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Investigation of the Damage Variable Basic Issues in 

Continuum Damage and Healing Mechanics

George Z. Voyiadjis1 and Peter I. Kattan2

 1Highlights   � Independent/dependent damage is discussed. Exact expressions for the

processes are presented. � The concept of healing processes occurring in series and in

parallel are discussed.  � Systematic and consistent equations of healing consecutively or 

simultaneously are presented. � A new concept of small healing in damaged materials is

presented.  � Special damage processes are discussed using a systematic and original

formulation. 

Consistent mathematics and mechanics are used here to properly interpret the 
damage variable within the confines of the concept of reduced area due to damage.  In 
this work basic issues are investigated for the damage variable in conjunction with 
Continuum Damage and Healing Mechanics. First, the issue of the additive 
decomposition of the damage variable into damage due to voids and damage due to 
cracks in Continuum Damage Mechanics is discussed. The accurate decomposition is 
shown to be non-additive and involves a term due to the interaction of cracks and voids. 
It is shown also that the additive decomposition can only be used for the special case of 
small damage. Furthermore, a new decomposition is derived for the evolution of the 
damage variable. The second issue to be discussed is the new concept of independent and 
dependent damage processes. For this purpose, exact expressions for the two types of 
damage processes are presented. The third issue addressed is the concept of healing 
processes occurring in series and in parallel. In this regard, systematically and 
consistently, the equations of healing processes occurring either consecutively or 
simultaneously are discussed. This is followed by introducing the new concept of small 
healing in damaged materials. Simplified equations that apply when healing effects are 
small are shown. Finally, some interesting and special damage processes using a 
systematic and original formulation are presented.
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