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Nonlinear Seismic Behavior Analysis of Skewed Bridges Considering
Pounding Between Deck and Abutment
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/] ABSTRACT /

There are differences in seismic behavior between non-skewed bridges and skewed bridges due to in-plane rotations caused by pounding
between the skewed deck and its abutments during strong earthquake. Many advances have been made in developing design codes and
guidelines for dynamic analyses of non-skewed bridges. However, there remain significant uncertainties with regard to the structural
response of skewed bridges caused by unusual seismic response characteristics. The purpose of this study is performing non-linear time
history analysis of the bridges using abutment-soil interaction model considering pounding between the skewed deck and its abutments,
and analyzing global seismic behavior characteristics of the skewed bridges to assess the possibility of unseating. Refined bridge model
with abutment back fill, shear key and elastomeric bearing was developed using non-linear spring element. In order to evaluate the
amplification of longitudinal and transverse displacement response, non-linear time history analysis was performed for single span
bridges. Far-fault and near-fault ground motions were used as input ground motions. According to each parameter, seismic behavior of

skewed bridges was evaluated.
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1.M2

27 o] WEFE A F7H5H QoL TR g 9 w2l
B 92 502 13 0] 71512 Aol Hanich T A A
Awi= 297 ol T ek, Ame] 4 A s AANE & 2 4
Hofglort Al BT AGTEA wel 1 )4l Ao 9)
ofA] o} 4 e A} 55} BatAo] Hollr

A2 2| 2lef ek sl Al 4o Abiie] 4k Aol Zjol 7}
Qlrh 2 9 2 Qltk o]t A5z olaf Apie] o] mape] 4
ol ool 215k % Tholeh Afne] SIS e AT % W
22} upge] WSkE S7HARICE mEEe] W) %7He Al meh Ao

*Corresponding author: Choi, Kwang Kyu
E—mail: kkchoi@dau,ac kr
(Received April 26, 2016; Revised June 29, 2016; Accepted June 29, 2016)

Ghobarah and Tso[ 1]%= 13 AFah} wzl7|5-8 2ele)s)7] 9fa] o
£ HelS ARESIGITE 252 wEge %3’47}11‘%%194 A e 5 25
of z3tof| ofal] WAYsEAL, Ak ol of%h 1

wRAIsek L A2 Y Ric) Maragakis and Jennings[2]+&= T=egh B 2ElS
ARgSYol, AbZe =17 p i mth Ao o] F-A Eo] Ak o] S A uf

Shhe A28 gk Wakefield etal.[3]2 QA 4] ol weko] 5434
2 de] v A A Hot g} vl EE o] Ate] ofs) AulE Ao
2kl 3530k Meng and Lui[4]= AfaLo] 22652 wzte] A =4
DA =710 A GRS etk 2EE 9812, Meng and
Lui[5]= $4 Aol Al Ao fﬂhﬂzﬂ o] aeolA ] SA= ol of7t A
& HoFIrt. Maleki[6]:= T87F Abalo] A3l AollA] 22| E 4

301



E2 W3k
Shamsabad1[7] = WA HEAF S 2RE-S 7185} $j8 WS v Y
sme) o Bl 8 40l BAS WL TS AN EL )
2 27102 sl Ml AlgtolejalAle Saslaic), 1 AT { it &
& 0z 0] ube-Foll A iakel 514 9 4ol A ugo]
SHA] Q= Wb ARofl A= A 2R R o] ARt RS ATk
Abdel-Monti and Peken[8]+= Ao R 21-3-Ho]| thgl 413 4=35}7]
=

Il el 334 e SEkg A sto], vl 7 s
H “‘*MHLZ E‘*‘Ol *H’L«l Xé@ﬁ& H] dﬁé AJzto]E] v‘?ﬂ%#ﬁgok_uﬂ o
A

L
o
0
=
=

il

£ AHe] Bisto] up 2 UH7Htﬁ’\0#—?—§—Zr—‘oé}01 A}Zl"’] T wEe AEgt
3Ho= 53 gEo| EolR| 1L, Agyle AR 34 9
519 7Fs/dE Eolet Fa3% qEs

