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Abstract 

Composite laminated structures have attracted much attention in recent years due to their wide range of mechanical 

properties and applications. However, this study presents an investigation of temperature impact as well as fiber orientation 

effect on mid-plane transverse deflection and interlaminar shear stress as the latter plays a crucial role in the layers’ 

delamination in eight-layer laminated simply supported Graphite/Epoxy FRP composite beam. The beam considered is 

subjected to dynamic force of magnitude 1000 N concentrated in the middle as frequency varies 5-50 Hz using 3-D finite 

element modeling where different fiber orientations ([0o]8, [0o/15o]s, [0o/30o]s, [0o/45o]s, [0o/60o]s, [0o/75o]s, and [0o/90o]s) are 

considered for temperature 22, 40, and 60oC. Furthermore, modal analyses are carried out for all fiber orientations and 

temperatures considered. Results obtained via this study show that natural frequencies’ values drop narrowly when the 

temperature applied on the structure rises. Moreover, dynamic mid-plane transverse and interfacial shear stress increases when 

increasing temperature. It should be said that comparing fiber orientations considered for every single temperature across the 

frequency range, fiber orientation scheme [0o]8 recorded minimum transverse deflection and maximum shear stress. 
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1. Introduction 

Failure of composite structures due to layers 

delamination is widely studied in literature where 

interlaminar shear stress between laminates is considered 

one of the main reasons of layers debonding. Normal stress 

effect on interlaminar shear stress of composite structures 

was studied where improved model of multiple notch 

experiments was used [1]. Moreover, method of 

characteristic curve was investigated in specimens 

containing double notches. Results obtained were compared 

to several failure criteria where excellent agreement was 

found with NU criterion. However, a review of different 

laminates’ simulation of composite structures was presented 

[2]. This work studied the impact of different loading 

conditions on the delamination process and compared to 

failure models. Also, experimental results concerning 

toughness and impact resistance under different loading 

conditions were discussed.  

Analytical investigation of fiber reinforced polymer 

(FRP) used in concrete beams subjected to impact loading 

was carried out to improve the beams considered [3]. 

However, several loading types and structures’ geometry 

were studied using finite element (FE) package ABAQUS 

where models were developed using different 

configurations. Numerical results obtained via the FE 

software showed reliability concerning performance 

prediction of the beams considered. On the other hand, the 

effect of SiC particles filled with different types of 

laminates was studied on interlaminar shear strength [4]. 

Different percentages of Sic were investigated 

experimentally where fractured areas were observed by 

electron scanner and optical microscopy as well. It is found 

that shear strength of laminates with SiC particles is 

significantly improved compared to the same structures 

containing no SiC particles.  

Visco-plasticity was considered in failure analysis of 

FRP laminated composite structures when undergoing high 

strain rates using constitutive model [5]. Results obtained 

that the model considered shows the ability to predict 

strength of laminates in the composite structures when 

compared to experimental results. However, a review of 

dynamic behavior of FRP composite structures were 

investigated for several loading speeds [6]. Furthermore, 

effect of different strain rates of tension and compression 

were studied in order to observe laminates’  failure 

for different composites.  

Finite element analysis was performed to investigate the 

damage of FRP composites [7]. In addition, experiments 

were conducted to analyze the damage induced by drilling 

process where results were compared to finite element 

results obtained. On the other hand, FRP laminated 

composites subjected to two low velocity cylindrical 

impacts were investigated using finite element modeling to 

assess the delamination of mechanical structures’ plies [8]. 

Also, delamination criterion was used to specify the 

location of the delamination. It is found that interfacial 
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delamination is significantly affected by the time between 

the two impacts applied.  

Dynamic behavior FRP walls containing debonded 

regions was studied and analyzed where finite element 

models were developed to observe the nonlinear dynamic 

behavior [9]. In addition, von Karman criteria for different 

shear loads was used to model the geometry resulted from 

debonded regions. Results showed crucial effect of the 

regions considered on the dynamic behavior of the analyses. 

However, interlaminar normal and shear stresses were 

evaluated for different orientation schemes of FRP 

mechanical composite structures [10]. It is found laminates 

with fiber angles of 45o achieve maximum interfacial 

stresses.  

Different parameters such as stacking schemes and 

boundary conditions were studied to evaluate the 

delamination process in carbon FRP laminated composite 

plate using FE package ANSYS [11]. Furthermore, 

Analytical formula was developed using Rayleigh-Ritz 

method and results were computed using MATLAB. It is 

found that fixed boundary conditions resulted in larger 

delamination size than simply supported conditions. 

