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Abstract  Using fibers generally necessitates sorting 

and, in some cases, chemical treatments, which raises 

manufacturing costs and has a negative impact on the 

environment. This problem is solved by using a random 

distribution of short, disorganized fibers. To use randomly 

dispersed short natural fibers, the mechanical properties of 

the randomly reinforced composite must be estimated. Two 

analytical models and one finite element model were used 

to analyze composites reinforced with short fibers. Calcium 

Carbonate Precipitate (CaCO3) and PolyVinyl Chloride 

(C2H4Cl)n composites are being investigated as potential 

applications in the building industry reinforcement. The 

CCP improves recyclability while lowering petrochemical 

and energy consumption during production, thereby 

lowering the carbon footprint. The Mori-Tanaka model, the 

Halpin-Tsai model, and a finite element technique model 

were used to investigate the effects of distribution on the 

mechanical properties of the composite. The first is the 

effect of fiber volume fraction on the elastic mechanical 

properties of the composite. Elastic moduli increased by 97 

percent for the Mori-Tanaka model, 101 percent for the 

Halpin-Tsai model, and 74 percent for the finite element 

technique model, as fiber content increased from 9 to 45 

percent. The second factor is the impact of fiber orientation 

on a specific volume fraction. In comparison to a composite 

with uniform fiber concentration across all orientations, the 

elastic characteristics vary by 15.56 percent when the fiber 

concentration in each orientation is changed. This finding 

implies that the random distribution of fibers has no 

discernible effect on mechanical properties. The length of 

the fiber changes the stiffness by approximately 6.64 

percent, depending on the concentration. This stiffness 

fluctuation is observed until the fiber's aspect ratio reaches 

100; the rise becomes negligible after that. The fund 

mechanical properties were injected into a slab flexion 

finite element model to simulate the deformation of the un-

reinforced and reinforced concrete slab with recyclable 

composites. The deflexion of the slab is reduced, and 

concrete slabs can be reinforced with sur composites. 

Keywords  Halpin-Tsai, Mechanical Properties, Mori-

Tanaka, Recyclability, Slab Aging Reinforcement 

1. Introduction

Recent research has shown that the carbon footprint of 

building materials is a major concern. To address this, 

natural and recyclable materials [1] are increasingly used 
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to create composites that are friendly to the environment. 

The lifecycle of buildings [2] is studied to assess the 

potential for recycling primary building materials. 

Similarly, the lifecycle of infrastructure equipment, 

particularly the recycling potential of certain materials, has 

also been examined [3]. Short-fiber composites can be 

rapidly produced and exhibit excellent mechanical 

properties [4], [5]. Since the mixture of short fibers and 

plastic matrix can be processed via injection, extrusion, or 

compression molding, it is possible to produce complex-

shaped components. Moreover, organizing short fibers as 

reinforcements in an organized manner can provide more 

suitable properties, thereby enhancing stiffness/strength 

throughout the thickness. Determining the composite 

material's mechanical properties, composed of a 

statistically isotropic random distribution of isotropic and 

elastic short cylindrical fibers embedded in a continuous 

and isotropic matrix, is a classic problem in solid 

mechanics, commonly addressed through homogenization 

[6]. This process is performed on the components' 

mechanical properties and geometric shapes. In 

unidirectional composites, the modulus in the fiber axis 

direction is greater than the modulus in the transverse 

direction. 

Consequently, these materials are used in applications 

[7], [8], [9], [10], [11] where the stress distribution can be 

precisely determined. However, in applications where the 

state of stress cannot be predicted or is not approximately 

equal in all directions, unidirectional laminates may not be 

the best option; therefore, a short-fiber composite provides 

a suitable alternative. Several studies [12], [13], [14], [15], 

[16], [17] have examined the reinforcement of PolyVinyl 

Chloride (PVC) with various fillers. According to reference 

[18], renewable resource materials are gaining importance 

in a world where the price of crude oil and carbon dioxide 

(CO2) emissions are rising; conventional plastics have 

reached a price point and a questionable reputation that 

encourages the search for alternatives. Natural fibers are 

renewable natural resources, biodegradable and recyclable 

at the end of their useful life. Good candidates include 

composites typically filled or reinforced with plant fibers 

and plastics such as PolyVinyl Chloride. Mechanical 

properties of various wood fiber arrangements [19], 

processing technique and fiber orientation angle of wood 

fibers [20], properties of extruded rigid PVC/wood-flour 

composites [21], and morphological properties of sandwich 

composites of wood/PVC and glass fiber/PVC layers [22] 

