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Abstract - Horizontally curved tub girder bridges exhibit torsional and distortional behaviour in additional to the bending caused by initial curvature of 

bridge. The distortion causes in two major stress components, transverse bending and Distortional warping normal stresses, these two components are 

usually limited to a particular level for effective use of the cross-section by adding internal bracing elements. The objectives of the current study are to 
check the validity and reliability of the equations by using three-dimensional finite element analyses of the internal diaphragms and also examine the effect 
of the number of cross-frames. Two and three spans continuous horizontally curved steel tub girder bridges with K- frames provided at one and two panel 

spacing are used. 
ANSYS (19.2) program are used to find internal and strut bracing force, those forces are compared very well with the results obtained from the Equations. 
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1 INTRODUCTION 

n the recent years, the use of horizontally curved girders in 

highway bridges and interchanges design especially in the 

approaches has been increased. Actually, in these days over 

0.25 of all steel bridges build up are curved.The reason for the 

increase in the use of curved bridges is that they satisfy an 

economical means of providing the demand used on Highway 

Bridge by determined roadway alignment and geometric 

constraints to sustain the needed traffic design speed. Also, 

curved bridges made an aesthetically solution that has caused 

raised use of designs that employ curved configurations. [1] 

In box girders the internal stiffening is needed in order to 

withstand distortional loads and retain their original cross-

sectional shape. Box girders distort mostly due to the torsional 

moments produced from eccentrically applied loads. Torsional 

moments on the steel tub girder can be divided into two forces, 

these forces will rotate the girders about the longitudinal axis 

and distort the cross-sectional shape.  

The installation of internal cross-frames can be used to control 

this distortion. There are two preferred types of internal 

bracing; K-shaped frames and X-shaped frames as shown in 

Figure (1). 
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For the spacing and minimum stiffness requirements, no 

guidelines are available for the internal bracing member design 

as a function of the produced forces and spacing  

Figure 1 internal bracing for trapezoidal box girder: (a) K-

frame and (b) X-frame [2] 

Different studies have been dealt with the using of box girder 

on curved bridges.  

In 2003 Khaloo and Mirzabozorg [3] studied the effects of the 

arrangement of internal diaphragms on the behaviour of 

bridges. they modelled a 3D finite element of the simply 

supported bridge with different skew angles and fourteen 

arrangements of the diaphragms to compare the results 

between each model, they used the distribution factor that 

represent the ratio between bending moment in the composite 

action and bending moment due to single girder line of wheel 

load. They concluded that the best load distribution 

arrangement in skew bridge occur when the deck with internal 

bracing perpendicular to the longitudinal line of the girder. 

Whisenhunt (2004) [4] used 3D finite element method to study 

the effect of the type of cross-frame to the deflection behaviour 

of the steel plate girder bridges. 
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From the results of bridge models with k-type and x-type of 

cross-frames, he found out that different configuration of 

cross-frame has variant effects on the bridge behaviour .Nam-

Hoi Park, ET. Al, (2005) [5] studied the spacing of internal 

bracing in horizontally curved steel tub girder bridge, finite 

element modelling are used to find the maximum spacing of 

internal bracing members. The result shown that the 

distortional warping moment can be effectively controlled by 

using diaphragms. The connection between the intermediate 

diaphragm spacing and the ratio of the distortional warping to 

the bending normal stresses was studied and the results were 

showed in the form of temporary design charts. These charts 

will help engineers for determining the adequate intermediate 

spacing for a given particular stress ratio  

The present work aims to explore the validity of ANSYS 

program in simulating internal bracing of curved box girder 

bridges. 

