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A Case Study on the Effect of Blasting Conditions on Ground Vibration

Young-Sun Ko and Jong-Woo Kim

ABSTRACT In this study, ground vibrations of a surface blasting for golf links and a tunnel blasting
for highway construction were measured to investigate the effect of blasting conditions such as total
charge and distance from blasting point. In surface blasting, site factor K and n were 74.1 and -1.37,
respectively, which were analyzed by means of cube root scaled distance. The more were measuring
distance, the higher were absolute value of K and n. Principal frequency was in range of 5~60 Hz in
surface blasting, where that of 80 percent was in range of 10~30 Hz. On the other hand it was in range
of 25~98 Hz in tunnel blasting, which showed higher than that of surface blasting.

Key words : blasting, vibrations, field instrumentation.
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X Pslr} 3690~4020 m/sec, S #7} 1510~2420 m/sec
2 Vel =g A%2e 310~370 kglem®, Wi
7h2 49°~57 o] itk

elduts} A dollA] qhale) BhelFed 2.78~2.80 g/
em® ojglon, Y=gk 1780~1950 kg/em®, 9]
AT 110~130 kg/em® o]}, BAAGFE 4.78~
6.38X 10° kg/em?, FolEul = 0.21~0.25, Bh4s} &5
= Palr} 3340~3580 m/sec, S 3= 1540~1580 m/sec
2 Jebgeh. d2Ee 260 kglem®o| =, WiuEZ2
54° o))}
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2As]o] Qlo] EA] AApo) 7Hssich DSATTL 7)1 A
ol 408]¢] 2448 S ARY & vk F41 AlE
858 7H2 VMS-200#} BlastWare III AZ Ego]
£ o]3le] FAEIRI

4.2 AlEHry

o] adte] A Euts} dAlel| wis|A= Fig 13} 3ol
ZARAE T FERTN g At wukE AAst
k. AEAL 3~12m, ALEE Fek Z7de] 50 mm
ol ol Ze}o) E(EMULITE 150)0) 3L, 7+ ulsjol] thale]
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(a) Vertical drilling

(b) Horizontal drilling

Fig. 1. Two types of driling patterns in surface blasting
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Fig. 2. A typical blasting pattern of tunnel blasting in
this study. - # : Period number LP detonator,
- W:90~110cm, - S:64~90cm

Table 1. Comparison between surface blasting and
tunnel blasting executed in this study.

Items Surface Tunnel
blasting blasting

Drilling depth 3~12m 45~5m
Number of holes 12~214 44~55
Diameter of hole 75 mm 45 mm
Hole spacing 200~300 cm 64~90 cm
Charge per hole 2.5~27.5 kg 1.875~3.75 kg
Length of charge 80~880 cm 200~400 cm
Length of stemming 220~320 cm 100~200 cm
Explosive EMULITE 150 HiMITE 5000
Detonator MS #1~#20 LP #2~#7
Cartridge diameter 50 mm 32 mm
Charge per delay 25~880 kg 42~70.125 kg

Total charge 125~2250 kg 107.75~164.5 kg

A7de] ZRlolAl & 42319] 2742 AAlstslek.

sEdt, o] ATl B} AR AvusEE
A T 2A F 13m, Fol 9m <l by g
Astdnien B Fase FHE 448 Rolh E
g A, Aekol 500 m A AeolAl shiel
wshaiglo] exH0 AN of AFlAlE o
o A2 wshAlel vl Blde] AFRRAA 3
15519) 24¢ ANt Fig. 2 spa 2ol
g st £ S Vel Holeh. 93, Table 12 of
ATl A EUshel BdUsHE 7reksbAl lsete] 1}
Eh Zelet

5 58N % oM

5.1 X|EaTiet EldWuel s8N
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Table 2. Results of surface blasting vibration measurement

Total charge Max. charge  Measuring PPV* Total charge Max. charge Measuring PPV*
(kg) per delay (kg) distance (m) (cm/sec) (kg per delay (kg) distance (m) (cm/sec)
125 25 130 0.494 425 2125 400 0.201
125 25 100 0.516 896 224.1 700 0.078

55 37.5 350 0.079 418 224.1 130 2.005
660 48.75 100 1.02 585 225 300 0.233
637 67.5 90 1.798 270 225 350 0.225
637 67.5 110 0.943 270 225 400 0.18

