
Composite Materials: Analysis 

and Design 

 
Vahab Toufigh, Ph.D., P.E.  

1 



         Chapter 1: 

 

         Introduction to Composite  

                        Materials  

 

 

 

Composite Materials: Analysis and Design 

2 



Chapter 1: Introduction 

3 

 Definition of Composite Materials 

 FRP Composite Constituent Materials 

• Fibers 

• Matrices 

 Characteristics of FRP Materials 

 Application of FRP Composites 

 Outline  

 Type of Composites 
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 Environmental Effects on Mechanical Properties of FRP 
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 Envir. Effects on Mech. Properties of FRP 
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 Envir. Effects on Mech. Properties of FRP 
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 Application of FRP Composites 
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   Post Strengthening using Steel Strips: 
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   Post Strengthening using CFRP Strips: 
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   Utility Tunnels 
        Tucson Electric Power Pull Box, Tucson, Arizona. 
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   Salt Pond Road Bridge No. 484: 

       (Provience Rhodeisland) 
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   Repair of Steel Pipe Based on the Requirements 

of ASME PCC/2/2006, Phoenix, Arizona. 
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   Repair of Pipes with Wet Layup Carbon   

       FRP (CFRP), NM, USA. 
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   Blast Retrofit: 
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   GFRP Bridge,VA: 

  

 
 

 Bridge Decks 
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   Storch Bridge 1996, Winterthur, Switzerland: 

  

 
 

 Span: 124m, 2 Lanes 
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 Specific Modulus 
 

- Axial Deflection   u =
PL

EA
 

- Mass                    M = ρAL     

                         

 

 

 This implies that the lightest beam for specified deflection 

under a specified load is one with the highest (E/ρ) value. 

Specific Modulus:                              Specific Modulus: 
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 Mechanical Advantage of Composites: 
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 Specific strength 

as a function of 

time of use of 

materials: 



Chapter 1: Introduction 

Specific Modulus and Specific Strength of Typical Fibers, Composites, and Bulk Metals. 
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 Specific strength  

     as a function of       

     specific modulus     

     for: 
 

     -Metals  

     -Fibers 

     -Composites 
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- High 

- Complex 

- Repair of 

- Composites do not have a high 

 

- Composites do not necessarily 

 

 

 

 

  Disadvantage of Composite? 
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 Fracture Toughness of Composite 

For an infinite plate with a crack of 

length 2a under a uniaxial load σ: 
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 Fracture toughness as a function of yield strength: 
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 Primary material selection parameters for a hypothetical 

situation for: 
 

     Metals 

     Ceramics 

     Metal-ceramic composites 
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a)  Fiber Factors 

         -L                   -O 

         -S                   -M 
 

b)  Matrix Factors 
 

c)  Fiber-Matrix Interface 

        -C                                        -N 

        -T                                        -R 

 

 

 

 

  Factors VS. Mechanical Performance: 
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 Type of Composites: 

 
 

 

 
   Particulate composites 

   Flake composites 

   Fiber composites 
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  Particulate Composites 

Advantage: improved strength, increased operating      

                      temperature and oxidation resistance   31 
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  Flake Composites 

Advantage: high out-of-plane flexural modulus, 

                     higher strength, and low cost. 
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  Fiber Composites 
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