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The aim of this bachelor thesis was to implemesolality survey and strength calcula-
tions of TONISCO hot tapping gas valves under thgpsrt of ANSYS workbench and
with conservative hand calculations as far as ptssiThe TONISCO hot tapping gas
valves are available in DN50, DN80 and DN100 aretefore every valve has to be
proven according to its solidity. For the most aygpiate solution the manufacturer also
has to apply some main principles. The manufactuasrto eliminate or to reduce haz-
ards as far as is reasonably possible, to applyogappte protection measures against
hazards which are not possible to eliminate andrevappropriate, to inform users of

residual hazards to reduce all risks.

During the implementation of this Project, | usedthods such as conservative calcula-
tions according to standards and simulations suegdyy software. Delivered data by

the simulations were evaluated, used for furthutations and discussed.

The simulations were done for worst case conditems can be seen as a approxima-
tion of the reality.

As a result | found out that the TONISCO hot tagpgas valves can be seen as safe for
a use under a pressure of PN10 in all cases. TS© hot tapping gas valves DN80
and DN50 can even be seen as safe for PN16.

Key words: PressurequipmentDirective, Hot Tapping, FEM, Finite Element Method
ANSYS® Workbench, Strength Calculations, Solidity Survey
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1 INTRODUCTION

Since all kinds of pressure equipment represengla lmazard because of high internal
pressure that can lead to accidents and disatiters, is a need to prove that the equip-
ment can be used safely. Generally the involvdd rshould be avoided beforehand. In
order to avert all possible risks, standards Ike Pressure Equipment Directive were

developed to keep the handling of pressure equipategafe as possible.

According to the Pressure Equipment Directive ttageeseveral ways to prove the suf-
ficient safety of pressure equipment. In general ke of formulas and conservative
hand calculations are a commonly used tool in machbhengineering. Over the years
the used equations were developed to implemengla dafety standard in all fields of

mechanical engineering.

With formulas and hand calculations it is not ale/gpssible to consider difficult ge-
ometries and stress peaks which often occur. Becatishe technological progress
nowadays the software supported simulation withRim&e Element Method is a com-
monly used tool in mechanical engineering to deienthe stresses in parts under load.
Stress peaks become visible and can be evaluateecttp by the leading engineers.
Therefore the use of such simulation methods caseba as a responsible and reasona-

ble way for solidity surveys for parts in all fisldf mechanical engineering.

But such simulation methods also contain some riSksce the software supported
FEM simulation is just an approximation of the igakvery step like the fixed sup-
ports, the loads and the results has to be integbrrectly by the engineer.



2 ABOUT TONISCO

TONISCO Systems is a Finnish company founded ing@amin 1969 with the main

target to offer devices for the extension of amdkof pipe system.

In the beginning the main business of the compaayg the developing of innovative
drilling devices and attachments which should benufectured by other companies.
After a couple of years also the production of dnding devices and the attachments
was accomplished by TONISCO to ensure a consigtagit,quality standard.

In the first ten years TONISCO delivered their d@egi and attachments exclusively to
customers in Finland. Because there was a high nigrfieet hot tapping systems also in
other countries, TONISCO started to export themowative solutions to neighboring
countries and overtime to other European countmescountries all over the world. In
2007 about 80% of the whole production was exporbedl of Finland. Today
TONISCO is delivering their devices, attachments services to 20 different countries
directly or representatively. Until 2007 more tHa#0000 TONISCO hot tapping valves
and more than 1700 hot tapping drilling deviceseng®livered successfully.

One of the first hot tapping drilling devices was/en by a combustion engine. It was
developed to connect customers to the drinking mstetem. With that Drilling-Device
it was possible to carry out hot tappings in sizesn DN50 to DN200. A combustion
engine was used because electricity was not usemigcted at construction sites in the

past.

Later TONISCO developed Drilling-Devices with whitiot tappings on every usual
material were made possible (for instance plasteel and ferroconcrete). The devices

were be able to be driven electrically, manualjydraulically or pneumatically.

Because of the processing with several differenternads, suitable connection compo-
nents, drill bits and hole saws were required, nexdi knowledge was won through
years of experience. This knowledge helps to develew devices and to select the

right materials for new innovative solutions in kapping.(TONISCO. 2014a.)



2.1 About Hot Tapping

Hot tapping is a way to create branches of pipespipe systems. It is mostly used to
extend pipe systems without stopping the runnirgiesy. All drillings and welds are

done while there is pressure in the running system.

The advantage of the method is that there is nd testop the process and therefore
there is no disruption to the process or productidms reduces the potential loss of
money.

To run through a successful hot tapping procesbindrand welding abilities are re-

quired.

Target systems in the industry of hot tapping areiristance cooling systems, district
heating, gas and water distribution. (TONISCO. 2014

2.1.1 About TONISCO Hot Tapping

TONISCO developed several drilling devices for taggping. The drilling device used
depends on the size of drillings.

The needed branch also requires some customs ragath which were developed by
TONISCO in form of hot tapping valves. (TONISC012a.)

2.1.2 TONISCO Drilling Devices and Hot Tapping Valves

For different sizes of branches TONISCO is offeriinge different drilling devices

which were developed by the company itself.

» TONISCO Baby (DN15 — DN25)

» TONISCO Jr. (DN20 — DN100)
» TONISCO B30 (DN40 — DN200)
» TONISCO B40 (DN100 — DN500)
» TONISCO B70 (DN250 — DN700)

TONISCO offers four different, weldable types ofwes for different ranges.
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DN20 — DN100 (includes the Gas Valves)
DN125 — DN250

DN300 — DN450

DN500 — DN700

(TONISCO. 2014a.)

v v Vv Vv

2.1.3 Remaining Products and Services

TONISCO offers training sessions in hot tappinghviiteir devices to ensure that the
participants are able to do hot tapping in therian their own.

There are also several methods to carry out hgirigpIn the following chapter | will
show how TONISCO carries out hot tapping with tf@NISCO hot tapping gas valve

which will be investigated in this thesis.
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3 ABOUT HOT TAPPING WITH THE TONISCO HOT TAPPING GAS
VALVES

3.1 TheTONISCO Hot Tapping Gas Valves

The TONISCO hot tapping gas valves are availabl¢ghmee different sizes (DN50,
DN80 and DN100). They were developed with secuntynind during the hot tapping

process under flammable conditions.

Since the usual, weldable TONISCO hot tapping \&lveght have small amounts of
leakages with any kind of fluid during the hot taggpprocess, it is too dangerous to

close the sluice by welding if flammable gasesimvelved.

The TONISCO hot tapping gas valves consist of thrass, the lower and the upper
part of hot tapping valve and the shield. The umyet the lower part of the hot tapping
valve will be welded during the manufacturing atNISCO.

Since usual weldable hot tapping valves will bedsel at the sluice, TONISCO invent-
ed the shield to caulk possible leakages at thieesland therefore to avoid accidents

with flammable gases during the welding process.

The seals on the outside of the valve in combinatiith the shield seal up possible

leakages from the sluice.
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Upper part

Seal

Welding
Sluice
Shielc

Lower part

Picture 1. TONISCO DN80 Gas Valve with and with8hield

3.2 TONISCO Hot Tapping Method with the TONISCO Hot Tapping Gas
Valves

Picture 2. TONISCO Hot Tapping Gas Valve with regdimateria[TONISCO. 2014d)

Required main devices and material

-  TONISCO hot tapping valve
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-  TONISCO silicone

- TONISCO sluice plate

- TONISCO Jr. or TONISCO B30

- Electrode welding machine

- Compressor

- Adapter piece of pipe (same size than TONISCO dqmping valve)
(TONISCO. 2014d.)

The first step of the TONISCO hot tapping with tiees valves is to prove if the thick-
ness of the pipe, where the Hot Tapping procesddhe done, is thick enough. This
step is done with x-ray or ultrasound device wistlows the thickness of the wall of
the pipe to ensure that there are no irregulardies the walls are thick enough for a
safe welding. After that a piece of pipe will bgusted to the outside diameter of the
pipe where the hot tapping process will be donee @md of that piece of pipe should fit
to the outside diameter and should have chamfeisotm sides for the welding in the
next steps(TONISCO. 2014d.)

Picture 3. Installation Step 1 (TONISCO. 2014c)

The piece of pipe will be welded on the main litectrically.

After the welding of the piece of pipe is finishié@ hot tapping gas valve can be weld-
ed on it. The welder has to ensure that every igawelded on the right position.
(TONISCO. 2014d.)
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Picture 4. Installation Step 2 (TONISCO. 2014c)

In the next step the drilling machine is mountedtma hot tapping valve and the valve
can be set with the compressor under internal pres3he tightness of the drilling ma-
chine — valve — assembly is checked by a presssteAfter checking the tightness the
drilling should start by using the central drillcaafter the hole sawWTONISCO. 2014d.)

