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The primary goals of this research are to examine the structural appearance of a 

horizontally curved bridge to identify any damages within the bridge structure, examine 

its dynamic and static reactions below moving load and service load (load combination) 

using CSI-Bridge Ver. 25, and to compare the static results with allowable values in the 

standards to determine the structural state of the bridge. Considering the findings for 

the appearance inspection, static and dynamic analysis, the bridge's superstructure and 

substructure did not sustain any damage. The measured values of static responses, such 

as positive bending moment, negative bending moment, compression stress, vertical 

deflection, and tensile stress, were found to be below the allowable thresholds in the 

ASSHTO LRFD-Bridge 2017, implying that the structural stiffness, bearing capacity, 

and load resistance are adequate, and that downward vertical deflection and cracks are 

unlikely to occur with structural component parts of the bridge under these types of 

designed loads. Dynamic research revealed that the dynamic natural frequency was 

lower than the live load natural frequency, indicating that the bridge structure is in a 

prolonged state of vibrating due to moving loads. 
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1. INTRODUCTION

Currently, building bridges is a global undertaking of great 

importance. Bridge structure is designed to transport road 

traffic or other types of moving loads over a barriers or others 

infrastructures. Bridges are a vital type of civil engineering 

infrastructure that plays a critical role in facilitating economic 

activity within a city. Bridges are substantial and robust civil 

constructions composed of various types of structural 

elements. There are two groups into which the individuals are 

categorized. The superstructure comprises bearings, girders 

(beams), joints, a deck (including walkways), an asphalt 

surface layer, a drainage system, and a security barrier. The 

substructure group is on foundations, including piles, pile tops, 

pier caps, and piers. With civil engineering, bridges are an 

essential component of the transportation system [1-9]. 

The box girder type bridge has gained great popularity 

recently due to its high level of serviceability, stability and 

structural efficiency. Analytical, experimental or numerical 

methodologies are necessary to study such a bridge. Analysis 

of structural actions for due to its complexity, a box girder 

bridge cannot be thoroughly examined using conventional 

techniques. A box girder is a structural element consisting of 

two panels joined together by a shared flange at the bottom 

and top. According to the construction method, geometric 

shapes, and purpose, we can classify box girder. The box 

girder layouts are often used in practical applications. Box 

girders can be built in three different configurations: single cell, 

multi-cell, or multi-cell. The hull can be built as a monolithic 

unit with the deck, also referred to as a closed box girder, or 

the deck can be built separately and added afterwards, referred 

to as an open box girder. The box beam is often composed of 

prestressed concrete, structural steel, or reinforced concrete. 

Box girders can be classified into rectangular, trapezoidal and 

circular shapes based on their shape. The box girder section 

has excellent structural performance, with high torsional 

rigidity and bending ability. It also provides optimal use of the 

department and achieves appropriate economic returns [2, 10-

14]. 

Curved bridges can be built using reinforced concrete, 

prestressed concrete, steel, or a combination of concrete and 

steel on caissons or steel I beams. Concrete box girders are 

typically constructed on-site or manufactured in sections and 

then assembled using shoring or a launching and prestressing 

method. The platforms can be constructed using steel, 

reinforced concrete, or prestressed concrete. Historically, 

bridges with curved alignment were rare, but now most 

straight bridges have been transformed into curved ones due 

to factors such as site limitations, architectural considerations, 

adjustments in speed limits, and traffic volume. The curved 

box-girder bridge features a cellular cross section that 

effectively withstands the significant torsional force, resulting 

in improved efficiency. The curved bridge is renowned for its 

efficacy, stability, functionality, cost-effectiveness, and 

attractiveness. Usually, a circular arrangement with transition 

curves is selected for these. The Bridges with curved designs 
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require more complex analysis than straight bridges because 

the girders' curvature causes a combination of bending and 

torsion. Hence, the selection of a section for the construction 

of a curved bridge should prioritize strong torsional stiffness 

in order to optimize the section's efficiency [15, 16]. 

Evaluating a building's or element's structural integrity and 

capacity to support varied loads is the primary goal of 

structural analysis, including those resulting from external 

variables such as support displacement and temperature 

changes. Structural performance is determined by various 

variables, such as strains, stresses, axial stresses, shear forces, 

deflections, support responses, and bending moments. 

