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FOREWORD

The work reported here was performed under the direction of the Oak
Ridge National Laboratory (ORNL) in support of the ORNL Piping Program for
the U.S. Atomic Energy Commission prior to formation of the U.S. Depart-
ment of Energy. The experimental work was done at Southwest Research In-
stitute (SwRI), and the data were analyzed and tabulated at ORNL. The
material presented in this report was collected and summarized at Mechan-
ics Research Institute (MRI) under subcontract to ORNL. Publication of
the report was funded by the David W. Taylor Naval Ship Research and De-
velopment Center (DTNSRDC), Annapolis, Maryland, under contract No. 61533-
80-G0-00016. L. M. Kaldor, Code 2744, DTNSRDC, is the project engineer.
S. E. Moore, Engineering Technology Division, ORNL, is the program

manager.
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EXPERIMENTAL STRESS ANALYSIS AND FATIGUE TESTS
OF FIVE 12-in. NPS ANSI STANDARD B16.9 TEES

S. E. Moore S. C. Grigory*
R. A. Weedt

ABSTRACT

Experimental stress analyses and low-cycle fatigue
tests of five 12-in. ANSI Standard B16.9 forged tees are
documented in this report. The tees, designated as Oak
Ridge National Laboratory (ORNL) tees T-4, T-6, T-7, T-8,
and T-15, were tested under subcontract at Southwest Re-
search Institute, and the data were analyzed at ORNL.

Experimental stress analyses were conducted for 13 in-
dividual loadings on each tee, including internal pressure
and 3 mutually perpendicular force and moment loads on the
branch and on the run. Each test model was instrumented
with ~220, 1/16-in. three-gage, 45° strain rosettes on the
body of the tee, and ~10, 1/16-in. two-gage, strain rosettes
on the pipe extensions. Dial indicators, mounted on a spe-
cial nonflexible holding frame were used to measure deflec-
tions and rotations of the pipe extensions. Normalized
maximum stress intensities for each loading condition on
each tee are summarized in the text. Complete sets of
strain—-gage data, normalized stresses, and displacement mea-
surements for each tee are given on microfiche in the appen-—
dixes.

Following completion of the strain—gage tests, each
tee was tested to failure in a fully reversed displacement-
controlled low-cycle fatigue test with an alternating trans-
verse load applied to the branch pipe. The load was di-
rected out of plane for T-4, T-6, T-8, and T-15; and in
plane for T-7. A constant internal pressure equal to the
nominal design pressure was maintained during the fatigue
tests. Failure data from the fatigue tests are summarized
in the text.

Keywords: experimental stress analysis, fatigue, nu-
clear piping, piping design, ANSI B16.9 tees.

1. INTRODUCTION

This report documents a series of experimental elastic-response

stress analyses and subsequent low-cycle fatigue—to—failure tests of five

*Southwest Research Institute.

tMechanics Research Institute.



12-in, ANSI Standard B16.9 forged piping tees performed in support of the
ORNL'Piping Program.! The tests were conducted at Southwest Research In-
stitute (SwRI), and the data were analyzed at Oak Ridge National Labora-
tory (ORNL). The material presented in this report was collected and sum-
marized at Mechanics Research Institute (MRI).

The ANSI B16.9 tees are a class of commercially available butt-weld-
ing piping products fabricated in accordance with either the ANSI B16.9%
or the MSS-SP48 manufacturing standard.2>3 These standards include dimen-—
sional and basic strength requirements for the fittings (piping products)
as well as controls for certain other manufacturing variables. Fabricated
fittings employing intersection welds, however, are considered as "pipe
fabrication” and, as such, are specifically excluded.

In the design rules for nuclear piping systems, ANSI Bl16.9 tees are
recognized as a class of piping products distinct from other types of tee
joints. They are characterized by a smooth transition region? between the
branch and run outlets and are normally formed from a segment of straight
pipe using an external surface die and some means for extruding the branch
outlet. Ratios of the outside diameter of the branch to the outside di-
ameter of the run (do/Do) lie within the range of approximately 1/3 to 1,
because the manufacturing standards do not include dimensions for smaller
reductions.

The objective of this investigation on ANSI Bl16.9 tees was essen—
tially to provide sufficient baseline structural response-to—load informa-
tion to evaluate and/or improve the adequacy of current design rules and
criteria for nuclear power plant piping systems as defined in Sect. III,
Div. 1, of the ASME Boiler and Pressure Vessel Code (hereinafter referred
to as the Code).* However, because of the fundamental nature of the in-
vestigations, the information obtained will be useful in a much broader

range of piping system design applications.

*The American National Standards Institute (ANSI) was formerly the
American Standards Association (ASA).

tDimensional details describing the geometry of the transition region
are not included in the standard, and it is only because of established

practice of the major suppliers that we may claim that a smooth transition
is characteristic of B16.9 tees.



Specifically, the objectives of the tests described in this report
were to obtain sufficient experimental elastic stress—strain—-deflection

data and fatigue-to—failure results from each tee to make it possible to:

1. experimentally describe the elastic-stress distributions over the body
of each tee for internal pressure and for a complete set of direct
force and moment loading conditions (13 different loadings);

2. locate the maximum stresses and determine their magnitudes for each
loading condition;

3. determine differences in stress distributions and magnitudes for nomi-
nally identical tees supplied by different manufacturers;

4., determine the relative importance of transverse shear force and bend-
ing moment loads on tees in a piping system;

5. provide experimental benchmark data for comparison with analytical
solutions and photoelastic model studies;

6. determine experimental values for the stress indices and flexibility
factors for individual and combined loading conditions for comparison
with Code values; and

7. provide component fatigue—to-~failure data for comparison with Code de-

sign criteria and analysis procedures.

The experimental stress analyses and low-cycle fatigue tests were
performed at SwRI on the five 12-in. tees listed in Table 1.1, including
two full-outlet sched-80 carbon steel tees, one full-outlet sched-160
stainless steel tee, and two reducing-outlet sched-40 stainless steel tees
obtained from three different manufacturers as indicated. The tees were
off-the-shelf products selected by the manufacturers to represent products
that would normally be supplied to the builder of a nuclear power plant.
When the tees were received, they were inspected, weighed, and measured in
the ORNL Inspection Engineering Department. As far as could be deter-
mined, there was nothing unusual about the tees, which were, in fact,
representative of "standard” products.

Plastic model replicas of the two sched-40 and two sched-80 tees were
made in the Laboratory Division, Oak Ridge Gaseous Diffusion Plant, to
provide hard model records of the shape of the tees and for uses such as

laying out strain gages and demonstration. Attempts to make a plastic



Table l.1l. ORNL tee designations

gze Nominal size Material® Manufacturer
T-4 12 x 12 x 12 in. sched 80 C I
T-6 12 x 12 x 12 in. sched 80 C III
T-7 12 x 12 x 12 in. sched 160 SS IL
T-8 12 x 12 x 6 in. sched 40 SS II
T-15 12 x 12 x 6 in. sched 40 SS I
9c = Al06 Grade B carbon steel; SS = type 304L stainless
steel.

model of the sched-160 tee were unsuccessful because of the heavier wall
thickness and excessive shrinkage of the plastic during curing.

The tests were conducted at SwRI in accordance with Union Carbide Job
Specifications JS-115-229 and JS-115-235, which are included in Appen-—
dix I. All the deSign, fabrication, and test work was conducted at SwRI
in accordance with rather detailed instructions and guidelines specified
by ORNL. Prior approval was required for all critical operations, includ-
ing welding ﬁrocedures and welder qualifications for the pipe-to—tee
joints, strain-gage and dial indicator layout and placement, loading fix-
tures and application, strain-gage readings and data reduction, and load-
ing conditions and operation of the fatigue tests. SwRI was responsible
for the design and construction of the load frames, fabrication of the
test assemblies, instrumentation and operation of the tests, reduction of
the raw data to engineering strains and»stresses, and transmittal of the
data to ORNL for further evaluation and analysis.

Chapter 2 of this report includes a detailed description of the test
setup and the test procedures used by SwRI. The series of tests performed
on each tee included a preliminary brittle lacquer test to establish the
adequacy of the strain-gage coverage, a series of elastic-response strain-
gage tests, and a low-cycle fatigue-to—-failure test. The bulk of the con—
tent of Chap. 2 was abstracted from SwRI test reports.5'9



Chapter 3 contains a complete discussion of the results from the
elastic-response strain—gage tests. The elastic strain—-gage data reduc-
tion and analysis procedure is described in Sect. 3.l. In general, the
procedure was as follows. The computer code NOSEY!0 was used to check the
data for linear elastic behavior. Data points that deviated excessively
from linearity were rejected, and appropriate notations were made in the
computer program output. Stresses were then calculated and tabulated (in
normalized form) from the data that passed the screening tests. Stresses
calculated using strain data from gages where part of the data had been
rejected were then checked by the analyst for anomalous behavior and ad-
justed if necessary. The adjustments were based on comparison with re-
sults from load cases and geometries known to give comparable stress solu-

tions.

The final adjusted results from the elastic~response tests were then
tabulated, summarized in the form of normalized stress intensities and ex-—
perimental stress indices, and used to construct graphical contour plots
for easier interpretation. Experimental values for the individual~load
stress indices are tabulated and discussed in the body of the text. Be-
cause of the large amount of data obtained from the tests, the majority of
these data are presented in the appendixes on microfiche at the end of the
report for those readers needing benchmark information. Results from the
initial data reduction, screened and tabulated by NOSEY, are given in Ap-
pendix VI. Listings of the final adjusted normalized stress intensities
for each gage site and each load condition are given in Appendix VII.
Comparable information is presented graphically in Appendix VIII. Mate-
rials given in Appendix VIII include plots of normalized stress intensity
vs projected distance along strain—-gage lines, stress intensity vs angular
distance around the branch, and stress—intensity contour maps. Except for
the contour maps, all the adjusted data points are identified in the fig-
ures. A representative set of the data (for internal pressure) given on
microfiche in Appendixes VI, VII, and VIII is included in Chap. 3. Com-
plete sets of dial indicator displacement data are given on microfiche in

Appendix IX.



Results from the fatigue-to-failure tests are discussed in Chap. 4.
The fatigue tests were intended to provide component failure data within
the range of 500 to 100,000 cycles using the most severe applied bending
mode (on the branch) as determined from the experimental stress analysis
tests. The target failure point selected for all five tees was 7,000
fully reversed displacement-controlled bending cycles, which corresponds
to the logarithmic mean between 500 and 100,000 cycles. The tests were
run with a constant hydrostatic internal pressure equal to the maximum
Code-allowable design pressure for the pipe extensions and a cyclic bend-
ing load based on the maximum stresses obtained from the experimental
stress analyses. Failure was defined as a through-the-wall crack in the
tee (or in one of the pipe-to—tee welds) as evidenced by a pressure leak.
Results from the fatigue tests are tabulated and discussed in the text.

Results from both the elastic-response and fatigue tests, along with
similar data from 24-in. ANSI Bl6.9 tees, will be used in a separate re-
port to discuss the adequacy of current ASME Code procedures for the de—

sign of nuclear power plant piping systems.



2. TEST DESCRIPTION

The test work description given in this chapter is divided into three
general categories: preparation of the test assemblies (models) and load-
ing frames, performance of the static elastic-response tests, and perfor-
mance of the low—cycle fatigue tests. Each subject is discussed in detail

in the following sections.

2.1 Test Assembly and Loading Frame Preparation

General preparations for conducting the tests included fabrication of
two test frames and construction and instrumentation of each of the test
models. Each step was carried out as carefully and precisely as possible.

Logistics for testing the five tees listed earlier in Table 1.1 re-
quired setting up both the test facility and a separate facility for model
fabrication. The test work was actually conducted at SwRI under two sepa-
rate subcontracts, the first of which called for fabricating and testing
four tees (T-4, T-6, T-8, and T-15) within one year. The experimental
analysis for T-7 was added later under the second subcontract. The test
program for each of the 5 tees was to include experimental stress analyses
for 13 loading conditions and a low-cycle fatigue test to failure. To
meet the time requirements, two test frames were constructed so that ex-
perimental stress analysis and fatigue testing could be conducted simulta-
neously. When all the experimental stress analyses were completed, both
test frames were used for fatigue testing.

When it was decided to add T-7, the sched-160 tee, to the test pro-
gram, work for the other tees had been in progress for nearly 10 months.
The two test frames that had been constructed earlier were sufficiently
overdesigned so that only minor modifications were needed to provide the
higher loads required to test the heavier tee. However, there were other
unique problems that had to be overcome. One of these was the unavail-
ability of sched-160, type 304L stainless steel pipe because of long de-
livery quotations and minimum quantity requirements. Consequently, the
T-7 test assembly was fabricated using 6-in.—long stainless steel pipe

stubs welded to the tee, with the remainder of the branch and run pipe



extensions fabricated from carbon steel pipe. The 6-in.—long pipe stubs
(also needed for other reasons described later) were made from l.5~in.-
thick, type 304L stainless steel plate. There was a sufficient quantity
of this material on hand at SwRI to fabricate five 6-in.-long pipe stubs,
two of which were used to qualify the welder and welding procedures. Full
details of the fabrication and testing schedule are given in Appendix II.
In some cases it was possible to carry out some of the tasks simulta-

neously.

2.1.1 Strain-gage layout

A general scheme was established for strain-gage layout that would
give ample coverage of two quadrants of each tee with matching gages on
the inside and outside surfaces to determine the maximum stresses for any
one of the 13 different loading conditions and for both the membrane and
bending stress distributions. Particular attention was given to the in-
strumentation of the branch-run transition region and to the problem of
locating gages on the inside surface "back to back” with the gages on the
outside.

Two terms must be defined here to adequately describe the gage lay-—
out. The term "crotch line” is used to denote a line lying along the ap-
proximate root of the transition region between the branch and run of the
tee. The term "gage line,"” or "¢ line,” is used to denote a line on the
outside surface of the tee formed by the intersection of a diametrical
plane through the branch at an angle of ¢ degrees from the longitudinal
plane of the tee. At the crotch line, the gage line changes direction so
that it intersects circumferential lines on the run at an angle of ¢y =
(90 — ¢) degrees, as shown schematically in Fig. 2.1. For each tee, gage
lines were located in the ¢ = 0° to 90° quadrant and in the 180° to 270°
quadrant at 22.5° intervals. Ten three—gage strain rosettes were spaced
more or less uniformly along each gage line with one of the rosettes
always located on the intersection of the ¢ line with the crotch line.
The crotch line was also instrumented with an extra rosette midway between
each ¢ line. Isometric views of the gage layout for the 0° to 90° quad-

rant of the full-outlet tee T-4 and the reducing-outlet tee T-15 are shown
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CROTCH LINE

Fig. 2.1. Strain-gage line nomenclature.

in Figs. 2.2 and 2.3, respectively. A complete set for each tee is given
in Appendix III.

Strain—-gage positions for the inside surface were located by passing
a line through each outside gage position normal to the midplane of the
shell (tee). For the models containing T-4, T-6, T-8, and T-15, cross
sections of the tee at the 0° ¢ line and the 45° ¢ line were outlined by
sectioning plastic models of the respective tees. TFor T-7, the cross sec-
tions at the 0° ¢ line and the 45° ¢ line were outlined by trimming card-
board until a good fit was obtained on the inside and outside surfaces and
then spacing the cardboard pieces to match thickness measurements on the
cylinder walls. Although this procedure gave adequate results, a plastic
model would have made the job easier. This procedure was necessary to es-—
tablish the "normal to the midplane” in the crotch area where the geometry
was too complicated to be treated analytically.

After the strain-gage positions were determined, their locations were
measured in three-dimensional XYZ coordinates and recorded. These "exact”
locations are given for each tee in Appendix III. For accurate determina-
tion of the XYZ coordinates at each gage site, the tees were placed on a

precision plane table, as shown in Fig. 2.4, and the elevation of each
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gage position was measured relative to a reference point on the tee with a
vernier height gage. A simple but time-consuming procedure accurately lo-
cated the rosettes on the inside surface relative to those on the outside
surface and also established the XYZ coordinates. Reference marks at 0°,
90°, 180°, and 270° around the branch outlet plus three marks in a
straight line across the bottom, as shown in Fig. 2.5, had previously been
stamped on the tees. Combinations of these seven reference points were
used to define planes passing through the intersection of the axes of the
branch and run.

The strain—-gage rosettes used throughout the test program were Micro-
Measurement type EA-06-062RP-120, option W for the carbon steel tees (T-4
and T-6) and type EA-09-062RP-120, option W for the stainless steel tees
(T-7, T-8, T-15). Each strain rosette consists of three 1/16-in.-long
temperature—compensated gages oriented at 45° angles and numbered counter-
clockwise (for these tests). Gage 2 (the center gage) was positioned to

measure strain in the direction of the ¢ line or the crotch line on which

ORNL-DWG 83-5793 ETD

0 — ORNL MARKS

Fig. 2.5. Location of marks used for identifying reference planes.
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it was placed. The gages were bonded to the surface with Eastman 910 ce-
ment. The XYZ coordinates for each rosette are referenced to the center
of gage 2.

The direction of the principal stresses that are presented later in
this report is given relative to the direction of gage 2 (i.e., along a ¢
line or crotch line) with a positive angle being counterclockwise. The
orientation, the numbering system used for identification, and the XYZ co-
ordinates of each rosette are given for all five tees in Appendix III.
Photographs of the gage installation (both inside and outside) in the 0°
to 90° quadrant of T-4 are shown in Fig. 2.6. As a final check on the ac-
curacy of the strain-gage locations, a set of computer plots was made for
each tee using the reported coordinates as input. On the basis of the re-
sults of this computer check, a few minor adjustments in the recorded gage

positions were made.

2.1.2 Test model fabrication

Each test assembly consisted of a 12-in. NPS forged ANSI Bl16.9 piping
tee, three pieces of 54-in.-long pipe, three 6-in.—-long pipe stubs, and
three 1-ft2 by 3/4-in.-thick carbon steel plates for end fixtures to which
loads could be applied. Except for the end plates, the models containing
T-4 and T-6 were made entirely of sched-80 AlO6 Grade B carbon steel, and
the T-8 and T-15 models were made entirely of sched-40 type 304L stainless
steel. As mentioned earlier, the 54-in. pipes used in the T-7 model were
made of sched-160 AlO6 Grade B carbon steel. Because T—-4, T-6, and T-7
are full-outlet tees, 12-in. pipe was used for the branch as well as for
the run pipe extensions. The minimum and maximum inside diameters, out-
side diameters, wall thicknesses, and the weights of the 6~in. pipe stubs
are presented in Table 2.l. Also given are the weights of the tees before
and after welding and grinding had been completed. Table 2.2 gives the
corresponding ANSI B36.10 standard nominal dimensions and section proper-
ties of the branch and run pipe extensions.ll»12

The fabrication of the model had to be performed in a manner that
would permit the installation of strain gages on the inside surface of the
tee and on the pipe-to—-tee weldment. According to the test specifica-

tions, the pipe-to-tee weld was to be ground flush with the pipe surface
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Table 2.2. Nominal dimensions? of branch
and run pipe extensions

Outside diameter Wall thickness
(in.) (in.)
Tee
Run Branch Run Branch
(D) ) (T (Ty)
T-4 12.750 12.750 0.687 0.687
T-6 12.750 12.750 0.687 0.687
T-7 12.750 12.750 1.312 1.312
T-8 12.750 6.625 0.406 0.280
T-15 12.750 6.625 0.406 0.280
Moment of inertia Cross section area
(in.*) (in.2)
Tee
Run Branch Run Branch
(1,) (1) (a,) (a,)
T-4 475.0 475.0 26.04 26.04
T-6 475.0 475.0 26.04 26.04
T-7 781.0 781.0 47.14 47.14
T-8 300.0 28.14 15.74 5.58
T-15 300.0 28.14 15.74 5.58

MNominal pipe dimensions taken from
Ref. 12.

in order to install strain gages at the weld joints and to ensure that no
discontinuity would remain that might cause a fatigue crack to be initi-
ated prematurely during the fatigue test. To accomplish these objectives,
6—in.~long pipe stubs were welded to the tee. These extensions permitted
access to the inside surface of the tee for strain—-gage installation and
grinding. They also removed the pipe-to-pipe weld far enough from the
gages so that, with minimum care, the instrumentation would not be damaged

by the heat from welding.
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Exceptional weld quality was specified for the pipe-to-tee weldment
to minimize the possibility of a fatigue crack initiating at the weld
rather than in the tee during the low-cycle fatigue test. The procedures
for welding and nondestructive inspection developed to meet these require-
ments are presented in Appendix IV. Note in the welding procedures that
the metal preparation conforms with Fig. NB-4250-1 of the Code." A welder
was successfully qualified using these acceptance criteria and welding
procedures, and nondestructive inspections of the pipe-to-tee weldments
were performed prior to the strain-gage installation. A photograph of T-8
during the tungsten—inert gas (TIG) welding is shown in Fig. 2.7.

After the 6~in.-long pipe stubs were attached, the tee was placed on
the precision plane table so that XYZ coordinates for the gage locations
on the pipe~to—tee weldment could be determined. Strain gages were then
installed on the inside surface of the tee. When this was completed, the
4.5-ft-long pipe legs were welded to the tee, and the loading fixtures
were welded to the pipe. Care was taken to keep the interpass temperature
of the pipe-to—-pipe weld down to prevent damage to the strain gages. The
temperature of the pipe stub 3 in. from the weld was checked after each
welding pass with a Tempilstik wax pencil and was not allowed to exceed
250°F.

2.1.3 Test setup

The model was installed for testing in a large test frame specifi-
cally designed and constructed for this program. The 12 moment, shear,
and thrust loads that were to be applied are shown schematically in
Fig. 2.8. It should be noted that for these loading cases one end of the
run was fixed (i.e., bolted to the load frame), while the branch and the
other end of the run were free. The loads were applied one at a time to
either the branch or the free end of the run with the model supported only
at the fixed end. For the internal-pressure case, the model was fixed at
the load frame, and the free end was supported by bearings to counteract
the weight of the pressurizing fluid.

The test frame was designed so that 8-in.-bore, 12-in.-stroke hydrau—
lic jacks could be bolted in the various positions required to apply tor-
sion, bending, thrust, and in-plane shear loads. Hydraulic jacks with a
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frames for all five tees are given in Appendix IX. Note that the dial in-
dicator frame is mounted only at the steel ring near the fixed end so that
all deflections were measured relative to a point on the model. Sixteen
dial indicators were monitored. The numbering system used for the dial
indicators, their exact locations, and the location of the point at which
the mounting frame is attached to the model are also shown in Fig. 2.11.
The dial indicators were carefully and consistently mounted with their
pointers 15 in. from the center of the pipe. A template was used to lo-
cate these instruments in lieu of measuring from the outside surface of
the pipe. Dial indicator readings were, of course, obtained manually and
are listed in Appendix IX.

Strain-gage rosettes were also mounted on the three pipe legs of the
model to monitor the loads. Figure 2.11 shows the location and identifi-
cation of these rosettes for T-7. Note that two additional rosettes were
mounted on the bottom of the tee on both the inside and outside surfaces.
The rosette locations on the pipe legs and on the bottom of the tee were
given a 400 series designation (i.e., 400-1, 401-2) to distinguish them
from rosettes in the main array on the tee.

The strain-gage data were recorded on a B & F Model SY 156 data ac-
quisition system. To speed up reduction of the data, a high-speed paper-
tape punch was installed on the B & F so that data were simultaneously
printed on adding-machine-type paper and punched on teletype paper tape.
The printer information was used for on-line review of the strain data and
for the permanent record. The teletype paper tape was fed into an IBM
paper—tape—-to-card converter, which quickly transferred the data to IBM
cards.

The data acquisition system was only capable of handling 100 strain
gages at one time, recording data at a rate of five channels per second,
and printing gage readings directly in strain to the nearest microinch per
inch. Because each model contained 681 individual strain gages, it was
necessary to perform the test for each load condition seven times to ob-—
tain a complete set of data.

