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Fig. 1. The bridge pier status: (a) normal condition (b) after the ground shaking, and (c) after applying the live load.

S U 8) sl s s el il s Lol Olyss 5 Lol
Cr A oAl (Sealys o Sl ado e o pa(LAE s
sl Sty Ol B L s slaaly b3 e S Lol
S e a5 Kl Olas b )3 e 4l 5

Jd}) 40.)\_&.[\J3‘ L;’.?Al-‘i" J-:.k?ﬁ)\ oJLﬂ.T_wle:J}) Lﬁ‘ )J
I35 55 sdor glacaml 1 Gy b 5 S0 st 5 L
it S J xS adals Y Jels Ol ol s pd e 431



VFo¥ JL.«J 4\ D)L&)ojl cYO 092

e Ol pes (plige (s = cole dlns

M =2 M

M, M
I R P i-r NP AP JUPSS O
S pLS a5l e Bl el Sadbolee M5 e
gl Sl Slon (RalS o po e Sl ol 03,15 45
b o3l X iy pealie 5 2 s
093 Cmd B bl p B Uile iy 3 o b dpmslons —Y-Y
olle L
S Sose ol sl Al by SLol el L e
Ao Ol LS5 51 Ml el (hals Sl Oles

Olaw lol 5 ail Jald Sadhy Ol oo b ols .ol

ol OISl 3L iy M

: POSEQ
o ledl Olas o b (P-DELTA [UT 51 306 Oles) Lo
1 ol U O3 S b 5 el 3L Oles b b bl 5o
¥ oadaly ol OM, edSle U Oles b b S e J 28

2 g o Apeloes

SM; =M -M'

postEq

()
A Odmey odias Ol Wil i OM, Sles &3 b S

Je el Blal e JL S b jasie 5 ol ol b b
bl s S5 bl s by Do onl oo o sd sl

e 0l 5L Dlde s (gl 5l dts (SH 58 S0l S
s O s SEL el ull bl o sl

. g

SF _oM; )
L

an =20 ©
Ak

S 8 a3 o5 alralr b b O dal; Sl eslizal U

3oy el o s s b b LS sl e al
sl dsb LU akaly 5o oy e plil e 3 b
ol Syl g e bl wl e 1S o
2 el s ol s (Jlasl 5 @ ey L St (8
e Sl S ad gl SVl e Sl el e 45 550
ol Bl Sealiys o 53 bt o8 8 55 ey ool 03l

£

3mSRl K0 Gl i amr s L (Seles Lo
s L b e LS a0 e sl slaod
S bl s 5 b e Sk (e S gl
d= 60 3 sl o L i Bl Jals Sadly Oles
ol 03,51 V=Y Carud 3 s ol Sl i s e
Jols Lol 0155 (Lol Olyse J,28) p g3 Caad > o
e LS pae Jlhes cd b Ll O 5 Lle e Oluss
e O ool 5 253 on aglie i gr oy Uil 5 S
Db o sl ke ey Sy 53 Slme 03 gdme 5 ()50 L

Sy Olos bl 1 B LL 3 b B araloes -V Y
slawl JBLL plrabr b b alow sl 2o cnl o
o o Dglize sl oles b sdd bl glaal lal (s
S bl (gl S8 e 5 S Son g slas, S
Jdos s 34 e sl sl 3l Saalss okt 51 ey
iy (IM) S 31001 el el pladl el Soaliy
o3l bl gl 5 35 e SRS POA) o5 J e Sl
DBl Cd s 5wl Sy V.N”J'Sta Sl Y (DM) @yl
SLapS s a3l (Saobes ot 353 o 058,85 s o
by ploraslr w5 L e o 55 5555 s ol 0.10
32 M geg 955 3 o Oles SlolE s ¢ Lo Ar,
Ao Oles LSl 5558 oo anmlme Jy a5 o3l O35
Lo ) alasly 555 gr sl oz ol ly Sl Oles L
samam 53y e A lasl 5l AU a5 5l e Oles

Aas e OliS Ty flf A3 edd sbel B KL sbal

M ! = Arl (DLsuperst +; DLcqumnj O )

POStEQ

o= O ol O g 0350 DL DL g ) a2l o

4L_.3L3 S )\ J_.J:L 0> s )L DLCOIumn NG ojl.w)) B 4,3:),9

oo llae s 5l e al L S8 b b ool

)Lﬁl:_.irljj_a)a WJdy ol i v g Lol e o8 Y

Olaw)asily [rals Kawdly oles 0T b blas ol il

b a5l Sy Oloe 51 i (o | phade Sl
(Y o) Wil



LS)LAJ‘ Jt}u 4‘5?;“..0\.) JLA‘).%

S5 o s 3l e sdiscaad m gl bl b cd b ool sl b algnie )

