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A& Hom ey,
sl = L - 4 (4 2-1)

v, v,

ol ma A (d):
/U/US
d=—2" % psAl (2 2-2)
’Up_’US
AAelE 78 4 vk

2) AR % (Magnitude), %= (Seismic intensity)
TAZ YERH oz X-so Ao
Richter,

w2 A
7}) T+ E (Magnitude)
TES DA X2 V& AFH X
%35kal o] dS AS AAIGE v=re] xA gt 2] (C. F.
1935)9] o] &5 AFE-3to] 2l8| Bl =AY (Richter scale)olgtal g}, o= 7
of o5t Ak AAA FxlolH A7 FA S8 AT o] [Z3)
WA 7R o] FGAE S o] g3te] A&E3It) o= 4,001 M& =
(Magnitude) &  9Jv|stal Heol A= 4 &5 1AE=E yepdo
Gutenberg, Richter(1956)+= A3 A A] &3] w|t]o] ufjAof| A Wal= &
SIE A AR A2 fle o=z Axd gxdolth A I A Ess} 1=
Me] A= (4] 2-3)3 o] YERE Ao] dubdo|t),
logE. =11.8+1.5M (A 2-3)
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q7|A, M2 @97 13, E & Energy 99E Zte=th AR E(M) 7}
1027k A XU (E)= ol ALtz o] k324 F7}ghrt.

logE, = 11.8 + 1.0M = E= 10118 +15M) (4 9-4)
E(]\fil) =10 (11.8+1.5x1) 0133
E(MZQ) — 10(11.8+1.5><2) — 1018

E=2) . 108

= =10"° =31.623~ 32
E(]”: 1) 1013.3

221 AAHE A slZAakel] FolE Y HAEEH(Atomic bomb)+
8.4x10% erg?] 3& 7k4 M6.19] A zlel st Aotk AxFEe] 7
He Ao AAZ b= 5 AATAL C. F. Richter® #l= @4
] Ly olol A Aot 2] A Z (local earthquake)2] 7|5 AHIH 5
A& FAstHA RS VS AT T = AAIGE ALEe] ol &
= weF T AR E Richter scaleolg} o}, 1= (4 2—-5)¢9F o] =4
TTE(M)E st

M, =logA—logA,(A) (2] 2-5)
o1 7] A,
A = Wood—Anderson A|ZAe] A€ HdHL (mm)

A = LOOL7%E](km)
A(D) = A 71EARe] Hu) s

_18_



(2 2-5)9] logd,(A)3d2 A (A)ell whet A 9ke] X1 (amplitude)
o] ofafj A= A& st WER, AT s Adets 549 5
35 YERY A xlo] FA4E = Aol mpel ®liggho] Gepxi).

Bullen, Bolt(1985)% -E=—-<d=d&E A A S449 7|SARE o] &3

%
of A RS (4 2-6)o= FH 2353

M=logAH+ 2.5logA—1.67 (2 2-6)

of AolA AHgHE 74IF, 25logAt VIF PR AP T ol o)A W
BF AR ARSI 74 AGow A W AGALe] we AF Fol
Zol= 278 Ast golth webd, 5440 e Fr AH
o FE A& 247 AN GAFS AFeA HgFE Aol W F
asith Avds RUAFR(M)S AANFE()E o BB A
golal otk muvel AANE TR olfE due] F wELol
WS ASehe Ask 70km olshel A MAISE A7 A5 300km o]
oA AT A A Fo] A2 e BES Uehy] wFe] A
AR FEE EURE A§En ARA ) FRE A 5E o] §ate] T

utenberg, Richter(1936)+= = A|F%2 7/IdS A7} 7}77}—.—
Aol ALgae] 202 F7) B wwve] A WEoaRE Fu
ATh 1 Fox= EWI RS dAlste] ofe] o] A ]ﬂ»xﬂ‘ﬂ
B5 (4 2-7)3} 2ol Aol Hr

e nE ol 2 M
25

RO )

Oft
il

o
Y
rlo

M, =1log(A/T)+af(A,h)+b (2] 2-7)
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A= AYZ

= #7]
A = ﬁoo]'ﬂa]
ho= 29 2o
ast b= AIdHom FaA= Adgelth. Aek 70km o]stol A A=
A R gk #AA (2 2-8)= FoxIt.

M, =log(A/T)+1.66f(A,h)+3.3 (A 2-8)

300km o]stell A WA sh= Al o] 45 xAFE WA A7 He &

A o) x| ko = & Gutenberg(1945)= AA|ute] 7p4 & XE 02 HEH

SANS)
g WESHE WAL AL AARTRE LehlE $A4E (4 2-8)7
o= A,

mb=1log(A/T)+af(Ah)+b (A 2-9)

(2 2=9)l A f& (A 2-8)3 FdatAl LA X1 gFo|qx]

Ao} A E aHste] gAY 2 Y] Zo] g ol AR
P2

of A% M3 mbAbolell= thaat 242 A9 dAVE AR

mb = 0.56M, + 2.9 (2] 2-10)

»