The tests were conducted in an air-conditioned laboratory where the
temperature is maintained at 75°F. The temperature normally does not

fluctuate more than +2°F there, except when large doors are opened once or
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twice each day to transfer large equipment. The doors do not remain open
more than a few minutes at a time, and the air-conditioning system returns
the laboratory temperature to normal within 15 min after the doors are
shut. Because the strain gages and wiring were temperature compensated,
these occasional temperature fluctuations were not expected to cause ap—
parent readings of more than +5 pin./in. During the early part of the
testing program, however, NOSEY analysis of the data indicated that the
effects of temperature variations could be detected. Therefore, the tests
were rerun with the laboratory doors kept closed, and the doors were not

opened during all the subsequent tests.

2.2 Static Load Test Procedure

Two experimental stress analysis techniques were used in carrying out
the static load test portions of the program. The first was a qualitative
test using a brittle lacquer coating to determine if the outside strain-
gage layout was adequate. The second was a quantitative test during which
data were acquired from electrical resistance strain gages located on two
quadrants of the tee and dial indicators located on the branch and run of
the test model.

The brittle lacquer tests were performed on all tees except T-6 and
T-15. Because T-6 and T-15 were nominally the same as T-4 and T-8, re-
spectively, it was felt that no new information would be obtained by du-
plicating these efforts. A general description of these tests is given in
the following paragraphs. A more detailed discussion of the test results
is given in Appendix V.

The quantitative tests were performed on each tee and constituted the
primary portion of the static load test program. The procedure followed

in performing these tests is described in Sect. 2.2.2.

2,2,1 Investigation of strain-gage layout adequacy

The brittle coating test was performed on T-4, T-7, and T-8 primarily
to determine if the strain-gage layout was adequate. For these tests, a
Stresscoat-brand brittle lacquer was sprayed on the outer surface of the

tee. The lacquer sensitivity was 450 pin./in. for the T-4 test and
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600 pin./in. for the other two tees. Several different loads were applied
to each tee starting with an out-of-plane bending load on the branch
(M3X), because it was expected that this loading would produce the highest
stresses. The loads were applied until cracking was observed, and photo-
graphs were taken before moving to the next load condition.

Out-of-plane bending loads were applied to the branch in small incre-
ments to a maximum load of 41,000 ft-1b on T-4, 100,000 ft-1b on T-7, and
14,000 ft-1b on T-8. An out—of-plane shear load was applied in the same
manner to a maximum of 12,000 1b for T-4, 20,000 1b for T-7, and 12,000 1b
for T-8. The out-of-plane shear force (F3Z) was applied in a direction
that gave an effective bending moment (M3X) with an opposite sign from
that of the applied moment tests indicated in Fig. 2.8. The T-4 tests
also included application of out—-of-plane bending and shear loads (M2Y and
F2Z) on the run pipe. These loads were not applied to T-7 and T-8 during
the brittle lacquer tests.

An evaluation of the results of each test showed that the strain-gage
coverage was adequate. Photographs and significant comments relative to

the brittle lacquer tests are presented in Appendix V.

2.2.2 Elastic load tests

Following completion of the brittle coating tests for each tee and
subsequent review of the test data, strain gages were installed on the ex-
ternal surface of the tees. These gages, together with the gages previ-
ously installed on the internal surface, and the dial indicators consti-
tuted the primary sources of data for the elastic load tests.

The elastic load tests performed on each tee consisted of a series of
13 load conditions as illustrated schematically in Fig. 2.8. Prior to any
of the tests, a loading schedule was established to limit the maximum load
for any load condition to a value that would generate a nominal stress of
20,000 psi in the pipe. The maximum load that was actually applied, how-
ever, was limited by the requirement that strains not exceed 1000 uin./in.
during any test to preclude the possibility of inadvertent yielding. The
scheduled loads and the maximum loads that were applied are given in
Table 2.4. Each loading was applied to one-half of the programmed maximum

load, and then the strain gages were read. If the readings showed that



Table 2.4.

Maximum loads for elastic-response strain—gage tests

T4 T-6 T-7 T-8 T-15
Load
condition Scheduled Actual Scheduled Actual Scheduled Actual Scheduled Actual Scheduled Actual
maximuma maximumb maximuma maximumbd maximumad maximumd maximumad maximumb maximuma maximumb

Pressure, psig 2200 1000 2200 1000 3750 1000 950 600 950 600
M3X, 1000 ft-1b 123 61.5 123 61.5 202 150 14 7 14 7
M3Y, 1000 ft-1b 246 123 246 92.25 404 150 28¢ 21 28 21
M3Z, 1000 ft-1b 123 64 123 64 202 150 14 18 14 18
F3X, 1000 1b 20 12 20 12 33.9 20 4 3.5 4 3.5
F3Y, 1000 1b 20° 53 20° 53 33.6° 100 10 24 10° 24
F3z, 1000 1b 20 17 20 17 33.9 33.2 4 2 4 2
M2X, 1000 ft-1b 246 123 246 123 404 150 146 80 146 80
M2Y, 1000 ft-1b 123 150 123 150 202 200 73 91.25 73 91.25
M2Z, 1000 ft-1b 123 61.5 123 61.5 202 150 73 73 73 73
F2X, 1000 1b 520 260 520 260 945 400 292 200 292 200
F2Y, 1000 1b 20 12 20 12 33.25 33.2 10 12 10 8
F2zZ, 1000 1b 20 12 20 12 33.25 33.2 10 12 10 12

9Based on a nominal pipe stress of 20 ksi in the pipe.

bNeeded to attain a maximum strain on the tee near 1000 pin./in.

®Limited by the maximum stress in the pipe at the fixed end.

8¢
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~83,400 psi. During the fatigue tests, the internal pressure was main-
tained at the maximum design pressure of 1925 psig for T-4 and T-6, 3240
psig for T-7, and 950 psig for T-8 and T-15, all of which were calculated
in accordance with the Code-allowable pressure equations of NB-3641.1,

using 857 of the nominal wall thickness, i.e.,

2 Smt
P=p —0.8c° (2.1)
o
where
t = 0.85t, -,
Sy = Code design stress intensity.

At the time these fatigue tests were being performed, the simplified
elastic-plastic analysis method now contained in paragraph NB-3653.6 of
the ASME Code was not available. Therefore, to select a loading that
would give fatigue failure data for stress ranges exceeding twice the
yield strength (or 3 S ), Markl's empirical fatigue-life relationshipl3, %
for piping components was extrapolated into the low-cycle range. For car-

bon steel, the relationship is

S, = 490,000 N70-2 ,
where
S, = alternating stress,
N = number of cycles to failure.

Remember that the fatigue tests were not performed to investigate the
adequacy of this equation. Rather, the equation served only a supporting
role in that it was used to identify stress ranges that would cause the
models to fail in a reasonable number of cycles. Also note that, although
Markl's relationship was used to form the basis for some of the fatigue
analysis procedures of the ASME Code, it is not used directly in the more
current editions.

An alternating out—of-plane shear load on the branch (F3Z) was se-
lected for T-4, T-6, T-8, and T-15 based on results from the elastic-

response tests, while an in-plane shear load on the branch (F3X) was used
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for T-7. For each load case, the stress data were scanned to find the
rosette at which the highest stress—-to—-load ratio occurred. Table 2.5
summarizes these ratios and the resulting initial fatigue load amplitudes.
For those models where more than one gage is listed, the first gage in the
list corresponds to the location of the maximum stress-to—load ratio, and
the other gages listed gave ratios almost as high. All the gages listed
were considered potential sites for fatigue failure.

Because the minimum allowable yield strength of AlO6b Grade B carbon
steel (T-4 and T-6) is 35,000 psi and that of type 304L stainless steel
(1-7, T-8, and T-15) is 30,000 psi, a stress value of 83,400 psi is ficti-
tious because local plastic deformation will occur before this value is
reached. The value of 83,400 psi is based on empirical fatigue data that
is presented in the Code as equivalent elastic stress vs cycles to fail-
ure, where the stress values are assumed to be proportional to the
strains.

A constant maximum displacement was maintained during the fatigue
test instead of a constant maximum load to better simulate the type of
loading that would occur in a piping system. The experimental procedure
used to establish the limiting branch pipe displacements was as follows.
A dial gage was mounted on a reference frame to measure the displacements
of the branch pipe at an arbitrary point about 3 ft below the loading fix-
ture, as shown in Fig. 2.13. A linear load-displacement relation was then
established by loading the test assembly in the appropriate fatigue test-
ing mode in small increments well within the linear elastic-response
range. The strain—gage rosette identified earlier as giving the maximum
stress—to—-load ratio was also read at each loading increment. The linear
load-displacement and load-strain relations were then extrapolated to the
appropriate load value (Table 2.5). The corresponding displacement was
determined, and the cycling facility was set ‘to maintain this displace—
ment. The load was then fully reversed so that the maximum displacements
in both directions were determined prior to applying the full load in
either direction. Microswitches were mounted on each side of the branch
in line with the shear vector. A screw adjustment on one of the micro—
switches was slowly turned while the proper dial indicator reading was

maintained. When the microswitch was tripped, the load was reversed. The
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microswitch was then fixed so that the maximum displacement could not be
exceeded in that direction on subsequent cycles. The procedure was then
repeated for the second microswitch.

As may be seen from the values given in Table 2.5, this experimental
procedure resulted in alternating equivalent elastic principal stress
amplitudes that were very nearly equal to the intended value of 83,400
psi. One of the microswitches, the dial indicator, and the hydraulic jack
may be seen in Fig. 2.13, which is a photograph of T-8 during the fatigue
test. The total strain ranges after a shakedown of ten cycles are shown

in Table 2.6. After ten cycles, no additional strain readings were taken.

Table 2.6. Strain ranges
after shakedown?

Model Gage Strain range

(pin./in.)

T-4 67-05 8,750P
T-6 56-01 11,500
67-05 10,000
T-7 0-02 4,980
0-07 4,360
0-08 4,230
22-03 4,060
22-07 3,580
T-8 90-07 7,996
270-07 7,880
78-01 6,670
T-15 270-07 5,680
90-07 4,955
90-06 4,560

IWMeasured after ten cycles
on leg 2 of the strain rosette.

bThe initial strain range
for T-4 was 14,350 pin./in. 1Ini-
tial strain ranges were not re-—
corded for the other tees.
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3. DISCUSSION OF ELASTIC-RESPONSE TEST RESULTS

In addition to the initial examinations conducted at the test site,
the strain—-gage data were screened by two processes prior to final ac-
ceptance. The first was a computerized check based on the assumption of
linear elastic response. The second was more subjective, involving vis-—
ual comparisons and the judgment of an analyst. After the data analysis
was complete, normalized principal stresses and stress intensities (ac-—
cording to the Code definition) were computed, tabulated, and plotted in
three different graphical forms for further analysis. Complete sets of
these data are given in Appendixes VI, VII, and VIII. A summary of the

maximum values is given in this chapter.

3.1 Reduction of Strain—-Gage Data

As part of the experimental stress analysis, a concurrent reduction
of data was performed using the computer program LINDA and subroutine
NOSEY. This initial reduction was done to monitor the data acquisition
process so that faulty strain gages could be identified and corrected if
possible. The data were re—-reduced later, using an updated version of
NOSEY. The diagnostic procedure implemented by NOSEY is summarized in
Sect. 3.1.1. A detailed description of the program appears in Ref. 10.
The output from the NOSEY runs were plotted on graphs of stress vs
strain-gage location. These plots were then checked for anomalous data
points and adjusted if necessary. This final adjustment is discussed in

detail in Sect. 3.1.2.

3.1.1 Evaluation of strain-gage data

The computer code NOSEY implements a diagnostic procedure for iden-
tifying and separating errors in strain measurement and load application.
The procedure depends on the hypothesis that the strains obtained from
the tests are proportional to the loads. In this analysis, the data are
subjected to three separate tests: the linearity test, the variability

test, and the load-adjustment test.
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In the linearity test, the nine data points acquired for each gage
under each loading condition are fitted to a straight line by the method
of least squares. The program identifies and eliminates data that devi-
ate excessively from linear behavior, leaving only data lying within a
specified tolerance band. Because the procedure depends only on the as-—
sumption of linear behavior, any nonlinearity identified in this test
must be due to either an error in the strain data acquisition or to the
recorded value of the applied loads.

The width of the tolerance band is dictated by the accuracy required,
but it is also limited by the resolution of the strain data acquisition
system. For these tests, the larger of two values — 8 uin./in. or 15%
of the maximum strain at a given gage — was used as the tolerance limit.
Any gage for which more than 30% of the data was lost was flagged in the
computer output with an asterisk, and a double asterisk was used to indi-
cate complete failure of the gage.

The variability test compares the response of all the strain gages
in the structure. This is done by normalizing the data from each gage
to the maximum load and strain recorded for that gage. After normaliz-
ing, all the data for a given loading vary between a minimum of O and a
maximum of 1.0. In the ideal case, the normalized data points will all
lie on the line passing through the origin and the point (1, 1). If
there is a large amount of scatter in the data for a given load case but
the mean values of the data lie on the ideal response line, then the
variations are due to inaccuracies in the strain data acquisition (i.e.,
strain gages, wiring, and/or data acquisition system). If, however,
there is little variation in the values of the normalized strain, but
the mean for a given load case is not on the ideal response line, then
an error in the recorded loading is indicated.

The load—-adjustment test selects the most consistent set of normal-
ized strains and uses these data to mathematically adjust the value of
the applied loads. If the adjustments are large, all three of the tests
are performed again using the new estimates for the loads.

Computer program LINDA,10 which uses NOSEY as a subroutine, was

used to reduce the strain data to calculated stresses in both local and
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principal coordinates. A complete tabulation of these data is presented
in Appendix VI. There is a separate table for each load condition on
each model. Each table presents measured strains, maximum and minimum
principal surface stresses, shear stresses, stresses along and normal to
the ¢ lines, and the angle in the counterclockwise direction from either
the ¢ line or the crotch line (depending on the orientation of gage 2)
to the maximum principal stress. The value of the load for which LINDA
computes and prints the strains and stresses is controlled by the user.
In the tabulations of Appendix VI, the indicated pressures and moments
correspond to those loads that will give a maximum principal stress of
1000 psi using the nominal dimensions of the piping. The nominal force
loads in the transverse directions are equal to the value that will pro-
duce a bending stress of 1000 psi for the nominal dimensions. Specifi-
cally, the nominal stresses are defined by the following relations for

the different loadings:

Onom = 1000 psi,
=p DO/ZIr (internal pressure),
=M DO/ZIr (moment on run),
=M dO/ZIb (moment on branch),
= FL_. DO/ZIr (transverse force on run),
= FL, dO/ZIb (transverse force on branch),
= F/A, (axial force on rum),

= F/Ab (axial force on branch).

The nominal values for the geometric parameters Do’ do, Tr’ Tb’ Ir’ Ib,

Lr’ Lb, Ar’ and Ab were given earlier in Tables 2.2 and 2.3. For the
full-outlet tees T-4, T-6, and T-7, the branch pipe and the run pipes
have the same nominal dimensions, and thus the values for the nominal
stresses are independent of whether the moment loadings were applied on
the branch or run. However, for the reducing-outlet tees T-8 and T-15,
the nominal dimensions of the branch and run are different. For these,
the nominal stresses were calculated using the dimensional properties of

the pipe on which the loading was applied. For internal pressure, the
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section properties of the run pipe were used for all the tees. An elas-
tic modulus of E = 30 x 10© psi and Poisson's ratio of v = 0.3 were used
in these calculations (i.e., those given in Appendix VI).

Note that if a moment couple is applied in bending and then in tor-
sion to a circular beam, classical beam theory predicts that the maximum
normal stress in the bending case will be twice the maximum shear stress
in the torsion case. However, for ASME Code-related work, this study is
concerned with stress intensity, which is defined as the absolute value
of the largest principal stress difference or twice the maximum shear
stress at a point. Therefore, a given couple will produce the same
stress intensity regardless of whether it is applied in bending or in
torsion.

There are two advantages to this normalizing scheme. First, it
provides an easy means for comparing the stress intensification effect
of different loads on the same tee and identical loads on different
tees. Second, by scanning the tabulations for maxima, one can obtain
specialized stress indices, and comparing these values would be a first
step toward the development of generalized indices for use in design

codes and standards.

3.1.2 Final screening and reduction

The data reduction performed by NOSEY is geared to establishing a
constant strain-to-load ratio for each gage and hence for each rosette.
If some of the data obtained from any one of the gages do not pass all
the tests of NOSEY, the confidence in the value of the ratio for that
gage is diminished. Therefore, the data were subjected to a final
screening in which the response of each rosette whose data had been par-
tially rejected by the linearity test was compared by the analyst with
the responses of adjacent rosettes. This was done by studying computer
graphs of the maximum and minimum principal stresses plotted as a func-—
tion of gage location. If an excessively steep stress gradient occurred
at a gage whose data had been partially rejected, the plot was compared

with other cases for which similar stress solutions could be expected.
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The questionable data points were then adjusted as necessary. These
comparisons were based on certain similarities in loading and on symme-
tries in the test setup that could be exploited in predicting trends of
the stress plots for identification of questionable data points. These
comparison tests are discussed more fully in the following paragraphs.

In this test series, the transverse forces were applied near the
ends of the branch and the run pipe at distances ranging from 76.1875 to
78.375 in. from the center of the tee (Table 2.3). If one conserva-
tively assumes that the maximum nominal shear stress is equal to twice
the applied shear force divided by the cross—sectional area, then the
ratio of the maximum bending stress to the maximum shear stress will
range from about 13.0 on the T-8 and T-15 run pipes to about 25.4 on the
branches for the same models. The factor of 2 comes from thin-shell
theory and represents the highest shear stress solution for a beam with
a circular cross section. Also, if the usual assumptions of beam theory
are imposed, the value of the shear stress will be zero at the point of
maximum bending stress. Therefore, the stress solutions due to F2Y and
-M2Z should be very similar, and the maximum principal stress in each
case will be due entirely to bending. The same holds for F2Z and M2Y,
F3X and -M3Z, and F3Z and M3X.

The models are essentially symmetric about the plane formed by the
intersection of the axes of the run and the branch (the longitudinal
plane). There is also geometric symmetry about the plane perpendicular
to the run and containing the branch axis (the transverse plane). Be-
cause the 0° end of the run was fixed while the 180° end was free, the
boundary conditions are not symmetric about this plane. However, these
ends are sufficiently removed from the tee that the constraint effects
can be expected to be negligible in the region of the tee. Therefore,
the elastic response of each model to internal pressure and to loads ap-
plied at the free end of the run should be similar for the two opposing
quadrants on which the strain gages are placed. Loadings on the branch,
however, cannot be expected to give similar responses in the opposing
quadrants because there was no reaction force at the free end, and the

symmetry conditions thus break down.
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Because the nominal dimensions of T-4 and T-6 are the same and
those of T-8 and T-15 are also the same (Table 2.2), similar elastic re-
sponses should be anticipated for each pair. This expected similarity
was the third and final basis for comparison. It was not used exten-
sively, however, because differences in stress plots were in some cases
due to real differences in the shape of the tees, resulting from differ-
ent manufacturing techniques rather than from irregularities in the
testing equipment or procedure.

The results of the final strain-—gage data screening are shown in
Appendix VII, Table VII.l. A total of 143 stress values were adjusted,
or about 1% of the 14,365 solutions that were obtained. Of the stresses
that were adjusted, 116 (81%) were for the inside surface, reflecting
the greater difficulty of installing strain gages on the inside of the
tee. At the time that the adjustments were made, however, no graphs
were available for the M3X loading on T-6, and these values were ad-
justed by scanning the tabulated values in the computer output. The
-M3Y loading on T-4 had so many questionable data points that no basis
could be found for making adjustments, and the curves were simply left
alone.

Special mention is required for two of the adjusted strain-gage re—
sults — for the internal pressure loading on T-7 and for the out-of-
plane bending on the branch (~M3X) of T-4. They are the only two cases
in which the maximum values anywhere on the tee were adjusted. The val-
ues shown in Table 3.1 were abstracted from Table VII.l of Appendix VIIL.

For T-7 under internal pressure, the test data (NOSEY) indicated
that the largest maximum principal stress (35.33 psi/psi pressure) oc-—
curred on the inside surface in the longitudinal plane near the crotch
line — at strain rosette 0-17. Although the possibility that the data

were good was not ruled out,* both the maximum and minimum principal

*Several possible reasons for the anomalous behavior were postu-
lated, such as the possibility of a surface flaw in the tee or an air
bubble under the gage; however, because this particular gage gave con-
sistent results for the other loadings and because the gage was on the
inside surface where it could not be examined until after the fatigue
test was completed, it cannot be positively determined that the data
were inaccurate.
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Table 3.1. Adjustments in maximum
stress values for T-4 and T-7

Normalized? principal stresses

(ksi)
Rosette
Tee Load No. NOSEY Adjusted values
Maximum Minimum Maximum Minimum
T-7 P 0-17 35.33 8.39 17.0 4.0
0-16 24.63 —4.81 20.5 3.5
T-4 (-M3X) 67-5 0.485 0.087 0.44 0.14

AFor this comparison, the stresses are normalized to the loads,
P = 1000 psi and M3X,,, = 1000 ft-1b.

nom

stresses were adjusted after comparing them with data from the opposite
quadrant (180° ¢ line). The maximum normalized stress intensity on the
180° ¢ line was 18.10. Further justification for the adjustments is
based on a comparison with data from the photoelastic model studies of
T-7 under internal pressure (see Ref. 15). The photoelastic studies
indicated that the maximum stresses occurred at the same locations (i.e.,
in the longitudinal plane) but had a maximum normalized value of 14.0.
Thus, both the data from the opposite quadrant of the steel model and
the data from the photoelastic model indicate that the adjusted maximum
value for T-7 (i.e., 20.5) is reasonable and conservative.

The relatively small adjustments in the principal stress values
shown for the -M3X loading on T~4 were based on a comparison with re-
sults from the F3Z (out-of-plane transverse force) loading. These ad-
justments were considered necessary because of the erratic behavior of

gage 2 in rosette 67-5.

3.2 Presentation and Discussion of Strain-Gage Data

The strain—-gage data are presented in Appendixes VI-—VIII for two

different stages of reduction. The values tabulated in Appendix VI,

which are from the LINDA output, were all calculated using a modulus of
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elasticity of E = 30 x 10% and Poisson's ratio of v = 0.3. Note also
that the data have not been screened by the procedure described in Sect.
3.1.2. Appendixes VII and VIII contain computer plots and tabulations
of the data after the final adjustments were made. All the data in
these appendixes are normalized to 1000-psi nominal stress, as discussed
in Sect. 3.1.1.

During the course of this test series, the data reduction subrou-
tine NOSEY was updated several times, and the data presented in Appen-
dixes VI-VIII represent the output from several different revisions.
Therefore, there are some minor inconsistencies in the data that are
primarily caused by small variations in the diagnostic parameters used
in NOSEY at different stages in the development of the program.

The data given in Appendixes VII and VIII have been checked and ad-
justed. The presentation includes a summary of the adjustments, tabula-
tions of stress intensities, contour plots of stress intensities, plots
of stress intensity vs projected gage line distance, and maximum stress
intensity vs angular displacement of the gage line. The adjusted data
points have been flagged in both the tabulations and the plots, with the
exception of the contour plots. Because Appendixes I—IX are on micro-
fiche and thus may be somewhat less accessible than full-size printed
material, a representative sampling of the data from Appendixes VII and
VIII has been abstracted for full-size presentation in Sect. 3.3. For
the pressure-loading case, this study has included tabulations of the
normalized stresses and strains, and gage—-line, circumferential-line,
and contour plots of the normalized stress intensity for the quadrant of
the tee in which the maximum value occurred.

In general, the data given in the appendixes show clearly that the
stress distributions over the body of the tees for gll the loadings were
smooth, that is, without steep gradients or sharp discontinuities. 1In
addition, the gage-line plots (Appendix VIII.2) show that the maximum
values always occurred either at or very near strain-—gage locations.
This reinforces the conclusion from the brittle lacquer tests that the
strain—gage coverage was adequate for every model.

A quick scan of the stress—intensity tabulations of Appendix VIII

shows that for internal pressure (see full-size representative samples
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in Sect. 3.3), the maximum stress for all five tees occurred on the in-
side surface near, but not necessarily in, the longitudinal plane. For
bending-moment and transverse—force loadings on the branch, the maximum
stresses occurred on the outside surface at various angular locations
around the branch. Such generalizations, however, cannot be made for
the other loading cases.

