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Abstract

In order to evaluate the cost effectiveness of seismic isolation for bridges in low and moderate
seismic region, a method of calculating minimum life-cycle cost of seismic-isolated bridges
under specific acceleration level and soil condition is developed. Input ground motion is
modeled as spectral density function compatible with response spectrum for combination of
acceleration coefficient and site coefficient. Failure probability is calculated by spectrum
analysis based on random vibration theories to simplify repetitive calculations in the
minimization procedure. Ductility of piers and its effects on cost effectiveness are considered
by stochastic linearization method. Cost function and cost effectiveness index are defined by
taking into consideration the characteristics of seismic isolated bridges. Limit states for
calculation of failure probability are defined on superstructure, isolator and pier, respectively.
The results of example design and analysis show that seismic isolation is more cost-effective
in low and moderate seismic region than in high seismic region.

1.4 8

272 AR HAH HAE AT AFE U, 48 wEAEE HEY AW AHAN F=2
ul % -1

gasA Agsold gt 2y fEygge 22 FA AL AT AR, AW A
Al FREY AT FY Fol AW AFAAY ORI E Aol AU U7 HEA, AIFHAA
g o] &% WAL B, ol AN L WEA nstool grh F, FAAAHY A
A EAE e AXAAZAY FAH 2e4d AT R ANAYZA} AAD F2E HF

AA e #g AF T, AWFHZAY A F2E A&l A $=A A ojol &
Az &+ Ao
o] AT AWAe wE A, AvtzAE st PN FE 2P Y224, F

D AgdeE ag, FY

2) A& Aofase

3) University of California at Berkeley, #tAt23
4) gt wAbsA



A Fe A EAL NP EF ATt £, FANH HdYste] WUE o] &3t me v
Ny Asg nesty, AA42agy F2ahd e FANHE HJdn 2o R F&E
€ AR AT. FEFES Tt A EFNEE AEFHL ol F ol&std ANAY mFY A}
4710 v &g v adA HAFE AYsiH FAAE Tt AY R Az o
gt Az A mge] vAe aFgo HF FHA FAHE Hristi, o€ T e 2
& F4 AFAA ] AAAHZA Y v EAEAHE ZAAHH vlasta, HrsPo

2. 919 AReFs 24

o] AFoME 948 AWEEE vF AASHTO EF AdAMe xAAdg 4ARAGN BFd &
Ztel z o tistd] FHE Y 2HEHN I FF2HEYE vwEo UYe 249EY WX
g9 Helz Ayt o|FA FozN F4A A AJEAE e XA L F
WG AL HE  slod, B8 ARk B4 & v §EEY Frirt 7R A |t

EAG 9 2HEH A83te 2HEY URHES Feo] Y AN F L AAE7] AA
A, Ao AHEY Ax4E 713 Fast Fourier Transform& A 4% ~dEY ¥ &
Ea 2 MEe AztolE L EAg ZF Agtolgo] ©AFE FREC FEPE do
g2 T o5 HEFgE o2 SH2HEYS AT o]RAE 2719 §H &9
st Z Fuge i 2FEY YEFFE NATEY BAAE &9 2H9EY ] 9%
7b 2719 $9 2HER gty HEA ojud W 1 we 2MNEY WEFLE 4 Ay
5o ndE jo

ol#l§ AL Fid AAHE ¥¥ 2HEYD Iy v 1P Zo of AAE T,
HEE A 2"9EY Y Ao, 2En AR Ase AHEY U Fo
T 2 Al FFE PAe A& & F AU

2

m e & o
£ go

o
£ oo

H
Uy

3
8
3
N
o

T T
Soil Type 1(S=1.5)

T
—@— Soil Typs I(S=1.0)
—e— Soit Type I{8=1.5)
4 Soil Type HI(E=2.0}
—w— Soil Type IV(8=2.7)

Acc. Cosft. = 0.14

o
o
@

o
|3

o
Qo
9
T
~

,,,,,,,,,,,

o
2
S

Spectral Density Function (Ysec')
(-]
o
H
.
Spectral Density Function (i7eec)

I3
g

1 . t 2 i ! A T
s 10 15 20 28 3o o s 10 15 20 25 30
Angulsr Frequency (rad/sec) Angular Frequency (rad/sec)

°

38 1 A Asg 7tEe Agd e 4y 29EY =S
3. 94&%E ALY
31 AAFHRF 22

ol A& Fokd Ao AXAYuF A87I% vl EAEY H7tel 2 FAHol Jemz, o
G AA Felol A ALV v EAEH WHE FolRE Ro] FoIT WA LAY

