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Generation of Design Response Spectrum and Earthquake Ground

Motion Considering the Recurrence Period
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Lee, Hyun-Ho Han, Sang-Whan Lee, Li-Hyung Jeong, Ha-Sun
ABSTRACT

A purpose of this research is to develope the calculation methods of design input seismic loads.
Where, calculation methods are ;

(1) Considering different recurrence period of earthquakes which was proposed by ATC 14.

(2) Using earthquake records which was modified Korean codes.

Responce spectra that was adopted by codes has an estimated recurrence interval of 500 years, with
approximately a 90 percent probability of not being exceeded in 50 years. But If we considered the
life-time of existing buildings in some cases, response spectra be modified with return period of
earthquakes.

If we be design highrise and irregular buildings, dynamic analysis method that use time history
records should be used. But in Korea, time history records of earthquakes was very few. Therefore to
use foreign countries's earthquake record, it is need to select of records considered Korean codes.

As a results, this study propose a calculation method of seismic design input loads that considered
return period of earthquakes and also propose using method of earthquakes.
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22 Ao di&3trle o YECh itz E QAo g @ xA¥Eo| 9o HIo
A Q71 5o ospd FF Z 4R AU JHedE wiAE 5 ok Sl E 19704
FE 2ol thE AV BEE A ZRE o, 1978 9¥ AR 529 24X, 22 3 109 FB
509 FEAF, 1996d 129 139 IE 459 FHYx|Mo] JEE o JAH EA st
19964 §-2] uete] Az AU EE 3430 o231 gt}

U2 WAAAREES AL Aznjsle] o3t FE uitho] o) rigolFon, ¢}
2te] 3-f-oll= ml=e] Applied Technology CouncilolA A ¥H Wj2 A F2(ATC 3-06)3} Uniform
Building Code(UBC, 1985)& 7|&2 2 8ta glth wetd £ d3es AFITZES dASH] 213
UHAAUSF AF ol Hdted AFstnal shnf, JYAAHFE the] F 7R Ay e Al
£}

R Mzle v $&7I&HE RIAN(ATC 14, 1987)0llM ARt 222 Q@R whE ¢
PR A3F AAYLE, o] T A& HEsl 7|EAE HE AFAEL AL SHAY o
Y3tF o2 Ayt F Halle 20| Y 7] F(earthquake time history)E Ful-FEolA A A3t 22
&) Are WA ZH(scaling)dte] Ag3h= Zolrh. ZFH AV EFLS STHAHERZ FTilo 1]
= Building Seismic Safety Council?] NEHRP(National Earthquake Hazard Reduction Program)--Z&2]
2#EJ Y v|@dte] I ElEEE Fdich

2. AQUF7E LAY dAXASHE 2B

£ A= d¥xdsts Aol dste] Atz s, o WP nFe] ATC 14(1987)
ol A HAIRE 228 PRI utE YYPA AU AP E STLE 3in, ol & TF F&of 3
€3] 71EAE e AFAEY WAL B dYstE LR AT

ZIEAE AHTEY WSS MY o, AdYAAFY Z7= AEY 4o ule} ti=
A A3 £ or) ARt o g AEdMe AEY +HE 50422 B3 gk wety FEoIA
HtH dARAsFolet 50de] AEFEFUL 10% 24U £ &= AUsHEE nj3ich x|
AH8Ed AEY VS4B 4049, 30do] E % R, AFAEY FoE FEFY Adxy 2
FREo] mel 50dETE o I £350] JHEE 4 gt o]k Lol AAUAHF |/} uiFlE Tof uwh
< A8 AHYst] AASIF LR AHg3te o] uigAsict.

2.1 $HAHEY

ZAEo] A3 Y] YA, EE= ARz St 2| Re] A7|(Effective Peak Acceleration
Ee A)E ol 83l SHAHMEHE ZYste WY Newmarkz} Hall(1982)0] o3te] =t
th o]l&2 Aol &3t 1g9 Hof AW FHIMEGT] st HrirBHEEE 122 cm/sec(48
in/sec), AI+BHH= 915 em(36 N2 FFstdon, UL A7 EY FAYE Helof ¥
Aol 2sted, A Ee AMESIAL St A NG RO U £, HE 7Y £ dE WES
Aerstglet. EY vaGErIEE)t adv(ZtEEe] HAE T U = HAFS UE e
Atz o] gow =2} FRol Aol ABY L Ferin Rusta glon, & i 1 A
#E vehdgdch mhetd Fol FHIMET(A) TislA vag olfiME £EE, advielA:
HE 7Y £ ok Ao da B dv tidlel  adv'E AHEE o]/, adviTl A WULF
AHEHS o 2 2EY 4 V] diFolth B F 20 fejutetdEol 3t A ASE el
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Tt

