
•  STRESS	COMPONENTS:	There	are	only	six	unique	
components	of	stress:																																
(see	lecture	book	for	sign	conventions)	
	

•  STRESS/STRAIN	RELATIONS	(Hooke’s	law	for	linear	
behavior):	
	
	
	
	
	
	
	
where	E	=	Young’s	modulus,	G	=	shear	modulus,	ν	=	Poisson’s	ratio	
and	α	=	thermal	expansion	coefficient.	
	

•  NOTE!	For	general	loadings,	remember	that:												.	
Also,	it	is	possible	to	have	non-zero	strains	with	zero	
stress.	And,	vice	versa.	

Lecture	5	summary:	general	state	of	stress	

me	323-	cmk	

 
γ xy = τ xy / G ; γ xz = τ xz / G ; γ yz = τ yz / G
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Suppose that we continue with an additional set of three cuts through the body at this 
point of interest, chosen here as the origin of the xyz-axes, with these cuts representing 
the –x, –y and –z planes. Following these cuts, we are left of a six-sided “stress element” 
whose sides are made up of the  ±x ,  ± y  and  ±z faces. As shown below, we have three 
components of stress (one normal and two shear) on each face.  

 
From this, we introduce the concept of a stress element as a cube of infinitesimal 
dimensions centered on the point of interest in the body. 
 
Naming convention 

•  σ i  is the normal stress on face “i”.  

•  
τ ij  is the shear stress on face “i” in the “j” direction. 

Sign convention – signs for components of stress on a stress element 
• A normal stress  σ i  is positive (negative) if it points 

outward (inward) on face “i” of the element, for 
  i = x, y, z . Note that a positive (negative) normal stress 
corresponds to tension (compression). 

• A shear stress  
τ ij  is positive if it points in the positive 

(negative) j-direction on the positive (negative) i-face 
of the stress cube. Otherwise, the shear stress is 
negative. 
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“stress	element”	at	a	point	in	the	body	

 
σ x ,σ x ,σ x ,τ xy ,τ xz ,τ yz
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thermal	strains	


