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ABSTRACT 

The hygrothermal effect has been investigated in the present work by subjecting specimens to bending load under 

the effect of a circumstances (50℃) heat and (50%) moisture. In the present work, two types (random and mat) 

fiber glass polymer composite material have used.  A nano material (Al2O3) of 2% weight fraction has been added 

to the composite material or otherwise leads to tangible effect in the flexural strength. This work revealed that, 

when the heat exposure time increases the load necessary to fail will decrease accordingly. This has been explained 

due to the fact that, the effect of temperature can lead to increase the deflection. The results showed that, when 

the heat exposure time is 1 h a deflection of 63 % can be obtained wherein the value of deflection can reach 96% 

when the exposure time is 2 h as the temperature remains constant of 50 ℃. Humidity didn’t observe to be as a 

significant factor that affect the value of deflection for the composite beam.  Increasing the humidity exposure 

time from 1 hour to 2 hours leads to decrease the deflection by only 3%. This has been achieved because the 

moisture has led to relatively cool the environment and hence the deflection will decrease. 
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INTRODUCTION  

The beam or flexural member is in general encountered in structures and machines. Its elementary stress analysis 

constitutes is considered to be one of the more interesting facets of mechanics of material. One of the most 

significant structural or system components is beams. Composite beams are lightweight components used in a 

variety of industries such as aerospace, medical devices, submarines, automobiles, and building. Buildings, steel-

framed buildings, and bridges are examples of structural engineering beam applications [1]. Beams are in general 

made from different materials that can be pure or composite materials. The composite materials consist of two or 

more components some of these components called “Matrix” and other called “Reinforcement”. The 

reinforcement material provides stiffness and strength. The reinforcement material is harder, stronger, and stiffer 

than the matrix material. The reinforcement might be fibers or particulates. Particulate composites have nearly 

equal dimensions in all directions. They may be spheres, platelets, or some other shape with a normal or irregular 

shape. Continuous fiber composites are much stronger and stiffer than particulate composites. Particulates are 

usually often less costly  [2]. The composite materials have different mechanical properties from the pure material. 

These properties have performance characteristic greater than that of the components take separately [3]. The 

main benefit of modern composite materials is that they are both light and solid. By selecting an appropriate 

matrix and reinforcement material mix. A new material can be created to meet the exact specifications of a specific 

application. Since many composite materials can be shaped into complex shapes, they also provide design 

versatility. However, the drawback is always the cost, despite the fact that the resulting product is more effective  

[4]. Other authors have studied the numerical and experimental analysis of composite beam such that; Prathamesh 

M. Jagdale & Dr. M.A. Chakrabarti [5] have studied the vibration analysis of beam with an open edge crack. The 

vibration study is subjected to simply supported beam with diverse crack location and crack depths. The results 

analysis were compared with the earlier studies. It is shown that, the variation in the natural frequencies was due 
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to    the variation in the crack locations and crack depths as well. the vibration analysis had extended to a cantilever 

beam with different crack positions and crack depths.  The analysis had been performed by using ABAQUS 

software. Nanofluid have been used as an efficient way to increase the heat transfer in different applications, it 

was establised that the nanofluids aid to improve the coefficient of heat transfer when nanofluid was used. The 

effect of the concentration of nanofluid has been discussed with Reynolds number value and with the velocity of 

fluid. It was found that the increases in the velocities service the nanofluid with the increases of the heat transfer 

[6-11]. Avinash Parkhe et [12] have studied the Analytical and Numerical Analysis of Ovel Shaped Composite 

Beam. The comparison for Stress-Strain values of fixed end and mid of the beam showed that, the values at fixed 

end are much greater than the values of the mid of the beam. furthermore, there was no difference between the 

analytical and the numerical results due to the considered comparison. Simulated results were compared with 

analytical results whereas the percentage error between them is observed within 10%.  

SPECIMENS 

The considered specimens in this work are represented by composite material made from fiberglass as a reinforced 

material and the polyester as a matrix material. The fiberglass are used to be in two type one is Random and the 

other is Mat as can be seen in Figure 1 and Figure 2 respectively.  