Picture 5. Installation Step 3 (TONISCO. 2014c)

When the drilling is finished the cut out piecepybe will be held by the barb of the
main drill and can be removed to the position aver sluice of the valve. The metal

shavings will be held by a magnet inside of theetgd@w. Subsequently insert the sluice
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plate after adding some silicone onto it and takee ¢hat it is fully pushed through.
(TONISCO. 2014d.)

Picture 6. Installation Step 4 (TONISCO. 2014c)

The drilling machine can be removed after the press drained out of the upper part.
The prepared branch of the main line is welded ¢mtchot tapping valve. Pressure test
of the branch line is required by adding internadsgure on it. When the tightness is
proved the sluice plate can be removed. Subsequirtishield of the hot tapping gas
valve shall be moved over the sluice. If there weakages in the sluice, the shield will
caulk them and it will be welded on the lower ahd upper part of the TONISCO hot
tapping gas valvgTONISCO. 2014d.)
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4 STANDARDSAND REGULATIONS

Several kind of standards are prepared to desidrtaprove different kind of vessels,

pipes and attachments which are shaped like vessdlpipes.

Purpose of these standards is that the proved qantbe used safely with every kind of

allowed loads and in every kind of allowed envir@mn

4.1 Pressure Equipment Directive

In 1997 the European Union issued the PressurepBwunt directive as a valid standard
for vessels and pipes all over the member statdsedEuropean Union.

Since already given standards like DIN EN are Huify the requirements of the Pres-

sure Equipment Directive, it is recommended to mErshem.

4.2 Other Standards

In this Thesis | will consider the PED, DIN EN atitce AD 2000 Regulations (which
are totally harmonized with the PED) as given séadsl. Therefore | will fulfill their
requirements and | will use given standards forstblation of my task.

4.3 Categorization According to the Pressure Equipment Directive

4.3.1 Pressure Equipment Directive

The Pressure Equipment Directive is valid for tkeign, manufacturing and evaluation

of pressure equipment with a maximum allowed presstimore than 0.5 bar (article 1
section 1.) (Pressure Equipment Directive 97/23/E387, 7).

The TONISCO hot tapping gas valves can be defirmbrding to article 1 section
2.1.2. as Piping equipment (Pressure Equipmente97/23/EC. 1997, 7).
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For the further categorization we have to take iatgount the maximum allowable

Pressure PS [bar](article 1 section 2.3.), the mari/minimum allowable temperature

TS [°C] (article 1 section 2.4.) and the nominaksDN (article 1 section 2.6.) (Pressure
Equipment Directive 97/23/EC. 1997, 8).

Since the usual conditions at the installation sitithe TONISCO hot tapping valves
are an internal pressure of 4-8 bar and -5-40°Csametake PS=10 and TS=50.

Because the TONISCO hot tapping gas valves camdre &s piping equipment and the
fluid can be categorized as fluids for group li¢&t3 section 1.3. a)), they have to ful-
fill all technical requirements of Annex | of theeBsure Equipment Directive (Pressure
Equipment Directive 97/23/EC. 1997, 13).

Furthermore the fluid is the content of group 1 amight be highly flammable, the
pressure equipment shall be classified by cateigoagcordance with Annex Il, accord-
ing to ascending level of hazard (article 9 secfiah) (Pressure Equipment Directive
97/23/EC. 1997, 17).

4.3.2 ANNEXI

For the adequate design we have to take the fallpwonditions into account:

- internal/external pressure

- ambient and operational temperatures

- reaction forces and torque which result fromdbpports, attachments, piping etc.
(Annex | section 2.2.1.) (Pressure Equipment Divec®7/23/EC. 1997, 25-26.)

The requirements for the calculation method comsitdat the allowable stresses for
pressure equipment must be limited regarding teamably foreseeable failure modes
under operating conditions. Therefore a safetyofantust be applied to eliminate all
uncertainty arising out of manufacture, operationahditions, stresses, calculation

models and properties and at least the behavittreafnaterial.
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The designing of the equipment by formula, analgsidy fracture mechanics is re-
quired if necessary as a supplement to or in coatioin with another method (Annex |
section 2.2.3. a)). (Pressure Equipment Directiff@¥EC. 1997, 26.)

Since the TONISCO hot tapping gas valves are weldldths to be considered that the
permanent joints and adjacent zones must be freenyfsurface or internal defects
harmful to the safety of the equipment. The prapserof the permanent joints have to
meet the minimum properties of the used main nadtenless other relevant property
values are taken into account for specific desi@outations (Annex | section 3.1.2.).
(Pressure Equipment Directive 97/23/EC. 1997, 30.)

The joints can be taken into account with a joogficient. Because the TONISCO hot
tapping gas are tested non-destructively and rahddime joint coefficient must not
exceed 0.85 (Annex | section 7.2.). (Pressure Eaeiy Directive 97/23/EC. 1997, 36.)

4.3.3 ANNEXII

SinceDN * PS have to be considered for the categorization ategrto the level of

hazard, this categorization must be proven foryevalve (PS=10bar).

50 * 10 = 500 for DN50 valve
80 * 10 = 800 for DN50 valve
100 * 10 = 1000 for DN50 valve

According to Annex Il the TONISCO hot tapping gaswes can be categorized to
group 1 (Annex Il table 6) (Pressure Equipment @ive 97/23/EC. 1997, 44).

Therefore the manufacturing of the TONISCO gaseslvas to be done by considering
Module A of the Pressure Equipment Directive whinkans that the TONISCO hot
tapping gas valves are just subject to an intgeraduction control (Annex Il Module
A) (Pressure Equipment Directive 97/23/EC. 1997, 48
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5 MAINASSUMPTIONS

51 Material

Main purpose of the calculations and the simula&isnto prove that the stresses in the

material of the valves do not exceed the yieldngfite of the material.

Oexisting < Oallowed

The nominal yield strength of the used materiabf&2) is 355 N/mmaxittel H., Muhs
D., Jannasch D.,VoRiek J. 2009,

Since the yield strength is subject to severalroetors, we usually have to calculate it
out of the nominal yield strength.

Rp = KT * RpN
(Wittel H., Muhs D., Jannasch D.,VoRiek J. 2009%.)

The factorK; considers the influence of the size of certainngetnies in structural steel
according to the standard DIN 18800

Since the highest stresses will occur in the joiatsl the factoK is set for every kind
of joints toK; = 1 we don’t have to consider that issue in our caberefore we can
assume thak,, = R,y (Heinze, P..2009, 9).

According to the AD 2000 Regulations, we have tostder a safety factor of 1,5 and
therefore the occurring stresses multiplied byt not exceed the allowed strength
of the material (TUv e.V.. 2009, 121).

2
In general the allowed stress must not excgf-f-’ér’ellz/sﬂ ~ 236,6

N
mm?2’

Oexisting < 236,6 mm2
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All calculations and simulations will be done ftwetnominal pressure (PN). PN (Pres-
sure Nominal) is a dimensionless integer which gjive the design pressure in bar for
the temperature 20°C. The hand calculations willbee as an example for PN25 and
the simulations for different values to see for ethPN-class the valves are suitable. If
the operating temperature differs from the nomitiad, operating usually is given in
percent of the nominal pressure. The different Ridses are defined according to the
standard EN 1333.HIN EN 1333-2006[1].2006, 3.)

Since in reality a minimum Temperature of -4°C anchaximum temperature of 40°C is
used, we don’'t have to consider any temperaturéordor the calculations and the
simulations (Heinze, P..2009, 12).

The TONISCO hot tapping gas valves should also leeigh space to extend caused by

thermal conditions. Therefore no relevant strebseause of the temperature will occur.

The influence of the seals is neglected in thissihéVe assume for all calculations and
simulations that the seals do not exist. All catiohs and simulations will be done for
the three parts of the TONISCO hot tapping valesvér part, upper part and shield).
Information about the deformation at the sluicel wé collected with which a loss of
compression of the seals can be calculated. Infoomabout the deformation of the
seals can be seen in Appendix 3 (Datasheets aheuT®NISCO hot tapping gas

valves).

Nevertheless the seals in the valves have an enégre area of 0.5 mm which means
that each seal is compressed by 0.25 mm. Sinceetlie have a cross section diameter
of 5.7 mm the compression is about 4.4 % for eaelh $Vhen the sluice plate is pushed
inside the sluice, the compression increases # %bin DN50 valve and to 17.5 % in
DN80 and DN100 valvesTONISCO. 2014e.)

