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Energy-variational method of shear-lag effect in PC box-girder with

corrugated steel webs
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Abstract; In order to investigate the shear lag effect of prestressed concrete box girder with corrugated steel webs,
B power curve and approximate cosine function were introduced, and the calculation formula of the shear lag
coefficient of simple-supported beam bridge and cantilever girder bridge under typical load conditions was deduced
according to the variational principle, and then the formula was extended to solve the shear lag coefficient in
statically indeterminate bridges by the method of superposition or dismemberment. By means of the finite element
software ANSYS and MIDAS/FEA, the corresponding 3D model was established, and the method of energy
variational analysis was verified by comparing the results with the theoretical values in the paper. The geometric
parameters affecting the shear lag effect of box birder were analyzed, and the variation of shear lag coefficient with
steel web thickness and width span ratio was obtained. The results show that the shear lag coefficient increases
with the increase of the order of the longitudinal warping displacement function, and it is not suitable to adopt the
high-order function to solve the shear lag problem of PC box girder with corrugated steel webs; the shear lag
coefficient of cantilever box girder increases with the increase of width-span ratio, and the shear lag coefficient
under uniform load is larger than that under concentrated load. The study proves that the method of
dismemberment or superposition is simple and efficient to settle the shear lag effect of statically indeterminate
bridges, and the results are reliable.
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Tab. 2  Shear lag coefficient of typical section under

concentrated load of 20 kN

R R

mhgk R B BT MO BME BT
Brix /MPa /MPa Z% /MPa /MPa ZR#
2 2.87  2.39  1.20 5.75 4.79  1.20
3 2.94 - 1.23 5. 89 - 1.23
4 2.99 - 1. 25 5.99 - 1. 25
5 3.01 - 1. 26 6. 04 - 1. 26
8 3.06 - 1.28  6.08 - 1.27
10 3.06 - 1.28  6.13 - 1.28
12 3.08 - 1.29  6.18 - 1. 29
20 3.08 - 1. 29 6.23 - 1. 30
FEA  2.80 - 1.17  5.89 - 1.23
ANSYS 2.8l - 1.17  5.89 - 1.23
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Tab. 4 Shear lag coefficient of typical section under condition 1

ELRE G R LN B R

PR B X e b W
L B ER B

Jefgik 2 1.47 1.37 128 1.34 1.39 1.30
3 L.53 1.42 1.32 1.39 145 1.35

4 157 1.46 1.34 1.42 1.48 1.37

10 1.66 1.52 1.39 1.48 1.56 1.42

FhE 2 1.47 1.40 1.28 1.34 1.40 1.30
30 154 1.46 1.32 1.40 1.47 1.35

4 1.58 1.49 1.34 1.43 1..50 1.36

10 1.66 1.55 1.39 1.48 1.58 1.41
ANSYS 142 1.32 1.24 1.35 1.35 1.33
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Tab. 5 Shear lag coefficient of typical section under

uniformly distributed load
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3 L.05 1.65 1.02 1.05 1.53 1.02
4 105 1.70 1.02 104 1.57 1.02
10 1.02 1.80 1.00 1.00 1.66 1.00
ANSYS 106 1.53 1.04 1.04 1.43 1.05
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Fig. 5 Effect of width ratio on shear lag at the root of

cantilever beam
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