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A 
Abstract—The present study focused on carrying out the creep 

analysis in an isotropic thick-walled composite cylindrical pressure 
vessel composed of aluminum matrix reinforced with silicon-carbide 
in particulate form. The creep behavior of the composite material has 
been described by the threshold stress based creep law. The values of 
stress exponent appearing in the creep law were selected as 3, 5 and 
8. The constitutive equations were developed using well known von-
Mises yield criteria. Models were developed to find out the 
distributions of creep stress and strain rate in thick-walled composite 
cylindrical pressure vessels under internal pressure. In order to obtain 
the stress distributions in the cylinder, the equilibrium equation of the 
continuum mechanics and the constitutive equations are solved 
together. It was observed that the radial stress, tangential stress and 
axial stress increases along with the radial distance. The cross-over 
was also obtained almost at the middle region of cylindrical vessel 
for tangential and axial stress for different values of stress exponent. 
The strain rates were also decreasing in nature along the entire radius. 

 
Keywords—Steady state creep, composite, cylinder, pressure.  

I. INTRODUCTION 

HICK cylinders are of critical importance to numerous 
industries such as nuclear power plants, chemical 

industries, armament and food processing industries. Failure 
of cylinders can be fatal to human being and its surroundings. 
Therefore, the reliability of the cylinder should be promised. 
Further, in many of these applications the material of the 
cylinders is subjected to high thermo-mechanical loadings [1] 
that lead to creep failure. Creep analysis of thick-walled 
cylinder made of an isotropic monolithic material, has been 
analyzed by many researchers [2]-[8]. 

Composites are one of the most widely used materials 
because of their adaptability to different situations and the 
relative ease of combination with other materials to serve 
purposes and exhibit desirable properties [9]. In many cases, 
the use of composites is more efficient owing to their unique 
and tailored properties such as low density, exceptional 
strength and stiffness, fatigue and corrosion resistance, high 
thermal conductivity and low coefficient of thermal expansion 
[10]. Singh and Gupta [11] analyzed the effect of material 
parameters on steady state creep in a composite cylinder 
subjected to internal pressure. In the recent years, the problem 
of composite cylinders made of Functionally Graded Materials 
(FGMs) operating at high pressures and temperatures are 
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investigated by many researchers [12]-[15]. However, the 
studies related to creep in isotropic thick-walled cylinders 
made of Al-SiCp composite materials are few in number. 
Therefore, a research must be undertaken to study the creep 
behavior of a composite cylinder subjected to internal 
pressure. In the present work, a mathematical model has been 
developed to describe steady state creep in thick-walled 
cylinder made from Al-SiCp composite and the impact of 
stress exponent on steady state creep stresses and creep rates 
in thick-walled composite cylinder subjected to internal 
pressure has been estimated.  

II. CREEP LAW AND CREEP PARAMETERS 

In aluminum based composites, undergoing steady state 
creep, the effective creep rate, ߝ௘	ሶ , is related to effective stress, 
 ௢, based creep law given by [16]ߪ ,௘, through threshold stressߪ
and is given below, 

 
ሶ௘ߝ ൌ ሾܯሺߪ௘ െ  ௢ሻሿ௡                                (1)ߪ

 
The stress exponent n is may be selected as 3, 5 and 8. 
The creep parameters M and o appearing in (1) are 

dependent on the type of composite material, operating 
temperature (T), size of reinforcement (P) and the content of 
reinforcement (V). In the present study, creep parameters are 
obtained from the experimental results [16]. The creep 
parameters are estimated by conducting the regression analysis 
on the experimental data for different values of stress 
exponent n i.e. ݊ ൌ 3, 5 and 8. 

III. MATHEMATICAL MODELING AND ANALYSIS 

Considering a thick-walled cylinder made of Al-SiCp 
composite having inner and outer radii of a and b respectively 
and subjected to internal pressure p. The radial ሺߝ௥ሶ ሻ and 
tangential ሺߝఏሶ ሻ strain rates in the cylinder are respectively 
given by: 

 

ሶ௥ߝ ൌ
ௗ௨ೝሶ

ௗ௥
                                          (2) 

 

ሶఏߝ ൌ
௨ೝሶ

௥
                                          (3) 

 

where ݑሶ ௥ ൌ
ௗ௨

ௗ௧
 the radial displacement rate and u is the radial 

displacement. 
Considering the equilibrium of forces on an element of the 

cylinder in the radial direction, we may write, 
 

ݎ ௗఙೝ
ௗ௥

ൌ ఏߪ െ  ௥                                   (4)ߪ
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Material of the cylinder is assumed to be incompressible; 
therefore, 

 
ሶ௥ߝ ൅ ሶఏߝ ൅ ሶ௭ߝ ൌ 0                                (5) 

 
where ߝሶ௭ is the strain rate in the axial (z) direction. 