o=l eSS Gl SLA LT Gndle 55 5L L pl a8 Shae s i3 DL L
Pl sl bl 53 HL-93 adis vy SU L Jlis Bt 5150
05 0L Olse 4 0L opl o3 8 K0 s s 55 e alie
23 A sl s ad s 5l s a8 el s a4 sl
Slesalads gl Lol 0L s Olss 4y cciloses glasjle
Jer b dmne ol s Lo g e eslinad 315 51 ny
Sos e Obwyoled s lag oass sla)l Llgn 55 50 e
e ool 530S Jeos | glas Tl 5 iV sl Sl
Sl il il Yl el &l By 5 S, 5l Oleebl gl 5
Db a8 el ol 58 el e 4 S s slee L Ol w
d= il ol Ao L pa el Do 4 il o
Sbdsb sl sl alas Sl a5 LS s e 55 00
O o Sol Sl Ol e B e 22 8 Lol Jles!
53 () g5 aile W) S 0 0L S oo 21 S50
3o 05 Jlest )L () K8 dol - s 8 8 ks
adye g 5Se 5l 0L aS ok st e els Iy S
Nps L Jlasl L () JSo e s el 2 55,05

)}«3& dL«P\ce C,.JVS_)A

- k@v\&wwj\jw\éﬁj@ym
0 JS20 5t oo S a5 2 50 IS LG
AT Sy 03330 L ko Sl et sl e

Sy K Ll Laluly Jslae il alS o Y IS

F

W A

Fig. 2. The equivalent reduced stiffness based on ductility
demand.
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Fig. 3. The condition of the live load due to moving firefighting truck in presence and absence of the eccentricity.
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Fig. 4. Plastic hinge properties change including strength and stiffness reduction of the bridge pier after the primary ground shaking.

WTMCJE_AAJJ&QSLA)‘):{J “:‘ﬂ)u“)&“"ﬁts
‘VSWTC‘}JG-W JJ—";’LS—A OL:J °Ml5\-*{“]~pl“dj‘)‘)‘ L;‘;’L
é\ﬁj_bdﬁ&ﬁwichwiy@m@uﬁwﬁbf”
aS Coul Glaan b e e s Shee hils 2V glajlgs

sY

)'\Md_éd_;qu.o\u)ljﬂ,&wowﬂgjé\ﬁ
SFEMA 306 Lgs 3,100 555 ol sl sl adyl ool
wlaas 5wl canl 215w sla,l ey ¢l FEMA 307

dLaa ol ol ol 53 [21 522 ol esls rl?u.\ oo ol e



d)lad-" JL’?’M cfw\.) JLAJ.Q

S5 o s 3l e sdiscaad m gl bl b cd b ool sl b algnie )

slin 28 o s A e G oo Ay Ll ol s
G| Ail:::)b Lol O\)}JO}@L@J Qb;:@u }de_}bﬁy

[26-23] 0,5

30 th
kp_p,tk et HAPIO  *API2
| AMIL M2
1 KM3 M4
1 +M5 “M6
! oM7 M8
. M9 AMI0
H oMl *MI12
204 | =R300D_¢ =—R500D_¢
: \ wS300D_c X Nosho
| O2CLHI8 ©2CMHIS
1 A2SLHI8 =3CMDI2
1 X3ISMD12
1
1
1
1
1
1.0 =
0.0 . r .
0.0 20 4.0 6.0 8.0 100
1.2 T
[EF sl

0.2

uCS30D % Nosho
02CLHIS ©2CMHI8

A2SLHI8 =3CMDI12
3 0/0,
7y SRR . — L
0.0 1.0 20 3.0 4.0 5.0 6.0 70
(a)

Fig. 5. The curve of the coefficient of strength and stiffness
reduction according to the rotational ductility demand.
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Fig. 6. The time history of the displacement bridge pier with an
aspect ratio of 8 at 0.5g and 1.0g level of shaking.
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bridge pier with an aspect ratio of 8.
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Fig. 8. The allowable moving load on the bridge for different
residual displacements of the pier with an aspect ratio of 8 and
exposed to Los Gatos ground motion ( with and without the
eccentricity of the load).
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Fig. 11. Variation of rotational demand of the pier with an aspect
ratio of 8 in different levels of Los Gatos ground motion and
comparison with a rotational capacity of the section.
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Abstract

When bridges undergo inelastic deformations in near-fault earthquakes, they mostly do not return to the original vertical
direction and undergo significant residual deformations. Even though these bridges have not collapsed, they are mostly not any
more functional in the immediate aftermath of the ground shaking and generally deemed irreparable. These relatively large
residual displacements observed in damaged bridges by near-fault strong ground motions jeopardize the operability of the
bridge after the seismic event partly due to the introduction of the additional moments in the columns induced by the offset of
vertical gravity loads. Therefore, it is of great significance to be able to accurately predict the demand and capacity of residual
drifts for bridges exposed to near-field ground motions for decision-making about their serviceability upon a major seismic
event. In this research, on the contrary to the design code requirements and the previous studies, an analytical model is
proposed which can account for the bridge pier properties and the ground motion characteristics. The proposed model takes the
variation in the stiffness and strength of the bridge pier which is proportional to the incurred damages in different earthquake
shaking levels into account in order for the prediction of permanent drift capacity.

Keywords: residual drift, near-field earthquake, P-Delta effects, bridge serviceability, stiffness and strength variation,
earthquake levels.
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