Example DPE:
Cvlindrical vessel loaded with external pressure

Given:
Cylindrical vessel loaded with external pressure p.= 0.1 MPa, with outside

diameter D, = 1500 mm and length L = 1600 mm, steel with yield point ok = 210

MPa and modulus of elasticity E =210 * GPa. Corrosion allowance isc =1 mm.

Task:

Specify needed wall thickness s =7,
By reason of simplification we will study a cylinder without effects of transition

stress near bottoms and footings.

Specification of wall thickness according Czech standard CSN
690010, part 4.5

a) Calculating wall thickess is approximately specified from following

eqguation
(part 3.2.1)

L1*p*D
2*[01)]

s, =Max K, *D*107;

Realized wall thickness is

S2Sg+C

For Ky=L /D =1600/1500 = 1.07
and K; = (ny*p)/ (2.4*10°*E) = (2.4*0.1) / (2.4*10°*2.1*10°) = 0.48
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Where ng=24 ... safety coefficient against a stability loss in an elastic

region (according part 4.2)

we specify from diagram fig.3: K, =0.32

Then itis

s'r = K,*D*107 = 0.32*1500*10 = 4.80 mm
s“g = 1.1*p*D / 2*[op] = 1.1*0.1*1500 / 2*140 = 0.59 mm

sr = Max {4.80; 0.59} = 4.8 mm
$s>24.8+1.0=58mm

Realized wall thickness s = 7 mm is suitable.

b) Maximal allowed external pressure is specified according €l 3.2.2.

[p]_ [pp]

[p,])
[P ]

Where an allowed external overpressure in a plastic state is

1+

%k k _ %k %k —
[pp]zz lo, |* (s c) _2*140%*(7,0 1’0):1,12MPa
D+(s—c) 1500 +(7,0—1,0)
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and allowed external overpressure in elastic state is

— 2
p ]:20,8*106*E*2* 100 * (s — c) *\/100*(5—@
¢ n, * B, L D D
Where is

nu=24 ... safety coefficient against a stability loss in an elastic region

for working conditions (according part 4.2)

g

B = Min{1,0945+ 2 | D _
L \100*(s—c)

.

e

B, = Min{1,0;9,45*

\

B, =1{1,0;14,0}=1,0

1500 , [ 1500
1600 | 100*(7 1)

Then it will

106 %7 1%105 *7_1\1? * (7 _
[pE]:ZO,S 10 2,1*10 >l<15()0>{100 (7 1):| *\/100 (7 1>:O,173MPa

2,4*1,0 1600 1500 1500
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Maximal allowed external overpressure is

[r]= L12] =0,171MPa> p,,.. =0,1MPa

2
[1,12]
_|_
[0,173]
From the point of view the external overpressure the cylinder shell is
O.K.

c) Check of the allowed external overpressure according simplified

eguation with using of diagram fig.3

[pl=2ax K207 "E

ng where for parameters

C100%(s—c¢)  100*(7-1)

K, 0,40
D 1500
L 1
g, =L 10904,
D 1500

From diagram on fig.3 we can specify K; = 0.88. The point lies below the

the dot-dash line (see the next page)

3 % 3 %
10°*[5,] _ 10 14? 067
E 2,1%10

and therefore we can use the above mentioned simplified equation.
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Diagram for calculation of cylindrical shells for
stability in elastic state for external overpressure
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a) preliminary specification of wall thickness s
b) check of maximal alloweed external overpressure pe
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Then is the maximal allowed external overpressure

*10° %2 1%10°
[p]:2,4*0’88 721710 _ 0,185 MPa

9

[p]> Pworking = 0,1 MPa

Realized wall thickness s =7 mm even from the viewpoint is O.K..

Other check calculation for the calculated wall thickness

In chap. a) the minimal calculating wall thickness Sg = 4,8 mm was specified.

The wall thickness 7 — 1 = 6 mm allows too high pressure (overdesigned
cylinder). Therefore we will do other check calculation for the minimal

calculating thickness. The procedure is similar as it was in the part ad b) but

instead value (S — C) the value Sy is used.

Allowed overpressure in the plastic state is

()] 2%[o, ]* (s —¢) _2%140%4,8
g D+(s—c) 1500 + 4,8

Parameter B; =1

=0,893 MPa

Allowed overpressure in the elastic state is

— 2
’ ]:20,8*106*E*2* 100 * (s — c) *\/100*(5—@
¢ n, * B, L D D

*1N-0 % *105 b 2 *
[y ] 20810 %2110 *1500*[100 4,8} o [100%48 _ 0 oo vipa
2,4*1,0 1600 1500 1500
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Maximal allowed external overpressure is then

)= 0893] 008 ppa< Priane = 0,100 MPa

o(omly

For the case is the wall thickness insufficient!

Calculation according an old Czech standard CSN 690010

Basic wall thickness specified from strength point of view is calculated like for

an internal overpressure but with a modified (higher) pressure.

__p*D
2%c, +p

*p

Sp

Where for L/D = 1600 /1500 = 1.07 and op/p=140/0.1= 1400

in a diagram 1 we can find a parameter B =4.7. Thenitis

1*1
S, = (:: 200 *47 =252 mm
2*140+0,1

Then we specify a basic calculating wall thickness from the point of view of
cylinder stability. We evaluate A=p/E*10°=0.1*10°/2.1 *10° = 0.476

For A=0.476 and L /D =1.07 from diagram 2 we find a ratio
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Then is the basic calculated wall thickness specified from the stability point of

view

Sg = 0.0033 * D =0.0033 * 1500 = 4.95 mm

The value is practically the same like was according the new Czech standard

CSN 690010 when was the basic calculated wall thickness Sg = 4,8 mm, but

after verification was slightly smaller (after recalculation was Sg = C. 4.9 mm -

for maximal allowed external pressure 0.10 MPa).

Calculation according European standard EN 13445-3

Calculations are performed according chapter 8. Remember that the standard

uses quite different symbols!

Firstly we must estimate an analyzed wall thickness €, and for it a pressure Py,

is specified. At the pressure reaches a mean tangential stress in the shell the yield

point (but in the standard is not specified how to estimate the value of e, —itis a

disadvantage of the standard EN!!).

%
P _O-e ea
=
R
Where o. = op = 140 MPag; €=SgR=S—-C=7-1=6mm

R=(D-5)/2=(1500-7)/2=746.5mm (mean cylinder diameter)

Then is
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x
» _140%6

= =1,125 MPa
746,5

Now we specify theoretical pressure for the elastic loss of stability of the shell

Pm:E*ea*g
R

Where for L /2R =1600/2*746.5 = 1.07 and
2R le, = 2*746.5/ 6 = 249

We can find in the diagram 8.5-3 parameter € = 0.00035. Then is

5 _ 21*10°*6*0,00035

. =0,59 MPa
746,5

For ratio P,/ Py=0.59/1.125=0.524 we can specify from diagram 8.5-5
value of ratio P, /P, =0.26.

External overpressure must be lower then the ratio P, / S, where

S = 1.5 (safety coefficient for working conditions).

P, /S$S=0.26/15=0.170 MPa> P =0.10 MPa

Realized wall thickness is O.K.

Note: According the new CSN 690010 was allowed overpressure 0.171 MPa.
From it follows that the EN is very slightly on the safety side.
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: Value ¢

Fig. 8.5-3
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