
HEAT TRANSFER
Module 4 

Temperature effect on 1D bar element 

 

Lets us consider a bar of length L fixed at one end whose temperature 

is increased to T as shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because of this increase in temperature stress induced are called as 

thermal stress and the bar gets expands by a amount equal to TL as 

shown. The resulting strain is called as thermal strain or initial strain 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

In the presence of this initial strain variation of stress strain graph is as 

shown below 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

We know that 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Therefore 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Therefore  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Extremizing the potential energy first term yields stiffness matrix, 

second term results in thermal load vector and last term eliminates that 

do not contain displacement filed 



 
 
 
 

Thermal load vector 

 

From the above expression taking the thermal load vector lets 

derive what is the effect of thermal load. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

Stress component because of thermal load 
 
 
 
 
 

 

We know  = Bq and o = T substituting these in above equation we 

get 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Solution: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

Global stiffness matrix: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thermal load vector:  

We have the expression of thermal load vector given by 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Similarly calculate thermal load distribution for second element 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

Global load vector: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

From the equation KQ=F we have 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

After applying elimination method and solving the matrix we 

have Q2= 0.22mm 
 
 
 
 
 
 
 
 
 

 



 
 

 

Stress in each element: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


