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Abstract 

Composite shell structures have many 

applications in aerospace industry in which 

deal with various loading abundantly. In 

present paper Strain gauge instrument with 

rectangular rosette strain gauges were used to 

detect the maximum stress and strain 

distributions along the shell composite 

structure. Also a finite element analysis was 

done for validation of experimental results. 

The FEM software used was ANSYS14. 

Impact test, density measurement, and bending 

test were performed in order to detect physical 

and mechanical properties such as toughness, 

principal stresses, and density, of the three 

laminated composite shells. In addition, the 

results between experimental and ANSYS 

were compared. It was observed that an 

important discrepancy is found between 

theoretical and experimental results. It was 

also found a large difference in modulus of 

elasticity, toughness, and tensile strength for 

each composite material. These differences are 

tabulated in many tables in the last paper. 
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1. Introduction  

Composite materials are desirable in 

lightweight structures due to their high specific 

stiffness and strength. Woven carbon, glass, 

and Kevlar materials have great importance in 

aerospace and aircraft industries. The main 

reason leads to success of the use of composite 

materials. In the aerospace industry is high 

performance versus weight ratios that it is 

possible to achieve using these materials and 

on the necessity to lower the weight of the 

aircraft as much as possible to enhance its 

efficiency. 

Shells are common structural elements in many 

engineering structures, including pressure 

vessels, submarine hulls, ship hulls, wings and 

fuselages of airplanes, pipes, and exteriors of 

rockets, missiles, automobile tires, concrete 

roofs, containers of liquids, and many other 

structures [1]. A shell is a curved, thin walled 

structure. A primary difference between a shell 

structure and a plate structure is that, in the 

unstressed state, the shell structure has 

curvature as opposed to plates. Shells have all 

the characteristics of plates, along with an 

additional one –curvature. There are two 

different classes of shells: thick shells and thin 

shells. The main advantage of shell structures 

are their ability to carry relatively large loads 

compared to their weight if designed correctly. 

Recently, a sustained attempt has been made in 

finding the static behavior of laminated 

composite shells having high strength-to-

weight ratio [2]. A stress analysis of stiffened 

cylindrical composite shell under transverse 

end load has been analyzed [3]. A new method 

for an elastic-plastic analysis of stress and 

deformation fields in composite overwrapped 

cylinder under the pressure load has been 

provided [4]. Experimental and numerical 

analysis of grid composite cylindrical shell 

subjected to transverse loading [5] and various 

end loading [6] have been made. Two layers 

composite tube are examined cyclically loaded 

in the elastic and elastic-plastic states [7]. 

Buckling analysis of thin walled composite 

cylindrical shells with and without cutouts 

under applying axial load on glass fiber 

reinforced plastic shell has been made [8].  

The present paper provides a coupling between 

an experimental measuring using strain gauge 

technique and finite element method using 

ANSYS 14.   

2. Numerical Analysis  

ANSYS Release 14 was used to carry out the 

finite element analysis in the present work. 

ANSYS is used to analyze the principal stress 

distribution (the maximum principal stress 

distribution and the minimum principal stress 

distribution), also the Von Mises stress of the 

three laminated composite shells. The problem 

is solved using 2-D PLANE182 [9]. 

PLANE182 can be used as a plane element 

(plane stress and plane strain). The material 

properties are taken as constant and isotropic 

material because the fibers used are woven 

laminate. After modeling of the specimen and 

applying boundary conditions (fixed –fixed 

ends) and loads (point load in-Y direction at 

middle), the analysis carried out and obtain the 
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results. Figure 1 shows the maximum and 

minimum principle stress distribution of the 

three laminated composite shells at different 

loads. 

 
Figure 1:  Maximum and Minimum principal stress 

distribution of three composite  

shells at different loads 

 

3. Experimental Work  

3.1. Tensile Test 
The geometry of the specimen and instrument 

type is shown in Figure 2. Generally, 

rectangular specimens are required for the 

composite material characterization, because 

the “dog -bone” type tends to split in the 

region where the width changes. Still the grips 

of tension test frame introduce large stress 

concentration in the specimen. To minimize 

this effect tabs must be bonded on each side of 

the specimen. Tensile tests were carried out in 

accordance with ASTM standards D3039 [10], 

using a minimum of five specimens for each 

laminated composite. The results are shown in 

Table 1. The tensile experiments were carried 

out in Mechanical Engineering Department / 

Salahaddin University / Erbil. These tests are 

examined in order to get the necessary 

properties of three type’s composite material 

(such as tensile stress and modulus of 

elasticity). 

