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Abstract - The bending rigidity required of longitudinal stiffeners in curved steel girders stiffened with single stiffener was in-
vestigated. Bending behaviour of curved girder is different with that of straight girder due to curvature. Therefore, most bridge
design specifications stipulate the required bending rigidity of the stiffeners for the cases where the stiffener is on the side of the
web toward(inside) or away(outside) from the center of curvature, separately. The required bending rigidity in curved girders
versus straight girders was evaluated through material and geometric nonlinear analysis. Yield strength of 355 MPa steel was con-
sidered and aspect ratio of web panel, radius of curvature, and location of stiffeners(inside or outside) were included as major
parameters. The bending rigidity of the stiffeners required in the curved girder was assumed when the same level of flexural
strength in straight girder is obtained. Based on the numerical results, a modified equation for the bending rigidity of the lon-
gitudinal stiffeners against AASHTO LRFD bridge design specifications was tentatively proposed.

Keywords - Curved steel girder, Longitudinally stiffened web, Bending rigidity of stiffener, Location of stiffener, Radius of

curvature, Aspect ratio of web
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Table 1. Coefficients ¢; to ¢4 in Eq. (2)

Steel erade Location of @i C c .
& stiffener  |(x 10%)[(x 103)| 4
Outside | 3.766 | 3.226 | 0.739 |0.108
Fy=235MPa) 1 dde | 2.838 | 0.163 | 0.775 | 0.163
B Outside | 5.362 | 1.549 | 0.818 |0.227
Fy=355MPal 1 Gde | 3286 | -0.464 | 0.800 |0.200




(a) Inside

(b) Outside

Fig. 2. Location of longitudinal stiffeners
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Fig. 4. Required bending rigidity ratio(y) depending on d,/D : F,, = 355 MPa

Table 3. Required bending rigidity ratio(y) by design criteria and corresponding size of longitudinal stiffener: D x ¢, = 2,000 mm %

8 mm, F, =355 MPa

Stiffener: inside Stiffener: outside
d,/D | R (m)
Nakai and Yoo!® Hanshin"”? AASHTO® Nakai and Yoo!® Hanshin"” AASHTO®
05 50 82 x 7.8(12.7) 82 x 7.8(12.7) 67 x 6.4(6.4) 82 x 7.8(12.7) 100 x 9.5(24.7) 70 x 6.7(7.4)
’ oo 82 x 7.8(12.7) 82 x 7.8(12.7) 63 x 6.0(5.1) 82 x 7.8(12.7) 82 x 7.8(12.7) 63 x 6.0(5.1)
10 50 98 x 9.3(23.1) 101 x 9.6(25.5) | 120 x 11.4(44.9) | 98 x 9.3(23.1) | 135 x 12.9(65.9) | 134 x 12.8(64.3)
’ oo 98 x 9.3(23.1) 98 x 9.3(23.1) 101 x 9.6(24.8) 98 x 9.3(23.1) 98 x 9.3(23.1) 101 x 9.6(24.8)
L5 | 50 | 109x104(32.8) | 128 x 12.2(55.4) | 157 x 15.0(107.5) | 121 x 11.5(46.1) | 166 x 15.8(128.9)| 176 x 16.8(156.0)
' oo | 108 x10.3(31.8) | 108 x 10.3(31.8) | 130 x 12.4(57.5) | 108 x 10.3(31.8) | 108 x 10.3(31.8) | 130 x 12.4(57.5)
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Fig. 5. Material model for SM355 steel

Table 4. Parameters for numerical analysis

Parameter Range
Aspect ratio (d,/D) 0.5,1.0,1.5
Girder radius (R) 50 m, 100 m, 300 m, co

Location of long. stiffener Inside, outside

Bending rigidity ratio (y) | Variable depending on aspect ratio
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Fig. 11. Model for analyzing the behavior of
longitudinal stiffener



-
e

13 5l 2JoHH T-THH 2] E= 7%= (ultimate strength)
HHEo] o8 HAA AR U FEl
w19, 0|2 Qls) mAAsL A Wapo s
ol st = Ao =gt
SRR RS0 AAE THA 9] 315
Fig. 11(b)oll AA| 3Tt o171 4 R 222315
SR HE Q13 2lo]chel A tle}u| wate 515 ¢
ol HU=58e FEolEE HARME
HS FaA QAT )5 e ol
But, B 0] a7 AR A9 HAlEHE Faks
FL(EAA ] 7 HASIER), TE BT A2 o
ol A BAFA Rt oz 2710 Hejgo] dAsto ¥
B AoHE 2. o] W FEA] JF HEH2 9
Bodo] @u)7t 242, 121 FE0] 25 A
A7 Tt Fig. 9(a)(F/dH] = 1.0)°l1A R =50 m wff HAFA]
0] 73/g 817130 o] 5ol A o] 2fet dAFo] HSH Ut 12| aL
Fig 10(2)(B/d8] = 1.5)°14 R=50 m¥ wfj 73-gu]7}70 0|3},
=100 m¥ =29 o|5}Y ] o] |5t AAto] EHA5I T
#**7431 A Eof A FHHAA 7} 50 A== F ¢
9] »dlZ Fig. 11(c)oll AAISHAH. o] B9+= FERLE
AT 315 ¢7F BAFA] Aol A 52