- 441 -



NE 283 I A5E B4 4 YEE, AWAYLFE B8 1UF o) 2AHFEZ U
se Aol AgHold ¥ 4 Ut

S ‘ Girder S m, F— (1)

ke, [0
3 Modeling
4 Pier I T_}—V u(1)

kl

eq cleq

S

i, (1)

a9 2. AXFYnFe 2A{HE 2

A7NH, Ky R CrogE

Ays @ e 24 2 A4 AFE v, k, R o ARA
o 7t 34 R A AsE

2zt e,

32 BA%A 433

o] AFdAE T wztL olFMPez Ay 3u, MY AMg H3o FALH HYy
o H¥e Hgste mAe ZA4 2 ZHuE ATt FATH MEste] WS HEde=
W mzte] HlAE AT e wAHY 598 FAE AP 2HER HME T HE @Y
& FY% £ gt ol d FTAYH MYy WHPoRE g7 AT AAE v Jeoy, o 4
FhME 9 AAL T vad P HE DS 5 AV W Mg IuHoE AHE
5lo] 21 Y& Equivalent Linearizatione] W& AH&31712 st

Equivalent Linearization® % SA3d Aysle] 7|8 /gL, v]dy 5o o 2AEF
E AT, 2 AEFY AFHTLANE H2gsle A HYE diAALE FTHLIHN,
FolA HAY FFE A F A HYs @ §5E A Aotk o] dFAAE 5o 19
7 ol AR (ki+ky) R FE F A kE HAE olFAE dARE AFAA dE A
83 24 Kk, R Y 2 AF 8 ANTOEZN uFe Y AT G 3o

M3=g 3t
L %A

AN
JW:LEN—_ K /LLM
\

sliding when force = kx, ~kpx, +kaX(1)

a9 3 olFAY o¥FAE AE SARE AFA

k[X,,*‘k;;X(l)

NN

- 442 -



33 AEREY AR

FzE 4717 HEREE el AANE TF2EY HEow QY &AL oy}
et WY 2L HEH ARoz AP F2E F&g O AAME N 5o
o FzBol H&¥ HEL AdSE HHo] MY oo B},

Ao o mFe] HEe P Pz Yated By P eI, o ATdME
NAde T FR PFERA0 O HeozA, 7o) ¥ B, 4RTFR Gu, AAAYR
Ao BE 5 A bAe &g AHst, 2o g BANHE B 2 FALHE dolA
= Ae NAAYnBe eoz I

A3 2AHE ANAARF Aade] FFRE 27E HHANS W, HEBEL AN
dstel, WA A Sto] BelY FARES WolM: WUESE T3} Zo] AN

L
Vo= om o

A71M, v, & Pelel k FELLY $@e] ojn) AV VAYH uE VAT T Woi
848 deue, o, ¥ o,& MY R SE g9 EFUAE 27 Yehach

F2Ee $9o) N7 A& FI ¢AYAE YAAE M7} Poisson REE mETHn 7
Aoge o, AW WA k FERRLS HEol WAY BELS ©e A (D3 2ol ANY # 9
o

1

Pie=1-exp(-V,, - ta) 2)
ANM e AR A&}

uehy FREY AME7IME T k FANEHSL FHEo] dojd HELS HI9 4 3)FH 2
=
Pszpfkleq'Pequeq{l—eXD(-vm' td)} (3)

A71M P E AHETIZE B A We) AT BEojn
4. A+8713 vl &+ Y

AR A wFl ohste] ALE7I0 Bl& HAse] dE HEdT] Hte, d4F
Ll 4 He 8 7t 2o AN AR € FAHA HY WA A
AA 7t *1 QA AHE7IZE vl EE HAasste HHY ZAAUE FEF AT o€ HAsAME
A, DA LG e AHS 7| v Gl Hert Yasie Ak mFe ALEr|3E H
&35 27 Adu & oY &8 goz BHEY F oy, AJAYnFe 27 A4
Bl g8 ARTze yuyg gAsin /AY W, 2 AYu s AP dHu 9 o=
EHE 5 gtk o8 o] 85ty ANRALRZo N A8V ¥ EFTE G5 A3 2ol He
B ATt

hl r“

01‘2'1?1‘1
nF G

N

E[Ci.m(klikz)]=CPVP(kI)+ iso no(k )+C rd P (kl’k ) ( Alh/f) (4)

