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Method of Evaluation of the Strength Required in Current Seismic Design Code
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ABSTRACT

Current seismic design code is based on the assumption that the designed structures
would be behaved inelastically during a severe earthquake ground motion. For this
reason, seismic design forces calculated by seismic codes are much lower than the
forces generated by design earthquakes which makes structures responding elastically.
Present procedures for calculating seismic design forces are based on the use of elastic
spectra reduced by a strength reduction factors known as "response modificaion factor”.
Because these factors were determined empirically, it is difficult to know how much
inelastic behaviors of the structures exhibit.

In this study, base shear forces required to maintain target ductility ratio were first
calculated from nonlinear dynamic analysis on the single degree of freedom system. And
then, base shear foeces specified in seismic design code compare with above results. If
the strength(base shear) required to maintain target ductility ratio was higher than the
code specified one, the lack of required strength should be filled by overstrength and/or
redundancy. Therefore, overstrength of moment resisting frame structure will be
estimated from the results of static nonlinear analysis(push~over analysis).
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WA Ae] AA R A (design earthquake) 35S ZAEol #A% A QoA BES F5& 504
olg} AAY w T F£HESL 10% LAY § de ANLE A2 ok ¥ AAH(FL A
®3F7)(return period)E A 475dwke] W P Aoz ALY EE HY
0.00210]ct}. o] A WAHFo] & 3Fe] Wl FREC] VAH2E AFIEF AAHA
GF Y ASES HEss 9 AATFEY AEe d$ Bdsida & & g A TEe
AE Be5AASRE ZAEARASGE A&t HAAZ N diste] FEEe] FNH2E AT
o "SH HANE: FE B3] AL et o)¥A AR AAHFLE AAY FE2EL
ARAsFA A AFE A s el

AEAZHA$E 19609 v %2} A £Uel F2F3Y 3 (Structural Engineering Association
of California)d]4 %E “Blue Book”eld & WAAMA AAAMAM HF 2A=HAG. o F,
AEARASE 9 F23 AANES FY 34Y APE B2 2 Py} @t g 3§
ot WA A S 2R 4090 AF AFAANE T A7Y AEL 19608 24P AT
ol - Abstch.

ojgA AYALZ A LS5 AASI FEAAN HEHER AN FREAN AT A
d&o] =AY Aol =T Y FIRAME BHEFAASE FEIAPER EFIHL J2 AE
o] ¥olu} F7], A% dHEESL A ZYsx g . A& &9 139 RRE dHF
29} 102 AN T2 WLSAASE L. HES4AAS e HE AR B
P e o F2Eo) LTS & wAY AFS ¥ 5 AT Y] Ysd =99 Ald. ¥
£ WA ASE dAu R TAVGE WA Yui FREC] BRI He A 52
g Axe) nAY AL HEE 944 235 E 2RADY e 25 AFE ZEAMS
g & 4 glt}. Krawinkler$(1990)& REAZASE F719 FXx Qv e d52 FAHE @
A2 e Aotstd. o] AFA BEARZASE F7) FE AAvo] LAY AT ASE

Z3 glen, @4 Fxde A 2AHE &AL EAHE AU

E dPoAE 7289 FU)9 ExANv e g} SFHE BEE T F, ol & AFAA A
Q3 g5} =Y Aol ol FXE9 R7}}E(Overstrength)9 ¥ (Redundancy) A7
FEe FAT FEG 2 8F ZEE FIA7E 9L A 2 Aol wbA, BX 940
R Fy)o wal F2E 8F AEe B/AREE AFHoE Hukse FAe] dasid. ¢4,
B AT E BAHE FZE Ay FHHM2RYH &F FEE FIE, 3 9 ENE
228 YASE HAY Push-over ML F3ld FEo2 AAY F2E9 F/2EE 37}
¥ Aot}