Moreover, excellent agreement was observed between 

analytical and FE results. 

Impact of thermal loading on free edge in mechanical 

structures were studied through developing new 2-D plane 

strain equations [12]. Moreover, Finite element analysis 

was used to implement the criteria considered to verify the 

results obtained. Results obtained in this work showed that 

interfacial stresses are well predicted when thermal load 

was applied locate the delaminated regions in the 

mechanical structure.  

Effect of temperature on interfacial shear stress existing 

between laminates was investigated in carbon FRP 

composite structures [13]. Such an impact was observed 

using double notch shear experimental test where results 

were compared to a developed FE model. It is found that 

failure occurs due to epoxy resin softening. However, many 

static and dynamic experiments were carried out For bi-

directional glass FRP materials to observe and analyze 

failure process [14].  Experimental Results obtained shows 

modulus of elasticity change in all three directions for 

different dynamic strain rates.  

Dynamic and static analysis of FRP materials were 

studied for several environmental conditions using different 

types of loads including temperature [15]. In this work, 

failure was observed through the delaminated regions which 

lead eventually to material damage. It is found that 

environmental conditions such as temperature plays a 

significant role in failure process. Furthermore, 

thermoelastic study was conducted to investigate 

delamination properties of FRP composite structures where 

FE models were performed [16]. This analysis was 

concerned about the failure of laminates caused by thermal 

and structural conditions. It is found that stress induced 

thermally play a crucial role in facial delamination in 

mechanical composite structures. 

Experimental shear tests were carried out in laminated 

composites where interfacial shear strength was measured 

through MSBS tests [17]. Moreover, FE model was 

developed to evaluate the results which chowed clearly that 

a correction is needed for the equation of shear stress theory. 

However, structural and thermal interlaminar stresses are 

investigated for laminated composite shells using FE 

analysis [18]. The study used different fiber orientation 

schemes to monitor the stresses considered. Where critical 

interfaces were located throughout the structure.  

Analysis of shear stress behavior was performed for 

epoxy resin- FRP composites as well as E-glass FRP 

laminated structures [19]. The study examined different 

resins and fibers. It is found that the model developed 

predicted the interfacial shear strength accurately. On the 

other hand, interlaminar shear stresses induced by harmonic 

and transient loads are examined for different viscoelastic 

laminated structures with different loading conditions 

[20,21]. FE model was performed to study these interfacial 

stresses where it is found that shear stress plays a crucial 

load in delamination process specially at natural 

frequencies. Furthermore, dynamic interlaminar shear 

stresses at midplane of composite simply supported thin 

plate were studied in different stacking fiber orientation 

order at several temperatures using FE package ANSYS 

[22]. Results revealed that increasing temperature leads to 

shear stress increase for all orientations considered.  

FE vibration analysis of composite plates for different 

conditions was reviewedand simulatedusing ANSYS and 

ABAQUS softwares where it is found that natural 

frequencies drops when increasing the size of delamination 

[23,24]. However, Analytical work of composite beams was 

performed to study dynamic response of such beams for 

different conditions and materials [25,26]. 

In this study, FE modeling of thin simply 

Graphite/Epoxy laminated simply supported beam is carried 

out using FE package ANSYS19 in order to perform both 

modal and dynamic analyses of mid-plane deflections and 

interlaminar shear stresses under the effect of different 

temperature values 22, 40, and 60oC for different fiber 

orientation schemes ([0o]8, [0o/15o]s, [0o/30o]s, [0o/45o]s, 

[0o/60o]s, [0o/75o]s, and [0o/90o]s). 

2. Material Properties 

Physical Properties of the materials used in modeling 

thin simply supported beam considered consisting of eight 

bonded perfectly layers are listed in table I. It should be 

mentioned that since the material is orthotropic, physical 

properties differ from direction to another. 