were investigated. This study expands the understanding of 

PVC composites. The primary goal is to predict the effect 

of fiber volume fraction, fiber orientation distribution, and 

fiber length distribution on the homogenized elastic moduli 

of Calcium Carbonate Precipitate CCP/PVC PolyVinyl 

Chloride composites. CCP/PVC can serve as a matrix for 

other composites; consequently, its mechanical properties 

must be determined. Short-fiber composites are composites 

that contain short fibers for reinforcement. These 

composites are also known as discontinuous fiber-

reinforced composites [23]. The composite behavior of a 

short fiber composite with randomly oriented fibers in a 

polymer matrix is isotropic [24]. 

Additionally, various studies have explored the effects 

of different fibers and fillers, such as recycled fibers [25], 

banana, palm leaf sheath fibers [26], nano-silica, micro-

steel fibers, silica fume [27], metal oxide [28], keratin[29], 

and aggregates such as granite [30], [31] on ultra-high-

performance concrete. Compressive strength of 180.6 MPa 

was achieved using Ilmenite aggregate and steel fiber, and 

the best radiation protection properties were achieved using 

lead fiber and magnetite aggregates. According to Ghanim 

et al. [32], adding 0.4% glass fiber to lightweight concrete 

maintained a good compressive strength. 

This paper can contribute to a greater comprehension of 

the mechanical properties of randomly reinforced 

composites and aid in developing construction materials 

with enhanced properties and recyclability. This study 

focuses specifically on the effects of fiber volume fraction, 

fiber orientation, and fiber length on the mechanical 

properties of the composite, which can contribute to 

evaluating the recycling potential of the primary building 

materials, a current concern in the construction materials 

field. Reusing and recycling construction materials reduces 

environmental impact. 

This study introduces a novel approach to predicting the 

homogeneous elastic moduli of Calcium Carbonate 

Precipitate CCP/PVC PolyVinyl Chloride composites by 

analyzing the effects of fiber volume fraction, fiber 

orientation distribution, and fiber length distribution. While 

previous research has explored fiber reinforced PVC 

composites, the specific influence of these parameters on 

the mechanical properties of CCP/PVC remains 

insufficiently studied. By integrating homogenization 

techniques, this work provides new insights into the 

mechanical properties identification of CCP/PVC 

composite, which can serve as a basis for optimal use in 

sustainable construction materials. 

2. Materials and Methods 

2.1. Matrix and Fibers Materials 

The investigated material belongs to the random 

composite with short fibers family. The matrix is rigid and 

composed of PolyVinyl Chloride (PVC) with the formula 

(C2H2Cl)n, where n is the degree of polymerization (See 

Figure 1). The fibers consist of Calcium Carbonate 

Precipitate (CCP) with the formula CaCO3. 

https://www.sciencedirect.com/topics/engineering/steel-fibre
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Figure 1.  Structural formula of PolyVinyl Chloride (PVC) (C2H2Cl)n 

PVC is the third-most-produced thermoplastic polymer 

after polyethylene and polypropylene. PVC is durable, 

cheap, and easy to assemble, so over half of it is used in 

construction. Phthalates are the most common plasticizers 

for PVC. This material is used to manufacture flexible 

hoses, tubing, flooring, roofing membranes, and cable 

insulation. In addition to figurines and inflatable products 

such as waterbeds, pool toys, and inflatable structures, 

PVC is also commonly used in figurines. 

Calcium Carbonate Precipitate (CCP), composition 

indicated on Figure 2, is a manufactured substance derived 

from the decomposition and resynthesis of pure limestone. 

Depending on the application, they can enhance properties 

like strength, impact resistance, and abrasion resistance. 

CCP is one of the most popular fillers in the plastics 

industry, and its use reduces the environmental impact of 

the plastics industry. Adding calcium carbonate to plastic 

matrices has resulted in increased performance [33], 

enhanced processing, and enhanced sustainability of the 

final product while reducing greenhouse gas emissions, 

petrochemical consumption, and energy consumption. 