2. 2775 2 N3R5 37 ¥

FEAHNE F2E AgeE 35S A3 A3t F2EY IXNRE IFF7)4 A2
#= 329 EY e A8sld 87+ 4A B E(Design Required Strength)& A3
o}, WA F2ES SFAEE FArtEy) s, AAFEAA AN A $H2HEDHA &
A SHENS Jeld § g AASRE AARG. AR AASNZ FE Fe] BEX Al
B3 w8 25129 =7 (Inelastic Response Spectrum, IRS)S A AR ZH 25 BEE
AASA "t o] @ FEeA LFHE BEE vlmnzA FxE &8 FRES A
9ot =23, £ AdFAAE 88 FFo w2t Eelsl & o Y AF RUEEZEE AAFY
H] A8 Push-over AAE $Ysn2H o] F2Ed YT RFIAREE AL} 1 93T ¥
7Fsk3 it
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3. 3H=MEF A g A5 F 43

£ A7 E Bulst dujeA 718§ 3 1279 AAHE AEHA L, ojF A7 & d
¢ 42 E19 dehd sl o] J1SEE AAS H2 ol S1eA 71§59 Ao 37, S29)
S3elA4 71F€d Aol 4/, S4elA 71§89 Aeo] 5Aeolch. AdwH L2 o] AWERE HAH3
A3EA obEe THEHYEYY gE ANANEFE FAY BEVE WF 9 E Lot

X1 A-4d AANF

. PGA Soil

No. Event Name Station Name Date M ( om/ sec 2) Type
1 Offshore Eureka Cape Mendocino 1994. 9. 1|{7.2| 23.255 S
2 |Western Washington Olympia Hwy Test Lab 1949. 4.13|7.1 -177.8 Sy
Whittier Pacoima - Kagel Canyon 1987.10. 1]6.1] 154.853 S

4 | Samta Cruz MINS Berkeley - Lawrence Berkeley Lab  [1989.10.17|7.1| -114.412 S, S;

(Loma Prieta)

5 Alaska PRS Pirate Shake 1983. 2.14/6.3 114 S Ss

6 Alaska ANH Anchorage Native Med Cntr 1975. 1. 116.0 -70.4 S S;

7 Northridge Alhambra - Fremont School 1994. 2.17|16.7f -99.074 |S; S;
8 El Alamo as El Centro - Imp Val Irr Dist 1956. 2. 9{4.5 11.8 Sa4
9 | Michoacan, Mexico Cayaco 1985. 9.19|8.1 49.8 S4
10 Morgan Hill Gilroy Array Sta #3 1984. 4.2416.2 199.5 Sa

11 Mexico City SEC. of Communication and Transportation| 1985. 9 [8.1 167.92 Ss

Santa Cruz MTNS

F ity - Sh 1989.10.17{7.
12 (Loma Prieta) oster City - Redwood Shores 7

—

277.607 S4

8, A9 =VE =AsE e Fd AwrlESE(Peak Ground Acceleration, PGA)2]
a71& A= Y, Hd S E(Peak Ground Velocity, PGV)e) a71& =Aste Wy,
217 izl E =AsE 3y Fol dd. £ dFNAE o8 A FEE PGAVE FU HRA
AFEANA S e 0.12g(F92)d] 2EF A} SF2¥EYE 29 F&9 A K
28 R whg g sigdct. o]RA AY" FHeol 11740l A S4el A 5719 22 F Mexico A A
< W $ Sl HAEL JHA Aol X@AZ I 1ML HAZ AANE XFT 12719
2127189 PGA7} 0.12g2 A s Zzte] zutzzle] v} 73 @4 SHEHMEYHT ¢
JF+EFH2) 33 v) o] NEHRP WA F£(1994)9) & vlmdle BoyF3 gt} o] &l
A AT Qe SHAHEP] AL oA} Ak FERANME ADAA THA TE
2183813 9t o)l AR E FREAA IAR=9] g s AT Add, & dF4NA
E OAFEAE dA2E SHAYEY S vusnz TE AH§¥d.

