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HIGHLIGHTS

ABSTRACT

1 The effect of horizontal curvature or
continuous box girder bridges, includini
load position impact, was studied.

9 Torsional moments on the outer fac
exceeded the inner face, even for loads ni
the inner face.

The horizontally curved box girder bridges are considered important now:
because of their low cost compared to the load capacity and torsion momer
theycan carry. This study presents a finite element analysis of a continuot
girder bridge using CSl finite element bridge software. Three spans with

length, 12.5 m width, and 2.3 m height are studied. The analysis incl

different radii of curvatre with different loading locations along the transve
direction of a crossection. Several conclusions were reached, the 1
important of which is that the torsional moments in the outer face are supe
the inner face, even when loading near imeer face. That is, the torsion:
moments are affected more by the radius of curvature amount than t
location of the load. In general, the maximum torsional moments increase
the decrease of the curvature radius in the outer face. Neverthetesgtimum
torsional moments decrease with the decrease of the curvature radius in th
face, except for the case of the curvature radius of 100 m. That can be atti
to the fact that the radius of curvature in this case is considered sharngesu
high torsional moments

1 Increasing curvatureraised outer face
torsion but lowered inner face torsior
except with very sharp curvatures.
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1. Introduction

Nowadays, box girder bridgdsave become very common due to their relatively low cost, performance efficiency, and
beautiful architectural shape. The amount of curvature varies depending on the nature of the region's geography and t
bridge's purpose. Some of them are straight,ahdrs contain a little curvature. There are also bridges with a high curvature
in turns. Bridges are exposed to different types of loads, and the loads' location changes continuously, resultinggn changir
behavior [15].

Because of their durability arfthancial benefits, continuotspan layouts are commonly used on modern curved bridges
at multilevel urban interchanges. Horizontally curved bridges with continuous girders of constant depth providekiogd
structures. Compared to other structuralaps for curved road alignments, the overall cost of horizontally curved bridges is
frequently competitive. For instance, due to the cost reductions obtained in the substructure, restrictions on theedantilever
overhang, the number of expansion jointsarbey features, kinked girders, and/or a sequence of straightsgl@rtchords
might be used [6].

The box girder's study and design may be split into two categories: longitudinal analysis (i.e., analysis along the traffic
flow) and transverse analysise(i. across traffic direction). The cressctional members' characteristics of the box girder
affect the stresses and deformations in the transverse andijfss. loaded, curving girders experience a complex state of
forces. The forces created include neots, warping (i.e., nonuniform) torsional moments, pure (i.e., St. Venant) torsion,
bending moments, and shear forces. Due to &esson distortion, torsional moments and moments also form. Yet, by
supplying sufficient cross frames, distorticelatedeffects can be readily decreased to inconsequential lev&R][7
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The applicability of various techniques of assessing horizontally curved concrete box girder bridges was studied by Nutt
Redfield, and Valentine [14]. This research, which concentrateibaat and global force effects, was the foundation for
updates in 2010. They presented three methods, which are as follows, for analyzing concrete box girder bridges:

1) Since curvature has little impact on response, the first method permits bridges witheharegle within one span of
less than 12 degrees to be studied as if they were straight. Often, a plane frame analysis is used to do this.

2) The second approach uses a spine beam analysis, where the superstructure is idealized as a collectiobexrstraight
chorded segments with a small central angle positioned along the bridge's centerline. A space frame analysis
necessary when the substructure and superstructure are one unit. When space frame analysis was employed, it v
discovered that whoteridth designs produced conservative findings. When considering a global reaction like torsion
or transverse bending, minimizing the number of live load lanes applied to the total width model to those that can fit on
the bridge is appropriate.

3) A third type of amalysis using advanced threémensional computer models is necessary for bridges with large
curvatures or distinctive plan geometry. Bridges with irregularly oriented skewed supports or varying widths are only
two examples of unusual plan geometry.

Curvatue is considered one of the important factors that should be studied in more detail to know its effect and thus secur
the structure from torsional moments. The curvature causes a change in the torsional moments between the inner and ot
faces along therosssection, even in the case of central loading. Therefore, changing the position of the load along-the cross
section leads to important changes that deserve study.

That is why, in the current research work, the amount of curvature was changed feptmedo determine the effect of
curvature on torsional moments, considering the location of the applied load.

