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Fig. 6 The cross section of a simply supported box girder( unit: mm)
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Table 1  Stress calculation results of the mid-span section under the uniform load

calculation point ANSYS! 8] this paper error
i o1 /MPa oy /MPa ((og —o1)/01)/%
1 -0.425 2 -0.458 3 7.78
2 -0.427 6 -0.452 0 5.71
3 -0.439 0 -0.454 1 3.44
4 -0.458 0 -0.463 9 1.29
5 -0.459 6 -0.463 9 0.94
6 -0.455 9 -0.454 1 -0.39
7 -0.459 5 -0.452 0 -1.63
8 -0.471 4 -0.458 3 -2.78
9 0.774 3 0.774 8 0.06
10 0.758 1 0.733 2 -3.28
11 0.756 8 0.712 6 -5.84
12 0.773 2 0.714 1 -7.64
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Fig. 7 The cross section of the simply supported box girder( unit; mm)
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Table 2 Stress comparison for the middle section under the uniform load

calculation point ANSYS this paper error uniform thickness error
i o1 /MPa o /MPa ((og —oy) /o1 )/ % o /MPa ((oqg —o1) /o1 )/%
1 -0.4550 -0.456 4 0.31 -0.474 9 4.37
2 -0.444 5 -0.445 8 0.29 -0.447 7 0.72
3 -0.443 3 -0.443 1 -0.05 -0.431 4 -2.68
4 -0.450 4 -0.449 1 -0.29 -0.426 0 -5.42
5 0.740 8 0.768 3 3.71 0.792 3 6.95
6 0.724 2 0.720 0 -0.58 0.719 0 -0.72
7 0.717 1 0.694 3 -3.18 0.6750 -5.87
8 0.726 1 0.692 0 -4.70 0.660 3 -9.06
—0.40
] 0.80+
—0.42 1
< <
a a
= = __—
Sy Py
© ©
4 ] T —
—a— ANSYS —a— ANSYS
-0.48 . 0.68 ,
: —e— this paper —e— this paper
B uniform thickness 1 uniform thickness
—0.50 T T ! 0.64 T T 1
1 2 3 4 5 6 7 8

calculation point i

calculation point i

8 WA AT R A AR TIUN.
Fig. 8 The top slab stresses of the box girder
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Fig. 9 The bottom slab stresses of the box girder

under the uniform load under the uniform load

TERGRES FPAE T p = 272.2 N 98 o 280, AR A SO 6 78 86 rh 480 45330 A5 9 1
71,355 ANSYS (AR LM HEA T LA, Ak 3 Jiom.
3 el AR T B DR L

Table 3 Stress comparison for the middle section under the concentrated load

calculation point ~ ANSYS this paper error uniform thickness error
i o1 /MPa o /MPa ((og —oy) /o1 )/% oy /MPa ((og —o1) /o1 )/%
1 -0.3520 -0.357 3 1.51 -0.377 2 7.16
2 -0.293 5 -0.307 7 4.84 -0.312 7 6.54
3 -0.276 8 -0.279 3 0.90 -0.274 0 -1.01
4 -0.275 8 -0.273 8 -0.73 -0.261 1 -5.33
5 0.557 8 0.618 0 10.79 0.648 5 16.26
6 0.456 8 0.467 9 2.43 0.474 5 3.87
7 0.421 0 0.377 17 -10.29 0.370 1 -12.09
8 0.420 7 0.350 2 -16.76 0.3353 -20.30

3 A LVAEH A SCTEZE RS ANSYS [HW) 4 BRI, 2080 TR S AMR ZER K, T8
P 07 2SRy S A5 N A ) 5 5 A TR A A E A, AR SO B BT RS R TR A5 1 RS 4 bR 22
AHZEEER, FIHASCHY T e Tl A5 1 AR 2508/ N iR B 5.65%.
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Analysis of Shear Lag Effects in Box Girders
With Variable-Thickness Flanges

ZHAO Qingyou, ZHANG Yuanhai, SHAO Jiangyan
(School of Civil Engineering, Lanzhou Jiaotong University,
Lanzhou 730070, P.R.China)

Abstract. For concrete box girders with flanges of linearly variable thicknesses along the cross
section widths, shear lag effects were analyzed according to the potential energy variation prin-
ciple. The additional deflection caused by the shear lag effect was used as the generalized dis-
placement to describe the shear lag deformation state, in view of the influence of the axial force
equilibrium condition on the shear lag. The calculation results of several simply supported box
girders subjected to uniform loads and concentrated loads were compared. The results show
that, the proposed method gives stresses in good agreement with those obtained from the finite
element method, which confirms the correctness of this method. Compared with the simplified
calculation method for box girders with equivalent uniform-thickness flanges, this method has
enhanced accuracy for real box girders with variable-thickness flanges, and the error reduction
is up to 5.65% .

Key words: thin-walled box girder; shear lag effect; energy variation method; variable-thick-
ness flange; axial force balance
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