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INTRODUCTION

During 1966, unexpected failures of Apollo tankage during verification
systems testing caused a significant amount of concern about the reliability of
pressure vessel tankage. In recognition of the need for more information on the
defect tolerance of materials used in pressure vessels, personnel from Grumman
Aircraft Engineering Corporation (GAEC) requested that the Manned Spacecraft
Center initiate a program at Battelle to study various aspects of the flaw
tolerance problem,

Nondestructive inspection and proof testing are important quality
assurance procedures for the detection and screening of defects. While the goal
of nondestructive testing is the detection of critical defects before service
operation, the size of critical defects in high strength materials is frequently
below the sensitivity limit of available detection techniques, To circumvent
this marginal condition, positive verification of the structural integrity is
made by proof testing. When proof testing is conducted at a distinct stress
level above the operating condition, not only are defects critical at operating
loads screened out, but an additional tolerance for the growth of subcritical
flaws is obtained. 1In principle, the proper integration of fracture and crack
propagation data with proof testing procedures will provide a guarantee of tankage
reliability,

Currently, proof testing of Apollo tankage is carried out at ambient
conditions, In order to screen smaller size defects it has been proposed that

proof testing be carried out at cryogenic (liquid nitrogen) temperature. Based on

-

the little information available, the flaw tolerance of Ti-6A1-4V STA at cryo-

genic temperature should be less than that at room temperature, The program



described herein was aimed at providing a quantitative answer to the question,

Should cryogenic proof testing be used to proof test Apollo

tankage or more specifically IM tankage?

In addition to the question stated above, there were several secondary
questions that this program was to answer. These were:

(1) What size defect will buring proof testing?

(2) 1In the event a defect goes undetected during proof stressing, will
it propagate by fatigue to become a critical size defect during
simulated operating cycles and actual operation?

(3) Will defects that go undetected during proof testing
propagate under a sustained load?

(4) What influence does the environment have on each of
the questions posed above? (The specific environments
in question are inhibited water, demineralized water,
salt spray air, and Aerozine 50.)

(5) What influence does thickness have on the defect
tolerance for sheets up to 0.063 inch thick?

The specific experimental investigation undertaken was designed to answer these
questions on Ti-6A1-4V in the solution treated and aged condition. The defect
growth and fracture characteristics were studied in parent (unwelded) and
welded sheet material.

The results of the study indicate that cryogenic proof testing will
screen smaller size defects than proof testing at ambient conditions. However
some unusual crack growth behavior during the proof test simulation suggests that
some further study be made of stress and time duration effects.

Details of the results and experimental program are presented in

succeeding sections.



SUMMARY

The main objective of this program was to determine the feasibility
of employing cryogenic proof testing to screen out small defects in IM
tankage. The secondary objectives were (1) to establish the size defect that
will be eliminated by proof testing, (2) to determine whether undetected flaws
will grow to a critical length during simulated operating cycles and in actual
operation under a sustained load, (3) to evaluate whether certain specific
environments influence any of the above factors, and (4) to assess whether the
thickness of IM tankage material effects its tolerance for flaws.

To fulfill the objectives of the program the experimental studies
were divided into three specific areas, namely:

e Fracture

® Programmed fatigue crack-propagation

o Sustained load

A brief discussion of the test conditions and variables studied is
presented. More detail on these points can be found in Tables 6-8 and in the
accompanying text.

In the fracture studies, three conditions were evaluated: (1) fracture
strength in air, (2) fracture strength in liquid nitrogen, and (3) fracture
strength in characteristic fluid environments.

The studies in air were conducted on flawed samples in three thicknesses
of the Ti-6A1-4V STA alloy (0.020~, 0.040-, and 0.063-inch). Normal flaws and
elongated flaws were evaluated with defect depths of t/4, t/2, and 3t/4 (where t

is the sheet thickness). Parent and welded samples were studied.



In liquid nitrogen, only 0.020- and 0.040-inch-~thick material was
employed with all other variables indicated above included. In the environmental
tests, only the 0.040-inch-thick material was employed with a flaw depth of t/2.
Normal and elongated flaws were studied in parent and welded material. The four
environments were (1) inhibited water, (2) demineralized water, (3) salt-spray
air, and (4) Aerozine 50.

The three parts of the programmed fatigue-crack propagation studies
were as follows:

(1) Two proof tests in air followed by 400 cycles of

stress simulating operating conditions.

(2) A cryogenic proof cycle followed by an air proof

cycle followed by the 400 stress cycles as above.

(3) Two proof cycles in inhibited water followed by

400 stress cycles in one of the four environments
described under the fracture tests.

In Part (1), sheet in the three thicknesses was evaluated in parent
and welded material. Normal and elongated surface flaws were studied with
nominal depths of t/4, t/2, and 3t/4. The two proof cycles in air were applied
at 140 ksi gross section stress. The first proof test was held at load for
3 minutes; the second, 30 minutes. Each of the 400 subsequent load cycles was
held for 55 seconds at the nominal operating stress of 105 ksi. Flaw growth
observations were made.

In Part (2), only parent material in 0.040-1nch-thick material was
evaluated. Both flaw types and the three flaw depths were studied. 1In this
part of the program, the cryogenic proof cycle was applied at a gross section
stress of 186 ksi for three minutes with the samples immersed in liquid nitrogen.
The remainder of the stress exposure (proof test in air followed by 400 stress

cycles) was carried out under the stress and time conditions noted above.



In Part (3), parent and welded material in each of the three sheet
thicknesses and with both flaw types were evaluated. Only the t/2 flaw depth
was investigated. The proof loading conditions and 400 stress cycles were
applied as in Part (1). However, proof testing was accomplished in inhibited
water, and the 400 cycles were applied in one of the four environments.

Actually, a test series was conducted in each of the four environments.

Finally, the sustained load tests were carried out in air and in
each of the four environments. Parent and welded samples of 0.040-inch sheet
were used. Both flaw configurations with but one flaw depth were tested. The
test consisted of stressing the specimen at 105 ksi for 100 hours or failure,
whichever occurred first.

The program results on plane sheet specimens have indicated that
cryogenic proof testing offers a real advantage over air proof testing in Screening

4
small flaws. Specific flaw sizes that can be screened by both proof test methods
are presented. Some undetected flaws, namely those that do not fail in the
proof test, were found to grow during simulated operating cycles, but only
to the extent that the sheet thickness is breeched. The flaws did not grow
to a large enough extent to yield a céitical through crack that would fracture.
Environmental studies suggest that no important differences exist from air behavior
in regard to fracture, crack propagation and sustained load. Some thickness
effects were observed that suggest some need for caution in the thicker sheet
gages in regard to this problem. In this connection, recommendations are made
for additional studies of thickness effects, flaw size and shape factors, and
biaxial stress effects in order to provide more definite indication of the

applicability of these results to the actual stress environment of LM tankage,



CONCLUSIONS AND RECOMMENDATIONS

This program studied the behavior of Ti-6A1-4V STA alloy sheet in

regard to flaw tolerance under a variety of loading conditions and environ-

ments, The overall objective was to determine the feasibility of employing

cyrogenic proof testing to screem out small defects in IM tankage, The program

of study ha$ involved a detailed examination of axially lvaded sheet panels

with presized flaws. From this study, the following conclusions can be made:

(1)

(2)

(3

(4)

(5)

Fracture tests of the sheet specimens have shown that
cryogenic proof testing can lead to the detection of
smaller flaws than can an ambient test condition,
Fracture tests show that surface flaws of an area ranging
from 0,001 square inch to 0,003 square inch (depending
upon sheet thickness) can be detected during a cryo-
genic proof test. The comparable value from an ambient
proof test is 0,005 square inch,

All flaw sizes studied that are not detected during

the proof tests can be expected to grow during simulated
operating cycles of 105 ksi.

Some of these flaws will propagate through the thickness
of the tank wall during the 400 cycles and result in a
leak.

Based upon small, flat sheet specimens, it appears that
the material is tough enough so that at a 105 ksi operating
stress, propagating flaws will not reach a critical size

to cause rapid fracture before breakthrough occurs,



(6) Of the four environments studied, it 1s not expected,
for the range of flaws studied, that environment will
influence fracture behavior or fatigue-crack propagation.
Under a sustained load, simulating the operating stress
condition, only the salt-spray air environment may
stimulate crack growth, however, only to a slight degree.

(7) Sheet thickness has a noticeable effect on fracture
behavior at cryogenic temperature and on crack propa-
gation at room temperature,

(8) No consistent trends were observed in the behavior
of welded specimens in comparison with parent
material with the possible exception of fracture.

(9) For some flaw sizes, flaw growth appears to occur under
the sustained proof test load whether in air or in the
cryogenic medium. Whether this growth is only load
dependent or time dependent was not determined.

These conclusions generally lead one to the idea that cryogenic proof
testing of IM tankage will increase reliability. As noted above, however,
certain precautions are raised by the wording of various conclusions.

These precautions generally have led to the following recommendations for
further work:

(a) Biaxial Stress Studies

The data obtained to date are on plane sheet specimens and
indicate that the cryogenic proof testing can separate out
smaller flaws than does the air proof test. It is believed
desirable to investigate the effect of stress state on fracture

and crack propagation of the Ti-6A1-4V sheet by using small



(b)

(c)

scale tests on cylindrical specimens. This type specimen
introduces three factors into the problem all of which
are characteristic of IM tankage: (1) the biaxial stress
state, (2) secondary stresses from bending in the vicinity
of the flaw, and (3) the curved cylindrical surface. Small
scale studies should be followed by full scale tests.
Flaw Growth During Proof Testing

The data have shown for the deeper flaws and thicker
material that at 186 ksi in liquid nitrogen and 140 ksi
in air sustained load flaw growth may be occuring.
The fractographs also show that a tunneling type of flaw
growth is occurring that is not manifested by the flaw
growth measured at the surface. Thus a potentially more
severe flaw may be present after proof testing, particularly,
in cryogenic testing. It is, therefore, suggested that some
further study be made of the stress and time dependence of
flaw growth in air and at cryogenic temperature as well as
the effect of the tunneling type flaw growth on fracture strength
and crack propagation.
Cryogenic Testing of 63-mil Material

Based on the findings of the program it appears necessary
to determine the fracture characteristics of the 63-mil
material at cryogenic temperatures. This is in part based
on the observation that thickness plays an important role
with regard to the defect size that is to be screened by

cryogenic proof testing.



(d)

(e)

(£

Through-the~Thickness Flaws

The present study has shown that certain size cracks will
grow through the thickness without reaching a critical size
to cause complete failure. It would appear useful to have
available some data that shows the effect of small flaw length
of through-the-thickness flaws on the fracture, crack proga-
tion, and sustained load behavior of the alloy, since some
further growth may occur after the thickness is breeched.
Forged Material

On the basis of extremely limited data it appears
that further evaluation of forged material is needed.
Additional Needs

In this program design mechanical properties of the
STA alloy were needed at cryogenic temperature. Sources
such as MIL-HDBK-5 did not have such data on the STA
condition. Consequently, estimated values of Fty have
been used primarily in the fracture section. It is
suggested that some mechanical testing be done at cryogenic
temperatures to establish the statistical distribution of
mechanical properties as is done for MIL-HDBK-5 values.

Also, fracture characteristics are known to have quite
a bit of scatter with normal variations in chemical composition
and heat treatment. It is suggested that additional fracture
testing be done to explore heat-to-heat characteristics in

regard to fracture strength and inspectable flaw size.
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‘Specimen Preparation

¢ t

Details of the specimen preparation are presented in this section,

Six subsections are included for a complete discussion of all aspects,
Material

The material used in this investigation was Ti-6A1-4V in the solution
treated and aged condition. All material was in the form of sheet except for
r———— s —————— 3
four tests on forged material that were conducted for comparison, All sheet
material was supplied by Grumman Aircraft Engineering Corporation (GAEC),

Three thicknesses of material were employed in the investigation; viz, 0,020-,
0.040-, and 0,063-inch. These thicknesses cover the range of thicknesses used
on propellant storage pressure vessels for the ascent and descent stages of

1M,

Parent Material., Two forms of material were basic to the program;

these were unwelded and welded material, The unwelded material is referred to
as parent material throughout the report., The parent material was sheared into
the form of blanks with dimensions of 5-1/4 x 16-1/2 inches by GAEC, The 16-1/2
inch dimension was parallel to the longitudinal axis of the original sheet.
These blanks then were forwarded to Battelle for processing into specimens.
Each blank of parent material was numbered prior to processing at Battelle,
The numbering system consisted of a code number designating thickness followed by
a number designating the specimen, The thicknesses were designated by the

following code:

2 = 0,020-inch gage
4 = 0,040-inch gage
6 = 0.063-inch gage

For example, a specimen designated 4-21 was the 21st specimen 0.040 inch thick.
Mechanical property tests were conducted on the parent material in

the Mechanical Test Laboratory at Battelle, The results are listed in Table 1,
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TABLE 1. MECHANICAL PROPERTIES OF
Ti-6A1-4V STA PARENT MATERIAL-
LONGITUDINAL DIRECTION

Yield
Ultimate Strength, Elongation,
Specimen  Thickness, Tensile Strength, 0-2 percent percent in
Number inch ksi offset, ksi 2 inches

2-1 .0218 170.8 161.5 8.0

2-2 .0218 171.8 163.7 --

2-3 .022 171.2 160.9 9.0
Average values 171.3 162.0 8.5

4-1 .039 170.7 162.6 9.5

4-2 L0415 170.0 160.8 11.0

4-3 .0405 171.4 162.6 11.0

4-4 .042 170.1 -- 9.5

4-5 .0402 169.2 161.0 11.0
Average values 170.3 161.8 10.4

6-1 .0605 T59<7 343 14.0

6-2 .0652 171.1 162.7 9.0

6-3 .066 170.6 161.8 11.0

6-4 .066 171.4 161.8 10.0

6~ .0658 170.3 161. 11.5
Average values 168+5 16074 11.1

170, § 161.49
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Below each group of values for a given thickness the average value of the
property 1s indicated. Comparing the average values of ultimate tensile
strength for the thicknesses a decrease in value is observed for an increase in
thickness. Likewise, the 0.2 percent offset yield strength decreases slightly
as the thickness is increased. Elongation, on the other hand, increases with
increasing thickness. If data for specimen 6-1 is not included in the averaging
the average values of UTS and TYS become 170.8 ksi and 162.9 ksi and one would
conclude no difference exists in tensile strength of material from the three
sheet thicknesses. Examination of the specimen shows no reason for discarding

the data, consequently it has been included and one therefore observes the slight

decreases in strength with thickness shown in the table.

Welded Material. The welded material was blanked from sheets taken

from the same heats of material as the parent material. In this case, GAEC
blanked the original 30 x 96-inch sheets into panels 30 x 16-1/2 inches. These
panels were, in turn, sectioned into two pieces 30 x 8-1/4 inches. The two
pieces then were welded using tungsten inert gas welding., All panels then were
radiographed. The radiographs were examined to assure conformance to IM tankage
Weldment Specifications. The data on the welding operation are provided in
Tables 2, 3, and 4.

In all cases, the welded specimens were designated by a letter (A, B,
or C) followed by a number. The letter designates that the specimen is welded
with a thickness of 0.020-, 0.040-, or 0.063-inch for the A, B, and C designations,
respectively. Thus, the parent material i1s identified by a number-number sequence
and the welded material by a letter-number sequence.

Tensile blanks were sectioned from the welded sheets at random and
tested to determine the mechanical properties. The tensile tests on the welded
specimens were conducted so that the welded properties could be compared with

those of the parent material. It also was desired to locate the position of
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WELD PARAMETER DATA FOR
Ti-6A1-4V SHEET MATERTAL .020" THICKNESS

Base Material
Filler Metal

Process
Electrode
Back-up

Hold Down

Torch Nozzle
Welding Position

Pre-Weld Prep.

Amperage
Voltage
Travel Speed
Wire Speed
Torch Gas
Back-up Gas

Trailing Shield Gas

.020", 6A1-4V Titanium alloy, solution
heat treated and aged
.030" diameter commercially pure Titanium

Tungsten Inert Gas

1/16" diameter, 2% Thoriated Tungsten
Copper, groove width .125" by .040" deep
Copper, 3/16" spacing

Copper, 1/2" ID orifice

Flat

Machine edges, acid clean, draw file edges,
polish with 320 grit emery, clean with stainless
steel wire brush and wash with alcohol.

40, DCSP

7.5

18 IPM

18 IPM

Argon, 25 cfh.
Argon, 3 cfh.

Argon, 7 cfh.
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TABLE 3. WELD PARAMETER DATA FOR
FOR Ti-6A1-4V SHEET MATERIAL .040" THICKNESS

Base Material
Filler Metal

Process
Electrode
Back-up

Hold Down

Torch Nozzle
Welding Position

Pre-Weld Prep.

Amperage
Voltage
Travel Speed
Wire Speed
Torch Gas
Back-up Gas

Trailing Shield Gas

.040", 6A1-4V Titanium alloy™
.030", diameter commercially pure Titanium

Tungsten Inert Gas

1/16" diameter, 2% Thoriated Tungsten
Copper, groove width .250" by .040" deep
Copper, 5/16" spacing

Copper, 1/2" ID orifice

Flat

Machine edges, acid clean, draw file edges,
polish with 320 grit emery, clean with
stainless steel wire brush and wash with
alcohol.

85, DCSP

7.5

18 IPM

34 IPM

Argon, 25 cfh.
Argon, 3 cfh.

Argon, 7 cfh.

% Solution heat treated and aged
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TABLE 4.
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WELD PARAMETER DATA FOR

Ti-6A1-4V SHEET MATERIAL .063'" THICKNESS

Base Material
Filler Metal

Process
Electrode
Back-up

Hold Down

Torch Nozzle
Welding Position

Pre-Weld Prep.

Amperage
Voltage
Travel Speed
Wire Speed
Torch Gas
Back-up Gas

Trailing shield Gas

.063", 6A1-4V Titanium alloy*
.030", diameter commercially pure Titanium

Tungsten Inert Gas

3/32" diameter, 2% Thoriated Tungsten
Copper, groove width .312" by .040" deep
Copper, 13/32" spacing

Copper, 1/2" ID orifice

Flat

Machine edges, acid clean, draw file edges,
polish with 320 grit emery, clean with
stainless steel wire brush ahd wash with
alcohol

140, DCSP

8

18 IPM

50 IPM

Argon, 30 cfh.
Argon, 3 cfh.
Argon, 12 cfh.

% Solution heat treated and aged
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failure with respect to the weld bead in the welded specimens. The results
of the tensile tests on the welded specimens are listed in Table 5. In Table
5, those specimens where failure occurred on the weld fusion line are denoted
by an asterisk; all other specimens failed some distance from the weld.

In studying Table 5, it is nottd that there is a tendency for
tensile strength and yield strength to decrease with thickness, primarily on
the basis of the 0.063 inch sheet data. There also appear td be considerable
differences in the percent elongation, hoWwever.

The average value of UTS for the 63-mil welded specimens is considerably
below the average value of UTS for the 20 and 40-mi1l welded specimens. However,
the average value of 162.9 ksi for the 63-mil specimens falls within the
range of values that were observed for the parent material. Thus, on the basis
of UTS, the weld efficiency seems to be 100 percent for all three thicknesses.
This statement is verified by a comparison of average values of UTS for parent
and welded specimens for each of the three thicknesses tested.

Lower values of elongation were generally observed for the welded
material when compared with the parent material. For the 20-mil welded specimens,
where 4 out of 5 specimens failed on the weld fusion line, the average value
of elongation is quite a bit lower than that for the other two thicknesses.

The elongation could be expected to be lower in the welded material for two
reasons. First, the weld bead is in the center of the gage section and if
failure occurs near the weld, the material in the vicinity of the weld is
constrained more than if the weld were not present, and the resultant elongation
is less. Second, where failures occurred a considerable distance from the

weld bead, and thus a considerable distance from the center of the gage section,

the value of elongation observed in the initial 2-inch gage section would be
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TABLE 5. MECHANICAL PROPERTIES OF
Ti-6A1-4V STA WELDED MATERIAL -
LONGITUDINAL DIRECTION

Yield
Ultimate Strength, Elongation
Specimen Thickness, Strength, 0.2 percent Percent
Number inch . ksi offset, ksi in 2 inches
A-1% .0202 167.4 158.4 6.0
A-2% .0220 172.5 182.0 4.0
A-3% .0195 172.9 165.5 3.0
A-4%* .0218 172.1 163.6 7.5
A-5% .0203 170.6 166.0 6.0
Average values 171.1 163.1 5.3
B-1 .0413 170.3 164.4 9.0
B-2 .0393 173.5 164.0 9.0
B-3% .0408 170.3 164.6 7.5
B-4 L0421 172.9 163.0 10.5
B- L0421 172.7 162.8 10.0
Average values 171.9 163.8 9.2
c-1 .0600 164.6 157.2 10.0
Cc-2 .0625 163.1 155.2 9.5
c-3 .0608 160.3 155.1 8.5
C-4 .0625 164.8 157.2 10.0
C-5 .0595 161.7 155.6 11.0
Average values 162.9 156.1 9.8

* Specimens designated with an asterisk failed on the weld
fusion line; all others failed a considerable distance
from the weld.
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lower than the value expected, This 15 because a significant amount of

deformation 1s occurring outside the original gage section,

Specimen Configuration

The specimen used in the experimental program 1s shown in Figure 1,
The section width of 3 inches was selected for the critical section to accommodate
the elongated flaw configuration. It 1s sufficiently wide to avoid deleterious

width effects and, yet, maintained material economy,

Specimen Fabrication

The first step in the fabrication of specimens was a blanking operation
to provide the specimen dimensions shown in Figure 1, Subsequent to blanking,
the specimen preparation procedure was as follows (the specimens were always
handled using clean white gloves):

(1) Polish the specimen edges wiEh successively finer

grades of emery paper using 600-grit paper last,
(2) Wash the specimen in a dilute Alconox solution and rinse
with Acetone,
(3) Stress relieve the specimen at 1000 F for 4 hours-air cool.
(4) 1Introduce the EDM (electric discharge machined) notch at
the desired location,
(5) Grit blast both ends of the specimen including the
radius between the critical section and grip end,
A colored picture of the specimen 1s shown in Figure 2, The blue oxide film
which resulted from the stress relieving treatment was desired to be certain
the specimens had the same surface condition that Apollo tankage material has.
In a portion of the experimental program, as explained in the defect location
section, it was found that this stress relief has an effect on the crack-

propagation characteristics of the Ti-6A1-4V alloy.
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Location and Type of Starter Flaw

In all cases, the starting flaw was an EDM surface flaw approximately
hemispherical in shape. ‘This flaw was located in the center of the critical
section of the specimen, and the initial fatigue crack was grown from it
as described subsequently. In the case of the welded specimen, the location
of the EDM notch varied somewhat; this will also be described.

Flaws may occur in structures as a design discontinuity or may be
embedded flaws, through-the~thickness flaws, or surface flaws which extend
part-way through the thickness. The surface flaw was selected for this study
since it was believed that it represents the real flaw that might be encountered
in service most frequently. An embedded flaw was not selected since the study
of its behavior i& quite complex and research tools are still being developed
to study its characteristics. Thekﬁhrough—phe—thickness flaw was not selected
for this initial program, since it was considered likely that flaws of this
nature will leak and be located.

Initially, two types of starfing flaws were desired, a normal flaw
and an elongated flaw. These flaws are depicted in Figure 3. It was initially
believed that the normal and elongated flaws could be introduced by an EDM
operation and that the normal fatigue crack and elongated fatigue crack (with

2¢/a>10/1) then could be grown from the starting EDM flaw.

Introduction of Initial Fatigue Crack. The initial flaws studied in

this investigation consisted of fatigue cracks grown to the desired depth and
configuration. In order to determine the most satisfactory method of producing
fatigue cracks of the desired configuration, a preliminary study was conducted
on small blanks of parent material which had not been heat treated. In addition,
this portion of the study was undertaken to develop curVes relating crack depth
to crack length. This was necessary because the crack depth was specified as

the significant variable rather than crack length. Furthermore, in the actual
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A. A typical normal flaw, %C_:-I&

FIGURE 3.

2¢

B. A typical elongated flaw, .%C_>'_?_.

TYPICAL FLAW CONFIGURATIONS DESIRED

_Y
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experiments, the quantity to be measured was crack length, not crack depth, and
it was thus necessary to be able to predict the flaw depth from knowledge of
the flaw surface length.

The first half of the preliminary tests showed that the normal flaws
could be developed under axial loading from a small hemispherical surface notch
(20.004 inch diameter, 0.003 inch deep) produced by Electric Discharge Machining.
The load ratio, R, used for the cracking process was 0.1, the maximum stress wa§ ~
employed varying from 50,000 psi to 75,000 psi depending on specimen thickness.
This procedure develpped the desirable cracks with a nearly semicircular crack
front in less than 100,000 cycles. In order to calibrate the surface crack
length with the crack depth, the preliminary specimens for each thickness were
fractured and the surface crack length and crack depth were measured with a tra-
versing microscope, The resulting plots relating surface crack length and crack
depth for the normal flaws developed in the preliminary study are shown in
Figure 4. These curves were used to determine the surface crack length necessary
to produce a given depth normal flaw for the full size specimens. The typical
crack configurations for the normal flaws are shown in Figure 5.

Preliminary attempts to develop an elongated fatigue crack under axial
fatigue from variously shaped EDM surface notches proved unsuccessful. Instead
of developing an elongated crack front, several normal flaws would initiate at
random locations along the notch and propagate until they linked together. The
result was an unreproduceable crack shape. The next approach was to change the
type of loading from axial fatigue to bending‘fatigue. It was found that the
combination of EDM hemispherical surface notch used for developing the normal
flaws and three-point bending fatigue could be used successfully to develop
the elongated flaws. The correlation between the surface crack length and the
crack depth for the elongated flaws was determined in the same manner as for the
normal flaws. The resulting curve for each thickness is shown in Figure 6. In

Figure 7 typical elongated cracks are shown.
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a) EDM Notch - 0,004 inch diam, b) Fatigue Crack (7X),
2¢=0,0359 inch, a=0,017 inch

¢) Fatigue Crack (7X) d) Fatigue Crack (7X)
2¢=0,0678 inch, a=0,0321 inch 2¢=0,0996 inch, a=0,0460 inch

FIGURE 5, DETAILS OF THE NORMAL FLAW
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4 (a) Fatilgue crack (8) Fatigue crack
2c = 0,301 inch 2¢c = 0,2236 inch
a = 0,0444 inch a = 0,0346 inch

2c/a = 6,78:1 2¢fa = 6,46:1
t = 0,0655 inch t = 0,0435 inch

(c) Fatigue crack (d) Fatigue crack
2c = 0,2029 inch 2c = 0,2011 inch
bend. M
o™ L 0,061 tnch a = 0.0406 inch
bending * 2¢/a = 4,95:1
2ctotal = 0,2341 inch t = 0,0662 inch .
8goral ™ 00654 inch e
(2e/a)y0pging = 429511 ;

t = 0,066 inch

(e) Fatigue crack (f) Fatigue crack
2c « 0,1064 inch 2¢ = 0,051 inch
a = 0,016 inch a = 0,0115 inch

2¢c/a = 6,7:1 2c/a = 4.45:1
t = 0,022 inch t = 0.022 inch

FIGURE 7, DETAILS OF ELONGATED FLAW INTRODUCED BY BENDING
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Upon the completion of the preliminary tests, the cracking of the
full-size specimens was initiated. The normal flaw specimens were then cracked
under axial fatigue, R = 0.1 and a maximum stress of 70,000 psi for all thicknesses,
parent and welded material, to the desired crack depth. Since the surface crack
length was the crack dimension that could be directly measured, the surface
crack length corresponding to the desired crack depth was obtained for each
thickness from Figure 4. This use of Figure 4 for the full size specimen
cracking assumed that the normal flaw growth characteristics were the same for
the small blanks that were not stress-relieved as for the full-size specimens.

To verify this assumption, the surface crack lengths and corresponding crack
depths were measured for several of the full size specimens after fracture. These
results are shown in Figures 8 and 9 for parent and welded material, respectively.
Comparison of Figures 4 and 8 show that there is no appreciable difference between
the flaws in the full-size specimeﬁs and those of the small preliminary specimens.
Figures 8 and 9 also show that there is little difference between the normal

flaw shapes for the parent and the welded material. The data in Figures 8 and 9
were used to determine the initial flaw depth for the fatigue crack propagation
computations and analyses.

The elongated flaws were introduced into the full size specimens by
three-point bending fatigue with R = 0.1 and a maximum stress of 130,000 psi for
all thicknesses, parent and welded material. Although the stress of 130,000 psi
appears high in relation to the yield stress, no evidence of plastic yielding
was observed at the crack tip. The preliminary curves of surface crack length
versus crack depth shown in Figure 6 were used to determime crack depth for the
initial cracking. Flaw dimension measurements from full size specimens also
were plotted for comparison with the preliminéry data. The data for the full
size specimens are shown in Figures 10 and 11 for the parent and welded material,
respectively. Comparison of Figures 10 and 11 and Figure 6 again show good agree-

ment between the preliminary specimen data and the full-size specimen data.
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The data shown in Figures 10 and 11 were used in the fatigue-crack propagation
computations and analyses.

Initially it was hoped that a surface crack length to depth ratio
(2c/a) of 10 to 1 could be obtained for the elongated flaws. However, the
flaws actually obtained had a 2c/a ratio of less than 10 and the ratio varied

with the flaw depth as can be seen in Figures 10 and 11.

Location of EDM Flaw in Welded Material

In conversation between Battelle and NASA personnel, it was agreed
that the possibility existed that the crack propagation characteristics and
fracture toughness of the welded specimens mlgh; be dependent on the location of
the EDM starting flaw. (Since the weld fusion line was difficult to locate, the
center of the weld was selected as the reference point.) In fatigue crack
propagation tests conducted in a methanol environment on specimens 0.058 inch
thick, Tiffany (1f'found the most critical location for the starting flaw to be
0.030 to 0.050 inch from the weld fusion line. In all cases the specimens
Tiffany used were machined flat in the gage area to provide a uniform cross-
section. Results indicated that crack initiation most readily occurred at the
weld centerline. However, the defect was located 0.030 to 0.050 inch from the
weld fusion line since its propagation characteristics were next highest. Also,
in the as-weld condition,the weld bead acts as reinforcing material for the weld
and the applied stresses are lower at this location.

In this program tests to decide where to locate the flaw were conducted
on full-size heat-treated specimens. The tests were conducted in axial loading
in either a 20-kip or 50-kip electro-hydraulic servo-controlled fatigue testing
system. (More detail on the equipment used is provided in the next section.)

During the course of a test, the machine would be stopped and a record of crack

length made at the indicated number of cycles. In this manner, tests were conducted

* Numbers in parentheses refer to the references.
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on several specimens of each material thickness with the EDM starting flaws
located at various distances from the weld centerline All tests were conducted
at a maxium stress of 70,000 psi and an R ratio of O 1.

The results, plotted as surface crack length versus number of cycles
of propagation, are shown in Figures 12, 13, and 14 for the 0.020-, 0.040-,
and 0.063-inch thick material, respectively. In these tests, the weld bead was
not machined off the specimens; thus, the crack propagation at the center of
the weld bead does not appear critical for any of the specimens.

In Figure 12, for the 0.020 inch thick material, the curves indicate
a large amount of scatter. The curve for the 0.124-inch location is the
boundary on the left and the curve for the 0.147-inch  location is the
boundary on the right. The 1.60-inch location (for the EDM flaw located well
within parent material) curve falls in the midst of the data. All curves to
the left of this curve indicate more rapid propagation near the weld. However,
some curves fall to the right of the parent material curve indicating that the
scatter in the data may override the influence of the weld. Nonetheless, it was
decided to position the flaw at a location yielding propagation similar to the
curve on the left boundary. This decision held for all three thicknesses. Thus,
for the 0.020-inch thick material the flaw was located 0.120 inch from the

weld bead centerline.

