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Fig. 1. Ramp bridge of Qeytariyeh-Sadr intersection, Tehran
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Table 1. Specifications of the Bridge under study
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Table 2. Group A of near-fault earthquakes (PGV and M are almost unchanged and T, is variable)

Epicentral | Closest PGV _ .
P My T, KT a3 @,
(kim) (kim) {cm/sec}
INg YYI® \A INEAS Yo YermoFireStation Landers \YV) \
Kocaeli, Turkey
fv ARV Yo oy INAS Gebze Y
\YYA
Chi-Chi,Taiwan
f-/0 /A \iid #¥IvY \1id CHYO006 Y
\YYA
Chi-Chi,Taiwan
\# Y/A 4 7YY ¥ TCUO076 ¥
\YYA
Chi-Chi,Taiwan
N4 ' \1la INYAS q TCU087 o
\YYA
Chi-Chi,Taiwan
FAIA AIY \iid OY/A A\R¥AY TCUI134 VYA 4

8,55 sbbixe op )8 50 g o et (T)) aily (Wb 3903 5
) oS Seo359,55, % 1S bl il oo JouS S35
on b G (nl 5o oges dll Jsor S B o 5 bl
3,95 ) Amd ;B .0l Cand 40 0595 ) And A ¢ jlere A ol wolie
bl ] A8 Jpom 51 bl 0,55, 8 ol LS Koo
s S S sloslone 5 (S0 e g asile Bl ol L

ol e b e Olgice Aoy ail azgi b Sl s

)Lum 9o lyaws )‘ NS) Ry S ol dogs u.uL..u‘ U"‘ » l.eroﬁf)

ot asalia loy ) g5 ool ol 1 Lo 2l
3,65, % (Y Jgo) MCE A Jlgic o Jgl 8,95, atwnd 0

y€4

Gles,sS ) A 31 Gy 288 1,8 dolaiul 550 bl anslis
Vo o F Gllo iy 4 2hb maw 0,55, ats § JuS S0
or Sy b Y 08,5 s 5o kg el cpl paiil ge 05 Yo

.J;P@\Mdlp‘s&ujq@ﬁwa?w)o

ooliwl 0,90 13,5 ) Wlasine -V
Gl 2 S Seop 0y dimey sl Sl oy p o
Wwd s Bodow ol Qe plgre 4 (B wgd sl slaky
DVA] S by ansasl )l 5,65, % dcgosme jl Jud sy 8,55,
PGV 15,5 Jlas aw a5 olo fylas o Sladiss .ous 5 Gl



Y&+ U YYY axin Y- JL..J A D)LM OY 0y9d ;).:..5).:.9] U‘)A'c L;»A...Q(c 4.3).“.1

(©3Uiso PGV 3 s Ly 5 51651 5 T,) B o Su05 9,95 aass ¥ Jpoir
Table 3. Group B of near-fault earthquakes (T, and M are almost unchanged and PGV is variable)
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Table 4. Group C of near-fault earthquakes (T, and PGV are almost unchanged and M _ is variable)
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Table 5. specification of DBE Records
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Fig. 2. Scaled acceleration spectrum of two bridges A and B and comparison with the design spectrum obtained from ASCE
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Fig. 3. Field test of a curved horizontally curved bridge
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solizw! L MCE C s MCE B MCE A (DBE s 55, aws aw
24 bgse bl pl pegdle .l ouls ool iuled wiew o>
el o ool tales ez sl eslital b o aasS, 5l oS
Fele 4y cnl ade (Sl G esd (o Gl @36 920
a3 oe ialed |y by (Slee slaggin (B e
slalr &5 sboles g A S8 4 g b

J b lo g | ozl (rdd (5598 jlre (lgrea

FeagBle Ve

S5 503 Gps 8 o> (Jlesl slas T, aws cos A
elals muly b oS ) aws Cow as col o Cueal >
wlos 15 ploale it 5 035 a8 Loy b Job 5 (ol
Glro,sS ) aiws cou a5 cwl b jo pl s o 7y b S
Sl 5o 5 el Sglite L5 s (slel 5 1ol gouly oS S
bge Gl gl (gt g3, 48,5518 Sl ooy b
s Jona s ol 4 s hlos ozas ol plyisn |, e ol
foly S S35 035 3 o5 am sn oL b5 wiends A5 |
als 5yl JuS oo slayially i 4 Cond Ay

