A 1 ]
R H, v LS B Bt 5, AT 3w oE
RYBEAR I W e
22 MBEKEERTENE
2.2.1 MO e 5 ek

W0 b 52 AL 3R O R A R ek ) D R
LR BRI . RSN, R R
AT BRI, WA 1 36 PE B RO, BRIE Y e,
R Re A PR RN AR, T A A7 T AR B IR BRS8N
P ) 1) e KA e 5 e BE 2 R LE R, Rom h

Ao (1)

r

X, A G s KR, Ao ik, r hiE
pEYER

i1 S b 2 AR BAR SR A o, MR P A A%
LR b S DB WA BD . RE oK ot 4% A 3
JRFE R, TR DAy WSO Dl VB VAT 9k (1 R T o
7 B A i i R I R s, RO IO R M gL B
B 2R, WO B AR A e 2 R R
A AT R R PR E T, SRR, o R
UK. PRI, R a0 s e 9 2 PR 0K, v A AR
PRAE, 1y DR B BRI B gy, DR R
Hth 2 U A B R b R B OO YRR R A

A= Age P, (2)

L S T R RE W 0 54 B, T
W

A= @c*ﬂ(’”)'r. (3)
r

AN R R IR B AL B AEASIR], 76 R AR b 5= (1) 5%
Bl LRI VT A TP SR 4 B R B X i AE
OE MR, BT EIR VA B, AR
P 8 I RE YR BE Y L R 8 e B A
2.2.2 B R W R B 4 00 A 5

PR TR b 0 iR B 3 A O
KL A T8 £oR, 7

VK<\Z@> =Vy-r <. (4)

A VAR SIREEE, cmst o HENR
P, m; K 3 240G o WA EG Q WiKE
i, kg Vo WREVIGIRSIESE, cms~L.

X Vo HE B 2k gE v R S R R B
J5, BOPR A R Y B Bl 5, DR kg o A T DX
P 313 FE 5 L 58 A AN () 1 B e e

YR T, A K=111.45, a=1.3.

TR R A P 2 R R 5 B2 2T 5 s R B
HE BT R R RVFVEZ R, R R (Rl 24
ML) (GB6722—2003) £ 48 H A1) )5 =X
2.2.3 MR I A% 5 ke [ ) A AR

A T R RE i R O 4 [R] AR Y g
HEA: BMEREoE, W 4); F MR
ek FoE s, sl (3). RAE 1 b8, K iggus
A5 5 e B AR I R )5 4 AT 6 L B, Wil 4
FToR.

FH P 4 ] DL oA BSOS R 5 e ek RO A 1) 0E
F IR R /N RO M RE I8 B ) 3 Dk A, DA K
RERAK, TR b — 5L R HCE



. 706 - it =

B R X ¥ F R

% 35 &

SENER PR ST SUSUPNER: B2 #2 -3 LRk S 1]
LAY R T o 30 ] DA TR g AR B K A R gl R
o PTHEAREE BT LAAE e I 2R 8 v a0 o R 2
[P YR ASE 2R T B 2 5 R el LA

5
' + R
_ab e
"f { ——— EBREL
3 \
~ %
o A
1&3 2 l\h'\@
& 1 e ‘%x__‘; .
( ‘ ‘ "““h—:—i—_—{
)O 50 100 150 200
R /m

B 4 R BCS R eR Bn] R b
Fig.4 Comparison of power and exponential regression

models
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Fig.5 Calculation and optimization flow chart of seismic

source energy

4 ZEie

(1) A5 Hh e 3 5 e V6 L 91 3 T P32 S ol R A 2 5
AR B, SR T T RO R R YR e R 1
X, g TR R R A R R, Il e 4
WE T U5k A R

(2) $e il TREMHRE A IE R B M S, X R
SR TR E IR B AR A AN R AR fE
5 R YR AR Y Sl 2 1] I B DGR, BAT
DB ER T (R AEE E RN RO

(3) $ R U AL RS FE 3 U R )
B B i e R BT SRS P A OB e AT 2 A
(Tl YT S5 R A 4 (DA AR 1 P B S v v B S5
DRI OIRFS

2% XM

[1] Ge M. Comparison of least squares and absolute value
methods in Ae/MS source location: a case study. Int J

Rock Mech Min Sci, 1997, 34(3/4): 91

[2] Jiang F X, Xun L, Yang S H. Study on microseismic mon-
itoring for spatial structure of overlying strata and mining
pressure field in longwall face. Chin J Geotech Eng, 2003,
25(1): 23
(FA, Xun L, Hillte. RIpEH S RN )
Y ROE BRI 7. & 1 TR 2R, 2003, 25(1): 23)

[3] Wang J Q, Jiang F X, Lii W S, et al. Microseismic wave



7]

J China Coal Soc, 2010, 35(12): 2059

(FHER, M, B0, S MR A% 3 2 s AR 58 K
TR BER 244, 2010, 35(12): 2059)

Bertoncini C A, Hinders M K. Fuzzy classification of roof
fall predictors in microseismic monitoring. Measurement,
2010, 43(10): 1690

Dou L M, He X Q, Wang E Y, et al. The mechanism of
rock burst and seismic waves and its preventation. Ground
Pressure Strata Control, 1999(Supp 1): 199

(M, MRk, RO, 8. il B 55 ) L R 95
RWFFT. 1 s ) 5 ARG B, 199934 1 1): 199)

Gao M S, Dou L M, Zhang N, et al. Experimental study
on earthquake tremor for transmitting law of rock burst in
geomaterials. Chin J Rock Mech Eng, 2007, 26(7): 1365
(REIAE, SEbkA, kAR, 55 A A T AR B B AL %
AR IR R . B A 015 5 TRAR, 2007, 26(7):
1365)

Li Z, Zhu R G, Hu Z L, et al. Studies on the characteris-
tic coefficient and attenuation index in the measurement
of blasting seismic wave. Ezxplos Shock Waves, 1986, 6(3):
221

(B8, R BE, BIE, S MR e PR R (R Al R 4
5 pRTE BT AT, R AE S i, 1986, 6(3): 221)

(9]

(10]

(11]

(12]

- 708 - = B K X F2 F K %35 %
propagation velocity in situ experiment and calculation. [8] Yan Y F, Chen S H, Zhang Q H, et al. Optimization

study on calculation of blasting vibration peak velocity.
Eng Blast, 2010, 16(4): 9

(HEAK U, B, TRAK AR, A5 BRI 5l I (e 38 F v ST At
WFT. TREAERE, 2010, 16(4): 9)

Fu H F. Experimental research of blasting excavation of
soft rock for construction concrete face rock-fill dam. Eng
Blast, 2005, 11(1): 56

(0. ) 400 A6 SR THIAR ME 7 30008 0 F SR B AR I 56
7. TREPEME, 2005, 11(1): 56)

Zhang S Q, Guo J M. On the coupling factor of an explo-
sion. Chin J Geophys, 1984, 27(6): 537

(TR SR, STE B, b M RE ¥ e A e RO S R BN
. MR B4R, 1984, 27(6): 537)

Peng Y Q, Liu S Y. Ground shock effect of mine explo-
sion of Heishan iron mine. FEarthquake Res Shanzi, 1997,
42(3): 18

(ZIm Ry, XY AR~ 7 BRI R 5h
BN LT bR, 1997, 42(3): 18)

Tan S Q. The delay stack explosion technique and its ap-
plications. Geophys Prospect Pet, 2003, 42(4): 427
(EAUR. VR AE IR B N BOR TR HIZ8OR. A M A4R, 2003,
42(4): 427)