52 Weéeding

Since the TONISCO hot tapping valves are weldedeatain parts we have to prove
that the stresses do not exceed at least the éasigangth of the welding. Because we
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have mostly predominantly static loading of a plaeependicular to the direction of
pull weld, the possible plastic deformation or frae of the material occurs mostly next
to the welding. (Grote, K.-H., Feldhusen, J.. 208T3.)

According to the TONISCO welding information, thelding which connects the upper

and the lower part of the valves have differenesiin certain valves. We assume that
the welds on the shield are the extensions whicimect the shield with the valves (be-

cause the sizes of the shields and the valveseim@imed area are defined in technical
drawings provided by TONISCO).

The certain welds are shown in Appendix 1.

TONISCO Sulkujen hitsausarvotf Welding information ‘

L
—r

N/ I

DM L h
25.00 5.00 3.50
32.00 5.00 3.50
40.00 5.00 3.50
50.00 5.00 3.50
65.00 5.60 4.00
B0.00 6.20 4.50
100.00 6.80 5.00

Picture 7. TONISCO Welding Information (TONISCO.12®)

In the CAD modelling and the subsequently simulatmf the valves inANSYS®
Workbenchthese sizes are considered as the bonding ofidudiv parts. Because the
right selection of the weld filler which has atdeaetter properties as the main material,
we can make the assumption that the welding hdsaat the same properties as the

main material for the solidity analysis which wok made afterwards.
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The real material properties of the joints are:

Nominal yield strengthR,,y = 470

N
mm?

N
mm?2

Nominal tensile ultimate strengtR;,,y = 580

(Neuberg Schweisstechnik. 2006.)

There is also the opportunity to consider the geaone the welding with a joint coef-
ficient. Because the weld factor will only haveiafiuence on the circumferential stress
which almost doesn’t occur in our welding, we coo&blect the influence of the joint
coefficient.(Wossog, Gunter. 2002. 133.)

Since the highest stresses will occur in the weldihthe upper and lower part of the
TONISCO hot tapping gas valves, the welding is dbypea welding robot which en-
sures a high quality of the welding geometry. Nestductive quality tests of the manu-
factured gas valves are done randomly with a pressti42.5 bar. According to the
Pressure Equipment Directive and the AD 2000 Reigmis a joint coefficient of
fw = 0.85 has to be considered in worst case for the weldsessure Equipment
Directive 97/23/EC. 1997, 36.)

Therefore the stresses in the welding must notekfe* o,110wed-

Jallowed,welding = (0.85 = 2366W ~ 201.1 mmz

Oexisting,welding <2011 mm2
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6 SOLIDITY SURVEY AND STRENGH CALCULATIONS

6.1. Theoretical Background

Because the TONISCO Hot-Tapping Gas Valves canebe ss a pressure vessel or

pipe, the stresses in the walls have to be cakmxlilat

In the valves which are designed like pipes or elssthere are three different kind of
main stresses. These are relevant for the caloolafithe resultant stress in the walls of
the valves. (Herz, Rolf. 2009, 76.)

In cylindrical geometries under internal pressurerg is axial stress, circumferential
stress and radial stress. They all act in diffedargctions and can be summarized by the

equivalent stress according to the equivalentstgpothesis by von Mises.

Radial and circumferential stresses differ depemdin the measurement point in the
wall of the valve, vessel or pipe. All stresses @epending on the inside diamete)) (d

and the outside diameter)d

Compressive stresses are defined as negative asitbtstresses are defined as positive.

, (do/)2-1

The radial stresst, (x) = —p (di/do)?~1

, (do/)2+1

The circumferential stress;(x) = p (di/do)?~1

As can be seen these stresses are not unifornthjbdied, but both depend on the co-

ordinate x which is between the inside and theidetdiameter of the wall.

The maximum circumferential stress will be gottemewx = d; and the minimal radial

stress whenr = d; as well.
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The axial stress is uniformly distributed on evegsition of a cylindrical geometry

under internal pressure.

The axial stresst, = p * @o/d)i-1

(Herz, Rolf. 2009, 78.)

6.2. Equivalent Stress

Walls of cylindrical geometries under internal m@® are subject to three different
stresses in three different directions and chariatites of strength value for certain ma-
terials are only available out of experiments dop@ne direction. Therefore the stress-

es have to be converted into an equivalent st(elgsz, Rolf. 2009, 78.)

Upon failure by deformation and fracture for duethaterials under dynamic use, the
distortion energy hypothesis by von Mises mustdiesiered.

Upon failure caused by plastic deformation and shraature the shear stress hypothe-
sis or “Tresca’-Hypothesis must be considered.

The equivalent stress by von Mises can be calaliteording the following equation.

The equivalent stress,, = % x (0, — 06)% + (04, — 0,)% + (0, — 0,)?

The maximum equivalent stress will be acquireds # d;. Therefore the equation of

the maximum equivalent stress can be converted.

V3% (do/d)?
P dy/d)? —1

Ocqmax =

The equivalent stress by Tresca can be calculatéladedfollowing equation:
Ocq = Omax — Omin

Omax 1N this case is the maximum circumferential stt@sdo,,,;,, is the minimal radial

stress.



25

(do/d)? +1
PP dijdy -1

Gc,max -

Ormin = —P

Ocq = Oc,max — Ormin

The maximum equivalent stress calculated by thpothesis is:

Ocq,max =

)2 .
(di/do)? =1 2

S

The walls under stress are subject to the suppi@dtteand because of this they won't
necessarily fail although the stress peaks exdeednaterial strength. For a failure the
stress has to be higher than the yield strengthsadhe whole the wall section. There-
fore the average equivalent stress over the wetisecan be considered by share stress

hypothesis.

Ocq,average = Oc,average — Or,average

p*d;
O¢,average — 2 x5
Db
Or average = _E

P (4
Ocq,average = E * (?l + 1)

(Herz, Rolf. 2009, 79.)

Because the walls of the valves are not cylinddealhave different wall sizes, the cal-
culated certain equivalent stresses of the diftehgpotheses will be calculated. In that
way it is possible to evaluate which stress ishiglest and therefore it can be used for

further calculations.
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Graph 1. Different Equivalent Stresses in the Walls

As can be seen the highest stress is the maximuniadent share stress and just to be
sure it will be used for further calculations. TAgerage share stress starts to differ
more from the others wheny(d) > 1.2. This issue happens at the diameter rédtioZy
because the radial and the circumferential streseesiot distributed uniformly any-
more and that makes the approximation of the aeestrgss more unreliable. Therefore
this stress can no longer be used for further taioms because diameter ratios from

1.1 to about 1.9 are to be considered.

6.3 Simplifications

Since the geometry of TONISCO Hot-Tapping Gas Valkas notches, chamfers and
curves, simplifications of geometry is recommentte#eep the calculations as easy as
possible. Some parts were excluded therefore teagih can be seen as better in the
original geometry in order to show that even thepdified parts will withstand the oc-
curring stress. See Appendix 2 to see the simptibas that were set for certain parts to
simplify the calculations. All the necessary coesadions for the stress in the valves
which go beyond the simplifications made will bendowith the support of the FEM-
Software ANSYS* Workbench).
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The main consideration of the simplifications iattkthe sluice is left out and therefore
all of the surfaces in this area are bonded. Becatithat assumption we get an area in
each valve where the thickness of the walls is \bny. In reality this part does not

transfer axial stresses because there is no bandewprding to the shear stress hy-
pothesis, the axial stress is not considered a@cfibre it is neglected that there is no

bonding in reality.

Miﬁ\w

Not bonded in reality

y
i/ \

Picture 8. Bonding in Simplifictaion

6.4 Equivalent Stressesof the Valves

In the following pictures and graphs the maximumieglent stresses (von Mises and
Tresca) will be shown at the inside diameter ofwakes for every valve. As an exam-

ple the pressure has been set to 25 bar.



6.4.1 Equivalent Stress DN50
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Picture 9. Simplification of DN50 Valve
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Graph 2. Equivalent Stresses in DN50 Valve
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6.4.2 Equivalent Stress DN80
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Picture 10. Simplification of DN80 Valve
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Graph 3. Equivalent Stresses in DN80 Valve
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6.4.3 Equivalent Stress DN100

7N

Picture 11. Simplification of DN100 Valve
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Graph 4. Equivalent Stresses in DN100 Valve
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6.5. Stresses Accordingtothe AD 2000 Regulations

The AD 2000 Regulations dictates the calculatitwas$ nust be used.

There are two different calculations for the eqglemastress for different scopes.