9 gl (IS s el oo oyl )l pl ks aSgemsan wails

Yoo

Jom adje Jlyeo slolss a5 cwl ool las aidS wlabss

o8l 6 S i Sl 4 (Bl g8 Syl sbady jo @SB jsmme
aalg ol p3lSe cpl ot caw ol cnl 5 Y2 ¥0] ol s
Olazis 5 VYT YWY s plas Gy sloe Jime;
e 0SS 3 s Al e bgiu a5 wols olas [Al VYAV
kol 035 90 (O3S slady 10) (g (Sl CwSd g
Gz ol o ejl gl eanled lsteas by (pdamy S
Foo omym 0yse Sl o j (258 CES JE cuy 39
Fagle Voo Glie 4 ad e glrala b cnlpls wal e il
e Bilgi oo 33,5 0 g)B gty (g5, 5l abye S8 35
Voo S gl Wos S e g5, 5l abye G555l «
Olye @ bpgin plad (39 JLSh @ 4z g b 4l e (5l

Lol ool a8 5 ka3 o b adye (i g8 slxe

AJJ )Q M).C Jas.ﬂ.w Gw)ﬁ*\*a
dlfAL}M)ssgl}uliaHrSlpwiL.aAJ&)o



Y&+ U YYY axin Y- JL.J A D)LM OY 0y9d ;).:..5).:.9] U‘)A'c L;»A...Q(c Ai).uu

00— 1o MCEA
T80 | 180h ‘
2
Z 60 | 601
= 3 :
g 140t
2
3
4 20,
i i 0 standard deviation
100 - ‘ -1
~ MCEB 00 MCE C
T 80 | 80f
< l : ;
2 60 1 60}
- | : @< @O
< H H H m m m
=40 40t AO OO
f'.»; g . = = =
= 1 20} E
i : ~ |~ — each Record
oL : : 1 CTTTT "7~ |—average Records
Abut Coll Col 2 Col3 Abut Coll Col 2 Col 3

A adye Sl glaly Sl (Sile A s
Fig. 8. Average maximum lateral displacement of deck for Bridge A

ol ezl gl asliul b 5 sy, 5l o e 4 by
e ol e i g ol 5B e el and asls
oled 1) b Sl lagsiw (B8 jeme 5 e Ble a4
SO (0
i Jsb Gl b A USE 0 dsel oty gl elad s
aws Co A b b awslio 0B L ad e il olals &l
Y/t 55 4 MCE C y MCE B MCE A DBE lgs,s5,
Sl 45 sl o] Ko A 0,5 e iy VYO 5 VIF IV
VY s ¥IY o5 4 MCE C s MCE B ,o 38l ol 45 _Jl> 5o
ol i Ty ey 536 o Jobo Gl b cnl b el ol
wnd 25 oy ol s oo GIPl S i 925 4
S A U i 3l & agoge oLas MCE C 5,
Ot PGV Sl (izmen ol 5226 ol sy o
i 5o oS glis ol b eclo aslss 98 aslty inljily 1, il
Sl 55 (b law 9,55 ) s co ad e s Jeily B

(S5 5o 1 5,5 o S5 Ll il o5 el oo
Orzred 5 ilr plralr mul LW (l38l g, p JuS S0y
o i MCE B 0,65, ats cos .ol 5o s adye ofy0
PGV ol plpln ol oo cans @ jlre 5l Blpul olis
i b S ploa casls aales A guly 5 1) b i
Gl 0 1) Ol yiin 3,55, atws ol ;o PGV pdl )l
2 5elb Gl S Gliee Sl 095 45 s ald g3 )55
Al (1 Sile ail oo S0 sl el )b b avslie Ho gl s
o555 039 52 ol Jane Sl 5 ae il lralr
g VIFF dg0 0 i 4 b E.‘a.w =L awwslas o S

Bk ;s adse by gy -Y-0
Bk ase ilr Ol s Sl oSl @ S 0
LMCE C s MCE B MCE A DBE 5,55, atus aw sl p

s ol edle cwl and asls ioled wiew LSl aslaldl

vol



YE+ UYFY docio VFre Jlo ) ojleid @Y 093 (puS puol ()l yos (awidizs 4 puls

320 - r<
200 Unseating Line DBE ,~\M(,E A// AN
280 P N ¥,
= 7 NN
E 160 240 /// \\\//i/ . » N
o 200 Uncexﬁ;l/oLine/’f\ // [N B
»n , ; N\
= / SN
E 120 160 y ///// —~ N\,
< L / /// \\\// \
g 80 120 §y o \\-
3 8ol-—-/ SRR S T
— __ AN
40 =i B N
40 ffi ATTTET T ~=
0 0 standard deviation
320 o
MCE B e S Unseating Line  MICE C
280 ‘ 2L
S i 160
o 200 Unseating Line' //
a T 120
_— 80
Y I S = e S N
A~ T ==||—eachRecord
. = TTTTT77 Ts==-|—average Records

