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A Study on Dynamic Structural Analysis for Blast

Vibration by using Semi-Empirical Method

Sung-Wan Son=,

ABSTRACT

Joon—-Ho Kim+*, Sek-Young Jeong#*+, Seong-Kyeong Hong*+, Dong-Yong Kims++

Most engineers, related to soil and civil dynamic field, have been interested in the dynamic response of building

transmitted from soil and rock to structure due to blasting.

However it is not easy to estimate the dynamic

response of structures and utilities due to blasting by using analytical method because of difficulties of soil

modeling, prediction of excitation force and so on.

In this paper, dynamic response analysis have been performed to predict vibration levels of structure due to blasting

and the semi-empirical method, which is based on vibration measurement data, has been employed to consider blast

vibration characteristics.

LM &

4E AUHE, 89| A2 XHESS SA #EOIM ¢nz ol
tMels A2 U S oE FH FxE ¥ RE2(E( oEY
L AT Ao ofs &y 2Hel Boie S2dol SUishl 2|

WA e PEEB
Hg s8f MesE
20t A THH

3 Y Zotoll BAtel=
gt S0l o/g

)

159 olig W&ol Bets sl 7{gE MAISH|

L= oun |

ey

oz dysich

i

leist wato] dgtez HT wEs HolE SMom o[
HUNS WESIE 24 siMN9l J|& Hois D e
2oz, M2 el MY doleiet S7t R8 22 2Us
dsls B8 AaHE $8d: ZZHN
Method)o| AFBSlD UICH O|HE TEBe| SHsiAlol By

3l
&l

2o gopxisol 28t x|gh A FREL ALl SH o

prd

8 PaMs MRS JHEe SHsMD Yy So =

o.j

7|5 (Semi-Empirical

o

UEL M EE TSt LE FEM SHYE 2005 HMiHE
dHEe o2 HUE SEFTE HEE sls YYEHN F20
t} ,

2 oM X|BHE JAb BTN Lm2 olFt FH FxE9
gt o FzE S AEKg FYs| ¢l WS |48 DD
(B uige2 &= FdEH wgol o8t S 3¢ siMg sdsl
o MEY e TS oS 2 MAIStIR St

* AMS Elasalx|(F)
TR 7t BAb oM R 7Y
e JIstHF) T=ER

510 mMoiot SMED B ofAX|DL MEEEA ¥

o ¥y o mal & o2 el gutain g

kI omin 2 1o 12 o iy

Sainl(stress wave)Q| SEZ MOI=IC =
{E JAl&gste] ot 2ol #DU= He
S2l3 T sIHA pign 588 Yigsls I
7t ME=od, o] S3ulel TR wal xldie| HIgE MER FIY
E = 89 FHy=2 Yeido olE w3l (Blast
vibration)el g} &t}

glg g e

He AefdElE =
&:
&

O

0

22 Ut 1B HF

wao] o3 XLISL MII0| FYS F= HLSS OYs O
siotel ERO Ty, © LUULRTE AWM e, &
ool BN, DM S, © HIWH, A WY, MeeA S

o] wniolo] X|oix S0t Yotz Lt ClEsE Chatx|
AU nlEAd ME YHXSEYE S510 HHUSYE =&
0{0} BiCt. XHTIES MZIE Ueldis TS T=E2 W, s,
JtaE S22 UEd 5 AeLt FXREN| CiEt JEgriel nias|
ME USSE0 98 HEE AIBSiE o] 7Y #alxel ez
A qUch

POX EXENETTE R T



PPV=FkD*W°
0{7}A{, PPV = XXl Z % (Peak Particle Velocity), cm/sec
D= Zgloz 2ei9f el m
W = xjgel Hoizozt kg
k, a, ¢ = XtR A, 3ot MW, o Sof we} FHE

A
A%

rr

flo YR Halg Yo MY HelEM EASY o
o 2l
PPV="F ( ul/)b)

) HHAMS 018 HuMS RE

YHNE BY X2 HSSE AT A@sA(Dimensional
analysis)? |18 O|@310{ SHASIE WSzl BAS AR &

AE CI23 T2 o|2XNC A2 RTE F UL
D n
PPV=F (W)

