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STRSSS IIIDiCES FOR ANSI STAKDARD Bio. 11 
SOCKBT-'.-.'SLDU'IG FITTINGS 

E. C. Rodabaugh S. E. Moore 

ABSTRACT 

Stress Indices for ANSI standard Bl6.ll socket-welding tees. 
U5C elbows, 90" elbows, and couplings are developed for intended 
use with the Class-1 piping system design rules of Section III — 
Division 1 of the ASME Boiler and Pressure Vessel Code. Indices 
are given for the evaluation of appropriate primary stresses, 
primary-plus-secondary stresses, and peak stresses due to inter-
nal pressure, bending-moment loads, and thermal gradients between 
the fitting and the attached pipe. The proposed indices are 
based on the dimensional and pressure-burst requirements of the 
Bl6.ll star.iarl. the apparent shapes of 316.11 fittings as indi-
cated from a random sampling taken off-the-shelf, the standard 
pressure-temperature ratings of the fittings, and on current 
stress indices now in the Code for similar butt-welding fittings. 
Specific recommendations are made for issuing the new stress in-
dices in a Code case. 

Key words: stress indices, stress analysis, straight pipe, 
elbows, socket-welding fittings, socket --.•.-elded joints, tees, 
couplings, fillet welds, piping code, ASME BPVC Section III. 
AI3SI-Bl6.il, nuclear piping, pressure-vessel code, 0RI5L piping 
program. 

1. INTRODUCTION 

Purpose and Scope 

Both socket-welding and threaded fittings are peimitted for use in 
Class-1 nuclear piping systems by Section III, Division 1 of the ASME 
Boiler and Pressure Vessel Code,1 provided they are manufactured in accor-
dance with the M S I standard B16.11, "Forged Steel Fittings. Socket-V/eld-
ing and Threaded."2'3 Specifically, paragraph NB-361»9':' of the Code accepts 

'In this report, reference to articles, sub'-rticles, paragraphs, ta-
bles, or figures from Section III, Division 1 of the AEME Boiler and Pres-
sure Vessel Code are identified by number (e.g., NB-xxxx), as appropriate. 
Hereafter Section III, Division 1 -will be referred to simply as "the Code." 





piping products manufactured in accordance with a set of standards given 
in Table NB-369I-I as suitable for use" provided the design aTequacy or" ~he 
product is based on one of three possible methods, one of which is "... 
an AM ST B16-9 "typs burst test." The Bib. 11 standard includes a suitable 
pressure-bursting requirement. Specific acceptance for socket-welding 
branch connections is also given in IIB-36U3-2 and for elbows in 1'IB-36̂ 2.2. 
Other 11 fittings, such as couplings and crosses, are acceptable under 
the general provisions of paragraph KB-36^9-

Certain restrictions, however, on the use of socket-welding and 
threaded fittings are imposed in other paragraphs of the Code. Subpara-
graph ri3-366l.2, under the general heading "nB-3660 Design of Welds." lim-
its the use of socket-welded piping joints to nominal pipe sizes of 2 in. 
and smaller and imposes fabrication requirements on the velus joining the 
fitting to the pipe. " Threaded joints, on the other hand, are not lim-
ited in size, "but according to subparagraph HB-367I-3, threaded joints in 
which the threads provide bhe only seal are net permitted. If a seal weld 
is used, the stress analysis of the joint must include a determination of 
the stresses in the weld resulting from the relative deflections of the 
mated parts. Implementing this requirement is sufficiently difficult to 
almost eliminate the use of threaded fittings in CIass-1 piping systems, 
especially if a socket-welding or a butt-welding fitting could be used 
instead. 

For Class-1 piping systems, the Code requires that a stress analysis 
be prepared in sufficient detail to show that the stress limits and design 
criteria of the Code are satisfied (NB-3625), and a set of design rules 
and formulas are provided in NB-3640 and NB--3650 to implement this require-
ment- Stress indices for many commonly used components are provided in 
Table iTB-3683.2-1 for use with the design formulas, Eqs. (9) through (Ik) 

"The 1966 edition (ref. 2) of ANSI Bl6.ll listed in Table NB-3691.I 
is out of date with the I973 edition (ref. 3) of the Standard. The pres-
ent report, however, is based primarily on the 1966 edition, since it is 
the official Code, reference. Where important differences exist, they are 
pointed out in the text, and one of the recommendations givsn in the last-
section is to update Table NB-369I.I to include MSI B16.11-1973. 

~*The present wording of NB~366l.2(b) is not quite accurate. Suggested 
changes to the Code to remedy this are included in the "Summary and Recom-
mendations" section of this report. 



or subparagraphs I3-3C52 and irB-36s>3 - These equat ions are reproduced in 
Table 1 for convenient reference. ' The stress indices are identified by 
the characters 5. C, and for tne three categories of Code-ellov.-able 
ctrersc-c: prini&ry. prL:r.ary-p lu s - s e c or.dary. and pea?, stresses, respectively, 
loadings are identified by subscripts: 1 for pressure. 2 for bending and 
torsional moments. and ̂  for thermal gradients. 

To the extent that stress indices are provided., the prescribed analy-
tic method is a relatively simple way to check a piping design for com-
pliance v;iti: Code re qui remsnts. At present, stress indices are given for 
the fillet v.-eld between a socket-welding fitting and straight pipe but are 
not giver, for the body of the fitting itself. The objective of this report 
is to provide stress indices for the "ore commonly used rocket-vr&lding fit-
zir.rz. Fittings covered ir.oluio r.onreiucir.g 2 ir.. ar.(i seller nominal-size 
110-11 socket-welding te-::. hy' elbows. ><j elbows. and couplings. Threaded 
fittings ?_nd socket - we l.Ling crosses and half-couplings arc not covered. 

• reviour reports documenting the development of stress indices for 
specific piping products'" h?ve drawn heavily on the published literature 
for relevant experimental ar.t* analytical data and have used existing ana-
lytical methods to conduct parameter studies. For socket-welding fittings, 
information of this type apparently has not been published, although we . 
did obtain a sna.ll amount of unpublished AiiSI Iilc.y-type burst-test data 
froa one of the manufacturer2. as well as one indication of a possible 
cyclic-pressure fatigue failure from field failure reports. 

Since neither experimental nor analytical data were available, the 
stress indices presented in this report are based on engineering judgment 
and combinations of the following factors: the dimensional and burst-
pressure requirements of the AN.̂ I B16.ll standard; the standard pressure-
temperature ratings of the fittings: their apparent shapes, as indicated 
from a small random sampling of off-the-shelf fittings; and analogies with 
similar butt-welding fittings. 

"Table 1 is presented with appropriate definitions given in the nomen-
clature, but without the accompanying footnotes, qualifications, or cross 
references given in the Code. 

'"A listing of previously published reports is given in the Foreword. 
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T a b l e 1 . E q u a t i o n s 8 , f o r t h e s i m p l i f i e d d e s i g n -
a n a l y s i s p r o c e d u r e s o f t h e Code 

D e s i g n s t r e s s f o r m u l a s 
Code e q u a t i o n 

N o . 

PD D 
Bi «T + B2 oTm, - l-5Sm (9) 1 2t 2 21 i -

P D D 

I + C3fiaJnaTa ~ V J * 3Sm (10) 

P D D 
s p - i t 2 + s M i + 

+ W a b l V a - V j 

+ — - EC-<|A,T2| (11) 

S e - C
2 5 I M ^ 3 S m (12) 

P D D M . 

^ Hit" + T T + C3 EablVa " V J * 3Sm (13) 

V t = r Sp ' 

w h e r e 

Ke = 1 <Sn * 3Sm) , 

Ke + <3SB < Sn < , 

Ke = 1/n (Sn 3mSm) , 

and m and n are material parameters given in NB-322S.3(b). 

Abstracted from paragraph N B - 3 6 5 O of the Code; see "Nomenclature" 
and the Code for symbol definitions. 
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The permissible shapes and dimensions of the fittings were determined 
by analyzing the requirements of the Bl6.ll standard and by examining a 
small random sampling of fittings purchased for this purpose. This infor-
mation is presented in Chaps. 2 and respectively. Next, the pressure-
temperature ratings given in the standard were compared with Code-allowable 
pressures for corresponding sizes of straight pipe, calculated according 
to the rules of NB-36UO. Using this information, a reference or "equiva-
lent" pipe size was defined for each class of Bl6.ll fitting for use in 
the Code analysis procedures. This information is presented in Chap. it-. 
Recommended stress indices for pressure, moment, and thermal loadings are 
presented in Chaps. 5, 6, and 7> respectively, based on the information 
in the previous chapters and on stress indices now in the Code for similar 
butt-welding piping compcnents. 

The proposed stress indices for socket-welding fittings and corre-
sponding indices for the fillet welds between the fitting and the pipe are 
summarized in Chap. 9 for comparison. Chapter 9 also includes specific 
recommendations for revising the Code. We believe that the proposed stress 
indices are conservative. However, because of the lack of more-definitive 
information, it is recommended that the new indices be first introduced as 
a Code Case rather than as a Code revision, especially since Code Cases 
are permissive rather than mandatory. The pro: .-oed Code Case is given in 
Appendix A. Appendix B lists the results of a search of the Nuclear Safety 
Information Center files at Oak Ridge for relevant failure information in 
nuclear-power-plant piping systems. 

Definitions of symbols and nomenclature are given in the next section. 

Nomenclature 

The symbols used in this report and their meanings are as follows: 

Stress Indices 
Bj = primary-stress index for pressure loading 
C1 = primary-plus-secondary-stress index for pressure loading 
Kj = peak-stress index for pressure loading 



6 

The aoove set of symbols with subscript 2 refer to moment loading and with 
subscript 3 to thermal-gradient loading. The symbol Cg stands for the 
stress index for the membrane stress due to theimal loading. Stress in-
dices with the additional subscripts b and r (e.g., B^, ®2r) refer to 
loadings on the branch and run, respectively, for branch connections and 
-fcees. 

a = additional wall thickness in Eqs. (1), (2), and (3) of KB-361tl.l to 
provide for corrosion, etc. 

C = M S I standard Bl6.ll socket-wall thickness 
D = run-bore diameter of a B16.11 fitting 
D^ = nominal inside diameter of pipe 
Dq = nominal outside diameter of pipe 
E = modulus of elasticity 
E - average modulus of elasticity for two sides (a and b) at a gross 
a discontinuity 

G = body wall thickness of a Bl6.ll component 
I = moment of inertia 
Kg = fatigue-evaluation factor defined by the Code in paragraph NB-3653.6 
M. = range of moment-loading vector due to thermal expansion, anchor move-
1 meats from any cause, earthquake, and other mechanical loads 

M. = moment-loading vector due to loads caused by weight, inertial earth-
1 quake effects (amplitude), and other sustained mechanical loads 

MT = range of moment-loading vector due to thermal expansion and ther-
1 raally induced anchor movements 
P^ = computed "bursting pressure 
Pq = pressure range 
Pr = rated pressure of fitting at 100°F 
r = mean radius of pipe cross section 
H = bend radius for hutt-welding elbow 
S = Code-allowable maximum normal stress for Class-2 and Class-3 pipe 

(function of .material and temperature) 
S^ = specified minimum tensile strength of pipe material 
S = stress-intensity amplitude ct 
Sm = C o d e d e s iS n stress Intensity (function of material and tempera-

ture) for Class-1 pipe 
Sn = primary-plus-secondary-stress-intensity range 
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Sp = peak-stress-intensity range 
t = nominal pipe--wall thickness 
t = minimum pipe-wall thickness (0.875 times nominal) 
Z = (7r/32) (D* - = section modulus of pipe 
a , o^ = coefficients of thermal expansion for the two sides of a gross 

geometric discontinuity 
AT! = range of linear portion of through-the-wall temperature gradient 
A12 = range of nonlinear portion of through-the-wall temper at lire gradient 
v = Poisson ratio (assumed to be 0.3 in this report) 

2. ANSI BIS. 11 STANDARD DIMENSIONAL REQUIREMENTS 

Table 2, abstracted from ANSI BI6.II-I966, gives the specified dimen-
sions for 2-in. (nominal size) and smaller socket-welding fittings. In 
this edition of the standard2 there are two classes of fittings, designated 
as 3000-lb and 6000-lb. The 1973 edition3 gives a third class, designated 
as 9000-lb, for several nominal sizes. The 3000-lb class is intended for 
use with pipe up to sched-80* wall thickness, and the 6000-lb class for use 
with pipe up to sched-160 wall thickness. The 9000-lb class corresponds 
with double extra strong (XXS) pipe. It might be noted that the values 
specified in Table 2 for the minimum body wall thickness G for the 3000-
lb and 6000-lb classes are the same as the nominal wall thicknesses of 
sched-80 and sched-160 pipe, respectively, given in the ANSI B36.IO stan-
dard.5 'These data are given in Table 3 along with other useful dimen-
sional information from ref. 6. 