The highest normalized maximum stress intensities resulted from
axial loads on the branch. Although nuclear piping systems are designed
so that tees should not be subjected to large axial loads, the rela-
tively high stresses measured in these experiments suggest that axial
loads, as well as pressure and moment loads, should be considered in de-
sign.

Table 3.2 gives a summary of the locations (by gage number) and
magnitudes of the maximum stress intensities for each of the 13 loadings
on each of the 5 tees. The table is arranged so that results from the
bending-moment and corresponding transverse-force loadings (e.g., M3Z
and F3X) can be easily compared, and the maximum stresses for each pair
can be verified as approximately equal for all five tees. The largest
difference between stress intensities in such a pair was for the in-
plane bending applied to the run of T-7. In this case, the two maximum
stress intensities differed by about 35% and did not occur at the same
location. Of the remaining 19 pairs of bending and shearing loads, all
gave maximum stresses within 15% of each other, and 16 gave maximum
stresses within 10%Z of each other.

The above differences are due to at least three factors. First,
even though the effect of shear is small, it is not negligible and an
influence of a few percent may be expected. Second, the nominal bending
stress for the applied transverse force was calculated using a moment
arm equal in length to the distance from the intersection of the pipe
and run axes to the point of load application. This will introduce some
errors, since the maximum bending will not always occur at this point.
Third, errors may be caused by faulty data that survived all the screen-
ing procedures.

Because the maximum stress intensities given in Table 3.2 are normal-

ized in the same fashion as the stress indices given in Table NB-3681(a)-1
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Table 3.2. Location and value of maximum normalized stress intensities

Internal- Branch?
p;essure In-plane In-plane Out-of -plane Out-of -plane Axial
oad, . Torsion,
P moment , shear, moment, shear, M3Y force,
M3Z F3X M3X F3z F3Y
-4 Gaggb 0-15 0-6 0-6 67-5 67-5 56-1¢ 0-6
SI 4,417 2.250 2.191 2,732 2.762 2.738 7.513
T—6 Gage 202-16 67-16 67-16 56-1¢ 56-1¢ 56~1¢ 22-9
SI 3.310 2.268 2.095 2.709 2.640 2.662 6.276
1-7 Gage 0-16 0-8 0-2 56-1¢ 56-1¢ 56-1¢ 0-8
SI 4,425 2.189 2.444 2.002 1.882 1.730 5.063
-8 Gage 11-11¢ 202-7 202-7 90-7 90-7 180-10 22-6
SI 2,700 1.206 1.158 2.241 1.961 1.165 5.917
T-15 Gage 180-18 202-8 0-8 270-7 270-7 0-10 11-1¢
ST 3.654 1.610 1.547 2.307 2,178 1.110 7.607
Run?
In-plane In-plane Out-of-plane Out-of-plane T Axial
orsion,
moment , shear, moment, shear, M2X force,
M2Z F2Y M2Y F2Z F2X
7y, Cage? 270-14 90-14 90-14 90-14 247-5 90-14
s1d 2.013 2.146 1.231 1.288 2.322 4.031
r-¢ Gage 270-15 90-15 90-14 90-14 45-18 270-14
S1 2.250 2,424 1.216 1.087 2,244 3.841
17 Gage 202-1 22-2 225-1 45-1 180-1 270-15
SI 1.425 1.920 1.450 1.486 1.737 2,569
T-8 Gage 90-17 90-17 225-1 45-1 236-11¢ 90-17
SI 2.006 1.991 1.369 1.377 1.824 2.377
1-15 Gase 270-17 90-18 45-1 45-1 236-11¢ 270-17
SI 1.893 1.927 1.367 1.485 1.979 2.265

Agee Fig. 2.8 for load direction convention.
bGage = location of gage where maximum stress intensity occurred.

CCases where maximum stress intensity occurred on the crotch line rather than on one of
the ¢ gage lines.

dST = maximum normalized stress intensity. See Sect. 3.l1.1 for the normalizing con-

vention.

of the ASME Code,* a direct comparison of the two can be made. It must be
emphasized, however, that the Code indices are intended to represent maxi-
mum stress intensities resulting from any admissible combination of load-
ings. Thus, firm conclusions regarding the adequacy of the Code indices

cannot be made until the experimental data are studied in the proper con-

text. A separate report on that subject is being prepared.

*Normalization is the same except for use of the nominal section
modulus rather than the approximate modulus used by the Code.
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3.3 Representative Data for Pressure Loads

For those readers who may not have ready access to a microfiche
reader or who may not be interested in all the strain-gage data given in
the appendixes, a portion of the data for the internal pressure loading
case has been abstracted for full-size presentation and further discus-
sion. Figures 3.1 and 3.2 are computer-generated contour plots of nor-
malized stress intensities for the inside and outside surfaces of T-4.
Figure 3.1 shows the 0° to 90° quadrant, whereas Fig. 3.2 shows the 180°
to 270° quadrant. As may be seen, the maximum values occurred on the
inside surface on the longitudinal plane. The stress patterns, however,
are not entirely symmetrical because somewhat higher stresses occurred in
the 0° to 90° quadrant than in the 180° to 270° quadrant. Similar contour
plots for the other tees and for the other loading conditions are given in
Appendix VIII.

Figure 3.3 is a schematic illustration of the technique used to de-
velop the gage-line plots shown in Fig. 3.4 for T-6 and T-7 for internal
pressure. Cbmplete sets of gage-line plots are also given in Appendix
VIII. These figures show the normalized stress intensities for the gage
line (i.e., same ¢ angle) in which the maximum value was located, as a
function of projected distance. As shown in Fig. 3.4, the maximum value
for both T-6 and T-7 was on the run side of the crotch. The maximum
values for T-15 was also on the run side, whereas for T-4 it was on the
branch side and for T-8 it was located on the crotch.

Figure 3.5 shows the maximum stress index values from each ¢ line
of T-4 plotted as a function of the diametral plane angle ¢. For all
of the tees except T-6, the absolute maximum was located in the longi-
tudinal plane (¢ = 0°, 180°) on the inside surface. For T-6, it was
displaced about 20° to the side.

Numerical values for the stress intensity measured at each gage site
in each of the two quadrants for both inside and outside surfaces are
listed in Tables 3.3—3.7. The data in the tables are arranged in four
sets, one set for each quadrant surface, and the maximum value in each set
is circled. The largest of these, along with the identifying gage number,

was given earlier in Table 3.2. A few of the values given
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Fig. 3.1. Internal pressure stress index contour plot for 0° to
90° quadrant of T-4. (a) Outside surface and (b) inside surface.
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Fig. 3.2. 1Internal pressure stress index contour plot for 180° to
270° quadrant of T-4. (a) Outside surface and () inside surface.
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Fig. 3.3. Schematic illustration of technique used to develop
gage-line projection plots.

in Tables 3.3—3.7 have been adjusted, as discussed in Sect. 3.1, and

are identified by a solid triangle (A). Values for the stress intensi-
ties for all the gage sites, together with the XYZ coordinate location
data given in Appendix III, should provide valuable sets of experimental
benchmark data for comparison with analytical solutions and/or photo-

elastic model studies.
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Table 3.3.

Normalized stress intensities for T-4 loaded with internal pressure

T-4. P, normalized stress intensity on outside surface T-4. P, normalized stress intensity on inside surface

load corresponds to nominal stress intensity of 1000 psi load corresponds to nominal stress intensity of 1000 psi

Gage PHI line Crotch line Gage PHI line Crotch line

0 22.5 45 67.5 90 Gage Index 0 22.5 45 67.5 90 Gage Index

1 0.346 0.488 0.937 1.105 1.237 0-5 0.612 11 1.357 1.171 0.559 0.548 0.391 0-15 4.417
2 0.108 0.508 0.908 1.342 11-1 1.073 12 1.588 1.261 0.403 0.229 0.157 11-11 2.361
3 0.147 0.547 0.935 1.454 1.596 22-6 1.111 13 2.553 1.330 0.580 0.220 0.164 22-16 2.128
4 0.372 0.713  0.977 1.420 1.323 33-1 0.897 14 3.272 1.407 0.854 0.255 0.059 33-11 2.117
5 0.612 0.926 0.912 1.268 1.329 45-6 0.938 15 1.774 1.305 0.405 0.130 45-16 1.285
6 1.089 1.111 0.938 1.254 1.295 56-1 1.133 16 2.622 2.128 1.285 0.588 0.241 56-11 0.600
7 0.782 1.047 0.902 1.040 1.208 67-4 1.420 17 2.182 2.270 1.693 0.693 0.311 67-14 0.255
8 0.595 0.693 0.765 1.004 1.138 78-1 1.595 18 1.813 1.821 1.526 0.707 0.3234 78-11 0.172
9 0.618 0.599 0.652 0.982 1.172 90-1 1.237 19 1.607 1.612 1.365 0.662 0.260 90-11 0.391
10 0.615 0.608 0.695 0.929 1.238 0.0 20 1.421 1.397 1.199 0.747 0.413 0.0

Gage PHI line Crotch line Gage PHI line Crotch line

180 202.5 225 247 .5 270 Gage Index 180 202.5 225 247.5 270 Gage Index

1 0.284 0.501 0.854 1.184 1.191 180-5 0.617 11 1.245 1.103 0.561 0.483 0.401 180-15 3.446
2 0.162 0.507 0.970 1.543 191-1 1.169 12 1.439 1.153 0.351 0.284 0.148 191-11 2,326
3 0.279 0.491 0.975 1.5954 1,592 202-6 1.023 13 1.809 1.346 0,471 0.305 C.099 202-16 2.507
4 0.491 0.549 0.919 1.428 1.292 213-1 0.869 14 2.868 1.621 0.964 0.269 0.073 213-11 2.017
5 0.617 0.726 0.886 1.351 1.354 225-6 0.891 15 2.090 1.548 0.337 0.160 225-16 1.521
6 0.816 1.023 0.891 1.325 1.385 236-1 1.148 16 3.234 2.507 1.521 0.488 0.258 236-11 0.586
7 0.695 0.959 0.853 1.114 1.382 247-4 1.428 17 2.120 2.066 1.722 0.649 0.333 247-14 0.269
8 0.416 0.552 0.749 1.007 1.260 258-1 1.943 18 1.779 1.772 1.510 0.701 0.307 258-11 0.227
9 0.371 0.381 0.594 1.004 1.240 270-1 1.191 19 1.562 1.611 1.277 0.717 0.364 270-11 0.401
10 0.423 0.489 0.682 1.033 1.226 0.0 20 1.396 1.429 1.177 0.735 0.476 0.0
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Table 3.4.

Normalized stress intensities for T-6 loaded with internal pressure

T-6. P, normalized stress intensity on outside surface T-6. P, normalized stress intensity on inside surface

load corresponds to nominal stress intensity of 1000 psi load corresponds to nominal stress intensity of 1000 psi

Gage PHI line Crotch line Gage PHI line Crotch line

0 22.5 45 67.5 90 Gage Index 0 22.5 45 67.5 90 Gage Index

1 0.615 0.461 0.992 1.249 1.196 0-5 0.786 11 1.467 1.433 0.448 0.471 0.604 0-15 1.767
2 0.795 0.534 1.0354 1.574 1.535 11-1 0.665 12 1.895 1.786 0.519 0.314 0.186 11-11 2.566
3 0.712  0.470 1.159 1.739 22-6 0.480 13 1.946 2,097 1.009 0.204 0.159 22-16 3.155
4 0.816 0.580 1.209 1.843 1.851 33-1 0.740 14 1.787 2,694 1.485 0.260 0.286 33-11 2.333
5 0.786  0.531 1.139 1.809 1.526  45-6 1.004 15 1.767 2.928 1.359 0.248 0.086  45-16 1.279
6 0.784 0.480 1.004 1.738 1.489 S6-1  1.544 16  1.872 1.279  0.306  0.260 S6-11  0.366
7 0.696 0.545 0.984 1.586 1.476 67-4 1.843 17 1.933 3.152 1.350 0.419 0.634 67-14 0.260
8 0.672 0.405 0.936 1.451 1.401 78-1 1.632 18 2.068 2,776 1.715 0.487 0.311 78-11 0.198
9 0.601 0.425 0.773 1.175 1.356 90-1 1.196 19 2.194 2,225 1.512 0.569 0.202 90-11 0.604
10 0.458 0.405 0.697 1.155 1.318 0.0 20 1.715 1.678 1.244 0.607 0.246 0.0

Gage PHI line Crotch line Gage PHI 1line Crotch line

180 202.5 225 247.5 270 Gage Index 180 202.5 225 247.5 270 Gage Index

1 0.686 0.640 1.102 1.223 1.197 180-5 0.794 11 1,447 1.377 0.826 0.560 0.184 180-15 1.618
2 0.777 0.581 1.117 1.583 1.649 191-1 0.622 12 1.781 1.726 0.563 0.3774 0.071 191-11 3.306
3 0.707 0.579 1.243 1.709 1.887 202-6 0.493 13 1.905 2.047 1.187 0.239 0.258 202-16 3.310
4 0.759 0.490 1.245 1.849 213-1 0.725 14 1.7784 2,486 1.550 0.347 0.444 213-11 2.319
5 0.794 0.519 1.168 1.862 1.813 225-6 1.029 15 1.618 2,938 2.292 0.3234 0.267 225-16 1.562
6 0.820 0.493 1.029 1.807 1.733 236~-1 1.526 16 1,479 1.562 0.348 0.175 236-11 0.595
7 0.744 0.497  0.981 1.605 1.656 247-4 1.849 17 1.554  3.051 1.564  0.488  0.4064 247-14 0.347
8 0.657 0.435 0.876 1.498 1.550 258-1 1.752 18 1.885 2.850 1.833 0.635 0.247 258-11 0.171
9 0.558 0.333 0.744 1.127 1.447 270-1 1.197 19 2.028 2.256 1.661 0.835 0.259 270~-11 0.184
10 0.478 0.369 0.574 1.121 1.384 0.0 20 1.642 1.720 1.299 0.685 0.221 0.0

129



Table 3.5.

Normalized stress intensities for T-7 loaded with internal pressure

T-7.

P, normalized stress intensity on outside surface

load corresponds to nominal stress intensity of 1000 psi

T-7.

P, normalized stress intensity on inside surface

load corresponds to nominal stress intensity of 1000 psi

Gage PHI line Crotch line Gage PHI 1line Crotch line
0 22.5 45 67.5 90 Gage Index 0 22.5 45 67.5 90 Gage Index
1 0.569 0.594 0.898 0.788 0,701 0-5 0.268 11 1.511 1.426 0.882 0.754 0.639 0-15 3.793
2 0.543 0.556 0.740 0.894 1.020 11-1 0.268 12 1.129 1.478 0.892 0.443 0.279 11-11 2.978
3 0.281 0.557 0.795 0.917 1.013 22-6 0.500 13 1.914 1.5444 0,883 0.437 0.257 22-16 2.280
4 0.267 0.601 0.812 1.209 1.243 33-1 0.687 14 2.101 1.900 1.094 0.567 0.2574 33-11 1.883
5 0.268 0.506 0.860 1.213 1.164 45-6 0.893 15 3.793 2.250 1.470 0.6174 0,371 45-16 1.559
6  0.230  0.500 0.893 1199 S6-1  1.174 16 2.280 1.559  0.672  0.538  S6-11  1.070
7 0.319 0.501 0.856 1.151 1.132 67-4 1.209 17 3.7044 2,249 1.531 0.874 0.668 67-14 0.567
8 0.444 0.541 0.772 1.010 1.076 78-1 1.218 18 2.693 1.967 1.538 0.987 0.702 78-11 0.268
9 0.560 0.501 0.751 0.956 1.033 90-1 0.701 19 1.974 1.777 1.475 1.001 0.812 90-11 0.639
10 0.366 0.529 0.629 0.746 1.073 0.0 20 1.675 1.732 1.433 1.006 U.879 0.0
Gage PHI line Crotch line Gage PHI line Crotch line
180 202.5 225 247.5 270 Gage Index 180 202.5 225 247.5 270 Gage Index
1 0.618 0.607 0.897 0.728 0.773 180-5 0.285 11 1.578 1.624 0.951 0.745 0.662 180-15 3.480
2 0.413 0.579 0.753 0.967 0.821 191-1 0.380 12 1.787 1.467 0.911 0.479 0.192 191-11 2.964
3 0.284 0.573 0.800 1.069 1.038 202-6 0.580 13 1.923 1.621 0.879 0.294 0.226 202-16 2.292
4 0.269 0.573 0.790 1.194 1.268 213-1 0.723 14 2.109 1.952 1.072 0.5664 0.265 213-11 1.805
5 0.285 0.505 0.939 <zzgzg) 1.241 225-6 0.947 15 3.480 2.5114 1.492 0.630 0.3704 225-16 1.532
6 0.232 0.580 0.947 1.245 1.131 236-1 1.136 16 2.292 1.532 0.582 0.563 236-11 0.975
7 0.377 0.639 0.907 1.103 1.080 247-4 1.194 17 2,953 2.131 1.506 0.823a 0.682 247-14 0.520
8 0.498 0.591 0.828 0.963 1.033 258-1 1.254 18 2.306 1.907 1.516 0.994 0.765 258-11 0.327
9 0.474 0.549 0.729 0.904 0.997 270-1 0.773 19 2.016 1.766 1.4824 1,015 0.789 270-11 0.662
10 0.365 0.617 0.721 0.893 0.922 0.0 20 1.911 1.660 1.358 0.928 0.888 0.0
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Table 3.6.

Normalized stress intensities for T-8 loaded with internal pressure

T-8.

P, normalized stress intensity on outside surface

load corresponds to nominal stress intensity of 1000 psi

T-8.

P, normalized stress intensity on inside surface

load corresponds to nominal stress intensity of 1000 psi

Gage PHI line Crotch line Gage PHI 1line Crotch line
0 22.5 45 67.5 90 Gage Index 0 22.5 45 67.5 90 Gage Index
1 0.824 0.880 0.745 0.631 0-7 0.744 11 0.985 1.125 0.783  0.524  0.554 0-17 2.257
2 0.446  0.413 0.812 0.715 0.604 11-1 0.697 12 0.938 1.024 0.773  0.578 0.633 11-11
3 0.380 0.442 0.536 0.723 0.640 22-6 0.680 13 0.886 0.981 0.717 0.548  0.529 22-16 2.043
4 0.321 0.402 0.603 0.853 0.862 33-1 0.694 14 1.015 1.344 0.980 0.502 0.208 33-11 1.620
5 0.379 0.753 0.793 0.793 0.848  45-6 0.639 15 1.321 2.115 1.452 0.679 0.235 45-16 1.293
6 0.657 0.680 0.639 0.819 0.854 56~1 0.747 16 1.834 2.043 1.293  0.509 0.223 56-11 0.880
7 0.744 0.570  0.559 0.722 0.835 67-6 0.819 17 2.257 1.672 1.144 0.378 0.188 67-16 0.509
8 0.648 0.468 0.633 0.778 0.720 78-1 0.851 18 1.978 1.273 0.999 0.558  0.276 78-11 0.268
9 0.387 0.379 0.646  0.784  0.855 90-6 0.854 19 1.363 0.933 0.807 0.588 0.444 90-16 0.223
10 0.409 0.460 0.539 0.756 0.788 0.0 20 1.398 1.211 0.764  0.739 0.587 0.0
Gage PHI line Crotch line Gage PHI 1line Crotch line
180 202.5 225 247.5 270 Gage Index 180 202.5 225 247.5 270 Gage Index
1 0.988 0.888 0.677 0.691 180-7 0.764 11 1.119 1.178 0.758  0.537 0.611 180-17 2.473
2 0.428  0.449 1.135 0.945 0.886 191-1 0,743 12 1.024 1.010  0.577 0.449 0.371 191-11 2.374
3 0.376 0.446  0.745 0.858 0.780  202-6 0.817 13 0.937 0.977 0.550  0.374 0.437 202-16 2.429
4 0.317 0.404  0.617 1.112 1.024 213-1 0.854 14 1.048 1.273  0.926 0.344  0.2504 213-11 1.771
5 0.398 0.881 0.847 0.881 0.943  225-6 0.780 15 1.342 2.040 1.627 0.730 0.245 225-16 1.510
6 0.757 0.817 0.780 0.860 0.944 236~1 0.731 16 1.955 2.429 1.510  0.577 0.237 236-11 1.064
7 0.764 0,717 0.633 0.789 0.953  247-6 0.860 17 1.816 1.243  0.412  0.217 247-16 0.577
8 0.624 0.507 0.566 0.759  0.751 258-1 0.887 18 2.098 1.417 1.064 0.522 0.3014 258-11 0.388
9 0.442 0.462  0.544  0.789  0.930 270-6 0.944 19 1.248 1.054  0.855 0.568 0.398 270-16 0.237
10 0.493 0.516 0.555 0.695 0.937 0.0 20 1.000 0.923 0.812 0.751 0.578 0.0
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Table 3.7.

Normalized stress intensities for T-15 loaded with internal pressure

T-15.

P, normalized stress intensity on outside surface
load corresponds to nominal stress intensity of 1000 psi

T-15.

P, normalized stress intensity on inside surface

load corresponds to nominal stress intensity of 1000 psi

Gage PHI line Crotch line Gage PHI line Crotch line
0 22.5 45 67.5 90 Gage Index 0 22.5 45 67.5 90 Gage Index
1 0.988 1.162 1.224 0.813 0.973  0-7  1.162 1l 1.273  1.418 1.021  0.497  0.627  0-17  2.406
2 0.740 0.802 0.897 0.476 0.572 11-1  1.252 12 1.153 1.095 0.866 0.771 0.976 11-11  2.311
3 0.404  0.559  0.495 0.598  0.568 22-6  1.159 13 1.1724 0.972  0.904 0.854 1.103 22-16  1.822
4 0.191 0.435 0.652 1.032 0.913 33-1  1.05 14  1.196 0.995 0.621 0.488 0.341 33-11  1.920
5 0.335  0.516 0.728  1.037 45-6  0.993 15  1.476  1.337  0.921  0.742  0.373  45-16  1.475
6 0.952  1.159  0.993 1.001 1.213 S6-1  0.866 16  2.111 1.822 1.475 0.778 0.338 56-11 1.176
7 1.162  1.136  0.907 0.834 1.214 67-6  1.001 17 2,406 2.175  1.595  0.703  0.290 67-16  0.778
8  1.149 0.877 0.801 0.739 0.928 78-1  1.130 18 2.047 1.428  0.656 0.150 78-11  0.381
9 0.623  0.499  0.584 0.782 0.970 90-6  1.213 19  1.603 1.361 l.164 0.755 0.388 90-16 0.338
10 0.538  0.599 0.573 0.750 0.917 0.0 20 0.979 0.820 0.950 0.902 0.738 0.0
Gage PHI line Crotch line Gage PHI line Crotch line
180 202.5 225  247.5 270  Gage  Index 180  202.5 225  247.5 270  Gage Index
1 0.997 1.215 1.184 0.701 0.777 180-7 1.223 11 1.440 1,106  1.0194 0.571  0.522  180-17  2.202
2 0.702  0.839 1.111 0.774 1.019  191-1 12 1.253  1.073  0.805 0.496  0.424 191-11  2.237
3 0.614  0.693  0.645 0.651 0.613  202-6  1.197 13 1.127  0.957 0.677 0.702 0.964 202-16  1.826
4 0.316 0.344  0.650 1.070 1,004 213-1 1.000 14  1.136 0.98784 0.605 0.425 0.299 213-11  1.962
S 0.339  0.471  0.731  0.987  1.153  225-6  1.000 15  1.362 1.407 0.852  0.598 0.215 225-16  1.391
6  0.912 1.197 1.000 0.891 1.183 236-1 0.806 16  3.013 1.826 1.391 0.787 0.294 236-11  1.209
7 1.223  1.273  0.892  0.763 1.203  247-6  0.891 17 3.566A 2.1024 1.644 1.073  0.317  247-16  0.787
8  1.198 0.993  0.703 0.757 0.903 258-1 1.107 18 1.794  1.406 0.719  0.125 258-11  0.391
9  0.579 0.518 0.534 0.783  0.950 270-6 1.183 19  1.603 1.372 1.086 0.731  0.445 270-16  0.294
10 0.477 0.539  0.576 0.737  0.903 0.0 20 1.187  1.001  0.972  0.684 1.143 0.0

9¢
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There are interesting aspects of the contour plots and the ¢—line
and circumferential—-line plots that cannot be easily seen by looking at
the tabulated data. For example, the contour plots show that the elastic
response for all five tees was essentially symmetric about the trans-
verse (90°, 270°) plane for internal-pressure loading. The behavior of
T-6 and T-8 was more symmetric than that of T-4, T-7, or T-15, which, in
general, reflects a more uniformly symmetric geometry. None of the
models, however, were perfectly symmetric, as was evidenced by the fact
that the maximum stress values were not symmetric. The stress gradients
were reasonably smooth for all the tees, and there is a notable lack of
stress discontinuities or isolated regions of extremely high stresses,
which tends to confirm the advantage of having a contoured outer surface
that is free of geometric discontinuities.

