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Theoretical derivation of shear lag warping displacement

function of box girder

SHI Yuanxu, WU Xiaoguang  HUANG Cheng , LI Yuanjun
(School of Highway, Chang’an University, Xi’an 710064, P. R. China)

Abstract; In order to study the reasonable warping displacement function of shear lag of box girder, plate
flange is regarded in this paper as an elastic body connected by a spring with certain stiffness in longitudinal
parallel and a flange plate spring model is established according to the longitudinal force and deformation
characteristics of flange plate of box girder. And based on energy variational principle, flange plate
equilibrium differential equation is established, deducing that the longitudinal displacement function is a
linear combination of hyperbolic function and triangular function. The warping displacement function is
determined as three single forms: hyperbolic sinusoidal function, hyperbolic cosine function and sinusoidal
function. By substituting three function forms into the shear lag variational equation, the bending normal
stress equations of the three longitudinal displacement functions are obtained. In order to verify the

rationality of the three functions derived from the theory, the normal stress of flange plate calculated by the
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three functions is compared with the measured value, the calculated value in the form of cubic parabola,
and the calculated value of solid finite element. The effect of different function forms on the stress
distribution of flange plate is analyzed {rom the perspective of the function property. The results show that
the calculated value of sinusoidal function is in good agreement with the measured value and the calculated
value of solid finite element method. In addition, the second derivative of the function is positively
correlated with the stress distribution of the flange plate.

Keywords: bridge engineering; warping displacement function; energy variation method; solid finite

element; shear lag effect
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Fig. 1 Flange plate behind equivalent spring
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Fig. 2 Diagram of longitudinal displacement of flange plate under load
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Fig. 3 Longitudinal displacement of upper flange plate section at 90 mm from Beam end
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Fig. 4 Section size of box girder
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Fig. 5 Load layout, section form and measuring points
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Table 1  Stress(absolute value)of flange plate on mid-span section of simply supported box girder kPa
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Fig. 7 Top plate stress result at mid-span cross section
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