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Abstract 

 

Composite structures have many useful applications in the field of aerospace, civil infrastructure and construction. Reinforced 

concrete has been used in most cases for manufacturing bridge decks, until today. Depending on the work carried out, defects 

can already occur after a few years. These defects mostly appear in the form of corrosion of steel reinforcement due to concrete’s 

sensitivity to de-icing salts and water. To reduce maintenance costs, which are mainly caused by corrosion of the steel 

reinforcement, attempts were made to eliminate the steel reinforcement in the bridge deck. This can be achieved by replacing the 

whole concrete bridge deck with an FRP bridge deck. FRP bridge decks, besides the advantage of the absence of steel 

reinforcement, exhibit the advantage of low dead load (approx. 20% of a comparable concrete deck) combined with high 

strength. The present study provides an analytical method to determine the composite action of Trapezoidal FRP cell units, 

concrete and steel girder and the comparison of stress reduction/increase in Bridges when the concrete deck is replaced by an 

FRP deck and also the behavior of RCC and FRP deck under different loading conditions. Seismic analysis are also carried out 

using the finite element software ANSYS. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

A bridge deck represents a vital component in a bridge system and its durability impacts the overall structural health and 

operation of a bridge system. Therefore, the long-term behavior of bridge decks is a key component in the life cycle cost of 

bridges constructed. A cursory look at bridge reveals that the majority of bridge decks are made of reinforced concrete and many 

bridge decks often deteriorate at a rapid rate in harsh operational environments. The rapid deterioration of the deck often impacts 

other critical components of the bridge. Reducing the dead load will increase the allowable live load capacity of the bridge 

without significant repair to the existing superstructure, thus lengthening its service life. Hence, lightweight and durable FRPs 

can be an excellent candidate for replacing concrete decks. Composite bridge decks are typically made of glass fiber and a 

polyester resin or vinyl ester resin matrix. Each of these deck systems is factory assembled into deck panels that are sized 

appropriately for shipping to the work sites. The panels are then erected and bonded together at the site using high performance 

adhesives, mechanical connections, or both. Fiber reinforced polymer (FRP) composite materials have shown great potential as 

alternative bridge construction materials to conventional ones. Fiber reinforced polymers are gaining popularity in the bridge 

community which is durable than ordinary concrete. The   deck system proposed in this study consists of trapezoidal cell units 

surrounded by an outer shell forming an integral bridge deck. One of the most likely uses of the proposed FRP concrete bridge 

system is for bridge decks over steel or concrete girders. Steel-concrete bridges provide an efficient and cost-effective form of 

bridge construction. By utilizing the tensile strength of steel in the main girder and the compressive strength of concrete in the 

slab, the bending resistance of the combined materials is greatly increased and larger spans are made possible. In this paper, an 

earthquake with a magnitude of 7.0 Mw is applied and the change in response of an RCC bridge and an FRP bridge is found out. 

The time history of 1940 El-Centro earthquake with PGA of 3.42m/sec2 was the input for transient analysis. 

II. LITERATURE REVIEW 

The use of FRP as a primary structural material is developing rapidly in the construction industry. FRP materials have 

considerable advantages in terms of weight, strength and corrosion resistance. They have been used for several decades in the 

aerospace, automobile and marine industries, where they have developed a good track record in very adverse environmental 

conditions. However, the ‘product life cycle’ is much longer in civil engineering so uptake has been relatively slow, but FRP has 

been used in a number of bridges around the world. As production technology develops and design standards and guidelines 

become more generally available, these FRP materials will be used more widely to provide cost-effective alternatives to steel and 

concrete. Potential applications for FRP decks are new design, replacement of under-strength decks in existing bridges, and the 

provision of temporary running surfaces. In new bridge construction (pedestrian and vehicular), the FRP composite materials 

may be used in the entire structure (All Composite), or they could be used as structural members or components (Hybrid) and in 
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existing structures their uses range from replacement decks, reinforcing rods and tendons to wraps for seismic upgrading of 

columns. Composite fiber materials have been used since the mid-1980s, predominantly for strengthening purposes. Since the 

mid-1990s there has been an increase in their use, through pilot projects, in new hybrid and all composite constructions. A 

particularly impressive increase in the use of these materials has been observed since 1996/97 in bridge deck slabs, as reported 

by Black (2000). In recent years, a number of researchers have investigated the behavior of FRP decks experimentally and 

analytically. These promising materials deserve to achieve more widespread acceptance and applications. To achieve this, 

extensive literature review is carried out on various aspects related to FRP. The aspects include characterization, preparation of 

GFRP members, structural performance under static, fatigue and dynamic loadings, fire resistance, durability, analytical studies 

etc. Brief review on various aspects is summarized below. 

III. FE MODELING OF THE BRIDGE 

An RCC bridge and an FRP bridge is modeled using the finite element software ANSYS (12). The bridge selected for analysis  is 

a 2 lane, 3 span bridge located in Madakkathanam across Thodupuzha rver in Idukki district, Kerala, India. With a length of 

66.96 m; 3 spans of 22.32 m each. Width of the bridge is 11.05 m. Depth of the slab is 250 mm with wearing coat of 100 mm. 

FRP bridge is modeled with depth of the slab as 150 mm and the length, width, same as that of the RCC bridge selected. The 

deck slab designed is made of FRP which is trapezoidal in shape. Properties of materials used in the analysis are given in Table. 