Values given in Table 2 for the minimum socket wall thickness 0 are 
generally 1.09 times G.x* The socket wall thickness is important because 
it determines the maximum size of the fillet weld joining the fitting to 
the pipe. The Code requires the minimum leg dimension of the fillet weld 
to be I.09 times the nominal thickness of the pipe but not less than l/8 

*In this report the abbreviation sched is used to indicate the wall 
thickness or schedule number of standard sized pipe. 

**The ratio C/G is 1.09 1 0.005 for all sizes and both pressure classes 
except for the l /8-in. 3 0 0 0 - l b class. For this case. C = 0.125 in., and 
C/G = 1.316. 
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Table 2. Specified dimensions8, of Bl6.ll socket-welding 
fittings 2 in. and smaller (all values in inches) 

Wall-thickness minimum Bore diameter 
N o m i n a l 

p i p e 
s i z e 

Socket 
b o r e . 

d i a m e t e r 
( B ) 

D e p t h 
o f 3000-• l b 6000-lb 

o f f i t t i n g 0 

(D) N o m i n a l 
p i p e 
s i z e 

Socket 
b o r e . 

d i a m e t e r 
( B ) 

s o c k e t 
( m i n ) 

Socket 
(c) 

Body 
(G) 

Socke t 
(c) 

Body 
(G) 

3000-lb 6000-lb 

1/8 0.1+20 
0.1+30 3/8 0.125 0.095 0.135 0.121+ 0.251+ 

0.281+ 
0.11+1 
0.171 

lA 0.555 
O.565 3/8 0.130 0.119 0.158 0.11+5 O.3I+9 

0.379 
0.235 
0.265 

3/8 O.69O 
0.700 3/8 0.138 0.126 0.172 0.158 0.1+78 

0.508 
0.3W 
0.37^ 

1/2 0.855 
0.365 3/8 0.161 0.11+7 0.201+ 0.188 0.607 

0.637 
0.1+51 
0.1+81 

3 A 1.065 
I.075 1/2 0.168 0.151+ 0.238 0.219 0.809 

0.839 
0.599 
0.629 

1 1-330 
1.31*0 1/2 O.I96 0.179 0.273 0.250 I.03I+ 

1.061+ 
0.800 
0.830 

1 1/1+ 1.675 
1.685 1/2 0.208 0.191 0.273 0.250 1.365 

1.395 
1.11+5 
1.175 

1 1/2 1.915 
I.925 1/2 0.218 0.200 0.307 0.281 1.595 

1.625 
1.323 
1.353 

2 2.1+06 
2.1+16 5/8 0.238 0.218 0.371+ O - S 1 ^ 

2.052 
2.082 1.671+ 

1.701+ 
dimensional information given here is taken from ANSI B16.11-1966 (ref. 

2). Slightly different values for the bore diameter (D) are given in ANSI 
Bl£.11-1973 (~ef. 3). 

^Upper and lower values for each size are the respective minimum, and 
mmHnmm values. 
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a "b Table 3. Nominal dimensions and design properties 
of standard-size pipe, 2 in. and smaller 

Nominal 
pipe 
size 
(in.) 

Outside 
diameter 

<Do> 

Schedule 
or wall 

designation 

Wali 
thickness0 

(t) 
(in.) 

Mean radius-
to-thickness 

ratio 
(r/t) 

Section 
modulus 

(z) 

1/8 0.1*05 to 0.068 2.1*78 0.0052 
80 O.095 1.632 C.0060 

160 0.121* 1-133 0.0061* 
xxs 0.190 O.566 0.0065 

1 A 0.5to to 0.088 2.568 0.0123 
80 0.II9 1.769 0.01 to 

160 O.1I+5 1.362 0.011*7 
xxs 0.238 0.634 0.0155 

3/8 0.675 to 0.091 3.209 0.0216 
80 0.126 2,179 0.0255 

160 0.158 1.636 0.0278 
xxs 0.252 0.839 0.0301 

1/2 0.8H0 to 0.109 3-353 o.oto7 
80 0.11*7 2.357 0.01*78 

160 0.187 1.71)6 0.0527 
xxs O.29U O.929 0.0577 

3/4 1.050 to o.ru l*.ll*6 0.0706 
80 0.155+ 2.909 0.0853 

160 0.218 1.908 o.iooi* 
xxs 0.308 1.205 0.1101* 

1 1.315 to 0.133 l*.l*l*l* 0.1329 
80 0.179 3.173 0.1606 

160 0.250 2.130 0.1903 
xxs 0.358 1-337 0.2137 

1 1/4 1.660 to o.ito 5.1*29 0.231^6 
80 0.191 3.81*6 0.2911* 

160 0.250 2.820 0.31*21 
xxs 0.382 1.673 0.1*111 

1 1/2 1.900 to 0.11*5 6.052 0.326 
80 0.200 U.250 0.1*12 

160 0.281 2.881 0.508 
xxs o.too 1.875 0.598 

2 2.375 to 0.151* 7.211 0.561 
80 0.218 l*.9l*7 0.731 

160 0.3*8 2.962 0.979 
xxs 0.1*36 2.221* l . iol* 

Nominal dimensions from ANSI standard B36.IO—1970, Wrought 
Steel and drought-Iron Pipe, Amei Soc. Mech. Engr., New York, 1970. 

^Design properties from Piping Engineering, Tube Turns. Louis-
ville, KY, 1969. 

£ 
Since ANSI B16.10 does not include sched 160 or double extra 

strong thickness for pipe sizes l/8, l/l*, and 3/8 in., the values 
cited here were taken from ANSI 316.11-1973. 
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in. (NB-M+-27). For other applications the Code requires the minimum leg 
dimension of fillet "welds to he l.lj times the nominal pipe thickness. 

In order to visualize the relative dimensions of socket-welding fit-
tings and the attached pipe, cross-sectional drawings of Bl6.ll elbows and 
tees are shown in Figs. 1 through 8. In these drawings the wall thick-
nesses are equal to the specified minimums, whereas the diameters are 
either ncminal or average dimensions. The exterior-surface intersections 
are shown with i.'harp corners inasmuch as the Bl6.ll standard doesn't spe-
cifically require fillets or corners with given radii. 

The interior contours of the tees shown in Figs. 1, 2, 5, and 6 were 
drawn on the assumption that the bore diameters are both constant and 
equal to D from Table 2, and intersect at the transverse plane of the run 
axis. The interior contours of the 90° elbows, shown in Figs. 3, 1+, 7? 
and 8, were drawn on the assumption that both bore diameters are equal to 
D from the ends of the fittings to the intersection of the axes and that 
the interior contour at the transition was finished using a spherical cut-
ter of the same diameter. It was also assumed that the outside contour 
in this region is a quarter-section of a sphere with a diameter equal to 
the inside diameter plus twice the -wall thickness (D + 2G). 

Examination of a few fittings, purchased off-the-shelf at random, in-
dicates that the representations shown in Figs. 1 through 8 are-reasonably 
accurate, except that the exterior surface intersections do have transi-
tion radii, even though such radii are not required by the Bl6.ll stan-
dard. 

3. DIMENSIONS OF SCME Bl6.ll FITTINGS 

For general design purposes it io necessary to assume that fittings 
purchased to a standard specification, such as ANSI Bl6.11, will have the 
most adverse set of dimensions permitted by the specification. Neverthe-
less, it is of interest to examine a few fittings purchased as meeting the 
standard for unusual features or for dimensional characteristics not cov-
ered by the standard. For this purpose a number of fittings were pur-
chased from local jobbers' stocks, with an attempt to include fittings 
from various manufacturers. 
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GRNL-OWG 

INCHES 
Fig. 1. M S I Bl6.ll tee, 1-in.. 3000-11)-class, sched-80 pipe. 

ORNL-OWG 72-13656 

M f M 

0 I 

SECTION A-A 

INCHES 

Fig. 2. M S I Bl6.ll tee, 2-in., 3000-lb-class, sched-80 pipe. 
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ORNL-DWG 72-I3657R 
SHORT-RADIUS 

0 2 4 1 I 1 
INCHES 

Fig. 3. AllsI Bib.11 90° elbow, 1-in., 3000-lb-class, sched-80 pipe. 

ORNL-DWG 72- I3658R 

SHORT-RADIUS 
ELBOW 

0 2 
•J 

INCHES 

"ig. Jj. MtSl Bl6.ll 90' elbow. 2-in.. 3000- lb-c las c, ached-SO pipe. 
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ORNL- DWG 72- 13659 

Fig. 5. ANSI Bl6.ll tee, 1-in., 6000-lb-class, sched-160 pipe. 

ORNL-DWG 72- 13660 

Pig. 6. ANSI BIG.11 tee, 2-in., 6000-lb-class, sched-160 pipe. 



14 

O R f J L - D W G 7 2 - I 3 6 6 I R 

SHORT-RADIUS ELBOW 

2 4 
f f f i i f 1 

INCHES 

Fig. 7. ANSI B16.11 90° elbow, 1-in., 6000-lb-class, sched-160 pipe. 

ORNL-DWG 7 2 - ' 3 6 6 2 R 
SHORT-RADIUS 
ELBOW 

0 L. J_ 
INCHES 

Fig. 8. ANSI B16.11 90' elbow, 2-in., 6000-lb-class, sched-160 pipe. 



15 

A few of the fittings were selected for detailed dimensional checks, 
and the results are given in Table 1+. These data indicate that the minimum 
body-wall thickness typically exceeds G, the specified minimum, by a sig-
nificant amount. On the other hand, for some of the fittings the socket-
wall thickness (also called the socket-face width) barely met the speci-
fied minimum C. For one 2-in., 3000—lb-class, 90 elbow (not included in 
Ta"ble 4) the minimum width of the socket face was 0.2 in., whereas the 
specified minimum is O . 2 3 8 in. As noted earlier, this dimension is sig-
nificant in that it controls the size of the fillet weld used to attach 
the fitting to the pipe. 

Photographs of representative socket-welding tees and elbows are 
shown in Figs. 9 through 13. As can easily be seen, the exterior surfaces 
of all these fittings have generously rounded rather than sharp corners. 
In this respect they are different from the drawings shown earlier. One 
valid reason for this difference is that all the fittings shown here were 
formed by forging. In this process the surfaces essentially must have 
smooth transitions, and unless the exterior surfaces are machined to their 
final dimensions, one would expect smooth rather than sharp corner tran-
sitions. Furthermore, fabrication of the fittings by forming is in accor-
dance with the ANSI Bl6.ll standard which requires that the material must-
conform to the ASTM standard A-182 (ref. 7) for alloy and stainless-steel 
products and to ASTM A-105 (ref. 8) for carbon-steel products. Both chese 
standards require that: "... the material ... shall be brought as nearly 
as practicable to the finished shape and size by hot working and shall be 
so processed as to cause metal-flow during the hot-working operation in 
the direction most favorable for resisting the stresses encountered in 
service." In order to assure that the user of the stress indices given 
herein does not inadvertently overlook this requirement and use the indices 
for a fitting that has been machined from plate or bar stock, it is recom-
mended that the stress indices be specifically limited to fittings in which 
the exterior contours are forged to shape. 



Table Measured dimensions of same randomly selected Bl6.ll fittings 
and comparisons with specified minimum dimensions 

Nominal 
size 
(in.) 

Socket' -wall thickness Body-wall thicKness 

Type 
Nominal 
size 
(in.) 

Rating 
(lb) Material® Manufacturer Specified Measured Specified .Measured 

Nominal 
size 
(in.) minimum Minimum Maximum minimum0 Minimum Maximum 

90° elbow 2 3000 CS A 0.238 0.21+8 0.300 0.218 0.330 0.385 
90' elbow 2 6000 SS A O.37I+ 0.1+11 0.1(62 0.31)1+ O.635 O.69O 
1+5° elbow 2 3000 CS B 0.238 0.21+0 0.303 0.218 O.36O 0.1+35 
1+5° elbow 2 3000 CS C 0.238 0.280 0.322 0.218 0.285 0.339 
Straight tee 1 3000 SS A O.I96 0.207 0.261+ 0.179 0.283 0.525 
Straight tee 1 6000 CS C 0.273 0.392 0.1+22 0.250 0.535 O.56O 
Straight tee 2 3000 SS A 0.238 0.266 0.291+ 0.218 O.3I1O O.37O 
Straight tee 2 3000 CS A O.238 O.25I+ 0.287 0.218 0.320 0.350 
Straight tee 2 3000 CS B 0,238 0.279 0.320 0.218 0.290 0.330 
Straight tee 2 3000 CS B O.238 0.21+9 0.28t 0.218 0.295 0.31+0 
Straight tee 2 6000 CS C O.37I+ 0.1+3!+ 0.1+79 O.3M+ 0.596 0.621+ 
Straight tee 2 6000 SS A 0.37!+ 0.1+35 0.1(60 0.3'A 0.655 0.675 
Straight tee 2 6000 SS A 0.371+ 0.1+26 0.1+55 0.31+lt 0.620 0.61+0 

aCS = carbon steel; SS = austenitic stainless steel. 
^Dimension C in Bl6.ll. 
Q 
Dimension G in Bl5.ll. 



