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Analysis of shear stress for curved composite steel box girders with
corrugated webs based on theory of shells of revolution

YAO Chang-wei , WANG Chun-sheng”
(School of Highway, Chang’ an University, Xi’an 710064, Shaanxi, China)

Abstract: To accurately calculate the vertical shear stress of curved composite steel box girders
with corrugated webs and quantify the contribution of each component effect, a calculation
method of shear stress was proposed, which simultaneously considered the flexural resistance of
corrugated steel webs, initial curvature, and curvature variation along the girder width. Based on
the theory of shells of revolution, analytical formulas for shear stress were derived, including the
components of bending, free torsion, restrained torsional warping, and distortional warping. The
governing differential equations were established by the energy variational method and solved by
the finite difference method. Through parametric analysis of structural horizontal curvature,

loading position, and cross-sectional dimensions, the distribution laws and key characteristic
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indices of shear stress for this type of curved girder were clarified. The results indicate that the
analytical values agree well with the experimental values in the literature and the finite element
values. Compared with conventional methods ignoring the influence of curvature, the proposed
method improves the calculation accuracy of free torsional shear stress and distortional warping
shear stress by 5. 0% and 13. 8%, respectively. When the ratio of girder horizontal curve radius
to girder width (R/B) is less than 10, the bending-torsion coupling effect is significant, while it
is negligible when R/B=>70. It is suggested that 10 and 70 be taken as the key thresholds to
judge whether the bending-torsion coupling effect is significant or negligible. The eccentric load
coefficient of shear stress obtained by the proposed formulas is 1. 33, indicating that the eccentric
load effect is significant and should be emphasized in design. If the restrained torsion and
distortion effects are ignored, the calculated total shear stress of the outer web is conservative,
but the average error reaches 3. 3%-9. 0%, indicating that the effects of both should be included
in the refined analysis. The established analytical formulas and obtained laws can provide a
theoretical reference for the design and calculation of curved composite steel box girders with
corrugated webs.
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Fig. 1 Composite steel box girder bridge with corrugated webs
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Fig. 2 Geometric parameters of the cross-section
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Fig. 3 Geometry and parameters of corrugated steel web
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Table 1 Geometric parameters of corrugated steel web mm
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Fig. 8 Establishment process of analytical formulas of shear stress
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TE AN AT A A R FEL 6, =0. 13,8, =0. 18,
1 A-A IR B-B A BTN ) R HT(E 5 55 5 L 4
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x2 AEMBIRTEHE A-A BTN AL

Table 2 Shear stress comparison for section A-A under different loading conditions

W S 2 PR D 2K e i
I/ MPa | f# M7/ MPa | ARXE 22106/ %6 |50/ MPa | fENT{H/MPa | I3 22 48/ % X308/ MPa | f#Hr {5/ MPa | M3 22106/ %
1 36.8 35.5 —3.5 20.6 20.0 —2.9 29.7 27.7 —6.7
2 33.7 35.7 5.9 18.7 20.2 8.0 26.2 27.9 6.5
3 33.7 35.7 5.9 18.7 20.2 8.0 26.5 27.9 5.3
4 32.4 35.7 10. 2 18.8 20.2 7.4 26.3 27.9 6.1
5 32.3 35.5 9.9 19.1 20.0 4.7 26.7 27.7 3.7
*3 AEMEF IR TEHE B-B L AXTLE
Table 3 Shear stress comparison for section B-B under different loading conditions
W M 2 PR i 288 s Jin 2%
I/ MPa | R AT/ MPa | AXE 2208/ %0 | I3 A/ MPa | f# BT/ MPa | AHX 2241/ %6 | IRE2H/MPa | fRAT i/ MPa | 1% 2 {8/ %
1 — 30.7 - 15.8 - 20.9 23.3 11.5
2 31.2 30.8 —1.3 16.1 15.9 —1.2 23.4 23.4 0.0
3 29.7 30.9 4.0 15.7 16.0 1.9 23.3 23.4 0.4
4 27.8 30.9 11.2 14.6 16.0 9.6 23.2 23.4 0.9
5 27.5 31.0 12.7 14. 4 16.1 11.8 21.9 23.6 7.8
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Table 4 Shear stress comparison for Section A-A MPa