Table1. Physical properties of Graphite/Epoxy FRP material used 

(Gu, et al.)[27]                                     

 Direction 1 Direction 2 Direction 3 

Density 

(Kg/m3) 
1610 - - 

Modulus of 

Elasticity 

(GPa) 

144.23  9.65           

 
 

 9.65 

 
 

Shear 

Modulus 
(GPa) 

G12 = 3.45 G13 = 4.14 G23 = 4.14 

Poisson’s 

ratio 
υ12 = 0.3 υ13 = 0.3 

 

υ23 = 0.3 
 

Thermal 

expansion 
(oC-1) 

1.1 E-6 25.2 E-6 25.2 E-6 

Thermal 

Conductivity 
(Wm-1K-1) 

48.44 0.8 

 

0.8 

3. Finite Element and Mathematical Modeling 

3-D Finite element modeling of Graphite/Epoxy FRP 

simply supported laminated beam is performed using 

ANSYS19 where solid186 elements are being utilized to 
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mesh the beam considered as depicted in Fig 1. It should be 

said that these elements contain 20 nodes each and are 

capable of both structural and thermal FE analyses. 

Moreover, accuracy of results is improved compared to 

solid185 elements since the latter consists of 8 nodes. The 

length of the beam L is 1000mm as shown in Fig. 2while 

the width is 50mm. However, each laminated layer 

thickness is modeled as 6.25mm. The force F which 

represents a dynamic force with amplitude 1000N is 

concentrated at the middle of the simply supported beam 

considered.  

 

 

Figure1.  Finite element model of simply supported beam 

 

Figure2.Design Scheme for the simply supported composite beam 

 

FE model is verified using the results obtained for free 

edge laminated plate [28] as shown in Fig. 3. Results 

obtained in current model present excellent agreement with 

the corresponding literature results where the free edge 

laminated FRP plate contains 8 layers of stacking sequence 

[0/90]s. It should be said that the mechanical properties are 

stated in Table I . 

 

Figure3.Interfacial normal stress of free edge Graphite/Epoxy plate 

of an orientation scheme [0/90]s for a temperature change 1oC 

(Tahani et al[22]) 

Fig. 4 represents the stacking sequence for a composite 

laminated structure. As in current case study, there are eight 

laminated layers in which 4 layers above midplane and same 

number of layers under the mid plane as well.   

 

 

Figure4.Stacking Sequence of laminated structure 

On the other hand, it should be mentioned that 

displacement relations according to the shear deformation 

theory in laminated beam are expressed as  

𝑈(x, y, z) =  u0(x, y) −  z
∂w

∂x
(x, y) + 𝑓(𝑧)Ф(𝑥, 𝑦) 

𝑉(x, y, z) =  v0(x, y) −  z
∂w

∂y
(x, y) + 𝑓(𝑧)ѱ(𝑥, 𝑦)         (1) 

𝑊(𝑥, 𝑦) = 𝑤(𝑥, 𝑦) 
 

Where U, V, and W are mid-plane displacements in x,y, 

and z directions respectively. Ф  and ѱ are shear rotations. 

𝑓(𝑧) is distribution function.  

     Assuming small displacements, strain-displacement 

relations become 

 

𝜖𝑥 =
∂U

∂x
, 𝜖𝑦 =

∂V

∂y
, 𝜖𝑧 =

∂W

∂z
 

𝛾𝑥𝑦 =
∂U

∂y
+
∂W

∂x
, 𝛾𝑥𝑧 =

∂U

∂z
+
∂W

∂x
                                       (2) 

𝛾𝑦𝑧  =
∂V

∂z
+
∂W

∂y
 

Hence equation (1) becomes 

𝜖𝑥 =
∂u𝑜
∂x

− 𝑧
∂2𝑤

∂x2
+ 𝑓(𝑧)

∂Ф

∂x
 

𝜖𝑦 =
∂v𝑜
∂y

− 𝑧
∂2𝑤

∂y2
+ 𝑓(𝑧)

∂Ф

∂y
 

𝜖𝑧 = 0                                                                                        (3) 

𝛾𝑥𝑦 =
∂u𝑜
∂y

+
∂v𝑜
∂x

− 2𝑧
∂2𝑤

∂x ∂y
+ 𝑓(𝑧)(

∂Ф

∂y
+
∂ѱ

∂x
) 

 

𝛾𝑦𝑧 =  
∂𝑓(𝑧)

∂y
Ф 

𝛾𝑥𝑧 = 
∂𝑓(𝑧)

∂z
ѱ 

However, considering thermal effect and shear 

deformations, stress-strain relations become in the kth layer  

{
 
 

 
 
𝜎𝑥
𝜎𝑦
𝜏𝑥𝑦
𝜏𝑦𝑧
𝜏𝑥𝑧}
 
 

 
 
