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Effects of Bearing Damage on Bridge Seismic Responses
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ABSTRACT

Dynamic responses of multi-span simply supported bridges are investigated to examine
the effect of damaged bearings under seismic excitations. The damaged bearings are
modeled as sliding elements with friction between the super-structure and the pier top.
Various values of the friction coefficients for damaged bearings are examined with
increasing magnitudes of peak ground accelerations. It is found that the global seismic
behaviors are significantly influenced by the occurrence of bearing damage. It should be
noticed that the most possible location of unseating failure of superstructures differs with
that in the model without consideration of the bearing damage. It can be concluded
that the bearing damage may play the major role in the unseating failure of a bridge
system, so that the damage of bearings should be included to achieve more rational
seismic safety evaluation.

1 Mg

ARe D22 $WY FRAYANA B APANS} YA FAH &g obrldh 5¥ nF
FEEE 2 AAe £l 3 59 FAHY FALD ope} AW F ANAG Y 7
550 44 2 ARETE AW AV £4 5 A% TF29 BN F 235 FAAA 4

23 BAE obNE 4 Utk mEM $F GQsksE AP o3 nFFE AHE Has
37 g AAHA nF AVAFE 2% + Yook 89, o|& HME FA2YY
AAAF FEg vlAE GIP 2259 EAL HIY & QA FAY AEe] g
asith 53 A2 2T FEQ WL M gg 2EE 2Es) Hol U won,
QHAZAY 252 A8 44 48 & Ax FEE /M43 Q). " F - 4aA 9
Y NE Aoz A &4 F AR o] WREL AAY Ao digd. =@
olgid WY &4ARE P FHAFENN B 9TE 2 5 A WS AFHA AR

* A ALBE7 - A5 FAR, aF
* 3G E NARZESFTHE, BAGA
G E853%e, Ay

bl b B R A

- 287 -



AEEEE AF37] A3 w=A nEgojol ¥ 848 Alsdn

2 A7dAMe aZAN29e AJAAFEAN ¥ vNE I 242EL BIY 5 Y:
w8} € HAFE HYEY) F|Rsle] 7R LFRY ohg DFA LG A H
AATEAY T8 242 F8E 5 Y& TAFY &34 Y e HeHo a2y ANAY »
FALRY AJATELE vt 2oz o38n, B¢ W&o RFALHe) AASHE
ol mlAE 9% EAstnz g

X

2. B3 HH2Y

€ 47N aFA2HY AJAFEAE A3 s d4E FadadN Y §
ol AHgE XERIE POz U TERAY HAie o 71A P2 el 4 glon,
2 ZF M HEAH SN2 e R aES BAHAAN BHe] PAR 274 B
€ W¥ol dAsE B9 74 % =F3E BEV Aoz A F¥ £3Yg wol YW

TE S & Utk olAE T &Yy BE ATSAHE FFA BHINE R AF
B E EACIH, e AYo] 2Eg £ A7 RY&E desd 72 R
_7-‘-/~P°]°ﬂ*1 AgHe MEYoz RYYIAQ. EY ZEWPY &4r1Eo2 RYTEWYY
A$E IEFYYY 120tonfE HERROT, AFZELNY Aeole FTHHA &40z A
E3dFE 9 Yol 2A4E & Y& HElFHA S5emE L3

ol

gl 1. A& MDY a8 2. HH=YFY MY

I8 18 Y& AY A{EIFL U e, LY FURZEE de 2ZYPsre,
HEERE AFTESG FETRAIY FuSzd m cjdYo] FEHE vFLLE 2P
ok ¥ 2 AHAEAFY SAHRYEE YEd Ao, 3AEYPY JEEY 25 vpdeass
2R3t viR_Ae F AFAY BdSxed uie} vlEHe] F7)9 el AAHE £
257g Ag3igth. 1¥ 3% 19 45 AW A &4 AR vAES Juse
o #AE Ul A2, 943 A& olFdME Fu&rd gt HBHoE ojgYo] F
AL, 9P AUSE ol ME FUSEe) 278 F@o) Aol YA g A
oz REsagy. EE dAF FUEE oFdME AAAAFE HEAAoH, 4T ¥
W& o] FdMe FArEASFY 0752 FFotEATE FH LA

LPEFT 4R HEHE OhPAFE 24 sl Be Aol w2, £F &49
o ¥z AF3] 27 gEd vl@AFE 393 g24 vee £ Ao 71E9 d3As
M) oJatd, AAY dADUESY HEANME 04~06 P=9] vlFAS+E, A 37

