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Effect of Rock Mass Properties on the Blast Vibration by Taguchi method

Nam-Soo Kim, Bo-Hyun Kim and Hyung-Sik Yang

ABSTRACT The propagation of blast vibration and the damping characteristics depend on both the mechanical properties
of rock mass and weight charge. In this study, the characteristics of propagation and damping were analyzed by FLAC. The
construction site was the second Kwang-ju circulating road. Taguchi method which is one of experimental design methods
was used for determination of input data and parameter levels. The results showed that rock density was the most dominant
of variables being concemed in this study, which affect the propagation of blast vibration.
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Table 1. Mechanical properties of assumed site

. unit weight Young's shear . . tensile .
Properties (MN/mm) modulus bulk modulus modulus friction angle  cohesion strength dilation angle
data 0.0262 5.7 GPa 3.8 GPa 2.28 GPa 30° 4.1 MPa 0.58MPa 11°

Table 2. Factor levels for analysis

Factors Levels unit weight Young's modulus cohesion dilation angle tensile strength
(MN/m’) (1) (GPa) (2) (MPa) (3) W (MPa) (5)

1 0.02620 5.70 4.10 11 0.580

2 0.02096 4.56 328 8.8 0.464

3 0.01572 342 2.64 6.6 0.348

4 0.01048 2.28 1.64 4.4 0.232

2. siMXI= Table 3. Orthogonal array for analysis
Factors
Experiment No.

21 213 24 1 2 3 4 5
S BB Al VTR ERF LCLEITH) : S
AA 2A4E EAA] Foll 7H 7181 B4 ¥ 3 Levels 3 3 3 3
T BT 134%2 AT e BYAE A W, 4 L S .
A5} o of EHE ol g5 Table 17 o] HEZEE : A I S
ARsct A9 wslyl wuzlEel sl w|X]e o 7 Levels 3 4 1 2
&S sotsly) sl Table 19] 3b& /1S izt & 8 2 4 3 2 1
A2 Z 80%, 60%, 40%% ZHEAA 190 ; ; 3 ;‘ f
o] Aol 714 G Fe AAE FTA WS T S S S B SR
o). Table 2% X3 4E AT 4 B4 olet. 12 3 4 2 1 3
13 4 1 4 2 3
. 14 Level 4 2 3 1 4
2.2 Taguchi ¥ 15 Ves 4 3 2 4 1
16 4 4 1 3 2

EBAE AA(F7AAA, Robust Design)t= 19501
Zol| o AR (A L) 2zt AlQHE oK 7
Weo| vbded ey chrx AL AE 713
Al A BAAIA AF, B4, 7P A% 4AA 3
3} yo|r}. FEA oY ol B 49 A} Y&
o F838 AAE AR AsAE & i A1 2o
Hog Fals Ao] B4 whyelrt. o]FA s
T W2 Azt Anlrt 48 5of AlE AAIZE HA A
ol =] XA E3iA et

AN A 79 Ador g2 5o A=
ol tieted A9 JAAE AAs7 Al Hamufd
(orthogonal arrays)2] 583 WS A8k, == A%
o] Z&u](S/N ratioyghs FAZHHE A835] A&
A &3 W g AS-Eet

E QFolAE BRI HErL wskge] Asiell

S n 2= 2d AAE AA 7] $8ke] Table 39
L (@) Amd e Agasich. BANE UE, 48, H
Z | 3tz (dilation angle), QA= 5 5749] Qlzlo)
o Z+ BEAXHE Table 28 o] 4709 F(level)y s
FolA Fauld-g A3 aAE-2 wefEkA| 49
t}. o= Yl 4WEEE] A3E slejof A AAE T
% 4 glor) Amidy e ol e 1649 Agos
E 7% 4 g Aol gk Wl

3. FLAC &iiy

3.1 Modeldd ™
Aol Hag AAZAoZA vlHkAA Al (quiet



1000
(O
......... p-po(e )
3 - g1 B
500 _L_,_’L‘_M_,W_,,_,_ — p—Pp(e Yo )
. i - -8,
= P T p"p»(’ )
2 NG
g ! o
9 - -
3
2 : s a
8 ;
a ! !
l’ 1 }
! i
j | ‘
1000 A4 } |
0 2 4 6 8