0{7|M, n = ZAX|S

o A2 Helg metate] MXETol s st Hei2A ol
MMZZ #dHcube root scaling)o|2ln REct Fotzke| X|$= be
D)= LA FHeR x2|E ASFVES IS ZOol 112 9
Zerz XMalgEn Yon ol MIZ2 EjHroot scaling)o|2tn B
2cth

PPV="F (—WQW)

oh SX ANl o3 wa} NSl s

xlgtel SAB AHZAD FxBel ATl YA BHHO
2 BES| YaMs YuHel oBNT HHAE ChAS bt
7 RZES ENo= DYYSD wWulel g3 JiAH oy We
B Sixol o MuHaB PHoRM WM lolsls NER
Mg 4 Qlch of2ish siAAQl WYe wnle] TAW K TA
£ |AISI MY + U LU olat PEWAD Yo hE
HEE SNz NBH + Y7| WRo| BHH xB-RIFE| A
Aglo) Cisto] Yol FBste WHoICH B ATHME LTS
ARS8 S5 DY Yus WS UNNT KYE FoIHD

23 QUKo Wil IS 54
Jh Wit BSH $He| Yy B

EX Mol AIREE SR Hus ol U2 AT o
32 Yoict &3], TN sliMoA XSHS 2T HMIEH)] HEY
2 UEeilE= Zio] wetEoj7| wf2ol wmel w@Xt MEe| WUEH
B RI™Ee ez of HE HFSI L AR Yoz T
£ sirof Yo ez A= 22 A8 A o2 ¥
0|7| W] 8 IxojM = Semi-Empirical Method2| 3t ¥R
ggstol s FYUCL SR WY FXNAME FHa
Sl ofaliet Fct

([ vibration Source Estimation Method |

laitation Point
Vibration Caiculstion of esch frequency

:::::: 1 Medel(sTa. 108510 a

Fig. 1 Vibration Source Estimation Method

. Wu} NENS 54

FSFo, MSHS Al Lo g2t 47|z JsS2 545
BY0|H, HojT J®O| ALY Yo S HSAZ2 X
s S0 vl oiths] B, XISAIZE 2 #
FTo|Ch ¥ wu= e 49, el axg F1
B2 HAHRIG o S0 DSEr® 5S¢t To| Zatgt
ol TE ASAIZ2 2x Fzof Ssict &£, FE Foigs
gale] Fsol B € Hxol Heot s HAMME
#100Hz ol Fojolct. of FItE B4,
mets 49 Helg s Uch wo ISe ISHS
o Y TE0|7] W20 TS YeE SHE X|HhT
AHE e BV Ack £HY NSHE B YR
Hxjof ofst Ol A Ao ¥, & XISAZL
Tetnt wutel Ao 2/5tod ZFECH 2Lt o2 E
ME SX siaim HsliA 2ol tiaol = A
I} DZioi Chsk XjsAjZiojct ubxpl wal NS
7t517] fistof AlB=l= HiolEIE Fig. 2=t #2M B8
ZsSE YEN= Fig. 3ot @}

-l
kA
o
lo
[H
nz =l )
H rlrogio
Ho ok S Y lo do o A4y

s
o 110
sl

0x O rin

o im0
on W0 g0 gy

3

i
i

& Max. Pressure
£ Amplitude
£ IlWE U0 BP0
H ABI0N I :
H 30454
14
a
f Y T 4 + T v

Timefsec) Time Duration : 1-100ms,
P FL LD E

Fig. 2 Characteristics of Blast Vibration Source

-272 -



© EY 7|9 xjulo] 2EQ o AR FNSSE
(Imitation Point Vibratione & &R)

1500

1000 - N

500 ] s

Velocityjmmis]

~1000 o v

-1500 Y T T T T T T
0.05 010 035 0.20 0.25 030 0.35 040 045

Timelsec)

Fig. 3 Characteristics of Soil Vibration Response
due to Blast(10 m away from Source)

3. XBHM BA MW wE NS SH/EY

AlZ IC Xiatd HelT wWH YA FYslE gaxgies el
Latisez el *._27&*-/\} AldEL UXEE &Es7| st
of SHsliael zxigz ARSI DAL HX LmEAAl AFRL
Y TXEMO TS ZH/RME TYEACL

