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3. 0,‘ UNITED STATES
:~ el A NUZLEAR REGULATORY COMMIoION
;o' : ‘/; WASHINGTON, D.C. 20555
v,' [ °9
0..'..¢ June 4, 1979
OFFICE OF THE
SECRETARY

MEMORANDUM FOR THE RECORD
FROM: Samuel J. Chilk, Secre

SUBJECT: BRIEFING ON SHUTDOWN - STRESS ISSUE AT BEAVER VALLFY.
1:50 P.M., WEDNESDAY, MAY 30, 1979, COMMISSIONERS' CONFCRENCE

ROOM, D.C. OFFICE (OPEN TO PUBLIC ATTENDANCE)

The Commission* received a status report by representatives of NRR ori
seismic reanalysis matters.

Although the Commission took no action on this matter, they did note
that subsequent briefings on seismic reanalysis matters would be scheduled

in the near future.

cc: Public Document Room




STONE E WEBSTER ENGINEERING CORPORATION

ENGINEERING DIVISION MEMORANDUM  NO. pmp-79-11
ENGINEERING MECHANICS DIVISION REV, 2

STRESS INTENSIFICATION FACOTRS  pATE

SUBJECT ;1D STRESSES FOR REDUCLD OUTLET June 8, 1979
BRANCH CONNECTIONS (ANSI B31,1 FROM RPVessel
AND ASME SECTION III CLASS 2 & 3)

TO ALL HOLDERS OF EMD GUIDLLINES

1.0 Purpose

The purpose of this memorandum is to provide criteria for the
determination and application of the Stress Intensification
Factors (SIF) that are to be used at reduced outlet hranch
connections in the course of piping analysis when the rules
of ANSI B31.1 or ASME Section III Class 2 or Class 3 are
applicable.

2.0 Application

2.1 SIF vValues Provided by the Codes

In the application of the rules of B31.1 and Section III,
Classes 2 and 3 to the analysis of pipe branch connections,
each of the three legs at a branch connection shall be checked
individually for stress magnitudes,

Each branch connection has one unicue SIF associated with it
and this SIF is applied to each of the three legs at the
branch connection.

The expressions for the SIF's are presented in the tables of
Appendix D in ANSI B31.,3b, 1973 and in Tables NC/ND-3673,2(b)=-1
of Section III. The application of the rules of B31,.1 prior
to B31.1b, 1973 are discussed in Appendix A of this document.

PIPING ANALYSIS PROGRAMS PSTRESS AND SHOCY. REPORT
INCORRECT STRESSLES AT REDUCED OUTLET BRANCE CONN-
ECTIONS DUE TO AN ERROR IN THE DETERMINATION OF
THE SIF.

APPENDIX A OF THIS DOCUMINT PROVIDES A MFTIIOD FOR
DETERMINING TIIE CORPECT STRESS AT REDUCED OUTLELT

BRANCH CONNECTIONS WHERE PSTRESS OR SHOCK PROGRAMS
VERE USED. TIIE CORRECTIONG OF APPENDIX A MUST BE
MADE MANUALLY TO ALL PSTRLGS AND SHOCF RUNG THAT
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The values of SIF are dependant upon the run pipe dimensions
and independant of the branch pipe dimensions for three of
the four types of branch connectinmne covered by the Code
Tables. These are the ANSI B16,9 welding tee, the reinforced
fabricated tee with pad or saddle, and the unreinforced
fabricated tee,

There is one other tvpe of branch connection covered by the
Code Tables, i.e. the "nozzle" tvpe where the added reinforce-
ment material is placed on the hranch member rather than on
the run. The SIF for this tvpe is dependant upon both the run
pire and branch pipe dimensions, This branch connection is
limited in its application in that it is restricted to
branch/run ratios of about one half, and must have certain
defined corner and fillet radii,.

In the course of piping analysis using NUPIPE, the SIF values
are determined internallv in the program for those four branch
connections that are given in the Code Tahles,

2.2 Additional Accepntahle SIF Values

Since the development of the above SIF's, some additional SIF's
have become available. At the present time, the additional
comnonents for which SIF's are known are "VELDOLETS", "SOCKOLFTE",
and "LATROLETS"™ manufactured by Bonney Forge Corporation.

