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1. Introduction

The aim of this study is to compare design pres-
sure calculation methods of different standards with Von-
Mises and Tresca criteria and to try to make an equation
based on safety factors and Von-Mises criteria for any pipe
thickness design pressure calculation. This equation will be
conservative but universal and simple to use for thick and
thin wall pipes.

This is important for industrial companies, be-
cause of huge amount of standards and methods. Quite
often engineers wonder which standard and what safety
factors to use. It is easier if you know how far it is to Von-
Mises criteria.

There is about 1 million km gas and crude oil
pipelines in the world and all of them have to be time by
time assessed by different methods. In many countries, the
methodology of design pressure is based on the country
regulations. Some of the countries have there own stan-
dards, but some of them use other countries standards, or
international standards.

There are many discussions which standard is the
best one. The main difference in standards is the safety
factor, which depends on material, diameter, wall thick-
ness, environment, loads, pipe manufacturing procedures
and industrial experiences.

The second part of the equation is based on hoop
stress as a yield strength and internal pressure. This part is
very similar among standards for thin wall pipes.

There are many scientists, who works on develop-
ing standards as much exact as possible. To be conserva-
tive it means to have extra costs for early pipe replacement.
To be less conservative it means to have some accidence
with extra costs for accidence damages.

The pipelines are widely used in USA (500000
km pipeline network), Europe (400000 km pipeline net-
work) and Russia (300000 km pipeline network).

Lithuanian gas pipelines were built in 1961 year.
There are 1620 km long main gas pipelines and 1915 km
distribution pipelines, which were built of steel 3, 4 cate-
gory.

Most of the steel pipes are in operation for 15 - 40
years. Gas pipelines, which are built of fourth category
steel are in operation for more than 20 years.

Crude oil pipelines in Lithuania are about 400 km
long and they are 5-30 years old.

2. Pipe internal design and yield pressure limit calcula-
tion methods

In this study it was used 4 main ASME, DNV,
ISO and CHull different standards for simple design pres-
sure calculations based on wall thickness, diameter and
yield stress for thin pipes.

It is quite complicated to analyse generally these
standards, because the equations are based on the hoop
stress and safety factor that is related with many other fac-
tors and best practices. The best way is to divide hoop
stress calculation methodology and safety factor and then
compare them.

In all of these norms design pressure in pipes is
based on:

e wall thickness,
e diameter,
e specified minimum yield strength.

Safety factors based on:

e material characteristics,

e environment,

e Joads,

e temperature,

e type of pipe manufactory,

o other integrated correction factor.

The equation could be structured as follows

p design = safety x p hoopstress

where p,,.., i pipe design pressure, F, is safety fac-

safety

tor, related on fabrication and operation factors, pj,,,res

is pressure limit based on hoop stress for thin pipe (Von-
Mises criteria for thick pipes) as a yield stress.

For comparison of standards in general case it is
useful to make equation as a function where the pressure
and yield stress ratio is related with wall thickness and
outside diameter ratio function.

The American standard ASME B31.13 is used for
piping in industry [1]. The DNV-OS-F101 standard is
used for underwater pipelines [2] and ISO /FDIS 11960 is
for petroleum and gas pipes industries — steel pipes for use
as casing or tubing for wells [3]. CHulI is for under ground
or on ground pipelines [4], therefore it is complicated to
compare standards to each other, but it is possible to com-
pare with classical methods as Von-Mises and Tresca crite-
ria.

The most changeable safety factor is in CHull
standard, because of this standard bright use in different



environments.