" YOIl 5l 57 5z B L5 0T R )
pUDS

WOMLT I \ARSOT i | R | BT I | AR SO ik | OO % | AR SO %

1 28.6 21,7 [29.7] 15.2 15.3 13.6 12.5

2 28.8 27.9 |26.2] 15.4 15.5 13.6 12.5

3 28.8 27.9 126.5| 15.4 15.5 13.6 12.5

4 28.8 27.9 |26.3] 15.4 15.5 13.6 12.5

R6 EHEMEENL

Table 6 Comparison of deflections at control sections

5 28.6 27.7 | 26.7] 15.1 15.3

x5 HEB-BEEAN

Table 5 Shear stress comparison for Section B-B MPa

- Sy Ae) 5 i 99 5 ) {8 Hh L% 09 1y
e BT | A | R | R | A [T Ay
1 23.3 23.3 20.9 14.9 15.0 9.6 8.8
2 23.4 23.4 23.4 15.1 15.2 9.6 8.8
3 23.4 23.4 23.3 15.1 15.2 9.6 8.8
4 23.4 23.4 23.2 15.1 15.2 9.6 8.8
5 23.6 23.6 21.9 14.8 14.9 9.6 8.8
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Fig. 11 Comparison of shear stress distributions in outer webs
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Fig. 12 Finite element model
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Fig. 13 Comparison of shear stress distributions
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Table 7 Shear stress comparison for outer web

6 4 fi# #irfif/ MPa BTG | HHX 2/
G /m | Ay |G A | RO | W | R |E/MPa] %
1.5 —5.2| —4.7 0.01 0.5 —9.3 | =8.7 6.9
1.3 —95.3 —4.7 0.01 0.6 —9.4 —9.1 3.3
0.8 —5.3 —4.7 0.01 0.6 —9.4 —9.4 0.0
0.2 —5.2 | —4.7 0.01 0.5 —9.4 —9.4 0.0
0.1 —5.0 —4.7 0.01 0.3 —9.4 —8.4 11.9

T < AN 2208 R0 B 5 A FROCAELI AR 0 22 4
®8 MWK AN

Table 8 Shear stress comparison for inner web

AR f# ¥ {i / MPa HIRTT
BLE/m | Ay | R | AU | Wi | M | i/ MPa
1.5 5.3 —5.2 0.01 0.7 0.8 1.3
1.3 5.4 —5.2 0.01 0.7 0.9 0.6
0.8 5.4 —5.2 0.01 0.7 0.9 0.1
0.2 5.3 —5.2 0.01 0.7 0.9 1.3
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Fig. 14 Variation of total shear stress with radius-to-width ratio
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Table 9 Comparison of shear stresses under outer

eccentric loading

6 i By {5/ MPa AWRIT | FEXFR2/

GrB/m| ol | Qe | AT | wE | SR |/ MPa %
1.5 —5.3 —7.2 0.01 0.4 —12.0 | —11.7 2.6
1.3 —5.4 —17.2 0.01 0.4 —12.1| —12.2 | —0.8
0.8 —5.4 —7.2 0.01 0.4 —12.1| —12.6 | —4.0

0.2 —5.4| —T7.2 0.01 0.4 | —12.1| —12.5| —3.2

0.1 —5. 1] —7.2 0.01 0.2 | —12.1| —1L.5 5.2

£10 HARFIRTEHE N
Table 10 Comparison of shear stresses under inner

eccentric loading

g fif {1/ MPa BT MR/
OB /m Ay | E A | ROy | W | R |/ MPal %
1.5 —5.0] —2.3 0.01 0.7 —6.6 —6.2 6.5
1.3 —5.1 —2.3 0.01 0.7 —6.7 —6.6 1.5
0.8 —5.2 —2.3 0.01 0.7 —6.7 —6.8 —1.5
0.2 —5.1 —2.3 0.01 0.6 —6.7 —6.8 | —1.5
0.1 —4.9| —2.3 0.01 0.4 —6.8 | —5.6 21.4
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Fig. 15 Variation of total shear stress with web inclination angle
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Fig. 19 Variation of shear stress with web thickness
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