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Abstract 

 

Terrorists now frequently use explosive attacks to carry out assaults. They frequently utilize car bombs, luggage 

bombs, or suicide bombs to target key buildings, creating fear and drawing public attention.  The specimens 

used consist of semi-rigid slabs with varying thicknesses of 15 cm, 18 cm, and 20 cm. Two models were 

considered: one with additional reinforcement using polyurea-infused woven glass fiber mesh composites and 

another without any additional reinforcement. These slabs were subjected to blast loads.  Numerical analysis 

was conducted using Wolfram Mathematica software.  When polyurea-infused woven glass fiber mesh 

composites were used as reinforcement, slabs of decreasing thickness showed a big rise in their resistance to 

blast loads. This demonstrates the effectiveness of this material in enhancing slab performance under blast 

conditions. For example, when extra retrofitting using polyurea-infused woven glass fiber mesh composites was 

done at the same thickness (15 cm), a big drop was seen—a drop of 97.61%. Similarly, at a thickness of 18 cm, 

a decrease of 30.48% was experienced, while at a thickness of 20 cm, the reduction reached 70.40%. 

 
Keywords: Blast load; Retrofitting; Polyurea-infused woven glass fiber mesh composites 

 

1. Introduction 

 

Nowadays, explosive attacks have become a leading way for terrorists to carry out attacks, where they 

frequently use car bombs, luggage bombs, or suicide bombs to attack key buildings to create public fear and 

focus. These bombs pose a severe threat to the safety of the key building and the people in it because of the 

structural collapse and scattering of explosive fragments. For these reasons, some new key buildings under 

construction have already considered the hazards caused by the blast wave, e.g., traditional concrete instead of 

ultrahigh-performance concrete or fiber-reinforced concrete. However, for most old buildings, especially those 

built in the last century, seeking proper structural retrofitting techniques is a practical approach to upgrading 

blast resistance against explosive terrorist attacks. Many approaches have been used as retrofitting techniques 

against blast loading. Some of the traditional methods (e.g., attaching extra structural members or steel skin 

façades (Ding et. al., 2016), increasing the sectional area of the structural members, etc.) were used to upgrade 

structures over the last two decades. However, these techniques effectively increase the strength and stiffness 

of the structure and add extra mass to the structure. However, these methods are undesirable from the 

perspectives of construction cost and usable space elimination (Nam et. al., 2010). Moreover, this method 

generally does not significantly increase the overall structural resistance against blast loads (ASCE, 1999), and 

concrete spalling and fragmentation also cannot be eliminated (Guo et. al., 2017). Therefore, less expensive and 

more convenient fiber-reinforced polymer (FRP) sheets or plates with high strength and stiffness are gradually 

used as surface attachments to retrofit specified areas (Pham & Hao, 2016). In the event of an explosion, FRP 

https://joscetech.uitm.edu.my/
mailto:2023673258@student.uitm.edu.my


Journal of Sustainable Civil Engineering and Technology 

e-ISSN: 2948-4294 | Volume 3 Issue 1 (March 2024), 90-102 

https://joscetech.uitm.edu.my 

 

91 

can enhance structural members out-of-plane bending strength, stop fragmental debris spalling, and prevent the 

total failure of structures (Chundawat et. al., 2018). However, most FRP retrofits have some drawbacks, 

including premature failure due to debonding and delamination, as witnessed in full-scale blast tests (Maji et. 

al., 2008). 

 

The steady-state response of moving loads on beams supported by elastic foundations was studied by J. T. 

Kenney. Empirical methods were used in previous research, but with the rapid technological advancement of 

finite element methods, numerical-based research has become possible in recent years. Jacob et al. (2004) 

investigated square-shaped steel plates with varying thickness and length-to-width ratios supported by fixed 

supports, using experimental results and numerical predictions.  

 

Abdelkrim (2008) examined the influence of explosion pressure duration on other parameters, such as strain 

rate, showing that including the strain rate effect yields a significantly stiffer response. In their research, they 

studied the dynamic behavior of orthotropic plates subjected to external explosions. The external explosion was 

fixed, and dynamic deflection was calculated for various durations and amounts of reinforcement. Their 

research results indicated that the dynamic response of orthotropic plates depends on the amount of 

reinforcement and the explosion load's duration (Sofia and Wiratman, 2014). 

 

All numerical calculations in this paper were performed using the Wolfram Mathematica computer software, 

developed by Stephen Wolfram. The research focused on rectangular orthotropic plates placed on a Pasternak 

foundation with semi-rigid placements. Therefore, the homogeneous system's differential equation solution 

required the Modified Bolotin Method (MBM), a numerical method for solving various plate equations using 

trigonometric functions (Alisjahbana, Sofia & Wangsadinata, 2008). The Winkler foundation and continuous 

medium model cannot realistically depict the interaction mechanism between the beam and the contact medium. 

