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Introduction

The deslgn of class ¥ piping for nuclear plants Is performed in accor-
ance with the ASME B & PV Code Sec. HI by using stress index which have
been defined at the center porllon“ol elbow, since it has been generally
batieved that the highest stress will occur at this point. Consequently the
stress evaluations at girth weld joint Is not recognized contrary to the high
stress concentration due to Lhe weld irregularities . However, for LMFBR
piping especially lu high temperature servicesd the stress evaluations based
on the index at the center portion of elbow will not alwaya previde conserva-
tive results from the stand point of piping design, especially for fatlgue,
because it requires to evaluate the stress or strain range by multiplying the
square ol the stress or strain concentration laclor“’“? For thin wall and
large diameter LMFBR piping following four Items provide significant elfects
oun the stress and strain at the girth weld joint between straight plpe and

elbow,

(1) Stresses In weld Joint due to ovallzation of eibow, it is represented

by “Carry over Factor",

L8 d

Work performed under contracts hetween Power Reactor and Nuclear Fusel
Developmeat Corp. and IHtachit Ltd and in the Basic Design Standard Job
Group .

Advanced Reactor Dept ., Hitachi Works, llitachi jad.

(2) Stress concentratlon due to weld trregularities between straight pipe

and elbow .

{3) Gross structural discoatinuity due to radlal defiection caused by weld
shrinkage at joint.
{4) Increase of nominal stress due to decrease of nominal plpe wall thick-

ness caused by counter bore machining .

This report presenls proposed design factors lo above four items in
order to use in "Monju" FBR PHTS main plping and verify the structurail

Integrity .

Carry Over Faclor

This lactor is defined as the ratlo of the maximum stress component in
any pipe section to that in the assoclated elbow . However, In this paper we
fiave studied the factors at the girth weld joint (rom the four reasons ex-
plained above . The higher stresses induced by ovaijization of elbow gradually
decrease in proportion to the distance from the center ol elbow along the
pipe axis. But 20 ~ 60 % of fts ampiftude (s still kept at the end of the elbow .

In this paper, two plping models were anailzed to establish the factors
for use in Monju plping design. Fig. 1 shows the structural modeis and the
dimensions and material are sejected to consist with the Monju PUTS main
hot leg piplng. Fig. 2 shows one of the finite eJement models in the annlyslis,
it was represented by elastic triangular fiat shell elements ol SAP V.

Fig. ) shows stress distribution= at ¢ = 30° elbow section. The maximum
stress components in the cross section perpendicular lo the axis could be

defined for each stress component (rom the figure.
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Fig. 4 shows thesé maximum stress disiributions along the pipe axis.
Point G\) gives the maximuin stresses at the girth joiat for Monju because
the jaint is planaed to locatle by 100 mm from the eod of elbow .

Table ) shows Carry Over Factors derived from the reference sivess

de, = C2I)OM/2l = 18.36 lrg/mm2 which is based on code indice C, and shows

2 2
a good agreemeant wilh the maximum Inside hoop stress 9 = 18.15 kg/mmz.
Note that the factors for U-bend connecled by a short (1 Do) stralight pipe
are larger than those for 180° elbow . This fact means thai the both side

elbows onto the short pipe affect lo increase the siresses and make “a

synergy” .

Stress Concentration Factors

Siress concentrations at the girth weld joinis were caused by weld ir-

regularities and abrupt changes in conlour due to misalignment . The exterior

surface of the joinl for piping can be ground bul the interior can not be prevented

from the excess siress concentrations . Therefore the selection of welding
process and method is linportant to obtain a good interior surface as welded.
TIG weld with Ar gas backed up shield is planned ta be used for Monju plping .
And comparalively long counler bore will be used to protect weld joint from
stress conceulrations,

To evaluale the siress concenirations for Monju main piping, measure-
menl lesls were performed concerning about iria) productions lo[r Monju .

Fig. 9% and Fig. 6 show cross seciions paralle} to the piping axis at the
the girth weld joints .

Table 2 provides stiructural paramelers and load conditions for analyt-
ica) models. The dimensions and shape of joint contour for these models

were selecled and defined based on the measurement data and manufacturer's

experiences. The FEM program MARC was used Lo analize, and the axi-

symmetric solid elements 28 for stress and 42 for heat transfer were used.

Fig. 7 shows one of the Mises equivalont siress contours at joint zoowed

up and the siress concentration factors along the surfaces.,

Table } shows summary of sgalyses and Table 4 defines proposed design

siress concentralion factors for Monju. From Table 4 the design factors for

the interior joint surface, become 1.4 o axja) stress and t .1 to hoop.

4. Weld Shrikage

Generally, Jarge weld shrinkage is observed on girth weld joint for thin
wall and large diameter austenite stainless steel pipiug“? To obtain the
radlal shrinkage for Monju main piping, measurement lests were performed
by using 24 in (609 .6 mm) dia . mocked up plpe and elbow assemblies .

Fig. 8 and Fig. 9 show the measurement results. The amount of weld
shrinkage is about 2 mm in radial direction and this deflection dies out In
about 100 mm distance from weld foini. This gross discontinuity causes
secondary bending stress at the joint in the wall thickness direction and the
stress (s proportional to the shrinkage 4 .

E .C. Rodabaugh et al(f) proposed the following equallqns'lo estimate

the stress ;

Cy=1.0+0.7(4/1)
C=1.0+2.9(4/1t) - t > 3/16 in.
Cop=14+29(g4/¢)~—- t < 3/16 in.