Structural design includes processes for determining shape, 

calculating weight, and maintaining the balance of structural 

components and elements. However, it must be ensured that 

the structure constructed can withstand the specified design 

constraints and the loads to which it will be subjected. The 

purpose of conducting theoretical and experimental analysis of 

the bridge structure is to study the loads on it during regular 

use, fatigue, and extreme situations. However, the 

effectiveness of the bridge's performance structural 

components must be evaluated, and theoretical models must 

be constructed in order to confirm their validity by comparing 

them with the results of empirical tests. Field load testing is a 

fundamental technique used to evaluate the structural integrity 

of bridges. It also provides a comparison to the bridge between 

the actual performance and theoretical assumptions under 

loads. There are two different types of load tests: dynamic load 

tests and static load tests [17-27]. 

Haloo and Kafimosavi [24] examined the use of 

sophisticated, three-dimensional finite-element modeling and 

analysis to study the flexural behavior of horizontally curved 

prestressed post-tensioned box bridges. The bridge length, 

material qualities, and section shape remain constant 

throughout all models, with the only variation being the degree 

of curvature, which ranges from 0 to 90°. The analytical results 

indicate that there are notable differences between the stress 

distribution of straight and curved bridges. Furthermore, stress 

level at certain spots within the section width is significantly 

elevated. The proposal suggests altering the arrangement of 

the prestressing tendons throughout the breadth of the section 

to enhance the capacity of the bridge. The suitable 

redistribution of prestressing within the section width, 

according to the results, it is possible to achieve a substantial 

decrease in resultant stress. 

Shao et al. [25] explained that two types of damage can 

occur to traditional long-span prestressed concrete box-girder 

bridges: numerous cracks in the main girder and significant 

deflections at the halfway point. In order to achieve this 

objective, a novel design for a box-girder bridge is suggested, 

utilizing the distinctive characteristics of reactive powder 

concrete (RPC). To effectively alleviate torsional warping 

stresses in the box girder and local stresses in the deck slabs 

induced by wheel loads, a significant number of diaphragms 

are incorporated into the suggested design. Furthermore, the 

diaphragms enhance a shear capacity for webs and enhance a 

compressive stability for the lower slabs. In addition, the 

suggested design diverges from the traditional box-girder 

bridge by combining thinner slabs with partial and 

unidirectional (longitudinal) external prestressing. 

Sennah et al. [26] introduced a technique for calculating the 

horizontally curved composite single- or multicell box girder 

bridges' dynamic impact properties when subjected to 

AASHTO truck loading. Using easily accessible software, the 

bridges are rendered as three-dimensional structures, and the 

vehicle is reduced to two-focused going along two circular 

routes that run parallel to the bending centerline. A 

comprehensive analysis is performed, examining more than 

215 prototypes of curved composite box girder bridges. The 

key characteristics taken into account are the quantity of cells, 

lanes, level of curvature, length of arc span, inclination for 

external steel webs, the top chord and bracing systems' 

dimensions and quantity, as well as the velocity and placement 

of the trucks. Findings can assist structural engineers in 

designing bridges with more reliability and cost-effectiveness, 

and potentially enhance the load-bearing capability of current 

bridges to avoid weight restrictions or closures. 

Sali et al. [27] examined the effects of varying the radii of 

curvature on box girders, while maintaining the span, cross-

sectional form, and material specifications are consistent. The 

aim of the parametric tests on curved box girders is to assess 

how variations in the radius of curvature affect the girders' 

structural performance. This study aims to increase bridge 

engineers' comprehension of the structural characteristics of 

both straight and curved box girder bridges. The study's 

findings will give bridge designers a great deal of useful 

information. 

This study's primary aims are to assess the horizontally 

curved bridge's structural safety by detecting damage to its 

structural elements, analyze the bridge’s acceptance of both 

moving loads and also the service loads (load group) in terms 

of static and dynamic performance, and evaluate the structural 

condition of the bridge by comparing the static results with the 

values. The phenomenon is permitted and specified in the 

standards. 