0
Abut Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 Abut Col 1 Col 2 Col 3 Col 4 Col 5 Col 6

B 4 adpe ilr glrals Sl (x0le A b
Fig. 9. Average maximum lateral displacement of deck for Bridge B

12 Bridge A 19 Bridge B
5 1 10
=08 10.8¢
=S
04 10.4 - = ® »
0.2 ¥ lo2t T ®
+ & ' H w n 8
0 : + 0 ‘
1.2 ‘ ‘ 1.2 : :
= ---cracking torsion
S 1 1 -+ DBE
: T
2087 10.8 ¢ O MCE C
=
_E 0.6 1061
S04 104} * 0 5
S02| lo2r & * & *
0 0] ‘ ‘ : : ‘
Col 1 Col 2 Coll Col2 Col3 Col4 Col5

(b sloze Syl olyon ) B g A Uy (Sl s ygim (S S S Ta> (koo N0 JSC2
Fig. 10. Mean maximum torsional of middle columns of bridges A and B (with results of standard deviation)

2ol ke 5l Glysl g b adye Ll olals @Sl . Sika &b MCE B g MCE A 5,55, atus Cox 45 g0k b oo
2 ey a (Hhb phe @ L awlie jo oS S0y oe Lol Zesly @ S (g B3y 2 28,5 18) 4l e sl

09"‘"“(5“)")" \/fj\’/\? 09& .J.o;(so ﬁ‘).g Y/f 9Y s-3}: O (‘\st L)i’j))-f 4-*5; )‘)9) M}‘

yov



Y&+ U YYY axin Y- JL.J A D)LM OY 0y9d ;).:..5).:.9] U‘)A'c L;»A...Q(c Ai).uu

o aabled Wil co Baizs Cpl 50 adel Canots s IV .l
Iy asel Comods loadl 13 .asl (28l wgd sl)lo slo by gl
POyedy p) Oypeds Gl o

G s 8 o sl sl Jsb Gl O
b Gaioss nl ;o aSs5m0ia 30,5 o0 4l 90 Lo 4z g5 LB
Ad S Ao Gl Jeily e YV B AL 51 L Job o33l
Sl LAY 5 LYA sga> o <55 4 MCE 4 DBE o5,
s> ey b e g BDle Sl gl al 5 esdle o
S lel o adge badu Jaily 1) Cavn 595 adlsS oS4 ST

S5 o395 sloes Jime; ool sl 4w il gy (Y
eSS el asle las 88l el slls o b Al p JuS
st Ot JuS Kooy sloos Jone; yo PGV il )y
45 shol it a o el s o 5 55 ool el
o35> ely 5o 1) BB (e PGV jloke o JuS o35 05>
aledon Ll (B8l ugd shils slady S

gl Ty el 5l sl consy s ol 5 (Y
S Climn &y sk Gl L 8l o s sl
Bl b sl slady Jsb Gl L Bl 5o e Sl
S0 3y lle S a5 wlige T3 5 e sl 090
3! i s Gl egsoly 5 T 5ol 558 ol s oo
b e

w..j u.').«.u...».! aS Cowl aols uLAMJ u.».u.u.».’ le.ﬁbe)).lu...a) (f
adye Sligs o9 wnais Pl o (Bl wgd Lo slady 4 as )y
asel Consay Fewly o5 polie 4 axgi b g (uleol (pl 5wl ands
9> G 1y b ogg opl (b ol oo DBE 5,65, atis cow
ol ol b slea s S5 el 5 el ol

&zl

[1] J.R. Association, Specifications for highway bridges, part
V Seismic design, (28 (2002.

[2] P.C. Jennings, Engineering features of the San Fernando

earthquake of February 1971) ,1971,9).

