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FOREWORD 

The work reported here was performed at Oak Ridge National 
Laboratory and at Battelle-Columbus Laboratories under Union Carbide 
Corporation, Nuclear Division, Subcontract No. 2913 in support of the 
ORNL Design Criteria for Piping and Nozzles Program being conducted for 
the U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory 
Research. E. K. Lynn of the Metallurgy and Materials Branch, Division 
of Reactor Safety Research, USNRC is the cognizant RSR engineer and S. 
E. Moore of the Oak Ridge National Laboratory, Division of Engineering 
Technology (formerly Reactor Division) is the program manager. 

The objectives of the ORNL program are to conduct integrated 
experimental and analytical stress analysis studies of piping system 
components and pressure vessel nozzles in order to confirm and/or 
improve the adequacy of structural design criteria and analytical methods 
used to assure the safe design of nuclear power plants. Activities under 
the program are coordinated with other safety related piping and pressure-
vessel research through the Design Division, Pressure Vessel Research 
Committee (PVRC) of the Welding Research Council and through the ASME 
Boiler and Pressure Vessel Code Committees. Results from the ORNL pro-
gram are used by appropriate Codes' and Standards' groups in drafting 
new or improved design rules and criteria. 
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ABSTRACT 

Dimensional controls of wrought steel buttwelding fittings 
are examined from the standpoint of design adequacy. A fairly large 
number of fittings were purchased from different manufacturers. The 
dimensions of each fitting were measured and correlated along with 
additional information obtained from the manufacturers in an effort to 
establish "standard" shapes. This information and a critical examina-
tion of the present ANSI standards is used to develop a "Supplementary 
Standard". The Supplementary Standard is intended to provide improved 
dimensional control and more complete design Information for fittings 
used in Class 1 nuclear power plant piping systems. 
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NOMENCLATURE 

A = center-to-end of 90° elbows 
C = center-to-end of run for tees 
D = outside diameter of matching pipe (run pipe for reducing tees) 
Dj = outside diameter of matching pipe, large end of reducer 
D2 = outside diameter of of matching pipe, small end of reducer 
d = outside diameter of matching branch pipe for reducing tees 
E = overall length of caps 
H = overall length of reducers 
i = stress intensification factor 
k = flexibility factor 
L^ = tangent length, large end of reducer 

= tangent length, small end of reducer 
M = center-to-end of branch for tees 
P = internal pressure 
R = bend radius of elbow 
r - elbow cross section radius 
r^ = transition radius, large end of reducers 

= transition radius, small end of reducers 
r = crotch radius of tees c 
T = wall thickness of matching run pipe for tees 
t = wall thickness of matching pipe (branch pipe for reducing tees) 
t^ = wall thickness of matching pipe, large end of reducer 
t2 = wall thickness of matching pipe, small end of reducer 
VJn = calculated nominal weight 
W r = calculated weight of a reducer 
a = arc angle of elbows or cone angle of concentric reducer 
p = density of fitting material 
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INTRODUCTION 

Wrought steel butt welding fittings made according to the require-
ments of the ANSI B16.9<-1^ or ANSI Bie.ZS1-2^ standards have been used for many 
years in piping systems, including nuclear power plants, and have generally 
given satisfactory service. The ANSI B16.9 standard covers long radius elbows, 
tees, crosses, lap joint stub ends, caps, and reducers. ANSI B16.28 covers 
short radius elbows. For most service conditions, fittings made to these 
standards are accepted without additional requirements. For the more critical 
Class 1 nuclear plant piping systems, however, a strong effort is made to 
achieve a degree of reliability which significantly exceeds that needed or 
achieved for most piping systems. At present the additional requirements for 
Class 1 piping system components are primarily metallurgical. These include 
certified mill test reports, Charpy V-notch tests and perhaps drop-weight tests 
and nil ductility transition temperatures, nondestructive examinations of the 
entire volume of metal or magnetic particle/liquid penetrant examination of the 
inside and outside surfaces, and 100 percent radiography and inspection of any 
filler metal welds used in making the fitting. The radiographic film and a 
report must be provided to the purchaser along with the certified mill test report. 

Design requirements including rules for the design and analysis of 
Class 1 nuclear piping systems are contained in Subarticle NB-3600 Piping Design, 
Section III, Division 1 of the ASME Boiler and Pressure Vessel Code* (Ref. 3). 
This subarticle accepts standard B16.9 fittings and B16.28 short radius elbows 
for pressure design, provided che wall thickness of short radius elbows meet 
the additional requirements of NB-3642.2. Design analysis formulas, stress 
indices and flexibility factors are also given in NB-3600 for long radius 
elbows, tees, and reducers made to B16.9 and short radius elbows made to B16.28. 
These stress indices and flexibility factors are based on the assumption that 
the dimensional characteristics of the fittings are the same as those normally 
obtained for fittings which meet the requirements of the ANSI standards. 

Neither of the standards, however, give complete and explicit control 
of all of the dimensional characteristics that are important for an accurate 
design stress analysis; so that the designer does not have complete assurance 
that fittings purchased under the standards will be compatible with the method 
of analysis specified in NB-3600 of the Code. The dimensional controls presently 

* For brevity in this report, the word "Code" is used to refer to Section III, 
Division 1 of the ASME Boiler and Pressure Vessel Code, Reference 3. Portions 
of the Code are referred to herein by Code designations, e.g., NB-3600. 
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contained in the butt welding fitting standards consist of: 
(a) Center-to-ends or overall length, with tolerance. 
(b) Outside and inside diameters at the ends, with tolerances. 
(c) Angularity tolerances for the end planes, and 
(d) Minimum wall thickness requirements. 
For design stress analysis purposes, important dimensional characteristics 
not controlled are: 
(a) Shape of the fittings. Some extremes of shapes permitted by the 

standards are shown in Fig. 1. 
(b) Maximum wall thickness, except at the ends by diameter control. 

In order to better define the margins of safety in nuclear power 
plant Class 1 piping system design, more complete and rigorous control of the 
dimensional characteristics of fittings made to B16.9 or B16.28 are needed. 
Toward this end we bought a fairly large number of butt welding elbcwa, tees, 
reducers3 and caps made to these standards by four different manufacturers. 
The dimensions of each fitting were measured systematically and correlated along 
with additional information obtained from the manufacturers in an effort to 
establish so-called "standard" shapes. This information and a critical examin-
ation of the present ANSI Standards is used in this report to develop a "Supple-
mentary Standard." The provisions to be included in the "Supplementary Standard" 
are developed in the following five chapters of this report: on elbows, tees, 
reducers, caps and design adequacy (the design adequacy requirements are an 
indirect dimensional control). The recommendations are summarized in the last 
chapter of this report in the form of a "Supplementary Standard." 

At the present time, the Manufacturers Standardization Society is 
(4) 

developing a new standardv ' with a tentative title "Specification for Nuclear 
Wrought Welding Fittings" which covers the same fittings as B16.9. Some of 
the recommendations included in this report are already included in the draft 
of the MSS standard. It is hoped that the remaining recommendations will also 
be incorporated in the MSS standard; thereby providing a complete standard for 
buttwelding fittings for use in Class 1 nuclear power plant piping. In that 
case, the "Supplementary Standard" would not be needed. 

IS 



ELBOW 
Section A - A 

(No control on out - of - roundness except at ends) 

TEE 

or 

CONCENTRIC REDUCER 

FIGURE 1 . EXAMPLES OF SHAPE VARIATIONS PERMITTED 
BY BUTTWELDING FITTING STANDARDS 
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ELBOWS 

Standard Dimensions 

Elbows included in B16.9 are designated as "long radius" 
elbows, for which the center-to-end dimension A is equal to 1.5 times 
the nominal size. Elbows in B16.28 are designated as "short radius" 
elbows, for which the center-to-end dimension A is equal to the nominal 
size. 

.In order to examine the dimensional similarity of elbows of 
different nominal sizes, it is informative to calculate values of A/D, 
where D is the pipe outside diameter. The outside diameter is used, 
rather than the inside diameter or mean diameter, because the outside 
diameter does not change with wall thickness. Table 1 shows values of 
A/D for elbows covered by B16.9 and B16.28. 

Ordinarily, dimension A is also the bend radius of elbows of 
any angle; e.g., 45°, 90°, and 180°. However, the standards do not 
require this to be so. For example, the manufacturer could furnish a 
12-inch long radius elbow with a bend radius of 12 inches (not 18 inches) 
and with tangent lengths such that the center-to-end dimension A was met; 
this would fully satisfy the dimensional requirements of B16.9. The 
piping system designer would not know that the elbow was, in fact, a 
short radius elbow and hence would use an incorrect bend radius in 
calculating both the flexibility factor k and stress index C2; i.e., 

k = 1.65/h (1) 

C 2 = 1.95/h2/3 (2) 

where 

h = t R/r2 

t = elbow wall thickness 
R = elbow bend radius 
r = elbow cross section radius. 

To eliminate this possibility, it is recommended that the "Supplementary 
Standard" include a requirement for elbows that the bend radius be equal 
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TABLE 1. CENTER-TO-END DIMENSIONS OF B16.9, 
AND B16.28 90° ELBOWS 

Nominal Long Radius Short Radius 
Size A(in.) A/D A(in.) A/D 

2 3.00 1.263 2.00 0.842 
2-1/2 3.75 1.304 2.50 0.870 

3 4.50 1.286 3.00 0.857 
3-1/2 5.25 1.312 3.50 0.875 

4 6.00 1.333 4.00 0.889 
5 7.50 1.348 5.00 0.899 
6 9.00 1.358 6.00 0.906 
8 12.00 1.391 8.00 0.927 
10 15.00 1.395 10.00 0.930 
12 18.00 1.412 12.00 0.941 

14 & - - 1.500 m _ 1.000 
larger 

pipe outside diameter 
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to the center-to-end dimension. A. For some 45° elbows, a short tangent 
will be needed to meet the specified center-to-end dimensions (B-dimension 
in B16.9) within the specified tolerances. 

Table 1 shows that elbows are not geometrically similar although 
sizes 14 inches and larger are geometrically similar to each other. Equations 
(1) and (2) contain the parameter R/r, where R is the bend radius, r is the 
mean cross section radius. Accordingly, once it is established that the center-
to-end and bend radius are equal, variation in A/D with size is accounted for 
by Equations (1) and (2). 

As indicated by Figure 1, B16.9 and B16.28 do not control the cross 
section shape, except at the ends. The shape was controlled in M S S - S P 4 8 ^ by an 
"out-of-roundness" limitation, where out-of-roundess is defined as the difference 
between maximum and minimum diameters measured on any radial cross section. The 
out-of-roundness allowance and corresponding out-of-roundness permitted by end 
tolerances are : 

Nominal End Tolerance Body 
Size Ou t-o f-Ro und ne s s Out-of-Roundness 

26 7/16 inch 9/16 inch 
30 7/16 inch 11/16 inch 
34 7/16 inch 11/16 inch 
36 7/16 inch 3/4 inch 

The body out-of-roundness ranges from 1.286 to 1.714 times the end out-of-round-
ness. The piping system designer must know the out-of-roundness through the 
body of elbows in order to determine the appropriate K^ index. As shown in 
Footnote 1 to Table NB-3683.2-1, the ^ index is a function of the out-of-
roundness. It is recommended that the "Supplementary Standard" include a 
requirement for elbows that the maximum out-of-roundness shall be established 
by the manufacturer and furnished with the quotation; the out-of-roundness 
limit is then mandatory for elbows purchased under the particular quotation. 

