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1. Introduction 

Composite members are widely used in various bridges and 

buildings. They utilize the best characteristics of steel and 

concrete. As is known, concrete is quite good at compression, 

but it’s weak in tension, so steel is used to solve this defect. This 

makes steel-concrete composite constructions highly effective 

and cost-saving compared to other alternatives considered for 

the same load magnitudes or functions. The steel-concrete 

composite beam is one of the earliest composite constructions 

used [1]-[4]. Several composite beams are shown earlier. The 

first patent for stone composite beams was obtained by Ralph 

Dodd in 1808, and the technology then evolved to incorporate 

iron, concrete, and other developments up to 1975, when the 

composite beam began to be used in its popular shape [5], [6]. 

Composite constructions offer many advantages, making them 

the best option for many designs. They tend to have greater 

stiffness, load, and collapse capacities, which lead to smaller 

sections and reduced material usage [2]–[7]. Due to the 

continuous need for materials and cost savings, or to provide 

desired properties, various constituents were used instead of 

steel, such as Fiber-Reinforced Polymer (FRP) and even wood, 

as shown in Fig. 1 [8], but steel-concrete sections are the most 

common [9]-[12]. 

These components are assembled with shear connectors to 

ensure they are used compositely and function as a single unit 

[13]. This composite action increases the load-carrying capacity 

and stiffness of the composite beam by a factor of 2 to 3.5 [14]. 

Various types of loads may be applied to these structures, such 

as monotonic, dynamic, and impact loads. The main difference 

between monotonic load and impact load is the short duration 

of the impact [15]. Composite beams are more vulnerable to 

impact damage because they cause the interior to degrade, 

which may not be easily visible and may reduce the 

performance of the structure [16], so impact events should be 

taken into consideration in the design of these members or 

structures. This paper numerically investigates the behavior of 

composite beams under monotonic and impact loading, using 

experimental data reported in the literature. 

2. Background  

Many researchers investigated the behavior of composite beams 

under different load circumstances and various types of shear 

connectors in monotonic field tests. The behavior of composite 

beams under sustained loads over a long period (3 years) is 

studied by Fan et al. [17]. A set of beams under negative and 

positive bending moments was examined. The finding of this 

study was that under the effect of a positive bending moment, 

the deflection was 2.5 times the initial deflection, and concrete 
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cracking occurred due to combined shrinkage and a negative 

moment. Machado et al [18] developed numerical dynamic 

analysis for composite beams. Partial interconnection was taken 

into account. The analysis involves determining the natural 

frequencies and mode shapes by varying the stiffness of the 

connection. It was concluded that as stiffness decreased, a 

higher-order mode shape appeared. After performing a 

numerical investigation to obtain the failure process of the 

composite beam, a conclusion obtained by Zhao and Li [19] that 

the composite beam has three major failure modes can be 

summarized as follows: "cracking of the concrete by the local 

tensile stress, crushing of the concrete by the compressive 

stress, and extensive yielding of the steel beam under the global 

bending moment".

Figure 1. Different types of composite beams [8]. 

The effect of using high-strength steel on the behavior of 

composite beams is studied by Shamass and Cashell [20]. Two 

grades of steel were used (S690 and S460). It has been found 

that the slip is greater for beams with S690. This is because 

increased yield strength results in greater load capacity and a 

larger relative displacement between the two materials. In a 

dynamic field investigation, the behavior of composite beams 

under impact loads was experimentally studied by Xiao et al. 

[21]. The sand layer was used as an energy dissipater. The 

experimental test was accompanied by elastic-plastic analysis. 

The authors declared that the main failure mode was 

longitudinal splitting of the concrete, with an error between test 

and analysis results of less than 15.82%. The effect of harmonic 

force and static load on a partially interconnected composite 

beam was investigated by Hamood et al. [22]; they disclosed 

that the static load had the largest effect on mid-span deflection 

and slip, while the dynamic influence was related to the load 

amplitude. Some researchers [23]–[26] investigated the 

response of composite beams under different applied loading 

systems, including shear loading, monotonic loading, vertical 

point loading, and dynamic cycling loading. All the tests proved 

the reliability of composite beams for different applications. 