When the piping system heing analyzed contained *"ELDOLETS",
"SOCKOLETE"™ or "LATROLETS"™ the SIF values must be determined

by the analyst and these SIF's must be manually coded into the

SIF field of the TEE card of NUPIPF (see the NUPIPF users

manual 3.8.3.1h). The expressions for these SIF's are given below.

2.2a "WELDOLETS"

im= §§;3 , but not less than 1,0
b= 3.0

2
T = Nominal thickness of the run pipe (in).
r, = Mean radius of the run pipe (in).

2.2b "SOCKOLETS"

Same as for "WELDOLETS"™, Since these fittings
also have socket welded attachments, the NUPIPF
user must also designate an SRIN member on the
branch in the vicinity of the physical location
of the socket weld,
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2.2¢ "LATROLETS*

"LATROLETS" due to their shame have two values

for the SIF., One value anplies to in plane bendinag,
and the other to out of plane bendina, Since
NUPIPF accents only one value of SIF and the

out of plane value is alwavs the larcer, this
value must he used:

ig= 25_33 , but not less than 1.0
h
h = 1,971
3
Subscript "o" desionates out of plane,

For the sake of completeness the SIF expression
for in nlane bendinc is also provided:

0.9
ii = 573 , but not less than 1.0
h -
T
h = 3,05
*3

Subscript "i" designates in plan-

"LATROLFETS" are made with an without socket weld
ends. Vhere socket welds are provided, tle
NUPIPE user must desianate an SRI"! member on the
branch in the vicinity of the physical location
of the socket weld.

2.3 Some Numerical Values of SIF's

There may be cases when the user must calculate stresses at branch
connections manuallv. Some values of SIF's are provided in the
attachments to this document. These attachments are:

Attachments 1, 1A and 1B

Type A = ANSI B16.9 welding tee

Type B Unreinforced fabricated tee

Tyne C - Reinforced fabricated tee with the
reinforcement thickness equal to
the pipe thickness

Type D - Reinforced fabricated tee with the
reinforcement thickness ecual to
1.5 times the run pipe thickness.

Attachment 2

"WELDOLETS" and "SOCKOLETS"



Attachment 2A
"LATROLETS"
Attachments 3 and 3A

"Nozzle type connections. Nomenclature,
limitations, and the expression for SIF

24 Small Branch Ccnnection SIF's

It is recognized that there are cases where small branch
connections are made to relatively large run pipes. In these
cases it is ohvious that the moment load that can be introduced
into the connection through an arnlied moment on the hranch nipe
is small and, in rost cases, the nresence of a small branch
connection has a nealigible effect on the run nipe, Assuming that
there is a lower limit to the ratio r;/ (r; and Ruare the mean
radii of the branch pipe and the run pine resnectively) below
which the presence of a branch has a necligible influence on the
run pipe stresses, This lower lirmit should he expressable in
terms of rg and Rn*

One accentabhle approach to definina this lower limit and reduced
influence is to use the expression for the primary plus secondary
membrane nlus bending stress index, Copr that is anplied to the
run moments of an integrally reinforced hrahen connection in the
analvsis of class 1 Nuclear Components. This expression is aiven
in Section III, mable nb=3682,2-1, MNote 7, and is:

B o o.a(Rm/'rr)zﬁ(r,:‘/nm), hut not less than 1.0

P_. = Mean radius of the run pipe (in)

™
T, = Nominal thickness of the run pire (in)
ré = Mean radius of the branch pire (in).

By setting C2r € 1.0 and transposina:

-2/3

L}

s ‘(Rn/Tr) (RN/O.B)

This value of r! is the maximum value of branch pive mean radius for
which no SIF need he annlied to the run pine moments,

There are some cormon pine sizes listed in Attachment 4 to this
document along with their maximum values of Mean Branch Pipe
Diameter and equivalent branch pipe sizes for which no SIF need
he aovlied to the run vipe.



2.5 Stress Determination

Finally a note on the determination of branch member stress,
This stress is determined using an "effective" section modulus
for the branch memher as follows:

iMp
" 7

i = SIF for the branch connection *
Hb = Pesultant branch moment (in 1lb)

zb - Nffective section medulus of
the reduced outlet brranch, (in) 3

Zp = (1) 2tg
r,, = Mean radius of the branch pire, (in)

t. = Effective hranch thickness, taken as the
lesses of (t,) or (ity), (in)

tp, = Nominal branch pipe thickness, (in)

t_ = Nominal run pipe thickness, exclusive of
reinforcing material, (in).

