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ABSTRACT 

 In recent years, using (FRP) polymeric-based composites in order to improve and retrofit reinforced 

concrete structures and other structures has been a usual practice. Main reasons of this could be high ratio of 

resistance and firmness to weight, high durability, and resistance against coercion, high capacity of energy 

absorption, lightness, and fast installation of these composites.  

In this article, the behavior of concrete beam retrofitted by FRP fiber under explosive load is investigated. 

Initially, this was done using digital modeling finite element in LS-DYNA software.  

The results were compared in order to validate with respective laboratory studies. Then, the effect of parameters 

such as retrofitting and fiber type on the beam response in light of displacing, crack pattern, and rupture mode 

are studied by developing digital models. Different kinds of beam retrofitting with external composite layer with 

carbon fiber, glass, and Kular in beam modes are taken into consideration. 

 Results show the maximum displacing reduction for retrofitting by total wrapping with carbon fiber. Also, total 

wrapping state with carbon fiber leads to the maximum reduction of bending and bending-shear cracks in beam 

free span. 
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1.Introduction 

 Structure elements could be exposed to extensive types of loads. Loads on structure elements could be 

classified into two classes of normal and random loads. Loads due to explosion whether inside or in its vicinity 

have a transit nature and could lead to many financial loss and casualties. Dynamic loads with high strain rate 

such as explosion load lead to changes in mechanic characteristics of materials which this change is dependent 

on strain rate as shown in Figure 1. Also, change probability of rupture mode from soft bending mode under 

static and pseudo-loading to fragile shear mode in dynamic loading is present. Therefore, considering these in 

analyzing and designing the structure and its elements, providing secure and economical approaches for efficient 

structure performance and its elements is important. 

 

 

 

 

 

Figure 1. Range of Strain rate with type of Loads 

 

2. Blast Wave Parameters 

 When explosion occurs in free air, the gaseous products are rapidly expanding out of the initially 

occupied volume, creating a blast wave. This incident wave has initial velocity close to the detonation velocity 

of the explosive (6-10 km/s) (Zukas and Walters (2002)). As it is shown on Figure 2, the incident pressure (also 
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called side on pressure) instantly arrives at a certain distance in space at arrival time tA, with its peak value PSO, 

after which exponentially decreases. The area under pressure-time curve represents the specific impulse from 

which only the positive one is considered responsible for structural deformation. The negative specific impulse 

is often neglected due to its small size. 

 

Figure 2. Typical blast wave pressure-time history. 

 

 The simplest form of blast wave in free air is described with Friedlander wave equation (1); 

                                                                   P(t) = PO + PSO (1 −
t

td
) exp

t

td                                                        (1) 

 in which P0 is the atmospheric pressure, PSO is the peak positive pressure, t is current time and td is 

time duration of positive pressure. 

 If the blast wave strikes an object on its way, it reflects and it delivers reflected pressure PR, which 

could be twice to eight times stronger than the incident one. This appears because the particles at the front of the 

blast wave are stopped by the structure but they are still forced to move forward by the particles coming from 

behind. 

 

3. Air Bursts 

 An "air burst" blast environment is produced by detonations which occur above the ground surface and 

at some distance away from the structure, so that the initial shock wave propagating away from the explosion 

impinges on the ground surface prior to its arrival at the structure.  

 As the blast wave continues to propagate outward, a front known as the "mach front" is formed by the 

interaction of the initial wave and a reflected wave which resulted from reinforcement of the incident wave by 

the ground. The height of the mach front increases as the wave propagates away from the center of the 

detonation. This increase in height is referred to as the path of the triple point and is formed by the intersection 

of the initial reflected and mach waves. A structure is subjected to a plane wave (uniform pressure) when the 

height of the triple point exceeds the height. As shown in Figure 3. 
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Figure 3 . Illustration of Blast Wave Propagation 

 

4.Verfication Between The Experimental Test And The Numerical Model 

 In this paper, experimental investigations were carried to find the behavior reinforced concrete beams 

in bending and shear with dimensions (300 mm width, 180 mm depth in Figure 4 and 1720 mm length) , and the 

clear span between the two simply supports was 1500 mm and details of reinforcement in table 1 .  

 

 

 

 

Figure 4. Cross Section of Beam 

 

Table 1. details of reinforcement in experimental beam 

Cover 25 mm 

Top Reinforcement 2∅10 

Bottom Reinforcement 5∅16 

Stirrup ∅8@200 mm 

 

The results of experimental test compare with verification of present model as shown in Figure 5 and 6.   

 

 

Figure 5. Verification of Present Model 

 

300 mm 

180 mm 
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Figure 6. Compare Between Experimental and Analytical Model  

 

 

 

Figure 7. Experimental Model  

 

5. parametric study and Results 

The titles of specimens where chosen according to the classification listed in table 2. Many types of beam 

retrofitting with external composite layer with carbon fiber, glass, and Kular in beam modes are taken into 

consideration. 
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Table 2. Description of Models  

Model Name Type of Fiber Description  sketch 

Control Without Fiber Without Fiber  

GFRP_L With GFRP Bottom Layer 

 

KFRP_L With KFRP Bottom Layer 

 

CFRP_L With CFRP Bottom Layer 

 

GFRP_L&U With GFRP Side & Bottom Layer 

 

KFRP_L&U With KFRP Side & Bottom Layer 

 

CFRP_L&U With CFRP Side & Bottom Layer 

 

GFRP_U With GFRP U Layer 

 

KFRP_U With KFRP U Layer 

 

CFRP_U With CFRP U Layer 

 

GFRP_F With GFRP Full Layer 

 

KFRP_F With KFRP Full Layer 

 

CFRP_F With CFRP Full Layer 
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 The results of all types of beam retrofitting and location of beam retrofitting are shown Figures in 8, 9, 

10 and 11 gives the mid-span displacement with time and mode of failures by using LS-DYNA software. 

 

 

 
 

Figure 8. Mid-Span Displacement with Time for Bottom Fiber Layer 

 

 

 

Figure 9. Mid-Span Displacement with Time for Bottom and Three Side (U Shape) of Fiber Layer 

 

 

 

 

 

 

 



7 

 

 

  

Figure 10. Mid-Span Displacement with Time for Three Side (U Shape) of Fiber Layer 

 

 

 

Figure 11. Mid-Span Displacement with Time for Full Confined Fiber Layer 

 

6. Conclusion 

 Close matching of digital study and laboratory study implies that digital modeling based on finite 

elements could be used as a practical method in designing and studying the behavior of reinforced 

concrete beam retrofitted by FRP composite under explosion load.  

 Fortification of reinforced concrete beam retrofitted by FRP composite leads to its maximum reduction. 

In this respect, fortification in form of total wrapping with carbon fiber is the most effective method 

and fortification in lower mode with glass fiber is the least effective method.  

 Retrofitting reinforced concrete beam with FRP composites lead to reduction of its cracked height. 

Meanwhile, since fortification in lower mode has insignificant effect in reducing the growth of 

bending-shear and bending cracks, therefore it is not suitable in practical usage in explosive loading.  

 In concrete beam fortification under explosion load in lights of displacing and crack growth, the most 

effective methods are carbon fiber, Kular, and glass, respectively 
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