Additionally to these standards for the check how
far it is the design pressure from yielding stress was used
the additional 5 classical methodologies and Finite Ele-
ment Method:

e analytical Tresca criteria for yield stress calculation,
which is classical two dimensional method,;

e analytical Von-Mises criteria for thick wall pipes yield
stress calculation for a pipe with open valves which is
classical three dimensional method,;

e analytical Von-Mises criteria for thick wall pipes yield
stress calculation for a pipe with closed valves which is
classical three dimensional method;

e analytical Von-Mises criteria for thin wall pipes yield
stress calculation for a pipe with open valves which is

classical three dimensional method;

e analytical Von-Mises criteria for thin wall pipes yield
stress calculation for a pipe with closed valves which
are classical three dimensional method;

e Von-Mises criteria based on Finite Element Method
(Software ANSYS) for yield stress calculation for a
pipe with open valves, which is three dimensional
method.

The main equations of standards are shown in Ta-

ble 1 and classical methods are shown in Table 2.

The universal equation based on Von-Mises crite-
ria for thick pipes p, (Table 2, equation 8) and the stan-

dard safety factor ' (Table 1) is shown in Eq. 10.

Table 1
Straight pipe internal design pressure limit calculation by different standards
Standards Straight pipe internal design pressure limit p, calcu- Pa 7 t
lation equation and comments o, b
ASME-B3.13-1999 2o, t
“Process piping” [1] Pi=Fo—= (t<D/6), Y =04-0.7 and Py g D "
Tt
(t>D/6), y=—1% Oy 1-2r L
Dtd+2c D
Safety factor
F=0.8-1.0
DNV-0S-F101 “Sub- 200, = 1y temp) t
marine pipe systems” Pog=tr—T——, N
2] (D—1) Pi _oyp_ D

=
2 Oy 1— *
F = ﬁ— D
Yl scVine Safety factor
F=0.670-0.838
ISO /FDIS F 2t t
11960:2004(E) P, = ~ p D
“Petroleum and natural D=2t O_—d =2F 7 3)
gas industries — steel y 1-2—
pipes for use as casing D
or tubing for wells” [3] Safety factor
F =0.875 (Max)
CHulI 2.04.12-86 [4] 2to m t
pa=F ~, F= S
D -2t kzknn p_d=2F D (4)
o  1-2L
D
Safety factor

F=0.518-0.826

In Table 1: p, is design pressure based on yield strength; F is safety factor; ¢ is wall thickness; D is outside

diameter; o y is yield strength; d is inside diameter; ¢ is sum of mechanical allowances (corrosion, and erosion);

a, =0.96-1.00 is material and temperature factor, material strength factor; y, =1.15—1.00 is material resistance factor,

7, =1.040—1.308 is safety class resistance factor; y,,. =1.1 is conditional load effect factor; fy ,, is yield strength de-

rating value related on temperature; m = 0.8 —1.1 is factor related on pipe environment; k, =1.1-1.2 is factors related on

pipe characteristics; k£, =1.00—1.15 is factor related on pipe diameter and pressure; n =0.8—1.5 is factor related on load-

ing.



Table 2

Straight pipe internal yield pressure limit calculation by different method

Classical methods

Straight pipe internal yield pressure limit p,, calculation

equation and comments

py _ [t
o__f(D)

y

TRESCA criteria for S » y AL
thick wall pipes [5] o, = (0'9 - O-r) , =2 —- (—j (5)
) o, D \ D
_, -
y y 2 k2 ?
k= D
D -2t
Von-Mises criteria for 1 t
thin wall pipe with open o= \/E [(‘71 -0) +(0- 0)2 +(0-0, )2] =0, Py D
valves based on principal 2 o =2 P (6)
t 6 =0, ——, rooI=2—
stresses [6] p,=0, Py
o, =0
Von-Mises criteria for 1 J3 t
thin wall pipe with Uy:\/—[(o'l O'z)z+(O'z_0)2+(0_0'1)2]:\/§0'2:70'1 Py 4 p
closed valves based on P ﬁ : ()
principal stresses [6] _ 0 g 1-2-—
02 =, 0 3 = 0 ,
2
p,= —\/gt
Y (D-2)