𝑘

= 

[
 
 
 
 
𝑄11 𝑄12 0 0 0
𝑄21 𝑄22 0 0 0
0
0
0

0
0
0

𝑄66
0
0

0
𝑄44
0

0
0
𝑄55]

 
 
 
 

{
 
 

 
 
𝜖𝑥 − 𝛼𝑥𝑇
𝜖𝑦 − 𝛼𝑦𝑇
𝛾𝑥𝑦
𝛾𝑦𝑧
𝛾𝑥𝑧 }

 
 

 
 
𝑘

           (4) 
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Where 𝛼𝑥 and 𝛼𝑦 are thermal expansion coefficients in 

x any directions respectively. T is thermal load Qijis 

transformed elastic coefficients 

 

𝑄11 =  
𝐸1

1 − 𝜐12𝜐21
, 𝑄12 = 

𝜐21𝐸2
1 − 𝜐12𝜐21

, 

𝑄22 = 
𝐸2

1 − 𝜐12𝜐21
 

𝑄66 = 𝐺12, 𝑄55 =  𝐺13, 𝑄44 = 𝐺23 

 

Where E1 and E2 are material modulus of elasticity in 

principle directions 1 and 2 respectively. 𝜐12𝜐21 are 

Poisson’s ratios and 𝐺12, 𝐺13, and 𝐺23 are material modulus 

of rigidity.  

4. Results and Discussion 

Natural frequencies of Graphite/Epoxy composite 

simply supported laminated beam are obtained by 

performing modal analysis using 3-D finite element 

modeling in Ansys19 for different fiber orientation angles 

([0o]8, [0o/15o]s, [0o/30o]s, [0o/45o]s, [0o/60o]s, [0o/75o]s, and 

[0o/90o]s)at temperatures 22, 40, and 60oC as shown in 

tables 2, 3, and 4. Table. 2presents the first six natural 

frequencies of the composite simply supported beam at 

22oC for all fiber orientation schemes considered. It should 

be observed that should temperature increases natural 

frequencies decreases slightly. Furthermore, largest natural 

frequency 258.56Hz is obtained for fiber orientation scheme 

[0o]8. 

It is clearly observed that largest fundamental natural 

frequency is recorded at a fiber orientation scheme [0o]8. 

However, it should be said that lowest fundamental natural 

frequencies are obtained for orientation schemes [0o/60o]s, 

[0o/75o]s, and [0o/90o]s for all temperatures considered. 

The first six natural frequencies are listed for all fiber 

orientation schemes considered for 22, 40, and 60oC as 

listed in table. 3 and table. 4, where it is clearly observed 

that highest natural frequencies are recorded at fiber 

orientation scheme [0o]8 as 258.4 and 258.23 Hz at 

temperatures 40 and 60oC respectively. 

Dynamic analysis for Graphite/Epoxy FRP simply 

supported beam is carried out using finite element modeling 

for fiber orientation schemes [0o]8, [0o/15o]s, [0o/30o]s, 

[0o/45o]s, [0o/60o]s, [0o/75o]s, and [0o/90o]s at temperatures 

22, 40, and 60oC where the magnitude of force is 1000N 

concentrated at the middle of the beam considered. It should 

be mentioned that current analysis is performed for 

frequency range 5 – 50Hz to observe closely the effect of 

temperature on transverse deflection and interfacial shear 

stress of mid-plane at L/2. Fig. 5. shows the relation of 

transverse deflection of fiber angle [0o]8for the three 

different temperatures considered. Generally, transverse 

deflection of mid-plane increases when temperature 

increases across driving frequency variation 5-50Hz. 

However, maximum transverse deflection is recorded 

82.7mm at frequency 285Hz and temperature 22oC when 

modeling the simply supported beam for frequency 

variation 0-300 Hz. This result indicates that while higher 

temperature application induces higher midplane deflection, 

maximum deflection is obtained at room temperature 

(22oC) when the driving frequency matches the second 

natural frequency. 

