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NOMENCLATURE 

L 

(1 = branch p i p e  diameter  

I> = run  pipe diameter  

IS = run  p ipe  wa l l  t h i ckness  

(Other dimensional symbols a r e  def ined  i n  F igure  1) 

$ 1 , ~  = coord ina te s  of p o i n t  on branch connect ions;  See F igure  3 .  

where i = x,y,z,  j = 1 , 2 , 3  
Se t  of n ine  or thogonal  moments given by a p ip ing  system 
f l e x i b i l i t y  a n a l y s i s ;  See F igure  2 .  

"ij ; 

Fij9 * 

M. * where i = x,y,z, j = r , b  i j '  

a s  above, except  f o r c e s  

Se t  of s i x  independent or thogonal  moments used i n  t h e  t e s t  
arrangement shown i n  F igure  3 .  

L = a x i a l  f o r c e  appl ied  t o  branch p ipe  

Z = = s e c t i o n  modulus of p ipe  

A = c r o s s  s e c t i o n a l  meta l  a r e a  of p ipe  

Zb 

Zr 
C , i  = (with v a r i o u s  s u b s c r i p t s )  a r e  stress i n d i c e s  

S = a nominal stress 

0 = a s p e c i f i c  p r i n c i p a l  s t r e s s  i n  a branch connect ion 

= s e c t i o n  modulus of branch p ipe  

= s e c t i o n  modulus of run  pipe 

- cr = a s p e c i f i c  s t r e s s  i n t e n s i t y  i n  a branch connect ion 

Addi t iona l  symbols a r e  def ined  i n  the  t e x t  a s  they  occur .  
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BRANCH PIPE = NOZZLE 7 
BRANCH PIPE 

F I G U R E  1. BRANCH CONNECTION NOMENCLATURE, F I G U R E  1-704.3.3.1 FROM 
USAS B 3 1 . 7 ,  W I T H  ADDITIONAL D E F I N I T I O N  OF r P 





STRESS INDICES FOR SMALL BRANCH 
CONNECTIONS WITH EXTERNAL LOADINGS 

E .  C .  Rodabaugh 

ABSTRACT 

S t r e s s  i n d i c e s  and s i m p l i f i e d  design formulas a r e  developed f o r  use 

i n  t h e  s t r e s s  a n a l y s i s  of s m a l l  branch connect ions i n  Class I p ip ing  systems 

as requ i r ed  by t h e  ANSI Standard,  Code f o r  Pressure  P ip ing ,  Nuclear Power 

P ip ing  ANSI B31.7. Equat ions a r e  given f o r  reducing  t h e  s e t  of nine 

moments which a c t  on a branch connect ion,  and whose numerical  va lues  a r e  

obtained from a p ip ing  f l e x i b i l i t y  a n a l y s i s  t o  two r e s u l t a n t  moments. 

i n d i c e s  t o  be used w i t h  t h e s e  r e s u l t a n t  moments a r e  e m p i r i c a l l y  developed 

from e x i s t i n g  t e s t  data; and des ign  r u l e s  a r e  proposed f o r  i n c l u s i o n  i n  

ANSI B31.7 .  The e f f e c t s  of d i r e c t  shea r  f o r c e  loadings  on branch connect ions 

a r e  a l s o  d i scussed .  

S t r e s s  

Keywords: s t r e s s  i n d i c e s ,  s m a l l  branch connect ions,  p ip ing  t e e s ,  
s t r e s s  a n a l y s i s ,  nuc lea r  p ip ing ,  p ip ing  code, ANSI B31.7. 
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INTRODUCTION 

The Nuclear Power Piping Code, USAS B31.7('), provides  s t r e s s  

i.ndices f o r  two:'; broad types of branch connect ions:  

1) Branch connect ions p e r  Subpar. 1-704.3. 

2) Butt-welding t e e s  pe r  USAS B16.9 o r  MSS SP-48. 

This  Phase Report i s  concerned only  w i t h  the  f i r s t  t y p e  of branch 

connect ions.  It should be remarked t h a t  t he  f i r s t  type of branch 

connect ions a r e  ass igned  s t r e s s  i n d i c e s  i n  Table D201 of B31.7 only  

f o r  d/D < - 0.5,  where d = branch d iameter ,  D = run  diameter .  

t r i i s t ,  b u t t  welding t e e s  a r e  normally a v a i l a b l e  only f o r  d/D > ,., 0.5. 

In  t h e  fol lowing,  we w i l l  use  the  term "branch connections" as r e f e r r i n g  

s p e c i f i c a l l y  t o  branch connect ions pe r  Subpar. 1-704.3. 

I n  con- 

Two a d d i t i o n a l  l i m i t a t i o n s  a r e  placed oii the  a p p l i c a b i l i t y  of 

s t r e s s  i n d i c e s  t o  branch connect ions:  

1) 

2 )  Branch pipe axis normal t o  the  s u r f a c e  of t he  run pipe 

D / t  n o t  over  100; t = w a l l  t h i ckness  of run  p ipe .  

(For example, l a te ra l s  are excluded.)  

Subparagraph 1-704.3 of B31.7 i s  e n t i t l e d  " In t e r sec t ions" ;  

i t  r e q u i r e s  100% cut -out  a r e a  replacement un le s s  d < - 0.1414 fl and 

f u r t h e r  provides  r e i n f o r c i n g  zone bounds w i t h i n  which r e i n f o r c i n g  i s  

considered as e f f e c t i v e  i n  r e p l a c i n g  the  cu t -out  area. The r e i n f o r c i n g  

i s  based on i n t e r n a l  pressure  loading  only  and i s  n o t  r e l a t e d  t o  the  

magnitude of  t he  e x t e r n a l  loadings .  Because e s s e n t i a l l y  any branch 

. 

. 

7'; A t h i r d  c l a s s  of hranch connect ions c o n s i s t s  of socket-welding 
f i t t i n g s  such as those purchased t o  USAS B16.11. These appa ren t ly  
p re sen t  a des ign  problem only  a t  t he  socket  weld. 
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. 
connect ion w i l l  meet the  r e i n f o r c i n g  

p resen t  B31.7 formulat ion f o r  C f o r  2 

r u l e s  f o r  some p res su re ,  the 

branch connect ions i s  s u b j e c t  t o  
n 1-  
L l J  is misappl ica t ion .  The p resen t  formulat ion f o r  C = 1.8 (Rm/3 Tr) 

based on the  assumption t h a t  T i s  the  th i ckness  of the  run pipe r equ i r ed  

f o r  i n t e r n a l  pressure  and t h a t  a d d i t i o n a l  r e i n f o r c i n g  i s  r equ i r ed  t o  

2 

r 

meet t h e  B31.7 r e i n f o r c i n g  r u l e s .  Because e i t h e r  p a r t  o r  a l l  of the  

r e i n f o r c i n g  can be suppl ied  by the  run p ipe ,  t he  p re sen t  formulat ion 

f o r  C may n o t  be conserva t ive  f o r  some configurations;k. 2 

USAS B31.1.0-1967, Power P ip ing ,  g ives  some equat ions  f o r  

c a l c u l a t i n g  s t r e s s e s  i n  branch connec t ions ;  bu t  i s  l i m i t e d  t o  (1) B16.9 

tees, (2)  pad o r  saddle  r e in fo rced  t e e s ,  o r  (3)  uniform w a l l  ( f a b r i c a t e d ,  

unre inforced)  tees. The f i r s t  of t hese  i s  n o t  included i n  t h i s  r e p o r t ;  

t he  second i s  n o t  permiss ib le  under B31.7, hence only  the  t h i r d  type 

might o f f e r  some guidance. These code r u l e s  a r e  d iscussed  l a t e r  he re in .  

r 

7k A l e t t e r  from R. N. Zogran t o  the  au thor ,  December 27 ,  1968, po in ted  
ou t  t h i s  p o s s i b i l i t y .  
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L O A D I N G S  A N D  STRESS I N D I C E S  

The magnitude of  e x t e r n a l  loadings  app l i ed  t o  a branch con- 

nec t ion  i n  a p ip ing  system i s  normally determined by a "piping f l e x i -  

b i l i t y  ana lys i s" .  Figure 2(a)  i l l u s t r a t e s  a simple p ip ing  system 

con ta in ing  a branch connect ion a t  p o i n t  "0" .  A s  implied by Figure  2 ( a ) ,  

a p ip ing  f l e x i b i l i t y  a n a l y s i s  assumes t h a t  the  p ip ing  system, which 

a c t u a l l y  c o n s i s t s  of va r ious  s h e l l  s t r u c t u r e s ,  can be modeled as an 

assemblage of one-dimensional beams. Moments and f o r c e s  a r e  genera ted  

i n  the  p ip ing  system by: 

a )  Weight o r  i n e r t i a  l oads  of the  p ipe ,  p ip ing  components 

(e .g . ,  va lves )  i n s u l a t i o n ,  con ten t s ,  e t c .  

L inear  o r  r o t a t i o n a l  displacements  of r e s t r a i n t  p o i n t s .  

For example, R of  Figure 2(a)  may be a p re s su re  v e s s e l  

nozz le  which moves wi th  r e s p e c t  t o  r e s t r a i n t  p o i n t  R 

and/or  R3. 

b) 

1 

2 

c )  Change i n  the  l e n g t h  of  t he  p ip ing  due t o  change i n  

temperature  of  the  p ip ing .  

A t  a branch i n t e r s e c t i o n  p o i n t ,  such as p o i n t  "0" of Figure 2 ( a ) ,  

the  p ip ing  f l e x i b i l i t y  a n a l y s i s  w i l l  g ive  t h r e e  or thogonal  s e t s  of 

. 

moments which e i t h e r  a r e  d i r e c t l y ,  o r  can be r o t a t e d  tq the  moment sets  

shown i n  Figure 2(b) .  Equi l ibr ium r e q u i r e s  t h a t  t h e s e  s e t s  of moments 

be r e l a t e d  by: 
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t Y  

ORNL-DWG 70-6827 

MY3 

2(a) : Piping System with a 
branch connection at "0" 

Mz 2 

2(b): Detail A , Moments calculated at point "0" 

FIGURE 2 .  PIPING SYSTEM AND SETS OF MOMENTS OBTAINED FROM A 
PIPING FLEXIBILITY ANALYSIS 
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f Mx2 + Mx3 = 0 Mxl 

M + M  + M  = O  
Y l  Y 2  Y3 

MZ1 + MZ2 + MZ3 = 0 

Accordingly,  t h e r e  a r e  only  s i x  independent moments a t  a branch connec- 

t ion .  The se t  of s i x  moments shown i n  F igure  3 c o n s t i t u t e  a complete 

s e t  of moments. This  s e t  o f  moments has  been used i n  experimental  and 

ithleoretical ana lyses  of branch connect ions and w i l l  be considered h e r e i n  

as the  b a s i c  se t  of  s i x  independent moment loads .  They a r e  i d e n t i f i e d  

a s  M where i = x ,  y ,  z ,  j = r, b, The s e t  of  n ine  moments from a 

p ip ing  f l e x i b i l i t y  a n a l y s i s  a r e  s i m i l a r l y  i d e n t i f i e d ,  except  j = 1, 2, 3. 
i j ’  

I n  t r a n s l a t i n g  d a t a  obta ined  from the  b a s i c  s e t  of s i x  moments 

(See Figure 3 )  f o r  a p p l i c a t i o n  wi th  the  n ine  moments obta ined  from a 

p ip ing  f l e x i b i l i t y  a n a l y s i s  [F igure  2 ( a ) ] ,  i t  is  necessary  t o  d i s t i n g u i s h  

t h a t  p a r t  of  t he  moment t h a t  i s  c a r r i e d  from the  branch i n t o  one o r  both ends 

o f  the  run. There a r e  two genera l  ca ses .  

1) Moment through branch i s  e q u i l i b r a t e d  by moments a t  both run ends,  

w i t h  no moment flow through run 

, for example il. - Mi 2 M 
1 = x ,  y o r  z 
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O m - D W G  70-6828 

F I G U R E  3 .  EXPERIMENTAL ARRANGEMENTS W I T H  A COMPLETE S E T  
O F  MOMENT LOADINGS 
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c--- 
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5 

4 (b) 

-4 
5 

. 

