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D and R = mean diameter and mean radius, _. pu and pt = theoretical limit pressun of plane -'

ingiinly of plane pipes and pipe with open ends and clonec* -

.s pipes of connections l :nds, respecttvely
-

o d and r = mean diameter and mean radius of pr = experimental limit pressure of con. -
nection or plane pipe

.branch, respectively .

; Cs and Cas = theoretical limit couple of plane,

7 = thickness of pipe of connection 1.

* = thickness of branch . pipe and plane branch respec. ~** '

s/S - = elanac boop asresa ratio (d/t)/ tively'

io
_ _

(D/T) p = experimental pressure in connec. -'

tion -

._ i .

= experimental limit couple of planeii

_s,and a, = constant fillet radius of external
.- .

C1s
,, surface ofintersectma of tees and - pipe

~ -

fillet radius at external erotch of . Cis = stable experimental in plane limit''

'* tee couple -

Ar = p*(1 - y)= crossectional ana of reinforcement [ Cor = stable experimental out of plane*

is

due to fillet in horizontal piane
~ limit couple

,a
p.anda. = external fillet radius of lateral '- ICoe = unstable experimental out of. plane

,,
where crotch makes an acute and plastic couple

'' obtuse angle, respectively C,6 = theoretical limit couple of plana .
,

'' er = average yield strength of connectaas pipe at constant internal pressure -
er(t) = yield strength averaged for varwusas '? in temasos r.

*

0,, - - 1 types of tensile tests and speci. -
,

,

si
- mens -

5

|
- eaa. car = theoretical elastic boop strain due,,

** = theoretiesi elastic axial strain due.. to internal pressure of a plane
t ets, err

to internal pressun of a plane _ pipe with closed ends having di-s*
pipe with closed ends having di- mensions of the branch or pipe, s

es '

mensions of branch or pipe, re T respectively
as

| ,

spectively f es = referring to en, or ene -'

| , se = referring to er, or ear .i een '
= experimental elastic boop strain,,,

due to internal pressure,, -

|
' a./e, = elatic stress ratio in thin plane pipe

exposed to axial force and band. fu = axial force acting on branch due to'*

.

''
;

** ' ing C ...A differences in magnitude of faecae: '

!

.:i 'sk/eir = elastic stress ratio in thin branch i constituting the limit couple, i

| due to F, and Cir are, ser =, theoretical elastic extremum Axial
.

'

Du = nominal diameter of pipe ed welded strain due to an external couplese .
- ' having dimensione of branch and** -" ' ~

' ilsassans ~

Dipe, respectively, ..
.

l
___ ._ . . _ _ _ . - -d . __._ T'*

e, = referring to c,, orter s*

ss
= experQnental axial strain due to ex-. _ . . . . . ._ .. _ . _ . . _ _ . - _ . . . . . . .

a,
ternal couple measured at 90 deg_ . . . . . . . . . . _ . . . . _ . _ _ _ _ _ _. .

to neutral axisnr
__ _ . . . -. . _ . -

_ _ _ _ _

. _ . _ _ . . . _ _ _ . .._..._..__ __ _ . . F, = everage of magnitude of forces con-''

''
_

stituting limit couple

4o
,

I 41
. . ._

i . . _ . . . . .
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STRESS INTENSITICATION FACTORS (SIFl
'

FOR UNREINFORCED LATERAL BRANCH CONNECTIONS

1.0 OBJECTIVE:

Paragraph NC 3650 of the ASME Section III, (12)*, code provides a method
of analysis of class 2 and 3 piping products. The analysis utilizes
Stress Intensification Factors (SIF) along with some simple equations
to establish acceptable limits on stresses.

Figure NC 3673.2(b)-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 C K /2 where C2 and K2 are class 12
stress indices given in Table NB 3682.2-1, (12)*. Lateral branch con--
nections are not among the components for which SIF or C2 and K2 stress
indices are available. Thus, code evaluation of lateral branch connec-
tion by simplified analysis is not possible.

