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Abstract 

The curved or arc bridge is the versatility of the arc that makes it such a useful design, even with today’s modern 

technologies. These bridges are often used to construct large and complex highway interchanges into densely 

populated areas to avoid traffic congestion and to increase the aesthetics of the structure. However, due to the 

curvature effect, the dynamic behavior of such bridges is more complicated than straight bridges, thus inherently 

creating challenges for engineers. When you have two strong abutments which can serve as a base point for the 

pressure on the bridge, then this design options offers more flexibility and strength than other architectural design 

options. 

Keywords: Structure, Curved Bridge, Girder, Dynamic Analysis. 

* Corresponding author 

1. Introduction 

A bridge is a structure providing passage over an obstacle without closing the way beneath. The required passage 

may be for a road, a railway, pedestrians, a canal or a pipeline. The obstacle to be crossed may be a river, a road, 

railway or a valley. The bridge is a structure for carrying the road traffic or other moving loads over a depression 

or obstruction such as channel, road or railway. There are many types of bridges being built now a days. 

In present study our main concern is with  

(1) Simply supported bridge  

(2) Continuous bridge Simply supported bridge  

Generally, length of bridge is divided into number of individual spans. For each span, the load carrying 

member is simply supported at both ends. Simply supported bridges should be provided where adjacent spans are 

unavoidably different in length and depth, or where adjacent spans have widely different geometries with beam 

layouts that do not lend themselves to continuity, such as varying beam spacing or splayed framing Simply sup-

ported bridges may also be preferable where the bridge is part of a facility, such as an interchange, where stage 

construction will require future removal or addition of one or more spans. 
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Continuous bridge in continuous bridges spans is continuous over two or more supports. They are statically inde-

terminate structures. They are useful when uneven settlement of supports does not take place. In continuous 

bridges the bending moment and displacement anywhere in the span is considerably less than that in case of 

Simply supported span. Such reduction of bending moment and deflection ultimately results in the economic 

section for the bridge. 

2. Literature Review 

Despite the abundance of research works that deal with curved or ring beams, there is a clear lack of research 

works on RC curved or ring deep beams. The most important of the few research works that are available will be 

summarized below: 

 

2.1 Experimental investigations  

In 1977, Badawy et al. [1] investigated the combined effect of bending, torsion, and shear on RC beams using 

plastic analysis with two yield criteria. Fifteen beams in total were tested, seven of which were straight and eight 

of which were curved beams with 2.21 m radius and 75 degrees subtended angle as shown in Figure 1. Every 

curved specimen was tested under 1-concentrated force. Four curved specimens were reinforced conventionally 

but were tested under varied end conditions; both the end conditions and the transverse reinforcement were varied 

between each of the curved specimens. The straight specimens were reinforced in the same way as the curved 

specimens and were tested under varied combinations of torsion, bending, and shear; this was done in order to 

investigate where the two yield criteria intersected with bending, torsion, and shear axes. The straight beams were 

also checked to validate the yield criteria, when applied to the curved beams. 

In 1978, Hsu et al. [2] studied the redistribution of torsional and flexural forces in RC curved beams after cracking 

has occurred. This study was done to produce more suitable designs based on a beam postcracking. Seven curved 

beams were tested, each with 2.74 m radius and 90 degrees subtended angle. All seven beams were fixed at both 

ends and were tested using a concentrated load at mid span. The first and second beams were analyzed using 

conventional design methods on uncracked structures; elastic theory was used to design reinforcements under the 

ACI Building Code (1971). The third and fourth beams were also designed based on elastic theory for uncracked 

sections, yet were only modeled for a portion of the maximum torsion moment. 

In 1981, Mansur and Rangan [3] studied three varied design methods for RC curved (horizontally) beams: 1- A 

method of collapse load. The classic elastic method according to uncracked sections. 3- A method of limit design 

suggested by the authors themselves. These three design points were used in order to investigate the strength, 

mode of failure, and effect of steel reinforcements on curved beams. Two further conditions were taken into 

account in Abul Mansur and Rangan’s limit design method to design a statically indeterminate system. 
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In 2014, Zhao et al. [4] studied experimentally the behavior of RC ring beams connected to concretefilled steel 

tube (CFST) columns. Displacements, stresses, failure patterns, and energy dissipation capabilities of three sam-

ples specimens were analyzed through testing using low cyclic loading conditions. The effect of difference ring 

beam dimensions on load capacity and mode of failure was also studied. The experimental results were compared 

against the results from numerical simulation also in order to validate the method. 