 

 

2. DEFINING THE BRIDGE STRUCTURE AND 

LOADS 
 

A bridge structure is a posttension concrete horizontal 

curved box girder bridge. It is located in south of capital of 

Iraq (Baghdad City) which represent passage of the traffic 

transmission from Al-Daura-Yusufiyah to Baghdad–Basrah 

highway. This bridge has 13 spans. The first and thirteen spans 

have 35m and the others span have 44m in length. The width 

of bridge is 14m. The number of piers in transvers direction is 

one (full rectangular pier). the radius of curve is 410m. The 

dimensions of pier are 2.9m and 1.7m. The structure bridge-

constructed was done in 2020 opening was for traffic in 2023. 

Therefore, it does not suffer from any damage. The 

compressive strength of concrete is 50MPa. Figure 1 shows 

the appearance of horizontal curved box girder bridge. The 

analysis of bridge structures involves the application of five 

different types of loads. First classification of the dead load is 

the weight of the bridge itself; it includes the concrete slab 

pavement layer, precast concrete I-girders, bearings, pier tops, 

and foundations. The examination of bridge structures is 

significantly impacted by dead loads. Second classification is 

the prestressed load, which stands for the tensile force that 

tendons apply. There are 14 strands in each tendon, and each 

strand has a diameter of 15.24mm and a cross-sectional area 

of 140mm2. The steel tendon has a modulus of elasticity of 

190kN/mm2. Third classification pertains to motion loads, 

namely traffic in transit loads caused by vehicles. This study 

utilizes the HS20-44 vehicle type as the primary live load. 

Fourth burden pertains to the temperature differential between 

winter and summer. Wind load is the fifth form of load. Sixth 
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is load combination, which accounts for the combined effect 

of dead load, live load (traffic load) post-tension load, and 

wind load, temperature load. Figure 2 shows the box-girder 

bridge structure finite element model and Figure 3 shows the 

vehicle HS20-44. 

 

 

 
 

Figure 1. Appearance of horizontal curved box girder bridge 

 

 
(a) 

 
(b) 

 

Figure 2. Box-girder bridge structure model: (a) 3D-view; 

(b) transvers view 

 

 
 

Figure 3. Live moving load AASHTO HS20-44 vehicle (28) 

 

 

3. STATIC FORCES ANALYSIS 

 

The finite element analysis method was used to determine 

the static forces of a post-tensioned concrete horizontal curved 

square girder bridge using CSI-Bridge Ver. 25. Three static 

forces are analyzed and determined in this study. These forces 

are positive and negative bending moment, tensile and 

compression stresses, and vertical deflection. These forces 

give a visible view about the structural conditions of bridge 

structure. In this study, there are two load cases will be used in 

static analysis. Firstly, it is live load case which represents the 

moving vehicles load on the surface of bridge, and secondly, 

it is loads combination case (service load case) which is 

devoted the summation of all loads that applied on the bridge 

structure such as dead load, prestressed load, live load, wind 

load, and temperature load. 

 

3.1 Positive and negative bending moment 

 

For live load, Figure 4 shows the magnitudes of positive and 

negative bending moment due to vehicles load. From this 

figure it can be concluded that the maximum positive bending 

moment is 2551.56 kN.m which is appeared in the center of 

span No. 4 and the higher value of negative bending moment 

is located in the bent No. 3 (support) which is -3506.24 kN.m. 

Loads combination produces positive and negative bending 

moment more than vehicle load case. Figure 5 gives the 

amounts of these moments. the maximum positive bending. 
 

 
 

Figure 4. Bending moment under moving load of curved box 

girder bridge 
 

 
 

Figure 5. Bending moment under loads combination load of 

curved box girder bridge 
 

3.2 Tensile and compression stresses 

 

Under vehicles loads, the maximum tensile stress of girder 

top is 0.849MPa and the maximum value of compression 

stress is -0.508 MPa. Whereas the bottom of girder appears 

0.851 MPa as maximum tensile stress and -1.206 MPa denotes 
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greater compression stress. Agreeing to allowable stress in 

ASSHTO LRFD-Bridge 2017, the tensile and compression 

stresses are lower than allowable values of stresses. Therefore, 

the cracks will not appear in the structure of girders. The 

allowable stresses are shown below, and Figure 6 and Figure 

7 show the values of the compression and tensile stresses for 

the bottom and top along the bridge length due to vehicles load.  