2. Model Validation

To verify the simulated model, the experimental results of previous research work were compared with the CSI Bridge
software'smodel. In general, there is a lack of experimental research that studies continuous horizontally curved box bridges
which causes a lack of verification data. Consequently, the authors of the current research urge the rest of the tesearchers
enrich thisfield. Song et al. [9] and Shen et al. [15] have studied the behavior of horizontally continuous curved box bridges
experimentally and theoretically, calculating the deflection, bending, and torsional moments. The specimeh) (€T10
considered, consisty of three spans: 3 + 3.75 + 3 m and a curvature radius of 10 m. The middle supports were placed with
one support in the center, but the end supports were restrained against rotation along the beam axis using two supports, e
with a distance of 35 cm symetrically. Each face span had two deviators installed, while the center span had three. All of the
deviators had the same thickness of 8 cm. The pier diaphragms were created to meet the needs of local loading and anchor
Near the supports, the thiclgseof the webs and bottom slabs was gradually raised over a length of 25 cm. Eight load cells
were employed to assess the supports and restrainers' responses. The bending moments were computed using these reac
After analyzing the specimen, it was falithat there is agreement between the numerical, experimental, and theoretical
calculations as ifTable1, especially since designers use this software in analyzing and designing bridges in reality.(&)gure
shows the maximum midspan deflection of @®l Bridge software anBligure Ib) showsthe results of Songt al [9] as it
turns out that there is agreement in deflection in terms of general trends and values. The comparison included the positi
bending moments in the middle of the first span, riegative bending moments at the second support (S2), and the third
support (S3) in addition to the torsional moments. It is worth noting that this current study did not include a study of the
deflection and moments because the difference in their valuesyissmall when changing the amount of curvature. Still, it
was reviewed here to show the agreement between the software and the experimental results.

Table 1: Model validation

Experimental  Calculated Csl Experimental/ Calculated/ CSI
[9,15] bridge CSil bridge bridge
Deflection (mm) 14.54 13.27 13 1.12 1.02
Moment +ve (kN.m) 123 115 125 0.98 0.92
Moment-ve @ (kN.m) 140 170 167 0.84 1.02
Moment-ve @ (kN.m) 125 115 136 0.92 0.85
Torsion (kN.m) 7.3 10 6.2 1.18 1.61

3. Finite Element Modeling

A singlecell box girder crossection with two lanes is presented in Fig@ré) for a bridge with three spans of 40 m
long, 12.5 m wide, and 2.3 m high. The horizontal curvature has different radii: 100 m, 200 m, 300 m, 400 m, 500 m, 600 m,
700 m, 800 mand straigh{ b, i . e.., no curvature). CsSI Bridge softwar
element method as an area object with a 1.2nseh size, as illustrated in Figue

The superstructure elements of the bridge were repezseimicluding its main superstructure and its transverse-cross
section using 27.6 MPa concrete, Tahlén addition to the representation of the substructure, which includes the abutment at
the beginning and the end of the bridge, besides piers in tlilemibe details of the bearing and diaphragms at the supports
are also presented Figure?2 (b).
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The applied loads are selieight and 1000 kN concentrated forces at-spdns with different locatiealong the cross
section in the entire section, near the inner and outer face (2 m from the inner and outer face). The bridge was ahdfy/zed, an
torsional behavior on the faces and entire section was investigated. The nature of the supports wég re@resseted in the
software finite element method. Consequently, the first support at the abutment is the roller and median support, tand the I

one is a pinned.
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Figure 1: Deformation shapes of specimen CT1L0a) Using CSI bridge (xperimentally by Songt al. [9](aspect ratio: 1:30)
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Figure 2: Crosssection dimensions of the box girders in mm (a) at midspan (b) at support

Figure 3: Finite element modeling using CSI bridge software

Table 2: Properties of Material

Compressive Modulus of Poisson’s ratio Light-weight Shear modulus
strength (f'c), elasticity (Ec), (3) concrete (G), MPa

MPa MPa factor

275 24855.6 0.2 1 10356.3

4. Numerical Results

The location of the loads affects the box girder bridge, so the presence of the load in a tesatisnin a different
behavior than if it was in another location, depending on the geometry of the box girder bridge. Here, the locatioads the lo
in the transverse direction was changed according to the difference in the radius of the cymestunting the results of the
torsional moments along the span: the entire section, the outer face, and the inner face.