In 2016, Wang et al. [5] used an experimental method to analyze a new type of RC ring beam, using joints between 

concrete filled steel tube (CFST) columns. Wei, Yiyi and Wanqi investigated the curved beam and column be-

havior using bidirectional cyclic loading tests. Four specimens of CFST columns were tested and the results sug-

gested that the ring beams internal forces are influenced by the interaction between the ring beam and the CFST 

column when an external load is imposed. 

2.2 Numerical and theoretical analysis of curved and ring beams 

In 2002, Al-Temeemi [6] used the finite elements method in order to study the behavior of RC horizontally curved 

beams on elastic foundations, taking material nonlinearity into account for concrete and steel. The concrete was 

modeled using a 20-node isoperimetric brick element with 60 degrees of freedom, and axial members within the 

brick elements were used in order to model the reinforcing bars. Normal reactions (signified by Winkler, Kondner, 

and Polynomial models) and horizontal subgrade reactions (signified by the Winkler model) are used to model 

soil. 

In 2011, Al-Azzawi and Shaker [7] investigated the effect of elastic foundations with compression and friction 

resistance on the elasticity of deep curved beams. In this study, deep beam Timoshenko’s theory is extended to 

contain the effect of externally distributed forces and curvature, therefore enabling analysis of curved beams in 

static conditions. Figure 3 illustrates the complications of deep beams resting on elastic foundations with both 

compressional and frictional restraints. Al-Azzawi and Shaker used the method of finite difference to model deep 

curved beams; they compared the results with other approaches for accuracy check. 

In 2013, Al-Mutairee [8] discussed producing an optimal strength for RC curved beams using a nonuniform layout 

of longitudinal reinforcements, without increasing the volume of the longitudinal reinforcements. The computer 

program nonlinear finite element analysis of horizontally curved beam under static load (NFHCBSL) was used to 

conduct 3D nonlinear finite element analysis; 20-node isoperimetric brick elements were incorporated to model 

the elements of concrete, while reinforcing bars were represented as axial members embedded inside the elements 

of concrete. 

In 2010, Tameemi et al. [9] investigated the behavior of RC, deep, curved beams, pre and post-cracking when 

loaded transversely up to the ultimate load. The beams were designed using a three-dimensional nonlinear finite 

element model. The concrete was modeled using the ANSYS program, using a 20-node isoperimetric brick 
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element with 60 degrees of freedom and the concrete was reinforced using bars, designed as axial members em-

bedded inside the brick element of concrete. A perfect bond between the reinforcing bars and concrete was as-

sumed. 

In 2014, Al Qaicy et al. [10] used nonlinear finite element analysis (NLFEA) for analyzing three specimens of 

concrete ring beams that were each supported on four equally spaced columns. The columns were each 3 m in 

height (h), measured from the base of column to the base of the ring beam. The beams were similar, the only 

differences being the depth of the beam (500, 1000 and 2000 mm), and the percentage of the main reinforcement. 

They studied the ultimate load strength, mode of failure, patterns of cracks, and deformed shape at point of failure. 

In 2020, Abdul-Razzaq et al. [11] studied the most effective two-span top-loaded deep ring beam parameters on 

twenty specimens using STM. The main conclusions were, increasing a/h ratio by increasing the ring beam diam-

eter causes a decrease in load capacity. More specifically, increasing ring diameter by about 25-75% decreases 

ring load capacity by about 14-36%. This decrease happens because increasing the ratio of arc shear to overall 

height, and increasing the ratio of central horizontal to vertical angle, increases the length of the compressive 

struts and decreases the strut-tie angle. 

Prajwal Raj and Mr. Vasantha.D [12] Design and Analysis of post tensioned look girder bridges of single cell and 

four cell type is compared IRC and AASHTO Loading using the software CSi bridge design. In this software 

structural behaviour decide which code of practice is better by comparing the results and also know about the 

modelling pattern of the software and the detail study about the single cell and four cell box girders under IRC & 

AASHTO loading. As per the result of CSi bridge software the depth of beam decreased the prestressing force 

decrease and number of cables decreases. Results shows that the single cell prestressed concrete beam is most 

fitted and economical crosswise for double lane Indian national IRC is not more safety as compared to AASHTO 

code safety. In the comparative study between IRC and AASHTO code clear that the AASHTO code economical.  