 
Figure 2:  (a) Geometry of the specimen  (b) MT 

3037 Universal Testing (Specimen thickness between 

(0.090-0.12) Tab bevel angle between (5-90º) All 

dimensions in inches 
 

Table 1 Tensile Test results of the three composite 

materials. 

 

 

3.2. Impact Test 

The specimen for Charpy impact test is 

rectangular with a notch cut in one side which 

is prepared according to ASTM standard D 

6110 [11]. The Charpy impact test method 

works by placing the notched specimen (with 

the notch facing away from the point contact) 

horizontally on two supports into an instrument 

with a pendulum of a known weight. The 

pendulum is raised to known height and 

allowed to fall. As the pendulum swings, it 

impacts and breaks the specimen. The results 

are shown in Table 2. The instrument and the 

geometry of the specimen are shown in Figure 

3. Impact experiments were carried out in 

Mechanical Engineering Department / 

Salahaddin University / Erbil. These tests are 

carried out in order to get the toughness values 

of three type’s composite materials. 
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Table 2 Comparison of impact energy of the three 

composite materials. 

 
 

 
Figure 3:  (a) Geometry of the Impact specimen 

(b) WP 400 Pendulum Impact Tester, 25Nm 

 

 

3.3. Density Measurement 

The density measurements of the composite 

material specimens were carried out according 

to ASTM D 792 [12]. The specimens can be 

prepared in any convenient size (the size 

25mm×25mm×thickness is normally used). 

Density was calculated by weighing the 

specimen in air and then the specimen 

weighted when immersed in distilled water at 

23°C using a sinker and wire to hold the 

specimen completely submerged as required. 

Density measurement was carried out in 

Mechanical Engineering Department / 

Salahaddin University / Erbil. Density and 

Specific Gravity are calculated as follows: 

Specific gravity 23/ 23°C = a / [(a + w)-b] 

a = mass of specimen in air (kg). 

b = mass of specimen and sinker (if used)   

in water (kg). 

W = mass of totally immersed sinker if 

used and partially immersed wire (kg). 

Density 23°C, kg/m³ = Specific gravity 23/ 

23°C x (997.5).    

   

3.4 Bending Test 

Bending tests were carried out in Mechanical 

Engineering Department / Salahaddin 

University / Erbil. In the bending test of the 

laminated composite shell structures the static 

load   (different values) was applied at the 

middle of the structure as shown in Figure 4, 

and a dial gage to measure the deflection at the 

mid span was installed.  First, to prevent pre-

failure at the ends, both ends of the specimen 

were put into the fixture to limit the specimen 

movement along horizontal and vertical 

directions. Due to symmetry, at the top face of 

the specimen the three rectangular strain gage 

rosettes were mounted at angle of 45º at three 

positions (x=20mm, x= 265mm , x=530mm) in 

order to measure strain states in three 

directions (0°, 45°, 90°) at specified points on 

the structure. In each steps the value of applied 

load, deflection and strains in three directions 

recorded. The three element strain gage rosette 

allows computing principal strains and 

principal stresses directly from measured strain 

gage data. The Equations 1, 2 and 3 were used 

to calculate the principal strains, the shear 

strain in xy-direction and the principal angle 

by substituting the measured experimental 

strains (instrument’s reading) (13) 𝜀𝑎, 𝜀𝑏, 𝜀𝑐 

 

ε1,2= 
εa+εc

2
 ∓

1

√2
√(εa − εb)2 + (εb − εc)2   (1)                                                                       

 

𝛾
𝑥𝑦

= 2𝜀𝑏 − (𝜀𝑎 + 𝜀𝑐) (2)                                                                                                      

 

𝜃 =
1

2
 tan−1(

𝜀𝑎−2𝜀𝑏+𝜀𝑐

𝜀𝑎−𝜀𝑐
 )    (3)                                                                                                   

    

Equation 4 express the principal stresses in 

terms the three measured experimental strains 

and the material properties. 

