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Abstract - Bending rigidity required of longitudinal stiffeners in high-strength HSB460 and HSB690 steel curved girders with
singly stiffened webs was numerically investigated. Due to curvature, bending behavior of curved girder is different with that of
straight girder and flexural strength varies depending on the location of stiffeners: on the side of the web toward(inside) or
away(outside) from the center of curvature. Therefore, AASHTO LRFD bridge design specifications stipulate the bending rigidity
of stiffeners in curved girders depending on the location of stiffeners separately. The required bending rigidity in the curved girders
was evaluated through material and geometric nonlinear analysis in this study. Aspect ratio of web panel, radius of curvature, and
location of stiffeners(inside or outside) were included as major parameters. Based on the numerical results, a modified equation
for the bending rigidity of the longitudinal stiffeners against AASHTO code was proposed to include high-strength steel girders
up to yield strength of 690 MPa.
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Table 1. Dimension of girders (Unit: mm)

SM355 ZAE 27 AATSFHT. Steel HSB460 HSB690
900 Web (D x t,,) 2,000x9 2,000%11
800 S HSB690 Flanges (by ) 400x25 40030
700

HSB460
= 600 // Table 2. Parameters for numerical analysis
E 500 || SM355 _no yield plateau SM355
é 400 ,;;:;:;;//// Parameter Range
“ 300 -
Aspect ratio (d,/D) 0.5,1.0,1.5
200
100 Girder radius (R) 50 m, 100 m, 300 m, co
0 Location of long. stiffener inside, outside
0 0.02 0.04 0.06 0.08 0.10

Strain

Fig. 2. Material models

variable depending on

Bending rigidity ratio (y) aspect ratio
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Fig. 3. Configuration of girder model
(d,/D = 1.0, R =50 m, stiffener: outside)
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Fig. 4. Example of deformed shape (partial view):
HSB690, d,/D = 1.5, R = 50 m, stiffener = outside,
y =150 (bs X t;=207 mm % 24.7 mm)
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Table 3. Bending rigidity ratio(y) and corresponding size of longitudinal stiffener: HSB460 girder
Stiffener size (mmxmm): inside Stiffener size (mm>mm): outside
d,/D | R (m)
YAASHTO Yestimated Yproposed YAASHTO Yestimated yproposed
50 71%6.9(6.0) 83x8.0(10.0) 89x8.8(13.1) 74x7.2(6.9) 91x8.9(14.0) 96%9.4(16.8)
0.5 100 69%6.8(5.6) 83x8.0(10.0) 88x8.7(12.7) 71%6.9(6.0) 90%8.8(13.5) 93%9.0(14.6)
’ 300 68%6.7(5.3) 83x8.0(10.0) 88x8.6(12.5) 69%6.7(5.4) 86%8.3(11.3) 90x8.7(13.1)
© 68%6.6(5.1) 83x8.0(10.0) 88x8.6(12.4) 68%6.6(5.1) 83x8.0(10.0) 88%8.6(12.4)
50 127x12.5(42.2) | 108x10.6(24.8) | 115x11.1(30.0) | 142x13.8(59.7) | 126x12.2(40.2) | 142x13.8((59.7)
L0 100 | 119x11.5(33.5) | 108x10.6(24.8) | 112x10.8(27.4) | 127x12.5(42.2) | 120x11.7(34.5) | 127x12.5(42.2)
’ 300 | 112x10.9(27.7) | 108x10.6(24.8) | 110x10.6(25.7) | 115x11.2(30.6) | 114x11.2(29.7) | 115x11.2(30.6)
© 108x10.6(24.8) | 108x10.6(24.8) | 108x10.6(24.8) | 108x10.6(24.8) | 108x10.6(24.8) | 108x10.6(24.8)
50 | 169x16.4(105.5) | 141x13.8(59.2) | 158x15.3(84.9) | 189x18.4(153.5) | 183%17.9(137.4) | 196x19.1(172.6)
15 100 | 167x16.4(103.1) | 140x13.6(57.5) | 150x14.5(71.2) | 187x18.2(148.7) | 166x16.2(100.8) | 187x18.2(148.7)
’ 300 | 150x14.7(72.7) | 140x13.6(57.5) | 143x14.1(62.1) | 160x15.5(87.9) | 152x14.8(75.3) | 160x15.5(87.9)
© 140x13.6(57.5) | 140x13.6(57.5) | 140x13.6(57.5) | 140x13.6(57.5) | 140x13.6(57.5) | 140x13.6(57.5)
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Table 4. Bending rigidity ratio(y) and corresponding size of longitudinal stiffener: HSB690 girder

Stiffener size (mmx>mm): inside Stiffener size (mmx>mm): outside
d,/D | R (m)
YAASHTO Yestimated ypraposed YAASHTO Yestimated }/prop()sed
50 78%9.3(5.9) 96x11.4(12.0) 98x11.6(12.9) 80%9.6(6.6) 104x12.4(15.7) | 105%x12.4(16.0)
05 100 76x9.1(5.5) 96x11.4(12.0) 98x11.6(12.7) 78x9.3(5.9) 100x11.8(13.6) | 102x12.2(14.2)
’ 300 75%9.0(5.3) 96x11.4(12.0) 97x11.6(12.5) 76x9.0(5.4) 96x11.4((12.0) 99x11.8(13.0)
o0 74%8.9(5.1) 96x11.4(12.0) 97x11.5(12.4) 74x8.9(5.1) 96x11.4((12.0) 97x11.5(12.4)
50 137x16.4(39.1) | 119x14.2(24.8) | 125x14.9(29.1) | 151x17.9(53.3) | 139x16.6(41.0) | 151x17.9(53.3)
10 100 | 128x15.4(31.9) | 119x14.2(24.8) | 122x14.6(26.9) | 137x16.4(39.1) | 134x16.0(36.4) | 137x16.4(39.1)
’ 300 | 123x14.6(27.2) | 119%x14.2(24.8) | 120x14.3(25.5) | 126x15.0(29.5) | 125x14.8(28.8) | 126x15.0(29.5)
o0 119x14.2(24.8) | 119%x14.2(24.8) | 119x14.2(24.8) | 119x14.2(24.8) | 119x14.2(24.8) | 119x14.2(24.8)
50 | 186x22.2(105.5) | 154x18.4(57.5) | 170x20.4(79.9) | 209%25.0(153.5) | 212x25.2(160.0) | 216x26.0(172.6)
15 100 | 180%21.4(94.8) | 154x18.4(57.5) | 163x19.5(68.7) | 200%23.8(132.1) | 188%22.5(109.8) | 200x23.8(132.1)
’ 300 | 164x19.6(70.0) | 154x18.4(57.5) | 157x18.9(61.3) | 172x20.5(82.4) | 164x19.6(70.0) | 172x20.5(82.4)
00 154x18.4(57.5) | 154x18.4(57.5) | 154x18.4(57.5) | 154x18.4(57.5) | 154x18.4(57.5) | 154x18.4(57.5)
d, o101 = D | d\?2 013 (vield plateau)o] EA|ot= LRFFH(SM355)0] thet A=
p 2= P 24(g) —OB) P B mejetnat sp) holet. 4 (R)2RE YT B
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w
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