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Simulation of Artificial Earthquake Wave Compatible with

Seismic Design Spectrum and Its Response Characteristics
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ABSTRACT

This study describes a generation of artificial earthquake wave compatible with seismic design
spectrum. In seismic response analysis of building structures, the input ground accelerations have
considerable effect on dynamic characteristics of structures. Therefore, it is important to properly select
input ground motions for seismic response analysis. In this paper, the artificial earthquake wave are
generated according to previously recorded earthquake waves in past earthquake events. The artificial
wave have identical phase angles to the recorded earthquake wave, and their overall response spectra are
compatible with seismic design spectrum with 5% of critical viscous damping.

Each simulated earthquake wave has a identical phase angles to the original recorded ground
acceleration, and match to design response spectra in the range of period from 0.02 to 10.0 seconds. It is
concluded that the artificial earthquake waves simulated in this paper are applicable as input ground

motions for a seismic response analysis of building structures.

o A
A Qo137 9o wWE AolE wtadstod o Aol AzlojAuy L o]&ste] AAFHAME
o o

SRt ot AA HAME deziE e Ao u

g 7EE o] Y ANIE Aestd $EE Hrhstm ok oA AZe) s obrjd A
w7 dgEe HRAA SAsE AREY S wtedaly] AF Aol o) w Az g
s 43 E e
w439, ARARC
wor B8 Y, Folujst

-141 -



Aol Argste AlzbolE ol AAl Ad dARA B F e AYFH o= FE9 Aol7}
AEAE HESE Ro] FLAH

B ANFE HAE $Ha¥Edoz BHY F o dvF oz syl AztolH i o
e e SHAHERS Adg & YA, MR AL $HaHEY0] FojAE d§dt
T FUE Aol ge 2AE 5 ok A4S 2EERS g2 ARteld Ry & AHgsle] 2
Hulin Aoy, 549 Altol#H g g Yehfis A& ot AEL HAE 2dEHOR B
dote olde ANEFTHR WYL FAA 2R F de Holch A AFAAE AAE STH:
A2 L o) &std AT L ZAstn dod ARtoldARY g A&t Ave 5EE B9l
et

a8y A2 AF5EY nFe) B 9 AW HAPALL AT J@ AFHES] B A

& B8 sm, old dHBY U AAHL AR Hrhssl AAAE BH AgolAsH
A4 aFech £ dTNAE 4AS A9Ege APW AFALNE FUsA tFos ¢4
A & Qe wHE ANST 448 448 $YAYEYY g 2R A3AAE AYe 3
45, 448 HPe T2BY ANSGAN gl 1 8PS FUske ol EHolrt
2 ATAAE 39 ARelN Lojd ANFAYS FAR AYSHE /AN 4AS 2d=
Wl ol 2P $RAREAS Uehils AFAAETHYL BHA A e AL
OB A7 BAe JSAUEHY el G A3E 2= ABAVEE LW 2T
S glon], WAHA HAWY FgYe BF TUHE ATALEFS dFoE 34T 5 A
& Aol

2. ATAARY 24

1 A3AAY 4 $4
ATNA gt ABANT AL B ol B Al FuEA 129 ¥
sdat. & BAY AolA 7128 72NVEY HAEHS U2 FASEN F2EY

oo oZ
ot ok ™

B 2R #AC dE AFY & FEaHdEYo AL STHAHEHRTG KA H
=5 715X EY AF AR WA7E Pl
FA Al A 7158 ARNE=RG (4 ())& oA R f& Feol(Fourier) AR
B, oF 43 2ol vepd £ o,

u,(t) = ’Z;akcos(u)k+ $,) (1
471X, a, @ k29 Fourier 2 &
0, k29 Fourier 45T
¢, kY Fourier §4+2
2L (DAA BejAlE AR FollA A4z AR(9)E 2UE FASEA AFHEL AAdd A
g F7199 17=0.02~10.0sec Atol9] Fourier AE(q,)& 2Ast A4

SHadEUN dXHESF & ¥ Fourier JEBCZ AFAXFHF L AT, of7]A]

ol

- 142 -



(2

Hr

=4

¥ Fourier

Z1E2AAF 2 Fourier A%

LA e

c

Ay

=
i)
T
<]

olo

=

SAT

I8!