When one compares the behavior of T-4 with T-6 and T-8 with T-15,
which were nominally the same size and material but made by different
manufacturers, somewhat different response characteristics are apparent
from the contour and line plots. These figures (see Appendix VIII) show
that the maximum stresses from internal pressure for T-4 and T-15, made
by manufacturer I, were located in the longitudinal (0°, 180°) plane as
one would intuitively expect, whereas the location of the maximum stresses
for T-6 and T-8, made by manufacturers III and II, respectively, were lo-
cated to the side of the longitudinal plane. For tees T-6 and T-8, the
largest stress intensities in the longitudinal plane were substantially
less than the maximum values. Nevertheless, both T-4 and T-15 had higher
maximum stress indices for internal pressure than did T-6 and T-8 — 4.417
vs 3.310 and 3.654 vs 2.700, respectively.

These maximum stress differences can be attributed to differences
in geometrical details, because all the tees conformed to the same over-
all dimensional requirements of ANSI B16.9. A visual examination of the
tees showed that T-4 had generally thicker walls than T-6 (T-4 weighed
21 1b more than T-6); it also had more reinforcement material on the in-
side in the longitudinal plane at the crotch and a shorter transition
radius on the outside surface. The external surface transition for T-4
was essentially a circular fillet with a radius of about 1.1 in., whereas

the transition region for T-6 extended essentially from the branch outlet
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to the run outlet (i.e., from weld prep to weld prep) in the longitudinal
plane and had a variable radius that ranged from a minimum of ~2.3 to
~3.0 in.

The two stainless steel tees T-8 and T-15 were more nearly alike
than the carbon steel tees T-4 and T-6. They weighed more nearly the
same (155 and 143.5 1b, respectively) and had very little excess rein-
forcing material on the inside of the crotch. The transition radius was
somewhat larger for T-8 than for T-15 (about 0.75 and 0.65 in., respec-
tively), and the overall shape of T-8 was more symmetrical and stream-
lined than that of T-15. The diameter of T-15 appeared to have been
made "oversize" and then reduced at the welding ends to meet the B16.9
standard dimensional requirements.

These limited comparisons tend to support the conclusion that the
radius of the transition has a more important influence on the maximum
stress intensity than does the overall wall thickness or the amount of
reinforcing material on the inside corner of the crotch. This conclu-
sion is consistent with results from theoretical studies by Rodabaugh
and Gwaltney!® and by Gwaltney and Corum!’ on the effects of reinforce-
ment design for nozzles in spherical pressure vessel heads. Their stud-
ies showed that reinforcement material placed entirely on the inside sur-
face has essentially no influence in reducing the maximum stresses and
that, to be most effective, at least half of the reinforcement should be
on the outside surface.

The comparisons also seem to indicate that overall shape and model
symmetry contribute to the magnitude of the maximum stress intensity.
The summary of maximum normalized stress intensities in Table 3.2 tends
to support these conclusions for most of the force and moment loadings
as well as for internal pressure. The exceptions are for T-8 and T-15
force and moment loadings on the run where the maximum values are

slightly higher for T-8 than for T-15.
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4, DISCUSSION OF FATIGUE TEST RESULTS

As stated in Sect. 2.3, fatigue failure for each of the tees was
expected in about 7000 cycles of moment loading on the branch, with fail-
ure being defined as a leak. For the fatigue test of T-4, which was the
first to be tested, the first dye—penetrant inspection was made after
1500 cycles. It was felt that this would be early enough to detect crack
initiation. However, a number of surface cracks had already appeared in
the vicinity of gage 67-05 and at a symmetrical location at about ¢ =
239°. Apparently, these cracks were initiated several hundred cycles
before the first inspection. For this reason, the inspections were
performed every 500 cycles on subsequent tests.

At the end of each test, the pipe extensions were cut off, and the
inside surfaces were inspected using liquid dye penetrant, after which
the tees were returned to ORNL.

Fatigue test results for each of the tees are discussed individ-
ually in the following paragraphs. In Sect. 4.2, an attempt is made to

evaluate all the data and draw some general conclusions.

4.1 Fatigue Crack Initiation and Failure

The dye—penetrant tests showed that for every model except T-6,
crack initiation and eventual failure occurred as expected in the vicin-
ity of the most highly stressed region. For T-6, which failed sooner
than any of the other tees, the location and orientation of the failure
appeared to be somewhat anomalous. Cracks also appeared on the outside
surface of every tee at various locations other than the failure point
prior to eventual failure. No cracks were found on the inside surfaces
of T-7, T-8, and T-15 other than the failure cracks, whereas T-4 experi-
enced some inside surface crack initiation.

In Subsections 4.l.1 to 4.1.5, the results from each test are dis-

cussed individually.
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4.1.1 Results for T-4

Photographs of the fatigue cracks were taken at various cycle in-
tervals until failure occurred after 2062 cycles. The crack that first
appeared at ¢ = 67° propagated along the crotch line until a leak ulti-
mately occurred at ¢ = 90°, as shown in Figs. 4.1—4.5. The internal
pressure in the tee was 1925 psig at the time of failure, and a high-
pressure stream of water was expected. However, due to the size of the
failure crack, the flow of water was similar to the flow from a faucet
under low pressure.

After the tee had failed, the pipe extensions were cut off and the
inside surface was inspected with a dye penetrant. Additional fatigue
cracks were found on the inside surface at ¢ = 45° and ¢ = 315° lying in
directions normal to the fatigue cracks on the outside surface. These
cracks may be seen in Fig. 4.6 along with the fatigue crack that propa-
gated from the outside surface and eventually resulted in the leak. (The
cracks were filled with a white lacquer to make them stand out in the
photograph.) The principal stress in the vicinity of these cracks was

2.09 ksi/1000 1bs as compared with 2.77 ksi/1000 lbf at gage site 67-05.

4,1.2 Results for T-6

The area within 22° on either side of the 56° ¢ line was given a
dye—penetrant inspection every 500 cycles to detect crack initiation.
No cracks were found during dye-penetrant inspections at the 500- and
1000-cycle intervals; however, after 1309 cycles, a considerable amount
of water was noted on the floor near T-6. Investigation revealed the
existence of a large crack about 1 ft long between the 90° and 22° ¢
lines, as shown in Fig. 4.7. Internal pressure was lost, and most of
the water in the tee had drained out. The facility was shut down, and a
complete inspection of the outside surface was made.

The only other cracks on the outside surface were a series of small
cracks between the 270° and 0° ¢ lines running parallel to the direction
of principal stress, perpendicular to the expected directions. On the

inside surface, fatigue cracks, shown in Figs. 4.8 and 4.9, were located















































































































APPENDIX 1

UNION CARBIDE SPECIFICATIONS JS-115-235 AND JS5-115-229



m! Quk MEE'I Tennessee

JOB SFECTFICATION Mumber: JS-115-22G

Dete: Jan. I7, 1069

UAICN CARBINE MUCTEAR OOMPANY
DIVISION OF UMION CARBIDE COAPORATION

Revised:
Pege 1 “—of B

BubJect: ZExperimentel Strese Analysis of ASA Standacd B15.9 Tets

Project: Design Criteria for Muclear Service Piping, Pumps, amd Valves
{AZC Activity No. O% &0 Bo 03 1)

k.

BCOYE:

This gpecification covers the experimental stress analysis (stroin-gage
tests and brittle lscquer tests) and fatigue-to-fallure tests that are o
be conducted op two ABA standard B16.9 tees. Two tees, & 12 x I2 x 12-in.
Sch. BO ASA B16.§ tee fobricsted @ xu ASTH 106 Grade B carbon steel and &
12 % 12 % 6-in. Sch. kO ASA B16.9 ce fabricated from type 0L ztairless
steel, vill be supplied by the cospany for testing.

The required tests are & portion of the joint AEC (ORMI) = PVRC progras
to develop stress indices and flexibility factors for piping compoments.
Tugk Ho. 1 of the PVEC report, "Progvsa and Request for Progosale for
Development of Stress [ndices and Methods for Amalysls for Piping, Yalves,
and Puezps, " dated July 1, 1967, is included for refcrence a.. information.

Two quadrants of cach tee sbail be extensively etrain gaged on both incide
ond outeide surfaces to chtain the surface strain dats necesadry for the
analysic. The zeller 1g also to weld pipe stubs on each of the three con-
nections Lo transmit force and mosent loadings to the tee and to provide
end closures for emch of the three pipe stubs. Defleztion or shgular
rotation meapuring devices are to be installed in sufficient quant{ty ard
poaitions to determine the flexibility of th: tee relative to n pipe of
the sape schedule and length ag the tee. The brittle lacquer tests will
bt conducted prior te the strain-gage tests. Strafn pessurenénts vill be
taken with intermal pressure loading and with 12 d11ferent mozent apd
force loadings, as shown in Fig. 1 of the PYRC task descriptlion. The
refults of the gtrala-gege tests will be the bagis of selecticn of the load-
ing to}pﬂ:du:e fatigue fallure in the Low-cycle reage {500 to 100,000
cycles;.

All strein-gege readinge, deflection seasureoents, load or force measure-
rents, ond sn analysis of the datn sbell be submitted to the company.

APPLICABLE SPECIFICATIONG, STANDARDE, AHD OTHER PUBLICATIONS:
B=l. Cemerai

The Jetest revision of the Following documents shall form o part of this
specification to the extent stated In subsequent sections.

2-1-1. Uanuzbered PVAC report, "Progra= and Request for Proposnls
for the Develdpment of Stress Indices and Methods {or Annlysis for
Piping, Valves, and Puzps,” dated July 1, 1967.

3.

2-1-2. USAS B31.7, "Buclear Pover Piping,"” dated Feb £ 1968,
2.1-%. "Sectlon IX, ASHE Boiler and Pressure Vessel Code.™
REQH THEMENTS :

2-1. It is the Intent of this apecificatizn to describte vork Lo be done
t0 achieve the objeotivea of Phase A, Toask Bo. 1, outlined in the reference
under Section 2-1-1. A copy of Task Eo. 1 is included ip Section 6.2 for
reference information only. Where specific differences and requirements
exiat between this apecifiestion and those indicated in Teek No. 1, con-
#iderotions shall be given to this specification omdy.

3-2. Bpecimen and Test Assembly

~2-1. Materiala. Tvo tees — & 12 x 12 x 12-Ln. Sch. 80 ASA
€IE.§ tae fabricated frem ASIM 106 Grade B carbon steel and 8
12w 12 % £=fn. Bekh. 4O ASA B16.9 tee fabricated from type 30LL
stalnless steel — will be supplied by the company. Fipe extensions
of the samt oaterisls and of suffigfent length te peet lending
requiressais shall be welded to the tees and the endz ghall be
cloged Yor pressure contalmment. ALl epd closurcs may be of car-
bot steel. Pipe legn sball bBe purchesed to AL0S Grade B and A312
TP 304L with a certified mlll test report. _The minlmum apd maxi-
mex {aaide dlmur! cuteide dismeter;, wnd wall thickrese at both
ends Ol ¢4 leg the veipght of each le¢g shall be measured, ro-

&orded, and subnltied a2 part of the data.

3-2-B. Aligremnl. Froper ali t limited only by irregularities
in the gecoetry of the tee and pipe leps shall be wmalntained during
welding of test assembly.

E-Q-:. Welded Jointz. The gas tungsten arc welding oethed stall
used For all welds in the fabrication and acsesbly of the test
plece; that is, the tee-lo-pipe stub welds snd the pttachment of
the end olosures. Materimls shall comply with Chapter 1-ITT of

USAS B31.T, Ruclear Power Fipl dated February I5GH. The re-

GUITEEnE O} er 1-¥, +1 for Class I Plping Systess,
sbal) apply in the fabrication and ageesbly of the test plece.

Qualificetion of the welding proceturss to be used and of the per-
formance of the velders and welding operators shall comply vith

the requirements of Secilon 9 of the ASKE Boller and Pressure Yeo-
sel Cole. These procedures are to be inspestzd and approved by
qualified representatives of the coopany. Rodiographic, dyrpenetrant,
ultrasonic, ané metallographic examination of wvelds shall bte per-
formed in additicn to the requlresents of Section 9 of the ADE
Boller and Precsure Yeosel Cole, in the qualiffcation of the veld
procedures and in the qualification of the welders. The typ+ and

¢~I
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extent of the weld exwninztlon and the test of the welds in the
test aczechly chall coafarm to Table A.7 (a}, A.7 {b}, amd AT {0)
ef Appenlix & of USAS B3.T. The Inclucions and perseity alloved
cheil not Te greater than ene-half in slze ond one-hall i{n nucher
of Lhase aspunts 1isted in Appesdix B, Parsgraph B-2-14Q, USas
BI1.7 The three pipe-to=tee welds of the test assexbly shall be
greand foooth with the walls on the incide of the apsesbly and
als0 on the cutside to &5 to produce no curfece discoatinuities.
Undercurting resulting from these weids will not be permittczd.

3-%, LosMrse and Lesding Fixtures

3=3-1. Fixturcs and Fraze. It chall be the responsibility of
the seller to debign and provide adequate Ioeding facilities to
properly apply loads as specified herein.

3-3-2. lcedinge. Thirtees diffevent leadings shell be applied

Lo cach test gssexbly 8s indicated im Fig. 1 of Task Ho. 1 {Section
6.7). ALl forces to sccoeplich Shese losdings (except Internml
prossure) shall be applied at g distasce of four plpe dienmeters
from the pipe-to-tet weld. The mamitude of the loadings shall be
propesed by the celler and appraved by the co—pany. Strain shall
be 1i=ited to 1000 pin./ln. at any gage polnt. The order of the
lcadinge is discussed under test provedures {Sectim 3.9).

3-b. Ingirucentatien

Twa full quadrasts of the tee plus other discrete points on the assezbly
shall be instrmuented, inside and outside, with s tatal of 225 threes
gage etrain Tozettes. The company will supply the gage layout based
upon the ohjectives of the progras and the requirezents dicteted by other
analyses with which the date will be ¢ompared. The type of gage moy be
chores by the seller with epproval of the company. Since gagis sy be
reyuired on or very ¢loze to the velds at the ende of the teg, the
gellor shall be prepared to veld ghort stubs to cne or oors of the tes
cutlets I retessary, prior ¢ Tinal placesent of these inside gages.

3-5. Dial Cage Locations

Minizus requiresenis for dla} gsge locations are shows schematically
in Seetlon 6-3. Eight deflectlon atasursments &t ¢sch of 4vo ends
{Hos. 2 and 5) of the assenmbly ghell he oeasured for each loading with
respecs S0 the fixed end (Wo. 1).

3=5-1. The lever ars, length b, should be such that with expected
dinl gage BCouracy, the expected roteiion can be measured with
reaschable necuracy (2108).

REr: _J9-115.22%

zute: gen. 11, 1963

Sevisen:

frge  LTar B

3-5-2. The reference freze to which the gsges shal) Ye ptiuched
should be ecanected to the pipe near end dNo. L. The fraze should
‘be puffliciently rigid so that changes in 2ial and gage fercee do
not sipnificontly affect the reedings. While this forre change
may be 2rdy & fev duaeer, thy frowe w11l recessttrlly he quite
leng and. unledu sulflelently rigid, eay deficct slgniflcantly.

5-%-%. The reasurenent creosn bire sbould he ariached {o the pipe
&l lZcatlong where local deformations &F the pipe cross section
cre pegligible. Shofe sttachments to tis pipe shoulld be 4 short
st fempible {dzstance A, Flg. £-3) becsuge Lo evalunting the tee
Llexibiiity 4t will be necessary to pubbiract cut the diaplasenents
due to the pipe; thercfore it 18 necessary to knov the pipe lesgthe
neeurately .

3-6. Brittle Coaticg Teats

After fnstallation of inkide gage: and cocopletion of the st ssmenbly,
= brittle coating test shall be prrformed to determine the Xcdaution

s0d orfepntntion of cwtside principal ctresses. Ine Joention and rusber
of the ¢itside gages will then he sublect to reviev and ponsible adjusta
=ent., ‘The procedwre for ife brittle costing tests phall generslly con-
fora to the £ollowing outline.

5-6.1. Euch losding shall be applied successively to cne-third
the maxtrum scheduled leading to minimize the effects of residual
strezses.

-6:2. Brittle lacquer with £ sensitivity of spproxizatsly 500
pinfin. shall te applicd to Bt least one-balf of tht wee.

5—6-1. Branch moments ard tranch ferces shell be applied in wue-
cesnion beginaing with M,,. Euch load shall be spplicd in ingre-
wente until cracks ofcur in the brittle coerdting or until & previous
erack pattern is Intensified. Under oo circumstsnces shzll the
load exceed one-half of the maxinum scheduled loading level.

3-6-%. The secoed half of the tes ahall then be conted and the
run cogents and ron forcas spplizd inm the same marner beginning

vith .

2—5«2. The above procedvre may be adjusted during testing LF
zutually agreed on by the seller and cpepany representative.

The following date and Jate analysis shall be subeitted ns indizated
in Bectioa 5.

£-I
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5<T=1. Thy linear response of each gage in unfte of inches per
Loeh per unit loud determined by least pquares Fitting the dats
fron each af the leding lncrements.

3=1-2, Elsttically-caleulcted stretscs and strains In the d&i-
rection, and transverse Lo the direction, of u row of gages.

-7-%. Elastieally-calzulated prineipal stresses and straips
thelr dircetions, 49, relative to s rew of gages.

3=T-4. Graphical plots of the shove quantities as a functiea of
Eage posltica.

j-B. Data Acguisiticn

3-8-1. Strain resdings shall be taken froot all gages snd dial
indicetors at the beginning of cach run and after each loading
and uniceding increment.

3-8-2. Straln readings at succensive zero loads shall not differ
Trom cach other by more than 225 pin.fin. ur £10% of the maximum
siraln resding for that gege durlng that loading, whichever i3
szaller. In the event this requiresent s not met for specific
gages during the required puzber of loodingz, mdditicnel loadings
shall be run for theze gages until ccepliarce ts met. If internsl
unrepalrable gages persict in errstic or unsatlsafactory behavier,
& company representat ve will detetmine when o saxizmus effort has
been tade to chtain € from these gages.

5-9. Tect Procedures

Following the Lrittie comting tests and the attachzent of external
inctrusentation, each tee shall be tested with the prescribed loedings.
The first load t0 be applied shall be K:,‘ follaved dy the resmalning
branch aczents and branch forces. The aame order shall apply for the
s mazents and run forces, beginalng with M, . The internsl pressure
test may be interjected Into the above order &t Eny conveslent time.
For cach loading the procedure used shall be ac follovs.

22G-1. Esch lcading ghall be appiied to one-half of the progrosmed
maximum lond and a ser of data taken. This data chall be scarned
for points of zaxizus strain. In the event any stralns {ndicate
that, on maxizmus loading, the vzlue of strain at that point will
exceed tha 1000 uin.fin. Lizit, the programsed =aximum load shall
be adjusted accordingly.

3-9-2. After conflrsing tne adequacy of the maxioun loml, the
test plece snhoil be loaded and unlosded unptil linear elustic be-
havior is nohiieved., Cemplete dats need pot be takep during this
shakedown process; hovever, it provides azple opportunity to
evalunte the stadility of inotrumentstion.

b

upber: J8-115-223

Date: Jan. 17, 0
Revised:
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3-0-3. The tect piece shall then be londed to the maxinus load
in four incrementul steps. These steps shall be repeated oo the
wnloading process caking & toial of nine sete of data for each
loading, taken as indtcated in Sectfon 3-8.

3-9-U. The above test {3-9-3} chall be repensted and data for the
¥ runs examined for cooplisnce with reguirecents dedcrided in
thic specification.

.10, Patg Tests

Eech tes shall finally bo tested to fellure by foatigue londing. The

company will selest the leading to be uged In the fatige .est upon

complziion of the elsctic testing of each tee. The loeding will be n

naent applied Lo the branch; hovever, & decleion on the dirsction,

):_‘hx or M__, will not be pade until sufficlent dute are recelved frowm
¢ e!.uiic teste,

Io any event, the lcading shall be made In & fully reversed cycle,
paintaining B conztent maximum displacement in ¢ach direction. The
tee shall be hydrwulleally pressurlzed to 2250 pri interpal pressure
in the 12 & 12 x 12-in. Seh. 8D cerbon steel tep test and to 1090 psi
tnternal pressure in the 12 x 12 = S-in. Sch. 4O type 30LL stainless
glecl Lo test, Thic prenscure phall be held censtant during the en-
tire fatigue test.

The magnitude of the loading shall be proposed by the seller and approved
by iht carpany, and should bte sufficient to esuse & fatlgue fajlure in
the range betwesn 500 and 100,000 cycles. Fallure in thiz instance io
defined ap the fivet indication of o leak snd cheil couse the test to

be terminated.

The teit shall be fnterrupted at frequent fntervals and {pspected for
signs of a developing fatigue crack. Dye-pepcirant or [Iucresgent-
wagnetic particle {nspections aE applicable will be made to detect
erackno on the outside surface. Susnpected sreas are to be photographed
during each inspection and thece pliotographs sre to be congldered »
portico of the records of the test.

THEPECTIONS:

4=1. The corpany shall heve accest to the test site as nccesosry for
‘Cheervetion of tert preparstions snd teats,

k2. The company shell be advised of the schedule of preparations and
teste in sufficient time to ellow an shierver to be prosent for actlvities
of jnterest.

-1
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HKEPORTING OF RESULTS AND REIURN OF SPECINERS:

J-1. The follouing reporte shall be submitted covering the work deceoribed
bereln.

=1l-1. Mont Status Reporit. These reporis are due si the edspany
on the Tirst dey of each month. They should cover the month'c
activities in sufficient detmil so that portlons can be sbslracted
by the coxpany for 1n-lusion in & program report to the ASC. Three
copies of B 12 x 1! :in. glossy print photographs should be fneluded
&z appropriate. A projection of the planned activities for the next
month 15 to be inciwded. The Tormat for the roport may be a letter
or oenorandys,

5=1-2. Quarterly Progress Reports, These reports arc due at the
cdzpany on the 10th day of ench quarter, that ls, Jenusry 10,

April 10, Fuly 10, and October 1D, Fifteen copieg are required.
They are to be a general swwary report covering the preceding
three-gonth pericd; the firct repert way necessarily cover a shorter
perisd. They nted not contaln nl) the specific detalle contalned

in the monthly reporis but ghould -esent & clesr desariptlon of

the work, since thise reports will .o papsed on unedited to AEC
HAeadquariers =4 others ¢n a limited, offfefal use cnly, dletributien,
The formal © the report in left to the giscretion of the seiler,
but should contain an introductlon and :onelusiens.

5-1«3. Final Topical Beportr. Forzal sumsary reports chell be
pubitted upen coaplebing tlic elsptic strain-gege anslyais of each
ter and upon scmpleting cech fatipue test. Dute skall be fncluded
a5 both tabulated sumaries ard graphlcal plots. ¥Fifty {50} coplea
of each are required. Drafte of the final reports shall be aub-
mitted Lo the company for approval and comment, The work shall be
deemed cospleted upon receipt 1y ihe company of ihe final reports.