None of the butt welding fittings standards contains an over-tolerance 
on wall thickness or weight. For example, a schedule 80 elbow taper-bored on 
the ends to schedule 40 dimensions fully meets the fitting standards. However, 
from a piping system analysis standpoint, the wall thickness t in the parameter 
h involved in Equations (1) and (2) would be incorrect and hence k and C. would 
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be incorrect. To control this problem, it is recommended that the "Supplementary 
Standard" include a requirement for elbows that the weight (pounds) must be 
furnished by the manufacturer. This Is a feasible control of the average wall 
thickness and the piping designer can easily convert the weight to an average 
wall thickness by the use of Equation (3). 

Measured Weights and Dimensions 

Measurements were made of 4-inch nominal size, Schedule 40, 90° long 
radius and short radius elbows. The measured weights and the average, maximum 
and minimum wall thickness are summarized in Table 2. Wall thickness were 
measured at 36 points on each elbow. Only one measurement was below the minimum 
specified wall thickness of 0.875 x 0.237 = 0.207 inch. This measurement of 
0.203 inch occurred on a shorn radius elbow near one end on the back (opposite 
crotch) area. 

Table 2 shows the ratios of measured weights to nominal weights. 
These ratios are all well within the 1.25 suggested "overweight" limit. 

Catalog Weights 

To further examine the suggested "overweight" limit, the "approximate 
weights" listed in the catalogs of three major manufacturers of butt welding 
fittings were divided by the calculated nominal weights , where the calculated 
nominal weight is given by the equation 

W N = 0.283 TT2R t(D - t)/2 . (3) 

The resulting ratios are shown in Table 3. 
Equation (3) gives the theoretical weight of a 90° elbow, where the 

3 
density of the material is 0.283 lb/in . The metal removed by the welding 
bevel is small compared to the total weight of the elbow. The ratios shown in 
Table 3 are specifically for 90° elbows, but essentially the same ratios are 
obtained for 45° or 180° elbows. It can be seen in Table 3 that all ratios 
are well within the 1.25 suggested "overweight" limit. 



TABLE 2: MEASURED WEIGHTS AND WALL THICKNESSES OF 4" SCHEDULE 
40 (.237" NOM. WALL) 90° ELBOWS 

Weight Wall Thickness, inches 
Bend Measured 

Radius, M't'l Measured, Nominal 
inches (a) M'f'g Pounds (b) Avg. Max. Min. 

6 WPB I 8.97 1.059 0.261 0.281 0.245 
304L I 8.89 1.050 0.261 0.316 0.223 
WPB I 8.61 1.017 0.250 0.271 0.222 
304L II 9.40 1.110 0.284 0.334 0.228 
WPB III 8.80 1.039 0.255 0.268 0.235 
304L IV 9.03 1.066 0.264 0.306 0.226 
WPB IV 8.64 1.020 0.254 0.286 0.219 

4 WPB I 6.28 1.112 0.260 0.310 0.224 
304L I 6.4 0 1.133 0.245 0.273 0.218 
WPB II 6.36 1.126 0.260 0.294 0.203 
304L II 6.47 1.145 0.288 0.328 0.252 
WPB III 6.28 1.112 0.236 0.254 0.216 
304L IV 6.16 1.090 — — — 

WPB IV 6.38 1.129 0.266 0.305 0.228 

(a) WPB is carbon steel, 304L is austenitic stainless steel. 
(b) Ratio of measured to nominal weight, where the nominal weight is calculated 

by the equation: 

W = 0.283 TT2 R t (D - t)/2 n 
(c) This is the only wall thickness measurement that was less than the specified minimum of 

87.57. nominal; i.e., (0.875)(0.237) = 0.209 in. 



TABLE 3: COMPARISON OF MANUFACTURER'S CATALOG WEIGHTS WITH N O M I N A L ^ WEIGHTS, 
90° ELBOWS 

Ratio; Catalog Weight/Nominal Weight 
Bend Nom. Standard Weight Extra Strong Schedule 160 

Radius Size M'f'g A M'f'g B M'f'g C M'f'g A M'f'g B M'f'g C M'f'g A M'f'g B M'f'g C 

Long 

Short 

4 1.063 1.051 1.027 1.148 1.054 1.012 1.019 1.053 0.996 
6 1.097 1.052 1.025 1.040 1.049 1.014 1.069 1.050 0.996 
8 1.116 1.049 1.026 1.043 1.043 1.015 1.024 1.049 0.998 

12 1.071 1.054 1.020 1.039 1.052 1.019 1.192 1.052 0.994 
16 1.048 1.053 1.023 1.062 1.050 1.019 — 1.052 — 

24 1.031 1.049 1.027 1.015 1.052 1.025 — — — 

30 1.052 1.050 1.032 1.052 1.049 1.028 — — — 

42 — 1.049 1.033 — 1.049 1.030 — — — 

4 1.107 1.045 1.022 1.084 1.052 1.006 
6 1.209 1.048 1.021 1.026 1.048 1.008 — — — 

8 1.138 1.051 1.021 1.046 1.051 1.004 — — — 

12 1.028 1.053 1.022 1.013 1.052 1.013 — — — 

16 1.008 1.053 1.031 1.005 1.051 1.022 — — — 

24 1.003 1.054 1.027 0.995 1.053 1.025 — — — 

30 0.997 1.048 1.031 1.000 1.050 1.026 — — — 

42 — 1.178 1.178 — 1.001 1.175 — — — 

2 (a) Nominal weight calculated by the equation: W^ = 0.283 TT R t (D - t)/2. 
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TEES 

Standard Dimensions 

The center-to-end dimensions C for straight tees of nominal sizes 
2 inches through 48 inches are shown in Table 4. The column headed C/D in Table 
4 shows that tees are not geometrically similar; i.e., C becomes relatively 
smaller as the nominal size increases. 

The value of C-D/2 is an important dimensional characteristic of 
tees because it indicates how much space is available for a transition radius 
r and for including reinforcement in the crotch regions. The transition radius 
is significant with respect to both internal pressure and moment loadings; the 
reinforcement in the crotch region is significant with respect to internal pressure 
loading. Values of C-D/2 and (C-D/2)/D are shown in Table 4. 

It can be seen in Table 4 that (C-D/2)/D generally becomes smaller 
as the nominal size increases. The 24-inch tee is the "worst" tee in this 
respect and, for this reason, was chosen as one of the sizes included in Task 
5, "ANSI Standard B16.9 Tees" of the ORNL Piping Program^. 

Table 4 is for straight tees. However, the value of (C-D/2)D are 
also applicable to reducing tees where the branch size is equal to that of the 
nominal size shown in Table 4. This is because the center-to-branch-end 

* 

dimension M for reducing tees was obtained by taking the branch of the straight 
tee of the reduced-end-size and placing it on the run pipe; i.e., 

M = | + C b = | , (4) 

where 

D = run pipe outside diameter 
C, = center-to-end of straight tee of nominal size D 

corresponding to the branch size of the reducing tee 
d = branch pipe outside diameter. 

Dimensions obtained by Equation (4), rounded off to the nearest l/8-inch, 
are tabulated in B16.9. A few exceptions were made for tees involving 
a 24-inch nominal size. The 24 x 22 tee has M = 17 inch whereas Equation (4) 
gives M = 17.5 inch. This was presumably done to avoid the awkward situation 
of a 24 x 22 tee having a longer M than C. In 26-inch and larger tees with 
24-inch branches, M is 1 inch greater than given by Equation (4). This was 
presumably done bacause, as shown in Table 4, the 24-inch size has an un-
desirably short center-to-end value of (C-D/2)/D. 
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TABLE 4. CENTER-TO-END AND CROTCH DIMENSIONS OF 
ANSI B16.9 STRAIGHT TEES 

Jomina1 
Size C C 

D 
C - D/J 

D 

2 2.500 1.053 1.3125 0.553 
2-1/2 3.000 1.043 1.5625 0.543 

3 3.375 0.964 1.625 0.464 
3-1/2 3.75 0.938 1.750 0.438 

4 4.125 0.917 1.87 5 0.417 
5 4.875 0.876 2.094 0.376 
6 5.625 0.849 2.312 0.349 
8 7.000 0.812 2.688 0.312 

10 8.500 0.791 3.125 0.291 
12 10.000 0.784 3.625 0.284 
14 11.000 0.786 4.000 0.286 
16 12.000 0.750 4.000 0.250 
18 13.500 0.750 4.500 0.250 
20 15.000 0.750 5.000 0.250 
22 16.500 0.750 5.500 0.250 
24 17.000 0.708 5.000 0.208 
26 19.500 0.750 6.500 0.250 
28 20.500 0.732 6.500 0.232 
30 22.000 0.733 7.000 0.233 
32 23.500 0.734 7.500 0.234 
34 25.000 0.735 8.000 0.235 
36 26.500 0.736 8.500 0.236 
38 28.000 0.737 9.000 0.237 
40 29.500 0.738 9.500 0.238 
42 30.000 0.714 9.000 0.214 
44 32.000 0.727 10.000 0.227 
46 33.500 0.728 10.500 0.228 
48 35.000 0.729 11.000 0.229 

U C — • 

C - D / 2 , crotch dimension 

T ~ T 
M M - D / 2 

_ L 

« — c — H 

rt = 

D = 

M = C 
for straight tees 

transition radius 

run pipe outside diameter 



12 

If transition radii r are restricted to single circular arcs which 
dc not extend beyond the ends of the tees, then the maximum transition radii, 
for both straight and reducing tees, are equal to the value of C-D/2 shown in 
Table 4. 

As illustrated in Figure 1, transition radii are not controlled by 
butt welding fitting standards. A transition radius of zero (sharp corner) 
is permitted by the standards. However, Markl's ^ bending fatigue tests 
which were used to establish the C„ index for tees were based on tests of 
tees with crotch radii, r^, ranging from 0.17 to 0.25 d. Markl's results 
gave i = 1.13 for r = 0.25 d; i = 1.34 for r t = 0.22 d; and i = 1.49 for 
r = 0.17 d. These indicate that maximum stresses increase significantly as 
r decreases. Evaluation of the results of tests run under the ORNL Piping 
Program also indicate that the transition radius of tees is a significant 
dimensional characteristic in that stresses increase as r decreases. 

It is recommended that the "Supplementary Standard" include a require-
ment for tees that: "The exterior of the transition zone between run and 
btanch portions of the tee shall consist of a smooth surface with a crotch 
radius of not less than 0.1 d, where d is the outside diameter of the branch 
pipe". 

Two minor aspects of dimensional control of tees are: 

(1) The standards 
state that "Outlet dimension M for run sizes 14 inches 

and larger is recommended but not mandatory. It is deemed that the 
M dimensions given in the standards are minimum allowable for applica-
tion of the stvess indices. Reduction in the M dimension could 
result in a girth butt weld between tee and branch pipe that is 
located in a highly stressed region. There are no objections to 
increasing the M dimension; although the purchaser should be aware 
of this. Accordingly, it is recommended that the present statement 
regarding the M dimensions be replaced in the "Supplementary Standard" 
with: "By agreement between manufacturer and purchaser, the outlet 
dimension M may be increased but not decreased." 

