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ABSTRACT:  
 This work is an attempt to model thick composite laminated plates stress data using 
radial Basis function neural network architectures. A finite element model with embedded 
degraded zone in laminated composite plates is developed through training the neural 
network, because in such case involves many data sets and all of these data are difficult to 
generate using experiments. Therefore, Training data was performed by using both 
experimental and finite element program for different dimensions (a, b, h /m) with static and 
dynamic loads conditions. The neural network model has 6 input nodes representing the 
load (L) and thick composite size (a=length, b=width and h=thickness), type of lamination, 
and time. While eighteen nodes at hidden layer and one output node representing the Stress. 
Dimensions of Plates  [a(0.125-0.25)m, b(0.125-0.25)m, h(0.0125-0.025)m], and Static load 
condition (10) qo(kN/m2),  the dynamic load condition (10-100) qo(kN/m2), to(0.05-
0.0005sec.) Analytical studies on the performance of the neural network are compared to 
independent solutions and measured data and found to be in excellent agreement. 
Verifications are made for both finite element code results and utilization of neural networks 
without performing too many, long experiments. 
 
Keyword:  thick composite, neural network, laminated plate, stress analysis, finite 
element  
 

 
 لتحلیل الاجھاد لطبقات الواح المواد المركبة RBFNNنموذج مقترح لـ

 
 حاتم كریم كاظم

 التكنولوجیةقسم الھندسة الكھرومیكانیكیة/ الجامعة 
 

: لخلاصةا  
. العصب�ة بنى الش�كة أساس �استخدام سم�كة مرك�ة رقائق�ة لصفائح الإجهادنموذج لب�انات  �ستعرض  هذا ال�حث 

 الب�انات مجموعات العدید من تحتوي علىالتي  مثل هذه الحالة في مع تقن�ة بنى الش�كة العصب�ةالتعامل  حیث أن
الاخذ بنظر  مع  العناصر المحددة نموذج تم تطو�رلذا  ألتجارب �استخدام ایجادها من الصعب هذه الب�انات وجم�ع

برنامج   استخدام التوج�ه من خلال  ب�اناتتحدید  وتم السم�كة. المرك�ة في الصفائح الرقائق�ة المجهدة الاعت�ار المنطقة
 حیث ان الأحمال الثابتة والدینام�ك�ة.لحالة و   (a, b, h /m)ولمختلف الأ�عاد  و�رنامج العناصر المحددة تجر�بي

  ,a=length)�ة قوالنس�ة ال�ا )L( التحمیل والتي تمثلادخال  نقاط 6یتكون من  الش�كة العصب�ةالمنجز لبنى  نموذجال
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b=width and h=thickness) عقدة واحدة وة ثمانیة عشر عقدالزمن.بینما الطبقة المخفیة تكونت   و ،شكل الصفائح
-a(0.125-0.25)m, b(0.125-0.25)m, h(0.0125 )كانت كالتالي  الصفائح أبعاد. الإجھاد یمثل (الناتج)للخرج 

0.025)m) ،(10) ثابت الحملحالة و qo(kN/m2), (100-10) الدینامیكیة الحملوحالة qo(kN/m2), to(0.05-
0.0005sec.) ، إلى(0.0005-0.05sec.)الشبكة  أداء دراسات التحلیلیة و.وأظھرت مقارنة النتائج توافق ممتاز بین ال

بنى باستخدام  والنتائج من نتائج العناصر محددة لكلا التحقق تم إجراء وكذلكالبیانات.وإیجاد  مستقلةحلول ل العصبیة
 . بشكل عام الشبكات العصبیة

 