Among several basic three-parameter models, the Kerr-type basic model received particular attention as it 

originates from the well-known two-parameter Winkler-Pasternak basic model, which has had various 

applications and solutions. In the Kerr-type basic model, the underlying medium is illustrated as consisting of 

upper and lower spring layers enclosing an uncompressed shear layer. In previous research, soil modeling was 

generally conducted using the Pasternak and Winkler models.  

 

However, this study attempts to fill the knowledge gap by applying the Kerr model for soil modeling. In 

addition, in the context of plate modeling, previous research typically used the 'simply supported' approach. 

Conversely, this study strives to expand our understanding by applying a 'semi-rigid' model for plate modeling. 

Thus, this study aims to provide new contributions in the field of numerical analysis by applying different 

modeling techniques. 

 

This paper analyzes the dynamic behavior of rigid pavement plates due to local explosion loads with semi-rigid 

placement on a Kerr foundation. This is done to understand the behavior of plates with semi-rigid placement on 

the Kerr foundation. Variations in plate thickness and soil type were carried out to determine the dynamic 

response on the plate that would arise due to the local blast load.  

 

Zhang, et. al., (2023) mentioned a paper to discuss the utilization of composites consisting of polyurea-infused 

woven glass fiber mesh as well as the measurement of retrofitting slabs under local blast loads. Ibrahim & 

Metwally (2023) mentioned in the paper that a technique involving the use of polyurea-infused woven glass 

fiber mesh is implemented to prevent fragmentation in RC slabs that are exposed to contact explosion. The 

numerical model proved to be an effective tool for designing solutions to retrofit buildings against blasts. 

 

The objective of this study is to quantify the efficacy of retrofitting reinforced concrete slabs under local blast 

loads through numerical analysis using polyurea-infused woven glass fiber mesh composites. This will be 

achieved by conducting a comprehensive numerical analysis to evaluate the performance of the retrofitted 

concrete slabs under local blast loads.  
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The specific focus will be on assessing the structural response, deformation characteristics, and capabilities of 

the polyurea-infused woven glass fiber mesh composites in mitigating the effects of local blast loads on the 

reinforced concrete slabs. These numerical results may serve as design guidelines for structures under blast 

loading.  

 

2. Methods 

 

All numerical calculations in this paper were performed using the Wolfram Mathematica computer software. 

The numerical method used in this study has previously been implemented and examined (Sofia and Wiratman, 

2014). This research provides a strong foundation for further development in this study. 

 

2.1.  Description of the orthotropic plate 

 

The material characteristics of the concrete and the reinforcement properties of the stiffening elements 

significantly impact the dynamic behaviors of an orthotropic concrete plate with semi-rigid conditions along its 

edges when exposed to the blast load (S. Alisjahbana and W. Wangsadinata, 2012). The subsequent numerical 

analysis assumes that the connection between the reinforcing bars and the concrete is ideal. 

 

The dimensions of the concrete plate under investigation in this study are 15 x 7.5 meters, with varying plate 

thicknesses used, which are 15 cm, 18 cm, and 20 cm. Figure 1 depicts the configuration of the orthotropic 

concrete plate, showcasing its semi-rigid boundary conditions along the edges. This assembly is subjected to 

the blast load f(x,y,t). 

 

 
Figure 1. Rectangular orthotropic concrete plate 

subjected to the blast load at (x0, y0). 
 

The mathematical model of a rectangular orthotropic floor slab that is loaded with blast loads has a length in 

the x-direction of a, a length in the y-direction of b, and a thickness of the slab h. By using the classic thin plate 

theory, the deflection of orthotropic slabs is expressed by the differential equation as follows: 

 

𝐷𝑥
𝜕4𝑤(𝑥, 𝑦, 𝑡)

𝜕𝑥4
+ 2𝐵

𝜕4𝑤(𝑥, 𝑦, 𝑡)

𝜕𝑥4𝜕4
+ 𝐷𝑦

𝜕4𝑤(𝑥, 𝑦, 𝑡)

𝜕𝑦4
+ 𝛾. ℎ

𝜕𝑤(𝑥, 𝑦, 𝑡)

𝜕𝑡2
= 𝑝(𝑥, 𝑦, 𝑡) 

  (1) 

 

Where w(x,y,b) is a deflection function based on function (position and time) and p(x,y,t) is a load function 

based on function (position and time). 
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2.2. Description of Kerr Foundation 

 

