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Abstract: A power uprate of the nuclear power phailt affect some systems, which will be
exposed to new loads, transients and operatingmedeas. After defining of new loads,
transients and operating conditions, work to quadifsystem begins with modelling of this
pipe system as well as modelling of supports wiaich active in the system. Pipe supports in
pipe model are defined depending on the supportstitn and also their correct stiffness.
After analysis is done, reaction forces are obtingoints where pipe supports are defined in
the pipe model. Reaction forces from pipestres$ysisain the points where pipe supports are
defined, becomes attacking forces in pipe supmoraédysis. A complete calculation of support
is explained as well as the way to use requireddstal. The calculation includes stiffness
calculation, calculation of membrane stress and bnane plus bending stress. In order to
qualify the support a limit load analysis is penf@d. Finally, it is showed that pipe support
could be qualified according to the standard ASME-3200. This paper describes use of
software Pipestress and Ansys in stress analygipinfg systems and pipe supports.

1. Introduction

In recent years, new designs for nuclear-relatedctstres and components are necessary and
optimization technique is considered as one ofttuds to achieve better design [1]. Design and
development of nuclear power plants have verytstiemands for safety. Nuclear safety objective is
to prevent any release of radioactive substanctsetenvironment and mitigate consequences of such
a release should it occur. Principles of nucle&tgamply multiple barriers (physical confinemesft
radioactive substances) and defence in depth eetlavels of safety (prevent, protect, mitigate).
Prevention implies design for maximum safety inmalr operation and maximum tolerance for
system malfunction i.e. use of design featuresranityy favourable to safe operation, emphasise
quality, redundancy, inspectability and testabiliiyior to acceptance for sustained commercial
operation and over the plant lifetime. Protectiesummes that incidents will occur in spite of care i
design, construction and operation. Therefore itmportant to provide safety systems to protect
operators and the public and to prevent or minindaenage when such incident occur. Finally,
mitigation means to provide additional safety systeas appropriate, based on the evaluation of
effects of hypothetical accidents, where some ptoe systems are assumed to fail simultaneously
with the accident they are intended to control.réf@e the nuclear power plants have to be designed
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in accordance with the valid regulations. Nuclegring is very important for operation safety in
nuclear structures and stress analysis of nuclgangpis conducted in order to provide that the
maximum stress does not exceed the limits accorttingalid regulations. Today, it is possible to
provide stress analysis of piping system throudferint software as: Pipestress, Caepipe, Caesar Il
Ansys etc. Pipestress [2] is used for calculatiba pipe systems for static, dynamic and thermadiso
(e.g. weight, pressure, thermal expansion, eariteyualve opening etc.). Based on results obtained
in Pipestress analysis, Ansys [3] is used for datmns and evaluation of pipe supports in accocdan
with ASME standard (Section Ill, Division 1, SectiblF-3200) [4].

2. Objectives

The main objective of this paper is to qualify pggport according to the standard ASME NF-3200.

Support is mounted in a pipe system that need tqualified for calculated loads according to the

design specifications. This system belongs Safdag<C1 (in the nuclear industry all systems are
divided into Class 1, Class 2, Class 3 and NNSa pipe model where support is placed, constraints
are defined. How constraints appear on the syse&pertis on the support function. In this case, as
shown in Figure 1, the support holds a pipe indinection, for this case in horizontal.
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Figure 1. Pipe system (a) and layout of pipe-support (b).

£

Exact support stiffness is obtained from Ansys wakions and will be put into the Pipestress
model. Pipe support has been made by carbon die&l@38. Allowed stress value for temperatures
from 20°C to 350C is obtained from [5]. Reaction forces from Pipess analysis, in the points where
pipe supports are defined, becomes active forcpgpasupports analysis in Ansys.

3. Stress analysis and evaluation

Stress analysis and evaluation of piping systemie baen conducted in order to prove that the piping
will not fail in various working conditions [6]. Ehuse of Pipestress for stress analysis of nuclear
piping systems [7] follows these general stepsufe@):

1. Establish the geometric model and finite elementdl@h@ order to simulate various parameters
of piping system (size, material, welding, valvié@nges etc.).

2. Apply boundary conditions i.e. add pipe supportd define point constraints. The stress of
piping system and supports are closely related.