- 288 -



29 ALE 07~09 A9 stAASLE e Ao 2AHAL. BN B FAAE B3I
2R o) ok ttEASE A gt AP AVEERHE XA

Friction Foroe Friction Force
-l with demage N with damege
wN wN
_ _ without dsmage
8 Ret. Velodity € Rel. Velocity
‘whhout damege ;
{4 -m ] -
with demege with damage
~N -puN
0gl 3 AUAZS CIEH(TEHYH) O 4 NS} DHEEISYE)

3. ddnF

B AT NE 29 59 1Y 6o} vehd R gel AR 3/mY 3FL <€ ARYNE
oz AAHAE $YsAT. BHAYAL bent types] APmAeoz A 17m, qZgEolE
12mel @& AgERn. mzel rixE vlad Avzde] ¥ AL AHREE P&
2 Agstgen, zde u7lE dod o Q& Fol 65me] FUFH wojelct.

a9 5e waedAs gy g2 AFAE Ve A0, RIS WA A ot
grzze RRTZ7 Lo AFHY Ye VY SLAFA(AL PL P2 A2)Z “gER
om, 1@ 62 WAEAFY Y IFANLHY AFAE dEd R2g, ubzl ol WAt
yrze FR7xs 2AE 3 749 ©@YAFA(AL SL, P1, S2, P2, 3, A9 Yenl ik

aa 5 WA A4 oY DALY 03 6 WA AMF U DALY

4. RPN @&3E ALY

oA 7128 2Ae] &4 dolE LFALYEY AAEEEAN FE FIAE e &gl
gt oW dusrzE VFAFARY FE, 3o R 24 W4, 712 +F Tl A
o B A7od QAAEAT FEL T AFAACC) BAS 2XYT BY FAE HE €
arg olgdtd ZEssgdd. =% FIEIHEY nze HINYATE LI A4 713
8% WAYY P-gAdS ABH NAYELE 2AE £ Ax BHaHAA 28 A&
@79 FlzE ¥ YARAE e PG4z FHFANE RE AR 3y,

~ 289 -



e JHEAGY F32Eo2 AF ZHANSHE B9sr] 93 ndy 22y 4y
ZHE e 242 2y
a9g 77 09 8L W&ol A F& Aee dYo] BF &4F el UM RA

2 wFA2dY MRS Jebd Rolth. aPlX my, ms, mee AF-TE AF, my mee
mzre] Az ms mye 7129 A, my, mp 7129 AABRAAF, ma, mae U Y, K,
Kett G, Co& mZtel sl 744, K, Kt G, Cre 7129 HARA 744, Ky Kei} Cy Co2
Nxe) NARAAF 724, 28]l3 Ky, Kaz9t Car, Cars ntl9] vl AY 7o) A¥RAE ojvjgiy)
283 Kay, Kos Kese 24 JFAY 2AWH 34, Fary, Fos Feov ALY &4dd 283
vl &8, Fia Fse Foav 715 @3¢ 2838ke vb@8, Say Sis5 Sse Sea2$t Carr Cis Csg Con
FE849 A8 Y, 283 dag, dis dse doare JQAAFAILS A{FE0Y] 7€ e
. B3 we 4 AFAC EA3e AT A i FHAHE v gct

& fdr odr

L Sia |—ul> K

the
M

i =

Uw

g 7. UAL4TL nYAAHS ClEsE MDY

K }—l—"—> Sors Y S 'i, St . }—u'—> Sea }"—”» Ka
&

ds » draz

Cse Con Cu
U

a8 8 WAAARC TPAAHC CasiE HHDY

- 290 -



5. AFALY AATHHEA

B d7NE U d%84E 18 4 Ue destd IFANEYL vigos wyes
o] AAHQ wFA A~ AFNEHEY vXe T B3t dFAASFegE 9y
AHE R %E SIMQKE Z2a3%8 o83t dy 2o R AAYAAM At de AA
SHAHED YAHES 2o B AFANo| P& AHgaH e, AHASAT 25 o)
3 A|/THE 5emE A L3P

gutdog nAWAL HERARE g WHE S§5A @) W ARFoz A8 @
AY B Yo HPHoz ALHE FR2airt ¥k wEaM AFRARTGE 44 &
4e 4L & V) ES $HHeE 1APRAY &4NE Deste nRAAYY ANFUEA
< EAEA nyede &4vg 1A Ao oM nARH &4FY vlFASE 058,
AEide sldASE 0058 H83ch