F I G U R E  4 .  I L L U S T R A T I O N  OF MOMENT FLOW CONCEPT 
A T  A BRANCH CONNECTION 
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2 )  Moment through branch i s  e q u i l i b r a t e d  by moment a t  one run end wi th  

a r e s i d u a l  moment flow through the  run 

M 

Mi3  Po 
, f o r  example 

o r  

Mi3  

, f o r  example 

L i 10 
i 

Rela t ionships  between the  b a s i c  moments and the  f l e x i b i l i t y  

a n a l y s i s  moments, app ropr i a t e  f o r  a p p l i c a t i o n  wi th  the  B31.7 s i m p l i f i e d  

analysis" ,  a r e  as fol lows : 

Perhaps a b e t t e r  way of s t a t i n g  t h e  same r e l a t i o n s h i p  is:  If t h e  s ign  

of Mil i s  t h e  same as  t h e  s ign  of M 

Mil and Mi2. 

Mir = 0; otherwise M = l e s s e r  of i2' ir  

* The s i g n  of  t h e  moment flow i s  l o s t  i n  t h i s  formula t ion ;  t h i s  i s  a 
s i m p l i f i c a t i o n  i n  accordance wi th  the  B31.7 (Par  1.705) s i m p l i f i e d  
a n a l y s i s  philosophy t h a t  maximum s t r e s s  i n t e n s i t i e s  due t o  a l l  load-  
ings  occur  a t  the  same su r face  p o i n t  and a r e  o r i e n t e d  so t h a t  they  
d i r e c t l y  add t o  each o the r .  
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S t r e s s  Indices  

Two types  of ana lyses  a r e  covered i n  B 3 1 . 7 ;  a "s impl i f ied"  

a n a l y s i s  as covered by 1-705 of B 3 1 . 7  and a "de ta i led"  a n a l y s i s  as covered 

b y  Appendix F of B 3 1 . 7 .  While the  s t r e s s  i n d i c e s  der ived  h e r e i n  a r e  f o r  

t he  s i m p l i f i e d  a n a l y s i s ,  some d i scuss ion  of what stress ind ices  would be 

r equ i r ed  f o r  the  d e t a i l e d  a n a l y s i s  i s  p e r t i n e n t ;  i n  p a r t  t o  i n d i c a t e  

why such d e t a i l e d  s t r e s s  i n d i c e s  a r e  n o t  a v a i l a b l e  a t  t h i s  t i m e .  

S t r e s s  i n d i c e s  f o r  the  d e t a i l e d  a n a l y s i s  of branch connect ions,  

wit.h moment loadings ,  might b e s t  be given i n  t h e  form;?: 

where 

B = p r i n c i p a l  s t r e s s  a t  a p o i n t ,  p ,  on the  branch connection 
P 

due t o  moment load ,  M 

P i j  

i j  

i = p r i n c i p a l  s t r e s s  index f o r  M a t  p o i n t  p 

Mi j 

Z = s e c t i o n  modulus of  pipe ( run  o r  branch, as s p e c i f i e d  by 

-j appl ied  moment 

the s t r e s s  index nomenclature) 

I n  o rde r  t o  c a r r y  ou t  t h e  d e t a i l e d  a n a l y s i s  of' B 3 1 . 7 ,  it would 

be necessary  t o  have stress i n d i c e s  ( i  1 f o r :  

(1:) Each of  t he  s i x  independent moment loads .  
P 

(:2) S u f f i c i e n t  s u r f a c e  l o c a t i o n s  t o  adequate ly  desc r ibe  the  s t r e s s  f i e l d  

f o r  each  moment (perhaps 50 t o  100 l o c a t i o n s ) .  These might be 

expressed as func t ions  of  p, 8 ( see  Figure 3)  and i.nside, o u t s i d e  

o r  midwall su r f ace .  

+,: Analogous t o  t h e  i - i n d i c e s  f o r  curved p ipe  o r  welding elbows, Table D - 3 0 9 - 2  
of B 3 1 . 7 .  
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A t  each po in t ,  a minimum of t h r e e  q u a n t i t i e s  would have t o  be descr ibed  

by the  s t r e s s  index; e . g . ,  the  maximum and minimum p r i n c i p a l  s t r e s s e s  

and t h e i r  o r i e n t a t i o n  wi th  respect t o  e s t a b l i s h e d  coord ina te s ,  

From the  above, i t  is  apparent  t h a t  a s e t  of d e t a i l e d  s t r e s s  

i nd ices  f o r  a given branch connection would c o n s i s t  of 1000 t o  2000 quan- 

t i t i e s .  From these  q u a n t i t i e s ,  the  p r i n c i p a l  stresses a t  any p o i n t  

on the branch connect ion f o r  any combination of  moments could be obta ined;  

provided,  of course ,  t h a t  supe rpos i t i on  i s  app l i cab le .  

Having obta ined  p r i n c i p a l  s t r e s s e s  due t o  moment loads ,  the 

nex t  s t e p  would be t o  add the  s t r e s s e s  due t o  i n t e r n a l  p re s su re  and t h e r -  

m a l  g r a d i e n t  s t r e s s e s ,  then t o  determine stress i n t e n s i t i e s  from the  

p r i n c i p a l  s t r e s s e s  and complete the  a n a l y s i s  by comparing those  s t r e s s  

i n t e n s i t i e s  w i th  the  al lowable s t r e s s  i n t e n s i t i e s  given i n  B 3 1 . 7 .  

These sets  of d e t a i l e d  stress i n d i c e s  could ,  i n  p r i n c i p a l ,  be 

obtained by e i t h e r  a t h e o r e t i c a l  o r  experimental  s t r e s s  a n a l y s i s .  Un- 

f o r t u n a t e l y ,  a t  t h i s  time a proven t h e o r e t i c a l  a n a l y s i s  has n o t  been 

developed f o r  branch connect ions wi th  moment loads nor  i s  s u f f i c i e n t  t e s t  

d a t a  a v a i l a b l e  t o  e s t a b l i s h  d e t a i l e d  s t r e s s  i nd ices .  Even w i t h  an 

a v a i l a b l e  theory and/or  t e s t  d a t a ,  t he  shear  bulk o f  the  d e t a i l e d  s t r e s s  

i n d i c e s  might make t h e i r  p r e s e n t a t i o n  i n  B 3 1 . 7  imprac t ica l .  

There i s  however, some tes t  d a t a  from which a probably conserva- 

t i v e  e s t ima te  of maximum s t r e s s e s  i n  branch connect ions can be formulated.  

This  i s  the  approach taken i n  Table D-201 of B 3 1 . 7  i n  which the s i m p l i -  

f i e d  s t r e s s  i nd ices  ( C  ) a r e  given. I n  p r i n c i p a l ,  we want t o  e s t a b l i s h  

va lues  of the  s i x  C - ind ices  i n  the  equat ion:  

2 

2 i  j 



1 2  

Mzb 
amax - '2xr z + c  2yr Z """C2zb 7 

M M 
x r  - - 

whe r e  
- 

= maximum s t r e s s  i n t e n s i t y .  Omax 

.If we cons ide r  a tes t  se t -up  as ind ica t ed  i n  Figure 3 ,  wi th  a branch 

2 i j  connect ion thoroughly instrumented w i t h  s t r a i n  gages,  the va lue  of C 

(can be e s t a b l i s h e d  by applying,  s e p a r a t e l y ,  Mxr7 M y r  ..... MZb.  

choose t o  de f ine  Z f o r  moments app l i ed  t o  the  run (M 

:Z = s e c t i o n  modulus of t he  run pipe and Z f o r  moments app l i ed  t o  the  

branch (Mxb, M 

From the  measured maximum s t r e s s  i n t e n s i t y  t h e  va lue  of C i s  

obta ined ,  f o r  example, as: 

We now 

M MZr) as x r '  y r '  

r 

M ) as Zb  = s e c t i o n  modulus of the  branch p ipe .  yb' zb 

2 i  j 

= stress index f o r  M 2xr x r  

= maximum measured s t r e s s  i n t e n s i t y ,  a s  determined from Oxr 

s t r a i n  gages,  under load Mxr 

= a p p l i e d  moment. Mxr 

= s e c t i o n  modulus of  run p ipe .  'r 

I n  developing va lues  f o r  C i n  t he  subsequent s e c t i o n s  o f  

t h i s  r e p o r t ,  i t  w i l l  be noted t h a t  two kinds of experimental  d a t a  a r e  

used: (1) s t r a i n  gaged tes t  models and (2) f a t i g u e  t e s t s ,  The f a t i g u e  

2 i j  

t e s t s ,  by an e v a l u a t i o n  d iscussed  l a t e r  h e r e i n ,  l ead  t o  C2i j  f a c t o r s  
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which cannot be c l e a r l y  i d e n t i f i e d  a s  t o  whether they r ep resen t  maximum 

p r i n c i p a l  s t r e s s e s  o r  s t r e s s  i n t e n s i t i e s .  Maximum p r i n c i p a l  s t r e s s e s ,  

were used from the  s t r a i n  gage t e s t s .  Other than a few known Bmax 9 

except ions ,  t he  maximum p r i n c i p a l  s t r e s s  was a l s o  the  maximum s t r e s s  

i n t e n s i t y  - For one test ' ;  wi th  t o r s i o n a l  moment on the  branch 

(M 

was g r e a t e r  than cr w a s  no t  more than 1 . 2  times CJ The use 

of maximum p r i n c i p a l  s t r e s s e s  in s t ead  of maximum s t r e s s  i n t e n s i t y  i s  

' Drnax' 

), Fmax was 1.31 times CJ f o r  o the r  tests"" where Fmax Yb max ' 
- 

max' Omax max 

more than counterbalanced by the  assumption inherent  i n  Equations ( 6 )  

and ( 7 )  t h a t  maximum s t r e s s e s  due t o  a l l  of the  s i x  moment loads occur 

a t  t he  same l o c a t i o n  and sur face  and a r e  o r i en ted  so  a s  t o  d i r e c t l y  add 

t o  each o the r .  

~~ 

7k Table 3 ,  Reference (8), Model E 

;k;k These a l s o  occurred f o r  M loading.  
Yb 
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TEST DATA 

Complete e t s  of t e s t  d a t a  on branch con e c t i o n s  u ing  the  

t e s t  arrangement shown i n  Figure 3 a r e  q u i t e  l i m i t e d ;  d a t a  known t o  the  

au thor  a r e  summarized i n  Tables  1 and 2 .  Only one of t hese  t e s t  

specimens f a l l s  w i t h i n  the  class of branch connect ions considered 

h e r e i n ;  t h a t  one being t h e  1 2  x 1 2  x 4 Weldolet connect ion.  

Addi t iona l  u s e f u l  t e s t  d a t a  i s  shown i n  Tables  3 and 4 .  A l l  

af t h i s  d a t a  i s  f o r  moments (and i n  a few cases ,  a x i a l  f o r c e s )  app l i ed  

t o  the  branch. The r e fe rences  c i t e d  do n o t ,  i n  gene ra l ,  i n d i c a t e  

whLere o r  what kind of  r e a c t i o n  fo rces  were app l i ed .  In  most c a s e s ,  

i t  appears  t h a t  run p ipe  w a s  anchored a t  bo th  ends. For s m a l l  d/D 

branch connect ions i t  probably d o e s n ' t  make much d i f f e r e n c e  where t h e  

r e a c t i o n  f o r c e s  were app l i ed .  This  assumption i s  implied i n  the  sub- 

sequent a n a l y s i s  of t h i s  t es t  da t a .  

Tables  3 and 4 a r e  taken from Reference (14) w i t h  some modi- 

f i c a t i o n s ,  Table 3 covers  "uniform-wall" t es t  models whi le  Table 4 

covers  t e s t  models w i t h  some type of l o c a l  r e i n f o r c i n g  around the  

branch. Some p e r t i n e n t  comments on these  t a b l e s  fol low.  