1. The finite element (FE) model of the bridge is shown in Fig. 1. The support type also has a great effect on the load bearing 

capacity of each element, and therefore the system. The girders are supported on piers provided. The bottom of the pier is 

provided with fixed boundary condition. (fig. 2) 
Table -1 

Material properties of the bridge 

 Concrete Steel FRP 

Modulus of Elasticity (GPa) 27.38 200 35 

Poissons ratio, u 0.2 0.3 0.2 

Coefficient of thermal expansion, A (/ºc) 5.5 x 10-6 1.2 x 10-6 - 

Density,  kg/m3 2500 7850 1800 

Tensile strength(MPa) - 250 480 

Compressive strength (MPa) 30 250 - 

 

 
Fig. 1: FE model of the bridge                                Fig. 2: Support Condition for the bridge 

In India, highway bridges are designed in accordance with IRC bridge code. IRC: 6 - 2014 gives the specifications for the 

various loads and stresses to be considered in bridge design. 

Fig. 3 shows the cross section of the FRP bridge deck. The deck slab designed is made of FRP which is trapezoidal in shape. 

 
Fig. 3: Cross section of FRP Bridge Deck 
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IV. STATIC STRUCTURAL ANALYSIS OF THE BRIDGE 

A static structural analysis determines the displacements, stresses, strains, and forces in structures or components caused by loads 

that do not induce significant inertia and damping effects. Steady loading and response conditions are assumed; that is, the loads 

and the structure's response are assumed to vary slowly with respect to time. Here static loads are applied according to IRC 6. 

Results of static structural analyses for bridge are given in table 2 for RCC and FRP bridge. 
Table - 2 

Results of static structural analysis 

 RCC bridge FRP bridge 

Max deformation (mm) 2.26 0.29  

Max Von mises stress(MPa) 7.98 5.30 

Max principal stress (MPa) 4.98 2.59 

V. MODAL ANALYSIS 

A modal analysis determines the vibration characteristics (natural frequencies and corresponding mode shapes) of a structure or a 

machine component. It can serve as a starting point for other types of analysis by detecting unconstrained bodies in a contact 

analysis or by indicating the necessary time- step size for a transient analysis. In addition, the modal analysis results may be used 

in a downstream dynamic stimulation employing modes superposition methods, such as harmonic response analysis, a random 

vibration analysis or a spectrum analysis. The natural frequencies and mode shapes are important parameters in the design of a 

structure for dynamic loading conditions. The natural frequency of first five modes of vibration, were extracted through model 

analysis of both RCC and FRP bridges are tabulated in table 3.  
Table - 3 

Natural frequencies for the bridge 

 Natural frequency (Hz) 

Mode RCC bridge FRP bridge 

1. 9.47 13.23 

2. 10.11 14.42 

3. 10.17 16.58 

4. 11.14 18.15 

5. 11.40 23.38 

From the modal analysis, as observed in the table 3, the natural frequencies of FRP bridge is found to be higher than RCC 

bridge for first five modes under considerations. Deformation contours of RCC and FRP bridges are shown in fig. 4 and fig. 5. 

    
Fig. 4: Deformation contour of RCC bridge (mode 1)                 Fig. 5: Deformation contour of FRP bridge (mode 1) 

VI. TRANSIENT DYNAMIC ANALYSIS   

In the present study, an earthquake with a magnitude of 7.0 Mw is applied and the change in response of an RCC bridge and an 

FRP bridge is found out. The time history of 1940 El-Centro earthquake for 15s with PGA of 3.42m/sec2 was the input for 

transient analysis. 



An Investigation on Dynamic behaviour of Composite Bridge Deck Panels  
(IJIRST/ Volume 3 / Issue 03/ 026) 

 

 
All rights reserved by www.ijirst.org 149 

 
Fig. 5: Time-history of El-Centro earthquake 

Static loading according to IRC 6:2014 are considered for transient analysis along with an earthquake load , the response of 

the structure in terms of deformation (m), and  equivalent stress (Pa),)  with respect to time (s) is shown in fig. 6 and fig. 7. 

 
Fig. 6:  Response time history of deformation for RCC 

 
Fig. 7:  Response time history of Equivalent stress for RCC and FRP bridge 

Results of transient dynamic analysis are given in table 4.  
Table - 4 

Results of transient analysis 

 RCC bridge FRP bridge 

Max deformation (mm) 9.88 0.82 

Max Von mises stress(MPa) 2.00 1.24 

Max principal stress (MPa) 1.196 0.82 

Max normal stress (MPa) 1.10 0.79 

VII.  CONCLUSIONS 

Following are the conclusions obtained from the study:  

1) Static Structural Analysis: The deformation value of FRP bridge is 87.19% less than that of RCC bridge, von-mises stress is 

found to be 33.53 % lesser for FRP bridge than RCC bridge, and the maximum principal stress is found to be 47.89 % 

lesser for FRP bridge than RCC bridge. 
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2) Model Analysis: The result from modal analyses shows that the natural frequency is higher for FRP bridge than RCC 

bridge. It is because, the mass is lesser for FRP bridge compared to RCC bridge. 

3) From the response time histories, it can be seen that the maximum deformation occurs at 0.5 s. The total deformation from 

the analysis is found to be 42.3% lesser for FRP bridge than that of RCC bridge. The maximum equivalent stress occurs at 

0.5 s, and from the analysis it is found to be 38.02% lesser for FRP bridge than that of RCC bridge. The maximum principal 

stress occurs at 0.5 s, and from the stress from the analysis it is found to be 31.17 % smaller for FRP bridge than that of 

RCC bridge. The maximum normal stress occurs at 0.5 s, and from the analysis it is found to be 28.03 % lesser for FRP 

bridge than that of RCC bridge. From the graph it can be seen that the maximum directional deformation occurs at 0.5s, the 

directional deformation from the analysis is found to be 16.69 % lesser for FRP bridge than that of RCC bridge. The Time- 

history analysis shows that the bridge exhibits a satisfactory behavior with the Time-history1940 El-Centro earthquake. 
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