® 1L 2A&AL TEA G Aed AolM, 2E: E 28 nAwA] 247 3G
A% AolM Z AFAL Aol iy FuiEgst AHASAL FHA Y HFGY Gumbel
Type-18] 90% HFE Uebd ol WAL &4 2T A4, Al IRIFAE FR7=2
o B2 Qsle] $¥o] ZAH Reg YEigoen, A2 ANEAE AP FF TR £
g2 A% AEFREI)G nd(A)Ate]e FEFVIE A SHel 7 Aoz EMFHUD
P1, P2 it FAES #3Y &402 A3ty Z4Zre) AR FH0 AFH 72D F
E2 Qg AAAEAT) FAd $Hol F71¢ Roz EANHAUG. FMHA mFA A=A
o AHAFAL FuAeE Y& nAGo 2 Ad= AW ALS1AFA Aol A 743
g Aoz eyt £@ 7R JdA F, S1-P1, S2-P2, S3-A2WFAAlole} $HE
2 Hu) 2382emz, M5 3 LoE Y ScmE AP 29 Aoz Jsyd wg
A ARy ALE 38 B oA FuTdE TR &4 Bl FE3
Roemz oo WE &9 L Hrisly] A &4AFAE e S n@AsE HEs
o mEAade AAHA $HEAANE £

£ 1. PHLMS DX U F9Y B (B9 : om)

PGA Xietol TH3t HCHATHHS IYTIEBAIZIS] ACHATHo 2]

A1 P1 P2 A2 | A1-81 | S1-P1 | P1-S2 | S2-P2 | P2-S3 | S3-A2

010 002 | 287 | 252 | 002 . 3.42 . 0.14 _ 234
©.03) | (3.38) | (298) | (0.03) (4.08) 0.31) (2.94)

0.2g 011 | 683 | 622 | 005 _ 7.82 _ 4.01 _ 6.04
©020) | (7.85) | (7.50) | (0.11) (9.32) (5.84) (7.65)

0.3g 040 | 976 | 843 | 024 _ 164 | 537 _ 8.56
(059) | (12.10) | (10.56) | (0.43) (14.43) (5.90) (11.12)

0.4g 134 | 1220 | 985 | 067 _ 1460 | 5.48 _ 10.52
(1.93) | (15.56) | (11.82) | (1.31) (19.00) (5.81) (13.10)

05g 305 | 1503 | 1169 | 127 _ 18.46 _ 6.01 _ 12.91
' @.24) | (18.61) | (14.43) | (1.83) (23.40) (7.35) (17.33)
06g 489 | 17.06 | 1301 | 235 | 2182 _ 6.64 B 15.28
: (7.25 | (21.82) | (16.75) | (3.41) (27.93) (8.62) (19.61)

() : Gumbel Type - 2| 90% 2iclig}

- 291 -



2. nFYYHe £4pkE 02t B9 ¢ (B : om)

BGA X|ghojl CHEH ATHed QIFTIBAHIZE AtiH]
Al P1 P2 A2 | A1-S1 | S1-P1 | P1-S2 | S2-P2 | P2:S3 | S3-A2
01 003 | 288 | 252 | 002 | 012 | 341 | 000 | 014 | 000 | 234
19 1 003 | (339) | 299 | (0.03) | ©021) | 408) | ©0.00) | (0.39) | (0.00) | (294
02 005 | 688 | 639 | 005 | 168 | 829 | 012 | 299 | 014 | 639
“0 1 005 | (801) | 787 | 011) | 355) | 9.73) | 027) | (489) | (0.54) | (8.19)
03 012 | 1091 | 1024 | 040 | 439 | 1362 | 255 | 556 | 094 | 965

0.26) | (12.82) | (13.03) | (0.70) | (6.09) | (16.50) | (6.67) | (6.77) | (1.44) | (12.65)
0 039 | 1415 | 1283 | 098 | 527 | 1659 | 323 | 555 | 138 | 1291
49 | 067 | (17.00) | (1535) | (1.99) | 5.43) | 21.13) | (6.48) | (6.88) | (221) | (15.91)

05 111 | 1552 | 1437 | 157 | 933 | 1745 | 410 | 651 | 177 | 1380
=0 | (174) | (1985) | (16.92) | (252) | (1462) | (21.78) | (7.17) | (8.83) | (3.34) | (16.94)
238 | 1781 | 1521 | 234 | 1735 | 1749 | 443 | 726 | 271 | 1425
(3.25) | (23.49) | (18.32) | (357) | (26.12) | (23.82) | (7.53) | (8.76) | (4.60) | (16.13)