1) The dimensional nomenclature is  t h a t  of Figure 1-704.3.3.1 

of B31.7; reproduced here  as F igure  1 f o r  r e fe rence  con- 

venience.  The a d d i t i o n a l  symbol r i s  used f o r  the  

e f f e c t i v e  r a d i u s  of a pad r e i n f o r c i n g .  It i s  de f ined  as 

the  r ad ius  i n s i d e  which the  reinforcement  i s  t h i c k e r  

(measured normal t o  the  c y l i n d e r )  than  0.5 T 

P 

r '  
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2 )  Under the  "Load" column, Mx, M and M correspond t o  Y '  z 

Mxb, Myb, and M 

f o r c e  appl ied  t o  the  branch. Sign r e l a t i o n s h i p  between 

p o s i t i v e  loads  and p o s i t i v e  s t r e s s e s  are n o t  - maintained 

i n  these  Tables .  

of Figure 3 .  L i n d i c a t e s  an  a x i a l  zb 

3 )  An e n t r y  i n  the  l a s t  column ( a ' / S )  i n d i c a t e s  t h a t ,  i n  

t he  a u t h o r ' s  op in ion ,  the maximum repor t ed  measured s t r e s s  

w a s  n o t  r e p r e s e n t a t i v e  of the  a c t u a l  maximum secondary 

s t r e s s .  

from th ree  o r  more s t r a i n  gages placed along a 0 = con- 

s t a n t  l i n e  up t o  the d i s c o n t i n u i t y  po in t .  This  impl ies  

t h a t  the  s t r a i n  gage n e a r e s t  t o  the  d i s c o n t i n u i t y  w a s  a 

s i g n i f i c a n t  d i s t ance  away from the  d i s c o n t i n u i t y .  Where 

no e n t r y  i s  shown under u ' /S ,  i t  i s  the  a u t h o r ' s  opinion 

t h a t  t he  maximum repor t ed  measured s t r e s s  i s  reasonably 

r e p r e s e n t a t i v e  of the a c t u a l  maximum s t r e s s .  

The va lues  of o'/S r ep resen t  e x t r a p o l a t i o n s  

Table 5 g ives  f a t i g u e  t e s t  d a t a  on branch connect ions w i t h  

d/D up t o  0.63. Reference (11) t e s t s  were c o n t r o l l e d  displacement  t e s t  

analogous t o  those r epor t ed  by Markl(15). 

run wi th  an i n e r t i a l  loading device whi le  Reference (13) t e s t s  were run 

wi th  c o n t r o l l e d  moment loading.  It i s  s i g n i f i c a n t  t o  no te  t h a t  f a t i g u e  

f a i l u r e s  i n  a l l  bu t  one t e s t  specimen were a s soc ia t ed  wi th  welds;  t he  

one except ion  being Reference 13,  Model D. Crack l o c a t i o n s  and spec i -  

mens are descr ibed  i n  d e t a i l  i n  Reference ( 1 4 ) .  

Reference ( 1 2 )  t e s t s  were 



1 6  

Analysis  of t h e  d a t a  c o n s i s t s  of  ob ta in ing  a s t r e s s  i n t e n s i -  

f i c a t i o n  f a c t o r ,  i by f g t t i n g  the  t e s t  d a t a  t o  t h e  equat ion  f ’  

i f S N . *  = 245,000 

i = fati.gue-based s t r e s s  i n t e n s i f i c a t i o n  f a c t o r  

S 

M = moment app l i ed  t o  t h e  branch 

Zb = s e c t i o n  modulus of branch pipe 

N = c y c l e s - t o - f a i l u r e  (through-the-wall  c r ack ) .  

f 

= nominal stress = M / Z b  
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- 
Load 

Mxr 

M 
Y r  

Mz r 

Mxb 

M 

Mzb 

Yb 

TABLE 2 .  SI.TMMARY OF MAXTMIIM PRTNCTPAL STRESSES FROM STRAIN GAGE TESTS ON A 
3 x 3 x 3 ,  Sch lOS, B16,9 TEE AND ON A 10 x 10 x 5: 45" :  LATERAL 
10.5" O . D .  x 0.75" WALL RUN, 5.25 O.D. x 0.375'' WALL BRANCH 

Location 3) 0 I 
3.42 60 

1.20 60 

2.45 90 

4.24 60 

4.19 60 

2.14 30 

Max. Locat ion Surface '' J 

01s (2) 0 

4.07 210 

.94 285 

3.19 285 

2.40 285 

2 . 1 1  270 

2.97 180 

E 

"4 F 

Notes : 

(1) S t r a i n  gages were placed 
on o u t s i d e  su r face  only.  
Presumably, f o r  some loads ,  
h ighe r  s t r e s s e s  e x i s t e d  on 
t h e  i n s i d e  su r face .  

(2)  0 = maximum measured 
p r i n c i p a l  s t r e s s .  

For Branch: 

S = M / Z b ;  Mzb/Zb; M /2Zb 
xb Yb 

For Run: 

S = M / Z r ,  MZr/zr, Mxr/2zr 
Y r  

Z r  = s e c t i o n  modulus of run p ipe  

Z b  = s e c t i o n  modulus of branch 
pipe.  

( 3 )  I = i n s i d e ,  0 = Outside 

(4)  Data from Fung & Lind, 
"Experimental Stress Analysis  
of a 45" L a t e r a l  
n e c t i o n  Subjected t o  Ex te rna l  
Loadings", U. of Waterloo, 
Waterloo, Canada, Sept.1968. 

Pipe Con- 

. I . 
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ORNL-DWG. 70-6830 

--e t 0 . 2 3 7 "  
4" std. wt. pipe 

I 1.5" 

1 I 

2.12 5" 

- 0.5"R. 

2.25" 

/ I i 12.75" O.D. x 0.500"wall pipe / 

2.375" 

I 

I 

I 

F I G U R E  5.  DIMENSIONS O F  1 2  x 1 2  x 4 WELDOLET BRANCH CONNECTION 



R I 

(2) Location & Direction of omax(') 0' (4) 
r '  r '  m 

'max - 
No. Size(1)  Tr Rm Tr P Load S She l l  u, Surface cy S 

- - m - m - - Ref. Nominal r 

90 
90 

0 
90 

56x12 21.5 
(Tr= l .  3") 

56x12 13.5 
(Tr=2.08") 

24x4 38 

24x12 38 

24x24 38 

36x4 46.5 
(E 1 

3 6x6 46.5 
!a 

10x10 8 

48x6 39 

. 13  

.19 

.18 

.53 

1.00 

.12 

.18 

1.00 

.13 

.32 

.67  .93 

.42 .93 

.76 .95 

.80 .98 

1.00 .99 

.42 .96 

.75 .96 

1.00 .94 

.45 .96 

.43 .93 

2 .49  
4.11 
7.05 

1.42 
2.54 
3.10 

3.75 
7.18 

2.43 
6.22 

5.15 
11.2 

1.4 
2.7 
6.0 

4.25 
8.5 

14.0 

2.2 
3.4 

3.0 
4.4 
9.3 

1.73 
2.19 

Run 0 
Run 90 
Run 90 

Branch 0 
Run 45 
Run 45 

Run 0 
Run 90 

Run 30 
Run 90 

Branch 90 
Branch 90 

Branch 45 
Branch 67.5 

Branch 0 
Branch 90 
Branch 90 

Trans. 0 
Trans. 90 

o u t  
out  
out  

out  
ou t  
out 

out  (b) 

I 
out  
ou t  
out  

ou t  
out  
ou t  

out  
ou t  

out  
ou t  
ou t  

out  
ou t  

0 
0 
0 

90 - - 
C 
0 

130 
0 

45 
90 

I) 
0 
0 

0 
0 
0 

- - 
0 

90 
90 

90 
90 

4 . l ! a )  
6,2(a) 
9.8(a) 

2.l(a) 
3.8(a) 
4.6(a) 

4.5 
10. 

5.1 
12. 

8.4 
14. 

2. l (a)  
3.5 
8.1 

4.7 
10.5 
16.7 

N 
0 
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TABLE 3. (Continued) 

R ( 2 )  Locat ion & D i r e c t i o n  o f  omaX(’l) Crl ( 4 )  r ‘  m m Tb m 
r ‘max - rl - - - No. s i ze  (1) Tr Rrn Tr p Load S S h e l l  cp Sur face  c: S 

Ref. Nominal 

.63  

.65 

.63  

1.00 

.50  

.69 .95 MZ 2 .70 
4.36 
8 .70  
1.59 

Ex 

Ex 

M 
Y 

.38 .97 MZ 2.03 
2.33 
5.25 
1.7i 

.6Y .95 M 3.53 

M 
Y 

8.55 
12.5 

1.00 .95 MZ 5 . 2  

23.6 
5.25 

1.00 .99 MZ 18.5 
90. 

;x 100. 

Trans.  
Trans.  
Branch 
Trans.  

Branch 
Branch 
Branch 
Trans . 
F i l l e t  
Branch 
Branch 

F i l l e t  
Run 
Run 

F i l l e t  
F i l l e t  
F i l l e t  

30 o u t  168 - 
Y O  o u t  Y O  - 
90 I n  90 - 
60 I n  31 - 

15 ou t  172 - 
75 o u t  175 - 
75 o u t  24 - 

0 o u t  42 - 
0 o u t  90 - 

YO o u t  90 - 
90 o u t  90 - 

0 Out 90 - 
60 Out 24 - 
45 Out 46 - 
60 o u t  0 -  
YO Out 0 -  
82.5 Out 0 -  

(1) Symbols i n  parentheses under the  nominal s i z e  g ive  f u r t h e r  i d e n t i f i c a t i o n  o f  t he  t e s t  models i n  
accordance wi th  the  re ferences  c i t e d .  

Axial  Force 

L M 
Y 

( 2 )  S = nominal s t ress  MZ o r  Mx 

s = LIA Omax = maximum measured s =  M I %  
Y S = M / %  , 2 

i n  nozzle 

q)= d r m )  A = 2nr ‘  s t ress  
m 
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Footnotes to Table 3 

( 3 )  

( 4 )  

Locat ion and Di rec t ion  of Maximum Measured S t r e s s  

Column S h e l l  i d e n t i f i e s  whether omax occurred on branch, run o r  t he  junc ture  between run and branch, 
For Reference (8) models L,  D ,  and E (drawn-outlet  t e e s ) ,  t r a n s .  means omax occurred i n  the  r ad ius  
between cy l inde r  and nozzle.  For References (8) and ( 9 )  f i l l e t  means CJ occurred i n  the(ground- 
o f f )  f i l l e t  weld between cy l inde r  and nozzle .  max 

Column 9 i d e n t i f i e s  l oca t ion  around nozzle .  

Column Surface ,  Out means pmax occurred on ou t s ide  su r face ;  In means omax occurred on the  i n s i d e  
su r face .  

o'/S i s  an  approximate ex t rapola ted  va lue  of t e s t  d a t a  t o  the  toe  of the  f i l l e t  weld between cy l inde r  and 
nozzle .  I t  does not include s t r e s s  concent ra t ions  a t  the  toe of t he  f i l l e t  w e l d .  

Ext rapola ted  stress i n  cy l inder .  
i n  some models, t he  maximum s t r e s s  in the  nozzle  i s  probably h igher  than the  s t r e s s  shown. 

Test  d a t a  i s  n o t  s u f f i c i e n t  t o  es t imate  maximum s t r e s s  i n  branch pipe;  

S t r a i n  gages on the  ou t s ide  only.  

No d a t a  f o r  s t r e s s e s  i n  nozzle ,  

Tes t  d a t a  a t  cp = 0 and 'p = 90 only.  

Data i n s u f f i c i e n t  t o  ex t r apo la t e  t o  maximum stress on e i t h e r  cy l inde r  o r  nozz le .  

These t e s t  models are "drawn-outlet" t e e s .  

N 
N 



TABLE 4. SUMMARY OF TEST DATA FOR EXTERNAL LOADS APPLIED 
TO BRANCH, MODELS WITH LOCAL REINFORCING 

R 
( 2 )  L o c a t i o n  & Direction of omax(') 0' ( 4 )  

Omax - T b '  - " rn r' rn - - rn - R e f .  Nominal - 
No. S i z e ( 1 )  Tr Rul Tr p L o a d  S S h e l l  cp S u r f a c e  CY S r 

38 

38 

38 

38 

38 

38 

8 

8 

39 

9.5 

9.5 

9.5 

.18 

.35 

.53 

.18 

.35 

.53 

1.00 

1.00 

.13 

.32 

.32 

.32 

.76 .44 Mx 2.6 

.go .48 M, 4.8 

4.9 .80 .53 Mx 

76 .55 Mx 3.3 

.BO .53 Mx 3.7 

.80 .51 Mx 5.7 

1.00 .Y4 MZ 1.7 
2.0 

1.00 .Y4 MZ 1. 4(i) 

.45 .60 M 1 . 2  
MZ 4.3 
LX 8.5 

.43 .50 MZ 1.41 
1.49 
3.28 

.43 .54 MZ 1.15 
1.14 

M* 

Run Y OD 

Run 9 OD 

Run 9O0 

Run 9 O0 

Run 9 OD 

Run goo 

B r a n c h  22.5 
B r a n c h  61.5 

Run a 0  

B r a n c h  0 
B r a n c h  90 
B r a n c h  90 

B r a n c h  22.5 
B r a n c h  67.5 
J u n c t u r e  45 

B r a n c h  22.5 
J u n c t u r e  90 

B r a n c h  22.5 
B r a n c h  67.5 

o u t  

o u t  

a u t  

o u t  

o u t  

o u t  

o u t  
o u t  

I n  

o u t  
o u t  
o u t  

o u t  
o u t  
o u t  

o u t  
o u t  

o u t  
o u t  

0 

0 

0 

0 

0 

0 

- 
- 

- 

0 
0 

90 

i) 
2 
9 

5 
90 

7 
4 

5. ( 8 )  



FOOTNOTES FOR TABLE 4. 