 

Figure 2.  Structural formula of Calcium Carbonate Precipitate (CCP) 

The elastic mechanical properties are listed in Table 1. 

Table 1.  PVC and CCP mechanical properties 

Material PVC Matrix [34] CCP Fibers [35] 

Young's modulus (GPa) 2.631 20.000 

Poisson's ratio 0,35 0,36 

2.2. Halpin-Tsai Model 

The Halpin–Tsai model [36] established a simple and 

generalized semi-empirical equation for approximating 

fiber-reinforced composites' longitudinal and transverse 

moduli. The Halpin-Tsai equations can be written as 

follows: 

𝐸𝐿 = 𝐸𝑚 (
1+(2𝑙/𝑑)𝜂𝐿𝑉𝑓

1−𝜂𝐿𝑉𝑓
)            (1) 

And 

𝐸𝑇 = 𝐸𝑚 (
1+2𝜂𝑇𝑉𝑓

1−𝜂𝑇𝑉𝑓
)             (2) 

𝜂𝐿 𝑎𝑛𝑑 𝜂𝑇  are given in equation (3) and equation (4) : 

𝜂𝐿 =

𝐸𝑓
𝐸𝑚
−1

𝐸𝑓
𝐸𝑚
+2

𝑙

𝑑

                (3) 

𝜂𝑇 =

𝐸𝑓
𝐸𝑚
−1

𝐸𝑓
𝐸𝑚
+2

                    (4) 

Where: 

 𝜂𝐿: is the longitudinal ratio 

 𝜂𝑇: is the transversal ratio 

 𝑉𝑓: is the fiber volume fraction 

 l: fiber length 

 d: fiber diameter 

 𝐸𝑚: matrix elastic modulus 

 𝐸𝑓: fiber elastic modulus 

Randomly oriented short-fiber composites are produced 

to obtain composites with essentially isotropic properties in 

a plane [37]. The elastic modulus Ecomp (refer to equation 

(5)) and shear modulus Gcomp (refer to equation (6)) can be 

calculated as follows: 

𝐸𝑐𝑜𝑚𝑝 =
3

8
𝐸𝐿 +

5

8
𝐸𝑇          (5) 

𝐺𝑐𝑜𝑚𝑝 =
1

8
𝐸𝐿 +

2

8
𝐸𝑇          (6) 

2.3. Mori-Tanaka Model 

Micro-mechanical models connect two scales of material 

description: a microscopic scale associated with material 

heterogeneities and a macroscopic scale corresponding to 

the structure's scale. Heterogeneities influence the 

material's macroscopic behavior. To predict the mechanical 

composite properties, the micro-macro transition principle 

defines a fictitious homogeneous material equivalent to an 

actual heterogeneous material. For two phases of the 
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unidirectional composite, the following hypotheses are 

applied: 

 the fiber and the matrix are linear, elastic, and 

isotropic, 

 fibers are axisymmetric, identical in size and shape, 

and characterized by a ratio of form equal to l/d, 

 fiber and matrix are interfaces that are tied. 

The tensor of strain localization AMT (see Eq. (7) and Eq. 

(8)) for the Mori-Tanaka model is expressed as follows: 

𝐴𝑀𝑇 = 𝐴𝐸[(1 − 𝑣𝑓)𝐼 + 𝑣𝑓𝐴
𝐸]
−1

      (7) 

𝐴𝐸 = [(𝐼 + 𝐸E: 𝑆𝑚(𝐶𝑓 − 𝐶𝑚)]−1      (8) 

Where, 

 AE is the Eshelby tensor of strain localization, 

 I is the identity matrix, 

 EE is the Eshelby tensor, 

 Sm is the flexibility matrix of the composite matrix, 

 Cm is the stiffness matrix of the composite matrix, 

 Cf is the stiffness matrix of the fibers. 

2.4. Numerical Homogenization Approach 

ANSYS Multiphysics commercial finite element code is 

used for the finite element model. Periodicity can be 

observed when observing the structure of random 

composite with short fibers (see Figure 3, [38]). A periodic 

structure can be represented by one element named 

Representative Elementary Volume (REV). Thus, studying 

the REV can give the homogenized coefficients of a 

composite. 