 
Figure5. Relation between mid-plane transverse deflection and 

driving frequency for Graphite/Epoxy laminated simply supported 

beam for [0o]8 at temperatures 22, 40, and 60oC 

TABLE 2. Natural frequencies of composite laminated simply supported FRP beam for different orientation at temperature 22 °C 

Mode [0o]8 [0o/15o]s [0o/30o]s [0o/45o]s [0o/60o]s [0o/75o]s [0o/90o]s 

1 258.56 238.53 220.35 211.5 208.99 208.81 209.02 

2 285.37 247.15 227.78 223.25 220.15 217.82 216.86 

3 667.38 606.15 563.65 548.53 543.52 542.86 543.25 
4 718.7 710.86 680.11 663.2 648.06 635.12 629.62 

5 759.47 735.81 738.88 721.65 693.83 667.47 656.12 

6 1332.3 1309.2 1223.6 1189.2 1176.5 1173.4 1173.5 

TABLE 3. Natural frequencies of composite laminated simply supported FRP beam for different orientation at temperature 40 ° C 

Mode [0o]8 [0o/15o]s [0o/30o]s [0o/45o]s [0o/60o]s [0o/75o]s [0o/90o]s 

1 258.4 238.39 220.22 211.36 208.82 208.61 208.8 

2 285.21 247 227.66 223.12 220 217.64 216.67 
3 667.31 605.93 563.43 548.3 543.27 542.57 542.94 

4 718.46 710.73 679.99 663.06 647.9 634.92 629.4 

5 759.33 735.75 738.85 721.61 693.77 667.39 656.04 
6 1332.1 1308.9 1223.4 1189 1176.3 1173.1 1173.2 

TABLE 4. natural frequencies of composite laminated simply supported FRP beam for different orientation at temperature 60 ° C 

Mode [0o]8 [0o/15o]s [0o/30o]s [0o/45o]s [0o/60o]s [0o/75o]s [0o/90o]s 

1 258.23 238.24 220.06 211.2 208.63 208.39 208.57 
2 285.04 246.84 227.53 222.98 219.83 217.44 216.45 

3 667.23 605.69 563.19 548.05 542.99 542.25 542.59 

4 718.19 710.57 679.86 662.91 647.71 634.69 629.16 
5 759.17 735.68 738.81 721.56 693.7 667.31 655.96 

6 1331.9 1308.7 1223.1 1188.8 1176 1172.8 1172.8 
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Dynamic mid plane deflection results of fiber orientation 

scheme [0o/15o]s at different temperatures are shown in Fig. 

6for frequency range 5 – 50Hz. It should be said that close 

values of deflection are obtained at temperatures 40 and 

60oC and lower deflections are recorded when modeling at 

22oC. However, comparing current scheme results with 

those of [0o]8case, it can be concluded that mid-plane 

deflections of [0o/15o]s are much higher than the latter case 

which comes as a result of that the fibers angle in each 

laminate is longitudinal which adds strength to the 

mechanical structure. Furthermore, it should be noted that 

maximum mid-plane transverse deflection is 66.2mm at the 

second natural frequency when the temperature is set to 

60oC. 

. 
Figure 6. Relation between mid-plane transverse deflection and 
driving frequency for Graphite/Epoxy laminated simply supported 

beam for [0o/15o]s at temperatures 22, 40, and 60oC 

Moreover, effect of temperature on laminated 

Graphite/Epoxy simply supported beam with fiber 

orientation scheme [0o/30o]sis investigated for frequency 

range 5 -50Hz and temperature variation 22, 40, and 60oC 

as shown in Fig. 7. It is clearly seen that should the 

temperature increases, harmonic deflection increases as 

well for driving frequency varies from 5-50Hz. It should be 

mentioned that maximum deflection is recorded 3.13mm at 

mid-plane at a frequency 220.7Hz for a temperature 22oC 

which represents a fundamental frequency. 

 
Figure7. Relation between mid-plane transverse deflection and 

driving frequency for Graphite/Epoxy laminated simply supported 

beam for [0o/30o]s at temperatures 22, 40, and 60oC 

However, Fig. 8 to Fig. 11 present the relation between 

midplane transverse deflection of the laminated 

Graphite/Epoxy simply supported beam for driving 

frequency variation 5 - 50Hz at different temperatures for 

fiber orientation schemes [0o/45o]s, [0o/60o]s, [0o/75o]s, and 

[0o/90o]s respectively. In general, same trend is observed as 

in previous schemes for most of the frequency range 

considered where it is found that increasing temperature 

will increase the transverse deflection induced by the 

harmonic force. However, it is clearly observed in all 

figures considered that midplane deflection at temperatures 

40 and 60oC where close results are obtained for some 

respectable frequency ranges. As for [0o/45o]s and [0o/60o]s 

cases, the frequency range 26 – 39Hz resulted in close mid-

plane deflections. On the other hand, and for both 

orientation schemes mentioned, maximum transverse 

deflections are found to be 49.1 and 45.6mm respectively at 

the fundamental frequency and for temperature 22oC. 