Az £(1998)+= F-Evhetol Al A= A9 FE A we, A
A7)1=9] & A4 A7 (signal duration) S AFEEAY A
shoh, ARl 717%H (KMA)& Ao #3488 AHgste] e
o= (4 2-11)& o] &gt

o
ox

2 g
- H
T =]

s

i
o
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Aol 7154

o171 A,
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=
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980gale| 1% A}

st 1g

S
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tol, 7SR 1g
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gal=

1

s

J

%= gk @9 em/sed

1}) 2% (Seismic intensity)
[e)

ol A ool Vel AEe] A71E AsE £A= e Ao Algtol
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of $to1} 2001 dFH H]=o| A AAste] o] =717t AR&sk= MMI scale
1245 (Modified Mercalli intensity scale)< =838} At A Xl s+ A
Hel Aol A2 fEvhete AR Al 50l At Rt M=o #

A2l Aol vlsy] Wi oke 5719 A& B gk,

¥9,

2
M:1.o+§MMI (A 2—-12)

(Gutenberg & Richter, 1956 — "]=rA &)

M:1.75+%MMI (2 2-13)

(Nuttli & Hermann, 1979 - v]=%%)

2
M:0.44+§MMI (A 2-14)

(Mei, 1960 - < =)

M=1.75+0.58 MMI (2 2—-15)
(LEE & LEE, 2003)

M=1.73+0.56 MMT (A 2—16)
(71733, 2006)
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SRR
A HkE
S.< 0.25 S.=0.50 S.=0.75
S, 0.8 0.8 0.8
S, 1.0 1.0 1.0
S, 1.2 1.2 1.1
S, 1.6 1.4 1.2
Sy 2.5 1.9 1.3

A7 Ao
ARk

5,0.1 5,=0.2 5,=0.3
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S, 1.7 1.6 L5
S, 2.4 2.0 1.8
Sy 3.5 3.2 2.8

So] FZkgkel Wi = # A HTE s,
=4 AE5Fx7]F WA (KBC 2016)
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[ 2-12] AR&F S 99 AFs

o Llecas A7 AN H A FA| 2H
UBC—97 Type SB(Rock) R=85
IBC—2012 Type B(4t) A H 41 R=38.0
FEUROCODFE Type A(Rock) PGA=0.22¢g Behaviorfactor = 5.4
NZS1170—5 Type A(Rock) Z=1.2 ©w=>5
NBCC Type A(Rock) R=28.0
dEAFTEE W Tw
A=Y LFF7] v F-FQAF7] v TR AT AT
UBC—97 0.4 0.15 1
IBC—2012 0.4 0.15 1
EUROCODE 0.4 0.15 1
NZS1170—5 0.4 0.15 1
NBCC 0.4 0.15 1
dEAFTIEE W Tw
[ 2—-13] 7]l W& AA A v
e |MPEase AT [ asy By | B
1%(F,) | A%3E,)| AR Ty, v,
UBC—97 050 W, | 2.00W, 0.18 W 28 | 111
IBC—2012 0.53 VV;, 1.60 VV;) 0.20 W 2.6 8.0
EUROCODE | 046W, | 110W, 0.14 W 3.3 7.8
ARAZI)ZW| L0W, | 2.00W, 0.20 W 5.0 10.0
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NZS1170—5 0.26 W, 0.77 W, 0.08 W 3.2 9.6

NBCC 0.30W, | 0.90W, 0.18 W 1.7 5.0

W AR FF, W LA (V] F)ED

A 3d A YIAE Y
1) Telcordia GR—63—CORE

Telcordia Technologies, Inc.&= 54 % Aol&S A4 Hasls 7|9
= HES (network) 2 ZE o] o Mu| A5 Algshs Al He] 714
ojtt. T Abd o] HFlglel X3kt 7k Hl, Telcordias= & AlA 9
HAE o] U EH (network) ¥} s=9lo] 7]7]8] F79}F Aatglo] o414
A T8 Ae S RS e 3, 3 ARARE R Stolw
Ao A7tE AReta FoldS A A A AR
AFe 7HAAL At Telcordia® = &4 7 AA Sl &A7F QlaL, H1,

G5 A AANA AAE Sgeta

c

N ro

1

E3], Telcordiaz FEA H&
=]
LN

A AATFOZA A FEA ok T3 7 :
upe} AlA Zhare] FEAl BE 3 7|52 Telcordia®l A7 o=2 AlY

3lal 33k Q5 A = wholoknt A 7= A ¥
3 dekar gl

(7&5-, 2008)% Telcordiaoll A AT 71=7]E
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nag g o ® vhEoi Atk GR-63—COREE Al7te] A ¥sitigts v g
of ths Wslrt gtk A AlgES &3 7324 AdAdS Felstk= Static
testet Al g7l A s Al 4 S &<k Office vibration test©]
Atk ERE v= A Ao A A ek A e AR oL Aol whel 0~5
Zoned Ao w2 5o [71¥ 2—-11] Telcordia Earthquake Zone Map) A|
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Acceleration-g

1.75
1.50
1.25
1.00 fer
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.75 |

bl 1

-1.00/ R
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A sobt————
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—

0.00 400 500

(29 2-12]

