
Preface 
 

This special topic volume collects selected papers of Professor Hideki Sekine on micromechanical 
research of fracture of composite materials. Professor Hideki Sekine has established his research on 
thermoelastic fracture mechanics (1974- ), geothermal energy extraction from hot dry rock masses  
(1978- ), micromechanics of composite materials (1980- ), design and health monitoring of aerospace 
composite structures (1990- ), hypervelocity solid-solid impacts (1999- ) and smart-patch repair of 
aging aircraft structures (1999- ) during his 40-year academic career at Tohoku University, Japan. His 
professional experience includes a research fellowship at Northwestern University and University of 
Delaware, U.S.A. and University of Cambridge, UK. Currently he is a visiting Professor of 
Chongqing University, P. R. China. His biographical record and list of publications are summarized 
in Chapter 1. 

Micromechanical research of fracture of composite materials is main work in his academic career. 
The phenomenon which we can measure as fracture toughness or fracture strength is macro-scale 
behavior. It results from fiber bridging, fiber breakage, interface debonding, matrix cracking, matrix 
yielding, matrix creep and so on as micro-scale behavior. A notable point of his research is to extract 
their meaningful factors on the fracture of composite materials and to incorporate the factors into the 
mathematical model.  

In Chapter 2, fiber bridging effect on the crack extension resistance of unidirectional 
fiber-reinforced composites is presented using the stochastic model of fiber breakage. The fracture 
energy and fracture behavior of short-fiber-reinforced SMC composites is treated using a 
probabilistic fracture model with taking account of axial tensile stresses of fiber bundles in debonding 
and pull-out processes in Chapter 3 and the deformation and fracture behavior of whisker reinforced 
ceramics is presented in Chapter 4. The study of load carrying capacity of notched CFRP laminates is 
introduced in Chapter 5, where Weibull weakest link theory with respect to fiber strength is used and 
the tension-softening relation of the damage zone in the CFRP laminates is derived. 

Apparent fracture strength of notched fiber-reinforced composite laminates with the interlaminar 
crack extension from the notch tip is given in Chapter 6. The tensile strength deterioration of short 
glass fiber reinforced thermoplastics by addition of a slight amount of inorganic agent is explained 
using the cumulative probability of pull-out length of glass fibers on fracture surfaces in Chapter 7 
and the effect of matrix hardening on the tensile strength of Al2O3/Al composites is considered in 
Chapter 8. A micromechanical theory of macroscopic stress-corrosion cracking in unidirectional 
GFRP composites is proposed in Chapter 9. The time-dependent failure of the composites is driven 
by the initiation and growth of cracks from pre-existing inherent surface flaws in glass fibers. 
Multi-scale analysis of viscoelastic behavior of laminated composite structures by multi-scale 
analysis based on a homogenization theory is presented in Chapter 10. 

As of late, sophisticated simulation technique has been developed and tried to simulate multi-scale 
and multi-physical phenomena which are performed at a molecular level to a level of composition 
structure. In these simulations, the micromechanical modeling will be more important owing to 
extracting meaningful results even in massive numerical simulation. We hope that this special topic 
volume can give impact to further progress of fracture mechanics of composite materials. 
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