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Transverse bending moment analysis considering the influence of
the distortion warping stress distribution range of the corrugated

steel webs
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Abstract: In order to study the reasonable calculation method of the transverse bending moment of the
composite box girder with corrugated steel webs and the influence of the distortion warping stress
distribution range of the corrugated steel webs on the transverse bending moment, Based on the traditional
TYL frame method, considering the deformation coordination relationship between distortion displacement
and sheet frame displacement, this paper proposes a transverse bending moment frame analysis method for

composite box girder with corrugated steel webs by using a new calculation model that meets the
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equilibrium conditions, and a general formula for calculating the transverse bending moment is established.
In view of the three different distortion warping stress distribution range of corrugated steel webs, the
transverse bending moments at each key point of the straight webs and inclined webs composite box girder
with corrugated steel webs were calculated by two frame analytical methods and finite element methods.
The results show that for the straight webs box girder, the method proposed in this paper has the same
calculation accuracy as the existing calculation method. For the inclined webs box girder, the transverse
bending moment calculated by the proposed method is consistent with the distribution law of the calculation
results of the finite element method, and the proposed method has higher calculation accuracy than the
existing calculation methods. The different webs distortion warping stress distribution ranges of the
composite box girder with corrugated steel webs have little influence on the results of the transverse
bending moment, and when the transverse bending moment is actually calculated, it can be considered that
the corrugated steel webs does not bear the distortion warping stress.

Key words: bridge and tunnel engineering; corrugated steel web; composite box girder; frame analysis;

transverse bending moment; distortion warp stress
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Fig. 3 Cross—sectional dimensions of the frame

and the shear differential load
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Fig. 4 Distortion warping stress distribution 1
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Fig. 6 Distortion warping stress distribution 3
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Fig. 11 Schematic diagram of corrugated steel
web structure
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Fig. 12 Schematic diagram of the calculation

cross—section (cm)

Xob B R RO, R AR TR M A L A R
B BEE QLA AR T LA AR L TS R LR 1

B HE R AR M B SRR B R AT A% G B AR
Ak B W SRS AR M gy W3R 30 BRI NI 4 52
TR R AR AR OGS B R R L S R B M=
A,B,C,D)L#FE 2,

Ja X R R AR inew Al iy (7=1,2,3) 5l
NPT WAL 5 AR R T —F A 1 e B s
[Fi) 2 A iy 7 588 7 3 93 A 9 BT B0 R, AR SO )
AR VA O 1 R Sk [ 18-20 ] o e el 2 S IR
LIRS R T R AR O PR

W4 S 7R 2SR AR R I S R 7 R e i B I

F1 BHEEMNRMKEERLATEYE

Table 1 Geometric properties of a unit length

frame in a mid—span section

Yy H A TR
I, 19.055 610 “m'/m
I 9.243 1X10 *m*/m
I 1.1314X10 *m'/m
J, 14.329 6 m"*
J 2.027 5m*
Ju 9.631 110 *m"
£ 7.067 5
By 6.0450
By 4.0136

R2 BEXATERHXESH
Table 2 Critical parameters in the release

support process

T Q./ Q,/ MM/ M/(M)/
(kNem ') (kNem ') (kNemem ') (kNemem ')
Inew 0.384 0 0.306 1 0.9216 0.734 7
Znew 0.406 8 0.324 3 0.976 3 0.778 4
3new 0.384 3 0.306 4 0.922 4 0.7354
ly 0.384 0 0.306 1 0.921 6 0.734 7
2y 0.406 8 0.324 3 0.976 3 0.778 4
3y 0.384 3 0.306 4 0.922 4 0.7354

HE M A A5 T o R 1) 25 THAT AR R LR 3.
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Table 3 The transverse moment of the mid—span section

W24 (kNmem ™)) A B C D F

—3.8770—3.0372 0.546 90.33427.934 6
—2.9554 —3.958 8 —0.187 8§ 1.068 9 8.126 6
—2.9554 —3.958 8 —0.187 8 1.068 9 8.126 6
—2.9578—3.956 3 —0.185 9 1.067 08.126 1
—2.9578 —3.956 3 —0.185 9 1.067 0 8.126 1
—2.954 6 —3.959 6 —0.188 5 1.069 6 8.126 8
—2.954 6 —3.959 6 —0.188 51.069 6 8.126 8
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Table 4 Relative error of the transverse moment of the

mid-span section

AR X1 2 A B C D F
31 0.08 0.06 1.05 0.18 0.01
8 0.03 0.02 0.35 0.06 0.00

T 20, =|(M,—M,)/M,| X 100%(i=2.3).
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Fig. 13 Schematic diagram of cross—section calculation

of oblique web box girder (cm)
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Table 5 Geometric properties of a unit length

frame in a mid—span section

Py H HAE

I 19.055 6 X 10 *m*/m
I 19.055 610 *m*/m
I, 8.2320X10 °m*/m
J 7.017 8 m*

J 0.2351m’

T 20.140 810 *m*

8 16.116 0

8, 11.473 1

8, 5.239 2
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Fig. 15 Distribution diagram of bending moment of
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Table 6 Critical parameters in the release

support process

i Q./ Q,/ MM}/ MM/
SR N ) (kN ) (kN 1) (KNern )

Inew 1.71231.3474 0.1917 04784 0.383 4 0.516 6
Znew 1.71231.3474 0.1914 0.4775 0.3827 0.5157
3new 1.71231.3474 0.1914 0.4777 0.3829 0.5159
ly 1.71310.8874 0.2534 0.4165 0.506 9 0.449 8
2y 1.71310.8874 0.2530 0.4157 0.5059 0.449 0
3y 1.71310.8874 0.2530 0.4159 0.506 1 0.449 1
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T
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Fig. 16 Schematic diagram of the distribution of the
bending moment of the rigid support released

in the mid—span section
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Table 7 Transverse moment of the mid—span section

M/ (kNemem ) A B C D F
M., —1.9502—2.206 2 0.367 1 1.171 7 7.328 8
M,, —1.826 8 —2.32960.4339 1.104 9 7.359 7
M, —1.950 9 —2.20550.368 1 1.170 8 7.328 6
M,, —1.8277 —2.328 6 0.434 8 1.104 0 7.359 4
M —1.950 8 —2.205 6 0.367 9 1.170 9 7.328 7
M, —1.827 6 —2.328 8 0.434 6 1.104 2 7.359 5
M 4y —2.1128 —2.4004 0.3234 1.154 07.198 6
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Table 8 Comparison of the relative error of the trans-

verse moment of the mid—span cross—section

AR 15 22 A B C D F
O lnew 7.69 8.09 13.52 1.53 1.81
O e 7.66 8.12 13.81 1.45 1.81
Osnew 7.67 8.12 13.76 1.47 1.81
dy, 13.54 2.95 34.17 4.25 2.24
3y 13.49 2.99 34.44 4.33 2.23
3, 13.50 2.98 34.39 4.32 2.23

T 2000 = (Mo, = M e ) /M gz | X 10054, 0, = (M, —
M ) /M e | X 100% (i=1,2.3).
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