Loy 4 40l o] (g0 -¥-0

S oo i S Sl (Sl VeSS 5
055y dnd dw lp @l Jlre Bl oo 4 B g A Ly
el a0l asls il MCE C ¢ MCE B MCE A .DBE
97 5 gt (giomy S eolie IS0 Gl 5o @36 slajsme
oor Ol Soz 4o el 1) Sl slaggie (A
S lske 4 bagygin (59, (am S Sl polie @bs e
el a3 Jlo glake (S35 ) o iy

@l el e Al (b e e s wiles
S ekl Ly boysi oy A Ly 50 a5 coul o] asigoples
Sao3 0je> o ohst @l B b 5o 5 b Job Gl L e
o S by Jsl oste 5o b ks BB Rl JuS
4 MCE C y MCE B MCE A DBE (lgs,55, 4ieas sl
Jsbs 5 s oo ial33l iy VE o YIY Y10 OIVA Sea> 55 oo
A VTV g0 50 JuS Seo3s 0j9> 50 Gl Gl (eSle
O gl Hog oy @l (nl Cosal Pl OIS 1S el
oiie Jy Jsbo Gl b oS cl (5 jelne (gi) Loy Jf
ool onl edlioe Gialidl it bapsin [0 b anglio 5o o
oBoeris Jo> Jy adye oo Lo Al asngoplas plys o
Shes ln Lo ooy b dob RIB1 L calple cils dles
bse ShalEl dgS olSiants Jore 5l g (5B jeme Js adiye

L aS opi e asalin B g Ay Lo Sl b avlie 5o
MCE A (sl 55, ats o5 oxs Sl Y5l y Jobo )33
US4 lagygiw 4z y2 L 50,00 1, ol e i MCE B
Cilpby lise SR i Lol e Bl il 3 SGo3s
Gl L 86 et Ty s PGV (sl el s i @
dsS olienis Jo> adye olyes Jemsly 15 lapygin by

ks vl

& 35 4 —F
Gl dols lad s gloo) Jipme Al g a5 b len
wais 1,0 88l wgd Lo slady 4 ad,ly ] oy i aS
Slaplile crge a5 [YA LA-V] coil asgy aiie Jlygo o0

YoA



YE+ UYFY docio VFre Jlo ) ojleid @Y 093 (puS puol ()l yos (awidizs 4 puls

box-girder bridge: Jacksonville, Florida, Transportation
Research Record: Journal of the Transportation Research
Board, (186-178 (2004) (1892.

[14] D. Huang, Full-scale test and analysis of a curved steel-
box girder bridge, Journal of Bridge Engineering, (5)13
500-492 (2008).

[15] PG. Somerville, N.E Smith, RW. Graves, N.A.
Abrahamson, Modification of empirical strong ground
motion attenuation relations to include the amplitude
and duration effects of rupture directivity, Seismological
Research Letters, 222-199 (1997) (1)68.

[16] P.G. Somerville, Magnitude scaling of the near fault
rupture directivity pulse, Physics of the earth and planetary
interiors, 212-201 (2003) (4-1)137.

[17] P. Spudich, B.S. Chiou, R. Graves, N. Collins, P.
Somerville, A formulation of directivity for earthquake
sources using isochrone theory, US Geol. Surv. Open-File
Rept, 54 (2004) 1268.

[18] J.W. Baker, Quantitative classification of near-fault
ground motions using wavelet analysis, Bulletin of the
Seismological Society of America, -1486 (2007) (5)97
1501.

[19] M. Sasani, V. Bertero, Importance of severe pulse-type
ground motions in performance-based engineering:
historical and critical review, in, WORD CONFERENCE
ON EARTHQUAKE ENGINEERING, 2000.

[20] V. Phan, M.S. Saiidi, ]J. Anderson, H. Ghasemi, Near-
fault ground motion effects on reinforced concrete bridge
columns, Journal of structural engineering, (2007) (7)133
989-982.

[21] P.G. Somerville, Development of ground motion time
histories for phase 2 of the FEMA/SAC steel project, SAC
Joint Venture, 1997.

[22] P. Kavianijopari, Performance-based seismic assessment
of skewed bridges, University of California, Irvine, 2011.

[23] K.R. Mackie, K.J. Cronin, B.G. Nielson, Response
sensitivity of highway bridges to randomly oriented multi-
component earthquake excitation, Journal of Earthquake
Engineering, 876-850 (2011) (6)15.

[24] A. Ghobarah, W. Tso, Seismic analysis of skewed

Yod

[3] R.R. Wakefield, A.S. Nazmy, D.P. Billington, Analysis of
seismic failure in skew RC bridge, Journal of Structural
Engineering, 986-972 (1991) (3)117.

