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ABSTRACT

Most of seismic designs of major structures up to now have been performed by the traditional
"force-based design” approaches. However, they are not so efficient to evaluate the structural
deformations by potential nonlinear behaviors which are directly related with the damages or
performance levels during earthquakes. Lately, based on this situation, various kinds of new
seismic design approaches based on the deformation, which is called "displacement-based design”
procedures, have been proposed. In this paper, most of detail techniques and procedures of the
new design methods in the literature are comparatively reviewed and evaluated first, followed by
a series of design examples of typical bridge structures. Comparing the results with those of the
existing force-based design, the improved levels of performance and economy of the

displacement-based seismic design have been validated.

SAAATY R Add PR WAMAE AWeAde 2Ra4 L dexPaFd d¢ 7
289 b 53 2 ofE A3} FEEe HAUFATE Rt AN AAe way
S8 Aol 2AR wAgABI AR L Fste] AR A T

Aol gelHold, = A8 Mol o] BE ol go] Auert

1R elf AR MAYATE QEHOZE LARA HET S e AYE() B
z HEY S3 2 Adel EQHYUE, THY o] WpEe BF

Eﬂ(@)Oﬂ N2d Ao2A HARA AAAF dEd FAPE AYD gew, 041%— TR

=

AN oo
™ zf

rr

- 308 -



g Bl 24 A6t
o #xf oJe] vhR] el AAE T glow, I Fe g o] ¥ vhd A ¥ (displacement-based
design method)°]t}. 7]&< 3 7]w4 AW (force-based design method)ol & A&7 o of &t
BEL FAAANAE st AAY FHE= v, AYrIRAAEAME AR A dESHE HY
2 FaAAAAR slo] FREL HdASE wdolt), wetA] YrjutAd A el vlsted Ao w A
g3 vd¥gAES 22l ¢ Jon, FREY A% F &4 Al A8 A setdvs
1¢ Testd MerAdAR el ot fexd AAMReld & 5 .
%o AR ZIbelME oo e HAINE AN AdHez aFdne dov 48X 2
op wgle] ob® FAH o el Y FE HFen), 53 S B¢ AFI WM
o= HE = gloy mFge e ANFE 2RAA GA HEY dE FEIh
TEEe e WAAEA 2ol FA A FERLA
T RE AL Ao mEbA of AFolAE olg vId

i

b, o] wmate] o A7k4 ATE PAE] AEAH L PUL Hliﬂ %
& NEAQ mFe) A eotel WASD, 2 A4E MTHYT 0§ Bl FF wake] WU
A ag g Mg U FYS 184S AN Wt

wapel WAMA B

2700) 449 TR WRAARYRER, 199208 SAEANNS o shof o] FolAh
JRE A7 A A Avre HAg e @ A Fokel AN YE TREA AHS
BHoz A8A7 = Yo, 2] o] Yol A AW 5 AES BWE AU Teut
AFEe] A B AALLHA TH o] WS £ FAEE Ad F2EY Do) &7
Hol w2l woh AU sxe] WAAALE Bashl Atk ol R FHH e o) s
AN2ATE wEoz @ AAgenn A2 A F2E BHAFL AARANA Relske ol
Y HY S2adA N E(AATEY, 20090 FAATEHS N0 st HYuyRE
AAe o vYREadeRRA Yol HEREANETHA Y A8 B 83T Aok

ol MBS AW A wAsE VAL FohE PPoTA o F $HEAIAS dd A%
Ao A2 HAAEE Holrh $VEAATE U4 Lol dsl WAL EE Fusa, A
AAUAE 558 5 =S 7] 98 Zolch a3t nAToIY atF 5 e JWsF
of el e BAT BHAEE B & AES oh wel, AQARFA ol LA 2 TR T

- 309 -



3. AT AY

3.1 A

A debdog AEsn de b AYge e S da) i F2E] Agadd s
Aon GYARSHE ol 85l ANE FYYLRM BHHS TY £ 1 BEe 2
=2 ¥AE AW F AWaFel s AT gRde Fops Aol A 9
Aok GolaaAgel e sl A A AWAY JBe
A FERFOEZA RAHA 846 YR e