( ) : Gumbel Type - 12| 90% Z|CHgk

0.6g

a3 9% /Eude &34 mel slEAASFE 00540 0574 HEso AT wFAlx
o 378 Yl Ro g, nulWFA(ALA2)S RZAWFA(PLP)e 7152 ugAsrt F
NEEE AMFoz @] Fide AYL Hole Aoz JeiWd Ex AFIAEFATY
ARAZR A1S1Atole] $ge JHEE e ul@A LIt S mat 33 Frrdke Aoz
vebgch  ole JtEERA S vl@ASFs F7Mg get S1-P1R-FAAel 9] nlaYd] o 749
2712 Q8 S1-P1AZAAele] AuiATe) ARAHez Fa3dr] WEQA Aeg dddn. wmat
A ZFERA ) vl@AF7 FAEFEE FEFEY GAE S1-P1ALo) A ETE Al-S1AboloA
A 7beAdel L Ao EAHUCG

olae] AB}ZREH ¢ F YRl AW JELH Y viAASF U w TFALTY
AAHA SHEAC] 433 TE AL Hole Ao venth mdea & AFdMe 7ted
e vlFASE 005~059 ¥Hg, 2ALHY PBASFE 01~-099 HHZ o B dIF
ntEASe Hgo] BE P2 ANVSEELL BH%Eh 23 103 29 e ¥y &
Ao Bgg vtEASFE AL ANTF aFANLYDY SH(PGA=03g 0.6g)S UE Ho=,
AEwdy nR@e] HEHe vl@AFd wet gl 4FE Aozt AL ¢ F Uk 2
g 108 2@ 11604 PIREAS P2RFAE 23&4E n23A F& 35 g 23&Le
2EE S SHHE EAE Reg HUANIEE AAFE FAFHA €L o FEAR
AL g gy Jge we Aoz veiygt an AFAFTAL FhAR] ALS1E 7+
ualel mlAASETE TR rt@AFd o URF Ao Jexen, SI-P1e IPTR
eAm e ntRASRgE MR nfdASFd o UwRd Aoz JeEwgth = WlEFE
nAF A o] BAEAS 1A Fe FHo) v AR & Aoz Juyd. o
A wReade ud Aert due dAvbsAdel ddFes & AeE wddn.

- 292 -



Relative Displacement (cm)
Reiative Displucement (cm)
-4

j\N\Z\_H

e O T T T T
005 01 02 03 04 05 005 01 02 03 04 05 005 01 02 03 04 05
Frietion Cosfficlent Friction CoefMeisnt Frietion CaefMicient
(a) A1ZIEA| (b) A2ZIEA (c) P1ZISA

sl

Relative Displacement (cm)
O
1 I

> P08
o T T T [ qunn o cntus cumn Saane o O T T T T
005 01 02 03 04 05 005 01 02 03 04 05 005 01 02 03 04 05
Friction Caefolent Friotion CoefMolent Frietion Coeffiosnt
(d) P2ZXISH (e) A1-S1 fH S1-P1

g 9. JiEEE 4%l olEAITo T SERE (up=05, py=005~05)

20501 i ;;ouw v-‘ \ b ey - ' :-'0.501-‘
i i H .J[ R I
L9 o H Zoelilslzt & 20,
S T T : 5 \“‘\’\ s 3.
: ] ]

HTS H EY ~ 1
0 s = 2P N

s s s R
2oz e £ £o f %0101

3 g H b3t
e o 3 50 | Fou)

010 . b 20
E i e— = =} R GO O MNeEEZEmeem e
E 0 om 0% sk 0% 0W 07 6% DB © 010 0F 0% 040 DM 0% OF 0X 0 S 01D 0 030 0W G GR 0 03 0 S o) 010 2% 040 0% 0 070 0 0%

Priction Coulf. of Flxed Bearings Friotion Coaft. of Pixad Bearings Friction Coatt, of Plxed Bearings Friotion Coof. of Fixed Basrings
(a) P1ZISA (b) P2ZIEH| (c) A1-S1 (d) S1-P1
g 10, WEEAF) oS e SEME (up=01~09, #xy=0.05-05, PGA=0.3g)

g

ca
L.
l
!
Q
t
o |
‘J
e

H

g

g
g

A

[ S & § TN L. S E -
010 020 030 04 0 050 070 0N O 0% 52 0% 04 6% G oM o o 010 020 030 040 050 0K 070 O™ 0% 10 0B 0% 0 G50 0% 0 oM 030
Friction Coafh. of Fixsd Baarings Friotion Coot. of Flasd Saarioge Pricton Coof. of Pod Searings Friotien Coath of Pized Boarings