R.L. Pedro et al [13] The design of steel concrete I-girder bridges tow stage optimization approach. To refine and 

improve the optimization in finite element model. Five well know metaheuristic algorithmsis used to conduct the 

first stage optimization. Imperialist competitive Algorithm (ICA) Back tracking search Algorithm (BSA) Search 

group Algorithm (SGA). In the final conclusion is that another contribution was the estimation of five modern 

optimization algorithmsaddition information to properly select the best algorithm for the study.  

Rohit M and Dr. J. Jegan [14] In this paper Made up of prestressed concrete box girder which is analyzed for 

moving loads by wing of Indian road congress (IRC:6) and code of practice for concrete bridges (IRC:1/2) spec-

ifications. Using CSi bridge wizard analysis of box girder bridge. Found the result the dead load, shear force and 

bending moment is higher as compared to other loading One lone of IRC 70R and class A under the live load 

analysis is found to be more critical than 3 lane of class A. After the testing deflection obtained due to various 

loading conditions (Different loading conditions) is well within permissible limits as per IRC. It is found that near 

mid-span of the girder vertical deflection is maximum.  
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Radek Wooziness et al [15] In this paper inspect in detail to determine their nature and the effect of various 

parameters on the free vibration response of curved composite-steel girder bridges. Determine corresponding 

mode shapes, an extensive parametric their fundamental frequency all study is conducted on 336 straight and 

curved bridges. The numerical simulation for the considered bridges in order to obtain the fundamental frequen-

cies by the use of ABAQUS software. If increase in curvature ratio or with an increase in span length the funda-

mental frequency decreases. In the fundamental frequency the girder spacing and the number of girders have a 

less pronounced effect. But in general increase in spacing and number of girders the fundamental frequency de-

creases. A point is reached where increase in number of girder results in increase in fundamental frequency with 

an increase in span and curvature ratio.  

Loaiza et al [16] In-steel bridge girders, longitudinal reinforcement is mainly used to increase flexural and shear 

strength. The purpose of this article is to investigate the behaviour of longitudinal steel beams with long reinforce-

ment: one-fifth of the beam depth in the patch load. A nonlinear elemental analysis is performed. Examine the 

interactions between geometric parameters that affect the resistance of the load patch. Finally, design recommen-

dations for strict longitudinal beams are presented. In practice, long-term reinforcement is mainly used at b1 = 0.2 

h to increase resistance to bending and shear. Cameron  

Iqra Zaffar and Priyanka Singh [17] Bridges are advocates of improvisation of lifelines and road networks. Bridges 

not only assist in the flow of traffic without interruption, but also maintain the safety of the roads. For this reason, 

the design of bridges has gained great importance. This document originally relates to the analysis and design of 

the Staad.Pro Deck Slab Bridge using IRC Loading. It consists of a section of 100 m X 16m and has a system of 

4 beams. The objective is to verify the result for a particular input design, properties and parameters and the 

approach is derived from the AASHTO standard design. Nodal displacement, beam property, vehicle load details, 

concrete design can be easily found by performing analysis and design method. Staad.Pro can easily analyze and 

design deck slab bridges according to IRC code (load here IRC 70R). In relation to Staad.Pro Tantra is well 

understood. The resulting nodal displacement is for node 529; 0.015 mm in x, - 51.203 mm in y and -0.287 mm 

in x.  

Kalpana Mohan and S. P. Vijay Kumar [18] In this paper, we present the analysis and results of steel and rein-

forced steel bridge girders based on Staid pro analysis and manual analysis. 

3. Conclusion 

The papers reviewed above have dedicatedly worked on the related topics. This work has brought forward the 

critical analysis of various extreme scenarios to overcome the economy. A number of load combinations are dis-

cussed to reach an outcome with parameters of safety as well. It is very much necessary to practically improve 

the modern-day technology with intense research in the field of construction for the safety of mankind. In this 

world of advanced research and technology, heavy structures are necessarily required to be designed with techno 
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economical solutions. RC curved beams can be analyzed using a software approach, although this is dependent 

on the formation of plastic hinges, and the conditions of the sections in which they are formed. The ultimate load, 

internal forces and mode of failure for a curved beam can be predicted using the first criterion. 
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