Kwon and Jeong[10] 2 gHAJHEZ] © 2 2] X
6]—7] -‘Hﬁﬁ A|HE- APP =

A
Catacoli[11]+= —VEH-X]HP *PEXH?L_J ’GH k=R o]— Akato] 314

3 A 5 e ANy |2 aE AEAE0) HikE 2RI
jui |

o}, et wf] A ARk 9 A wT] AL wed] AY W oY
o2 nEslel, AR R uldE ASS 5he ] AT He]

b St gtk

SN O R o] Roll WThS AR} v Y ATYRAE AT
of melshsi o n), X B4do] Abe] A A vlAI: 9T Blet
7] 91510 Q1 A 52 TeHE 9 A AN FO R TR0 48
Shoteh ZRUE ke ARgsto] Al et )4 AZ1olE s
s o, Alzel wiah 9l Auke el B4l w2 mape] Hfald
S 5 U WENAYF ST BAL RS 53, wehe] of 2t
ok E2.0] SR EA 1 A7) 3] o] ek
P58 MRS 00, o] Foto] 2 me A ) A B Kol

b FAS AR AEAR§-0 2 ol SAke v]41g AL s
s, ol smefe] A wieh FAIEAe] AR E A ukel greb

W0 AMEElE o AR A AR REle Ay, o)F

302

Fig. 1. Linear Model
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Fig. 3. HFD model(Shamsabadi et al.[14])

Table 1. Coefficients of HFD curve for UCLA and UCD abutment

test
Site/backfill type C (kN/cm/m) D (1/cm)
UCLA(granular) 527.0 1.071
UCD(cohesive) 263.5 0.536
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Table 2. Back-calculated coefficients of extended HFD curve

Site UCLA/granular UCD/cohesive
type
H a b a b

(m) | (kNem/m) | (1/cm) n (kN/em/m) | (1/cm) n
1.00 410.6 1.867 1.56 2491 0.8405 | 1.05
1.25 316.6 1.468 1.56 199.4 0.6755 | 1.05
1.50 258.4 1.206 1.56 166.1 0.5637 | 1.05
1.67 230.8 1.073 1.56 149.6 0.5084 | 1.05
1.75 218.5 1.020 1.56 142.9 0.4856 | 1.05
2.00 190.2 0.8836 | 1.56 125.6 0.4270 | 1.05
225 168.7 0.7784 | 1.56 112.2 0.3811 1.05
2.50 152.8 0.6954 | 1.56 101.6 0.3446 | 1.05
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Fig. 6. Modeling of abutment
Table 3. Specification of bridge
Bridge length | Bridge width Deck depth Gap width
(m) (m) (m) (mm)
45 20 2 25
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Fig. 8. Load displacement response of test(Megally et al.[16])
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Table 4. Selected far-fault records

Ground motions Abbreviation | PGA(g)
Chi-Chi(1999) - CHY041 F-CC 0.639
Coalinga(1983) - Pleasant Valley P.P.-yard F-C 0.602
Hollister(1986) - Hollister Diff Array #3 F-H 0.106
Loma prieta(1989) - Hollister - South & Pine F-LP 0.371
Taiwan(1986) - SMART1 002 F-T 0.242
Average response F-AV 0.392

Table 5. Selected near-fault records

Ground motions Abbreviation | PGA(g)
Chi-Chi(1999) - TAP003 N-CT 0.126
Imperial Valley(1979) - El Centro Array #3 N-IV 0.266
Kobe(1995) - Takarazuka N - KTA 0.694
Kobe(1995) - Takatori N - KTI 0.616
Taiwan(1986) - SMART1 M07 N-T 0.254
Average response N-AV 0.391
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Fig. 19. Longitudinal responses by far-fault ground motions
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Fig. 20. Longitudinal responses by near-fault ground motions
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Fig. 25. Hysteretic behavior of shear key with 0° skewed angle
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Fig. 26. Hysteretic behavior of shear key with 40° skewed angle
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