(1) Symbols i n  parentheses  under the nominal s i z e  g ive  f u r t h e r  i d e n t i f i c a t i o n  of t he  test models i n  accordance 
wi th  t h e  r e f e r e n c e s  c i t e d .  

( a )  Saddle Dimensions: 2 4x4 2 4x8 24x12 
0.375 'I 0.468" 0.468" 
9.625" 17.25" 23.75" 
2 .O" 3.0" 3.5" 

T s  
DS 
HS 

Ts = Saddle th i ckness  (average),  Ds = sadd le  o u t s i d e  diameter ,  Hs = he igh t  of s add l  
su r f  ace.  

above c y l i n d e r  

(b) Pad Dimensions: 2 4x4 24x8 24x12 
0.375" 0.375" 0.375" 
7.75" 15.75" 24.5" TP 

DP 

Tp = pad th i ckness ,  Dp = pad ou t s ide  diameter .  

(c)  Pad Dimensions: 

(d) This  specimen i s  descr ibed as  an 8" Sch.80 welding t e e .  

Tp = 0.625", Dp = 19.875". 
h, 
.D 

Presumably, i t  met the dimensional and s t r e n g t h  
requirement of ASA B16.9 and was t y p i c a l  of tees so ld  under t h i s  s tandard.  

( e )  Pad Dimensions: 

( f )  Dimensions of these specimens a r e  shown i n  Figure 6. 

Tp = 0,625", Dp  = 10.5" 

L omax = maximum measured 
stress s = 2 , Y Z  S = L/A 

( 2 )  S = nominal stress M, o r %  

A = 2rr TL 2 i n  nozzle  S = M / Z  
z = n (r:) 

(3 )  Location and D i r e c t i o n  of maximum measured stress 

Column S h e l l  i d e n t i f i e s  whether omax occurred on nozzle ,  c y l i n d e r  o r  t h e  junc tu re  between c y l i n d e r  and 
nozzle .  
c y l i n d e r  and nozzle .  

ColumnIp i d e n t i f i e s  l oca t ion  around nozz le ;  s ee  ske tch  on nex t  page. 

Column Surface,  Out means omax occurred on o u t s i d e  s u r f a c e ;  I n  means amax occurred on t h e  i n s i d e  s u r f a c e .  

For Reference ( 8 ) ,  models F, I, & J. junc tu re  means gmax occurred i n  t h e  r a d i u s  between 

. . 
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Footnotes  f o r  Table 4 .  (Continued) 

( 3 )  (Continued) 

Column cy i d e n t i f i e s  d i r e c t i o n  of amax a s  shown i n  sket.ch 

( 4 )  0 ' 1 s  i s  an ex t rapola ted  va lue  of t e s t  d a t a  t o  the  toe  of the  f i l l e t  weld between cy l inde r  and pad or 
saddle .  

(g)  Extrapolated stress i n  cy l inde r .  

It does not inc lude  s t r e s s  concent ra t ions  a t  t he  toe  of t he  f i l l e t  weld. 

Tes t  da t a  i s  n o t  s u f f i c i e n t  t o  e s t ima te  maximum stress i n  nozz le ;  
i n  some models, the  maximum stress i n  the  nozzle  i s  probably h igher  than the  stress shown. 

(h)  

(i) 

Data i n s u f f i c i e n t  t o  e x t r a p o l a t e  t o  maximum stress i n  e i t h e r  cy l inde r  o r  nozzle .  

Location and d i r e c t i o n  of om,/S shown i n  sketch a t  
r i g h t .  
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/ /  
0 = 0  

MODEL F 

0 = 0  

0 = 0  

MODEL J 

for M, 
g o o >  

- 1.18 f o r  M, 

F I G U R E  6 . CONTOURS OF MODELS F ,  I, AND J, REFERENCE ( 8  ) AND 
bIAGNITUDES AND L O C A T I O N S  OF MAXIMUM S T R E S S  I N D I C E S  



. 

TABLE 5 .  SUMMARY OF RESULTS OF FATIGUE TESTS OF TEES, 
DATA FOR ';/I$,, < 1.00 

1 
(2)  i 

r '  m 
r No. of f ,  

- Rm - T; - r - m Ref. Nominal Reinforcing 
No. Size (1) Tr Rm Tr p Load Specimens Tes t  Data 

4 1.19 
2 4.18 

(a)  34. .34 .89 .57 MZ 
(11) 12x4 Saddle 

(12) 16x6 Pad 15.5 .41 .56 .52 MZ 1 3 ( f )  3.6 
2.8 

( b )  
MX 

MX 
i I 

2.4 
3 1  2.8 

4.4 

7 2.4 

1 . 2  1 

I 
13 Saddle (') 15.5 .41 .56 .55 MZ 16x6 

MX 

15.5 .41 .56 .96 MZ 

7.5 .42 .28  .96 MZ 

9.5 .32 .43 .93 MX 

7 l  (d)  

(d)  

(d) 

1 

16x6 None 

16x6 None 

(13) 20x6 None 
(L)  

9.5 .63 .69 .95 MX 
1 2.5 

20x12 None 9.5 .63 .69  .95 1 3.9 
MX 

( R )  
1 

(1) ( a )  Saddle dimensions: 0.368" t h i c k  x 7.3125" O.D.  x 1.25" he igh t  above c y l i n d e r  su r face .  

Saddle dimensions: 0.500" t h i c k  x 11.625" O.D.  x 1.5" h e i g h t  above c y l i n d e r  su r face .  
(b )  Pad dimensions: 0.500" t h i c k  x 12.125" O.D. 
( c )  
(d) Drawn o u t l e t  t e e .  

( 2 )  

( f )  

Value of if i n  Equation; i f S N  = 245,000. 

P a r t  of the f a t i g u e  t e s t s  were run wi th  800 p s i  s t a t i c  i n t e r n a l  p re s su re  (nominal pressure 
s t r e s s  of 12,500 p s i  f o r  DIT = 31; 6000 f o r  DIT = 15. 
l i f e  was observed between those specimens wi th  p re s su re  and those without  p re s su re .  

No s i g n i f i c a n t  d i f f e r e n c e  i n  f a t i g u e  
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PROPOSED INDICES FOR B31.7 

Moment Loading Through Branch 

Inspec t ion  of t h e  t e s t  d a t a  shown i n  Tables 1 through 5 i n d i c a t e  

t h a t ,  i n  most a v a i l a b l e  comparisons, an out -of -p lane  moment (M ) produces 

h ighe r  s t r e s s e s  than an in-p lane  moment (M ). Unfor tuna te ly ,  t h e r e  a r e  

some excep t ions  and a v a i l a b l e  d a t a  i s  no t  c o n s i s t e n t  enough t o  t a k e  advan- 

t age  of t h i s  t r end .  I n s t e a d ,  w e  seek  a g e n e r a l  formula t ion  f o r  C so t h a t  

X 

z 

2b 

i t  i s  i n  accord 

genera  1 l y  , t h i  s 

tlhrough 4 i s :  

'2b 

Equation (9) i s  

wi th  t e s t  d a t a  f o r  t h e  moment producing t h e  h i g h e s t  s t r e s s ;  

i s  Mx. A formula t ion  which f i t s  t he  t e s t  d a t a  of Tables 1 

compared wi th  Bijlaard-Wichman (I6) a n a l y s i s  i n  Table 6.  

This  a n a l y s i s  i s  based on B i j l a a r d ' s  (I7) work us ing  s h e l l - t h e o r y  f o r  a 

d i s t r i b u t e d  load on t h e  s u r f a c e  of a c y l i n d e r  and e m p i r i c a l  mod i f i ca t ion  

thereof by Wichman, e t .  a l .  Equation (9 )  i s  compared, i n  p a r t i c u l a r ,  w i th  

the  a n a l y s i s  f o r  an out -of -p lane  ( c i r c u m f e r e n t i a l )  moment, Mc, and t h e  

c i. r c umf e r en t i a 1 s t r e s s , 
s t : ress  combination i s  u s u a l l y  t h e  h i g h e s t  ob ta ined  from t h e  a n a l y s i s .  A s  

cain be seen i n  Table 6, Equation ( 9 )  g ives  about the  same r e s u l t s  a s  t h e  

Bijlaard-Wichman a n a l y s i s  f o r  r ' / R  

t o  t h e  Bijlaard-Wichman a n a l y s i s  f o r  smal l  r ' / R  . Equation ( 9 )  i s  compared 

with measured s t r e s s e s  i n  Table 7 .  Equation (9) i s  conse rva t ive  wi th  

due t o  t h e  c i r c u m f e r e n t i a l  moment; t h i s  moment- % , 

= 0.5 and i s  conse rva t ive  wi th  r e s p e c t  m m  

m m  
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r‘ m 

Rm 
- 

TABLE 6. COMPARISON OF EQUATION (9) FOR C2b WITH 
BIJLAARD-WICHMAN. CALCULATED 00- STRESSES 
FOR ON BRANCH 

Rm 

Tr 
- 

.5 

.4 

.3 

5 
15 

50 

5 
15 
50 

5 
15 
50 

.15 5 
15 
50 

.05 5 
15 
50 

5.29 
12.8 

33.9 

4.35 
11.1 
27.9 

3.38 
8.95 
22.0 

1.72 

5.07 
14.8 

.59 
1.71 
5.80 

6.203 
12.90 

28.79 

5.548 
11.54 
25.75 

4.805 
9.994 
22.30 

3.397 
7.067 
15.77 

1.961 
4.080 
9.104 

(1) CBW = 

B = 0.875 r /R; r = rA, R = Rm, t = T,‘, T = T Figure  1. 
P r’ 

T R T r  CBW = t 7 ]  N0 x 3.60 + [w] M0 x 21.6 5) r 2 
M ~ / R  B P 

Values of [ N ~ / ( M ~ / R ~ @ ]  and LMO/(Mc/RB)] ob ta ined  from Reference (16), 
Figures  1 A  and 3A. 
f a c t o r s  given i n  Reference (16) .  

Values do not i nc lude  the  stress concen t r a t ion  

(2) Equation (9). 



1 -- 
2 3 

3 
4 
4 
5 
5 
7 
8 
8 
8 
8 
9 

4 10 
10 
10 
10 
10 

1 10 
I 7 
1 13 

13 a 13 

I 

1 

i 
1 
1 1 

f 

We Id o l e t  
56 x 12(1.3) 
56 x 12(2.08) 

24 x 4 
24 x 12 
36 x 4 
36 x 6 
48 x 6 
20 x 6(L) 

20 x 12(D) 
20 x 12(E) 
20 x 12(R) 

24 x 12 
24 x 4,Saddle 
24 x 8,Saddle 
24 x 1 2 ,  Saddle 
24 x 4, Pad 
24 x 8, Pad 
24 x 12, Pad 
48 x 6, Pad 

20 x 6(F) 
20 x 6 ( I )  
20 x 6(J)  

12.25 .35 
21.5 .19 
13.5 .19 
38.0 .18 
38.0 .53 
46.5 . 1 2  
46.5 .18 
39.0 .13 
9.5 .32 
9.5 .63 
9.5 .65 
9.5 .63 

115.0 .50 
38. .18 
38. .35 
38. .53 
38. .18 
38. .35 
38. .53 
39. .13 
9.5 .32 
9.5 .32 
9.5 .32 

.47 .73 

.67 .93 

.42 .93 

. 7 6  .95 

.80 .98 

.42 .96 
0 75 .96 
.45 .96 
.43 .93 
.69 .95 
.38 .97 
.69 .95 

1.00 .99 
.76 .44 
.80 .48 
.80 .53 
. 7 6  .55 
-80  .53 
.80 .51 
* 45 - 6 0  
.43 .50 
.43 .54 
e43 * 7 3  

3.28 
6.30 
2.90 

10.39 
19.35 
5.42 

11.85 
5.37 
3.04 
7 .OO 
4.00 
7.00 

49.67 
4.81 
7.70 

10.47 
6.01 
8.51 

10.07 
3.36 
1.64 
1 . 7 7  
2.39 

3.99 1.39 
6.2 -- 
3.8 -- 

10. -- 
1 2 .  -- 
3.5 -- 

10.5 -- 
4.4 -- 
2.19 -- 
4.36 1.59 
2.33 1 . 7 1  
8.55 -- 

90. -- 
4. -- 
7 .  
7 .  
5. 
6. 
8 .  -- 
4.3 -- 
1.49 -- 
1.14 -- 
1.18 -- 

-- -- -- 
-- 

1.32 
4 . 1  
2 . 1  
4.5 
5 .1  
2 . 1  
4.7 
3.1 
1.73 
2.70 
2.03 
3.53 

18.5 -- -- -- -- 
-- -- 
1.4 
1.41 
1.15 
1.42 

2.8 

5.2 
2 . 2  
9.7 

23.5 
4.9 

11.3 
4.7 
2.5 
7.3 
4.2 
7.3 0 

3.4 

W 

65. 