Other materials were investigated by researchers such as 

Neagoe et al [27], who studied the pultruded Glass Fiber 

Reinforced Polymer (GFRP) composite beam. The study found 

that the GFRP composite beam is structurally sound and 

efficient, with a high flexural capacity-to-self-weight ratio, and 

exhibits 50% higher ultimate capacity and lower weight than 

reinforced concrete. Allawi and Ali [28] investigated the 

composite beam under the effect of impact load. Two 

compressive strengths of concrete were used (20 and 50 MPa. 

They reported that the 50 MPa slab has a higher deflection than 

the 20 MPa slab, and that the damping time of high-strength 

concrete specimens subjected to impact loading is 59% longer 

than that of the normal-strength concrete specimen. This study 

investigates the effects of impact on a composite beam, 

examines how increased concrete strength could help the beam 

resist impact, and explores the possibility of using CFRP and 

GFRP bars under such circumstances.  

3. Methods and Materials 

3.1 Specimen Description    

An experimental work reported by Allawi and Ali [28] was 

used to validate the finite element model. The test was 

performed on a pultruded Glass Fiber Reinforced Polymer 

(GFRP)-concrete composite beam and focused on impact 

loading. The specimen consists of a concrete slab 500mm wide, 

80mm thick, and 3000mm long, with a compressive strength of 

20 MPa. Reinforced by 6 mm bars spaced at 75 mm. A 

pultruded GFRP I-section with a width of 100mm, a thickness 

of 10mm for both the top and bottom flanges, and a total depth 

of 150 mm, linked to the concrete slab by an inverted U-hook 

shear connector with a diameter of 12mm at 300 mm, as shown 

in Fig. 2 they would be referred to as the reference specimen. 

Details of the experiment, including geometry, loading, 

boundary conditions, and material properties, are presented. 

The effects of concrete compressive strength and bar type on 

the behavior of composite beams were investigated. Concrete 

compressive strengths of 50, 75, and 100 MPa were used, and 

in addition to the steel bars, Glass Fiber Reinforced Polymer 

(GFRP) and Carbon Fiber Reinforced Polymer (CFRP) bars 
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were used. The GFRP bars have a tensile strength of 503 MPa 

and modulus of elasticity of 25.6 GPa [29], while CFRP bars 

have a tensile strength of 2068MPa and modulus of elasticity of 

124 GPa [30]. The reference specimen consists of a GFRP 

section and a 20 MPa concrete slab reinforced with 6 mm steel 

bars. 

 

Figure 2. Composite beam cross-section [28] 

3.2. Numerical Modeling 

Among the various techniques available to engineers, Finite 

Element Analysis (FEA) is one of the most diverse ones to use. 

Numerical methods are the most powerful analytical 

approaches in engineering for dealing with complex 

geometries. In the present work, three-dimensional modeling 

for composite GFRP-concrete beams was evaluated under 

impact load. The finite element analysis using the (ABAQUS 

2020) program included real-time experimental simulation on 

beams to be investigated, as shown in Fig. 3. The composite 

beams and deck slab were modeled using 3D stress elements, 

and the GFRP was modeled using 3D shell elements. The 

reinforcement steel and shear connectors were modeled using 

ordinary 2D elements. An eight-node solid brick element 

(C3D8R) with 8 node integration points was used to represent 

the concrete volume. Longitudinal and transverse steel bars 

were modeled utilizing an embedded truss reinforcement of a 

2-node linear truss element (T3D2). Steel plates under applied 

loads and resistive reactions were also modeled using eight-

node solid components. A 4-node 3-D bilinear rigid 

quadrilateral (R3D4) was used to model the impactor. It is 

worth noting that the perfect bond between the surrounding 

concrete and the steel bars was assumed in this analysis. The 

FRP composite material model (Hashin damage model) was 

used to model the pultruded profiles with a Linear quadrilateral, 

type S4R element.  For the concrete analysis, the damaged 

plasticity model (DPM) was applied. This model describes the 

irreversible damage that occurs during fracturing by combining 

non-associated multi-hardening plasticity and scalar (isotropic) 

elasticity. This model's primary failure mechanisms are tensile 

cracking and compressive crushing of concrete [31].  