1200 16.00 2000

Time - Sec

24,00 28.00 32.00

Earthquake Synthesized Waveform — VERTQII Zone 4

[13) 2—12] Earthquake Synthesized Waveformol|lA AA %= A %3
FL Zone 49 AHA| ARl FEE AZFF G AxlgEP o= LER

A

o

’

Aceel (G)

=

I [ L LAL) 1 LI IR R RN

LI =

Zone 1 &2 13

3 [ N | L1 151111l Ll 11138l
105 10° 10! 10*
Frequency (Hz)
[719 2—13] Required Response Spectra
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[72¥] 2—13] Required Response Spectra®] 382 [13 2—-12] Earthquake
Synthesized Waveform® 8-S FFT(Fast Fourier Transform)< %3l 53}

PN
T

[3£ 2-14]

doAo Aol AAHY Fejz JEl Aol

Required Response Spectra

Coordinate | Freguency | Values for Upper Floonf Coordinate| Freguency| Values for Upper Floor
Point {Hz) Acceleration (g) Point (Hz) Acceleration (g)
Zones 1 and 2 Zone 4

1 0.3 0.2 1 0.3 0.2

2 0.6 2.0 2 0.6 2.0

11 5.0 2.0 3 2.0 5.0

12 15.0 .G 4 5.0 5.0

13 50.0 0.6 5 15.0 1.6
Zone 3 6 50.0 1.6

1 0.3 0.2

2 0.6 2.0

7 1.0 3.0

5 5.0 3.0

9 15.0 1.0

10 50.0 1.0

Telcordia Zone 4 7]=oll A&stAl F43817] flalA = ofeirgte] 7S

Rhsfo]of gt

(1) the 1st AFFI5E 2HE 29

(2) 3 AFF T et vt ate] A 7F 76.2mm o] &)
(3) ARI3} 5o FPom FFH 9 Aol §ls A

(4) AR HA F/59] A714 s FAT A

(5) the 1st A= 6Hz o) A%
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A, (219 2—14]9]

bl 2185

445

0.6

35

0.1
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%8 7145 (Gravitational acceleration, g)& A2 A&

M = 5972 x 10* kg (212-31)

2 4EF 5 g9onE 9 4% Aol AT EWAAY FHNSES
TE 5 Ak AWHOR ool Fold AT FUNEE gho] AHgEm

g = 9.8m/s*

T3}4=(Hz) 323—;1‘12, b=2a ©]al 7}4] & (damping ratio) 2% % &

St} 1Hz~ 2Hz9 7}E % W= 12dB/octave 7] & 718 7FA T} a9l

A b7kA o] WSk g w9l ok AERIFHS AREslal AW

S o gt FSHEHEAEHL 775 %E 0.6gE5 U 50%7HA
[e)

=9 AHE = T
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Al 3R FARFE AT A7 HIAZA AT

ALA BARA S ZAF

1) ARste] F7

AT W Y 548 gt g Jdgow BY A xle g ¢
g el A7 W5 e A3WS w2 o= ©d 3H(Elastic wave)E A%
H(Seismic wave) et gHek. A A 7] FH = o2 A9 SashEA A
o7)= v W] ofg Aotk (AT AT, 2018)

Z A [observatory] 2+&F 4 [observatory]
FHepicenter] A

=2t
2 &

e

(2% 3-1] Axd%e] AAeE =Y

%

A A= 7FE == 7] (Accelerograph) S 88381 t}&-3p e A uk-g

1940, Elcentro Site, 2700Deg

o.3 1 1 !
1940, ElcentroSite. 1800eg
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CRERS

(29 3-2] A= A9

dstE A0 et [

[3 3-1]3F o] 53

[ 3-1] Ao 7 = 54
AQdD £ A% EA
Pu} | FIf i )
- e A-Zef 3t A AET
Longitudinal
2A T - &4 28 4£UEE RE oo A
wave
Body - - -
su 1 W | - ZE9 #HEhE glo] AT HIET Sls
wave
Transverse | — AT £330 F 5o &5ty FH
wave HE(Z]7Y g0 W)= 53 £F
3 - 852 el g1 HEET oUb AY
LOT
=e 1L #Hets gojud E2
Love
- Lovemts ST +3+F AE9 SHI=Z
S y 47eE A2 ARAdE A9 7E 27
Surface - Fk9] HA=t JoH TE ¥4 5T, PIp
wave LR=} o] EEH 4EE EY
Rayleigh - pape} sohe] £ALF SVETE £3E 4EE
wave 7HE +3EFAE ARAd = A9 71EH
A S5
- 2 R A Ho] THET o]F, Fo] £
AAFD L~ ¢ Fo Z2F YEYE AT
IHAE AHY AF
71t

Free oscillation

- AFAFE S95= FVF (Spheroidal

vibration)zt HHg] #HEr = HEE AE
(Tortional vibration)e2 TR
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A E7HE s 0.2, 0.3g9k 2ol AFFE L% (1g = 980cm/s?) 9]

dANEE REH L, A= 7FERE o] 09 xFe EHoR s Al

amaxt ARl M7} A #AAVE lom AF ] {FAATFE 30%
ngro g T1L 1-2%, T2-T1& 15%1| 9, T3-T2<L 10xn"| o]t} x
=
[e)