The plate is subjected to a general dynamic load p(x, y, t) which moves at a constant velocity, and it is supported 

by a Kerr foundation with spring stiffness moduli k1, k2, and the shear modulus of the shear layer Gs. This 

modeling is deemed to be the closest approximation or most accurate representation according to field 

conditions. The Kerr equation can be expressed (Alisjahbana, Sofia and Wangsadinata, Wiratman, 2008) as 

follows: 

 

− [1 +
𝑘2

𝑘1

] [𝐷𝑥
𝜕4𝑤

𝜕𝑥4
+ 2𝐵

𝜕4𝑤

𝜕𝑥2𝜕𝑦2
+ 𝐷𝑦

𝜕4𝑤

𝜕𝑦4
+ 𝜌ℎ

𝜕2𝑤

𝜕𝑡2
+ 𝛾ℎ

𝜕𝑤

𝜕𝑡
− 𝑝(𝑥, 𝑦, 𝑡)]

+
𝐺

𝑘1

[𝐷𝑥 (
𝜕6𝑤

𝜕𝑥6
+

𝜕6𝑤

𝜕𝑥4𝜕𝑦2
) + 2𝐵 (

𝜕6𝑤

𝜕𝑥4𝜕𝑦2
+

𝜕6𝑤

𝜕𝑥2𝜕𝑦4
) + 𝐷𝑦 (

𝜕6𝑤

𝜕𝑦6
+

𝜕6𝑤

𝜕𝑥2𝜕𝑦4
)]

+
𝐺

𝑘1

(
𝜕2

𝜕𝑥2
+

𝜕2

𝜕𝑦2
) (𝜌ℎ

𝜕2𝑤

𝜕𝑡2
+ 𝛾ℎ

𝜕𝑤

𝜕𝑡
− 𝑝(𝑥, 𝑦, 𝑡)) = 𝑘2𝑤 − 𝐺𝑠 (

𝜕2

𝜕𝑥2
+

𝜕2

𝜕𝑦2
) 

                                                                                                                           (2) 

 

             

Figure 2. Modeling of the Kerr support layer (A. D. Kerr, 1965) 

 
2.3. Load Function  

 
The explosion load used in this calculation is the explosion load developed by (Sofia and Wiratman, 2014). The 

positive phase of this load follows an exponential form, while the negative phase utilizes the negative cubic 

phase function. It was demonstrated in their research that the negative cubic function is the most accurate 

function for depicting the negative phase of the load. 

 

𝑃(𝑡) =  {𝑃𝑚𝑎𝑥 (1 −
𝑡

𝑡𝑝
) 𝑒

−𝛼
𝑡

𝑡𝑝
 
 − 𝑃𝑚𝑖𝑛(

6.75(𝑡 − 𝑡𝑝)

𝑡𝑁

(1 −
1 − 𝑡𝑝

𝑡𝑁

)  

    (3) 
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Figure 3. Idealized pressure-time profile for a blast load  

(Zhang. et. al, 2023) 

 

Choosing the blast load because the type of blast being simulated is a blast above the surface in a real-life 

situation, the blast load is the most ideal to represent the explosion above the surface as simulated. 

 

2.4. Dynamic Analysis 

 

The rectangular plate model with orthotropic properties features semi-rigid boundary conditions on all four 

sides, positioned on top of a Kerr foundation layer. The dynamic deflection equation of the orthotropic plate 

(Equation 2) can be solved by expressing that the solution to the differential equation is a product of the 

positional function W(x, y) and the temporal function T(t), as follows: 

 

𝑤(𝑥, 𝑦, 𝑡) = ∑

∞

𝑚=1

∑

∞

𝑛=1

𝑊𝑚𝑛(𝑥, 𝑦)𝑠𝑖𝑛(𝜔𝑚𝑛𝑡) 

   (4) 

 

When equation (4) is substituted into equation (2) with the conditions of free vibration, the equation is obtained 

to obtain the value of natural frequency: 

 

−(𝑘1 + 𝑘2) (𝐷𝑥

𝜕4𝑤

𝜕𝑥4
+ 2𝐵

𝜕4𝑤

𝜕𝑥2𝜕𝑦2
+ 𝐷𝑦

𝜕4𝑤

𝜕𝑦4
) + 𝐺𝑠 (𝐷𝑥  ( 

𝜕6𝑤

𝜕𝑥6
+

𝜕6𝑤

𝜕𝑥2𝜕𝑦2
 ))