(2) The standards state that the wall thickness shall not be less than 
87-1/2 percent of nominal wall thickness. The requirement is not 

* The stress intensification factor, i, is proportional to the fatigue-
effective stress. 
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restricted to the ends of the fittings. This is an explicit and 
understandable requirement for straight tees and other non-reducing 
fittings. However, for reducing fittings, the requirement is not 
clear. For example, a 12 x 6 schedule 40 tee has a nominal wall 
thickness of 0.406" for the run and 0.280" for the branch. Which 
nominal thickness applies throughout the body of the tee? It 
is deemed that the intent of this requirement is that the wall 
thickness of reducing tees shall not be less than 87-1/2 percent 
of the nominal wall thickness of the run, except in and immediately 
adjacent to the branch end, where the wall thickness shall not be 
less than 87-1/2 percent of the; nominal wall thickness of the branch. 
It is recommended that this requirement be included in the "Supplementary 
Standard". 

Measured Weights and Dimensions 

Measurements were made on 20 straight tees and 12 reducing tees; 
the tees inspected are listed in Tables 5 and 6 for straight and reducing 
tees, respectively. 

Measurements of wall thickness showed that the wall thickness 
throughout the bodies of the tees were greater than the nominal thickness 
of the run, except near the ends of the branch of reducing tees where the 
thickness was greater than the nominal thickness of the branch. A re-
presentative example of a reducing tee is given by the longitudinal 
plane cross section shown in Figure 2. This figure illustrates that at 
and near the branch end, the wall thickness must be permitted to be 87-1/2 
percent of the branch nominal thickness. 

The crotch radius measurements are shown in Tables 5 and 6. The 
column headed "Measured/d " shows that all of the tees meet the proposed 
crotch radius minimum of 0.10 d. Although in principle., the crotch radius 
could exceed the space available of M - D/2, none of the tees examined 
had such crotch radii. Figures 3 and 4 illustrate tees with relatively 
small and large crotch radii, respectively. 



TABLE 5: MEASURED WEIGHTS AND CROTCH RADII OF STRAIGHT TEES 

Weight Crotch Radius 

Nom. 
Size Sch. 

M't'l 
(a) M'f'g 

Measured, 
Pounds 

Measured, 
Nominal 

(b) 
Measured, 
Inches 

Measured, 
d 

Measured, 
M - D/2 

Iden. 
No. 

4 x 4 40 WPB IV 11.7 1.33 0.75 0.17 0.40 4033 II II 304L IV 11.0 1.25 1.05 0.23 0.56 4034 II II WPB II 11.4 1.29 1.50 0.33 0.80 4035 II II 304L II 11.9 1.35 1.0 0.22 0.53 4036 II n WPB I 12.0 1.36 1.5 0.33 0.80 4037 
a a WPB III 12.7 1.44 1.5 0.33 0.80 4038 II II 304L I 11.5 1.31 1.5 0.33 0.80 4045 

6 x 6 40 WPB IV 49.2 2.38 0.9 0.14 0.39 4047 IT II WPB I — — 2.0 0.30 0.87 4048 M II WPB II — — 2.0 0.30 0.87 4049 II it 304L II — — 2.0 0.30 0.87 4050 II i> 304L I — — 2.0 0.30 0.87 4051 11 II 304L IV — — 2.0 0.30 0.87 4052 

12 x 12 80 WPB I 227.5 1.36 3.0 0.24 0.83 4053/T6 II II WPB IV 248.5 1.48 1.4 0.11 0.39 4054/T4 II II WPB II — — 3.5 0.27 0.97 4055/T5 it 160 304L II 497.5 1.64 2.0 0.16 0.55 T7 

24 x 24 10 304L I — — 5.0 0.21 1.00 T16 
<i 40 WPB I — — 4.75 0.20 0.95 4061/T1C II 160 WPB I — — 4.5 0.19 0.90 4062/T1] 

(a) WPB is carbon steel, 304L is austenitic stainless steel. 

(b) Nominal weights calculated by equation (5) of text. 



TABLE 6: MEASURED WEIGHTS AND CROTCH RADII OF REDUCING TEES 

Weight Crotch Radius 

Horn. 
Size Sch. 

M't'l 
(a) M'f'g 

Measured, 
Pounds 

Measured 
Nominal 
(b) 

Measured, 
Inches 

Measured 
d 

Measured 
M - D/2 

Id en. 
No. 

4 x 2 80 WPB IV 11.7 1.11 1.0 0.22 0.89 5039 
it II WPB II 14.1 1.34 0.6 0.13 0.53 5041 II ii WPB I 14.4 1.37 0.8 0.18 0.71 5042 II ti WPB III 11.9 1.13 1.1 0.24 0.98 5043 II II 304L I 13.9 1.32 0.7 0.16 0.62 5046 

12 x 6 40 304L I 129.6 1.44 . — 5058/T14 it II 304L IV 143.5 1.60 1.00 0.15 0.44 5059/T15 
II II 304L II 155.0 1.73 1.25 0.19 0.56 5060/T8 ti II 304L II — — 1.05 0.16 0.47 T9 

24 x 10 10 304L I 2.0 0.19 0.64 T17 II 40 WPB I — — 2.0 0.19 0.64 5063/T12 
ii 160 WPB I — — 2.0 0.19 0.64 5064/T13 

(a) WPB is carbon steel, 304L is austenitic stainless steel. 

(b) Nominal weights calculated by equation (5) of text. 





SHOWING RELATIVELY SMALL CROTCH RADIUS 



SHOWING RELATIVELY LARGE CROTCH RADIUS 
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Some of the tees were weighed; the weights are shown in Tables 5 
and 6 and the ratio of the measured to nominal weight is also shown. The 
nominal weight was calculated by the equation: 

W n = 0.283 [2 TT c T (D - T ) + n(M - D/2) t (d - t ) + (d - t) (D - 1) (1-cosa) T 

- 7T(d - t) (D - T)a T/4] (5) 

where sin a - (d - t)/ (D - T). Equation (5) gives the weight of two 
normally intersecting pipes with nominal diameters and wall thicknesses equal 
to the designated matching pipes, and with center-to-ends equal to C 
on the run and M on the branch. The first two terms give the weight of the 
run and branch pipe, respectively; the third term gives the weight of the 
branch "skirt" while the fourth term takes out the weight of the hole in 
the run pipe. Weights of tees are discussed further in the following 
portion of this report. 

Catalog Weights 

We do not need an "overweight" limit on tees because, accord-
ing to the Code, the flexibility factor is 1.0. However, it is of 
Interest in connection with the internal pressure capacity of tees to ex-
amine the ratios of the weight of tees to the nominal weight of pipe-to-
pipe intersections; equation (5) herein. The only weight control by the 
fitting standards is through the minimum thickness control of 0.875 times 
nominal. This places a lower bound on the weight ratio of 0.875. However, 
as can be seen in Tables 5, 6 and 7, typical B16.9 tees are substantially 
heavier than the possible lower bound. Tables 5 and 6 give ratios ranging 
from 1.11 to 2.38. Table 7, which was obtained from manufacturer's catalog 
weights, gives ratios ranging from 1.10 to 2.33. 

The fitting standards place an indirect limitation on body thickness 
of tees by means of a bursting strength requirement; e.g., Par. 8 of 
ANSI B16.9-1971. This requires that the burst strength of fittings be not 
less than the computed burst pressure of the designated pipe. The burst 
strength requirement is discussed in detail later herein. At this point, 



TABLE 7: COMPARISON OF MANUFACTURER'S CATALOG WEIGHTS WITH NOMINAL WEIGHTS, STRAIGHT 
AND REDUCING TEES 

(a) Ratio: Catalog Weight/Nominal Weightv ' 
Nom. 
Size 

Standard Weight Extra Strong Schedule 160 Nom. 
Size M'f'g A M'f'g B M'f'g C M'f'g A M'f'g B M'f'g C M'f'g A M'f'g B M'f'g C 

4 x 4 1.36 1.50 1.43 1.29 .1.52 1.34 1-36 1.86 1.24 
4 x 2 1.47 1.74 1.45 1.47 1.76 1.38 1.30 1.80 1.31 
6 x 6 1.64 1.76 1.42 1.28 1.36 1.35 1.25 1.72 1.21 
6 x 3 1.78 1.80 1.42 1.36 1.56 1.35 1.35 1.56 1.29 
8 x 8 1.44 1.60 1.41 1.29 1.31 1.32 1.10 1.52 1.20 
8 x 4 1.53 1.80 1.41 1.40 1.48 1.35 1.16 1.24 1.29 

12 x 12 1.28 1.57 1.41 1.29 1.51 1.35 1.58 1.41 1.18 
12 x 6 1.37 1.71 1.40 1.49 1.62 1.36 1.24 1.19 1.28 
16 x 16 1.39 1.73 1.57 1.51 1.99 1.46 — — — 

16 x 8 1.41 1.85 1.45 1.53 2.07 1.37 — — — 

24 x 24 1.80 2.61 1.68 1.57 2.40 1.56 — — — 

24 x 12 1.86 1.85 1.49 1.63 1.40 1.43 — — — 

30 x 30 2.20 2.34 1.77 1.88 2.36 1.66 — — — 

30 x 16 2.25 1.79 1.59 1.93 1.57 1.52 — — — 

36 x 36 2.13 2.31 1.85 1.83 2.33 1.73 — — — 

36 x 20 — 2.06 1.67 — 1.77 1.58 — — — 

(a) Nominal weights calculated by equation (5) of text. 
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we note that in order to meet the burst pressure requirement, it may be 
necessary to "reinforce" the branch region of the tee. An analogous require-
ment in pressure vessel Codes is that the area cut out by the opening in the 
longitudinal plane (d^ T) must be replaced by reinforcement metal around the 
opening. 

Figure 3 illustrates a tee where essentially no attempt has been 
made to add reinforcement around the opening. Figure 4 illustrates a tee 
where there is added reinforcement around the opening. The tee shown in 
Figure 4 would probably pass the burst test requirement; the tee shown in 
Figure 3 might not pass the burst (est requirement. These two tees, as can 
be seen in Table 5, are not grossly different in weight. Accordingly, the 
pressure capacity of a tee cannot be judged solely by its weight, but if a 
tee weighs no more than the nominal weight, as given by Equation (5), the 
burst pressure capacity of the tee could be questionable. 

Table 7 indicates a general trend toward higher weight ratios 
as the size increases. Such a trend might be expected for tees, up to the 24" 
size because of decreasing values of (C - D/2)/D with increasing size as 
shown in Table 4. However, this does not explain the (usually) still higher 
weight ratios for the 30" and 36" sizes. A possible explanation may be that, 
for relatively large D/t ratios, the manufacturers have found that they 
need the larger weight ratios in order to pass the burst test requirements 
of the buttwelding fitting standards. 

With the exception of two of the 4 x 2 tees, the weight ratios shown 
in Tables 5 and 6 are more-or-less in agreement with the weight ratios shown 
in Table 7. Figure 5 shows a section through the tee with the lowest weight 
ratio; i.e., Iden. No. 5039 with a weight ratio of 1.11. Using the scale 
shown in Figure 5, it can be seen that the back wall is heavier than nominal 
(~ 0.4" vs 0.337" nominal), but in the crotch area, where reinforcement for 
pressure is needed, the wall thickness is about equal to the nominal thickness. 
It is not apparent that this tee would have a burst pressure equal to 4" 
Schedule 40 pipe made of the same material as the tee. This is discussed 
further subsequently in this report. 





