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Abstract Although distortions of horizontally curved box girder are more susceptible than which of the straight girder
due to curvature effect, current domestic design standards does not present spacing of intermediate diaphragms for
the curved box girder. In this study, parametric studies for straight and curved box girder considering distortional
warping normal stresses based on linear finite element analysis were carried out. Single span curved girders were
chosen for analysis based on current domestic bridge data with 1-6 of solid intermediate diaphragms, 0-30 degree
of subtended angle, 30m and 60m of span length and 2-3m of flange width and web height. The adequate spacing
of diaphragms for the box girder were suggested considering subtended angles and bending and distortional warping
normal stress ratios with 5%, 10%, 15% and 20%. The analysis results were also compared to a current design
standard and suggested spacing of diaphragm were evaluated.

Keywords : Box girder, Curved bridge, Distortion, FEM, Spacing of diaphragm
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2.1 AASHTO LRFD Bridge Specification 2012

AASHTO LRFD Bridge Specification 2012[2]¢llA]
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AAER A dow, A 142 40ft(12.2m)
BreE st gtk FAE"HA 99
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2.2 AASHTO Guide Specification for Horizontally
Curved Steel Girder Highway Bridges(2003)
AASHTO Guide Specification for Horizontally
Curved Steel Girder Highway Bridges 2003[1]°1A4 &
HEY ] B 10% olut IS s 9o
o, o] 7H4L om= At gl

Ly < 30ft(=9m)
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Fig. 2. Box girder model of simple span. (a) Elevation
(b)Section A-A [2]
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Fig. 3. Distortional warping normal stress according to
the flange element numbers(N).
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Table 1. FEA model discriptions

—_ 100
L(m) B(m) H(m) tf(mm) tw(mm) g
50
Case 1 30 2 2 10 10 s
: 0
Case 2 60 2 2 10 10 g" =
ag -50
Case 3 30 2 2 20 20 =2
-1
Case 4 60 2 2 20 20 _i 2 00
£ & -150
Case 5 30 3 3 10 10 e “
Case 6 60 3 3 10 10 5 20 -
ase > 2 —+—Subtended Angle(Deg)=0 —— Subtended Angle(Deg)=5
Case 7 30 3 3 20 20 5 -250 ——Subtended Angle(Deg)=10 —— Subtended Angle(Deg)=2
2300 —o— Subtended Angle(Deg)=30 —o— Subtended Angle(Deg)=4
Case 8 60 3 3 20 20 Span length(m)

Fig. 6. Distortional warping normal stress with one of

wg waAE e HEY e FEZAZ e 59 intermediate diaphragm along the span length -
o= _ = Case 3
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o, oju] F3F tololm e FIHACR 16715 e ERIRE
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o S
s 0
52
Y Y £ 5
@
= §-10
-
£ “-15
€ &
H=2m H=3m é -20 —+— Subtended Angle(Deg)=0 —*— Subtended Angle(Deg)=5
X - =25 —=— Subtended Angle(Deg)=10 —— Subtended Angle(Deg)=20
X a
30 —o— Subtended Angle(Deg)=30 —o— Subtended Angle(Deg)=40

. , Span length(m)
Bf=2m ).—.{
Bf=3m Fig. 7. Distortional warping normal stress with five