+ 2𝐵 (
𝜕6𝑤

𝜕𝑥4𝜕𝑦2
+

𝜕6𝑤

𝜕𝑥2𝜕𝑦4
) + 𝐷𝑦 ( 

𝜕6𝑤

𝜕𝑦6
+

𝜕6𝑤

𝜕𝑥2𝜕𝑦4
)) − 𝑘1𝑘2𝑊 + 𝐺𝑠( 

𝜕2𝑤

𝜕𝑥2
+  

𝜕2𝑤

𝜕𝑦2
)

=  𝜌ℎ𝜔𝑚𝑛
2(𝑘1 ( 

𝜕2𝑤

𝜕𝑥2
+  

𝜕2𝑤

𝜕𝑦2
) − (𝑘1 + 𝑘2)𝑊) 

                           (5) 

For rectangular plates with semi-rigid bearings on the x and y sides, the following conditions apply: 

 

W(x,y) =0, di x = 0 and x = a     (6) 

 

𝐷𝑥 (
𝜕2𝑊

𝜕𝑥2 + 𝑣𝑦
𝜕2𝑊

𝜕𝑦2 ) = 𝑘𝑟𝑥
𝜕𝑊

𝜕𝑥
 , di x = 0 and x = a   (7) 

 

W(x,y) =0, di y = 0 and y = b     (8) 
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𝐷𝑦 (
𝜕2𝑊

𝜕𝑥2 + 𝑣𝑦
𝜕2𝑊

𝜕𝑦2 ) = 𝑘𝑟𝑦
𝜕𝑊

𝜕𝑦
 , di y = 0 and y = b   (9) 

 

For a plate with semi-rigid bearings on all four sides, the solution to the position function of the equation of 

motion that satisfies the boundary conditions can be expressed as follows: 

 

𝑊𝑚𝑛 =  𝐴𝑚𝑛 𝑆𝑖𝑛 (
𝑚𝜋𝑥

𝑎
) 𝑆𝑖𝑛 (

𝑚𝜋𝑦

𝑏
)     (10) 

 

p and q are real numbers that are the roots of two transcendental equations in the form of the First Levy type 

auxiliary equation (11) in the x direction and the Second Levy type auxiliary equation (12) in the y direction, 

which is also known as the Modified Bolotin Method, which satisfies the conditions m ≤ p ≤ m+1 and n ≤ p ≤ 

n+1. 

 

The First Auxiliary Levy Problem 

 

−(𝑘1 + 𝑘2) (𝐷𝑥
𝑑4𝑋𝑚𝑛(𝑥)

𝑑𝑥4 − 2𝐵 (
𝑞𝜋

𝑏
)

2 𝑑2𝑋𝑚𝑛(𝑥)

𝑑𝑥2 + 𝐷𝑦𝑋𝑚𝑛(𝑥) (
𝑞𝜋

𝑏
)

4

) + 𝐺𝑠 (𝐷𝑥 (
𝑑6𝑋𝑚𝑛(𝑥)

𝑑𝑥6 −

(
𝑞𝜋

𝑏
)

2 𝑑4𝑋𝑚𝑛(𝑥)

𝑑𝑥4 )) + 2𝐵 (− ((
𝑞𝜋

𝑏
)

2

 
𝑑4𝑋𝑚𝑛(𝑥)

𝑑𝑥4 + (
𝑞𝜋

𝑏
)

4 𝑑2𝑋𝑚𝑛(𝑥)

𝑑𝑥2 )) + 𝐺𝑠 (𝐷𝑦 (𝑋𝑚𝑛(𝑥) (
𝑞𝜋

𝑏
)

6

+

 (
𝑞𝜋

𝑏
)

4 𝑑2𝑋𝑚𝑛(𝑥)

𝑑𝑥2 )) −  𝑘1𝑘2𝑋𝑚𝑛(𝑥) + 𝐺𝑠𝑘1 (
𝑑2𝑋𝑚𝑛(𝑥)

𝑑𝑥2 − 𝑋𝑚𝑛(𝑥) (
𝑞𝜋

𝑏
)

2

) = 𝜌ℎ𝜔𝑚𝑛
2 (𝑘1 (

𝑑2𝑋𝑚𝑛(𝑥)

𝑑𝑥2 −

(
𝑞𝜋

𝑏
)

2

𝑋𝑚𝑛(𝑥)) − (−𝑘2+𝑘1)𝑋𝑚𝑛(𝑥))                                  

                                (11) 

 

The Second Auxiliary Levy Problem 

 

−(𝑘1𝑘2) (𝐷𝑥 (
𝑝𝜋

𝑎
)

4

𝑌𝑚𝑛(𝑦) − 2𝐵 (
𝑝𝜋

𝑎
)

2 𝑑2𝑌𝑚𝑛(𝑦)