 

Figure 1. Random fiberglass 

 

Figure 2. Mat fiberglass 

The specimens firstly produced by cutting the fiberglass to the desired dimension and then adding a few of 

hardener to the polyester as well as moving the mixture to ensure homogeneity. The next step is Painting the 

matrix by oil and then add the polyester so as to place the first layer of fiberglass. The same procedure is repeated 
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by putting the polyester again above the first layer of fiberglass and then place the second layer of fiberglass and 

so on.  

The specimens shown in Figure 3 have a standard dimension [13] such that; 

Length = 96mm + 10 mm (in each side for supports), Width = 15mm, Thickness = 6 mm 

 

Figure 3. Show the specimen’s dimensions. 

After finishing the sample cutting process, the sample will be smoothed to obtain a s a good appearance and hence 

be ready for the test as shown in Figure 4. 

 

Figure 4. Show smoothing operation 

GOVERNING EQUATIONS 

In order to calculate the value of the bending stresses produced in a loaded beam, the present work considers a 

beam with two cross-sections HE and GF that are initially parallel, as shown in figure 5. When the beam is 

subjected to bending it is assumed that these sections remain parallel i.e., H'E' and G'F'. the final position of the 

sections will remain straight lines but then they will subtend some angle. the fiber AB position in the material is 

at a distance y from the N.A when there is no bending subjected to the beam wherein the fiber position will stretch 

to A'B' when the beam bends [14]. 
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Figure 5. Simple supported beam under bending. 

Where: Strain in fiber AB is: 

(𝜖)𝐴𝐵 =
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑙𝑒𝑛𝑔𝑡ℎ 

𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 
=

𝐴′𝐵′ − 𝐴𝐵

𝐴𝐵
                                                                                                                        (1)

 

𝐴𝐵 = 𝐶𝐷 𝑎𝑛𝑑 𝐶𝐷 = 𝐶′𝐷′                                                                                                                                                      (2) 

Then Strain in fiber AB  

(𝜖)𝐴𝐵 =
𝐴′B′ − 𝐶′𝐷′

𝐶′𝐷′
                                                                                                                                                               (3) 

Since CD and C'D' are on the neutral axis, the stress on the neutral axis is considered to be zero. As a result, there 

is no pressure on the neutral axis. 

( 𝑅 + 𝑦)𝜃 − 𝑅𝜃

𝑅𝜃
=  

𝑦

𝑅
                                                                                                                                                              (4)

 

Since, 𝐸 =  
𝑠𝑡𝑟𝑒𝑠𝑠

𝑠𝑡𝑟𝑎𝑖𝑛
  .Where: E is young’s modulus of elasticity.  The equating of the two strain as obtained from 

the two relations yield. 

𝜎

𝐸
=

𝑦

𝑅
                                                                                                                                                                                         (5)

 

Figure 6 shows arbitrary cross-section of beam. 

 

Figure 6. Arbitrary a cross-section of beam 

The strain on a fiber at a distance y from the N.A can be evaluated by:  
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𝜎 =  
𝐸

𝑅
 𝑦                                                                                                                                                                                     (6)

 

If the area of shaded strip is given by dA then the force on the strip is: 

𝐹 = 𝜎𝛿𝐴 =
𝐸

𝑅
𝑦𝛿𝐴                                                                                                                                                                    (7)

 

the moment about the N.A ca be calculated from 

𝐹. 𝑦 =
𝐸

𝑅
𝑦2𝛿𝐴                                                                                                                                                                           (8)

 

The total moment for the entire cross section is therefore equal to: 

𝑀 = ∑
𝐸

𝑅
𝑦2𝛿𝐴 =

𝐸

𝑅
 ∑ 𝑦2𝛿𝐴                                                                                                                                           (9)

 

The term Ʃ 𝑦2𝛿𝐴 refers to a material property known as the second moment of region of the cross-section. It is 

represented by the letter I. As a result 

𝑀 =
𝐸

𝑅
 I                                                                                                                                                                                    (10)

 

By Combining equation (5) and (10) it is possible to obtain: 

𝜎

𝑦
=

𝑀

𝐼
=

𝐸

𝑅
                                                                                                                                                                             (11)

 

The Bending Theory Equation is known as Equation (11). The preceding proof was based on the presumption of 

pure bending with no shear force. As a result, this is known as the pure bending equation. This equation gives the 

stress distribution normal to the cross-section, i.e. in the x-direction [15]. 