AN

A Ey AL Az o] Axlas AA ] Py ¢ Sub 2F 79 dEow
Aae i APol M= 27 dso] sAld st AUuA7L B=H
o} ZAlo] WAE A Au = An £5= Pyl wEy] wEo] x| EH e
SA R SAANS Po(F3H)7F dAA Ao =7 2 A2 3
el AA A o] WAst=t A5 7 AdekA A A Z3 ol
stal o] A& o WwhlelE RS ofzlole} gt

3% a4 WANZE, A, 2ol A X E UEd

AUAZE T23 SA WHErh du AMAUJA(E)= (M) 3} ofef o



(4 3-1)

11.8+1.5M

logkl=

(4} 3=DelA B9l @91 egele] [E 3-2]4 27} 1.0 F7he

o FEE AR

et

= iEF 32e) =

ol A

Fof At
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&

8.0

7.0

2.0<10% 6.3x10%

6.0

6.3 102

5.0

2.0 10"

4.0

6.3 <107

3.0

2.0 x10'6

T (M)

ol A (E)
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41 (Static Equivalent Force Analysis)
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A (Dynamic Analysis)
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NRB LRB
A7
s H (%) ks R (%)
6002 63 4.8 0 0.0
7002 368 28.2 75 13.9
8002 (8509) 548 42.0 145 26.9
900 @ 111 8.5 78 14.5
1,000 123 9.4 132 24.5
1,1002 76 5.8 96 17.8
1,200 15 1.2 4 0.7
1,300@ 0 0.0 9 1.7
A 1,304 100.0 539 100.0
83, 4%
539, 28%
m NRB
B LERB

1,304 63%
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(AD) 6061 AlEY A2AE ALgste] A AT, AL-60614199] A=
AE7F =2 HE ofyA|vE AYo] A Lol FEge =go=w

o — A

- =
A & FFche 5HoE WilAAd 9y AREEI Q)

[29 3-23]& WA Fa3 743F Tol el SAZ &4
A95E 7HAE dl~H 24 Z2]9-# e (Polyurethane) A& A3t
Z.Wirpsza(1993)= 18493 S99 Wurtz Sl 93] $elgte] &g &
19373 =Ll 1.G. Farben A9} O. Bayernls= 59 A+l 9&] AlAl A
Z2 Zy$dEto] st a1 A831E 7] A Fs ) C. Hepbum(1992)+= &

=

g e WA, HekEd, W8 2 x4 Sol 98 LEARA =

g, Behay, a0, AR, A4 5o oY 7 JelE g4E & dvks
FHOoE s FUH B ok HYHoRE o] WAL Ak
EeIFAE 4 B St semen) A YL T ol SJa) 9
A G Eel BeAoE Setelge YAt 54 b
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T T,
WL i \'.',". I

.‘U' 'urff

Numbers of bend : 1 million bend EEGOIEIE)]
Load N
Load(kgf) 1500 14700
A
CcZ
1000 B 8800
CH
500 - M 4900
M‘P,_zmkgf
//
18I0 IRIUBIBINID §BIT {30 ¢35 40 ¢50 460 4D
_ 18 o)== A E
[19 3-26] 59 ¥F22ZH 5
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L
=
= Ljo
== 500
—

10 thousand bend
100 50 30
(1008H=)) {508ta) (30842
40% 45% 50%

——
o
_—
— L:10
=
== 500
=__
10 thousand bend
e 100 50 30
Light (1008!2)) (508t
Load 3z 36%  40%
YA
ar

o




BIE & +10%
Eﬁﬁ% e WA 2 T
GRS Aew bk 50mim ST £05m/m
LIGHT LOAD S5mim BLE + 1%

CL B0 <60 60 2025 240 21.6 19.2
70 70 17.35 280 25.2 224
80 80 15.18 320 28.8 25.6
90 20 13.50 36.0 324 28.8

100 100 1215 400 36.0 32.0
125 125 9.72 500 45.0 40.0
150 150 8.10 600 54.0 48.0
175 175 6.94 700 63.0 56.0
200 | 60 30 200 6.07 80.0 486 720 438 64.0 389
225 225 5.40 800 81.0 72.0
250 250 4.86 1000 900 80.0
275 275 4.42 1100 99.0 88.0
300 300 4.05 1200 108.0 96.0
350 350 347 140.0 126.0 112.0
400 400 3.04 160.0 144.0 128.0
450 450 2.70 180.0 162.0 144.0
500 500 243 2000 180.0 160.0

[1¥ 3-27] CL 60X60 &3
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71E AZFatdth. Al X8 AFE ¢t Datad] &4 e gl #E & 5 3l
om, Hgl&%F 1 MN o]de] ZA4& 7HAE Frame 7-20|th £ A= o
= A ®EAIAIE KS B 5541 48 71T AgS 18 & 5 e
A7 =, A st A e AAQ oE Cell2 A 2 A9

