F3/3

REFINED ANALYSIS OF PIPING SYSTEMS ACCORDING
TO NUCLEAR STANDARD REGULATIONS

N. BISCONTI, L. LAZZERI, P.P. STRONA

SAIGE, Societa di Architettura Industriale per gli Impianti di Generazione di Energia, Genova, Italy

SUMMARY

The problem of analyzing a piping system for a nuclear power station is generally faced by
means of the ASME 3 code and its implication and problems have been discussed by others
(see papers F 8/1, F 3/2 of the 2nd SMIRT conference). The problem, the authors have tried
to resolve is how actually perform all the required analysis and handle the tremendous amount
of data which is involved.

A number of programs have been selected to perform particular analyses partly coming
from available libreries such as SAP 4 for static and dynamic analysis, partly directly written
such as TRATE (for thermic analysis), VASTA,VASTB (to perform the analysis required by
ASME 3 for pipings of class A and class B), CFRS (for the calculation of floor response spectra
etc.). A large amount of work is still to be done in the area of transferring the data from one
program to another, this is automatically done by a group of small programs which combine
and reordinate the data (such as the COMBIN and RIORD series).

All the programs are automatically linked and directed by a general program (SCATCA for
class A and SCATCB for class B pipings).

The starting point is a list of the fabrication, thermal, geometrical, and seismic data. The
geometrical data are plotted (to check for possible errors) and fed to SAP for static and dynamic
analysis together with seismic data and thermal data (average temperatures) reclaborated by
TRATE 2 code.

The raw date from SAP (weight, thermal, fixed points displacements, seismic, other
dynamic) are concerned and reordered and fed to COMBIN 2 program together with the other
data from thermal analysis (from TRATE 2). From Combin 2 program all the data are listed;
each load set to be considered is provided, for each point, with the necessary data (thermal
moments, pressure, average temperatures, thermal gradients), all the data from seismic,
weight, and other dynamic anlysis are also provided. All this amount of data is stored on a file
and examined by VASTA code (for class A) or by VASTB (for classes B, C) in order to make
a decision about the acceptability of the design.

Each subprograin may have an independent output in order to check partial results. Details
about each program are provided and an example is given, together with a discussion of some
particular problems (thermohydraulic set difinition, fatigue analysis, etc.).
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Introduction

The problem of analyzing a piping line to nuclear standard regulations has been wide-

1y discussed in the open literature (see e.g. reg 1,2). The following problems will

be discussed :

a) to analyze the piping under various loading conditions both static (dead weight,
thermal movements etc.) and dynamic (sismic, steam hammer etc.)

b) to analyze the piping from the regulatory point of view to show :its "acceptabitity
and confoimance to the applicable rules (generally ASME 3).

¢) to handle a very large amount of data and to transfer them from ome program to
another

d) to compute some data necessary for the analysis from the ones available in the
specifications (e.g. to convert data on thermal transitories into tramsitories
on the pipe wallor to compute floor response spectra from data on sismic analy-
sis of applicable buildings floors)

e) to check for possible errors mainly in the description of the geometry

These problems belong to different fields (structural, sismic, thermal, computer

programming) and their solution requires a combination of efforts of people with

different experience.

Input data

General

The input data may be divided in the following main categories:

a) technological data: they are required by the applicable ASME 3 code in order to
compute s.c.f. (stress concentration factors)

b) geometry: a careful numbering of nodes is generally required in order to keep
the problem bandwidth as low as possible

¢) thermal pressure transitories: they are gemerally given in the data as transito
ries of the fluid and required to be converted into transitories on the pipe wall

d) sismic data: they may be given under the forr of maximum accelerations for each
mode of the building (if a modal analysis with response spectra is used) or of
time histories of displacement or accelerations (if a time history analysis is
used); in both the cases further elabcrations may be required

e) other transitories: they may include forces due to particular accidents (valve

blowdown, steam hammer etc.)

Thermal pressure transitories:
The derivation of transitories in the pipe wall from the ones in the fluid requires
the availability of an ad hoc code; the authors have used a one dimension time step

integration procedure using an application of Dusinberremethod (3).

