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0.0	
  Background	
  
•  Scalar	
  –	
  Example:	
  Temperature	
  @	
  (x,y,z)	
  

– Temperatures	
  at	
  A,	
  TA,	
  and	
  at	
  B,	
  TB.	
  

•  Vector	
  –	
  Forces	
  &	
  Moments	
  
– StaKcs	
  &	
  Dynamics	
  -­‐	
  Force	
  &	
  Moment	
  Equilibriums	
  

•  Tensor	
  –	
  Stress	
  and	
  Strain	
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Vector	
  Example	
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!a = axî + ay ĵ + azk̂
!
b = bxî + by ĵ + bzk̂
!c = !a +

!
b = ax + bx( ) î + ay + by( ) ĵ + az + bz( ) k̂

!cx = ax + bx; cy = ay + by; cz = az + bz

cy

Vector	
  TransformaKon	
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!a = axî + ay ĵ + azk̂ = !ax !̂i + !ay !̂j + !az ˆ!k
"ax # !ax; ay # !ay; az # !az

1.	
  Concept	
  of	
  Stress	
  
1.1	
  IntroducKon	
  

•  Statics (and Dynamics) 
•  Mechanics of Materials (or Deformable Solids) 

Understanding the relationships between external loads and 
internal reactions on a body.  

Deals with the integrity, deformation and stability of a body. 
•  Pressure, Force & Moment 

–  Stresses 
–  Not measureable quantity 

•  Displacement, Deformation & Distortions 
–  Strains 
–  Measurable quantity 

•  Material Behavior 
–  Chalk (Axial, Bending & Torsion) 
–  Rubber vs. Steel 

Deformable 
Solids 

Pressure  
Force 

Moment 

Cause:	
  

Displacement 
Deformation 

Distortion 

Effect:	
  

External	
  loads	
  

Stress 
Strain Internal	
  reacKon	
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1.2	
  Review	
  on	
  StaKcs	
  

• 	
  Equa%on	
  of	
  Equilibrium          Σ Fx = 0 

•  Balance of Force:  Σ F = 0  Σ Fy = 0 
   Σ Fz = 0  
	

 	

 	

 	

Σ Mx = 0	



• Balance of Moment: Σ Mp = 0  Σ My = 0 
	

     	

 	

 	

 	

 	

 	

Σ Mz = 0 

2-D 

2-D 

• Free	
  Body	
  Diagram	
  	
  
• External	
  Force	
  

• 	
  Surface	
  Force	
  &	
  Trac-on	
  
• 	
  Body	
  Force	
  (weight)	
  
• 	
  Reac-ons	
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1.3	
  STRESSES	
  

F	
  

F	
   F	
  

P	
  

English	
  unit	
  -­‐	
  psi	
  (Pound	
  per	
  inch2),	
  ksi(103psi)	
  
SI	
  Unit	
  -­‐	
  Pa	
  (N/m2),	
  kPa	
  (103Pa),	
  MPa(106Pa),	
  GPa	
  (109Pa)	
  

F	
  

Stresses	
  
	
  The	
  reacKon	
  of	
  a	
  deformable	
  body	
  due	
  to	
  external	
  loads.	
  

Z	
  

x	
  

y	
  

Why	
  do	
  we	
  use	
  Stresses	
  	
  
rather	
  than	
  Loads	
  and	
  Moments?	
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•  Allowable	
  Stress	
  –	
  Related	
  to	
  Material	
  ProperKes	
  (e.g.	
  
Strength)	
  

•  Allowable	
  Load	
  -­‐	
  Related	
  to	
  Material	
  ProperKes	
  and	
  
Geometry	
  

•  Analysis	
  -­‐	
  Check	
  for	
  failure	
  
–  Material	
  LimitaKon	
  -­‐	
  Allowable	
  Stress	
  (e.g.	
  Yield	
  Strength)	
  

•  Design	
  
–  Based	
  on	
  Material	
  LimitaKon,	
  the	
  size	
  of	
  	
  a	
  structure	
  can	
  be	
  

designed.	
  

1.4	
  Analysis	
  and	
  Design	
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1.5	
  Axial	
  Loading-­‐Normal	
  Stress	
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