[4] B. Singh, S. Chakraverty, Flexural vibration of skew plates
using boundary characteristic orthogonal polynomials
in two variables, Journal of sound and vibration, (2)173
178-157 (1994).

[5] G. Watanabe, K. Kawashima, Effectiveness of cable-
restrainer for mitigating rotation of a skewed bridge
subjected to strong ground shaking, in: 13th world
conference on earthquake engineering, 2004, pp. 6-1.

[6] Y. Zuo, G. Sun, H. Li, Response analysis of curved bridge
with unseating failure control system under near-fault
ground motions, in: IOP Conference Series: Earth and
Environmental Science, IOP Publishing, 2018, pp. 022065.

[7]1 E.V. Monzon, C. Wei, 1.G. Buckle, A. Itani, Seismic
response of full and hybrid isolated curved bridges, in:
Structures Congress 2012 ,2012, pp. 612-603.

[8] W. Yen, G. Chen, M. Yashinsky, Y. Hashash, C. Holub,
K. Wang, X. Guo, Bridge Lessons Learned from the
Wenchuan, China, Earthquake, Transportation Research
Record: Journal of the Transportation Research Board,
(108-102 (2010) (2202.

[9] M. Abbasi, M.A. Moustafa, Effect of Shear Keys on
Seismic Response of Irregular Bridge Configurations,
Transportation Research Record: Journal of the
Transportation Research Board, (165-155 (2017) (2642.

[10] M. Amjadian, A. Agrawal, Torsional response of
horizontally curved bridges subjected to earthquake-
induced pounding, in: 16th World Conference on
Earthquake Engineering, 2017.

[11] A. Banerjee, A. Chanda, R. Das, Seismic analysis of a
curved bridge considering deck-abutment pounding
interaction: an analytical investigation on the post-
impact response, Earthquake Engineering & Structural
Dynamics, 290-267 (2017) (2)46.

[12] C. Heins, W.H. Lee, Curved box-girder bridge test: field
test, Journal of the Structural Division, -317 (1981) (2)107
327.

[13] D. Huang, Field test and rating of Arlington curved-steel



Y&+ U YYY axin Y- JL.J A D)LM OY 0y9d ;).:..5).:.91 U‘)A'c L;»A...Q(c Ai).uu

589-577 (2015) 100.

[30] J.K. Kim, I.-H. Kim, H.-W. Lim, J.-H. Lee, J.-H. Lee,
Cyclic Loading Test of Bridge Pier Models without Seismic
Detailing, in: Eighth East Asia-Pacific Conference on
Structural Engineering and Construction, Singapore,
Singapore, 2001.

[31] M.N. Priestley, E. Seible, G.M. Calvi, Seismic design and
retrofit of bridges, John Wiley & Sons, 1996.

[32] A. Shamsabadi, M. Kapuskar, G.R. Martin, Three-
dimensional nonlinear finite-element soil-abutment
structure interaction model for skewed bridges, in: Fifth
National Seismic Conference on Bridges & Highways,
2006.

[33] ].D. Cooper, .M. Friedland, I.G. Buckle, R.B. Nimis, N.
McMullin Bobb, The Northridge earthquake: progress
made, lessons learned in seismic-resistant bridge design,

Public Roads, 1994) (1)58).

highway bridges with intermediate supports, Earthquake
Engineering & Structural Dynamics, 248-235 (1973) (3)2.

[25] A. Abdel-Mohti, G. Pekcan, Seismic response of skewed
RC box-girder bridges, Earthquake Engineering and
Engineering Vibration, 426-415 (2008) (4)7.

[26] ].Y. Meng, E.M. Lui, Seismic analysis and assessment of
a skew highway bridge, Engineering Structures, (11)22
1452-1433 (2000).

[27] E McKenna, G. Fenves, M. Scott, Open system for

simulation,

earthquake
California, Berkeley, CA, (2000).

engineering University of

[28] S. Caltrans, Caltrans seismic design criteria version 1.6,
California Department of Transportation, Sacramento,
(2010).

[29] M. Khanmohammadi, S. Heydari, Seismic behavior
improvement of reinforced concrete shear wall buildings

using multiple rocking systems, Engineering Structures,

DOI: 10.22060/cee}.2018.14386.5640

S. Heidari, M. Gerami, Investigating the Effect of Near-Fault Earthquake Parameters on the
Behavior of Horizontally Curved Bridges, Amirkabir J. Civil Eng., 53(1) (2021) 247-260.

o2 gyl dlio (n) 4 4gSy

At