7+E Sensor9} 1Al RS232C or USB FAIWA o o3l g & ¥yl o}
Yz}, Micro Process7} W s o] z+zte] spilsle] =7F SofF o 4= 9l 3
AR HHFA7E FERHAA AT AlQAF, dAH, A, &t 5 4
gl 94 D ASHA = D/BsF H o] Excel Program® 2% HF] o] 7153t

$-8 Programel 93] -8 Hr}l Computer® Graph Scalee Auto Scale®
stdol Graph MHE Hlold A9 Aso= upyo] AREA7E Bl o}

Al Hol Ax, AW FHEE A, A4F 4F AW 5L T 5 ]
of ke, 3% 1 W9l 8% Az $8 : WEE Fo A Tex} 29
Aok B AgY FegAwe] o] Mate] mE 33 W Y
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[ 3-7]2 WAxAo A&t Ze]5-Hete] B840 SAW4S YE
A Aot} vl A5 A S H3( American society for testing materials,
o]

gE AR AASAI, ) wEshe
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(3% 3-7] Zefae A 243
zy T2 9] 7% AAA]
AT ASTM D 2240 | ShoreA | 91-95 95
H] ASTM D 792 glem® | 1.21-1.25 1.23
A= Mpa >25.0 35.0~36.1
ANEE ASTM D 412 % >350 473~565
100% &4 Mpa >12.0 15.5~16.5
AF 75 ASTM D 624 | KN/m >200 232~240
ol s ASTM D 5963 |  mm? - 117.8~149.3
3l=x4 | ASTM D 1238 | ¢m?/10min 9.0-16.0 | 9.0~11.0
YIE313(D65/10) | ASTM E 313 — <8.0 3.2~3.6
(&) 8 %=/4mm % <10.0 1.5~3.7
T ppa <500 11~199
F71 ¢ 1/AE A £ % 0 500mm/min
Zger Alme ANFHS [2¥ 3-22]A" AE 28.5mm, ¥
18.6mm ¥ Fej= AAsilar AlHol i3k HAMAI = [5E 3-8]19 &
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Algise ool | ARzE ZH}x| Al

2452 N t=A| Hel2H ] mm - 1.71KS B 5541 : 1985
2452 N =A| el 2] mm - 3.61KS B 55411 1985
2452 N U= A| H22*3] mm = 4.11KS B 5541 : 1985
2452 N UZA| B19(2H*4] mm s 4.91KS B 5541 : 1985
*A|o4¢5 3 mm/min, AEE 37| : X2 285 mm x =0] 18,6 mm (2 HeY)

g 23+ 2) ) oM RSAIR =8y
21 ((-20 & 2) C) Ol U=A[S Flsh
3 E 60 = 1; ©) OIN LS Al TSl
41 ((60 = 1) ¢, 168 h) & ASAIE 2l

(23 3-30] #5A1E gz ZEde AR Adds [1d
3—-21] "tz 5A 879 2% (Temperature Chamber)? 2% 23T
+2ColA 3mm /mine] HE= 0~2500N 7}x]¢] 3slog KS B
5541:19959] Ao w a5 FAF Lot H 2500N ¢

F2 3.6m

%— Al ZE e A e 3.6mm=z Ao W WilE gl
S 2 eyt
2500

2000 ///
L
00 //

— Sample 1
——Sample 2

i
0 1 2 3 4
Compressive Displacement{mm)

Compressive Load(N)

[1§] 3—-30] A=(23C) A1 18 =
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(28 3-31] 452 2z Zgue AR AEHS [29 3-29]
2% A (Temperature Chamber)2] 2% 60C+1TCol A

3mm /min® &% &2 0~2500N7F4]¢] o= KS B 5541:19959] A| W4
3k tE Al 2T o)tk Hd 2500N & Al ZE]9-ee F 79
WS 4 1lmmE oA Y] Mo Wyl gle AeR

2 9eghe n(H) Lol e Ao Jde] Qi Ao vehk

2500

Wi
1000 /é/

rd
— Sample 2
=] —T T

T — T
0 1 2 3 4 9

Compressive Load(N)

Compressive Displacement(mm)
[29 3-31]1 #H(60C) AHAF 1=

(29 3-32] &H5A1E 2= Z2de Alse Aldds [ 3-29]
s A A7) o] &% AW (Temperature Chamber)?] &% 60C+1Co A
168A]17F] %:3lE X 8stal 3mm /mine] %2 0~2500N7FA] 2] 3o =
KS B 5541:19959] Aoz 583 h5A13 e o|th Hd 2500N

25 HYHE 4.9mmE 120 A 168A]

3e shbel WSS 4ga w38 YT ARkl W9
)



2500

2000 Vd

1500 /
1000 /

500 Vd
— Sample 1
—Sample 2

0 1 2 3 4 3

Compressive Load(N)

Compressive Displacement(mm)

[28 3-32] AW (60°C, 168h) &=A]3 1)

[d

[17 3-33] =AY Zelze EEeeE A5 ANddas [1H
3—29] BtsAEAE 79 &% AW (Temperature Chamber)? =% -
0C+2ColA 3mm /mine] X2 0~2500N7}#¢] 3do= KS B
5541:19959] Ao w a5 GFAF Lot H 2500N ¢
5 A Y gUE F oo A BT HeES 3.6mmE Aol W
W7t gle Ao yehy EeedehS AR50l e g A4
o] A= Ao=E YErgH
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[71¥] 3—-35]

