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Nomenclature Lo
Dand R = mean diameter and mean radius, _ prrand pe
» respectively of plane pipes and
pipes of connections
dandr = mean diameter and mean radius of ~ Ps
branch, respectively 1
o = thickness of pipe of connection ~Cyand Cy,
g = thickness of branch
+/S = alasiic hoop streea ratio (d/t)/
e Eniiiaaiie (D/T | P
5 and », = constant fillet radius of external - Cy
surface of intersection of tees and 1
- fillet radius at external crowch of | Cig
tee
Armpil = -I-)- crossectional area of reinforcement | Cog
due to fillet in honzontal p.ane
peand o, = external fillet radius of lateral /Cog
where crotch makes an acute and |
obtuse angle, respectively i Cos
ry = average yield strength of connection |
' in tensson oy(t)
‘ .
LYY
o O = theoretical elastic axial strain due.
to internal pressure of a plane
pipe wnth closed ends having di-
mensions of branch or pipe, re-
' spectively G
' = referring to ¢ OF €;p - g
/0 = elatic stress ratio in thin plane pipe .
} ' cxpaodwunﬂfomundg- | /™
ing —— - w'e
[ eas/one = elastic stress ratio in thin bramch
i dueto Fzand C/g Gp b&r
EDn = nominal diameter of pipe of weided
. 7 lasesnis
i < - ——
- - { .'
Cex
F.

= theoretical limit pressure of plane
pipe with opan ends and closea
2nds, respectively

= expenmental limit pressure of con- -
nection or plane pipe

= theoretical limit couple of plape
pipe and plane branch respec-

tively

= expernimental pressure in connec:
tion i

= ezpennmental limit couple of plane
pipe

= gtable experimental in-plane Limit
couple

= stable expenimental out-of-plane
limit couple

= unstable experimental out-of-plane
plastic couple

= theoretical limit couple of plane
pipe at constant internal pressure

= yield strength averaged for vanous
types of tensie tests and spec-
mens

= theoretical elastic hoop strain due
to internal pressure of s plane
pipe with closed ends baving di-
mensions of the branch or pipe,-
respectively s

= referring Lo exp O €ap

= expenimental elastic boop strain
due to internal pressure

= axial force acting on branch due to
differences in magnitude of forces
constituting the limit coupls

= theoretical elastic extremum axial
strain due to an external couple
having dimensione of branch and
Pipe, respectively _ .

= refernng toe.p 0T ¢.p .

= experimental axial strain due to ex-
ternal coupie measured at 50 deg
to neutral axis

= gverage of magnitude of forces con-
stituting limit couple




890. 4701 «Ol- NP(B)- 5~ Xb Pres b

<:> ‘ STRESS INTENSIFICATION FACTORS (SIF)
FOR UNREINFORCED LATERAL BRANCH CONNECTIONS

1.0 OBJECTIVE:

Paragraph NC 3650 of the ASME Sectionm III, (12)*, code provides a method
of analysis of class 2 acd 3 piping products. The analysis utilizes
Stress Intensification Factors (SIF) along with some simple equaticns

to establish acceptable limits on stresses.

Figure NC 3673.2(d)~1, (12)*, provides SIF's for commonly used standard
piping products. For non-standard piping products NC 3673.2(b), (12)%,
states that SIF may be taken as C3K;/2 where C; and Kz are class 1
stress indices given in Table NB 3682.2-1, (12)*. Lateral branch con-
nections are not among the components for which SIF or C; and K; stress
indices are available. Thus, code evaluation of lateral branch connec-
tion by simplified analysis is not possible.

The parpose of this calculation is to establish a method to derive an
appropriate SIF for use in the evaluation of lateral "stub-in" branches

using NC-3650 rules, (12)*, based upon the results of a published lit-
erature survey.

Q

* Numbers in () indicate reference numbers listed in Section 3.

B2-12241-9
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DIRECT - this indicates the step is to be analyzed in

the increments given on the data card, breaking the step
into fractions, e.g.,

0.7, 0.8, 0.9, 0.95, 1.0

indicates increments will be used applying to 70%, 80%,
90%, 95%, and 100% of the load history (as defined on

the loading cards).

TIMEP is the period of this analysis step. Default
value is one which means that normalized time is used.
Note: this time period for static analysis is not
accumulated over different steps. The time period must
be non-zero.

NUMBER - this parameter is used to initiate the automatic
load incrementation option and to suggest the increment
size. For exansple, NUMBER = 5 will make the first
increment equal to 0.2 of the total time. However, the
program will now adjust the time increment based on the
number cf cycles needed in each increment with the
limitation being that the time increments will not be
larger than 0.2 of the total'time.

Note: NUMBER and DIRECT are mutually exclusive parameters.
CUTMAX - the maximum number to times the suggested uniform

increment size may be subdivided.