Sa2=h. Informal Submission of Data. Dsta for each of the described
loadings, including data obtained during tast getup, shald Ye pade
availeble to the company imeediately upon scmpletion of acguisition
and processing. The cospany 15 to be notilled, in writing, that
such dats are svailable. Hovever, transmiital to the company shall
be made cnly upon Tequest.

5-2. Follewing the cowpletion of the fatigue teats, the sxtensions of
the tees ahall be cut &nd removed approximately 5 in. from the weld
leaving the weld and te¢ intact. Gages and a pertion of the lrad wires
shall te left on the apecimen. The tees shell then be returned to the
coapany for £inal disposition.

6.
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HOTES AND REFEREKCES:

£=1. Suggested Contractus} Festures

6-1-1. Reviged Loadipgs. It is anticipated that certain leadings
bRy be repeated with combinations of mementg and forces, for exarple,
?gy £ Itl'“'; Fzz B ?37- % May; and Fyy * Ky The peller ghall

be prepared to perfora these additiona) tasks £f required. This
shail be considered additional work an? the additlonsl cost nego-
tiated with the cospany.

£-1-2, Additlen or Deletion of Omgrs. The seller shell be prepared
o add or deletc af many Az 25 three-gage roselies from the pumber
indicated 1n this specification. The quotatfon thall faclude the
incremental cost inerease or decrease for each rosette added or
deleted.

5-2. Reference
(3
Tasy ¥o. L from reference lsted fn Section 2.1.1 (sttaciment

€-3. Peference
Behematic sketch of dfal indleator yequivesents (attachoent].

-1



TASK NO. 1

MEASUREMENTS OF SURFACE STRAINS AND
PATIGUE TESTS OF ASA B16.9 TEES

Seope

Table 1 1iste the specific tee test specimens nné fatigue .ot loading
conditions.

Phaze A consictc of & thorough Invertigation of Items 4, 6, 8, and 15
of table. FPhase B fncluden the remainder ef the itezs of Table 1. Detalled
test procedures for Fhace B w11l be gutded by the resulte of Phase A teste
and possibly by the results of the thecretical analysis of teen performed
under Tazk 4.

Teble ). ASA B16,9 Tee Test Specimenc and
Fatigue Tent Leadings

Item  Neminal Heminal Fatigue Marufsc
¥ i, B -

Ho. Size Wall Haterial I:::‘i'ns turer Frase
1 [ Sch kO TP 30% or 304,  Moment 1 B
2 Bxbxb Sch 160 A-106-B Pressure b B
3 ExGxb Sch 40 TP 304 or 40L1,  Moment I b
W 12x12¢12 Sch B0 A-106.B MHooent 1 A
5 12x12x12  Sch 80 A«105-B Pressure I B
6 l2xi®x12  Sch B0 A-106-B Mement hyad A
T 12xt2x12?  Seh 60 TP 301 or IONL  Moment 1T -3
-] 12x12x6  Sch Lo TP 30% or 3081 Mozent II A
9 12x12x6  Sch 160 P 30% or 30SL  Prescure 1T B

10 2hx2lx2d Sch 4O A-106-B Moment 349 B

1 2hxpUxP4 Sch 150 A-106-B Prescure I B

12 2xelal0 Sch V0 A-I0G-B ¥ement I B

33 2bRbxl0  Sch 166 A-I0A-B Pressure 1II ]

1 12x32w5  Seh 0 TP 30h or AL Undecided I B

1% 12xlPxé Sch b0 TP 30N or AL Mieent I A

Part of the chleetive of this progrem [o to deteérmine the extent of
the differences in stresses In tees of @ffferent menufecturers. Test from
three different sanufacturcrs are 10 be fneluded, Indleated by I, IX, sad
IIT of Table 1. The bidder shell specify the specific mamufacturers. The
tees purchased for the progtam chould be typlcsl of the panufacturers'
products.

Straln meagurements are to be taken with internal pressurs and with
the mamtnt mod force? loadings shown in Mg. 1.

M!Yl FBY
/q,l £ ‘M”l ;;!
[ 4

’”w, Fay

f 2—3 Mae, Fry
Hzx | Fin

Pig. 1. Test Loadings for Strain-Gege Tests

Prescure and aach of the sla indfcated mooents are to be applied
separately (zeven separute losdings). Each test sball Include strain-goge
readinge ot & minizum of three load jnererents up and dovn through mt leswt
thres tycies to insure thet elastlc ststes of strain are chbtajned. fThe
bidder shall {ndigate what msxizum loads he propoced to apply. ITtems &
and § of Table L (Phase A) chall be thoroughly strsin-gnge instrumented and
subjected to all ipdicated test loads to deteralne the critleal areas where

Force Loadings are to be spplied to Items b and B of Table 1. It
stresees due to force loads are scall coapared to those due o Homent lomds,
cubsequent test sodels do not need Lo inglude force loads.



stresses dur W the possible sudependent losdings can comblne. It (3 expected
that several hundred strain-gage elemmnts will be required on e¢sch podel, but
the specific nuzber and location of gages xre to be swpecified by the bidder,
e results of this Investigation shall be used to locate critical reglocs
on the otber 11 models so thet & sealler miwber of strain gages may be veed.
Por prassure fatligue teats, the pressure range will te determined on the
basis of the strain-gage resudts. Yor somseat-losding fatipue tests, both the
wamer’, {vhether Mo J(’,, K., or woee cosbination thereaf and whether applied
to branch or run) snd it magaltude vill aleo be determiped fram the atrain-
gage results. The aix polnt will be between 500 to 100,000 cycies to failure.
The Tfatigue teste shall be interrupted pericdically for vlsuval snspection
to attempt to tdentify amy crack initistion on the ou'side wurface. AlL
morent-losding fatigue teotas ahall be pressurized to the nominal denign pres-
swe, except Ites 3 which shall be pressurized about 2 to 5 peig. Al fatigue
tests shall terminate upon the beglmning of leakage.
ALl tests shall be yun at rom temperature.

IERIRED IHSULTS

{1) Iospection date on teat specimens.

{2) Btmmin., .o date converted to principal stresnes, tabulated
against load stepe.

{3] Fotigue teot losdings ard cycles.to-failire.

(&) Description of the rstigue failure and crack ialtistiom, if
the creck initietion is detected on the outaide surface.

(%) Description of tent procedures and discussion of accurscy of
the test results.
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JU3 SPECIPICATION uzber: d5«335-42,
Bate: July #Q,
UNION CAYMICE RUCIEAR COHF Reviced:
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DL, Quk Ridge, Teanersec

SubJeel: Experimental Strens Anulysin of ASA Standard B1A.9 Tees

Project: Design Criteris for fuclear Serviee Piping, Pusps, und Voelveso
{#8C Actlvity YNo. 0% 60 Bo 03 1)

S00FE:

Thic specifiention eovers the experizentsl otrest anclycle {ctruin-gage tests
and brittle lacquer tests) end fotigue~to-follure tests tu8t wre 1o be con-
ducted o ore ASA stundard Bl6.9 tee. Thic tee, & IF A ' ¥ ¥ Mlein. ficicdule
100 ASA D16.9 tee fabrlcuted Uram type 3OML stulnless s*sel, wIl) be suppiied
by the Cocpany for wenting.

Tht requized teste s & pavticon of the Joint AEC (PRI} — MRC progres to
develop strese fndicen wnd flexibility faetorc for piping cceponenis. Toesk No.
1 of the PYAC report, "Program snd Seguewl for Proposels for Development of
Strerc Indices apd Mewhols for Analysis for Plping, Velves, and Pusps,™ dated
July 1, 1947, ir lncluded for reference wid laferesntica.

Tee quudrunts of the tee shall be extensively eirain gsged oo both inslde end
cutoide surfsces to cblsln the surface etrain deta neeessary for the analyels.
Tre Eeller £ alco %0 weld plpe stubs on each of the three connections o
trancait force and moment londings Lo the tee and %6 pro.ide end olosures for
ench of the three plpe stubs. Peflection or angular rowntion m=ensuring de-
viges ure o be Instulled in sufficlient guentity snd positlons to detercine
the Flerlbiligy of the tee relative Lo o pire of the saze schedule and length
ay the tec. Tht hrittle lnoquer tests will be senducted pricr to the ciraine
Fpge teoto. Strain seoturezentt will be tnken ¥ith dnterasl pressure Iouding
ard with 12 different memmnt snd ferce loadings, ns shown in Flg. @ of the
AU task Seseripuicn. The recults of the sirsln-goge tesis will be the baris
of relectlen of the leading to produce fatfgue fuilure In the lov-cytle ronge
(500 wo 300,000 cyeles).

All stralne-guge rendings, deflectlion measurements, lokd or foree ceagureceols,
and an analysis of the dats shalk he pubzitted to the Cospeny.

APPLIDRBLY, SHECIPICATIONS, STANDARIS, AND CTHER PUBLICATIONS:

2-1. Gemrnl

The lntesy rovisien of the folloving documents shall forz & part of thic
specifiention to the extent stated in subeequent sectione.

2-1-1. Unku-bered PYRE repert, “Pregram and Request for Proposulc for
the Levelopeent of Sireco Indices and Methods for Ammlysic for Piping,
Volves, ard Pusps,” dated July 1, 1967.

2-1-2. USAS B3L.7, "Swelenr Power Piping,” dnted Janunry 1959.

2=1-3. "Section IX, ASYE Boller nnd Precsure Vessel Code.”

3,

o

Yumber: J8-115.044
Date: July 29, LoaG
Reviseds

Fage _ 2 of &

REQUIEEMENTS:

A=, It i the Intent of tha spe.[fleat|on Lo desarike work .o be done to
ockicve Lhe obfectives of Tuuk No. 1, outlined in the reference umler Se
2-1-1. A espy of Tutk Bo. ) in (acluded in Seetien Gu? for refercise .uio
tation enly. Where spectl st requiresents rxist hetween this
cpeeification and those indicated in Task Ha. 3, censtderntienm: shall be goven
Lo this specification only.

3-2, Spocimen wnd Test Acsecbly

32-l. Muterinls. One toe — 8 12 « 17 = 1Z-in. schedule 140 B15.9 tee
fabricated Irac type 304k steinless atecd — w111 be supplied by the
Coppiny. Plpe extensions of the swme oterisl and of sefficient length
to pect lending requirecents; 1o be supplilesd by the Seller, shall be
welded Lo the tees nad the ends ghall be closed for provsure gontnis-
menl. At the Sellee's eplion, ehd closures soy Be 0F chrbon cieel,
Pipe legs thall be purchascd $0 AP TPLIOLL with & cortifled =il tert
report. The minious and saxizes {nclde diureier, outolde dinseter, und
wall thickness ot both epds of eneh leg wne the we.ght of caeh iy ohnll
be peatured, recorded, ond subs!itted Bs fart of thir datu.

Jr2-2.  Alfenment. Proper ulignment limited only by frreguluritles in
the gedoetry Of the tee and pipe legs sholl be maintained during welda
img of the test ansesbly.

-2-%. Welded Joints. Ihe gus tungsien sre veiding rethod shall be
used lor all welds in the fshriestieon and mocenbly of the tesi plece;
that i5;, the tec-to-pipe siub weldr und the attachuent of the end
slosures. Materinls shnll comply with Chepter 1<III of U3SAS B3L.T, limc-
lesr Pover PLping, duted Japusry 156%. The romlrecent: of Chupter 1.V,
USAS B31.7 for Clacs I Plping Syestems, shull apply in the Jabricatisr
and egeembly of the test piece.

Quulifienticon of the welding procedures 10 te used and of the per-
Tormance of the welders and weiding oporetors chall cosply with the
requirenents of Sccilen 9 of the ASME Boiler and Pressure Vescel Code.
These procedures eare Lo be inspected and mpproved by qualified repres
rentstives of the Company. Radiogrusyphie, dycpenetrant, wliragenisz,
and cetellographic examicntion of velds shall ke perforsed in additlon
to the requirements of Sectlion 9 of the ASME Bojler wnd Presture Ves-
sel €ode, in the gunlification of the weld procedures, and in the
qualirieation of the velders. The type atid extent of the veld examl-
nation and the test of the welds In the test sszezbly shall cenfore to
Table A.Y (8}, A7 (B), ond AT () of Appendix A of USAS B3L.7. The
three pipesto-tee velds of tho test nsrechly shnlld be ground smooth
with the walls ¢ the inpide of the assesbly wed &lpd on the outside
o ut Lo proiuce no surfxce dizeontinuitics. Undersurtlng resulting
froe these voelds will net be perzitted.

6-1



Dusber: J0-131%-250
Mter July 2%, Yuad

3%,  Doadings und loading Pixtures

B-4-3, Fixtures end Prose. 1t shall te the responcibility of the
Selicr Lo design ond provide sdeguste londiag Taeilitics Lo properly
spply loads wo opeeifled heveln.

3-3-2.  Lendlngs. Thirteen different readings kel be spplied 1o the
test antisbly s {ndlented In Fig, 1 of Tushk C{Sceer L T-RF. AV
torees to necoeplish these leadings (exeept internal piosture) shall be
spplied BL o distance of four pipe dimgeterc fros the pipeeto-tee veld.
The shgnitude of the lowdings shnll Ve proposed by the Seller ond
approved by the Cimpany. Sirain shell be limited o 1000 uin.fin. et
uny gagr point. The onder of the Jeading: iz diccansed under Test
Proccdures {Seetion 3-9).

3e3e%. Beundury Conditicns. In order t0 previde Boundoary eonditions
Tor LhvcreiLious Grils ots Lrut a part of this speoificstien), stiffen-
ing rings, o olner oeam, o seiieient rigldley to malntedn plpe
pirealarity during appliention of the louds shall be FMixed to the
pipt estenziohe gl Ui point of lead applloaticsn {tour pipe diuzkters
fron the pipesto-tee sehi}. They Buy be weldea fa plice Tor the
cluptie Strain skt bul should be regoved, shd any Ommee Lo
the plye extencions repafeed Refors Fatigue tenting.

3-hi.  Ispimmestuticn

Two full quudiunt: of the tee plus othor dizerese polnts ca the asrenbly
shell e [notrurented, innfde and cutside, with & total of 229 thretegage
glendn roscttes.  Reference moarks (@) and {4) will hove tecn pinced on the
tee by the Compony to be uscd by the Seller In moX.ag the phee loayveouts
tecording to e goncrnd guldeline cottuined in Svetion 7-%, Goge posie
tione ghull be approsed by the Cempuny prior to instidlavion. The iype of
gage mhy be chosen by the Selles with spprovel of the Cerpany. Since
gnges why be required on or vwry cloze to the velds at the ends of the too,
the Selier shnll Be prefarvd Lo weld short olubs to one or more of the tee
outlets 1f necesesry, prier to Tinsl plagesent of these loside gaget.

L%, Mal Goge Loconilohs

Miniouom reqalreecnte for dind gupe locaticne arg shown sehezallcnlly in
Seetion (3. Efght defleeticn zeaturements &l ench of wva ends {Hoz. 2
nnt 3) ol the asseably chall be meksured for cach londing with respect to
the fixed end {Na. 1},

3=5=1. The Yever aim, lengih L, should be such that with expeeted
gind gage aveuracy, the expected rolotion eun be mewsured with
reaserable wecuracy (21100) .

3-5-2, The reference fraze Lo Which the gugcs chull be attached
should be coaneeted to the plpe newr end Eo. 1. The Friose should
e eufficiently rigid so thay chenges Sn dind and goage forces do

Ief

Humbor; .1‘5-&164252
Batg: July PY, 146G

not rlgnificantly alfcet the readings, While this Jorce ehnuge mey
Te ouly a few ounzes, the frame wil) nececsarlly be quite leng amd,
unless afficlently rigid, ooy defitet cign! ficuntly.

a=5-5+ The sensurenchl erose bark should e attached o the plys ar
leontlonp where local deformatiens of Lhe pipw &3 © geciion are
negliglele.  Tnese attachecnt: o the plpe thould be no shars sn
feastble {distance A, Fip. 7-3) becuuce in evaluting the tep flexi-
bility It 11t be mecessrry Lo subtlract cut the digplacemenic due to
the pipe; (L Ip thercfore necepssry to Rt the pipe lepgihc uscus
rately.

Eritcle Cortins Tasts

After Instkllation of inside gages oand ecpleilcn of Lhe tert astently, o
brittle foating test may b performed at the discretlon of the Coppuny »

HES

deterzine the losation srd orienmsation of outside principal sirelcer. Ghe
location erd purler of the catsfde grges 9101 then be pubjeet Lo review o
poscible sdjusizeat. The procedure Loy the Lrittle conting toaty shslld
generally cenferm 1o the follewing cutline,

plr el

3-€-1. Fach lgelfng shail Be applied suscessiuvely to oue-thind the
caximes ocheduled londing to minisize tne effects of residusl
strernes.

3-6-2. Brittle Jocguer with & rensftivity of approxisstely %00 win./
in. ghull be applied o ni Joupt one-holf of the tee.

3-6~%. Brench soents sad braonsh forees chall be applled in suaceessien
beginning with ¥,,. Fach Ioid shall %e applied !n inerements unnil
cracks ofcur in the brltile goating vr =stll o previgus erack pattern
a intencifted, Under no circumstances sholl the fead cxaceed one-hals
of the muxtzus agheduled louding level.

3-6-i. The zecond hult of the tes vhall then Ye cowted and the rup
modeata apd rus fopees spplicd In the sese tanner beglnning with M.

3-0-5, The above procedure may be adjusted during testing 1T mutunily
pgFeed on by the Seller and Uocpuny representative.

Latn Requireownts

The Tellewing date snd detn woalysis cinll o subaitted as {ndicated in
Beetlon 6. The rethodt snd formulos used in the dotn naalysls aee to be
approved bty quallified represenintives of the Company.

5-7-1. ‘ihe linesr responce of each gage in unaits of Inches per inch
per unit lead deterssined By leact squarves Sitting ihe data froo esach
af the loading Insrezents.

0TI
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Ixite: July 79, 1953 Duve: July 24, 1539
Revl;ud- = Rewiscd:
Page '5 —oF T8 Fage 6 of B
., . . rtiod st it o - . 3=9-2. After geafirsing the sdequuey of the shxismun leod, tae test
i:-{—'%' ihl:g-i;&;ll}-;alcué;;tt ‘::Zzz :"d‘_;’:“;ixé‘_iz:mii‘"ﬁ :2;"2!. plecy £:all be leaded and unlcsded watfl linear clastls Behaviar ls
ch:::.,, R the direetion, Fapmyer ° e EERE achieved. Cuaplete deta reed not be taXen during this shukedcwn pro-
ENEED encb; bhowtver, §t provides wople opportunity o ovaluste the slability
Instrumentaticn.
3=T-3. Electiculiy-culenlated principal stresses wnd oirainc and their of instrazen b
d“‘:f:‘_’,‘,cm"’de ; ??I{f'““o e n rod of gages, ad the maxinla siear 3-9-3. The test pleee shell thea be losded 10 the caxinus lesd in
ciregsen nnd {irnlag. four Incrementel steps. Theee steps rbal) be repectied om the unlowd-
: . . " ¥ ing preccss making 8 toted of aloe oeip of deta for exch londing,
%:;T-J%é‘jgr‘ng?s;ﬁltp;:;x:t::‘mc whove quantities (3.7-2 and 3.7-3) we taken ot fréicated {n Secticn 5.5
tion S po . .
o 5-9-4. Tne sbove test {3.0.3) phell Yo repested sed dobe for the o
3-1-5. The dnts wnalyses requived in Scetdoss $-T-1, 3-7-2, ard 3-T-3 oin . “Lah requiresents desce f X
shall %e made nvnilable 1o the Coopeny In pashine readable form, elther ?;:;?T:‘J;l@: for ecapltence ¥ equiresents deserided In thic
punched enrdc or mugnetic tape, fn addition Lo the subnlscions required o -

in Sectien G. L. FATIGH TESTS:

2-8. peus Agguipition The toe chall Ciselly be tested te fuilure by futlgue leading. The Cospeny

- will petest the lauding be be used §n the fevigue test upon cempletion of the
Laii ?‘::Enb“?df?g"" n?t:_nllﬁzc tukznd:‘r(;:‘nnug;t,\;mgxgd‘dmi 1n:}li:§ elastic tecting. The leading will probabiy be a mocent mpplled to the bruach;
m!:nu. "f e beglnaing of tech rur end after eue g ARd uniohd- however, & decisfon will ret be zude wntil sufficient data ape recelved fros
ing Inerezint. ihe clactle tests. In any event, the loading shall be cade in & Tully ree
. versed eycle, =aintuining o censinnt sarimus ddeplacement in ench direction.
- P seoLoelve zor 1 sl . T oo

%’E{fgéthi:.ﬁin-zcmm;;ﬁ: ;“{;:f;:;:ifc:e;;%lg;j:h"":i‘:l‘t :l'!::‘;; fre The tee cheldd be hydrenlicslly pressuriz?ri to 3750 pul Interssal prossues,
reading Tor thut guge durfng that lcudlns,.whlchv'fr;r fg cenller. In This pressure chall be held ecnstrnl during the entire fatigue est.
the event thin reguirerant io nl 2ot Jor fjeeifle guges durlng the P N 5 - - e the Gt nny

b e magnituwde of the leadirg shell be propoced by the Setler and approved
vequiped punber of londings, sdditicnnl loadings ghall be run for . . - Sapr 1 5 J— K . the
these guges until cmpliﬁc; i Eet. I fntermal unrepnica®ls gugts w ?hcb?::p:wéﬁgnﬁrzhigdo;g :“{ﬁf .Lngn;zuszui‘g i.,f;‘i;‘:iugﬁilfﬁtﬁz;,iié
persist In erratic or unsatistfectory bebavior, o Compuny representative range beiheen " b Foles. C the tert to be el
%411 delvrcine “hen o caxious effort hep bcL-n'-u'Jc to chtain duta fria 8 the firct trdicatlen of o lesk and ehull cause the tect o be terminted.

these gages- The tost ohall be Interrupted ot Orequent Intervals snd lnspected Tor signs

v of o developing fatlgue cruck. Dyepenetiunt or [lugrescent-agietic parti-
A3, Test Proceduren ele tnspections a6 applicsbie will be zade to detect crasks oo the outside
surfoee.  Suspected areas sre to ve photographed during eoch inspestion and
Pollowing the Lritile coutlng tesin and the attschzent of extemsl tnstru. thescc;“-ctcgrsgﬁu are e oreldurid B ;n.-}:)ma of the coenrds of Lhe test.
zontatfon, the tee shull be tesued with the pretoribed lendings. The first *
lotd 40 be opplied phail be M, Tollowed by ihe remulning braneh mecente 5. INSYECTIOND:
and kranch foreec, Tae snoe osder choll npply for the run masehtis oud muw b - Ha
fareer, begloning with H:-,vx' Toe internal presrure tect may be interjected - cens to the test slip ns nocessary for
into thr above order ot sny fonvenient time. For cach leading the pro- %E;rvittuﬁ?fﬁ::h;ﬂ.p?:;il::s ;;d :cu!:. e ) bRRTy
sedure uced ghall be as rellove . N : ¢
5-2, fThe Coopuny shall be pdviced of the schedule of preparitions and
3=9-1. Euch loadfng ehall be applled to one-hulf of the progruszed ot Y - 1w kn ohserver 1o be prefe = activitles
moalmen losd and o fet of datn taken. Thiz data shall be gennned for z;c::téz-\er::rf.clcm vime ta alley sn dhserier 1o be precent fo !
points of puxizts siruin.  In the event ony strudne indicate that, on e
zaxibun loading, the odse of sirain ot that point Wil exceed the s in mE T W EETKY OF SPECIMENS: -
1000 ula.fin. Iizit, the prograsszed maximan loud shall be ad)usted 6. REFONTING OF RESUIAS AD REIVKNE OF SIECIMERS:
accordingly .