In the case of the 0.040- and 0.063-inch-thick material, curves such
as those shown in Figures 13 and 14 result. For the 0.040-inch-thick material,
the critical location appears to be between 0.175 and 0.210 inch. Again, however,
a large amount of scatter is exhibited. The EDM flaw actually was located 0.175
inch from the center of the weld. In Figure 14, a large range of results will
be noted. The starting flaw was located 0.140 inch from the weld centerline in

the 0.063-inch-thick material, as this was determined to be the critical locatiom.
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In these two cases the flaw locations were within the weld heat-affected zone.
Figure 15 summarizes the location of the EDM notches in the welded
specimens. Subsequent to the EDM operation, the fatigue cracks were introduced
into the welded specimen using the same procedures as used for parent material.
Some difficulties were encountered in the introduction of elongated flaws in
the welded specimens. The problem was that several flaws would develop in a
scratch resulting from a polishing operation prior to welding. However,

using special experimental techniques, the difficulty was, in most cases, eliminated.

Allocation of 8pecimens

There were three principal aspects of the study as previously
indicated. The specimens were allocated to the three areas; fracture, programmed
fatigue=crack propagation and sustained load, as indicated in Tables 6, 7,
and 8. The flaw size is indicated in these tables by t/4, t/2, and 3t/4.

In all cases this refers to the initial fatigue crack depth (a, inch) and

is used throughout the report. Table 6 gives the allocation of specimens for

the room temperature tests. The variables environment, flaw depth, flaw location
were studied for each of the three areas. Table 7 denotes the specimens
allocated to a study of the influence of cryogenic temperature on the fracture
toughness test results. Table 8 denotes the specimen allocation for the

specimens used to study the influence of the initial cryogenic proof tests.

Procedures and Results

In the following subsections the fracture, crack propagation, and
sustained load testing procedures and results are presented. Each subsection
is divided into four parts, namely; equipment, procedure, results, and

interpretation.
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TABLE 6, SPECIMEN ALLOCATION ROOM TEMPERATURE TESTS

Test Type
(Duplicate Specimens
Thickness, at_t/4, t/2, 3t/4) (1)
inch Environment Material Fract, (4) Prog. (3) Sust, (&)
Forging Air Parent 5
0.020 Air Parent 12 12
Weld 12 12
0.040 Air Parent 12 12 4
Wel 12 12 4
Salt Spray Air P&W%S) 8(6) 8 8
Demineralized Water P&W 8 8 8
Aerozine 50 P&W 8 8 8
Inhibited Water P&W 8 8 8
0.063 Air Parent 12 12
Weld 12 12 _
Totals 109 104 40

(1) Two flaw types--normal and elongated, see Note (6).
(2) Fract,.,--fracture toughness test,

(3) Prog.--programmed load test,

(4) Sust,--sustained load test,

(5) P--parent, W--weld,.

(6) For the environmental tests--one flaw size, t/2,
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TABLE 7. SPECIMEN ALLOCATION CRYOGENIC TESTING

Fracture Toughness

Thickness Material Tests Only(1)
.020 Parent 12
Weld 12
. 040 Parent 12
Weld 12
Total 48

(1) See Table 6 for nomenclature,
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TABLE 8, SPECIMEN ALLOCATION INFLUENCE OF
INITIAL CRYOGENIC PROOF STRESS

No, of Specimens for a
Thickness Material Programmed Load Test(l)

0.040 Parent 12

(1) Two flaw types, normal and elongated; three flaw depths; and two
specimens per condition.
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Fracture Strength

The primary objective of this portion of the study was to ascertain
whether cryogenic proof testing will reveal smaller defects than proof testing
in air. Two corollary questions were:

(1) What is the fracture strength of specimens of each material

thickness with natural defects in them?

(2) What is the influence of environment on the fracture strength?
Answers to these questions were found using the equipment and procedures described
in the four following subsections. Results are presented and several new
aspects of,the thin sheet fracture problem were observed in the data analysis.

These suggest future research that is discussed subsequently.

”

Test Apparatus. The fracture tests were performed in a 200,000~1b

capacity Baldwin Universal Testing Machine in the Battelle Mechanical Testing

Laboratory. The basic test and equipment arrangement is illustrated in Figure #6.

Test Set-up. The fracture test specimen was mounted between the
loading heads of the testing machine as shown in Figure 17. The thin sheet
specimen was bolted between grit-blasted load plates to assure a uniform
development of load in the critical section., The load plate sandwich then was
joined to the loading clevis by a hardened steel pin that permits axial alignment

of the load.

Compliance Gage. The double cantilever compliance gage and support
bracket shown in Figure 18 were mounted on the specimen prior to loading. The
gage was centrally located over the flaw with a nominal gage length of one-half
inch. Four 350-ohm foil strain gages, one mounted at the root of each side of

the cantilevers, formed the active bridge for an SR-4 strain converter.



FIGURE 16, THE BASIC TEST AND EQUIPMENT USED
IN THE FRACTURE STUDIES.



45

FIGURE 17, THE TEST SPECIMEN MOUNTED IN THE TEST
MACHINE FOR A FRACTURE TEST.
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39189

FIGURE 18, THE DOUBLE CANTILEVER COMPLIANCE GAGE MOUNTED
IN POSITION ON THE SUPPORT BRACKET,
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The converter output drove the deformation axis of a microformer recorder on

the testing machine. The load axis was driven by the system hydraulic pressure.

Environmental Chambers. Aqueous, salt-spray, and Aerozine 50
environmental chambers similar to those described in the fatigue-crack propagation
studies were used in the fracture studies. For the cryogenic environment, a
large stainless steel dewar with a pull rod adapter was used to surround the
entire specimen and compliance gage. The test specimen and grips were immersed
and throughly stabilized in liquid nitrogen to assure an ambient temperature

of -320 F.

Test Procedure. The fracture tests were conducted with a slowly

increasing tensile load. A nominal strain rate of 0.003 in/in per minute was
used. A load-deformation record was made for each specimen utilizing the
compliance gage previously described.

Specimens were loaded to fracture and maximum load was recorded.
Whenever a "pop-in' was noted either by a distinct horizontal offset on the
recorder or by an audible "ping", the load was recorded. In almost all cases,
such "pop-in" occurred when the specimen was deformed into the plastic range.

The same basic procedure was used in all fracture tests. Test in
aqueous, saline, and Aerozine 50 environments were conducted with chambers
enclosing the critical sections. The fluids were introduced shortly before
loading; in no case was exposure in excess of 30 minutes. Cryogenic fracture
tests were run after temperature stabilization, which usually required from 5

to 10 minutes.

Test Results. Presentation and analysis of fracture strength data
are included in this section. Emphasis of fracture testing was placed on

obtaining engineering data directly meaningful to the design function. Accordingly,



48
the display of this information is made as direct and meaningful as possible.

Basic Data. The tabulations of basic fracture data presented in
Tables 9 through 30 are computer-derived print-outs. For each nominal gage
of titanium tested in the indicated environment, the data tables contain the
following information. After the specimen number, the specimen dimensions of
thickness, T, and width, W, in inches are printed. The product area (T x W)
is then computed and printed. The input load data are displayed as Pl, the
ultimate load, P2, the‘pop-in load (if it was detected), and P3, the 5 percent
secant off;et load, all in 1000-1b units. The respective stresses, S1, 52, and
53, are computed as the quotient of load to gross area and printed in ksi units.
Following this are presented flaw size dimensions. The crack depth, A%, and
surface crack length, 2C* are dimensions of the fatigue crack measured after
fracture. The flaw area is computed as

Area = 7 AC/2

which is representative of the semi-elliptical or semi-circular flaw shapes.
The remaining information is a first anmalytical presentation of data.

Stress Intensity Factors. The facture data were first analyzed
in terms of the stress intensity factor concepts of fracture mechanics(2’3)-

Using the formulation

K=1.1vNwal ¢
where

V' = gross stress, ksi

A = flaw depth, inches

elliptic integral of the second kind
m/2 2 1/2

=S {1- - %) SIN® e] de

e
I

c

* Because the print out letters for a and c are A and C, use of the upper case
letters is made at this point. In the remainder of the report a and ¢ are used
according to convention.
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l’loﬂN '044 ¢-993 01325 21.8% 0.00 20010 164.8 0.V 151.6 -0126 '0288 ~-00028 2“.4 Qa0 dd-b 0 [ C--"?)—
4N3ZN  «0%2 2,991 L1256 20.25 0.00 18.75 161.2 0.0 1493 .0229 <0325 L0009 32.3 0.0 2Y.9 et cet 3.,
408AN <044 2,962 L1316 20,75 G.00 16,75 157.6 0.0 127.2 L,0230 .06nS ,00112 33.6 0,0 27.2 37.- Cet mugd -
409N «042 2.990 L1296 19.30 000 16.90 153.7 0.0 1346 .0304 0820 .00196 38,0 e 33.3 6o, Ve 6.7 <
G1ULN o060 2,992 (1346 20475 20450 17.00 154.1 152¢3 12643 0355 0917 00256 40.5 4060 338 42e/ wral 4.3
4073E oG }-2ovug «1233 20060——0'00 18,007 167.1- - 0.0 14600 00085 «0348 000024 25.2 0.0 27+0 Cetr™ " the T7omg i,
40818 042 23990 - <1202 21,15 " 0400 19.10 167,6 . 0.0 151.4 .0106 ,0346 ,00029 26.2 0.0 3.6 I L O
4037k o043 24992 4193 19,90 0000 16.797156,0, 0.0 129.6 .0207 1086, 00177 379 0e0 31e9 wl.t Nen 334
40TTE <044 2,990 L1316 20.25 0,00 lg.6% 153.9J 0.0 14l.3 .0240 (&}0qﬁ) «00207 39,6 0,0 2h.2 a2y N oy
41027 4045 a.°9z ¢1366 18,50 17+25 13422 137.4 128.1 98,4 0345 2377 00044 4545 42.5 3246 ar,~ a=,. s34
TABLE 11, 60 MIL TI=-8AL=-4V PARENT MATERIAL TESTED IN alR
STRESS INTENSITY FAC!4a0e ADL=SORT(INGH! & ™ evemao.
SPEC, DiM.y INCH LOAUSs KIPS STRESSESs KSI FLAY SIZE, INCH PRI CORKReCTION Qe T LON N
SPLC NO T W AREA P1 P2 P3 Si s2 s3 A ac AREA Kl K2 K3 K1 et . -Dm-.w\
SQ0UZ2N  «0604 2,991 L1920 29,55 0.00 27.60 153,9 00 143.7 40131 40321 .00033 24,0 0.0 22.4 22,2 CaY 23,6
EOU4N 004 2,990 41929 29,90 0.00 27,70 155 0.0 143.6 ,0134% 40343 .00036 24,9 0.0 23e1 c2Fe-n Geu 26,2
S00IN  +052 24991 +1863 27.75 0400 27.10 148.9 0.0 142.4 ,0269 40648 00137 33.1 Q.0 32.3 34.n vet o 23,7
601N 4004 2,993 L1910 28.65 0400 27.50 150.0 0.0 144.0 L0290 +0690 ,00Q1%1 24,5 (.0 33. Jegl Be'  Aa.D
6005N 0304 2,993 #1916 27.80 0400 24,10 145,1 040 125.8 «0431 <1021 400346 40.5 0.0 3901 Gcol Vet 39.2
50€aN__e063 2.994 <1880 27450 0.00 25,10 l4p.3 0.0 132,5 .0435 1001 _.00342 40.5 040 3p0e% 4Lcoc 00 3,3
5035L 0063 2,994 L1871 28465 0400 27450 153.1 00 1475 UG5  +0500 +00005 7943 040 zRe2 31e. ety 9.5
60378 <063 2,993 ,1901 23.85 U.00 27.90 151.3 0.0 14648 +0187 +0548 .00050 30.% 0.0 2344 32.3 Yet 3l,u
6030l 0004 2,992 L1909 28440 0400 26.30 '148.8\ Q.0 137-R 40312 £12537 +00307 42.4 0.0 39.2 45.34 Lo @15
6055 <093 2,991 L,1lgbg 27,40 0.00 25,30 146,6 0.0 135,3 ,0309 1335 ,00324 42,3 0.0 39.0 45,, 0e) “1.3
60337 #0594 2,993  +1916 23.20 21440 13.90 121l 1117 726 0460 43470 2012564 4h.Y 43,3 PBel 44.0 4m43 BT
60348 #0063 2,99% 1901 22,55 20450 15,80 118.6 1078 83.1 40477 +3544 .01328 66.7 42.5 3CeT bY.~2 44,3 42,4

~



TABLE 12. 40 MIL TI=-6AL=4V PARENT MATERIAL TESTED IN pDEMINEPALIZED WATER
STRESS INTENSITY FACIOADe KS{=S3S-TINCS!?

SPEC, DIMes INCH LOAUSs KIPS STRESSESY KSI FLAW SIZE. INCH P41 CORRECTION b COr=s Ty
SPEC NO r W ARE A Pl P2 P3 S1 se Ss3 A 2C _AREA K1 K2 K3 K1 Ke K2
4014N  «044% 2,992 L,1322 20.80 000 19,75 157.3 0e0 149,3 .0236 ,0593 .00110 33.3 0.0 3l.5 35,1 Neg 33.2
4101N 042 2,989 1261 20415 0400 19.00 156.7 0.0 150,56 .0l194 L0541 ,00082 31.9 0.0 4C.1 Qo 1.1 3l.e
40T0E o044 2,991 L1304 20425 0400 19.25 155.3 00 14746 40210 +1108 400183 38.5 Q.0 30¢6 4lav Ney 344D
4114 <044 2,989 L.1321 20445 0400 19,00 154,8 0.0 143,83 0216 +1140 .00193 39.0 0.0 36e2 4cl.on Je ! 3manm

TABLE 13. 40 MIL TI-6AL=4V PARENT MATERIA1 TESTED IN INHIBITED WATER
STRESS INTENSLTY FACT w5y «SI=<itT(INCH)

SPEC, DIM.y InCH LOALSy KIPS STRESSESy KSI FLAW SIZE, INCH PHI CORRECTLIUN QO TCTION I
SPEC NO T Y AREA Pl P2 P3 S1 s2 S3 A 2C AREA K1 K2 n3 Kl re aZ —
4027N 4042 2,991 L1241 20.00 0.00 18,85 161.1 0.0 151.9 ,0188 +0547 L0Q0RLl 32.2 (.0 3.6 Gat Lot 27,
4092N 40459 2,991 L1340 21,30 0.00 20.10 159.0 0.0 150,0 40230 40575 .0010% 32.1 0.0 31.3 Uet DT 3V
4008E <044 2,991 ,1325 20.55 0.00 19,00 155, 0e0 143,4 .0242 o114l 400217 40,4 Q0.0 37,5 4347 Dl 39N
41138 «044 2,992 L1331 20,40 0400 18.22 153.2 040 137.1 40226 41170 00208 39.3 0.0 35.2 scen 2 Sfe™

TABLE 14. 40 MIL TI=6AL-4vV PARENT MATLRIAL TESTED IN SALT SPPRAY AIR
STRESS INTENDLTY FACT wSe An[=S,vT(IVEH)

SPEC. DIMes INCH LOADSy KIPS STRESSESY KSI FLAW SIZE, INCH PHI CORRECTIUN TR AVEEI N AR
SPLC NO T W AREA Pl P2 P3 S1 s2 S3 A 2C AREA K1l K2 (¢} K1 “z «?
4026N <041 2,991 ,1226 19,40 0.00 18,90 158,2 0«0 15441 .0191 0571 .00086 32.2 0.0 3leé 34, vel 32.3
4028N #0641 2,992 1233 19.60 0400 19.00 159.0 0e0 154.1 +0214 <0560 +00094 32.6 0.0 3l.6 Qav 0,7 23.3 w
&0Csk 0045 2,992 1346 20090 0.00 19,50 155.2 00 l44.8 « 0240 s1157 000218 40.4 040 37.7 43 PR L) e o
0935 4042 2,993 1272 19.85 0400 19.00 156,11 060 149.4 0190 <1040 4uQ155 37.1 0.0 35.5 vy, fart Ja,n



TABLE 15. 40 MIL TI-6AL-4V  PARENT MATERIAL TESTED IN AEROZINE 50
STRESS INTENSITY FACI(95. <S{-SOKT(INCRH)

SPEC, DIM.s INCH LOADSs KIPS STRESSESy KSI FLAW SIZE, INCH PHAI CORRECTION 2 CUR~eLTION
SPEC NO T W AREA Pl P2 P3 S1 52 s3 A 2C AREA K1 K2 K3 Kl ~e K3
40930MN 041 2,994 L1228 19.45 000 0.00 158.4 0.0 0.0 .0239 <0617 .00116 34,1 0.0 0.0 36,1 0-0 0.0
LO9IN  #041 2,994 ,1228 19,85 0400 0.00 16l.7 0.0 0.0 L0198 40535 .00083 32.3 0.0 0.0 Ot Je0 0.0
404TE o044 2,994 L1317 20460 0400 0.00 156.4 0.0 00 0239 41205 .00220 41,0 0.0 Ue0 44ven el 0.4
41168 +0%3 2,55% 41287 20.10 0400 0.00 lsg,.l 0.0 0.0 40205 1107 .00l738 38.4 0,0 (. 6lan ¢ 2.0

TABLE 16. 20 MIL TI-6AL-4V WELDED MATERIAL TESTED IN AIR
STRESS INTENSLITY FaClt™de ASI=SORT (INCH)

SPECe DIMes INCH LOADSy KIPS STRESSESs «SI FLAW SIZEs INCH PHI CORRECTION G Gk CTLON
SPEC NO i W AREA P1 P2 P3 S1 s2 S3 A 2C AREA K1 K2 n3 K1 << n3
AQ33N  «020 2,978 L0596 9,65 0.00 8.50 162.0 0.0 142.7 40050 0121 400005 15.5 0.0 l3.7 Usd Ge0 14,3
AQT4N  oged 2,987 0057 k105 0400 9.82 368+ 0.0 149.1 0050 .0159 00006 17.Y 0.0 loey et heh 14,4 TFailed outside flaw.
Age3N  .020 2,986 ,0612 10,10 0Q.00 9,00 165,0 0.0 147.0 40121 L0316 ,00030 25.4 (0.0 22.5 Gou e 23,8
AQIIN 4 0c( 2,980 40606 9.65 0400 B8.15 15942 0.0 134.5 40108 0254 .00022 22.5 0.0 19.0 234+  gen 19,9 L
AQZ2HN #0290 <,942 L0602 10,00 0,00 8.75 16640 0.0 145.3 L0143 .0381 ,00043 28.0 0.0 24.5 Oeu el €5,7T
AGYSN «021 2,987 L0615 9.30 000 B8.00 151.1 0+0 1300 40202 40540 .00089 30.8 0+0 205 J32.- ved el
AQUB3T  +022 2,983 L0656 11,00 0.00 9,75 167.6 0.0 14846 0050 40123 .00005 1642 0.0 l4.3 Geu Dol 1S40 oo de £1
ADLAE o820 2,986 (0597 30400 0.00 9.00 1&T+% 040 15047 0050 0119 00005 15.9 0.0 1.3 P Jer tg., Failed outside flaw.
AdS4t  «82lm 2,984 L0639 6vB8 6405 6405 94wP 9407 947  oHEO0 0440 00035 15.6 1546 15en  loed  Llnad lao v .
Al1ls52 929 2,974 0563 8,50 0,00 68,2 145.8 0.0 141,5 L0097 ,0400 .00030 23.3 0.0 2.6 264 - vt 24,0 Multiple f{laws.
ALU3E .02y 2,988 0586 9,00 770 7,55 15347 131.5 12B.9 0157 41110 00137 34.5 29,5 28.9 3T7a-  J1.4% 3)o8
TABLE 17. 40 MlL TI-6AL-4vV  wELDED MATERIAL TESTED IN alg e
STRESS INTENSLITY FACIoNS, KST=SQRT(INCH)
SPECe DIMes INCH LOAUSs KIPS STRESSESs KSI FLAW SIZE. INCH PHI CORPECTIUN 9OoLuRE CTLoN
SPEC NO T W AREA P1 P2 P3 S1 s2 S3 A 2cC AREA K1 K2 K3 K1 Re K3

B233N 041 2.978 ,1230 20.75 0,00 19.00 168.7
B2{ON «béd-2repd L1249 20.,80- 0.00 18,75 16635-
BASIN  +04L 2.973° ,1¢13 19.70 0.00 18.2% 162.4

201N +043 2,988 L1279 20.25 0.00 19,10 158,3
BO3IN <042 2.95Y L1237 18,70 0400 17.30 151.2

Qe 1:’4-5 «0100 00279 ¢°0022 24.2
0.
Oe
OI
o'
BOo7oN <04l £,97¢ ,1224 18,90 0.00 17.00 1S54.4 Qe
0'
3.
0.
0.
5.

150.1 0100 .02%% .00022 23.8
1505 .018Y .0544 .00031 32.4
149.4 .0231 .0612 .00111 33,9
139.9 .0338 ,0948 ,00252 40¢.0

0 2242 Qaf Yert 3.5
0
0
0
0
138.8 .0307 .08n09 ,001S5 38.0 0
0
S
0
9
6

g 21.5 9.0 Qe 2247 Failed outside flaw.

0 30.1 Oeu [OCR ] 3l a7

0 2240 K1-pae G an 33-6

0 37.0 4Z.7 Dell 45,8 b///f

0 2a.2 [ [ O e T ‘a.
B161E  +042 2,974 1258 21.05 0.00 18.90 167.3 0 "
B1Y4L e FAI zawbd L1277 7500, 17.00 17.00 13372 13 9
B2U4E .044 2,975 L1309 20,15 0.00 18,75 153,9 0
B2lsE .04l 2,904 ,1215 19,10 000 17.50 157.2 0
B12.E o® &B53 L1295 49978 10.75 10.75 85«7 8 1

150.2 +0115 0434 .00039 28.4
133.2 0245 1336 .00255 35.9 3
143,2 ,019% ,10%4 ,00161 31,9
14440 L0168 L0987 .00128 35.4
8547 026% .23s3 ,00487 26.1 2

#DeD Oety Nay) 273 b
3949 3F+.1 3pel oM.l Multiple flaws.

24,3 4g¢,.y Nahh 34,9

3¢e5  Joev T YN

€bel 2&ev 2me, 2heh Multiple flaws.

~NOONCOCOCOOOCO O



TABLE 18. 60 MIL TI-6AL-4V  WELDED MATERIAL TESTED IN AlR
STOESS INTENSITY FACIU3Se =z 1=S0RT(INC-}

SPEC, DIMes [NCUH LOAUSs KIPS STRESSES® KSI FLAA4 SIZE. INCH PHI CORRECTIOM € LORSALTLOp
SPEC NO T W AREA P1 P2 P3 S1 s2 s3 A 2C AREA K1 K2 W3 K1 e X3
CILIN 1002 2,969 ,1832-29%10 0.00 26.40 158.9 0e0 144.1 L0158 #0325 .00038 25,1 0.0 22.&8 20.4 o' 2.7 Failed outside flaw.
CO53N  «05% 2.961 1898 30,35 (.00 27.30 159.9 0e0 14348 40138 0343 .000237 25.8 0.0 23,2 Oeti b A
COL3N  «063 2.973 1873 28,95 0400 27.60 15446 000 147¢4 40255 40637 400128 33.° 0.0 32.3 35.7 R )
(. CO62N 4063 2,963 ,L1lE58 28.05 0400 27.00 151.0 0.0 1453 40278 0653 .00143 33.7 0.0 3¢es 35.3 Ded 23w l////
7 C12IN 06 2,959 1835 2u06 0,00 15,00 119,9 0.0 8l.8 9450 ,1000 .,00353 33,2 0.0 22,6 3a.° ve' e¢2,7 Mult-ple flaus.
CN34eN 4002 2,954 41820 24480 000 23.40 136.3 0+0 12846 <0450 1176 00%2)1 405 00 3.2 4le¢ ey 2MaT
COMLE o062 2,959 41849y 28+90 (.00 26.50 156.3 000 163.3 “30TEE6 +05T8° .00075 30.6 0.0 Crel dcee v .o ¢2.5 Multiole flaws,
Co43E 065 2,913 L1932 27,45 0400 26420 142.0 00 13546 40299 1266 .002927 40.1 Qo0 3.3 wZ.v¢ )
COTZE  v06F 2,958 1893 23489 23.80 23.80 2557 125.7 12547 #0301 «1145 00275 3448 34.6 24.8 36, 3nas JH.4 Maltiple flavs.

TABLE 19. 40 MIL TI-6AL=-4V WELDED MATERIAL TESTED IN NEMINERALIZED WATER
STRESS INTENSITY #2LT <5 “SI=50nT(INTH)

SPECe DIMes INCH LOADSs KIPS STRESSESs KSI FLAW SIZE. INCH PHI CORRECTIuUn i CUA= CT a0 (
SPEC NO r W  AREA Pl P2 P3 51 52 s3 A 2C AREA K1 K2 3 Kl Nz NG <’
B124N 4043 2,957 ,1266 20.00 0.00 1B.60 158.0 00 147¢0 <0249 40624 ,00122 34.3 0.0 31.9 36.- van 43,6
BIA4N 042 2,969 41232 20.55 0400 19.10 16648 0.0 155¢0 40179 40541 00076 23.2 0.¢ 30.7 O Gen 2P.A
8093k ,04< 2,960 L1237 19,40 0,00 17,00 156,9 0.0 137,58 .0198 ,0994 00155 37.4 0.0 22.8% 4u, T AR
82412 «042 2,975 L1255 19,75 0.00 18,30 157.3 00 145.8 0166 <1060 00130 35¢5 0.0 3ce% 3bLa- [P P

TABLE 20. 40 MIL TI-6AL-4v  WELDED MATERIAL TESTED IN INHIBITED WATER
STRESS INTERSLTY FAL =Dy AST=SurT(INCS)

19,

SPEC. DIMes INCH LOADSs KIPS STRESSESs KSI! FLAW SIZE. INCH PH1 CORPEC' [uUN CoeuRE-CH LN i
SPEC NO r W ARLA Pl P2 P3 Si Se S3 A 2C AREA K1 Kz K3 <1 <z ®3
BO43N .04% 2,970 .1310 20.95 0.00 18.85 160.0 0.0 1439 .0224 0581 400102 33.4 0.0 30.1 Deh P R B RS-
B044N L0444 2,981 L1314 20,75 0.00 19,10 157,5 0.0 145.0 0237 0671 .00125 39.0 0.0 32.2 37.- Le) 9349
BOISLE o042 24977 412235 19,40 0000 17.80 157.0 0.0 14441 40207 .1022 00166 38,2 040 3~.0 4l.9 s 375
Bllle «04¢ 2,557 L1251 19,55 0.00 17.60 156,3 0.0 1407 0189 ,1023 .00152 37.0 0.0 33.3 40,2 Jef 28,6



TABLE 21, 40 MIL TI=-6AL-4V wWELDED MATERIAL TESTED IN SALT SPRAY AIP
STRESS INTENSLITY FACIO=Se aS1=SOST(INC)

SPEC. DIMer INCH LOAUSs KIPS STRESSESY KSI FLAW SIZg+ INCH PHI CORR-CIION HOCLARMELTIOA
SPEL NO T W AREA P1 P2 P3 S1 s2 S3 A 2¢C AREA K1 K2 h3 K1 . e K3
B20S5N  +044% 2,983 .1313 20.50 0400 19.20 156.2 0e0 14643 ,0209 0548 .00091 32.0 0.0 30.0 33.v re1  31.2
B242N  +042 2.976 1255 20,30 0400 18.90 160.5 0.0 149.4 .0198 .0578 .00090 33.0 0.0 3C.7 Qe et 47,6
CH.TZE '043 2.966 01267 19'95 0000 16.50 157.4 0-0 130o2 10206 01030 -QQIC? 35‘.‘3 C«0 31;7 *lan LY I3
H212E o041 24975 1226 11,35 11.35 11,35 92,6 92.6 92.6 0194 41035 .00158 22,1 22.1 é2.1 2<.~ CZle~ €Pe™

TABLE 22. 40 MIL TI=6AL=4V WELDED MATERIAL TESTED IN AEROZINE 50
STRESS INTENSITY FACTUWSe “o[=-S3~T(INCH}

SPEC, DIMes INCH LCADS,s KIPS STRESSESs KSI FLAW SIZE, INCH PHI CORRECTION G IR L CTION
SFEC NO T W AREA P1 P2 P3 S1 s2 S3 A 2C AREA K1 K? K3 K1 < K3
Bo73N <041 2,978 .1221 19,75 0400 0,00 161.8 0.0 0.0 <0220 0543 .00094 32.3 0.0 (.0 Vet Vel 0.0
s2lan 041 2,972 L1219 20,10 000 0,00 165.0 0.0 0,0 40207 40531 00085 33,0 0.0 0.0 Uer fred 0.0
B131E 042 2,976 41250 19.75 0.00 0.00 158.0 0.0 0e0 #0213 .09499 L001€5 38,5 Q.0 U.0 Qets o) C.0
B234E  «041 2,971 .1<4lg 19,60 0.00 0,00 160.9 0.0 0.0 0200 41108 .00174 39,3 0.0 (.0 Cou fe) 0.9




»

TABLE 23. 20 MlL TI=6AL=4V PARENT MATERIAL TESTED IN LIQUID NITRCGEN
STRESS INTENSITY rACH  wie ~5I=SGrTiINCRS

9P C, DIMes INCH LOAUSs KIPS STRESSES KSI FLAW SIZE. INCH PHI CORRECTION S P

SPEC NO T v AFEA P1 P2 P3 5] 52 S3 A 2¢C AREA K1 K2 K3 K1 "< K3 p///
2016N 2022 2,991 L0698 1585 0400 14,75 240.9 0e0 22442 +0050 40141 00006 24.6 (0.0 22.9 26., e 4.0 Farled ot grino.
29524 025 2,990 LUT4T 14,70 0400 0.00 196.7 0.0 0,0 L0063 L0124 .00006 19,2 0.0 UYeu 19.7 e (.0

2005N  e021 2,984 L0633 14.75 0400 Q.00 233.2 040 0e0 «00SY 40271 90021 33.1 Q.0 040 3c.r Je) G.0

29%0N 820 2,989 L0613 TeT00  0.00 0.00 228.5 0.0 0.0 000 FOTFR 00021 32.5 0.0 w¢.0 S#.t .. o, Tailed ot 2roo
2010N o2l 2,990 L0637 13.60 0600 0600 21345 040 0.0 LOLED 404”7 .07GEB 40.1 0.0 0D “lo* Ter leU

2048N  on2l 2,993 L0529 13,75 (.00 13.60 218,3 0e0 21644 L016Y 404729 .0005S7 3943 0.0 38.9% wl.y T

20422 ~9de. 2,990 40904 F3+80 0,00 0400 225.2 0.0 040 0054 oo  .00004 20.9 0.6 L.n 2i./ . g,y Farled at omp
20547 W2l 2,992 L0537 15,30 0.00 0.0V 24C,1 0.0 0e0 0050 42120 ,00005 22.9 0.0 Le.U 24.) ~an 0.4

2¢3cc 4021 2,992 L0622 14,10 0400 0.00 226,60 0.0 0e0 L0U90 L0406  L,00021 35.2 Q.0 U0 3d.¢ T 0.0