Fi= 9. Typical M S I Bl6.ll fittings. Top row: 2-in , 3000-lb-
c l a s s tees^ bottom row: 2-in., 3000-lb-class elbows and a 1-xn., 
3000-lb-class tee. 



Fig. 10. Cross sections of a 2-in., 6000-lb-class 90° elbow and 
a 2-in., 3000-lb-class 90° elbow. 



Fig. 11. One-inch ANSI Bl6.ll 6000-lb-class tees. 
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Fig. 12. Two-inch ANSI Bl6.ll 3000-lb-class tees. 

Fig. 13. Sections of ANSI Bl6.ll 2-in. and 1-in., 6000-lb-class tees. 
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k. PRESSURE-TEMPERATURE RATINGS AND PIPE EQUIVALENCE 

Standard Pressure Ratings 

When using standard piping products, the Code requires in HB-3612.I 
that the ratings given as functions of temperature in the appropriate stan-
dard shall not he exceeded, and ANSI BI6.II-I966 includes such ratings for 
3000- and 6000-lb-class socket-welding fittings. These ratings, listed in 
Table 5, are proportional to the pressure ratings for flanges and flanged 
fittings given in an earlier edition of ANSI BI6.5 (ref. 9). The Bl6.ll 
standard also gives a correspondence "between the pressure class of the fit-
ting and the maximum pipe schedule intended for use with the fitting -
sched 80 for the 3000-lb class and sched 160 for the 6000-11) class. It is 
permissible, however, to use a lighter-weight pipe with fittings of either 
pressure class. For example, both sched-Uo and -80 pipe may be used with 
either 3000- or 6000-lb-class fittings, but sched-160 pipe may not be used 
with 3000-lb-class fittings. 

For Class-1 piping, the Code also giv^s the following formula [Eq. 
(2), MB-36I+I.II for computing the allowable design pressure for straight 
pipe, which is also, in effect, a function of temperature (different, how-
ever, from the temperature dependence of M S I BI6.II-I966): 

2S (t - a) mx m ' 

~ D - 2y(t - a) ' o 0 v m ' 

where S^ is the design stress intensity given as a function of temperature 
for various materials in Appenuix I of the Code, t is the minimum wall 
thickness ( 8 7 - t h e nominal thickness), a is the corrosion allowance 
(taken herein as zero), Dq is the outside diameter of the pipe, and y = 
0.If. Similar formulas for piping of Classes 2 and 3 are given in subpara-
graphs NC-36I+I.I and ND-36UI.I, respectively. Table 6 gives resulting 
calculated maximum pressures for several pipe sizes and materials of inter-
est. For comparison, the pressure ratings from Table 5 for comparable 
socket-welding fittings are also given. 

The values given in Table 6 show that in most cases the Code-allowable 
pressures for pipe (from 1/2- to 2-in. nominal size) are higher than the 



"able 5. Fresaure-temperature ratings of BI6.U-I966 socket-
welding fittings for various classes of steel 

Uonshock working pressures (psi) for grade (and cjrabol) of material 
£>ervace 

temperature Carbon 
C'F) steel 5 Cr 9 Cr 1 Cr 2 l A Cr 18-B 18-8LC 18-8 "o 18-8 Mo-LC 18-8 Ti 18-8 Co 

(steel) (Ffa) (P9) (Fll) (F22) (F30!;) (F30UL) (F3I&) (F3I6L) (F32I) (F3U7) 

3000-lb claco 

100 3000 3000 3000 3000 3000 2570 211<0 '•<000 21U0 3000 3000 
150 2950 2950 2950 2950 2950 21(25 2120 2950 2HiO 2950 2950 
200 2915 29X5 2915 2915 2915 2280 2100 2915 21itf 2915 2915 
250 2875 287? 2875 2875 2375 2170 19!»5 2575 20:5 2875 2875 
300 281+5 28U5 2&1+5 28U5 28l>s 2055 1795 28l»5 1990 28*45 261+5 
350 2810 2810 2810 2310 2810 1965 1650 2bl0 1815 P.810 2810 
1)00 2775 2775 2775 2775 2775 1870 1510 2",-'75 IC.I45 2775 2775 
U50 2715 2715 2715 2715 2715 1790 H420 2715 1575 2715 2715 
500 2605 2605 26oy 2c05 26O5 1715 1330 £x05 1510 2605 £605 
550 21+60 2k6o 21+60 2lf&> 2U60 1650 1280 Zh'lO 11; 50 21460 21460 
600 2310 2310 2310 2310 23IO 1590 1250 2310 1395 2310 2310 
650 2150 2150 2150 2150 2150 1535 1200 2150 13^5 2150 2150 
700 1960 2010 2010 2010 2010 11*80 12?0 £055 1295 2055 £055 
750 lli25 llliO lifl<J 1250 l^cO 19C0 
800 1370 1100 1&5 1205 1865 1865 

6000-lb class 

100 6000 6000 6000 COQD Cooo 51i;5 '>285 tOX) 1+285 Cooo cOOO 
150 5915 5915 5915 5915 5915 1»S55 142110 5J15 14285 5915 5^15 
200 5830 5830 5830 5330 5830 1*565 1+200 5-330 5330 5330 
250 5750 5750 5750 5750 5750 I43I4O 3895 5750 1*135 5750 J750 
300 5690 5690 5690 5690 5C90 U115 3595 5C9O 39SO 5690 5690 
350 5625 5625 5625 5625 393Q 3305 5LJ0 3«S35 5^25 5 £25 
1)00 5550 5550 5550 5550 5550 37-'* 5 3020 5550 3295 5550 5550 
1+50 51430 5^30 5U30 5'»30 5-'»30 3585 281+0 51.30 3155 5^30 51*30 
30c 5210 5210 5210 5210 5210 3J*30 2cCO 5210 3020 5210 5210 
550 U925 1*925 ^925 1.925 !»925 3305 25<S5 1̂ 925 2->00 14925 
600 1)620 I462O 1^20 3180 2500 IR20 2765 l,i:2Q 14O20 
650 U^OO 14300 1*300 '>300 '<300 3070 2I4OO 14300 2C90 I43OO k'OO 
700 3920 U025 to25 '>025 23;iO UllO 2595 I4IIO UllZ 
750 2850 2?M 3920 2500 3920 3J20 
800 27^5 2225 3730 21.15 3730 3 730 



Tablo C. Allows! le T.roccuroc for st 

AlCr,'; grade 5 carbon "tool 
100 

Cl.S.wC.iil das:: 1 

20 h=i) 15 fcsi) 16.6 i' £ = 14.i kri) 

Ucoinal uit>e size I.'oraalized 
Schedule 
!«o. 

Nominal 
dianeter 
(in.) 

allowable 
pressure,e 

40 1 2 
3*4 
1 
1 14 
1 1/2 
2 

0.24gS 
0.203? 
0.190$ 
0.1569 
0.1411 
0.1169 

499» 
!<076 
3S10 
3l3od 
2373d 

3747 
3055, 
23577 
23531; 
211c1: 
1783a 

4197 
3200 
2370 

2^13 
:-72-'-
2244 
201b. 
l?COc 

80 1' 2 
3/4 
1 
1 l'U 
1 1/2 
2 

0.3490 
0.2860 
0.2633 
0.2190 
O.I989 
0.1717 

6980 
5720 
5266 
4380 
3976 
3434 

5235 
U290 
3950 
3265. 

4423 
3679 
3342 
2884 

2.990 
4090 
3765 
3132 
2644 
2455 

IDO 1,3 
3/4 
1 
1 1/4 
1 1/2 
2 

0.461? 
0.4251 
0.3638 
0.2946 
0.288? 
0.2312 

9230 
3502 
7676 
5892 
576^ 
5625 

69:52 
6376, 
57577 
4419' 
4330^ 
42l8d 

7753 
7142 
6448 
4949 
4350 
4724 

<-599 
6079 
5453 
4213 
4126 
4021 

t're ssure class (lb) 
3000 
6000 

3000 
6000 

3000 
uOOO 

1960 
3920 

1960 
3920 

38 
31 
2" 
23 
6 
5 
5 h' 

9 
8" 
7€ 
5' 
5 
5 

Calculated values using Sq. (2): NB-3641.1; Sq. (4): HC-36UI.I; and Sq. (U): HD-3641.1. P/S = 1.1 
DTaken from Table 5. 
cAllcrwable stress values from Appendix I of the Code (ref. 1): S^ values from Tables 1-1.1 and 1-1.2j. 
Âllowable pressure for pipe is less thsn allowable pressure for corresponding-pressure-class fitting. 



light, riy_-~ comparable socket--.vslding fittings 

Allowable pressures (psi) 
ar..i 3Jl,:i ccairilesj st̂ el TP3I6 and. 3I6H stainless steel 

dOO' ? 100° F 800° F 

; 1 n-r" 2 - cia=s 1 . <1 f '* ^ 
Classes 
2 and 3 

„ n Classes Class 1 . _ 2 and 3 Class 1 l̂asl 

1 kci) - 16.5 ksi1 (S_ - 15.1 kci) (S -= I5.2 ksi) (S = 20 ksi) (S = 18.8 ksi) (Sm = 15.8 ksi) (S = 15.I 

Straight rife 

3650 
35^1 
2&Q 
S a 

5377 
U950 
^117 3739 
3223 
Sc76 
7992 
7215 
5538 
5U27 
5266 

3772 
3076 
2377 
2369 
2131 
1795 
5270 
L319 
3976 
3307 
3003 
2593 
5969 
6U19 
5795 
m e 3̂59 
k2k6 

3797 
3096 
2395 
2385 
211+5 
1807 
5305 
1*002 
3329 
3023 
2610 
7015 
6t»6l 
583̂  
1*1*78 
1*388 
k2Jk 

1*996 
l*07l* 
3810 
3138 
2822 
2378 

698O 
5720 
5266 
1*380 
3978 

9230 
8502 
7676. 
5892^ 
576^ 
5625 

U696 
3830 
3581 
29«t9? 
2653^ 
2235 
6561 
5377 
U950 
4117 
3739 
3228 

8676 
7992 
7215 
5538? 
5286 

39^ 
3218 
3010 
21+78 
2230 
1878 

551̂  
1*519 
1*160 
31460 
311*2 
2713 
7292 
6716 
6063 
14651* 
1*561 
)|)|)|2 

397 
323̂  
30S_ 
21*95 
22l*3 
18 
55*L, 
1*51*1 
1 * 1 
31! 
3162 
273C 

733̂  
675S 
6102 
U6E 
b59 
1*1*7 

bet-welding fittings 

2570 
51U5 

1370 
271*5 

1370 
27^5 

3000 
6000 

3000 
6000 

1865 
3730 

186= 
373C 

'(D ~ 0.7t): See text for symbol definitions. 

Ivalues from Tables 1-7-1 and 1-7.2. 





ling l'itti::{jau 

i (psi) 

iel TP3I0 and 3I6H stainless steel 
800"'F 100° ? 800"F 

Classes 
2 ar.d 3 

i Classes Class 1 , 2 and 3 Class 1 Classes 
2 and 3 

isi) (s -. 15.2 ksi) <S = 20 ksi) CS - 13.8 ksi) (S = 15.8 ksi) (S - 15.1 ksi) 

3797 U996 U696 391+6 3972 
3096 4074 3830 3218 3239 
2895 3810 3581 3010 3029 
2385 3138, 2949^ 2478 2495 
2145 2822^ 2653* 2230 22U3 
1807 2378 2235 1878 I890 
5305 6980 6561 551^ 55^9 
U3U7 5720 5377 U5I9 U5I+7 
4002 5266 U95O I+160 1+186 
3329 4380 1+117 3^60 3I+82 
3023 3978 3739 311+2 3162 
2610 343I+ 3228 2713 2730 
7015 9230 8676 7292 7338 
6461 8502 7992 6716 6759 
5834 7676, 7215 6063 6102 
1+478 5892°" 5538^ 4654 4684 
4388 5764^ 54277 4561 4590 
4274 5625 5286 4442 4471 

1370 3000 3000 1865 1865 
2745 6000 6000 3730 3730 





allowable pressure:- for the corresponding socket-welding fitting. In 
r-cvoral cacc-c. however, the .'•everso is true. Lt is also apparent fz-oin 
co::'.pari::g the values in Table.- 5 and 6 that no consistent relation exists 
between the AKSI 13-lu. 11-19c6 pressure ratings for fittings and. the Code-
nllowable derigr. pre~_"jroj for ipi:̂  : : y o f i,hc same materials at the 
caiue operating temperatures. For exawple. A10L rraue-B carbon steel pipe 
and type 30U stainless steel pipe have the smr.e Code -allowable pressures 
at 100'? but the pressure ratings for the corresponding socket -•welding 
fittings are different; and further,, although not indicated in Table 6, 
the difference increases as the temperature increases. Thus, in order to 
assure compliance with the Code, both sets of rules .must be checked. 