3. Apply loads in accordance with the design requirgimieloadings (the design, service and test
loadings) shall be identified considering all plant system operating and test conditions
anticipated or postulated to occur during the ideshservice life of the component or support.
Design loadings include design pressure, desigrpaemture and design mechanical loads.
Service loads are different combinations of lodu# toccur during operation of the reactor
(Level A and B — the component or support must stahd these loadings without damage
requiring repair. Primary and secondary stressa Bh accounted for all occurring loadings,
no plastic deformations are allowed, fatigue analys required. Level C — the sets of limits
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permit large deformations in areas of structuratantinuity which may necessitate the removal
of the component from service for inspection oraiepf damage to the component or support.
Level D — this set of limits permits gross genataformations and damage requiring repair,
which may require removal of the component fronvise)).

4. Stress analysis. Combine loads for each conditi@ccordance with design requirements.

5. Stress evaluation.
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Figure 2. Stress analysis and evaluation for nuclear pipinglass 1,2,3.

At the same time with the modelling of piping systan Pipestress, modelling of pipe support in
Ansys has been implemented. In the pipe model wtieresupport is, constraints are defined. How
constraints appear on the system depends on thrsupnction. From Ansys calculations we get
precise stiffness to be put into the pipestressamnod

4. Case study

4.1 Sress Analysis of Nuclear Pipe Support

From pipe stress analysis, it is obtained readticres in points where support was defined (astdme
time gets many other results like stresses, defwnsaetc.). The stiffness is calculated with a ohil
kN in the active directions of the support. A meatue of the displacement in the active direct®n i
calculated for all nodes where the force is appléglure 3 shows the results as a contour plot.

Figure 3. Mean displ. in positive x direction (a) and me&pt in negative x direction (b).
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The stiffness in the active directions is obtaifredh equation (1) and equation (2):

1

e —— 1
k=G5 gg=1-4 kN/mm (1)
K., = ! =1.7 kN/ (2)
_x_0.58_ . mm

Loads on the support are calculated in the pipinglysis. Maximum and minimum forces
(coordinates related to the ANSYS coordinate syptéan each service level, respectively, are
enveloped and presented in Table 1. A friction doiaorresponding to 30% of the maximum level A
load, is applied in the direction causing the hgjlstresses in the structure.

In order to establish the governing loading whilaleating the steel parts of the support, the loads
given in Table 1 are scaled for each service lewith the acceptance limit for level A as the
denominator the scale factors, K, become: 1.33efal B and 1.5 for level C (NF-3221.2, F-1332.1
and F-1332.2) [8].

2 20° 20°
1.5sn=1.5min{[§sy(T)] : [31(3 >]}=min{[SY(T)]; [S“(Z )]} 3)
The scale factor for level D is calculated accaydimthe equation (4):
‘e min{max1.2S,;1.5:S;]:0.7-S,} _ min{max{1.2-211;1.5-120];0.7-360} o1
B Sm - 120 o

The loads are obtained from pipestress analysighagidvalues are shown in Table 1.

(4)

Table 1.Loads on support.

The maximum
forces F (N)

scaled to level A

Service Force F (N)
Level (Ansys Coordinates)

Max 606

Level A Min -948 948
Max -784

Level B Min 1002 753

Level C Signed  -1877 1251

Levelp Max 6223 5199

Min -10917

After all loads are scaled down to level A, it ca@ seen in Table 1 that load Level D is a
dimensioning load case for the support.

The support is evaluated by use of the same ANS¥8emas used for the calculation of the
support stiffness. The maximum force of the applieservice level (from Table 1 — max. Level D
force — 10917 N) and a friction forceidwn, are applied to the model. Both the membrane stiad
membrane plus bending stress are calculated angaredhto the allowable stress in Class 1 for the
pertinent service level (material properties takem ASME, Section Il, Part D, [5]).

The allowable membrane stress in level D and dassk:Sm=2.1120=252 MPa, and membrane
plus bending stress is IK6Sm=1.52.1:120=378 MPa (NF-3221.2, F-1332.1 and F-1332.2). The
maximum force in level D is Fy=10,9 kN and the ufi@dion force Ficion=0.30.948=0.28 kN.

