
Cylinder Vessel 

 
 

L = 20m           D = 1000mm                 Thickness = 5mm           

Youngs modulus = 200 Gpa                  Poissons ratio = 0.3               

External pressure = 10 Mpa                 Axial torque = 1000kN 

 

Longitudinal Stress 

σlong = −
ρr

2t
= −

(10x106) x 0.5

2x0.005
= −500Mpa 

 

Circumference Stress 

σhoop = −
ρr

t
= −

(10x106) x 0.5

0.005
= −1000Mpa 

 

Longitudinal Strain 

εlong = −
pr

2tE
(1 − 2v) = −

10x106 x 0.5

2x0.005x200x109
(1 − 2 x 0.3) = −1x10−3 

 

Circumference Strain 

εhoop = −
pr

tE
(1 −

𝑣

2
) = −

10x106𝑥0.5

0.005x200x109
𝑥 (1 −

𝑣

2
) = −4.25x10−3 

 



Length Change  

εlong  x L 

εlong = 1x10−3 x 20 = −20mm 

 

Diameter Change 

εhoop x D 

εhoop = 4.25x10−3 x 1 = −4.25mm 

 

Principle Stress & Directions 

Axial torque = 1000kN 

D = 1000mm 

Thickness = 5mm 

 

Area 

D = 1000mm 

D0 = 990mm 

A = π x
(D2 − D0

2)

4
 

A = π x
(10002 − 9902)

4
= 15629.4mm2 

 

Polar Moment 

Ip =  π x
(D4 − D0

4)

32
 

Ip =  π x
(10004 − 9904)

32
= 3868477672mm4(𝑝𝑎) 

 

Tensile Stress Due to Axial Force 

σxx = −
ρD

4t
 

σxx = −
10𝑥106 𝑥 1

4 𝑥 0.005
= −500Mpa 



Axial Torque 

T = 1000kN 

 

Torsional Shear 

σxy =
TD

2Ip
 

 

σxy =
1000x103 x 1

2x(3868477672x10−6)
= 129Mpa 

 

I1 = σii = σ1 + σ2 + σ3 = σxx 

 

I2 = −
1

2
(σii σjj − σij σji) =

1

2
(σxy σyx − σyx σxy) = σxy

2  

 

I3 = det σij = σxx σyy σzz − σxx σyz
2 − σyy σxz

2 − σzz σxy
2 + 2σxy σyz  σxz = 0 

 

So, we have 

σλ
3 − I1 σλ

2 − I2 σλ − I3 = σλ
3 −  I1σλ

2 − I2 σλ = σλ (σλ
2 − I1 σλ − I2 ) = 0 

 

Thus 

 σλ
2 − I1 σλ − I2 = 0 

 

Solution 

σ1,2 =
1

2
I1 ±

1

2
√I1

2 + 4I2
2 

 

Principle Stress 

𝜎1 =
1

2
(σxx + σyy) + √(σxx − σyy)2 + 4σxy

2  



𝜎1 =
1

2
σxx +

1

2
√σxx

2 + 4σxy
2  

 

𝜎1 =
1

2
σxx −

1

2
√σxx

2 + 4σxy
2  

 

σxx = −500Mpa 

σxy = +129Mpa 

 

σ1 = −
1

2
(500) − (

1

2
) √(5002) + (4x1292) = −531.3Mpa 

 

σ2 =
1

2
(500) + (

1

2
) √(5002) + (4x1292) = 31.3Mpa 

 

σ1 = −531.3Mpa 

σ2 = 31.3Mpa 

σ3 = 0 

 

Normal Stress 

τnormal =
σ1 + σ2

2
 

 

τnormal =
−531.3 + (31.3)

2
= 250Mpa 

 

Maximum Shear Stress 

τmax =
σ1 − σ2

2
 

 

τmax =
−531.03 − (31.3)

2
= 281.3Mpa 

 