Fig. 5. Cross sections for parametric studies. intermediate diaphragms along the span length
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Table 2. 0aw/0, stress ratios of Case 1 Table 7. 04aw/0y stress ratios of Case 6
LdL Subtended angle(Deg) LdlL Subtended angle(Deg)
0 5 10 20 30 0 5 10 20 30
0.14 - 2.9% 3.4% 5.0% 6.7% 0.14 - 2.9% 3.7% 5.4% 7.3%
0.17 2.5% 3.3% 7.0% 5.6% 7.3% 0.17 2.6% 3.7% 4.9% 7.4% 10.0%
0.2 4.1% 5.3% 9.0% 9.2% 11.9% 0.2 3.8% 5.5% 7.4% 11.2% 15.2%
0.25 8.8% 10.9% 13.1% 13.5% 18.0% 0.25 4.8% 7.7% 10.7% 17.0% 23.4%
0.33 13.1% 17.2% 21.0% 29.6% 38.0% 0.33 12.7% 18.2% 24.0% 35.5% 47.1%
0.5 28.4% 38.1% 47.9% 67.6% 87.2% 0.5 28.7% 41.9% 55.4% 82.4% 103.8%
Table 3. 0aw/0y stress ratios of Case 2 Table 8. 0aw/0p stress ratios of Case 7
LiL Subtended angle(Deg) LdL Subtended angle(Deg)
0 5 10 20 30 0 5 10 20 30
0.14 - 3.4% 4.9% 7.8% 10.7% 0.14 2.7% 3.5% 6.0% 6.8%
0.17 2.4% 4.4% 6.5% 10.6% 14.6% 0.17 3.5% 3.4% 3.6% 4.6% 6.5%
0.2 3.6% 6.6% 9.6% 15.6% 21.7% 0.2 4.7% 4.8% 5.3% 7.1% 9.4%
0.25 8.5% 9.3% 14.1% 23.6% 33.3% 0.25 9.1% 9.5% 10.6% 12.7% 15.0%
0.33 12.1% 22.6% 28.9% 45.9% 62.6% 0.33 13.3% 15.1% 17.5% 22.3% 27.4%
0.5 23.4% 40.0% 56.8% 90.4% 123.7% 0.5 28.1% 33.5% 39.6% 52.0% 64.8%
Table 4. 0aw/0b stress ratios of Case 3 Table 9. 04w/0, stress ratios of Case 8
LilL Subtended angle(Deg) LiL Subtended angle(Deg)
0 5 10 20 30 0 5 10 20 30
0.14 2.78% 3.34% 4.92% 6.52% 0.14 - 2.8% 3.6% 5.3% 7.0%
0.17 2.8% 3.2% 4.4% 5.5% 7.4% 0.17 2.7% 3.8% 4.8% 7.2% 9.7%
0.2 4.0% 5.2% 6.5% 9.0% 11.5% 0.2 3.6% 5.4% 7.3% 11.0% 14.8%
0.25 8.5% 10.7% 12.8% 13.2% 17.5% 0.25 8.5% 10.5% 14.5% 16.7% 22.9%
0.33 12.6% 16.7% 20.8% 29.0% 37.0% 0.33 12.0% 17.5% 23.3% 34.6% 45.8%
0.5 26.3% 35.8% 45.2% 64.0% 82.5% 0.5 25.8% 38.3% 51.1% 76.5% 94.5%
Table 5. 0aw/0b stress ratios of Case 4 Table 10. Spacing of intermediate diaphragms considering
Subtended angle(Deg) various Ogw/Op stress ratios for actual bridge
LdL 0 5 10 20 30 data ranges.
0.14 - 3.4% 4.8% 7.7% 10.6% Stress Subtended angle(Deg)
017 | 23% 43% 64% 104% | 145% atio 0 5 w20 | 30
0.2 3.4% 6.4% 9.4% 15.3% 21.3% (Ow/ Straight
0.25 43% 9.0% 136% | 229% | 323% %) | girder Curved girder
0.33 10.6% 18.4% 26.0% 41.6% 56.9% ' T T T
0.5 14.7% 26.4% 38.2% 62.0% 86.2% S |Li= 5L L= gL|Li= L - -
10 | Ly= L) Ly= %Le Ly= %Lt L= %Le N
able 6. 04/0b stress ratios of Case
Table 6. oaw/0p st tios of Case 5 1 1 1 1
15 Ly= 5L |Ly= L | Ly= L |Ly= L | L=~ L
LiL Subtended angle(Deg) 4 4 6
0 > 10 20 30 20 Ly= %Le Ly= %Le Ly= L |Lq= L |Ly= L.
0.14 2.8% 3.6% 5.2% 7.0%
0.17 3.1% 3.5% 3.7% 4.6% 6.7% Where, L(j =effective girder length
0.2 4.9% 4.9% 5.4% 7.3% 9.8%
0.25 5.7% 6.3% 7.3% 9.8% 12.8%
0.33 14.0% 15.6% 17.9% 23.2% 29.2%
0.5 29.7% 34.8% 41.0% 54.5% 68.9%
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