(@) PIZIEA (b) P2ZIEH| (©) A1-$1 (d) S1-P1
g 11 grdleaFe ool mE SEMY (©p=01~09, £y=005-05, PGA=0.6g)

o
o
3

Friatien Cooffi. n'lonlhllnlh!l
Frictien Coeffi. of Mavable Baarings
Fricties Cosffl. af Bavable Boariags
Fristion Cooffi. ot ¥ llll". llllh’l

0.

6. d&

B d7dMe agA2de] AJAFEP Y& viAe UI® 7HLLEY FEFEL
B £3te] wAELE DB F e BARE AHEHE PLsiHen, AEd AHEYE o8
e mEAl2ge) AWLEFGA viNEe TSN dTE EHIAG

(1) 2 EdRel wa ANHY FFA2HS §do] AR Aolg Roje Aoz v

-293 -



soh. AN &AvE 2T Ffde AIDFAE AT 4 AFAL Fuwds
Z7bste A% Hole Roz Jvehgten, JHAFAL AdAZEE AlSIZFAA 7L
AR & Re g ENHY

2) AR BlBAS(pp=057t AP AL, ASLA) vhBA W 4, =005~0.5)] u}
& 7 AFAY Hudde A2 gadste %L Bow, AFAFAR FdAH=
SI-P1AF A old e A dte ¥, A1SIAFAALolg] $go] 4D Frisle oz
vebgth wEld gme] HArte AL BE&EGAYd nPde s A Jd AlS1AF
Artelol A 71 & RAog Hri=EAG.

() LAY R s GFg nFAFE HEsd HAS A, L& nEAF
wel ol 43 Aol e AoZ gt aAZFAY ddidde ARAwNIS
=7} F1ESE wAEdd 9% diko] & Aoz yehgon, Al-S1AEAALlY A
g nAwe] nhdA st WA, SI-PIRFAY Fee /HEdF e n@dA+ds
of AujAl FEgE we Aoz BAHUY

A9 2

=3
5

0

e

1.

2 d7e AgUgn AIJFTHATAHE T FIHYAT ¢FATAH MY $ 1994
He521 YA RMIYE A2 FPHASE H39 old A =dyn.
d

1A

Dicleli, M., and Bruneau, M.(1995), "An Energy Approach to Sliding of Single-Span Simply
Supported Slab-on-Girder Steel Highway Bridges with Damaged Bearings", Earthquake
Engineering and Structural Dynamics, Vol. 24, pp. 395-409.

Dimova, S., Meskouris, K., and Kratzig, W. B.(1995), "Numerical Technique for Dynamic
Analysis of Structures with Friction Devices", Earthquake Engineering and Structural
Dynamics, Vol. 24, pp. 881-898.

Baltay, P., and Gjelsvik, A.(1990), "Coefficient of Friction for Steel on Concrete at High
Normal Stress”, Journal of Materials in Civil Engineering, Vol. 2, No. 1, pp. 4649.
Horyna, T., Ventura, C. E., Foschi, R. O. and Fan, B. H.(1998), "Shake Table Studies of
Sliding of a Concrete Gravity Dam Model", 11th European Conference on Earthquake
Engineering.

Rabbat, B. G., and Russell, H. G.(1985), "Friction Coefficient of Steel on Concrete or
Grout", Journal of Structural Engineering, Vol. 111, No. 3, pp. 505-515.

A4E, vt 4AFE1999), ‘AUl FEL I AJHFTE Be nFY FAATE
A7, g AMTREEY =53, A124, A3E, pp. 509-518.

AN DT R(19%), "2 ARFATA"

Siddharthan, R. V., El-Gamal, M., and Maragakis, E. A.(1997), "Stiffness of Abutments on
Spread Footings with Cohesionless Backfill', Canadian Geotechnical Journal, Vol. 34, pp.
686-697.

Vanmarcke, E. H., and Gasparini, D. A.(1976), "Simulated Earthquake Motions Compatible
with Prescribed Response Spectra”, M. 1. T. Department of Civil Engineering Research
Report R76-4, Order No. 527.

- 294 -