For the meshing process, an approximate global size of 30 was 

used as shown in Fig. 4 with a total number of elements of 

15071 detailed as follows, 1340 linear quadrilateral elements of 

type S4R for the GFRP section, 12660 linear hexahedral 

elements of type C3D8R for the concrete slab, 723 linear line 

elements of type T3D2 for the reinforcements, and 384 Linear 

quadrilaterals element type R3D4 for the impactor in addition 

to a Total number of nodes of 20280. 

Figure 3. ABAQUS-constructed specimen details. 
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Figure 4. The meshing of the simulated model.

3.3. Loading Process and Data Comparison   

The simulated specimens were tested in two groups, each 

comprising five beams (three composite beams with different 

concrete compressive strengths and two beams reinforced with 

GFRP and CFRP bars), compared with the reference beam, 

which had a 20 MPa concrete slab reinforced with steel bars. 

The first group was tested under a pure monotonic load until 

failure. Each beam in the second group was analyzed under the 

effect of an impact load from a 25kg mass falling freely from a 

height of 2m, at a speed calculated using the equation of velocity 

equal to the square root [32], and then subjected to incremental 

monotonic loading up to failure, as clarified in Fig.5. 

V=√2 𝑔 ℎ                                (1) 

Were  

V = the impactor velocity 

g = the acceleration 

h = the impactor high   

Figure 5. Loading process. 
 

Impactor  
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The experimental impact force was 46.5 kN, while the 

numerical force was 42 kN. Figs. 6 and 7 clarify the 

experimental and numerical behavior under both monotonic 

and impact loads, and the differences between them, for the 

pure monotonic load. The maximum experimental load was 

122.34 kN, while the numerical maximum load was 116.51 kN; 

the maximum percentage error was 5% for the specimens tested 

under the effect of monotonic loads, while the percentage error 

for the impacted beams was 6.5%. The maximum experimental 

load was 95.85 kN, while the numerical maximum load was 90 

kN. 

4. Results and Discussion 

The specimen could support a maximum monotonic load of 

116.51 kN before the impact load application, which caused the 

load to drop to 90 kN, indicating a 22.66% reduction in load-

carrying capacity, as shown in Fig. 8. 

The failure mode was transformed before and after the 

collision, as seen in Figs. 9 and 10. As shown in the application 

of pure monotonic load, the fractures in the slab extend virtually 

down the slab and in areas surrounding the connectors. The 

cracks formed around the impacted area because the impact 

force of the falling mass weakened the area. 

 

Figure 6. Data comparison for beams under monotonic load. 

4.1. Effect of Concrete Compressive Strength 

4.1.1. Failure mode and load-displacement behavior  

When a concrete compressive strength of 50 MPa was used, the 

failure mode changed under monotonic loading; the area 

surrounding the connectors failed, as in the reference specimen, 

and both ends of the beams showed uplift. While it remained 

almost identical when the impact was applied, as shown in Figs. 

11 and 12, the only difference was that, under monotonic 

loading, the crack propagated less, and, for the impacted 

specimen, buckling in the section appeared due to the increase 

in ultimate load. 

 

Figure 7.  Validation of impacted specimens. 

 

Figure 8. Load-displacement curve before and after impact. 

 

Figure 9. Effect of pure monotonic load on the reference 

specimen. 

Deflection (mm) 

Deflection (mm) 

Deflection (mm) 
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Figure 10. Effect of monotonic load after impact on the 

reference specimen. 

 

Figure 11. Application of monotonic load on 50 MPa 

concrete. 

 

Figure 12. Impacted specimen failure mode of the composite 

beam having 50 MPa concrete slabs. 

When 75 and 100 MPa were used, the failure mode changed to 

tension failure at the bottom face of the concrete slab due to 

increased concrete strength, with a slight variation in the failure 

mode at the ends of the beam when 75 MPa was used. As 

clarified in Figs. 13 and 14. 