20204 <020 24990 L0013 13,95 0.00 0.00 227,6 0+0 0.0 0100 L0476 00040 35,8 Q.0 Ve &la> T I

20138 4022 2,990 L0652 10,50 0.00 0.00 161.1 0.0 0.0 L0163 L1243 .00159 27.2 0.0 0L.0 ow,7 " Gl

2038 e 2,992 L0619 4555 4,55 4,50 73,5 73.5 73.5 o045l L3892 00130 16,2 16.2 19.2 1mes 1. 16,4 Mult_ple flows

TABLE 24, 40 MIL TI-gal -4V PARENT MATERIAL TESTED IN LIQUID NITROGEN
STRESS INTENSLITY FALT oS, “NTalu-T(INC~}
59eCe DIMes INLH LOADSs KIPS STRESSESy KSI FLAW SIZE. INCH PHI fGRRECTLON A AT VR I A

$27C ND T W AREA Pl P2 P3 S1 s2 s3 A 2C ARFEA K1 K2 r3 <1 'z w2 ZL//’
4001IN  WCeD 2,989 L1945 33,65 0.00 32,55 250.2 0.0 242.0 L0103 .0289 .00023 36.5 0.0 35,3 Oanr fan 37,6

4002N o585 2990 1345 33400 000 32440 249.7 0eQ 2408 0107 0304 400026 374 0.0 2640 Vet ARTRNECE S |

6O0LAN  eush 2,992 o131 20450 0400 0.00 231.7 0.0 0,0 .022% 40592 L.00105 48.8 0.0 U0 lat o 0.0

G0TON o041 2,992 L1233 29,10 0,00 28,50 236,1 0,0 231,2 .0200 L0551 ,00n087 47,7 0,0 46,7 o>50,1 O I "
4052% 9545 2.988 41336 26450 000 0-00 198.4 0.0 0eQ <0341 40904 00242 Dle€® (e uey Soes e Ged T
U538 04y 24994 (1332 27475 27«75 27.75 208.3 2083 20843 0313 0811 400169 5l.4 Slea Hled H3.a 539 2%.n

45092 9043 2,993 L1287 32.90 0400 0400 252.5 0.0 0¢0 0104 40243 ,000320 29.9 Q.0 U.0 Ca e e

40607 o041 2,991 ,1226 30445 23400 23,90 248.3 18745 19446 L0110 40348 00032 39.8 30.1 31,3 Gc.r 2243 Feun

LO4G: '0“2 20994 01203 37-85 0000 0000 22004 090 0-0 .01U3 .10,4 100154 52-0 0«0 O« o Jo ] [UE Vel

4055& -04& d.992 01251 28.10 28-10 28.10 224;1 224'7 224.7 -0180 01005 000142 52-1 52-1 52~l 506 Stha) onel

40358 L 042 2,991 Llebb 20,20 0.00 18,00 160,8 0.0 143,3 ,0256 .2151 ,00432 47.0 0.0 #1.9 oeu.u Lot w3,2

40T4E 2041 2,992 1227 19475 (.00 0.00\161.0) 0.0 0e0 40255 L1976 .0N396 45.6 040 0eC &FHan Nad [

TABLE 25. 20 MiL TI-6AL =4V WELDED MATERIAL TESTED IN LIQUID NITROGEN
STRESS INTENSLITY raLtavde <5[=Su<TINCH)

SPEC. DIMes INCH LOALSy KIPS STRESSESs KSI FLAW SIZE, INCH PHI CORRECTIUN LU r-CTION
SPEC NO T 1] AREA Pl P2 P3 S1 s2 $3 A 2C AREA Kl K2 "3 %1 X< K3
AQ3IN 4020 2,980 .,0596 14,40 000 0,00 241.6 0.0 0e0 U048 L0120 ,U0005 22.0 0.0 0.0 Zé.- e 0.0
ANG3N =082 2.983 L0660 16425 0400 0.00 246.1 0.0 0¢0 40081 0142 .00009 Poa7?7 040 UeC 25.- San 0ol
AQ42N <022 2,983 L0063 154,10 0.00 0.00 227.6 0.0 0e0 #0151 40346 ,0004) 37.0 040 0Uo0 38er fre 0N.C
AO?BN -321 aq933 -0520 14-90 0-00 0.00 24001 0'0 0-0 -0115 o9277 -00025 34.9 000 U.O 33." e ! 0.0 4
ANILN 020 2.97Y L0602 13.35 0400 0.00 221,.8 0.0 0e0 0157 40385 .00047 37.9 Vs 0Ue0 3244 . 0.0 4
A123 4 022 2,990 0658 14,35 0.00 0.00 215.2 0.0 0.0 .0173 ,045% .0006Z 40.2 (0.0 U0 4c¢.v (T Lo
AnYie  L0cl 2,983 Lubg3 14,05 0.00 0,00 233.2 0.0 0,0 .u0D0 L0117 .00005 22.0 0.0 0.0 ¢&3.° IS 0,9
AgYer ety 24989 L0603 14405 0400 0.00 23340  0e0  0s0 005D kB0 400004 Z1.% 0.0 DeQ 22.3 0. l.p Failed outside flaw
ADbuE -050 2.947 .0606 13.90 0.00 0000 229.2 000 0.0 0079 ~0473 000026 35-0 0.0 Q0.0 37 et gt [ ¢]
AoTzh  LQe. 2,%%b [ 06H36 14 .35 0,00 0,00 225.7 0,0 0,0 ,0088 L0395 ,0n027 35,1 0,0 0,0 37,» P £.0
Apbhet  opcel 2,969 20618 10665 (000 0400 172.5 00 Ce) 0156 41154 00141 38.8 0.0 0eQ afer by 0e)
AIS3_ e0<4L 2,985 U627 10.65 0400 0,00 1g9.9 0.0 0s0 L0174 o131 .00180 60.5 0.0 Q0 42 Ja) Ue?



SPEC NO

B224N
BZZ&N
8n41N
Ui1'iw
8213N
B8013N
B115E
S0L5E
Blo2lk

81742

5PEC- DIM-'
T W

042
0042
° 144
s042
-Ohd
s Q4w
glert
wtimd

e 041
043

2,959
2,964
2,975
o948
2,970

S 2,963

2,969
24977
2,975
24973

TABLE 26. 40 MIL TI-6AL=4V WELDED MATERIAL

INCH LOAUSy KIPS STRESSESy KSI

RREA Pl P2 P3 S§) Sz  s3
«1237 31,40 0.00 0.00 253.9 0.0 0.0
'12#2 31-65 23060 23.60 254.8 19000 19000
.1315 31,85 0,00 0.00 242,2 0.0 2.2
01229 29.25 Q000 000 237,.9 Qe0 0«0
21233 24,75 0400 0.00 200,.3 0.0 0.0
.1283 25,60 0,00 0,00 199.5 0,0 0.0
1256 305 000 0.00 244.8 0.0 0.0
e1lpn 22430 22430 22.30 176,3 17643 176.3
«1220 26,10 0,00 23,20 214,0 0.0 190.2
01269 20-50 000 0«00 162.3 0.0 Q0

TESTED IN LIQUID NITROGEN

STRESS INTENSITY FoCT =S« AOT=3GRT(INCH)

FLAW SIZE, INCH PHI CORIECTIUN v COPe-ClL0N
A 2C APEA K1 K2 X3 K1 "e ¥3

<0107 #0291 .00C24 37.3 0.0 0«0 Cen e n Ne0

20111 .0289 00025 37,5 2840 20+0  2e% 2red 74.G I
«01E% L0523 .00076 47,5 (.0 0.0 5y.s 2.0 n,u

«0229 40595 00106 5C.3 (0+0 OGeC S3.., N el

«0314 «0878 00204 50,0 0.0 YeO GHlaeo Cat Cat

«0300 .0827 00195 49,4 0.0 v.u D_.2 Ja 0.0

oOX04 038 00039 38.9 0.0 Qeu 4l.- el 0« Flaw section shattercd
0348, «2165 00502 ST7.9 579 HTe9 bUen 4Kt ong AU,S Multiple flows
20179 .1073 .091%) 50.)1 0.0 =4,5 21,- ol kY

e (0267 2091 00438 48B.1 (.0 Coel Suel ney Nel

\




TABLE 27. 60 MIL TI-6AL-4V

INCH
AREA

LOADSs KIPS
Pl P2

SPECe DIMeo

SPEC NO T W P3

«178) 12.90 12490 12,90
«1765 27,05 0400 26.10
#1765 20,40 0400 20.00

60FSN
60F 4N
6Qr 2N

«050 2,954
+059 2,992
«059 2,992

153.2
115,6

FORGED MATERIAL

KS1 FLAW ST
S3 A

STRESSES
S1 s2

0150 .
0247
n0392 .

T2.4 T2.4

0.0 147.9
0.0 113.3

T72.4

TESTED IN

alg

ZE.
2C

0311
06310
1005

INCH

STRZSS INTENSITY
P4l CORRECTIUN

AREA K1 K2 r3

—

[p N =N=N o

.00037 11.2
,00118 32.9
.00310 31.8

" s v e
oconN
Nt G
L o= 1= =

FkCTthc
IEEMACIIEEN rloNn

X1

1la3
3G em
2.

ve

11,
Lo

-
e

AS5T=5087(1 .C)

il
v 3
3
I

23

ultiple flavs

1

60F3N  +060 2,990 1779 19.85 0400 19.00 11ll.6 0¢0 10668 +0431 40976 00330 20.5 2 3.7 S "
- - m— . - — —— - - = - - P ——— —— s = = - - i m = e - e e - - - w
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SPZC NO

2015N
2037N
2904N
2¢435E
202iE
2018¢

SPEC NO

4005N
4£068N
40951N
4063
4120k
LoTee
40948

.22
:021
021
« 021
0028
«02c

SPEC, DIMee
T

]

« 045
046
045
«042
%4
« 040
.C‘*z

SPEC. DIMes

TABLE 28, 20 MIL TI=6AL-4V
INCH LOADSs KIPS
AREA P1 P2 P3
2,991 .0652 10.60 0.00 9,40
2,987 400677 10,20 0400 9,15
2.990 L0634 10,20 0.00 9,0°
2,984 ,0519 9.85 0«00 S.9¢
2,989 L0658 8430 0.00 8,30
2.989 L0649 9,80 T.95 7.9>
TABLE 29. 40 MIL TI=6AL-4V
INCH LOADS. KIPS
W AREA Pl P2 P3
2.994 L1347 22.25 0400 20.40
2,990 41301 20445 0.00 19,2>
2.993 L1341 20.50 0.00 19.85
2,990 L1250 20.55 0.00 19.05
2.992 L1331 2040 000 18,859
24990 1199 17,30 17.12 1S5.3v
2.992 L1266 17,65 17,65 14,95

PARENT MATERIAL

STRESSESs KSI

S1 S2
162.6 0.0
162.6 0.0
160.9 0.0
159.3 0.0
126.2 0.0
151,1 122.09

PARENT MATERIAL

STRESSES

Sl

165.1
157.2
152.9
lob.%
153.2
144.3 14
139.5 I3

sz

0.0
0.0
0.0
0.0
00
2.8
G >

FLAW S1ZE,

S3 A 2C
14442 0077 «0138
145.9 L0120 +0397
142,8 L0169 L0451
143.9 0045 .0114
1262 .009% 0456
122.6 L0199 .1234

KSL FLAW SIZE,
S3 A 2C
151.4 L0103 40294
1‘*800 .0205 ¢0597
148.0 «0343 « 0889
15204 «0085 -0355
141.0 «023% 1225
127.6 L0307 1976
I18.1 L0273 <2190

CONTROL TESTS
STRESS INTENSITY Falindos

INCH PMI CORReC!ION CoLuaf-CiLtaw

AREA K1 K2 n3 Ky Ke K2

« 00008 1647 Qa0 1448 Doy et} 1543
.00029 24,7 0.0 22.2 [ D.' 4.2
00060 29.5 Q.0 <2b.z Boet Ged 7.4
«000CH 1448 Qo0 1342 1Dan S A
QOOOJL 20.6 0.0 U b 2l LI Yo7
.00189 37,2 30.2 3C.2 4C.,n ZFl.7 1.9

CONTROL TESTS

(4

KSL=SART (] ugcH)

fultiple £laws,

STRESS INTENSITY FACT: e ndI=G1NT{ICH)

INCH FHI CORRECTIUN G (T 0N

AREA K1 K2 K3 <1 e K3

«0002% 24.3 0.0 22.3 Dot (et €342
«00096 32.8 0.0 2069 3ty o 32k
00239 39.5 0.0 323 4la.n ey &0e2
.00024 24,8 0.0 23.¢C Det L. PhE
000225 4041 Ga0 2749 43,4 et 3Y9am
00476 64,7 44.3 39,6 «=,s 47.7 2.0
00470 41,9 41,9 35,3 o, 4z. 47,4

LS




TABLE 30. 60 MIL TI-6AL-4V PARENT MATERIAL CONTROL TESTS
STRESS INTENSITY FACLINQSe «S'=S%2T (] jC-)

SPEC. DIMes INCH LOAUSs KIPS STRESSESy KSI FLAW SIZE. INCH PHI CORPELTIUN COCLEm 2T

SPEC NO T W AREA P1 P2 P3 Si 52 S3 A 2C AREA K1 K2 K3 “ v <3
6011N '06“ 2;992 01915 29.55 0!00 0.00 154-3 0.0 0.0 00138 a0317 000034 2“-0 0'0 0.0 ’C:‘-f fre s )a’.}
GOIAN 0064 3.991 .1905 29.50 0.00 27-80 15604 0-0 1“5.9 .0131 -03‘)5 -00038 ?5.7 0-0 2“'0 ' er e fﬁ.?
50178 ,065 2,994 (1946 29,20 0,00 27,90 150,0 0.0 143,64 L0304 L0694 ,00166 34,4 0,0 34.0 30, 1.,  ea.s
S5QLAN <005 2,994 41976 294,45 000 28.30 149.0 0e0 143e2 <0317 0713 400178 2648 0.0 3¢9 2fee P et
50037 2063 2,594 1965 28,50 0400 26.00 l4g.% Cel 1334p 40460 41062 00334 6147 040 3nel “fen et e
QL3N L0ud 2,987 L1942 27,80 0.00 25,00 143,2 0.0 123,8 L0454 .1¢a2 . .00371 40,4 0.0 3%.3 =70 o fam
60295 20083 2,976 L1886 2B.85 0600 2750 193.0 0ol 14943 40200 +0973 «000%0 31e4 Qa0 ¢%e9 Soee fant 31e0
60307 «00d 24994 L1856 27,20 0,00 27.00 150,.3 0l 145¢5 40198 0561 o00087 30e5S 0Dl 2%eh  Lean e zlel
VO30E W 0h2 24994 L1896 27,30 0400 25,50 147.1 0+0 137e¢9 0319 1216 400301 41e6 040 3Ye5 o’ . 1.2
63427 Gboe d.g,(_)4 0191b 27-90 0«00 36000 145-6 0.0 135'7 -0305 e 1274 f0CZ2Yy% 41.0 0«0 oha2 @3 e b e
658200 20603 2,¥96  J1BB6 22.90 19.T70 16400 121.4 10444 84,8 e 0486 23429 .G130Y 48.0 4] 3 33,5 Ho,.¢ e Shad
I041E «0bBc 2.99% L1096 22,25 20.40 15.80 119.9 1099 90.5 <0470 3670 401281 46.8 42,9 25,6 w¥en  Laas  ae, .



C = half of surface crack length, inches,
stress intensity factors without the plasticity correction were computed. These
are printed as K1, K2, and K3 for the respective stresses; S1, S2, and S3 under
the heading ""Phi Correction' 1in Tables 9 through 30. A similar formulation,
K=1.10/7TA/Q
«

where

32 _ 2
Q —i 0.212 (SY)

Sy

tensile yield stress, ksi,

was used to determine the stress 1intensity factors with the plasticity
correction. The respective values are listed in Tables 9 through 30 under
heading '"'Q Correction". A discussion of these results is contained in the

section on "Data Interpretations'.

Graphical Presentations. The fundamental results of this portion
of the program can be vividly illustrated by direct graphical displays of the
raw data. These are presented and discussed in the following paragraphs.

The critical flaw sizes for partial-through cracks in thin sheet
titanium in room temperature air and liquid nitrogen are shown in Figures
19 and 20 for parent and welded material respectively. As would be expected,
gross fracture stress decreases with increasing flaw area. Over this narrow
range of flaw areas, the relationship between stress and flaw area 1s basically
linear. (Note: This is not contradictory to the general hyperbolic relationship
between stress and flaw size; rather, it represents only a small segment of the
general expression; hence is nearly linear.) In general, the cryogenic data
have a steeper slope than the room temperature data both for parent and welded
material. This indicates that the material is more sensitive to the presence
of flaws in a cryogenic environment. The fracture data for room temperature do

not exhibit a clear-cut thickness effect for these gages or flaw sizes. However,
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the cryogenic data display very distinct thickness effects for the 20- and 40-
mil material This observation brings forth two questions: ''What 1s the fracture
behavior of 63-mil material?" and "Is this effect due to thickness or metallurgical
behavior at low temperatures?" It is also to be noted that the welded material
appears to be 20 to 30 percent more sensitive to a given flaw size,

The data of the figures just presented may be used to evaluate the
influence of the proof test on screening flaw sizes. Table 31 gives a listing
of the approximate minumum flaw sizes screened out by room temperature and
cryogenic proof tests.

The fracture data for aqueous, saline, and propellent environments are
shown in Figure 21. No radical degradation is noted.

The relative merits of room temperature and cryogenic proof testing
are most dramatically illustrated in Figures 22 and 23 for parent and welded
material, respectively. These plots present the ratio of gross fracture
stress to tensile yield stress versus flaw area. For a given flaw size 1n both
the 20- and 40-mil material, the cryogenic environment was a more severe test
of the useful load capacity of the specimen. In terms of a screening procedure,
the cryogenic enviroment offers a finer grid for screening flaws. While the
room temperature data for parent material fractured in air, as presented 1in
Figures 19 and 20, do not exhibit a "clear cut'" thickness effect, there does
appear to be a secondary influence of thickness. This is best illustrated by the
non-dimensional plot of these data in Figure 24. The ratio of gross fracture
stress to yield stress is plotted versus the ratio of flaw depth to sheet thickness.
Fracture data for both normal and elongated flaws in the three sheet thicknesses
of parent material are presented. In addition to the decrease in fracture strength
with increasing flaw size (i1.e., the downward slope to the right), there is also
a vertical stacking of data by sheet thickness. Thus, with the normalization to

thickness, the gross fracture stress decreases with increasing sheet thickness.
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TABLE 31, APPROXIMATE MINIMUM FLAW SIZE SCREENED
OUT BY PROOF TESTING

Flaw Size, in2
Proof Test Parent Material Welded Material

Room Temperature-140 ksi 0.005 0.0035
(20-, 40-, 63-mil)

Cryogenic-186 ksi
20-mil 0.001 0.0013
40~-mil 0.003 0.003




Gross Stress at Fracture, Sl’ ksi
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FIGURE 22. RATIO OF GROSS FRACTURE STRESS TO YIELD STRESS (AIR OR CRYOGENIC)
VERSUS FLAW AREA FOR PARENT MATERIAL OF ALL THREE THICKNESSES
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VERSUS FLAW AREA FOR WELDED MATERIAL OF ALL THREE THICKNESSES



Ratio of gross fracture stress to air yield stress (Sllsya)

€7

O 20 mil normal flaw
O 40 mil normal flaw
N 63 mil normal flaw
@ 20 m1l elongated flaw
120 B 40 mil elongated flaw
A 63 mil elongated flaw
u o
.00 é O @)
20 B ¢ OO
2 L0 o
||
0.80
A,
0.60
0.40
0.20
o L1 1 | {1 | | |
0 0.20 0.40 0.60 080 100

FIGURE 24,

Ratio of flaw depth (a) to thickness (t)

RATIO OF GROSS FRACTURE STRESS TO AIR YIELD STRESS VERSUS

RATIO OF FLAW DEPTH TO THICKNESS FOR PARENT MATERIAL



68

Furthermore, the elongated flaw shape emphasizes this effect even more
Undoubtedly this effect 1s complex 1n 1ts interaction; however, it correlates
well with the qualitative concepts of fracture mechanics. This particular
aspect should be appraised more thoroughly in future research.

The results of the four fracture tests on forged material are
tabulated in Table 27 and plotted in Figure 19 with the parent fracture data.
From the extremely limited data obtained 1t appears that there are substantial
differences in the fracture behavior of the sheet and forged product, as might
be expected. Even though this appears to be the case, the conclﬁgions regarding

the usefulness of cryogenic proof testing would still be valid.

Data Interpretation. The observations and conjectures which can be

made from the data presented in the '"Test Results" section are discussed in
the following sections.

Critical Flaw Size. The relatively shallow slopes of the room
temperature data shown in Figures 19, 20, 22, and 23 can be viewed from two
perspectives. On one hand, modest variations in room temperature proof load cause
considerable variation of the screening grid size (i.e., minimum size flaw rejected).
On the other hand, increasing the difference between operating and proof load
levels is a powerful lever for extending the tolerable growth of subcritical
flaws. The steepness of the cryogenic data indicate a more precise screening
procedure. When the fracture stress is expressed as percent of tensile yield
stress, the cryogenic fracture occurs below room temperature fracture for a

given size flaw.

Thickness Effect. The steep and distinctly different slopes of
cryogenic fracture data for the two thicknesses in the graphical displays indicates

some form of thickness effect contrary to what might be expected This does
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raise a question about the behavior of 63-mil material. A further study of

this effect is recommended.

Cryogenic Proof Test. Without exception, the fracture data derived
in this program indicate that a cryogenic proof is more severe and preferable
for the purpose of screening flaw sizes. Dependent on the design condition

some variation in the proof level may be advisable.

Fatigue Crack Propagation

One of the more important ways in which a flaw can grow to critical
size during testing and operating cycles is by fatigue. In the case at hand, the
fatigue behavior of the Ti-6A1-4V alloy was studied to ascertain if cracks which
passed the nondestructive tests and were not screened in the proof test would
propagate through the wall thickness or become critical during 400 operating
cycles. A corollary question that was studied was what influence the initial
proof cycle, whether air or cryogenic, would have on the subsequent crack
growth during fatigue. Finally, the influence of environment on the fatigue

crack growth was studied.

Test Apparatus. The basic equipment used in the fatigue crack propagation

studies was either a 20 kip or 50 kip electro-hydraulic servo-controlled fatigue test
system. These units were used because the cyclic load-time relationship was not
a simple sine function but rather a trapezoidal function,
Accuracy of loading was + 1/2 percent. This extremely good ‘accuracy
was due to the use of a digital voltmeter to monitor the loads. A view of the

specimen mounted in the 50 kip loading frame is shown in Figure 25.

Environmental Tests. The environments used for the three areas of
study were demineralized water, inhibited water, salt spray air, and Aerozine 50.

The composition of these environments is given in Table 32.
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39177

FIGURE 25, THE SPECIMEN MOUNTED IN THE 50 KIP LOADING FRAME
FOR THE FATIGUE CRACK PROPAGATION STUDY.
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TABLE 32. COMPOSITION OF THE CHEMICAL ENVIRONMENTS

Demineralized water

Inhibited water

Salt spray air

Aerozine 50

i

Standard deionized water from a still
run through an ion exchange column,

ph 5.5-5,75
Distilled water inhibited with sodium
dichromate,
~ 500 ppm of sodium dichromate
ph 4.45-4,55

Distilled water used,
3.5 percent NaCl
ph 6.,75-6,85

(Gas Chromatograph Analysis)
51.2 percent N2H4
42,7 percent UDMH

6.1 percent impurity
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The environmental chamber for the demineralized and inhibited water
consisted of a plexiglas container surrounding the specimen. The fluid was fed
into the container by gravity feed. A view of the experimental setup for these
tests is shown in Figure 26. The salt spray air chamber, shown in Figure 27,
provided a fine spray of the 3.5 percent NaCl solution into the plexiglas container.
An air hose was connected to the inlet and the solution was sucked up the column
and injected into a nozzle which provided the spray. The experimental setup for
the Aerozine 50 tests is shown in Figure 28. The small teflon cylinder shown
in the center of the figure contained the Aerozine 50. There was a sufficient
amount of Aerozine 50 to submerge the initial crack and material in the vicinity
of the crack. The teflon cylinder was encased in a stainless steel container and
surrounded by water to prevent ignition of the Aerozine 50 upon fracture of
the specimen. The Aerozine was pumped into the container using a negative
pressure effect.

These environmental chambers were used throughout the experimental

program on the fatigue crack propagation, fracture, and sustained load studies.

Test Procedure. The loading sequences used for the fatigue crack propagation

studies are shown in Figure 29. 1In Tigure 29a, the loading sequence for all
specimens receiving air proof cycles is shown. The first proof cycle was applied
to the specimen using the Data-Trak unit in the electronic console of the fatigue
units. The loading rate was set at 30 ksi per minute and the load necessary to
reach a proof stress of 140 ksi applied. After the 140 ksi level was reached, the
load was held at that level for 3 minutes. During this hold period a measurement
of crack length was taken. After this period expired the load was gradually
released. The second proof cycle was applied using a loading rate of 30 ksi per
minute, and the maximum load was held for 30 minutes after which the load was

released. A measurement of crack length was always taken at the beginning of



39176

FIGURE 26, THE EXPERIMENTAL SETUP FOR THE DEMINERALIZED
WATER AND INHIBITED WATER STUDIES.



FIGURE 27. THE EXPERIMENTAL SETUP FOR THE
SALT SPRAY AIR TESTS,
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FIGURE 28. EXPERIMENTAL SETUP FOR THE AEROZINE 50 TESTS.
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the 30-minute hold and another measurement near the end of the 30-minute hold.
After the two proof cycles were applied in air, the Data-Trak unit was changed

to one that provided the repeating pattern of the loading cycle shown in Figure 29a.
As can be seen, the load was applied over a 5-second period to a level that

provided a stress of 105 ksi. The maximum load was held for 55 seconds and then
released. This cycle was repeated 400 times or to failure, whichever occurred
first. The stress values employed are those specified for LEM tankage. Likewise,
the 400 operating cycles is the maximum specified number of cycles expected of

the spacecraft tankage from fabrication to end use.

For those specimens that were tested in the environments, the two
proof cycles were always applied using inhibited water.

Figure 29b shows the loading sequence used when the initial proof
cycle was put on in the liquid nitrogen cryogenic environment. In testing, the
specimen temperature was lowered to -320 F prior to the application of load.

The loading rate used to apply the first proof cycle was 30 ksi per minute.

The maximum stress achieved was 186 ksi. This value is approximately 0.8 times
the cryogenic ultimate strength indicated by NASA personnel as the design value.
The first proof cycle in liquid nitrogen was held at maximum load for 3 minutes.
A crack length measurement was taken before and after the cryogenic proof

cycle to ascertain if flaw growth occurred during the proof cycle. The second
proof cycle was applied in air using the Data-Trak and the fatigue testing unit.
It was held for 30 minutes. After the first proof cycle, the loading sequence was
the same as for the air proof tests.

A brief description of the techniques used to measure the crack lengths
is in order. For the air tests, a replication procedure was always employed.
This technique involved the application of acetone to the area of the crack and
pressing a sheet of cellulose acetate on the specimen surface. In this manner,

a replica of the crack was made, In all cases the replicas were made with the
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maximum load applied to the specimen. This allowed more accurate determination
of the crack length. The replicas then were measured to an accuracy of a
thousandth of an inch using an optical comparator. For the envirommental tests
the optical comparator was mounted on the machine as shown in Figures 26, 27,
and 28. Viewing ports were always provided on the environmental chambers to

permit viewing of the crack.

Test Results. Presentation and analysis of the programmed fatigue-
crack propagation data are included in this section. Since the proof tests
tend to screen flaws of a given size, a restatement of the interpretation
of the fracture tests is made at this time. The results of the proof tests
and the cyclic load tests will be measured and judged in terms of these statements.

(1) The cryogenic proof stress of 186 ksi is a more severe

test than is the air proof test at 140 ksi. Thus
smaller flaws should be detected with the cryogenic
test.

(2) At room temperature, no gross thickness effect was observed
in the fracture data and it appeared as though the fracture
strength of HAZ material was less than that of the parent
material.
(3) At cryogenic temperature, a distinct thickness effect
between 20- and 40-mil sheet was observed and there was
little significant difference in fracture strength of
HAZ material and that of the parent material.

(4) Approximate flaw sizes estimated to be screened out by

proof tests are as follows:
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Flaw Size, in2

Proof Test Parent Material Welded Material
RT - 140 ksi
20-, 40-, 63-mil 0.005 0.0035

Cryogenic - 186 ksi
20-mil 0 001 0.0013

40-mil 0.003 0.003

Data Presentation. All of the data obtained during this portion
of the program are summarized in Tables 33 through 37. Tables 33, 34, and
35 summrize the major events that occurred during the crack propagation test
for the 0.020-, 0.040-, and 0.063-inch-thick material, respectively. The
ma jor occurrences included no flaw growth, flaw growth, failed in proof cycle,
and breakthrough during cycling. Table 36 presents data on the crack growth
that was observed during the two proof cycles. Table 37 presents the flaw
size and the amount of growth that occurred during the fatigue cycling after

the proof tests. These data will be amplified further in subsequent sections.

