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ABSTRACT 

 

The filament wound composite pressure vessels have become very popular sewage, oil and 

gas transport industries. During the operation these pressure vessels are subjected to very 

high internal pressures and very high stresses are developed in the pressure vessels. 

Therefore the stress and the burst pressure analysis of such pressure vessels are essential 

for the safe working and performance evaluation of such pressure vessels. A finite element 

model of the multilayered filament wound composite pressure vessel is established by the 

finite element software ANSYS 11. The pressure vessel is analyzed for maximum stress as 

well as its burst pressure is predicted for hoop and helical windings of the fibers using the 

Tsai-Wu failure criteria. The fibers are oriented helically for various fiber orientations 

such as [+30°/-30°]s, [+35°/-35°]s, [+40°/-40°]s, [+45°/-45°]s, [+50°/-50°]s, [+55°/-55°] s, 

[+60°/-60°]s and [+65°/-65°]s. The optimum angle of fiber orientation is determined from 

the analysis. 
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1. INTRODUCTION 

The composite materials have been widely used for the manufacturing of pressure vessels 

from a very long time. These pressure vessels are manufactured by filament winding 

process. The filament wound composite pressure vessels have special characteristics of 

high strength and high modulus to density ratio. This special characteristic of these 

pressure vessels have made them popular in various fields, industries and applications. 

The most common applications of these pressure vessels include: aerospace and 

automotive industries, military and scuba tanks, hydrogen and oxygen as well as other 

gases storage cylinders etc.  Besides these applications, the filament wound composite 

pressure vessels are also being widely used in the sewage, oil and gas transport industries. 

In most of the applications these pressure vessels are enclosing some fluid at very high 

internal pressure. As a consequence of which very high stresses are also developed in 

these pressure vessels.  The failure of these pressure vessels when subjected to very high 

internal pressures will result in sudden explosion with damage and destruction of both man 

and material properties. Therefore, the stress and the burst pressure analysis are extremely 

essential for the safe working of these pressure vessels. 

 

Many researches and studies have already being carried out on the composite pressure 

vessels. R.R. Chang studied a multilayered composite pressure vessel and predicted the 

failure strength of the first ply of the pressure vessel [1]. Levend Parnas et al. predicted the 

behavior of a rotating composite pressure vessel under internal pressure and axial loading 
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[2]. Onur Sayman analyzed multilayered composite pressure vessel under hygrothermal 

loadings [3].  M.A. Wahab examined the behavior of five different polygonal shaped 

composite pressure vessels for stress over different internal pressures [4]. R.M. Guedes 

investigated the performance of the composite pressure vessel under transverse loadings 

[5]. 

 

The design and analysis of composite pressure vessel is challenging and intricate problem. 

For the complete and accurate analysis of composite pressure vessel, it is very necessary to 

recognize and utilize the factors which are imperative to the design. The current paper 

presents a study on a multilayered filament wound composite pressure vessel under 

internal pressure. A finite element model of the composite pressure vessel is established 

with the utilization of finite element software ANSYS 11. It is a high level engineering 

simulation software which can yield meticulous and concrete results with the correct 

choice if the decisive factors involved in the design. 

 

2. MATERIALS AND METHODS 

2.1 Carbon Fiber Reinforced Polymer 

The present study is performed on a carbon fiber composite, also referred as Carbon fiber 

Reinforced Polymer composite (CFRP). The type of carbon fibers utilized are T300 and 

the polymeric matrix is composed of epoxy Araldite LY5052. The table 1 shows the basic 

properties of T300/LY5052 composite. 

 

Table1. The basic properties of T300/LY5052 composite. 