* 
* 

4.5 
7.7 

2.5 
1 . 2  
1 .3  
1 . 4  

Jc 

(1) CBW i s  c a l c u l a t e d  from d a t a  given i n  Reference (16) a s  shown by foo tno te  (1) t o  Table 6. An a s t e r i s k  i n  t h i s  
column i n d i c a t e s  t h a t  B i s  above range of the  graphs.  
f a c t o r s  given i n  Reference (16). 

These va lues  do not i nc lude  the  s t r e s s  concen t r a t ion  
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r e s p e c t  t o  maximum measured s t r e s s e s  i n  almost a l l  comparisons, Stresses 

obtained from t h e  Bijlaard-Wichman a n a l y s i s  a r e  a l s o  shown i n  Table 7.  

Comparisons of Equation (9)  w i th  f a t i g u e  t e s t  d a t a  a r e  shown i n  

Table 8. The stress i n t e n s i f i c a t i o n  f a c t o r s  shown i n  Table 5 a r e  r e l a t e d  

t o  t h e  stress i n t e n s i f i c a t i o n  of a t y p i c a l  g i r t h  b u t t  w e l d  taken a s  u n i t y .  

Because t h e  t y p i c a l  g i r t h  b u t t  weld i t s e l f  has  a s t r e s s  i n t e n s i f i c a t i o n  

f a c t o r  of around 2 a s  compared t o  a po l i shed  b a r ,  an appropr i a t e  comparison 

i s  between Equation (9)  and two times t h e  f a c t o r s  shown i n  Table 5 .  Exami- 

n a t i o n  of Table 8 shows t h a t  Equation (9) i s  n o t  conse rva t ive  a s  compared 

wi th  t h e  t e s t  r e s u l t s  of Reference ( 1 2 ) .  However, t h e s e  f a t i g u e  f a i l u r e s  

were a s soc ia t ed  wi th  welds. I n  p a r t i c u l a r ,  t h e  f a i l u r e s  i n  the  heavy wa l l  

drawn o u t l e t  t e s t  models occurred a t  a g i r t h  b u t t  weld a s  shown i n  F igu re  7 .  

A s i g n i f i c a n t  peak stress would be expected t o  occur a t  such a weld. 

The proceeding d i s c u s s i o n  b r ings  up s e v e r a l  p e r t i n e n t  ques t ions :  

(1) I s  the  stress r ep resen ted  by Equation (9)  proper ly  c l a s s i -  

f i e d  a s  a "secondary s t r e s s "  w i t h i n  the  i n t e n t  of B31.7? 

( 2 )  I s  t h e r e  a need f o r  a "peakt' stress index f o r  t h e  des igns  

covered by Fig .  1-704.3.3.1 of B31.7 (Figure 1 h e r e i n ) ?  

( 3 )  Is Equation ( 9 )  adequate t o  cover a l l  p o s s i b l e  configura- 

t i o n s  coverd by F ig .  1-704.3.3.1 of B31.7? 

The au tho r s  comments on t h e s e  ques t ions  a r e  g iven  below. 

(1) Equation (9), i n  t h e  sense  t h a t  i t  i s  an approximation of a s h e l l  

a n a l y s i s ,  i s  r e p r e s e n t a t i v e  of a secondary stress, i . e . ,  a stress con- 

s i s t i n g  of a membrane p o r t i o n  and a l i n e a r  bending p o r t i o n .  

contended t h a t  t he  s t r e s s e s  a r e  h ighly  l o c a l i z e d  and hence could be 

It could be 



TABLE 8.  COMPARISON OF EQUATION (9) FOR C2b WITH FATIGUE TEST DATA OF TABLE 5 

Ref. Test Mode 1 

No. Iden t i f i c a t i o n  
Rm 

Tr 
- r '  m 

Rm 
- CBW f Test  Data, 2xi '2b r '  m 

P 
- 
r E q .  (9) Mxb Mzb (1) 

(11) 12 x 4, Saddle 

(12 1 16 x 6, Pad 

16 x 6, Saddle 

16 x 6, D.O. 

16 x 6, D.O. 

(13) 20 x 6, L 

20 x 1 2 ,  D 

20 x 1 2 ,  R 

34. .34 

15.5 .41 

15.5 .41 

15.5 .41 

7.5 .42 

9.5 .32 

9.5 63 

9.5 .63 

.89 

.56 

.56 

.56 

.28  

.43 

.69 

.69 

.57 

.52 

.55 

.96 

.96 

.93 

.95 

.95 

9.31 

3.48 

3.68 

6.42 

2.00 

3.04 

7.00 

7.00 

8.36 
~~ 

3.38 

5.6 

5.6 

2.4 

5.0 

7.8 

7.2 

4.8 

8.8 

4.8 

8.5 

* 
* 

6.2 

1 . 7  N 

2.5 

7.3 

7.3 

w 

(1) CBW i s  ca lcu la ted  from da ta  given i n  Reference (16) as shown by footnote (1) of Table 6. An a s t e r i s k  i n  t h i s  
column indica tes  t h a t  f3 is above range of the graphs. 
f ac to r s  given i n  Reference (16). 

These values do not include the stress concentration 
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OWL-DWG 70-6832 

F I G U R E  7 .  WELD CONFIGURATION AND LOCATION O F  FATIGUE F A I L U R E S ,  
REFERENCE (12)  T E S T S  ON 16 x 6 DRAWN OUTLET BRANCH 
CONNECTION W I T H  R,/T, = 7 .5  
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a t  l e a s t  p a r t i a l l y  c l a s s i f i e d  a s  peak stresses. However, t h e  a u t h o r ' s  

recommendation i s  t h a t ,  f o r  t h e  p r e s e n t ,  stresses g iven  by Equation (9)  

be cons idered  a s  secondary stresses. 

(2:) A peak stress i n  excess  of t h a t  i n d i c a t e d  by Equation (9) could 

e x i s t  i f  t h e  t r a n s i t i o n  r a d i u s  r of F igure  l w e r e  smal l .  A t  p r e s e n t ,  

13311.7 does n o t  g ive  any l i m i t z o n  t h e  r a d i u s  r 

s p e c i f i e d  a s  : 

2 

I f  t h i s  r a d i u s  i s  2 '  

r2 = l a r g e r  of T,/2 o r  Tb/2 , 

then, i n  t h e  a u t h o r ' s  op in ion ,  a K2-index of 1.0 i s  adequate.  

( 3 )  It should be noted t h a t ,  f o r  sma l l  branch connec t ions  wi th  

Rm/Tr = N 10, Equation (9)  may g ive  a va lue  of C 

ex,ample, cons ide r  a 2" branch i n  a 24" p ipe  cons t ruc t ed  as shown i n  

F igu re  l ( c ) .  Assume t h a t  Rm/Tr = 10, rA/Rm = 0.1, rA/r = 0.667, Also, 

i3S a l i m i t i n g  case ,  cons ide r  t h a t  both branch p ipe  and run pipe w a l l  t h i ck -  

nes ses  a r e  those  necessary  f o r  t h e  p re s su re  loading ,  i n  which case  

T{/Tr = rA/Rm. 

less than one. For 2b 

P 

Iy 

Equation (9)  then g ives  

C2b = 3 . 0  (10)2/3 (O.1)'I2 (0.1)(0.667) = 0.29 . 

Obviously, t h i s  va lue  of C does no t  r e p r e s e n t  t h e  maximum secondary 

s t ress  i n  t h e  branch connection because the  branch p ipe  i t s e l f  has  a stress 

findex of a t  l e a s t  one. Equation ( 9 ) ,  t o  t h e  e x t e n t  t h a t  i t  has  a t h e o r e t i c a l  

b a s i s ,  r e p r e s e n t s  t h e  stress i n  t h e  run  p ipe  a t  t h e  j u n c t u r e  wi th  t h e  nozz le  

o r  l o c a l  r e i n f o r c i n g .  

of t h e  stress a t  t h i s  j unc tu re .  However, h ighe r  stresses may occur  a t  t h e  

2b 

The C2b-value of 0.29 i s  presumably r e p r e s e n t a t i v e  

EKcept i n  E-313.1. 
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branch pipe-to-pad junc tu re  as shown i n  F igure  6 .  Accordingly, some 

lower bound on C i s  necessary  f o r  those  c o n f i g u r a t i o n s  where the  maxi- 2b 

mum stress occurs  a t  t he  j u n c t u r e  of t h e  r e i n f o r c i n g  

p i p e .  It i s  suggested t h a t  a lower bound on C of 

vided t h a t  t h e  va lue  of r3 i n  F igure  1 i s  l i m i t e d  a s  

2b 

The r a d i u s  r i s  n o t  l e s s  than  t h e  g r e a t e r  

fo l lowing  : 

3 

wi th  t h e  branch 

1.5 i s  adequate,  pre- 

fo l lows .  

of t h e  

(1) 0.002 0 do, where 8 (degrees)  and do are a s  de f ined  

i n  F igure  1. 

(2)  2 (S in  t i m e s  o f f s e t  f o r  t h e  c o n f i g u r a t i o n s  

shown i n  F igure  l ( a )  and l ( b ) .  

I f  t h e r e  i s  a g i r t h  b u t t  weld a t  t h e  j u n c t u r e  of r e i n f o r c i n g  t o  t h e  

branch p ipe ,  an appropr i a t e  K f a c t o r  should be used; 1.8 f o r  llas welded" 

o r  1.1 f o r  "flush" welds. (See Table D-201 of B31.7 f o r  d e f i n i t i o n s  of t hese . )  

2- 

Moment Loading Through Run 

Tes t  d a t a  on t h i s  loading  cond i t ion  a r e  very s c a r c e ;  t h e  only 

app l i cab le  d a t a  known t o  t h e  w r i t e r  a r e  t h a t  shown i n  Table 1 f o r  t h e  

1 2  x 4 Weldolet branch connection. B i j l a a r d ' s  a n a l y s i s ,  of course ,  i s  not  

app l i cab le .  For small  h o l e s  i n  c y l i n d e r s ,  some bounds on stress can be 

e s t a b l i s h e d ,  i . e . :  

For a smal l  ho le  i n  a c y l i n d e r ,  

t h e  appl ied  moment M o r  M - Y r  z r  ' 

l oca t ed  90" from t h e  plane of 

M 0 = 3 -  
'1: 

max 
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For a smal l  ho le  i n  a c y l i n d e r  wi th  app l i ed  moment M ( t o r s i o n )  x r  

x r  = 4 - =  2 -  
Mxr .M 

'r 'r 
0 m ax 

Comparison of t h e  t es t  d a t a  given i n  Tables 1 and 2 wi th  

'Equations (10) and (11) i n d i c a t e s  some q u a l i t a t i v e  agreement. For example, 

f o r  Mxr ( t o r s i o n ) ,  t h e  t e s t  d a t a  g ive  

5.38 t i m e s  Mxr /2Zr .  

moment), t h e  t e s t  d a t a  g ive  maximum stresses of from 1 .96  t o  3.19 t imes 

maximum stresses of from 3.42 t o  

For MZr ( a x i s  of t h e  opening 90" t o  t h e  plane of t h e  

IYZr/Zr. For M 

tes t  d a t a  g ive  maximum stresses of from 0.62 t o  1 .20  t i m e s  M y r / Z r .  

