
•  FAILURE:	For	axial	load		
Yielding	strength?		
Ultimate	strength?		
Fracture	strength?	
	

•  FAILURE:	For	pure	shear	load		
Yielding	strength?	
	

•  FAILURE:	For	general	load,	it	is	more	complicated.	More	later	in	
Chapter	15	…	
	

•  FACTOR	OF	SAFETY:	
	
Note:	If	FS	<	1		  			failure	

	

Lecture	4	summary:	failure	analysis	
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FS = critical stress

actual stress

 σ cr =σY

 σ cr =σU

 σ cr =σ F

Normal stress, axial strain and material properties Chapter 2: 11 ME 323 

  ! , normal stress

  !x , axial strain
 elastic  yielding  strain hardening  necking

 plastic behavior
 behavior

 ! PL

 
!YP( )l

 ! F

 !U

 
!YP( )u

 E

 A

 B

 C
 D  E

 F

 G

The generic shape of the experimentally-determined relationship between stress and 
strain for structural steel is shown in following figure. In the following, we will discuss 
the material behavior of different regions of this plot as demarcated in terms of the level 
of axial strain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Elastic region, A-B. For low levels of strain, there is a nearly linear relationship 

between stress and strain. The slope of the stress-strain curve is typically denoted as 
E (Young’s modulus for the material). For  σ >σ PL (where  σ PL is known as the 
“proportional limit”, the slope decreases with increased strain (the material 
“softens” in its stiffness). Although the material behavior is still elastic, stress is no 
longer proportional to stress. In the elastic region, the unloading curve moves back 
along the loading curve shown.  

• Yielding region, C-E. With a continued increase in strain, the material moves into a 
region where it behaves plastically. Between C and D on the above curve, the 
material deforms with a negative stress-strain slope, and between D and E, the 
material strain increases without any increase in stress (“perfectly plastic” 
behavior). The stress level corresponding to D, 

 
σYP( )l , is known as the “lower 

yield point”, or simply the “yield point”,  σYP . In the yielding region, an unloading 
curve will not retrace the loading curve shown. Reducing the axial load in the 
member to zero will result in a permanent offset in the specimen’s length. 

• Strain hardening region, E-F. Between E and F, the material experiences strain 
hardening (decreased slope of stress-strain curve) with increased applied load. The 
stress at F,  σU , is known as the “ultimate stress” (or, “ultimate strength” of the 
material). 

• Necking region, F-G. For strains above F, the material “necks down” resulting in 
significant reduction in the cross sectional area of the specimen. At G, fracture (or 
breaking) occurs. The stress level at G,  σ F , is known as the fracture stress. 

ultimate	strength	

fracture	strength	
yielding	strength	

linear	behavior	

 τ cr = τY

⇒