1

A

W 9,700 N(<F 989 kg)

=3g

10000 -

9000+

8000+

7000

6000+
5000+
4000~
30007

(N) peo| aAIssa1dwo)

20007

1000

0 th—+—F———

1180 13 13 14
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Al 47 BIAFR AL e HrAE

A1d FIF8AEE o] &3 AAF W 2
1) e
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[ 4-2] 21/ 2 7 B2 ¥ FJolx
Freq. X y z Rot x Rot y Rot z

1 | 12.0262 | 0.035599 | 0.021775 | 0.210236 | 0.209602 | 0.525029 | 0.038634
2 112.2302 | 0.035289 | 0.024962 | 0.372418 | 0.372641 | 0.359859 | 0.033882
3 112.7273 | 0.01271 | 0.001779 | 0.004082 | 0.005317 | 0.547066 | 0.016219
4 | 13.5085 | 0.137263 | 0.012189 | 1.000000 | 1.000000 | 1.000000 | 0.123804
5 | 16.8534 | 0.08001 | 0.048289 | 0.003848 | 0.40496 | 0.002941 | 0.088926
6 | 16.9139 | 0.032115 | 0.04242 | 0.014906 | 0.328229 | 0.010573 | 0.041117
7 | 16.9234 | 0.000058 | 0.006005 | 0.002074 | 0.042524 | 0.00652 | 0.001322
8 | 16.9309 | 0.000364 | 0.000033 | 0.001086 | 0.016104 | 0.001199 | 0.000269
9 ]19.8145 | 0.63306 | 0.003423 | 0.018439 | 0.01561 | 0.138908 | 0.518833
10 | 20.1197 | 0.471611 | 0.010158 | 0.028742 | 0.029374 | 0.13677 | 0.341197
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A 2d AFH AFE T3 AF3H 94y
1) Telcodia GR—63 CORE 7|9 YA A
7hH WY A A A

Telcodia “GR— 63— CORE 5.4.1 Earthquake Test (Issue 4, April 2012)
Zone 4 level” o] Algddx}te wel ¥ = 7552 =814 &4 §lo]

AAFHE FAGEA AERF S

(1) Ak

2 IAHEE(MI6 x 32
ANAsATt Almel A7]=(W)1200
A= 1530 kgo| T}, Ao A gte

A aeta vt AP e= vk 24P o
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[ 4-51% WA ughl e Adshs AEhe A9E ek 2o 1

[3 4-6]2 Aot A1 < AA skl g dbegke SA4s= AME

g = Ao

RIG2

Test equipment ) ) ]
MAST (Multi—Axial Shaking Test System)

Seismic simulation test system

Manufacturer IST (Germany)

Cyclic Wave Form

(Sine, Tri—angle, Square)
Control method

PSD Random

Random (RRS waveform)
Table size (2 500 x 2 500) mm
Frequency range (1 ~ 100) Hz

7 axis: 1.20 m/s
Velocity X axis: 1.30 m/s

axis: 1.30 m/s

axis: 8.0 g (2 ton)
axis: 6.0 g (2 ton)

Y
] 4
Max. Acceleration
X
Y axis: 5.0 g (2 ton)
4
X
Y

(Payload)

axis: 320 mm
Max. Stroke axis: 320 mm

axis: 320 mm
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_ _ 2}7] 2 A WA 7]
™ ) = o ©
1Hz~3Hz 2018.11.09.
Controller | RIG 2 | P03685.E01 SICT
5Hz~100Hz 2018.09.21.
1Hz~20Hz 2019.01.18.
C006740
20Hz~1250Hz | 2018.12.25.
1Hz~20Hz 2018.10.22.
C006749
20Hz~1250Hz | 2018.12.06.
1Hz~20Hz 2019.01.18.
C006754
4623— 20Hz~1250Hz | 2018.12.25.
025 1Hz~20Hz 2019.01.18.
C006745
20Hz~1250Hz | 2018.12.25.
1Hz~20Hz 2019.01.18.
C006746
20Hz~1250Hz | 2018.12.25.
1Hz~20Hz | 2018.10.22. | KRISS
C006753
Accelero 20Hz~1250Hz | 2018.12.06. /
meter C002513 1Hz~20Hz 2018.09.17.
(ACC 01) | 20Hz~1250Hz | 2018.08.15. SICT
C002516 1Hz~40Hz 2018.09.18.
(ACC 02) | 20Hz~1250Hz | 2018.08.15.
C005773 1Hz~40Hz 2018.09.18.
4604— | (ACC 03) | 20Hz~1250Hz | 2018.08.15.
030 C002514 1Hz~40Hz 2018.09.17.
(ACC 04) | 20Hz~1250Hz | 2018.08.15.
C002512 1Hz~40Hz 2018.09.17.
(ACC 05) | 20Hz~1250Hz | 2018.08.15.
C002515 1Hz~40Hz 2018.09.17.
(ACC 06) | 20Hz~1250Hz | 2018.08.15.
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B A= TS A5 7] 98] Shaker table @ Al o) A o] A
o, Sl AEEAS RASD PR A9 B (1Y 4-11]% 2ol
stelnh, FARAARe NAAY A, F2 ABsch AGEAL o [E
4=10] 2} o] 483 & mygH oz 3 FH AYst] 3 F(X, Y, 2)= F
Aelolth. SRA L FFeolBol tid AFTh A o] Ak 24 o)
A3, ZZAAE T A e AR BelsT
[ 4-10] FEN Az