The generalized constructive equations for creep in an 
isotropic composite are given by, 

 

ሶ௥ߝ ൌ
ఌ೐ሶ

ଶఙ೐
ሾ2ߪ௥ െ ఏߪ െ  ௭ሿ                           (6)ߪ

 

ሶఏߝ ൌ
ఌ೐ሶ

ଶఙ೐
ሾ2ߪఏ െ ௭ߪ െ  ௥ሿ                            (7)ߪ

 

ሶ௭ߝ  ൌ
ఌ೐ሶ

ଶఙ೐
ሾ2ߪ௭ െ ௥ߪ െ  ఏሿ                            (8)ߪ

 
where ߪ௥, ,ఏߪ  ௭ are respectively the radial, tangential and axialߪ
stresses. 

The von-Mises [1] effective stress is given by, 
 

௘ߪ ൌ
ଵ

√ଶ
ሾሺߪఏ െ ௭ሻଶߪ ൅ ሺߪ௭ െ ௥ሻଶߪ ൅ ሺߪ௥ െ ఏሻଶሿଵߪ ଶ⁄       (9) 

 
In a cylinder made of incompressible material with closed 

end, the plane strain condition exist i.e. the axial strain rate ߝሶ௭ 
is zero. Therefore, (2), (3) and (5) on simplifying yields, 

 

ሶݑ ௥ ൌ
஼

௥
                                           (10) 

 
where C is constant of integration, 

Substituting (10) into (2) and (3); 
 

ሶ௥ߝ ൌ െ
஼

௥మ
                                        (11) 

 

ሶఏߝ ൌ
஼

௥మ
                                           (12) 

 
Under the assumption of plain strain case, (8) becomes, 
 

௭ߪ ൌ
ఙೝାఙഇ
ଶ

                                       (13) 
 

Using (13) into (9), we obtain; 
 

௘ߪ ൌ
√ଷ			

ଶ
ሺߪఏ െ  ௥ሻ                                  (14)ߪ

 
Substituting (11) and (13) into (6), 
 

ሾߪఏ െ ௥ሿߪ ൌ
ସ

ଷ
ቀ
ఙ೐஼

ఌ೐ሶ ௥మ
ቁ                                 (15) 

 
Putting ߝ௘ሶ  and ߪ௘ respectively from (1) and (14) into (15) 

and simplifying, 
 

ሺߪఏ െ ௥ሻߪ ൌ
ூభ
௥మ ೙⁄ ൅  ଶ                         (16)ܫ

 
where,  

ଵܫ ൌ ൬
4
3
൰

௡ାଵ
ଶ௡

ቆ
ଵܥ ௡⁄

ܯ
ቇ 

and 
ଶܫ ൌ

ଶ

√ଷ
 , ௢ߪ

 
On substituting (16) into (4) and integrating, we get, 

 

௥ߪ ൌ െ
௡

ଶ

ூభ
௥మ ೙⁄ ൅ ଶܫ ln ݎ ൅  ଵ                         (17)ܥ

 
where C1 is the constant of integration that can be evaluated by 
applying boundary conditions. The value of C1, thus obtained 
are substituted in (17) to get the radial stress,	ߪ௥, 
 

௥ߪ ൌ ܺ൫ܾିଶ ௡⁄ െ ଶିݎ ௡⁄ ൯ ൅ ݎሺ	ଶሾlnܫ ܾ⁄ ሻሿ െ  (18)          ݌
 

where 

ܺ ൌ
ሾ௣ାூమሺ୪୬	௔ ௕⁄ ሻି௤ሿ

൫௔షమ ೙⁄ ି௕షమ ೙⁄ ൯
, 

 

Using (18) in (16), the tangential stress, ߪఏ obtained, 
 

ఏߪ ൌ ܺ ቂܾିଶ ௡⁄ ൅ ଶିݎ ௡⁄ ቀ
ଶ

	௡
െ 1ቁቃ ൅ ଶሾ1ܫ ൅ ln	ሺݎ ܾ⁄ ሻሿ െ  (19) ݌

 
Substituting (18) and (19) in (13), we get the axial stress, 

 