]VI t he  small-opening approximation would i n d i c a t e  ze ro  stress.  O f  course ,  

the t e s t  models were no t  "small openings". For t h e  Weldolet model, t h a t  

(axis of t h e  opening i n  t h e  plane of t h e  moment), t h e  
Y r  

For 

Y r "  

the  maximum repor t ed  index i s  less than  u n i t y  simply r e f l e c t s  t h a t  s t r a i n  

gages were n o t  extended a l l  t h e  way t o  t h e  s i d e  of t h e  run. One s i g n i -  

f i c a n t  p a r t  of t h e  d e t a i l e d  r e s u l t s  i s  t h e  fo l lowing .  A row of gages were 

,placed along t h e  0 = 90' a s  shown i n  F igure  8. For M t h e  r e s u l t s  were: 
Y r '  

0 - Gage 
N o .  S - 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 

5 10 
511 
5 1 2  
5 13 
5 14 
5 16 

< 0.1 
< 0.1 
< 0 .1  
< 0 .1  
< 0.1  
< 0.1 
< 0.1 
< 0.1  

.32 
< 0.1  

.50 
* 23 
.62 (max) 
.42 
.58 
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I I 1.0' 

0.6 3" 

ORNL-DWG 70-683 

5- 

F I G U R E  8 .  S T R A I N  GAGE L O C A T I O N S  A T  0 = go", 
12 x 1 2  x 4 WELDOLET 
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T h e s e  r e s u l t s  a r e  unusual bu t  reasonable  i n  t h a t  they i n d i c a t e  t h a t  

s t r e s s e s  a r e  lower i n  the  v i c i n i t y  of t h e  branch connect ion than they a r e  

away from the  connect ion.  Gages 513 and 516 a r e  loca ted  about 50" from 

the  s i d e  where the  nominal stress index  i s  about 0.65, a va lue  i n  reason-  

(able agreement wi th  t h e  t es t  r e s u l t s .  

With t h i s  admi t ted ly  small  amount of background, w e  now seek  

a genera l  formula t ion  f o r  use i n  t h e  B31.7 s i m p l i f i e d  a n a l y s i s .  A s  f o r  

:Loading through t h e  branch,  we want t o  s e l e c t  a s t r e s s  index which is con- 

se:rvat ive f o r  t h a t  moment which g i v e s  t h e  h i g h e s t  stress, presumably 

e i t h e r  M o r  MZr. The proposed formula t ion  f o r  C and QF i s :  xr 2 r  

bu t  n o t  less than  1.0 

%r = 2 .0  

The product  C2rK2r s h a l l  be a minimum 

L L  

of 3.0.  

Table 9 g ives  C2r f a c t o r s  over  t h e  range of app l i cab ' l i t y .  

F i r s t ,  it w i l l  be noted t h a t  stress due t o  moments through t h e  

run a r e  d iv ided  i n t o  secondary s t r e s s e s  and peak stresses. The concept  

he re  i s  t h a t  f o r  smal l  branch connect ions,  even wi th  l o c a l  stresses w e l l  

above twice the  y i e l d  s t r e n g t h ,  t h e r e  cannot be any cont inued p l a s t i c  

dleformation because the bulk of t h e  run p ipe  w i l l  c o n t r o l  t h e  deformations 

a t  t he  smal l  branch connect ion.  

The (Rm/Tr)2'3 f a c t o r  i s  used i n  Equation ( 1 2 )  f o r  cons is tency  

wi th  the  f a c t o r  used f o r  B16.9 tees and the  a u t h o r ' s  i n t u i t i o n  t h a t  t h i s  

kind of parameter i s  s i g n i f i c a n t ,  One n o t e s  t h a t  Equation (12) g ives  
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TABLE 9. COMPARISON OF PRESENT C2-INDICES AND 
PROPOSED C2,-INDICES FOR "BRANCH CONNECTIONS 
PER SUBDIV. 1-704.3", FOR - RUN PIPE 

(2 1 Present Proposed C2r for r k / R m  of: 
0.1 0.2 0.3 0.4 0.5 m c2 

Tr (1) 

R - 

5 2.37 .23* .4 75; .70* ,945; 1.17 

10 3.77 .375; .74;'; 1.11 1.49 1.86 

15 4.94 .4g5; .9 75: 1.46 1.95 2.43 

30 7.84 .775: 1.54 2.32 3.09 3.86 

50 11.02 1.09 2.17 3.26 4.34 5.43 

2 /3 (1) C2 = 1.8/(3.3T/R) 

(2) C2r = (ri/Rm); Equation (12) 

Jf Controlled by Itnot less than 1.0" 
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a conse rva t ive  r e s u l t  a s  compared wi th  t h e  one tes t  model, i . e . ,  

C2rK2r = 1.6 (-1 6.125\2/3 I- ' 4.26\ = 2.96 . 
!.12.25) 

The tes t  d a t a  (Weldolet, Table 1) g i v e s  stress i n d i c e s  of 2.15 f o r  

Mx/Zr ,  0.62 f o r  M / Z  and 2.09 f o r  MZ/Zr.  
Y r' 

Resu l t an t  Moment 

Equations (9) through (12 )  of B 3 1 . 7  i n t roduce  the  moment load by 

t ' h e  use  of t h e  r e s u l t a n t  moment, Mi. 

of t he  equa t ions  bu t  may impose a l i m i t a t i o n  on re f inements  of t h e  s impl i -  

f i e d  a n a l y s i s .  It should be noted t h a t  t he  p ip ing  system a n a l y s i s  g ives  

one ( o r  t h r e e ,  f o r  branch connection p o i n t s )  or thogonal  sets  of moments 

of each po in t .  I f  stress i n d i c e s  were a v a i l a b l e  f o r  eaclh moment d i r e c t i o n  

(as they are f o r  elbows o r  curved p i p e ) ,  then each moment could be mul t i -  

p l i e d  by i t s  a p p r o p r i a t e  stress index, t hus  e l i m i n a t i n g  some of t h e  

conserva t i sm in t roduced  by us ing  t h e  h i g h e s t  stress index f o r  each moment. 

This  p e r m i t s  a conc i se  p r e s e n t a t i o n  

The s i m p l i f i e d  a n a l y s i s ,  a s  app l i ed  t o  branch connec t ions ,  i s  

conse rva t ive  because (1) i t  i s  assumed t h a t  maximum stresses due t o  t h e  

visrious loads  a l l  occur a t  t h e  same p o i n t  on t h e  component and a r e  a l igned  

so as  t o  add t o  each o t h e r ,  and ( 2 )  f o r  moment loadings ,  t h e  h i g h e s t  s t r e s s  

index f o r  moments on t h e  branch i s  used f o r  a l l  t h r e e  moments on t h e  branch 

and s i m i l a r l y  f o r  moments on t h e  run .  Some ba lance  t o  t h i s  conserva t i sm 

i s  appl ied  because: 
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(1) The stress i n d i c e s  f o r  moment loadings  a r e  a c t u a l l y  repre-  

s e n t a t i v e  of  maximum p r i n c i p a l  s t r e s ses - -no t  stress in t en -  

s i t i es .  However, i n  most tests t h e  maximum* p r i n c i p a l  

stress was a l so  t he  maximum stress i n t e n s i t y ,  i .e . ,  t h e  

p r i n c i p a l  stresses a t  t he  po in t  were of the  same s i g n  and 

elsewhere on t h e  component t he  p r i n c i p a l  stress d i f f e r e n c e s  

were smal le r  than  t h e  maximum* p r i n c i p a l  s t r e s s .  

(2) If two or thogonal  moments, M. and M a c t u a l l y  produced 
1 j' 

i d e n t i c a l  s t r e s s  i n t e n s i t i e s  a t  t h e  same p o i n t  on a component, 

then  the  s t r e s s  a t  t h a t  p o i n t  would be C M . / Z  + C M / Z .  

However, use of t h e  r e s u l t a n t  moment would g ive  a stress 

2 1  2 j  

lc) c) 

of C2 ,& + ML j / Z .  These two are i d e n t i c a l  only i f  M i 

o r  M = 0. The maximum discrepancy occurs  where M = M 
j i j 

f o r  which w e  o b t a i n  CJ = 2 C M. /Z v s .  2/z  C2 Mi/Z.  Accor- 
2 1  

d ing ly ,  u se  of t he  r e s u l t a n t  moment can, f o r  c e r t a i n  moment 

combinations,  decrease  the  conservat ism of t he  s i m p l i f i e d  

a n a l y s i s .  

B - Ind ices  2 

The B2-indices are intended to r ep resen t  an u l t i m a t e  load a s  

represented  by t h e  development of a p l a s t i c  hinge through the  body of t h e  

component. Nei ther  theory nor t es t  d a t a  e x i s t s  f o r  " l i m i t f f  moments on 

branch connect ions i n  e i t h e r  heads o r  c y l i n d e r s .  Some theory and 

* Maximum he re  i s  with r e s p e c t  t o  l o c a t i o n  on t h e  s u r f a c e  of t h e  component, 
no t  maximum vs .  minimum p r i n c i p a l  stress a t  a s i n g l e  po in t  on the  s u r f a c e  
of t h e  component. 
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t e s t  d a t a  (18,19y20) i n d i c a t e  t h a t  t he  l i m i t  load on an elbow can be con- 

s e r v a t i v e l y  es t imated  by us ing  0.75 t i m e s  t h e  e l a s t i c  s t ress  index. That 

i s ,  t he  elbow w i l l  c o l l a p s e  when the  maximum e l a s t i c  stress produced by 

the  moment reaches  1.33 t i m e s  t h e  y i e l d  s t r e n g t h  of t h e  elbows m a t e r i a l .  

Because some analogy between elbows and f u l l  s i z e  t e e s  was 

e s t a b l i s h e d  by Mark1(l5),  and f o r  lack  of any b e t t e r  guidance, t he  pro- 

posed B2-indices f o r  branch connect ions a r e  a l s o  proposed t o  be 0.75 t i m e s  

t h e  C - i n d i c e s  f o r  branch connect ions.  A lower l i m i t  of B = 1.00 i s  

necessary  t o  conform wi th  the  B - i n d i c e s  f o r  s t r a i g h t  pipe.  It i s  be- 

lfieved t h a t  t h e s e  B2-indices a r e  h ighly  conse rva t ive  but  can be used i n  

B 3 1 . 7  because,  a t  l e a s t  so f a r ,  t h e r e  have been no i n d i c a t i o n s  t h a t  

Equation (9) of B 3 1 . 7  p r e s e n t s  a l i m i t a t i o n  t o  water-cooled r e a c t o r  

pip:ing des igns .  

2 2 

2 
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Summary and Example 

The p ip ing  system f l e x i b i l i t y  a n a l y s i s  i s  assumed t o  g ive  the  

s e t s  of moments shown below: 

Mz 3 

Mz2 

)' MXI 

M* I 

2 2 
Mb = d M x i  My3 + M ~ 3  

I f  Mi3 < \ M i l l  + lMi21  , Mir = smal le r  of lMi l l  o r  lMi21 

where i = x, y ,  o r  z 

Mr = d F  Mxr + M Z r  

BZb = 0.75 C2b bu t  n o t  less than 1.0 

= 0.75 CZr bu t  n o t  l e s s  than 1.0 B 2 r  

= ~ ( R ~ / T ~ ) ~ / ~  ( T ' / T  ) ( r ' / r  ) bu t  no t  l e s s  than 1 .5  '2b b r  m p  

a minimum of 3 .0  
KZr = 2.0  
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Moment load ing  terms of Equat ions  ( 9 ) ,  ( l o ) ,  ( l l ) ,  and (12) 

o f  B31 .7  

Mb Mr 
+ '2r z r '2b ";; 13q. (10) and (12) SnM = 

r M 

2 r  2 r  
Mb 

Eq. (11) S = C K - + c K pM 2b 2b Z b  
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Example 

Branch Connection 

Run Pipe: 12.75" O.D.  x 0.500" Wall; Rm = 6.125", Tr = 0.500" 

