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ABSTRACT
Instability evaluation, like Leuk-Before-Break (LBB) concept,

is an approach commonly used (o verify the int ug,x‘éty of piping in
nuclear power plants all over the world. I the material has
enough ductility, the instability evaly mem can be pcz"urmcd
r Local Flow Stress concept {m 3) or Modified Limit

Load mcthcd t x.,L) LFS is a theory used by Siemens/KWLU ta
conduct LBB in German nuclear power plants. Cn the other
hand, the MLL app:(mck us dmm;bcd in Standard Review Plan
(SRP) 3.6.3, has been used to evaluate LBB in plants in the
‘Umicd States,

This paper presents a comparison between the results obtained
by the above two formulations. Discrepancies will be pointed out
in a critical way, showing the advantages and disadvantages in

using each of the two diflerent apuroaches.
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NOMENC U«\"’U

il - full cruc‘«. ength

Dy - nominal pipe diameter

DQ ~ outside pipe diameter

kK, - membrane and bending stress magnification factors
M - load combination parameter

Pm, o, - membranc slress

R - mean radins = (D )2

S - stress in fawed pipe

SI - slress index

t - pipe thickness

f3 - stress inversion angle

{ - half~angle of through-wall faw
gy, - bending stress '
ap - flow stress

o - yltimate stress

g, - yield stress

iae]

1LBB - Leak-Before-Break
LES - local flow stress
MLL - modified limit load
EPRI - Electric Power Rescarch Institute
SRP - Standard Review Plan
INTRODUCTION
Leak-before-break (LBB) criteria can be used to eliminate
postulated  double-ended  guitlotine bresk in nuclear power

plants, When LIBB is upplied successfully, the pipe whip
raints can be avoided in the design of high-encrgy lines. The
rcnwvai or non-instaliation of such supports is very importams
because, besides minimiziig construction and maintenance costs
of the plant, it can reduce the level of radiation expostre fol
working personncl.
The crack instability asressment in piping systems, which is
LBB approach, through

mcthodologics, fract

part of the can be done varipuy

such s, clastic-plastic ure nechanics

(EPI'M), local flow stress concept, and modified limit load
approach.

The EPFM is
failure assessment diagrans (DPFAD) and J-T snalysis. In ordes
lo use it, two main problems have to be fuced. First, the
formulation is not simple. Second, it is necessary to know
racture propertics of the materials at operating temperature
(280°C) that most likely have to be obtained by testing or fron
mndustry material data bases,

If the high ductility, local flow stress and
modificd limit Joad are methods possible to apply. In this case,
besides the fact that theory involved is simpler than EPFM,
instability is based only on lensile tests
ble in ASME Section 1T (1992).

based on two methods: the deformation plasticity

material has a

characterization
propertics, availab



e

(g,) of the material.

In this study it is assumed thet material has enough ductility to
allow the application of the two above mentioned simplificd

~ methods. Instability evaluations on lawed pipe to estimate load

carrying capacity will be conducted through: a) local flow siress
concept, approach commonly used by Siemens/KWU in
designing nuclear power plants in Germany, (Roos et al., 1989)
and; b) modilied limit load concept, as described in Standard

Review Plan 3.6.3 (1987), mainly used in plants built
Uniled States,

The main goal of this paper is to s
cai be uscd to obtain
information contained in piping stress analysis report. A short
description of the main aspects of the concepts will be presented.
Some examples related to the &ypiéai high-cnergy lines arc used
to illustrate the procedures. The results are
from pipe fracture experiments thal arc
1061 (1984).

in the

show how these two methods
critical crack lengths in pipes from

¢ compared with those
available in NUREG

LOCAL FLOW STRESS CONCEPT
The Local Flow Stress (LI'S)
989),  predicts © unstable
circumferentia Ii) -oriented cracks i
stress at o

method, as stated in Roos et al,
growth  for  through-wall

n piping when the
¢ single point resulting from external loading reaches
the flow s‘u'css,

2{Tective

g = K, 03 +ky, o = o (1)

where oy is the eflective stress at point B of Figure 1, k and } K,
are the membrane and bending stress magnification “.ums, g, is
the membrane stress duc to axial loads and o is the bending
stress. due (o external moment. The flow stress o is usually
delined as the average value of yield (g,) and ullimate strength
They can be obtained from conventional
lensile tests at operating temperature of the piping system.

In deriving Equation (1), it should be noticed that the existence
of a crack moves the section neutral axis, thercfore, causing an

‘

additional contribution to the bending stress due to axial loading,
1.

For thin-wall cylinders, k, and ky can be defined as {ollows

(Roos et al., 1989):
[ & %) i 6
g + sin2 @ 25{11\)"0:6\%
L k 4 irn ba ),
L : \ et ) (2)
6? (} sin2 (‘ 2smn-g
e, L el ekl
w bia T )J s

o

g

0

ki = 3
7 sin2g 2sintd

7r} lmk"f;+ 2 = s

where 0 is the crack opening half angle, in radians, as shown in

Figure 1.

