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Lecture      4 

          Fiber-Reinforced Composites  

 

 

 

 

 

 

 

The Rule of Mixtures in Fiber-Reinforced Composites As  
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Many factors must be considered when designing a fiber-reinforced 

composite, including the length, diameter, orientation, amount, and 

properties of the fibers; the properties of the matrix; and the bonding 

between the fibers and the matrix. 

Fiber Length and Diameter Fibers can be short, long, or even 

continuous. Their dimensions are often characterized by the aspect ratio 

defined as l/d, where l is the fiber length and d is the diameter. Typical 

fibers have diameters varying from 10 μm (10x10
-4

 cm) to 150 μm 

(150�x10
-4

 cm).  

The strength of a composite improves when the aspect ratio is large. 

Fibers often fracture because of surface imperfections. Making the 

diameter as small as possible gives the fiber less surface area and, 

consequently, fewer flaws that might propagate during processing or under 

a load. We also prefer long fibers. The ends of a fiber carry less of the load 

than the remainder of the fiber; consequently, the fewer the ends, the higher 

the load-carrying ability of the fibers (Figure 17-10).  

In many fiber-reinforced systems, discontinuous fibers with an aspect 

ratio greater than some critical value are used to provide an acceptable 

compromise between processing ease and properties. A critical fiber length 

lc, for any given fiber diameter d can be determined: 
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Volume Fraction of Fiber A greater volume fraction of fibers 

increases the strength and sti¤ness of the composite, as we would expect 

from the rule of mixtures. However, the maximum volume fraction is about 

80%, beyond which fibers can no longer be completely surrounded by the 

matrix. 

Orientation of Fibers The reinforcing fibers may be introduced into 

the matrix in a number of orientations. Short, randomly oriented fibers 

having a small aspect ratio— typical of fiberglass—are easily introduced 

into the matrix and give relatively isotropic behavior in the composite. 
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Long, or even continuous, unidirectional arrangements of fibers produce 

anisotropic properties, with particularly good strength and stiffness parallel 

to the fibers. These fibers are often designated as 0� plies, indicating that 

all of the fibers are aligned with the direction of the applied stress. 

However, unidirectional orientations provide poor properties if the load is 

perpendicular to the fibers (Figure 17-11). One of the unique 

characteristics of fiber-reinforced composites is that their properties can be 

tailored to meet different types of loading conditions. Long, continuous 

fibers can be introduced in several directions within the matrix (Figure 

17-12); in orthogonal arrangements (0º/90º plies), good strength is 

obtained in two perpendicular directions. More complicated arrangements 

(such as 0º/- +45º/90º plies) provide reinforcement in multiple directions.      

Fibers can also be arranged in three-dimensional patterns. In even the 

simplest of fabric weaves, the fibers in each individual layer of fabric have 

some small degree of orientation in a third direction. Better three-

dimensional reinforcement occurs when the fabric layers are knitted or 

stitched together. More complicated three-dimensional weaves (Figure 

17-13) can also be used. 
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for particulate composites, the rule of mixtures always predicts the  
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Ceramic fibers and whiskers, including alumina, glass, and silicon 

carbide, are strong and sti¤. Glass fibers, which are the most commonly 

used, include pure silica, S-glass (25% Al2O3, 100% MgO, balance SiO2), 

and E-glass (18% CaO, 15% Al2O3, balance SiO2). Although they are 

considerably denser than the polymer fibers, the ceramics can be used at 

much higher temperatures. Beryllium and tungsten, although metallically 

bonded, have a high modulus that makes them attractive fiber materials for 

certain applications. The following example discusses issues related to 

designing with composites. 

 

 

 

 