The 1973 edition of A!ISI 316.11. however, revises the pressure-tem-
perature ratings of the iittings to agree more closely with the Code. Ac-
cording to article 2.2 of that edition. 

>: ratings determined ... apply to any service within the scope of 
a section of the American National Standard Code for Pressure 
Piping (AIISI B3I), or of a sectioi. of the ASMS Boiler and Pres-
sure Vessel Code, or of a legally enforced regulation which estab-
lishes pressure design requirements for pipe. 
"Design temperature and other service conditions shall be lim-
ited as provided by the applicable code or regulation for the 
material of construction of the fitting. V/ithin these limits 
the maximum a I"1 ̂ wable pressure of a fitting shall be that com-
puted for straight seamless pipe of equivalent material ... ." 

Thus, simply updating Table NB-369I.I to replace the 1966 version of Bio.11 
with the 1973 version mil eliminate a potentially confusing condition with 
respect to the maximum allowable pressure ratings of Bl6.ll fittings. 

Pipe Equivalence 

In order to use stress indices with the design procedures of NB-365O, 
it is necessary to define an "equivalent'' pipe for a fitting. This is "be-
cause the design-criteria equations of NB-365O, listed earlier in Table 1, 
are in terms of nominal stresses in the so-called equivalent pipe, with 
dimensions Dq, E^, t, etc., for specific piping ptoducts defined in sub-
paragraph NB-36S3.1. For ANSI-standard butt-welding fittings, the equiv-
alent pipe is defined as straight pipe having the same nominal size and 



schedule number as identified by the fitting. The equivalent pipe for the 
fitting is thus independent of the wall thickness of the pipe that may be 
welded to the fitting in application. This is not only convenient but is 
necessary in order to uniquely define the calculated stresses in the fit-
ting ac functions of the loads. 

It is therefore appropriate to follow the same precedent in defining 
the equivalent pipe for socket-welding fittings. Since the 3000-lb class 
is designated for use with pipe sizes up to sched 80 and the 6000-lb class 
for pipe sizes in? to sched 160, it is appropriate to define the equivalent 
pipe is sched 80 for 3000-lb-class fittings t.nd sched 160 for 6000-lb-class 
fittings.' With these definitions, the calculated stresses in the body 
of a Bl6.ll socket-welding fitting will not depend on the wall thickness 
of the pipe. In accordance with present Code practice, however, the cal-
culated stresses in the fillet weld joining the pipe and the fitting will 
depend on the nominal wall thickness of the pipe. 

Table NB -3683.2-I presently contains stress indices for girth butt 
welds and for girth fillet welds; and the design procedures of N B - 3 6 5 O re-
quire that these welds be checked for compliance independently of the checks 
for any other component. The equivalent pipe dimensions for both types of 
girth welds are the same as for the nominal size pipe actually used in the 
design. 

Stress indices for MSI Bl6.ll socket-welding fittings, to be used 
with the appropriate equivalent pipe dimensions, are given in the next 
three chapters for internal pressure, bending moment, and thermal-gradient 
loadings, respectively. All of the stress indices are then summarized and 
compared with corresponding indices from the Code (Table NB -3683.2-1) for 
the girth-fillet welds that join the fitting to the pipe. 

"For 9000-lb-class fittings, defined by MSI BI6.II-I973, the equiv-
alent pipe would be double extra strong (XXS). 
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5 . STRESS mriCES FOR 7HTERHAL RESSURE 

Primary-Stress B1 Indices 

Prima^r-stress indices, used in conjunction "with Eq. (9) of Ii3-3o52, 
are intended to protect the piping system against plastic collapse and/ or 
excessive deformation and are normally established on the basis of results 
from limit-load tests. Since information of this type is not available 
for socket-welding fittings, the minimum-pressure bursting strength of the 
fitting, specified iu the Bl6.ll standard, is used as an alternate basis 
for establishing the value for BL. According to paragraph 6.2 of ANSI 
316.11-1966, 

''.. . the actual bursting strength of fittings shall be not less 
than the computed bursting strength of the pipe of the designated 
schedule number and material. To determine the relative strength 
of the fitting, straight pipe of the designated wall thickness 
and material shall be welded to each end, at least six inches in 
length but not less than*twice the outside diameter of the pipe, 
and with proper end closures applied beyond the minimum length 
of straight pipe. Hydrostatic pressure shall be applied until 
either the fitting or one of the short ends of pipe bursts 

The computed bursting strength of the pipe, P , for comparison with 
the test burst pressure is to be obtained using the formula 

P = 2S t/D , (1) u u ' o ' K ' 

where S^ is the minimum specified tensile strength of the pipe material, 
t is the minimum wall thickness (87- 5'/J of nominal thickness), and Dq is 
the outside diameter of the pipe. Although the standard does not specif-
ically designate the schedule number of the pipe to be used in the pres-
sure-burst test, it can be deduced by comparison of dimensional data in 
the standard that the intent is to use sched-80 pipe with 3000-lb-class 
fittings and sched-160 pipe with 6000-11.-class fittings.** The minimum 

*The last sentence is modified in ANSI iil6.11-1973 to read: "Hydro-
static pressure shall be applied until at least the computed bursting pres-
sure is achieved." Other changes are also made that effectively increase 
the computed bursting pressure by about 15 to 20$. 

**This point is clarified in ANSI B16.11-1973-
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specified tensile strength, of the pipe material is given by reference to 
the ASTM Standards.7'8 For A106 grade-B carbon-steel vive at 100'F, S = o - - u 

60 .000 psi; for type~304 stainless-steel pipe, S = 75;000 psi. Several 
typical minimum burst pressures computed according to Eq. (1) are given 
below. All of the values are considerably larger than the allowable 
operating pressures given in Table 6. 

Typical minimum burst pressures for MSI Bl6.ll fittings 
Nominal 
pipe 
size 
(in.) 

3 0 0 0 - -lb class 6 0 0 0 - lb class Nominal 
pipe 
size 
(in.) 

Carbon 
steela 

Stainless 
steel13 

Carbon 
steel 

Stainless 
steel 

1/2 
1 
0 

18,375 
1 4 . 2 9 2 

9 , 6 3 8 

22, 9 6 8 
17,866 
12,047 

23,375 
1 9 . 9 6 2 

1^,164 
29,219 
24,952 
18,955 

aA106 grade-B carbon-steel pipe. 
"bT?304 stainless-steel pipe. 

Although we were unable to find published burst-pressure data for 
socket-welding fittings, some unpublished test data on 3000-lb-class aus-
tenitic-stainless-steel fittings were provided by one of the manufacturers.4 
The results are shown in Table 7. In these tests, a group of fittings 
were tested together by welding up a manifold with, fittings separated by 
required lengths of sched-80 straight pipe. Failures all occurred in the 
straight pipe at locations remote from the fittings; hence, a single value 
is given for the burst pressure of each group of fittings. As shown in 
the table, the test burst pressures were all greater than those required 
by the Bl6.ll standard. 

Conformance with the dimensional and burst-pressure requirements of 
MSI Bl6.ll apparently gives adequate assurance that the basic designs of 
Bl6.ll socket-welding fittings are suitable for use at their rated static 
pressures. Since these are the same criteria that were used originally to 
establish the primary-stress indices (Bx) for butt-welding fittings, it 
seems reasonable to establish Bi indices for ANSI Bl6.ll socket-welding 
fittings on the same basis. We therefore recommend the following: 
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Socket-welding fitting B 1 index 

Tees 1.0 
90 and 1+5° elbows 1.0 
Couplings 0.5 

Primary-Plus-Secondary and Peak-Stress Indices 

Although burst-pressure tests yield useful information for establish-
ing primary-stress indices, they do not give any information regarding sec-
ondary or peak stresses. In order to establish stress indices for ths sec-
ondary and peak-stress categories it ir necessary to use other information. 

Table 7. Results cf luirst-rresjure tests on 3000-lb-class 
austenitic-sta:' nle. s-steel pocket-welding fittings 

Nominal 
size 
(in.) 

Type of 
fitting j'laterial 

;.ect burst-a 
pressure 

(psi) 

Required ^ 
burst -pre 3 sure 

(psi) 

1 2 Tee 30UL 27.000-0 21.440 
90" elbow 3I0L 27-000- 21.44O 
4-5° elbow 3^7 27.000- 2 2 , 9 7 0 
Couplijig 304L 27,000 .- 21.440 

3 h Tee 30kL 21.000 17.970 
90'" ell-ov; 3 0 4 L 21.000 17.970 
45° elbow 30hb 21.000 17,970 
Coupling 304 2 1 , 0 0 0 19 ,250 

l Tee 30kl 1 9 , 6 0 0 10.070 
90"" elbow 304 L 19.600 lo,o70 
1+5' elbow 304 1'y, 6 0 0 17.870 
Coupling 304 1 9 . 6 0 0 1 7 . 8 7 0 

1 Tee 30k 19.500 17.870 
90° elbow 304 19,500 17.870 

2 Tee 30U 15,400 1 2 . 0 5 0 
90" elbow 304 15-400 12.050 

aAll failures occurred in the pipe, remote from the 
fittings. 

^These values are "based on M S I Bl6. II - I966 requiremjnts. 
Values based on ANSI B16.11-1973 would be 15 to 20','' higher. 

°Test assembly did not fail; value cited is the pres-
sure capacity of the pump. 
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Traditionally, strain-gage data and/or fatigue-test data have been used for 
this purpose. To our knowledge, however, there ^re no controlled-test date, 
of this type available for socket-welding fittings, although we did find a 
few documented cases of fatigue failures in nuclear piping systems (see 
Appendix B). Most of the reported failures were in the fillet welds join-
ing the fitting to the pipe. One failure, however, occurred in the body 
of a socket-welding coupling, and might have been caused by internal pres-
sure and or eyelie-pressure fatigue. Unfortunately, no information was 
given on either the magnitudes of the loads or the number of cycles to 
failure. The information is thus of questionable value for developing 
stress indices, although it is useful to know that failures have occurred 
in the bodies of fittings as well as in the joining welds. 

In the absence of more-definitive information, proposed stress indices 
C, and K, for pressure loading are based on the following analysis: 

Socket-welding fittings are often used in supply lines for hydraulic 
presses, and over a period of yeai's they are subjected to many cyclic 
pressure loadings. "_f we assume that under these service conditions fit-
tings do not fail, and make further assumptions that appear to be conror-
vative, we can develop a reasonable analytical model upon which to base 
the magnitude of the stress-index product K1C1." Further assumptions can 
than be used to determine individual values for K, and C1# We therefore 
assumed a set of service conditions consisting of the following: 

1. The range of cyclic pressure during service never exceeds one-
half of the Bl6.ll rated pressure. For 3000-lb-class fittings, the design 
pressure cycle would then be from 0 to 1500 psi and back to 0. 

2. The fittings are subjected to 160 cycles per day for ten years, 
a total of 58^.000 cycles. Using a safety factor of 20 on cycles'" indi-
cates that the fittings wou3d be adequate for 29,200 design cycles. 

With these assumptions, the cyclic-pressure-term portion of Eq. (11) 
of NB-3653.2 is 

vThe stress-index product K^Ci is used in Eq. (11) of NB-36OO to eval-
uate the design fatigue life of fittings for specified cyclic pressure 
loading conditions. 

* 'ASMS design fatigue curves are based on a safety factor of 20 on 
cyclic life or 2 on maximum stress, whichever gives the lower value. 
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Sp = K a ° a P o V 2 t ' 

where S^ is the peak-stress-intensity range, ]"o is the range of cyclic 
pressure loading (in this case P Q equals one-half the rated pressure of 
the fitting at 100° F or F /2), Dq is the nominal outside diameter, and t 
is the nominal wall thickness of the equivalent pipe. Then using Eq. (li|) 
of NB-3653-^. 