1L FEYUY BEAHMERS AAG] S AN ASs
z|utzA v/a (cm/sec/g) adwv*
A ME 1 (3 #ZRh 61.0 5
ARt 2 (ehetdt 2uh 91.5 4
vk 3 (def A¥h 122.0 4
2. fEveltEol 4T AutAS
2l vt F d SIS 2] \F 2 2] w3
A aHAl4~(S) 1.0 1.2 1.5

22 AFIE 2% SHAMEY ] 2y

71EREL WP B B HEL] FELE S AFAE) v2ste] 23Y 4 gk
F e FEFEY 2L Y AIEE AL 233 olg SHAMERSY ¥4L
3H= Zlolth £ dAFol Agstazt st %%‘—‘-"45%"4 Zhguby 2 Ak SHAME
371 ARz 7123715kl deol THE JHEE gt SHAHER ] i FA4L 2
ol AHEEE veaE ZToE 3 gtk o3 W4 A8 TP 2FYLS
st 229 HAY 274 9 AR o3le] HIlxjojo} Tt R A FHAMEZLL 475
doll 11 zj@(50doll 10% HARE)E = 2] 7e] thste] APEHERZ 2 dFoME 4759 njglof
g SHAHMEHS Abgstazt ek 2] vels AZIAIY J|Fo] F3] n|bjFRE 2o
AR E o]&sted A PRI 2o wWE YYr&EE L 2AYTE (AP FI| = BF
FcfA|4t 7h&r=(Peak Ground Acceleration, PGA)S}e] HAE o] &3t H3|E4oflofl &j3t 2] 13}
2ol Uehd 4= QITKATCI4, 1987).

F=0.18T, *® )

o] 714, F= Ao|gt 2@ F7] T.of thdt 2] 2NA] Z(Seismic Map)?] 7}1EEX|E& ZAHFI= Ao
th o] Ao FEoA AL 47542 HHUFIIE 71D HAR DY 737'1]—r F7} 1o] HE&
B Zloltt mielx o] A& ol g3ty MBI 7t Hetale F ol o] A4 E FEA FTU A,
Zholl Fated 1 sl AP F7]of Bl AZLE AAFY 4 dc)h FofA 7\154 FHY 1 5
AeEe A YRHE W Tghe] AL ohgat Zol 7Y + ok & AEY £1 l T;
gt & o, 2 FEE¢ UBY FEo| Pr %l HAXASF AQFI] T

-~

(1-P) ""=(1— Pp @)
P=1-(1-pPpi" 3)
T,=1/F @

A7IM P HAXASFL] A UEHEolt HE EW T7 30do]il Pert 10%Y B9, A
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AXzI HYFIE 4] 2) ~ @E olg3te] st

P=(1— (1-0.1)¥®)=0.003506, T ,=1/P=285 do] Hr}

EY FYHMEE lgol oiyt B F7] 25GRE 100037121 8] 5%Zbaio] tiyt SHAMEA 0]
ALY AQPF7lo] whE vaghel A AS(scaling factor, FL)E 2] 58} Zo] §x8 4 qr}
(ATC 14, 1987).

F,.=—0.02+0.38log T, 5)

o M= HJA] FEolM AR 4753 AVFIE 71A AARASIE] thsH= 2 Zro] 1o
HES B Aotk o &4, AR 30do] URHE 10%IT 27 2850)8 P A9
tiste] Fut 0910]m, wighgh xwtel of vaghke B 164 9150|238 ZAH vagte 0910
91.58 T3} 83.265 cm/sec/g7} H T}

e 3o B AL HASFo] HH o, To tiyt SHYAMEHSG gl= uhy
Newmark2} HallbHz} glolld M3 AQWRIE 223t 2AASLE AHEsted A-s= wpy
oith Newmarkz} Hallo] o3t $tAmE"L RHZI} AR ASIES Felo wlet o1 =
3 HelE 2|z Fstojof Tl