Von-Mises criteria for
thick wall pipe with open

principal stresses [5]

valves based on principal (k2 1) o =
stresses [5] py= , "l {’_(f) }
3k +1 b \D
D
k=
D-2¢
Von-Mises criteria for 1 [( )2 ( )2 ( )z] p 4| ¢ £\
thick wall pipe with o= \/— c,-0,) +lo,-0.) +lc.-0,) | —L=— ——[—) )

closed valves based on N2 Oy J3|p (D

4(k2 —1) 2

pM[ses closed valves — \/g pTresca

In Table 2: Dy is yield pressure; ¢ is wall thickness; D is outside diameter; o, is yield strength; o, is hoop

stress for thin pipes; ¢, is axial stress for thin pipes; o, is radial stress for thick pipes; o, is hoop stress for thick pipes;

o . is longitudinal stress thick pipes.

The object of this study is the straight pipe inter-
nal pressure limit. The bending and external forces condi-
tions are not included.

The final universal equation for conservative de-
sign pressure express information depending on design
standards in any wall thickness would be

el

3. Pipe internal design pressure calculation methods
comparison with Von-Mises and Tresca criteria

The first step is to compare yield pressure limits
based on Tresca and Von-Mises calculation methods and
FEM ANSYS software results, as it is shown in Fig. 1.

Tresca method is more conservative than Von-
Mises and can be used additionally for conservative yield
pressure calculation.

For thin pipes the Tresca and Von-Mises criteria
calculation results are very similar but for thick pipes it can
be quit conservative.

As it is known Von-Mises criteria which is more



exact method and can be used for thin and thick pipes for
yield stress calculation was used as a main equation for
comparison with standards.
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Fig. 1 Comparison of different yield pressure calculation
methods: / - Von-Mises criteria for thin pipes with
closed valves; 2 - Von-Mises criteria for thin pipes
with open valves; 3 - Finite Element Method based
ANSYS Software calculation results; 4 - Von-Mises
criteria for thick pipes with closed valves; 5 - Von-
Mises criteria for thick pipes with open valves;
6 - Tresca criteria

The finite element calculation method results for
Von-Mises yielding pressure are between the results of
analytical methods Von-Mises for thick wall pipes and
Tresca.

The more accurate finite elements meshing brings
results near to Von-Mises analytical line for thick wall
pipes.

The next step is to compare the standards with
Von-Mises criteria and try to show the limits where the
standard reaches the Von-Mises yield stress stage.

As an example the ASME-B3.13-1999 “Process
piping” [1] standard design pressure calculation is divided

to thin wall pipes (t/ D<6) and thick wall pipe
(t/D>6).

The comparison results of ASME design pressure
and Von-Mises yielding stress stage for thick wall pipes is
shown in Fig. 2.

The ASME standard design pressure reaches the
Von-Mises criteria in wall thickness and diameter ratio
values 0.05, but usually the safety class was used in the
calculation as a normal class and then the design pressure
reaches the yield strength in ratio 0.173 (see Table 3).

In case of using high safety class for welds calcu-
lation the design pressure limit reaches the yield strength in
ratio 0.4.

The DNV standard design pressure comparison
with yield pressure based on Von-Mises criteria is showed
in Fig. 3

The low safety class DNV design pressure rea-
ches the Von-Mises criteria in wall thickness and diameter
ratio value 0.127, but usually the safety class is used in
calculation as a normal class and then the design pressure
reaches the yield strength in ratio 0.170 (see Table 3).

In case of using high safety class calculation the
design pressure limit reaches the yield strength in 0.233.