BENDING RIG 

The bending device used in this research is relatively similar to the common bending device. except that, there 

are some parts were added to accelerate or create circumstances suitable for completing the test. The hygrothermal 

chamber represents a container used to create heat and moisture. It consists of a box with two heaters that produces 

heat and it receives the humidity from other part called humidifier as shown in Figure 7.  

 

Figure 7. Show the hygrothermal chamber. 

The humidifier is device that is used to produce humidity. It is simply operated by putting water inside it and then 

running it accordingly. It converts the water to vapor and the tube will transport the desired vapor to the chamber 

as shown in   Figure 8.  
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Figure 8. Vapor device 

The Control unit is used to control the amount of heat and humidity. It is a box contain two control devices one 

for the temperature and other for the moisture as shown in Figure 9. these two control devices have two sensors 

to sense the moisture and temperature as shown in Figure 10 (a and b) respectively. Measuring the bent for bending 

specimens has been carried out by using deflection gauge. 

 

Figure 9. Control unit. 

 

Figure 10. (a) moisture sensors (b) temperature sensors 
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WEIGHT FRACTION CALCULATIONS 

In the present work, the cast dimensions have the same mold dimension   which are; length 12mm, width 70mm 

and thickness 6 mm. The calculations of weight fraction for the two types of composite specimen (mat and 

random) can be represented as follows: 

The calculation of weight fraction of 10% Random fiberglass is performed according to the following information: 

Weight of one layer of fiber glass = 4.3g 

Number of layers = 5 

Weight of total layers = 21.5g 

Weight of cast = (weight of total layers / 0.1) = 215g 

Weight of polyester = weight of cast – weight of total layers   = 215 – 21.5 = 193.5g 

The weight of one layer of Mat fiberglass can be calculated to be 3.9g 

CALCULATIONS OF WEIGHT FRACTION FOR NANO-COMPOSITE MATERIALS: 

The Calculation of 10% weight fraction for random fiberglass of composites material with 2% weight fraction of 

Nano material are represent as follows: 

Weight of one layer of fiber glass = 4.3g 

Number of layers = 5 

Weight of total layers = 21.5g 

Weight of cast = 215g 

Weight of polyester without Nano = 215 – 21.5 = 193.5g 

Nano weight fraction = (Nano weight) / (polyester weight) 

Nano weight = 3.87g 

Weight of one layer of Mat fiberglass is gauged to be 3.9g 

PHYSICAL PROPERTIES OF MATERIAL 

Nanoparticle Alumina (Al2O3) was used to prepare samples in this study. The physical properties of polyester 

resin and fiberglass are shown in Table 1 [16]. Table 2 lists the physical properties of the nanoparticles that were 

used in this study [17]. 

Table 1. Shows the physical properties of polyester resin and fiberglass 

Properties Fiberglass Polyester 

Diameter(mm) 1-2  

Density [g/cm3] 2.52-2.62 1.05 

Strength (MPa) 1.4-2.5 (typical)/3.5 (freshly drown) 45 

Mix ratio (by weight)  1:3 

Poisson ratio 0.22  

Modulus of elasticity (GPa) 76 2.8 

Table 2. Shows list of the physical properties of the nano particle 

properties value 

Colour  White  

Maximal operating temperature (°∁) 1950 

Poisson ratio 0.22 

Young modulus (GPa) 380 

Bending strength (MPa) 300 

Compressive strength (Mpa) 3500 

Hardness (GPa) 23 

Density  3.7 

O.D. (nm) 20-50 
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purity 99.5 

NUMERICAL ANALYSIS USING ANSYS PROGRAM 

Numerical analysis has been carried out by using ANSYS Workbench 19 R3. The design of the specimens were 

performed in static structural branch. The procedure of modeling and analysis can be shown in the following steps: 

1- interring the mechanical and physical properties have been carried out using the data in Table 1 as well as 

adding the properties in new engineering data. 