7:3.2=3 *STATIC
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CONFIRMATION
“2+© ASSUMPTIONS REQUIRED (¥)
YES | NO
1. It is reasonable to assume that unreinforced lateral branch X
connection behavior would also be indicative of reinforced
lateral branch connection behavior.
2., Bending moment stress indices (¢, and k,) are same for X
tubular joints (no hole at the tcrnoczion) as well
as pipe branch connections.
3 All other assumptions are noted in the body of the text. X
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4.0 ANALYSIS

Stress intensification factors (i) for various piping componeuts are,
in large part, based upoo Markl's (1)* approach and test data generated
by his work.

The Markl cyclic moment fatigue tests did not cover lateral branch con~
pections and code does mot provide either 'i' factors or Cz, K, stress
indicies for lateral braoch connections. Several authors bave iovesti-
gated this problem and references (2)*, (3)*, and (4)* are some of the
significant published reports.

WRC Bulletin 200 (2)* reports and analyzes test data oo branch connec-
tions including unreinforced laterals exposed to internal pressure and/
or external couples. Tests wer- condu.ted on plain pipes, tees (normal
branch compections) and 45° lat--als, to determine "limit loads" of the
components when subject to internal pressure, in-plane and out-of-plane
bending moments. No fatigue tests were conducted.

Figures 1 and 2?‘(2)*, show results of in-plane couple tests on a 45°
lateral and a 90° normal branch comnection, both of identical dimensions
except for the angle of branch connection. Table 1, (2)*, summarizes
the data and test results as well. From these figures and table, it

is clear that the limit load for the lateral is higher compared to that
of 90° tee indicating that the laterals are plastically stronger than
tees. The same conclusions are arrived at for out-of-plane couples as
observed by test results shown in figures 3, 4, and 5 and Table 2, (2)*.
Eovever, as cbserved in the Pe/P1 column in Table 1, (2)*, the follow~
ing is concluded: P

1. Laterals are plastically stronger than 90° braanch connections when
subjected to external bending moments.

2. Laterals are plastically veaker compared to tees when exposed to
internal pressures.

Conclusion 2 is drawn as a point of interest since in class 2, 3, and
B31.1 stress analysis, the pressure loading terms are oot intensified.
The branch construction need oanly meet the local pressure reinforcement
requirements stated in the applicable codes.

While reference (2)* conducted tests onm 45° lateral branch connections
only reference (3)* reports results of tests conducted on tubular
joints laterals with angle of branch connections raaging from 0° to 90°.
Reference (3)* presents the finite element model apalytical results as
vell as results of experimental investigatioans and provides stress
concentration factor (SCF) for radial thrusts loads, in-plane, out-of-
plane bending moments applied to both normal and lateral branch connec~
tions. The SCF value resported does not represent maxiaum or peak
stress io the joimt, but rathe- the equivaleat of the maximum primary
plus secondary membrane plus bending stresses as represented by the C;
stress indices of NB 3650.

* Numbers in () indicate reference pumbers listed in Secticam 3.
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J.G. Kuang, et al, (3)* performed a parametric study to best fit the
experimental results to those arrived at by finite element analysis.
The following parameters that govern the stress distribution in branch
connections were chosen: the run thiciness to diameter ratio T/D, the
branch the run pipe thickness ration t/T, the braach to run diameter
ratio d/D, and most significantly to our current investigation, the
angle of branch connection. The T/D and t/T ratiocs govern the stress
distribution by influencing the radial flexibility of the run pipe
(Figure 6), (3)*, and by bending stress in the branch at the intersec~
tion. The d/D ratio and the angle of branch connection influence the
stress distribution by the load transfer mechanism.

Woen a tee is subjected to axial branch loading, the load is transferred
to the run primarily via local bending and puaching shear. As a result
if the branch is inclined at other than 90° only the component of the
load normal to the run wall is of primary concernm, as the horizontal
component is transferred by compression or tension in the run.

Reference (3)* developes empirical equations to derive SCF's based on
the parametsrs discussed : ove. The applicability and accuracy »f the
empirical equistions develc «d were verified by comparing the test re-
sults to results obtained by the empirical equations. Figure 7(3)*
shows good agreement between the experimental and asalytical results.
The empirical expression for radial loads, ig-plnne. and out-cf-plane
bending loads contain a multiplying term siz @ where 8 is the angle

of brasch conpection, [see Table 3] and 'a' is a constant grester thao
zero. This indicates that the maximum stress for the braanch counectisn
and SCF increases as the angle @ increases, 0°¢< @ <90°.

Several other researchers' investigations, (6)%, (7)*, and (§)* have
resulted in empirical equations for SCF's that include a sin” 6 term
reinforciag the conclusion arrived at in reference (3)*. Table 4, (9)%,
also indicates the agreement between the results arrived at by various
authors.