1. INTRODUCTION : 

Nowadays, the design of structures and components using newly developed composite 
materials usually requires extensive and expensive testing programs. The analysis of the 
multi-layered structures has several models take into account the transverse shear effect. 
Therefore, models based on piecewise approximations in the thickness direction are 
representing the laminated plate as a multilayered plate. Also there are models which 
represent the laminated plate by an equivalent single-layer anisotropic plate. Thick hybrid 
composite plates tend to suffer from local damage, or have local stress concentration regions 
[Ishai and Hiel,1992]. Optimization methods are focused on the analysis and modeling of 
composite plates such in [Chakraborty, 2005] proposed an artificial neural network (ANN) 
delimitation model in order to predict the shape, size, and location of delimitations in 
laminated specimens with an elliptical embedded delimitation. Rao[Rao and Singh, 1979] 
give a non-linear mathematical program for the optimum design of laminates for natural 
frequency. [Kam and Synman, 1991] have proposed a method of inscribed hyperspheres for 
the optimum design of a laminated plate for strength and stiffness. [Kilic, etal, R 2003] 
describes an optimal design for a thin plate consisting of multiple layers of equi-thickness 
composite material for frequency. However, heuristic methods proposed by Morton and 
Webber [Morton and Webber, 1991] are found to be effective in the optimum design of 
laminated plates albeit with some difficulty in formulating the rules.  The above mentioned 
analytical methods generally permit optimizations for a small number of constraints. [Issac 
and Rao, 1992] propose a method for the optimum design of composite laminates against 
delimitation by ranking the sub laminates. In [Zhang, etal, 2002] investigated the correlation 
between temperature and dynamic mechanical properties for short carbon fiber composites 
with two polymeric matrices, and they have used ANN to generate those relations and showed 
good approximation when compared with experimental results. In [Ghaboussi, etal, 1998], 
suggested an effective ANN training method, which is termed Auto progressive training in 
order to effectively train ANNs when a small number of training data (e.g. experimental 
responses measured from structural tests) are available.This paper introduces a new ANN 
model, which can generate nonlinear multi-layer stress behaviors of thick composite 
laminated plates for the entire plane-stress constitutive domain. Both experimental results and 
Finite element simulation were to generate the ANN training data with different dimensions 
(a, b, h /m) and static and dynamic loads condition. The neural network model has 6 input 
nodes representing the load (L) and thick composite size (a=length, b=width and 
h=thickness), type of lamination, and time. Eighteen nodes at hidden layer and one output 
node representing the stress. The trained ANN model was able to predict finite element (FE) 
results for delimitation cases that were not used in the training process and verify the trained 
ANN model by comparing to other experimental results. Finally, this ANN mode can be used 
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for full and complete nonlinear ANN material model that can cover the entire nonlinear 
stress–strain spectrum, including the tensile-compression-shear stress paths. 
 
2. THEORETICAL BACKGROUND : 
 
An anisotropic composite laminated plate consisting of N-layers of orthotropic lamina has 
been considered for FE analysis as shown in Fig. 1(a) and (b). The plate has been discretized 
in to a number of three-dimensional elements. Each element lies completely within a lamina 
and no element crosses the interface between any two successive laminate.[ Sidda Reddya, 
etal ,2013 ] 
ANN synthesized with a number of training data can effectively predict the nonlinear multi-
axial stress–strain relations by capturing and generalizing complex behaviors in their 
connection weights among artificial neurons, even though they are not easily approximated by 
conventional methods.[ Pannirselvam, etal, 2010   ] 
An 18-node three-dimensional mixed FE model shown in Fig. 1(c) has been developed by 
considering the displacement fields u(x,y,z,t) , v(x,y,z,t), w(x,y,z,t)  having quadratic variation 
along the plane of the plate and cubic variation in transverse direction. The displacement 
fields are expressed as, .[ Ali, Kim,  2007 ]  
 

uk(x, y, z, t) = �  
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  ……         …  …(3) 

 
And  
 
  u1 –u   ;  u2 –v , u3 – w ………………………………………………………………        …                     …….(4) 
 
Further, the generalized co-ordinates amijk (m=0,1,2,3;I,j,k-1,2,3) are functions of z and the 
elements’ coordinate axes x, y, z are parallel to the laminate coordinate X, Y, Z. It may be 
noted that the variation of displacement fields has been assumed to be cubic along the 
thickness of element although there are only two nodes along z-axis of an element (Fig. 1(c)). 