7k EXHAUA| 0 20004 108 178

L. S2Aay py

- Sampling Time-: 4 sec -. Overlap : Retrigger

. Frequency Range : 200 Hz -. Frequency Resolution : 0.25 Hz

-. No of Average : 1
-. Windows : Transient

- averaging Method : Trigger
-. Trigger :

Free Run

ch. &2YxiH -

ABIC YD

/ Na 065 255

“ No 12w w " Son
No 2(y® ¥ : Soil}

No 3ZW8 Sok \

No 4(2'@® © XI8 Concrats Floor)
No 5(v2'% - 318 Pive)

BRIILBAR
=@

Fig.4 Measuring Locations of Blast Vibration

3} &5¥EY

2t EHAXIOM HEE JIBE AlZl O[HBME
A LIEIHZIOM Table Tof A Foe A% U
stdct.

Fig 50llA{ Fig. 8
overall 2 Jel

1S HDHE MTIEW 2 wne A Fumol o 5AY NS
| XS ZHEIATIE Ytsel HSSMDs
dCh B WIS Mso HS YHAZ HASelel AsTt XIS

= 29 Uiy NS NS oo By WINS wot 4

Fot thdolAe] Mot Feide

4)
20
o

Table 1 Vibration Measurement Resuit

T -

HER IS “

i EXTRE Peak Peak OverAll[rms] Figure Name :

| Frequency Accelera‘[ion ‘ L

[Hz] {mvs’] [emvs] | [aws] ‘

1 IYE) 257104 | 962 | 0020 | IST-ANCIT/H ‘

2 4800 1.6364 7.3 00206 | 1ST-AVC2TH i

18] 3 i 7950 11.2757 131.80 | 0.1427 | 1ST-A/VC3T'H ’
4 w7 ’ 21663 B2 00792 | 1ST-AVCITH

5 7230 H.0527 834390 \‘ 71248 ¢ 15T-ANVCET H»4

1 .75 2:2241 953 ¢ 00204 | ND-AVCITH

2 3175 1.1173 6.07 0.0127 | 2ND-A'VC2T/H |
23] 3 7675 9.5042 6759 | 00828 | 2\ND-A/VC3TH
4 76.75 34058 67 | 0069 | OND-ANCATH
5 76.25 1065210 | 10691.82| 9.0847 | oaND-A/NCST/H

|:’6"7| diolEl = z}zte] Fa4dlolE1 8] 4-80[Hz] HlolM HuAE 44
L !

(x10°%)
10.0 B ﬁ
2.0 A 1
60 |
4.0 i
2.0
0.0 AMWJ\.’WMN‘

2.0

Acceleration[m/s?}

—en-
-86.0~

-8.0 -

I

|

!

|

|

-10.0 T - T T T T -~ -

0.00 040 080 120 160 200 240 2.80 320 350 4.0
Time[sec]

Fig. 5 Vibration Acceleration Response of No.1

Aecelarationfem/s?]
H
i

'
“
~

2 T T T T T T
0.00 D.40 0.80 1.20 1.60 200 240 2.80 3.20 3.60 4.
Time[sec]

Fig. 6 Vibration Acceleration Response of No.2

Accelerafion[m/s?]

-4.0 T T TITTY T T T T T
0.00 @40 O0.80 1.20 1.60 200 240 2.80 320 3.60 4.00

Time{sec]

Fig. 7 Vibration Acceleration Response of No.3

-273 -



TS| YExX|I™el wmz oiFt FES0| x|gtg Su 5ol

; SSToaca Hgsle ZE8Ee MMz "oyl sl 2k sy a9
w i 2} XiEt RYE 0|8510f 37IX| AR AR oIy S5 S
if: {AIE +HBIUCt. Table3 off siMof +3E 371X HLE Ma|st
= s Feny ofzfol sHMof| AIBE SR DY 3 {3 24 M
3] of chal MsIUCE
5 o0
; —0_8:
§ e Table 3 Finite Analysis Model Case for Blast Vibration
-2.4 —
327 Y 29| ASH 29 X|et 24 B I
Y NS P B A I e e R A Y ALY W ]
rimetsec] Case | | ME® 29 @ | Xy 28 @ 27| M 29
Fig. 8 Vibration Acceleration Response of No.4 Case 2 | HE® & @ | xjut oy @ | 274 220 S
zEsh7| 9 sl
- ' nFEE 2 P MH
[Ty X =0 o5 X2 S A e ol X6t po +T x =
4. oz 1 Case 3 o 2d @ lgh 249 @ Zaalefo| Al a0l M