8 1ol APFIUTY) 4754500l 10% 2| A WAHE), 380 (40dol]l 10% A UHYE) 285
dE0del 10% ALEHE)Z FUFE AGAS 012 222 5% Aol 23 AL ¢
2¥MEYdg Vel AGAS 012g0] T o SIS E(Sumds AMBF7] 4758 w)
0.254g, 3809 =i 0.242g 2|3 2854 wl 0.223g% Ulelutch E3F gEx]ze] @27 475
|, 380, 2850l thsted Aol SRZMGEE 475d0o] tisted 380dY wi: 47 %, 2859 Q wi:
11.8% 7 A=l AEF7e 24 Fxo ulE HAL HUAANGESY Zrazko] 2B 27|
zo)7t 245 dg ARG & 4 AUt 223 LAFEY 2PAS 01200 tiR SHANEY
o HoiA] 021gell it ABF7|E eyt SHAHERY] Azt 2 Aow Yehy, Ay
FI1E Y SHAHERN S ALY " 2 ZAE HAstool © Heog wigkhch I e
a), b), )= Az Wi ulE WAL STHAHERL HIE Vel Ao tighyl xjuto)
A ARt Ao g ZA4E Ao SHIIGES AL o] FIHE ¢ 4 Udrh o) ekx|ut
2] BEE& & dFolM AT AL SHAHERC] & FHIL Y= FHog g} w3y
3% 104 F7] 1562 ~22Alo]o] SHAMER.] tiA §HE RAoT Ueiyted, ok $x77t
oM M FLeR Hele FAFLE, AFJNFY HAPEME o 8% Aol SYAME
o Atgol= 247 gl Aoz skt

flo

o4

7

3. A A4 8-S 43 X A 7] F(Earthquake time history)X 3

Bl Yol AR AE, #27 & 23%, tiEd F2EL A, o8 s F(earthquake time
historyyg ©]-8% FAHMo] Wasict sfdy s YAMHAE ¥ E: AlAH] B
(capacity)Z} Q¥R A3 Fo] 2T E = ¥ EL A]AH U (demand) 28 F Y 4 9y, o]
W dAE AestEat #do] Ark T fvels AALAA AuteEstEe] AR
3 AdAolrth EZ 2Fe] AN EL ol oo}, fale] MARAEZ} AR 2 HolH5E
< 31717} vl HETE webd £ Ao o2 A 2stEe AUE 2PYs e FR
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D=6%, S1 soil, Aa=0.12g D=6%, S2 soil, Aa=0.12g

f:ﬁ;f!
— 3804 |
el L= A

a G5 1 15 2 25 3 as 4 o 05 1 15 2 25 3 35 4
Period ( second ) Period ( second )

a) xR S, b) A=A S,

[ s3] 1 15 2 25 3 35 4
Period ( second )

c) X|¥tZA S;
T% 1 012¢o] ThT HAS SHAHEY (5% 24

A Bt AAANRNNEY FASH BEE ES At dutdoes f3FY A dA s
FHEANIEZ(EPA)IAN FYHIIEE S AT Zolth FEANIVIEEE Gty oz 2cfx]
M5 2 (PGA) A 719} FAFSEA L 3t WFEM Aol AA7MEE Z7E Elvet W
AFEo Foste AGAFY FASIEE XA (scaling)dlH, ofo] chgt ZAF o2 = NEHRP
£o] SHAYMEY Y ZHH XIZ‘°l@l7li°ﬂfH T3 SutAWERS vy, gt Q) £
&4l njF3EYU NEHRPHES AH83 AL fUzF&o] nZ4&EL ZAE 3tz 2z
2 Aol A8 o FE2] xR Fo] n[Fe AAI|E|BE, o] AAJ|EY Y& Hr}E})
$13te] NEHRP#HEE AHE3H7]1E & Hojth
NEHRP #&2] 23t SHAMEY S &= ofzfel Zrh

'S o5 A, (6)

FIF

o

H\!