௭ߪ ൌ ܺ ቂܾିଶ ௡⁄ െ ଶିݎ ௡⁄ ൅ ௥షమ ೙⁄

	௡
ቃ ൅ ଶܫ ቂln	ሺݎ ܾ⁄ ሻ ൅ ଵ

ଶ
ቃ െ  (20)  ݍ

 
On the basis of the analysis presented in the above section, 

a computer program has been generated to estimate the steady 
state behaviour of the composite cylinder subjected internal 
pressure for different value of stress exponent, as 3, 5 and 8. 
For the numerical evaluation, the inner and outer radius of the 
cylinder is taken 25.4 mm and 50.8 mm respectively. The size 
of SiCp is 1.7 m with volume fraction of 20%. The cylinder is 
assumed to operate at 673 K. The dimensions of cylinder 
selected in this study are similar to those used in earlier 
experimental work [17] on thick-walled cylinder. The radial, 
tangential and axial stresses at different radial locations of the 
cylinder are calculated respectively from (18), (19) and (20). 
The distributions of radial and tangential strain rates in the 
cylinder are computed from (6) and (7) respectively. The 
composite cylinder is subjected to internal pressure ݌ ൌ 85.25 
MPa and zero external pressure. 

IV. RESULTS AND DISCUSSION 

The creep stress and strain rates are estimated in a thick 
cylinder made of Al-SiCp and subjected to internal pressure. 

A. Creep Stresses in Composite Cylinders 

The radial stress in Fig. 1 remains compressive throughout 
the entire radial distance of composite cylinder. The value of 
radial stress is maximum at the inner radius and continuously 
decreasing minimum value to zero at outer radius of 
composite cylinder. The magnitude of the radial stress 
increases up to the middle region with the change of stress 
exponent from 3 to 8. Further, it can be seen from Fig. 1 that 
the maximum increase observed in the magnitude of the radial 
stress is at the middle region with change in stress exponent 
from 3 to 8. 
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Fig. 1 Radial stress in composite cylinders 
 

 

Fig. 2 Tangential stress in composite cylinders 
 

The tangential stress as shown in Fig. 2 also remains tensile 
throughout the cylinder with minimum value at the inner 
radius and then continuously increasing to the maximum value 
at the outer radius. The change of stress exponent from 3 to 8 
leads the tangential stress decreases at the inner radius but 
increases towards the outer radius of the cylinder. The 
tangential stress becomes maximum at the outer radius of the 
composite cylinder. 

The variation of axial stress is shown in Fig. 3 and it is 
compressive at the inner region after that it remains tensile 
throughout the entire radius of the cylinder. The value of axial 
stress continuously decreases at the inner radius but increases 
towards the outer radius of the cylinder. The distribution of 
effective stress is shown in Fig. 4 for different stress 

exponents in the composite cylinders. The value of effective 
stress remains tensile throughout the entire radial distance of 
composite cylinder. The value of effective stress decreases 
throughout from inner radius to outer radius of composite 
cylinder, while changing the value of stress exponent from 3 
to 8.  
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Fig. 3 Axial stress in composite cylinders 
 

 

Fig. 4 Effective stress in composite cylinders 
 

B.Strain Rates in Composite Cylinders 

The effective strain rate (ε ሶୣ ) increases significantly by 
changing the stress exponent, as shown in Fig. 5. The effective 
strain rate reduces by about three orders of magnitude on 
changing the stress exponent from 3 to 8. The increase in 
effective strain rate, given by (1), may be because of increase 
in creep parameter M and decrease in threshold stress σo with 
the change of stress exponent from 3 to 8. Similarly, the radial 
and tangential strain rates also increase at the inner as well as 
outer surface of composite cylinder as shown in Fig. 6. Their 

magnitude remains same but nature is opposite due to plain 
strain condition. The increase observed in the value of ߝఏሶ ߳௥ሶ⁄  
is almost similar at outer radius as well as to inner radius of 
composite cylinders. Similar to effective strain rate, the 
tangential/radial strain rates are also increases by about three 
orders of magnitude on changing stress exponent from 3 to 8. 
With changing stress exponent from 3 to 8 the threshold stress 
σo decreases and the creep parameter M increases as a result of 
which the strain rates in the composite cylinder increase to a 
significant extent. 
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Fig. 5 Effective strain rates in composite cylinders 
 

 

Fig. 6 Radial/Tangential strain rates in composite cylinders 
 

V. CONCLUSIONS 

The present study has led to following conclusions: 
1) The radial stress in the cylinder remains maximum at the 

inner radius and continuously decreasing to minimum 
value of zero at outer radius. Further, a little variation in 
radial stress is seen in the middle region because of 
different value of stress exponent. 

2) The tangential, axial stress and effective stresses are 
significantly affected by the value of stress exponent. A 
crossover is also seen at the middle region of the cylinder 
for different values of stress exponent i.e. 3, 5 and 8. 

3) The steady state effective, tangential and radial strain 
rates in isotropic composite cylinder decreases 

everywhere in the composite cylinder with decrease in the 
value of stress exponent from 8 to 3. 
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