A71M, V,(k) R Vilk)E 329 349 #52 F=43 24 R AYFA Y FHE



Bs, C, R Civ 2743 AAAZA ] Gy g 27 AM0EE, 2831 C,€ 4%
of &4u& FRE Yerdoh
of dFoME ANARFY vl A P e YA HLLEREAHS Hrlste dHA 2 F
Hol glemg oo A 22 HE&aEYd YHAFE FAFE Hart vk
E[Cron] min
E roniso™= ElC i) min
M2 584 HAFE AXAY A9 ARSI vl &9 7ol g Bl A ue] A7)
g vz dehlol A wad nEasd ¥rASs duHoz 2 A, ANAY LB
H &g g4l v Ae] 23 Jdte &8 & + dow, w2 vEELAd ALt FE B
v ANAYnFe HEEEH0] AUAHez ¥rtn &+ U

5. AH871% v ga&A B7t

5.1 =3 o 4

AA AXFenFe vEaeA HE AT dA nFo2M OF 2FFH 22 107
@2 2de dasgrt s 2o stsAE ARTze £33 AAFFLS 1667X10tf oI,
Ztel frEARS AX uz AFY 12¢& Fatdow, AF o BHHlE 20%, 27|
5% 2 st

7
2

[
G AT

650.0

10x65.0 = 650.0
il

10.0
4.0
2

480
405

a9 4 AJ3AYuFe FARD

52 7H4 % 54 g AJAYuF] v Ea sy H7}

g 1¥ 5% &% Ago] @& HEELSA FUHASY dEE Uetd agzoln. tEF
& 4AA A AHAE £ATEE UEUY, A25L vEEa &Y BT E YEIY 2Rz ¢
B 238 F3o B o, ANEF IY Y, & A1 AN ¢ SR AF 45 AR
AaFe] HgE&Hol & A% vehdn gled, I Aol MG Aot #A, A<
Agre] Agole HEE ALt AEFE, F 4 AGLSEE AN[qY R Z9 B EEYol w0
vetd g 8 ¢ gl



Soil Type = |, q“,p—100 Soil Type = IV, rw’=100

ey r—r ey

- o r r or oy

10 - s - v v - 1LOET

‘ 3 : K e I S
@ K B : k”j—‘(‘w
4 v : o - -

N

el
g g )
010 S 010t “

W W
1 A=0.14 —— AR0.14
< A=0.21 - A=m0.21
A=0.28 . A=028
v A=D.35 47 A=0.35
A=D.42 A=0.42
0010 w1 Wy " " " " 0.01.0 " - " " . .
10’ 10 10* 10° 10* 10 10 10° 10 10’ 10 10 10° 10’ 10* 10°
Damage Scale, V,(m®) Damage Scale, V(m®)

39 5 hEE AlFd e v EE8A HrkAe

3 AW S4o wE AAAYLF) wLE LA W7

ggel 1Y 68 NE 92 NISE AFE AAE Adel et A Aol we Hened
AR 4ol WHE Y 2 Zolth Fobd MdolgtL & £ A= AAEE AS 0143 Aol

Ne Aot ARAASLE nEEEH) FL Aoz YEoU 2 Aok AP IS
L0359 7R A4E ZHE AdelNE Aokx el Hl§ RS HAS Dok a

=
2 4 Utk ol Batod B @, 3943 A Aol A% ABzAel dANE ojx 3
=
S

ol o

AR A2 A ¢ HI%E% 4 RAPGE AHEE 98 F AU, FAAF Hlate

Moz A ZFEst & AFedMe AAeFA e v A&l ALFARE] A A3 A}
He AE 4 F Adh
Acceleration Coeff. = 0.14, r_, =100 Acceleration Coeff. = 0.35, r_, =100
o T o \"_‘/_.._._——2
1 T S AR G L e
i PR oI o ] T
: “o.
-
m‘ c1F mg 01
—t+— Soil Type | —++— Soil Type |
- Soil Type 1l <y  Soit Type it
«.  Soll Type il < Soll Type il
~3- Soil Type IV - 4«7~ Soil Typs iV
0.0t PRSI e estsia " “ 0.01 vy wry ” " " .
10° 10* 10" 10° 10* 10’ 10° 10" 10° 10° 10 10° 10* 10’ 10 10*
Damage Scale, V,(m®) Damage Scale, V,(m°)

a9 6. AN Ao wE HEALEY HIAF

6.4 &

23 A, 2dn FF7FEY HHd d@ FAZHE FAstn, TAHAH HPshe W
Ae et wZe iy AFTE nF AJFAuF] JA&HE YL AL A. ol
o] &3t T A R ARt ] dhstd ARETIL v G VdigE Hagse HY A
AGE =&5ta, v AL FA Y AVH aFe oA v ga S F7sH