 
Figure8. Relation between mid-plane transverse deflection and 

driving frequency for Graphite/Epoxy laminated simply supported 

beam for [0o/45o]s at temperatures 22, 40, and 60oC 

 
Figure9. Relation between mid-plane transverse deflection and 

driving frequency for Graphite/Epoxy laminated simply supported 
beam for [0o/60o]s at temperatures 22, 40, and 60oC 

In the same context, fiber orientation schemes [0o/75o]s 

and [0o/90o]s follow the same trend concerning the mid-

plane deflection behavior of simply supported beam 

considered in current study where higher values are 

obtained for higher temperatures values across driving 

frequency 5 – 50 Hz. It is noted that maximum values of 

deflections for the schemes considered are 60.3 and 45.2mm 

induced at the fundamental frequency when temperature is 

60oC.     

 
Figure10. Relation between mid-plane transverse deflection and 

driving frequency for Graphite/Epoxy laminated simply supported 
beam for [0o/75o]s at temperatures 22, 40, and 60oC
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Figure11. Relation between mid-plane transverse deflection and 

driving frequency for Graphite/Epoxy laminated simply supported 
beam for [0o/90o]s at temperatures 22, 40, and 60oC 

Similarly, Harmonic analyses for eight-layer laminated 

Graphite/Epoxy simply supported beam is carried out for 

fiber orientation schemes[0o]8, [0o/15o]s, [0o/30o]s, [0o/45o]s, 

[0o/60o]s, [0o/75o]s, and [0o/90o]sand temperature variation 

(22, 40, and 60oC) at frequency range (5 - 50Hz) as depicted 

in Fig. 12 to Fig. 18respectively. It should be said that shear 

stresses are induced due to dynamic force concentrated in 

the middle of the beam (at L/2). Fig. 12 investigates the 

effect of temperature on interfacial shear stress at mid plane 

for the orientation scheme [0o]8 and frequency range 

considered. It is clearly observed that for most of the 

frequency range, dynamic interfacial shear stress at the 

midplane obtains higher values when temperature increases 

where maximum shear stress value 81.2 MPa is recorded at 

the fundamental frequency for temperature 60oC. This trend 

is also observed in Fig. 13, that is should the temperature 

increases, mid-plane shear stress of the beam considered 

rises for the orientation scheme [0o/30o]s. Maximum 

magnitude of the interfacial shear stress at mid-plane is 

found to be 43.2MPa for temperature 60oC.  

 
Figure12. Relation between mid-plane interfacial shear stress and 
driving frequency for Graphite/Epoxy laminated simply supported 

beam for [0o]8 at temperatures 22, 40, and 60oC 

 
Figure13. Relation between mid-plane interfacial shear stress and 

driving frequency for Graphite/Epoxy laminated simply supported 

beam for [0o/15o]s at temperatures 22, 40, and 60oC 

However, the results of interlaminar shear stress 

obtained for frequency range 21 – 46Hz are nearly similar 

for temperatures 50 and 60oC for stacking sequence 

[0o/30o]s as shown in Fig. 14. where Lowest values of stress 

are recorded for room temperature. It should be mentioned 

that maximum interfacial shear stress is recorded 0.017 

MPa at the first natural frequency for temperature 22oC. 

Moreover, it can be clearly seen that there are constant 

values of shear stress at large portions of frequency for all 

temperatures considered.  

 
Figure14. Relation between mid-plane interfacial shear stress and 

driving frequency for Graphite/Epoxy laminated simply supported 

beam for [0o/30o]s at temperatures 22, 40, and 60oC 

Fig. 15 to Fig. 18 illustrate the impact of temperature on 

interlaminar shear stress at the mid-plane for the composite 

simply supported beam considered concerning orientation 

schemes [0o/45o]s, [0o/60o]s, [0o/75o]s, and [0o/90o]s 

respectively . It is clearly concluded that for all the cases 

considered increasing temperature leads to narrow 

interfacial shear stress increase at the mid plane. Also, it 

should be noted that a maximum shear stress of 17.8MPa 

for the fiber orientation scheme [0o/45o]s is recorded at 

frequency 212.1HZ which represents a fundamental 

frequency for the scheme and temperature considered. In the 

same context, Maximum shear stress for orientations 

schemes [0o/60o]s, [0o/75o]s, and [0o/90o]s are found to be 

8.27, 4.69, and 3.86Mpa respectively at the fundamental 

frequency computed in modal analyses at 60oC. Moreover, 

the nonlinear behavior observed in the shear stress response 

of the [0o/90o]s case recorded very close results although 

same effect of temperature remains identical for rest of case 

considered.  