2y AR AR M E 3FE TS Z AA QRS AAA gl WAL ARG E A

& 3o 7229 ERATH MEAATANE JRY ¥4 o AujHolnR, ALA B8
T AAQAE S AAS FEA AT & Bavt vk wetA IV AAYAA M T MEE
SHEAEH S MATINLAY A 2 r[ & AYA Rk olutte W E ANz vYed
T Ae MHSHAHEH Brh Fastth a1 FAE HEY e WIMALARE 94 B
€ &sto] HAlol wtgdn 23 AY7|GAARAN Qo JHF & F2 AAE WY, O BR
E3 FolA AWeT st A YT EREC) Haz HAH WX AFIEE FE8Y F, A9
€ 7122 st AN WVIHAEAE S AQET AL A oME TxEY Hed ddstEd
ol Wsie #EdE FE APFH2E Agse WA wyelth

w

o
40

A Qe TRES WALAE FHE B, FHE LA o @ v dFAz
ANYPE AHEetE Aol Ao Bt 77k AAAFAE AT S/ At B Azt
285 59 Aol vk wEhA A7 AL AAAAAA A J&o wet AA 3
32 A kA A& wyer §FE 4 oy, 7 yEE AdE AF E vd g
(FIB, 2003).

B ™
. X
)
=

o

¥ 917 4 (displacement-calculation based method) | G @A HE
- 92 919 (iterative deformation-specification based method) @ S EF 7|4 Ay
- A" 9 (direct displacement-specification based method)

A AY, FEAANELY, SEAOCH Y, HlgA ss =y

AHAANH LS ¢4 dET2ES dFHE HHENE AT o, AR E 2He= W
fell A9 = AEF F2E ARYA AAE FYste PPolnh HEAAYPE AUA FENAE
A3, o8 71ELR TE2EE AAsE Wolth 971 dAdTEREY Adtd HuEde ¥
SAl A E FEURT golop 3Tt o] 8 HME F2E A2 R dRESAE AT 87t
dod, MAlAo e A wEAA AAHAHe] aFH) ofof HHA APAAYL v HoE
FARAE A APz Agstn, AR vhA|gtele AAX D 5 FAVHE W F
A7lE Fxee S He] Atdn

ol ATl E ole W T vl wFe] AV Ad &R A Eo] et AP

-310 -



ey, ey, vy sgEYy, NAFATFHAY Fol BY LAY A
$ 08 % A v, 24 sn

321 AFUNAINAAY
Kowalsky % (Kowalsky, et al,, 1995)o] 9|3 Agte v oz o2&
HEEC 4 AYTAR Yl oz RS Fo ds] gnd A z
& A E ol g dASHATEY S o) &35n, A E BERAV AA A AHezm
BEch = gtE e A 7 Zgno) wE Wy sgadEYe Aol HFAH oA ol & Fd
1

3
o HFEEde] 1Y FxEY FAFVE T Rl hssih

322 Mg g ey

Chopra®} Goel(Chopra & Goel, 2001)e 98] A|¢t® HH o2 A 3 =y
A fatsteh ey Sobe] Aghd @A A gete GAMAEE2HNEY S AHE e 4
RN E A st 2 MR AASHAadER S AET oz AA AT A v E

38 A AR E vt AHSA d&5¥ ot

323 AFAAEY Y

o] W& Freeman(1978)°] A¢tah @7 9 AFAHEHS o] &3l AFE HeH7ME AT
WS Chopra Tol AAdSdgAaveEde] odoz s ¥hgo=zr vxtel ATC(Applied

Technology Council, 1996)% FEMA (Federal Emergency Management Agency, 1997)5o A A} €
st gl wolt) ol e FxE MixAGHY FHYe) B A AP AR E st
-¥lg] PgAow g ANeE A AA dehdo gy fdTFrE] WS E A4

oz 4 WY 5+ UEE Qo

3.24 Hl A Aol H A Y

HOZAYUEE 2448 20 2448 eV AV Hol g Agste 724
olth. whelA o] Wbyl e AWy Al olHE F AR vAPELS BF wedste AU v
A ztold e A g Fof o] Fojxit} o AFME HZEAYE TFxEY HAFEAFTHY ] 7t
53 Mz g 3% DRAIN-3DX(Prakash, et al, 1994)& Ab-&38lte] nl A A zbol e siA g Faag]
o}, DRAIN-3DX & #22aee 7289 339 TAnAgs)d T2agoax dug dfan
2 Ededetn 7 Ao AeLas AEEAd ue Aosted FxEe Anulidgde AT
T At