23 

CONCENTRIC REDUCERS 

Standard Dimensions 

The end-co-end dimension, H, of reducers depends only on the large-
end nominal size; e.g., a 12 x 10 reducer has the same length as a 12 x 5 
reducer. The end-to-end dimension H and ratios of H/D are shown in Table 8. 
It is apparent that standard reducers of different sizes are not geometrically 
similar to each other. 

Standard B16.9 does not control the tangent lengths, cone 
angles or transition radii, although their existence is implied by the 
sketches shown in the standards. The end-to-end length controls the combina-
tions of tangent lengths, cone angle and transition radii that can be used. 
Typical practice of manufacturers is discussed in the next section of this 
report, and several recommendations for the "Supplementary Standard" are dis-
cussed there. 

(Q\ 

Stress indices for concentric reducers are given in the Code, see 
footnotes 13 and 14 to Table NB-3683.2-1. These indices depend not only 
on the nominal outside diameters and wall thickness, but also on the tangent 
lengths, cone angle and transition radii. Accordingly, the user of the 
stress indices must know these dimensions. Because of the large variation 
in reducers produced by different manufacturers (see following Survey of 
Manufacturer's Dimensions), a standard specification for these dimensions 
is not considered feasible. However, the purchaser, when submitting his 
request for quotation to manufacturers, can request that these dimensions 
be provided as part of the quotation. The dimensions would then be available 
for determining the stress indices. It is recommended that the request for 
tangent lengths, cone angle and transition radii be included in the "Supple-
mentary Standard". 

* Stress indices are not jjiven in the Code for eccentric reducers. If 
eccentric reducers are used in Class 1 piping systems, a detailed 
stress analysis of the eccentric reducer must be included in the 
stress report. 
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TABLE 8: END-TO-END DIMENSIONS OF B16.9 
FOR REDUCERS 

Nomina 1 
Size „ H 
(1) " D 

2 
2 - 1 / 2 

3 
3-1/2 

4 

3 
3-1/2 
3-1/2 
4 
4 

1.263 
1.217 
1.000 
1.000 
0.889 

5 5 0.899 
6 5-1/2 0.830 
8 6 0.696 

10 7 0.651 
12 8 0.627 

14 13 0.929 
16 14 0.875 
18 15 0.833 
20 20 1.000 
22 20 0.909 
24 20 0.833 

26 24 0.923 
28 24 0.857 
30 24 0.800 
32 24 0.750 
34 24 0.706 
36 24 0.667 

38 24 0.632 
40 24 0.600 
42 24 0.571 
44 24 0.545 
46 28 0.609 
48 28 0.583 

«< H *» 

D= large end pipe outside diameter 

(1) Nominal size of large-end. Dimension H applies to all reductions 
from a given l.irge-end nominal size. 
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The problem of minimum wall thickness, as discussed previously for 
reducing tees, also arises for reducers. Standard B16.9 does not indicate 
what the minimum wall thickness is for a reducer where the two ends have 
nominally different wall thickness; e.g., a 12 x 5 Sch. 40 reducer with 
nominal thickness of 0.406" on the 12" end; 0.258" on the 5" end. It is 
recommended that the "Supplementary Standard" include a requirement for 
reducers to read as follows. 

"The wall thickness of reducers shall not be less than 
87-1/2 percent of the nominal wall thickness of the large-
end of the reducer, except in and immediately adjacent to 
the cylindrical portion on the small end, where the minimum 
wall thickness shall not be less than 87-1/2 percent of the 
nominal wall thickness of the small-end of the reducer." 

Survey of Manufacturer's Dimensions 

A letter was sent to 12 suppliers of butt-welding-end reducers 
requesting data on the dimensions shown in Figure 6. Replies were received 
from eight of these sources, seven of whom supplied dimensions. Dimensional 
data were supplied in various forms and in varying degrees of completeness. 

Transition Radii 

Table 9 summarizes data on transition radii, r^ and V2> Manu-
facturer A did not supply data on transition radii. Manufacturer G stated 
that r^ = 4t^ and r^ = Zt^- This can be converted to ratios of r^/D^ or x^J 
D^ for any assumed values of Dj/t^ and t2/t^. 

It is pertinent to note here that most reducers have transition 
radii equal to or greater than 0.1 D^. This is true particularly for 
rediucers supplied by the major manufacturers. 
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FIGURE 6. SKETCH SENT TO MANUFACTURERS WITH 
REQUEST FOR DIMENSIONAL INFORMATION 



TABLE 9s SUMMARY OF MANUFACTURER'S DATA ON TRANSITION RADII 

Transition Nominal Size 
Mfg. Radii 1-1/2 2 2-1/2 3 3-1/2 4 5 6 8 10 12 14 16 18 20 24 

B Max. rl/Dl 0.130 0.143 0.125 0.333 0.270 0.226 0.174 0.140 0.039 
Min. r1/D1 0.130 0.143 0.125 0.111 0.180 0.151 0.058 0.046 0.039 
Max. V D 1 0.174 0.214 0.250 0.333 0.540 0.226 0.232 0.140 0.118 
Min. 0.174 0.143 0.125 0.111 0.090 0.076 0.174 0.140 0.118 

C Max. rl/Dl 0.087 0.093 0.098 0.107 0.094 0.083 0.075 0.062 
Min. r1/D1 0.043 0.046 0.039 0.027 0.023 0.021 0.019 0.031 
Max. V D 1 0.087 0.093 0.098 0.107 0.094 0.083 0.075 0.062 
Min. r2/Dl 0.043 0.046 0.039 0.027 0.023 0.021 0.019 0.031 

D Max. rj/Dl 0.250 0.174 0.098 0.106 
Min. r1/D1 0.250 0.174 0.098 0.106 
Max. r2/Dl 0.194 0.116 0.078 0.095 
Min. V D 1 0.111 0.102 0.078 0.104 

E Max. rl/Dl 0.263 0. 420 0.392 0.339 0.320 0.306 0.270 0.241 0.174 0.232 0.196 0.178 0.187 0.167 0.200 0.167 
Min. r1/D1 0.263 0. 368 0.348 0.339 0.320 0.306 0.270 0.185 0.174 0.140 0.157 0.178 0.094 0.083 0.200 0.167 
Max. r2/Dl 0.263 0. 368 0.328 0.152 0.141 0.132 0.112 0.151 0.145 0.140 0.113 0.143 0.125 0.111 0.150 0.167 
Min. r2/Dx 0.197 0. 158 0.174 0.152 0.141 0.132 0.112 0.108 0.145 0.116 0.118 0.143 0.094 0.111 0.150 0.125 

F rl/Dl 0. 289 0.232 0.208 0.179 0.167 0.163 0.157 
r2/Dx 0. 289 0.232 0.208 0.179 0.167 0.163 0.157 

G Max. r1/D1 0.4(for Dj/tĵ  - 10) 
0.04 (for Dj/^ - 100) 
0.3 (for Dj/^ - 10, t2/tx - 1.00) 
0.015 (for Dj/t^ - 100, t^t^ - 0.50) 
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Tangent Lengths 

Table 10 summarizes data on tangent lengths. Manufacturer A 
stated that tangent lengths were 25% of the overall length H. These are 
shown as a ratio to D^ in Table 10; on the small end, the ratios would be 
larger by the factor D^/D^. Manufacturer D did not give tangent lengths. 
Manufacturer F gave dimensions for one reduction in each size (e.g., a 
6 K 4 reducer). Manufacturer G gave a table of tangent lengths for each 
nominal pipe size. Since it is not clear if these apply to both ends of 
the reducer, Table 10 simply shows L/D. 

Tangent lengths are significant in assigning stress Indices 
because if L/vfTt is less than unity some portion of the bending stresses 
in the transition sections may be imposed on the girth butt welds joining 
the reducer to pipe. Since it is known that these bending stresses 
essentially die out in a distance equal tov5t, the question is whether die-out 
will occur within the tangent length. 

Cone Angles 

The combination of H, r^, v^, L^, and L^ determines the cone angle 
a, which is one of the three parameters used in the stress analysis. The 
cone angles derived from the furnished dimensions are shown in Table 11. 
Manufacturers B and E furnished dimensions for some sizes wherein the trans-
ition radii overlapped each other. Since it is highly improbable that their 
reducers are actually made that way, dimensions for those sizes are not 
included in the table. 

* \/Dt is about the length in which symmetrical edge loads on a cylindrical 
shell will die out to essentially zero. 



TABLE 10: SUMMARY OF MANUFACTURERS DATA ON TANGENT LENGTHS 

Tangent Nominal Size 
Mfg. Lengths 1-1/2 2 ?.-H 2 3 3-1/2 4 5 6 8 10 12 14 16 18 20 24 

A VD1 .329 .316 .304 .250 .250 .222 .224 .207 .174 .163 .157 .232 .218 .208 .250 .208 

B Max. L1/D1 .521 .435 .469 .278 .360 .312 .247 .151 .344 

Min. Lj/Dĵ  .456 '.321 .312 .222 .180 .245 .188 .093 .162 

Max. L2/D2 .760 .665 .678 .665 .658 .579 .429 .375 .360 

Min. L2/D2 .579 .436 .429 .158 .250 .438 .151 .116 .209 

C Max. Ij/I^ .174 .163 .157 .161 .141 .139 .128 .125 

Min. Lj/Dĵ  .130 .116 .118 .107 .109 .111 .112 .094 

Max. L2/D2 .281 .278 .270 .226 .203 .186 .176 .161 

Min. L2/D2 .226 .209 .188 .17-:- .161 .156 .153 .150 

E Max. Lĵ ^ .580 .449 .521 .344 .344 .292 .270 .312 .203 .244 .196 .286 .250 .333 .200 .253 

Min. L1/D1 .250 .263 .369 .214 .208 .180 .151 .203 .116 .108 .286 .250 .222 .200 .083 

Max. Lz/D2 .713 .560 .603 .393 .344 .286 .361 .357 .278 .278 .225 .348 .235 .235 .279 .314 

Min. I.2/D2 .256 .380 .500 .263 .208 .217 .180 .189 .189 .140 .235 .214 .186 .167 .111 

y .263 .197 .167 .132 .116 .105 .098 

VD2 .427 .263 .197 .167 .132 .116 .105 

G L/D .24 .174 .149 .157 .161 .156 .153 .150 .146 
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TABLE 11: CONE AN'CI.ES DERIVED FROM DIMENSIONS 
FUKN1SHED BY MANUFACTURERS 

Nominal a (cIrr) for Manufacturer: 
Size B C D E F 

2 x 1-1/4 22.5 
1 17.6 18.5 

3 x 2-1/2 24.3 
2 42.8 22.8 16.1 
1-1/2 43.1 17.2 

4 x 3-1/2 8.0 6.8 
3 18.3 20.7 12.0 
2 30.5 26.2 
1-1/2 44.0 28.8 

6x5 8.6 22.3 
4 18.0 18.5 16.8 
3 65.3 44.9 
2 49.7 

8x6 15.9 19.3 16.0 22.1 14.9 
5 30.6 36.1 
4 58.9 34.2 50.5 
3 54.2 36.2 

10 x 8 12.9 17.5 23.8 13.4 
6 58.9 29.9 49.6 
5 53.4 38.2 38.3 
4 52.7 39.6 42.3 

12 x 10 10.8 14.4 10.3 19.6 10.8 
8 56.6 26.5 34.5 
6 51.0 36.3 35.8 
5 50.1 41.6 34.0 41.7 