𝑑𝑦2 + 𝐷𝑦 (
𝑑4𝑌𝑚𝑛(𝑦)

𝑑𝑦4 )) + 𝐺𝑠 (𝐷𝑥𝑌𝑚𝑛(𝑦) ((
𝑝𝜋

𝑎
)

6

+

(
𝑝𝜋

𝑎
)

2 𝑑4𝑌𝑚𝑛(𝑦)

𝑑𝑦4 ) + 2𝐵 ((
𝑝𝜋

𝑎
)

4 𝑑2𝑌𝑚𝑛(𝑦)

𝑑𝑦2 − (
𝑝𝜋

𝑎
)

2 𝑑4𝑌𝑚𝑛(𝑦)

𝑑𝑦4 )) + 𝐺𝑠 (𝐷𝑦 (
𝑑6𝑌𝑚𝑛(𝑦)

𝑑𝑦6 − (
𝑝𝜋

𝑎
)

2 𝑑4𝑌𝑚𝑛(𝑦)

𝑑𝑦4 )) −

𝑘1𝑘2𝑌𝑚𝑛(𝑦) + 𝐺𝑠𝑘1 (− (
𝑝𝜋

𝑎
)

2

𝑌𝑚𝑛(𝑦) +
𝑑2𝑌𝑚𝑛(𝑦)

𝑑𝑦2 ) = 𝜌ℎ𝜔𝑚𝑛
2(𝑘1 (− (

𝑝𝜋

𝑎
)

2

𝑌𝑚𝑛(𝑦) +
𝑑2𝑌𝑚𝑛(𝑦)

𝑑𝑦2 − (𝑘1 +

𝑘2)𝑌𝑚𝑛(𝑦))   

                                                 (12) 

 

2.4.1 Homogeneous Solution 

 

Using the separation of variables method, two distinct equations will be obtained: the spatial solution W(x, y) 

comprising positional functions x and y, and the temporal solution T(t) as a function of time (t). Consequently, 

the homogeneous solution can be expressed as follows: 

 

𝑤ℎ = 𝑤(𝑥, 𝑦, 𝑡) = ∑

𝑚=∞

𝑚=1

∑

𝑛=∞

𝑛=1

[𝑋(𝑥)𝑌(𝑦)]𝑒−𝜉𝜔𝑚𝑛𝑡[𝑎0𝑐𝑜𝑠(𝜔𝐷)𝑡 + 𝑏0𝑠𝑖𝑛(𝜔𝐷)𝑡] 

                                             (13) 
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2.4.2 Particular Solution 

 
The particular solution is obtained from the plate's equation of motion, which incorporates the external load 

p(x, y, t) and the damping coefficient γ, thus, the equation can be expressed as follows: 

 
𝑤𝑝 = 𝑤(𝑥, 𝑦, 𝑡)

= ∑

∞

𝑚=1

∑

∞

𝑛=1

[𝑋(𝑥)𝑌(𝑦)] ∫
𝑡

0

𝑒−𝜉𝜔𝑚𝑛(𝑡−𝜏) 𝑠𝑖𝑛 𝑠𝑖𝑛 𝜔𝐷(𝑡 − 𝜏) 

𝜌ℎ 𝑄𝑚𝑛 [
𝐺𝑠

𝑘1
(

𝑚2𝜋2

𝑎2 +
𝑛2𝜋2

𝑏2 ) − (1 +
𝑘2

𝑘1
)]

∫
𝑎

0

∫
𝑏

0

[𝑋(𝑥)𝑌(𝑦) [
𝐺𝑠

𝑘1

𝛻

− (1 +
𝑘2

𝑘1

)] 𝑝(𝑥, 𝑦, 𝜏)𝑑𝑥𝑑𝑦]𝑑𝜏 

                      (14) 

 

2.5. Numerical parameter 

 
In this numerical approach, six plate configurations are modelled with the geometries and mechanical properties 

of the materials presented in Table 1. And using concrete grade K 175, it has the strength to support loads of up 

to 14.5 MPa 
Table 1. Plate Parameters 

Notation   Unit 

a X Direction Length 15 m 

b Y Direction Length 7.5 m 

h Plate Thickness 15, 18, 20 cm 

Ecx X-Direction Plate Modulus of Elasticity 30 x 109 N/m2 

Ecy Y-Direction Plate Modulus of Elasticity 20 x 109 N/m2 

vx Poisson Ratio X Direction 0.15, 0.22 - 

vy Poisson Ratio Y Direction 0.10, 0.22 - 

ρ Plate Density 2400 kg/m3 

Dx X-Directional Flexural Stiffness 𝐸𝑥ℎ3

12(1 + 𝑣𝑥𝑣𝑦)
 

Nm 

Dy Y-Directional Flexural Stiffness 𝐸𝑥ℎ3

12(1 + 𝑣𝑥𝑣𝑦)
 

Nm 

B Torsional Rigidity           √𝑫𝒙𝑫𝒚  Nm 

ξ Damping Ratio 0,05 - 

 
The following are the parameters used as parameters for modelling the blast load, which is assumed to occur 

above the plate in the middle of the span of the plate. The blast load is modelled as the local blast in Table 2. 