  Dr. Hatam K.                              The Iraqi Journal For Mechanical And Material Engineering, Vol.16, No2, 2016 
        

120 
 

Such a variation is required for invoking transverse stress components rz, sxz and syz as the 
nodal degrees-of-freedom in the present formulation. [Sergio,  2011  ] 
  
3. PROPOSED RBFNN MODEL : 

From the examples ANN captures the domain knowledge. ANN can handle 
continuous as well as discrete data and have good generalization capability as with fuzzy 
expert systems. An ANN is a computational model of the brain. They assume that 
computation is distributed over several simple units called neurons, which are interconnected 
and operate in parallel thus known as parallel distributed processing systems or connectionist 
systems. Implicit knowledge is built into a neural network by training it. Several types of 
ANN structures and training algorithms have been proposed.  The proposed ANN material 
models are illustrated in Fig. 1. It describes a state of plane–stress for a layer or effective state 
in multiple orthotropic layers. The objective of the trained ANN is to generate multi-axial 
stress–strain relations. This can be achieved in several ways by using different ANN 
structures, e.g. type of input and outputs, incremental, or total variables. In this study, a 
general four layer feed-forward ANN structure is used. The four layers consist of one input, 
two feed-forward hidden layers, and one output layer. The transfer function for a radial basis 
neuron is: 

 
radbas (n) = e-n2  …………………………………………………………….(5) 
 

This function calculates a layer's output from its net input. For effective predicting of paddle 
cantilever, the selection of proper inputs and outputs of ANN, structure of the network and 
training of it using appropriate data should be done with utmost care. In the present paper, 
Fig. 2. Shows the neural network model has 6 input nodes representing the load (L) and thick 
composite size (a=length, b=width and h=thickness), type of lamination, and time; eighteen 
nodes at hidden layer and one output node representing the Stress. 
 
4. RESULTS AND ANALYSIS : 

 The developed analytical results, the finite element solution formulation and experimental 
work, for thick laminated plates, are cover the static and dynamic analysis (for different types 
of loading) of thick laminated plates, with any type of lamination (symmetric, anti-symmetric, 
cross-ply, angle-ply, and other lamination) and with different parameters and boundary 
conditions. Dimensions of Plates ( a(0.125-0.25)m, b(0.125-0.25)m, h(0.0125-0.025)m), and 
Static load condition (10) qo(kN/m2),  the dynamic load condition (10-100) qo(kN/m2), 
to(0.05-0.0005sec.). To train RBFNN model with the results of the finite element analyses and 
experimental work, network architecture was required; first the entire training data file was 
randomly divided into training and testing data sets. About 90% of the data 84 patterns, were 
used to train the different network architectures where remaining 8 patterns were used for 
testing to verify the prediction ability of each trained NN model. Since  RBFNNs Learn 
relations and approximate function mapping limited by the extent of the training data, the best 
use of the trained RBFNN models can be achieved in interpolation as shown in Table 1. This 
neural network was simulated using the scientific and engineering package MATALB® 7.2.  

From  the analysis of the results in Table 1 and Fig. (4,5), it is observed that the accuracy of 
the RBFNN method was slightly superior when compared to the experimental on account of 
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mean average error (MAE). Fig. 7 shows a plot of experimental against corresponding 
RBFNN prediction. A linear behavior of stresses can be observed in Table 2 and Fig. (6) 
,between two different load and four layers lamination.  

 
5. CONCLUSIONS: 

Laminated composites are widely used in the engineering field due to their excellent 
mechanical properties. The development of mathematical models for prediction of 
the dynamic behavior of the physical models with sufficient accuracy is great 
interested. Present paper is an attempt to develop laminated composite structures, 
design variables related to optimum configurations may be the number of laminates, 
fiber orientation angles and thickness of each layer. Various experimental and 
analytical or numerical methods using FEA have been developed to determine the 
residual stresses in polymer–matrix composites.  The ANN model is ANN is 
expected to be very helpful to predict the material properties before manufacturing 
or  testing the real composites .Beside , it will be an  additional help in the design of 
new composite materials, through the analysis of relationships between some simple 
properties and other complex properties .Therefore, it is  required for an accurate 
analysis of multi-layered composite structures under general condition of loading 
and supports in order to incorporate most of the behavioral requirements. Results 
comparisons performed to verify the stiffness design of structures of laminated 
composite materials and the computational processing time using FEA or ANN are 
also verified.  
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Table 1 Sample of experimental data 

lamination Dimension (a,b,h)m Static Load  

qRoR(kN/mP

2
P)  

Stress  

A b H 

4-layers .1 .1 .01 10 1.17E+06 

.125 .125 0.125 10 1.84E+06 

.15 .15 .015 10 1.52E+06 

4- layers Dimension (a,b,h)m t 

sec.  