Proof Test Results. The failure or non-failure of the flawed samples

during the first or second proof test depends upon the size of the actual flaw

under test. TFor the two flaw types and the three flaw depths in the three sheet

thicknesses, the following nominal flaw sizes were tested:

Flaw area, inch

Flaw tybe}t, inch /b4 t/2 3t/4
70.020 .0001 . 0002 .0005

Nofmal 50.040 .0003 .0008 0018
19.063 .0005 .001 .0042

0.020 .0001 .0003 .0010
Elongated{0.040 .0003 .001 .0052

0.063 .0005 .0032 .0129



TABLE 33, PROGRAMMED-FATIGUE-CRACK PROPAGATION TEST RESULTS FOR 0.020-INCH-
THICK PARENT AND WELDED Ti-6A1-4V STA MATERIAL, AIR TESTS

Flaw Depth, Flaw Type, Material,
Specimen inch, Normal (N) or Parent (P) Cycles to Fracture (a)
Number f (thickness) Elongated (E) Welded (W) Breakthrough Occurrence Comments *&

2-20 t/4
2-55 "
A8-5 "
Al-3 "
2-46 t/2
2_X 11
A7-1 n
A5-1 "
2-53 3t/4
2__9 "
A2-1 "
A3-5 "
2-11 t/4
2-7 "
A7-5 "
A6-1 "
2-17 t/2
2-14 "
A7-4 "
A10-2 "
2-26 3t/4
2-27 "
Al-2 "
Al1l-3 "

Proof 1 -
1"t
" 326 cycles
See Next Column 13-3/4 min, -
into Proof 2

RGNl Ro ol ool ol B A A - R
I WSSoES SRS SO S o s S o
]
I
1
]

(a) NG
SG

G

BDC

FDC

no growth

slight growth

growth

breakthrough during cycling
failed during cycling,

(b) Secondary flaw present,

08



TABLE 34,

PROGRAMMED-FATIGUE-CRACK PROPAGATION TEST RESULTS FOR
0.040-INCH-THICK PARENT AND WELDED Ti-6A1-4V STA MATERIAL

Flaw Depth, Flaw Type, Material,
Specimen inch, Normal (N) or Parent (P) Cycles to Fracture
Number f (thickness) Elongated (E) Environment Welded (W) Breakthrough Occurrence Comments(a)
4-4 t/4 N Air P - - NG
4-66 " N " P - - NG
4-X " N Cryogenic P - -- G
4-29 " N " P - - NG
B-12-1 " N Air W - -- G
B8-2 " N " W - -- G
4-64 t/2 N " P - - G
4-62 " N " P -- - G
4-20 " N Cryogenic P - - G
4-17 " N " P - - G
4-33 " N Salt spray P - - G
4-39 " N " P -~ -- ¢ 2
4L-24 " N Demineralized P - -- G
water
4-21 n N " P . __ G
4-78 " N Inhibited water P -- - G
4-71 " N " P . . G
4-23 " N Aerozine 50 P - - NG
B23-1 " N Air W -- - G
B24-4 " N " W - -- G
B22-2 " N Salt spray W -- - G
B14-3 " N " W -- -- G
B4-2 " N Demineralized W -- -- G
water

B25-2 " N " 1Y - - G
B9-1 " N Inhibited water W - -- G
Bl4-1 " N " W - -- G
B6-5 " N Aerozine 50 W - - G
B18-5 " N " W - - G
4-100 3t/4 N Air P - - G
4-115 1" N " P . . c
4-12 " N Cryogenic P 210 - BDC




TABLE 34, (Continued)
Flaw Depth, Flaw Type, Material,
Specimen inch, Normal (N) or Parent (P) Cycles to Fracture
Number f (thickness) Elongated (E) Environment Welded (W) Breakthrough Occurrence Comments(a)

4-90 3t/4 N Cryogenic P 390 -- BDC
B22-5 " N Air W - -- G
B8-3 " N " W -- - G
4-87 t/4 E " P -- -- NG
4-89 " E " P - - G
4-117 " E Cryogenic P - - NG
4-112 " E " P -— - G
B15-3 " E Air W -- -- NG
B15-2 " E " W - . G
4-46 t/2 E " P - - G
4-48 " E " P - - G
4-42 " E Cryogenic P - -- G 8
4-86 " E " P - -- G
4-105 " E Salt spray P -- -- G
4-106 " E " P - _— G
4-55 " E Demineralized P -- - G

water
4-110 " E " P - - G
47 " E Inhibited water P - - G
4-10 " E " P -- -— G
4-97 " E Aerozine 50 P - -- G
4-102 " E " P - - G
B18-3 1" E Air W - - G
Bl15-~5 " E " W - - G
B23-2 " E Salt spray W - - G
B11-2 " E " W - - G
B10-4 " E Demineralized W - - G

water
B10-3 " E " W - - G
B16-2 " E Inhibited water W - == (b) G
B8-5 " E " W See next column Proof 1 -
Bll-4 " E Aerozine 50 W -- - G
B16-3 " E " W - - G




TABLE 34, (Continued)
Flaw Depth, Flaw Type, Material,
Specimen inch, Normal (N) or Parent (P) Cycles to Fracture
Number f (thickness) Elongated (E) Environment Welded (W) Breakthrough Occurrence Comments(a)
B-72 3t/4 E Air P See next column 45 sec, 1into --
Proof 1
4-79 " E " P " Proof 1 --
on loading
B18-4 " E " W " Proof 1 -
on loading
B17-1 " E " W " Proof 1 --
on loading
4-15 " E Cryogenic P " Cryo proof --
on loading
4-98 " E " P " Cryo proof --
on loading W
(a) NG = no growth
G = growth
BDC = breakthrough during cycling

(b) Secondary flaw present,



TABLE 35. PROGRAMMED-~FATIGUE-CRACK PROPAGATION TEST RESULTS FOR 0.063-INCH-
THICK PARENT AND WELDED Ti-6A1-4V STA MATERTIAL, AIR TESTS

Flaw Depth, Flaw Type, Material,

Specimen inch, Normal (N) or Parent (P) Cycles to Fracture

Number f (thickness) Elongated (E) Welded (W) Breakthrough Occurrence Comments(a)
6-7 t/4 N P -- -- G
6-6 " N P -- -- NG
C5-2 " N W - -- G
C6-4 " N W -- - C
6-9 t/2 N P - - G
6-8 " N P -- - G
c5-1 " N W - - G
Cl-5 " N W —_— - G
6-19 3t/4 N P - -- G
6-15 " N P 290 - BDC
Cl1-3 " N W See next column 6 min. 1nto -- ol

Proof 2 »
C10-5 " N W See next column 1-1/2 min, 1nto -
Proof 2
6-40 t/4 E P -- _— G
6-31 " E P - - G
Cll-5 " E W -— -- G
C3-3 " E W - - G
6-26 t/2 E P See next column 20 sec. into -
Proof 2
6-42 " E P -- - G
C3-1 " E W See next column Proof 2 on loading -
C4-1 " E 13 " 2-1/4 min. 1nto -
Proof 1

6-24 3t/4 E P " Proof 1 on loading -
6-~23 " E P " Proof 1 on loading --
C4-5 " E W " Proof 1 on loading -
C4-2 " E W " Proof 1 on loading --

(a) G = growth

NG = no growth
BDC = breakthrough during cycling.



TABLI 36, MIASURED SURFACE CRACK LENGTH GROWTH DURING THE PROOF TESTS

Initial Initial Surface Surfice Crack Surface Crack Surface Crack Surfice Crack Tests
Miterial, Tlaw Thickness, Crack Length, Surface Crack Length, Start Length, End Growth, Growth, Enviromment
specimen Parent(P) Depth, a,, t, 2 cj, Length, Proof 1, of Proof 2, of Proof 2, Proof 1, Proof 2, {Proof Cycle 1)
Mmber Welded (W) inch inch inch inch inch inch inch inch

0,020 Inch Thick Materinal
/4 N .021 .0127 0l43 0144 L0142 .0005
"

2-20

P 0 Mr
2-55 P .021 L0135 .0138 L0135 L0134 0 0 "
A8-5 W " .022 .0130 .0130 L0130 L0130 0 0 "
Al-3 W " .021 .0130 L0135 ¢ 0135 L0132 w0 0 "
2-46 P e/2 N 020 0265 .0265 .0267 0263 0 0 "
2-X P " .020 .0266 .0267 .0267 0267 0 0 "
AT-1 W " .020 .0290 .0302 .0305 0303 L0012 ~ 0 "
A5-1 W " .020 . 0265 .0284 .0285 .0287 .0019 ~0 "
2-9 r /4 N .021 .0435 0440 L0441 0446 0005 .0005 "
2-11 P " .021 0435 J0442 L0441 L0442 .0006 ~ 0 "
A2-1 W " .021 L0401 - L0410 0407 -, 0 "
A5 W " .020 .0393 L0403 0400 0405 .0008 .0004 "
2-11 P t/4 E 021 L0115 .0121 0114 0116 0 0
2-7 I " .021 L0113 L0114 L0111 0116 0 ~0 "
A7-5 W " .021 L0113 L0114 L0119 L0115 0 0 "
AG-1 W " .020 .0101 .0108 .0108 .0108 .0007 0 "
2-.7 P t/2 E .022 L0447 L0449 0450 0454 .0002 0004 "
-0, r " .020 .0433 L0435 L0434 0434 0 ",
AT-a W " .020 .0384 .0386 .0386 .0386 ] 1} "
Al0-2 W " .020 L0401 0402 0402 L0404 0 0 "
2-26 P 3t/4 B .020 .0974 .0970 B.T. ,0981 .0988 B.T. .0007 "
2-27 P " .021 L1240 - B.T. .1298 rs 1400 B.T, 0102 "
Al-2 W " .020 L1516 .1523 B,T, .1520 ,1526 B.T. .0006 "
All-3 W " 021 .1350 .1387 B.T. ( Frictured - B,T. Fractured "

13-3/4 minutes
inco hold )
0,040 Inch Thick Material

444 P /4 N .043 .0291 .0298 .0297 0297 0 0 "
4=6o P " L0641 .0277 .0287 .0287 .0287 .0010 0 "
429 P " .039 - 0269 0265 .0270 [¢] [} Cryo Proof
Bl12-1 ] " 042 .0284 ,0281 .0285 ,0287 ] e 0 Alr
n8-2 W " 042 .0274 0276 .0281 0277 P 0 "
4-y2 ? " 72 L0587 .0592 L0602 .0595 .0005 0 "
4-20 P " .043 .0558 0574 .0575 .0576 0016 0 Cryo l".roof
4=17 P n 044 .00l3 .0623 0621 ,0626 .0010 Q .
4233 P " 043 0566 .0570 .0575 ,0577 0004 li4 Ly,

<8



TABLE 14 {Continucd)

Initial Initial Surface Surface Crack Surface Crack Surfice Crack Sutface Crack Tests

hateual Flaw Thackness, Crack Length, Surface Crack Length, Start  Length, End Growth, Giowth, Cavicrnamcnt
Specinen Parent(P) Depth, a,, t, 2 ¢y, Leagth, Proof 1 of Pioof 2, of Proof 2, Proof 1 Proofl 2 (Proof Cycie 1)
Jdumber Welded (W) inch wnch inch inch inch inch inch anch
43 T e/2 N 043 0578 0582 0377 0577 0 0 IW.
4=-24 r " 044 .0567 «0572 .0572 .0572 .0005 0 I.W.
4-21 P " 2044 »0574 <0579 0579 0579 .0005 4] "
4-73 2 " 2042 »0537 - +0541 0542 - 20005 "
4-71 g " 2042 20544 0544 0541 0545 0 (] "
4-23 ? " 062 .0505 +0505 0504 +0504 v} [ "
123-. ¥ " 040 20531 #0547 .0545 «0549 ,0016 0 Atr
n24h=4 W " Q62 +0555 0560 0576 0581 ,0005 .0005 "
122-2 W " 042 0549 .0548 0547 0551 [} 0 I.W.
Bl4-3 W " 042 0545 .0548 0550 0550 .0003 0 v
B4-2 W " <043 +0555 .0558 20557 0557 w0 4] *
Rr?23-2 W " $062 +0568 «0575 .0578 0577 .0007 1] "
»I-1 W " J041 0550 .0551 0550 .0550 0 0 "
Bib-s W " .042 .0588 0015 L0618 0620 .0027 .0003 "
Su-5 W " 041 - .0599 0597 .06t - 0 *
L18-5 W ” «042 .0552 +0566 .0569 0562 .0010 Q "
4-100 ? /4 N 2041 .0800 .0792 0798 .0797 0 0 Alr
4-115 2 " 043 .0847 .0833 .,0838 .0831 0 0 .
4-12 d " 044 0857 .1011 1057 1066 0156 +00406 Cryo Proof
4-90 P " 0641 .0807 .0384 0932 .0946 0077 +0048 "
322-5 W " L0462 .0818 +0826 .0826 0854 .0008 +0028 A
38-3 W " <0462 <0840 .0856 .0858 .0864 .0016 .0006 "
4-87 2 c/4 B 041 ,0368 +0365 0365 .0365 0 "] "
4-39 4 " 042 +0405 0407 L0411 0406 Qo 0 -
4-117 ? " L0464 .0391 +0396 .0400 .0395 »0005 0 Cryo Troof
4-412 P " 044 .0392 .0396 .0398 .0396 .0004 0 "
315-3 W " 042 .0382 0390 03387 .0390 .0005 0 Afr
315-2 w " <043 .0380 .0379 «0379 .0380 Q 0 "
440 P t/2 B NeZA .1160 «1167 1167 1174 .0007 «0007 "
4=48 2 " 044 « 1147 <1148 1150 1148 [} [} ”
beul ? " 043 +1073 1076 1076 1077 .0003 Q Cryo Proof
4=36 P " 041 .0994 .1001 .0997 .1001 +0007 0 "
4-135 ? " 044 +1120 .1128 21121 L1131 ~ <0005 0003 I.W.
4-.00 ? " 044 1225 «1234 «1234 1234 0009 0 "
4-55 P " « 044 +1135 «1137 .1135 L1135 [ 0 "
4~-.40 ? " 044 .1094 «1105 .1105 .1105 .0009 0 "
4-7 P " 064 .1137 .1137 <1137 .1137 0 0 "
4=10 P " 044 +1169 «1164 1164 1166 1) 0 "
4-97 ? " 2062 «1027 1029 1027 1030 ] 0 "
4-102 g " 044 1127 +1154 .1156 .1158 .0027 1] o
B.3-3 w " «062 .1028 .1019 .1023 .1017 0 0 Alr
315-5 W " .042 »1020 .1018 1018 .1022 0 (1] *
B23-2 w " $041 «0992 «0991 0992 +0990 0 0 L.W.
311-2 W " <042 +1023 .1024 «1024 .1026 0 0 "

92



TABLE 36, (Continued)
Initial Initial Surface Surface Crack Surface Crack Surface Crack Surface Crack Tests
Material Flaw Thickness, Crack Length, Surface Crack Length, Start Length, End Growth, Growth, Caviitounent
§pecimen Parent(P) Depth, a;, t, 2 ¢4, Length, Proof 1, of Proof 2, of Proof 2, Proof 1, Proof 2, (Proof Cycle 1)
Nue ber olded (W) inch inch inch inch anch inch inch inch
B10-4 W t/2 E 041 .0998 .0998 .1015 .1010 0 [} I.W.
610-31 w " .041 .1000 1000 1000 .0998 0 0 "
Blo=2 w " .042 L1034 1026 +1026 1026 ] Q "
n3-5 W " .042 .1011 void - - - - "
Lll-4 W " .042 1014 - 1015 1012 0 0 "
blo=-3 W " 042 1020 .1018 .1012 1012 Q 0 "
4-72 r 3t/4 B .041 .2115 Fracture - - Fracture - Ar
4-79 . P " .0463 .2330 Fracture - - Fracture - .
4-15 P » 042 .2185 " - - " - Cryo Proof
4-98 * P » .043 2287 " - - " - b
Dl8~4 w " 042 #2156 " - - " - Alr
0,063 Inch Thick Matcrial .
€-7 p t/4 N 064 .0326 0323 .0328 0326 0 ] "
6-6 P " .063 .0328 0327 .0321 0322 0 (4] "
G5-2 W " .064 .0338 0334 .0334 .0331 1] o "
C6-4 W " 062 .0333 .0318 0315 L0315 ] 0 "
6-9 P e/2 N 064 +0664 .0673 .0680 0679 .0009 [} ”
6-8 P " .062
c5-1 w " .062 .0662 0675 .0672 0670 .0010 0 "
Cl-5 W " 062 »0663 +00663 0661 L0661 1] ] .
6-19 4 3t/4 N 065 «1000 .0987 .1001 . 48 0 .0137 "
6-15 P " .064 .1020 1042 .1068 1113 .0022 0045 "
Ccl1-3 W " +063 .1012 - Fracture - - Fracture "
6 min,
Ccl0-5 w " 063 1020 Practure - - Fracture - "
1l min 20 sec
6-40 P t/4 E .062 - 0516 .0518 0520 - 0 "
6-31 P " 061 .0508 .0507 .0505 0510 0 0 »
clli-5 W " 061 .0504 .0501 .0503 0502 0 o "’
C3=3 W " .062 0510 .0508 .0504 L0512 ] V] ”»
6=26 b3 t/2 B .063 1265 21297 Fracturae - .0028 Fracture *
6-42 4 " +063 1237 «1230 .1238 1248 o +0010 .
c3-1 W " 062 .1193 Practure - - Fracture - "
Ch-4 W " 2064 1234 Fracture - - Fracture - "
2 min 15 sec

C~24 P 3t/4 E .063 <3476 Fracture - - Fracture - "
6-23 ? " .063 +3495 Fracture - - Fracture - v
Ch~5 w " 2063 #3669 Fracture - - Fracture - "~
C4-2 w " .063 «3466 Fracture - - Fracture - "

* I, W, -

Inhibited Water

{8



TABLE 37. PROGRAMMCD FATIGUE CRACK TROPAGATION TEST RESULTS

Imitial Surface Computcd Inrtial
Init1al Flaw  laterial Crack Length Final Surface Crack Depth Computed Change
Spccamen Depth, (?) Parecat Thickness, After Proof Cycles Crack Length  After Proof Cycles  in Crack Depth
W ber inch (W) Welded Environment t, wnch 2 ¢j, inch 2 cg, inch ai, inch A a, inch Comments

0.020 fnch Material

2-20 c/e N P A 021 L0142 - .0057 0

2255 " P " 021 .0138 - .0056 0
P " W " .022 .0132 - .0052 4
Al=3 " W " 021 L0134 - .0052 0
2-40 /2 N ? Arr .020 .0263 .0300 .0102 L0015

2= " P " .020 .0266 .0288 .0104 .0008
AT-1L " W » 020 .0294 L0315 0110 .0008
AS=1 " W " .020 .0286 L0310 .0107 .0009

2-53 /e N ? " .022 L0446 .0528 J0174 - B. T 300 cycles

2-7 " P " .021 L0442 .0500 L0172 .0023

A2-y " W " .021 L0411 .0458 0156 .0018

A3-5 " W " .020 L0404 .0468 L0151 0024

2-11 t/6 E P " .021 .o118 .o118 .0049 0

2-7 " ? " 021 L0116 .0116 .0048 0

\7-5 " W " 021 L0117 L0117 .0048 0

Ab-1 " W " .020 .0108 .0108 0045 [4

2-17 t/2 E ? " .022 L0454 0487 .0105 0016

2-14 v ? " .020 L0434 0464 .0103 L0015

AT-. " W " .020 .0336 .0392 .0100 .0003

AlG-2 " W " .020 .0385 <0425 .0100 .0020

2-25 e/b E ? " 020 .0988 .1283 .0160% - B T. Proof 1, Did not fail
2-27 " ? " .021 <1550 .2204 .0185% - B. T. Proof 1, Did not fail
al=2 " W " 020 .1539 - .0185* - == Void~Secondary Flaw
All-3 " W " .021 132 - .0172% - B. T. Proof 1, Fractured Proof 2

0.040 {nch Micterfal

bes e/ N ? Air 043 .0300 .0300 L0121 [+]
[ " ? " L041 .0288 .0288 L0117 "]

- " ? Cryo Proof -- - -- - - void
4=29 " ? Cryo Proof 039 .0270 .0270 .0109 [+}

32-1 " W Air $042 .0285 .0292 .0106 .0003

B8-2 " . W " 042 .0279 .0298 0105 .0007

83

* Fa.aw sazc at start of Proof Cycles.
% B, T~ Droka througa thackness



TABLE 37. (Continued)

Initial Surface

Computed Initial

68

Inicial Flaw Material Crack Length Final Surface Crack Depth Computed Change
Spucinen Depth, (r) Parent Thickness, Afcer Proof Cycles Crack Length After Proof Cycles in Crack Depth
Nunber inch (W) Welded  Environment t, inch 2 ¢y, inch 2cg, inch aj, inch A a, inch Corment s
0 040 inch Materlial (Continued)
464 t/2 N r Alr 042 0587 .0632 .0228 0013
402 ° P " 044 .0589 0636 .0228 0020
4=20 " P Cryo Proof 043 .0576 .0628 0224 .0020
4al7 " P " 044 .0621 0697 0242 0030
+=33 " P SSA .043 0577 0630 .0225 0020 .
bL=3) " r " L0603 .0580 0648 0226 .0026
ha2b " P D.W, L0464 L0574 +0615 .0223 .0016
4=21 " T " 044 .0579 L0614 .0225 0013
4-78 " P Iw, 042 .0543 0573 0211 .0012
4-71 " P " 042 ,0545 0575 0211 .0012
4-23 " P Aero, 50 042 .0530 0582 .0203 .0020
B23-1 /2N W Arr 040 .0547 0588 .0203 .0017
P-4 " W " 042 0578 0630 .0219 0020
122-2 " W S5A 042 0551 . 0601 0206 0019
34-3 " v " W042 20550 .0593 .0206 .0016
LY=? " W D W, L0432 0557 0601 .0209 .0016
L25-2 " W " 042 0531 0093 .0218 .0042
LY=1 " W IV, [ 0550 .0608 .0206 0022
dh=1 " v " .042 0620 .0662 .0232 .0016
B6-S " W Aero. 50 041 .0542 0605 .0202 .0025
318-5 " W " 042 L0547 0619 .0220 .0017
6-100 3t/4 N P Air (VAY L0316 .0923 .0318 0041
4=115 " r " 043 0841 .0981 0327 .0055
4al2 " hd Cryo Proof 044 1066 1445 w0410 - B. T., 210 cycles
=90 " r " 041 0946 .1207 ~s 0368 - B, T., 390 eycles
225 " w Air 042 0857 .1084 L0321 .0082
53-3 " W " .042 .0864 1041 .0324 0068
4-87 t/4 E P Arr L041 .0366 0366 .0090 [}
4,=89 " P " 0462 .0406 0427 .0100 .0009
4117 " P Cryo Proof 044 0400 .0400 0096 0
L-112 " P " 044 0396 0406 .0095 »0005
B15-3 " W Alr .042 .0388 .0388 .0093 0
315-2 " W " 043 .0377 .0390 .0092 .0006




TABLE 37.

{Continucd)

Initiie Tiaw  Laterial

Initial Surface
Crack Length

Fanal Surface

Computed Inatfal
Crack Depth

Computed Change

Specincn Depta, {P) Parent Thickness, After Proof Cycles Crack Lengtn  After Proof Cycles in Crack Depth
Yinber incn (W) welded  Environment £, inch 2 ¢,, inch 2cf, inch ag, inch A a, inch Comments
0 040 {nch Materal {Continued)

Lelib t/2 E r Aar 044 L1174 .1269 .0222 0048
(A " 7 " 04l 1148 <1233 0218 .0038
Hal2 . g Cryo Proof JOh3 .1076 1191 0212 ,0357
halls " ? " 04t .100L .1058 .0201 .0029
4105 " nd SSA 044 1144 .1228 0216 0042

=1U5 " r " 15 21234 .1355 .0228 0060
=35 ' r D W. 044 .1135 .1207 0217 0036
4= 10 ” ? " 044 1106 <1140 .0215 0017

4-7 " P T.W. 045 L1131 1212 .0219 L0041

=0 " ? " 044 .1173 .1300 0222 .0063
4=97 " ? Acro 50 042 1041 .1097 o190 .0034
4=402 " r " 044 L1160 .1223 .0240 .0039
Gid-3 t/2 B w Air 042 .1026 .1090 L0211 .0032 “w
T15=5 " W " 042 1022 .1084 0210 .0032 °
L23-2 " W SSA 041 0995 1045 .0207 .0025

Sl1-2 ” W " 042 1026 «1106 0211 .0040

Ta0=b " w D.W. 04l .0992 .1037 .0207 .0023

3.0-3 " W " 061 0997 +1114 .0208 .0058

ni6=2 . W I.W. 042 1026 .1088 .0212 .0031

L3=5 " W " 042 - -— - - Void = Secondary Crack

Bl 4 " W Acro. 50 042 .1015 «1104 .0212 .0042

Dlo-3 ” W " .042 +1000 .1050 .0201 .0024
4-72 3c/4 E ? Arr 041 .2115% .- .0270% - Fractured, Proof 1 on loding
479 " ? " 043 +2330% - .0273% - Fractured, Proof 1 on loiding
4=15 ”» ? Cryo. Proof 0462 2186 - 0271% - Fractured, Cryo = Proof on loading
4-98 v ? " <042 .2286* - .0273% - Fractured, Gryo = Proof on loading
Bud=b " W Air 042 L2136* - 0261* - Fractured, Procf 1 on loading
B17«1 " W " .043 .2102* - .0262% - Fractured, Proof 1 on loading

0.063 inch Material

0-7 e/ N P Alr 064 .0326 0152 .0140 0012

G-v " ? " .063 .0320 .0320 .0.37 0
Ci=2 " w " 004 .0330 .0370 0134 .0016
Cu-" " W " 062 0317 .0358 0128 0016

6=9 e/2 N ? " 064 0679 «0768 .0291 .0039

G=d " ? " 062 .0760 .1108 «0326 .0149

C5-1 " W " .062 0674 0776 .0273 .0041

* F.w si.c it starc ol DProof Cycles.
dov T J. = Iohibated water.

D W, = Donineralized water.

SSA = Saltespray-aifrc.

Aceo. SO = Aerozane 50.



TADLE 37. (Continucd)

Inmit11l Surface Computed Initial
Initial Flaw Material Crack Length Final Surface Crack Depth Computed Chainge
Speciron Depth, (?) Pacent Thickness, After Proof Cycles Crack Length  After Proof Cycles in Crack Depth
Nroer inch (W) Welded  Environment t, ca 2 ¢q, inch 2 ¢gy anch af, inch A a, inch Comments

0 063 inch Matcrial (Continued)

Cl=5 e/2 N W Air .062 0664 .0749 0268 .0035

om0 /6 N ? " 085 L1148 1787 0496 ~ 015 Larze Dimple, No Dreakthrough

v= 3 " 4 " .064 1265 .2052 <0544 - Broke throurh, 290 cycles

cL -3 " W " .063 .1012* Fractured onrz* - Fractured, 6 min. of Proof 2
Culs=5 " W " 063 .1020% Fractured 0472 - Fractured, 1 min. 20 sec. of Proof 1
v="0 t/4 E ? Air .062 .0520 0551 0182 .0016

v= 30 " ? " 061 0510 0537 .0180 .0013

Ci=5 " w " L0ul .0501 0516 .0179 .0008

C3-3 " W " 002 .0505 .0532 L0179 .Qo13

v=ly t/2 E 4 " L0063 <1205 - .0310 - Fractured, Proof 2, 20 sec.

v=i2 " P " .063 .1248 +1500 .0308 .0125

cl-1 " w " »062 «1193% - .0303% - Fracturcd, Proof 1 on Leading
Chma " W “ 064 .1234% - .0305* - Fractured, Pronf 1, 2 min 15 scc.
v=2, 3e/4 E ? " .063 3476% - .0480% — Fractuccd, Jcool L, on Towling
=23 " T " 063 .3695% - .0485* — Fracturcd, Proof 1, on Loading
C4=5 " W " .063 «3669* - «0490% - Fractured, Procf 1, on Lowing
C4=2 " W " .063 »3466% - J0476% o= Fractured, Proof 1 on Loading

16

¥ Taiaw size ac start of Proof Cycles.
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On the basis of these values and those in the previous tabulation showing
inspectable crack sizes (area) from the fracture tests, one can (after the fact)
point toward certain flaws in the three sheets that would be expected to fall
in the first proof test. These include the following: (1) normal shaped flaws,
0.063, 3t/4%; (2) elongated flaws, 0.020, 3t/4%; 0.040, 3t/4; 0.063, t/2%;
0.063, 3t/4. The three sheet thickness/flaw depth combinations with the
asterisk (*) are those where the indicated flaw area in the tabulation above are
slightly less than the area required for fracture in the air or cryogenic test.
In regard to the 0.063, t/2 combination, the indicated flaw area may exceed the
cryogenic flaw size for the 0.063 inch sheet. No value was available for comparison
since it had been agreed not to test that particular thickness in the fracture
program.

Although Tables 33-35 provide the detailed events and Table 36
the surface flaw lengths after the various proof tests, Table 38 has been
prepared that specifically lists the comparative information on flaw area
before testing, and fracture occurrence (or not) on the first proof cycle for
the five groups of specimens. From this table, it is seen that in each case

where the flaw area at the start of Proof 1 was greater than the area from the

fracture test, that failure actually occurred on the proof test for parent and

welded material at air temperature and at cryogenic temperature.

In two cases, flaws less than the area from the fracture test failed
in the proof test, often after some time lapse at proof stress. In both cases
only welded samples failed. So affected were 3t/4 N flaws and t/2 E flaws in
0.063-inch sheet. This suggests that the initial flaws grew slowly under stress
to a critical size causing fracture or that the approximations used in computing

flaw area were not entirely valid.*¥

*% Flaw areas were computed assuming an elliptical crack front and that the relations
between 2c¢ and a were as shown in Figures 8-11.

.



TABLE 38,

SUMMARY OF INITIAL FLAW SIZES AND FRACTURE BEIAVIOR

OF SELECTED SAMPLES GIVEN PROOF CYCLE ONE,

Predicted Area for

Flaw Area at

Specimen Fracture at Proof Environment Start of Proof 1, Fracture
Number Flaw Load, inch? Proof 1 inch? on Proof 1
0.063-inch-thick material
6-19 (P) 3t/4 N .005 Air .00337 No
6-15 (P) " .005 " .00351 No
Cli-3 (W) " .0035 " .00326 No
Cl0-5 (W) " .0035 " .00328 Yes,
1 min. 20 sec.
0.020-inch-thick material
2-26 (P) 3t/4 E .005 Air .00124 No, broke
through thickness
2-27 (P) " .005 " ,00170 No, broke
through thickness
Al-2 (W) " .0035 " .00221 No, broke
through thickness
All-3 (W) " .0035 " .00191 No, broke
through thickness
0.040-1nch-thick material
4-72  (P) 3t/4 E .005 Air .00649 Yes
4-79 (P) " .005 " .00745 Yes
B18-4 (W) " .0035 " .00686 Yes
Bl7-1 (W) " .0035 " Void -
4-15 (P) " .0030 Cryogenic .00680 Yes
4-98 (P) " .0030 " .00726 Yes

£6




TABLE 38. (Continued)

Predicted Area for

Flaw Area at

Specimen Fracture at Proof Environment Start of Proof 1, Fracture
Number Flaw Load, inch? Proof 1 inch on Proof 1

0.063-inch-thick material
6-26 (P) t/2 E .005 Air .00310 No
6-42 (P) " .005 " .00301 No
C3-1 (W) " .0035 " .00278 Yes
C4-4 (W) " .0035 " .00302 Yes,

2 min. 15 sec.

6-24 (P) 3t/4 E .005 Air L0131 Yes
6-23 (P) " .005 " ,0132 Yes
C4-5 (W) " .0035 " .0134 Yes
C4-2 (W) " .0035 " .0131 Yes

v6
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In the case of the 3t/4 E flaws in the 0.020-inch sheet, the flaws
grew and broke through the thickness under proof stress without causing fracture.
This behavior is characteristic of a more ductile type, thin sheet failure.

In a similar manner, the behavior of the various specimens during the
second proof cycle can be assessed. In this case, Table 39 summarizes the flaw
area at the start of the second cycle and the occurrence of fracture for those
flaws that approached the critical size estimated from the fracture tests. Also
shown in the table are the flaw areas after the second proof cycle. Included
in this tabulation are all those specimens from Table 38 that did not fail
in the first proof cycle.

It is seen from the 0.063, 3t/4 N group, that neither parent material
specimen failed, although flaw growth occurred to some size less than the
critical size. The remaining welded specimen did fracture after some time at
stress, even though the starting flaw size was slightly less than critical.

The 0.020-inch-thick group with 3t/4 E flaws that had broken through
during the first cycle, showed little growth on the second cycle except for
one welded sample. This one broke as a through-the-thickness flaw after 13
minutes, 45 seconds at proof load. Both of these examples suggest the welded
material to be somewhat inferior to the parent material and further that the
flaws close to the critical flaw size, may grow to critical size during the
proof test.

The t/2 E flaws in 0.063-inch sheet again initially were less than
the tritical area. One failed on the proof cycle, 20 seconds, after attaining
load, the other showed essentially little flaw growth.

Finally all 0.040-inch sheet specimens with 3t/4 N flaws had initial
flaws at the start of the second proof cycle that were substantially less than
critical. Slight flaw growth occurred during the second cycle, but pno failures

occurred.



TABLE 39.