2 Controlling Distortion of box girder 

The torsional stiffness of box girders include Saint Venant and 

warping components; the large Saint Venant component that is 

caused by a closed cross-section will lead to high torsional 

stiffness in these sections. Torsional warping stresses in box 

girder are relatively small because the St.Venant term control 

the torsional stiffness. Depending on the applied torsional 

loads distribution, the box girder cross-section may distort 

from its original shape. This deformation can cause 

considerable warping stresses, beside the torsional warping 

stresses, the created warping stresses caused by the cross-

section distortion are properly referred to as distortional 

warping stress. While torsional warping stresses in steel box 

girders may be relatively small, but the bracing distortional 

warping stresses can be significantly large. Usually, tub girder 

distortion is restrained by placing internal bracing members 

along the girder length. Forces promote in these internal 

members and other bracing elements because of the box girder 

distortion. Torsion in tub girders is mainly due to horizontal 

curvature or unbalanced gravity loading that lead to an 

eccentric load on the cross-section. The torque on box girders 

can be created as a vertical or horizontal couple, depending on 

the loading type as represented in Figure (2). The (M/R) method 

leads to an effective torque as in Figure (2a). When an eccentric 

load is applied, the adequate torsional loading can be 

represented as clear in Figure (2b). Figure (3) shows that when 

the girder is subjected to eccentric loading, then the gravity 

loading will split into two component, pure flexural load and 

torque consisting of a vertical couple. [1] 

Figure 2 Representation of Torque on Box Girder [1] 

Figure 3 Effective Loading from Eccentric Gravity Loading [1] 

In 2002 Fan and Helwig gave an explanation for the 

distortional caused by components in the diagonals and struts 

of the internal bracing (K-frames) depending on the horizontal 

curvature of the girder and eccentric gravity loading [1] 
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Where: 

D, S; axial force in the diagonal and strut of K-frame, 

respectively.   

Sk; spacing between intermediate diaphragms  

LDK; diagonal length of internal member 

A0= ((a + b)/2h) 

a,b,h : Dimensions of cross-section 

e; eccentricity of the load ; 

w; distribution load (N/mm); 

M; bending moment of tub girder; and 

R; radius of curvature. 

Figure 4 Internal force of the strut and diagonal of K-Frame 

Similarly, in 2002 Fan and Helwig derived expressions for the 

brace forces in the internal X-frame considering applied torque 

and box girder curvature as following 
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Where: 

X is axial force in the diagonal of X-frame, R = radius of 

curvature; M = bending moment; e = eccentricity of load 

relative to box girder centroid; a and b = web spacing at bottom 

and top flanges level, respectively; w = uniformly distributed 

load. 

3 Finite Element Modelling 

The finite element structural software can be used to 

undertaken simple analysis as (linear, elastic analysis) and 

complex analysis as (nonlinear, dynamic analysis). Due to the 

software suitability for many engineering branches, and to 

increase the process speed and reduce the required space, the 

program is divided to groups and subgroups each have their 

own finite elements, instructions and specifications. 

ANSYS software has three main parts:  

 1 – Model Construction, 

2 – Applying Loads and analysis, and  

3 – Reading the results. 

The selection of right elements is most important part of the 

model construction. This computer program has 180 elements 

each of them has a certain conditions, so, the elements selection 

with the required specifications can be done easily.   

For the second part, analysis type, the loading cases and 

conditions must be entered. The analysis type is depending on 

loading and response considered.  

ANSYS program consists of static, modal, harmonic, spectrum, 

semi-structural, transient and flexural analysis. There are two 

ways for observing the results of analysis. First one is to see the 

results of a part or for the whole model in the form of model 

deformations, table or colored curve and the second way  is to 

find  the results according to a specific point in the model in 

the form of curves with respect to table.    

In the numerical analysis of this study, ANSYS (19.2) program  

was used, The tub box girder cross section and the end 

diaphragms were model with three-dimensional 

SHELL181 element with four-node and six degrees of freedom 

at each one. All bracing members were modelled by using 

(beam188) element. Internal diaphragms were placed at all 

strut locations. When K-frames are used, then the struts act as 

top members of internal bracing. Linear-elastic finite element 

analyses were used on modelling non-composite steel girder 

with modulus of elasticity equal to (200000) and Poisson’s ratio 

(0.3). The Boundary Conditions at one of the middle bearings 

were restrained in all directions, while the other mid bearing 

and end bearings were restrained against y and z directions 

only.   