G-1. Tne felleving reports shull be subnitted covering the sork deserlbed
herein,

Ti~1
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£1-3. Menthly Sistur Benorin, Theoe reporis are due eb the Cocjany
on Lhe Tirot guy of eesh ment?. They showld cover the month'a petiv-
ftles fn cuifteient detall 20 thut portions cun be shelrueted by the
Company Tor inclusion in & presrum report Lo the AEQ. Three coples of
8 1/2 % 11-in, plosy print photegruphs should te Included as sppros

7=1-2.  Addlrien or Imleticn of Gurses, Tre Seller shsll be prepared
to edd or deleie threc-gage rosetices £rof the humder fndicwted L4
thils speeifiention, up o o oaxinwe of 225,

< {0 0 f iTat st Lt rnine
priate. & projection of the plunned sctlvltics for the next menth o .’1';7-5- UP;im-ul Feripue Tept. Upsn cempletion of uuf n?.uaf straln
to be jneluded. The forcut for the report may be & letter or meaorandus. guge Lest the Dompany Bay elect of an oplien & have the Selles cone

duet the fetigue test gs speeified heredn unleso frdiented sthervire

) 1
£-1-2. Quarterly Procrens Repsrtn.  Phese reporis sre due ot the Coo- by the Selier.

pany ¢ the 10tk doy of esch quarier, thnt iz, Junusary )0, April 18,

July 10, ang Qctcter M. Twonly coples sre required. They ure to be -
& ponera)l summary repost covering the preceding three-zonth pertod;

the Firco meport may aeeecsurlly cover woshorter perlod. They nead

not contaln all the specific detnlls cunlalned in the sounthly reporis

7-1-k. Optlonnl Brittle Ccaving Tests., The brittle cosilng tuesto oy
Be deloied a4t the Coopary's disersiion 18 informarion froc olker pors
tiope of the progras chould indicnte thet they are unpecesrury. The
Seller vhull be prepared to deleone thess tectr Ef required.

but should present o clear deseription of the work, since these re- 5. Referchee -
ports ¥ill be passed on uredited to REC Hendquerters and others on n 1-2. Beference

Iimtted, offfcinl use only, dictrituticn. The format of the report lo
ofL to the disgretion of the Seller, but thould contain an intro-
duetion end conclustons.

Tusk No. 1 {rem refercate linted in Ceetion 2-1-1 {nttucheent).

F=3. Reference
6.1-%.  Fins) Topieal Teports. Fomml summary roports shail be cudb- . . . . s
mitted upoh ceopleting she elpstic firsin-guge unclynis of the tee and Bchezhtde shereh of dial indleator requiresentt {uttasizent)
upon seepleting the fatipue test. Doty chall Be fncluded us both "
tabyinted swssuries snd graphloal protr. Pty {50) copic: of ench 3-h. Refercnce
ape requived,  Mwfte of the final reports chall be submitied 10 the
Cospuny Tor spproval wnd comment. The work shall be deemed cospleted
vpes reecipt by the Cospany of the finul reports.

Strain-gage layout guidelines (attnchoent).

G-1-k. Informal Subnlvelen of Pate. Putn for cach of the deseribed
lecdings, iacluding dntw obtelned during test scewup, shall te made
synilable to the Omguany {medistely upon completion of neguisition
and provess i, The Corpany 15 40 be noviffed, in writing, that cuch
duts ot avadiiable. Howsver, trancmittal o the Company ehall be sade
cnly uped request,

£-2. Follewing the ceopletion of the futigue tests, the exteasions of the
teos shall be rut and rezoved npproxizaiely 3 in. froz the weld leaving the
we'ld snd tee intact. Sages wnd n partlon of the load wires shell e left
on Lhe spesizen.  The teen thrll then be retursed to the Coepany for fipal
dlopecition,

KOTES ANT BEFERENCES:

T-1. Suriested Contrugtuml Features

T-1-1. Heviscd Londtnes. It is anticipated that certzin loadings may
be repenicd with pombinations of momentw end forcern, for exusple,

Fay # Mopi Fog £ M7 Tap $ M05 wnd By 210, 0 e Seller shall be
prepored to perform theee pdditionnl Lasks 1 required.

2Tl-1



TASK 9. 1

MENSURRMENTS OF SURFACT STRAINS AR
PATIGUE TESTS OF ASA 314.9 7228

Soopt

Table ) lists the speeific tec test opecloens uwnd futigue test dond
Ing eonlitions.

Pays: A congisie of u thoreugh fnvectigntion of Ttems &, 6, B, und
15 of wbie, Phase B includes the resainder of the Ytems of Table 1.
Detndled test procedures for Phuse 3 will to puided by the reculls of
Phaze A test. -nd ponsibly by the results of the theoretienl analyoic of
rees perforsmed under Pork 4.

fuble 1. ASA B16.9 Tee Test Specizons and
Fatipde Test Toudings

Putipgue

Tter  Heminnl Reminad Hunufne- n
o Size Wall Huterial bgcn:?ny, turer Phure
1 Geexb Sch 4O TP 304 or 3RML  Moment 1 B
2 brfuG Seh 160 A-105-B Precrure I 5
3 Exbind S5ch 4o TP 30% or WAL Muoent i B
4 12¢12:12  Beh B0 A-06.E Monant T A
5 12132 Sch 80 AL105-8 Pressure ha ¢ 3
[ 12232 Seh 89 A=105-3 ¥ozent IIT A
1 12x12x}2  Sch 160 TP 30% or %L Mooent I B
& 121246 Seh 40 TP 0k or 0N, Mooent I A
9 125X Sch 160 TP 304 or 3QLL Pressure 11 B
s] 2h@ix@L  Sah 40 A-A05.R Hoaent II1 )]
11 2Lk Svh 160 AAGGWB Presgure 1131 B
1z 2lp24x10  Sch LG £-106.8 Motzent 111 B
13 2e@hde Seh 185 AYICER Pressure 1 B
1 121255 Sgh 40 TP 505 or 0L Undecided T B
15 1212w Sen GG TP 30% or 505L Mement TIT a

Fert of the objective of thie progras &0 Lo determine the sxtent
of the differeazes i stresses in tcen of difTerent manufpeturere. Tees
Tro three different sanufacturers nre Lo be included, indiented Yy I,
1L, and IXI of Table L. The bidder shall specily the rpeelflfc msnufne-
furera,  Thov tees purchrecd £5¢ the progran shoauld be Lyplonl of the
ranufgeiurerc! products.

Strain popnurezents ure t0 be vaken with internal pressuce and with
the poment and foree® leadings shown in Fig. 1.

May i Fay
J_“ SerFay
& .
“2:"’31.
| Fzy.F,_.).
1 2 — Fayofay
" H?z':":n:

Fig, 3. Test Isudings for Struinefage Teats

Fressurs apd coch of the six indicated mozents ant o by wpplied
scpuratoly {(soven scparnte loadlngs) . Each test ehnll include siraine
goge rendings at a gindmus of thrie lood increnents up and dodn shrough
At Ieast three cyclez to Insure that olestle etates of struln are ohe
tafned. The biddep chall indfiente what moxisun loads he proposed o
apply. Ttems b and 8 oF Table L {Phace A} shall be thorcughly strsin-
guge instrumented and subtected to ail Indicaved rest loads to devernine

the eritical arews where stresses due to the poosible independent lesdings

0
Force lcadings arc to be applied to Items & mnd 8 of Table 1. If

strecges due to force loads sre nmall coopared to those due Lo mocent

londs, subsequent test todels do not need 1o fnglude force loads.

ET-T
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eun eepbine. I1 45 expected thot severul hundred strainegnpe elements

#I11% be reguised on ench nodel, but the spreific mumber end leshbion of
grgee nre to te speeifled by the Bldders The retults of this Investi-

gt lon £null be used 1o Lecete oritical regions on the other 11 podelsn

Lo ihat o AcHller pusder of strudn guges may be used,

For pressure fatigue tesls, the prescure renge will be determined
on the basle of the stralo-goge results. For moment-lesding fatigue
testn, both the nament {vhether Ky, Ks By or sooe castiination thereof
m5 whether spplied to bronch or run} and its ragnitude will elco be
determined from the straln-gege resudie.  The ndim peint wil3 be betveen
S0C te 100,000 cyeles to fellure, The fatlgue t-=tr chadl be interrupted
pericdically for visual knspection to nttempt to ddentify eny crac:
initfetion on the outalde twfuse. All mosgnl-lucding fatipue iests
theil be presgerized ‘o the ammitial design pregsure, exeept Ytem 5 which
thall be precourized whout 2 to § psig. ALY fetigue tests shull termi-
nawe uptn the beginaing of leakage.

A1 tesrs shall ve run at réas tesperature.

{1}
(2

~

(2)
{#)

{5}

DESTIRRD HESULTS

Inspection dote on test specizens.

Stroln-geee dnts cuaverted to principel sircsses, tebulnted
agninst load stepc.

Fatfgue test Yoadings und eyclesste-Tailare.
Doscription of the fetlsue fuilure nnd oruchk Inlttation, i ihe
crock inttiatlon 1o detected on the catside surfoce,

Deseription of tewt procedurch and discursion of meeurssy of the
tect renulis.

HT-I
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SERALI-GAGE LAYOUT GUIDELDES 9.

¥urks {~} huve been made cn the tee that esichlish the geemetric axis
of the run and of the catlev. Threc eross marks (4) entablish the
intersecticn of the ren and the nozzle as best us poszible and the
ctatien of "ottez-desd-center® of the tee, mud two reoos oarks {4)
1aonte the root of the crotch (U5* wbove the intersechion of Lhe
conterdines of the rin and braneh).

An Z2-¥.Z coopdinate system oust be estebliched with the identiffcation
crosg eurxs (+) Scceribed dn Ttem ) obewe, elecarly and aceurately
locnted in snfd systes,

The center of each straln-gage receite on the outcide surfoce of the
tee sust be looated In X-Y-Z ceordinates. The lines wlong which the
outnide gager nre focated Are mlio to be “lwated In X-Y-Z coordinates.

The Inside rosettes nre to be located dias:tricadly opposite the oui-
side resclleg o that bath raseties ot tech loention wre nojmul %o
the "midplane surfnce™ nnd Bligned in the saze dircetion to the bent
extent pousibvle. The X-Y¥-2 ecordinates of the invide rosetien are to
b deterained,

Two quudrants of the tve, (+X, +¥, 42} ant {—X, +Y, —Z) referenced
1o the coerdinete systes of Pig. 7-3%, ore to be struln guged. Each
of these quudrants 13 e be divided Into 22 1/2° rep=ents from the
nozzie. The $ linco are located ac 0%, 22 1/2°, 45°, 67 3/2*, and
%* frop the ceatertiar of the run of the tee 5 vieved from the noz-
=le. The croteh line is ectabliszhed by stretching o ling Detwecn the
croas mark (+) &hat marks the intersection of the norzle and the rum
oo the run horizental =idplane and the cress surk (+) thet marks the
eroteh root. From the croteh lipe fntersesticen the & line §6 to de
extended so that it erossies eil run-clrousferentinl lines at a con-
ptent, angle, In the cape of the 57 1f2% 6 Yine thiz angle is 22 1/2%;
the 45% & ine, 1t 15 35°; and the 22 1/2* ¢ Yine, it Is 67 2/2°,

fen three-gege rospites are o bte piaced slong cach & line. Ty will
be backed up by ten rosettes on the inside of the tee directly opponite
them and aligned in the wome direeticn. The Tirst rozetie on epch ¢
lire ghall be placed over the center of the tee«to-nozile stub weld.
Tt ¢ lines are sot Lo extead past the rup oidplene or past the rupe
to-tee weld, Exerefse your Judgesent 1n spasing the resetios along
the ¢ lines with exphasiz on the crotch reglen,

Along the croteh line, additlons) roceites ere to be pluced fnside and
cuteide midway betveen the ¢ line Intersections. These rosetics should
e aligned nlong fmegleery ¢ ines st these lorations.

Inpide nnd outside rosetiles chould be plaged at the "bottve-desad-
eenter” of the teo.

At tpproxipate nidpoints sleag each of the three ctubn, goges should
pe placed al top-dondeconter, botias-dend-center, and at 99° to these
gages. Tvo-gupe, 90 roseties ohp be uped ot thece sites, provided
that the goges are oligned miong the axiel end clrovalerentinl di-
reations.

91-1
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APPENDIX II

SwRI SCHEDULE FOR PREPARING AND CONDUCTING THE B16.9
STRESS ANALYSIS AND FATIGUE TESTS
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The tollowing general work schedule was adhered to although
many of the tasks were perforued simultanecusly.

1. The test frames were designed.

2. Welding procedures and nondestructive inspection

procedures were written and submitted to ORNL for approval.

3. Materials were ordered which were not readily available

from stock in the quantities required. These included:

(a) Strain gages — 900 three-gage 45° rosettes
(MicroMeasureﬁents EA-06-062RB-120, Option W for
carbon steel and EA-09-062RB-120, Option W for

stainless steel.)

(b) Piping - 42 feet of 12~incih Schedule 80, Al06
Grade B seamless, 30 feet of 12-inch Schedule 40
A312 TP 304L stainless, 19 feet of 6-inch
Schedule 40 A312 TP 304L stainless.

(c) Structural Steel - 20 tons of structural steel
including: 336 feet of W12 x 85 beams; 48 feet
of 15 x 3-1/2 channel; 56 feet of 8 x 8 x 1
angle; 280 square feet of 1-1/4 inch plate, and
654 square feet of 3/4 inch plate.

(@) Welding supplies - including: 150 pounds each
carbon steel and stainless stcel rod for TIG
welding and 50 feet each material EB consumable
insert. All other rod and welding supplies used

from stock in unknown quantities.

(The following items were ordered tc make the T-7

modifications.)

(e) 225 three~gage rosettes (MicroMeasurements
EA-09~062RB-120, Option W).
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(£) A li-foot length of Al06 Grade B schedule 160
pipe.
(g) 500 pounds of 308L stainless steel welding rod.

(h) 2 tons of carbon steel plate for model end

fixtures and frame modification.

4. Welders were qualified for model fabrication according

to the approved procedures.

5. Test frame construction was completed and/or modified

as necessary.

6. Strain gage rosette locations were established for the

tee being tested, and XYZ coordinates were measured for each rosette.
7. Six~inch long pipe stubs were welded to the tee.

8. Strain rosettes were installed on the inside surface

of the tee,
9. Model fabrication was completed.

1¢. The model was placed in a test frame and hydraulic

jacks were arranged for the first loading mode to be applied.

11. A brittle lacquer test was conducted for selected

loadings. (This test was not performed on T-6 and T-15.)

12. Strain rosettes were laid on the outside surface and

dial indicators were installed.

13. Thirteen different loads were applied to the model in

the order scheduled and deflection and strain data were recorded.

14. Strain data were transferred to IBM cards and
transmitted to ORNL. Data were scanned concurrently using a duplicate
set of IBM cards and the ORNL supplied computer program NOSEY

(Reference 4) as a quality control measure.
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15. After all data had been accepted by virtue of the
acceptance criteria in the Ox:ul computer program for data scanning,

a low~cycle fatigue test was conducted.

16. The model was removed from the test frame, the run
and branch pipe were cut from the tee and the fabricated tee was

returned to ORNL.
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APPENDIX TII

STRAIN GAGE LOCATIONS

This appendix presents graphical illustrations and tabulztions of
all strain gage locations. Figures III.l1 through II1.10 are computer
displays showing the positioning and orientation of all rosettes. Tables

III.1 through II1I.5 give the XYZ coordinates of the center of the number
2 gage on each rosette.



BRANCH

TEE NUMBER T-4

270"
0® = 90* QUADRANT

1<

> INSIDE  ROSETTE

' et BEE XYT
“‘/‘.’z’ ~ D OursIBE  ROSETTE

L3
! Al
- A

=18, 0wtk D0

TRy L ETCT U A

Figure ITI.1. Strein Gage Rosette Locations for the 0% - 90° Quadrant
of AlQ6B Steel Tee Number T-4
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BRANCH
TEE NUMBER T-4
180% 270" QUADRART

P INSIE ROSETTE

[} -
“}‘zb\w\ X ) ouTsiDE ROSEYYE

FRIN TN )

—% FRELE
[ L] L] n —— EMD ]

A mmAL A

Figure III.2.

Strain Gage Rosette Locations for the 180° - 270° Quadrant
of AlO06B Steel Tee Number T-4
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BRANGH
TEE NUMBER B

00" QUADRINT

e L BEE XYZ WSIOE RUSETIE
7 2’[%\: QUTSIOE RISETIL
L]

1B ROmIRAL BB

FIXED
END_

Figure IIX.3. Strain Gage Rosette Locations for the 09 - 907 Quadrant
of T-6
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BRANCH

TEE NUMBER 6

180%- ETO" MrADRANT

Y wswx mosErrc
Y aursior mosrrIE

1078 "noMiaL B0

Figure III.4. Strain Gage Rosette Locations for the 180° ~ 2709 Quadrant
of T-6

FREE
4,108
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BRARCH

- TEE NUMBER T-7

o - B0 QUADRANT

-—j&}&mm } MSIDE ROSETTE
¥

} OUTSIOE ROSETTE

AUY

Figure IIT.5. Straln Gage
of T-7

Rosette Locatlons for the 0° - %0° Quadrant
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EAANCH

TEE NUMBER T-7

180F- 2707 GUADRANT

— 'PRNLBEEXYZ P} INSIDE ROSETYE
ZZ N
o } OUTSIDE ROSETTE

147 uDetiwke, &8

Figure III.6. Strain Gage Rosette Locations for the 180° - 2709 Quadraat
of T-7
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TEE NUMBER T-8
- 90" QUADRANT

1 ‘h-wcn-all—.

INSIRE  ROSETTE

BRANCH
- _—‘&25-&-35"- xvt OUTSIDE  ROSETTE
TN

Py

€107 XoMSHAL 0.0,

FIXED

Figure III.7. Strain Gage Rosette Locationa for the 0° - 90° Quadrant
of T-8
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Figure I1II.8.

BRANCH

—_—

rd

TEE NUMBER T-8
[BO*= 270" QUAD™ANT

l Bt o Ermol Do } INSIDE  ROSETTE
QUTSIDE ROSETTE
IR X1 y ;

A

RN

1275 NOMIWAL OO

FREE
END-

Straln Gage Rosette Locationsz for the 180° - 270° Quadrant

of T-8
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TEE NUMBER T-i5
§*- 90* QUADRANT
1......:...“. » INSIDE ROSETTE

&aa_%i\_-_ﬂgg XYZ b OUTSIDE ROSETTE

BRANCH  ___]
A

e

13237 NOMIRAL 0.0

Strain Gage Rosette Locations for the 0% - %0° Quadrant
of T-15

RUN

FIXE®

END
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TEE NUMBER T- 15
180" - 270" QUADRANT

1 B 3 OINSIDE  ROSETTE
lPfieh_BEE XYZ  } OUTSIOE  ROSETTE
~

'7'&#

BRANCH

-

RUMN

(AR S ORI T )

s S
A

T womivaL 0.

\

FREE
END

Figure IIT.10. Strain Gage Rosette Locations for the 180° - 270° Quadrant
of T-15

TT-TIL
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Table III.1l. XYZ Coordinates for Strain Gage Rosette
Locations on Al06B Tee #4
Location
¢ Rosette Outside Surface Rosette Inside Surface
Degrees Number X Y Z Number X Y Z
0 1 9.903 6.470 0.019 11 9.867 5.588 -0.075
2 9.084 6.655 0.012 12 9.156 5.496 -0.038
3 8.263 6.805 0.009 13 8.274 5.582 -0.005
4 7.405 6.914 -0,009 14 7.373 5.713 0.007
*5 6.921 7.105 -0.060 *15 6.145 6.265 0.008
6 6.583 7.483 -0.038 1o 5.702 7.384 0.009
7 6.445 8.134 -0.028 17 5.676 8.087 0.008
8 6.409 8.781 -0.019 18 5.836 8.768 0.014
9 6.364 9.460 -0.004 19 5.799 9.444 0.014
10 6.356 9.973 0.013 20 5.770 10.036 0.014
22.5 1 9.851 5.482 3.743 11 9.922 4.601 3.405
2 9.073 5.799 3.491 12 9.071 4.676 3.056
3 8.304 6.071 3.190 13 8.294 4.788 2.682
4 7.500 6.270 2.562 14 7.543 4.987 2.370
) 6.430 6.557 2.584 15 6.270 5.393 2.043
*6 6.276 6.817 2.486 *16 5.605 5.772 2.110
7 6.054 7.310 2.424 17 5.122 7.086 2.075
8 6.003 8.200 2.399 18 5.022 8.179 2.090
9 5.956 9.117 2.390 19 4.996 9.089 2.102
10 5.944 9.952 2.323 20 4,992 10.099 2.065
45 1 9.830 0.759 6.679 11 9.536 0.619 5.808
2 8.698 1.984 6.461 12 8.425 1.577 5.359 |
3 7.540 3.179 6.174 13 7.572 2.507 5.051
4 6.347 4.212 5.576 14 6.365 3.429 4.564
5 5.155 5.195 4.893 15 5.384 4.152 4.080
*6 4.821 5.529 4.792 *16 4,476 4.540 4.075
7 4.718 5.998 4.681 17 4,086 6.036 3.964
8 4.648 7.353 4.615 18 3.809 7.317 3.940
9 4,625 8.716 4.548 19 3.817 8.692 3.940
10 4,612 9.946 4.548 20 3.806 9.922 3.940

*Indicates Rosettes on the

Crotch Line
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Table III.1l -- Continued

Location
¢ Rosette Outside Surface Rosette Inside Surface
Degrees  Number X Y Z Number X Y A
67.5 1 4,210 0.016 6.910 11 4,375 0.040 5.877
2 3.647 1.377 6.796 12 3.660 1.169 5.741
3 3.090 2.703 6.525 13 3.086 2,112 5.502
*4 2.806 3.361 6.354 *14 2.533 2.520 5.389
5 2.755 4.094 6.197 15 2.254 4.026 5.179
6 2,704 5.274 6.117 16 2.254 5.290 5.168
7 2.667 6.459 6.050 17 2.067 6.352 5.163
8 2.645 7.594 6.003 18 2.063 7.572 5.166
9 2.621 8.841 -5.909 19 2.065 8.838 5.179
10 2.618 9.964 -5.843 20 2.065 10.069 5.139
90 *1 -0.082 -0.130 6.918 *11 ~0.160 -0.126 5.918
2 0.012 1.107 6.909 12 -0.016 1.142 5.877
3 0.017 2.210 6.891 13 ~0.016 2.251 5.786
4 0.024 3.332 6.860 14 -0.016 3.385 5.746
5 0.030 4.464 6.781 15 0.012 4,496 5.698
6 0.040 5.595 6.692 16 0.032 5.626 5.678
7 0.040 6.711 6.630 17 0.050 6.749 5.672
8 0.040 7.828 6.569 18 0.050 7.801 5.676
9 0.080 8.949 6.497 19 0.050 8.933 5.671
10 0.102 9.981 6.392 20 0.065 10.052 5.631
78 %1 1.432 1.720 6.826 %11 1.270 1.259 5,797
56 *1 3.870 4.525 5.720 *11 3.622 3.577 4.846
33 *1 5.616 6.266 3.740 *11 5.095 5.316 3.171
11 *1 6.681 7.127 1.240 %11 5.935 6.094 1.007
180 1 -10.232 6.425 -0.030 11 -10.193 5.639 0.049
2 -9.381 6.585 -0.012 12 -9,365 5.535 0.058
3 -8.531 6.694 (0.005 13 -8.358 5.434 0.055
4 -7.670 6.777 0.025 14 ~-7.269 5.645 0.036
*5 -7.196 6.972 0.039 *15 ~-6.414 6.077 0.054
6 -6.864 7.363 0.039 16 -5.792 6.881 0.010
7 -6.666 8.047 0.036 17 -5.711 8.031 0.023
8 -6.643 8.747 0.039 18 ~5.711 8.710 0.033
9 -6.571 9.365 0.025 19 =5.711 98.403 0.042
10 -6.557 10.064 0.019 20 5.740 9.993 0.051

*Indicates Rosettes on the Crotch Line
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Table ITII.1 —- Continued