14 x 12 4.2 6.2 
10 10.4 17.0 
8 16.5 29.2 
6 21.4 

16 x 14 4.6 8.6 
12 9.9 14.3 
10 15,1 23.9 
8 20.3 30.9 

18 x 16 5.8 7.5 
14 11.0 15.3 
12 14.4 20.3 
10 19.1 26.9 

20 x 18 4.0 4.5 
16 7.6 9.2 
14 11.2 14.0 
12 13.5 16.9 

24 x 20 8.3 10.5 11.0 
18 11.9 16.8 
16 15.3 22.7 
14 18.5 
12 26.4 
10 29.8 



31 

Wall Thicknesses 

Manufacturers A and D did not furnish any data on wall thicknesses. 
Manufacturers B, C, F, and G indicated that t1 = t 3 = the nominal wall thick-
ness of the large-end pipe and t^ ~ the nominal wall thickness of the small-
end pipe. The symbols t^, and t^ are shown in Figure 6. Manufacturer 
C, however, noted that t^ is a minimum; that is, it could vary as indicated 
in Figure 6. Actually, the normal practice in wall-thickness control of 
B16.9 fittings is to consider 0.875 of a specified (nominal) thickness as 
the minimum thickness with no limit on maximum thickness. 

Manufacturer E indicated that t^ and t^ were equal to the nominal 
wall thickness of the large-end and small-end pipes, respectively. The fol-
lowing equation was given for t^: 

C3 = to K D 1 - D 2 ) / D 1 ] 

where tQ is the wall thickness of the pipe used in forming the reducer. 

Measured Weights and Dimensions 

Seven 4" x 2" Schedule 80 reducers were obtained from four dif-
ferent manufacturers. Figure 7 shows a cross section through a typical 
reducer. 

Concentric reducers are often made in an external die as indicated 
by Figure 8. The starting material consists of a pipe with the same nominal 
size and wall thickness as the large end of the reducer. After forming, 
the ends are machined and beveled to the required end-to-end length, H. 
This manufacturing process produces an increase in wall thickness towards 
the small end, as illustrated in Figures 6 and 7. The maximum thickness 
is indicated as t^ in Figure 6 and equation (6) is an approximate equation 
that reflects the manufacturing process. 

The weight of a reducer, made by the process indicated in Figure 8, 
would be expected to be somewhat less than the weight of the starting tube 
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FIGURE 8. A METHOD OF MANUFACTURING REDUCERS 



34 

of length H. The amount less would depend upon the dimensions L^, t^ and a 

as shown in Figure 6, and whether axial extrusion of the tube occurred so 
that the starting tube length might be less than H. The following equation 
is a rough approximation of the weight. 

W r = 0.283TT f <H - L 2)(D 1 - t x) tx + L 2 (d2 - t 2) t 2] (7) 

The length L 2, in the seven 4 x 2 schedule 80 reducers examined, averaged 
about 0.8". Equation (7 ) then gives W r = 4.33 pounds. The weights of 
the seven reducers examined ranged from 4.23 to 4.50 pounds, with an 
average of 4.36 pounds. 

Measurements of wall thickness near the ends gave: 

End Max. Min. Aug. Nom. 

4" 0.417 0.327 0.361 0.337 
2" 0.389 0.203 0.260 0.218 

Catalog Weights 

* 
Comparison of catalog weights given by three major manufacturers 

of buttwelding fittings with weights calculated by equation ( 7 ) gave weight 
ratios (Catalog/W^) ranging from 0.862 to 1.221 with an average of 1.064. 
Calculations were based on the assumption that Lg = H/4. These comparisons 
suggest that most concentric reducers are manufactured by the process indica-
ted by Figure 8. 

* Sizes and walls included in the comparisons were: 

4 x 2, 6 x 3, 8 x 4, 12 x 6, 16 x 8, 24 x 16, 30 x 20, 36 x 24 and 
42 x 24 in Standard weight and extra strong; 4 x 2 , 6 x 3 , 8 x 4 
and 12 x 6 in Schedule 160. 
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CAPS 

Standard Dimensions 

The Code does not provide stress indices for caps. The reason is 
that caps are essentially subjected only to pressure loading. Being a dead-
end, thermal gradients would be small and there are no moment loadings. If 
the head of the cap Is ellipsoidal, with major to minor axis ratio of 2 
or less, a minimum body wall thickness of 0.875 x nominal (as required 
by B16.9) is sufficient for pressure loading. 

Standard B16.9 requires that "the shape of these caps shall be 
ellipsoidal and shall conform to the shape requirements as given in ASME 
Boiler and Pressure Vessel Code". The authors surmize that the primary 
intent of the requirement was to require a shape in accordance with UG-
32(d) of Section VIII, Dlv. 1 of the ASME Boiler and Pressure Vessel 
Code (1974 edition). UG-32(d) gives an equation for calculating the re-
quired thickness of an ellipsoidal head with major-to-minor axis ratio of 2.0 
This required thickness is essentially the same as the required thickness 
of the matching pipe, and hence, a 2:1 ellipsoidal shape is compatable 
with the minimum thickness requirements of B16.9. Presumably, 
the intent of the standard is that the shape of caps be 2:1 ellipsoidal. 
Indeed, several buttwelding fitting manufacturers state in their catalogs 
that their caps are 2:1 ellipsoidal. 

However, Par. UG-32 (see footnote 2 in the Section VIII- Div. 1 
Code) does not require that 2:1 ellipsoidal heads be used. Paragraph 
UA-4 gives equations for calculating the required wall thickness of el-
lipsoidal heads with major-to-minor axis ratios ranging from 1.0 (spherical 
head) to 3.0 (a very flat ellipsoiual head). For major-to-minor axis ratios 
of 2.0 or smaller, the required minimum thickness in B16.9 and SP-48 is 
adequate but for ratios greater than 2, the required minimum thickness 
is not adequate. For example, with a major-to-minor axis ratio of 3.0, 
the thickness must be approximately 1.8 times as thick as the matching pipe 
wall thickness. 
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To directly control the nominal shape of caps, it is recommended 
that the "Supplementary Standard" include a requirement for caps that the 
shape be ellipsoidal (inside shape) with a major-to-minor axis ratio of 
not greater than 2.0. 

Section VIII-Div. 1 imposes tolerances on formed heads. It is 
not clear whether the intent of B16.9 is to invoke these tolerances for 
caps. The tolerances are: 

UG-32(p): If a torispherical, ellipsoidal, or hemispherical 
head is formed with a flattened spot or surface, 
the diameter of the flat spot shall not exceed 
that permitted for flat heads as given by the 
formula in UG-34, using C = 0.25. 

UG-81 Tolerance for Formed Heads 

(a) The inner surface of a head shall not deviate 
from the specified shape by more than 1-1/4 per-
cent of the inside diameter of the head skirt. 
Such deviations shall not be abrupt changes, shall 
be outside of the theoretical shape, and shall be 
measured perpendicular to the specified shape. 

(b) The skirts of heads shall be sufficiently 
true to round so that the difference between the 
maximum and minimum diameters shall not exceed 1 
percent of the nominal diameter. 

The formula in UG-34, using C = 0.25, can be written: 

f s V0.25 P/S ( 8 ) 

where = diameter of flat spot 
t = head or cap wall thickness 
P = pressure on concave side of head or cap 
S = allowable stress 
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The cap manufacturer does not know what pressure will be applied to the 
cap but he can define an upper bound to P/S by the relationship t = PD/2S, 
or P/S = 2t/D, where D is the outside diameter of the skirt of the cap. 
Using this in equation ( 8 ) gives: 

Some illustrative results using equation (9) are: 

Nom. t dfs 
Size Wall D D 

1 XXH 0.272 0.738 
1 Sch. 160 0.190 0.617 

24 Sch. 160 0.0976 0.442 
1 Std./Sch. 40 0.101 0.450 
4 Std./Sch. 40 0.0527 0.325 
24 Sch. 40 0.0286 0.239 
1 Sch. 10 0.0829 0.407 

24 Sch. 10 0.0104 0.144 

It is apparent that the requirement of UG-32(p) is not very restrictive. 
Indeed, in many caps the flat spot could cover one-half of the head dia-
meter. However, UG-81(a) is quite restrictive, especially for small 
sizes. For example, for a 4" Sch. 40 cap, the maximum deviation is 
0.0125 x 4.026 = 0.050 inch. As illustrated later herein, it is diffi-
cult to establish where the ellipsoidal shape starts within + 0.050 inch. 

UG-81(b) restricts out-of-roundness, an aspect not 
covered by B16.9 even at the ends of fittings. However, the diametral 
tolerances of the ends gives an upper, limit to ovality at the ends. 
That is4 the ovality cannot exceed the sum of the over tolerance and 
under tolerance divided by tha nominal diameter. For 4" and larger sizes, 
these diameter tolerances limit the ovality of the outside of the ends to 
2.78 percent for the 4" size, 0.91% for the 48" size. 

It is deemed that end-tolerances are sufficient for out-of-
roundness control of the skirt of caps and that the "flat spot" tolerance 
of UG-32(p) is not useful for caps. The shape tolerance of UA-81(a), 
with increased limits, is deemed adequate for caps. Accordingly, the 
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"Supplementary Standard" for caps should have the requirement for caps 
that "The inner surface of the ellipsoidal portion of the cap shall not 
deviate from the specified shape by more than 2.5 percent of the inside 
diameter or 0.25", whichever is larger. Such deviations shall not be 
abrupt changes, shall be outside of the theoretical shape, and shall be 
measured perpendicular to the specified shape." 

Measured Weights and Dimensions 

Seven 4" Schedule 40 caps were obtained from four different manu-
facturers. Wall thickness measurements ranged from 0.210 to 0.301 inches; 
all are above the minimum o£ 0.875 x 0.237 = 0.207 inches. 

A photograph of a section through one of the caps is shown in 
Figure 9. It can be observed that it is difficult to identify just where the 
"skirt" ends and the "head" starts; particularly within an accuracy of 1.25 
percent of the diameter (0.050"). However, the authors would judge that 
the minor axis of the head is 1-3/16" inches and the major axis is about 2", 
The ratio of major-to-minor axis is about 1.7. An ellipse with this 
ratio is deemed acceptable. Looking at the shape from the stand-
point of the proposed tolerances and assuming the "specified" shape is 
a 2:1 ellipse, we note that the cap is within the proposed tolerances 
because the deviation is outside the theoretical shape and that deviation 
is less than 0.25". 