 
Table 2. Blast Load Parameters 

Notation   Unit 

Pmax The maximum amplitude of the blast load 28.906 N/m2 

Pmin The minimum amplitude of the blast load 7.226,5 N/m2 

td0 Load start time 0 second 

tdp Positive phase 0,0018 second 

tdn Negative Phase 0,0036 second 

 

The data taken in this study was correlated to obtain the values of k1 as the 1st Spring Coefficient 1,626 x 106 

N/m2/m, k2 as the 2nd Spring Coefficient 1,626 x 107 N/m2/m, and Gs as Coefficient of Soil Shear in the soil, 

2,85 x 105 N/m2. The soil simulated in this study is a type of Soft from East Java, Indonesia.  
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3. Results and Discussion 

 

3.1 Natural Frequencies 

 

The natural frequency value of the system obtained from equation (5) for Figure 4(a) is 1143.55 rad/sec, while 

for Figure 4(b) the natural frequency value is 1111.9 rad/sec and for Figure 4(c) the natural frequency is 1081.32 

rad/sec. For modes m = 4 and n = 4, the natural frequency value of the system in Figure 4(a) is 1612.52 rad/sec, 

for Figure 4(b), the natural frequency value is 1556.93 rad/sec and for Figure 4(c), the natural frequency is 

1502.07 rad/sec. Likewise, for modes m = 4 and n = 5, the natural frequency value of the system for Figure 4(a) 

is 2247.9 rad/sec, while for Figure 4(b), the natural frequency value is 2163.61 rad/sec, and for Figure 4(c), the 

natural frequency is 2079.8 rad/sec. In m = 1 and n = 1 modes, the natural frequency value of the system for 

Figure 4. (f) is 1304.31 rad/sec, while for Figure 4(e) conditions, the natural frequency value is 586.926 rad/sec 

and for Figure 4(d) conditions, the natural frequency is 145.575 rad/sec. For modes m = 5 and n = 5, the natural 

frequency value of the system in Figure 4(f) is 2720.09 rad/sec, while for Figure 4(e) conditions, the natural 

frequency value is 2445.95 rad/sec and for Figure 4(d) conditions, the natural frequency is 2406.89 rad/sec. 

 

 
Figure 4. Graph of natural frequency vibration variation of slab thickness with and without additional 

retrofitting using polyurea-infused woven glass fiber mesh composites 

 

3.2 Maximum Absolute Deflection 

 

The modeling in this study involves orthotropic slabs subjected to Friedlander blast loads with variations in slab 

thickness and additional retrofitting using polyurea-infused woven glass fiber mesh composites. The maximum 

deflection of the floor slab is calculated at the mid-span, where x = a/2 and y = b/2. Based on the results of the 

Maximum Absolute Deflection obtained from the Friedlander blast loading in all dimensions of the floor slab 

and blast duration, the overall values of the Maximum Absolute Deflection of the floor slab are consistent with 

the theory of small deflections. According to this theory, the maximum deflection that occurs must not exceed 

10% or 1/10 of the slab thickness tested.  
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Table 4. Table of maximum absolute deflection for each slab thickness variation and added retrofitting 

Type of Slab Slab Thickness (cm) 
Maximum Absolute 

Deflection 
Percentage  Conclusion 

Without 

Polyurea-

infused 

Woven Glass 

Fiber Mesh 

Composites 

15 0,00006696570 0,0133931% compatible 

18 0,00000220558 0,0004411% compatible 

20 0,00000899000 0,0017980% compatible 

With 

Polyurea-

Infused 

Woven Glass 

Fiber Mesh 

Composites 

15 0,00000159924 0,0003554% compatible 

18 0,00000153336 0,0003195% compatible 

20 0,00000220558 0,0004411% compatible 

 

The Maximum Absolute Deflection value, which represents the maximum deformation or displacement that 

occurs in the slab during the entire duration of the blast load (including the load start time, positive phase, and 

negative phase), is extremely small in the given data. For instance, it is 0,00006696570 for a slab of 15 cm 

thickness without additional retrofitting using polyurea-infused woven glass fiber mesh composites. However, 

for a slab of 20 cm thickness with additional retrofitting using the same material, the Maximum Absolute 

Deflection value is even smaller, at 0,00000220558. These minuscule values indicate that the slabs exhibit 

excellent resistance to blast loads, maintaining their structural integrity throughout the blast event. This suggests 

that the retrofitting technique employed in this study, possibly involving the use of polyurea-infused woven 

glass fiber mesh composites, is highly effective in enhancing the slab's blast resistance. 