Location
¢ Rosette Outside Surface Rosette Inside Surface
Degrees  Number X Y Z Number X Y Z
202.5 1 -10.187 5.254 -3.729 11 -10.222 4,360 ~3.610
2 -9.339 5.584 -3.515 12 ~8.408 4.468 -3.277
3 -8.495 5.837 -3.298 13 -7.624 4,564 -2.950
4 ~7.616 6.071 -3.113 14 -6.279 4.767 -2.676
5 -6.773 6.314 -2.897 15 ~-5.648 5.215 -2.372
%6 -6.340 6.553 -2.647 *16 -5.264 5.598 -2.377
7 -6.124 7.051 -2.558 17 -5.227 7.083 -2.198
8 -6.080 8.037 -2.533 18 -5.253 8.056 ~2.196
9 -6.043 9.126 -2.493 19 -5.253 9.039 -2.184
10 ~5.998 10.095 ~2.493 20 -5.304 9.963 -2.208
225 1 -10.074 -0.354 ~-6.460 11 -10.156 -0.048 -5.618
2 -8.954 1.052 -6.610 12 -8.957 0.082 -5.581
3 ~7.699 2.387 -6.324 13 ~7.032 2.149 -~5,083
4 -6.445 3.655 -5.848 14 ~6.387 3.353 -4.509
5 -5.148 4.762 -5.110 15 -5.218 4.204 -3.866
*6 -4.817 5.121 -5.004 *16 -4.394 4,484 -3.942
7 ~4.685 5.567 -4.842 17 ~3.942 5.632 -4.102
8 -4.592 7.029 -4.733 18 -4.242 7.038 -4.088
9 ~-4.,551 8.468 -4.651 19 -4.242 8.419 -4.060
10 -4.522 10.146 -4,605 20 -4.029 9.766 -4.106
247.5 1 -3.881 ~0.233 -6.841 11 -3.976 -0.191 -5.804
2 ~3.406 0.898 -6.758 12 -3.461 0,751 -5.740
3 -2.933 1.989 ~6.574 13 -2.999 1.840 -5.529
*4 ~-2.631 2.704 ~6.492 *14 -2.582 2.363 -5.389
5 ~2.592 3.424 -6.351 15 -2.134 3.332 -5.299
6 =2.571 4.749 -6.206 16 ~2.137 4.797 -5.263
7 -2.542 6.094 -6.119 17 -2.073 6.092 -5.244
8 ~2.545 7.428 -6.024 18 -2.073 7.374 -5.233
9 -2.528 8.808 -5.965 19 -2,073 8.750 -5.223
10 -2.537 10.172 -5.891 20 ~2.235 9.967 ~5.265
270 *1 -0.140 ~0.216 ~6.858 *11 0.093 -0.321 -5.828
2 -0.003 0.952 -6.812 12 -0.006 0.817 -5.841
3 ~-0.009 2.096 -6.838 13 -0.006 2.024 ~5.779
4 -0.009 3.235 -6.794 14 0.019 3.168 -5.682
5 -0.009 4.399 -6.691 15 -0.019 4.355 -5.656

*Indicates Rosettes on the Crotch Line
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Table III.1 -- Continued

Location

o} Rosette Qutside Surface Rosette Inside Surface

Degrees  Number X Y Z Number X Y YA
270 6 -0.009 5.540 -6.590 16 -0.019 5.436 -5.637
7 ~0.012 6.705 -6.499 17 -0.019 6.597 -5.632
8 -0.012 7.782 -6.438 18 -0.019 7.726 -5.631
9 -0.002 8.993 -6.375 19 -0.019 8.824 -5.636
10 -0.002 10.196 -6.380 20 -0.019 10.050 ~5.658
258 %1 ~1.320 1.249 -6.769 *11 -1.281 1.136 -5.791
236 *1 -3.643 3.977 -5.904 *11 ~-3.467 3.504 -4.838
213 *] -5.630 5.951 -3.,951 *11 -5.103 5,116 -3.275
191 *] -6.823 6.916 ~1,384 *11 ~6.092 5.850 -1.224

*Indicates Rosettes on the Crotch Line

All X and Y measurements referenced to 90° + mark.

All Z measurements referenced to 0° ~ mark.
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Table III.2. XYZ Coordinates for Strain Gage Rosette
Locations on AlO6B Tee 6
Location

¢ Rosette Outside Surface Rosette Inside Su.:race

Degrees Number X Y Z Number X Y Z
0 1 9.749 6.519 0.000 11 9.773 5.75%6 0.002
2 8.953 6.601 0.080 12 8.377 5.742 -0.003
3 8.274 6.848 0.013 13 7.591 5.760 -0.028
4 7.773 7.117 0.017 14 6.892 6.028 -0.024
5 7.510 7.312 0.025 15 6.615 6.263 -0.027
*6 7.307 7.509 0.031 *16 €.371 6,493 -0.032
7 7.118 7.738 0.039 17 6.192 6.681 0.038
8 6.894 8.070 0.045 18 5.826 7.252 -0.013
9 6.575 8.792 0.045 19 5.650 8.150 0.022
10 6.472 9.825 0.028 2C 5.712 9.853 0.035
22.5 1 9.712 5.322 3.784 11 9.772 4.613 3.470
2 8.780 5.v44 3.475 12 8.518 4.874 3.019
3 7.918 5.977 3.213 13 7.821 5.013 2.768
4 7.247 6,390 3.046 14 7.088 5.309 2.594
5 6.864 6.683 2.988 15 6.244 5.893 2.514
*6 6.668 6.870 2.967 %16 6.007 6.084 2,551
7 6.497 7.159 2.864 17 5.853 6.242 2,512
8 6.262 7.641 2.715 18 5.256 7.445 2.245
9 6.029 8.477 2.571 19 5.157 8.319 2.201
10 5.913 9.3833 2.506 20 5.225 9.840 2.207
45 1 9.793 0.516 6.488 11 9.778 0.340 5.746
2 8.366 1.992 6.322 12 8.256 1.865 5.438
3 6.663 3.590 5.753 13 6.734 3.387 4.670
4 5.750 4.386 5.380 14 5.697 4.162 4.361
5 5.292 4.861 5.207 15 5.071 4.409 4.309
*6 4,966 5.224 5.142 *16 4.663 4.582 4.393
7 4.738 5.734 4.965 17 4.340 4.952 4.333
8 4,682 6.806 4.786 18 3.915 6.771 4.096
9 4.525 8.469 4.627 19 3.884 8.462 4.001
10 4.427 9.846 4.548 20 3.800 9.840 4.006

*Indicates Rosettes on the Crotch Line
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Table III.2 -- Continued

Location
¢ Rosette Outside Surface Rosette Inside Surface
Degrees  Number X Y 2 Number X Y 2
67.5 1 3.707 0.029 6.749 11 3.660 0.019 5.776
2 3.148 1.407 6.702 12 3.081 1.353 5.736
3 2,771 2.294 6.614 13 2.727 1.990 5.736
*4 2.582 2.749 6.528 *14 2.394 2.325 5.641
5 2.538 3.270 6.431 15 2.231 2.778 5.580
6 2,523 3.771 6.353 16 2.139 3.681 5.455
7 2.491 4.801 6.191 17 2,104 4.717 5.340
8 2.463 5.819 6.116 18 2.089 5.789 5.290
9 2.413 7.962 5.971 19 2.072 7.917 5.187
10 2.365 9.850 5.808 20 2.08C 9.844 5.137
30 *1 -0.130 -0.130 6.823 *11 -0.219 -0.121 5.855
2 0.000 1.129 6.859 12 -0.089 1.088 5.907
3 0.024 2.250 6.779 13 -0.089 2.213 5.831
4 0.015 3.365 6.669 14 -0.076 3.319 5.739
5 -0.005 4.478 6.639 15 -0.076 4.436 5.712|.
6 ~0.027 5.622 6.594 16 ~0.067 5.544 5.682
7 -0.022 6.729 6.494 17 ~0.060 6.672 5.608
8 -0.061 7.857 6.405 18 ~0.054 7.783 5.580
9 ~-0.078 8.968 6.310 19 -0.052 8.891 5.550
10 -0.068 9.821 6.208 20 ~0.079 9.839 5.535
78 *1 1.294 1.377 6.824 %11 1.181 1.195 5.887
56 *1 3.781 4.002 5.969 *11 3.588 3.507 5.130
33 *1 5.913 6.167 4.150 *11 5.394 5.421 3.590
11 %1 7.128 7.332 1.577 *11 6.312 6.402 1.278
180 1 ~-9.826 6.454 -0.031 11 -9.828 5.738 -0.077
2 -9.058 6.473 -0.030 12 ~-8.442 5.713 -0.078
3 -8.283 6.732 -0.038 13 ~7.585 5.737 -0.063
4 -7.536 7.203 ~-0.058 14 ~6.864 5.945 ~0.061
5 ~7.328 7.7394 -0.058 15 -6.588 6.091 -0.058
*6 -7.132 7.619 -0.055 *16 -6.348 6.289 -0.068
7 -6.882 7.989 -0.040 17 -6.199 6.465 -0.056
8 -6.723 8.362 -0.040 18 ~-5.723 7.255 -0.057
9 -6.489 9.101 -0.041 19 -5.634 8.137 -0.057
10 ~6.415 9.826 ~0.041 20 ~5.676 9.865 -0.056

*Indicates Rosettes on the Crotch Line
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Table I11.2 -- Continued

Location
¢ Rosette Qutside Surface Inside Surface
Degrees  Number X Y VA Number X Y Z

202.5 1 -9.709 5.482 -3.616 11 -9.824 4.752 -3.379
2 -8.674 5.796 -3.260 12 -8.571 4.998 -2.954

3 ~7.976 6.053 ~-3.075 13 ~7.883 5.117 -2.711

4 -7.183 6.436 -2.904 14 -7.186 5.337 -2.529

5 ~6.983 6.726 ~2.865 15 -6.448 5.813 -2.486

6 -6.785 6.917 -2.858 16 -6.162 5.933 -2.551

*7 -6.627 7.189 -2.783 *17 -5.957 6.221 ~2.543

8 -6.388 7.642 -2.686 18 -5.349 7.518 -2.283

9 -6.153 8.431 -2.581 19 -5.284 8.427 -2.251

10 -6.001 9.833 -2.540 20 -5.309 9.836 -2.255

225 1 ~9.807 1.006 -6.334 11 -9.757 1.113 ~5.705
2 -8.420 2.373 -6.186 12 -8.408 2.357 -5.317

3 -6.748 3.854 -5.624 13 -6.832 3.670 -4.307

4 -5.916 4.552 -5.284 14 ~5.956 4.310 ~4.196

5 -5.485 4.967 -5.182 15 -5.422 4.601 -4.,200

*6 -5.128 5.333 -5.114 *16 ~4.898 4.761 -4.302

7 -5.010 5.836 -4.769 17 ~4.580 5.153 -4.271

8 -4.813 6.870 -4.764 18 -4.058 6.863 -4.108

9 -4,683 8.376 -4.674 19 ~4.058 8.493 -4.141

10 -4.640 9.841 -4.630 20 -4.080 9.845 -4.145

247.5 1 -3.891 0.102 -6.801 11 -3.996 0.121 -5.847
2 -3.300 1.523 -6.736 12 -3.392 1.448 -5.786

3 -2.916 2.459 -6.638 13 -2.957 2.254 -5.656

&4 -2.700 2.912 -6.532 *14 ~2,588 2.598 -5.632

5 -2.690 3.397 -6.460 i5 -2.431 3.036 -5.560

6 -2.637 3.898 -6.352 16 -2.300 3.693 -5.478

7 -2.594 4.927 -6.207 17 ~2.247 4,933 -5.345

8 -2.555 5.973 -6.101 18 -2.240 5.964 ~-5.359

9 -2.528 8.035 -6.077 19 -2.240 7.985 -5.396

10 -2.530 9.840 -6.020 20 -2.257 9.843 -5.390

270 *1 0.119 -0.033 -6.829 *11 0.089 0.006 -5.863
2 0.006 1.224 -6.859 12 -0.032 1.239 -5.913

3 -0.008 2.335 -6.791 13 -0,032 2.353 ~5.847

4 -0.008 3.435 -6.685 14 -0.032 3.464 -5.7170

5 -0.008 4,502 -6.628 15 ~0.026 4.557 -5.785

*#Indicates Rosettes on the Crotch Line
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Table III.2 -- Continued

Location
] Rosette OQutside Surface Rosette Inside Surface
Degrees Number X Y Z Number X Y yA
270 6 -0.008 5.639 -6.617 16 -0.018 5.673 ~5.805
7 -0.008 6.720 -6.574 17 -0.018 6.773 ~5.830
8 -0.008 7.862 -6.552 18 -0.018 7.888 ~-5.854
9 -0.008 8.850 -.552 19 ~0.012 8.980 -5.867
10 -0.027 9.829 -6.552 20 -0.022 9.837 -5.842
258 1 -1.363 1.515 -6.829  *11 -1.306 1.365 -5.884 |
236 *1 ~3.953 4,179 -5.944 *11 -3.772 3.687 -5.113
213 *1 -6.054 6.234 -4.062 *11 -5.612 5.402 -3.515
191 *1 -7.274 7,293 -1.451 *11 -6.440 6.305 ~1.400

*Indicates Rosettes on the Crotch Line

All X and Y measurements referenced to 90° + mark.

All Z measurements referenced to 0% - mark.
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Table III.3. XYZ Coordinates for Strain Gage Rosette
Locations 304L Tee #7

Location
¢ Rosette Outside Surface Rosette Inside Surface
Degrees  Number X Y YA Nuwber X Y Z
0 1 10.092 6.446 0.024 11 10.173 5.056 0.019
2 9.395 6.411 0.011 12 9.521 5.056 0.023
3 8.751 6.813 0.011 13 8.484 5.052 0.037
4 8.123 7.191 0.008 14 7.850 5.054 0.038
5 7.505 7.466 0.002 15 6.582 5.185 0.039
*6 7.119 7.759 0.003 *16 5.684 5.692 0.023
7 6.770 8.116 0.000 17 5.038 6.592 0.024
8 6.545 8.766 0.000 18 5.036 7.895 0.025
9 6.514 9.387 0.033 19 5.037 9.084 0.018
10 6.451 10.006 0.037 20 4.995 9.992 -0.008
22.5 1 10.139 5.579 3.343 11 10.064 4.025 3.073
2 9.100 5.700 3.213 12 8.976 4.239 2,757
3 8.400 6.327 3.082 13 7.879 4.454 2.407
4 7.613 6.641 2.877 14 6.780 4.630 2.036
5 6.839 6.962 2.667 15 5.753 4.953 1.776
*6 6.440 7.278 2.637 *16 4.836 5.567 1.907
7 6.236 7.709 2.528 17 4.662 6.972 1.929
8 6.061 8.461 2.462 18 4.664 8.438 1.917
9 6.016 9.209 2.460 19 4,662 9.213 1.917
10 5.951 10.038 2.440 20 4.647 9.993 1.919
45 L 10.183 0.188 6.436 11 9.973 -0.005 5.087
2 8.881 2.047 6.740 12 8.707 1.301 4.913
3 7.764 3.488 6.565 13 7.406 2.511 4.409
4 6.471 4.557 5.901 14 6.138 3.544 3.632
5 5.186 5.632 5.247 15 4.932 4,441 2.871
*6 4.8/4 6.016 5.182 *16 3.966 5.217 3.100
7 4.746 6.462 5.048 17 3.622 6.137 3.507
8 4,647 7.618 4.939 18 3.557 7.369 3.565
9 4.606 8.783 4.891 19 3.557 8.645 3.565
10 4,561 10.038 4.550 20 3.562 9.995 3.598

*Indicates Rosettes on the Crotch Line
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Table II11.3 -~ Continued

Location
¢ Rosette Outside Surface Rosette Inside Surface
Degrees  Number X Y YA Number X Y A
67.5 1 4,288 0.010 7.580 11 4,308 -0.0i2 5.112
2 3.792 1.223 7.480 12 3.748 1.309 4.911
3 3.291 2.441 7.226 13 3.184 2.525 4.412
4 2.761 3.647 6.832 14 2.586 3.791 4.275
*5 2.572 4.120 6.724 *15 2.279 4.140 4.442
6 2.552 4.592 6.606 16 2.088 4.586 4.558
7 2.526 5.937 6.435 17 1.969 5.937 4.639
8 2.526 7.301 6.356 18 1.982 7.278 4.637
9 2.526 8.642 6.284 19 1.977 8.589 4.637
10 2.522 10.038 5.898 20 1.965 9.991 4.708
90 1 0.000 0.000 7.734 11 -0.019 -0.009 5.070
2 0.007 1.495 7.576 12 0.003 1.441 4.967
*3 0.007 0.969 7.481 *13 0.003 0.957 4.967
4 0.016 2.480 7.375 14 0.008 2.426 4.967
5 0.021 2.703 7.182 15 0.007 3.685 4.963
6 0.021 4.951 6.999 16 0.012 4.943 4.982
7 0.034 6.210 6.913 17 0.012 6.205 5.002
8 0.029 7.452 6.847 18 0.012 7.467 5.008
9 0.029 8.700 6.777 19 0,028 8.719 5.013
10 0.025 10.036 6.398 20 0.017 9.990 5.006
11 *1 6.932 7.624 1.363 *11 5.381 5.687 1.027
33 *1 5.740 6.721 3.869 *11 4.364 5.402 2.518
56 *1 3.754 5.108 6.057 *11 3.162 4,789 3.908
78 *1 1.317 3.071 7.181 *11 1.100 3.098 4.844
180 1 -9.914 6.397 0.001 11 -9.946 5.031 -0.043
2 -9.281 6.490 -0.012 12 -9.130 5.032 -0.045
3 -8.639 6.859 -0.012 13 -8.442 5.036 -0.039
4 -8.007 7.228 -0.012 14 ~7.805 5.036 -0.032
5 -7.379 7.511 -0.015 15 ~-6.509 5.160 -0.014
&) -6.954 7.822 -0.015 *16 ~5.642 5.686 -0.019
7 -6.632 8.229 -0.034 17 -4.960 6.637 -0.019
8 -6.448 8.810 -0.031 18 ~-4.960 7.895 -0.012
9 -6.407 9.413 0.027 19 ~-4,964 9.031 -0.005
10 -6.406 10.013 0.040 20 -4.994 9.994 -0.006

*Indicates Rosettes on the Crotch Line
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Table III.3 —- Continued

Location

o Rosette Qutside Surtface Rosette Inside Surface

Degrees  Number X Y Z Number X Y Z
202.5 1 -9.835 5.339 -3.558 11 -9.888 3.912 -3.132
2 -9.148 5.624 -3.359 12 ~-8.860 4.189 -2.,741
3 -8.319 6.269 -3.200 13 -7.806 4.418 -2,381
4 -7.491 6.602 -2.953 14 -6.709 4.611 -1.979
5 -6.661 6.938 -2.709 15 ~5.648 4.965 -1.669
*6 -6.290 7.226 -2.668 *16 -4.769 5.582 -1.772
7 -6.089 7.669 -2.553 17 -4.568 6.983 -1.899
8 -5.961 8.422 -2.493 18 -4.568 8.461 -1.899
9 -5.928 9.184 -2.472 19 -4.562 9.357 -1.899
10 -5.916 10.018 ~2.440 20 ~4.588 9,995 -1.904
225 1 -9.838 -0.860 -6.346 11 ~9.965 -0.022 -4.981
2 -8.807 2.190 -6.384 12 -8.680 1.274 -4.831
3 -7.583 3.580 ~6.178 13 ~7.373 2.467 -4.354
4 -6.343 4.598 -5.559 14 -6.072 3.485 -3.602
5 -5.081 5.580 -4.881 15 ~4.750 4.457 -2.794
*6 ~4.798 5.954 -4.808 *16 ~3.204 5.207 -3.205
7 -4.689 6.429 -4.676 17 ~2.970 6.189 -3.479
8 -4.613 7.606 -4.596 18 -2.952 7.451 -3.503
9 -4.562 8,795 -~4.559 19 -2.952 8.709 ~3.503
10 -4.540 10.018 -4.524 20 ~-3.498 9.993 -3.564
247.5 1 -4.289 0.000 -7.196 11 -4.238 -0.007 -4.985
2 -3.778 1.230 -7.064 12 ~3.748 1.194 -4.849
3 -3.258 1.457 -6.840 13 -3.266 2.369 -4.411
4 -2.735 3.621 -6.458 14 ~-2.496 3.896 -4.224
*5 -2.531 4.114 -6.343 %15 -2.177 4.253 ~4.389
6 -2.503 4.574 -6.249 16 ~-2.010 4.686 -4.489
7 -2.489 5,915 -6.108 17 -1.907 6.037 -4.574
8 -2.489 7.267 ~6.045 18 ~1.908 7.387 -4.572
9 -2.489 8.630 -5.983 19 ~1.917 8.726 -4.585
10 -2.497 10.018 -5.894 20 -1.930 9.991 -4.647
270 1 0.010 0.000 -7.287 11 0.002 0.022 -5.033
2 0.010 1.495 ~7.196 12 0.008 1.469 -4.874
*3 0.013 1.985 -7.094 *13 0.009 1.954 -4.874
4 0.013 2.469 -6.997 14 0.027 2.491 -4.872
5 0.007 2.714 -6.810 15 0.027 3.784 -4.920

*Indicates Rosettes on the Crotch Line
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Table IIT.3 -- Continued

Location

4] Rosette Outside Surface Rosette Inside Surface

Degreesz  Number X Y Z Number X Y Z
270 6 0.007 4.963 -6.665 16 0.027 4.990 -4.955
7 0.007 6.196 -6.573 17 0.027 6.234 -4.994
8 0.007 7.473 -6.550 18 0.023 7.485 -4.994
9 0.006 8.719 -6.492 19 0.019 8.729 -5.003
10 -0.017 10.008 -6.402 20 -0.012 9.990 -5.055
191 *1 -6.734 7.630 -1.379 %11 -5.291 5.693 -0.935
213 *1 -5.622 6.656 -3.827 *11 -4.256 5.408 -2.539
256 *1 -3.716 5.070 -5.672 %11 -2.992 4.786 -3.910
258 *1 ~1.291 3.062 -6.790 *11 -1.049 3.193 -4.759

*Indicates Rosettes oun the Crotch Line
All X and Y measurements referenced to 90° + mark.