 

𝜎1,2= 
𝐸

 2
[ 

𝜀𝑎+𝜀𝑐

1−ν
 ∓

√2

1+𝜈
√(ε𝑎 − ε𝑏)2 + (ε𝑏 − ε𝑐)2]      (4)                              

 

The plus and minus alternatives in Equation 1 

and 4 yield the algebraically maximum and 

minimum principal strains and principal 

stresses respectively.  The equation (5) used to 

calculate the maximum shear stress in terms of 

three measured strains 

 

 𝜏𝑚𝑎𝑥 =  
𝐸

 √2( 1+ν)
√(ε𝑎 − ε𝑏)2 + (ε𝑏 − ε𝑐)2                                                                       

(5) 

 

Figure 4:  Geometry of the Bending specimen 
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3.5. Strain Gauge test  

Strain gauge test was carried out in Mechanical 

Engineering Department / Salahaddin 

University / Erbil. A strain gauge indicator P-

3500 was used to measure the strain through 

the shell composite. The device is used for 

three bridges: Quarter bridge, half bridge and 

full bridge. The maximum number of strain 

gauges that can be used in this instrument is 

ten strain gauges. Two types of strain gauges 

were used in this work, Single element strain 

gauge and rectangular Rosette strain gauge as 

shown in Figure 5. A single strain gauge was 

used to detect the Poisson’s ratio 𝜈 for three 

types of composite. The rectangular Rosette 

strain gauge was used to measure the 

experimental principal strains and stresses and 

consequently the Von Mises stress in bending 

test for three types of composite shell, Carbon, 

Glass, and Kevlar as a reinforced fibers with 

epoxy material as a matrix material as shown 

in Figure 6. 

 
Figure 5:  Rectangular rosette strain gauge 

 
Figure 6: Application of rectangular rosette 

strain gauges in different modes of composite 

Shells under bending test 

 

4. Results and Discussion  

The contour stress distributions through the 

laminated composite shell for Carbon, Glass, 

and Kevlar as reinforced fibers with epoxy as 

matrix material are represented in Figure 1. 

Maximum and minimum principal stresses 

were evaluated approximately using software 

ANSYS 14. The modulus of elasticity E and 

Poisson’s ratio ϑ were obtained experimentally 

using tensile strength and strain gauge 

instruments. The values (E, ϑ) were taken as 

input data for ANSYS. It is noted that the 

carbon fiber has highest strength than the other 

types. The presence of carbon particles through 

the fibers material gives more strength to the 

material.  
 

Experimental results from bending test under 

static loads were measured using rosette strain 

gauge technique. The strains (εa, εb, εc )were 

measured experimentally in three direction 

angles (00, 450, 900) using rosette strain 

gauge. Then the maximum principal directions 

θ, maximum principal stress σ1, minimum 

principal stress σ2, and maximum shear stress 

τxy were calculated using Equations 1,2,3,4&5 

as shown in Figures 7, 8, and 9. The principal 

direction 𝜃 represents the plane or axis at 

which the maximum stress  occurs. Angle 𝜃 

may be in the first quadrant or other quadrant 

depends on the values of strains. Principal 

direction 𝜃 was determined exactly by using 

the Mohr’s circle. The negative sign represents 

the loading is compression while the positive 

sign represents the loading is tension.  

 

It is observed that the variation of stresses with 

their directions in 3D are given (ones represent 

longitudinal direction x-axis and the other 

represent loads magnitude). The maximum 

principal stress occurs at 𝑥 = 0.265 𝑚 from its 

supports at the first quarter of the shell 

laminate and the minimum principal stress 

occurs at the mid-span region of the shell 

laminate (𝑥 = 0.53 𝑚). It is noted that from 

figures, the carbon shell’s strength is higher 

than glass shell’s strength under the same load. 

This is due to carbon fibers have a good 

properties than other material. Any increase in 

carbon content in fiber particles causes an 

increase in strength properties. Also the woven 

properties give us higher strength than 

discontinuous glass fibers.  