1060 87.5 300 0.36 1400 250 315 0.384
1060 87.5 170 1.251 1400 250 252 0.405
270 98.75 110 0.656 950 250 100 1.608
270 98.75 64 1.172 950 250 100 1.43

520 140 300 0.418 2000 262.5 600 0.09

375 187.5 50 2.027 2000 262.5 450 0.21

375 187.5 50 2.31 2000 275 133 1.353
562 200 400 0.281 2000 275 200 0.575
1700 200 275 0.467 2000 440 480 0.235
750 200 90 4.05 2000 440 300 0.661
1700 200 400 0.294 2000 550 275 0.614
937 200 526 0.075 1500 630 350 0.511
382 212.5 100 1.492 1400 700 450 0.559
382 212.5 125 1.17 2250 880 300 0.935
425 212.5 120 0.695 2250 880 200 0.88

*PPV : Peak Paticle Velocity (vector sum)
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10.00 - - Table 3. Results of tunnel blasting vibration meas-
N urement
L Vector sum :r=0.92
- O Vertical Total charge Max. charge Measuring PPV*
5 A Transverse | | (kg) per delay (kg) distance (m) (cm/sec)
] ‘
2 A 3 tongiusinar | | 113 42 185.5 0.225
g " O  vecorsn ; 108 45 255 0.188
> 100 o i 108 45 255 0.157
2 F i 126 50.63 277 0.143
2 1 126 50.63 277 0.176
> r ] 145 53.63 274 0.126
-3 i 145 53.63 274 0.114
£ " 162 54 265 0.186
a 162 54 2785 0.107
5 0101 162 54 2285 0.159
& r 138 57.3 235.5 0.216
F &
_ 50 Nson 138 57.3 230.5 0.259
B, 160 60 400 0.083
I 165 63.75 351.5 0.165
0.02 Lol L bt gaat] L o1 179 67.5 273 0.13
5 10 100 500
*PPV : Peak Particle velocity (vector sum)
Scaled Distance (m/kg ')
(a) Surface blasting site Table 4. Site factors according to variation of total
charge
1.00 [
Vector sum :r=0.75 Total K n Number of
- charge measured data
C Vertical
—- + . T ~300 kg 44.14 -1.30 0.96 7
@ £ ransverse
@ L ) 300~500 kg 29.81 -1.12 0.89 7
E I o ronatuginal 500~1000 kg 261.07 -1.70 0.96 11
L O  vectorsum 1000 kg~ 96.76 -141 0.87 17
b
3 - Total 741 -1.37 092 42
Q
]
> 20.00 —
.;;: ool : 500 - 1000kg ‘,
t C 10.00 |  1000ks -
& L F Total
” i 50% : - 300kg
[ o e [ 300 - 500kg\
& s g |
E |-
L L
> 100
i . L L i | . TS b
0'0240 100 150 §
Scaled Distance (m/kg '?) $
(b) Tunnel blasting site 2
Fig. 3. Relationship between peak particle velocity E
and scaled distance : 0.10 b
E t 300 - 600kg
uiztol wfe} AEEE] F7lo) F Ko7} S-S L A
. 1000kg -
4 9k, g, #2bAR 30 mkg” olslollM e F A i
ofefo] ol HFHeh & FEHFEr} ¢l 0.01 bt
o, 30~60 mkg'e] WelolAE 2 Hol7h YA Scaled Distance (mikg %)
(o] ~) A
ee T o Fig. 4. Distribution of peak particle velocity according

5.2.2 2R A=l 9] wig}t to variation of total charge
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Table 5. Site factors according to variation of measur-

ing distance.

Measuring Number of
distance n measured data
~100 m 17.35 -0.89 0.66 11

100~200 m 4022 -1.16 0.75 9

200~400 m 4272 -1.79 0.86 16
400 m~ 10504 -2.55 0.95 6

Total 741 -1.37 0.92 42
50.00 [ -~

10.00 H00 - 200m

Peak Particle Velocity (cmisec)
T

1.00}-
r
-100m
0.10 -
- 100 - 200m
r 200 - 400m
-
- 400m - [
|
0.01 SRS L i \
1 10 100 500

Scaled Distance (m/kg 3)

ig. 5. Distribution of peak particle velocity according
to variation of measuring distance
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