Ho

el

X

o
Bl

—
i)

ol

lol Fourier 99 g

5]

e AFL A

(@)l M =

Al
&)

ol A

3

ohA] AL

e

ol
"

Iy

T

e
w
Ho

X

Mo
ey
ol
—

BR

o
4r

ol doid w7AA A

Z1

wa
ofy
wn
;o_

jpzel

<

ol AZAIR

nl
s

sjof ARzl

i

&

AFo M= £7] Fourier

pull

Fourier

L
=

o] A3} W

)

5
7

oj

w
o

el

Ho
oy
ol
o8
=

e
)

T
<]

do
ol
W

ToR

23

o
g

ar
O

K-

20

i

X

el

Ak

e

T 1 0R T Hr | mo

« B
S i Nr‘_
T e (T
< N g T
s L8] |
B MBI
| I=w ]
MNERRERNES
NS R
Al W Hr i 0
G =) N )
H . =
HEA R ERRE-R
E 3 3r i
: = o . oF
3 =1 I B O I I s
| g

ok 1 & 50 I ol g

~ 143 -



22 H¥= 7Y 249 47
2 drelMe ATAAERY) tEEgHadEYc] UAE THEE
5 AAEE slojd. Y AdeAAEHY ) SH2HEY} A
EE ¥Ude 71EE UEY bR xos B

(1) A4 gR2AER

op
)
.!l»} ole
f
>
g
im
i)
o
2
%

| _SA(T,, 0.05
min SAT(Tz'r 005) min20.85 (3)

o714,
Sa(T;, 0.05) @ FHAF 5%YL wW F7] 7,49 7ME=SGAdEH
Sar(T;, 0.05) @ ZHAF 5%Y o} F7] 7,949 dAE HE=sd2dEY

(2) 2A8 TtE=sdE2dEQ HEAS

ivi(e,.—l.o)2
v=| =S <0.05 4
_ _Sa(Ty, 0.05)
AN o= T 0 08) ®
N 228 #Aste F7] &9 A+
(3) Boghs ext
11— €,,,1<0.02 (6)
N
e b
ANNA, €= —F— 7

e A¥E AL AAL tEEsgadER L Asts 7] ¥Y T,20.02~10.0sec Aol
A N=2507} AR Ao

2.3 AAL SH2¥ER] 44

AdwtH o g WAAA F29 43 AAsFe HAL HEEsgrdEldogRy $59Y 1
1

Ao 48 HeESdsdEde SR JFAAEHYE A4ood A2 FALYRAL
Wrhshs e 3 vk Ak o74 AYstE AFAAEAEE A2 FolAt EESHA

Design Spectrum

@ TZ»<0.1686C © Sar(T;, 0.05)=320+3000 T,
@ 0.16 < T,<0.64sec : S,(T,, 0.05)=800

@ 0.64sec =T, : S,xT,;, 0.05)=512/ T,
olAE ZHo® YEhlW a9 29 ok #HAS
r=5%0) el AFF7I( 7)o we AAL HEES

Sa{cm/sec™2)
-888B888888
—— \

0 1 2 3 4 5
g2dEd g4L HAdFTH Aoy, AFFrH we Period, T(sec)
NersgrdEd 3718 £38td AP0 g 08 2. MAIR ST SEAHE

- 144 -



2.4 AF3ARFHY FA 4
Aol A 71&d 2ol wek 19959 &
(UMA Kobe 1995 NS)& o)l &3te] ATFAAFHT

B9 A$AHe ARl weh d2AY, Hu AL AVE FLF FEEL JFOR 60sec
} HEg 24eeT

oBL kel
o
o
oX
>
)
2
e
=
iul
rf
N
B
N
i
2
R

a9 32 /159 ANERYY AW ASE, S5, W ARS 427 dehd Aol 2 4=
4 @)~ HY=E FHsE 314 220 3 As Aol

Me oMol MEANE FYstel WAL $HAHE
it

a9 5% 2t F7] ARHE Fourier &0 94zhe) ¥sls woFa o 28oA Fourier
NEL 7 F7] AEEE HFHAA T, 943748 28 dart gle A48 ¢ 5 o

aceeledatian femisech2) IMA_Kobe S90S NS (8478 omis2 )

Spv (emisac) (phase - JMA_Kobe 1995 NS )

ey
10 20 30 a0 £ B0 ‘P

welodity [emisec) JMA_Kabe 1995 NS (104 omis )

i
0 20 E] E] 50 B0 ‘P

displacement {om] JMA_Kobe 1395 NS (2076 om ) 1

H Periodiseq

10 20 30 @ 50 ot 10 1 9 0 10

38 3 JIENFS AT, S5, Wl Alzold O 4. grEzdol o5 A8 AHERM SHsE I

fomssec]

acg, [emisecn2] JMA_Kobe 1998 NS (B17.8 omis'2 )