 

Table 1 shows the results obtained from tensile 

test of the three composite materials. It’s found 

that the modulus of elasticity and tensile 

strength of Carbon–Epoxy are greater than 

Kevlar-Epoxy and Glass–Epoxy. This is 

attributed to many reasons such as (1) Woven 

fibers better than discontinuous fibers in 

carrying load (2) Carbon content in fibers 

affect to the strength of fibers and then 

laminate shell.  
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Toughness is one of the most important 

characteristics for structural component 

materials.The Charpy test measures the impact 

energy or energy absorbed during the fracture, 

which refers to the material’s toughness. Table 

2 shows the toughness of three composite 

materials. It’s noted that Kevlar-Epoxy has 

greater toughness (6.3 J) than Carbon–Epoxy 

and Glass–Epoxy, the Glass–Epoxy comes in 

the second degree (4.2 𝐽) and the least value of 

toughness refers to the Carbon–Epoxy (2.1 𝐽). 

This is due to the physical properties of Kevlar 

fibers which are used in the fabrication of dress 

resistant shots and other military purposes.       

Table 3 shows the value of measured densities 

of three composite materials (Carbon-Epoxy, 

Glass-Epoxy and Kevlar-Epoxy). It’s found 

that density of Glass -Epoxy is higher than 

Carbon-Epoxy and Kevlar-Epoxy, also it’s 

noted that Kevlar-Epoxy has the least value of 

density.  

 

Tables 4,5 and 6 show a comparison between 

the experimental principal stresses and Von 

Mises stresses with ANSYS results. It’s can be 

noted that there are differences between the 

results obtained from both methods, and this 

may be attributed to many reasons  such as (1) 

In numerical analysis  poisson’s ratios was 

taken from references and these values may be 

different from actual values of poisson’s ratios 

in experimental work (2) There may be some 

errors in installation of strain gages on 

structures such as the strain gages position not 

exactly at desire angle or at desire locations (3) 

Woven Carbon fiber and Kevlar fiber were 

used in experimental while in FE analysis 

(ANSYS) was dealt with isotropic materials. 

 

 

 

 

 

 

 

 

 
Figure 7: Experimental Results Contours from 

bending test of Carbon-Epoxy (a) Max. Principal 

directions 𝜃 (Degrees)  (b) Max. Principal Stresses 

(Mpa) (c) Min. Principal Stresses (Mpa)  (d) Max. 

Shear Stresses (Mpa) 
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Figure 8:  Experimental Results Contours from 

bending test of Glass-Epoxy 

(a) Max. Principal directions 𝜃 (Degrees)  (b) Max. 

Principal Stresses (Mpa) 

(c) Min. Principal Stresses (Mpa)  (d) Max. Shear 

Stresses (Mpa) 

 

 
Figure 9: Experimental Results Contours from 

bending test of Kevlar-Epoxy 

(a) Max. Principal directions 𝜃 (Degrees)  (b) Max. 

Principal Stresses (Mpa) 

(c) Min. Principal Stresses (Mpa)  (d) Max. Shear 

Stresses (Mpa) 

 

 

Table 3 Measured densities of the three composite 

materials. 

 
Table 4 Comparison of experimental and ANSYS 

program stresses for Carbon-Epoxy composite shell. 

 
Table 5 Comparison of experimental and ANSYS 

program stresses  for Glass-Epoxy composite shell. 

 
Table 6 Comparison of experimental and ANSYS 

program stresses fo Kevlar-Epoxy composite shell. 

 
 

5. Conclusions  

1. The maximum stresses present near fixed  

ends in Carbon-Epoxy and Kevlar-Epoxy 

shells while exist in the mid-span of the shell 

in Glass-Epoxy shell. 

https://djes.info/index.php/djes/article/view/118


Diyala Journal of Engineering Sciences, Vol. 11, No. 4, December 2018, pages 60-66                                ISSN 1999-8716 

DOI: 10.24237/djes.2018.11409                                                                                                                       eISSN 2616-6909 

66 

 

2. A high variations in deflection, stresses 

and strains were recorded for Kevlar-Epoxy 

shell, due to its high flexibility. 

3. The type of fiber has great effect on the 

mechanical properties, this is the reason that 

the chopped Glass fiber-Epoxy shell was more 

affected by the applied load than the woven 

Carbon fiber-Epoxy shell (the chopped fibers 

have weak properties compared to the woven 

fibers). 

4. A discrepancy is found between the 

experimental and ANSYS results. 
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