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ABSTRACT

The characteristics of ground vibration have been analyzed by test blasting in southern region of Jeju (layered ground consisting of
basalt and clinker). By grasping the principal component of ground vibration and depriving the prediction equations of ground
vibration, the propagation characteristics of ground vibration have been compared to the domestic design guidelines. Ground vibration
in layered ground has a small amplitude at a short distance. However, it has been confirmed that the vibration energy is transmitted
further by virtue of the low attenuation of the ground vibration as it goes to a longer distance. Moreover, the frequency has been
confirmed to be low frequency band. The outcome has been defined that it resulted because the clinker layer with a large pore transforms
the blasting energy seismic wave with high frequency into a low frequency wave having a long waveform period. In addition, the limits
of design guidelines were identified by comparing the ground vibration of Jeju and other bedrock areas. Thus, the necessity of the
development of the prediction equations of ground vibration utilized in design that reflect the characteristics of the area has been
suggested.
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(a) Irregularly Layered Ground

(b) Foreground of Rocks Measuring (c) Clinker Exposed at the Test Site

Fig. 1. Irregularly Layered Ground of the Cutting Area and Distribution of Rock and Clinker Layers in Jeju
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Fig. 2. Geologic Map of Test Blasting Site

A QFZHATHQstb)S 34 WiA] g3ldom, o] gFAe
1~10 mm =71} 718& 20 % A= Tkl Uk 71E¢] ke
=] wkel wishh Fm, ZEgle] A e AEEE gtk
HEg o 2= o] SABHL 5~10 mm FH7jo]w Fke 10 cm’e)
AR of 207)9] FHRS Kolal, $X 5 mm 7|2 of
3~5719] SRS Hols Ao AUTHIPG, 2000).

Table 1. Results of Laboratory Test according to Rock Types

AIEAS o] AARETAE A, e AU FES)
o] eJgt A7= Table 17} 2t} vE, @954 d5USHS,
Al el Y < HEY < A 4ol E408,
FolFHlE L vhfQl dee] AAE Holal qrk

AL kg gt Alolel] A BxEe] Sl shkiE(EH
71Z)o] FFW9I13(Standard Penetration Test, SPT) NZE
4330 em~503)/S em= vk R Rle] AxkE Bl o3|
Y52 SPT N3k HEe] 3= zpold] ufel Sekdoz
w9 A} uie- 2R gho 2 SAE7] wiiiel], o]8F - AFA
WhHol| wk Ngte 278 F97159] J3kd 54E Aslel]
o]HKKim and Lee, 2016).

4. XA} XHXA
4.1 ZAxEA

A&t Test blasting)= Fig. 37} 2] Algste] AN =T
A 12 ©22 AR AZ(TB. )94 703 12ja SZ(TB.
2) 7680] 217t A=) el (w2 FA U A
AIEAIZ o o3k FEule ] Type 11 Ao,

Classification Unit Soft rock Moderate rock Hard rock
Specific gravity - 1.79~2.52 2.67~2.72 2.67~2.75
Absorption % 2.67~12.46 1.51~3.04 1.09~1.78
Unit mass g/t 1.79~2.43 2.64~2.70 2.67~2.73
Uniaxial compressive strength MPa 11.4~51.9 61.9~75.7 126.5~128.5
Elastic wave velocity P m/sec 1,452~2,369 1,681~2,845 3,331~3,999
S m/sec 889~1,475 1,169~1,629 2,010~2,077
| e | eme
Poisson’s ratio - 0.31~0.34 0.26~0.28 0.23~0.24
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Fig. 3. Composition of Test Blasting

Table 2. Applied Design Parameter for Test Blasting

RS 54 1A
? 9
MSi4 MS4 MS.3 MS3 Ms;2
Type V. (3)
6 6
1D.0 1D.0 MS.1 MS.1 MS.2
© &
MS9 MS.8 MS.7 MS.6 MS;5
Type V. @
G ©
1D.0 MS.1 MS.2 MS.3 MS.4

Fig. 4. Blasting Pattern Plan of Type IV (TB. 2)

» Typel Uit 1B.1 18.2
Description Il i \Y Il I v
Drilling length m 2.0 2.7 34 22 2.5 2.7
Burden m 0.7 1.0 1.5 0.6 1.0 1.5
Spacing m 0.7 1.0 1.6 0.7 1.0 1.6
Drilled hole diameter mm 51 51 76 51 51 76
Charge per hole kg 0.375 1.0 3.0 0.375 1.0 2.5
Charge per delay ke 0.375 10 |30[60]60[30] 0375 10 |25[25]50]50
Powder factor ke/m? 0.450 0.417 0.417 0.446 0.435 0.434
Holes - 4 [ 6 10]10]w]o]w]o] 8|8 |10]1w0][w]i0]n]lo
Explosive diameter mm 32 32 50 32 32 50
Explosive - Emulsion
Detonator ID & MS electric detonator