The ISO standard design pressure comparison
with yield pressure based on Von-Mises criteria is shown
in Fig. 4. The normal safety class is design maximum
safety factor 0.875 and then the design pressure reaches the
yield strength in ratio 0.059 (see Table 3).
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Fig.2 ASME standard design pressure and Von-Mises
yield pressure comparison: / - ASME “Low safety
lass”; 2 - ASME“ Normal safety class”; 3 - Von-
Mises criteria for thick pipes with open valves
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Fig. 3 DNV standard design pressure and Von-Mises yield
pressure results comparison: / - DNV “Low safety
class”; 2-DNV “Normal safety class”; 3 - DNV
“High safety class”; 4 - Von-Mises criteria for thick
pipes with open valves
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Fig. 4 ISO standard design pressure and Von-Mises yield
pressure results: /-ISO “Normal safety class”;
2 -Von-Mises criteria for thick pipes with open
valves



CHulI is the Russian standard used for under-
ground and on ground pipes is very popular in Post Soviet
countries. The standard is made for very bright use in dif-
ferent environments and conditions. The comparison of
CHulII design pressure and Von-Mises yield pressure val-
ues are shown in Fig. 5.

CHulII (for wall thickness 12 mm) reaches the Von-
Mises criteria if wall thickness and diameter ratio is equal
0.08 and if R/R,=<0.8 than #/D=0.128 (see Table 3), and
R/R,>0.8 than 0.141.
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Fig. 5 CHull standard design pressure and Von-Mises
yield pressure results: / - CHull “Low safety class”;
2 - CHull “Normal safety class”; 3 - CHull “High
safety class”; 4 - Von-Mises criteria for thick pipes
with open valves

Table 3
Wall thickness and diameter ratio limits for standards #/D
Wall thickness and diameter ratio maxi-
Standard mum limit (po/o=t/D)
by normal safety class
Safety factor Reaches the Von-
Mises value /D
ASME 0.800 0.173
DNV 0.770 0.170
ISO 0.875 0.059
CHull 0.540 0.128

4. Design pressure calculation based on VVon-Mises cri-
teria for any pipe wall thickness and diameter ratio

The very useful information is to compare normal
safety class design pressure values and Von-Mises values.
Based on international standard ISO/FDIS 11960 the de-
sign pressure should be with minimum safety case 0.875 of
the yielding pressure [3]. Yield limit based by Von-Mises
multiply on safety factor would be an approximate design
pressure. The other interesting fact is that the results of
corrected figure is very near to Tresca values, but if to de-
crease the safety factor to 0.866 we get even more similar
value of Von-Mises to Tresca.

The universal equation for design pressure ex-
press information in any wall thickness would be very use-
ful for approximately calculation and one of the solutions
could be the Von-Mises equation with safety factors 0.866
which is very similar to Tresca criteria.

The conservative normal safety class design pres-
sure results based on Von-Mises criteria and the safety

factor for comparison with standards are shown in Figs. 6-
9.
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Fig. 6 ASME standard design pressure (normal safety
class) and Von-Mises based design pressure calcula-
tion method: / - Von-Mises criteria for thick pipes
with open valves; 2 - Von-Mises criteria for thick
pipes with open valves with ASME safety factor; 3 -
ASME “Normal safety class”

0.1
0.08 -
1\\\/////’/,/
- 0.06 =
g 3
< 0.04 o 2
0.02 /
O T T T
0.01 0.02  0.03 0.04 005
/D

Fig. 7 DNV standard design pressure (normal safety class)
and Von-Mises based design pressure calculation
method: / - Von-Mises criteria for thick pipes with
open valves; 2 - Von-Mises criteria for thick pipes
with open valves with DNV safety factor; 3 - DNV
“Normal safety class”
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Fig. 8 ISO standard design pressure (normal safety class)
and Von-Mises based design pressure calculation
method: / - Von-Mises criteria for thick pipes with
open valves; 2 - Von-Mises criteria for thick pipes
with open valves with ISO safety factor; 3 - ISO
“Normal safety class”
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Fig. 9 CHull standard design pressure (normal safety
class) and Von-Mises based design pressure calcula-
tion method: / - Von-Mises criteria for thick pipes
with open valves; 2 - Von-Mises criteria for thick
pipes with open valves with CHull safety factor;
3 - CHull “Normal safety class”

5. Example of pipe internal design pressure calculation
by standards and their comparison with purposed
equation

To compare the results the popular steel 17T°C for
720mm diameter and 12mm wall thickness pipe was used.