Reference (3)* imposes a set of limitations on geometric parameters to
pinimize dispersion between experimental and analytical results. Most
important of them are:

. 0.2 5¢t/Tg0.8

. 0.3 5d/D g0.8

» 0* g o g 90°
As mentioned earilier, the SCF derived in refereace (3)* is akin to C,y
stress indices of the code. From reference (3)* it is clear that the
SCF and therefore, C; for laterals are lower thean 90° branch connecs
tions. By considering the geometry, braach and lateral connections
sust have similar K indices and thus the product of CaK; for laterals
will always be lower than that for branches. Therefore stress intensi-
fication factor 'i' which is equal to CpKz/2 (NC 3673.1(b)) for laterals
will always be lower than that for 90° braaches.

* Numbers in () indicate reference mumbers listed in Section 3.

B2-12241-9
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While it is true that Reference (3)* deals with tubular joints, (mo
bole at the run-branch intersection) the same conclusions are arrived
at by C. Hsiao and A.S. Kahn (4)* for piping intersetions. C. Hsiao,
et al, present the result of finite element investigation of 6 x 3
branch connections for three branch aogles, namely 30°, 60°, and $0°,
subjected to in-plane and out-of-plane loads.

The output of the finite element analysis in the form of membrane
stresses and bending moments in the local coordinates are properly com-
bined o obtain totai stresscs at the run/branch pipe intersection.
These stresses are divided by "beam type stresses” ( = M/Zr) for the
known applied in-plane and out-of-plane moment to obtain a "stress
ratio". Here M is the applied moment and Zr the elastic section - mod-
ules of the run pipe. Thie stress ratio thus obtained are compared to
the experimental data, (10)*, for in-plane and out-of-plane loadings
available for 30° and 60° branch connection sngles. Figures 8, 9, 10,
aod 11, (4)*, exhibit good agreement between the experimental and
analytical results. Reviewing figures 12 through 20, (4)*, indicate
that the stress ratio increases with the increase in the angle of
branch comnection thus confirming results of reference (3)*.

Reference (11)* provides a basis to evaluate the fatigue capacities

of a lateral in ceempsriscn to a 90° braach of equal size under equiva-
lent loadiag conditions. Figure 21 results indicate a trend to imitial
failure (crack initiation) occurring at 90° branches sooner thao at
equivalent laterals and complete failure (through-wall crack) predomin-
antly occurring in 90° branch connections. The tests were run using
stress ranges above those allcwed by the piping codes for a 7,000
cycle life. The laterals withstood greater than 7,000cycles in all
cases. These trends indicate that a lateral is less sensitive to
cyclic damage than its equivaleat 90° branch.

* Numbers in () indicate reference pumbers listed in Section 3.

B2-12241-9
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5.0 SUMMARY OF RESULTS

1.

Under a single load to failure, the lateral branchconnection is
stronger plastically than the normal braach commection.

Under cyclic loading the lateral branch connection has greater
fatigue strength than a normal branch comnection.

Laterals ure plastically wveaker compared to tees when exposed to
internal pressure.

While reference (3)* tests are on tubular joints the results are
applicable to branch connections considering the similar conclu-
sions arrived at in reference (1)* and (4)*.

Refereace (3)* imposes geometric parameter limitations for the
empirical expressions for SCF to be valid. However, it is reas-
ocable to assume that the dispersion between experimental and
analytical results for tees and laterals will be in the same dir-
ection so that “he laterals SCF's will always be lower than that
of tees even cu.side the geometric limitations.

* Numbers in () iodicate reference numbers listed in Sectiom 3.

B2-12241-9




6.0 CONCLUSIONS

O

) In a piping snalysis a lateral branch coonection can be cafely
analyzed :=~ilar to & normal branch connection for class 2 and 3

and non~A © pes.

In general the results cf this investigation indicates that unre-
inforced fabricated lateral connections are strouger tlan corres-
ponding 90° connections. It is expected that this same coaclusicn
could be drawvn for reinfored lateral connections as well. However,
until more data becomes available to cenfirw this it is

recommended that a factor be applied for additional conservatisam
in the calculation of stress intensification factors (SIF) for
laterial connections.

The SIF for either an unreinforced or reiunforced conrections may
be determined by calculating the SIF for an equivalent 90° comnec-
tion and ipcreasing it by 25 percent.

The above must be subjected to the following restrictions

The branch connections must meet all the pressure reinforce-
ment requirements of NC 3643 of ASME Section III or ANSI
B31.1 Paragraph 104.3.1.

The branch connection angle (the angle between the rum and
branch pipe axes) is between 45° and 90° both inclusive ‘ 4

ASME Section III code version is limited to the summer 1981
addenda and earlier. Winter 1981 addenda requires that pres-
sure terms be modified by "B" indices.

The use of lateral branch connections vould be restricted to ASME
Class 2 and 3 and B31.1 systems; insufficient data exists to draw
conclusions for Class 1 applications.

O

* Numbers in () indicate reference gumbers listed in Section 3.

B2-12241-9
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