S -- K S / 2 , a e p 

where S refers to the stress-intensity amplitude corresponding to 29,200 Si 
design cycles. Assuming further that the factor = 1.0, which is equiv-
alent to assuming that the primary-plus-secondary-stress-intensity range 
S^ is less than 3Sm "i.e., Eq. (10) of NB-3653.I is satisfied], gives a 
relationship for K:Cl5 in terms of known quantities, of 

K1C1(Pr/2)Do,/2t = 2Sa . (2) 

Since most of the service experience is for fittings made of SA-181 grade-1 
carbon steel, it is appropriate to obtain the value of S from Fig. I-9.I,' SL 
"'Design Fatigue Curves for Carbon, Low-Alloy, and High-Tensile Steels,'' 
Appendix I of the Code. At 29,200 cycles, Fig. I-9.I gives 28,000 psi for 
S . Solving Eq. (2) for K ^ thus gives 21 

iqCi = 22MOO(t/Do)/Pr • (3) 

According to Eq. (3), K3CX will increase with decreasing nominal pipe 
size because t/D increases as "the nominal pipe size decreases for both 
sched-80 and sched-160 pipe (see Table 3). For the 12 class-size combina-
tions covered in this report, the range of K i ^ is from 5-39 for the 2-in., 
6000-lb-class fittings to 13.07 for the l/2-in., 3000-lb-class fittings. 
The average for all class-sizes is 8.10. In view of the conservatism used 
in deriving Eq. (3), it appears adequate to round the average up to 9.0 
and offer this value for K^C^ 

Inasmuch as the above value for K ^ is based entirely on a fatigue 
evaluation, separate values for Kx and Cx are somewhat arbitrary. In the 
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above development, however, it was assumed that the primary-plus-secondary-
stress intensity was always less than 3 ; that is, 

Sn = C i P o V 2 t * 3Sffl . (4) 
Accordingly, it is appropriate to obtain the value for C-, from Eq. (1+) . 
Within the range of fittings covered in this report (l/2- to 2-in. nominal 
size, 3000- and 6000-lb classes), the maximum value of PQDo/2t is 20,773 
psi (for 2-in., 6000-lb-class fittings with P Q equal to the rated pressure 
at 100°F). The minimum value for the design stress intensity for Class-1 
piping, using materials-property data from Appendix I of the Code (see 
also Table 6) is 3Sm ^ 50,1+00 psi for carbon-steel pipe at 700"F and 1+5,300 
psi for stainless-steel piping at 800CF; and the minimum value for the 
allowable stress for Class-2 and -3 carbon-steel piping is 3S - 1+2,900 psi. 
Thus, any value of C-, less than or equal to 2.065 will satisfy Eq. (1+) for 
any pressure less than or equal to the rated pressure of the fitting. We 
therefore propose that C-, be set equal to 2.0. With K̂ C-, = 9, the value 
for Kt becomes 4.5. 

Stress-index values of Cy = 2.0 and =l+.5 should be adequately 
conservative for socket-welding tees and elbows, which have the same gen-
eral shape in the critical crotch region (see Figs. 1-9). For couplings, 
the values are probably overly conservative and smaller values can be jus-
tified. As shown by the sketch in Table 2, a Bl6.ll coupling is simply a 
cylindrical shell with an interior stop ring at the base of the socket, 
where the possibility exists for a sharp machined corner being produced 
during fabrication. To cover this condition, the value of K, = 4.5 should 
be retained. Otherwise, the existing stress-index values for straight pipe 
should be adequate (i.e., B-, = 0-5 and C, - 1.0). 

Since the values being recommended for C, and were based on an 
analytical model in which 3000-lb-class carbon-steel fittings were pres-
sure cycled between zero and one-half their rated design pressure, it is 
of interest to determine the permissible number of pressure cycles for 
other conditions. Table 8 gives calculated results for a sampling of 
Bl6.ll tees, elbows, and couplings that are cycled between zero and their 
full rated pressure. 



Table 8. Calculated® fatigue design life for selected B16.11 fittings subjected 
to cyclic pressure loads between zero and their rated pressure 

Nominal Pressure 
class 
(lb) 

Pressure 
ratingc 
(psi) 

bl6.11 tees and elbows Bl6.ll couplings 
pipe 
size 
(in.) 

Pressure 
class 
(lb) 

Material*3 Temperature 
TF) 

Pressure 
ratingc 
(psi) 

Peak-stress 
amplitude 

Design 
life 

(cycles) 

leak-stress 
amlitude 
<Sa> 

Design 
life 

(cycles) 

1/2 3000 CS 
SS 

100 
700 
100 
800 

3000 
1960 
3000 
1370 

38,600 
25,200 
38,600 
17.600 

9,000 
1+0,000 
80,000 

10° 

19,300 
12,600 
19,300 
8.800 

100,000 
.•106 
•10e 
•10° 

6000 CS 

SS 

100 
700 
100 
800 

6000 
3920 
6000 
271+5 

60,600 
39.600 
60,600 
27.700 

2,500 
8,000 
9,000 

SX),000 

30,300 
19,800 
30.300 
13,900 

20,000 
100,000 
300.COO 

•1GC 

1 3000 cs 
SS 

100 
700 
100 
800 

3000 
1960 
3000 
1370 

1+9,600 
32.1+00 
1+9,600 
22,600 

1+.000 
18.000 
20,000 

•10° 

2l+,800 
16.200 
2U.800 
11,300 

1+0.000 
250.000 

•10c 
•10° 

6000 cs 
ss 

100 
700 
100 
800 

6000 
3920 
6000 
271+5 

71.000 
1)6,1+00 
71,000 
32,500 

1,500 
6,000 
1+.500 

250,000 

35,500 
23,200 
35.500 
It,300 

12.000 
55,000 
130,000 

•10c 

2 3000 cs 
ss 

100 
700 
100 
800 

3000 
1960 
3000 
1370 

73.500 
1+8.000 
73,500 
33.600 

1,1+00 
5,000 
1+.000 

200,000 

36.800 
2li.000 
36,800 
16,cQ0 

10.000 
1)6.000 
10c.000 

•10c 

6000 cs 
ss 

100 
700 
100 
800 

6000 
3920 
6000 
271+5 

93,500 
61,100 
93,500 
1+2,800 

750 
2.000 
1,600 
50,000 

1)6,800 
30.600 
1)6,800 
21,1)00 

5,000 
19,000 
27.000 

•10c 

sign life calculated using NB-365O rules; C, = 2.0. and K, = I4.5 for tees and elbows; 
C2 = 1.0, = 1).5 for couplings; and Figs. I-9.I for carbon steei and I-9.2 for stainless steel. 

bCS = SA-181-1 carbon .iteel; SS - type 30I) stainless steel. 
CANSI Bl6.11-19b(j pressure ratings from Table 1;. 



In summary, the recommended ztverr. indices for B 16. 11 cocket-waldiij: 
fittiiigs for pressure loading are: 

Type of fitting C. 

Tees 
90 and 1+5'" elbow 
Couplings 

1.0 2.0 k.p 
1.0 2.0 k.3 
0.5 1.0 4.5 

Comparable indices for the girth fillet weld used to attach the fitting to 
the pipe are: B- - 0-75, C- =2.0. and K: - 3 . 0 . 

Development of the indices for fillet welds, including their specific 
application to Bl6.ll socket-welding fittings., is included in ref. 10. 
The indices recommended therein were adopted by the Code at the Main Boiler 
Code Committee meeting of Nov. 3 , 1972. 

Insofar as the authors are aware, no published test data exist on the 
effects of moment loadings on ANSI B16.11 fittings. Thus, as in the pre-
vious chapter, other means must be used io determine reasonable values for 
the stress indices. For the case where 3000-lb-class fittings are used in 
a sched-1+0 piping system (or any case where the fittings are heavier than 
the attached pipe), one might expect that if fatigue failures occurred they 
would occur in the pipe at the toe of the fillet-weld joints rather than 
in the body of the fittings because of the difference in the relative wall 
thickness of the two components. However, in piping systems where the 
relative wall thicknesses are comparable, such as in a sched-80 piping sys-
tem using 3000-lb class fittings, it seems possible that failures could 
occur in the fittings as well as in the pipe. Proposed stress indices for 
fittings must therefore protect the design against this possibility as 
well. Obviously, a few data points frcm well-conducted tests are needed. 
However, in the absence of such data, we will base the proposed indices 
for moment loadings on comparable indices for butt-welding components 
listed in Table NB-3683.2-1 of the Code. 

6. STRESS INDICES FOR MOMENT LOADINGS 



Socket-V,Telding Tees 

A!'." SI Blc.ll socket-welding tees and MSI B16.9 butt-welding tees are 
similar in shape except for the relatively sharper transition radii on the 
outer surf?.Cc of the socket-welding tees and for the reentrant corner at 
the bottom of the socket- Under bending-moment loads, the maximum stresses 
in butt-welding tees occur in the transition region between the branch and 
the run and apparently increase as the radius becomes smaller." We con-
jecture that a similar situation exists for socket-welding tees. Although 
neither the ANSI BI0.9 nor the M S I Bl6.ll standard specifies a minimum 
radius for this transition, the radius is normally much larger for BI6.9 
than for Bib.11 tees. It thus seems advisable to increase the existing 
stress indices for butt-welding tees by some factor to arrive at appropri-
ate indices for Bio.11 socket-welding tees; a factor of 1.5 is recommended. 

The existing C 2 index for BI6.9 butt-welding tees is given by the 
formula"' 

c_ = 0 . 6 7 C R /'T ) 2 / 3 , 2 1 v m' r' 

where R =(D — t)/2 = r is the mean radius and T = t is the nominal m o ' ' r 
vail thickness of the equivalent run pipe. The primary-stress index is 
given as B 2 = 0.75C2, and the peak-stress index is given as K 2 = 1.0. If 
we restrict the use of the stress indices developed herein to socket-
welding fittings that are forged to shape so that there are no sharp cor-
ners on the outer surface, then a peak-stress-index value of K 2 = 1.0 is 
probably adequate. Accordingly, the recommended moment-loading stress 
indices for ANSI Bl6.ll socket-welding tees are: 

C2 = (1 .5 ) (0.67) ( W 2 / 3 = (r/*)273 * 

"Efforts are underway in other parts of the OKNL Piping Program to 
more precisely establish this dependency. It is expected that recommen-
dations will be developed for butt-welding tees to limit the use of 
established stress indices to tees with transition radii larger than some 
minimum value. 

'-Footnote 9 to Table NB-3683.2-I of the Code. 
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B 2 = 0.75c2 = 0.75(r/t)e/3 , 
and 

K2 = 1.0 , 

where r and t are the mean radius and nominal wall thickness, respectively, 
of the equivalent pipe. 

Socket-Welding Elbows 

ANSI Bl6.ll socket-welding elbows appear, at first, to be shaped quite 
differently from standard butt-welding elbows. As shown earlier by the 
dashed lines in Figs. 3, b, J, and 8, socket-welding elbows are most sim-
ilar to "short-radius" butt-welding elbows12 for which the bend radius R 
is approximately twice the mean radius r of the pipe. The socket-welding 
elbows, however, have a shorter bend radius and relatively heavy reinforc-
ing socket rings at the ends. Because of these basic differences in shape, 
one is hesitant about adopting the stress indices given in the Code for 
butt-welding elbows without confirming experimental or analytical data. 
On closer examination, however, it appears that the differences in shape 
should result in lower maximum stresses for the socket-welding elbows. 

The bending-moment stress indices currently given in the Code (Table 
NB-3683.2-I) for M S I standard butt-welding elbows are: C2 = 
1.95 f(r/t)(r/R)]2/3 > 1.5, B 2 = 0.75C2, and K 2 = 1.0, where r is the 
mean radius of the cross section, t is the nominal wall thickness, and R 
Is the bend radius. These indices are based on numerous experimental and 
analytical studies and represent an upper bound for the maximum stress 
intensity in the elbow due to an in-plane or out-of-plane bending moment. 
They are also consistent with theoretical solutions based on the assump-
tion that every cross section deform? the same (i.e., variations along 
the length of the elbow are neglected). It is known, however, that pipe 
or flanges welded to the ends of a butt-welding elbow will significantly 
reduce the maximum stresses caused by bending.^ It is our belief that 

^Various experimental studies show this to be true, and analytical 
parameter studies are currently in progress to more precisely define the 
influence of various structures welded to the ends of the elbow. 



these so-called end effects will more than compensate for the influence 
of the different shape of socket-welding elbows. 

We therefore recommend that the indices for "short-radius" butt-
welding elbows r H =12) be used for socket-welding elbows. Thus: 

C2 - 1.23(rt)2/3 , 

B2 = 0.75C2 , 
and 

K2 = 1.0 , 

where r and t are the mean radius and nominal rail thickness, respectively, 
of the equivalent pipe. 

Socket-Welding Couplings 

As noted earlier, a Bl6.ll coupling is simply a cylindrical shell 
with an interior stop ring at the base of the socket, where the possibil-
ity exists for a sharp machined corner being produced during fabrication. 
To cover this condition, it is recommended that the peak-stress index K2 
be taken as 4.5, the same as proposed for Ka in the previous chapter. For 
the other indices, the existing values for straight pipe should be ade-
quate (i.e., B2 = 1.0 and C2 = 1.0). 