The ASME 3 sub NB (class 1 piping) réquires the computation of the following data (4):

a) average temperature Tm

b) equivalent linear gradient ATL

¢) equivalent non linear gradient AT2

d) average temperatures on each side of a joint (Ta-Tb) such differences may result

as a consequence of differences in the thermal properties or thermal transitories
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The TRATE 3 code computes the maxima and minima for each of the given data (Tm,ATI,
AT2,Ta - EE- Tb (Ea Eb modulus of elasticity)and the corrispondent times. A some-
a

what fast transitory is considered and depicted in fig. 1

Floor response spectra

The various tecniques used to derive the floor response spectra have been widely di
scussed (see e.g. ref 5) ; the authors currently use the modified white noise tecni-
que (in the CFRS code) as described in ref 6.

A typical examples of FRS is shown in fig.2.

The authors wish to stress the point that quite high accelerations (of the order of
a few gs) may result in the peak region, while they are much more limited if certain
frequency regions' are precluded; this may require certain particular requisites on
the stiffnesses of the hangers, bracings, restraints, etc. Besides this concept may
be more or less easily applicable, depending on the eigenfrequenties of the building
in which the piping is located (from this point of view low eigenfrequencies in the

building may be desirable)

Piping structural analysis

The analysis of a piping generally requires the following analysis:

a) static analysis: dead weight, thermal dilatations (RFE), pressure, sustained mecha-
nical loads

b) dynamic analysis: eigen values and eigen frequencies analysis is generally required
for sismic analysis; further analyses may be necessary for particular problems
(steam hammer, valve blowdown etc.)
A general purpose structural program is required; among the different programs a-

vailable the authors have selected the SAP 4 (7),

ASME 3 Compliance

The compliance of a piping to the rules of ASME 3 sub NB,NC,ND must be generally de-

monstrated in order to show the acceptability of the piping.

Two programs (VASTA and VASTB) have been written in order to perform the analyses re-

quested by ASME 3 for class 1 and cldss 2 and 3 pipings.VASTA accepts the following

inputs:

a) dead load and other sustained loads.

b) sismic loads (for OBE and SSE)

c) thermo hydraulic sets (for each set pressure, thermal data ( ATl, AT2,Tm,Ta-Tb)and
corresponding moments are specified

d) transitories between specified sets, with the indications of number of cycles and
classification (normal, upset,emergency,faulted) .
The code computes all the primary stresses and compares the obtained values with
the allowable ones; for each thermo hydraulicset all the applicable transitories
are considered and the most severe classification (normal,upset,emergency,faulted)

is associated and the allowable values are consequently evaluated.
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To compute the secondary and the peak stresses only the transitories classified as
normal or upset are considereditheothers are disregarded: All the applicable sets
are coupled (two by two) and the maximum difference in the secondary stresses is com
puted and compared with the allowable values. A similar procedure is used for the
peak stresses: an "equivalent number of cycles" distribution is generated, which as
sociates the maximum possible numbers of cycles to the largest differences in the
peak stresses. Possible short comings (e.g. to associate the total number of cycles
to the worst possible cycle) are included in,order to keep the computation time as
low as possible.

A procedure according to ASME 3 is used for the analysis of class 2/3 pipings. too

A computation example is given in table 4.1

Data handling

The amount of data which must be processed evemfor a single line analysis is tremen
dous, so that authomatic procedures are absolutely necessary. Besides it may be desi
derable to keep each program as an indipendent unit in order to be able to directly
evaluate each output, to minimize the effort in adapting each program, to be able

to substitute any unit, if it becomes obsolecte or if a better program becomes avai
lable.

A number of programs (RIORD 1 - COMBIN 1 — COMBIN 2 - COMBIN 3) have been consequen-—
tly written in order to store the information in each output and to reordinade and
combine the available information to make them compatible with the following pro -~

grams.

Integrated procedures

Two different integrated procedures have been written: one for the design of class 1
pipings (SCATCAY and one for design of class 2/3 pipings (SCATCB).

Their flow charts are shown in the figs 3,4,5.

Here the single units have been identified and their possible connections have been
considered, multiple options are available depending on the size and type of the pro

blem, which is found.
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