+
In this paper, the vallditles of above equations were checked (o use

them Jor Monju. Table 5 shows siructura) models and load coditions, The

FEM MARC and the axisymmelric shell element were used, I'ig. 10 shows
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Relerences

one of results, Fig, 11 presents the comparison between the given equation 1.
and analysis. It is obvious that the equatlons provide suitable and con~

servative results .

Counter Bore Machining

Counter bore machining is prepared to oblaln good alignment of weld
joint. The amount of decrease in wall thickness due to machining depends
on the manufacturing tolerances of pipe and elbows, For Mon)u specilication,
the machining yields aboul 10 % reduclion in wall thickness, consequently,
this reduction in nominal wall thickness wiil be considered in the siress

evaluation at joiot .

Design Factors And Conciusions

Table 6 shows the design factors proposed in this study. The factors
are given in each two principal directions, therefore designer should take
care to obtain larger stress intensity and peak stress lntensity In the last
stage of the stress evaluations.

Table 7 shows resulls of trial use for Monju PHTS main hot leg piping.
K is concluded that there is not any severer girth weld joint in strength
than the associated ejhow . Note that when a short (1 Do) plpe Is used to
connect two elbows, the girth weld joints in the short pipe become severerxr
than the connected elbows for fatigue evaluations. In this case, the designer

should check the fatigue by using design Iactors proposed for the joints,

(1) Structuraf design guide for class 1 components of prototype Fast
Breeder Reactor {ar elevated temperature service (Draft) Sep. 1980

PNC
(2) ASME B & PV Code Case N-AT

{3) J.C. Downey, D.W. llood, D.D. Keiser, "Shrinkage in Mechanized

Welded 16inch Stainless Plpe” Welding J. Mar . 1975 p .170-175

(4) E.C. Rodabaugh & S.E. Moore, "Stress Indices for Girth Welded
Joints, Inctuding Radial Welded Shrinkage ,' Mismatch and Tapered Wall

Transitions® NUREG/CR-0371, ORNL/Sub-2913/9 Sep. 1978
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Table 1 Carsy Over Factor
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@ | e @] el
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Note (1) Fe'indicates the resuits should be applied whesn the leagth of
straight pipe between two elbows is about 1 Do.

(2) TBbe values in parenthes sre the results by PNC using FINAS.
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Table 3 Calculative Results of Stress Concentratioa Factor

] . ] naax;x [ }:'égs? ponﬁenlratxon ih.‘\.sscn:latect
Pipe | Case woad Shrinkage | J—=2°220 - = . —stress
Size No. Condition (um) Inside Outside |component
2~—A 0 143 .53 e,
Axial
s—A | Force 2 1.33 1.65 o,
322 | 3-—A 17 1.26 166 o,
| .33 1.4 6 i ¢,
g 2 -
e ‘)g 2=B | Internal 0 L04 110 T
i pressure » .27 L21 : 7,
S—4 WE .09 7,
Thermal ) |
6 ~— 2 .13 1.48 { ]
Al Load | '
2-C 0 1.26 1.5 6 e,
Axial
aa? | =g | Foree 2 L2s 160 e
(e31t) 3—-C 37 .22 1.6 8 e,
“Thermal R
6—C LOad 2 112 1.43 7,
g, . Axial Stress G, - Hoop Stress

Table 4 Design Stress Concentration Factor for
Inside Joint Surface

Lesign
% Coi‘:?fion Cvfn:;:rsx:nt iééf::&ﬁ-
Factar o -
) Bending | Axial 7, 1.4
Moment | Hoop ,,3 1.1
2 Internal! Axial 71 1-4
pressure poqp ¢, 1.1
3 jThermal Axial ! 71 t 1. 2
Load f Hoop | o4 | L2

- 344
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Table 6

Miin Hot Leg Piping.,

Stress Indicos at Girth Weld Joint between Elibow and Straight Pipo for Monju PHTS

Stress I[n—

tress Con—

Giress Sfrcss | e s T e ion | Carry Over |Secondary Stress Stress Indices at Qirth Weld Joiat
fa— dices for |, raight [*actor at Paclor dueto shrinkage . Vi (2)
e ldices letbow plpe Weld Joint | T2Ct08 bixpression Pigure
i, 1.0 (¢) 0.5 - - —~ (¢,) 0.5 6.5
(o5, @,) (6,) 05 (1F07d4,/1) 0.6
Intermall 0y ] Gu=124 () 10 - (0p) O Q,,
Pressure 10407 (4/0) (o) 10C (VH0T14/1) 14
M} (e) 1.4 (0,) 14 1.4
l(' 1.0 ("D) 1.1 -— — !
(o) 11 (%) 12 12
B, {Bra=1761 Lo - - 1.0 1.0
(a,) (o) 0.230,, (¢,) 0230, (V+294d4,/1) 167
N c, |’ (a) 1.0 ~ ' | (o) 10F29(4) : '
omen t Cpe=1018 (¢,) 0.380,, (qg) 0.380C,, 186
(¢) 1.4 (¢) 1.4 ' 1.4
Ky 1.0 1.0 ' - - %
(o) 1.1 (9) 11t Ll
¢ .0 . .0 - —~ — ”
Thermal . *_}. ! (. ) 1 L0 1.0
Load G3 0.5 0.5 - - . ~ 0s 0.5
(o)) 1.2 i.2
K, 1.0 1.0 (o,, 0,) 1.2 - - !
(o) 1.2 12
Remarks
(1) Near longitudina) wold, but Stress Indices = 1.0 at the poinl which is apart from longitudinal weld .

(2)

Stress Indices are calculated by = 2 mm,

t =10.2 mm.
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