The magnitudes of tensile and compression stresses are 

illustrated in Figure 8 and Figure 9. In the location near 

supports, maximum tensile stress magnitude is performed 

which is 2.59MPa within top of girder which is less than 

allowable stress (3.53MPa). The maximum compression stress 

of girder top is -5.37 MPa within the first and end supports of 

bridge. Bottom of girders provides the maximum value of 

tensile stress which is equivalent to 2.04MPa and compression 

stress is -7.08 MPa. These values are fewer than allowable 

stresses (3.53MPa for tensile stress and 22.5MPa for bottom 

stress). Therefore, there are needs to deal with posttension 

position in the supports of bridge (end and start of spans). 

For tensile stress = 0.50×√fc=0.50×√50=3.53MPa. 

For Compression stress= 0.45×fc=0.45×50=22.5MPa. 

 

 
 

Figure 6. Tensile stresses for top and bottom under moving 

load of curved box girder bridge 

 

 
 

Figure 7. Compression stresses for top and bottom under 

moving load of curved box girder bridge 

 

 
 

Figure 8. Tensile stresses under loads combinations load of 

curved box girder bridge 

 
 

Figure 9. Compression stresses under loads combinations of 

curved box girder bridge 

 

 
 

Figure 10. Downward vertical deflection under moving load 

of curved box girder bridge 

 

 
 

Figure 11. View of downward vertical deflection under 

moving load of curved box girder bridge 

 

 
 

Figure 12. Downward vertical downward deflection under 

loads combination of curved box girder bridge 

 

3.3 Vertical deflection 

 

Live load case exhibits -0.0079m vertical deflection in 

downward deflection within span No.4 which is lower than 

allowable values in standards (0.055m). Whereas, loads 

combination case gives -0.0161m higher value of downward 

2609



 

deflection in the middle of span No. 3 which is lower than 

allowable magnitude in the standards (0.036m), indicating that 

the bridge structure has enough stiffness and loads resistance. 

Figure 10 and Figure 11 show the vertical deflection under 

moving load of curved box girder bridge, while Figure 12 and 

Figure 13 show vertical downward deflection under loads 

combination of curved box girder bridge. 

For live load: ∆= (L of span)/800=44/800= 0.055m 

For live load: Max downward deflection = -0.004841 m 

 

 
 

Figure 13. View of downward vertical downward deflection 

under loads combination of curved box girder bridge 

 

 

4. MODAL AND DYNAMIC ANALYSIS 

 

Modal and dynamic analysis methods are depended in this 

study. Modal analysis method is used to find the modes of 

deflection for bridge structure when the vehicles pass on the 

bridge and natural frequency. While, dynamic analysis method 

is used to calculate the dynamic actions such as live load 

vibration frequency and vertical dynamic displacement. 

 

4.1 Natural frequency 

 

 
 

Figure 14. Natural vibration frequency values and mode 

number 

 

 
(a) Mode No. 1 

 
(b) Mode No. 2 

 
(c) Mode No. 3 

 
(d) Mode No. 4 

 
(e) Mode No. 5 

 
(f) Mode No. 6 
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(g) Mode No. 7 

 
(h) Mode No. 8 

 
(i) Mode No. 9 

 
(j) Mode No. 10 

 

Figure 15. The modes of bridge structure due to modal 

analysis 

 

The rate of natural frequency is 2.34Hz from mode No. 3 

which has maximum downward vertical displacement. Figure 

14 shows the relation between modes and natural frequency 

and Figure 15 illustrates the modes shape of bridge structure. 

 

4.2 Live load vibration frequency 

 

Table 1 lists the magnitude of live load vibration frequency 

due to moving load which is equal to 4.70Hz. This value is 

more than the magnitude of natural frequency which is 2.34Hz, 

indicating that the bridge structure suffers from vibration state 

with time under vehicles load because of the degree of 

curvature and super-elevation. Figure 16 shows the relation 

between live load vibration frequency and dynamic 

acceleration. 

 

Table 1. The values of loaded vibration frequency for each 

span 

 

Span No. 