: Vised
10 0 E) a5 £ E
acg, [pmisecr2) lated Wave (415.3 omis*2) ¢ phase : JMA_Kobe 1805 NS
- : D S
= - t
" ™ o " 0 ey 0 20 20 £y 3 a0 e
Founer Phase frad } (phase - JMA_Kobe 1885 NS ) Sov fomisee] { phase : JMA_Koba 1995 NS)
EY
2
1
o
1
2
3
- Periodfsec]
° i
10 10 10 10 10
' = An o o So| 7t &
T2 5. Fourier AAFAHER D} 2| 42te) vl 0g 6. ¥ 7IEXNNED UASXAE JpSEuy diD

- 145 -



3. A4 AFAIFHY 44

3.1 AFANEHYSH 71SAAEHYY Wa

B A7oM 449 /2NN EREE QA NALANA o] AEHR A= WEHA AWF
G393 A2 BA A5E AN QoW AAEFL Agstel AN B A %YL AN,
3% 7, 82 A48 AFANERGH /1 SANERD S wwstel depha, obdels AL &
42U 9 /2N $RAAEY L ATANGY SHAAEAL vlwstd ek 3o]
o ARNERYL BAE Ay AW ALES ANEE 2718 2As] EANG 24 9

=
k5 b1 1il. & [} E X |:‘J [e] [e] [e]
N%ANERYT ABAAFHY) AYEHol FLsy] B TIAPYe u¢ B YL
2 = >~ 5 o 3 [} ° [} =
2 gle A& ¢ Atk B /1SAAF $RadEYe AAg SR2AEYD fAsH)
2 o 3 5 2
T38 & 98 F U9
Recorded Taft NS +2.42 *
500 : ‘ } 400 ‘Recomed gl Ceniro 1940 NS( @(5)
400 L S AU S — | i N o
% 300 L B | EamEt : 8 300 . i I !
€ 200 b * 200 } it . : R
£ 100 ' 5 M I
g 0 MW T £ 100 :
2 L A o i
§ -100 £ o v mfrony - -
< -200 3 f S S RS
300 Z-100 ! T Tt ;
-400 L -200 T—— -
0 10 20 30 40 50 60 -300
Duration time, sec i} 10 20 30 40 50 60
Duration time, sec
500 Simulated Taft 1952 NS 00 Siwlg}ed E1 Centro 1940 NS
400 F—— |
< 800 - o X0 M o
U» 200 - - ll o 2(1) ‘ .-,,4.
§ 100 [ - S 100 L 1 S U
i o TWLTUNITTRE, :
g -100 \ H ! - 2 0 j WV M
< -200 1 - - 8-100 A T TURTTRT
-300 = e 200 BRSSO A SO, i
-400 L L | ; :
0 10 20 30 40 50 60 -300
Time(sec) 0 10 20 30 ) 50 60
Duration time, sec
Sov fomised (phase: € Centro 1940 NS )
Spv fomisecy Conasa : Ton 1082 NS

8 7. Taft 1952 NS A& a8 8. El Centro 1940 NS A&

- 146 -



12 5L AAE SH2H9EYoR B4 5 y=xxsy ATXXNE HGNSE 4 8D
ol 2
B ATAAT A AWASE g3 A (7 emfec, sed
1o 2 5 71 EA2F AF A F
7FL. EAARIED BT o3 = Nz E=Dy T8
G& 71EAES vlaste] Yehddt 715X T [haw| Ag | Aaw | Az
AEe gl AwtE s 3e AA 7120l 9 [IMA Kobe 1995 NS | 819.1 | 494 | 4153 | 5.54
oA golm® thFdt A7]2 e gk, A7 |IMA Kobe 1995 EW | 617.1 | 8.46 | 40L1 | 8.7
Taft 1952 NS 152.7 9.10 369.3 6.62
2 ScadeEs A 513 2 Al 5] o] 3 z] ]
& SHAHEG HushA 44 12% Taft 1952 EW 1759 | 370 | 4263 | 3.71
o Aol 7t&T %S 321~415cm/sec’® W9 [El Centro 1940 NS | 341.7 | 2.12 | 3240 | 2.08
o]] 9\1{;}, 7 %x];\(_]%_;q. ?l_g_;(]x]%gl gqq] 7}__/;.1\_ El Centro 1940 EW | 210.1 11.44 321.6 2.03
i i Wi 7.9 | 28.08 336. 33.38
= wAAzre & Fol7} U= AL golg % Mexico city 1985 EW| 16 0 36.6
ik,
3.2 AFANEAYY &4 $EEA
3% 9% El Centro 1940 NS 7|2 359} Qg2 zlste] o9& oUW g olFg tiulAlA
vebd golth 2] 10% Fohe 79§41 S9EAS JEAR, o Tt AT F
AeolUAzk B Foheks Ag & 5 Aok oA ABAAR AEEAFNA @ 5 Qi
wpob ol 102 ol Fel %% WEol FEAUY] WRolth F AFANEFY A=Y Sy
o] 4A& 2dEYF dAFHo JH At EAAFEY ZFei AL onldd
2% 102 Mexico City 1985 EW 7182z gto} A3 A% g}o] 9l& o | gH oj& g vlust
of Yehfn vk & 4¥ouAE o 118 AR AolE Holxgk dFHo A Azo]g
B A EHE et o) Re SAAgs dEAste] $YAAEY S0l net Fu
SRASG YHANFY FEE GEAW, T A5 350l FUs] g2l U olgg
BE fAR SHEAL deita west. AgAdse & QeduAt 24 FhE e
NEANFRG HEEDYY QB F, I JRNM FEHUS W) AF AN 2
Az AL ofe @y,
2y Simulated £I Centro 1940 NS, T=1,0sec _— . 25 Simulated Mexico City 1985 EW, T=1.0sec
Z 10 + J input |- = 2 L*' -
E R ) A ) ] l;me\\c_ i <ZE_; s “M snt;a\;\ i
S W A~ A - damoing z inpu
z 4 W " i . N kinelic
* ' § 10 [ damping
s ¢ ’ : ) s s ‘
I 2 . . ﬂ . . 0
o Al AN &,u&_@m-@ N
0 10 20 30 40 50 60
Duralion time, sec Ouration time, sec
2 r Recorded El Centro 1940 NS, T=1.0sec 5 Recorded Mexico City 1985 EW, T=1.0sec
1 strain strain
g AT e b ee— B ;
So bl o I R A
0 . : o " : 0 :
0 10 20 30 40 50 60 g 10 20 30 40 50 19
Duration time, sec Duration time, sec
% 9. El Centro 1940 NSOl 2igt off L4X| Ajztojad O3 10. Mexico City 1985 Ewoll 28t o4 X} AjZtoj=d