SUMMARY OF FIAW SIZES FOR
SPECIMENS THAT RECEIVED THE SECOND PROOF CYCLE

Predicted Area to

Flaw Area at

Flaw Area at

Specimen Fracture at Proof Environment Start of Proof 2, End of Proof 2, Fracture
Number Flaw Load, inch Proof 2 inch inch? on Proof 2
0.063-inch-thick material
6-19 (P) 3t/4 N .005 Air .00333 .00440 No
6-15 (P) b .005 " .00384 .00420 No
Cl1-3 (W) " .0035 " .00324 -- Yes, 6 min,
0.020-inch-thick material
2-26 (P) 3t/4 E .005 Air .00196% .00198* No
2-27 (P) " .005 " .00272% .00294%* No
Al-2 (W) " .0035 " .00305% .00306% No
All-3 (W) " .0035 " .00292% - Yes,
13 min. 45 sec,
0.063-inch-thick material
6-26 (P) t/2 E .005 Alr .00325 -- Yes, 20 sec.
6-42 (P) " .005 " .00302 .00306 No
0.040-inch~thick material
4-100 (P) 3t/4 N .005 Air .00194 .00194 No
4-115 (P) " .005 " .00219 .00219 No
B22-5 (W) " .0035 " .00201 .00214 No
B8-3 (W) " .0035 " .00218 .00220 No
4-12 (P) " .005 Air .00340 .00348 No
(Cryo. on
Proof 1)
4-90 (P) " .005 Air .00270 .00274 No
(Cryo, on
Proof 1) .

* Based on through-the-thickness flaws,

96
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Thus from these tests it again appears that when flaws approach the

critical size, slow growth may occur at the proof loads and cause failure. How-

ever, flaws substantially below the critical size as estimated by the fracture

tests, either did not grow under the second air proof cycle or grew only slightly.
Incidentally all other specimens listed in Tables 33, 34, 35, and 36

showed essentially no growth during the proof cycles  This includes all specimens

proof tested in inhibited water.

Fatigue Crack Propagation Results. Failure or non-failure of flawed
samples during the 400 simulated cycles depends upon (1) the crack growth that
occurred during both proof test cycles, (2) the crack growth that occurred
during the simulated operating cycles, and (3) the flaw size that would cause failure
at a gross stress level of 105 ksi. It is of interest to examine Item (3) first.

From Figures 19 and 20 for parent and weld material respectively the
flaw arcas of 0.0160 inch2 and 0.0080 inch2 are obtained by extrapolating the
straight lines to 105 ksi. It is recognized that this extrapolation may lead to
some error; however, the above values represent approximate critical flaw sizes
at 105 ksi gross stress. It is of interest also in this connection to show a
listing of flaw areas that can be obtained when a flaw has grown to just intersect
the opposite side of the sheet. This computed area would be the flaw area at

breakthrough. The following tabulation shows these areas:

Flaw area at breakthrough, sa. in.
Flaw Type Depth  0.020-1nch  0.040-inch  0.063-inch

t/4 0.0008 0.0031 0.0078

Normal t/2 G 0008 0 0031 0.0078
3c/b 0.0008 0 0031 0.00787

t/h 0.0007 0.0033 0 0066
Elongated t/2 0.0010 0.0044 0 0090v

3t/4 -- -- --
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With the exception of the two values followed by P, all values in the tabulation
could apply to either welded or parent material. The two values (with P) are

for parent material only since all welded samples failed during Proof 1 or 2.

No values are listed for 3t/4 E flaws for any thickness since they would be

detected in the proof tests. The remaining areas then can be compared with

the parent material flaw size (0.0160 inch) and weld material flaw size (0.0080 inch)
judged to be critical for fracture at 105 ksi.

This comparison suggests that certajin combipatjons of flaw depth, flaw type,

and sheet thickness could result in a flaw becoming a through crack before

catastrophic fracture occurred. Whether this actually occurs or not depends upon

the flaw size after proof testing and the rate of crack propagation. Examination

of Tables 33, 34, and 35 will show how well the experimental results fit within

this simple picture. It is seen in these tables that sometimes no growth occurred
during the 400 simulated operating cycles, sometimes crack growth occurred but

no failure or breakthrough, and sometimes the crack grew and became a through

crack but did not cause failure. With the exception of Specimen Al-2 (Table 32)

no specimen failed during cycling with the crack becoming a critical length or

area. Actually Specimen Al-2 had two flaws in it, lowering its strength considerably.

Thus these experiments suggest that the proof tests essentially screen
out intolerably large flaws and that the simulated operating cycles may cause the
formation of through cracks by crack propagation. This suggests a leak before
break philosophy.

It also suggests that the critical flaw sizes for through cracks be
investigated as well as crack propagation of the through cracks.

Table 40 lists pertinent data on the four samples that propagated
through the thickness. It is seen that all but one had flaw areas less than the
breakthrough areas previously listed. Yet all areas grew by fatigue to a through
crack. The fourth specimen area suggests that it already was a through crack.

It 1s suspected that its crack form was not elliptical,



TABLE 40. FLAW AREA OF SPECIMENS THAT
PROPAGATED THROUGH THE THICKNESS IN 400 CYCLES
AT A STRESS OF 105 KSI,

Initial Flaw

Area After Cycles
Specimen Proof Cycle Test Proof Cycle to
Number Material Flaw Environment Environment inch Breakthrough
2-53 .020" P 3t/4 N Air Air .00061 300
4-12 040" P 3t/4 N Cryogenic Air .00383 210
4-90 .040" P 3t/4 N Cryogenic Air .00302 390
6-15 .063" P 3t/4 N Air Air .0054% 290

* Note: The measured crack length at the end of proof 2 was 0.1113 inch (Area .0042

1nch )/length measured during the initial fatigue cycles was 0.1265 inch. Thus
the flaw area was not of critical size during the proof cycles.

66
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Table 41 presents the fatigue-crack propagation data and flaw length
after the two proof cycles (initial flaw length) for all tests, The crack
propagation data was considered to have a linear relationship between crack
length and cycles over the 400 cycle lifetime, This is a gross simplification
since it had been shown that a fourth degree curve could be made to fit the
data. The simplification did permit one to roughly examine how crack propagation
rate was influenced by a number of test variables,

Values of average crack propagation rate and initial flaw size were
taken from Table 41 and plotted on Figures 30, 31, and 32 for 0.020-inch-sheet,
0.040-inch sheet and 0,063-inch sheet, respectively. Through the plotted points
it was found on each graph that two curves could be drawn. One curve was for
normal flaws, the other for elongated flaws, Examination of all 3 figures shows
the following:

(1) For equal initial surface crack length, the rate of crack

propagation of normal flaws always was greater than that
of elongated flaws,

(2) There was no real difference in propagation rates for

welded and parent material,

(3) As the initial surface crack length increased, the rate

of crack propagation also increased,

(4) For initial crack sizes that were about equal, the crack

propagation rate was greater in the 0.063-inch material
than it was in the 0.040-inch material,

Also plotted on Figure 31 are the data for tests in cryogenic fluid,
inhibited water, deionized water, salt spray and Aerozine 50. There is quite a
scattering of data from these tests, The general result seems to be that the

observed behavior is about that in air,



TABLE 41. CRACK GROWTH RATE DATA FROM PROGRAMMED FATIGUE-
CRACK PROPAGATION TESTS

Flaw Type, Material, Initial Flaw Initial Flaw Average Crack
Thickness, Normal (N) or Parent (P) Length, Depth, Growth Rate,
t, inch Elongated (E) Welded (W) Environment® 2 s inch a,, inch tin/cycle
.020 N P A .014 t/4 3.5
.020 E P A .0125 " -
.020 N W A .0132 " 2.5
.020 E W A .0110 " -
.020 N P A .0260 t/2 5.0
.020 E P A 044 " 8.37
.020 N W A .029 " 5.5
.020 E W A .0392 " 5.0
.020 N P A 044 3t/4 19.5
.020 E P A - " -
.020 N W A .0408 " 14.0
.020 E W A L1342 " -
.040 N P A -- t/4 -
.040 E P A .0386 " 3.25
.040 N W A .0282 " 3.25
.040 E W A .0377 " 3.25
.040 N P Cryo - " -
.040 E P Cryo . 0396 " 2.5
.040 N P A .059 t/2 10.0
.040 E P A .1161 " 22.5
.040 N W A .0562 " 11.5
. 040 E W A .1023 " 15,2
.040 N P Cryo .0598 " 16.0
.040 E P Cryo .1039 " 9.0
.040 N P I.W, .0542 " 8.25
.040 N W I.W, .0585 " 12,5
.040 E P I.W, L1151 " 27.0
.040 E W I.W, .1026 " 15,5
.040 N P D.W, .0577 " 9.5
.040 N W D,W, .0569 " 19.5
.040 E P D,W, L1121 " 13.25
.040 E W D.W, .0995 " 20,25

10T



TABLE 41,

(Continued)

Flaw Type, Material, Initial Flaw Initial Flaw Average Crack
Thickness, Normal (N) or Parent (P) Length, Depth, Growth Rate,

t, inch Elongated (E) Welded (W) Environment¥ 2 s i1nch a;, inch u 1n/cycle
.040 N P S. .0577 t/2 15.5
.040 N W S. .0555 " 11.75
.040 E P S. .1189 " 13.25
.040 E W S.S, .1010 " 16.25
.040 N P Aero .0530 " 13.0
.040 N W Aero .0545 " 16,75
.040 E P Aero .1095 " 17.25
.040 E W Aero . 1007 " 17.5
.040 N P A .0825 3t/4 32.4
.040 E P A - " -
.040 N W A .0866 " 50.5
.040 E W A .2110 " -
.040 N P Cryo . 1066 " 94,8
.040 E P Cryo - " -
.063 N P A .033 t/4 7.5
.063 E P A .0515 " 7.25
.063 N W A .0323 " 10.0
.063 E W A .0503 " 4.5
.063 N P A .075 t/2 37.5
.063 E P A L1248 " 63.5
.063 N W A .0669 " 22.3
.063 E W A .1220 " -
.063 N P A .120 3t/4 176.3
.063 E P A - " -
.063 N W A -- " -
.063 E W A - " -

* A = air

Cryo = cryogenic proof
I.W, = inhibited water
D,W, = demineralized water
S.S, = salt-spray air

Aero

Aerozine 50

¢01



Average Crack Propagation Rate, pin/cycle
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Legend
Flaw Type Material
@) Normal Parent
® Normal Welded
VAN Elongated Parent
A Elongated Welded

Normal
flaws

Elongated flaws
_K'—Z__,/

B NS I N B B

1
000 0020 0030 0040 0050 0060 0OO0O70 0.080 0.050 0.100

Initial flaw length, 2ci inch

H

FIGURE 30. AVERAGE CRACK PROPAGATION RATE DATA
FOR 0,020-INCH MATERIAL



Average crock propaghion rate, b i1n./cycle
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Legend
Flow Materiol Symbols for the indicated environment
Type In Demin Salt Aero
Normal Parent Ar Cryo water water spray 50
o ¢ o < v 0
Normal Welded ® . ] ’ ' .
Elongated  Parent A 1l <[> 4 0
Elongated Welded A 8 e 4 9
100—
90—
80—
70—
60—
50—
40— Elongoted flaws
30—
o
20}— &
1 0
0 | | | |

"
0 000 0.020 0.030 0040 0050 0,060 0070 0080 0090 0I00 010 0120

Initial flow length, 2c|, inch

FIGURE 3I. AVERAGE CRACK PROPAGATION RATE DATA FOR 0.040 INCH

MATERIAL



Average crack propagation rate,p in/cycle

170

160

150

140

130

120

110

100

90

80

70

60

50

40

30

20

195 o

Legend
Flaw Type Material

O nNormal Parent
@® Normal Welded
[\ Elongated Parent
A Elongated Welded

Elongated
flaws

JILI/?IILIIILI

0010 0020 0030 0040 0050 0060 0070 0080 00S0 0100 ON0 0.420 0.30
Initial flaw length, 2c1, inch

FIGURE 32, AVERAGE CRACK PROPAGATION RATE
DATA FOR 0,063-INCH MATERIAL,
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Analytical Study of Crack Propagation. In an effort to determine if
the crack propagation data could be described in terms of a general crack-
propagation equation, a computer program was developed to examine the data in
terms of the following equation forms:

dg/dN

CI& (Liu)(a)

dg/dN = Cth (Hoeppner, et al)(S)
dg/dN = CBKV (Paris)(G)
where ‘
4 = surface crack length

=1.1c Jma /g

oy R®
n

elliptic integral
o = operating stress

a = crack depth

]

M,V,C,C,,C constants

1’ 72 73
The paired values of surface crack length and number of cycles of
propagation at the operating stress, i.e., the number of cycles following the
proof cycles, were used as input data for the computer program. This computer
program is presented in Appendix A for both the normal and elongated flaws.
Basically, the following computations were conducted by the computer
program:
(1) Paired values of surface crack length and number of cycles
of propagation were input.
(2) The surface crack length versus number of cycles of propagation
was plotted for each specimen.
(3) The log of the surfé;e crack length versus number of cycles
of propagation was plotted.

(4) The input data were used to compute the best fit fourth-order

polynomial equation to describe the data.
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(5) The equation determined in Step 2 was differentiated and the
crack-propagation rate at 8 referenced surface crack lengths
determined. The reference crack lengths corresponded to 50
cycle increments during the test.

(6) The log of the crack-propagation rate versus log of the surface
crack length was plotted.

(7) The crack depth was computed for the specific type of flaw at
the 8 values of the referenced surface crack length.

(8) The value of Kmax’ the maximum stress-intensity factor, was
computed for each of the reference crack lengths.

(9) Log Kmax versus log of the crack-propagation rate was plotted.

(10) The values of reference number of cycles, referenced surface

crack length, Kmax’ and the crack-propagation rate were output
in table form for all specimens. In addition, the value of
crack depth at the referenced surface crack length was output
for the elongated flaws only.

Typical computer plots are shown in Figures 33 and 34 of some of the
results. The tabulated input and output data for all specimens which exhibited
flaw growth during the fatigue cycling are given in Appendix B.

Examination of the resulting curves revealed the following:

(1) The fourth-order polynomial equation provided a very good fit

for the experimental data points. (See Figure 33)

(2) The log surface crack length versus cycles of propagation was
not a linear plot for any of the data. Therefore, the
equation of the form, d4/dN = Cg, is not applicable.

(3) The plots of the log surface crack-propagation rate versus log
surface crack length also were not linear for any of the
data. This i1ndicates that the equation of the form df/dN = Céq

is not applicable.
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(4) The log stress-intensity factor versus log surface crack
propagation rate were not linear plots. This indicates that
an equation of the form dg/dN = CKV 1s not applicable.

Since only the fourth-order polynomial equation provided a good fit

to the data, it was decided to treat the crack propagation curves as linear

functions as described in the previous section.

Growth in Flaw Depth Diagrams. To provide some better idea of the
flaw severity after proof testing that can lead to failure by breakthrough
through cycling, Figures 35-37 have been prepared. Plotted on each of these
figures (one for each sheet thickness) are the change in flaw depth from 400
cycles of simulated operating stress as a function of the flaw depth after proof
testing--both coordinates expressed as a percentage of sheet thickness.

The points on the graph are taken from the data listed in Table 36.
The slanted line at the right is the boundary representing when the initial flaw
has changed in depth to cause breakthrough. The dashed curves on each figure
represent the approximate scatter of the data.

The interpretation of these figures 1s as follows. If a given flaw
after proof testing has a depth equal to 60 percent of sheet thickness (see
Figure 36 for .the 0.040 inch sheet) it will be expected to grow during the 400
simulated operating cycles by about 5 to 10 percent t (the intersection of a
vertical line with the two dashed curves) to a depth of 65 to 70 percent of
thickness. With such a curve then it should be possible to estimate the size
flaw depth that will cause breakthrough dq;lng the simulated cycling. These
approximate minimum flaw depths when breakthrough may occur are indicated on each
graph by the dotted vertical line on the right of the graph. These values are
as follows:

0.020-inch sheet =-- 80 percent

0 040-1nch sheet =-- 75 percent
0.063-inch sheet =-- 65 percent
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The amount of flaw growth that might be expected for elongated flaws
1s presented in Figure 38. As for the normal flaw data, the flaw depth and
change 1n flaw depth were divided by the specimen thickness to normalize the
data. Also a box at the lower right identifies the flaw depths for which
proof test failures are expected. It will be noted on Figure 38 that data for all three
thicknesses are presented and that no curves are drawn through the data. This
was done because the 2c/a ratio for the elongated flaws varies from 3 to 9 for the
flaw depth variations. This means that the t/4, t/2, and 3t/4 elongated flaws all
have a slightly different shape, thus preventing the combination of the points
to form a meaningful curve. For this reason only a qualitative discussion of
Figure 38 is permitted.

The effect of the weld does not seem to be a detriment to the crack
growth characteristics as shown before. The behavior of the t/2 elongated flaw
(50 percent) in the 63-mil material is quite interesting in that one flaw failed
at the proof load while the second (very slightly smaller) survived the proof
tests and 400 cycles of propagation without fracture or breakthrough. This might
be viewed as a very tentative indication that elongated flaws (2c/a= 5) of a size
necessary to grow through the thickness in 400 cycles may not survive the proof
cycles. However, before any definite statement can be made, more elongated flaws
must be examined in this size range for each thickness. 1In addition, more work

is necessary to adequately evaluate the effect of the 2¢/a ratio on flaw behavior.

Fracture Studies. On the basis of early fractographic studies of the
fatigue-crack propagation specimens, it was observed that crack propagation was
reasconably uniform around the periphery of the crack. This 1s illustrated in
Figure 39. On this basis area computations were made assuming a uniformly
propagating elliptical crack front. The fractographically measured change in
surface crack length versus the change in crack depth 1s shown in Figure 40 for

both the normal and the elongated flaws.
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12X 2C100

(2) Normal flaw

12X 2C098

(b) Elongated flaw

FIGURE 39, TYPICAL FLAW GROWTH MARKINGS FOR
NORMAL AND ELONGATED FILAWS,
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Figure 40 shows the measured values and link denoting the 2c/a ratio
found during the initial cracking of the normal flaws. These lines were shown in
Figures 8 to 11. Examination of Figure 40 indicates that there 1s no appreciable
change in the 2c/a ratio for the normal flaws during fatigue crack growth. The
relationships between A2c and Aa used to compute crack growth through the thickness

for the fatigue specimens with normal flaws is tabulated below:

A2c
Material Aa,

0.020 Parent 2.57
0.040 Parent 2.57
0.063 Parent 2.33
0.020 Weld 2.67
0.040 Weld 2.67
0.063 Weld 2.47

The fractographically increased change in surface crack length is plotted
as the measured change in crack depth in Figure 40 for the elongated flaws,
From Figure 40 it was found that the line —%ﬁ = 2 shown provides a good fit of

the data for all three thicknesses, parent and weld material. The relationship

A p2C
a= was used to compute the crack growth through the thickness for all

2
fatigue specimens containing elongated flaws.

The assumption that the cracks maintained an elliptical crack front
during the proof cycles and the following 400 cycles of fatigue is valid for the
majority of flaws studied. The few exceptions will now be discussed.

The t/2 E flaw in the 0.063 inch thick parent material tested in air was
found to have a rather '"squared off'" crack front at the end of the fatigue crack
propagation test. This is shown in Figure 41. Examination of Figure 41 reveals
several distinct regions of crack growth. The elliptical 1light colored region

is the initial fatigue crack area. The dark bond around the initial crack area

represents the crack growth which occured during the proof cycles. The outer light
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12X 1C969

FIGURE 41, VIEW OF A 63-MIL t/2 ELONGATED FLAW WHICH
EXHIBITED A TENDENCY TO "SQUARE OFF',



120

colored bond represents the growth of the crack during 400 cycles of fatigue
crack propagation and the large dark region is that of final fracture.

A second deviation from the elliptical flaw shape was that of the
3t/4 N flaw in the 0.040 inch thick parent material tested in air. This is
shown in Figure 42a. Again the crack front tended to '"square off'" slightly,
thus resulting in a flaw area slightly larger than the calculated value. The
same crack growth regions discussed i1n the previous paragraph were observed in
Figure 42a.

The 3t/4 N flaw in the 0.040 inch parent material given a cryogenic
proof cycle is shown in Figure 42b. This flaw shows a drastically different
growth pattern than was observed for the same flaw size proof cycled 1in air.

The difference in appearance between the air proof specimen shown in Figure 42a
and the cryogenic proof specimen shown in Figure 42b results from the large
amount of flaw growth that occurred during the cryogenic proof cycle but which
did not occur during the air proof cycle. The regions of crack growth are
shown schematically in Figure 43.

The path of the crack growth during the cryogenic proof cycle is
quite interesting in that the flaw was found to tunnel, i.e., to grow parallel to
the width of the sheet rather than to grow through the thickness. This pattern
of growth results in a sizable increase in the crack area without fracture or break-
through occurring. The enlarged flaw can then propagate through the thickness
during cycling at the operating stress. Breakthrough during cycling did not
occur for the air probfed specimens. Thus it appears that the cryogenic proof
cycle produced a flaw that was much more likely to break through the thickness
during fatigue cycling.

The final case of deviation from the elliptical flaw shape was that of
the 3t/4 N flaw in the 0.063 inch thick parent material tested in air. The

similarity of the 63-mil air proof specimen (3t/4 N flaw) shown in Figure 44 and
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20X 20965

(a) Air proof

20X 26767

(b) Cryo proof

FIGURE 42, FLAW APPEARANCE OF 40-MIL SPECIMENS, 3t/4 NORMAL
FLAWS, WHICH WERE GIVEN AN AIR PROOF TEST OR A
CRYOGENIC PROOF TEST.
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A, Normal programmed-fatigue-crack propagation
specimen fracture surface after testing.

Region 1 - Initial fatigue crack

Region 2 - Growth during fatigue loading

Region 3 -~ Final fracture at room
temperature (after test)

B. Cryogenic-proof-test specimen fracture
surface after testing,

Region 1 - Initial fatigue crack

Region 2 - Growth during cryogenic proof
test

Region 3 - Growth during fatigue loading

Region 4 - Final fracture at room
temperature (after test)

FIGURE 43, FRACTURE SURFACE APPEARANCE OF PROGRAMMED-
FATIGUE-CRACK PROPAGATION SPECIMENS AFTER
TESTING, 40 MIL PARENT, 3t/4 N FLAW



FIGURE 44,

3t/4 NORMAL FLAW, 60-MIL, AIR TEST SPECIMEN SHOWING
FLAW GROWTH DURING THE PROOF CYCLE.

A
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the 40-mil cryogenic proof specimen (3t/4 N flaw) shown in Figure 42b is apparent.
Here again the 3t/4 N flaw in the 63-mil material exhibited a tremendous amount
of growth during the proof cycles. The flaw again tunneled and greatly increased
the flaw area without breaking through or fracturing, The resulting flaw did in
one case propagate through the thickness during the subsequent cycling at the
operating stress.

The similarity between the 63-mil air proof and 40-mil cryogenic proof
specimen with 3t/4 N flaws suggests as,stated previously that some further study
of the proof load level and proof level hold time on the growth characteristics

of subcritical flaws may be required.

Data Interpretation. The results of the programmed fatigue tests

have yielded considerable information that is useful in considering the LEM
tankage problems. The following observations can be stated:

(1) In regard to proof tests, when flaws are greater than the
critical size based upon the fracture tests, both cryogenic and
air proof tests result in failure of the laboratory
specimens.

(2) When the flaws are close to the critical size, sometimes failure
in proof testing occurs.

(3) Of the two types of flaws, the elongated flaw appears more
vulnerable in the proof test, largerly because of the
increased area of these flaws.

(4) From the standpoint of fatigue damage, it would appear that
flaws with a small gi ratio (= 2.5) are the more dangerous type
of flaw examined. Such flaws will usually survive the proof
cycles and may propagate through the thickness of the sheet

in less than 400 cycles at the operating stress. In these



(5)

(6)

(7
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tests it appears that any flaw( ég = 2.5) with a flaw depth
of approximately 0.8 t represents a likely source of tank
leakage and should be inspected out.

The 3-minute cryogenic proof test produced a large increase
in size of the 3t/4 normal flaws in the 40-mil material but
did not result in fracture. This size increase resulted in
propagation of the flaw through the specimen thickness during
the 400 cycles of operating stress. The growth of the flaw
during the cryogenic proof test indicates that further work is
needed to evaluate the effect of holdtime and proof stress
during the cryogenic proof cycle on fracture strength and
flaw growth characteristics.

The 3t/4 normal flaw in the 63-m1l material during the air
proof tests exhibited the same type of flaw growth as was
observed for the 40-mil cryogenic proof specimen with the
3t/4 normal flaw. Again this increase in flaw size occurring
during the proof test did not result in fracture during the
proof test, but did result in flaw breakthrough during the
400 cycles of operating stress. Thus it appears that the

air proof tests may have the same effect on the 63-mi1l and
possible thicker material that the cryogenic proof test

used 1n this study had on the 40-m1l material. For this
reason further investigation into the effect of air proof
stress and holdtime on the flaw growth characteristics of 63-
m1l and thicker gage material 1s recommended.

Under fatigue at a maximum operating stress of 105 ksi, break-
through always occurred before the critical flaw size necessary

for fracture at the operating stress was reached. This
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indicates that leakage may occur before fracture if the tanks
have survived a proof cycle,

(8) The presence of environments such as inhibited water, demineralized
water, salt-spray air, and Aerozine 50 did not result in a
measurable change in the amount of flaw growth observed in the
400 cycles at the operating stress,

(9) A given size flaw (1.e., t/2 normal, for example) will propagate
faster as the thickness increases., However, the ratio of flaw
depth growth to thickness is approximately constant for the
3 thicknesses studied. The 63-mil parent and weld material
ratio do tend to be slightly higher than for the 20- or 40-mil
materials,

(10) No apparent difference in the flaw growth characteristics
was observed between the parent and the weld material for
any of the three thicknesses examined. Some difference was
noted, however, in the flaw size which was eliminated during
the proof test for the 63-mil material, the smaller size flaw

being eliminated in the weld material,

Sustained Load Behavior

Because of the observation made by Naval Research Laboratories personnel
a few years ago, a flurry of activity resulted regarding the possible worthiness
of titanium alloys. This observation concerned the ability of certain titanium
alloys to sustain a load if a specimen contained a fatigue crack and was tested in
the presence of certain environments other than air. Very often the degradation
of the load-bearing ability of the particular alloy was a function of time under

load., Plots of gross stress (or stress intensity factor) versus time at
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load have been developed for a number of environmental exposures and various
alloys. These curves allow an assessment of the ability of the alloy to sustain
a load in the presence of a given environment

The various tankage employed in the IM vehicle will see conditions
under which it will sustain a load for long periods of time. Consequently,
it was necessary to evaluate the load bearing capability of the Ti-6A1-4V
alloy. The results of these studies are reported in this section. A brief
description of apparatus and procedure 1s followed by the presentation of results

and interpretation,

Apggrétus. The experimental apparatus used consisted of several
creep machines which were modified to accommodate the large specimen employed

throughout the program.

Experimental Procedures. For each specimen, the stress employed was

105 ksi. Thus, it was not intended that a plot of gross stress versus time

be obtained but rather that the specimens be loaded to 105 ksi and held for

100 hours. If no failure occurred, the specimen was removed from the machine.
The procedure consisted of loading and aligning the specimen in

a machine, applying the load to yield a stress of 105 ksi, and taking a

measurement of flaw length immediately after the load was applied. Crack

length measurements were obtained at periodic intervals throughout a test

to ascertain if flaw growth was occurring.

Experimental Results. The test results show that the t/2 flaws 1in

the 0.040-inch thick parent and welded material did not exhibit flaw growth or
failure for 100 hours at a stress of 105 ksi for the air, inhibited water,
demineralized water, and Aerozine 50 tests. The specimens tested in salt-spray
air did exhibit slight flaw growth, generally less than 0.002 inch. This is
1llustrated in Table 42, where flaw length at time under load is listed for

the specimens tested in salt-spray air.



TABLE 42, SUSTAINED LOAD RESULTS FOR THE
SALT-SPRAY AIR TESTS

Specimen No. 4-34 Specimen No. 4-67 Specimen No. B 3-3 Specimen No. B 14-2
Normal t/7-Parent Normal t/2-Parent Normal t/2-Welded Normal t/2-Welded
Length Length Length
Time at of Time at of Time at Length of Time at of
Load, Crack, Load Crack, Load, Crack, Load, Crack,
hrs. inch hrs. inch hrs inch hrs. 1nch
0 0.0542 0 0.0555 0 0.0585 0 0.0542
4.5 0.0545 5.1 0.0554 4.3 0.0587 4.2 0.0548
6.8 0.0542 21.9 0.0560 6.9 0.0589 6.7 0.0546
23.9 0.0550 26.5 0.0561 24.1 0.0585 24.0 0 0549
28 2 0.0551 29.1 0.0575 28.2 0.0586 28.1 0.0547
31.1 0.0550 46 1 0.0579 30.8 0.0585 30 9 0.0542
47.6 0.0564  50.5 0.0575 47.7 0.0585 47 5 0.0542
51.8 0.0564 70.3 0.0572 52.0 0.0585 51.9 0.0542
54.8 0.0562 74.3 0.0579 54.8 0.0584 54.6 0.0548
75.0 0.0564 94.0 0 0579 73.6 0.0587 73.4 0.0545
100.0 0.0566 100 O 0.0576 97.7 0.0586 47.9 0.0542
119.6 0.0566 - -- 120.0 0.0591 120.0 0.0549

821



TABLE 42. Cont.

Specimen No. 4-59 Specimen No 4-538
Elongated-t/2 Parent Elongated t/2 Parent
Time at Length of Time at  Length of
load, . Crack, load, Crack,
hrs. inch hrs. inch
0 0.0987 0 0.0940
4.7 0.0982 5.4 0.0%44
7.1 0.0997 22.0 0.091
24.1 0.0997 26.5 0.0947
28.4 0.0993 29.3 0.0950
31.3 0.0993 46.0 0.0949
47.7 0.0993 " ' 50.7 0.0955
52.1 0.0996 72.7 0.0955
55.1 0.0996 74.5 0.0951
75.4 0.0997 94.2 0.0955
100.3 0.0999 100.0 0.0958
120.0 0.0997 -- -

621
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Interpretation. From the results of this section of the program one
can state that t/2 flaws that may escape detection during a proof test will
not cause failure from flaw growth under a sustained load of 105 ksi for up
to 100 hours. Experience with flaw growth in titanium alloys exposed to
various environmental conditions has indicated that failure usnally occurs
within the first 10 hours of loading. Consequently it appears that these
results show that sustained load will not be a problem in the five environments
studied. If more severe flaws can be expected after proof testing and inspection

some further study is advisable.

Concluding Discussion

This comprehensive experimental program has been carried out in a
relatively short period of time to provide data upon which to base a decision
whether to use cryogenic proof testing of IM tankage to eliminate smaller flaws.
Several kinds of studies including fracture tests, programmed fatigue tests and
sustained load tests were conducted on simple laboratory coupons containing
a variety of flaws. The data from the fracture tests clearly show that
SEE}}Ef_f}EYE_EEILjfi:iEETEEEEEg-by a cryogenic proof test when compared with
an air test. However, there is also some indication that certain moderately
severe flaws, that do not cause failure, do result in slow crack growth internally
(in the form of tunneling). Such growth may result in a more severe flaw for
a subsequent proof cycle or dgrlng simulated operating cycles. This condition
may be time dependent and was observed in cryogenic proof testing and also has
been observed in air proof testing. This behavior should be examined in greater
detail.