SHISSZ JiQlsts BINATA PRI SEY &S Y

Noz A Astel NN 2UR cysiAct e g (@) TSH 29 O A% 344 A=)

IC. +57 YHHIE QW2 MAS ool w2 ngag gy 0 9N WW AS SE ARNe| Mg ulgez sud

SiCl HWE M fistol NUHNRYS XUDR olgst  AmPltudest Time duraliong = o5y 3 TS

oo, JHYS MEZez BEsE SS522 s, XY @

TEES %‘-smmo;?me}?}d =T - *  oi7IM A2me) Time duratione} 2t wmEel i X|oiA| 240110
- = —_ e —- < . = - -

AR MEZIMS YR QLM 220l ANSYS 548 msi A5 PulseAlo|e] 24242 AZ AlsE T2st0o] M5t

0|23t B SUSIYSD, AN RYe xjut Y PxER B O

APBIE £F 2B HWYR sicth

X M o oM Bz oa TS st RE o Force

&2 o|X|X| Y= 4= SIUCt AIBEl Element= 1A} s§Al0) i Y N T R B T

diAl= 2D-PLANE42Z 9@ 5l9ict ZAXZeZE= |8 84 i ‘ o

oAl Ae SIPE Fixedstn AREH X|gh oIZgE A=A AT A

{symmetric condition)22 Cl#5IA4Ct. MDA ALSE 2 | | i} t] R A } c
1

Mxl= Z32|set YAl XiHiel E FAXE NIBIIYct R AN A NS
(Concrete : E=24GPa, p=2400kg/™, v=0.15 | Soil : & 4.1 ) e Tune
Xigh Y FRB2 2| s TR SMASS Table 2044

EIC 1=

9% 344 AEd@gs)

Fig. 9 %7t
Table 2 Typical Material Properties (b) NSH 2 O A5 pulse ZISH)

LW} A AME HIEIOR EoiA Ofch 26 Eg AIZoIA] pulse 4
a2yl o | ¢ E |k 52 QYIS0 puse Al0jo] S HMO| LiEI 2
HE G rUTSalN AN (deg){Wm? )| wm ) fume )| ¥ xiod Azt N
2~4 |24~ 500~ (1200~
maes (18] 19 [3~50,%54 1% | 0 [ 30|20 lo2s o
3~2|20~ | . 1450~ |1200~
o HESE|16| 1.7 14~30 5 2 0~140 4800 | 2400 0.3
g
4~5]20~ 700~ 1600~
eas|18| 19 |s~s0* %1% | o | GRS 100 oz
. 34~ | . 16000~ 5000~
Eslobs |21 22 50 40 % 0~30 10000 | 7000 0.15 —
o 3~ 7000~
HtE 22| 23 50 40 8 0~5.01 10000 2000 0.13 Fig. 10 tﬂ% pulse ;ﬂ%‘%]
%~ ~
gas |24]26 | %0 | a0 | " lo-60/20000 T o1zl () Mt #A W DS Mesh )
7t Xlgtel SRCHAF2YMS ) C T FRH (Ym? ) . DT X|gR =9l mesh size?| 2F SE Y
ysat: At EHTIYBY (Um? ) E, : Kol MUARUM? ) : E‘:m;“;q:zze_ - 2:’;:”‘542 (2D)
N HER EZAIYA v : Zopz| - No. of Element : 2052
o UROIEHE) ks © XI bEHR A 2 (ym? ) - Element Siz6 : 2.5m
7 ZH A

- 274 -



Fig. 11 Case @ A% 34 29

d) X|gt Al 2@ @(X|EH Fine Mesh 2d)
- REalE| X|H2xEo| mesh sizeE X|HHOR LU$Z2 Fine
Meshdt g

- Element Type : PLANE42 (2D)

- No. of Node : 3721
- No. of Element : 3622
- Element Size : 1m [/ 256m / 5m

Fig. 12

Case @ AW 4 2

) A A

QoM HFE VI M 2Eg o|8sto] Lol X g
it siME SESIACH XHZY AMEE No1ojMel 2} &ia =
oM HolT JHEE AZhold ® Fus 8¢ Mg Fig. 13044

