Artificial Neural Networks Modeling of
Elasto-Plastic Plates

Ph. D. Thesis Submitted
By
Salim T. Yousif

To
The Council of the College of Engineering

University of Mosul

In Partial Fulfillment of the Requirements
For the Degree of
Doctor of Philosophy

In

Civil Engineering (Structures)

Supervised by
Dr. Ayad Amjad Abdul Razzak

Assistant Professor

2007 A.D. 1428 A.H.



SUMMARY

This study illustrates the applications of the artificial neural
networks (ANNSs) for building models predicting the structural
behavior for elasto-plastic plates with different ductile material
properties, geometric properties, loads and boundary conditions. The
data were collected using outputs of 4774 runs of nonlinear finite
element analysis with Huber-Mises yield criterion. Sixteen ANN
models were employed through this study. Nine ANN models cover
the total solution for plates carrying uniform distributed loads, and
seven ANN models for simply supported plates carrying concentrated
loads. Back-Propagation Neural Network (BPNN) approaches were
used in all models in this study.

The ANN models are developed to predict the following
aspects of total solutions of elasto-plastic plates:

1. Load-deflection response.

2. Deflection patterns.

3. Moments My, and M,y patterns.

4. Thickness of the plate.

5. Maximum design loads.

6. Elastic Modulus (E) and Yield Stress (fy).

In general the results show that the ANNs can be used
successfully as a reliable method for inverse and design problems, as
well as alternative to conventional analysis method for predicting the
structural behavior of elasto-plastic plates. On the other hand the
ANN technique can perform models with good agreements
corresponding to the FE results, especially when the output parameters

of the model are less than its input parameters.
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After training, the ANN model can often obtain results in
almost negligible time as compared to similar works using the FEM.
More over, FEM usually deal with only a single problem for each run,
while ANN model can solve simultaneously a batch of problems.

One of the disadvantages of ANNSs is the absence of specific
rule to determine the number of layers and number of nodes in the
hidden layers, but it depends on trail and errors and experience of
researcher. In general the number of nodes in each hidden layer must
be larger than the number of input or output nodes.

Finally, relative importance analysis was used to determine
the relative importance of various inputs into predicting the outputs of
the models. In predicting the structural properties of rectangular
elasto-plastic plates under uniformly distributed loads, the relative
importance of material properties are insignificant, while those of
boundary conditions and geometry are more significant. In the case of
simply supported square plates carrying concentrated loads, the
position of the applied load shows significant relative importance with

respect to other factors.
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