4 Case study one 

A three span curved continuous box girder with concentric 

loading was studied, the total length of bridge is (195m) 

divided to 64 panels (18+28+18), the diagonal lateral member is 

WT6 × 13 sections and equal angle L4 × 4 × 5/16’’ section for the 

struts and internal bracing. A uniformly distributed vertical 

load of 48.2 N/mm is applied on the top flanges (24.1 N/mm 

per each flange), the whole bridge details were shown in 

Figure 5. 

Using the bending moments at the location of internal 

diaphragm, the internal bracing forces are calculated with the 

equations (1) and (2) with e = 0 [2], and compared with the 

results from F.E.M. (ANSYS19.2) 

The diagonals and struts bracing force on horizontally curved 

steel box girders with internal K-frames and XD type lateral 

bracing are plotted along the girder length in Figures 6 to 9 and 

induced in Tables (1), (2) 

Figure 5 Curved continuous box girder 
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Table (1) Forces in the K-frame elements (kN) 

(a) 

(b) 

Figure 6 axial force in internal bracing at every two panel 

(a) 

(b) 

Figure 7 axial force in internal bracing at every two panel 

Table (2) bracing forces in the strut elements (kN) 
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(a) 

(b) 

Figure 8 bracing force in strut at every two panel 

(a) 

(b) 

Figure 9 bracing force in strut at every panel 

The internal bracing elements are placed every one or two 

panel spacing in order to prevent distortion in box girders. The 

cross-frame spacing and cross-sectional geometry are the main 

parameter that effect on the bracing force as implied by 

Equations (1) and (2). In order to examine the spacing effects, 

box girders provided with bracing at one and two-panel 

spacing were analysed and the results are shown in tables 1 

&2. The previous figures show the comparatively diagonal and 

strut forces, the axial forces estimated from Equations compare 

very well with the finite element results. 

5 Case study 2 

The bridge studied in this case is located at Al Tarbia 

intersection in Basra city, A two span continuous bridge with 

a trapezoidal cross section of two cells and 80 m long (see fig 

10), both girders have the same cross section so we studied one 

girder with load equal to (15.5 kN/m) distributed uniformly on 

the top flanges of each girder .the K-frame internal bracing is 

considered in this analysis. The sizes of the struts were 

L125×125×12.5 mm and L100×100×10 mm for both lateral and 

internal bracing. The internal bracing members were placed at 

every panel 

Figure 10 Curved continuous box girder 
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Table (3) axial force in internal bracing members (kN) 

Table (4) axial force in strut bracing members (kN) 

(a) 

(b) 

Figure 11 Internal bracing force on two span bridges (Basra 

Bridge) 

(a) 

(b) 

Figure 12 Strut force on two span bridges (Basra Bridge) 

In order to control distortion in steel box girder, the internal 

bracing  are provided at one or two-panel spacing, Regardless 

of whether X-frames or K -frames are placed, forces induced in 

these members are dependent upon the  spacing and cross-

sectional geometry of cross-frame  as implied by Eq. (1)  

From table (3) and (4) the axial forces estimated from the 

proposed equations have been compared with those obtained 

from 3.D finite element analyses and reasonable correlations 

have been observed 

6 Conclusions 

Many methods are available that used for curved bridges 

analysing. But The most powerful, flexible and versatile 

method is the finite element method, although the finite-

element method (F.E.M.) is the most involved and time 

exhaustion, it is remain the most common and universal 

approach for both static analysis and dynamic analyses, A 

complex geometry, like the continuous curved steel box girder 

bridges, can be easily modelled by using the finite element 

approach. By using this methods the response of these bridges 

can be predicted with a good accuracy. In the current study, a 

3-D finite element analysis has been used for analysing box 

girder bridges by using ANSYS 19.2. 
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The following points can be presented as a conclusion for this 

study: 

 The figures (6, 7 and 10) show comparatively forces

induced in diagonals of the internal K-frame. Values

computed from Eq. (1) compare very well with the

results of finite element analyses for the two case

study

 the full Newton-Raphson method was used in

analysing the box girder bridge, and the ANSYS

software has been found to be very effective in

comparing strut forces with that found from equations

2 

 When the internal bracing placed at every panel then

the force will be half the force when the bracing used

at every two panel.
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