 

3.3 Time History 

 

Time History Deflection is a graph that illustrates the relationship between slab deflection and the time during 

which the blast load occurred. Time history was analyzed with load parameters Pmax= 28.906 N/m2, Pmin= 

7226.5 N/m2 and damping ratio 𝝃 = 5%. The slab parameters analyzed are listed in Table 4.1. The time history 

of slab deflection for each slab thickness variation and additional retrofitting using polyurea-infused woven 

glass fiber mesh composites can be seen in the graph below: 

 

                                        (a)                                                                                      (b) 
Figure 5. (a) Time history of slab deflection for all slab thickness variations with additional retrofitting 
using polyurea-infused woven glass fiber mesh composites. (b) Time history of slab deflection all slab 

thickness variations without additional retrofitting using polyurea-infused woven glass fiber mesh 
composites 
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The graphs show that adding polyurea-infused woven glass fiber mesh composites to the retrofitting process 

makes the slab less likely to bend. Moreover, the deflection decreases with additional retrofitting using 

polyurea-infused woven glass fiber mesh composites. Additional retrofitting using polyurea-infused woven 

glass fiber mesh composites on slabs can significantly enhance their resistance to blast loads. This material adds 

strength and flexibility to the slabs, thereby better equipping them to withstand blast loads and reducing the 

deflection or deformation that occurs. Thickness variation also has a significant impact. Thicker slabs tend to 

have smaller deflections after being subjected to blast loads, regardless of whether additional retrofitting is 

applied. This is because thicker slabs have a greater capacity to withstand loads. However, with the addition of 

retrofitting using polyurea-infused woven glass fiber mesh composites, even thinner slabs can exhibit smaller 

deflections after being subjected to blast loads. This demonstrates that this material can improve the 

performance of slabs in withstanding blast loads, regardless of their thickness. The use of polyurea-infused 

woven glass fiber mesh composites in retrofitting can be an effective strategy for enhancing the resistance of 

structures to blast loads. Figure 6 presents a 3D visualization of deflection variations concerning slab types and 

slab thicknesses. 

 

     
(a) h= 20 cm WGF                             (b) h= 18 cm WGF                         (c) h= 15 cm WGF 

 

   
             (d)  h= 20 cm                                   (e) h= 18 cm                                    (f) h= 15 cm 

Figure 6. 3D the slab region computed at t=0.015 s. 

 

3.4 Moment  

 

Larger deflections or deformations can happen on slabs with decreasing thicknesses (15 cm, 18 cm and 20 cm) 

if they are not retrofitted with polyurea-infused woven glass fiber mesh composites. This is due to the fact that 

thinner slabs have a lower capacity to withstand loads, including the moments generated by blast loads. 

However, if slabs of the same thickness (15 cm, 18 cm, and 20 cm) are given additional retrofitting using 

polyurea-infused woven glass fiber mesh composites, the deflection or deformation that occurs can be 

significantly reduced. This material adds strength and flexibility to the slabs, allowing them to withstand greater 

moments without significant deformation. In other words, the use of polyurea-infused woven glass fiber mesh 

composites in retrofitting can help mitigate the negative effects of greater moment values on slabs with 

decreasing thickness. This demonstrates the effectiveness of this material in enhancing the performance of slabs 

in withstanding blast loads. 
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(a)                                                              (b)         

 

  
                                                      (c)                                                            (d)  

Figure 7. (a) and (b) Graph X and Y direction moment for all slab thickness variations with additional 
retrofitting using polyurea-infused woven glass fiber mesh composites. (c) and (d) Graph X and Y 

direction moment for all slab thickness variations without additional retrofitting using polyurea-infused 
woven glass fiber mesh composites 

3.5 Flexural Stress Distribution 

 

The stress distribution shows the maximum stress value on the slab. In the analysis of slab stress distribution, 

the data reviewed is the maximum normal stress distribution using the Wolfram Mathematica program. The 

type of slab was analyzed with three types of slab thickness, namely 15 cm, 18 cm and 15 cm, with and without 

additional retrofitting using polyurea-infused woven glass fiber mesh composites. 