Branch Pipe :  4.50" O.D.  x 0.237" Wal1;r' = 2.131",T{ = 0.237" 
m 

Reinforcing:  Weldolet  as shown i n  Figure 5 ;  r = 2.90" 
P 

Resul t s  from the  Piping System F l e x i b i l i t y  Analysis  

For a loading cond i t ion  app l i cab le  t o  Equation (10) and (11) of 

B31.7 the  p ip ing  system i s  assumed-:? t o  g ive  the  moment ranges ( i n - l b )  

shown below 

- 456,300 

- 15,300 t 
326, 60 

S t r e s s  Indices  

B2b = 0.75 C2b = 2.457 

B2r = 0.75 C2r = 1.110 

2 1,300 

I 
2 1,300 

21,300 

J 
-347,600 

1 These a r e  n o t  used i n  t h i s  example. 

:: These moments Were chosen so t h a t  a 4" sUd. w t .  long r ad ius  elbow i n  the  
branch pipe,  subjec ted  t o  Mx3, M 3 Mz3,would have a s t r e s s  of 2 . 8  S, and 
a 12" X.S. long r ad ius  elbow i n  ;he run p ipe ,  subjec ted  t o  M,1, M 1, M , l ,  
would a l s o  have a stress of 2 .8  S, , where S, = 17,300 p s i  f o r  A186 G r  B 
a t  600 F. 
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K2b = 1.0 

2 /3 
2 r  = 0.8 (Rm/Tr) (rA/R m ) = 1.479 

K2r  = 2.0 

Ca lcu la t ion  of Iv$ and M r -- 

2 2 2 % = \ i 2 1 . 3  + 21.3 + 21.3 x 1000 = 36,893 i n - l b  

2 2 
Mr = Y O 2  + 435 + 326 x 1000 = 543,780 i n - l b  

-- C:allculation of Secondary Stress  f o r  Moment Loading 

Sm = 3.276 x 36 3 1 2 2  893 + 1.479 x 543 5;, 780 =51,719 p s i  

(The va lue  of S i s  equal  t o  2.99 x 17,300 as compared t o  
nM 

2.8 x 17,300 f o r  elbows under analogous moments. See foo tno te  

on preceding page , )  

- Calcu la t ion  of Peak S t r e s s  f o r  Moment Loading 

S = 3.276 x 1.00 x 36 3 1 2 2  893 + 3 . 0  '4',:',"' = 66,306 p s i  
Pm 

In  t h e  second t e r m ,  C K = 1.479 x 2 = 2.958 i s  l e s s  than 3 .0 ,  

hence 3.0 i s  the  r equ i r ed  f a c t o r .  

2 r  2 r  



47 

(Enter ing  Fig.  1.705.3(a) of B31.7 wi th  S = - 1 S =33,150 a l t  2 pM 

shows t h a t  t h e  branch connection i s  s u i t a b l e  f o r  up t o  15,000 

cyc le s  of t h i s  p a r t i c u l a r  loading . )  
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STRESSES BY B31.1.0 POWER PIPING CODE 

Paragraph 119.6.4 from B31.1.0-1967 i s  reproduc.ed h e r e i n  as 

Figure 9. 

cablle t o  elbows o r  curved pipe.  I ts  use f o r  s t r a i g h t  tees r e q u i r e s  some 

i n t e r p r e t a t i o n .  Paragraph (b) g ives  equat ions  f o r  c a l c u l a t i n g  S b '  Every- 

t h ing  i s  def ined  adequate ly  except  Z which, i n  the  preced.ing paragraph ( a ) ,  

i s  def ined  as " sec t ion  modulus of p ipe ,  i n  . Presumably, as used i n  

Paragraph ( a )  g ives  a s e t  of r u l e s  which a r e  d i r e c t l y  a p p l i -  

3,, 

paragraph ( b ) ,  Z i s  more s p e c i f i c a l l y  the  s e c t i o n  modulus of the  run pipe.  

The au thor  would i n t e r p r e t  paragraph (b)  as r e q u i r i n g  the  c a l c u l a t i o n  of  

t h ree  va lues  of S b ;  f o r  run end 1, f o r  run end 2 ,  and f o r  t he  branch. 

presumably, one r e t u r n s  t o  paragraph ( a ) ,  equa t ion  ( 8 ) ,  t o  c a l c u l a t e  SE. 

The ques t ion  arises as t o  what i s  S Is i t  M t 3 / 2 Z  

or 14 

Now, 

f o r  M on the  branch. t t 

/ 2 Z b  o r  perhaps Mt/2Z,', where Z i  i s  the  a c t u a l  sect:ion modulus of t 3  

the  branch p ipe?  These are minor p o i n t s  and could be c l e a r e d  up w i t h  some 

e d i t i n g .  There a r e ,  however , some more b a s i c  ques t ions  concerning these  

code r u l e s .  

(1) Consider the  moment Mbt a c t i n g  a lone  on the  branch. 

stress i s  e i t h e r  

The bending 

%t = -  - ib t%t  
(a> 'b - 2 

'b rrrb ib t  tb 

tb i -  ibtMbt = -  %t 

nr2 t 'b (b)  'b = b t  tH 
b H  

i f  ibt tb < tH 

i f  ibt tb ? tH . 

Case ( a )  g ives  a s t r e s s  i n t e n s i f i c a t i o n  f a c t o r  of u n i t y  and forms 

a lower bound f o r  case  (b ) .  One could accomplish the  same t h i n g  by g iv ing  
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t b  = Thickness  of pipe matching branch, in. 
i b p  = Stress intensification factor for in plane 

bending moments = 0.75 i b ,  + 0.25 

ib t  = Stress  intensification factor for out  of 
plane bending moments = i (Appendix D). 

Allowable s t ress  range, S A ,  and permissible 
additive s t resses  shal l  be in accordance with 

119.6.4 Stresses.  

(a)  Calculations for the s t r e s s e s  shal l  be 
based on the leas t  cross  sectional area of the 
component, using nominal dimensions at the lo- 
cation of local strain. Calculations for the ex- 
pansion s t ress ,  S,C, shal l  be based on the modu- 
l u s  of elasticity, Ec, a t  room temperature. 

The expansion s t resses  shall be combined 
in accordance with Formula (8). 

s, = 4- (8) 
where 

SE = Computed expansion s t ress ,  psi  

S b  = Resultant bending s t ress ,  psi  = 

Mt sf = Torsional s t ress ,  ps i  = - 2 2  

Mbp = Bending moment in plane of member, 

h1b1 = Bending moment transverse to plane of 

in. Ib 

member, in. Ib 

hl ,  =Torsional moment, in. Ib 

Z =Sectional mQdulus of pipe, in.' 

i =Stress intensification factor, Appendix D. 

(b) Bending s t r e s s e s  for reduced outlet con- 
nections shal l  be calculated in accordance with 
the following equations, with moments a s  shown 
in Fig. 119.6.4(b). 

Sb = Resultant bending s t ress ,  p s i  

\I ( ibph!bp 1' + ( ib th lb t ) '  forBranch(Leg 3) 
- - 

z b  

Z b  = Effective section modulus for branch of 
tee, in? = R rb2ts 

rb = Mean branch cross-sectional radius, in. 

t, = Effective branch wall thickness, in. = 
Lesser  of T,, and ( i b r )  ( t b )  

t,, = Thickness of pipe matching run of tee ur 
header exclusive of reinforcing elements, 
in. 

those in Par. 102.3.2(c) and (d). 

! MI,  

: ybl ,  

FIG. 119.6.4(b). REDUCING OUTLET CONNECTIONS. 

FIGURE 9. PARAGRAPH 119.6.4 FROM B31.1.0, POWER PIPING CODE 
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011l:y (b)  wi th  t h e  r e s t r i c t i o n  t h a t  ( i  t /T ) s h a l l  n o t  be taken as l e s s  

than u n i t y ,  

of  1/3 o r  sma l l e r ,  the  stress i n t e n s i f i c a t i o n  f a c t o r  i s  l i k e l y  t o  be u n i t y .  

Comlparisons of t e s t  d a t a  wi th  the  equat ion  f o r  case  (b) i n d i c a t e  i t  may 

b t  b H 

One no te s  t h a t  f o r  conf igu ra t ions  where t /T i s  of the  o r d e r  b H  

(21)  be isncon s e rva  t ive 

( 2 )  The code r u l e s  a s s i g n  a s t r e s s  i n t e n s i t y  f a c t o r  of 1.00 f o r  t o r s i o n a l  

moments bu t  because the  s t r e s s  i s  considered as a shea r ing  stress,  t h i s  i s  

equ iva len t  t o  a s s ign ing  a f a c t o r  of 2.00 i n  r e l a t i o n s h i p  t o  s t r e s s  i n t e n s i t y .  

Avai lab le  t e s t  d a t a  raise some doubts as t o  whether t h i s  i s  conse rva t ive .  

( 3 )  I f  t h e  code i s  p rope r ly  i n t e r p r e t e d  as r e q u i r i n g  an independent check 

of S f o r  each of  the  t h r e e  ends of the t e e ,  u s ing  the  s e t  of moments a t  

eaclh of those ends,  then  any i n t e r a c t i o n  between s t r e s s e s  from moments 

"through-the-branch" and moments "through-the-run" would be ignored.  This  

would appear  t o  be p o t e n t i a l l y  unconservat ive f o r  some conf igu ra t ions .  

b 

The above comments on B31.1.0 r u l e s  are n o t  intended t o  be a 

s e r i o u s  c r i t i c i sm of those  r u l e s ,  s i n c e  they are perhaps q u i t e  adequate  

f o r  most p ip ing  systems, bu t  r a t h e r  t o  i n d i c a t e  why the  au thor  proposes 

a d i f f e r e n t  s e t  of r u l e s  f o r  use i n  B31 .7  f o r  class 1 nuc lea r  power p ip ing .  
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FORCE LOADINGS 

A t  a branch i n t e r s e c t i o n  p o i n t ,  such as p o i n t  "0" of Figure 2 ( a ) ,  

the  p ip ing  system a n a l y s i s  w i l l  g ive  t h r e e  or thogonal  s e t s  of fo rces  i n  

a d d i t i o n  t o  the  t h r e e  s e t s  of moments. The ques t ion  a r i s e s  as t o  what, 

i f  anything,  should be done wi th  these  fo rce  loads .  The p ip ing  system 

a n a l y s i s  assumcs t h a t  t hese  a r e  fo rces  a t  a po in t  which, i n  terms of  the  

a c t u a l  s h e l l  con f igu ra t ion  of branch connect ions,  i s  n o t  even a p o i n t  on 

the  phys ica l  s t r u c t u r e .  Accordingly,  t hese  f o r c e s  have no d i r e c t  phys i ca l  

s i g n i f i c a n c e .  However, i f  we imagine these  f o r c e s  as e x i s t i n g  i n  the  p ipe  

a t  some one o r  two pipe diameters  from the  run-branch a x i s  i n t e r s e c t i o n ,  

some phys ica l  s i g n i f i c a n c e  can be a t t ached  t o  the  fo rces .  Assuming these  

f o r c e s  do e x i s t  some d i s t a n c e  from the  i n t e r s e c t i o n  po in t ,  i t  can be seen 

t h a t  only one p a i r  of fo rces  can e x i s t  wi thout  accompanying moments; t h a t  

being Fxl - - -Fx2; i . e . ,  f o r c e s  through the  run  p ipe ,  

connect ions,  t he  fo rce  F r eac t ed  by F and/or  F may e x i s t  wi thout  

s i g n i f i c a n t  accompanying moments, The remaining fo rces  w i l l  n e c e s s a r i l y  

be accompanied by s i g n i f i c a n t  moments. 

For s m a l l  d/D branch 

Y3 Y l  Y2 

With r e s p e c t  t o  the moment-generating f o r c e s ,  i t  should be noted 

t h a t  t he  moment i t s e l f  i s  included i n  the s e t  o f  moments a t  point"0" of  

Figure 2(a) .  That i s ,  an equ i l ib r ium requirement i s  FA = M .  

t' 
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The b a s i c  ques t ion  i s  whether t h e r e  a r e  s i g n i f i c a n t  s t r e s s e s  i n  branch 

c:onnections due t o  the  shear  f o r c e  i t s e l f ;  e . g . ,  would the  s t r e s s e s  be 

d i f f e r e n t  i n  t h e  two loading  cond i t ions  sketched below? 
I 

0 0 

ln  o rd ina ry  beam theory  ( ignor ing  shea r  s t r e s s e s ) ,  no d i f f e r e n c e  i n  ca l cu -  

l a t e d  s t r e s s  would e x i s t  a t  p o i n t  "0". Inc luding  shea r  s t r e s s e s  would give 

some d i f f e r e n c e ;  depending upon the  r a t i o  of depth t o  l eng th  of t he  beam. 