For an orthotropic material, the stiffness matrix has the 

following form: 

[𝐶] =

(

 
 
 

𝐶11 𝐶12 𝐶13 0 0 0
𝐶12 𝐶22 𝐶23 0 0 0
𝐶13 𝐶23 𝐶33 0 0 0
0 0 0 𝐶44 0 0
0 0 0 0 𝐶55 0
0 0 0 0 0 𝐶66)

 
 
 

     (9) 

To determine the homogenized stiffness matrix C (see 

Eq. (9)), three tensile tests in each direction and three shear 

tests in each direction [39] are applied. After applying these 

six tests, we can compute all components of the stiffness 

matrix S (see Eq. (10)) and then determine the elastic 

moduli of the material given by the following matrix form: 

[𝑆] = [𝐶−1] =

(

 
 
 
 
 
 
 
 

1

𝐸𝑥

−𝜐𝑦𝑥

𝐸𝑦

−𝜐𝑧𝑥

𝐸𝑧
0 0 0

−𝜐𝑥𝑦

𝐸𝑥

1

𝐸𝑦

−𝜐𝑧𝑦

𝐸𝑧
0 0 0

−𝜐𝑥𝑧

𝐸𝑥

−𝜐𝑦𝑧

𝐸𝑦

1

𝐸𝑧
0 0 0

0 0 0
1

2𝐺𝑦𝑧
0 0

0 0 0 0
1

2𝐺𝑧𝑥
0

0 0 0 0 0
1

2𝐺𝑥𝑦)

 
 
 
 
 
 
 
 

(10) 

For example, to determine 𝐶11  and then 𝐸𝑥 , a 

deformation 𝜖𝑥 equal to 1 is applied in the x-direction. The 

resulting numerical stress 𝜎𝑥  is equal to 𝐶11 . Then, 𝐸𝑥 

can be determined. 

2.5. Simulation Data 

Figure 4 depicts a CCP/PVC composite plate with 

random reinforcing. The fibers have a cylindrical shape. In 

the matrix, the fibers are distributed in nine directions ( = -

90, -60, -45, -30, 0, 30, 45, 60, and 90). Variations are made 

to the fiber concentration per orientation and total fiber 

volume fraction Vf. The effect of variation on composite 

elastic moduli is studied. 

There are nine cases generated. Table 2 lists case 

numbers 1 through 6 and the numbers 4.2, 4.3, and 4.4. 

From case, N°1 to case N°6, the total fiber volume fraction 

Vf rises from 9% to 45%. The Vf is distributed equally in 

all nine directions. For cases 4, 4.2, 4.3, and 4.4, the total 

volume fraction of fibers Vf equals 28 percent, but the 

concentration of fibers is not uniformly distributed in the 

nine directions. 

     

(a)                                      (b)                                       (c) 

Figure 3.  Generation of randomly distributed short fibers: (a) plane view of fibers in the matrix, (b) isometric 3D view of the RVE, (c) RVE in the 

composite 



  Civil Engineering and Architecture 13(6): 4099-4111, 2025 4103 

 

 

 

Figure 4.  Model of randomly reinforced composite with short cylindrical fibers 

Table 2.  Simulation cases: volume fibers repartition function of orientation and total fibers volume fraction Vf 

Vf at θ / Case N° 1 2 3 4 5 6 4.2 4.3 4.4 

-90° 1% 1,5% 2,5% 3,11% 4% 5% 4,67% 0% 28% 

-60° 1% 1,5% 2,5% 3,11% 4% 5% 4,67% 0% 0% 

-45° 1% 1,5% 2,5% 3,11% 4% 5% 0% 7% 0% 

-30° 1% 1,5% 2,5% 3,11% 4% 5% 0% 0% 0% 

0° 1% 1,5% 2,5% 3,11% 4% 5% 0% 7% 0% 

30° 1% 1,5% 2,5% 3,11% 4% 5% 9,33% 0% 0% 

45° 1% 1,5% 2,5% 3,11% 4% 5% 4,67% 7% 0% 

60° 1% 1,5% 2,5% 3,11% 4% 5% 4,67% 0% 0% 

90° 1% 1,5% 2,5% 3,11% 4% 5% 0% 7% 0% 

Total Vf 9% 14% 23% 28% 36% 45% 28% 28% 28% 

 

The nine fiber orientations listed in Table 2 (-90°, -60°, 

-45°, -30°, 0°, 30°, 45°, 60° and 90°) are all measured in 

the same 2D plane, representing the in-plane angular 

directions of the cylindrical fibers. This assumption reflects 

the planar isotropy typical of short-fiber reinforced 

composites and allows for a simplified yet representative 

model of fiber distribution in real-world manufacturing. 