A7 AE e AR WSE A7) A AREeR weshe MuoRA W
] H N=X

el hde A =A% g 9le ol 3 dEagEwye] e A o3 27
I gAfEA FEREe A3e ADRS(acceleration-displacement response spectrum)¥E ol

FHE SHoUEAS o SaE Wyeln £ vugadeduye Hyuds)HdAdd ug

-311 -



Aoz 1 AL HFLe AR NAAYH

5+

E 1 7 A7 A g vl

9 ¥ 1

[e]

k=]

tot o
Wl g Rl

[

A}

]

-

oo T W W =
o W o
T aﬂ o R a_H M m
O K B oo T 4
M,u = w — of B ~ ol = g
E_.__.c . g E_Lﬂﬂ‘ﬂ ®° A.._ A_ _.E o O— ..ﬂOI
R NERR N o ol X = W
G - P » e 2 YR 7w
R Iy IS Ry == M mos
A 3 = - oy ) oW W
w o ol o
oo L] B Awmﬁmﬂh qu.m o z__:m_ oy v wo i WM
T |mT| Ve e wm A M L
B de o W o w W N
= 3/ B T N
= A B 6 o o
= Ao W R
-~ . g o He
.Dr._ = 10 o imy o q - o_._ o
TN FO =3 o B3 o 2
H b T 7o oy m.m Moo o
4r B o fa) Ehoox B T OB
A R TG G
.A_l ﬂ..kl._ h‘_ ‘,.Ar = W..M - Mra —
o ~ b T N o T o° TK
N O - < v e = N |
El w fl 0 oF e -y o8 = nE.M
dbo | BF | W ® o Ca RS
" < X — sl
R TR T >
3 dn oo ° — T o o= i =
Xlo d | oo < Ak W T R oW ﬂl: -
X _ .
o B X | T |EE L ke ETER w
Dy )] G
| T 2B Py p om g RE Ay
X 2 W\_ woE S < ___:M o) o
o B N ) B SO BN - G I oy B2
g2 EAl o] 2 e T N
T o x PP xog o
B g B T T g BT W % ol
T L o= |w z o o TR T 2o
o A = oW o BN = ) =
= mﬂ wp N E m T Wahﬂ 2 uﬁ_ wo
Sl TIET 2 wmeszolw Nz f
o ; BT — oo o2 - o
w wﬁw o | T X HTTFT L T H
e clow T e T owmBEH G TR
I D A oW
< o ™ =T M op < %o

40.m

a4 1. AAd ALE
-312 -

A0 m

1C



TEREF
© 7500KN

o+

=0

T

|2500

4

L

12000

3700 B

3000

110000

HOC 3700

6000

g 2 AA AHSE nzhe dHy

SABE PR
SR s
EFIEIEE
Nm /E..M o Muw, mM =
W 4R | Mo | T E | ok
G ANy
Wi | o | 4| B | %o T
| |
]
) M
T G
M
dAlO
wir
"

Ho
o
"
Ca

uE
o

& AHBEITE A7IAM ARbzAE A

L A7 L ARFr) 1000d(NA15F), AdA s s 0154g2 7R

T

]
o

A

0

3

s

FsloH,

atol A7 3]

o] &

=
=

217 SIMQKEMIT, 1976)

Newmark$} Hallo] ] A]

oy 3% x).