'There i s  a l i t t l e  t es t  da t a  p e r t i n e n t  t o  the  ques t ion .  The t e s t  models 

13f Table 1 were sub jec t ed  t o  bo th  fo rce  loads  and moment loads ,  For t h e s e  

p a r t i c u l a r  t e s t  models, no s i g n i f i c a n t  d i f f e r e n c e  could be d e t e c t e d  from the  

r e s u l t s .  There are  c e r t a i n  experimental  d i f f i c u l t i e s  a s s o c i a t e d  wi th  fo rce -  

load t e s t s ,  I n  o r d e r  t o  d e t e c t  the  shear  load e f f e c t  i t  i s  d e s i r a b l e  t o  

in t roduce  the  shea r  fo rce  c l o s e  t o  the  branch connect ion.  However, i f  

we do so then  t h e  p a r t i c u l a r  method of i n t roduc ing  the  f o r c e  w i l l  a f f e c t  

the  s t r e s s e s .  For example, i f  we t r y  t o  in t roduce  the  fo rce  uniformly 

around the  p ipe  circumference through a r i n g ,  then t h a t  r i n g  would s t i f f e n  

the  branch connect ion.  A p o i n t  load  a p p l i c a t i o n  might even more a f f e c t  the  

measured s t r e s s .  Accordingly,  i t  i s  necessary  t o  apply the  fo rce  t o  the  

p ipe  some d i s t a n c e  away from the  branch; i n  t h i s  case  the  moment load i s  

s u f f i c i e n t l y  l a r g e  so  t h a t  i t  e f f e c t i v e l y  masks any stress due t o  shea r  

2M 
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loading .  A c o r r o l a r y  f o r  a c t u a l  p ip ing  s y s t e m s  i s  t h a t  u n l e s s  t h e r e  i s  

an anchor c l o s e  t o  a branch connection, t h e  moment-generating f o r c e s  w i l l  

produce i n s i g n i f i c a n t  stresses a s  compared t o  t h e  stresses produced by t h e  

moment. 

( f o r  both moment and f o r c e  loads)  w i l l  be dependent upon the  geometry and 

c loseness  of t h a t  anchor;  none of t h e  d a t a  d i scussed  h e r e i n  would be 

app l i cab le .  

I f  an anchor i s  c l o s e  t o  a branch connection, then t h e  stresses 

An a x i a l  f o r c e  on t h e  branch, F w i l l  produce a moment i n  the  
Y 3 '  

run p lpe ;  i t s  magnitude w i l l  depend upon how f a r  ou t  t h e  r e a c t i n g  f o r c e s  

F and F a r e  app l i ed .  There a r e  some t e s t  d a t a  f o r  F loading  l i s t e d  oppo- 

s i t e  "L" of Table 3. The r e f e r e n c e s  do n o t  i n d i c a t e  where o r  what kind of 

r e a c t i o n s  were used. Presumably, t h e  r e a c t i o n s  were f a r  enough from t h e  

branch connection s o  t h a t  they d id  n o t  d i r e c t l y  a f f e c t  t he  stresses and 

c l o s e  enough s o  t h a t  t h e  moment i n  t h e  run  pipe was i n s i g n i f i c a n t .  One 

no te s  from Table 3 t h a t  the  s t r e s s  i n d i c e s  f o r  a x i a l  f o r c e  on t h e  branch 

a r e  l a r g e r  t han  f o r  any moment load. However, t h e s e  a r e  n o t  indexed t o  t h e  

same nominal stress. To compare stresses+: one may use  t h e  r e l a t i o n  : 

Y l  Y 2  Y3 

r f  f F  m 
i E 2  

i F Z b -  f i 

imM Ab m 
- - -  f 

m 

0 

0 
- =  

A t  most p o i n t s  i n  many t y p i c a l  p ip ing  systems, t h e  moment 

M ( i n - l b )  i s  2 O r  more o r d e r s  of magnitude g r e a t e r  than  F ( l b s ) ,  f o r  which 

;'a = stress due t o  f o r c e  load f 

m B = s t r e s s  due t o  moment load 
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p o i n t s  t he  va lue  of 5 would be n e g l i g i b l e  compared t o  Ci . One can,  of 

c.ourse, p o s t u l a t e  a p ip ing  system w i t h  a branch connect ion a t  some p o i n t  

where the  moments on the  branch a r e  of the  same o r d e r ,  o r  even smaller 

t:han F r ’ -  i n  which c a s  a stress a n a l y s i s  cons ider ing  (only moments would m’ 

be u n c m s e r v a t i v e .  

f m 

An a x i a l  load  F r eac t ed  by F does n o t  produce any moments x l  x2 

and any stresses from t h i s  loading  w i l l  n o t  be r e f l e c t e d  by a stress a n a l y s i s  

cons ider ing  moment loads  only.  There i s  a l i t t l e  t e s t  d a t a  of t h i s  type of 

:togading from the  models shown i n  Table 1. The s t r e s s  i n d i c e s  f o r  an a x i a l  

fo rce  through the  run w e r e  : 

Model 

S t e e l ,  M’f’g A 

S t e e l ,  M’f’g B 

Copper-Nickel, M’f’g A 

Weldole t 

- C?/s 

1.89 

1.14 

1 .12  

2.96 

8 Surface  Gage N o .  

0 I 18 

90 O I 56 & 58 

- -- 

-45 O I 106 

90 O I 5 10 

where 

CT = maximum measured p r i n c i p a l  stress 

s = F/A 

F = a x i a l  fo rce  through the  run 

A = a r e a  of  p ipe  = 2rr RmTr 

In  summary of t h e  d i scuss ion  on f o r c e  loadings .  

and F when app l i ed  two o r  more p ipe  
y2’ F Z 2 ’  Fx3’ Y 3  ’ ( 1 )  Forces  Fyl, FZ1, F 

di.ameters from t h e  branch-run a x i s ,  genera te  s i g n i f i c a n t  moments; the stresses 
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due t o  the  f o r c e s  are probably small as compared t o  those due t o  the  

moment . 

( 2 )  Force F i n  s m a l l  d/D branch connect ions,  may produce a s i g n i f i c a n t  

s t r e s s  n o t  included i n  s t r e s s e s  due t o  the  accompanying moment through 

the run.  

Y3 

( 3 )  Force F r eac t ed  by fo rce  Fx2, does n o t  produce a moment. However, 

l i m i t e d  t e s t  d a t a  i n d i c a t e  these  s t r e s s e s  w i l l  n o t  be s i g n i f i c a n t  i n  

most p ip ing  systems. 

x l  ’ 

The au thor  does not recommend i n c l u s i o n  of fo rce  loads  i n  the  

B 3 1 . 7  s i m p l i f i e d  a n a l y s i s  of s t r e s s e s  i n  branch connect ions.  

t h a t  the  p r e s e n t  f a c t o r s  and a n a l y s i s  are s u f f i c i e n t l y  conserva t ive  t o  

compensate f o r  p o s s i b l e  s t r e s s e s  due t o  fo rce  loads .  

B 3 1 . 7  a n a l y s i s  i s  equ iva len t  t o  the  B 3 1 . 1 . 0  a n a l y s i s ,  which a l s o  does n o t  

cons ider  fo rce  loads  i n  c a l c u l a t i n g  s t r e s s e s .  

It i s  be l ieved  

In  t h i s  r e s p e c t ,  t he  
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RECOMMENDED CHANGES I N  B 3 1 . 7  

Table D-201, Note (5), Branch Components -- 

Replace p re sen t  t e x t  and equa t ions  with t h e  fol lowing.  

Moments c a l c u l a t e d  
f o r  p o i n t  a t  i n t e r -  
s e c t i o n  of run  and 
branch c e n t e r l i n e s  

M x 2  

Mz I 

~ ~ ~ 1 ,  M~~ = sma l l e r  of I M ~ ~  I o r  I M ~  I 

where i E X, y ,  z 

For branch connect ions o r  tees, the  M. term or  Equat ions (9), 
1 

( l o ) ,  (ll), o r  ( 1 2 )  s h a l l  be c a l c u l a t e d  by t h e  fo l lowing  p a i r s  of t e r m s .  

Equat ion (9)  

Equat ions (10) & ( 1 2 )  

Equation (11) 

Mb 
B2b + B 2 r  z‘ r 

U 

‘2b 7 i- ‘2r f r 
Mb - + C  K ‘2b5b Zb 2 r  2 r  

. 
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where 

2 
Zb = rr(rk) TL 

Zn = rr Rm Tr 

For branch connect ions pe r  subdiv.  1-704.3 . 

2 

( 3 ) .  

r’ T,’, Rm, and Tr are def ined  i n  F igure  D-313 
m’ 

For but t -welding t e e s  pe r  USAS B16.9 o r  MSS SP 48:  

V ’  m = mean r a d i u s  of designated branch p ipe  

T i  = nominal w a l l  th ickness  of des igna ted  branch p ipe  

R m = mean r a d i u s  of des igna ted  run p ipe  

T r = nominal w a l l  th ickness  of des igna ted  branch pipe 

Table D-201, Note (7) 

Replace wi th  the  fol lowing.  

BZb = 0.75 C2b bu t  n o t  less than  1 .0  

B2r = 0.75 C2r bu t  no t  less than 1 .0  

C Z b  = 3(Rm/Tr)2’3 (rm/ I R ) l / ’  ( T ; / T ~ H ~ ; / ~ ~ ) ,  b u t  n o t  less than  1.5. 

r ’  T,‘, and r are def ined  i n  Figure D-313. 
Rm, T r ,  P 

KZb = 1.0 

2/3 = 0.8 (Rm/Tr) (rA/Rm), b u t  n o t  l e s s  than  1 .0  
2r  

KZr = 2.0 

The product  of C 2rK2r s h a l l  be a minimum of 3 .0  4 
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-- Table D-201, oppos i t e  "Branch connect ions pe r  Subdiv. 1-704.3 and 

under column K, 

Replace "1.0" w i t h  ' I (  7 )  I t .  

Table D-201, Note ( 9 ) +  -- 

Replace w i t h  the  fol lowing.  

B2b - - B2r = 0.75 C2b 

= 0.67 (Rm/Tr)L'3, bu t  no t  ,ess than '2b = '2r 

R = mean r a d i u s  of  des igna ted  run  pipe m 

I O .  

T = nominal w a l l  th ickness  of des igna ted  run pipe r 

K2b - - K2r = 1.0 

Table D-201, Note (3)  -- 

Replace w i t h  t h e  fol lowing.  

The stress i n d i c e s  given are app l i cab le  only  t o  branch connec- 

t i o n s  i n  s t r a i g h t  p ipe  wi th  branch axLs normal t o  the  p ipe  

s u r f a c e  and which meet t h e  dimensional requirements  and l i m i t a -  

t i o n s  o f  Par .  D-313.1 and Figure  D-313. 

- F&ure  D-313 

Replace w i t h  F igure  D-313 h e r e i n ( p a g e  60) .  

;k 'This i s  a change i n  form, n o t  i n  va lues ;  i . e . ,  1 .8 / (4 , ,4 )2 /3  0.67.  
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(This new f i g u r e  i s  almost i d e n t i c a l  w i th  Fig.  1-704.3.3.1. The 

d i f f e r e n c e s  a r e :  

(1) D-313 inc ludes  a d e f i n i t i o n  of r 
P 

(2) D-313 i s  app l i cab le  t o  both  branches t o  p ipe  and branches i n  

heads. The symbol, Ts ,  i s  used f o r  e i t h e r  T (p ipe)  o r  Th(head).  r 

(3) rm and r 

s t r e s s  i n d i c e s .  

a r e  n o t  shown because they a r e  n o t  involved i n  the  n 

(4) d has been added t o  conf igu ra t ion  ( c ) .  This  i s  necessary  f o r  
0 

3' def in ing  r 

It should be noted t h a t  Par.  D-313.1 g ives  l i m i t a t i o n s  on corner  

and t r a n s i t i o n  r a d i i  which are n o t  included i n  1.704.3.)'k 

Par .  D 313.1 ( e )  

Change rm t o  r:. 

Par .  D 313.1 ( g )  

Change l a s t  p a r t  from l a r g e r  of  t/z o r  T '11 t o  .... l a r g e r  
S 

of  T b / 2 ,  (Tb + y) /2  [ f o r  Fig.  D-313 ( c ) ]  o r  T s / 2 .  

Par.  D-313.2 

Change r t o  r '  m m 

Change tb t o  T i  

Add "y" t o  the  l i s t  of symbols which "are def ined  i n  F igure  D-313". 

;\ This  p a r e n t h e t i c a l  no te  i s  n o t  t o  be included i n  B31.7. 
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BRANCH PIPE = N0ZZL.E \ 

FIGURE D-3 13 NOZZLE DIMENS I O N S  
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