Summary of Proposed Stress Indices 
for Moment Loadings 

Proposed stress indices for MSI Bl6.ll socket-welding elbows under 
moment loadings, to be used with the design-analysis procedures of Para-
graph NB-3650 for Class-1 piping systems, are given in Table 9. Corre-
sponding stress indices, taken from the Code, for butt-welding fittings 
and for the girth fillet welds used to attach the fitting to the pipe are 
also given for comparison. Since the C2 indices for tees and elbows are 
given as functions of the dimensionless ratio (r/t), numerical values for 
these are given in Table 10 over the range of applicable nominal pipe 
sizes (i.e., l/2 to 2 in.). For these sizes, the numerical values are 
quite modest, ranging from a minimum of 1.45 for 1/2-in., 6000-lb-class 
tees to a maximum of 3.57 for 2-in., 3000-lb-class elbows. 
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Table 9- Summary of stress indices for moment loadings 

Tyne of 
fitting 

Primary-load 
index (B2) 

Primary-plus-secondary-
load stress index 

(c2) 

Peak-
stress 

index (K2) 

ANSI Bl6.ll socket-
welding tee 

0.75C2 (r/t)s/3 1.0 

ANSI Bl6.ll elbow 
(90 and ) 

0.75C2 1.23(r/t)2'3 1.0 

ANSI Bl6.ll socket -
welding coupling 

1.0 1.0 

ANSI BI0.9 butt-
welding tee 

0.75CS 0.67(r/t)2/3 1.0 

M S I B16.28, etc. 
butt-welding elbows 

0.75C2 1.95:(r/t)(r/R)]2/3 1.0 

Straight pipe remote 
from welds 

1.0 1.0 1.0 

Girth fillet welda 1.5 2.1 2.0 

development of the indices for fillet welds, including specific 
application to fillet welds between pipe and socket-welding fittings 
is given in Rodabaugh and Moore. 
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Table 10. Cn indices for Bib.11 socket-welding tees 
and elbows for nominal pipe sizes of 1 £ to 2 in. 

C2 values 

Tee Elbow 
1.00(r t)2'3 , :i.23(r t)2/3l 

1 2 3000 0.81+0 0.11+7 2.357 1.77 2.18 
6000 0.187 1.746 1.45 1.78 

n 0 4 3000 I.050 0.154 2.909 2.04 2.51 
6000 0.218 1.908 1.5k I.89 

1 3000 1.315 0.179 3.173 2.16 2.66 
6000 0.250 2.130 1.66 2.04 

1 l.'h 3000 1.660 0.191 3-046 2.46 3.02 
6000 0.250 2.820 1.20 2.46 

1 1 2 3000 1.900 0.200 4.250 2.62 3.23 
6000 0.281 2.881 2.03 2.49 

2 3000 2.375 0.218 4.947 2.90 3-57 
6000 0.3*6 2.962 2.06 2.54 

Nominal dimensions 
Nominal Fitting 
size class D t , 
(in.) (lb) y .. , r t v ' ' (m.) (.xn.) 

Comparison of Design Fatigue Lives for Socket-
Welding Fittings and Girth Fillet Welds 

From the piping-system-design point of view, one of the more important 
questions concerning the use of socket-welding fittings is whether the fil-
let weld joining the fitting to the pipe or the fitting itself is more 
likely to fail under cyclic loading. According to the present Code philos-
ophy, the component with the larger alternating stress intensity, 
will fail first,' where S^^ is determined by the procedures given in Sub-
paragraph NB-3653. Therefore, to determine whether the fillet weld or the 
fitting itself will govern the piping-system design (i.e., fail first), 

"A more precise statement is that the allowable number of design cy-
cles permitted by the Code is a decreasing fanction of the magnitude of 
the alternating stress intensity S 1+. 
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it is necessary to determine comparative values of for the same load-
ing conditions. 

In the following example, it is shown that under certain conditions 
the allowable cyclic design life will be shorter for the fillet weld than 
for the fitting, while for other conditions the reverse will hold. In this 
discussion, we consider a carbon-steel piping system of either sched 80 or 
sched 160, with 3000-lb- or 6000-lb-class carbon-steel fittings, respec-
tively, loaded with a cyclic moment whose range is equal to or less than 
that required to give a maximum stress intensity in the pipe of • 

For a cyclic-moment-loading range of magnitude M^ acting alone (i.e., 
in the absence of other loadings), a determination of reduces to eval-
uating the following set of equations (obtained from Table 1 given earlier): 

Salt ^ K e V 2 • ^ a ) 

where 

S p = K ^ . / Z (5b) 

and 

K = 1.0 for S < 3 S . (5c) e n ~ m - s ' 

Ke - + ̂ rl - r K l r - ̂  for 3Sm s Sn * 3 ^ , (5d) 
or 

K = - for S s 3mS (5e) e n n J m ' 

with 

S n = c ^ . / z . (5f) 

The section modulus Z = (TT/32)(D^ - D|)/Dq is taken as that of the equiv-
alent pipe for the fitting and as that of the nominal size of the pipe that 
is actually used for the fillet weld. In the first part of this discus-
sion we assume that both section moduli are the same. The design stress 
intensities are given in Appendix I of the Code for the various materials; 
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m ana n are materials parameters given in Sub subparagraph HB-3228.3. For 
carbon steel, S = 20.000 usi. m = ^.0. and n = 0.2. 7 m - ~ 

In the following, each piping product (pipe, fillet weld, and fit-
ting) will be subjected to the same loadings, but m i l have different 
stress ranges depending on the numerical values of the stress indices. 
Therefore, a separate set of equations must be written for each piping 
product. 

If the maximum-stress-intensity range in the pipe is expressed as 

(M./Z) . = AS (A <: 3) * 1' 'pipe m v -J' 

and the appropriate materials parameter values m = 3 , n = 0.2, and stress 
indices from the following table are substituted into Eqs. ( 5 ) , a separate 
set of equations can be written for each piping product. 

Stress indices for use in Eqs. (5) 

Product n K 2 

Straight pipe 1.0 1.0 
Fillet weld 2.1 2.0 
Socket welding coupling 1 . 0 4 . 5 
Socket welding tees and Cg^ 1.0 
elbows* 

"Numerical values of Cg„ 
taken from Table 10. 

The resulting equations are as follows: 

For straight pipe, 

(S ) . = AS (A £ 3 ) , (6a) v n'pipe m v ' 

(K ) . = 1.0 , (6b) v e'pipe ' 

(S ) . = AS , (6c) v p'pipe m 
and 

( S a l t W = (l/2)ASm . m 
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For fillet velds, 

and 

(S ) = 2.IAS (A ̂  3) , (7a) v nyw m • ' 

( K ) = 1 . 0 ( A s 3 / 2 . 1 £ I . U 2 9 ) , ( 7 b ) v e'w 

(Kj = 1.0 t 2(0.7A - 1) (1-^29 < A ^ 3 ) , (7c) 

(S ) = U.2AS , (7d) v p'w m 

(S .. ) = 2.1(K ) AS . (7e) v alVw e;w m K ' 

For socket-welding couplings, 

and 

(Sn)c = ASm (A <, 3) , (3a) 

(K e) c = 1.0 ( A s 3 ) , (3b) 

<V c = ' ( S o } 

<Salt>c = 2" 2 5 A Sm • C8*) 

For socket-welding tees and elbows, 

(S n) f - C 2 f A S m (A ^ 3) , (9a) 

(K e) f = 1.0 (C 2 fA £ 3) , (9b) 

( K e ) f = 1 . 0 + - l . o ) ( 3 <: C 2 1 A «s 9 ) , ( 9 c ) 

(Ke)f = 5.0 (C2fA 2 9 ) , (9d) 

^ Sp)f = ^ m ' 

<Salt>f = ^ W g f ^ m * 

For the case in which a socket-welding coupling is used, it can be 
seen from Eqs. (7c), (7e), and (8d) that if A s: 1.U8, then S for the 
coupling [Eq. (8d)] will be slightly larger (2.25 vs 2.1) than S for 

Q.1X 

and 
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>:eld • Eq. ('(&'.,. In this case, the coupix.ig will fail b e f t i . e 
.••n-:-n A > 1.4b. the weld is predicted to fail first.. Hote, i.owev=r, 

'.!ft these conclusions are based entirely on the relative values of the 
Lx'ess indices, which in turn are ba^ed on inadequcxLc Cji-l-Lc- fatigue- test 
Lata. I: ^ici/uate test dati .vers to become svajiaulc. ihe indi es ĉ -iJa 
be jiiariged to reflect the test results. 

The case in which a socket-welding tee or e^oow is used is slightly 
more complicated because the stress indices are given in parametric form 
rather than as constants. For this case, ro is i.iore convenient to deter-
uiiia the minimum value of C ^ (the stress index for "ohe fitting) ar a 
function of the loading-range parameter A for wnich v.ill be the same 
for both components 'i.e., (S ,, ) - (3 ,,)-,!. If L' is larger than this axt w ait i lit 
critical value, the fitting will fail first; if it is smaller, the fillet 
weld wi.'l fail first. 

i'V.r this 'Kse there are three distinct loading regimes. If K_ for 
both -the fillet weld and the fitting is 1.0 [Ecu,. (7b) and (9b)], the 
critical value for obtained by seating EJ. I 7I_) equal ^O Eq. (9f). 
is 

C2fc ^ * & > 

Equation (10) is valid for A ^ 3/4.2 < 0.yi4. 
If 0.714- i A ^ 1.429, then K for the fillet weld equals 1.0 [Eq. Q 

( 7 b ) a n d Kg for the fitting is between 1.0 and 5.0 [Eq. (9c)]. The 
critical value for obtained by setting Eq. (7e) equal to Eq. (9f), 
is found to be a quadratic function of A. Thus, 

C2fc = + V/100.8A + 9 ) . (ii) 

If 1.429 i. A £ 3, then K for both the fillet weld and the fitting 
is greater than 1 [Eqs. (7c) and (9c)]. The critical value for Cgf for 
this case is also given by a quadratic function of A: 

C2fc ~ (1/4A)(3 + ,/l4l.L2A2 - 100.8A + 9) . (12) 

Figure 14 shows Cgfc a S a f11110^^011 three regions. The 
miitfuun value of C^fc 2.69 when A - 1.429, and the maximum stress index 
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C2fc F 0 R B 1 S - 1 1 T E E S A N D ELBOWS 
2-in. DIAMETER AND SMALLER 

. L — - i . 
c 2 = 3 .57 FOR 2 - i n . - D I A M E T E R j 

3 0 0 0 - lb - CLASS ELBOWS j 

-y 
C2fc- 2.69 ^ 2 ( c = 2.85 

1 2 
MOMENT LOADING RANGE PARAMETER A 

Fig. llf. Critical value of C2 for Bl6.ll elbows and tees as a 
function of the cyclic-bending-monent-stress range AS. in the attached 
pipe. 



Cg from Table 10 is 3 . 5 7 for 2-in.-diam, 3000-lb-class elbows. Thus, if 
the cyclic bending-moment-stress range-in the pipe is less than 0.9158^ 
from Eq. (11) with C 2 f c = 3-57] or if the value of C2 for the fitting is 

less than 2 . 6 9 . then S ^ will be larger in the weld, than in the fitting, 
and the analysis indicates that the weld will fail first. The value of 
C 2 from Table 10 is larger than 2 . 6 9 for only the three 3000-lb-class el-
bows larger than l-in.-diam and for the 2-in.-diam, 3000-lb-class tee. 
Thus, the analysis predicts that the bodies of these fittings may fail 
before the fillet welds if the bending-moment-stress range .in the pipe 
is greater than 0.915Sm. For the other 20 (of 24) fittings listed in Ta-
ble 10, the fillet weld is always predicted to fail first. 

Table 11 shows design-fatigue-cycle comparisons between tht 2-in., 
3000-lb-class elbow (C2 = 3 . 5 7 ) and the fillet weld for several nominal 
stress ranges up to S = 3S (60,000 psi) in the corresponding sched-80 n m 
pipe. Values in the table show that for nominal stress ranges greater 
than about l-5s

m (30,000 psi) the allowable number of design cycles for 
the fitting is quite low (N <, 260) compared with that of the fillet weld 
(N < 1600). In this case it might be advisable to use a oOOO-lb-cl&ss 
fitting in the sched-80 pipeline. 

For piping systems in which the equivalent pip^ schedule for the 
fitting is heavier than the nominal schedule of the attached pipe, the 
analysis given in Eqs. (6) through (12) must be modified to include the 
heavier section modulus of the fitting. If we let G represent the ratio 
of the section modulus of the pipe Z^ to that of the fitting Zf, 

G = Z /Zf , (13) 

then equations similar to Eqs. (8 ) and ( 9 ) for couplings and for tees and 
elbows, respectively, can be generated. Equations (6) and (7) for straight 
pipe and for the fillet weld, respectively, need not be modified. 

For socket-welding couplings, 

(Sn)c = AGSm (A <; 3 ) , (l^a) 

a n d 

(Ke)c = 1.0 (AG 3) ; (Ito) 



Table 11. Comparison of design cycles for girth fillet weld with 
that for 2-in., 3000-ib Bl6.ll elbow. Elbow and pipe material 

of carbon steel; S = 20,000 psi. Pipe is sched 80. 

Nominal stress 
range. 