Proof testing appears to eliminate elongated flaws to a greater extent
than comparable depth normal flaws This probably results from the fact that
the elongated flaw has larger area that may grow to a critical size for fracture

to occur than has the normal flaw.
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Also of interest is the fact that during simulated operating cycles
the growth of the normal flaws (in terms of surface length) proceeds at a
more rapid rate than does the growth of elongated flaws. This has led to the
propagation of surface flaws to through type flaws that would cause leaks in
an IM tank. As a matter of interest with the elimination of large elongated

' ®

flaws by proof tests it appears quite likely that all remaining flaws, normal
or elongated, can be expected to grow by fhe fatigue mechanism. Some of these
will propagate through, and they may expect to be detected by leaks. It does
not appear that any will grow to a large enough size to cause fracture before
breakthrough. However, experiments to categorize the fracture strength of
various length through cracks appear in order together with fatigue crack
propagation under 105 ksi stress. Some through cracked samples should be
included in a limited study of sustained load behavior at a stress of 105 ksi.

The results and conclusions by rights certainly apply to flat sheet
specimens and are useful guides for the IM tankage. However, introduction of
the cylindrical surface of the tanks provides a different stress environment than
can be characterized by thin sheet specimens. One difference is in the biaxial
stress field in the tankage. Another is the panel curvature, and a third the
bending stresses near the flaw extremities. It is not expected that these
factors will negate conclusions from the sheet tests. Instead it is thought
that the added stress components will reduce critical flaw sizes below those
developed herein. Consequently examination of cylindrical shaped containers
has been suggested in the recommendations for further studies. These in general
would be small scale models of LM tankage.

Other recommendations also have been made for what are considered
useful experimental studies. All of these have been summarized in one of the

opening sections of the report.



APPENDIX A
COMPUTER PROGRAMS USED IN THE ANALYSIS OF
PROGRAMMED FATIGUE CRACK PROPAGATION DATA,
PROGRAM STRESS N USED FOR NORMAL FLAWS

PROGRAM STRESS E USED FOR ELONGATED FLAWS



000003

000003
000003
000n03
000003

000003
0gann3
000002

000003

000003
000003
000003
000003
0000173
anonn3
000007

006003
000017
000017
000n22
000027
00gn>s
000042
000042
000nsés
000065
000068
000070
000071
000072
000074
0000758
000100
000103
000104h
000124

000124
000141

00onlay
000154

OO0

100

105
103

120
130

150
170

185

190

200

PROGRAM STRESN (INPUT«OUTPUTPLOTsTAPESI=PLOT«TAPEAN=INPUT)
ARRAYS FOR PHICLC

NIMENSTION TWOCR( 15e6) 9y AREF( 15e6)s PHI{ 1546)
TNPUT
NIMENSION TWOC( 50+f)s NI S0eb)e SIGMAX( 6)y CONST( 6)
NIMENSTON MRt A) e SPECNI AYe IBLANKL 6)
DIMENSTON FTYPE { 3)s TU 6)
NIMENSION NRFF { F)s DPCONI( 1546)y KMAX( 1546)s LN2C(154+6)

CAl CULATED ARRAYS
ARRAYS FOR REGI

NIMENSION . Wi S501s ATEMP( 54S)s YREGH 50)
NIMENSION LTFEMP ¢ 18}y R{ 9)s BSIGI 5)
NIMENSION S ¢ S L2CR( 1546)
TEMPORARY ARRAYS FOR FINDING MAX AND MIN FOR PLOTS
NIMENSTON YTFMP( 300)e¢ YTEMP{ 300)
BRRAYS FOR PLOTTING
DIMENSION ¥ { SGYs YU 50) s BCO( 10}y CrARY 6)
REAL Ne¢ NREFs NREGy KMAXs LN2Cy L2CR
INTEGER SPECNs RCD, CHARe FTYPF
FXTERNAL FUNC
NATA TRLANK/ G#ZH  /
NATA NRFF/ E000100ae1504902004925049300,49350e440047
NATA NR/ S/ B -
INPUT

READ 100, FTYFE, KDFGv NSPFCs IPRINT

FORMAT (3A10. 2710 )

TF (FOFsAD) 105.108

CALL EXIT

N0 130 J=1«NSPFC

READ 110¢ SPECN(J)y N2CUJ)s T(D v SIGMAX(J)+ CONSTI(D)
FORMAT ( A10s I10s 3EY10,0 )

NUM = N2C(J)

READ 120, ( { TWOC(TeU)s N(Ted) Yo I=1eNUM )
FORMAT ( REln.0n )

CONTTNUE

TF ( IPRINT F0De 0 ) Go 10 220

NG 170 J=1.NSPFC

NP1 = N2C(J)+]

NO 180 I=NP1l.SnH

N(Ted) = 040

TWOC(I«JY = 0.n

CONT INUE
PRINT 180, FTYPEs ( ( TRLANK(J} s SPFCN(J) )s Js14NSPEC )
FORMAT ( 1H1. 44X'3A10v /e 6Xy sz @SPEFC N LY AlO.

AP+ #SPFC N 94 AlQs A2s ®SPEC N #4 AlQs A2y #SPEC N #,
Al10, A2, #SPEC N 4, Al0e APy @SPFC N o, 410 )

BRINT 194, (¢ TRLANMK{U) s SIGMAX(J) e J=1sNSPEC )

FORMAT ( 6Xs A2y #SIaMAXY 9, F10.3s A2¢ 9SIGMAY 5, E10.,3s A2,
#SIGMAX @y FIND,3¢ A2y #SIGMAX #4 F10s3s A7y #SIGMAX o,
E10.3¢ A2, »SIGMAX @y F10,3 )

PRINT 200, { TBILANK(J)s J=)1eNSPFC )

FORMAT ( 13Xs A(APs ©2CH#, TXxy #N#ye AY) )

-V



000154
000156
000175
000175
000177

nonz200 .

000201
0002013
000208

000?210
000212
000213
000214
000216
000217
000220
000221
000223
000224
000276
000232
000741
000244
000247

000264

000301
000308
000304
001307
00071}
000313
000314
000320
000324
000330
000334
0001338
0001337
000343

000344

000364
0007365

OOOOO0O0

Oo0nNn

?1an
?19
220

235

240
?50

260

270

1
1

1

no 219 I=1
ORINT 210,

CONTINYE
CcALL NAMpL

PLOT POINT oL OTS

NX = 1

NB = KDEG»
no 235 I=1
witl) = 1.

¥X0 = 20

Y0 2e0

XAX = Ben

YAX = feN

L =0

no 240 J=1
CtHAR(J) =

NUMR = N?C
no 240 I=1
L o= L+)

XTEMP (L)
YTEMP (L}
CALL SCALF
CALL SCALE
cALL AXIs

XTEMP (L +1) o+ XTEMP (L+2) +0)

CALL AXIS

WYTEMP(L+1) o YTEMP{L+2) s O)

CALL SYMRO
TTYPE = =}
ISW = 0

no 310 J=1
NUMR = N2C
no 270 1=}
X{(I) = N¢(1
y(l) = Two
X (NUMR+ 1)
Y {NUMR+1)
X (NUMR+2)
Y (NUMR+2)
CALL LINF
tF ( ISwW ,

CALL REG1Y

RSIG.
TF t 1ERR
PRINT 278,

-1

( ¢ TWOC({Tsd)s N(TsU)
FORMAT ( AXy 6(E12.44F6,092X)

T

SEY VARIABLFS FOR REG]

1
«50

SET AXTS VARIARLES

oNSPFC
J

J)

s NUMR

NiT.J)

TWOC(TsJ)

(XTEMP|XAXOL|I{
(YTEMPsYAX ol o1}

J31eNSPEC )

{ X0« Y0r24HCYCLES OF PROPAGATTIONs Noe=24484090e00

{X0 o Y0,s372HSURFACF CRACK LENGTHes 2Cs INCHES, 32:6.0990,

L (4.000e54014+FTYPEY0,0430)

+NSPEC
()

s NUUMR
WJ)
ClTe)

= YTFMP (L+2)

(XeYoNIIMR 414 ITYPE «CHAR(J)
Gn To 310

NE. 0 )

XTFMP (L+1)= XON#XTEMP (L +2)
YTFMP (Le1) = YORYTEMP ([ +2)
= XTEMP(L.+2)

)

FIMD BFST FIT CURVF FOR THTS SPECIMEN

(NXsMB g FUNPM ¢ NUMR s WY e X 4NX

Sy TERR)
«EQ0. 0
TERR.

| )

c0 To 280

J

s ATEMP 9 LTEMP 4B 4 YREGSSD

(4



000377 275 FORMAT ( # ERRNR#y Ig, & QCCURRFD DURING REGRESSION ®#, 2110 )
000377 CALL EXIT

000400 280 N0 290 I=1.NuMR
000407 290 TWOC(IsJ) = YRFG(I)
000412 NO 300 I=1.NR
0004173 Y8 = NREF (1) -
000415 TWOCR(TIs J) = B(1)+B(P)YR+R(IINYR##24R(4) »YBe#34A(S)#YRUuy
000434 300 N2CDMITed) = RI2)+YBo( 2,0%B(3)+3,048(4)aYB+4,0¢R(5)uyBayp )
000452 310 CONTINUE
000458 TF (ISW (FQe Y ) GO TO 340
000457 1F (1SW .EQ. 2 ) GO TO 400
(of
[of SET UP FOR LINF=POINT PLOT
c
000461 320 1TYPE = 0
000467 1SWw = 1}
000463 a0 TO 260
000464 460 CALL PLOT (11.000409=3)
c
C PLOT LNG OF 2C VS N
c
000467 L =0
000470 TSw = 2
000471 N0 350 J=l+NSPFC
000473 NUMR = N2C{J)
000475 NO 350 I=1sNUMR
000476 L= Let
000800 YTEMP (L) = ALLOGIO( TwWwOC(TsJ) )
000506 350 TWOC({IsJ) = AL0OGLIO( TWOC(Ted) )
000522 CALL SCALE (XTFMP,XAYsLel) -
000828 CALL SCALE (YTFMP,YAXsL el)
000830 FALL AXIS (X04Y0s24HCYCLES OF PROPAGATION, Ne=PboRo00N, Ny
1 XTEMP{L+1)Y o XTEMP (L +?) 00}
000545 cALL AXIS ( XOs« YN937HLOG SURFACE CRACK LENGTHs 2Cs INCHESs 37
1 60099000 YTEMP(L*1)Y4sYTFMP (1 +2)40)
000562 CALL SYMBOL (440¢0¢544144FTYPFo0.0s30)
000564 TTYPF = |
0nns67 60 To 260
000870 400 CALL PLOT (11409n,00=3)
C
c CALCULATE A REFERENCE, PHIs ANN xMaXx
C
000S73 S00 NO S10 J=1«NSPFC
000575 N0 510 I=1sNR
000576 S10 AREF(leJ) = TWOCR{Is J)/CONSTY)
000K12 CALL PHICLC (MR «NSPEC«TWOCRWAREF +PHY)
0004K15 N0 S20 J=)l«NSPFC
000417 NO 520 TI=z=1+NR
000620 S20 XKMAX(IeJd) = SIGMAX(J)/PHI(Is NH*SORT( 3.1415908REF(TeJd) 10141
c CAL CULATE LOG 2C REF AND D2CON
000443 NO S30 J=1+NSPFC
000A43 N0 530 I=1sNR
000K44 12CR(T9J) = ALOGIO( TWOCR(I4J) )
000454 TF € D2CONI(T4J) JLEs 04N ) DPCONI(IsJ)Y = 0000001}

200660 S3n |L02C(I+JY = ALOGYIN( NPCDN({Te ) )

£-v



eL0T LOG 2C REF VS LOG D?CDN

[eXele]

000877 L=20
0004873 NO 540 Ja) +NSPFC
000A”TS nNO S40 I=1eNR - -
000A75 L= L+l
000A77 XTEMP (L) = L2CR(Te
000707 540 YTEMP(L) = LD2C(Tsd)
oonTY2 CALL SCALF (XTFMP+XAYsl o1)
000715 CALL SCALE (YTFMP,YAYsLs1) .
000720 rALL AXIS ( X0e Y093AHLOG SURFACE CRACK LENGTHs 2Cs INCHESe=344 _
1 BalOoDeOsXTEMP (L e)l) s XTEMP (L +2)00)
000735 CALL AXIS ( X0e¢ YDolnH s 100604900 YTFMP (L)),
1 YTEMP (L+2) e 0)
000752 CALL SYMROL (4,000e5¢4143FTYPES0,0430)
000754 RCD(1) = 10HLOR SURFAC
0007560 RCD(2) = 10HF CRACK PR
000761 RCO(3) = 10HOPAGATION
000761 RCD(4) = 10HRATE. O(>C -
000764 RCD(8Y = Y10HY/NN,
000764 CALL SYMROL (e754240441464RCDs90,04465)
0007172 RCD(1) = 10HMICRO=~INCH
000774 ACD(2) = 1NHES PFR CYC - O, . — - -
000778 ACD(3) = 10HLF
Q00777 CALL SYMROL (1,4¢3+s0vel4+sRCDeG0¢0e¢22)- -
00t1no03 TTYPEF = 1
gn1ana 6§50 N0 600 J=1+NSPFC
g0inns N0 560 I=1,NR
0n1n07 X(1) = L2CR(T..1) - - .
001013 60 YII) = LD2C(Ts))
on1ny7 X(NR +1) = XTEMP{L+1)= XOUXTFMP (| +2) - -
001023 YINR +1) = YTFMP(L+1)= YO®YTFEMP{L+2)
001n27 X(NR +2) = XTFMP (L+?)
001n30 Y(NR +2) = YTFMP{L+?)
001032 CALL LINE (XaYoNR o1sITYPESCHAR(J) ) - -
001034 400 CONTINUE
onlﬂ‘bl CALL pLoT ( 11:000-0.'3)
001043 N0 675 J=1sNSPFC
001048 1F (XMQDF (Je3) FQs YV ) PRINT 660
001058 660 FORMAT ( 1H1)
001055 PRINT 670« SPECN(J)s { { TWOCR(IyJ)s NREF(I) o KMAX(IesJ)e
1 D2CNN(Ted) Yo I=1eNR )
0011058 AT0 FORMAT ( 1HOs 25X e#SPECIMEN NUMBFR @4,A104/% 33X. #2CREF#, 12X
1 WNRFF#y 12Xs “KMAX®, 10Xs #D2C/NN%s /s ( 28Xy E12440 4%
2 E12.49 4Xy F12a%9 46Xy Fl1Peb0e 4X )y )
001105 67% CONTINUE
[of
C PLOT LNAG(D2CDNY VS LOG(KMAX)
c
001110 I, 30
001111 NO 710 Js1WNSPFC
001112 NO 710 I=1eNR
0011113 A90 KMAX({I¢J) = ALNG1IO{ KMAX(I+J) )

01122 L =L+l

7-v



LT N N AR A

001122 L= Lel

001124 XTEMP (L) = LD2C(T+J)

001130 710 YTEMP(L) = KMAX({T«J)

001137 CALL SCALE (XTFMP4XAY4Ly1)

001142 FALL SCALF (YTFMP,YAXsLy1)

0n1148 RCD{1) = 10K

0n1147 CALL AXIS (XNeYOsRCDe=10s8e050e0sXTEMPIL+1) s XTEMP (L+2)+0)
001163 CALL AXIS (X0eY0eRCDs 10964049040y YTFMP (L +1) oYTEMP(L+2)+0)
001200 CALL SYMROL (440e0:5e¢,144FTYPE,0,0430)
001204 RCO(1) = 10HLOG STRESS

00120+ ACD(?) = 10H INTFNSITY

001207 ACD(3) = 10H FACTORs K

001211 CALL SYMBOL (47543404414 +48CD490,0430)
on1218 RCD{1) = 10KKST=SNRT (I

001217 ACD(2) = Y0HNCH)

NN1220 CALL SYMROL (1.4+s44094149BCD990eNs14)
0017724 RCD (1) = 10HLOG SURFaC

001226 RCD(?) = 10HF CRACK DR

001227 ACO(3) = 10HOPAGATION

00123 RCD(4) = 10HRATE D2C/

ony232 RCD(5) = 10HDN

001234 CALL SYMROL (3.0¢1444.1498CDsN,0442)
00124n RCD(1) = 10HMTCRO~INCH

001242 RCD(2) = 10KHFS PFR CYC

0n1243 ACD(3) = 10HLF —
00124% CALL SYMAROL (4.034754¢144ACD00.,0422)
001251 N0 730 J=1+NSPFC

0012513 no 720 I=1sNR

001254 X(I} = LD2C(Ts )

001260 720 Y(I) = KMAX({T+J)

001264 X{NR +1) = XTFMP(L+1)=X0#XTFMP(LL+2).
0061270 YINR +1) = YTFMB(L+1)=YORYTFMP(L+2)
001274 X(NR +2) = XTFMP(L+>)

001275 Y(NR +2) = YTFMP (L+?2)

001277 730 CALL LINF (XsYJNR 312 ITYPFZCHAR(Y) )
001304 CALL PLOT (1140s0.0s=3)

001310 GO0 T0 1

onl1311 END

C-V



PROGRAM STRESE (INPUT,0UTPUT,PLOT»TAPE99= =PLOT,TAPE6O0=INPUT)

C _ ARRAYS FOR PHICLC .. - _ .
000003 DIMENSION TWOCR( 1546}y AREF( 15,6), PHI( 15,6)
C _ INPUT o . R
000003 DIMENSION THOC( S0+6) s Nt 5096)s SIGMAX( 6)s AD( 6)
000003 _ DIMENSION _  N2¢cl . _6)s SPECN(___6)s IBLANK( ___6)y TWOCQ(._&) _
000003 DIMENSION FTYPE( 3y, T 6)
000003 __ DIMENSION _ NPEF ( B) s D2CON( 1556) ¢ KMAX( 1S596)y LD2C(1546)
[of CALCULATED ARRAYS
. C .. ARRAYS FOR REG} e e - -
000003 DIMENSION W 50)s ATEMP( 54,5)s YREG( SQ)
000003 DIMENSION ___ | LTEMP(__ ds)s BL. _______ 8)s BSIG(___ Sy . ____ _ . -
300003 DIMENSION St 5) L2CR( 154+6)
C TEMPORARY ARRAYS FOR FINDING MAX AND MIN FOR PLOTS
000003 DIMENSION XTEMP{  300)» YTEMP( 300)
C ARKAYS FOR PLOTTING _ Lo - .. ,
000003 DIMENSION A 50)s YU 50} BCD( 10)s CHAR( 6)
000003 _ REAL — Ny NREFs NREGe* KMAX»s. LD2Cs. L2CR .
000003 INTEGER SPECN, BCD, CHAR, FTYPE
000003 EXTERNAL . FUNC S I
000003 DATA IBLANK/ 6%2H
000003 VATA - NREF/ 50+9100¢9150092000125009300+935009400+7
000003 DATA NR/ 8/
c L L o o o B
C INPUT
C N - e e oL
000003 1 READ 100y FTYPE, KDEGsy NSPECy IPRINT
000017 100 FORMAT (3A10, 3110 ) e e el e eed e e e e
000017 IF (EOF,60) 105,108
. 000022 105 (ALL EXIT . e —
000023 108 DO 130 J=1, NSPEC
000025 READ 110y SPECN(J)y N2C(JYs T(J)- - »-SIGMAX{J)s -A0CU)- - .. _ e
000042 110 FORMAT ( Al0, 110, 3E10,0 )
000042 NUM = N2C(J) - e e e e e e e C e -
000044 READ 120s ( ( TWOC(Isd)s N(Lsd) )y 1= 1.NUM )
- 000065 . 120 FOKMAT ( BE1Q.0 ) —- — —_ e
000065 TWICO (J) = TWOC (1o )
000071 130 CONTINUE . e e eme e e -
000073 IF ( IPRINT +EQ, 0 ) GO TO 220
000074 R D0 170 J=leNSPEC - el el . e e o o -
000076 NPl = N2C(J)+1
000100 -- - D0 150 I=NP1450 o om0 - ——— —— o -
000101 N(Isd) = 0.0
000104 150 TWOC(IvJ) = 0.0 - .- .. C e eeme el Ll . - -
000107 170 CONTINUE
000112 - PRINT 1d0s FTYPEs ( ( IBLANK(J)s SPECN{J) ) -g=19NSPEC ) - -- —- - oo .
000130 180 FORMAT ( 1Hly 44Xx93A10, /v 6Xs A2y #SPEC N @y AlQ,
— ——— -1 A2y wSPEC N - &,- AlQy -A2,- #SPEC N - &, -Al10y A2, #SPEC N- By - —
2 AlOs A2y #SPEC N #, Algs A2y #SPEC N &, AlQ )
000130 PRINT 190s ( ( IBLANK(J)y SIGMAX(J) )y U=14NSPgC ) - o
000145 190 FORMAT ( 6Xs A2, #SIGMAX #y E10¢39s A2y ®SIGMAX %y E}Qe3y A2v
1 #SIGMAX  #y £10e3s A2y “SIGMAX @y E1043s A2y #SIGMAX o, __
2 E10.3. A2. #SIGMAX iy E10|3 } v

- 000145 - - PRINT 200y ( IBLANK(J)s -J=1yNSPEC )-  --- - -« o e
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100160 ___ _ 200 FORMAT. (_13Xs_ (A1 _#2Csy TXy _#N#y _8X) ) e e
100160 00 219 I=1,50
100162 ____ PRINT 21p» _TwOC(X9Jd)y NELeJd)_ J)s J=YNSPEC. Y . ... ... e
100201 210 FORMAT ( 8X» 6(512 G3F6ea0s2X) )
100201 ____ 219 CONTINUE . S . L _
100203 220 CALL NAMPLT
¢ e e e e o e
C PLOT POINT PLOTS
[
C
C - eoeeeoe . SET VARIABLES FOR_REGY _________.__ e e oo e el
C
100204 ____ NX =_1 -
)00205 NH = KDEG+1
00207 00 235 I=1450__ _____ N
)00211 235 WtI) = 1,
. C i - e e e e e e e e e -
c "SET AXIS VARIABLES
B .. C e e — R I
100214 X0 = 240
J00216 YO = 2600 . ... e e e e o I
100217 XAX = Be0
100220 ___ YAXR = 000 o e e .
100222 L =29
100223 . . U0 240 J=1sNSPEC e e -
100224 CHAR(J) = J
300225 _ NUMR = N2C(J) o o e oo e e
100227 DO €40 I=1,NUMR
100230 . L o= L+l _ i e e e e e e = m e —m e e e e JUR -
100232 XTEMP(L) = N(IsW)
100236 _ 240 _YTEMP(L) = _-TWOC(IsJ) ——
00245 250 CaLbL SCALE (XTEMPsXAXsL 1)
100250 - - CALL SCALE (YTEMPeYAX sl o1 )e con oo m o i emeem o2 el el e e el .
00253 CALL AXIS ( X0y YO0924HCYCLES OF PROPAGATIONs Ny=243840+0.0,
- 1 XTEMP L *1) o XTEMP{L+2)90) - .. .o . . __ R IS e -
00270 CALL AX[S (X0 » YUy32HSURFACE CRACK LENGTHY 2C. INCHES, 32-6 0190.
— 1 - o YTEMP(L1) o YTEMP(L+2) 00) -« —— — — —_— . e
100305 CALL SYMBOL (4. O-O.So.l‘nFTYPE 0. 0:30)
300311 - ITYPE = -1 - - - B e —— --- - - - - - - P T
00312 ISw = 0
00313 -. 260 D0 310 J=14NSPEC- - - . oo o L . e e e i e D e e
100315 NUMR = N2C(J)
100317 -~ DO 270 I=1yNUMR —— [,
100320 X(l)y = N(I,J)
100324 - -270 YHAI) = TWOC(Igd) --n oo o e oo e emel el e e e e
00330 X (NUMR+1) = XTEMP(L+l)=- xO“xTEMP(LoZ)
100334 - -- SYANUMR*1) = YTEMP(L+1)= YQO#YTEMP (L#2)-~ommmmm oo e o oo -
00340 XINUMRY2) = XTEMP(L+2)
200341 ———~——-~ Y (NUMR+2)- = -YTEMP (L +2) ———— e
300343 CabbL LEINE (XsYsNUMRs1,ITYPEsCHAR(J) )
100347 ———- -- - —-IF ( ISW NE, 0 ) GO TO 310 - - o e o h ol o e el - -
C FIND BEST FIT CURVE FOR THIS SPECIMEN
300350 -~--- -—-CALL-REGY (NXyNB9sFUNCyNUMRsWsY s XsNX -~y ATEMPsLTFMP 98 +YREGsSSDy - o oo -
1 BSIGy»S»1ERR)
300370 —— --IF ( IERK ,EQ. 0 ) GO TO 28¢0- P e S

L-V



000371
200403
200403
000404
000406
000416

000417 _

000421
000440
000456
000461
000463

000465
000466
000467
000470

000473
000474
000475
000477
000501
000502
000504
000512
000526
000531
000534

0060551

000566
000572
000573
000574

000577
000601
000602
000606
000610
000620
000624
000626
000627

000650

000652 -

[sKaX gl

cOo0

[aNekel

275

<80
291

300
31

320

3440

350

400

500

510

520

1
1

PRINT 275, .1

CALL EXIT

00 290 I=}yNU
TWOC(IyJ) = Y
DO 300 I=1,NR
YB = NREF (1)
TWUCR (1,4 J)
VPCON(LJ)
CONTINUE
IF (ISwW
IF (ISW

IEQI
«EQ.

ERRy__L»

MR
REG (1)

Joo -
FORMAT ( ® ERROR®s 15, & OCCURRED "DURING "REGRESSION ®, 2110 )

8(1)'B(Z)“YBoB(3)“YB°°2¢8(4)&YB#63.B(5)oYBaoa
B(2)+YB®( 2.,0%8(3)+3,0°8(4)®YB+*4,0*R(S)2YB*YB }

1
2

ITYPE = 0
ISw =1
L0 T0 260

CaLL PLOT_(11.

L =09 I
Isw = 2

DO 359 J=14NS
NUMR = N2C(J)

DO 350 I=1.NU
L= L+l

YTEMP (L) =
TWOCL(IeJ) =

CALL SCALE
CALL AXIS

CALL AXIS
60990600

X

Y} 60 TO 340. . ____
) GO TO 400

SET UP FOR LINE-POINT PLOT

0s0e0y=3)

PLOT LOG OF 2C. VS Noooo oo iiiin i o

PEC _ _ .

MR . . .

ALOG)Q{ -TWOC(I,J)

ALOGLO( TWOC(Isd) )
CALL SCALE (XTEMPyRAXyLyl)- -
(YTEMP s YAXsL11)

(X0sY0s24HCYCLES OF - PROPAGATION+-N1=2498.,09040
XTEMP (L*1) o XTEMP (L+2)90)

SURFACE CRACK LENGTH»

0s YU037HLOG

YTEMP UL +1) o YTEMP (L +2)40)

2C,

INCHESs 37

CALL SYMBUL (4¢0¢0.5+,14eFTYPE2040¢30)— . . ___

ITYPE =}
60 To 260

CALL PLUT (11

DO 510 J= lvNS
N0 510 I=1¢NR
oLTZ2C =
DLTA = DLT2C/
AREF ([4J) = A
caLt pPrlicLc -
D0 520 J=1,4NS
00 520 I=1+NR
KMAX(IvJ) =

DO 530 J=14NS
DO 530 I=1NR

e0y0Qe04=3)

CALCULATE A RtPERENCEo

PEC

2,

0(J)+OLTA
(NR

PEC

TWOCR(I,J)~ TWOCO(J)

PHIQ-

s NSPEC» TWOCR+AREF 4 PHI }——-

SIGMAX(J)/PHI(I-J)“SQRT( 3 14159“AREF(I;J)

CALCULATE LOG 2C REF AND O2CDN

PEC

AND KMAi

1#1,1
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0006S3. . _ _L2CR{Is+J)__= ALOGlO(_TWOCR(Isd}.) e e e e e e e e e e

000663 IF ( D2CON(IsJ) JLLE, 0.0 ) D2CON(I,J) = ,0000001

000667 __  930_LD2C(Isd) = ALOGLO¢ D2CON(Isd) )} -
C

. .C e . e __PLOT_LOG 2C REF_VS_LOG p2CON .. . N
C
000701 ____ . _L =0 ——— . e e e e e e e - . e -
00Q702 DO 540 J=1,NSPEC
000703 _, DO 540 1l=],NR _ B L . e e e o _ -
000704 L = Lsl
000706 XTEMP(L) = L2CR({I, N I . . R . -
300712 540 YTEMP (L) = LD2C({+J)
000721 __. CALL SUCALE (XTEMPeAAXgL oY), _ . . .. _— — e e = -
000724 CALL SCALE (YTEMPsYAXsL 1)
000727 B} CALL AXIS ( X0, Y0,36HLOG SURFACE CRACK_LENGTH, .2Cy INCHES, =36, _
1 Be0s0 09 XTEMP(L+1) o XTEMP(L+2)+0)
200744 CALL AXIS ( X0y YUs10H .. y 1096,0:90,0,yTEMP(Lel)y _ .-
1 YTEMP (L+2) +0)
000761 __. CALL SYMBOL (4.0+0.9:,142FTYPES0,0930) . . R, -
000765 BCL(1) = 1oHLOG SUKRFAC
000767 dCL(2) = 10HE CRACK PR .. _ _ . - e e e e e - e m——am = -
000770 BCU(3) = 10HOPAGATION
000772 ACL(4) = 1O0HRATE, v(2C el e e el e e o el - el
000773 BCO(5) = 10H) /DN,
000775 . CALL SYMBOL (.7952409.144BCDaG0,0049) . _ o o et e - - .
001001 BCU(1) = 1OHAMICRU=INCH
001003 gCu(2) = 10HES PER CYC ol L. el . e ..
001004 BCU(3) = 1OHLE -
001006 CALL SYMEOL (14413¢0904149BCD29040022) . L o _ o o o i it e 1
001012 ITYPE = 1} o
001013 ___ 550 00 600 J=1sNSPEC ... . - - .
001015 DO S60 I=14NR
pololse - X(I) = L2CR(I4d) - o o o e e e e o aee - e S
00y022 560 Y(I) = LD2C(1yJ)
001026 XINR  #1) = XTEMP(L41) o XOEXTEMP (Lo2 ) o momm o oo cocme o oo ameemm o ommeem -
001032 Y(NR +1) = YTEMP(L+*1)= YOH#YTEMP(L+2)
001036 - . - _X(NR_. +2) = XTEMP(L+2)—— — - —
001037 Y(NR +2) = YTeMP(L+2)
001041 - CALL LINE -(XsYsNR  slaITYPEWCHAR (J) dommo o oo it e e e e = -
001045 600 CONTINUE
001050 CALL PLOUT ( 11e0%0009%3) oo = o oo oo o el L miicl cmcien ool - - - -
001052 D0 675 U=1yNSPEC
001054— - — IF (XMOOF (Jy3) <EWe- 1) PRRINT-660 e
001064 660 FORMAT ( 1H1)
001064 - PRINT 0670, SPECN(J)s ( -(-TWOCR(I4J)-g- NREF {I)y- AREF (I 9d) s -KMAX(I4J)- —~ome -
«D2CON(I1d) )2 I=19NR )
001117 - —- 670 FORMAT [ 1HOs 25X94SPECIMEN NUMBER - 6,A10,/y-33Xy -92CREF0, 12Xy - - ccox o -
1 ONREF+®s 12Xy HAREF#9 12Xy #KMAX®910Xs+%D2C/DN®# /s (28X2EL124494Xs
- . ——— 2 El2,4y 4Xy E12,4, 4X9-E12,4, 64Xy E12,4--) fmm e e — e e s teeem e e - - - - -
001117 675 CONTINUE
B o - e e e e e em e il e . et e e i e el o el IO
C PLOT LOG(D2CDN) VS LOG(KMAX)
c - Cm e e - e mmmmmmmamee o e e cmcmmn e e e e e e = o - - -
001122 L=0

001123 —— DO 710 J=14NSPEC -




- . 2 El2,4y 44Xy E12,4y 4xy E12,44 84Xy El2,46-) <) —--- -- - e s
001117 675 CONTINUE

C - .. e e S
c - PLOT LOG(DZCDN) VS LOG(KMAX)

- -- C- - e e - e e e e e e e et emme e e e -

001122 L=2g

01123 ——— - . pO 710 J=1,NSPEC — —— — — e e o

001124 _ DO 710 I=1l«NR ____ _ - e e el

001125 690 KMAX(IsJ) = ALOG10O( KMAX(I:J) )

001134 L o= L+l : _ i .

u01136 XTEMP (L) = LD2C(I+J)

001142 710 YTEMP(L) = KMAX(I2J) I I - R .