The p.upose 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.

i

-

|

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

B2-12241-9
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* STATIC4/80
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,-. 3. 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).

4. 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.

5. NUMBER - this parameter is used to initiate the automatic

load incrementation option and to suggest the increment

size. For example, 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 of 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.
m
c

6. CUTMAX - the maximum number to times the suggested uniform

increment size may be subdivided.

.

k_} 7.3.2-3 * STATIC

. - - - - - - - . - - - - _ _ , - - - - - - - _ , , _ , - - , , - __ _ _ , . . - - .-- . . . - - - . -
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2.c ASSUMPTIONS REQUIRED M)'

3 YES I NO
4

8 1. It is reasonable to assume that unreinforced lateral branch I |
8 connection behavior would also be indicative of reinforced i

? Interal branch connectiton behavior. ;

!e
2. Bending moment stress indices (c and k.,) are same for , I |

2,
tubular joints (no hole at the intersecEien) as well

'' as pipe branch connections.
si

lin
J

#3

'' 3, All other assumptions are noted in the body of the text. I 1
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is
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4.0 ANALYSIS
O Stress intensification factors (i) for various piping components are, '

in large part, based upon tiarkl's (1)* approach and test data generated
by his work.

The Mark 1 cyclic moment fatigue tests did not cover lateral branch con-
nections and code does not provide either 'i' factors or C , K2 stress2

indicies for lateral branch connections. Several authors have investi- )

gated this problem and references (2)*, (3)*, and (4)* are some of the
significant published reports. -

VRC Bulletin 200 (2)* reports and analyzes test data on branch connec-
tions including unreinforced laterals exposed to internal pressure and/
or external couples. Tests wer- conduc.ted on plain pipes, tees (normal
branch connections) and 45' late.rals, 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 1and2f(2)*,showresultsofin-planecoupletestsona45'
lateral and a 90* nomal branch connection, 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
The same conclusions are arrived at for out-of plane couples astees.

observed by test results shown in figures 3, 4, and 5 and Table 2, (2)*.
O However, as observed in the Pe/PyP column in Table 1, (2)*, the follow-

ing is concluded:

1. Laterals are plastically. stronger than 90* branch connections when
subjected to external bending moments.

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

,

Conclusion 2 is drawn as a point of interest since in class 2, 3, and
f B31.1 stress analysis, the pressure loading terms are not intensified.
|

The branch construction need only meet the local pressure reinforcement,

requirements stated in the applicable codes.

While reference (2)* conducted tests on 45' lateral branch connections
only reference (3)* reports results of tests conducted on tubular

| joints laterals with angle of branch connections ranging from 0* to 90*.
Reference (3)* presents the finite element model analytical results as;

| well as results of experimental investigations and provides stress'

concentration factor (SCF) for radial thrusts loads, in-plane, out-of-
plane bending moments applied to both nomal and lateral branch connec-

|
tions. The SCF value reported does not represent maximum or peak

in the joint, but rather the equivalent of the maximum primarystress
| plus secondary membrane plus bending stresses as represented by the C 2
;

stress indices of NB 3650.i

O
Numbers in () inficate reference numbers listed in Section 3.*

v. . . . ' ' ' ' - '''
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J.G. Kuang, et al, (3)* performed a parametric study to best fit the
h experiment.a1 results to those arrived at by finite element analysis.

The following parameters that govern the stress distribution in branch
connections were chosen: the run thickness 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 ratios govern the stress i

!distribution by influencing the radial flexibility of the run pipe
'(Figure 6), (3)*, and by bending stress in the branch at the intersee-
tion. The d/D ratio and the angle of branch connection influence the i

Istress distribution by the load transfer mechanism.