All Z measurements referenced to 0° - mark.
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Table III.4. XYZ Coordinates for Strain Gage Rosette
Locations on TP 304L Tee #8

Location
¢ Rosette __ Outside Surface Rosette Inside Suxface
Degrees  Number X Y Z Number X Y Z
0 1 §9.966 6.373 0.011 11 9.967 5.878 0.098
2 8.863 6.580 0.046 12 8.746 5.973 0.081
3 7.742 6.577 0.039 13 7.506 5.977 0.069
4 6.608 6.606 0.073 14 6.288 5.978 0.031
5 5.437 6.650 0.090 15 5.073 5.977 0.010
6 4.290 6.743 0.112 16 3.864 6.044 0.068
*7 3.951 6.840 0.112 *17 3.310 6.388 0.050
8 3.705 7.071 0.112 18 2.972 6.821 0.085
9 3.459 7.851 0.128 19 2.924 7.838 0,037
10 3.331 8.450 0.128 20 3.006 8.409 0.038
22.5 1 9.982 5.178 3.645 11 9.991 4.646 3.676
2 8.449 5.718 3.210 12 8.262 5.201 3.026
3 6.870 6.024 2.593 13 6.483 5.538 2.372
4 5.298 6.338 2.049 14 4.694 5.793 1.657
5 3.718 6.661 1.455 15 3.032 6.329 1.150
*6 3.415 6.896 1.376 *16 2.732 6.708 1.106
7 3.285 7.211 1.316 17 2.699 7.026 1.101
8 3.196 7.368 1.255 18 2.691 7.551 1.085
9 3.175 8.073 1.291 19 2.707 8.098 1.165
10 3.080 8.408 1.262 20 2.755 8.414 1.229
45 1 10.070 0.212 6.327 11 10.034 0.167 6.001
2 8.281 2.195 6.119 12 8.140 2.031 5.615
3 6.471 3.914 5.371 13 6.172 3.744 4.681
4 4.624 5.295 4.118 14 4.218 5.060 3.265
5 2.752 6.388 2.666 15 2,537 6.356 1.983
*6 2.535 6.707 2.568 *16 2.154 6.670 1.931
7 2.514 7.008 2.480 17 2.097 6.938 1.986
8 2.411 7.494 2.408 18 2.070 7.479 2.000
9 2.411 8.002 2.381 19 2.081 8.055 2.132
10 2.343 8.402 2.340 20 2.114 8.393 2.162

*Indicates Rosettes on the

Crotch Line
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Table I11.4 -- Continued

Location
) Rosette Qutside Surface Rosette Inside Surface
Degrees Number X Y Z Number X Y YA
67.5 1 4.585 0.005 6.664 11 4.567 0.029 5.951
2 3.809 1.803 6.450 12 3.804 1,775 5.705
3 3.053 3.431 5.798 13 3.047 3.335 4.962
4 2.285 4.822 4.762 14 2.310 4.662 3.826
5 1.488 6.055 3.495 15 1.500 5.962 2.766
*6 1.361 6.355 3.347 *16 1.265 6.293 2.578
7 1.321 6.658 3.241 17 1.183 6.617 2.630
8 1.276 7.274 3,143 18 1.120 7.277 2.639
9 1.308 7.868 3.108 19 1.107 7.922 2.632
10 1.291 8.402 3.047 20 1.167 8.384 2.828
90 1 0.000 O0.000 6.779 11 0.019 0.000 5.998
2 0.010 1.614 6.600 12 0.012 1.504 5.831
3 0.012 3.085 6.050 13 0.004 2.892 5.295
4 0.022 4.415 5.199 14 0.014 4.135 4&.444
5 0.002 5.579 4.083 15 0.015 5.252 3.412
*6 0.002 5.859 3.859 516 0.023 5.529 3.191
7 0.009 6.149 3.690 17 0.007 5.832 3.091
8 0.010 6.924 3.427 18 0.023 6.963 2.863
9 0.010 7.895 3.341 19 0.020 7.968 2.858
10 0.533 8.398 3.327 20 0.040 8.398 3.066
78 %1 0.710 6.115 3.610 *11 0.646 5.920 2.924
56 *1 1.968 6.516 2.953 *11 1.857 6.535 2.307
33 *1 3.005 6.814 1.988 *11 2.668 6.713 1.544
11 ®] 3.760 6.920 0.620 *11 3.134 6.591 0.394
180 1 -10.043 6.366 -0.032 11 ~10.006 5.863 -0.099
2 ~8.866 6.562 -0.004 12 ~-8.788 5,931 -0.002
3 -7.705 6.548 -0.010 13 -7.532 5.936 -0.015
4 -6.521 6.553 -0.010 14 -6.280 5.958 -0.015
5 -4.376 6.619 ~0.012 15 -5.035 5.954 -0.015
6 -4.215 6.700 -0.017 16 -3.781 6.041 -0.001
*7 -3.900 6.823 -0.023 *17 -3.320 6.336 -0.007
8 -3.666 7.062 -0.051 18 -2.996 6.823% -0.015
9 -3.434 7.827 -0.063 19 -~3.029 7.889 -0.030
10 ~3.343 8.487 ~0.096 20 -3.018 8.647 -0.046

*Indicates Rosettes on the Crotch Line
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Table IiI.4 -~ Continued

Location
¢ Rosette Qutside Surface Rosette Inside Surface
Degrees  Number X Y z Number X Y Z
202.5 1 -10.016 5.088 -3.778 11 -10.035 4.555 -3.588
2 ~8.451 5.638 -3.263 12 ~-8.359 5.152 -3.097
3 ~6.893 5.989 -2.644 13 -6.648 5.483 -2.478
4 -5.308 6.306 -2.013 14 -4.964 5,738 -1.824
5 ~3.714 6.641 -1.384 15 -3.315 6.074 -1.135
*6 ~3.468 6.841 ~1.321 %16 -2.923 6.504 -1.037
7 -3.304 7.103 -1.258 17 -2.808 6.774 ~0.999
8 -3.223 7.585 -1.257 18 -2.781 7.361 -1.028
9 -3.193 8.024 -1.281 19 -2.768 8.003 -1.072
10 -3.118 8.497 -1.128 20 -2.791 8.585 -1.018
225 1 -10.021 0.046 -6.269 11 -9.954 0.088 -5.767
2 -8.311 1.916 -6.110 12 -8.284 1.838 -5.643
3 -6.591 3.718 -5.378 13 -6.795 3.530 -4.823
4 -4.687 5.192 -4.124 14 ~4.571 4.903 ~-3.458
5 -2.835 6.342 -2.613 15 -2.736 5.975 -1.912
*6 -2.614 6.646 -2.492 *16 -2.327 6.400 -1.868
7 -2.528 6.951 -2.438 17 -2.214 6,652 -1.917
8 ~-2.472 7.461 -2.415 18 -2.139 7.305 -2.018
9 -2.444 8.004 -2.407 19 -2.130 7.963 -2.020
10 -2.389 8.500 -2.392 20 -2.143 8.501 -1.987
247.5 1 -4.621 0.025 ~6.572 11 -4.371 0.028 -5.919
2 ~3.619 1.634 -6.329 12 -3.666 1.705 -5.683
3 -2.937 3.229 -5.764 13 -2.985 3.220 -4.970
4 ~2.213 4.589 ~4.759 14 -2.300 4.508 -3.918
5 -1.488 5.860 -3.573 15 -1.558 5.714 -2.804
*6 -1.350 6.178 -3.491 *16 -1.360 5.970 -2.709
7 -1.309 6.466 -3.324 17 -1.174 6.289 -2.681
8 ~-1.266 7.145 -3,185 18 ~1.099 7.058 -2.688
9 -1.287 7.834 -3,178 19 ~1.114 7.810 -2.702
10 -1.281 8.539 -3.196 20 -1.124 8,485 -2.661
270 1 -0.068 0.002 -6.630 11 -0.016 0.066 -5.913
2 -0.053 1.596 -6.425 12 -0.026 1.424 -5.721
3 -0.034 2.926 -5.972 13 -0.040 2.752 -5.291
4 -0.018 4.156 -5.189 14 -0.052 3.904 -4.514
5 -0.009 5.305 -4.250 15 -0.063 4.987 -3.629

*Indicates Rosettes on the

Crotch Line
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Table III.4 -- Continued

Location

¢ Rosette Outside Surface Rosette Inside Surface

Degrees  Number X Y Z Number X Y Z
270 *6 -0.007 5.571 -4.020 *16 -0.063 5.247 ~-3.436
7 -0.007 5.833 -3.833 17 ~0.062 5.539 -3.226
8 -0.013 6.690 -3.487 18 ~0.055 6.520 ~2.902
9 -0.012 7.915 ~3.383 19 -0.030 7.564 -2.925
10 -0.020 8.551 -3.196 20 ~-0.001 8,425 -2.885
258 *1 -0.737 5.890 ~3.772 *11 -0.628 5.695 -2.904
236 *1 -2.031 6.435 -3.021 *11 =1.757 6.221 -2.344
213 *1 -3.084 6.767 -1.924 *11 -2.472 6.465 -1.431
191 %1 -3.742 6.876 -0.693 *11 -3.062 6.464 -0.531

*Indicates Rosettes on the Crotch Line

All X and Y measurements referenced to 90° + mark.

All 7 measurements references to 0° - mark.
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Table IIY.5. XYZ Coordinates for Strain Gage Rosette
Locations on TP 304L Tee #15

Location
¢ Rosette Outside Surface Rosette Inside Surface
Degrees  Number X Y z Number X Y A
0 1 10.010 6.315 0.154 11 9.764 5.873 0.152
2 8.820 6.447 0.120 12 8.759 6.006 0.182
3 7.688 6.581 0.080 13 7.585 5.999 0.152
4 6.548 6.740 0.062 14 6.383 6.111 0.121
5 5.403 6.807 0.030 15 5.182 6.153 0.104
6 4,254 6,811 0.000 16 3.996 6.224 0.074
*7 3.869 6.893 0.014 *17 3.641 6.286 0.060
8 3.628 7.130 0.014 18 3.110 6.711 0.029
9 3.488 7.759 0.023 19 3.029 7.554 0.029
10 3.356 8.422 0.012 20 2.871 8.427 0.009
22.5 1 9.943 5.060 3.809 11 9.894 4.608 3,693
2 8.699 5.501 3.428 12 8.654 4.987 3.345
3 7.450 5.918 3,002 13 7.3%4 5.267 2.882
4 6.186 6.289 2.559 14 6.116 5.591 2.426
5 4,923 6.515 2.055 15 4.842 5.811 1.935
6 3.688 6.705 1.574 16 3.576 6.046 1.444
*7 3.410 6.911 1.501 *17 3.029 6.386 1.311
8 3.265 7.187 1.418 18 2.806 6.860 1.230
9 3.222 7.832 1.384 19 2.796 7.687 1.216
10 3.106 8.436 1.306 20 2.742 8.494 1.183
45 1 9.858 0.316 6.415 11 9.692 0.216 5.972
2 8.477 1.927 6.247 12 8.371 1.567 5.855
3 7.087 3.450 5.854 13 6.828 2.887 5.445
4 5.654 4.714 4.986 14 5.397 4.033 4.700
5 4,193 5.679 3.865 15 4,052 5.021 3.595
6 2.838 6.451 2.753 16 2.732 5.934 2.326
*7 2.646 6.724 2.638 *17 2.358 6.280 2.207
8 2,562 7.031 2.541 18 2.183 6.844 2.163
9 2.496 7.743 2.478 19 2.171 7.671 2.158
10 2.390 8.466 2.379 20 2.131 8.496 2.107

*Indicates Rosettes on the

Crotch Line
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Table III.5 -- Continued

Location
& Rosette Outside Surface Rosette Inside Surface
Degrees Number X Y Z Number X Y Z
67.5 1 4.840 -0.035 6.928 11 4.927 ~0.069 6.274
2 4.044 1.667 6.778 12 4.019 1.462 6.178
3 3.228 3.283 6.140 13 3.158 2.920 5.558
4 2.423 4.665 5.058 14 2.357 4.196 4.598
5 1.598 5.935 3.809 15 1.596 5.341 3.464
*6 1.433 6.240 3.652 *16 1.299 5.895 3.099
7 1.391 6.571 3.506 17 1.235 6.370 2.862
8 1.355 7.213 3.307 18 1.199 7.078 2.810
9 1.323 7.859 3.228 19 1.190 7.783 2.809
10 1.274 8.493 3.110 20 1.218 8.447 2.765
90 1 0.000 0.000 6.910 11 0.000 0.895 6.204
2 0.005 1.477 6.768 12 -0.038 1.335 6.157
3 0.016 2.893 6.351 13 -0.046 2.666 5.718
4 0.020 4.137 5.519 14 -0.046 3.853 4.889
5 0.036 5.250 4.535 15 -0.034 4.948 3.923
*6 0.037 5.524 4.314 %16 -0.026 5.101 3.713
7 0.043 5.826 4.106 17 -0.025 5.506 3.496
8 0.060 6.605 3.688 18 -0.010 6.415 3.153
9 0.07Y 7.573 3.488 19 -0.004 7.540 3.094
10 0.061 8.508 3.339 20 -0.003 8.507 2.990
11 *1 3.678 6.934 0.833 %11 3.384 6.368 0.684
33 *1 3.080 6.855 2.050 *11 2.749 6.349 1.785
56 *1 2.070 6.532 3.183 *11 1.826 6.130 2.731
78 *1 0.716 5.907 4.004 *11 0.674 5.576 3.435
180 1 ~9.983 6.267 ~-0.124 11 -9.778 5.798 -0.143
2 -8.770 6.400 -0.124 12 -8.798 5.935 -0.124
3 -7.626 6.379 ~-0.129 13 -7.632 5.939 -0.114
4 -6.484 6.609 -0.122 14 -6.512 5.953 -0.114
5 -5.344 6.710 -0.118 15 -5.375 6.044 -0.113
6 -4.195 6.723 -0.124 16 -4.211 6.047 -0.105
*7 -3.842 ..801 ~0.125 *17 -3.639 6.177 ~0.102
8 -3.555 7.031 -0.134 18 -3.100 6.530 -0.095
9 -3.398 7.729 -0.1%0 19 -2.936 7.484 -0.094
10 -3.305 8.397 -0.124 20 ~2.920 8.429 ~0.072

#Indicates Rosettes on the Crotch Line
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Table III.5 -- Continued

Location
) Rosette Outside Surface Rosette Inside Surface
Degrees Number X Y Z Number X Y Z
202.5 1 -9.997 5.085 ~3.506 11 -9.978 4.598 -3.408
2 -8.680 5.534 -3.111 12 -8.640 5.031 -3.055
3 ~7.404 5.829 -" 672 13 ~7.331 5.2%7 -2.636
4 -6.149 6.254 -2.301 14 ~6.008 5.540 -2.225
5 ~-4.870 6.499 -1.844 15 ~4.7035 5.789 -1.813
6 ~3.585 6.€71 -1.398 16 -3.3%5 5.993 -1.381
*7 ~3.344 6.819 -1.296 *17 -2,9¢1 6.233 ~1.298
8 -3.173 7.227 -1.252 18 -2.689 6.9%0 -1.102
9 -3.121 7.810 -1.263 19 -2.70¢ 7.749 -1.102
10 -3.037 8.425 -1.214 20 -2.885 8.407 -1.110
225 1 -9.946 0.034 -6.235 11 -9.870 0.109 -5.774
2 -8.532 1.706 -6.193 12 -8.356 1.246 -=5.771
3 -7.133 3.237 -5.737 13 -6.797 2.515 5.352
4 -5,663 4.587 -4.886 14 -5.226 3.778 -4.758
5 -4.160 5.606 -3.773 15 -3.808 4.821 -3.732
6 ~2.742 6.472 -2.596 16 -2.457 5.781 -2.496
*7 -2.519 6.738 ~2.506 *17 ~2.216 6.068 -2.321
8 =2.455 7.057 -2.407 18 -2.057 6.966 -2.096
9 ~2.391 7.790 -2.326 19 ~2,056 7.725 -2.096
10 -2.322 8.446 -2.272 20 -1.171 8.397 -2.041
247.5 1 -4.779 0.076 -6.864 11 -4.715 0.054 -6.111
2 -3.976 0.681 -6.629 12 -3.868 1.535 -5.932
3 -3.176 3.365 -5.975 13 -3.008 3.004 -5.368
4 -2.374 4.796 -4.845 14 -2.231 4,275 -4.388
5 -1.586 6.049 -3.587 15 -1.482 5.440 -3,263
%6 -1.456 6,350 -3.448 *16 -1.288 5.795 -3.026
7 -1.396 6.654 -3.338 17 -1.202 6.316 ~2.788
8 - =1,337 7.243 -3.167 18 ~1.175 7.069 -2.695
9 -1.295 7.855 -3.100 19 -1.181 7.744 ~2.69%4
10 -1.223 8.4 7 -2.961 20 -1.231 8.379 ~2.634
270 1 -0.002 0.124 -6.820 11 -0.062 0.079 -6.096
2 -0.022 1.377 -6.827 12 ~0.065 1.241 -5.940
3 ~-0.028 2.867 -6.221 13 -0.051 2,532 -5.608
4 -0.046 4.140 -5.397 14 ~0.058 3.687 -4.882
5 -0.054 6.313 -4.404 15 -0.046 4.739 -4.024

*Indicates Rosettes on the Crotch Line
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Table I11I.5 -- Continued

Location

¢ Rosette Qutside Surface Rosette Inside Surface

Degrees Number X Y 2 Number X Y A
270 *6 -0.059 5.551 -4.100 x16 -0.046 5.137 -3.618
7 -0.059 5.540 -3.962 17 -0.044 5.438 -3.435
8 ~-0.040 6.699 -3.594 18 -0.030 6.418 ~3,015
9 -0.015 7.572 -3.378 19 -0.041 7.475 -2.931
10 -0.068 8.489 -3.233 20 -0.053 8.386 -2.879
191 *1 -3.611 6.854 -0.620 *11 -3.348 6.234 -0.590
213 *1 -2.988 6.820 ~-1.940 *11 -2.658 6.195 -1.808
236 *]1 -2.037 6.578 -3.023 *11 -1.761 5,959 -2.,702
258 *1 -0.720 5.968 -3.814 *11 -0.608 5.464 -3.371

*Indicates Rosettes on the Crotch Line
All X and Y measurements referenced to 90° + mark.

All Z measurements references to 0° - mark.




-1

APPENDIX IV

WELDING PROCEDURE SPECIFICATION



SwRI PROCEDURE FOR LIQUID PENETRANT INSPECTION OF
CLASS I NUCLEAR PLPING (PROCEDURE NO. P-1}

Scope

Thme procedure shall satisfy Paragraph 1-727, 4, 2.{c) 2 of USAS B31,7
for the peactrant inspection of critical circnmferential welds in the scheduled
test models. Acceptince standards shall be in sccordance with Appendix D-4
of USAS B3l. 2.

This procedure shall alse satisfy Paragraph 1-724. 2.1 of USAS B3.7
for the penetrant inspection of welded base material in the scheduled Lest models.
Acceptance standards shail be in accordance with Paragraph 1-724. 1. 4 of USAS
Lk B
Procedure

The test procedure shall be performed in accordance with Appendix B-4
of USAS DIL. 7 with penetration and development times as recommended in

Progudure B-3 of ASTM E 165,

1. Methud - A visible red dye penetrant method utilizing a solvent-removable

penetrant {rce of chlorine and sulfur will be vsed with a velatile liguid suspended
developer.

2. Surface Preparation - The surface lo be inspected shalf be ground flush
with the surrourding material contour and shall be cleaned with Spotcheck Cleaner,
Type SKC-5 applied [rein a pressurized container.  This cleaning will be completed
when the surface to be mspecied no longer contains divt, lint, grease, scale. oil,
ur any other extraneuns matter that would interfere with the test,

3. Drying - Prior te the application of the penetrant, “3e surface must e

dry. After gleaning the surface with the velatibe sulvent civawer, a periad of frv,
minutes shall clapse boefore applying the penctrant to allow for the evaporation of
the cleaner. Should it Be nowessary to facilitate cvaporation, a heat gun {act on
"eold") may be utilized.

4. Penetrant Application- The penetrant, Spotcheck Penetrant, Type
SKL-HF shall be sprayed or brushedon the area being laspeeted. In cither case,
the penctrant will be taken from a pressurized containet to insure its purity. The
penstrant will be allowed to "dwell” on the inspection surface for a period of
twenty minutes at room temperature surfzce conditions (maximum temperature
range of 60 to 125°F).

5. Excess Penetrant Removal = After the specified penetrant dwell Hime,

the ¢xdess peactrant shall be removed by wiping the area with dry Hnl-free wises
until the majority of the oxcess ponctrant has been removed. Then an absorbent
wipe will be meistened with the Spotcheck Cleansr, Type SKC-5 and gently wiped
across the inspection surface to remeve the remaining traces of excess peactrant.
Care shall be taken to not use an excessive amoeunt of solvent cleaner, as It -dil}
rernove gpenetrant from possible shallow open defect areas.

6. Drying - After the excess penetrant has been removed with the volatile
sofvent cleaner (Spotcheck Cleaner, Type SKC-5), the surlace is allowed 1o dry
for a perjod of live minutes.

7. Developing - The application of & liguid develupor [Spotcheck Developer,
Type SKD-5} shall follow the drying process. This developer will be applicd by
spraying from & proseurized comtainer. After sufficient agitation of the pressurized

cantainer Lo insure a proper suspension of the developer powder, a smooth uniform

g-AT



layer of the volatile suspended powder shall be applied Lo the to# arca.

B. Examination - The examination shall be performed by personnel with
a minimum of three years' dyc peretrant experience snd in & well-lighted ares.
Thiz examination will be perfermed within twenty minutes after application of the
daveloper,

9. Acceplance Criteris

{a} Base Matorisla~ The acceplance criteria for the inspected arcas

shall be the same s Paragraph 1-724. L. 4 (b) in USAS B3L.7 which states:

"Cracke and othar lrear discontinuitien or aligned indizations

ars wmaceeptable, !

Aligood indications are those in which the avarage of the conter-to-
cenier distance between any one indication and the two adjacent indications
in a wtraight Jine is lass than 3/16 inch. Individusl pit defects to a depth
excoeding the grester of 0. 004 inch or 5 percent of the section thicknens
are aleo unnccapiahile,

b} Walds - Accoplence critaris for lnspecting Clase I piping welds
constructed in accordance with sut-Secticn 1-T27 of USAS B3L. 7 shall be
af mated o Appendis Bo4-170. The following relevant indications are
vncceplable:

{1} any cracks and linsar indicatiome
{2} rounded indications with dimepsions greater than 3/32 inch

{3} four or mora rounded indications in c Jine separated by
1716 inch or lews, edge jo odge

{4) tan or mure rounded indications in any six square inches of
surfice whose misor dimension is no less than one inch with
these dimensions taken in the most unfavorable focation
relative to the indicationns being avaluated.

10. Repair of Defects ~ When a repair s to be made according Lo the
particular product form invelving grinding with ox without subsequent rewclding,
that area shall be subjected to a repeat penelrant inspection utilizing the same
procedurce as previously outiined.

11, Post-Lnspection Claaning - The {nspection arcas shall bo cleaned afier
the coenpleted insprction by wiping the excess dsveloper from the surfsce with s
rag, and then gently scrubbing the region with an acetona~natursted wipe to
remove the remaining developer and panetrant.

12, Racords ~ Permanent records of the penetrant inspections ehell be
roaintained in the file for the Hfo of the component. Theso forme shall indicote
the rosults and parametors for each test, A sarsple of the form to be uoed is
shows in Appendix A. These forms shall be availatle for review upon requost

to the Departinent of Structural Enginoering.



LIQUID PENETRANT INSPECTION DATA SHEET

Froject No.
Component No. Cycles Daite
Component Materizl Surface Condition
Clcansr: Brand Name-
Type-
Fenetrant:  Brand Name-
Type-
Emulsifier: Hrand Narme-
Type-
Remover: Brand Name-
Type-
Developer:  Brand Name-
Type~
Type of Penctrant Used « O Water Washable 3 Visible Red Dye
1 Post-Emuisifiable [ Fluorescent
[7 Solvent-Removable Sensitivity Rating
Penetrant Application - [ Dipping T3 Spraying [ Brushing

Penetrant Dwell Time -« minutes; temperature

Emuisifier Bwell Time = minutes

1 Dip Cleaning
[} Flewing Waler
IJ Sprayed Solvent
L3 Wiped Spivent

Removal Technigue for Exeess Penetrant -

Drying; Times Temperature:,
Developer Application - [T Ripping £ Spraying £7 Brushing
Developing Time - minutes; temperature

PEMNETRANT INRICATIONS

Remarks

Rejectable®

Accoptablet

itude

Ma

Orientation

Leocation

YRaference Paragraph 1724, 2.1, Paragraph 1-724.1.4 of USAS B3l. 7. and also SwRI Pracedure No, P-1,

Reviewed by:

Performed by:

f1~AL



WELDER AND WELDING PROCEDURE QUALIFICATION
SPECIFICATION NUMBER Q-]

A Scope

‘The qualification procedures herein are in accordance with Sec- QUALIFICATION WELD SAMPLING PROCEDURE
tion IX of the ASME Code and Union Carbide Job Specification

J5-115-229. Welders and procedures will be qualified for the

2G positions for both A106 Grade B pipe and A312 TP 304L

pipe. The welder and procedures shall be qualified simul-

taneously. Qualifications in the 20 position gqualifies the 10

position. T = Tensile Test
B, Types of Tests F = Transverse Face Bend
1. Tensile Tests

M = Met i
Turned tensile specimens per Figure A-6 (¢} of Section IX ctallographic Sample

shall be used. The number of specimens shall be two {2)
for each position and material per Table Q-13.1 of Section
IX. The minimum allowable tensile streagth shall be the
minimum allowable {or the base metal,

R = Transverse Root Bend

2, Bend Tests
Twa {2) cach face bend and root hend tesis shall be per-
{formed for each position and material, The specimen de-
sign shall conform to Figur