This concept of "effective" section modulus apnlies only at the
reduced outlet branch., Pll other stress calculations must use
the nominal section modulus,

¢ The SIF for a branch connection as covered throughout this
memorandum is associated with and apnlied to each of the
three leags of a branch connection at the intersection point
of the three leas, Special attention is reaquired when the
branch connection is fabricated by means of a fittina such
as a "SOCKOLFT" where the bhranch pive connection is made with
a socket weld, The SIF for a socket weld (j=1.3) must he
applied to the branch line immediatelv adjacent to the
branch connection. This must be done in addition to the branch
connection analvsis,

3.0 Unacceptable Branch Connections

There are a number of branch connection conficurations for which
there are no existing SIF values, These hranch connections are
not acceptable for use in B31,1 or Section III Classes 2 and 3
piping systems,



cfome examples of unacceptable branch connections (shown in solid
line) are:

3.1 Dranch Connections on Branch Connections
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3.2 Branch Connections to Elbows and Bends

VO

3.3 llillside Connections




3.4 cranch Connections to Crosses

Even though crosses are covered by ANSI B16.9, there is no

acceptable method for determining SIF values,
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3.5 Laterals

*stulb in" are unacceptable; however, Bonney Forge
with proper SIF values are acceptable, see 2.2c.

3.6 llyes

"LATROLETS"



3.7 Dimensional lLimitations

Finallv, the following dimensional rules must be apnlied at
branch connections.

Por multinle hranch connections on a pipe, the arc distance
measured between the centers of adjacent hranches alona the
surface of the run pipe shall be not less than three times
the sun of their inside radii in the longitudinal direction
and not less than two times the sum of their inside radii
along the circumference of the run pipe.

-3(ﬁ‘*';lnﬁn
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R.P, Wessel
Chief Engineer



APPENDIX A

SUBJECT: CORRECTION OF STRESS AT REDUCED OUTLET
BRANCH CONNECTIONS THAT WERE EVALUATED
USING THE PSTRESS AND SHOCK PROGRAMS

1.0 Scope

The PSTRESS and SHOCK programs were superseded by NUPIPE
prior te the B31,1b, 1973 edition of the ANSI Power Piping
Code which was issued on 30 June 1973, The correction of
PSTRESS and SHOCK streseses wil) therefore be based upon
ANSI E31.1 prior to the above edition.

THESE CORRECTIONS MUST BE MADE TO ALL
REDUCED OUTLET BRANCH CONNECTIONS THAT
WERE EVALUATED USING THE PSTRESS AND
SHOCK PROGRAMS

2.0 Application

In the reevaluatinn of reduced outlet branch connection stresses,
only the branch member stresses need be reevaluated.

This reevaluation can be accomplished by any one of the
following three steps:

Step 1, S sl[}_}
11

Corrected Stress
Stress value from PSTRESS or SHOCK

SIF as determined in the body of
this memorandum

11 SIF from the PSTRECS or SHOCK run ,

Where the stresses determined in Step 1
exceed the allowable stresses, a second
more precise evaluation can be made:

[(1)2 + (a)?’]é

(11)¢+ ()¢




a = The ratio of torsional moment to
bending moment for the branch member

(MR)

&= [vh2 + ®)2)?

M = Component of moment (in+1b)

Superrcript "b" denotes branch member
Subscript "i" denotes in plane
Subseript "o" denotes out of plane

Step 3. Alternatively the branch moments may be
extracted from PSTRESS or SHOCK and the
more precise stresses determined in the
manner shown below,

0 Calculation of Stresses Based on B31.1 Prior to the
gb June 1973 Edition

The values of SIF are the same as those in the body of this
memorandum; the application of the SIF values 1s somewhat
different.

The moments that apply to a branch connection are evaluated
from a anique orthogonal point of view, described as in plane
bending, out of plane bending and torsion.

To describe in plane bending, let the three legs of the
branch connection describe a plane called the plane of the
component. A 1line through the intersection of the three
legs and perpendicular to the plane of the component describes
the axis of in plane bending.

Torsion is self explanatory; each leg describes its torsional
axis.