NO T A=A
1 Test type Sweep sine
2 F o (1-50)Hz
3 HEE 0.2 g (1.96 m/s2)
4 Sweep rate 1 oct/min
Sweep cycle 1 sweep
6 Al vk X(F), Y(A5), 2(73h)
¥ 1 g = 9.8 m/s2
@ WA
WA s7] fal 488 84-8HE~ (RRS)O“GR 63— CORE

gl e et AdE (RRS)° [718) 4—-12] ]rﬂaﬂ% A]éé.&ﬁ%
sk 2 7F Ho] 71X AE & AddE 735 AlE-sH A EH(TRS )
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Fudun (Hz) Acveleraiion (g} Fusiit [(Hz} Acceleration (4}

Eomes | aond Z Eoae 4
n.= 0.2 1 0.3 02

= 0. 20 = O £5

11 5.0 2.0 =5 2.0

12 15.0 0.6 1 5.0

13 S0y 0.& 5 15.0 1.6

Fonae 3 ] DO 1.0

1 0.3 5 |
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7 1.0 S0
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Ar
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(a) et (b) =
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At o 1000l
table
X(F%) 2.05 3.85 3.35 25.90
Zone 4 Y(H3) 1.59 1.95 1.86 9.50
AG D 2.17 1.81 1.77 N/A
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2) A7E21d8] 7122 WRIA|

i)

Telcordia zone 4 WZIAIE o] 5L A5l diste] WS40 Yz
AN A (FHARATY T A2015-1435) 0.2 A Falgitt. Al 8ol 7133
02 Aoy Ao Atd @Al AA k= AE AtEte] =

F71o2 AAFS At AL A7 o HRIA Y

Aol ek aTss S BeHel &4 glo] ANHE §4

71 Ao

HAE Aot Adt AXFej = vfd 1A o E T AHEE(MI6 x 20
EA)=Z Shaker table@} Al Av|E A A3tk Alge] A7]=(W)800
mm x (D)1,500 mm x (H)2,350 mmo]al FAl= 1,195 kgolth. Ao &2
110V DC o]t}
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[ 4—15]+= AFE A AdtS Algel= Aste] AlLS eld Ao
I, [ 4-16]8 As A8 T AA Hatke] gk megkes S4s5t= Al
5 vERd Aol
[ 4—15] FHAFF

3 = ALk

Test equipment

RIG2
MAST (Multi—Axial Shaking Test System)

Seismic simulation test system

Manufacturer

IST (Germany)

Control method

Cyclic Wave Form(Sine, Tri—angle, Square)
PSD Random

Random (RRS waveform)

Table size (2 500 x 2 500) mm
Frequency range (1 ~100) Hz

7 axis: 1.20 m/s
Velocity X axis: 1.30 m/s

Y axis: 1.30 m/s

. Z axis: 8.0 g (2 ton)

Max. Acceleration )

X axis: 6.0 g (2 ton)
(Payload) ‘

Y axis: 5.0 g (2 ton)

7 axis: 320 mm
Max. Stroke X axis: 320 mm

Y axis: 320 mm
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[ 4-16] ZA2A B
] - 7] A WA
== ] = o o
1Hz~3Hz 2018.11.09.
Controller | RIG 2 | P03685.E01 SICT
5Hz~100Hz 2018.09.21.
1Hz~20Hz 2019.01.18.
C006740
20Hz~1250Hz | 2018.12.25.
1Hz~20Hz 2018.10.22.
C006749
20Hz~1250Hz | 2018.12.06.
1Hz~20Hz 2019.01.18.
C006754
4623— 20Hz~1250Hz | 2018.12.25.
025 1Hz~20Hz 2019.01.18.
C006745
20Hz~1250Hz | 2018.12.25.
1Hz~20Hz 2019.01.18.
C006746
20Hz~1250Hz | 2018.12.25.
1Hz~20Hz | 2018.10.22. | KRISS
C006753
Accelero 20Hz~1250Hz | 2018.12.06. /
meter C002513 1Hz~20Hz 2018.09.17.
(ACC 01) | 20Hz~1250Hz | 2018.08.15. SICT
C002516 1Hz~40Hz 2018.09.18.
(ACC 02) | 20Hz~1250Hz | 2018.08.15.
C005773 1Hz~40Hz 2018.09.18.
4604— | (ACC 03) | 20Hz~1250Hz | 2018.08.15.
030 C002514 1Hz~40Hz 2018.09.17.
(ACC 04) | 20Hz~1250Hz | 2018.08.15.
C002512 1Hz~40Hz 2018.09.17.
(ACC 05) | 20Hz~1250Hz | 2018.08.15.
C002515 1Hz~40Hz 2018.09.17.
(ACC 06) | 20Hz~1250Hz | 2018.08.15.
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(H) Alg W
O Aduld Anl Ax 2 71
Al A} H] = Shaker tableol M16
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@ NZAH

