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ABSTRACT 

The objectives of the present study were 

a) to develop a generalised procedure for the determination of higher order 

gradients 

b) to determine the optimum locations for the calculation of* stress gradients 

c) to use the stress gradients for the optimum design of FEM meshes and 

their adaptive refinement 

For obtaining the stress gradients, we can differentiate the stress components 

as obtained from routine FEM analysis. This method, which has been designated as the 

Direct Method, cannot be used in the case of linear elements as the second derivatives 

become zero. It is also quite cumbersome to build up higher derivatives by this 

method. In order to overcome these difficulties an alternate technique is proposed 

which is based on average nodal stresses and the isoparametric concept. Using this 

technique we can build up the derivatives to any desired order. Even linear elements 

do not pose tiny difficulty. 

In order to identify the best possible locations where the gradients could be 

obtained with a greater degree of confidence, a generalised procedure is used to obtain 

Optimal locations for stress gradients in the case of the linear and quadratic 

quadrilateral elements. It is observed that the origin is the best location within the 

clement br the determination of stress gradients. If these are required to be calculated 

at the boundary of the clement then the midpoints of the sides are the best locations, 

These locations are verified by performing numerical experimentation on five structural 

engineering problems as given below 
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(I) 	Deep beam 	 (ii) 	Plate with a hole 

(iii) 	Circular plate with a hole 	(iv) 	Wall bracket 

(v) 	Gravity darn 

Only medium refined meshes of either linear or quadratic elements are used. 

These results are compared against those obtained by using the same number of 25 

noded quartic order Lagragiari quadrilateral elements, the latter results being treated 

as standard. Then the root mean square errors in gradients are calculated, These are 

plotted with respect to their corresponding locations within the element in order to 

obtain points where errors are less. There is no appreciable difference in the behaviour 

of serendipity and Lagrangian elements as far as the optimal locations for stress 

gradients are concerned. The above results are also confirmed by the proposed alternate 

method for the determination of stress gradients. 

At the moment there is no appropriate procedure available for FEM 

discretisation, Meshes, as they are drawn, depend upon the user's skill. This area is 

considered as the Finite Element Art. However the FEM mesh plays a crucial role for 

the accuracy of the final solution. Keeping this in mind a study is conducted to 

understand the behaviour of the parameters which are important w. r. t. the criteria for 

failure and which vary smoothly within the domain. The parameters considered are 

distortion energy, strain energy, max. shear stress, octahedral shear stress, R.M.S, 

value of stress components and their gradients. Contours showing their variation are 

plotted for the deep beam problem. The contours based on the R.M.S. value of stress 

gradients compared well with the optimum mesh obtained as a result Of numerical 

experimentation. Hence this parameter is selected for further investigation. 
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The optimal meshes based on the stress gradient contours of linear/quadratic 

elements are obtained and analysed for the following cases 

i) 	Plate with a hole 	ii) 	Wall bracket 

For the purpose of ascertaining the performance of these proposed meshes the 

results obtained from the analysis are compared with the results as given by standard 

meshes. It has been found that the results improve substantially if the meshes are based 

on stress gradient contours. The results of these meshes are used to replot contours. 

The meshes based on the replotted contours showed further improvement in results. 

The optimal mesh design is also attempted by using contours of stress gradients 

based on higher order 25-noded element. Meshes are prepared for all the five problems 

as mentioned before. These meshes are analysed using either linear or quadratic 

elements and the errors computed . It is observed that as the contour interval 

(percentage gradient drop) decreases, the results improve. Also we are able to obtain 

very good results even with a substantial decrease in the number of elements. 
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