The chemical composition the pipe material is
shown in Table 4 and mechanical characteristics are shown
in Table 5.

The pipe belongs to “Normal safety class”. Calcu-
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lation results and the comparison are shown in Table 5.

Based on the real data example the results of pres-
sure limit Von-Mises criteria for a pipe with open valves
analytical equation was the same as by the finite element
calculation method in ANSYS software.

Table 4
Steel 17I°C pipe chemical composition
C Mn Si S P
0.15- 1.15-1.55 | 0.4-0.6 | Min Max
0.2 0.035 | 0.035
Table 5
Pipe geometry and mechanical characteristics
Dia- Wall Max Yield | Ultimate
meter, | thickness, | pressure, | strength, | strength,
mm mm MPa MPa MPa
720 12 11.8 353 510-630

The yielding pressure limit Von-Mises criteria
with open valves should be the most exact pressure limit
calculation method. Additionally to this it should be added
the safety factor and assessed the pipe, fluid, ground or
water weight, bending appearance and distance between
props.

The results of the proposed method are shown in
Table 6.

Table 6
Pressure limit calculation results based on real data for normal class pipe (Table 4 and 5)

Method | Safety | Valid inter- The error by interval, Von- Purposed Design pres- | Differ-

factor val, Mises Von-Mises sure by stan- ence,

t/D yield based design dards, MPa %
Max, % Average, % | pressure, pressure
MPa method, MPa

ASME 0.800 | 0.000 - 0.050 4.6 2.3 11.8 9.4 9.5 1.05
DNV 0.770 | 0.000 - 0.050 5.6 2.8 11.8 9.1 9.2 1.09
ISO 0.875 | 0.000 - 0.050 5.6 53 11.8 10.3 10.7 3.74
CHull 0.540 | 0.000 - 0.020 8.3 2.8 11.8 6.4 6.6 3.03

Tresca yield pressure 11.6 MPa,

Von-Mises yield pressure 11.8 MPa (for thick wall pipes with open valves),

Von-Mises with yield pressure 13.4 MPa (for thick wall pipes with closed valves),

Von-Mises based on principal stress yield pressure 12.2 MPa (for thin wall pipes with open valves),

Von-Mises based on principal stress with yield pressure 14.1 MPa (for thin wall pipes with closed valves),

Von-Mises criteria based on ANSY'S software by Finite Elements Method with “open valves” yield pressure 11.8 MPa

The Von-Mises criteria for “pipe with open
valves” has no axial stress for internal and the Von-Mises
criteria for “pipe with closed valves” axial stress for inter-
nal pressure is not equal to zero.

The thin wall pipe is the pipe with wall thickness
less than 0.05 pipe diameter value and the thick wall pipe
is the pipe with wall thickness over the 0.05 pipe diameter
value.

6. Conclusions
1. All standards design pressure for thin pipe cal-

culation methods are based on safety factor and hoop
stress. The design pressure depends on: wall thickness,

diameter, specified minimum yield strength, safety factors
(based on material characteristics, environment, loads,
temperature, type of pipe manufacture, integrated correc-
tion factor).

2. The most conservative and complicated stan-
dard is Russian norms CHull 2.04.12-86. This standard
has a lardge amount of factors and values of the factors can
be very different depending on situation.

3. The most simple for use and least conservative
standard is ISO /FDIS 11960:2004 Edition, because of
main rule that design pressure should have a minimum
safety reserve 12.5% of minimum specified yielding stress.

4. The study showed us that all standards ASME,
DNV, ISO and CHull can be over calculated value of




Von-Mises criteria for thick wall pipes with open valves
depends on wall thickness and diameter ratio.

5. Calculation methods of thick wall pipe yielding
pressure are more exact than for thin wall pipes because of
radial stress that is included for thick wall pipe.

6. Calculation methods of the Von-Mises criteria
pressure yielding limit for thick wall pipe with open valves
(instead of hoop stress) with safety factor could be used as
universal design pressure calculation method, because it is
accurate for thick and thin wall pipe internal pressure cal-
culation.