S,.= T (254, (1)

4. 8 FAES 23

8 37} E(strength demand) 2 ¥7}7} E(Overstrength)) AR L dAFE FZEL T4
o ztzte] z|zle] W vy FHAHY S FYstEEZA dojFld.
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(c) S4 w1985 A== A 9]) (d) S4 A
91 ARz gE v SHAYERFS] vm Fd 2irtEE=0.12g)
AL ol g A

mu(D+cu(d+RD=—m u, (2)

o AM me A%, ct FHAS, ROE 22Fe) 294¢ dehinh. wW(HE BAE A
Wt T 9 BT A& dehin, ¥,E HAAEASEE 01252 2R ARl

Zze) AR sHEE) et Tk Y= Aol ELHES FERREE 2D, =49
Y8255 BE QANE FA47) A5t WY 27 25k Ao AAE ol ool
7% 4 9

U max
H= T} (3)

o] AoA u AW, umaxe A A ¥ o A 9] (relative displacement)e] 3L, u, =
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=49 FRZE) 43T $HA Bt

2 Q7FAME ZE HAAHNE 2,4, 6,8 ¥ 1022 Foto] BFHE FEE FHTL ol &
FEA HEH vzt YALL St FRE) AT EUEIYITRINE B3FAASE
6% Agstdch $etas) FEAL oA Aok

5,=-4s @)
1
C=13r= (5)

o] AojA AE AGAE, I+ FLE A, CE F4ASF, St AWAF, RE HEFAATIL,
W 289 FHeold. J WA Cst S& FT o] 1.758 23AHAHE ek A€ 0.128 A
43432, I+ 1.0, St 4 Adxe] %@ glo] A§d.

a2 APEe] S2 ¥ S3R ¥HE § A+ AAVNSE AL P} 2 FRE(EWAD
4)8 F2EY FAZ FAYAY o= AR I WATAY HARZEYG vz Fog.
2YP2(a)e X B9 ¢ @ FE2YEY(RTREY FF+REHWA WE B FE A
22A, B H9940 7 ot wde 87255 Fkde A¥E & 4 U ¥H, X
HHAAAu7) 62 A4 8F =g g5 AASFE 622 ¥ A9 HAZEE vz} 2
22 Jehldo. F717 1528 d& FRAAE AAZE B F2 8F AEE Y2
deot, F717F 1.5& Br} & HHAdNE 2AZE B o & 83257} Rdge AdE
¢ 4 At

(Mean +0) Strength Demand Spectra (2,53, PGAF0.12g) Strength Demand (S3, k=6, PGA=0.12g)

1 Korean(R= —1,3.-"3)“i
2N . | Korean(R=6, $=3)|
| <~ Northridge
! Alaska-PRS

period (sec)

(a) 27725 29 EJ AT + TEHA) (b) S3 Ake] & FAE(ERE HHHAAY=6)
292 X H9dv ¢ B8 8725 ¥ EY

¥H, BEX #9060 A5 8T AE P PAREE AR st 234 v
A} 8375 AHMEY AT L FF+EFED2HE Yehuligid. o] AR e F2EY A &
F5 &= 7175 (Overstrength)¥ ol o2 F¥ &£ g9lon, IP3(a)dAdE EAHz 44
U E B F3 9,

F,= Sa— Sa (6)
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o] HellA Fot ¥71250l3, Sad &4 2AAE §H2YEY)Z, St FEIH AT $¢H2Y
Edold.

Estimation of the Required Over-strength i Strength Demand Spectra (S3, #=6, PGA=0.12g)

" Korear(R=1, 5=3)|
- i Korem(R=6, 53
e Mean |
e o Mem+s ‘

—

o
2

Fo (Fy /W)
o
&

o s
®

v‘_ 1 i
o
0 } f
0 | :
0 1 2 3 4 } } 4
period (s } |
(a) 7132 = (Fo)d 24 (b) S3 Ayt (EX dAu|=6)

a3, A28 B xe g}

E200ME 4 F2EY UT LFPEEZ+EEUNY A(6)22 7 28 PFAPEe =
717} et Qe

E2. o4 FRE AQ LFAE W 22 ¥PRES 43 R Y FE A4 62 A9

] AAFE SN RFAE(SaD| AAFE | Fo
S Z7)(sec) | (AF+EZHA) RA5(Saz) | T EEFO Sa2
1% S3 0.253 0.100 0.035 0.065 1.86
2% S3 (0.454 0.104 0.035 0.069 1.97
6% S3 1.310 0.027 0.026 0.001 0.04
125 S3 1.612 0.015 0.020 0.003 0.17