 

Figure 13. Composite beam with a slab of 75 MPa concrete 

compressive strength subjected to monotonic load. 

 

Figure 14. Composite beam with a slab of 100 MPa concrete 

compressive strength subjected to monotonic load. 

When the impact was employed, the specimen with 75 MPa 

exhibited the same failure manner as the 50 MPa and the 

reference specimen with stiffer failure. When 100 MPa was 

used, this mode shifted, and the tensile failure occurred near the 

impact, as in Figs. 15 and 16. 

 

Figure 15. Composite beam with a slab of 75 MPa concrete 

compressive strength subjected to impact load. 

 

Figure 16. Composite beam with a slab of 100 MPa concrete 

compressive strength subjected to impact load. 

In terms of load-deflection behavior, increasing concrete 

compressive strength increases beam load-bearing capacity for 

both impacted and non-impacted beams, as well as more brittle 

failure and a decrease in deflection. For impacted beams, both 

load capacity and deflection decreased compared with 

specimens under non-impact loads. For impacted beams, the 

curve begins linearly, then shifts to nonlinearity as stiffness 

decreases, before returning to linear behavior due to cracking 

stabilization and the section's linear response. While the graph 
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for monotonic load is essentially linear, the rapid reduction in 

load indicates a sudden failure, as illustrated in Fig. 17, where 

monotonic refers to specimens subjected to monotonic load 

only (first group), and impacted refers to specimens subjected 

to impact load and to monotonic load up to failure after impact. 

Figure 17. Effect of concrete compressive strength and impact 

loads on load-deflection of the composite beam  

4.1.2. Ductility  

Ductility is a material's or a member's ability to endure 

deformation beyond the elastic limit while sustaining a 

reasonable load before total failure. The ductility was calculated 

using the equation  

μ=
Δ𝑚𝑎𝑥

Δ𝑦
                                                 (2) 

∆max = max deflection at failure 

∆y= deformation at yield  

The most practical and reasonable estimate of (∆y) comes from 

an analogous elastoplastic system with its equivalent elastic 

stiffness taken as the secant stiffness at 75% of the actual 

system's ultimate load [33]. For the non-impacted reference 

specimen and other specimens of concrete compressive strength 

of (50, 75, and 100) MPa, the ductility was 2.11, 1.852, 1.832, 

and 1.726, respectively. In contrast, the impacted specimens’ 

ductility values were reduced by 13%, 5%, 3.4%, and 1.4% for 

the reference specimen and impacts of 50, 75, and 100 MPa, 

respectively. It can be seen that as the concrete compressive 

strength increased, the impact damage decreased. 

4.1.3. Stiffness 

The stiffness of composite beams was determined based on the 

maximum load of the composite beams by taking 45% of the 

maximum load, dropping it on the (load-deflection) curve, and 

extracting the deflection value corresponding to this load [34]. 

The stiffness of composite beams was then determined by 

dividing the load by the resulting deflection. The stiffness of 

impacted composite beams was reduced by 27%, 22%, 21%, 

and 19% compared to the reference specimen at 50, 75, and 100 

MPa, respectively. can be seen that as the concrete compressive 

strength increased, the reduction in stiffness decreased. 

4.2. Reinforcement Type Effect  

4.2.1. Failure mode and load-displacement behavior  

The mechanism of failure virtually remained the same when the 

simulated specimens were exposed to monotonic stress, except 

for specific locations due to the brittle nature of fiber bars, as 

indicated in Figs. 18 and 19. 

 

Figure 18. Composite beam reinforced by GFRP bars and 

subjected to monotonic load. 

 

Figure 19. Composite beam reinforced by CFRP bars and 

subjected to monotonic load. 

However, when these specimens were subjected to impact, the 

failure mechanism was altered. When GFRP bars were 

employed, the failure region extended farther from the impacted 

area. The slab broke, indicating entire bar failure, as illustrated 

in Fig. 20. When CFRP bars were utilized, the failure area 

extended longer than when GFRP bars were used, and the most 

damaged region was around the impact location, as shown in 

Fig. 21. These bars outperform GFRP bars in terms of 

performance. 