Weights of the seven caps ranged from 2.34 to 3.00 pounds with 
an average of 2.66 pounds. The calculated nominal weight, assuming a 
2:1 ellipsoidal inside shape, is given by: 

W n = 0.283 [(D + 2t) D 2 - (D - 2t)3] 

+ ir[E - (D + 2t)/4] (D - t) tj (10) 

Equation (10) for 4" schedule 40 caps (E = 2.5, D = 4.5, t = 0.237) 
gives a nominal weight of 2.44 pounds; the average weight of the seven 
caps examined was 2.66 pounds. 
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DESIGN ADEQUACY 

The purchaser of a B16.9 fitting for use in a Class 1 nuclear power 
plant system, under the rules of the Code, must obtain a large amount of infor-
mation on the material used in the fitting. He must obtain: 

(1) Certified mill test reports 
(2) Charpy V-notch tests and, if nominal thickness is greater 

than 2.5 inches, drop-weight tests and the nil ductility 
transition temperature 

(3) Nondestruct.ion examination of the entire volume of the 
metal in the fitting; or magnetic particle/liquid penetrant 
examination of inside and outside surface 

(5) If welded with filler metal, welds must be 100 percent 
radiographed and inspected by magnetic particle/liquid 
penetrant. Radiographic film and report must be provided 
with the certified mill test report. 

Further, the purchaser can inspect the fitting to see if the dimensions 
do meet B16.9. Having done all this, the most important aspect of the fitting 
is still unknown, i.e., is the basic design such that the fitting is suitable 
for its assigned pressure rating? We will discuss several aspects of this 
question in the following and summarize that discussion in the last chapter of 
this report in the form of a requirement in the "Supplementary Standard" entitled 
"Establishment of Design Adequacy". 

Calculated Design Adequacy 

The present editions of B16.9 and B16.28 require (see Section 8 of the 
standards) that the design adequacy of all fittings be established by bursting 

(4) strength tests. However, the MSS draft document states: 

"The design of elbows, returns, reducers, caps and stub ends may 
be established by mathematical analysis, or at the manufacturer's 
option, by proof testing In accordance with Section 8. The design 
of tees and crosses shall be established by proof test in accordance 
with Section 8." 
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It is pertinent to note that these sentences appear in recent drafts of B16.9 
and B16.28 and presumably will be incorporated in new editions of those standards. 
The authors are in sympathy with the objective; i.e., there are certain fittings 
such as caps and reducers where tha burst pressure is virtually certain to ex-
ceed the matching pipe burst pressure and hence bursting strength tests are a 
waste of money. However, "design...may be established by mathematical analysis" 
is deemed to be intolerably vague, at least for fittings for use in Class 1 
nuclear power plant piping systems. 

Design equations are given in the ASME Boiler and Pressure Vessel Code, 
Section VIII, Division 1, 1974 edition, for caps in UG-32 and for concentric 
reducers in UG-36(e). These are deemed appropriate for establishing the design 
adequacy of these fittings. 

Design equations are not given in Section VIII - Div. 1 for elbows 
and returns. The maximum membrane stress in an elbow or return, due to 
internal pressure, is given by the equation: 

= II 2R/r-l (11) 
° t ' 2(R/r-l) 

where a = maximum membrane stress, P = internal pressure, r = mean cross section 
radius of the elbow, t = wall thickness of elbow, and R = bend radius of the 
elbow. Equation (11) is based on the elastic theory of a thin-wall toroidal shell; 

(9) 
its derivation is given by Timoshenko . Noting that Pr/t is the hoop membrane 
stress in equivalent attached pipe, Equation (11) shows that o is 1.25 and 1.50 
times the maximum membrane stress in the pipe for R/r = 3 (long radius elbows) 
and R/r = 2 (short radius elbows), respectively. 

If a, as calculated by Equation (11), were limited to the allowable 
stress intensity given in the Code for the material used in the elbow or return, 
the resulting design would be conservative. The elbow wall thickness, at least 
in the region of maximum membrane stress, would have to be about 25 percent 
thicker than the minimum thickness of the matching pipe. This has an unde-
sirable effect, however, it would produce a discontinuity in wall thickness 
between the elbow and pipe. 

Equation (11) is not necessarily accurate for predicting the burst 
pressure of elbows. The reason is that Equation (11) is based on elastic theory 
ignoring "end effects" and thick-wall effects whereas the burst pressure involves 
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large plastic deformations. Indeed, test data on burst tests of 90° elbows 
indicates that the burst pressure of elbows is quite often equal to the calculated 
burst pressure of the matching straight pipe where that matching pipe is assumed 
to be of minimum thickness. This aspect has motivated acceptance of B16.9 elbows 
in NB-3642.2 without any requirement for added thickness to compensate for the 
higher elastic stress indicated by Equation (11). However, NB-3642.2 does re-
quire that short radius elbows under B16.28 be increased in thickness in the 
crotch region where the high membrane stress occurs. 

In view of the preceding discussion, it is recommended that the 
"Supplementary Standard" permit establishment of design adequacy by an analysis in 
which it is shown that the maximum membrane stress does not exceed the calculated 
hoop stress in the matching pipe. However, it is recommended that the manufac-
turer have the option of establishing the adequacy of elbows and returns by use 
of design proof tests. 

(4) 
The MSS draft standard requires that the design adequacy of tees 

and crosses be established by design proof tests. We concur with that concept; 
theoretical methods which will accurately predict the burst pressure of tees 
are nonexistent in-so-far as we are aware. 

Design Proof Tests 

At present, both B16.9 and B16.28 require that the adequacy of the 
design of fittings must be established by conducting bursting strength tests. 
The requirements in B16.9 are as follows. 

8 . B U R S T I N G S T R E N G T H 

The actual bursting pressure of the fittings covered 
by this standard shall at least equal the computed 
bursting pressure of seamless pipe of the schedule 
number (or wall thickness) and material designated 
by the marking on the fitting. To determine the 
bursting pressure of the fittings, straight pipe of the 
designated schedule (or nominal wall thickness) and 
material shall be welded to each end; each pipe being 
at least equal in length1 to twice the outside diameter 
of the pipe and having proper end closures, applied 
beyond the minimum length of straight pipe; hydro-
static pressure shall be applied until at least the com-
puted bursting pressure is achieved. 

The computed bursting pressure of the pipe, with 
which the actual bursting pressure of fittings shall be 
compared, shall be determined by the following 
formula: 

where 

P = bursting pressure of pipe, psi 
S = minimum specified tensile strength of pipe 

or of material of an equivalent grade, psi 

' The length o l pipe extensions for closures may be de-
creased to a min imum of one pipe diameter for pipe sizes 
14 in. and smaller, and one-half pipe diameter for pipe sizes 
larger than 14 in., providing the test pressure at least equals 
110 per cent o< the computed pressure given in the equation 
above. 
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t - minimum pipe wall thickness, inches. For 
the puiposc of this formula t is defined as 
87(6 per cent of the nominal thickness of 
the pipe for which the fitting is recom-
mended for use. 

D = specified outside diameter of pipe, inches. 

Since the above formula is applicable only to 
straight pipe, it cannot be used for a direct computa-
tion of the bursting pressure of fittings. Their ability 
to withstand bursting pressures shall be gaged only by 
comparing their behavior on test with the calculated 
bursting pressure of straight seamless pipe of the 
designated wall thickness and material. 

The pipe used for connecting ends o f fittings to 
the end closures may be seamless or welded. If its 
wall thickness at the inside diameter at the ends ex-
ceeds nominal wall thickness by more than 15 per-
cent, it may be reduced by counter-boring or taper-
boring at a siope not exceeding 1:3. 

There is an ambiguity in the quoted requirement when applied to 
reducing fittings. For example, in a 12 x 6 schedule 40 tee: 

t D t/D 
12-inch ends 0.355 1~2.75 0.0279 
6-inch end 0.245 6.625 0.0370 

The appropriate, and presumably intended interpretation, is that in the calcula-
tion of P, the smaller value of t/D should be used. 

The analogous section 8 in B16.28 is essentially the same, except 
that Footnote 1 and the last paragraph does not appear in B16.2S. These con-
stitute an important difference in the dimensional requirements for the 
attached pipe used in conducting the tests. 

Dimensions of Attached Pipe 

The basic intent of the burst test is to demonstrate that the fitting, 
as installed in a pipe line, will nave a burst pressure essentially equal to 
or greater than "matching" pipe, where matching pipe is defined as the pipe 
for which the fitting is recommended for use and so identified by the marking 
on the fitting. The burst pressure of anything other than a straight pipe of 
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effectively .infinite length is difficult to calculate. For "long" straight 
pipe, the burst pressure is reasonably well given by the equation 

P, = 2 S t/D , (12) b u m ' 

where P^ is the burst pressure, S^ is the ultimate tensile strength of the 
material, t is the pipe-wall thickness, and D^ is the mean pipe diameter. 
However, if the pipe is "short", for example, a one-diameter length between 
two heavy flanges, Equation (12) is not applicable. The burst pressure of the 
short, flanged pipe would depend upon the material ductility and might range 
from the pressure given by Equation (12), for a very brittle material, to 2 or 
3 times the pressure given by Equation (12), for a very ductile material. 

Analogously, the burst pressure of a fitting depends to some unknown 
extent on what is attached to the ends of the fitting for the burst test. If, 
for example, flanges were attached directly to the ends of an elbow for the 
burst test, the burst pressure of the elbow might be increased substantially 
over the burst pressure of the same elbow with "long" straight pipes attached 
to the ends of the fitting; with appropriate closures on the far ends of the 
attached pipes. In field installations, the attached pipes may be "long" and 
thus the test would not provide the correct burst pressure of the fitting as 
it might be used in the field. 

The question arises: How long does a straight pipe have to be to 
simulate an effectively infinitely long pipe? In considering this problem one 
may think of the attenuation length equation, L = constant x where the 
constant is a number like 1 or 2. However, the attenuation length concept 
is not applicable for two reasons. First, even in the elastic regime, it is 
applicable only to axisymmetric edge moments and radial forces; the loads in 
a fitting test are not necessarily axisymmetric and may include axial forces. 
More important, the burst test involves the extreme plastic regime where the 
foundation length concept is not applicable. 

The authors are not aware of any data which quantitatively answers 
the question of how long an effectively infinitely long pipe is. Until recently 
the pipe lengths for fitting burst tests were required to be at least two 
diameters. From examination of fitting burst tests, it appears that a 
two-diameter pipe length is effectively infinitely long in-so-far as the test 
burst pressure of fittings is concerned. Footnote 1 implies that using one 
diameter or one-half diameter pipe lengths will not increase the burst pressure 
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by more than 10 percent. We are not aware of any data that would con-
firm this implication and recommend that the two-diameter length should 
be used until such data are available. 

The second sentence of the last paragraph of the quote from B16.9 
might be intrepreted as meaning that the straight pipe legs could be thicker 
than the matching pipe. If so interpreted, this could also lead to the use of 
pipe legs which are not representative of field conditions; e.g., schedule 160 
attached pipe could be used to test a schedule 10 fitting. However, in the 
following portion of this report, we will recommend a more meaningful proof 
test pressure criterion and, to use that criterion, it is necessary to permit 
the attached pipe to be somewhat thicker than "matching" pipe. 