7HEE Aol e BlEESA B AW, AAANGY B A4 AN 2dL HE 9 2R
Aol vl a0l A3 AsHe ¢S UEUUY, FUR g ASdE Az
Aol 2 9Fe A ¥ A2z ety AQutAso] d@ vgae Hrk A o, @
FARke P9 FiHoz ANAYRF v LALAH) HAHE APL HYgon, ok A o
B ANFEE 7HAE AGdM B& @43 Seide ¢ F YYD d4, Aty A S 2
A=) 2 982 LA 41 AJAYa P v §A A dFeg e Aoz Yeyd

=]

#Ae 2
o) AFE HLURL ANIFHATAHE ¢ SRR $5AT Y YTl Ag 24
Yt

7. 315 ¥

Mo

DR, $235, AT S Hasel 9@ WA TP AAY BV, HIERY =8
3, REES], A194, Al-43, 539-550, (1999).

TET, 25, "AHE7I7 B8 H2HE B¢ J)ade 2Re A WIAA GAERG o
4R 8 =F3, 499-502, (1998).

D%, $335 "FAA AdelNe NWAYR R AAH Ao Y AT F2AATIY

1),

AR T35, £TF, #guUV], " AAAFE nHEF ARG AAA Hi dASE
233 StedEogd =371, (199). '

$F3, H4 A28 8 WAL AC o3 XA g FAAN HIl, HALEE, ALY
st

7], wzte] vdY A S nEd T4 A AJAAY nF v LI HUH A E
&, A&, (2000).

AASHTO Guide Specifications for Seismic Isolation Design, Draft, AASHTO T-3 Task Group,
Washington D.C., (1997).

AASHTO Standard Specifications for Highway Bridges, American Association of State
Highway and Transportation Officials, Washington D.C., (1992).

Ang, AH-S. and Leon, D.D. "Target Reliability for Structural Design Based on Minimum
Expected Life-Cycle Cost,” Proc. of 7th IFIP WG75 Working Conference on Reliability and
Optimization of Structural System, 71-84, (1996).

Caughey, T. K., "Random Excitation of a System with Bilinear Hysteresis,” Journal of Applied
Mechanics, Vol. 27, 649-652, (1960).

HM. Koh, DH. Ha, J]. Song, D.. Hahm, and K.J. Kwon, "Optimal Design and Cost
Effectiveness of Seismic-Isolated Bridges Based on Minimum lLife-Cycle Cost Concept,” Proc.
of International Post-SMIRT Conferencé Seminar on Seismic Isolation, Passive Energy
Dissipation and Active Control of Vibrations of Structure, Aug. 23~25, Korea, (1999).

HM. Koh, K.S. Park, J. Song, "Optimal Seismic Design Method for Base-Isolated Pool



Structure by Minimizing Life Cycle Cost,” Proc. of 15th Structural Mechanics in Reactor
Technology, SMIRT, Seoul, Korea, (1999).

Koh, HM.,, Song, J., Ha, D.H.(2000), "Cost Effectiveness of Base Isolation for Bridges in Low
and Moderate Seismic Region,” Proc. of the 12" World Conference on Earthquake Engineering,
WCEE, (2000).

Lutes,L.D. and Sarkani,S., Stochastic Analysis of Structural and Mechanical Vibrations,
Prentice-Hall Inc., New Jersey, (1997).

Mohammadi.].,, Guralnick,S.A., and Yan,L., “Incorporating Life-Cycle Costs in Highway-Bridge
Planning and Design,” Journal of Transportation Engineering, ASCE, Vol. 121, 417-424, (1995).
NewlandD.E.,, An Intruduction to Random Vibrations, Spectral and Wavelet Analysis, John
Wiley and Sons Inc., N.Y., (1993).

Priestley M.]J.N., Seible,F., and Calvi,GM., Seismic Design and Retrofit of Bridges, John Wiley
and Sons, Inc.,, N.Y., (1996).

Thiel Jr.,C.C., "Life Cycle Seismic Cost Considerations in Structural System Selection:
Conventional Versus Base Isolation Design Options,” Proc. of ATC-17 on Base Isolation and
Passive Energy Dissipation, 71-82, (1986).

- 447 -



