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5.3 ANALYSIS OF CREEP IN TRANSVERSELY 
ISOTROPIC FGM CYLINDER 
 
The analysis of steady state creep in thick-walled 
FGM cylinder made of transversely isotropic 
composite may be carried out in a similar way as 
described in chapter 4 for isotropic FGM cylinder. 
However, in this analysis the reinforcements are 
assumed to be in the form of whiskers rather than 
particles and the matrix is taken as 6061Al instead of 
pure Al. The assumptions made in the present study 
are similar to those described in chapter 4 for 
isotropic cylinder with an exception that in this study 
the FGM chosen is transversely isotropic i.e. its 
mechanical properties are same in the radial and axial 
directions but are different in the tangential direction. 
The deformation compatibility equation is given by 
(refer Eqn. 3.5), 

   (5.5) 
Assuming the FGM cylinder to operate under the 
following boundary conditions,  

 
where the negative sign implies compressive nature 
of radial stress. The equilibrium equation, as derived 
in chapter 3 (Eqn. 3.9), is written as, 

 
The constitutive equations for an anisotropic material 
are given by (Bhatnagar and Gupta, 1969), 

 

 
where F, G and H are the anisotropic constants, and e 
and are respectively the effective strain rate and the 
effective stress. yield criterion (Dieter, 1988) for 
anisotropic material is given by, 

 
 
Under the assumption of incompressibility and plane 
strain condition, Eqn. (5.11) yields, 

 
Substituting z from Eqn. (5.13) into Eqn. (5.12) and 
simplifying, we get,  

 
Putting r 2 (Eqn. 3.24) and z from Eqn. (5.13) into 
Eqn. (5.9) and simplifying, we obtain, 

 
Using Eqn. (5.14) and creep law given by Eqn. (3.2) 
in Eqn. (5.15), we get, 
 

 
or 

 
where, 

 
and 

 
 
Substituting Eqn. (5.16) in equilibrium Eqn. (5.8) and 
Integrating, we obtain, 

 
or 

 
where 

 
Substituting Eqn. (5.19) into Eqn. (5.8), we get, 

 
or 
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To evaluate the value of constant C, required for 
estimating I1 given by Eqn. (5.17), the boundary 
conditions given in Eqs. (5.6) and (5.7) are 
substituted in Eqn. (5.19) to obtain, 

 
Substituting the values of I1 and I2 respectively from 
Eqs. (5.17) and (5.18) into above equation and 
simplifying, we get, 

 
where 

 
Using Eqs. (5.13) and (5.14) in Eqs. (5.9) and (5.10), 
we obtain,  

 
The strain rates in an isotropic FGM cylinder may be 
obtained from the above equation by setting F = G = 
H, as given below, 

 
Therefore, the relationship between radial and 
tangential strain rates, as described above, similar to 
that obtain in chapter 3 (Eqn. 3.34). 
 
5.4 ESTIMATION OF ANISOTROPIC 
CONSTANTS 
yield criterion for orthotropic material, as given by 
Eqn. (5.12), involves constants F, G and H, the values 
of which are required for estimating creep response of 
the cylinder. Hill described a procedure for estimating 
these anisotropic constants, when principal axes of 
anisotropy are the axes of reference 
(Hill, 1948) and the form of Eqn. (5.12) remains 
valid. If X, Y and Z are the tensile stresses in the 
principal directions of anisotropy, then according to 
Hill (1950), one may write, 
 

 
The above set of equations may be solved to obtain 
the values of anisotropic constants as given below, 
 

 
If the material of cylinder is subjected to uniaxial 
loading in r and directions, the corresponding stress 
invariant may be expressed in terms of  

 

 
Where and  are respectively the yield strength 
of composite in r and directions and is the isotropic 
yield stress. For isotropic case the ratio of anisotropic 
constants is unity i.e. F/G = G/H = H/F = 1. 
If the material of cylinder is tested under uniaxial 
loading in z direction, the stress invariant may 
similarly be written as, 

 
Where is the yield strength of composite in z 
direction. In the present analysis, it is assumed that 
during processing of FGM cylinder the whiskers get 
aligned in the tangential ( ) direction, leading to 
anisotropic behaviour. As a result, in FGM cylinder 
the direction becomes longitudinal direction and the 
remaining directions (i.e. r and z) may be taken as 
transverse directions. For axisymmetric problems like 
cylinder, the directions r, and z may be taken as the 
principal directions. Thus, the anisotropic constants 
given by Eqn. (5.28), may be expressed as, 

 
An orthotropic material having one of its plane as the 
plane of isotropy is referred as transversely isotropic 
material. In a transversely isotropic material at every 
point there is a plane in which the mechanical 
properties remain same in every direction. Many 
unidirectional composites with fibers packed in 
hexagonal array, or close to it, can be considered as 
transversely isotropic with the direction normal to the 
whisker as the plane of isotropy (Danial and Ishai, 
2005). For transversely isotropic FGM cylinder, we 
have .  
As a consequence of this, from Eqs. (5.32) and (5.34) 
we get F/H = 1. The yield 
 
CONCLUSIONS 
 
In the presence of residual stress, the compressive 
axial stress observed near the inner radius of FGM 
cylinder made of 6061Al-SiCw increases but the 
tensile axial stress observed near the outer radius 
decreases. The presence of residual stress in the FGM 
cylinder made of 6061Al-SiCw leads to increase in 
effective stress, except for a slight decrease observed 
near the inner radius. The increase observed in 
effective stress increases with the increase in radial 
distance. 