For the first scope when the diameter ratioljgd; < 1.2 the calculation is based on

the shear stress hypothesis while the averagesstrese used. It would be possible to
calculate the equivalent stress by using the distoenergy hypothesis by von Mises or
by using the shear stress hypothesis. As showrrdgette maximum equivalent stress
according the shear stress hypothesis is higherttiea maximum equivalent stress ac-
cording the to the distortion energy hypothesiseréfore the shear stress hypothesis

will be used here as well.

Ocq,average = Oc,average — Or,average

p*d;
O¢,average — 2 % s
Db
Or average = _E

P (4
Ocq,average = E * (?l + 1)

(Herz, Rolf. 2009, 90.)

For the second scope which is used when the diamated,/d; > 1.2 the following

equation for the maximum equivalent stress atrikele wall will be used.

_p*(d,+9)
€17 23xs

Because there is no suitable equation for the sedm@and,/d; > 1.7, the comparison

of all stresses will be looked at and the highalseén for further statements.
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The stresses will be shown in several graphs alsaseihat was done before with the

certain maximum equivalent stresses. (Tuv e.V.92@G0.)

6.5.1 Stressaccording AD 2000 in DN50 Valve

A-A(1:1)
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N

Picture 12. Simplifictaion of DN50 Valve
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Graph 5. Equivalent Stress according to AD 200DNH0 Valve



6.5.2 Stressaccording AD 2000 in DN80 Valve
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Picture 13. Simplifictaion of DN80 Valve
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Graph 6. Equivalent Stress according to AD 200DWN80 Valve
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6.5.3 Stressaccording AD 2000 in DN100 Valve
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Picture 14. Simplifictaion of DN100 Valve
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Graph 7. Equivalent Stress according to AD 200DN100 Valve
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6.6. Conclusion

Table 1. Maximum Equivalent Stresses in the Valves

Sizes Stresses
max v. Mises max. Tresca according AD 2000
[Mpa] [Mpa] [Mpa]
DN50 34,4 39,7 34,5
DN80 51,3 59,2 51,5
DN100 54,8 63,3 55,0

As can be seen the highest equivalent stress oatthe inside diameter of the simpli-
fied DN100 valve with 63.3 MPa. The maximum strassording the AD 2000 Regula-
tions occurs as well in the simplified DN100 vaiih 55.0 MPa.

Uexisting < Oallowed

aexisting = 63.3 MP

Oallowed = 236.7 MPa

63.3 MPa < 236.7 MPa

Concerning this chapters calculations of the sifigoligeometries of the valves the oc-

curring stresses aren’t higher than the allowesssgs.

For further calculations the weakest point candfendd as that are where the highest

stresses occur.

6.7 Weakest Point

To be sure that that the weakest point of the walaethis simplification is designed
correctly, the minimum thickness of the wall can dadculated according to the AD

2000 regulations for a pressure of 25 bar (2.5 MPa)

Since there are two different equations for thegiesf piping equipment in the AD

2000 Regulations for the two different scopes, tieyuld be used as well to prove that



36

the thicknesses of the valves at the weakest pafinthe simplifications are thick

enough.

DNso:% = 1.07

4

DNSO:% = 1.05

4

DNlOO:% = 1.04

4

Since% in the weakest point of all valves is smaller tHa®, the following equation

14

has to be considered. After the calculation, tHeutated thickness of the wall can be

compared with the real thickness in this pointdeery valve.

d, *
s = o*P +c+cy

R
25t

c;=1mm,c; =0

(Tav e.V.. 2009, 221-223.)

f, =085
DN50:
492mme25MPa___
o 235504 085 + 2.5 MPa A
DN8O:

74.2 mm = 2.5 MPa
s = +1mm= 1.46 mm

2 *3551#* 0.85 + 2.5 MPa
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DN100:

104.2 mm * 2.5 MPa
s = +1mm= 1.64mm

2 *3551#* 0.85 + 2.5 MPa

The thickness of the wall at the weakest poinhi®N50 = 1.6 mm, DN80 = 1.6 mm

and in DN100 = 2.1 mm. Therefore they can be seesufficiently safe designed.
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7 STRENGH SURVEY SUPPORTED BY SOFTWARE

7.1 About theuseof CAD

For the modelling of the valves in this Thesis dné simulations supported by soft-

ware, “Autodesk Inventor Professional 2014” hashbesed.

The 3D modelling of parts is mandatory to be ableide the software FEM-Analysis
with ANSYS® Workbenchbecause the FEM-meshing will be done at the gegroéthe

models. The models are an approximation of thevaaks.

Because the upper and the lower part are weldextitegand the shield will be welded
to the whole part, these welding were modelled ADGo include them in the FEM
analysis withANSYS® Workbench

One of the biggest benefits for using of CAD-Softsvés that it is possible to model
difficult geometries and use them for further mekhdke FEM-Simulations. Therefore
it is the most efficient way to model the geomednd simulate the load cases with
FEM-Software to analyze the occurring stressesaB&e of the sluice in the valves it is
almost impossible to calculate the occurring seess a conservative way at the sluice

area.

Since it is assumed that the welds have the saopegies as the main material of the
valves, the welding was simulated by changing tleaswhere the welding is fitted

together and bonded. Therefore there is no chantfeistructure of the valve and there
is a realistic simulation of the stresses whichuodn certain areas of the valve. In the
following pictures the changes of the geometry Wwél shown for certain parts of the
valve that were made in order to assemble the coemnge realistically. The compo-

nents are only bonded at the areas where the wellould take place to ensure that

there are no deviations in the structure of theasl
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For example TONSICO Gas Valve DN8O:

Picture 15. Lower Part of TONISCO DN80 Hot Tappibags Valve

Picture 16. Upper Part of TONISCO DN80 Hot Tappas Valve



40

Picture 17. Shield of TONISCO DN80 Hot Tapping Gave

For all simulated cases without the shield, weldias added at both ends of the valve
and a certain area between the upper and the loaverThe area is modelled according
to the real conditions of the welding.

S ——

<>
Picture 18. Welding in TONISCO DN80 Hot Tapping G&dve without Shield
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For all cases with the shield the same weldinghathe picture above are applied and

two welds at the shield were added.

Picture 19. Welding in TONISCO DN80 Hot Tapping Gé&dve with Shield

7.2 About theuse of FEM

According to the Pressure Equipment Directive anngaction 2, analysis methods are
allowed for the design of parts which are shaplesl\iessels and pipes.

The analysis with the FEM softwafdSYS® Workbenchis nowadays a commonly used

tool for simulation which is used in mechanical ieegring.

The Finite Element Method (FEM) or Finite Elemematysis (FEA) is a numeric
method to solve complex calculations. Usually ituged in the development of new
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constructions to determine and avoid issues be$ogees to the production. Therefore
it is mostly used to reduce the time and the adstsg the developing process.

(Smart Engineering. 2014.)

There are several steps which should be done frcaessfully analysis with FEM
software. The following picture shows the right eraf the certain steps. This thesis

goes through the different steps.

CAD Model

J L

Simplification /
|dealization

= b

Preprocessing MEﬁh] HE

- =

Loads and
Supports

Egs

FE-Analysis

L

Evaluation of the
Results

Postprocessing

Picture 20. Implementation of FEM Analysis (Smangtheering. 2014)

FEM (Finite Element Method) is in principle dividjrihe part into a certain amount of
elements (Finite Element) which are connected tmgetfThe elements are shaped ac-
cording to the created mesh. The entirety of the¢ gannot be approached directly be-
cause the elements have a certain shape and tteetkéosimulation of the part is just
an approximation of the reality. The elements hasges which are located contiguous-

ly and which are connected by approach functiorts aartain initial boundary condi-
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tions. During the solution of the simulation, ma#s are formed which are able to de-

scribe the strains and therefore the stressescond at the nodes of the elements.

The solution time of the simulation depends ongbdormance of the used PC and the
simulation conditions like linear or non-liner befa of the material or the amount of

nodes. (Smart Engineering. 2014.)

Because there is a size limit for the amount ofesoth the academic version of
ANSYS® Workbench the size and the depth of the refinements argednAn estima-
tion of where a refinement is needed and at whathdié should be done is needed. A
lower amount can also be seen as an advantages iBraso the benefit that the simula-
tions can be done faster with a lower amount ofmel#s as with a higher amount.
Some unnecessary parts of the geometry were extlsigeh as threads, notches and

chamfers at the outside of the valves to keep ith@uat of elements as low as possible.

For the simulations a non-linear behaviour of thatenal was used because it ap-
proaches the reality better than the linear mdtbahaviour. The resulting stresses are
at least lower than the stresses that would beimthwith the linear behaviour of the

material even in load cases which only cause eldsfiormation.