Regarding the angle plane, since the study focuses on in-

plane mechanical properties and aims to maintain a 

statistically isotropic distribution, all angles are considered 

within a single plane parallel to the composite plate. 

A mesh convergence study was conducted to assure 

accurate homogenized properties without excessive 

computational cost. The mesh density was incrementally 

refined until changes in the calculated elastic moduli fell 

below 2%. The final mesh configuration provided a balance 

between precision and computational efficiency, and the 

selected mesh size and element type are now described in 

Section 2.4 of the revised manuscript. 

2.6. Aged Concrete Slab Reinforcement 

2.6.1. Geometry 

The studied concrete slabs are 1x1 meter square 

dimensions (see Figure 5). The CCP/PVC layer is applied 

on the lower surface of the slab to reinforce the slab against 

the flexion. The slab thickness is 20 cm, and the thickness 

of the CCP/PVC layer is 3 cm. 

2.6.2. Material Properties 

Two materials are used in this study: concrete and 

CCP/PVC. The elasticity moduli and the traction and 

compression strengths are indicated in Table 3. The Young 

modulus of the concrete varies from 40 GPa to 28 GPa to 

simulate the aging of the slab. The Young modulus of the 

CCP/PVC composite varies from 3.5 GPa to 6.431 GPa and 

Poisson’s ratio from 0.45 to 0.6. The values of CCP/PVC 

properties are those of the Finite Element Method and are 

detailed for each case in Table 4. 
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Figure 5.  Concrete slab reinforced with CCP/PVC layer 

Table 3.  Mechanical properties 

Parameters Concrete CCP/PVC 

Young Modulus E (GPa) [40-20] [3.500-6.341] 

Poisson’s ratio 0.20 [0.45-0.60] 

Table 4.  Simulation results for Mori-Tanaka, Halpin-Tsai, and FEM models 

Case Mori-Tanaka Halpin-Tsai Finite Element Method 

N° 
EL 

(GPa) 

ET 

(GPa) 

GLT 

(GPa) 
vLT 

EL 

(GPa) 

ET 

(GPa) 

GLT 

(GPa) 
vLT 

EL 

(GPa) 

ET 

(GPa) 

GLT 

(GPa) 
vLT 

1 3,562 3,634 1,252 0,48 3,252 3,293 1,243  3,624 3,610 1,165 0,48 

2 3,903 3,902 1,365 0,49 3,593 3,659 1,357  3,500 3,512 1,365 0,49 

3 4,559 4,559 1,640 0,49 4,489 4,489 1,628  4,497 4,497 1,616 0,49 

4 5,085 5,085 1,797 0,46     5,100 5,096 1,779 0,45 

4.2 5,176 5,176 1,897 0,49     5,185 5,196 1,836 0,49 

4.3 5,239 5,007 1,754 0,49     5,266 5,000 1,743 0,49 

4.4 4,578 5,900 1,716 0,45     4,442 5,889 1,723 0,44 

5 5,978 6,000 2,148 0,49 5,513 5,585 2,096  4,584 5,023 2,261 0,49 

6 7,000 7,024 2,539 0,49 6,535 6,537 2,461  6,288 6,341 2,670 0,49 

 

2.6.3. Finite Element Model 

The finite element model is developed by Ansys. The 

Design Points technique is used to vary the material 

properties and extract results from a parametric finite 

element model. The nine cases material properties are used 

with a varying Young’s modulus of the concrete. The slab 

is subject to 1 ton. The equivalent surface load is 1 ton per 

square meter. The concrete slab is modeled as simply 

supported on all four edges, simulating realistic support 

conditions for structural applications. This boundary setup 

allows vertical displacement while preventing in-plane 

translations, ensuring accurate representation of slab 

deformation under loading. A uniformly distributed load 

equivalent to 1 ton/m2 is applied on the top surface of the 

slab to simulate service-level structural loading conditions. 

A mesh convergence analysis was conducted by refining 

the element size incrementally. The final mesh was selected 

when further refinement resulted in less than 2% variation 

in key results such as maximum deflection and stress values. 

