
















A Study of Laminated Composite Materials Using AC LAP Computer Program 
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Figure 1: Graphite- epoxy Laminates for Example 1. 

-0.300 

-0.150 

0 

0.150 

0.300 

Ex = 1000E-6 
< fc 

Figure 2: Forces Required Producing State of Deformation e°x= 1000 x 10~6 

Table 1 and 2 illustrate the distribution of stresses through the thickness 
of the laminate. Base on the comparison between the FORTRAN and 
manual calculation that shown in the Table 4.7, the maximum percentage 
difference of stress in x direction, Ox is 0.033% which stated at layer no 
1(0°) and 4 (0°). From the problem here the stress component Gxis 
constant within each ply but it varies from layer to layer. 
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Table 1: Comparison Results between Manual and FORTRAN Program in 
Determination of Stress in x Direction 

Layers 

Layer 1 (0°) 
Layer 2 (90°) 
Layer 3 (90°) 
Layer 4 (0°) 

Para­
meter 

Stress, cx 

Stress, ox 

Stress, cx 

Stress, c 
X 

Manual 
Calculation 

MPa 

155.7 
12.16 
12.16 
155.7 

Numerical 
Calculation 

(FORTRAN) 
MPa 

155.751 
12.1614 
12.1614 
155.751 

Percentage 
Difference 

% 

0.033 
0.012 
0.012 
0.033 

Table 2: Comparison Results between LUSAS and FORTRAN Program in 

Layers 

Layer 1 (0°) 
Layer 2 (90°) 
Layer 3 (90°) 
Layer 4 (0°) 

Determination of Stress in x 

Para­
meter 

Stress, Gx 

Stress, Gx 

Stress, ox 

Stress, o 
X 

Manual 
Calculation 

MPa 

155.835 
12.1651 
12.1651 
155.835 

Direction 

Numerical 
Calculation 

(FORTRAN) 
MPa 

155.751 
12.1614 
12.1614 
155.751 

Percentage 
Difference 

% 

0.054 
0.030 
0.030 
0.054 

For the comparison between the LUSAS software and FORTRAN 
program in Table 1 layer no 1 and 4 give the maximum percentage 
difference of stress in x direction, c is 0.054%. This two table shows 

x, 

that these FORTRAN program produce the accurate result for the 
composite laminate. 

Figure 3 illustrate the comparison value of stress in x direction for 
the three methods of estimation which is manual calculation, FORTRAN 
program and LUSAS model. From this figure we can see that the results 
are almost equal for all the method. 
b) Example 3: [±30/0] s Laminate Subjected to Known £0

x = 1000xl0"6 

Table 3 illustrates the stress, s for manual result and FORTRAN results 
distribution through the thickness of the laminate. From the manual 
calculation, the stress component sx is continuous with the thickness 
between ± 30°. By comparing the stress components that obtain from 
this program with the manual and LUSAS like illustrating on the Table 3 
and 4, we can see that the percentage difference is less than 1%. Since 
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Figure 3: Figure Shows the Comparison Value of Stress in x Direction (ox) for 
Manual Calculation and Numerical Estimation 
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Figure 4: Graphite-epoxy Laminates for Example 3 

the percentages of difference are less than 1% this program can produce 
the accurate result for stress component. 

Figure 5 illustrate the comparison value of stress in x direction for 
the three methods of estimation which is manual calculation, FORTRAN 
program and LUSAS model. From this figure we can see that the results 
are almost equal for all the method 
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Table 3: Comparison Results between Manual and FORTRAN Program in 
Determination of Stress in x Direction 

Layers 

Layer 1 (+30°) 
Layer 2 (-30°) 
Layer 3 (0°) 
Layer 4 (0°) 
Layer 5 (-30°) 
Layer 6 (+30°) 

Para­
meter 

Stress, ox 

Stress, a 
Stress, ax 

Stress, ax 

Stress, ax 

Stress, o 
X 

Manual 
Calculation 

MPa 

92.8 
92.8 
155.7 
155.7 
92.8 
92.8 

Numerical 
Calculation 

(FORTRAN) 
MPa 

92.8288 
92.8288 
155.751 
155.751 
92.8288 
92.8288 

Percentage 
Difference 

% 

0.031 
0.031 
0.033 
0.033 
0.031 
0.031 

Table 4: Comparison Results between LUSAS and FORTRAN Program in 
Determination of Stress in x Direction 

Layers 

Layer 1 (+30°) 
Layer 2 (-30°) 
Layer 3 (0°) 
Layer 4 (0°) 
Layer 5 (-30°) 
Layer 6 (+30°) 

Para­
meter 

Stress, Gx 

Stress, Gx 

Stress, Gx 

Stress, Gx 

Stress, a 
Stress, G 

X 

Manual 
Calculation 

MPa 

92.811 
92.811 
155.71 
155.71 
92.811 
92.811 

Numerical 
Calculation 

(FORTRAN) 
MPa 

92.8288 
92.8288 
155.751 
155.751 
92.8288 
92.8288 

Percentage 
Difference 

% 

0.019 
0.019 
0.026 
0.026 
0.019 
0.019 

Error of Stress Vs Ply 
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Figure 5: Comparison Value of Stress (G ) for Manual Calculation and 
Numerical Estimation 
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Conclusion and Recommendations 

Based on the comparison, it can be conclude that the utilization of the 
computer software in the analysis of the composite material can produce 
accurate result than the manual calculation, the compared result shows 
that the difference percentage between FORTRAN and manual 
calculation vary 0% until 13.3%. It is able to determine the approximation 
values by application of numerical analysis. In the term of accuracy, it 
will improve the designing works, and reduce the errors. 

It is proven that this program can be used to solve the symmetric 
(Example 1 and Example 2 in term of determination of stress and strain 
in x and y direction. It is also available in solving the anisotropic and 
isotropic composite materials. This program also can determine the stress 
and strain distribution through the thickness of the laminate. 

In the future, further studies should be done on developing source 
code on how to provide optimization in composite materials in term of 
ply thickness, orientation of fiber angle and the number of fiber. It is also 
recommended that the user should be understood about the basic stress 
analysis of composite before used this program. 
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