A,
S,= T

A71A SE A4S on|dty NEHRP &A= S§i2 1.0, S= 1.2, 22]3 S22 1558 A9
&} gJth. NEHRP &AL AES AXRE(Multi Degree of Freedom, MDOF)o] thgt od3ke
Htdsts] 9sto] Al 62 Trial TVo® HHES glou) 2 dFols Fihe 2ol gota
HEHL chx}-f-E(Single Degree of Freedom. SDOF)ol| tf3t S gtAHEH 0T B dZoAd= T
& AH§SHII= et

1Al

lr

31 QA5 43
NEHRPHES] SYAHMET} A SHANELS e o975 24, +45: 3
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Ne
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@eoeeor

thEt gt
AA7NFY +3
2|2 71&-2] B A (Correction)
ARtz Ao] o3t A7 & EF/
el Eol 2 AWK 23 (Scaling)
ANz SYAHEY Py
Aol $RAMEY wx

A71A AHEE A7 HL USGS(U.S.Geological Survey)at® FoA +3stgdct +dd 227
E2 USGSol|A ZIwEl BAP(Basic Strongmotion Accelerogram Processing Software) X 271888 o] &
sl RASIeI=d], o] 2 2] wloj= Baseline correction, High & Low frequency cut, Al&7] of
2HEA 5o WHol AM&HTL ol Fo] BAH AF/FL AuizAEE ERIcH oy
T8 F 32709 A Foll oY ABE ¥ 3o A JALAE, UABAA], FHAL 912, PGA F&
2 FE3t uehdadcth 2715 HoARIIEE(PGAYE 1g8 3to] Relvielasol @A =
2] A7|(0.12¢)& ZF(scaling)¥t ¥, SHAHEZ S 2ict

¥ 3. A" NANE 5EF

Event Kame (Station Name) (xa[/)agt?g) C:;i‘:cz ]S.;;
Of fshore Eureka (Cape Mendocino) 94 9 1 23.3 S
Western Washington (Olympia Hwy. Test Lab, ) 49 4 13| -177.8 S
Vhittier (Pacoima - Kagel Canyon) 87 10 1 154.9 Sy
Ivate Prefecture (Miyako Harbor Works, Ground} 70 4 1 -189.7 S
Ivate Prefecture (Miyako Harbor Works, Ground) 70 4 1 161.8 S
\lichoacan, Mecixo (Calete De Campo) 85 9 19 137.8 S
San Fernando (Lake Hughes, Array Station 4, CAL.) 71 2 9 168.2 S
San Fernando (Lake Hughes, Array Station 4, CAL.) 71 2 9 -143.5 Sy
Humbolt County (Petrolia California Cape Mendocino) 75 6 7| -198.7 S
Humbolt County (Petrolia California Cape Mendocino) 75 6 7 103.0 Si
Coyote Lake, CA (San Martin) 79 8 6 244.6 Sz
Guerrero, Mexico (Cayaco) 85 921 -59.3 Sz
Guerrero, Mexico (Cayaco) 85 921 -44.0 Sz
Imperial Yalley, CA (Meloland Overpass FF) 79 10 15[ -311.2 S,
Northern Calif (Eureka Federal Bldg) 67 12 10 21.5 Sa
San Francisco (S.F. State Bldg Basement) 57 322 -98.9 Sz
Parkfield CA (Temblor California NO, 2) 66 6 27| -264.4 Sz
Morgan Hill (Gilroy #6) 84 4 24| -214.8 Sz
Morgan Hill (Gilroy #6) 84 424 -280.4 Sz
Northridge (Alhambra-Fremont School) 94 117 -99.1 Sa
dlaska (ANH Anchorage Native Med Cntr,) 75 1 1 -70.4 Sa
Humboldt Bay (Ferndale City Hall) 37 2 6 -42.9 S3
Kern County as | (Tehachapi Fire House) 52 721 55,2 Sa
Kern County as 1 (Tehachapi Fire House) 52 721 83.7 Sa
Kern County as 3 (Tehachapi Fire House) 52 712 -13.6 Sa
Northern CA (Ferndale City Hall) 60 6 5 -60.4 S3
Northern Ci (Ferndale City Hall) 41 10 3 121.0 Sy
Northern CA (Ferndale City Hall) 67 12 10| -126.6 Ss
N¥ Calif (Ferndale City Hall) 41 2 9 66.6 Sz
San Fernande (900 S Fremont, Alhambra) 71 2 9 118.5 S3
Japanese (Ariake Sea Embankment) 66 11 12{ -128.5 Ss
Chiba Prefecture (Kashima Harbor Works, Ground) 74 3 3 -111.6 Ss
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32 A7 7153t NEHRP-Eofl 2j % Aol uja

22171 8o 2)3t ZAzjel NEHRPHEo| 23t AE A|A79 0.12g0] tidte] ARERZAS, S
Ssydz FEstd I3 20 vehhgch Zt 23lo] glo] NEHRPH-&Eo| &3 HAE SHAYE
2} 7t x)2Lgte] I X|(Mean value) 28] A F 34 EE(Low frequency contents)?] &3S
3171 $l3te] BH Aty EFEHxK(Standard deviation)g Ti¥t A& Ltehiglct.