Therefore a simplified strain-stress diagram wadeddto the material behaviour in
ANSYS* Workbenchwhich considers the plastic deformation of theenat.

Because this diagram does not show the real miabateviour, this is also an approx-

imation of reality.

The plastic behaviour of the main material is cdestd by the following graph.
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Strain- Stress Diagram S355J2
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Graph 8. Plastic Behaviour of the used Material

Setting the behavior of the material as non-linggir be approached in the FEM soft-
ware by the elastic-plastic model. The elastictpdsehavior is typically for structural

steel in the usual temperatures of the environment.

The behavior can be symbolized with a series cdroreof a mechanical spring and a
friction element (Rust, Wilhelm. 2011, 110).

VWA ;

E

Picture 21. Simplification of Material Behaviour&, Wilhelm. 2011, 110)

For ideal plasticity, the stresses do not exceedytld strength up to a certain strain.

The stresses only increase in the elastic patheofrtaterial behavior.

The stresses increase until they reach the yietthgth. Then they are not growing an-
ymore because of the plastic strain. When the sieesemoved, only the elastic strain
returns. (Rust, Wilhelm. 2011, 111.)
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T 4+ p—

e

Picture 22. Strain of simplified Material Behaviq®ust, Wilhelm. 2011, 111)

The total strain is Etot = €e1 T Epy

Because the behavior of a part which consists \wéra¢ kinds of geometries cannot be
simplified that easily, it can be shown with a hat approximation with an extension of
this model (with a parallel connection of anothezctmanical spring). (Rust, Wilhelm.

2011, 111.)

Picture 23. Simplification of the Material Behaviawith Hardening Effect (Rust, Wil-
helm. 2011, 111)

With this model it is possible to show the hardgnéffect which causes stresses higher

than the yield strength.
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L

T E=E;

Picture 24. Strain of simplified Behaviour with idaning Effect (Rust, Wilhelm. 2011,
112)

The new yield strength consists now of the yielérggth of spring 1 and the stress in
spring 2 in this point. After the yield strengtletrowing stresses as a result of spring 2
can be seen. If the stresses are removed, theglast of spring 1 and spring 2 have to

be considered.

€F1

OF1 =
E;

E
Op = Op1 + B % €5y = Opy +Ep ¥ —— = 0py (1 +—2>
OF1 E

(Rust, Wilhelm. 2011, 112.)

Caused by this context higher stresses than the sieength can be seen in the materi-

al.
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8 LOAD CASES

Generally there are three different load case®todmsidered. The strength calculations
and the solidity survey of the TONISCO hot tappyag valves must be considered.
During the execution of branches at the main Ipressures and stresses occur at the
valve at certain areas in different ways. In thiéofeing part the three most important
load cases will be shown for each valve and anagghlon given on how they came
about.

8.1 Implementation of Case 1

The first load case can be defined as the case tieedrilling in the main line will be
done. There will be no sluice plate inside anddftee the pressure acts on the whole
surface inside the valve. Since the simulationhef pressure inside the valve will not
consider the axial stress, it has to be calculatedl added to the upper surface of the
upper part of the valve. The force can be calcdlatgh the inside diameter of the up-
per part of the valve.

Since the drilling device is fixed by a thread be valve to ensure the thickness of the
construction but the axial force for the drillingwice is given by a chain which is fixed
on the main line, the axial force which acts on dinéding device does not have to be
considered. In that case the shield is not included

In the following pictures the meshing where theveais fixed, will be shown and at

least the loading for this case. As an exampldlluse the DN100 valve.



0.00 100,00 200,00 (rrirm)
I 0O a0

50,00 150,00

Picture 25. Used Geometry of the TONISCO DN100 Gase in Case 1

As the first step of the simulation, the meshinghef elements has to be done.

0,00 100,00 200,00 (rrm)
L I I

50,00 150,00

Picture 26. Meshing on the TONISCO DN100 Gas Vaiv8ase 1
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Because the highest stresses occur at the weltbsg to the sluice we have to add a

finer meshing at this part of the valve.

Picture 27. Refinement on the TONISCO DN100 Gav&at Case 1

For a successful simulation every valve has toixedfto some part of the geometry.
Because the lower part of the valve is welded @nntfain line, the fixed support was

added at the lower surface of the gas valve.



200,00 (mm)

50,00 150,00

Picture 28. Fixed Support at the TONISCO DN100 Galve in Case 1

For case 1 the pressure can be added to the wintdes in the inside of the valve.

100,00 {mm)
1

Picture 29. Pressure at the TONISCO DN100 Gas Mal@ase 1

The specific force is added at the upper surfadbefalve.

50
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Picture 30. Force at the TONISCO DN100 Gas Valv€ase 1
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8.2 Implementation of Case 2
The second load case can be defined as the casetimndrilling is done and the sluice

plate is pushed into the sluice. Because of theeslplate there is only pressure at the

inside of the lower part of the valve and on theaie surface of the sluice plate.

A-A(1:1)

Seals

(o-rings)

Picture 31. Description Implementation of case 2

Because of the position of the sluice plate andaitteng pressure, the worst loading
case is when all the pressure is transferred tghiben area. Therefore the force which
occurs at that surface because of the pressureilower part of the valve will be cal-
culated. The diameter where the pressure actseosltiite plate depends on the size of
the valve. The diameter goes from the interfac¢éhefseals and the sluice plate from
one side of the valve to the other. In the follogvtable the certain diameter can be seen

and in the following part the calculations of tlesulting forces can be seen.
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The resulting forces will act on a certain pareath valve in that load case which will
be shown in the following pictures of this load &al that case the shield is not includ-
ed.

In the following pictures the meshing, where théveas fixed and the loading for this

case will be shown. As an example the DN100 valiebe used.

0,00 100,00 200,00 (mm)
I 2909 .00

50,00 150,00

Picture 32. Used Geometry of the TONISCO DN100 Gase in Case 2

As the first step of the simulation the meshinghaf elements has to be done.
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0,00 Lo0,00 200,00 ()
I 0000 0 0909090

50,00 150,00

Picture 33. Meshing on the TONISCO DN100 Gas Vaiv€ase 2

Because the highest stresses occur at the welsks tdddhe sluice a finer meshing at this
part of the valve must be added.

25,00

Picture 34. Refinement on the TONISCO DN100 Gav&al Case 2

For a successful simulation every valve has toikedfat some part of the geometry.
Because the lower part of the valve is welded enntlain line, the fixed support at the

lower surface of the gas valve was added.
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200,00 {ram)

50,00 130,00

Picture 35. Fixed Support at the TONISCO DN100 Galye in Case 2

For case 2 the pressure can be added only towres [mart of the valve.

0,00 50,00 100,00 {mm)
I |

25,00 75,00

Picture 36. Pressure at the TONISCO DN100 Gas Mal@ase 2

The specific force is added at a certain surfadbersluice of the valve.
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000 30,00 100,00 {rmm}
B EE—

25,00 75,00

Picture 37. Force at the TONISCO DN100 Gas Valv€ase 2

8.3 Implementation of Case 3

The third load case can be defined as the fina wdsen the whole construction includ-
ing the shield is welded together. There is a pmess the inside of the valve and as in
the first load case the axial force on the uppéiase of the valve must be added.

In the following pictures the meshing, where théveas fixed and the loading for this
case will be shown. As an example the DN100 valiebe used.

0,00 50,00 100,00 (rmim)
I ]

25,00 75,00

Picture 38. Used Geometry of the TONISCO DN100 Gase in Case 3
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As the first step of the simulation the meshinghaf elements has to be done.

0,00 50,00 100,00 (mm)
I |

25,00 73,00

Picture 39. Meshing on the TONISCO DN100 Gas Vaivéase 3

Because the highest stresses are occurring atdlis wiose to the sluice a finer mesh-

ing at this part of the valve must be added.

25,00

Picture 40. Refinement on the TONISCO DN100 Gav®&al Case 3
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For a successful simulation every valve has toikedfat some part of the geometry.
Because the lower part of the valve is welded @enntfain line the fixed support at the
lower surface of the gas valve was added.

000 50,00 100,00 (rarm)
I .

25,00 75,00

Picture 41. Fixed Support at the TONISCO DN100 Galye in Case 3

For case 3 the pressure can be in the inside sualhover the valve.

100,00 {ram)
|

25,00

Picture 42. Pressure at the TONISCO DN100 Gas Mal@ase 3

75,00
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The specific force is added at the upper surfadbefalve.

0,00 50,00 100,00 {mem)
I .