The results of the stress analysis are given inrBigt and Figure 5 and the results show that the
membrane and membrane plus bending Tresca effesttivgses are too high. Hence, further analyses
are necessary in order to qualify support.
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Figure 4. Membrane + bending stresses. Figure 5. Membrane stresses.

In order to qualify the support, a limit load ars$yhas been performed. The limit load is here
defined as: the maximum load the structure camiben the accumulated plastic strains plus the
elastic strains reach 5% somewhere in the strucAgeording to [5], the limit load, for steel EN
1.0038, in level A, B and C is related to the yistength Sy=211 MPa, in level D Sy=252 MPa. The
allowable force in Level A and B is 2/3 of the linbad, 0.8 x the limit load in level C and 0.9het
limit load in Level D (NF-3221.4 and NB-3228.1 [9])

Elastic ideal-plastic material constitutive behavsassumed. The analysis does not include cyclic
loading, whence isotropic hardening is used. Stahd2 plasticity (bilinear response ANSYS: BISO)
is assumed and in order to secure convergenceva lilerdening modulus of 10 MPa is used. Linear
shell elements (ANSYS SHELL181) are used to modedimpport.

Figure 6 shows the von Mises total mechanical rstequal 5% when the support carries a
vertically force of 8.1 kN (interpolated) combinedth a friction force 0.3.948=0.28 kN and using a
yield strength Sy=252 MPa. Hence, the limit loadtsd support is set to 8.1 kN and the allowable
force in level D is equal to 8A.9=7.3 kN (NF-3221.4 and NB-3228.1), which is lovtean the
maximum force, Fy (10,9 kN). The result of the liranalysis thereby shows that support cannot be
qualified.
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Figure 6. Total mechanical strains when support carries tfe@]1 kN and Fction.

4.2. Qualification of nuclear pipe support

Since the pipe support could not be qualified farrent loads according to ASME, Section IIl, NF-
3200, there are two ways to go. The first way igdéeign much stronger support and the other way is
to make changes in existing ones. In this caseystuis decided to modify existing support struetu
Redesign was made to reinforce the support in dadearry current loads (Figure 7). The redesigned
support must be verified using the same proceduiteeaactual design.
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Figure 7. Model of redesigned support.

For redesigned support the stiffness is calculat#id a unit of 1 kN in the active directions of the
support. A mean value of the displacement in thiweadirection is calculated for all nodes where th
force is applied. Figure 8 shows the results asndotir plot.
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Figure 8. Mean displ. in positive x direction (a) and me&pt in negative x direction (b).

The stiffness in the active directions is obtaifredh equation (5) and equation (6):

1
- 5
Kx=5375 =2-89 kN/mm (5)
k. = ! =2.97 kN/mm (6)
x 0336

The same loads are applied on redesigned suppaetrdsults of the stress analysis are given in
Figure 9 and Figure 10 and the results show treatmambrane and membrane plus bending. Tresca
effective stresses are still too high. Hence, frrtinalyses are necessary in order to qualifyuppast.

In order to qualify the support a limit load anddybas been performed. Figure 11 shows the von
Mises total mechanical strain equals 5% when thgpat carries a vertically force of 13.4 kN
(interpolated) combined with a friction force @.348=0.28 kN and using a yield strength Sy=252 MPa

Hence, the limit load of the support is set to Id\4and the allowable force in level D is equal to
13.40.9=12.1 kN (NF-3221.4 and NB-3228.1), which ish&gthan the maximum force, Fy (10.9
kN). The result of the limit analysis thereby shahat the support can be qualified.
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Figure 10. Membrane stresses.
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Figure 11. Total mechanical strains when support carries &faB.4 kN and frction.

5. Conclusion

In this case study it is showed that existing psp@port could not be qualified for defined loads
according to ASME, Section Ill, NF-3200. In orderresolve the problem it was possible to design
new stronger support or to make modifications oistag one. Very often it is difficult to make a
whole new support for several reasons. The supponbunted several meters high and requires a lot
of preparatory work to do this safely. It would dificult to get new support because of many pipes
around existing support. And finally, all this meahat the reactor has to be stopped for sevetakho
to replace the pipe support and it becomes toorestpe Therefore, existing support is modifesd
verification using the same procedure as the actiesign is obtained. Limit load analysis is
performed. The results of the limit load analydi®w that redesigned support can be verified for
current loads according to ASME, Section Ill, NF382
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