Type (&=t F5Al0h), Type VETHE S PohES
43k @golle wele Table 29} o] TSI

TB. 1& 83)¢] AJgs} Type 11(4E—63) — Type (10
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SILL, Type Vo] 7 W) 1033} 4] WA 1032 2203 Wz}
olFolick 15 A% 151l 1he] AZ71 Ax=9ta %)
o R 7t AZTPAe] o ARR: 53 mol] oF 20 m
57170 8ulg AlAlslaL RekEo] 3ujE sl 2 638
motk o @ ke % 14375 kgol AHgIIck

TB. 2= 83)¢] A18 W7} Type 11(82—8F) — Type (10
F108) — Type M(10F—10%103103)2] %202 2]
SIS, Type Ive] A W) 1033} o] WA 103 270 W}
o olArk Fig. 4% TB. 29] Type Ivol that 5 A1 sh
A HAQAND) Wil Fewelch 2 AL $15te] 1202]
AZ717} AAHIIL EQlo w2t AZ7PIAe) oA ele
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Fig. 5. Geological Profile of TB. 1 and TB. 2
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A58 BH-12= 350 sk HE, HE7F2.0 m 3l
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Table 3. Prediction Equations of Ground Vibration

S|
S

Shs

Vibration velocity | Scaled distance R S.E Prediction equations of ground vibration Reliability
Vi, = 24.88(SD) 1% 50 %
SRSD 0.768 0.217
Vysq = 56.61(SD) "2 95 %
PPV
Vi, = 40.21(8D) ™ 50 %
CRSD 0.774 0.215
Vosy, = 90.62(SD) 1% 95 %
Vi =31.52(SD) 50 %
SRSD 0.787 0.210
Vosy, = 69.84(SD) 1% 95 %
PVS
Vi, = 50.67(SD)~ 1% 50 %
CRSD 0.788 0.209 ,
Vs, = 111.86(SD) 12 95 %
10 10
----- Reliability 50% ----- Reliability 50%
_ —— Reliability 95% ~ — Reliability 95%
= 17 =56.61 x13 R :
z y=5661x = y=90.62 x13"
g g &
<
] 3 0@
E 01 - 3 E 01 - @% %
= y=2488 x5 %oo 3 = 130 e
= RZ=077 %% & ¥ 7;20:'201 x % %"
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----- Reliability 30% ====-Reliabilitv 50%
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1 3 ; H |
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3 15
2 o1 R
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R*=0.79 R2=0.79
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Fig. 7. Ground Vibration Velocity according to Scaled Distance
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Fig. 9. Comparison of Ground Vibration Characteristics

Table 4. Comparison of Ground Vibration Characteristics
according to SD

Clas. PPV PVS GL
SD SRSD | CRSD | SRSD | CRSD | SRSD
1 56.61 90.62 | 69.84 | 111.86 | 200.00

10 3.33 454 3.93 5.35 5.02

20 1.42 1.84 1.65 2.14 1.66

50 0.46 0.56 0.53 0.64 0.38

100 0.20 0.23 0.22 0.26 0.13

200 0.08 0.09 0.09 0.10 0.04
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Fig. 10. Comparison of allowable Charge per Delay according to Distance

Table 5. A Chart for Distance according to Charge per Delay (SRSD)

Type Charge per delay G.L PPV PVS
kg m l % m % m %

Vibration limit criteria 0.3 cm/s

Il 0.25 29.1 35.4 39.1

Il 1.00 58.2 70.8 78.3

IV 3.00 100.8 100 122.7 122 135.6 134

V 7.50 159.4 194.0 214.4
Vibration limit criteria 0.5 cm/s

Il 0.25 21.1 23.4 26.0

Il 1.00 42.3 46.8 52.0

IV 3.00 73.3 100 81.0 i 90.1 123

V 7.50 115.8 128.1 142.4
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SRSD 5= CRSD o) up2 b Apotafe Sl o]
o3IA Bte] WS 7EAAl EH, R Fste] SARelAE
CRSD7} ¢A2l= SRSD7}F 2422 o5 BItk(Choi and Won,
2010). 3AJRF CRSD 212 749~ 23 S5 1+ Azt Az
HU} HofrA kg elgo] 7jslg2] o2 F7 k= 2A(Choi
et al,, 2010)E 7FA|aL o] FEJZQ0 A8 AP ik

Fig. 10441} 7Zo] SRSD¢} CRSD ¥21e] Atk Fofek
WYL X% F87E 03 emisellA= Ar] €F 100 m, 0.5 cmsol]
A= 9F 80 mojlA] ERlEth 12]al Table 594 FLgH A7
BT A ekl uigk &8 Arle % 31871l ARAE
sl o2 BRI, M%E 31871 0.3 cm/soAE= G.L
] PPVE 22 % =31 PVSE 34 % =1, 318715 0.5 cn/solA]
= G.L ¥ PPVE 11 % 33 PVSE 23 % A VRt

