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Pipes and tubes

Tube calculation for industrial and mobile applications acc. to DIN rules

DIN 2413 I, only for static load

Calculation of working pressure of steel tubes for static stress up
to 120°C. Corrosion - additional allowancess are not considered
for the calculation of pressures. Tubes with a diameter of OD/
ID > 2 are calculated for static stress in accordance with DIN

DIN 2413 III, for dynamic load

Calculation of working pressure of steel tubes for dynamic
stress up to 120°C.

Corrosion - additional allowances are not considered for the
calculation of pressures.

2413 111, but with K =yield strength.

P 20*K*s*c
o 20 K*s*c S*D+s™*c)
-7 s D
P = permissible working pressure [bar]
P = permissible working pressure [bar] K = fatigue strength [N/mm2]
K = yield strength [N/mmz2] s = tube wall thickness [mm]
s = tube wall thickness [mm] ¢ = factor for wall thickness allowance
c = factor for wall thickness allowance = 0.8 for Tube-OD 4-5
= 0.8 for Tube-OD 4-5 = 0.85 for Tube-OD 6-8
= 0.85 for Tube-OD 6-8 = 0.9 for Tube-OD 10-80
= 0.9 from Tube-OD 10 = 0.9 for all stainless steel tubes
= 0.9 for all stainless steel tubes S = safety factor = 1.5
S = Safety factor =1.5 D = tube outside diameter [mm]
D = tube outside diameter [mm]

Burst pressure calculation

Calculation of static burst pressure for seamless tubes acc. to

Faupel-von-Mises. 5 D Rpo.2
BP = Rpo.2 *10\/Tln F*(Z- Rm )
BP = Min. static burst pressure [bar]
R = tensile strength [N/mm?]
Reo2 = 0.2% proof stress, yield strength [N/mm?2]
D = Tube outside diameter [mm]r
d = Tube inside diameter [mm]

Tube calculation for marine and offshore acc. to DNV rules

Calculation of working pressure of steel and stainless steel Calculation of burst pressure:

tubes for ship building acc. to DNV Part 4, Chapter 6, Section 6. 20*Rm*tn*a
20" ct™e "to BP:—W—
P = -
D-to

stainless steel: carbon steel:

P = permissible working pressure [bar]

BP = approximate burst pressure [oar] sz oo K o= B o K
ot = permissible stress [N/mmz2] 2.7 1.6 2.7 1.8
calculated from the lower value off:

to = tube wall thickness without allowences [mm] to= th-a-c-b

tn = tube wall thickness nominal [mm]

a = factor for wall thickness allowence b _1 .D x4
= 0.8 for Tube-OD 4-5, 0.85 for Tube-OD 6-8, 0.9 for Tube-OD >=10 25 R 0
= 0.875 for Schedule Pipes th*a-c
= 0.9 for all stainless steel tubes b=0.1833*to (at R/D=3) — to= EREEER

= bending allowence

corrosion tolerance, ¢ = 0.3 mm for hydraulic steel tube, ¢ = 0 mm for SS tubes
strength ratio: for seamless tubes e = 1

tube outside diameter [mm]

min. tensile strength [N/mm2]

min. yield strength or min 0.2% proof stress [N/mmz2]
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Pipes and tubes

Pressure reductions and temperatures

Required pressure reductions (depending on the material) with reference to the catalogue pressures for higher temperatures.
Both metal fitting material and elastomeric sealing compound have to be selected according to the temperature range of the system.

DNV may require different pressure reduction based on application

Pressure reduction of permissable operating temperatures TB in °C
-60 | -54 | -40 | -35 | -25 | +20 | +50 | +100| +120 | +150 | +175 | +200 | +250 | +300 | +400
Steel components -10% 0% -11% -19%
Steel, tubes -10% 0% -19% -27 %
Stainless steel components 0% -5% -15% -23% | -29% -33% | -37% -42%
Stainless steel, tubes 0% |-5.5 %|-11.5% -21.5% -29% -34%

Sealing material NBR
(e.g- Perbunan)

Material

Sealing material FKM

Sealing material
Polyurethan (P5008)

Permissible operating temperature
Ambient temperature of hydraulic and pneumatic applications
Temperature not permissible

Calculation example: Formula:
Temperature = 200°C
Material = Stainless steel PN 200°c
Pressure reduction = 29%

i — 0,
Pressure reduction tubes = 21.5% 362 bar (100% — 21.5%) = 284 bar

PN o =
PN tube 16x2.5/71. DIN2413 IIl = 362 bar be 200°C T 100%

_ 400 bar
100%

x (100% — 29%) = 284 bar

Flow diameter of tube lines

Determining tube sizes for hydraulic systems The table is based on the following recommended flow rates
Proper tube material, type and size for a given application and that are common in the shipbuilding and offshore engineering:
type of fitting are critical for efficient and trouble-free operation

m
. . .. Pressure lines -3 7.2 [—]
of the fluid system. Selection of proper tubing involves choos- s

ing the right tube material, and determining the optimum tube Return lines —2 —>4.5 [ﬂJ

size (0.D. and wall thickness). s

Proper sizing of the tube for various parts of a hydraulic system Suction lines =1 —1.8 [ﬂl
s

results in an optimum combination of efficient and cost effec-
tive performance. Avoid flow rates > 8 m/s!

A tube that is too small causes high fluid velocity, which has The resulting forces are high and can destroy the tube lines.
many detrimental effects. In pressure lines, it causes high fric-
tion losses and turbulence, both resulting in high pressure drops
and heat generation. High heat accelerates wear in moving parts
and rapid aging of seals and hoses, all resulting in reduced com-
ponent life. High heat generation also means wasted energy,
and hence, low efficiency. Too large tubes increase system cost.
Thus, optimum tube sizing is very critical. The following is a
simple procedure for sizing tubes.

If you desire to use different velocities than the above, use the
following formula to determine the required flow diameter.

Tube - I.D. [mm] = 461 x | ———m8
m

Velocit |—|
y s

Determine required wall thickness

Use tube/pressure calculation tables shown in the tube chapter

Determine required flow diameter to determine recommended wall thickness for the required
Use table to determine recommended flow diameter for the working pressure and flow diameter of the line. Therefore
required flow rate and type of line. choose a working pressure which is equal or higher than the

required working pressure.

ENGINEERING YOUR SUCCESS.
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