Properties  Carbon Fiber T300 Epoxy Araldite LY5052 

Elastic Modulus  230 GPa [6] 3 GPa [7] 

Tensile Strength 3.5 GPa [6] 71 MPa [7] 

Density 1760 Kg/m
3 

[6] 1.14 g/cm
3
 [8] 

 

2.2 Finite Element Modeling 

The Composite materials are orthotropic in nature therefore finite element modeling of 

these materials is more complicated than modeling any isotropic material such as iron and 

steel. The present study accord for the establishment of cylindrical shaped finite element 

model of the CFRP composite pressure vessel. Fig. 1 shows the finite element model of 

the composite pressure vessel. The composite pressure vessel being orthotropic in nature 

requires the determination of nine different properties. The material properties of fiber 

reinforced composite depends upon the properties of both the matrix and the fibers. The 

angle of orientation of the fibers in the composite also plays a very important role 

determination of the properties and the behavior of the composite, since the fibers have 

superior mechanical properties along its length. 

 

2.2.1 The Element Type 

Linear Layered Structural Shell Element SHELL 99 is utilized in the study to model the 

composite pressure vessel. Shell 99 is an eight node Linear Layered Structural Shell 

Element, which can be used to model composite structures up to 250 layers. The Fig. 1 

shows the SHELL 99 Element. Although, SOLID 46, a 3-D Layered Structural Solid 

Element may also be utilized for modeling the composite pressure vessel, SHELL 99 is 

selected  because the computational time of SHELL 99 Element is much less than SOLID 

46. 
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Fig 1: The Finite Element Model of CFRP composite pressure vessel. 

 

2.2.2 The Layered Configuration 

The layered configuration is the most substantial attribute of a composite material. Each 

layer may be made of different orthotropic material and may have its principal directions 

oriented differently []. Also, fibers may be oriented at different angles of orientation for 

each layer. Therefore, the layered configuration is determined by defining individual 

layers properties. 

 

The complete definition of the layered configuration requires: The material properties, the 

number of layers, the fiber orientation angle, the layer thickness and the number of 

integration points per layer. The material properties of the CFRP are listed in table 2. The 

modeling is performed for four layered CFRP filament wound composite pressure vessel. 

The modeling is performed for various fiber orientations angles. Both hoop and helical 

windings of the carbon fibers are analyzed in the study. For helical windings of the fibers, 

the modeling is performed for various fiber orientation angles such as, [+30°/-30°]s, 

[+35°/-35°]s, [+40°/-40°]s, [+45°/-45°]s, [+50°/-50°]s, [+55°/-55°] s, [+60°/-60°]s and 

[+65°/-65°]s in symmetrical stacking sequence. Fig. 2 shows the stacking sequence for 

±45° fiber orientation angle. The modeling is performed for four uniform thickness layers 

and the number of integration points are entered three by default. 

 

Table 2. Material Properties and Strength constants of CFRP [9]. 

Properties of carbon/Epoxy (T300/LY5052) Values 

Ex 135 GPa 

Ey = Ez 8 GPa 

Gxy = Gxz 3.8 GPa 

Gzx 2.6845 GPa 

υxy  =  υxz  0.27 

υyz   0.49 

Tensile Strength (Xt) 1860 MPa 

Transverse Tensile Strength (Yt) 76 MPa 

Compressive Strength (Xc) 1470 MPa 

Transverse Compressive Strength (Yc) 85 MPa 

Shear Strength (S) 98 MPa 
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Fig 2: Symmetrical stacking sequence for ± 45° fiber orientation. 

 

2.2.3 The Failure Criteria 

The Tsai-Wu Failure Criteria is used in the study for modeling and analysis of the 

composite pressure vessel. The Tsai-Wu Failure Criteria can be expressed by the 

following equation. 

 

F1 σ11 + F2 σ22 + F6 τ12 + F11 σ
2

11 + F22 σ
2

22 + F66 τ
2

12 + 2F12 σ11 σ22 = 1       (1) 

 

The failure in an orthotropic lamina is said to have occurred according to the Tsai-Wu 

theory if equation 1 is satisfied. Five independent strength constants are also required for 

determination of its strength properties. The five independent strength constants are listed 

in table 2. The strength coefficients are determined by the following equations.    

 

                                                   F1 = 
1

X t
 - 

1

𝑋𝑐
                                                                        (2) 

 

    F2 = 
1

Yt
 - 

1

𝑌𝑐
                                                                        (3) 

 

F6 = 0                                                                               (4) 

 

F11 = - 
1

X t  Xc
                                                                       (5) 

 

                                      F22 = - 
1

Yt  Yc
                                                                       (6)        

 

                                                         

F66 = - 
1

𝑆2                                                                          (7) 

 

And the value of F2 is obtained by the following relation. 