25,00 75,00

Picture 43. Force at the TONISCO DN100 Gas Valv€ase 3

8.4 Axial Forces

The axial forces for the different cases and féletent pressures can be calculated ac-
cording to the following equation:

F=pxA

2

F=px—
p*4*7‘[

The considered diameter depends on the size ofallre and the case. In the following
picture the used diameter is shown for all cases.
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Picture 44. Diameter for different Load Cases

For case 1 and case 3 the diameter D1 was useatcudate the axial force for certain

pressure. For case 2 the diameter D2 was used.

Table 2. Diameter for different Load Cases

Case 1,3 54

DN50  case2 49,2

Diameter LiEe 2 2l
[mm] DN80  (case2 743

Case 1,3 107,1
DN100 (a2 104,2

The following table shows the axial forces whichrevapplied for the different cases

and valves in the FEM simulation according to ggsiation.



Table 3. Forces for different Load Cases

Pressure Force [N]
[bar]
DN50 DN80 DN100

Case1l,3 Case2 Casel,3 Case?2 Casel,3 Case?
0 0 0 0 0 0 0
1 229 190 515 434 901 853
2 458 380 1031 867 1802 1706
3 687 570 1546 1301 2703 2558
4 916 760 2061 1734 3604 3411
5 1145 951 2576 2168 4504 4264
6 1374 1141 3092 2601 5405 5117
7 1603 1331 3607 3035 6306 5969
8 1832 1521 4122 3469 7207 6822
9 2061 1711 4638 3902 8108 7675
10 2290 1901 5153 4336 9009 8528
11 2519 2091 5668 4769 9910 9380
12 2748 2281 6184 5203 10811 10233
13 2977 2472 6699 5637 11711 11086
14 3206 2662 7214 6070 12612 11939
15 3435 2852 7729 6504 13513 12791
16 3664 3042 8245 6937 14414 13644
17 3893 3232 8760 7371 15315 14497
18 4122 3422 9275 7804 16216 15350
19 4351 3612 9791 8238 17117 16202
20 4580 3802 10306 8672 18018 17055
21 4809 3992 10821 9105 18919 17908
22 5038 4183 11337 9539 19819 18761
23 5268 4373 11852 9972 20720 19613
24 5497 4563 12367 10406 21621 20466
25 5726 4753 12882 10839 22522 21319
26 5955 4943 13398 11273 23423 22172
27 6184 5133 13913 11707 24324 23024
28 6413 5323 14428 12140 25225 23877
29 6642 5513 14944 12574 26126 24730
30 6871 5703 15459 13007 27027 25583
31 7100 5894 15974 13441 27927 26435
32 7329 6084 16490 13875 28828 27288
33 7558 6274 17005 14308 29729 28141
34 7787 6464 17520 14742 30630 28994
35 8016 6654 18035 15175 31531 29846
36 8245 6844 18551 15609 32432 30699
37 8474 7034 19066 16042 33333 31552
38 8703 7224 19581 16476 34234 32405
39 8932 7415 20097 16910 35134 33258
40 9161 7605 20612 17343 36035 34110

61
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9 RESULTSOF THE LOAD CASES

9.1 Example(DN100, 25 bar)

9.1.1 Casel

Equivalent Stress
Type: Equivalent (van-Mises) Stress
Unit: bPa
Tirme: 25
2042014 13:38

381,74 Max
33033
206,93
25453
21213
169,73
137,32
84,921
42,519
0,11693 Min

50,00 100,00 {rrirn)

75,00 75,00

Picture 45.Maximum Equivalent Stress in TONISCO DR Gas Valve in Case 1
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A:Static Structural
‘Equivalent Stress
Type: Equivalent (von-hises) Stress
Unit: biPa
Time: 25
20.4.2014 13:42

381,74 Max
339,23

296,93

25453

212,13

169,73

127,32

04,921
42,518
0.11693 Min

100,00 (rrrny

Picture 46. Maximum Equivalent Stress in TONISCO IDN Gas Valve in Case 1

(lower Part is hidden)

A: Static Structural — —
Equivalent Stress 2 ‘
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 25

20,4.2014 13:40

381,74 Max
340,01
208,29
756,57
21484
173,12
131,39

47,047 :

6,2232 Min

0,00 50,00 100,00 ()
I I ]
15,00 75,00

Picture 47.Maximum Equivalent Stress in the Weldofighe TONISCO DN100 Gas

Valve in Case 1
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Az Static Structural
Equivalent Stress 3.
Type: Equivalent fwon-Mises) Stress
Unit: MPa '
Titme: 25
2042014 1341

357,65 Max
317,92

78,2

238,47
198,74
159,02

119,29
70,569
30,542
011693 Min

0,00
|
25,00 75,00

Picture 48. Maximum Equivalent Stress without theltihg of the TONISCO DN100

50,00 100,00 (mim)
T ]

Gas Valve in Case 1

As can be seen the highest stresses occur in tlds atethe sluice.

It is also possible to show the deformation atshece which could affect the sealing
effect. Since the maximum deformation of the defiaeea occurs in the upper part of
the valve, the deformation of the lower part at shene area will be added to get the

total deformation at the sluice.

A Static Structural I B
Total Defortnation 2

Type: Total Defarmation

Unit: mm

Tirrie: 25

2042014 13:40

0,050697 Max
0,04531
0033524
0,034538
0,029151
0,023765
0,018379
0012992
0,007605
0,0022196 Min

0,00 50,00 100,00 {rmm}
I ]

23,00 75,00

Picture 49. Deformation at the Sluice in Case 1
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912 Case?2

A: Static Structural -
Equivalent Stress Valve _
Type: Equivalent {van-Mises) Stress.
Unit: MPa
Time: 25
20,4.2014 14:35

- 394,76 Max
350,92
307,08
263,24
215,4
175,56
13LTL
87,874
44,033

= 0,19275 Min

100,00 {rirn)

25,00 75,00

Picture 50. Maximum Equivalent Stress in TONISCOIDN Gas Valve in Case

A: Static Structural
Equivalent Stress Valve
Type: Equivalent tvoni-Mises) Stress
Unit: MPa
Tirre: 25
20.4.2014 1434

394,76 Max

0,19275 Min

0,00 50,00 100,00 (rrmm)
I 0.0

25,00 75,00

Picture 51. Maximum Equivalent Stress in TONISCO IDN Gas Valve in Case 2

(lower Part is hidden)
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‘Az Static Structural H
Equivalent Stress Welding

Type: Equivalent (van-hdises) Stress

Units bPa

Tirre: 25

2042014 14:36

394,76 Max
351,72
308,69
265,65
232,62
179,58
136,55
43,51
50,475
7,4396 Min

0,00 40,00 80,00 {mirn)
e @

20,00 60,00

Picture 52. Maximum Equivalent Stress in the Wejdifi the TONISCO DN100 Gas

Valve in Case 2

AsStatic Structural - _
‘Equivalent Stress Upper and Lower Part
Type: Equivalent (von-Mises) Stress
Unit: MPa
Tirme: 25
2042014 1437

382,01 Max
338,58

297,16

254,73
21231

169,89

137,46

85,04

42,616
0,19275 Min

Picture 53. Maximum Equivalent Stress without theltihg of the TONISCO DN100

Gas Valve in Case 2



As can be seen the highest stresses occur in tlds atethe sluice.

0,00 4,00 80,00 {mm)
20 60,00

Picture 54. Deformation at the sluice in Case 2

9.1.3 Case3

0,00 50,00 100,00 (rrrm)
I

75,00 75,00

Picture 55. Maximum Equivalent Stress in TONISCOIDN Gas Valve in Case 3

67
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oo 50,00 100,00 (i)
I

25,00 75,00

Picture 56. Maximum Equivalent Stress in the Wejdoh the TONISCO DN100 Gas
Valve in Case 3

18,156
0,070017 Min

100,00 {rar)

25,00 75,00

Picture 57. Maximum Equivalent Stress without theldtihg of the TONISCO DN100
Gas Valve in Case 3
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As can be seen the highest stresses occur in tls atethe sluice.

0,00 50,00 100,00 (mm)
[ |

25,00 73,00

Picture 58. Deformation at the Sluice in Case 3

In this case the deformation at the sluice can dglected because the shield should
avoid all possible leakages.

9.2 ResaultsO-40bar

Since the stresses in the welding are the greetedl cases, the maximums shown in

the following graphs are the equivalent stressekarwelding.
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9.21 DN50

400

350 P == === == = = 4

300 //
250 // Case 2
/4

Case 3
150

100 // — = =Yield Strength
" (nonminal)
. = = = Maxiumum allowed
10 20

' stress in welding
0 30 40

Casel

200

Equivalent Stress [N/mm?]