M./Z (psi) 

Girth fillet welda 2-in., 3000-lb elbow0 Design cycles 
Nominal stress 

range. 
M./Z (psi) 

S n 
(psi) 

K * e 
S 14-
alt 
(psi) 

S n 
(psi) 

K b 
e 

s 
alt 
(psi) 

Fillet 
weld 

2 - i n . , 3000-
lb elbow 

1 0 , 0 0 0 2 1 , 0 0 0 1 . 0 2 1 , 0 0 0 35,700 1 . 0 17,850 8 0 , 0 0 0 1 5 0 , 0 0 0 

1 5 , 0 0 0 jl.5 0 0 1 . 0 31,500 53,550 1 . 0 26,775 1 8 , 0 0 0 3 0 , 0 0 0 

2 0 , 0 0 0 k2,000 1 . 0 k2,000 7 1 , too 1.38 ^9,256 7,000 b, 500 
25,000 52, 500 1.0 52,500 89,250 1.975 88,13k 3,800 900 
3 0 , 0 0 0 63,000 1.1 69,300 107,100 2.57 137,623 1,600 260 
6 0 , 0 0 0 1 2 6 , 0 0 0 3 . 2 277,200 21k,200 5.0 535,000 12 

aGirth fillet weld: S = 2.1 M./Z, S = k.2 M./Z, and S = K S /2. . n i p i alt e p' 
Kg for carbon steel ~ 1.0 + 2[(S /60,000) - 1] but not less than 1.0 nor 

more than 5-0-
CTwo-inch, 3000-.!.b elbow: S =3-57 M./z, S 3.57 M./z, and S = K S /2. 
j n 1 p i £lJ-"G s p 
design cycles obtained from Coae Figure I-9.I; ultimate tensile strength < 80,000 psi. 
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tut since G ^ 1, 

(Ke)c = 1.0 (A <: 3) , (lUc) 

( S ^ = h.5 AGSm , (ll+d) 

an:: 

"ilt'c )n •-= 2.25 AGS . (llw) n m ' 

For socket-welding tees and elbows, 

(Sn)f - C'2fAGSm (As 3). (15a) 

(Ke)f - 1.0 (C2fAG <; 3) , (15b) 

/C 2 fAG \ 
(Ke)f = 1.0 + 1.0) (3 5 C2fAG <; 9) , (15c) 

(Ke)f 5 (C2fAG s 9) , (I5d) 

(Sp)f = C2fAGSffl , (l5e) 

and 

<3alt>f = l/2^Ke)fC2fAGS
m • ^ f ) 

For a socket-welding coupling, it follows from Eqs. (7) and (lU) that 
if 

G < 2.1/2.25 < 0.933 for A. 1.1+29 , (l6a) 

or 

G (2.1/2.25) (l.lfA - 1) for 1.429 $ A < 3 , (16b) 

Salt f°r t h e fi:Llet w e l d [Fq. (?e) ] will be larger than S ^ for the cou-
pling [Eq. (lUe)], and the weld will fail before the coupling. Further, 
the values for Z given earlier in Table 3 indicate that for pipe sizes 
greater than l/k in., G will always be less than 0.933 when a heavier 
class coupling is used. 

For socket-welding tees and elbows that are heavier than the nominal 
size of the joining pipe, the critical value for the stress index C2f is 
given by the following three equations: 



hi 

C£fc = 1+'2/"G * > f^17a'1 

1 C2fc = 5Xg(3 ^'100-8A + 9) (0.71U ^ A ri 1.1x29) • 

and 

C2fc = + n/l4 .1.12A2 - 100.8A - 9) (1.U29 s A s 3 ) . 'Ifr) 

It is rather interesting to note that, for this case. C ^ is pvoporh"' 
to the curve shown in Fig. 14 for the previous case " b\ the 
l/G. Thus, if a 2-in.-diam, 6000-lb-class elbow ... £.=:• • 
is used in a sched-8o pipeline (G = Z /Z- = 0.731 '•'•• •'" <* .';- T . "... 
(17) indicate that the fillet weld will always fa -v. . • -. 
since the minimum value of Cgfc "*"s = 3 "• '-">• 

be governed by the allowable number of fet-igue - . - i'ill°t .~i.1 
given previously in Table 11. 

In general, when fittings of a heavier cl- - ..1 the rating pipe a^ 
used and G is less than about 0-9- S ^ ^ for L" ^el^ vill fi.lways be 
than S for the fitting. This conclusion xpiies to a2 j ""r -. • "• ax u 
ues of nominal stress, and values of S . m 

7. STRESS INDICES FOR THERMAL AT. : 

Thermal-gradient loadings, as well as i:.tern.\l pr-;isure ani :-.-ndinr 
moments, are included jr. r,l": :.ulysis procedures gi' '-n in V« -i.~rar:. 
3 6 5 0 of the Code. ;'p;.\..i.I ic;> Li.y. fix >f the ter-- Co Ec. >. "... . 1 
and '13). listed earlier in table 1, involve tiu- vial p-.v..Uenr.5 -. 
and (a T — -vT. os well as the stress indic'.-s v:„. X.,. and -J 4,. To ob-a a on- ' 
tain reasonable irdc-:x va.V.-.cs .".or c-oekKt-velding fittings, we again note 
the geometric similarity between socket-welding fittings and butt-welding 
c*orupo"fnts and base the proposed values on those existing in the Code for 
the butt-welding components. 

The term is d̂ f-fp- i.'' as the linear temperature difference between 
the inr-ide and o u t s u r f a c e s ; /AT2 is the maximum value of the nonlinear 

""Paragraphs NT?-3653.1 and NB-3653.2. 



portion of the temperature variation through the wall thickness; and. 
(•"<aTa — o , ^ ) is the difference in thermal expansion across a "gross dis-
continuity." The secondary thermal stress indices C3 and Cg are associ-
ated with (? T - T, ) in Code Eqs. (10), (11), and (13), respectively. The 

8, 8, D D "" 

peak-thermal-stress index K 3 is associated with "both and (a T — a T . ) ~ a a do 

1i Code Eq. {II". There are no stress indices associated with £T2, al-
though it is implied" that a stress index equal to 1.0 precedes the term 
1 '1 - v)]E |ATo| in Code Eq. (11). 

The only well-defined "discontinuities" in the body of a socket-
welding fitting are at the base of the sockets. There are at least two 
of these, and although it might be possible in some applications to de-
termine an average temperature difference (T — T̂  ) between the body and a o 
the sockets,* the resulting calculated stress would be of doubtful sig-
nificance in evaluating the adequacy of the design. It is therefore rec-
ommended that C 3 - C3 = 0.0 be used for socket-welding fittings. It 
should be noted, however, that we are not recommending that the indices 
C3 ^ 1.8 and Cg - 1.0 for the fillet welds joining the fittings to the 
pipe bs changed. It is quite possible that significant thermal stresses 
\-o"jId. be developed in the fillet welds during thermal transients; thus 
the thermal-stress terras are needed for a proper evaluation of the design. 

The psak-thermal-stress index Kg is used to evaluate thermal bending 
stresses through the wall thickness, as, for example, through the section 
A-A' of the socket-welding elbow shown in Fig. 1 5 . In the Code, K 3 is 
given as 1.0 for straight pipe, butt-welding tees, and butt-welding el-
bows. For reasons of geometric similarity, Kg = 1 . 0 is also considered 
appropriate for the socket-welding fittings treated in this report. In 
a similar manner, the term involving in Code Eq. (11) [i.e., 
[l/(l — v) ]Eo |Z_T2) } along with its "implied" stress index of 1.0 contrib-
ute to the thermal stresses in a socket-welding fitting in the same way 
as for butt-welding components. It is thus appropriate to retain this 
term as it is in the evaluation of Code Eq. (11) for socket-welding fit-
tings. 

'Note that in this case,a = a 
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Fig. 15- Bl6.ll socket-"welding 90° elbow showing section AP/, the 
probable critical section for evaluation of and of such a fit-
ting body. 
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In summary, for thermal-gradient loadings on ANSI Bl6.ll socket-
v/elding fittings, our recommendations are to set C3 =-- C^ =0.0 and K.̂  = 
1.0 and to retain the term ["1/(1 - v)]Ea| T2j in Code Eq. (11) as it 
presently stands. 

8. SUMMARY AND RECOMMENDATIONS 

Stress indices for socket-welding tees, elbows, and couplings that 
meet the fabrication requirements of the M S I Bl6.ll standard" are pre-
sented in this report for use with the design-stress-analysis rules of 
NB-36OO, Section III of the ASME Boiler and Pressure Vessel Coc>c .1 At 
present, the Code permits the use of socket-welding fittings of 2-in. 
nominal size and smaller in both Class-1 and Class-2 piping systems and 
provides stress indices (Class l) and stress intensification factors 
(Class 2) for the fillet welds joining the fittings to the pipe. The 
Code does not, however, provide either stress indices or stress-intensity 
factors for the body of the fitting itself. In order to comply with a 
strict interpretation of the Code rules for Class-l piping, it would 
therefore be necessary to perform a theoretical or an experimental stress 
analysis of the fitting and to include the analysis in the stress report 
see NB-368l(d)]. 

For Class-2 piping (subarticle NC) the Code fails to give instruc-
tions for the analysis of components not specifically covered by subpara-
graph "NC-3673 — Analysis.'' Since stress-intensification factors for 
socket-welding fittings are not presently included, it might reasonably 
be inferred that an analysis is not considered necessary. The authors of 
this report, however, feel that not including such instructions may have 
been an oversight and that the Code should, as a minimum, give an indica-
tion of intent. We therefore recommend that this point be clarified. If 
it should be considered appropriate, the stress indices given here for 
socket-welding fittings in Class-1 piping could easily b<* modified for 
Class-2 piping and included in the Code or in a special Code Case. 



51 

Part of the reason for not including stress indices for socket-weld-
ing fittings in the Code is that there is. essentially, no specific in-
formation in the literature for developing such indices. To fully over-
come this difficulty, it would he necessary to develop reasonable ana-
lytical models, to conduct stress-analysis parameter studies for the dif-
ferent types of fittings and loadings, and to perform at least a few 
carefully instrumented tests. Fatigue-test data for both cyclic pressure 
and cyclic moment loadings would be especially useful. Next in importance 
would be photoelastic or strain-gage data on the stress concentrations at 
the bottom of the sockets. 

Since data of this type were not available, the stress indices pre-
sented here are based on engineering judgment and combinations of the fol-
lowing factors: the dimensional and burst-pressvre requirements of the 
ANSI Bl6.ll standard; the rtandard pressure-temperature ratings of the 
fittings; their apparent shapes, as indicated from s sn.«ll random sampling 
of off-the-shelf fittings; and analogies with similar butt-welding fit-
tings that are presently covered by NB-36OO. As a general rule, we pro-
pose to restrict the use of the new indices to socket-welding fittings for 
which the final exterior contour is forged to shape. Hopefully, this 
requirement will tend to eliminate the use of fittings with sharp external 
surface transitions, where fatigue cracks are likely to develop. 

The proposed B: stress index for primary pressure stresses is based 
on the burst-pressure requirements of the ANSI B16.2.1 standard and on the 
Code requirement (NB-361+9) that piping products considered for use in 
Class-1 systems meet these requirements. The proposed B 2 stress index is 
associated with the C 2 index in the same manner as is currently done for 
butt-welding components. The indices Cx and for primary-plus-secondary 
stresses and for cyclic pressure loading respectively, are based on a 
fatigue analysis of a hypothetical piping system and on a set of operating 
service conditions that appears to be conservative with respect to indus-
trial practice. The indices C 2 and K 2 for moment loadings are based on 
existing stress indices for geometrically similar butt-welding components. 
The indices C3 and Cg for secondary thermal stresses are proposed to be 
set equal to zero because of the doubtful significance of and the diffi-
culties with their use in this particular application. Cyclic thermal 



stresses associated with K Q may, however, "be significant, and thus a value 
of Kg = 1.0 is proposed. All of the proposed stress indices for socket-
welding fittings are summarized in Table 12, along with comparable stress 
indices for the girth fillet welds that join the fittings to the pipe. 

An examination of Table 12 shows that several of the proposed stress 
indices are larger than the existing indices for the girth fillet welds. 
In most cases this reflects our concern over the lack of more definitive 
information, although the values are compatible with available information, 
including some 'unpublished pressure-burst data4 and some fieId-failure-
report data cited in Appendix B. The major impact of the proposed indices 
may be to require a somewhat more conservative design on socket-welding 
tees and elbows, although for most cases involving moment loadings the 
stress indices for the fillet welds will continue to govern the design. 
In those cases where the proposed indices would govern the design, a po-
tentially simple and inexpensive solution is to use the next-heavier-
class fitting. 

The stress indices for both girth fillet welds and Bl6.ll fittings 
are believed to be quite conservative. On a relative basis, the indices 
for Bl6.ll fittings are probably more conservative than those for girth 
fillet welds. However, until such time as fatigue-test data or other per-
tinent data become available on Bl6.ll fittings, the conservative indices 
developed herein should be used. 