This ensures that numerical results are reliable without 

introducing unnecessary computational overhead. 
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3. Results and Discussion 

Using the Mori-Tanaka, Halpin-Tsai, and finite element 

method models, the longitudinal, transversal, and shear 

moduli are calculated for all cases. Results are detailed in 

Table 4. 

3.1. Effect of Volume Fraction of Orientation 

Fiber orientation is fixed to determine how the 

orientation volume fraction affects the homogenized elastic 

moduli. Fibers are evenly distributed in these orientations: 

0, 30, 45, 60, and 90. (see Table 2). Cases 1–6. All 

orientations increase volume fraction from 0.09 to 0.45 

equally. Table 3 shows that an isotropic composite has the 

same volume fraction of fibers in all orientations. 

Randomly reinforced plastic composites [40]and 

heterogeneous composite soils [41] show that longitudinal 

EL and transverse ET moduli are equal. 

The composite's elastic modulus and shear modulus 

increase if the CCP fiber volume fraction is increased while 

maintaining orientations. Case 1 has 3,634 MPa elastic 

moduli and 9% fiber volume fraction. Six has a volume 

fraction of 45% and an elastic modulus of 7 MPa. The 

moduli do not increase linearly with fiber volume fraction: 

a fivefold increase in CCP concentration from 9 percent to 

45 percent doubles stiffness (See Table 4). 

3.2. Effect of Fiber Orientation Distribution 

For cases N°4–Cas N°4.4, the fiber volume fraction is 

kept at 28% to observe the effect of fiber orientation 

distribution on homogenized elastic moduli. Each 

orientation has variable volume fractions. Short fiber 

composites' mechanical properties depend heavily on fiber 

orientation. Table 3 shows that fiber orientation determines 

composite mechanical properties. CCP fiber reinforcement 

increases elastic moduli in one direction more than the 

other as fiber volume fraction increases. Thus, random 

composites with controllable mechanical properties have 

applications. 

3.3. Effect of Fiber Length Distribution 

To illustrate the effect of fiber length distribution on 

homogenized elastic moduli, the aspect ratio of fiber, and 

length over fiber diameter, varied between 25 and 400. 

Three fiber volume fractions are employed: 9%, 22.5 %, 

and 45%. (See Table 5). 

Table 5.  Effect of the aspect ratio of fiber on the longitudinal modulus 
EL 

l/d 

EL (GPa) 

Vf = 9% 

EL (GPa) 

Vf = 22,5% 

EL (GPa) 

Vf = 45% 

25 4,02 6,19 9,93 

50 4,11 6,37 10,18 

75 4,16 6,46 10,27 

100 4,20 6,51 10,32 

200 4,25 6,55 10,41 

300 4,25 6,58 10,43 

400 4,25 6,60 10,46 

The Young's modulus EL increases with fiber length (see 

Figure 6) until l/d=100, at which point the modulus 

approaches an asymptotic value. 

 

Figure 6.  Effect of the aspect ratio of fiber on the longitudinal modulus 

EL for different fiber concentrations 

The analysis of the effect of the type of fiber length 

distribution on the mechanical properties reveals that the 

random distribution of fiber length in case N°4.1 results in 

greater Young's and shear moduli than the equally 

distributed configuration in case N4. 

3.4. Effect of CCV/PVC Composite Plates on Aged 

Plate Reinforcement 

The slab is simply supported and subject to deflexion. 

Figure 7 and Figure 8 present the total deformation and the 

maximal principal stresses. The deformation of the non-

reinforced and the reinforced slab deformation are 

indicated in Figure 7(a) and Figure 7(b) respectively. 

Figure 8 (a), (b), (c) and (d) presents respectively the 

tension stress for non-reinforced slab, reinforced slab, the 

concrete part of the reinforced slab and the composite part 

of the reinforced slab. 
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(a) Non-reinforced Slab Deflexion 

 

(b) Reinforced Slab Deflexion 

Figure 7.  Deformation 

 

(a) Non-reinforced slab tension stress 
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(b) Reinforced slab tension stress 

 

(c) Concrete part of Reinforced slab tension stress 

 

(d) Composite part of Reinforced slab tension stress 

Figure 8.  Maximum principal stress 

Values of deflexion and stresses are indicated in Table 6. 