Time

Fig. 1. Pressure vs. time curve for explosive detonation.
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Table 4. Input data for dynamic analysis

Parameters Values
n Coefficient of damping 0.038¢"
m Coefficient of damping 0.165e°™

\Y Poisson's ratio 0.2
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Fig. 2. Finite difference model and loading points of
pressure pulse.
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Table 5. Matrix experiment

Table 7. Results by ANOVA

Experiment Factors S/N ratio
No. 1 2 3 4 5 T(dB)
1 1 1 1 1 1 -68.48
2 1 2 2 2 2 -71.62
3 1 3 3 3 3 -71.16
4 1 4 4 4 4 -70.54
5 2 1 2 3 4 -71.42
6 2 2 1 4 3 -71.03
7 2 3 4 1 2 -70.55
8 2 4 3 2 1 -69.91
9 3 1 3 4 2 -70.68
10 3 2 4 3 1 -70.32
11 3 3 1 2 4 -69.78
12 3 4 2 1 3 -69.24
13 4 1 4 2 3 -69.71
14 4 2 3 1 4 -69.24 .
15 4 3 2 4 1 -68.73
16 4 4 1 3 2 -68.01

Table 6. Average values according to various factor levels

Levels
Factors
. 1 2 3 4
U. W. -70.45 -70.73 -70.00 -68.92
Y M. -70.07 -70.55 -70.06 -69.43
cohesion -69.32 -70.25 -70.25 -70.28
D. A. -69.38 -70.26 -70.23 -70.25
T. S. -69.36 -70.22 -70.29 -70.24
) U.W. : unit weight, YM. : Young's modulus,

D.A. : dilation angle, T.S. : tensile strength

o|i, 7} AAFE] AFE FHEA (ANOM)E o83t
] m,,~mg, S 34 Table 63 2o}
A2 g AAEe] AF Aol J3E F= AEE
otsl7] fistel EAHEA (ANOVAYE 313ict. S/NH9
AA F AT
16
grand total sum of square = )’ n? (6)

i=1
2 3o}, 7 AASoll et AFFL AE AR A

m)’+ 4(m,, - m)*

)

4(m,, — my + 4(m,,— m)*+ 4(m,; -

factors DOF  Sum of square Ave. of square F(%)

Density 3 7.56 2.52 43.51
EM. 3 2.57 0.86 14.77
cohesion 3 2.63 0.88 15.11
D.A. 3 225 0.75 12.93
TS 3 2.38 0.79 13.68

) F : Factor of Contribution

Table 8. Total factor of contribution
charge distance F (%)
kg (@m UwW. YM Co. DA TS
10 98.6 1.0 0.2 0.1 0.2
30 84.8 49 3.5 33 3.7
50 435 14.8 15.1 12.9 13.7
70 39.3 9.8 18.1 15.9 16.9
10 98.6 1.0 0.2 0.1 0.2
30 84.8 49 34 32 3.7

1.25
50 43.6 14.5 15.1 12.9 139
70 39.5 9.8 18.0 15.8 16.9
10 97.2 1.0 0.5 1.01 0.3
30 82.6 34 52 6.0 2.9
13 50 41.1 11.5 18.6 17.2 11.6
70 379 7.7 20.7 19.0 14.8
10 95.6 22 1.3 0.8 0.2
175 30 77.9 74 7.5 6.4 0.8
50 343 184 21.4 18.5 75
70 329 129 22.5 20.0 11.7
10 98.6 0.9 0.2 0.1 0.2
30 84.8 49 34 32 37
20 50 43.6 14.7 15.1 12.7 14.0
70 39.5 9.8 18.0 15.8 16.9
) Den. : density, Co. : cohesion
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Fig. 3. Change in characteristics of propagation of blast vibration according to various weight charge and distance.
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