7. The proposed method (equation 10) is universal
for any wall thickness and pipe diameter and is very useful.
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VAMZDZIO PROJEKTINIO BEI TAKUMO RIBOS
SLEGIO SKAICTAVIMO METODIKU PALYGINIMAS

Reziumé

Tyrimas parodé, kad Mizeso storasieniy vamzdziy
vidinio slégio, prie kurio pasiekiama takumo riba, skaicia-
vimo metodika, atsizvelgiant | atsargos koeficienta, galéty
buti taikoma tiek plonasieniy, tiek storasieniy vamzdziy
projektinio slégio skai¢iavimui.

Analizé parodé, jog nagrinéti standartai ASME,
DNV, ISO ir CHulI yra skirti plonasieniams vamzdziams
ir gali vir§yti Mizeso kriterijaus vert¢ skaiCiuojant pagal
storasieniy vamzdziy metodika. Tai paaiSkinama tuo, kad
plonasieniy vamzdziy stiprumo skai¢iavimuose neatsizvel-
giama | radialinius jtempius.

Pasitlyta metodika gali buti taikoma storasie-
niams ir plonasieniams vamzdziams.

Sitilomoje metodikoje projektiniam slégiui ap-
skaiCiuoti atsargos koeficientas parenkamas pagal atitin-
kama standarta.
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COMPARISON OF PIPE INTERNAL PRESSURE
CALCULATION METHODS BASED ON DESIGN
PRESSURE AND YIELD STRENGTH

Summary

Von-Mises pressure yielding limit calculation
method for thick wall pipe with safety factor could be used
as a design pressure calculation method and would be uni-
versal for any wall thickness and diameter ratio pipes.

The study showed us, that ASME, DNV, ISO and
CHull standards are designed for thin wall pipes and can
be over thick wall pipes Von-Mises criteria. It happens
because in methodology for thin wall pipes is no radial
stress.

The purposed method can be used for thin and
thick wall pipes.

The safety factor for design pressure in the pur-
posed method is used from appropriate standard.

M. bepeiima, A. Kumokac, B. Jleiimmc, A. FOrac,
P. Inmxekac

CPABHEHUE METOMK PACUETA TPYb HA
I[MPOYHOCTS IT1O ITPEJIEJTY TEKYUECTU 1
[MPOEKTHOMY OABJIEHUIO

Pe3zmomMme

B crarbe mokazaHo, YTO METOJMKA pacyeTa BHYT-
peHHero naBieHus Tpyo no Musecy yunTbiBas koaddurm-
€HT 3araca MPOYHOCTH, MOXET HCIIOJIb30BaThCs MPU pac-
4eTe MPOSKTHOTO AaBJICHUs, KaK JJIsl TOHKOCTEHHBIX, TaK 1
JUTS. TOJICTOCTEHHBIX TPYO.

[IpoBeneHHbli aHaNMKU3 MOKa3all, YTO TPU pacueTe
cornacHo crangaptam ASME, DNV, ISO u CHull nomny-
YeHHbIE TpeesIbHbIC 3HAUYCHUS] MOTYT MPEBBIILIATh 3HAYC-
HUS TEKYYeCTH IO KpUTepHro Mmuseca. IT0 0OBsACHACTCS
TeM, YTO HPH pacyeTe TOHKOCTCHHON TPyOBI COIJIacHO
CTaHJApPTHONH METOJMKE HE YUYHUTHIBAIOTCS paJHalIbHbIC
HAIPSDKEHUS.

[MpeanoxeHHass METOUKA MOXET OBITh H3IOJb-
30BaHa KaK JUIsl TOHKOCTEHHBIX, TaK U JJISl TOJICTOCTEHHBIX
TpyO, a koaddulKeHT 3anaca NPUHAMAETCS COTJIACHO CO-
OTBETCTBEHHOMY CTaH/IApTYy.
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