The deflexion decreases when the aged concrete increases 

from 20 to 45 GPa. The deflexion of 15 GPa concrete 

reinforced aged slab is equivalent to 17 GPa concrete non-

reinforced slab. The recycled composite improves the slab 

deflexion when used as reinforcement. The results for 

stresses are more interesting: for 15 GPa concrete, the 

stress for a reinforced slab on concrete is 0.238 MPa 

compared to an aged non-reinforced slab, which is equal to 

0.283 MPa. 
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Table 6.  Deformations and stresses of non-reinforced and reinforced slabs as a function of concrete young’s modulus 

Concrete 

Young's 

Modulus [GPa] 

Non-Reinf. Slab 

Deformation 

[mm] 

Reinf. Slab 

Deformation 

[mm] 

Non-Reinf. Slab 

Stress [MPa] 

Reinf Slab 

Stress [MPa] 

Reinf Slab-

Concrete Stress 

[MPa] 

Reinf Slab-

Composite 

Stress [MPa] 

15 0.181 0.159 0.283 0.238 0.238 0.081 

16 0.169 0.150 0.283 0.240 0.240 0.076 

17 0.159 0.142 0.283 0.242 0.242 0.072 

18 0.151 0.135 0.283 0.244 0.244 0.069 

19 0.143 0.129 0.283 0.246 0.246 0.066 

20 0.135 0.123 0.283 0.247 0.247 0.063 

21 0.129 0.117 0.283 0.249 0.249 0.060 

22 0.123 0.112 0.283 0.250 0.250 0.058 

23 0.118 0.108 0.283 0.251 0.251 0.056 

24 0.113 0.104 0.283 0.253 0.253 0.054 

25 0.108 0.100 0.283 0.254 0.254 0.052 

26 0.104 0.096 0.283 0.255 0.255 0.050 

27 0.100 0.093 0.283 0.256 0.256 0.048 

28 0.097 0.090 0.283 0.256 0.256 0.047 

29 0.093 0.087 0.283 0.257 0.257 0.045 

30 0.090 0.084 0.283 0.258 0.258 0.044 

31 0.087 0.082 0.283 0.259 0.259 0.043 

32 0.085 0.079 0.283 0.259 0.259 0.042 

33 0.082 0.077 0.283 0.260 0.260 0.040 

34 0.080 0.075 0.283 0.261 0.261 0.039 

35 0.077 0.073 0.283 0.261 0.261 0.038 

36 0.075 0.071 0.283 0.262 0.262 0.037 

37 0.073 0.069 0.283 0.262 0.262 0.036 

38 0.071 0.068 0.283 0.263 0.263 0.035 

39 0.069 0.066 0.283 0.263 0.263 0.035 

40 0.068 0.064 0.283 0.264 0.264 0.034 

41 0.066 0.063 0.283 0.264 0.264 0.033 

42 0.065 0.061 0.283 0.264 0.264 0.032 

43 0.063 0.060 0.283 0.265 0.265 0.032 

44 0.062 0.059 0.283 0.265 0.265 0.031 

45 0.060 0.057 0.283 0.266 0.266 0.030 

 

4. Conclusions 

This study investigated the influence of random fiber 

distribution on the mechanical properties of CCP/PVC 

composites using the Mori-Tanaka, Halpin-Tsai, and finite 

element method models. The results showed that increasing 

the fiber volume fraction significantly enhances the 

composite’s elastic moduli up to 101% according to the 

Halpin-Tsai model. Moreover, varying fiber orientation 

distribution improved mechanical properties by up to 

15.56%. The effect of fiber length became negligible 

beyond an aspect ratio of 100, indicating an asymptotic 

behavior in stiffness enhancement. Additionally, the study 

explored the application of CCP/PVC composites for 

reinforcing aged concrete slabs. Finite element simulations 

demonstrated that integrating a CCP/PVC composite layer 

effectively reduced slab with Young’s modulus of 15 GPa, 

when reinforced with composite, experienced a stress 
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reduction of approximately 16% highlighting its suitability 

for structural reinforcement. Overall, this work confirms 

the mechanical viability and environmental benefits of 

CCP/PVC composites. By utilizing recycled materials, the 

proposed approach supports sustainability goals and 

contributes to lowering carbon emissions in the 

construction industry. 
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