001151 CALL SCALE (XTEMPyXAXyLel)

ng1154 CALL SCALE (YTEMPsIYAXsLe1) - — e e - -

JO1157 scL (1) = 10H

001161 CALL AXIS (X0,Y0,BCDy=10,8¢0,0¢0,XTEMP(L+1),XTEMP(L+2),0)

001175 CALL AXIS (X0,Y0sBLDy 109640,90.0sYTEMP(L+1) yYTEMP(L+2)+0)

001212 CALL SYMBOL {44090¢59.149FTYPEyQ40130} . o

901216 HCD (1) = 10HLOG STKRESS

201220 BCL{2) = 1oH INTENSITY e e e e e e e

001221 BCO(3) = 10H FACTUKs R

001223 CALL SYMBUL (+7543+09¢14,8C0,90.0,30) o

001227 BCD (1) = l1OHKSI-SQRT(I

001231 BCU(2) = 10HNCH) . _ o e I -

001232 CALL SYMHBOL (144 0-.14|BCD 90.0v14)

001236 BCU(1) = lOHLOL SUKRFAC _ __ ___ ~ e e e e .

001240 #CL(2) = joHE CRACK PR

0ulz24l BCL(3) = 1OHOPAGATION . J . . .

001243 8CU (4) = 10HRATE,U2C/

001244 BCU(5) = 1oHDN e e el

001246 CALL SYMgOL (3.0s1, 41.1408CD 0.0142)

001252 HCu (1) = 10HMICRO=INCH o - e e e e . - -

001254 BCD(2) = 1UHES PER CYC

001255 8CL(3) = 10HLE L il el N

001257 CALL SYMBOL (4. 09-759-1408CD 0 0'22)

001263 DO 730 J=1+NSPEC . e e e e e e e e _ -

001265 uo 720 I=1,NR

001266 Xtl) = LDEC(IsJ) e e - e e e - -

001272 720 Y(I) = KMAX(1,J)

001,76 KINK  *1) = XTEMP{L+1l)=X0®XTEMP(L*2) _ . e e e e e I R

001302 Y(NR 1) = YTEMP(L+l)ay o»yTEMP(L.Z)

001306 XANR +2) = XTEMPL*2) e .-

001307 YINR +2) = YTEMP(L+2)

001311 . T30 CALL LINE (X,Y,NR 41,ITYPE,CHAR(J) ) JR—

001320 CALL PLOT (11.0404049-3)

001322 GO To 1 G

001323 END

01-v



APPENDIX B

TABULATED COMPUTER INPUT AND RESULTS FOR PROGRAMMED
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0020 INCH NORMAL FLAW

SPEC N 2.20 T/4 SPEC N 2.y Ts2 SPEC N 2-.46 T/2 SPEC N 2.53 3T/4 SPEC N 2-9 3T/«

slomMax 0el05E+g6 SIGMAX 0«105E*06 SILMAX 0¢105E+06 SIGMAX 0+105E+06 SIGMAX 0+105E*Q6
2C N 2c N 2¢ N 2c N 2c N
0,1420E-01 0 0,2660€.01 0 0,2630€-01 0 0.4460E-01 0 0,4420E-01 0
Oela450E~0L lo0 0.2700E=01 40 0+2670E=01} 35 0.4520E-01 20 0.4450E-01 20
Uelagog=-01 29u 0.2720€=01 80 042760t=01 60 044540E~01 40 0.4520£-01 40
0el500E~U) 300 0.27¢0E-01 120 Ue2T60E-.01 90 0.4610E-01 690 0.4540E-01 60
0uolgloE=-01 400 0.2750E-01 160 0+.2820E~-01 120 0e4610E-01 80 0esh20E=01 <1]
. v 0,2770E.01 200 U,2820E-01 140 0,4620E-01 100 0,4630E-01 llg
. 0 0.2770E=-01 240 0+.2860E-01 190 0e4680E~01 120 0.4620E-01 130
. 0 0.27/80E~01 280 0.2830E“01 220 004800E"01 150 0.46?0t"‘01 150
. 0 0,2T80E.01 290 0,28%0k01 260 0,4790E-01 180 0,4080E-01 170
D 0 0.e8l0E~D1 330 De2930)E=01 300 0.4830E=01 200 0.4TTUE=DL 19p
. 0 0,2860E=01 370 0e2900E~01 330 0+44930£=01 240 0e4780E-01 2lyg
. 0 0,2880E.01 400 0,2910E-01 3600 0,4960E-01 260 0,4880E-01 2eq
. 0 . 0 0.2960E-01 390 0+5000E~01 280 0.4880E-01 27s
. 0 . 0 0.3000£~01 400 0«5070£~01 300 Qs6890L-01 308
. U o 1] . 0 0.5070E~01 320 0.4950E~01 330
. 0 . 1} . 0 OQSOQOE-OI 345 O.AQE,DE-OI 3&;5
. ¢ . 0 . 0 0,5150E-01 360 0,4960E-01 375
v 0 . 0 . 0 0+5230E-01} 390 0.4960t=01 399
. 0 . 0 . 0 0+5280E~01 400 0¢5600£=01 400
. 0 . 0 . 0 . 0 " 0
L] U ') 0 [] 0 . 0 . 0
. 0 N 0 . 0 . 0 . 0
. U . 0 L) 0 [ 0 . O
. 0 . 0 . 0 . 0 . 0
. v} o 0 . 0 . 0 . 0
. 0 . 0 . 0 . Q . 0
. 0 . 0 . 0 . 0 . 0
. 0 . 0 . 0 . 0 . 0
L 0 [ 0 . 0 . 0 [ ] 0
. 0 . 0 . 0 . 0 . 0
. [V} . 0 . 0 . 0 . 0
. 0 . 0 - 0 . 0 . 0
. 0 . 0 . 0 . 0 . 0
. 0 . 0 . 0 . Q . 0
. 0 . 0 . 0 . 0 . 0
. [V} . 0 . 0 . 0 . 0
. 0 . 0 . 0 . 0 . 0
. Q . (1} . 0 . 0 » 0
. 0 R 0 . 0 . 0 . 0
. U . 0 . 0 o 0 . 0
. 0 o 0 . 0 o 0 N 0
. 0 . 0 N 0 . 0 . 0
. 0 L] 0 L] o . 0 . 0
o 0 . b} . 0 . 0 . 1]
. 0 A 4] . 0 . 0 B 0
. 0 . 0 . 0 . 0 R 0
. 0 . 0 [ ] 0 [ O - 0
. 0 . 0 . 0 . 0 . 0
. 0 . 0 . 0 . 0 . 0
. 0 . 0 . ] . - 0 . 0
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2CREF
0,1434E-01
0.1490E-01
0,1466E-01
0,1480E-01
0.1491E-01
0,1500E-01
0,1506E-01
0.1510E=01

SPECIMEN NUMBER 2-X

2CREF

0,2701E-01
0.27127E-01
0.,2744E=01
0,2758E-01
0.2772E=01
0,2793E-01
0.2829€-01
0,2885E-01

SPECIMEN NUMBER

2CREF
0,2720E-01
0.2T86E-01
0.2827E-01
0,2850E-01
0.2806E=01)
0,2884E-01
0.2920E-01
0.,2986E-01

SPECIMEN NUMBER 2-20 T/4

NREF
0,5000E402
1.0000E+02
0,1500E+03
0,2000E+03
0.2500E+03
0,3000¢+03
0,3500E+03
0.,4000E+03

T/72
NREF
0,5000g+02
1.0000E+02
0.1500£+03
0.2000E.03
0,2500E+03
0,3000E.03
0.3500E+03
0.,4000g+03

2-46 T/2

NREF
0,5000E+02
1.0000E+02
0,1500€+03
0,2000E.03
0.2500E+03
0,3000£+03
0+3500E+03
0,4000E£+03

KMAX
0.1091E405
0.1097E+05
0.1103E+0%
0.1108E+05
0.1112E+05
0.1116E+05
0,1118E+05
0,1119E+05

KMAX
0.,1497E+05
0.1504E+05
0.1509E+05
0,1512E405
0.1516E+05
0.1522E+05
N.1532E+05
0.1547E+05

KMAX
0,1502E405
0.1520E+05
0.1531E+05
0,1538E405
0e1542E+05
0.1547E+05
001556E‘05
0.1574E+05

pa2c/oN
0.3083E-05
0+3250E-05
0+3042E=05
0.2583E-05
0+2000E~05
0.1417L-05
0.9583E-06
0.7500E=06

D2C/ON
0.6364E-05
0.42115’05
0.2894E-05
0.2560E-05
003359E-05
0,5436E-05
0.8941E-05
0.,1402E-04

p2C/DN
0,1614E-04
0e1043E=04
0.pl01k-05
0,3513E-05
0-3012E’05
0.4946E-05
0+9664E=-05
0s1751t=-04

¢-d



SPECIMEN NUMBER

2CREF
0,4563E-01
0.4658E~01
0,4754E-01
0,4848E«01
0.4940E=-01
0,5033g-01
0.5136E-01
0e5263E-01

SPECIMEN NyUMBER

2CREF
004521E'01
0.4605E~01
0,4686E=-01
0,4765E-01
0.4841E-0]
0.4905E£-01
0.4959€.01

253 3T/4

NREF
0,5000E+02
1.0000E+02
0.1500E603
0,2000E+03
0.2500E+03
0.,3000E+03
0,3500E403
0.4000E+03

3774
NREF
0.5000g+02
1,0000E+02
0,1500E+03
0,2000E+03
0.2500E+03
0,3000€+03
0.3500E403
0,4000E+03

KMA X
0.1946E+05
0.1966E+05
0.1986E+05
0,2005E405
0.2024E+05
0.2043E+05
0,2064E405
0.2089E+05

KMAX

0.1937£4+05
0+1955E+05
0.1972E+05
0.198BE+05
0+2004E+05
0.2018E+05
04202BE+05
0.2032E+05

D2C/DN
0.1829E-04
0.1936E-04
0.1913E-04
0.1847E~04
0+1824E=-04
0.1930L'04
0,2251E-04
0.2873E-04

D2C/DN
001789E-04
0+1635E=-04
0.1589E-04
0.1563E-04
0e1469E~-04
0.1219E=-04
0«7245E-05
1.0000E-07

£-4d



WELD 0,020 AIR TESTy N FLAW
SPEC N AB=5 T/4N SPEC N AT=1 T/2N SPEC N AS=)1 T/2N SPEC N A2~) 3T/4N SPEC N A3-S5 3T/4N

SIGHMAX 0.105€+06 SIGMAX 0.105E«06 SIGMAX 0.105E+06 SIGMAX 0+105E+06 SIGMAX 0,105E4+06
N N 2C N

2c N 2C 2c N 2c
0.,1320€E~01 2 0.2940E=-01 5 0,2860E~01 10 0,4110E-01 20 0¢4040E-0] 10
0.1340£-01 50 0.2940E-01 25 0,2880E=01 35 0.4170E-01 65 0+4080E~01 30
0.1380F-01 100 0.2940E-01 50 0.2940E-01 70 0+4200E=-01} 115 04090E-01 50
0.1380E-01 180 0.2940£~01 75 0,2970E-01 100 0.4210E~01 140 0.4130E~01 75

0.1380E-01 205 042940E-~01 110 0.2980€E=-01 125 0.4240E-01 165 0.4180E~01 125
0.1389E~-01 230 0.2940£~01 150 0.3010E~01 150 0.4240E~-01 190 0+4330E-01 200
0.1390E~01 260 042940E=~01 175 0.3020E-01 175 0.4290E=-01 215 0.4350E-01 225
0.1390€=-01 290 0.2950£~01 200 0.3040E=-01 200 0,4310€-01 240 0e4440E-01 250
0,1400E-01 315 0.2900£-01 225 0.3040E-01 225 0.4390E=-01 265 0¢4460E«01 275
G.1410E-01 345 0.2960€-01 250 0,3060E-01} 250 0.4390E=-01 290 0.4480E-01 300
0.1410E=01 375 0.3000E-01 275 0.3070€E~01 275 0,4440E=0) 315 0+44540E-01 325
0.1420E~01 400 0.3100£~-01 300 0+3090E~01 300 0.4480E-01 345 0+4570E-01 350

D. 0 0.3150€£~0} 350 0.3100E~01 325 0,4520E-01 370 0.4580E~-01 375
0. 90 0.3150E~01 375 0.3100E=01 350 0.4580E=-01 400 044680E~0) 400
0. 0 0.3150E-01 _ 400 0.3100E~01 375 0. 0 Oe 0
Q. 0 Oe 0 0.3100E~01 400 0. 0 Oe 0
0. 0 0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 Oe 0 Oe 0
0. 0 0. 0 0. 0 Oe 0 Oe 0
0. 0 0. 0 0. 0 0. 0 Oe i 0
0. 0 0. 0 __ 0, 0 0. 0 0e 0
O 0 0. 0 0, 0 0. 0 0. 0
0. 0 0. 0 0. 0 Q. 0 Oe 0
0. 0 0. 0 0. 0 0. 0 Oe 0
0. 0 O _ 0 0- 0 00 0 Oe 0
0. 0 O 0 0. 0 0. 0 O 0
0. 0 Oe - I 0 ___0. e . 0 0. _ . 0 0. 0
0. 0 O 0 0, 0 0. . 0 O 0
0. 0 0. 0 0. 0 0. 0 Os 0
0. 0 0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 0. 0 0« 0
0. 0 0. 0 0. 0 0. 0 O 0
0. 0 0o _ 0 0. N 0 _ 0e 0 0e 0
0. 0 0. 0 0. 0 0. 0 0a 0
0. 0 O 0 0. 0 Oe 0 0o 0
0. ] 0. 0 0. 0 0. 0 Oe 0
0. 0 0. 0 0, 0 Oe 0 0 0
0. 0 0. 0 0- 0 0. 0 0‘ 0
0. 0 Oe 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 [ 0 0o 0
0. 0 0. 0 0. 0 Q. 0 O« 0
0. 0 0. 0 0. 0 Q. 0 Oe 0
0. 0 0. 0 0. 0 0. 0 Oe 0
0. 0 0. 0 0. 0 0. 0 Oe 0
0. O 0. 0 0- - o 0. o 0 0‘ 0
0, 0 0. 0 0. 0 0. 0 O« 0
0. 0 O 0 Q. 0 0. 0 Oe 0
Q. 0 Oe 0 0. 0 0. 0 Oe 0
0. 0 0. 0 0. 0 Oe 0 0. 0
0. 0 0. 0 0. 0 0. 0 0. 0
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SPECIMEN NUMBER A8=5 T/4N
2CREF NREF
0,1351E-01 0.5000E+02
0e¢1369g-~01 0,1000E+03
0.1377E-01 0.1500E+03
0.1381E~-01 0.,2000E+03
0.1387E-01 0.2500E+03
041395g=~01 0.3000E+03
0e41407E=-01 0,3500€+03
0.1420E~01 0,4000E+03
SPECIMEN NUMBER AT=1 T/2N
2CREF NREF
062952E=01 0.5000E+02
042938E-~01 0,1000E+03
0.2920E=01 0.,1500E+03
0.2941E-01 0,2000E+03
0.3067E~01 0.3000E+03
0.3154F=01 0.4000E+03
SPECTMEN NUMHER AS=1 T/2N
2CREF NREF
0.2913F=01 0.,5000E+02
0.2965€-01 0.1000E+03
043004E-01 0.1500E+03
0.3035€~01 0,2000E+03
043062E=U1 __ 042500E+03
0.3085E£=-01 0.3000E+03
0.3101E=-01 0.3500E+03
0.3100E-01 0.4000E+03

KMAX
0.1055E+05
0.1062E+05

041065E+05

0.1066E+05
0.+1068E+0S
0.1072E+05
0.1076E+05
0.1081E+05

KMAX
0.1559E+05
0.1555E+05
0.1552€E+05
041556E+05
041569E+05
0.1589E+05
0.1607E+05
0.1611E+05

KMAX
0.1549E+05
0.1562E+05
0.1573E+05
0.,1581E+05
N+ 1588E+05
0e1594E+05
0.,1598E+05
0«1597€+05

D2C/0N
0.5116E=05
0.2340E=05
0.1053E=-05

0+8454E=06

0+1306E~05
0.2025€E~05
0.2593€~05
0.2598E-05

D2C/DN
0.1000E=-06
0.1000E~06
0.1000E~06
0.6628E~05
0.131GE~04
0.1576E-04
0e 10‘)5E"04
0.1000E~06

D2C/ON
O.IZbOE-Oa
0.8774E=0S
0e6T56E=-05
0.5798BE~05
0.5146E=-05
0.4045E=05
0.1742E=05
0.1000E=~06

c-4



i3

SPECIMEN NUMBER A2=~1 3T/4N
2CREF NREF
0.4148E=01 0.5000E+02
0.4187E~01 0.1000E+03
0.4223E=-01 041500E+03
0,4270E=-01 0.,2000E£+03
0.4334E-01 0.2500E+03
0.4412€-01 0,3000E+03
0.46497E=~01 0.3500E+03
044572E~01 0.4000E+03
SPECIMEN NUMBER A3=5 3T/4N
2CREF NREF
0.4087E=-01 0.5000E+02
0e4157E-01 0.1000E+03
044242F=-01 0,1500E+03
0.4329F~01 0.2000E+03
0.4412E~01 0.2500E+03
0+4490E=01 043000E+03
044569E=0} 0.3500E+03
0.4661E=01 0.4000E+03

KMAX
0.1848E+(05
041857E+05
0.1865E+05
0.1875E+05
0.1889E+05
0.1906E+05
0e1924E+0S
0,1940E+05

KMAX
0.1834E+05
0.1850E+05
0e1869E+05
0.18848E+05
0.1906E4+05
041923E+05
0.1940E+05
0-1959E*05

D2C/ON
0.9395E~05
0.6992€E~05
0.8011E-05
0.1097E-04
0.1438E~04
0.1677E-04
0.1665E=04
0.1253E~04

02C/DN
0.1153E-04
0.1603E~04
0.1748E-04
0.1708E~04
0.1600E~04
041545E~04
0.1662E=04
0.206BE=-04
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0,020 INCH ELONGATED FLAW
SPEC N 7=14 T/2 F SPFC N »=17 T/2 E°

SIGMaX 0-.105E+06 SIGMAX 0.105E+06
2c N 2¢c N

0.4340F-01 0 044560F=01 0
0.4340F~-01 20 Ne4S10F=-01 3
0.4350F=01 40 0.4500F=01 20
0,43A0F=01 60 0445906=01 40
0.4410F=01 A0 0.4610F=-01 R0 SPECTMEN NUUMBER 2=14 T/2 E
0.4610F=01 100 Ne6580F=01 120 2CRFF NREF AREF KMax D2C/DN
0.4430F-01 12 0e4630F= «4362F=0 0.5000E+02 0,1031E~01 041741E+05 0+7036E-05
0.66107=01 148 n.ne?or-gi égg 8.42025-0} 0.1000E+03 0.1051E=01 0,1753E+05 0«8558E=-05
0.66e0F=01 160 0.6680F=01 230 0.6466F=01 0.1500E+03 0.1072E=-01 0.1766E+05 047977€-05
0.6470F=01 180 0.4690GF=01 280 0e4681F=01 0.2000E+03 0.1090E~01 0.1777E+05 0+6550E~05
0.44706F=01 200 0.46760F=01 310 0.4510F=01 0.2500E+03 0.110SE-01 0.1786E+05 0+45535€~05
0.4800F=01 220 Ne4770F=01 340 0.6539F=01 0.3000F+03 0.1119€=01 0.1795E+05 0.6189€-05
0.4500F=01 2490 n.4850FE=01 370 0.4577F=01 0.3500F+03 0.,1139E=-01 0.1806E+05 0.9770E~05
0.45402-01 260 Ne4870F-01 400 044643F=01 0,4000£+03 0.1172€-01 0.1825€+05 0.1753E-04
0.4540€-01  2A0 De 0
0.45307F=01 300 e Q SPECIMEN NUMBER 2=17 T/2 E
0.4550F=-01 320 0 0 2CRFF NREF AREF KMAX D2C/0ON
0.,4550=01 34 e 0 0+46557F=01 0.5000E+02 0.,1038E-01 0.1762E405 0+ TH66F=05
0.45302=-01 340 O 0 0e4592F=01 0+1000F+03 0.1056E=01 0s1774E+05 0+662BE=-05
0.4630F-01 380 O 0 0e6H26F=01 0.1500E+03 0.3072E=01 0.1783E+05 0.6176E-05
0.0640F=01 400 0. 0 e 4655F=01 0+2000E+03 0.108BE=-01 0.1793€E+05 0.6510E-05
0. ) 0e 0 0+4691F=01 0+2500E+03 0.1105E=01 0.1804E+05 0+7831E-05
0. b 0, 0 0.4735E=01 043000E+03 0.1128E=01 0.1817E+05 041034E=04
Q. 0 0 0 0s4796E=01 0.3500E+03 0.1158E=-01 0.1835E+05 0.1423E=-04
0. 0 0. 0 0.4880E=-01 0.4000E+03 0.1200E=01 0.1860E+05 0+1972E-06 .|
0. Q 0 0
0. O 0. 0
O 0 0e 0
0. 0 Ne 0
0. 0 0 0
O. 0 0. 0
0. 0 0 0
0. 0 0 0
G. 0 0e 0
0. 0 D 0
0. 0 Na 0
0. 0 0. 0
o, 0 0 0
0. 0 Do 0
0. 0 e 0
0. 0 0 0
0. 0 0e 0
0. 0 0. 0
0. 0 0. 0
Oo O 00 0
0. 0 04 0
0. 0 0o 0
0. 0 O 0
0. 0 0. 0
0. 0 00 0



SPEC N arl-6
0.1065£+06

2cC

0.38~0FE=01
0.3870F=01
0.3840£-01
0.3880F=01
0.3890Q0E=01
0.3490F~01
0.3490F=01
0.3900F«01
0.3910€-01
0.3910F=01
0.3910E-01
043920E~01
J.3620E=01
Q.

T/2E

N
0
22
40
65
90
125
175
200
225
240
320
355

+
o
=3

COV OOV ODODUOOIDIIDIOODOIDDOODOODIDDLODOILOCIDC

SPEC N
SIGMAX

2c
0+3980E~01
0.39807=01
0.3980E~01
0+3980F=01
0.4080E-01
0.4200E=-01
0.4280F=01
0.4280E=01
0.4280E=-01
0.4320E-01
0.
0.
0.
O
0.
De
[V
0.
0.
0.
0.
O
0«
118
0.
Oe
0.
VIS
[
Qe
[V
0.
0.
O
0.
(1S
0.
O
0.
0.
0.
0.
0.
[V
0.
0.
O
O
0.

0020 INCH WELD TEST»
A10-2 T/2E

0«105E+06

N
0
50
100
125

COO0OO0OO0OOOODOODTOOOTOITODOOOODODOODOODODTIDOODO

-

SPECIMEN NUMBER

2CREF
0.3879€-01
0.3889£-01
0+3B8S54E~01
0.3899£=-01
0+3905€E=-01
0.3912F=01
0.3918g-01
0.3920E-01

SPECIMEN NUMBER

2CREF
063928E~01
0.3988F=01
0.4097€-01
0.4199E-01
0.4266F~01
0e4290E~01
0e4291E~01
0.4314E~01

E FLaw

AT=4 T/2E

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.2000E+03
0.2500E+03
0.3000E+03
0.3500E+03
0.4000F+03

Al0-2 T/2E

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.2000E+03
0.2500F+03
0+3000E+03
0+3500E+03
0.4000E+03

AREF

0.1019E=-01
0,1024E-01
0.1027E-01
041030E-01
041033E=01
0+1036€-01
0+1039E~01
0,1040£~01

AREF
0.9941E-02
0.1024E=-01
0.1078E=-01
0.1130E=01
0.1163€E-01
0.1175E-01
0¢1176E~01
0.1187€E=01

KMAX
0+16B4E+Q5S
0.1687E+05
0.1689E+05
041690E+05
0,1692E+05
041694E+05
0+1696E4+05
0.1696E+05

KMAX
0+1680E+05
0,1699E+05
0.1731E+05
0.1761E+05
0.1780E+05
0.1787E+05
0.1787E+05
0.1794E+05

Da2c/oN
0.2552E-05
0.1408E-05
0.1021E-05
0.1085£~05
041291E-05
0.1331E~05
0.8357E-06
0.1000E-06

D2C/DN
0.2208E-05
0.1911E-04
0¢2254E~04
0el745E~04
0+8789E-05
0.1499E-05
045337€E-06
041084E=04

8-d



«040 INCH NORMAL FLAW
SPEC N 4~62 T/2 SPEC N 4~64 T/2 SPEC N 4-100 3T/4 SPEC N 4=115 3T/%
sigMax 0.105€+06 SIGMAX 0.105E+06 SIGMAX 0.105g+06 SIGMAX 0.,105+06

2C N - N 2C N 2¢c N
0.5880E~01 0 0.5870E-01 0 0.8130E~01 ] 0.8360E~01 0
0s5880E-01 20 0,5990E=-01 30 0.8160E-01 20 0.8410E-01 10
0,5890E-01 4Q 0,5970E-01 50 0,8200E~01 40 0,8600E-01 50
0+5950£-01 70 0.5990E-01 80 0.8240E=-01 60 0.8690E-01 70
0e5590E=01 90 0.6020E-01 100 0.8350E-01 80 0+8760E-01 90
U,6000E-01 110 0,6060E-01] 130 0,8420E-01 105 0,8800E-01 1lo
0eb0l0E-01 130 0.6090E=01 185 0e8490E-01 120 0.8900E~01 130
Uenl00E-01 150 0.6100g=01 190 048530L-01 137 0.9020g-01 150
U,6160E-01 1890 0,6150E-01 220 0,8580E~01 160 0.9100E-01 170
0e6200E=01 210 0.6120E=01 240 0+8640E=p] 180 De9120E-01 190
0e6190e-01 240 0.6170g=-01 270 0.8710£-01 200 09190g=-01 2lo
Ve6190E=-01 270 0.6210E~0) 290 0«8790E=01 230 0+9270E-01 230
0e6260E=-01 300 0,6230E=01 310 0.8930£~01 260 0+9360E-01 250
0,6280E-01 330 0,6¢70E.01 330 0,8950E.01 290 0.9390E-01 270
0+6320E-01 369 0.6240E=01 350 0.8970E-01 308 0+9390E-01 290
0e6360E-01 3480 0.6280E-01 370 0.8980E-01 32y 0+9490E=01 310
0,6350E.01 400 0,6330E-01 390 0.,9140E=01 355 0,9630E=-01 330

. 0,6320E-01 400 0e9230E-01 375 0.9710E-01 350
. 0.9240£-01 390 0e9740E-01 370

0,9230£-01 400 0,9800E-01 390

. 0.9810E-01 400

® 8 ® & 6 % © 8 ® 6 @ 6 & © % & @ & 4 & 4 ® o & 0 9 6% 9 00 o

C OO OO OO OO0 CCOCCOLOOOOCOOCOoODOOO

® @ ® & 9 ¢ © 8 & 6 ¢ @ % & O 9 O ° 6 0 S * ¢ 6 o e v 6 B o

COQOCODOO0OO0OOOO0OOOCOO0OCOOCOUOO0ODOO0OO0CO

[~NeNoReoloNol-feNoNoNoRolleNe oo NelloNoNeleNe ol Nl Nl el

DOCOCO0OO0OD0DO0O0O0O0O0OOCCOOQOOO0OO0O0ODOOLOOQCO
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SPECIMEN NUMSER

dCREF
0,99132-01
04D994E-01
0.60835-01
0,5100E-01
0.6¢]15E-01
0,6255E-01
0.6297€~01
0,0372E-01

SPECIMEN NUMBER

2CREF
0.5974E-Q]
9,6032E-01
0.6076E~-01
0,94c0:-01
0,01645=-01
00,6214 =01
Uabd68E~01
0,6324E=-01

SPECIMEN NUMBER

Z2UREF
0.8240E-¢1
0,33936=01
0.,85038~01
N.8716E~01
0.8852E-01
D.H8976E-01
0.9104E5-01
0,9267E~-01

SPECIMEN NUMBER

2LREF
00,0596 -01
0.8803E=01
debY89~01
0,9162E-01
0e9330E=-01
0.9495¢-01
0,90663E=-01
0,9833€E-01

4=62 T/2
NREF
0.5000E.02

1.00008+02
0.,1500E+03
0.,2000E+03
0.2500E+03
0,3000£+03
0.3500E+03
0.4000E+03

4=646 T/2

NREF
0.5000€E+02
1,0000E+02
0.1500£+03
0.2000E+03
0e2200E403
0.3000E+03
0.,4000£+03

4~100 3T/4

NREF

0-50005*02
1.0000E+02
0a1500E+03
0.2000E+03
0,2500E+03
Ue3000E+03
0,3500E+03
0,4000E+03