 
Table 5. Flexural Stress Distribution 

Type of slab Slab Thickness (cm) 
Flexural Stress Distribution 

Phase 1 Phase 2 Phase 3 

Without Polyurea-

Infused Woven 

Glass Fiber Mesh 

Composites 

15 0,00067514100 0,00506562 0,0700449 

18 0,00049252300 0,00283288 0,0386509 

20 0,00026663200 0,0013317 0,0206311 

With Polyurea-

Infused Woven 

Glass Fiber Mesh 

Composites 

15 0,00050824600 0,00277391 0,0378426 

18 0,00049743200 0,00280994 0,0383327 

20 0,00049252300 0,00283288 0,0386509 

 

The Flexural Stress Distribution (the maximum normal stress distribution) during a blast load on a slab can be 

divided into three phases: phase 1 (load start time), phase 2 (positive phase), and phase 3 (negative phase). On 

a slab with a thickness of 15 cm without additional retrofitting using polyurea-infused woven glass fiber mesh 

composites, the flexural stress distribution values in phase 1, phase 2, and phase 3 are 0.00067514100, 

0.00506562, and 0.0700449 respectively. These values indicate that the slab experiences relatively little flexural 
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stress during the blast load, even without additional retrofitting. However, on a slab of the same thickness (15 

cm) with additional retrofitting using polyurea-infused woven glass fiber mesh composites, the flexural stress 

distribution values in phase 1, phase 2, and phase 3 are 0.00050824600, 0.00277391, and 0.0378426, 

respectively. These values are lower than those for the slab without retrofitting, demonstrating that the addition 

of retrofitting can lessen the flexural stress the slab experiences during the blast load. In other words, whether 

on thinner or thicker slabs, using polyurea-infused woven glass fiber mesh composites during retrofitting can 

help reduce the flexural stress the slab experiences as a result of a blast load. This demonstrates the effectiveness 

of this material in improving the performance of slabs in withstanding blast loads. 

 

4. Conclusions 

 

Based on the analysis conducted in the study Quantifying the Efficacy of Retrofitting Slabs Under Local Blast 

Loads through Numerical Analysis using Polyurea-Infused Woven Glass Fiber Mesh Composites, several 

conclusions can be drawn. Adding more retrofitting with polyurea-infused woven glass fiber mesh composites 

has the following effect on slabs that get thinner (15 cm, 18 cm, and 20 cm) without adding more retrofitting: 

Slabs with decreasing thickness and without additional retrofitting tend to experience larger deflections or 

deformations when subjected to blast loads. This is due to the lower capacity of the slabs to withstand loads, 

including the moments generated by blast loads.  However, adding retrofitting using woven glass fiber mesh 

composites that are mixed with polyurea can make slabs that are getting thinner much more resistant to blast 

loads. This material adds strength and flexibility to the slabs, allowing them to better withstand blast loads and 

reduce the deflection or deformation that occurs. In other words, the use of polyurea-infused woven glass fiber 

mesh composites in retrofitting can help reduce the negative impact of slabs with decreasing thickness on blast 

loads. This demonstrates the effectiveness of this material in improving the performance of slabs in withstanding 

blast loads. Slabs with decreasing thickness (15 cm, 18 cm, and 20 cm) and without additional retrofitting tend 

to experience larger deflections or deformations when subjected to blast loads. However, adding retrofitting 

using woven glass fiber mesh composites that are mixed with polyurea can make slabs that are getting thinner 

much more resistant to blast loads. This demonstrates the effectiveness of this material in enhancing the 

performance of slabs in withstanding blast loads.  

 

This is observed with parameters: maximum load Pmax = 28,906 N/m², minimum load Pmin = 7226.5 N/m², 

and damping ratio ξ = 5%. A conclusion can be drawn regarding the significant percentage decrease in the 

Maximum Absolute Deflection between with and without additional retrofitting using polyurea-infused woven 

glass fiber mesh composites. For instance, with a thickness of 15 cm, a substantial decrease is observed when 

additional retrofitting using polyurea-infused woven glass fiber mesh composites is applied with the same 

thickness, with a decrease value of 97.61%. Meanwhile, at a thickness of 18 cm, a decrease of 30.48% is 

experienced, and at a thickness of 20 cm, it is 70.40%. Based on the provided data, it can be concluded that the 

Flexural Stress Distribution (the maximum normal stress distribution) during a blast load on a slab varies 

depending on the slab thickness and whether additional retrofitting has been applied. The negative phase in the 

Friedlander load function influences the internal forces that occur in the slab. The design guideline is based on 

the theory of small deflections. According to this theory, the maximum deflection that occurs must not exceed 

10% or 1/10 of the slab thickness being tested. The simulation in this paper is compatible with this criterion. 
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