4.1 Load at Cross-Section Center

In the case of a necurved bridge, when the load is applied in the middle of the ®stson, as shown in gure4, the
torsional moments are low in the entire section. In more detail, the torsional moments reached their maximum value at the et
supports reached a significant increase near the middle supports towards the end spah, Higuogiter face was gerally
superior to the inner face in terms of maximum torsional moments, but the behavior differed. Thoroughly, the torsional
moments increased with the curvature radius decrease in the outer face. In contrast, the torsional moments decreased with
curvature radius decrease until the curvature radius reached 200 m, then increased when the curvature radius reached 10C
This increase is because the slight curvature increases the torsional moments in the outer face and reduces them in the ir
face. Asfor the sharp curvature, the increase is large in the outer face, so it does not match the decrease in the rest of the la

463



Asala A. Dawoocetal. Engineering and Technology Jourd@l (05) (2024160471

curvature radii. It is worth noting that this increase occurred at the middle supports, while in the rest of the regiomssdhe
significant decrease in the torsional moments at the curvature radius of 100 m. Unlike in the entire section, there was r
significant difference between the end and middle spans in the outer and inner faces, as in Figures 6 and 7. By imcreasing |
curvature (decrease in the radius of the curvature), the maximum torsional moments was increased slightly be&@8en 800
m. In decreasing the radius of the curvature, the effect increased significantigeanty, as shown in Figurg

Figure 4: Load on the crossection's center of the box girder bridge
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Figure 5: Entire section of torsional moments along the span under central loading
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Figure 6: Outer face torsional moments along the span under central loading
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Figure 7: Inner face torsional moments along the span under central loading
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Figure 8: Maximum torsional moment with different curvature for central loading

4.2 Load on The Outer Face

When applying the load near the outer face of the eeston, as shown in Figure 9, high torsional moments are formed
at the entire section, even in the absent curvature. That occurs because the load moving away from the bridge's center
causes torsional moments, as shown in Figure 10. In the outer face, the torsional moments increased in this case compare
the central load because the load moving awayn ftbe center of the bridge axis results in torsional moments, and the
horizontal curvature results in torsional moments in the same direction. In more detail, the torsional moments reached the
maximum value at the end supports and reached a signifisanhear the middle supports towards the end span. The outer
face is generally superior to the inner face in terms of maximum torsional moments, but they are less than those @f the enti
section. Torsional moments increased with decreasing the radibe ofitvature in the outer face. In contrast, the torsional
moments decreased with the decrease in the radius of the curvature in the inner face until the radius of the curvature react
200 m.

In comparison, it increased when the radius of the curvatashee 100 m. This increase is because the small radius of
curvature increases the torsional moments in the outer face and reduces them in the inner face. As for the sharpheurvature,
increase is large in the outer face, so it does not match the deiardaseest of the large curvature radii.

It is worth noting that this increase occurred at the middle supports, while in the rest of the regions, there wasat signific
decrease in the torsional moments at the curvature radius of 100 m. Contrary kapygeried when loading the middle, there
was no significant difference between the end and middle spans in the outer and inner faces as shown in Figure 11 and 12.
increasing the curvature (decreasing the radius of the curvature), the maximum torsioaadtsnincreased slightly between
800500 m, while decreasing the curvature's radius increased the effelateemty, as shown in Figure 13.
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Figure 9: Load on the outer face of the box girder bridge
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Figure 10: Entire section of torsional moments along the span umater face loading
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Figure 11: Outer face torsional moments along the span under outer face loading
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Figure 12: Inner face torsional moments along the span under outer face loading
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Figure 13: Maximum torsional moment with different curvature for outer face loading

4.3 Load on The Inner Face

When applying the load near the inner face of the esestion, as shown in Figure 14, torsional moments are formed at
the entire section, even in the absence of curvature (D
causesdrsional moments, as in Figure 15. In the outer face, the torsional moments decreased compared to the central load &
the load near the outer face. That is because load moving away from the center of the bridge axis results in torsiosal momen
besidesthe horizontal curvature results in torsional moments that oppose them in the direction. There were no significant
differences between the end and middle spans when applying load on the outer and inner faces, as in Figures 16 and
contrary to what happed when applying load on the middle. In more detail, the torsional moments reached their maximum
values at the end supports, reaching a significant increase near the middle supports towards the end span in therentire sect
The outer face is generallygerior to the inner face in terms of maximum torsional moments, but they are slightly less than
that of the entire section. Torsional moments decreased with a decrease in the radius of the curvature in the inner face.
contrast, the torsional momentgiaased with a decrease in the radius of the curvature in the outer face until the radius of the
curvature reached 200 m, with a clear increase when the radius of the curvature reached 100 m, as shown in Figure 18.

1000 kN

Figure 14: Load on the inner face of the bgider bridge
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Figure 15: Entire torsional moments along the span under inner face loading

Figure 16: Outer face torsional moments along the span under inner face loading

Figure 17: Inner face torsional moments along the span under inner face loading
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