Distance 

of Span 

(m) 

Distance in 

Transvers 

Width (m) 

Joint 

No. 

Vibration 

Frequency 

(Hz) 

1 17.5 7 93 4.7 

2 22 7 296 4.7 

3 22 7 499 4.7 

4 22 7 723 4.7 

5 22 7 975 4.7 

6 17.5 7 457 4.7 

Average    4.7 

 

 
(a) Vibration frequency of middle span No. 1 

 
(b) Vibration frequency of middle span No. 2 

 
(c) Vibration frequency of middle span No. 3 
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(d) Vibration frequency of middle span No. 4 

 
(e) Vibration frequency of middle span No. 5 

 
(f) Vibration frequency of middle span No. 6 

 

Figure 16. Vibration frequency for bridge model under 

moving loads 

 

Table 2. The values of dynamic displacement for each span 

 

Span 

No. 

Distance 

of Span 

(m) 

Distance in 

Transvers 

Width (m) 

Joint 

No. 

Dynamic 

Displacement (m) 

Downward Upward 

1 17.5 7 93 -0.00227 0.00102 

2 22 7 296 -0.00385 0.00139 

3 22 7 499 -0.00369 0.00186 

4 22 7 723 -0.00384 0.00114 

5 22 7 975 -0.00378 0.00149 

6 17.5 7 457 -0.00236 0.00111 

 

4.3 Live load dynamic displacement 
 

Live load dynamic displacement is a significant component 

in dynamic analysis because it evaluates the up and down 

motion of the bridge structure in upward and downward 

directions under loads from traffic [28]. Table 2 and Figure 17 

give the values of dynamic displacement for each span. The 

higher dynamic displacement in down direction is -0.00385m 

in the span No. 2 and the maximum upward dynamic 

displacement is 0.00186m in the span No. 3.  

 

 
(a) Dynamic displacement of middle of span No. 1 

 
(b) Dynamic displacement of middle of span No. 2 

 
(c) Dynamic displacement of middle of span No. 3 

 
(d) Dynamic displacement of middle of span No. 4 
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(e) Dynamic displacement of middle span No. 5 

 
(f) Dynamic displacement middle span No. 6 

 

Figure 17. Dynamic displacement for bridge model under 

moving loads 

 

 

5. CONCLUSIONS 

 

(1). In this study, the structural appearance of a curved 

horizontal box girder bridge was examined to determine any 

damages within the structural members of the bridge. CSI-

Bridge Ver 25 was used for the analysis of static and dynamic 

analysis responses below the movement load and service load 

(combination load) and to compare the static results with the 

values allowed in the standards to verify the bridge is in 

structural condition 

(2). The outcomes of the appearance examination of the 

bridge structure indicated that there were no damages to the 

superstructure or infrastructure of the bridge. 

(3). The statistical analysis revealed that the static values 

responses, including tensile stress, positive bending moment, 

negative bending moment, vertical deflection, and 

compressive stress, were lower than the values permitted in 

ASSHTO LRFD-Bridge 2017. This led to the conclusion that 

the structural stiffness, bearing capacity, and loads are 

satisfactory and that the structural members of the bridge will 

not exhibit vertical downward deflection or cracks under these 

types of designed loads. 

(4). Dynamic analysis showed that the rate of natural 

frequency is 2.34Hz from mode No. 3 which has maximum 

downward vertical displacement. the magnitude of live load 

vibration frequency due to moving load which is equal to 

4.70Hz. This value is more than the magnitude of natural 

frequency which is 2.34Hz, indicating that the bridge structure 

suffers from vibration state with time under vehicles load 

because of the degree of curvature and super-elevation. The 

higher dynamic displacement in down direction is -0.00385m 

in the span No. 2 and the maximum upward dynamic 

displacement is 0.00186m in the span No. 3. 

(5). The methodology of this paper, which is included the 

damage inspection, field tests, numerical static and dynamic 

analysis of bridge structure, can be applied for assessment of 

structural performance of each type of bridge (old or new 

constructed) by adopting damages inspection, static analysis, 

and dynamic analyses. Seismic resistance of prestressed 

concrete box girder curved bridge can be evaluated under 

earthquake action. 
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