Veen a tee is subjected to axial branch loading, the load is transferred
to the run primarily via local bending and punching shear. As a result
if the branch is inclined at other than 90' only the component of the
load normal to de run wall is of primary concern, 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 parameters discussed a mve. The applicability and accuracy of the

!empirical equttions develcr.ed were verified by comparing the test re- Isults to results obtained by the empirical equations. Figure 7(3)*
shows good agreement between the experimental and analytical results.
The empirical expression for radial loads, ig-plane, and out-of plane
bending loads contain a multiplying ters sin 0 where 9 is the angle,
of branch connection, (see Table 3] and 'a' is a constant grester than

This indicates that the maximum stress for the branch connectionzero.0 and SCF increases as the angle e increases, 0'i e 190'.

Severalotherresearchers' investigations,(6)*,(7)*,and(g)*9 termhave
resulted in empirical equations for SCF's that include a sin

! reinforcing the conclusion arrived at in reference (3)*. Table 4, (9)*,
;

also indicates the agreement between the results arrived at by various
authors.

f Reference (3)* imposes a set of limitations on geometric parameters to
minimize dispersion between experimental Snd analytical results. !fost

| important of them are:
--

! * 0.2 g t/T g 0.8
0.3 g d/D g 0.8*

,

* 0' g6 g 90''

As sentioned earilier, the SCF derived in reference (3)* is akin to ce
stress indices of the code. From reference (3)* it is clear that the

for laterals are lower thean 90' branch connee-SCF and therefore, C2
tions. By considering the geometry, branch and lateral connections

for lateralsindices and thus the product of C K2must have similar K2
will always be lower than that for branches. Therefore stress intensi-
fication factor 'i' which is equal to C K /2 (NC 3673.1(b)) for laterals2 2

will always be lower than that for 90' branches.
.

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

B2-12241-9
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While it is true that Reference (3)* deals with tubular joints, (no

O hole at the run-branch intersection) the same cone 1=sions 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 sogles, namely 30', 60', and 90',
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 to obtain total stresses 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 soment to obtain a "stress
ratio". Here M is the applied soment and Zr the elastic section - med-
ules of the run pipe. The 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 angles. Figures 8, 9, 10,
and 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 connection thus confirming results of reference (3)*.

Reference (II)* provides a basis to evaluate the fatigue capacities
of a lateral in comp:rison to a 90' branch of equal size under equiva-
lent loading conditions. Figure 21 results' indicate a trend to initial
failure (crack initiation) occurring at 90' branches sooner than at
equivalent laterals and complete failure (through-wall crack) predomin-
antly occurring in 90' branch: connections. The tests were run using

O stress ranges above those alleved by the piping codes for a 7,000
cycle life. The laterals withstood greater than 7,000 cycles in all
cases. These trends indicate that a lateral is less sensitive to
cyclic damage than its equivalent 90' branch.

-

O
Numbers in () indicate reference numbers listed in Section 3.*
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5.0 SUMMARY OF RESULTS
'

O -

1. Under a single load to failure, the lateral brancheonnection is
stronger plastically than the normal branch connection.

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

3. Laterals are plastica 11y weaker compared to tees when exposed to
internal pressure.

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

5. Reference (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 the laterals SCF's will always be lower than that
of tees even outside the geometric limitations.

s

O I

-

O
* Numbers in () indicate reference numbers listed in Section 3.
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6.0 CONCI.USIONS

O
1. In a piping analysis a lateral branch connection can be safely

analyzed siMlar to a normal branch connection for class 2 and 3
and non-A.-E ipes.

2. In general the results of this investigation indicates that unre-
inforced fabricated lateral connections are stronger than corres-

ponding 90' connections. It is expected that this same conclusion
could be drawn for reinfored lateral connections as well. However,
until more data becomes available to cenfirm this it is
recoamended that a factor be applied for additional conservatism
in the calculation of stress intensification factors (SIF) for
laterial connections.

The SIF for either an unreinforced or reinforced cent.ections may
be determined by calculating the SIF for an equivalent 90' connee-
tion and increasing it by 25 percent.

3. The above must be subjected to the following restrictions:

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

b. The branch connection angle (the angle between the run and ~~r

0 _ bra _n.ch pipe axes) is between 45' and 90' both inclusive 1
-

-

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

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

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