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Poisson’s RaƟo: Biaxial and Triaxial DeformaƟons 
The ratio of strain in the lateral direction to the linear strain in the axial direction 
and it’s denoted by the Greek letter  (nu) and can be expressed as: 

 
 

  

εy= -  x εx = -  ఙ௫ா   

for biaxial stress state:  

σx≠0   σy ≠ 0 σz=0 

In the x- direction resulting from  𝜎𝑥 ,𝜖𝑥=𝜎𝑥/𝐸  
In the y-direction resulting from  𝜎𝑦 ,𝜖𝑦=𝜎𝑦/𝐸  
In the x-direction resulting from  𝜎𝑦 ,𝜖𝑥=−𝜐(𝜎𝑥𝐸)  
In the y-direction resulting from the  𝜎𝑥 , 𝜖𝑦=−𝜐(𝜎𝑥𝐸)  
The total strain in the x-direction will be: 

 𝜖𝑥= 𝜎𝑥/𝐸 −𝜐 𝜎𝑦/𝐸 𝜖y= 𝜎y/𝐸 −𝜐 𝜎x/𝐸 𝜖z= −𝜐 𝜎𝑥/𝐸 −𝜐 𝜎𝑦/𝐸 
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Triaxial tensile stresses:  
σx ≠ 0   σy ≠ 0 σz ≠ 0 𝜖𝑥= 𝜎𝑥/𝐸 −𝜐 𝜎𝑦/𝐸 −𝜐 𝜎z/𝐸  𝜖𝑦= 𝜎𝑦/𝐸 −𝜐 𝜎𝑥/𝐸 −𝜐 𝜎z/𝐸 𝜖z= 𝜎z/𝐸 −𝜐 𝜎x/𝐸 −𝜐 𝜎y/𝐸 

 

Ex: -9- A rectangular Aluminum block is (100mm) long in X-direction , (75mm) 
wide in Y-direction and (50mm) thick in Z-direction . It is subjected to try axial 
loading consisting of uniformly distributed tensile force of (200kN) in the X-
direction and uniformly distributed compressive forces of 160kN in Y-direction 
and (220kN) in Z-direction. If the Poisson’s ratio (𝜐 =0.333) and (E=70GPa). 
Determine a single distributed load that must applied in Xdirection that would 
produce the same deformation in Z-direction as original loading. 
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Example: a concrete cube of dimensions (150x150x150) mm is supported by 
rigid base and walls as shown in figure. Find the transverse stress and 
longitudinal deformation. use Ec=20 Gpa and 𝜐 =0.15. 

Sol/ 

Since the cube is supported by walls in x and z direction 
 

So  𝜖𝑥= 𝜖z 𝜖𝑥= 𝜎𝑥/𝐸 −𝜐 𝜎𝑦/𝐸 −𝜐 𝜎z/𝐸  
0= 𝜎𝑥/𝐸 −0.15 𝜎𝑦/𝐸 −0.15 𝜎z/𝐸 𝜎𝑦= P/A = ି ଵ଴଴ ௑ ଵ଴యଵହ଴ ௑ଵହ = 0.677 
SO 𝜎𝑥 = 0.15 𝜎z - 0.677 …………….1  
 𝜖z= 𝜎z/𝐸 −𝜐 𝜎x/𝐸 −𝜐 𝜎y/𝐸 

0= 𝜎z/𝐸 −0.15 𝜎x/𝐸 −0.15 𝜎y/𝐸 
SO 𝜎Z = 0.15 𝜎X - 0.677 …………….2  
 
By solving eq1 and 2 we get  𝜎𝑥 = - 0.785 MPA 𝜎z= - 0.785 MPA SO:  𝜖𝑦= 𝜎𝑦/𝐸 −𝜐 𝜎𝑥/𝐸 −𝜐 𝜎z/𝐸 𝜖𝑦 = -2.0144 X 10-4 𝜖𝑦= ௱௅௅ =  
-2.0144 X 10-4  X 150 = - 0.0316 MM ( compression ) OK  

 

 

 

 

 

100 KN 
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Deformation Of Axially Loaded Members  

1- prismatic bodies  
prismatic bar of homogenous materials loaded by constant force : 
 𝜎= 

௉஺ ……………….1             𝜖= ௱௅௅ ……………….2 
 
         ………..……3 
 

        ΔL=௉௅஺ா …………… 4 

 
 
 
 
 
 
 
 

2- non prismatic bodies 
non prismatic bar (different in dimensions) of non-homogenous materials 
loaded by multiple forces: 
ΔL=∑௉௅஺ா= ΔL1+ ΔL2+ ΔL3+ ΔL4+ ΔL5+……. 
 
= (௉ଵା௉ଶ)௔஺௦ ா௦ + (௉ଵା௣ଶ)௕஺௔ ா௔ + ௉ଶ ௖஺௕ ா௕ 
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Example: 
 The rod ABC is made of an aluminum for which E 70 GPa. Knowing that P 6 
kN and Q 42 kN, determine the deflection of (a) point A, (b) point B. 
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Example:  
Two cylindrical rods, one of steel and the other of brass, are joined at C and 
restrained by rigid supports at A and E. For the loading shown and knowing that Es 
= 200 GPa and Eb =105 GPa, determine (a) the reactions at A and E, (b) the 
deflection of point C. 
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