To describe the out of plane axis for either of the run pipe
members, the in plane axis of the component and the torsional
axis of the run pipe form two mutually perpendicular axes. The
out ot plane axis for the run pipe is described by these two
axes and the right hand rule.

The out of plane axis for the branch pipe member is described
in the same way, using the in plane bending axis of the
component and the torsional axis of the branch pipe with the
right hand rule,



The basic SIF is determined as in the body of this memorandum.
The value of the SIF (1) applies to the out of plane bending
moment.,

2 new value (i') is determined as
A* = 0,751 + 0.25

This value (1') applies to the in plane bending moment., There
is no SIF applied to the torsional moment.

Each leg of the branch connection has a unique set of moments.
The notation used here will be:

¥l , w51 , ¥} for a run leg
M{z ' Mgz ' M&Z for the other run leg
¥ , M) , MR for the branch leg
My = in plane bending moment (in:1b).
My = out of plane bending moment (in+1lb).

Mp = Torsional moment(in-1b).

Stresses must be dJdetermined for each set of moments.

For a run leg:

STl _ [(10”{1)2 & (mgl)z 1 (MEI)ZJQ
T a4 (2%)2
zT = Run pipe section modulus (in )3,

The stress for the other run leg, sT2 i1s determined in the
same manner,

For the branch leg:

o> [(1'M?)2 + (102 (MT)Z}é
e (Zg)2 * 252

Zp = Effective section modulus of the branch
pipe as determiged in the body of this
memorandum, (in)-.

zP = Nominal ssction modulus of the branch
pipe (in)~.

The maximum stress for the branch connection is the largest
of the three stress values determined above,
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APPENDIX D — Table D-2 (Cont))

- - — -y wr—

Component Sketch Stress Intensification Factor
k2 rm\
i=1.5 —) : (-——-
T’ Rm
Branch Connections Sec Figure D-) (1_‘1) (_'_’i)
7! \'y
(sce Notcs 3and 4)

Nolcs- for Tablc D-2:

Note 3:
The equation applies only if the following conditions are met:

(3) The reinforcement area requirements of 104.3 are met.
() The axis of the branch pirsis normal to the surface of the run pipe wall.

the tun pipe is not less than three times the sum of thewr inside 10
tumes the sum of their radu along the circumference of the run g,
(d) The inside corner radius, 7, (sec Fie D-1) is between 10 percent 2nd 50 percent of 7,
() The outer radius, 7y, (see Fig. D-1) is not less than the larger of 1p/2.(Tp * ¥)i2 [for Fig. D-1(¢c)] or T,/2.
(N The outer radius, 7y, (see Fig. D-1) is not less than the birger of
(1) 0.002 €d,
(2) 2(Sin 6)" times the offset for the configurations shown in Figs. D-1 (a) and D-} ™).
®)R,n/T, S S0 and r'm/Rm € 0.5

te 4:
The following nomenclature applies to Figure D-1:

r; = inside radius of branch pipe, in.

#'m= mean radivs of branch pipe, in.

7 = nominal thickness of branch pipe, in.

Rpy= mean radius of run pipe, in.

7, = nominal thickness of run pipe, in.

do = outside diameter of branch, in.

Ty, 8,7,.7,. 7. Tpand yare defined in Figure D-1

fy = minimum required thickness of run pipe, calculated as a plain cylinder

ATTrcAMaENT 3A

(¢) For tranch conunections in a pipe. the are distance measered between the centers of adjacent branches along the surface of
dii in the longitudinal direction or is ROt less than tvo
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129050812904,

INTCRONICE MOMORANDUM wo no  12090.89/12846,22
LT

FROM DTKing
T0 Task Force Distribution List ce

End 79-1> proviges general procedure for the stress analysis of & 31.1.0
branch piping. EidU 79-11 provides technical information relating to tne
use of stress intensification factors anc stresses for reduced outlet
branch connections (B 31.1).

Tnis memorand: - is intended to provide clarification witn respect to the
applicabilit of EMD 79-15 and 79-11. ED 79-15 shall be used tc identify
brancn line wnich wust be includeu in the analysis of a piping run.

EMD 79-11 ,hall be applied only to those branch lines which have been
identifi .d by END 73-15.

Proje/ t Engineers are directed to incorporate this policy into respective
Project Procedures for evaluation of dynamic pipe stress analysis.

| //4/

D. T. King
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