Pressure [bar]

Graph 9. Stresses in the welding of the TONISCO DS%as Valve

In the case simulations up to 40 bar do not shoywaaiding of the material

With a pressure of 22 bar a maximum stress in #iding in case 2 of 199.96 N/mmz is
acquired.

199.96 <

mm?2 ~

Oallowed,welding

The DN50 valve can be used safely up to a presgt2 bar. Therefore this valve can
be classified to a nominal pressure of PN16.
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400

L
N Case 1
£ 300 /
S~
Z /
=250 oo oo oo { Case 2
g /4
5 200
‘3 // Case 3
£ 150
©
>
'g_ 100 // — = =Yijeld Strength
S .

50 - (nonminal)

- = = Maxiumum allowed
0 - ' ' ' ' stress
0 10 20 30 40
Pressure [bar]

Graph 10. Stresses without the Welding in the TANPDNS50 Gas Valve

As can be seen the material in the valve doesart & yield under a pressure of up to
40 bar.

With a pressure of 30 bar a maximum stress in #iding in case 2 of 236.03 N/mmz is
acquired.

N
236.03 W < Oallowed

The DN50 valve can be used safely up to a presd8@ bar. Therefore this valve can
also be classified to a nominal pressure of PN#3eifstresses out of the welding are
only considered.



12

g 2:212 e Case 1 /;
£ 0012 Case 2 //
Case 3 //

O L T T T 1
0 10 20 30 40

Pressure [bar]

Graph 11. Deformation at the Sluice DN50

With a pressure of 22 bar (when the maximum alldevalress in the welding occurs)
there is a deformation at the sluice of 0.008 mmase 1 and of 0.009 mm in case 2.
The deformation at the sluice in case 3 can beexntg because of the shield which

keeps possible leakages.

In case 1 the compression would decrease from 4td 443 % and in case 2 the com-
pression would decrease from 15.4 % to 15.2 %.

For PN16 there is a deformation at the sluice 806.mm in case 1 and of 0.006 mm as

well in case 2.

In case 1 the compression would decrease from 4td 443 % and in case 2 the com-
pression would decrease from 15.4 % to 15.3 %.

As can be seen the deformation has not a huge effiebe compression of the seals.
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9.2.2 DN80

450

Casel

Case 2

200
150 //
100 / - — = Yield Strength
/ (nominal)

' — = = Maximum allowed

0 10 20 30 40 stress in Welding
Pressure [bar]

Case 3

Equivalent Stress [N/mm?]

w
o

o
I

Graph 12. Stresses without the Welding in the TANOIPON80 Gas Valve

As can be seen the material in the welding startgdld over a yield strength of 355
N/mmz2,

With a pressure of 18 bar a maximum stress in thlelimg in case 2 of 200 N/mm?2 is
acquired.

200 <

mm?2

Jallowed,welding

The DN8O valve can be used safely up to a presdutr® bar. Therefore this valve can

be classified to a nominal pressure of PN16.
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400
— 350 Casel
€
£ 300
3
— 250 Case 2
a
£ 200
wv
=)
£ 10 Case 3
S
S 100
z — = =Yield Strength
50 (nominal)
0 - -~ — = Maximum allowed
stress
Pressure [bar]

Graph 13. Stresses in the welding of the TONISCGBDSas Valve

As can be seen the material in the valve startgeiol under a yield strength of 355

N/mm?. This issue happens probably because ofltise connection to the welded part
which starts to yield earlier.

With a pressure of 25.4 bar a maximum stress ineiding in case 2 of 234.04 N/mm?2

Is acquired.

234.04 <

mm?2 ~

Oallowed

The DN8O0 valve can be used safely up to a presdts.4 bar. Therefore this valve
can also be classified to a nominal pressure oftAfNthe stresses out of the welding

are only considered.
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0,035

0,03 -

= Case 1 //
0,025 = Case 2 //
0,02 Case 3

0,015 /
0,01

0,005

Deformation at the Sluice [mm]

0 n T T T T T T T 1

0 5 10 15 20 25 30 35 40
Pressure [bar]

Graph 14. Deformation at the Sluice DN80

With a pressure of 18 bar (when the maximum alldevalress in the welding occurs)
there is a deformation at the sluice of 0.013 mmase 1 and of 0.014 mm in case 2.
The deformation at the sluice in case 3 can beectgll because of the shield which

keeps possible leakages.

In case 1 the compression would decrease from 4td 42 % and in case 2 the com-

pression would decrease from 17.5 % to 17.3 %.

For PN16 there is a deformation at the sluice @1®.mm in case 1 and of 0.013 mm in

case 2.

In case 1 the compression would decrease from 4td 4@ % and in case 2 the com-

pression would decrease from 17.5 % to 17.3 %.

As can be seen the deformation has not a huge effiebe compression of the seals.
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9.2.3 DN100

Casel

w b
o
o

Case 2

w
o
o

250
200
150
100 / / — = =Yield Strength
50 / / (nominal)

O _V T T T 1

0 10 20 30 40
Pressure [bar]

Case 3

Equivalent Stress [N/mm?]

- = = Maximum allowed
stress in welding

Graph 15. Stresses without the Welding in the TGN N100 Gas Valve

As can be seen the material in the welding startgdld over a yield strength of 355
N/mmz2,

The kink in the graph at 235 N/mm?2 can be seen agnageric solve problem and be-
cause it happens over the allowed stress, it dokawé to be considered as well.

With a pressure of 11.2 bar a maximum stress inveiding in case 2 of 198.61 N/mm?2

Is acquired.

198.61 <

mm?2 ~—

Oallowed,welding

The DN100 valve can be used safely up to a presgure.2 bar. Therefore this valve
can be classified to a nominal pressure of PN10.



1

450
400 AA Casel
E 350 -
£
s 300 Case 2
g 250 - 7»-
2 200 Case 3
(]
2 150
2
ug; 100 — = =Yield Strength
50 (nominal)
0 , . . ' — — = Maximum allowed
0 10 20 30 40 stress
Pressure [bar]

Graph 16. Stresses in the welding of the TONISCA.GNGas Valve

As can be seen the material in the valve startdnmst yield at a yield strength of 355
N/mm?2.

With a pressure of 13.7 bar a maximum stress ineiding in case 2 of 232.16 N/mm?2

is acquired.

232.16 W < Oallowed

The DN100 valve can be used safely up to a presgur®.7 bar. Therefore this valve
can be classified to a nominal pressure of PN10.
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0,1
— 0,09 -
' _—
0,08
007 Case 1 //
Case 2 //

glgi Case 3 //
o:04 e

0,03
0,02
0,01 -

0 I T T T 1
0 10 20 30 40

Pressure [bar]

Deformation at the Sluice [mm

Graph 17. Deformation at the Sluice DN100

With a pressure of 11.2 bar (when the maximum allae stress in the welding occurs)
there is a deformation at the sluice of 0.024 mmase 1 and of 0.025 mm in case 2.
The deformation at the sluice in case 3 can beectgll because of the shield which

keeps possible leakages.

In case 1 the compression would decrease from 4td 40 % and in case 2 the com-

pression would decrease from 17.5 % to 17.1 %.

For PN10 there is a deformation at the sluice @20.mm in case 1 and of 0.023 mm in

case 2.

In case 1 the compression would decrease from 4td 40 % and in case 2 the com-

pression would decrease from 17.5 % to 17.1 %.

As can be seen the deformation has not a huge effiebe compression of the seals.
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10 CONCLUSION

Table 4. PN Classification

In the welding Outside the welding PN
Size Allowable  Simulated stress  Allowable Simulated Classification
stress [N/mm?] at stress stress [N/mm?]
[N/mm?] pressure [bar] [N/mm?] at pressure
[bar]
DN50 199.96 at 22.0 236.03 at 30.0 PN10
DN80 201.16 200.00 at 18.0 236,67 234.04 at 25.4 PN16
DN100 198.61 at 11.2 232.16 at 13.7 PN16

Because of the possibility to use TONISCO hot tagmias valves in sizes DN50 and
DNB8O for a higher pressure than PN10, we have-tategorize them according to An-
nex Il of the Pressure Equipment Directive accaydmtheir level of hazard (DN50 for
PN16, DN8O for PN16).

50 * 16 = 800 for DN50

80« 16 = 1280 for DN80

Because the solution of this categorization metloodN80 is higher than 1000, cate-
gory Il of Annex Il must be applied and therefone manufacturing has to be done by
considering Module Al, D1 and E1 of Annex Il oktPressure Equipment Directive
(Annex Il section 1). For the DN50 gas valve onlpddle A has to be considered.

(Pressure Equipment Directive 97/23/EC. 1997, 48.)