The load-displacement curves show that the impact 

significantly affected the beam performance. The maximum 

load was reduced by 33% and 22% when GFRP and CFRP bars 

were employed, respectively. However, the steel-reinforced 

beam maintained good performance at specific load levels 

0

20

40

60

80

100

120

140

160

180

0 10 20 30 40

L
o

ad
 (

k
N

)

Displacement (mm)

Monotonic C50 Monotonic C75

Monotonic C100 Impacted C50

Impacted C75 Impacted C100

Deflection (mm) 



Journal of Engineering and Sustainable Development, Vol. 30, No. 04, July 2026                                                ISSN 2520-0917 

530 

before failing, and the maximum load was reduced by 18.7%, 

as shown in Fig. 22. 

4.2.2. Ductility  

When different reinforcement bars were used, the ductility of 

the impacted beams was reduced by 13%, 25%, and 18% for 

steel, GFRP, and CFRP bars, respectively. When a member is 

subjected to impact loading, GFRP bars are the most vulnerable 

due to their brittle nature and poor tensile strength, whereas 

CFRP bars exhibit excellent yielding and perform better than 

both GFRP and CFRP bars. 

 

Figure 20. Impacted Composite beam reinforced by GFRP 

bars mode of failure. 

 

Figure 21. Impacted Composite beam reinforced by CFRP 

bars mode of failure. 

4.2.3. Stiffness  

When the stiffness of impacted composite beams is compared 

to that of beams subjected to monotonic load only, it can be seen 

that the beam stiffness decreased by 27%, 40%, and 30% for 

composite beams reinforced by steel  

bars, GFRP bars, and CFRP, respectively. It can be observed 

that the application of impact loading significantly affects the 

stiffness of the composite beam, with GFRP bars reducing 

stiffness by 40%, and steel bars are the best choice for either 

monotonic or impact loading. Fig. 23 represents the reduction 

percentages for both ductility and stiffness. 

 

Figure 22. Load-displacement behavior of composite beam 

reinforced by different types of bars 

 

Figure 23. Reduction percentages for impacted composite 

beam stiffness and ductility 

Table 1 clarifies the maximum load and deflection for the 

studied beams. 

Table 1. Load and deflection values. 

Specimen Maximum load (kN) Deflection (mm) 
Maximum load after 

impact (kN) 

Deflection after 

impact (mm) 

Reference 116.51 35.648 90 34.378 

50 MPa 123.166 23.329 104.396 22.396 

75 MPa 146.839 22.945 108.123 22.231 

100 MPa 152.88 22.673 112.092 21.832 

GFRP reinforced 108.093 38.741 72.422 26.15 

CFRP reinforced 113.588 35.458 88.598 32.589 
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5. Conclusion  

In the present work, the behavior of composite beams was 

numerically investigated using the commercial finite element 

program ABAQUS  2020. Different concrete compressive 

strengths were used, and their effects on beam performance 

were investigated, along with reinforcement bar types. It was 

concluded that: 

The finite element approach is a good method for predicting 

results that can be experimentally obtained later and for 

developing an understanding of the numerical results.  As the 

concrete compressive strength increases, the impact effect 

decreases, and the beam exhibits more brittle behavior; it fails 

in tension at higher concrete compressive strengths. The 

ductility was reduced by 25% when the beam was reinforced 

with GFRP bars and subjected to impact loading. The 

composite beam stiffness was reduced by almost 40% when 

GFRP bars were used instead of steel bars; this is due to the 

brittle behavior and the absence of a yield point in these 

materials. The CFRP bars reduced the composite beam's 

stiffness and ductility by 30% and 18%, respectively, due to 

impact.  The steel bars are the best option for composite beam 

reinforcement, whether monotonic or impact loads are applied; 

increasing the concrete compressive strength is the best option 

for strengthening this type of composite beam. 

Recommendations for future work: Investigate the effect of 

thermal load on such beams. Investigate the effect of impact 

load on a composite beam with a prestressed slab.  
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