E2e) vehd @) sE Foh ARALD I FH(1L02 o) o Fr #L05%
s F2Eo ¥ & ¥ARES WesAGE AUE ¢ & A F, BE4AALE 622 24
@ FEES A ANAYNE 622 ATaHY) skl VLY ¥rpRES =)k Fr)d o
MAZES 0.04M 1A ¥E 1869 72 chershAl dehtz sk,

5. +xE9 ulAd3 Pushover @3 2§ i3 x H75)

AAANA FART Qv YHADE(AARSE) B o & 8F 7257 8 AS, AAze
E FZ2E°] HF3a e ¥UMREE e dAstd 49 BAE EHE dATEE FY A
AtEe do] AAstz, ol & v]AY push-over AL P}, YA Hdd 2
E AEY F4E 13, 2%, 63 2 12Fc)v], 21894 dA F2E) ¥AL BAF3 9. A
wtzzie] S3e sHFste dix)e] HAXF WA FEe] ¥]AY push-over HA AFAE IY59)
A RAFH glew, AAE B EE AAZES wmsted E3q ALsidc. QA FRE9)
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YNAREE F17F BolA4LE 2 ¢ NdFy don, AAZEe] 1.00M )4 2.149) Ay 2
veld ot o] #e dRE A6)2R T 428 RIPRERG o 2 ez, 44 A
Y& B Hed AHAA 4EE A @ Aeld. 2, FII5F 0.454% Ao FiRE
£ 1.0304 visteg A(6)e2 F§ £8 FIAEE 1.97F el glolA XA 2 WHE
A & Ao AL,

E3. A3 F+EEo] WY Push-over #HH 22 ¥ ¥72E (A= -S3)

F
F B | AATFEY 27(sec) | AATFEE) 25(Sa2) | HAAE (Faw) | 27H2E (Fo) ’s‘fi
1% 0.253 0.035 0.110 0.075 2.14
2 3 0.454 0.035 0.071 0.036 1.03
6 & 1.310 0.026 0.052 0.026 1.00
12 & 1.612 0.020 0.041 0.021 1.05
: 3@8m 1
] (b) 13 AE P x
(a) ¥R T
4.6m{
| ]
3@8m “@1”1
©) 2% A%e] PuE
5@4m
4 4.6m
4.6m - I " I
- L ]
L ]
3@8m ! :—@n !

(d 6% AL dHx

194, A} 28] Pdx ¥
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BASE SHEAR - ROOF DISPLACEMENT RELATION
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3% 5. AF RWE Fx9) wAY Push-over #4 A
6.8 &

2 dFs F2Eo] WS 9 YA TS ARFEF HAS] H5d, FUld GE 8 7F
EE AAsigd ey, ol YRF 28 RIIZEE 4 F=E9 push-over HHezE F3I 3
ujizstgdch. o] A= Re dojz AEL &3} A},

1) EX 4994071 6% 299 87 AEs} S ASFE 622 T A5 HAAREE v
3to] AFe] g3y F7)7} 1528 d& FLAAE AARE B Fe 8T AEE Y
2 e, 77t 1.5& Bt F& HYdMEs AAZE B o & 23357 83d:
QAL & F

2) 3 AATE 628 AAY FE FHu HAQAE 622 ATy S5t P F
NREE F7)0 vt AARES] 0.04M A F-¥] 1.86W 74x] theksA vebdz gl

3) Push-over 422 F¢ g4 F2E U2 EE F717F o543 & & BT o
o, AAZ}EY 1.00u 14 2.14049] 272 el Sl x5l F717} 0.4542 A ¢
o] BAZEE 1.039d Hsted A(6)o2 FI 28 FIREE 1.972 ez glolA A
AA & HAE gA 2@ AR qAd,

4) & AFNA AL il s FxEo SFRES) 28 ¥IMREE HAHI HAE 4+ A
on], AA F2E yAMHA Y AL WAAAF HAPE FAE & Az AL,

A9 2
£ A7E 2AYFRA2GATAHSY AR ¢ Ao2A olo] A=Y,

F2Ed
1. WA FE3] (1987), WA EA AN FAo A} dF, dARY
2. Building Seismic Safety Council (1992), NEHRP Recommended Provisions for the

Development of Seismic Regulation for New Buildings, FEMA.
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