 
1

2
  𝐹11𝐹22 

1
2   ≤  F12  ≤  0                                                         (8) 

 

3. Analyses 

mk:@MSITStore:C:\Program%20Files\ANSYS%20Inc\v110\commonfiles\help\en-us\ansyshelp.chm::/thy_str4.html#structsaiwu
mk:@MSITStore:C:\Program%20Files\ANSYS%20Inc\v110\commonfiles\help\en-us\ansyshelp.chm::/thy_str4.html#structsaiwu
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In the present study the CFRP composite pressure vessel is analyzed for two different cases.  

The Tsai-Wu failure criterion is utilized for the purpose of analysis in both the cases. In the 

first case, the pressure vessel is subjected to working internal pressure of 35 MPa. The 

pressure vessel is analyzed for maximum stress for hoop (0°) and various helical fiber 

orientations (±30°, ±35°, ±40°, ±45°, ±50°, ±55°, ±60° and ±65°) for symmetrical stacking 

sequence. The Fig. 3 and Fig. 4 give the stress distribution for this pressure vessel for hoop 

and ±45° fiber orientation. 

 

 
 

Fig. 3: The stress distribution for CFRP pressure vessel for hoop fiber orientation. 

 

 
 

Fig. 4: The stress distribution for CFRP pressure vessel for ±45° fiber orientation. 

 

While, in the second case the pressure vessel is subjected to high internal pressures values 

and the burst pressure of the pressure vessel is predicted for the same fiber orientations as in 

case 1. The burst pressure for the pressure vessel is predicted by incrementally increasing the 

values of internal pressure from working pressure of 35 MPa. At each increment in the value 

of internal pressure, the maximum stress calculated is compared with the ultimate stress for 

the pressure vessel by the following relation. 

 

                                                               σmax ≤  σu                                                                                           (9) 
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Where,  σmax , σu are the maximum stress and ultimate stress of the pressure vessel, 

respectively. The value of ultimate stress for the CFRP pressure vessel is 1210 MPa [10]. Fig. 

5 and Fig. 6 give the stress distribution for this pressure vessel for hoop and ±45° fiber 

orientation at their burst pressures. 

 

 
 

Fig. 5: The stress distribution for CFRP pressure vessel for hoop fiber orientation at its burst 

pressure. 

 

 
 

Fig. 6: The stress distribution for CFRP pressure vessel for ±45° fiber orientation at its burst 

pressure. 

 

3. RESULTS AND DISCUSSIONS 

The results of the maximum stress analysis for various fiber orientations are plotted 

graphically and can be seen in form of fig. 7. The analysis of the stress distribution for the 

different fiber orientations shows that the maximum stress in the cylindrical composite 

pressure vessel is found to be minimum for ±45° fiber orientation. 
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Fig. 7: Variation of maximum stress with different fiber orientations angles. 

 

While, the results burst pressure analysis for various fiber orientations can be seen in form 

of fig. 8. The figure shows that the pressure vessel can bear maximum internal pressure of 

207 MPa at ± 45° fiber orientation.  

 

 
 

Fig. 8: Variation of burst pressure with different fiber orientations angles. 

 

4. CONCLUSION 

The finite element model of CFRP, multilayered cylindrical composite pressure vessel is 

designed using finite element software ANSYS 11.  The SHELL 99 element is selected for 

the purpose of modeling. Various models are established for various fiber orientation angles. 

The maximum stress and the burst pressure analysis are performed on the pressure vessel 

using the Tsai-Wu failure criteria. The maximum stress for various fiber orientation angles is 

minimum at ±45° fiber orientation and the burst pressure calculated is maximum for this 

particular fiber orientation. Thus, it can be concluded from the study that ±45° fiber 

orientation angle is the optimum angle for the safe working of the pressure vessel. The CFRP 

pressure vessel if designed at ±45° fiber orientation will have maximum strength. 
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