=147 -




4. 2 8

WE72ES] JALAE AR 9% AEE FAASA A% Ak YHAAEY 4
# TxEd T4 A4Ze T2EY NASHE A T 2otk F2EY AASH
AEEE AUEE ALY B AAIFH AYFE, Ave FESH| wel Y 54
#ahn slo) FFHoz FHse AL vy ofele AT WAMANAE duHoE UAS
$gadEgor 1 B4 Edstn Ao

v ATdXE AHFZEY WALANA FHeE A4S 249EHY] FAG $R2dEY L
e ATANEARE e U AN AAFY Aoy F4E FHAE A4S
A AN AReA dolzl JEXMEFH FLE A4 e 2E=S F9d A2 o g4 54
& AN 598 $H2adEYS 2E AFANES BANA YT £ Qe AL AAs
Atk E& AFAAF] g% AzolPs Mg sAs] TR NWUSFALE AR AFoR
A8 B3dE gl
FREH
I WABRES WMENE-Z0BREBRHEY, 1987, 3.
2. MABESE S MEMNE-ESO T & BRYoing, 1992. HE.
30 KSIE, “HE R AJBLER", 2> 7 -+ TE, Voll9, No.7, 1981.6, pp.11-16.
4. NABHEEG B2 > 7)) — | BRYOR BT MG (L) - AMHR. 2004. FiL
5 MimMEERIH L EM. WED—-t0ASREEVEE. BESHEE. 1994, 2. .
6. MAGHEG, WERE MR- EES: » K27 L10EnHA-, 1983, B,
7. AT AFAG AAG7IH”, =225 3E 200445 Workshop @ ¥ 3, pp.246-261.
8. Stewart, J.P, Chiou, S., Bray, ].D., Graves, R'W, Somerville, P.G., and Abrahamson, N.A., Ground motion

evaluation procedures for performance-based design, PEER-2001/09, PEERC, University of California, 2001

9. Tsai, N.C,, “Spectrum Compatible Motions for Design Purposes”, Journal of Engineering Mechanics, ASCE,
Vol.98, No.EM2, Apr., 1972, pp.345-356.

10. Andre Preumont, “The Generation of Spectrum Compatible Accelerograms for the Design of Nuclear Power
Plants”, Earthquake Engineering and Structural Dynamics, Vol.12, 1984, pp.481-497.

11, Barenberg, M.E., "Inelastic Response of a Spectrum-Compatible Artificial Accelerogram”, Earthquake
Spectra, Vol5, No.3, 1989, pp.477-493.

12. Ao 912, “AET2Eo WEEE A4S SRuEDd 38 97 dad5es =83, A8W 113, 1992,
11. pp. 111-120.

13. Vanmarke, E. H. and Gasparini, D. A, "A Program for Artificial Motion Generation, User’'s Manual and Do

cumentation,” Dept. of Civil Engineering, Massachusettes Institute of Technology, 1976.

- 148 -



