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Effect of Equivalent SDOF Methods for Seismic Evaluation of

Bridge Structures
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""" ABSTRACT
The capacity spectrum method(CSM) can be used for the evaluation of inelastic maximum
response of structures and has been recently used in the seismic design using the
incorporation of pushover analysis and response spectrum method. To efficiently evaluate
seismic performance of multi—degree—of freedom (MDOF) bridge structures, it is important
that the equivalent response of MDOF bridge structures be calculated. In this study to
calculate the equivalent response of MDOF system, equivalent responses are obtained by
the .using Sdng method, N2 method and Calvi method. Also, these are applied the CSM

method and seismic performance of bridge according to the ESDOF method are compared

and evaluated.
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2.1 N2 94
A AFTEEY £FUAALE a7 2o vekd ¢ U
MX+R(X)=-M1x (1)
oA714, X R(X)Ee B WF 35S Jehds de ot M AFRE, 1L @ dE ol
HAFE ¢v T2E ARQEFo] ALsda Wk 4v Asdegs 738, 38y
¢E ol &3t RY¥Y X+ oS Zo] FYE & AT
X =yu, (2)
AZIA, u, = HW WA} DA S54FANA Aot vEAd A AN AHEE FsT
HE P& thad 2ol vERd 5 U
P=pMy, P=pmy, (3)
P = R(X) (4)
AZIM, p & F4A-AAN AAstE sFeln, m ¢, v 474 7 \A wze] FAdste AZFH
FAHEE Yeido, URF RDE BAE FEde dFsts P & 2t 4(2), Q)&
Aol ddstn Fbe ¢7E FAFE A4B)E L& F Ak

v Myii, +y My p=—y" M1%, (5)
459 Y ¢MIZ YHFE, g 22 FridARE WY frEd
mii, + r(u) = -mXx, (6)
A7VM, m & T7HAZE, u@W rwWe FRAFE AA"EY T AY SrkekE S yedd.
m=y ' Ml=)"muy, (7)
u(t) =cu, (8)
r@)=cy P ;3 P=y ' Mlp=p) my,=pm (9)
wa _2my (10)

wi M1 Zmy/
AN AT ¢t BARE ALHAN GAFE AABoE AFANAFE &2 ste #oltt

2.2 Calvi 7} A|etst Wy

Calviz oA MEE& T3l ARFEL z og
$9oz ABsts Hg AL dAREAL WASHE AT ®E %
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=

P.= ipf = im:‘ai = aeim:'cf (13)
m=Y mg, (14)

371N, P, m; & MA ZZAMe AqYs mAfe] HLss ARES Jehdoh
AR EAL 8FE FAARAFEAY BFE o83t tsH Zol £ F Yo A ADE 4

(15)¢] ek 4 (16)% o] Wasd o] FEDT
me, (15)

ei”’k"t |
mjé',_ ) (16)
imkat
TZE &3 duUx9 FFL dARFE 2FH GAFE mFe] did g9 g0l
TY3tteE AE F, FE8 AdUAY 42 FUHEE 4 (17 Zo] vEd -"1‘- At
peaezipfai 17

HANE 00 WA B A@26)e UUHY, SARAREAN OE WASHL
4(18)% 2ol Yerd & At

p,=ma =mca,=p

p:'=pe

- 2
__§m,5i (18)

2.3 Atg B

AREFE e HAFE TTLHANLERH F/AGAREAY ki
SGed 2o AA}FS e AHE aBFTREY TR FAE QD% Ho] yed
AT, |

MX +CX +R(X) = -MI3, (19)
A714 X & Adtel digh iy, M & AFPE, C = Z4¥4E, RX) = AFY 9H,
83 1 & FEREY AFEe sty JEANET dfd dfdg ol F2EY AFE

S ZE JHE AP E P s
X =vu (20)
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mii + i+ r(u)=-1%, (23)
0%71/11,m=¢7‘M¢, c=¢7CY, I= ¢TMI 0T, r(w= SHAATY 2N T2 o] Bt}
249 ASE HAYgIFZE B FAAZHES AHste Holn, IFFREQY
Agolls BAHAEE o] 43te] 4 (24) 9 Zo] FAATH L AAed nrfe] Ay e 1n# X

Z3tA 2o oty B AFoNE FAYEHE AL w79 AGEung o] §3lo
S/t EE S AdstE A1 WY mdg nze AdyL BE nHsE
o] &3te] AatstE F$(S2 W) E Uro SAAZH S A4

ru) = y" R(X) (24)
r(u) =1R(X) (25)
slejol 2e& AL WEHIHEZ YAUE 43 P73 du}
v My = uT M1 (26)

A9 AFE o) kel 4(23)9 AN&EAS 1 & m T 2A @k 2PW 4 (23) =
oS3 go| NAUeF S BE WAFEAY £ Hejg oA,
mii + cti+ r(u) = —mi, (27)
4(26)¢ o183 420 ¢TM & FHE 4(28)Y) FRAADE YEIIE FAUARE
89 uE te 2ol WA £ 9

TMX(t
u(t) = wwaf ) (28)
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S W& 5FY AYE Calvi 7 S1, S2HHL FAFSEA 9, N2 o= 9zt 24
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Calvi9) Wi AAAoz HAads AgFrsts 2L ez JAD, SHIRAE
AEPHUE 3 Agolgaly Foste] BAxgo] EF C123, C213 21 C232¢ A
Y2y 2.5%, 54.7%, 15.4% 2 e}

B ATNE F JbA S/4S9AE WS Adsidt. AWMz S1 whie FAdEE
ol &% w7 Auy¥we mstd /AT AAHGET. of BHE o] L£3W ¥ 14N Y
LHAEF7E BUFIE7] GRo] 7229 WoSHE AUAA AA AR ¥ BE
AARZNM AFAUEN Wio] ued Aoy ARuc o FrHoANT YLSE
4 F Ut 2 A=E C123, C213 281 C23294 24z} 48.4%, 122%, 25.4%F YeRfx
gtk ol WRT 2L AAZAL BE o] B¢ 443 WYY TR R AFAZAo
F22Y AAATY B& AL vNE TBTRI o WL AL AL Ty Udm
gEt. FHAZ 52 PHe SARNTY ANA AP AUy gid e
Mgl @zt olue mue] A4® AwPd ggx T olFdE fUdoz
SAst%9  gol Zvkstgen, ok I4RNEFIS #AE olojx AIZE TFREY
Weege 27 Frhardch -

E 2 AgAdEY Wy 0wy AoldaHae vm (@R v

we AFAWE HHby H] €k 52U (%) |
mx | o A A 9 A zke] ¥ s 4 (Dc xwo)
S8 St AT = (D) (Dp) ] .
N2 11.54 (11.54) —8.3
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