AAEA S8 Aol xATFY] Huix|7F 052 o Hof wAsIPon, S ATH x|

S SRR XA 7|5 HFA KT BEX|o] BEUXE vi3t AL} G52 dAL H
2HEL L 2 o x)sleict. AHutg o2 NEHRPY HAE SHAMEY 2|27 Ko] A A3t
ZoE Ueht £ HE AR AAVEE FF UIEAE 1T YFREY dEeR
AMgSl e Ayt 7 ol ERE xHERA S0 B, AR S8 Feet fA AnE et
Weom, S8 Aol 2|27 Fe] SHAHMEY HIX ot EFHXAE tl3t F$7F NEHRP+
F3 & dAstgct 53] o) $EUIEES I 7 AHRA S W Sl FeETh &3 {4t
A UElRtth 28U 120 ¥ 2] it glojE FEXHTE AW W e vEeh, Bot g
2 | AIIEE 2183l o|& BHFYstoof © ZROE Alg¥cTh el ot Wyt AR S;
o] thgt &2 SHAMEG] 1Xo|Fo uxFIo] izt & AchF st A of3t
ERdrrl 2oy Zlos AlRHch AP R AIJEY Fito] dF o3t AL B g2
A7 &E F7t5tE 23E 4 A o2 niwidrh

o

&

Soil Type 1 - 0.129 Soil Type 2 — 0129

—NEHP-Se 1

—o- rrean value +ST.0EV

Sa (g)

Period (second) PenodZ(sscord)
a) AMIZA S b) XRIZ2A S,

Soil Type 3 - 0.129

0s T — NP S
—a— mean valve
04 .l —o—mean®TOEV

Sa(g)
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4. 4 &

2 dFME JIE e AFAEY UIAEES B8] A JYx|AsEe 2Rt 98
A 2R APF7E Y YHIFAF P 2] 2 o] ¥ 7] Z(earthquake time history)S Zu)FE
ofl A A%t =x]71e] Fjof YA 2 (scaling)dto] AHEEHE WY S #¢tstgc).

D feluvtet WAE] A AS 0.12g, 5% 2], 22132 PRI WA 2% HAL A
HEHE 4T Az, AGAS 0.02g0] whdiA Hr] SHIEEGS)E AEF7] 47599 o)
0.254g, 38044 uwj 0.242g 2|1 285 of 0.233g2 Ulelutt) E3F g@AjRe] @Ry 475
4, 3804, 285\W0]l thdle] S IGEE 4750 tiste] 3809 uwii: 47 %, 285 wmj=
11.8%7} Aol BT 4 Fzof wlE AL 22| A7lEee] Fa ko] x|HF7)9)
zlol7t S48 o% AL o + Ak 22 g2 AGAS 0.12g0] it SHAME
B Hoix] 0.21go] thsto N AVFIE T SHAMEZ] Art Z B veht, )
BFIE Loy SHAHEHE AMSY wles 2 ZAE BAIstoor € zZieg sighgch

2) #]%lo]¥ 7] B(earthquake time history)& ZUlFEoA HAIZ x2] Ao wA ZA(scalin
g)8tel  NEHRP&Eof 2% HA 8 STHAYMEHI vjayt Az}, Atzd S8 F¢ 2A7E9
FEA KR FEA o] BERAXE C F97 5 4AE SHAHEHD & gx)sidct wle}
A 2 ZEo AR AAIES FF I SE B A TR EL gY¥EoE A}
|l AP 2 Pl BY AUERA S0 B9, AR So) Ao FAR AE el
o, 5;2] B AII|FY FHAYMEY FFAoct FEHAE it 297l NEHRPHE
3 3 dAstoch 53] Hof SHUIEEY AU AuERA S W S ARl F&3 a4}
A velbgdoh gl 12o]Fe] Srte] glojMe FEX R AYS] W2 & e, B g
2| A7 F-& 83t o] & BABIool | Zlew AlgHC}

el 2

2 g4 udd Jledr4as Ul 20y FRALR d7NEL AU g o=
olof at=glyrt.
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