Furthermore a datasheet for every certain valggvisn in Appendix 3.
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11 DISCUSSION AND CHALLENGES

11.1 Discussion

Based on the FEA and the further calculations B&ISCO hot tapping gas valves can
be seen as safe for given limitations which incltltee occurring conditions at the con-

struction side (4-8 bar).

The considered safety factor and the joint coedfiticonsider even reserves of the ma-
terial and therefore the TONISCO hot tapping gdsescould be even used for higher
stresses theoretically. Since the given standawlsliatating the safety factor and the
joint coefficient, it is not allowed to exceed thkowable stresses in the material. The
local stress peaks have a very small influenceéayas valves which can be seen in the
deformation at the sluice. The deformation depdmgsr on the pressure which shows

that the stress peaks should be neglected teclynical

It would also be possible to consider the FKM-Glirgefor the occurring stress peaks
as an alternative calculation because the FKM-Gimielés not an accepted standard but

is based on the latest technology.

The highest stresses occur at the corners of tiees(This area is welded and therefore
the corners which were considered do not exiskality. Probably there are smaller

notches which could cause lower stresses.

Since the highest stresses occur only for a shoe in case 1 and case 2 which repre-
sent the installation of the TONISCO hot tapping galve, a surcharge for the wear of

the valve in that area doesn’t have to be considere

The highest stresses during the installation of TRNISCO hot tapping gas valves
(case 2) are approximately 2.4 times higher tharstresses during the long term use of
the valves (case 3). Therefore a safety factor.®ff@ the long term use of the valves

could be given in worst case for the highest allogressure.
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Generally we could also consider the real matgnaperties in the welding which are
better than the properties of the main materialthedefore we could give higher allow-
able pressures for the valves. Because this progadunot allowed in any kind of

standard because of the uncertainty of the joiits not recommended to use it.

The deformation at the sluice can be neglectededisfov usual conditions because they

are as small that they do not affect the comprassithe seals much.

11.2 Challenges

Because the main purpose of my studies are in gsoergineering, | saw the solidity
survey of TONISCO hot tapping gas valves as a grieance also to develop my expe-
riences in mechanical engineering in the field micess engineering. Because the main
market of the TONISCO hot tapping gas valves ipriscess engineering, it was a great
opportunity to connect both subjects and thereioceease my ability to grasp larger

issues in the future.

Since the TONISCO hot tapping gas valves havecditfigeometries some parts of the
hand calculations and the modelling for the subsetiy simulation with ANSYS
Workbench was challenging. Also taking the rigtgnstards and regulations into ac-
count as well as the right choice of the matereddvior and its properties was not easy
at all to get reliable results for this survey.

A great part of this thesis can be also seen amadigal part in which | familiarized
myself with the FEM software ANSYS Workbench andwthe CAD software Auto-
desk Inventor 2014 professional which | also sea gseat chance to raise my experi-

ences with such software.

The implementation of this thesis was more challenghan | thought when | decided
to write about this topic.

Since | have used several other CAD software befarailiarizing myself with Auto-
desk Inventor 2014 professional was easier thdrought. But subsequently to learn
how to use ANSYS Workbench was a big challengenfer because | haven’t done
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anything with FEM before and therefore not with FEiftware like ANSYS Work-

bench as well.

The right understanding of the operation of the T&BD hot tapping valves was chal-
lenging as well. The modelled parts have to berpnéted correctly and the right load

cases have to be selected for the right solidityesu
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APPENDICES

Appendix 1. Modelling of the Welding

Modelled welding DN50

5,0
—
\Y/

=

=
un
=

Modelled welding DN80

A

AANMANNVANAANN

84



85

Modelled welding DN100
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Appendix 2. Simplifications

Simplifications for calculations (DN50 as an exae)pl

Simplifications of the lower part

Original:
A-A(1:1)
E
: F
\_
L 2
o m (] =
ﬁi_j
Whtrssreeeses
1 é G
- | ~
H
Simplified:
: A-AL1:1)
—
i |
= m et =]




Simplifications of the upper part

Original:
¢ A-A (1:1)
F
: %
Lrrree=
1 1
rj W
'
|
- H )
Simplified:
A-A (1:1)
d E -
b =
L il




Appendix 3. Datasheets for TONISCO hot tapping\gdges

FEA of TONISCO hot tapping gas valve DN50

88

100 // / -~ = = Yield Strength (nonminal)

Pressure: 1-40 bar
Element mode: Tetrahedral
Minimum size of the Elements: 0.8 mm
400
3B FE===ssss=sssss==== 7 ~
:E 300 / Case 1
E s
= 250
= // Case 2
]
S 200
‘3 // Case 3
[
9 150
o
>
=]
g

50 /

O = T T T
0 10 20 30 40
Pressure [bar]

— — = Maxiumum allowed stress in

welding

The maximum stresses occur in the welding.
Yield strength of the material: 355 N/mm?2

Maximum allowed stress in the welding: 201.16 N/mim?2

Highest allowed measured stress: 199.96 N/mmég@e 2 at 22 bar)

PN classification: PN16




Casel

E 0,014 /
0,012 e Case 2 //

(]

=)

3 ’

% Case 3 //
< 0,01

o

[

<

=

O = T T T

0 10 20 30

Pressure [bar]

40

Data for PN16:

Casel

Maximum stress in the welding: 130.65 N/mm?2
Safety factor: 2.31

Deformation at the sluice: 0.006 mm

Case?2

Maximum stress in the welding: 145.43 N/mm?2
Safety factor: 2.07

Deformation at the sluice: 0.006 mm

Case 3

Maximum stress in the welding: 58.72 N/mm?2
Safety factor: 5.1

Deformation at the sluice: 0.003 mm

89

*Considers PED (97/23/EC) and AD 2000 Regulations (safety factor: 1.5; joint coefficient: 0.85)



FEA of TONISCO hot tapping gas valve DN80

90

Pressure: 1-40 bar
Element mode: Tetrahedral
Minimum size of the Elements: 0.8 mm
450
400 o
_ ‘//D‘ Case 1
o L ===
£ 300
=3 // Case 2
g 250
w2 Case 3
§ 150 //
Z 100

v L=
O -4

0 10 20 30 40

Pressure [bar]

in Welding

/ — = =Yield Strength (nominal)

= = = Maximum allowed stress

The maximum stresses occur in the welding.

Yield strength of the material: 355 N/mm?2

Maximum allowed stress in the welding: 201.16 N/mm?
Highest allowed measured stress: 201 N/mm? (ia 2eet 18 bar)
PN classification: PN16

0,035

0,03 -

e Case 1 //
0,025 ——Case 2 //
0,02 s (Ca50 3
0,015 //

0,01 //
0,005

0 n T T T T T T T 1

0 5 10 15 20 25 30 35 40
Pressure [bar]

Deformation at the Sluice [mm]




Data for PN16:

Casel

Maximum stress in the welding: 168.09 N/mm?
Safety factor: 1.80

Deformation at the sluice: 0.012 mm

Case?2

Maximum stress in the welding: 178.67 N/mm?
Safety factor: 1.69

Deformation at the sluice: 0.013 mm

Case 3

Maximum stress in the welding: 73.94 N/mm?2
Safety factor: 4.08

Deformation at the sluice:; 0.005 mm
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*Considers PED (97/23/EC) and AD 2000 Regulations (safety factor: 1.5; joint coefficient: 0.85)



FEA of TONISCO hot tapping gas valve DN100

92

200
150

Pressure: 1-40 bar
Element mode: Tetrahedral
Minimum size of the Elements: 1.2 mm
500
450 Case 1l
5~ 400
& )/ 4 < >
/O === = = = e = ==
S~
% 200 // Case 2
S e y/4
=3
; / Case 3
3
2
3
o
w

100

50 V
O 4

0 10 20 30 40

Pressure [bar]

= = =Yield Strength (nominal)

= = = Maximum allowed stress
in welding

The maximum stresses occur in the welding.
Yield strength of the material: 355 N/mm?2

Maximum allowed stress in the welding: 201.16 N/mim?2

Highest allowed measured stress: 200.46 N/mnégse 2 at 11 bar)

PN classification: PN10
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Data for PN10:

Casel

Maximum stress in the welding: 171.29 N/mm?
Safety factor: 1.76

Deformation at the sluice: 0.021 mm

Case?2

Maximum stress in the welding: 182.23 N/mm?
Safety factor: 1.66

Deformation at the sluice: 0.023 mm

Case 3

Maximum stress in the welding: 65.14 N/mm?2
Safety factor: 4.63

Deformation at the sluice:; 0.008 mm
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*Considers PED (97/23/EC) and AD 2000 Regulations (safety factor: 1.5; joint coefficient: 0.85
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