It is our recommendation that the stress indices presented herein for 
socket-welding tees, elbows, and couplings be introduced first as a Code 
Case for the reasons given above. Proposed wording for the Code Case is 
given in Appendix A. This will give the technical community a chance to 
use and comment on the information without the mandatory requirements of 
a Code revision. It may also provide further incentive for development 
of the engineering data needed to verify the adequacy or to reduce the 
conservatism of these indices. 

After a reasonable length of time, it will be desirable to incorpo-
rate stress indices and stress-intensification factors for socket-welding 
fittings into the Code as revisions. Before this is done, however, we 
recommend that paragraph N B - 3 6 8 O , "Stress Indices and Flexibility Factors," 
be edited and rewritten to simplify the stress-index presentation now 



Table 12. Summary of proposed stress indices for ANSI Bl6.ll 
socket-welding fittings8, and stress indices for 

girth fillet welds for comparison 

Component 
Internal pressure Moment loading Thermal loading 

C- ® 2 
C

2 
K2 C 3 C 3 

1 . 0 2 . 0 (c) (c) 1 . 0 0 . 0 0 . 0 1 . 0 

1 . 0 2 . 0 U.5 (d) (a) 1 . 0 0 . 0 0 . 0 1 . 0 

0.5 1 . 0 ^ 5 1.0 1 . 0 h.5 0 . 0 0 . 0 1 . 0 

0-75 2 . 0 3-0 1.5 2 . 1 2 . 0 1 . 8 1 . 0 3 . 0 

Socket-welding fittings8, 

Teesb 

90 and 1+5° elbows 
Couplings 

Girth fillet welds to 
socket-welding fittings 

aSocket-welding fitting made in accordance with M S I Bl6.ll in nominal 
sizes of 2 in. and smaller. Applicable only if exterior contour of fitting 
is forged to shape and if the pressure class of the fitting is rated equal 
to or greater than the allowable design pressure of the attached pipe. 

kpor socket-welding tees, M. in Code Eqs. (9) to (13) must be replaced 
with Mj_ = M r + Mjj, where M r and PL are calculated according to the rules in 
Footnote 5 , Table NB-3683.2-I. 

CB 2 = 0.75C2 and C2 = (r/t)2//3, where r = mean radius and t = nominal 
wall thickness of equivalent pipe. 

= 0.75Ca and C 2 = I . 2 3 (r/t)'^3. where r = mean radius and t ^ 
nominal wall thickness of equivalent pipe. 
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given in Table iGD-.-_o3.2-l. Tns present format, including the table and 
its footnotes, is already quite complicated. If the table were simply 
expanded to include stress indices for other components, it would become 
increasingly difficult to interpret and use correctly. It may, for exam-
pis. desirable to write new subparagraphs undtsr IIB-36&3 for the dif-
ferent types of piping products. 

In conducting this study, we also noted the need for several minor 
changes in the Code for clarification of intent. We therefore recommend 
the following editorial revisions. 

1. As presently written, the first sentence of subparagraph MR-
3t>c 1.2(b) is misleading in that the ANSI Bio. 11 standard does- not give 
requirements for the fillet welds that join the fitting to the pipe. In 
addition, the other requirements ar- already included in the rules for 
fabrication and installation. Article N3-4000. We therefore propose to 
replace the present wording: 

(b) Socket welded piping joints shall conform to the requirements 
specified in ANSI Bio.11. the applicable standards listed in 
Table Iffi-3691.1, and shown in Fig. N3-4427.1. A gap of approxi-
mately 1,;16 in. shall be provided between the end of the pipe 
and the bottom of the socket before welding" 

with the following: 
"(b) Socket-welded piping joints shall be made in accordance with the 

applicable provisions of NB-44-00." 
2. The reference given in subparagraph NB-366I.I is in error, and 

we propose to change the present: 
"NB-366I.I General Requirements. Welded joints shall be made in 
accordance with NB-4-200" 

to the following: 
"NB-366I.I General Requirements. Welded joints shall be made in 
accordance with NB-4400." 

3. The 1966 edition of ANSI Bl6.ll listed in Table NB-369I.I, "Dimen-
sional Standards," is out of date by the revisions included in the 1973 
edition of the standard. For example, the revised standard establishes 
the pressure-temperature ratings for socket-welding fittings as equivalent 
to the ratings for straight seamless pipe under the rules of the appropriate 
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code. Tiiis provision of AilSI B16.11-1973 will eliminate -„ne prob?-ems 
discussed in Chaps. 4 and 5 of the present report, iiote also that the 
1973 eaition increases the required burst pressure and clarifies several 
other points as well. This itei.; has been discusser \r.Ltn zi.-. .--SME Code 
Committee, at well as other revisions Lo Table Ilb-jĈ l.i '-or.bidcre i ap-
propriate. We understand that the table has been revised ana updated, 
and that a Code revision will be issued. 
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APPENDIX A 

PROPOSED CODE CASE ON STRESS INDICES FOR 
SOCKET-WELDING FITTINGS 

Inquiry 

What stress indiees may he used in NB-365O of Section III for forged-
steel, socket-welding elbows, tees, and couplings that meet the require-
ments of ANSI-Bl6.il-1973-

Reply 

It is the opinion of the committee that the stress indices listed in 
Table A.l may be used within the limitations given in Footnote a of the 
table. Evaluation of socket-welding fittings in accordance with N B - 3 6 5 O 

shall include separate evaluation of (1) the body of the fitting, using 
the stress indices given in Table 1, and (2) the girth fillet welds be-
tween the pipe and fitting, using the stress indices given in Table HB-
3 6 8 3 . 2 - I for girth fillet welds. 



Table A.l. Proposed Code Case "Table 1. Stress 
Indices for ANSI Bl6.ll Socket-Welding Fittings" 

Internal pressure Moment loading Thermal loading 
Component 

Bx C3 K, B 2 C 2 K 2 C3 C^ K3 

SL Socket-welding fittings 
Tees 1 . 0 2 . 0 4.5 (c) (c) 1 . 0 0 . 0 0 . 0 1 . 0 

90 and U50 elbows 1.0 2 . 0 ( a ) (a ) 1 . 0 0 . 0 0 . 0 1 . 0 

Couplings 0.5 1 0 h.5 1 . 0 1 . 0 U.5 0 . 0 0 . 0 1 . 0 

Socket-welding fitting made in accordance with ANSI Bl6.ll in nominal 
sizes of 2 in. and smaller. Applicable only if exterior contour of fitting 
is forged to shape and if the pressure class of the fitting is rated equal 
to or greater than the allowable design pressure of the attached pipe. 

For socket-welding tees, M. in Code Eqs. (9 ) to (13) must be replaced 
with = M p + Mjj, where M r and M^ are calculated according to the rules in 
Footnote 5, Table NB-3683.2-I. 

°B2 = 0.75C2 and C 2 = (r/t)2^3, where r = mean radius, t = nominal wall 
thickness of equivalent pipe. 

= 0.75C2 and C 2 = 1.23 (*"/t)2/3, where r - mean radius, t = nominal 
wall thickness of equivalent pipe. 
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APPENDIX A 

SURVEY OF FAILURES ASSOCIATED WITH SOCKET AND FILLET 
WELDS IN NUCLEAR-POWER-PLANT PIPING SYSTEMS 

The failure experience of socket-welded fittings in nucleca'-power-
plant service was investigated "by searching the file (as of Feb. 197*0 
of the Nuclear Safety Information Center. The entire file was searched 
using first the key words "Failure, pipe" and then the combination of the 
key words "Failure" and "Welds." The items of interest turned up by the 
second search were a subset of those found in the first search. 

Nine cases of failures were found, one of which involved seven dif-
ferent failures. These nine cases are listed in Table B.I. None of the 
cases are described in sufficient detail to ascertain the exact location 
of the failure. Also, none of the cases specifically identify the fitting 
involved as being an ANSI Bl6.ll fitting. 

Of the 16 or 17 failures covered by Table 3.1, all but one apparently 
was associated with a fillet weld (or pipe thread," Case 9) between a 
component body and the attached pipe. As remarked in the text of this 
report, this is the region where failures would normally be expected to 
occur. Stress indices for the socket-weld region were developed in ref. 
10 and have been included in the NB Subsection of the Code.3 The stress 
indices for the fillet welds in socket-welded joints are 

Bi = 0.75 B 2 - 1.5 C3 - 1.8 
C. - 2.0 C 2 = 2.1 C3 = 1.0 
x, =3-0 K 2 2.0 K3 =3.0 

Four of the cases (1, 2, 6, 1) indicate that the cause of failure war. 
vibration. Vibration would cause a bending moment in the pipe, hence 
the C^-index and. C^g-product are intended for use in the design for such 
loadings. Because the cases give no indication of the magnitude of pipe 
bending stresses caused by the vibration, or the number of cycles to fail-
ure, the adequacy of the C 2 and K 2 indices cannot be evaluated from the 
failure data. 

vPipe threaded connections without a seal weld are not permitted in 
Class-1 piping. No stress indices are given in NB-36OO for such joints, 
either with or without a seal weld. 
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Table B.l. Failure descriptions obtained from search of Nuclear 
Safety Information Center files as of Feb. 1974 

Plant and failure description 

1 Indian Point 1 
A crack developed in the weld of a socket-welded connection of 
the vent line to one of the primary coolant pumps. The failure 
was attributed to fatigue resulting from vibration of the vent 
line. Leakage of coolant resulted. 

2 Palisades Point 
A weld in a socket-welded joint just upstream of a charging-pump 
shutoff valve cracked from vibrations induced by the positive-
displacement pumps. Leakage occurred, and the failure was noted 
while the reactor was in the hot shutdown condition. 

3 Palisades Point 
A leak in the recirculating water-pump-seal-cartridge controlled-
leakoff line was found to be due to a cracked socket weld. The 
leakage of recirculated water was small, and the leak was dis-
covered during shutdown inspection. 

4 Nuclear Ship Savannah 
During a routine inspection while the reactor was in the cold-
shutdown condition, a leak was found at a socket weld in 1-in. 
pipe in the buffer-seal charge-pump-gland leakoff piping. About 
1 gal/min of radioactive coolant fluid leaked through the crack 
when the reactor was shut down and the system was cold. 

5 Zion 1 
A crack occurred 360° around a welda between 3/4-in. pipe and an 
elbow on June 8, 1973- Both the pipe and the elbow were of type 
304 stainless steel, and the pipe came from the discharge relief 
valve of the positive-displacement charging pumps. The leak 
caused the loss of 200 gal of borated water and resulted from vi-
bration-induced fatigue. Fracture had propagated along a straight 
line with almost negligible microstructural deformaJ Ion, indica-
ting cyclic tensile stresses of a relatively low magnitude. No 
defects were found in the weld. 

6 Zion 1 
A circumferential crack in the weld of a 3/4-in. socket-welded 
45° elbow in the upstream orifice tap for the charging-line flow-
meter caused the shutdown of the reactor on Nov. 26, 1973, during 
operation at 68$ power. The fatigue failure was due to the use 
of pipe with an improper wall thickness combined with vibration 
from the positive-displacement charging pump. 



61 

Table B.l (continued) 

Plant and failure description 

7 Indian Point 2 
Leaks In the 3/4-in. -plpe-to-socket-weld branch connections of 
two vents in the RHR system were found during a routine inspec-
tion while the reactor was in the cold- shut down condition. Ex-
cess vibration caused fatigue failure of the welds. The vent 
valves were removed, and the pipes were plugged. 

8 Indian Point 2 
A crack occurred in the fillet weld on the pipe side of the up-
stream orifice flange connection for the flow transmitter In the 
return line of the 6-in. RHR system. The 3/4-in. pipe was also 
cracked. A small leak resulted and was observed while the plant 
was in a cold-shutdown condition and the RHR system was in ser-
vice at 400 psig. The affected components were replaced. 

9 La Crosse 
During a test of the Emergency Core Spray System it was found that 
10$ of the system's design flow was leaking. Examination of the 
piping disclosed six cases of circumferential cracking of socket 
pipe nipples. All of these fittings' cracks initiated in the 
threads of the components. Also, a longitudinal crack that was 
leaking was also found in the body of a socket-welded coupling. 

^ h i s may not have been a fillet weld. 
^Presumably, the cracks were in the pipe. 

The only failure directly relevant to this report is described by 
the last sentence of case 9: "Also, a longitudinal crack that was leak-
ing was also found in the body of a socket-welded coupling." Because 
this case gives no indication of loading history, no evaluation of the 
failure is possible. Indeed, this particular coupling may have been de-
fective and may have leaked during the initial hydrostatic test. 

In summary, the survey indicates that failures at socket-welded 
joints are not uncommon. The one reported failure in the body of a 
socket-welded coupling suggests, however, that the body of Bl6.ll socket-
welding fittings should not be ignored in considering possible failures 
of piping systems. 


