
3.11 Fall 2003 
Solutions Problem Set #2 

 
1.  Show σij = σji   
σ12 = σ21 
 
ΣM12 = 0 = F12 * d + F21 * d 
d is moment arm.  
 
Define system: 
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σ = F/A 
F12 = σ12A   F21 = σ21A 
Because shear stress acts on the plane where it lies, F12 = σ12x2*x3 
 
So, we get:  
ΣM12 = 0 = (σ12x2*x3)*x1 – (σ12x1*x3)x2 
 
2.   

 



 
 

 
 
 
3.  7.2-1 
 
σx1 = (σx + σy)/2 + (σx-σy)/2*cos2θ + τxysin2θ = 5580psi 



σx1y1 = - (σx-σy)/2*sin2θ + τxycos2θ = -3450psi 
 
σy1 = σx + σy - σx1 = 3220 psi 
 
 
4. 7.2-6 
 
σx1 = (σx + σy)/2 + (σx-σy)/2*cos2θ + τxysin2θ = -1.5MPa 
 
σx1y1 = - (σx-σy)/2*sin2θ + τxycos2θ = -17.8 MPa 
 
σy1 = σx + σy - σx1 = -19.5MPa 
 
5.  7.5-3 
Plane Stress 
 
a)  Normal Strain, εz 
εz = -ν/E (σx + σy) (from equation defined in chapter 7, Gere) 
σx = E/ (1-ν^2) * (εx + νεy) 
σy = E/ (1-ν^2) * (εy + νεx) 
(From Definitions discussed in class) 
 
Substitute σx and σy into the first equation and simplify: 
εz = - ν/(1-ν) * (εx + εy) 
 
b)  
e = (1-2ν)/E * (σx + σy)  (equation defined in chapter) 
 
Substitute σx and σy into equation and simplify.  
e  = (1-2ν)/(1-ν) * (εx + εy) 
 
6.)  7.5-8  Biaxial Stress 
 
σx=σy= -P/b2  = -75.0MPa 
 
Change in Volume 
e = ((1-2ν)/E) (σx +σy) = -0.00048 
Vo = b^3 = (40mm)^3 = 64x10^3 mm^3 
∆V = Vo ((1-2ν)/E) (σx +σy) = eVo = -30.7mm^3 
Decrease in Volume.  
 
Strain Energy:  
µ = 1/2E* (σx2 + σy2 -2νσxσy) = 0.03712 MPa 
(τxy = 0) 
U = µVo = 2.38J 


