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 Reinforcement structure A 
1 C(0o) C(45o) K(0o) K(45o) K(45o) K(0o) C(45o) C(0o) 
2 C(0o) C(45o) C(45o) K(0o) K(45o) K(0o) C(45o) C(0o) 
3 C(0o) C(45o) C(0o) K(45o) K(0o) C(45o) K(45 o) C(0o) 
4 C(0o) C(45 o) C(45o) C(0o) C(0o) C(45o) C(45 o) C(0o) 
5 C(0o) C(45 o) C(45o) C(0o) C(0o) C(45o) C(45 o) C(0o) 

Tab. 1. Reinforcement structure 
 

 Reinforcement structure B 
1 K(0o) K(45o) C(0o) C(45o) C(45o) C(0o) K(45o) K(0o) 
2 K(0o) K(45o) K(45o) C(0o) C(45º) C(0o) K(45o) K(0o) 
3 K(0o) K(45o) K(0o) C(45o) C(0o) K(45o) C(45 o) K(0o) 
4 K(0o) K(45 o) K(45o) K(0o) K(0o) K(45o) K(45 o) K(0o) 
5 K(0o) K(45 o) K(45o) K(0o) K(0o) K(45o) K(45 o) K(0o) 

Tab. 2. Reinforcement structure 
 
3. MEASUREMENTS AND RESULTS 
 

Bending standard tests were performed for each material using 
a M350-5AT testing machine from Testometric. For each material 
samples were extracted using a high pressure water jet machine. 
Due to the forming technique it is expected that bending properties 
will be different when the sample is loaded from the first 
reinforcement sheet and from the last one. As it was mentioned 
before the gel time of the epoxy system is about 45 minutes, but for 
molding just 20 to 25 minutes are available. To mold a material 15 
minutes are necessary but first reinforcement layer will be imbued 
with a low viscosity pre-polymer while for the last ones the 
viscosity will increase leading to poor polymer bonds. 

The bending tests were performed both loading the samples 
from the first molded layer (d) and from the last molded layer 
(i) and the results are shown in Fig. 1 – 3. Three parameters 
were evaluated for the formed materials bending strength, 
bending modulus and inter-laminar shear strength. 

It might be noticed that the highest values in the case of A 
type are reached for the material with carbon fiber fabric while in 
the case of B type in the same situation the lowest values are 
reached. An explanation could consist in the fact that in the first 
material all the interfaces are between carbon fiber and epoxy 
while for the second material the amount of aramide fiber is the 
highest leading equal ratios of interfaces. 

The inter-laminar share stress at break is evaluated (Gay et 
al. 2003) in mid-plane of the sample. Generally it might be said 
that this parameter is evaluated between the fourth and the fifth 
reinforcement layers and as a consequence the highest value is 
for carbon fiber fabric reinforcement due to the presence of the 
same type of interface polymer-fiber (Marur, 2004). It might be 
imagined that the evaluation take place inside the polymer 
matrix (the sample mid-plane is immersed in filled polymer) as 
well as in the alternate reinforced materials which explains the 
same behavior for these materials.  

The lowering of inter-laminar shear stress at break in the 
case of alternate reinforcement is due to the fact that each time 
the parameter is evaluated inside a polymer layer between two 
reinforcement sheets with different orientation (0o and 45o).  

 

 
Fig. 1. Bending Strength at Break for stratified composites 

 

Fig. 2. Bending Modulus for stratified composites 
 

 

Fig. 3. Inter-Laminar Shear Stress for stratified composites 
 
4. CONCLUSION 
 

The use of fabrics to form stratified composites seems to be the 
best way to design and control composites properties. For this 
study just two fillers had been used to change the basic properties 
of polymer matrix and their amounts were relatively large. For 
further studies other fillers will be used to change electric or 
magnetic properties of the formed composites. The forming 
technique allows obtaining of laminated like composites without 
inter-laminar bonding problems due to the fact that the polymer 
chains are not only between laminae but also through them. 
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