Figure 1 - Flawed Pipe Geomelry

MODIFIED LIMIT LOAD

The Modified Limit Load (MLL) approach for studying failure
mechanism in through-wall circumferentially-oriented crack in
piping starts with the assumption of formation of a crack tip
plastic zone, External loading produces an increase in plastic
zone size up to the point that a plastic hinge forms at the piping
cross section. According to this formulation, the unstable crack
growth occurs when the acting stress becomes equal to the flow
slress.,

/\ proccdurc to predict the failure in piping can be found in SRP

3 (1987). Following the definitions of that document, a so-

m_d master curve can be oblained from a stress index SI, given

by

Sl=S+MP, )

plotted against the full crack length a=20R where R is the mean
i accounts
The M parameter is a margin on loac
being 1.4 for algebraic and 1.0 for absolutle
combination. Bending stress $ can be defined as {ollows:

pipe radius indicated in Figure 1. Membrane stiess P
for axial loading.
combination,

S=20,(2sinfi-sin0)/ x, O0+P<m (5)

in which
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As can be observed in Equations (5) and (6), the bending stress
S takes into account only the contribution of the external axial
loads and results from the asymmetrical disposition of the crack
in the pipe scction. Notice that there is no contribution from the
external bending moment.

RESULTS

LES and MLL formulation were employed to develop two in-
house computer codes used to generate limit curves relating
stress and crack lengths for circumferent .JHy oriented through-
wall cracks, i‘xgurcs ° to 4 show results computed for austenitic
steel piping under pure bending, whose gcomci:’xc (Dy is the
nomini E ;x ¢ diameler, D is the outside pipe diameter, tis the

pipe thickness) and material properties are listed in Table 1.
1)N D t g
(in) (u.“s) (mm) (MPa) (’vfi’u)
o 60.3 6.0 251 (10X}
4 114.5 8.9 2066 622
16 406.4 26.1 316 640
Table 1 - Geometric and material properties (TP 304 steel)
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Fig.2 - Limit Curve for 2 ?\ omina! Diamaeter Piping

According to NSAC-114 (1987), piping with nominal diameter
less than 6 in. are not qualified for LB application.
the configurations listed in Table 1 werc tested at BPRI
examples could be used to compare analytical results with those
determined experi

Fowever,

and these

imentally

L)
L
—

These experimental results, included in NUREG 1061 (1984),
provide the strength of Nawed piping subjected to pure bending.
The report presents critical crack lengths and bending moments
that can cause failure. These moments are: 3.38 kNm, 17.34
kNin and 786.03 kNm for 2 in, 4 in and 16 in nominal pipe
diameter, respectively,

In this paper, the geometries from Table 1 were used under the
same Joading condition as in NUREG 1061. Results based on
L¥S and MLL concepts, together those  achieved
experimentally, are presented in Table 2.
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Dy | NUREG 1061 LIS MLL
(in) | (experimental) | (analytical) | (analytical)
2 63 26.2 50
4 122.7 66.7 113
16 442.3 205.5 Al

Table 2 - Co mparisons of crmcal crack lengths (mm)
from experiments data and analytical procedurcs

The results shown in Fi g es 2 to 4 are consolidated in Table 2
ck lengths for the stress associated to

This table shows critical crack le
the bending moments mcmmnw bcmrc. As can be scen, both

formulations  underpredict  the  eritical  crack  length  when
compared to  the experumental results. LFS  formulation
underestimates crack length more than MLL and this should be

justified by two main reasons. Fonnerly, because in LIS concept
it is assumed that failure occurs dug to Jocal yielding at a point of
the cross-section, while, in MLL, the failure is preceded by
general yielding of the pipe cross-section. Also, in generating

 limiting curves for MLL, as pointed out in the definition of § in

Equations (5) and (6), no contribution due to external bending
moment stresses are token into account, while LFS considers
such a contribution.

Similar results arc presented in recent papers (Roos el al.,
1989; Stadimtller et al,, 1992). These references show that
critical crack lengths obtained frem LFS melliods are smalle
than those from plastic limit load methods. Furthermore, the
comparison shown in Bartholomé et al. (1989), Roos et al,
(1989) and Bartholomé et al. (1993) indicate that LFS
plastic limit load mecthods provide failure stresses and critical
crack lengths smaller than those oblained from experiments.
From the work by Bartholomé et al. (1993), where the influence
of different material properties, pipe dimensions and loading
conditions was considered, it should be noticed that both LFS
and plastic limit load methods are applicable to the assessment
of instability in piping syslems.

and

CONCLUSION AND

The paper examined two simj

COMMENTS

lified methods to evaluate
instability in piping ‘with cix'cumhzxu;%ml through-wall cracks.
The main purpose of this calculaticn is to verify {hc applicability
of these methodologies in the LBB concept,

Despite the small amount of experimental results available | the
k

comparisons presented in this paper showed that MLL
methodology seems to be more appropriate than LFS for

austenitic steel pipes. This is due to the fact that, although MLL
method st
as in LFS 1

il provides safe results, i's conser
nethod.

atism is not as large
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