 
Figure15. Relation between mid-plane interfacial shear stress and 

driving frequency for Graphite/Epoxy laminated simply supported 
beam for [0o/45o]s at temperatures 22, 40, and 60oC
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Figure16. Relation between mid-plane interfacial shear stress and 
driving frequency for Graphite/Epoxy laminated simply supported 

beam for [0o/60o]s at temperatures 22, 40, and 60oC 

 
Figure17. Relation between mid-plane interfacial shear stress and 

driving frequency for Graphite/Epoxy laminated simply supported 
beam for [0o/75o]s at temperatures 22, 40, and 60oC 

 
Figure18. Relation between mid-plane interfacial shear stress and 

driving frequency for Graphite/Epoxy laminated simply supported 
beam for [0o/90o]s at temperatures 22, 40, and 60oC 

Comparing mid-plane harmonic deflection and shear 

stress of simply supported composite beam considered for 

all fiber orientations ([0o]8, [0o/15o]s, [0o/30o]s, [0o/45o]s, 

[0o/60o]s, [0o/75o]s, and [0o/90o]s) across frequency range 5 -

50Hz Hz at temperatures 22, 40, and 60oC shows that 

highest and lowest deflections are recorded for schemes 

[0/60]s and [0o]8respectively. This is reasonable since the 

latter scheme leads to a structure with much higher strength 

than all other fiber orientation schemes. It is also noted that 

schemes [0o/60o]s, [0o/90o]s, and [0o/45o]s undergo much 

higher transverse deflections than other schemes. 

Furthermore, it should be observed that maximum shear 

stress existing between layers at midplane undergoes close 

range values for most of the schemes except at the 

orientation scheme [0o]8 where large values are recorded 

due to large strength of this orientation scheme.  

5. Limitation and Future scope 

Accuracy of finite element results remain an issue when 

solving for stresses when sudden change in geometry 

occurs. As a result, induced stresses may be larger at these 

locations than the yield stress since linear finite element 

analysis may not predict results accurately. However, 

studying dynamic facial shear stresses in laminated FRP 

spherical and cylindrical shells is highly recommended to 

investigate the failure of such structures with different 

boundary conditions due to temperature and frequency 

effect using FE analysis.  

6. Conclusion 

This work investigates dynamic behavior of 

Graphite/Epoxy FRP eight-layer laminated simply 

supported beam at different temperatures (22, 40, and 60oC) 

and for fiber orientation schemes ([0]8, [0o/15o]s, [0o/30o]s, 

[0o/45o]s, [0o/60o]s, [0o/75o]s, and [0o/90o]s)  across 

frequency variation 5-50 Hz using finite element package 

ANSYS19.  

Modal analysis is carried out to find out the first six 

natural frequencies for all fiber orientation schemes and 

temperatures considered where results showed that natural 

frequencies drop slightly for all the schemes considered at 

each temperature. 

It is found that higher natural frequencies are obtained 

for fiber orientation scheme [0]8 where highest natural 

frequencies are recorded at fiber orientation scheme [0o]8 as 

258.56, 258.4, and 258.23 Hz at temperatures 22, 40 and 

60oC respectively. 

Concerning the harmonic analyses, it should be 

mentioned that both interfacial mid-plane transverse 

deflection and shear stress responses are found to increase 

narrowly when increasing temperature for all schemes 

considered. Moreover, it is concluded that [0]8 case presents 

a significant scheme since it undergoes minimum transverse 

deflection and maximum shear stress at each single 

temperature compared with other schemes. Also, it should 

be noted that specific shear stress responses share almost the 

same results at temperatures 40 and 60oC as results show in 

[0o/30o]s, [0o/45o]s cases.   

Largest transverse deflection recorded is 82.7mm at 

frequency 285Hz and temperature 22oC when modeling the 

simply supported beam for with ([0]8orientation scheme. 

However, maximum shear stress value 81.2 MPa is obtained 

at the same fiber orientation for temperature 60oC 
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