Fig. 150 CHERKSICH

M ZIjoM LiEFRO] Case 1SVt 5 &HY ZSE + xjgtz
Hom)el oM HDE duEw Lt Y= AlZSe AME
SHET AlZh ol Ao HEX= AH&EHD 2o} o4 3N U
LiXjgh Metdel ZEE2 RAE g8 2ol Ach &G A&
mojA HEtLbE DFOE MEE Jol ZEstu UX| REs ¢
2= Uk AlzZate} ofRItX|2 ZoRolM @ X|F el 38 {X|of
A AFol o 3 HEltD U2 S X0l E&E HTPF ¥
E{2 =o{RU0] B3l =7 TS =2 JEez metect

0

m

Case 29| AP A *OM LEERCH DO MES Te{sio] X|uing
OolM el 3o =8 siMoff ZEAFIZ] ¢4ste] Klgiy
$25RA gEo] m esh size§ EPo=R HSFZE Fine Meshg st
hoosliad ZHolE AEEM I8 A2t o|Ye] Akl Case 12
{019} FASIRIRE s Zntoll DFEOSF D=7t MW GOl ZEE|
|

AEE ¢ + AUCh

lal

o N

ase 30iAlE Case 200AM A=Y XEIRE @2 USHE &

of A& Mejel JHZAA RASED| ol Zop ABAME iR
H Znpv} ojLbs AFo pulse HE{Q] 2= 083104
THSRN2M MIHAl siY CaseZ0IM AlZHH SHo|Lt 1
IE SolM ZHE AlE Hotet wARE d0E 2ol USE
UCH

hu

i

il

ol
=)
4> 4> Mo nx

mg‘{)l

BOx10°

60x10° 4
40x107 4
& 202107
£
< 0o
8
=
& 20x10°
®
S aono?d
g o
60x10° o
8.0x107 4
T T T T T
00 0s 10 15 20
Time {sec)
(a) Time History
so0x10°
k4
£ 4ox0?
= &
S N b
g o0 ‘!
5 i
& 20x10° i
g i
< Syl
1 oxap? “\‘}‘1 N .
N LA
00 V IS [ .
T T

T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

(b) Spectrum
Fig. 13 Vibration Response of No. 1{Case 1)

60x10” ——’ —-= N1076A
40x10° o
3
2 200107 o
£
£ 004
]
7;5? -2 0x10°
g 40x10° o
6 0x107 4
80v10 + v Y .
00 0.5 10 15 20
(a) Time History
6.0x10° 4
o«
E
< »
S 4.0x10
=
2
3
© 20007 4
<
004 e e -
T T ¥

rr—— — T T
? 20 40 60 80 100 120 140 160 186 200

(b) Spectrum

Fig. 14 Vibration Response of No. 1(Case 2)

- 275 -



8.0x10”
6.0010°
4.0x10”

202107 4

o
a
.

Acceleration [m/d]
IS
4
3
2

I

4

B
{

6.0x107 o

8.0x10"

~1ox10™ T T T T y T T

(a) Time History

3.50107 4 | ——— N1076A

30x10” A
F 2 50107
S 20010°
151107 o

+.0x107

Accaleration [m

30210 4

T

T T T v T N
0 20 40 60 80 300 120 140 180 180 200

(b) Spectrum
Fig. 16 Vibration Response of No. i(Case 3)

54 % M DY B9
S4B %= YNNSY YD YN NS YA WY Y 7x8
= HFO R A=Y A= IS PN Wl SE2® F 5
g7122 Bosch

0x
¥

o

L )

{11 Charles H. Dowding, “Blast Vibration Monitoring and Control”,
Prentice-Hall, 1984

2] ol&7| &, ‘& &N YYUE o/ ZAHY USE UE 2
£ SNSES oF" tx NFAE Y HAHEHEN
224, 2000.

[8] C. G. Gordon, “Vibration Prediction and Control in
Microelectronics facilities, Inter-Noise 96, Proceeding Book 1,
1996

[4] 2t 284, Ho AZXNE $FEO YHE AP, SRTSL
S 3| EAEU =27, 1988.

L

- 276 -