PPV 9 PVS AREFs57 2] ofet Zduislield 28 o]
727k GL B} Eoj(Table 5). = SLAEeA s18== AP
Fekgo] Atz oJv|(Fig. 10)7F =M, o= G.Le HIsl Ao
2 3 ki) 2k daleis A8sfokshs Bl Wt
2977} ek Table 5¢] A%E 518715 03 cny/solr] Apakg Aok
o] 1 kgQl T (A FaAlofduhe] 24 o) 2Ae]
2 vws] B GL: 582 m < PPV: 70.8 m < PVS: 783
m 202 YERIT] o) HoRE AE Al A
ZeFo] 1 kg oJule] Huts Aol gl <fnjojttk

55 TIS Tl 24

AEEe] Al 71A] A1 AR(FT), FAVRHFV), 218
AJE(FL)o] i3t Fulr2 n)g4-=te] USBM RI 8507 (Siskind
et al., 1980)A] AAe LiRE T =X 9] Fig. 113}
2ol wAEITE Al AdRe] T3 B 5~30 Hz Aol
AT gl JEE] e 0= veRdt: Tl Riwrt
80 % o) Fed T s 37 $18) Fig. 129} o]
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Fig. 11. Analysis of Vibrations Frequency
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Fig. 12. Frequency Distribution

Table 6. Statistics of Frequency

Division FT FV FL
Mean 17.0 13.4 16.1
Median 16.0 12.0 15.0
Mode 27.0 12.0 18.0

CARERE 889 A, FT9F FLE 10~12 Hz Ao]ox] 22}
193]9] 7F4 && WI=E Xl FVE 79 Hz Afo]ollx] 283]¢]
HE=E By} T8l FT= 10~27 Hz Ateld] 80 %, FV&
7~21 Hz AJo]ol] 82 %, FLE 7~24 Hz Alo]ollx] 82 %] HleE
o] Fup vjelo] At 54 Holt= Ao wokrh
T3, Table 69 7] GAI] ofabH Al o] Falr Sk
FT:16 Hz, FV : 12 Hz, FL : 15 HzE E1ictk

olgfgt A= AFAHe] AF gt 7|1E A-a%
(Yang et al., 2011; Kim and Lee, 2016)¢} A5l o5&
WEA19e] AJgutulelr Hol= 80~100 Hz Ujele] dukziel
i tjedol) wla) wjS- ATk S4E Beltk S,
o= thad RN SIS Aleldl] EAlE 350] & sk
AFHEZAD R el Lol 3kge] 77} AR Fapr
o] AFuk Yo s yehte Aow ddsiiict

J2]a Kim and Lee(2016)E AukEe] #AFal EA4L
10 Hz A%9] d{F95E 2H= #=712¢] F-%I(Resonance)S
I F A3, 2FT) Fo] A AMHESS] LS
A ApsE op 1R 4 9] W] Ao 2 Whtshe
Azt 2150 g Felg aTsick
5.6 7[dK0|| IE XEEIES £ H|w

B Aol o3k AlF EEAY At E97(Basalt &
Clinker) 3732 Akl o] AkxlE 5407 33K Granite),
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Az FRA e Agme] ofFt Ay 54

HroKGneiss), 213]H(Lime stone)g 7|9FE 2 sh= USR]
Akl o] A 5de Blalskgit

WA 3] 7l tigk JEd4 K, #4415 nd Son
et al.(2015)2] A7 x HEUTE ALlgt x| Wl A=
< HlolE 71 1007] o} 41 83E &8stk S9g Hlus
Sfell PPVE: o183 SRSD 221t 95 %0)¢] Zoas ARSSISitk

Table 72 7]9kebd JxE K, ng V|3 I3Ic) 712Ho 2
ANRIEZAAE ne) Aolgho] 2 AWKIE 77} 2]
Zhso] el HukEal, no] ko] Zor Kgho] S5 31s0]
e bk 7ok ne] Ak G.L: 1.60 > A3jok 1.50 >
sidek 1.47 > Hulek 139 > @xols} Z2)7); 1.23 2otk

Fig. 13614 Aka5e] 744] Awg duinw 0% e
ne] Aujigre] & Aok 2k T8l WA 359 TRk
GL 1t} o 2 ANKIE 3h8 718 2% 7R 2 Ao
BRIk o]t GLo| Holiz 3%2] 7Nkelo] Tk Akl mr}
= EASONA AXE AR fFa E 4 Stk

SR T A ARSI GLE ekt 227
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Fig. 13. Comparison of Ground Vibration Characteristics by Bedrocks

Table 7. Comparison of Blasting Vibration Constant K and
Attenuation Index n by Bedrocks

Test Blast K n R? Data
GL 200.0 -1.60 - -
Basalt & Clinker 56.6 -1.23 0.79 108
Granite 293.0 -1.47 0.66 437
Gneiss 196.0 -1.39 0.50 283
Lime stone 294.0 -1.50 0.62 185
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