2- Draw the specimen in the geometry section using the considered dimensions as shown in Figure 11. 

3- The Boundary conditions were placed on the beam according to the model section. This has been achieved by 

inserting two-fixed support in each end as well as subjecting force in the middle of the span as shown in   Figure 

12. 

4- After applying the boundary conditions, a mesh on the beam has been carried out by using (tetrahedrons/ 

triangle) method as shown in Figure 13. 

5- Fishing the required model by solving it so as to obtain the result as shown in Figure 14. 

 

 

Figure 11. The geometry 

 

Figure 12. Boundary conditions 



 Experimental And Numerical Analysis Of Hygrothermal Effect On Applied Nano-Composite Material Under Bending Load 

67 

 

 

Figure 13. The mesh 

 

Figure 14. Deflection of the beam 

RESULTS AND DISCUSSION  

In the present work, comparison between the results obtained from ANSYS program and the results obtained from 

the rig has been carried out as they presented in table 3 below. 

Table 3. Comparing between numerical and experimental results 

Load (N) Deflection (mm) 

Numerical Results Experimental results 

4.905 0.034 0.032 

9.81 0.068 0.067 

14.71 0.102 0.102 

19.62 0.137 0.14 

24.52 0.171 0.175 

 

The considered tests in terms of considered circumstances (50°C for 1 hour and 2 hours) have been carried out.  

the tests of 50% humidity for 1 hour and 2 hours has been achieved as well. These results are drawing in Figures 

(15, 16, 17, 18, 19). Figure 15 shows the relationship between the deflection and the load under the effect of 
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temperature for the composite material.  the results showed that, there was significant increment in the bending 

with the temperature increasing. Max bending of (1.18 mm) has been obtained when the heat exposure time is 2 

h.  This can be explained due to the fact that, increasing the temperature to be 50°∁ when the heat exposure time 

is 1 hour can lead the specimens to be softer. Therefore, the percentage of deflection in the specimen   is obtained 

to be 63%. Wherein increasing the exposure time to be 2 hours can lead to significant increment in the percentage 

of deflection which can reach 96%. 

 

Figure 15. Show the effect of temperature on composite material 

Figure 16 describes the effect of humidity on the deflection for the composite specimen. The results showed that, 

the Humidity    observed to be of less effect on the deflection in the composite beam. In fact, increasing the 

humidity exposure time from 1 hour to be 2 hours has led to decrease the deflection by 3%. This might be 

explained due to the fact that, the moisture can make the environment relatively cold and hence this will lead to 

decrease deflection accordingly.  however, max deflection has been obtained to be (0.175 mm) 

 

Figure 16. Show the effect of moisture on composite material 

Figure 17 shows the effect of adding 2% weight fraction of Nano material (Al2O3) on the composite material.  

the results showed that, adding the nano material has relatively less effect to make tangible effect in the flexural 

strength when there was no humidity or subjected heat on the material. Maximum deflection has been obtained to 

be (0.176mm).  
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Figure 17. How the effect of adding Nano material to the composite 

Figure 18 shows the effect on deflection when there was a heat is subjected to the nano-composite material. 

Maximum deflection has been obtained to be (1.15mm).  

 

Figure 18. Show the effect of heat on the Nano-composite material 

Figure19 shows the effect of humidity on the deflection for the nano composite material. Maximum deflection 

has been obtained to be (0.17mm). In general, the effect of adding alumina nano has been observed to be of less 

effect for most cases. This might be explained due to the less percentage of addition. 

 

Figure 19. Show the effect of humidity on Nano-composite material 
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