WHIAIRE Fa3st7] 98l 488 875 AFE-(RRS)S “WE-8414H]
o WAAG BN AN F SHAAERE A g, 8T Ha
EH(RRS)Z oFdf [ 4-21]1& A &35 5 35 A 7K1 Al S 23] dh&

Faelgd i, AESTATEA(TRS) S &7 SHAMEN(RRS)E TeAGES
/‘]@3}"34. WRIAE $-of Zh7te] A1 Fofl digt 534S gdstr] 98l
WHFETE 0.5 ol e s
[3 4-21] WRAAE Ad=xA

T Algdz=A

Al vk X(&F9) Y(H$) Z(3))

F I HE (1~35)Hz

73 & 2%

Total Duration 30 s

Strong Motion Duration 25 s

=4 9= 1/6 octave

A& =
X(#-9) Y(H%) Z(3))
a5 | Axm | Fae | AsE | Fa5 | dsE
7.36m/s* 7.36m/s* 3.68m/s?
1H 1H 1
? (0.75¢) ? (0.75¢) Hz (0.38¢)
29.43 29.43 14.72
2Hz m/s® 2Hz m/s® 2Hz m/s?
(3g) (3¢) (1.5¢)
29.43 29.43 14.72
1167HZ 771/52 1167HZ 771/52 1167HZ 771/52
(3¢g) (3¢) (1.5¢)
5.89m/s? 5.89m/s? 2.95m/s*
23.33H 23.33H 23.
“ | (0.69) Z 1 (0.6¢) 3:33H2 103
5.89m/s? 5.89m/s? 2.95m/s*
35H 35H
g (0.69) ? (0.69) 3otz (0.3¢)

¥ 1g =98 m/s
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WA g o 38 WA E F SN
T A FAE | MEE | I FAE | SE
(Hz) & (g/g) (Hz) & (g/g)
X gt 5.37 7.04 4.88 6.84
(%) | T 5.13 4.59 4.88 4.42
Y gt 7.57 7.16 7.08 5.30
(A5 | s 7.57 4.80 7.08 3.44
4 g 24.66 8.28 21.48 9.96
(dsh) | T 24.66 8.28 21.48 10.14
¥ 1 g =98 m/s®

(Bh) WA Ale] A 7k 5 doie] A

[ 4-24] HorbsE 2 s Az

AY 7I&Ex
WRAAE | A urar i 7 g
= = Shaker 0 _ (mm)
table s B
X(F%) 0.75 3.38 2.04 24.93
WZIA _
13 Y(HA$) 0.82 2.26 1.63 11.70
7Z(A3sh) 0.41 1.17 1.13 N/A
X&) 0.85 3.46 2.58 24.93
WZIA _
03] Y(HA$) 0.84 2.37 1.70 12.26
Z(%3}) 0.44 1.11 1.14 N/A

¥ 1 g = 9.8 m/s>
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(a) 13| (b) 23]

[28 4-37] WXIAIE Table X5 (3

) sHAHEH

o

(a) 13] (b) 23]

[18 4-38] WA Table YE(HF) SHAAEY

(a) 13] (b) 23]

[28 4-39] WA Table 2% (A3} SHAAEY
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(a) 13] Shaker table (b) 23] Shaker table
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(c) X5 29 (d) Y= 23]
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ABSTRACT

A Study on Seismic Isolators Switchboard with Function

Attenuation of Arbitrary Direction Vibration

LEE, TAE HO

Major in Smart Convergence Consulting
Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

As South Korea is viewed as a relatively safer area than marginal
states located at the Circum—Pacific earthquake belt, it does not prepare
for earthquake. However, the earthquakes magnitude is only variable;
small or medium—sized earthquakes have occurred since past. Due to lack
of measuring apparatuses and awareness of earthquakes, when

earthquakes incur, it is not noticed and measured.

In South Korea, since 1988, earthquake—proof of structure and
non—structure has been obligated. The reason why earthquake—proof is
obligated is that earthquakes occurred in Songnisan National Park(
5.2,September 1978), Hongseong, Chung—nam province(magnitude 5.0,
October 1978) and Mexico in 1985.
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The preparation of non—structure that is built in the buildings is still
vulnerable. Especially, if distribution of electricity that has directly effect
on disaster operation does not run smoothly, there is no response of
emergency situation. Recently, a system of integrity and safe guarantee of
earthquake —proof on non—structure is maintained.

The business of electricity also research and develop technology that

distributes electricity smoothly during earthquakes.

In this research, we develop earthquake—proof applied to electrical
panel and had load and aging experiment about components such as
polyurethane and spring that are applied to earthquake—proof. Prior to
directly applying developed earthquake —proof to electrical panel, we used
analytical method about finite element method and carried out mode
spectral analysis. Moreover, we set up earthquake—proof that are
developed on electronic panel and carried out 3 dimensional verification
test through the method of earthquake— proof in consideration of

situation that occurs in the earthquake areas.
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