1o
o (S gy
5 ol e o

]

H
e,
o

el
bOl' G

i Lo e R
rlr
o &
) :9,4;
oo

2o
L

N
5
ol

_4

=

A 28 8749 dH] A<t

H Ao A= FEAE 355 MPa A S 1 stgic) A
4 ZHAAT A FAdu|of w2 FH B A7 27
SAE ARIel] YoM Bt & FEZ o] 2 QI
B} B0 APgu] gigof| gt Bk A7t B a sirt.
oflA= ¥ HolE & B E B9 4 ¥
A& A 0 & AAfstaL, F& 447 Mol gt
ATE 535+ & T A A 5FLA} 2
4380 A EA 8= EE FAATH | H HAA]
’ 2702 A BAA7 S AAE w= A AT
B E7t 55 ool FEE AHE, Sl AXE
= 2 AAT e 553 R B EE R W= 1 Est
At o] 2R E U8 73| E B71et AIE Table 5]
Yestimarea™ A A SFATE.
4.3.104] 7143} Bk} ZHo] AASHTO 7122-d,/D < 1.0
H Qo A AT o A= BRI ] E73AJo]| =S Ao =
F71=Qle) Wb FAEIE 1.0 7120 2 T A1 Aokt
o} &, 34817 L0 ofslof A=y & A4 0 &, 1.0 010
A= FA AASHTO 7|12S A-L7]2 Aoksic},

A
*é

HI

oY T

oL

q_
A Q
ol

A}
A=
2
T

3

ol

=2

i

)~

7

: o

< d Dt
R A o o e g e EA < 107, = o 24 ()] (50
o 97 Figs. $-10014] & 5 9l5%0] FEHHE0] 4252,
2|3 AR EE L BAFA A3/ E 2200A % 1.0: I, = Dr,, [2.4 <‘Ii)) - 0.13] p (8b)
A AAT | Bls] B=7F @A A= E ol frelth
Table 5. Proposed bending rigidity ratio(y) and corresponding size of longitudinal stiffener: D x f,, = 2,000 mm x 8 mm, F, = 355
MPa
Stiffener: Inside Stiffener: Outside
d,/D | R (m)
YAASHTO Yestimated ypropased YAASHTO Yestimated yproposed
50 67 x 6.4(6.4) 77 % 7.3(10.0) 83 x7.9(13.1) 70 x 6.7(7.4) 91 x 8.1(18.0) 90 x 8.6(17.3)
s | 100 | 65x62(57) | 77x7.3(10.0) | 83x79(128) | 67x64(62) | 86x82(148) | 86x8.2(149)
' 300 64 x 6.1(5.3) 77 % 7.3(10.0) 82 x 7.8(12.5) 64 x 6.1(5.5) 79 x 7.5(11.1) 83 x7.9(13.2)
© 63 x 6.0(5.1) 77 % 7.3(10.0) 82 x 7.8(12.4) 63 x 6.0(5.1) 77 % 7.3(10.0) 82 x 7.8(12.4)
50 | 120 x 11.4(44.9) | 106 x 10.1(29.4) | 107 x 10.2(30.7) | 134 x 12.8(64.3) | 129 x 12.3(56.6) | 134 x 12.8(64.1)
L0 100 | 111 x10.6(34.8) | 101 x 9.6(24.8) | 104 x9.9(27.7) | 120 x 11.4(44.9) | 117 x 11.1(41.0) | 120 x 11.4(44.4)
' 300 | 104 x9.9(28.1) | 101 x9.6(24.8) | 102 x9.7(25.8) | 108 x 10.3(31.8) | 110 x 10.5(33.1) | 108 x 10.3(31.3)
© 101 x 9.6(24.8) | 101 x9.6(24.8) | 101 x 9.6(24.8) | 101 x9.6(24.8) | 101 x 9.6(24.8) | 101 x 9.6(24.8)
50 | 157 x15.0(107.5) | 138 x 13.1(70.0) | 148 x 14.1(88.2) | 176 x 16.8(156.0) | 206 x 19.6(259.0) | 207 x 19.7(262.3)
15 100 | 156 x 14.9(105.3) | 130 x 12.4(57.5) | 140 x 13.3(72.9) | 175 x 16.7(153.6) | 185 x 17.6(182.0) | 178 x 17.0(159.9)
' 300 | 141 x 13.4(74.8) | 130 x 12.4(57.5) | 133 x 12.7(62.6) | 150 x 14.3(91.5) | 148 x 14.1(87.4) | 150 x 14.3(91.6)
oo | 130 x 12.4(57.5) | 130 x 12.4(57.5) | 130 x 12.4(57.5) | 130 x 12.4(57.5) | 130 x 12.4(57.5) | 130 x 12.4(57.5)
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