Stress  

A b H 

.125 .125 0.125 0.005 -0.2e+07 

.125 .125 0.125 0.010 -0.43e+07 

.125 .125 0.125 0.015 -0.97e+07 

.125 .125 0.125 0.025 -1.0e+07 

.125 .125 0.125 0.030 -1.46e+07 

.125 .125 0.125 0.050 -2.47e+07 

.125 .125 0.125 0.055 +2.23e+07 

.125 .125 0.125 0.060 -0.11e+07 

.125 .125 0.125 0.065 -2.22e+07 

.125 .125 0.125 0.070 -0.2e+07 

8- layers Dimension (a,b,h)m t 

sec.  

Stress  

A b H 

.125 .125 0.125 0.005 -0.17e+07 

.125 .125 0.125 0.010 -0.38e+07 

.125 .125 0.125 0.015 -0.82e+07 

.125 .125 0.125 0.025 -0.89e+07 

.125 .125 0.125 0.030 -1.37e+07 

.125 .125 0.125 0.050 -2.25e+07 

.125 .125 0.125 0.055 +2.19e+07 

.125 .125 0.125 0.060 -0.08e+07 

.125 .125 0.125 0.065 -2.16e+07 

.125 .125 0.125 0.070 -0.17e+07 

 



SUGGESTION RBFNN MODEL FOR THICK COMPOSITE                                   Dr. Hatam K. Kadhom 
LAMINATED PLATES STRESS ANALYSIS 
 

123 
 

 
 

Table 2   Comparison between two different loads 

laminatio

n 

Dimension (a,b,h)m Load 

qo(kN/m2)  

Stress  

A b H 

 

 

4-layers 

 

 

.1 .1 .01 10 -0.08e+07 

.1 .1 .01 100 1.55e+07 

.125 .125 0.125 10 -0.20e+07 

.125 .125 0.125 100 2.22e+07 

.15 .15 .015 10 -0.12e+07 

.15 .15 .015 100 1.85e+07 

 

 

Table 3 Comparison between Experimental and RBFNN 

lamination Dimension (a,b,h)m Load 

qo(kN/m2)  

Experiment

al Stress 

RBFNN 

Model Stress 

 a b h  

4-layers .1 .1 .01 10 -0.11e+07 -0.08e+07 

.1 .1 .01 100 1.46e+07 1.35e+07 

.125 .125 0.125 10 -0.27e+07 -0.20e+07 

.125 .125 0.125 100 2.43e+07 2.27e+07 

.15 .15 .015 10 -0.16e+07 -0.12e+07 

.15 .15 .015 100 2.15e+07 1.85e+07 
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Fig.1 geometry of a)ith lamina; b) laminated plate; and c) 18 node mixed FE; with 
positive set of reference axes. [Zhang, Friedrich, 2003 ] 
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Fig. 2 ANN structure for plane–stress nonlinear material models.[ Zhang, Friedrich, 2003] 

 

 

 

 

 

 
 

Fig. 3 Schematic drawing of RBFNN model  [Zhang, Friedrich, 2003] 
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Fig.4 Sample of experimental stress for Static Load qo(kN/m2 ) &4-layer 

 

 

 

 
 

Fig.5 Sample of experimental stress for dynamic Load qo(kN/m2 )  
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Fig. 6 Comparison between two different loads qo(kN/m2 ) &4-layer 

 

 

 

 
 

Fig. 7 Comparison between Experimental and RBFNN for loads qo(kN/m2 ) &4-layer 
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