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I . Introduction

The design of class t piping for nuclear plants is performed in accor-

nnce with the ASME B * PV Code Sec . Ill by using stress Index which have

bo en defined nt the center portion of elbow, since It has been generally

believed that the highest stress will occur at this point. Consequently the

stress evaluations at girth weld joint Is not recognized contrary to the high

slr»55 coiicenlralIon due to the weld irregularities . However, for LMFBR

piping especially In high temperature services' the stress evaluations based

on the iml«x at the canter portion of elbow will not always provide conserva-

tive results from the stnnd point of piping design, especially for fatigue,

because it requires to evaluate the stress or strain range by multiplying the

square of the stress or strain concentration factor' . For thin wall and

large diameter LMFBR piping following four items provide significant effects

on (he stress and strain at the girth weld joint between straight pipe and

elbow,

(l) Stresses in weld joint due to ovallzation of elbow, It Is represented

by "Carry over Factor" .

** Work performed under contracts between Power Reactor and Nuclear Fuel

Development Corp. and Hitachi Ltd and In the Basic Design Standard Job

Ciroup .
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(2) Stress concentration due to weld Irregularities between straight pipe

and elbow .

(3) Gross structural discontinuity due to radial deflection caused by weld

shrinkage at joint.

(4) Increase of nominal stress due to decrease of nominal pipe wall thick-

ness caused by counter bore machining.

This report presents proposed design factors to above four items in

order lo use In "Monju" FBR PHTS main piping and verify the structural

Integrity .

2 . Carry Over Factor

This factor is defined as the ratio of the maximum stress component In

any pipe section to that in the associated elbow . However, in this paper we

Have studied the factors at the girth weld joint from the four reasons ex-

plained above. The higher stresses induced by ovalizalion of elbow gradually

decrease In proportion to the distance from the center of elbow along the

pipe axis . Bui 20 ~ 60 jt of Us amplitude Is still kept at the end of the elbow .

In this paper, two piping models were analized lo establish the factors

for use In Monju piping design. Fig. 1 shows the structural models and the

dimensions and material are selected lo consist with the Monju PHTS main

hot leg piping. Fig. 2 shows one of the finite element models In the analysis.

It was represented by elastic triangular flat shell elements of SAP IV .

Fig. ) shoot stress distributions at (4 = 30 elbow section. The maximum

stress components In the cross section perpendicular lo the axis could be

defined for each stress component from the figure .
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Fig . 4 shows these maximum stress distributions along Hie pipe axis.

Point (A) gives the maximum stresses at the girth joint for Monju because

the joint is planned lo locate by 100 mm from Ihe end of elbow.

Table 1 shows Carry Over Factors derived from the reference stress

«c = C.I) M/21 = 18.36 kg/mm which is based on code indice C., and shows

a good agreement with the maximum Inside hoop stress o . » 18.15 kg/mm .

Note that the factors for U-bend connected by a short (I DQ) straight pipe

are larger than those for 180° elbow . This fact means that the both side

elbows onio the short pipe affect to increase the stresses and make "a

synergy" .

3 . Stress Concentration Factors

Stress concentrations at the girth weld joints were caused by weld ir-

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

surface of the joint for piping can be ground but Ihe interior can not be prevented

trom the excess stress concentrations . Therefore the selection of welding

process and method is important lo obtain a good interior surface as welded .

TIG weld with Hr gas backed up shield is planned to be used for Monju piping.

And comparatively long counter bore will be used lo protect weld Joint from

stress concentrations .

To evaluate Ihe stress concentrations for Monju main piping, measure-

ment tests were performed concerning about trial productions for Monju.

Fig . 5 and Fig . 6 show cross sections parallel to the piping axis at the

the girth weld joints .

Table 2 provides structural parameters and loud conditions for analyt-

ical models . The dimensions and shape of joint contour for these models

were selected an<l defined t>»sed on ihe measurement data and manufacturer's

experiences . The FEM program MARC was used to dualize, and the axi-

symmetrlc solid elements 28 for stress and 42 for heal transfer were used .

Fig. 7 shows one of the Mises equivalent stress contours at joint zoomed

up and the stress concentration factors along the surlaces.

Table 3 shows summary of analyses and Table 4 defines proposed design

stress concentration factors for Monju . From Table 4 the design factors for

the interior joint surface, become 1 .4 lo axial stress and 1 .1 to hoop .

4 . Weld Shrikage

Generally, large weld shrinkage is observed on girth weld joint for thin

wall and large diameter austenite stainless steel piping : To obtain Ihe

radial shrinkage for Monju main piping, measurement tests were performed

by using 24 In (609 .6 mm) dia . mocked up pipe 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 joint . This gross discontinuity causes

secondary bending stress at the joint in the wall thickness direction and the

stress is proportional to the shrinkage A .

E ,C. Rodabaugh el al . proposed the following equations to estimate

the stress ;

C,- l . 0 + 0 . 7 | j / l )

C2= I .0 + 2 .9 (A I t ) t > 3/16 in .

C2= 1 .4 + 2 .9 ( J / t ) t <, 3/16 in .

i

In this paper, Ihe validities of above equations were checked lo use

them lor Monju. Table 5 shows structural models and load coditions. The

FEM MARC and the axisymmelric shell element were used, I'ig. 10 shows
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one of results* Fig < 11 presents the comparison between the given equation

and analysis . It is obvious that the equations provide suitable and con-

servative results .

5 . Counter Pore Machining

Counter bore machining is prepared to obtain good alignment of weld

joint . The amount of decrease In trail thickness due to machining depends

on the manufacturing tolerances of pipe and elbows . For Monju specification,

the machining yields about 10 it reduction in wall thickness, consequently,

this reduction in nominal wall thickness will be considered in the stress

evaluation at joint .

6 . Design Factors And Conclusions

Table 6 shows Hie 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 intensity In the last

stage of the stress evaluations.

Table 7 shows results of trial use for Monju PUTS main hot leg piping.

It is concluded that there is not anr severer girth weld joint in strength

than the associated elbow . Note that when a short (I D ) pipe Is used to

connect two elbows, the girth weld joints In the short pipe become severer

than tha connected elbows for fatigue evaluations . In this case, the designer

should check the fatigue by using design factors proposed for the joints.
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Table 6 Stress Indices at Girth Weld Joint between Elbow and Straight Pij»o for Monju PUTS
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Remarks

(1) Near longitudinal wold, but S t r e s s Indices - 1 .0 at the point which is apart from longitudinal wald.

(2) Stress indices are calculated by J =• 2 mm, t = 10,2 mm .
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