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

pr  (10x10°)x0.5 _

Olong = 751 = 2x0005  ~ 00Mpa
Circumference Stress
pr (10x10°%) x 0.5
Ohoop = _T = - 0.005 = —1000Mpa
Longitudinal Strain
pr 10x10°x 0.5 ~
= — _(1=2v) =— 1-2x0.3)=—-1x1073
Blong = ~ 5 (1~ 2¥) = — 5 00 05x200x105 (L ~ 2% 0:3) X
Circumference Strain
pr v 10x10°x0.5 v
=——(1—-=)= - ——) = —4.25x1073
Fhoop tE( 2) 0.005x200x109x( 2) >x10



Length Change
€long X L

€long = 1x1073 x 20 = —20mm

Diameter Change
€hoop X D

€hoop = 4.25x1073 x 1 = —4.25mm

Principle Stress & Directions
Axial torque = 1000kN
D =1000mm

Thickness = 5mm

Area

D =1000mm

Dy = 990mm

(D* = Do)
4

(10002 — 9902)
A=1mx 2 = 15629.4mm?

A=1x

Polar Moment

(D* — Do)
lp = mx g5
(1000* — 990%) .
[, = mx 32 = 3868477672mm*(pa)

Tensile Stress Due to Axial Force

pD
O =
10x10° x 1
Oy = ————————— = —500Mpa

~ 4x0.005



Axial Torque

T = 1000kN

Torsional Shear

TD
0'Xy = Z_Ip

1000x103x 1

= = 129M
%%y = 2x(3868477672x10-°) ba
[, =054 =01 + 0, + 03 = 0yy
1 1
I = ) (0 03 — 05 05) = 2 (Oxy Oyx — Oyx Oxy) = 03y

— — 2 2 2 —
I3 = det 0jj = Oy Oyy Oy; — Oxx Oy — Oyy Oxy — Oz Oxy + 204y, Oy, Oy, = 0

So, we have

3 2 _ 3 2 _ 2 _
oy—lioy—Loy—lz=03— lioy—l,op=0) (05 —lop—1;)=0

Thus

0-)2\_110-}\_12 :O

Solution
1 1 ) )
0-1,2 = Ell i E Il + 412

Principle Stress

1
o =5 (0xx + Oyy) + J(oxx — Oyy)? + 40%y



1
o, = EGXX + E O')Z(X + 40-)2(3/'

1 1
01 = Eo_xx - E 0-52(X + 40-)2(3/'

i

Oyxx = —500Mpa
Oy = +129Mpa

1 1
0y = —(500) - (5) J(5002) + (4x1292) = —531.3Mpa

1 1
0 = 5(500) + (5) J(5002) + (4x1297) = 31.3Mpa

o; = —531.3Mpa
o, = 31.3Mpa

03:0

Normal Stress

(O3] + (0]
Thormal = 2

—531.3+ (31.3)
Thormal = 2 = 250Mpa

Maximum Shear Stress

01 — 03

Thmax — 2

—531.03 — (31.3)
Tmax = 5 = 281.3Mpa