A4k

Z

o
T

A7ke] 3

Ho
-

KeN
=

W (Chopra, 1995)

I H g A A

k<)
hss

AEee

bof

S T A
o H —
3

/\é 5

(a) 7t&EEA

g 3 A ALgE T

- 313 -



43 97ty

of dFellMe wFe IALHRAE v, Iy SERAAVIEANAM A e Fr
AN 4N FER AH7INEAY S o) &5t nZgdEe HAST 1 AFHE WU o

WA E A MEAEeRE AR A, LA ERYY, dFLHEYYS A
ol ALgson, of AREL MAGAGI AN Ho) @ AAATS vl @A,
A7 A BEHAE YR 240G ¢ WA Foz 4YshR 2 (Chopra & Goel,

2001), 7ol FgstE FaFomy el vaR A3 2P AF 2 129 24 AF¢ @
o) DHHFOZ HEAH r:} 293 2 AAe st FUW 27128 AEFOEH 4

HE 4 v, FrEg F UEE 39

nmztel v MEAE S I'_FE]%W] el a9 HBEAL Desayi9t Krishnan (Neville, 1997)
o] At A& ALEPT, 7)Y HEFEAANE w88ty 98t Priestley 5 (Priestley, et al,
1996)°] Mg A& AgatATt o] Wl AHE® wzbel @A FEFZAG S vl 0058 AHE3)
Aok £g 2t el ol =& 9 sFE ol &t HEHoR U2 HAZAKE gt &0l
=5 7159 HAE 7ted & FL3A s e, ARG AolE AU zol2 vEhd
T+ JAEE FAT

44 2A A3 2 B4
E 3oM HZo] 7]&e PrIAAZF} R AL AY AT B}, FUHeE M A

e AHE Fe AP AL G Y T AAA T ZHII Yk o] W 7|NAEAY o
P b A Rl vlste] ok FYPow 222 HHAATS neFo2N AAHA 4AALE
Toe AMEE YeEl e Ao w8 At —:LAPﬁoﬂ olstel faE WY IAAY F u@g s
Egdyye] dH LR Ao 7t 7k A%E Foie ANS ¢ £ Aok W JHaAEYY
ol olg Aste v @A ko) F 3 A o) °l¢l AHBRGE o ¥ FAE BolI e, oA
o] X 8 (hi-linear) 22 E Yy os wEold giadegudo Asd AbAuslo] AL
B
E 307 Rl o3 AA A
z= =9 ZHE W22 7 a2
o (KN) (KN'm) (m) (%)
3 7] A 9400 11600 2 1.264
A4
welsmany| 8740 4897.88 14 2.58
AL @'%k
sora| T | we ey 8540 1364.48 1.2 1.826
27 B EFA]
PRPSEERON 8740 3942.91 1.4 1.961
A 8l ¥ M4 8740 3
A Zho] 2 S A 4 3319 1.4 1.39

- 314 -



R

1. = HEA, Wzl AA,

2. Zj’éﬂ%—t]'-(ZOOS), T=Z 2

3. Applied Technology Council(1996), Seismic Evaluation and Retrofit of Concrete Buildings,
Report ATC-40.

4. Chopra, A. K. and Goel, R. K.(2001), "Direct Displacement-Based Design @ Use of Inelastic vs.
Elastic Design Spectra”, Earthquake Spectra 17(1), pp. 47-65.

5. Chopra, A. K.(1995), Dynamics of Structures : Theory and Applications to Earthquake
Engineering, Prentice Hall.

6. FEMA(1997), NEHRP Commentary on the Guidelines for the Seismic Rehabilitation of
Building, Report FEMA-274, Federal Emergency Management Agency, Washington, D.C., May.

7. FIB(International Federation for Structural Concrete)(2003), Displacement-Based Design of
Reinforced Concrete Building.

8. Freeman, S. A.(1978), Prediction of Response of Concrete Building to Severe Earthquake
Motion, ACI Special Publication, SP-55,

9. Kowalsky, M. J., Priestley, M. J. N. and MacRae, G. A.(1995), "Displacement-Based Design of
RC Bridge Columns in Seismic Regions”, Earthquake Engineering & Structural Dynamics, 24,
pp. 1623-1643.

10. MIT(1976), A Program for Artificial Motion Generation, User’s Manual and Documentation.

11. Neville, A. M.(1997), Properties of Concrete, 4th & Final Ed., John Wiley & Sons.

12. Prakash, V., Powell, G. H. and Cambell, S.(1994), DRAIN-3DX Base Program Description and
User Guide, U. C. Berkeley.

13. Priestley, M. J. N., Seible, F. and Calvi, G. M.(1996), Seismic Design and Retrofit of Bridge
Structures, John Wiley & Sons, New York.

-315 -