Test Fitting Material Properties 

The computed burst pressure is equal to P = 2St/D, where S is the 
minimum specified tensile strength of (presumably) the material used in the 
fitting. If, for example, the fitting were made of SA-106 Grade B material, 
then S = 60,000 psi. However, there is nothing in B16.9 or B16.28 that pro-
hibits tests on fittings with actual material tensile strength that is sub-
stantially higher than minimum; e.g., SA106 Grade B material that happened to 
have a tensile strength of 75,000 psi. The test would not necessarily repre-
sent other fittings of the same dimensions because such fittings might be 
made of material at or near the minimum specified tensile strength. To con-
trol this aspect, it is recommended that a computed proof test pressure be 
obtained by the equation: 

2 S t 

where S^ is the actual tensile strength of the material used in the test 
fitting as determined by tensile tests on coupons that are representative 
of the material in the test specimen. The required minimum proof test pres-
sure is to be equal to P . c 

The use of Equation (13) introduces a minor problem in the maximum 
permissible nominal thickness of the attached pipe. If that nominal thickness 
is limited to the nominal thickness of the "matching" pipe and if the fitting 
material happens to have a high tensile strength while the attached pipe has a 
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low tensile strength, and if the attached pipe happens to have a fairly long 
area of minimum wall thickness, then the pipe legs would rupture before attain-
ing the proof test pressure, P . The manufacturer could, of course, select 
pipe for attachment with high tensile strength and/or thickness not less than 
nominal. However, this could be expensive. An acceptable alternate Is to 
permit the nominal thickness of the attached pipe to be a maximum of 1.5 times 
the nominal thickness of the matching pipe. To partially alleviate the potential 
reinforcing effect of thicker attached pipe, such pipe should be tapered on the 
fitting end to the thickness of the matching pipe; that taper having a slope 
(length-to-depth ratio) of at least 4 to 1. 

Selection of Fittings for Test 

Figure 5 shows a 4 x 2 schedule 80 tee with a ratio of measured to 
calculated [by Equation (5)] weight of 1.11. Judging from the dimensions, it 
is not apparent that this tee would have a burst pressure equal to 4-inch 
schedule40 pipe made of the same material as the tee. It is pertinent to note 
that using the catalog weight given by the manufacturer of this tee, the ratio 
of catalog weight to calculated weight is 1.76. Now, the manufacturer may have 
established the adequacy of his 4 x 2 schedule 80 tees weighing 18.5 lb (catalog 
weight), but the tee furnished (purchased to B16.9) weighed only 11.7 pounds. 
This raises a question as to how the fitting manufacturer selects a particular 
fitting for the burst test. 

Standards B16.9 and B16.28 do not give any guidance for selecting 
(4) 

the fitting for burst test. The MSS draft standard is an improvement in this 
respect in that it states that the fittings selected for test should be "repre-
sentative of production". However, for fittings intended for use in Class 1 
nuclear power plant piping, this guidance is deemed to be inadequate. A fairly 
simple additional measurement is to weight the test fitting. The manufacturer 
could be required to estimate the minimum weight of that fitting in production 
and select a test fitting with a weight not greater than 1.1 times the anticipated 
tiiinimum production weight. 
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Records of Proof Testa 

Standards B16.9 and B16.28 are completely silent on what records, if 
any, are required for burst tests and what should be contained in these records. 
This Is deemed to be unacceptable for fittings for use in Class 1 nuclear 
power plant piping systems. 

(4) 
The MSS draft standard has made a good start by inclusion of the 

requirement "Records of design or successful proof tests shall be available at 
the facility for inspection by the purchaser." It is recommended that the 
"Supplementary Specification" include a requirement under "Design Proof Tests" 
as follows. 

"Records of successful proof tests shall contain at least the 
items shown in Table 12. Records of such tests shall be made 
available to the purchaser upon request." 

Extrapolation of Test Results 

As discussed in preceding chapters of this report, B16.9 fittings 
are not geometrically similar as the nominal size changes. This is particu-
larly true of tees and thus a test on a 4 x 4 tee does not necessarily prove 
the adequacy of the 24 x 24 tee. However, it is not deemed necessary to test 
every size and t/D ratio and material; this would be prohibitively costly. 
Yet, some limits are needed for extrapolation of test results. The MSS draft 

(4) 
standard contains such limits which are a major step in this direction. 
The requirements are: 

8.3 It is not necessary to conduct an individual test on 
fittings with all combinations of sizes, wall thickness, 
and grade of steel. A successful proof test on one 
prototype fitting may represent others to the extent 
described herein. 

8.3.1 One test fitting may be used to qualify similar ones 
no smaller than one-half nor larger than two times the 
size of the test fitting. 
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TABLE 12. ITEMS TO BE INCLUDED IN RECORDS OF DESIGN PROOF 
TESTS (ADDITIONAL INFORMATION MAY BE INCLUDED AT 
MANUFACTURER'S OPTION) 

(1) Fitting Type, Nominal Dimensions and material 
(For example, 10 x 10 tee, Schedule 40, A106 Grade B). 

(2) Weight of test fitting in pounds [Must not be more than 1.1 times 
the weight of Item (2)] . 

(3) Anticipated weight (pounds) of the lightest production fitting. 
(4) Length, nominal wall thickness, material, and weight (pounds) 

of each pipe attached to the test fitting for the test. 
(5) Actual tensile strength of material used in the test fitting. 
(6) Computed proof test pressure. 
(7) Pressure gage identification and date of most recent calibration. 
(8) Maximum pressure applied in test. 
(9) Rupture location, if rupture occurred. 
(10) Date of test. 
(11) Signature of manufacturer's employee who witnessed the test. 
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8.3.2 The test on a nonreducing fitting qualifies for reducing 
fittings of the same pattern. 

8.3.3 The untested fitting must have a t/D ratio not less than 
one-half not more than two times the t/D ratio of the test 
fitting. 

8.3.4 The proportions of the body sections of untested sizes must 
have the same or safer ratios as the test fitting. 

8.3.5 The pressure retaining capacity of a fitting made of various 
grades of steel will be essentially directly proportional 
to the tensile properties of the various grades. Hence, it 
is necessary to test a prototype in only a single grade to 
prove the geometric design of the fitting. 

Some general comments on the above rules are: 

(1) The rules appear to be written for nonreducing fittings and reducing tees. 
Note that extrapolation is not defined for reducers or reducing elbows. 
Neither size nor t/D is defined for reducing fittings. 

(2) There are some undefined terms i.e., (a) What is meant by "similar ones" 
in 8.3.1? Does this mean exactly geometrically similar? Is a 45° elbow 
similar to a 180° return? (b) What is mean by "same pattern" in 8.3.2? 
(c) What is meant by "the same or safer ratios" in 8.3.4; in particular 
what ratios and what is a "safer ratio"? 

Not knowing what is meant by "same pattern" and "safer ratios", the 
requirement of 8.3.2 seems open to question. The reason for this question is 
illustrated by the following weights of tees taken from a catalog of a major 
manufacturer of butt welding fittings. 

Run 
Nom Size 

Branch 
30 
16 

Weight, 
pounds 

30 1510 
921 30 

It is not apparent that a test on the 30 x 30 tee necessarily establishes the 
adequacy of the design of the 30 x 16 tee. 
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It is easy enough to critize the rules from the MSS draft docu-
ment but development of better extrapolation rules is difficult. The 
objective is to develop a set of extrapolation limits which give reasonable 
assurance that the fitting designs are basically adequate. The limits 
should be technically sound, expressed in terms which are clearly under-
standable by both manufacturer and purchaser, and not such as to cause 
unnecessary expense in established design adequacy. The task is somewhat 
easier for this report because we. are permitting design adequacy to be 
established by proof tests only for non-reducing elbows, returns, straight 
tees and reducing tees. 

The portion of the "Supplementary Standard" under "7.2.6 Extra-
polation Limits" contains our recommendations for this difficult subject. 
We have tried to define by specific requirements what may be implied by 
vague terms used in the MSS draft document; e.g. "similar ones", "same 
pattern" and 'the same or safer ratios". 

The requirements for elbows and returns are deemed to be 
relatively straightforward. 7.2.6 b(l), in effect, says that tests of 
long radius elbows cannot be used to establish the design adequacy of 
short radius or vice versa. Possibly this is what was meant in the MSS 
draft document by "same pattern". 7.2.6 b(2) is somewhat more conservative 
than the MSS draft document; which permits D/T of the untested fitting 
to range between 0.5 and 2.0. This also applies to item c(2) for tees. 
Item b(3) recognizes that elbow burst capacity, because of end-effects, 
is dependent upon the angle and perhaps quantifies 'the same or safer 
ratios". 

The requirement for straight tees in 7.2.6 c(2) is based on the 
hypothesis that the value of (C-D/2)/D is a significant ratio in tee 
design and that a large ratio is a "safer ratio" than a small ratio. These 
ratios are tabulated in Table 4. 

The weight ratio requirements of 7.2.6 c(3) for tees represent 
the most complex part of the proposed extrapolation limits and merit 
some discussion. First, from a purely technical aspect, it would be 
desirable to directly control the cross sectional area in the crotch plane. 
However, just how these areas should be permitted to vary and still main-
tain safe extrapolation limits is not known . There are also practical 
problems in measuring and recording the area of the crotch plane. 
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Accordingly, we have chosen to use an indirect control by means of weights. 
The obvious advantage is that this is an easy measurement for the manu-r 
facturers to make and record. Further, the purchaser can readily determine 
the weight of his purchased tees and obtain a significant check of the 
design adequacy of the tee. He will also, under 4.4, have the weights 
furnished to him by the manufacturer. 

An underlying hypothesis, in using weight ratios for control 
of extrapolation, is that the pressure-strength of tees is proportional 
to the ratio where W^. is the weight of a tee (tested or untested, 
straight or reducing) and W^ is the nominal weight calculated by equation 
(5). This is basically an engineering judgement. The hypothesis is 
easily violated if, for example, a tee has most of its weight away from 
the crotch area. However, use of the weight ratio is deemed to be a 
feasible control and better than no control at all. 

The significance of the weight ratio control can be illustrated 
by use of data contained in Table 7. As a specific example, let us assume 
that Manufacturer A chose to test and successfully tested a 12 x 12 std. wt. 
tee and the tested tee happened to have a weight ratio of 1.28. By item 
7.2.2., this test would directly establish the design adequacy of all 
12 x 12 std. wt. tees with a weight ratio of 1.28/1.1 or greater. If 
the manufacturer estimated that the minimum production weight of his 
8 x 8 tees would not be less than 0.80 times his catalog weight for that 
tee, then the 12 x 12 test could be used to validate the design of his 
8 x 8 tees; i.e. 1.44 x 0.80 = 1.152 is 0.9 x 1.28. The 12 x 12 test 
could also be used to validate his 16 x 16 tee, provided the estimated 
minimum production weight was not less than 0.829 times the catalog weight. 
Similarly the 12 x 12 test could be used to validate 12 x 6 and 16 x 6 tees, 
with minimum production/catalog weight ratios of 0.84 and 0.82, respectively. 
However, note that a test on an 8 x 8 tee (with the same assumptions of 
minimum production/catalog weight ratios) could not be extrapolated to the 
12 x 12 tee. This is the intent of the requirements; i.e. to require the 
manufacturer to test tees with the "least safe ratios"; and permit him to 
extrapolate these tests to tees with "safer ratios". 
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RECOMMENDED SUPPLEMENTARY STANDARD 

Title; Supplementary Standard for Factory-Made Wrought Steel Buttwelding 
Fittings for Use In Class 1 Nuclear Power Plant Piping 

1. SCOPE 

This standard is intended to supplement the dimensional requirements 
given in ANSI B16.9 and ANSI B16.28 made of materials included in ASME specifi-
cations SA-234 and SA-403. This standard covers 90° elbows (not reducing), 
45° elbows, 180° returns, straight tees, reducing tees, concentric reducers and 
caps. 

The objective of this standard is to: 

1.1 Provide fittings which are suitable for application of the stress indices 
and flexibility factors given in NB-3600 of the ASME Boiler and Pressure 
Vessel Code, Section III, Division 1, Nuclear Power Plant Components. 

1.2 Provide the piping system designer with additional dimensional data 
needed to perform appropriate stress calculations. 

In case of conflict between this standard and ANSI B16.9 or ANSI B16.28, the 
requirements of this standard are applicable. 

2. WELDING 

The only welding permitted shall consist of longitudinal butt welds in elbows, 
returns, tees and reducers. Where a longitudinal butt weld is used, its character-
istics shall be identified by the manufacturer as indicated in Footnote (1) to 
Table NB-3683.2-1 of the ASME Boiler and Pressure Vessel Code, Section VIII-
Division 1, 1974 edition. This information shall be furnished with the quotation. 

3. 90° AND 45° ELBOWS AND 180° RETURNS 

3.1 Elbows and returns must be manufactured to a fixed radius that provides 
the "A" dimension shown in B16.9 or B16.28. 

3.2 The maximum out-of-roundness throughout the body shall be established by 
the manufacturer and furnished with the quotation. Out-of-roundness is 
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defined as the difference between maximum and minimum outside diameters 
measured on any radial cross section. The out-of-roundness limit is 
mandatory for fittings furnished by the manufacturer under the particular 
quotation, 

3.3 The manufacturer shall include the weight (pounds) applicable to his 
quotation. These weights shall be considered mandatory, within + 20%, 
for elbows furnished by the manufacturer under the particular quotation. 
Elbows shall be weighted prior to shipment by the manufacturer and the 
weight of each elbow shall be recorded and furnished to the purchaser. 

4.1 Outlet dimension M shown in ANSI B16.9 for run sizes 26 inch and larger 
(indicated as optional in ANSI B16.9) shall not be decreased but, upon 
mutual agreement of purchaser and manufacturer, may be increased. 

4.2 The exterior of the transition surface between run and outlet portions 
of the tee shall consist of a smoothly contoured surface with a crotch 
radius, as defined in Figure 4.2, of not less than O.ld, where d is the 
nominal outside diameter of the outlet matching pipe. 

4. TEES 

rc = crotch radius 

FIGURE 4.2. DEFINITION OF CROTCH RADIUS 
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4.3 The minimum wall thickness throughout the body shall not be less than 
0.875 t^, where t is the nominal wall thickness of the matching run 
pipe; except that for reducing tees in and immediately adjacent to the 
reduced end, the minimum wall thickness shall not be less than 0.875 t^, 
where t, is the nominal wall thickness of the outlet matching pipe, b 

4.4 Tees shall be weighed prior to shipment by the manufacturer and the 
weight of each tee shall be recorded and furnished to the purchaser. 

5. CONCENTRIC REDUCERS 

5.1 The minimum wall thickness throughout the body shall not be less than 
0.875 t^, where t^ is the nominal wall thickness of the large-end 
matching pipe except that: in and immediately adjacent to the small-end 
cylindrical section, the minimum wall thickness shall not be less than 
0.875 t£, where t2 is the nominal wall thickness of the small end matching 
pipe. 

5.2 The manufacturer shall submit the following additional data (see Figure 5.5) 
applicable to his quotation. 

(a) Tangent lengths, L^ and I^, inches 
(b) Transition radii, T and r2 inches 
(c) Cone angle, a, degrees. 

These dimensions shall be considered mandatory for reducers furnished 
by the manufacturer under the particular quotation. The following 
tolerances shall apply. 

(a) Tangent lengths: larger of + 1/4 inch or + 10 percent of nominal 
length 

(b) Transition radii: + 25 percent of nominal radii 
(c) Cone angle: quoted cone angle is the maximum cone angle. 

6. CAPS 

6.1 The head portion of the inside shape of caps shall be ellipsoidal with 
a major-to-minor axis ratio of not greater than 2.0. 
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FIGURE 5.5. DEFINITION OF TANGENT LENGTHS, TRANSITION 
AND CONE ANGLE FOR CONCENTRIC REDUCERS 

RADII 



56 

6.2 The inner surface of the elliptical portion of caps shall not deviate 
from the specified shape by more than 2.5 percent of the inside diameter 
or 0.25 inch, whichever is larger. Such deviations shall not be abrupt 
changes, shall be outside the theoretical shape, and shall be measured 
perpendicular to the specified shape. 

7. ESTABLISHMENT OF DESIGN ADEQUACY 

The adequacy of the design of concentric reducers and caps shall be 
established by calculations in accordance with 7.1. The adequacy of the design 
of elbows and returns may be established by calculations in accordance with 7.1, 
or, at the manufacturer's option, by proof test in accordance with 7.2. The 
adequacy of the design of tees shall be established by design proof tests in 
accordance with 7.2. 

7.1 Calculated Design Adequacy 

7.1.1 The design of elbows and returns is considered acceptable if the maximum 
membrane stress due to internal pressure does not exceed the calculated 

* hoop stress in the matching pipe. 

7.1.2 The design of concentric reducers and caps is considered acceptable if 
the design meets the requirements of the ASME Boiler and Pressure Vessel 
Code, Section VIII - Div. 1, 1974 edition. 

7.1.3 Calculations used to establish the design adequacy of fittings shall be 
made available to the purchaser upon request. 

7.2 Design Proof Tests 

7.2.1 Records of successful proof tests shall contain at least the items shown 
in Table 7.2. Records of such tests shall be made available to the 
purchaser upon request. 

7.2.2 Fittings that are representative of production shall be selected for 
test. The test fitting shall not weight more than 1.1 times the minimum 

* The term "matching pipe" is used herein to identify the pipe dimensions and 
material designated by the marking on the fitting. 
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TABLE 7.2. Items to be Included in Records of Design Proof Tests 
(Additional Information may be Included at Manufacturer's 
Option) 

(1) Fitting Type, nominal dimensions and material 
(For example, 10 x 10 tee, Schedule 40, A106 Grade B). 

(2) Weight of test fitting in pounds [Must not be more than 1.1 times the 
weight of Item (3)]. 

(3) Anticipated weight (pounds) of the lightest production fitting. 
(4) Length, nominal wall thickness, material, and weight (pounds) of each 

pipe attached to the test fitting for the test. 
(5) Actual tensile strength of material used in the test fitting. 
(6) Computed proof test pressure. 
(7) Pressure gage identification and date of most recent calibration. 
(8) Maximum pressure applied in test. 
(9) Rupture location, if rupture occurred. 
(10) Date of test. 
(11) Signature of manufacturer's employee who witnessed the test. 
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anticipated weight of that fitting in production. 

7.2.3 Straight pipe sections shall be welded to each end of the fitting. Each 
pipe section shall have a length at least equal to twice the outside 
diameter of the matching pipe, with appropriate end closures applied 
beyond the minimum length of the pipe section. The nominal thickness 
of the pipe sections shall not exceed 1.5 times the nominal thickness 
of the matching pipe. If the nominal thickness of the pipe section is 
greater than the nominal wall thickness of the matching pipe, the fitting-
end of the pipe section shall be tapered to the thickness of the matching 

v-
pipe; that taper shall have a slope (length-to-depth ratio) of at least 
4:1. 

7.2.4 Internal pressure shall be applied and increased until either rupture 
occurs or to a pressure of 1.05 times the computed proof test pressure. 
The computed proof test pressure is defined by the equation: 

p = computed proof test pressure, psi. c 
S = the actual tensile strength (in psi) of the material of the test ci 

fitting (determined on specimens representative of the material 
of the test fitting), 

t = 0.875 times the nominal thickness of the matching pipe, in. 
D = outside diameter of the matching pipe, in. 

For reducing fittings, t and D shall be taken as that combination which 
gives the smaller value of t/D. 

7.2.5 Design adequacy is considered to be demonstrated if either rupture occurs 
at a pressure equal to or higher than Pc> or if 1.05 is held without 
rupture. 

7.2.6 Extrapolation Limits. It is not necessary to conduct an individual test 
on all combinations of sizes, wall thickness and materials. A successful 
proof test of a test fitting may be used to qualify the design of other 
fittings within the limits of extrapolation defined herein. 

(a) Nomenclature 

T = nominal wall thickness (in.) of matching pipe (run pipe 
for reducing tees) 
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D = nominal outside diameter (in.) of matching pipe (run pipe, 
for reducing tees) 

W m = estimated (by manufacturer) minimum production weight (pounds) 
of untested tee 

W = actual weight (pounds) of tested tee 

W = nominal weight (pounds) of tested tee 

= nominal weight (pounds) of untested tee 

W and W n u are to be calculated using the following equation: 

W n = p[2nCT (D-T) + ir (M-D/2) t (d-t) + (d-t) (D-T) (1-cos a ) T 

- Tr(d-t) (D-T) a T/A] 
3 

p = density of material used in tee, pounds/in 

C = center-to-end of run and outlet of straight tee, in. 

M = center-to-end of outlet of reducing tee, in. 

t = nominal wall thickness of reducing tee outlet matching pipe, in. 

d = nominal outside diameter of reducing tee outlet matching pipe, in. 

a - angle whose sine is (d-t)/D-T) 

(b) Elbows and returns (noilreducing) 
A test on one nominal size may be used to qualify other sizes that 
range from 0.5 to 2.0 times the test fitting size provided: 
(1) The tested and untested fittings are either all in accordance 

with B16.9 or all in accordance with B16.28. 
(2) The D/T ratio of untested fittings is between 0.5 and 1.5 times 

the D/T ratio of the tested fitting. 
(3) The angle of untested fittings is not larger than the angle of 

the tested fitting. (For example, a 90° elbow test can be 
used to qualify a 45° elbow, but a 45° elbow test cannot be 
used to qualify a 90° elbow.) 
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(c) Tees, straight 

A test on one nominal size may be used to qualify other sizes that 
range from 0.5 to 2.0 times the test tee size provided: 

(1) The D/T ratio of untested tees is between 0.5 and 1.5 times 
the D/T ratio of the tested tee. 

(2) The (C-D/2)/D ratio of untested tees is noc more than 1.25 
times the (C-D/2)/D ratio of the tested tee. 

(3) The W /W ratio of untested tees is not less than 0.9 times m nu 
the W /W ratio of the tested tee. t nt 

(d) Tees, Reducing 

(1) A test on a straight tee may be used to qualify reducing 
tees within the range of run aizes, dimensional ratios and 
weight ratios given in (c). 

(2) A test on a reducing tee may be used to qualify other 
reducing tees within the range of run sizes, dimensional 
ratios and weight ratios given in (c), except the restric-
tion of c<2) does not apply, provided that, in addition, 
the d/D ratio of untested reducing tees is not more than 
1.1 times the d/D ratio of the tested reducing tee. 

(e) Material Properties 

Tests of fittings made of any grade of material included in 
ASME Specifications SA-234 and SA-403 shall be considered as 
qualifying the basic design for all other materials included 
in SA-234 or SA-403. 
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