4=-115 37/4

NREF
0.5000g+02
1.0000E+02
0.1500E+03
0,2000E+03
02500403
0.3000E+03
0.3500E+03
0.,4000E+03

KMAX
0.2215E+05
0.2230E+05
0.22646£+05
0.2261E405
02271k +05
0.2278E+05
0.2286E405
0+2299E+05

KMAX
0«2226E+05
0.,2237E+05
0e2245E+05
0.2253E+05
0.2261E+05
0«2270E+05
0.2280E+05
042290E+05

KMAxX
0+2615E+05
0.2639L+05
0«2665E+05
0.2689E+05
0.,2710E+05
0.2729E4+05
N.2748E+05
0.,2773E+05

KMA X
0.2670E+05
0.2702E+05
0.2731E+05
0.,2757E+05
0+2782E+05
0.2807E+05
0.2831E+05
0.2856E+05

D2C/DN
0.,1331k.04
0-1793E-04
0.1705E-04
0.1325E-04
0+9156L~05
0+7364E~05
0.1048E-04
0.2112t-04

D2C/DN
0.1373E-04
0.,1010k-04
0.8554E=-05
0.8493E=-05
0.9310E-05
0.1040E~04
0¢1116E-04
041098E-04

D2C/0N
02904E~04
0.3306L~04
0.3225E-04
0+28396E-04
0.2558L-04
0+24466E=04

D2C/UN
0,4402E=-04
043897E=04
043571t=-04
0.3390E~04
0¢3319E~04
0.3325E-04
0.3372E~04
0¢3426E~04

01-4



WELD 0,040 AIR TESTy N FLAW

SPEC N 812~) T/4N SPEC N RB=2 T/4N SPEC N B23-1 T/2N SPEC N B24=4 T/2N SPEC N B22=5T3/4N SPEC N B8=3 3T/4N
SIoMAX 0.105E+06 SIGMAX 0¢105E+06 SIGMAX 0+105E+06 SIGMAX 0«10SE+06 SIGMAX 0.105E«06 SIGMAX 0.1052+C06
2cC N 2c N 2C N 2c¢ N 2c N 2c N
0.2850E=01 10 0.2790E=01 5 0.5470E~01 2 0.5780E~01 10 0.8570E=01 2 08640E=-0} 0
0.2840E-01 50 042830E=-01 50 0.547TUE~01 20 0.5790E-01 55 0.8550E~01 40 048730£=01 20
0.2850E£~01 125 0.2840E=01 100 0¢5500E=01 40 0.5860E=01 100 08750E=01 70 0.8800E-01 35
0.72850E=01 200 042890E~01 150 0¢5490E=01 60 0.5910E-01 125 0.9050E~01 100 0.8930F=-C1 50
0.23970€6=-01 215 0e2940E=01 200 0.5500e-01 80 0.5960E=-01 150 0+9210E~01 130 0e8940E-01) 65
0.2H90E-01 350 0e2920E-01 250 0.5560E=-01 105 0.5980E~01 175 0+49440E~01 160 0e9140£-01 25
0,2920E-01 «00 042940£=01 300 0.5580£=-01 130 0.6020E-~01 200 0.96500-01 190 0.91400-01 100
. 0 042970E-01 350 045620E-~01 160 045970E=~01 225 0e3650E~01 220 0¢5230E~01 115
0. 0 0«2980E=01} 400 0.5680E=-01 215 0.6080E-01 250 09820E-01? 235 09310E~01 130
0. 0 O 0 045690£~01 250 0.6000E~01 275 0.1012€E+0¢ 250 0e9360%-01 145
0. b} O 0 045710E~01 2790 0¢6030E~C] 300 Cel020Ee00 280 094902~01 175
0. 9 Oe 0 0e45750E=01 290 0.0120E-01 325 0.1035E«C0 310 0¢95505-01 199
0. 0 O 0 0.5770E-01 310 0.6260E=01 350 0¢1061E+00 340 0eS50E-CL 2056
O D] ' ] 0.5820£=01 340 0.6300E=01 375 0«1063E+00 370 049750E-01 225
0. 9 Oe 0 0.5840E-01 3n0 0e6300E=01 400 0«1084E«00 400 0eS79CE~C) 259
0. a Oe 0 0«5840E=01 380 0 0 O 0 0e98,0E-01 290
0. s} 0o 0 0.,5880E=01 «00 0. 0 Oe 0 0a9V20E~C]) 249%
On 0 0- 0 00 0 0- 0 0- O Oqu/vOE"Ol 310
0. 0 Oe 0 0, 0 Q. 0 O 0 0e1006L+C0 33s
0. 0 0. 0 0, 0 0. 0 Oe 0 061009E+00 35¢
0. )] O Q ' 0 0. 0 Qe ] 0e1017E+0Q0 345
0. 0 0 0 Oe 0 0. 0 /IS 0 0e¢10¢9E+0Q 3a0
0. 0 0. 0 0. 0 O 0 O 0 0e1041E+09 400
0. 0 0e 0 0. 0 0. 0 G 0 Oe 0
0. 0 Ne 0 0. 0 0. 0 [V} 0 Oe 0
0. 0 0 0 0. 0 0. 0 Oe 0 Oe 0
0. 0 0o 0 0. 0 C. 0 Oe 0 O 0
0. 0 0. 0 0. 0 0. 0 Qe Q O 0
0. 0 0 0 0. 0 0. 0 O« 0 Oe 0
0. 0 0. 0 Oe 0 0, 0 0. 0 O« [o]
0. 0 0« 0 0 0 0. 0 0. 0 0. o]
O, 0 /IS 0 Q. 0 0e 0 O 0 O« 0
0. 0 Oe 0 0, 0 0. 0 [V 0 O Q
O 0 ' 0 Oe 0 0. 0 O 0 Qo o]
0. 0 Oe 0 0. 0 0. 0 Q. 0 0o 0
01 0 0. 0 00 0 OI 0 Ol 0 O- Q
0, 0 0. 0 0. 0 0. 0 O 0 0. 0
0. 0 Oe 0 0. 0 VS 0 O 0 O 0
0., o] O 0 0. 1] VIS 0 Oe 0 Qe 4]
0. Q Oe 0 0. 0 0. 0 O 0 Co Q
0. 0 0. 0 0. 0 0. 0 Oe 0 O 0
0. Q D 0 0. 0 O 0 Qe Q Qe 0
Q. o] Ne 0 0. 0 0. 0 0. 0 Qe 0
0. 1} 0. Q 0. Q Oe 0 Oe 0 Qe 0
0. 0 O 0 0. 0 O 0 (/I 0 [V 4}
0. 0 0. 0 0. 0 0, 0 O 0 Qe 0
0, 0 0. 0 O Q VI 0 O 0 Qe Q
0. 0 [/ 0 O 0 ['IS 0 Qe 0 O 0
0. 0 O 0 0. 0 O 0 O 0 O 0
0. 0 0. 0 0. 0 Oe 0 O 0 O« 4}

I11-4



SPECIMEN NUMBER B12-1 T/4N

2CREF NREF
0.2843E~01 0.5000E¢02
0.2843E=-01 0.1000E+03
0.2848E=~01 0.,1500E403
C«2855€=01 0.2000E+023
0.2863E-01 0.2500E+03
0.2891€E~01 0.35N0E+03
0.2920E=01 0,4000E+03
SPECIMEN NUMBER B88=2 T/4N
2CREF NREF
0.2819€£=-01 0.5000E+02
0+2856E~0] 0.1000E+03
0.2890F=-01 0.1500E+03
0.2917€-0) 0,2000E+03
0472935F~01 0.2500E+03
042947€E-01 0.3000E+03
0.2959E=01 0,3500E+03
0.2983FE=01 0.4000E+03
SPECIMEN NUMBER R23~1 T/2N
2CREF NREF
0+5494E-01 0,5000E«02
0.5542E~01 0.1000E+03
045597€E~0) 0,1500E+03
0+5653€~01 0.,2000€+03
0.5/07E~01 0,2500E+03
N,5760E~01 0.3000E+03
0.5815¢€-01 0.3500E+03
0.5882E~01 0.4000E+03

KMAX
0,1530E+05
0.1530E+05
0.1931E+Q5S
0e1533E+05
0.1535E+05
04153BE«05
0e1543E+05
0+1550E+05

KMAX
0.1523E4+05
0,1533E4+05
0e1543E+05
0.1550E+05
0¢1555E+05
0« 1558E+05
0.1561E+05
041567E+05

KMAX
0.2127E+05
002136E+0S
0.2147E+05
0.2157E+0S
0.2166E+05
0.2178E+Q5
0.2188E+05
042201E¢05

D2C/DN
0.1000E~06
0.6004E=06
0.1156E-05
0.1431E~05
0.1810E~-05
0.2681E-05
0.4430E~05
0.7441E=-05

D2C/0ON
0.6958E£-05
0.7280E-05
0.6271€-05
0.,4463E-05
0.2790E~-05
0.2085E-05
0.3183E~05
0.6915E=05

D2C/ON
0.8045€E-05
0.1053E=-04
0.1128E~04
0.1104E=04
0.1056E=~04
0s1059E~04
0.118B9E-04
0.1519€~04

¢1-d



SPECIMEN NUMBER

2CREF
D.5813€-01
0.5377€~-01
05936£-01
0e5985E=-01
0.6032E~01
0.6091E~01
0eh135E~D]
0.6347F=01

SPECIMEN NUMBER

2CREF

0.8687E~01
0.89795€-0)
}4Q320£-~01
0e9575E=01
0.,.001E-00

«1031E+00
0«1058E+00
0.1084F+00

SPECIMEN NUMBER

2CREF
0.8895E-01
0495901
1.,9397c-01
0.95975-01
0.9764E-01
Ne9921E=01
0.1011E+00
0.1041E+00

B24~4 T/2N

NREF
0.5000€E4+02
0.1000E+03
041500E+03
0.2000E+03
0.2500E+03
043000E+03
0.3500E+03
0.4000E403

B22-5T3/4N

NREF
0.5000E+02
0.1000E+03
0.1500E+03
042000E+03
0.2500E+03
0.3000E+03
0.3500E+03
0.4000E403

B8=3 3T/4N

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0,2000E+03
0.2500E+03
0.3000E+03
0+3500E+03
0.4000E+03

KMAX
0.2188E+05
0.2200E+05
0.2211E+05
0.2220E+05
0.,222BE+05
0.2239E+05
0.2257E+05
0.2286E+05

KMAX
0.257T4E+05
0.2718E+05
0.2770E+05
0.2822E+05
0.2871E+05
0.2913E+05
0.2951E+05
0.2987E+05

KMAX
0.2706E+05
0.2746E+05
0.2781E«05
0.2811E+05
0.2835E£+05
0.2858E+05
0.2886E+05
0.2927E+05

D2C/DN
0.1294E-04
0s1249E~04
0.1071E~04
0,9295E~05
0.9965E-05
0el443E~=04
0.2641E-04
0.4160E"04

D2C/DN
0.4789E~04
0.6517E=-04
0.7129E-04
0.6964E~04
0.6359E=~04
045656E=04
0¢5192E=04
045307E=04

D2C/DN
0+5341E-04
0.5101E=04
044397E~04
0.3612E-04
0.3129E=04
0.3330E-04
0.4598E~04
0.7316E~-04

£1-9



+040 IN, CRYO=PROOFy N FLAW
SPEC N

0
SPEC N 4=20 T/2N SPEC N 4=17 T/2N 4=12 3T/4N SPEC N 4=90 3T/4N

SIGrax U.105E+06 SIGMAX 0.105E+06 SIGMAX 0.105E+06 SIGMAX 0«105E+406
2c

ac N ac N 2C N N
0.5760E~01 4 0.6210E=01 0 0.1066E+00 2 0+9460E~01 5
0.5790€E~01 25 0,6220E~01 25 0.,1096F«00 25 0.9630E=-01 25
0.5790F=01 50 0.6250E=-01 50 0.1153€E+00 50 0.9820E~01 45
0.5450E=01 75 0.64T0E~01] 75 0.1185E+00 75 0,1008E+00 65
0.5480F=-01 100 0.6500E~01 105 0.1205€E+00 95 0.1028E+00 85
0.5390E=-01 125 0.6530E=01 125 0.1220E+00 115 0.1028E+00 105
0.5990£=01 150 0.6580E-01 150 0.1234E+00 135 0.1056E+00 125
0.A020E~01 190 0.6580€£~-01 175 0.1252E+00 155 0.1056E+00 145
0.6050E-01 a00 0.6740F~01 200 0.1269E+00 185 0.1070£+00 165
0.60R0E-01 225 0.6770E=0) 225 0.1289E+00 200 0.1086£«00 185
0.6130E=-01 250 0.6760E=01 250 0.1306E+00 220 0.1094E+00 215
0.h170E~01 275 0.6330£-01 275 041330E+00 240 0.1106E+00 230
0.6170E=01 300 0.6850E~0] 300 0.1343£+00 260 0.1127E+00 270
0.56220E-01 325 0.6850E-0] 325 0.,136CE+00 280 0.1152€+00 305
0.0230E=01 350 0.6860E-01} 350 0.1390E+00 310 0.1173E+00 340
0.62R0E~01 375 0.6910E=0] 375 0.1401E+00 325 0.1190E+00 375
0.62380E~C1 400 0.6970E~01 400 0.1417E+00 335 0e1192E+00 390
0. 0 0. 0 0¢1419E+00 375 0.1207€+00 400
0. 0 0. 0 0.1436E«00 385 0 0
0. 0 O 0 0e1445E+00 400 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 O 0 Oa 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
Ue 0 Oe 0 0. 0 0, 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 O. 0 0. 0
U, 0 O 0 0. 0 0. 0
0. 0 0. 0 0. 0 0o 0
0. 0 O 0 Oe 0 0. 0
0. 0 Qe 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 Oe 0
0. 0 0 0 0. 0 0. 0
Oe 0 0. 0 Ue 0 0. 0
0. 0 0. 0 0. ] Oe 0
0. 0 0. 0 0. 0 Qe 0
0. 0 0. 0 0. 0 C. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 Q. 0
0. 0 Oe 0 0. 0 Oe 0
0. 0 0. 0 Oe 0 0. 0
0. 0 0. 0 0. 0 Q. 0
0. 0 0. 0 0. 0 0. 0
0. 0 Oe 0 0. 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 0. 0 0. 0 Q. 0
0. 0 0. 0 0. 0 Q. 0

71-4



SPECIMEN NUMALIR

2CREF
0.5805£~-01
0.5877E-01
O.S‘JbZE'Ol
0sA04TE-01
0.6123E£=-01
0.6183£-01
0.6240E-01
0.62b00F=01

SPECIMEN NUMBER

2CRFF
0e6313E~01
0ehbab0E=-D]
0.05972-01
0.6706E=01
0.6TR2E-01
0.9837F-01

0.6800F=0] .

0669615=01

SPECTHEN NUMEER

2UNEF
J.11437+00
0.1200E+00
0elen9E+00
J.1239E+00
0.1334F+30
J4138uc+00
Nelbl2UT+90
0.16382+00

SPECTIMEN NUMUER

2CRFF
2.96723C-01
J.1032F+00
0.10638-030
0.109037+C0
Ne1118E+00
0elialFeCO
0.L176E+00
3.,1203E00

4=20 T/2N

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.2000E+03
0.2500E+03
0.3000E+63
0.3500F+03
0.4000E+03

4=17 T/2N

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.20G0E«03
0.2500E+03
0.3000£+03
0.3500E+G3
0.46000E+03

4=12 37/4N

NREF
0.5000E+02
0.1000E£+03
0.1500E+03
0.2000E+03
0.2500E+03
043000E+03
0.3500E+03
0.4000E+03

4=90 3T/4N

NREF
0.5000E+02
0.100CE«23
0.1500E+03
0.2000E+033
0.2500E+03
043000E+03
0.3500E+03
0.4000E+03

KMAX
0«2194E+05
042208E+05
0.2224E+05
0.2240E+05
0.2250E+05
0.2266E+05
02275E+05
0.22B4E+05

KMAX
0.,2289E+05
0.2315E+05
042339E+05
0.2329E+05
0.2372E+05
0.2381E+05
0.2389E+05
0.2403E+05

KMAL
0+30b7E+0Q5
0.3103E+05
0.3218E+05
043270E+05
0+3326E+05
0.33B4E+05
Ne3433E+05
043454E+05

KMAX
0.2869E+05
0.2926E+05
02969E+05
0.3007E+05
0e3045E+05
0.3084E+05
0.3124E+05
0+3159E+05

D2C/0N
0.1211E-04
0-1624E-04
0.1736E=04
0.1636E=04
0s1414E-04
0+1159E-0«
0.9613E=05
0.9106E=-05

D2C/DN
0.2834E=04
0.2923E-04
0+2501E=-04
0¢1840E=0«
0.1213E=-04
(+8915E£=-05
0.1147E=04
0.2253E~-04

D2C/ON
0e1411E=-03
0.9400E~04
0.7989E~04
0,8432E-04
0.9281E=-04
0.9088E~04%
Qeb6406E~04
0.1000E-06

D2C/DN
0+9329E-04
0.6801€=04
0.5648E=04
045419€E=04
0.5664E-04
045932E~04
045773E-0¢
0.4735E-04

¢1-d



0.060 IWNCH SLONGATED FLAW AIR
SPrC N =87 T/4 & SPEC N 4«89 T/4 £ SPEC N 4-48 T/ 2 E SPEC N 4=46 T/2 v
SioMax N.105 v SIGMAX 0«105E+05 SiumMaX 0.105F+06 SIGMAX 0.105F+06

2C N 2cC ] P N 2C N
CednhlE=D] ) Co4Usn0E=-Q) 0 0.11485+00 [ 0el]74F+00 v
bedAINF -] LX) 0.4U40E<0] 60 Q11474000 0 0.11%0F+00 25
Ve3aHQR~N] 220 OeltLOFE=(l 120 0e1160E+00 40 Cell¥l®+00 S0
Ue37U0L =01 300 0.4LU0E~01 IE°N) Uellnoe+00 0 0ellunF+Qd0 n
Ue3710f -2} LN 0,4le0c-01 240 0.,117724+00 ~0 0.,1105F .00 ve
Ne3710k-01 “Gy (led23gk =Gl 400 De11825+00 109 NelzN3t+030 1<4¢
Ue Y 0.4760F=01 3e 0 01134 +00 120 012077400 laq
Use ] Q.«d/0t~C1 400 0s11ldoF+00 140 QelzlFFs(0 170
0 v V. b} 0.1191F+00 170 0,125 400 ARCL
[ 9 9, 0 0.1140L+00 145 0s12717400 244
e 0 0. 0 0e1241cE+00 200 GCel271F+00Q 240
Ue 0 0, 0 UelPyow+l0 2730 0+12355+00 ane
Ue U 0. ] Uel2ukr+)Q 250 Del?23iuF+00 23n
U 0 U n Ue 17209400 270 }elP6354+00 ano
Ue )] 0, 0 Vel209E+00 290 Del2597«00 3en
Je J 0. 0 Oel216E+00 319 N.12.0F+00 3a0
Je Q 0. 0 0,121vE+00 310 e 176Gk +0V) 3hD
Je U 0. 0 0elP24X+00 3590 NelP2AHm+00 3e0
O V) 0. V] 0e122612+00 370 Ve lZ2n9E+00 400
Je 0 0. 0 0.1730E¢Q0 330 [\ bl
Ue 0 [V 0 0,12332+00 400 [ 0]
[UN 0 [V 0 0. 0 0. 0
Jde 0 0, 0 Ue ¢ 0. 0
Je 0 0. 0 O 0 0. 0
0. 0 0, 0 g, 0 0. 0
00 0 0. 0 0. 0 0. i)
Jae 4] 0, 0 U, [ [ 0
0. 0 0, 0 0. 0 e U
J. [ 0, 0 . 1] Ue Q
Oe 4] 0. 0 (V8 0 Oe 1]
0. 0 0. 0 0, 0 [N 0
O 0 0. 0 (VR 0 0, 0
0. 0 0, 0 0. [ Q. \]
Qe Q 0. 4] 0. [{] Qe [d
Oe 0 9. C (V1Y (4] 0O n
O, 0 0. 0 U. n 0. C
' 1] 0. 0 0. 1 Oe n
Oe U 0. 0 0. 0] e ]
U, 4} 0, 0 Uo 0 O 0
g, 0 G, Q 9. 9 (V2% 0
0. 0 0. 9 0. 0 0. c
Ue 0 0. 0 Ue 0 0. ¢
O U 0. 0 0. 0 0. ]
0, 0 0. 0 Ue 0 0. 7]
e vV 0, i} Ve Q 0. 0
0. u 0. 0 Oe 0 Oe G
e ] O G O. 4] (U G
n, D) 0. 0 Q. 0 e G
[ ) 0. 0 0, 0 O 0
0, 0 0. 0 0. ) Ua ¢

91-4



SPECIMEN NUMBER

2(REF

0.36692=-01
0.20/1E-01

«30T72E=01
0ed0l =01
Ve dvale=01
0430590 =01
0.3710t~0]
0.3710£=01

SPECIMAN NiMptK

SUREF
0,4unlC~01
O.4006R=01
0.40yb6r=-01
Ve l3RE=Q]
0,4l%4p=01
0.4ceTF~01
0.4259E=01
QoscoY9eE=01

SPECIdsy NymeeER

éunrtF
0,104k +00
01L179F«00
0.11906+00
0.11-‘9E¢00
3412071400
0.1214FE+00
0.1c¢22r+00
01233400

SPECIMEN NyUMGER

¢CREF
0.1L85F+00
0.1195E+00
0.1245¢+00
0.1<18E+00
0.,12325«00
0.1245E+00
0.126024+00
0.,1271E400

4=RG T/ &

4=8T7 T/4 C

NRE &
0.5000c+02
N,1000F+03
0.15000+03
0,2000+03
J.2500E+03
0.,30L0E+03
0.3500F<+03
0.,40006+03

NREE
0,5000E+12
0.1000E+03
0.15U0F+C3
0.2000e4+03
Ua”D00F+03
0.2900F+03
043500 +03
0«4000E+03

4=-448 T2 F

Rt F
UeDNUUF+02
0.1000F+u3
0, 13500F+02
DelQOE+(3
0,2500F+03
0.30U0k+y3
0,3500F+90
0.4000F+02

4-d4b T/2 E

NREF
0,50008+02
DeldUOE+p
0,1500r+03
0.2000Z+03
0.,25J00E+03
0e30U0r+n3
U43500F 03
UeC00E+G

AREF
00854hE‘U£
0.55545"02
NeHDAYE=NZ
0.6585t—02
Nedbisc~=02
N.RbYyAL=D?
NDedfbnt«n2
N ]uyE=0?

AREF
0,997 =02
0.1003e=-0]
0.101%e-01
N.l029E=091
Nel0AZ2E=01
Nel0R3t=p]
Neluwar=nl
Nellubon=yl

AREF
Ne”330E=-01
Ne”404t =01

JP4612=01
0e7r50nE~01
0.2544r-01
0.25=0rL-01
Q7R 1k an]
Nerhinot~=nl

AREF
0.2304.-01
Ne/357TE-01
0.24%1llec-01
0e76/(1k=-0l
N.253bk=91
Ner610c=01
N.2679t=-01
Ner 133t~

KMAY

0s1591k+(0&

«1591k+0R
0.1592L+05
00,1503 +0-
QelB9Tn+u8
01601 E+0 -
Delotal +0%
Oelnlnrs(S

K MAX
Delbvac e
DelbY9t +0b
04170RT+GN
0al7P1lrens
(a1730b 40k
QalT768E a0y
0.175%7E+05
0e1761E+05

KMAY
0.,P7715L+y5
Qe? faYm+(Y
N2T728+05
QeP1%]E+0%
0. °076+05
Q.207254+4C5
0.753%L+00
Neltiblu+nb

KItAa
0.2715c+05
0e”T3%C+0n
0.77635«(0%
00,2789+ (5
0.2*17t«05
QePRale+yy
0.28750+05
0e2b91L+0%

UeC/un
0«7930F =06
oG lor -0/
(leT ety =0t
el fr~0%
Corlirme=95
Jeru2-=-0"
Haldnlt.enn
O.lOCU~~)o

pecsun
a9Dhbr=-(1b
Uebnbyr =05
Jafalar=y
Qe 17/08-=-0%
0.1 73Fr=0L5
Gel T o=t
Deu 7 lr=vs
Cetylorn~ie

veCrult
De.lb4c-04
Cercllr=ye6
0e7027 =00
Lelbiun=04
Betu™op=tit
NeluYyer=(o
Uelpbor=na
NecsndY=04&

ti2C /70N
0ef2iCe =04
Necurln-(0s
OarPo3L =00
GelTDUL~y
Calbilot =0h
Jel2nT5 =04
O.db‘).fr-Ol'
NelEKlr=0u

L1-4



0.040 INCH WELD TESTs £ FLAW
SPEC N B15-2 T/4E SPEC N B818-3 T/2E SPEC N B15-5 T/2E

SIoMax 0.105E+06 SIGMAX 00105E+06 SIGMAX 0«10S5E+06

2¢ N 2C N 2C N
0.3770F=01 2 0.1024F+00 10 0.1022E+00 ]
0.3770E=-0! 25 0.1028E+00 30 0.1022E+00 20
0,3/7/70E~01 50 0.1035E+00 50 0.1022E+00 40
0.3810F=01 75 041035E+00 75 041022E+00Q 60
0.3810E=01 100 0.1048E+00 100 0.1022E+00 890
0.3820E~01 125 0+1049F+00 125 0.,1027€E+00 110
0.38°0E~01 165 0e1055€+00 150 0,1027E+00 140
0u3A40F=01 180 0.1057FE+00 175 0.1030E+00 190
0.3400E~0] 205 041059E£+00 225 0.1031£+00 220
0. 3Hn0F=-01 230 0.1059F+00 250 0,1043E+0C0 250
0.160E~01 255 0s1061F+00 275 0,1051E£+00 280
0.3t00F=0! 280 041070800 300 0,1067K+00 340
0.32A0E~01 305 0.,1078E+00 325 0.,1080E+00 370
0.3880F-01 336 0.1082FE+00 350 0.1084E+00 400
0e?¢0E=01 350 0.1090£+00 375 C. 0

«3900E~01 375 0.10G0F«00 400 0. 0
0.?900&'-01 400 Qe 0 0. 0
0. 0 Oe 0 0. 0
0. 0 O 0 0. 0
0. 0 0. 0 0. 0
0. 0 0. 0 0. o
0. 0 0. 0 0, 0
0. 0 0. 0 0. 0
0. 0 0. 0 0. 0
0. 0 Oe 0 0. 0
0. 0 0. 0 0. 0
0. 0 0. 0 0. 0
Oe 0 0. 0 0. 0
0. 0 Oe 0 0. 0
0. 0 O 0 0. 0
o. 0 0. 0 0. 0
0. 0 0. 0 0. 0
0. 0 0 0 0. 0
0. 0 O 0 0. 0
0. 0 0. 0 0. 0
Oe 0 0. 0 0. 0
0. 0 0. 0 0. 0
0. 0 Qa 0 0. 0
0. ] (U 0 O. 0
[V 0 0. 0 0. 0
0. 0 O 0 0, 0
0. 0 0. 0 0. 0
0. 0 0. 0 0. 0
Qe 0 0. 0 0, 0
0. 0 0. 0 0. 0
0. 0 O 0 0, 0
0. o 0. 0 O. 0
0. 0 O 0 0, 0
o. 0 0. 0 0. 0
0. 0 0e 0 0. 0

81-4



SPECIMEN NUMBER

2CREF
0.3785€-01
0.3807€£~01
0.3828F-01
0e3B46E=0]
0.3860F~01
0.3872E-01
0+3886F=-01
0.3907E=-01

SPECIMEN NUMBER

2CREF
0+1035F+00
0«1045E+00
0.1052E+00
0¢1056F+00
0410628400
0+1070E+00
0.1081E+00
0¢1093E+00

SPECIMEN NUMBER

2CREF
0.,1023E+00
0.1024E+00
0.1026F+00
0,1032E+00
0.1042E+00
0.1056E+00
0.1072E+00
0.1085E+00

B15=2 T/4E

NREF
0.5000E+02
0.1000E+03
0.1500E+03
042000E+03
0.2500F+03
0.3000E+023
0.3500E+03
044000E+03

B18-3 T/2E

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.2000E+03
0.,2500E+03
0.300CE+03
0.3500E+03
0.4000E+03

B15~5 T/2E

NREF
0.5000E+02
0.1000E+03
0.1500E%03
0.2000E+03
0.2500E+03
0+3000E+03
0.3500E+03
0.4000E+03

AREF
0.9474E=02
0.9587€E~02
069692E=02
0.9779E~02
0.9849E~02
0+5909E~02
049978F=02
0.1008E=-0]

AREF
0.2106E=01
0.2157€~01
0.2188E~01
0.2212E~01
0.2241E=01
0.2281E-01
0.2333E~01
0+2296E-01

AREF
0+2047E-01
0.2049E~01
0.2059E-01
0.2088E-01
0.2139E~01
0.2210E~01
0.2288E£~-01
02356E=01

KMAX
041645E+05
041652E+05
041659E+05
0+1664E+05
0.1669E+05
0.1672E+05
0.167TE+05
041683E+05

KMAX
0.2573E+05
0.2596E+05
0.2610E+05
0.2621E+05
0.2634E+05
0.2652E+05
0.2674E+05
0.2701E+05

KMAX
0.2546E+05
0.2547E+05
0.2551E+05
0.2565E+05
0+.2588E+05
0.2620E+05
0+.2655E+05
0.2684E+05

D2C/0ON
0+4510E~0S
044450E=05
0.3868E-05
0.3096E~05
0+25017-05
0¢2443E~0S
0.3279E-05
0+5370E-05

D2C/0ON
0,26785-04
0+1515E-04
041019E£=-04
0+1021F=04
0-1351E“04
0.1840£=-04
0+2320E-0C4
0e2620E-04

02C/0ON
0.1654E-05
0.1352E=~05
0.7136E~05
0.1590g-~04
0+2483E-04
03079E~-04
0+3070€-04
02159E~04

61-4



. OOOQO_INQ CRYO"pROOF' E FLAN
SPEC N 4=112 T/4E SPEC N 4=42 T/2E SPEC N 4-86 T/2E

sIGMaX 0.105E£+06 SIGMAX 0+105€E+06 SIGMAX 0.105E406

2C N 2cC N 2c N
0.3960E~01 4 0.1076E+00 5 0.1001£+00 4
0.3960€=01 25 0.1077E+00 25 0.1004F+00 25
0.3990£=-01 50 0.1098E+00 50 0.10056+00 50

0,4000F=01 75 0«1116E+00 15 0.1012E+00 75
0.4000E-01 100 0.1116E+00 100 0.1019€+00 100
0.4010E-01 125 0.1126F+00 125 0.,1021E+00 125
Ns4010E=01 150 0+1125E+00 150 0.1023E+00 150
0.40206-01 175 0.1126F+00 175 0,1023E+00 175
0.4020E=01 200 0.1143€4+00 200 0,1028E+00 200
0,4040Fw01 225 0+1143F+00 225 0.1031€+00 225
0.4040E=01 250 041143E4+00 250 0.1032E+00 250
0.40A0F=01 275 0«1151F«00 275 0,1035€E+00 275
0.460A0E=01 300 0s1158E+00 300 0,1035E+00 300
0.4060E~01 325 0s1162F+00 325 0,1045£+00 325
0.4060E~01 375 0.1167E+00 350 0.1045E£+00 350
0.40606-01 400 0.1175€£+00 375 0.1048E+00 37%

0. 0 0.1191E+00  400Q 0,1058E+00  «00
0, 0 O : 0 0, 0
0. 0 0 0 0. 0
0. 0 0 0 0, 0
0. 0 0. 0 0. 0
0. 0 0 0 0, 0
0. 0 Oe 0 0. 0
0! 0 0. 0 0. o
0 0 0o 0 0, 0
0. 0 0o 0 0. 0
0. 0 0 0 0, 0
0. 0 0. 0 0., ~ 0
0. 0 0e 0 0. 0
0. 0 0. 0 0 0
0. 0 Qe 0 0. 0
0. 0 0 0 0. 0
0. 0 0. 0 0. 0
0, () [ 0 0, 0
0. 0 0 0 0. 0
0. 0 O 0 0. 0
0. 0 0. 0 0. 0
0, 0 0 0 0. 0
0, 0 O 0 0. 0
0, 0 0. 0 0. 0
0. 0 0e 0 0. 0
0. 0 0e 0 0. 0
0. 0 Oe 0 0. 0
0, 0 Co 0 0. 0
g, 0 0. 0 0. 0
0. 0 O 0 0. 0
Q. 0 Oe 0 O, 0
0. 0 0e 0 0. 0
0, 0 O 0 0, 0
Ve 0 0 0 0. 0

Oe-d



LINE NO.7183332802

RROR NUMBER
ALLED FROM

0078
INPYUTC

ALLED FROM STRESE

RRQR SuMMany

ERROR
00748

TIMES
0001

SPECIMEN NUMBER

SPECIMEN NUMBER

SPECIMEN NUMBER

“ERROR DA
DETECTED
AT 012440
AT 000126

2CREF
0+3985E=-01
044002E-01
0.4014C~01
Ne402/E=01
064043F=01
Je4058€£=-01
0s4067E=-01
0.4057E=-01

2CREF
0s1098E+00
0.1116F+00
011296400
0.1137F+00
0411452+00
0+1155F+00
0e1169F+00
0«1189F«0Q0

2CREF
0.1008E+00
0.10167+00
0.1023E+00
01028F+00
0.1033F+00
0s1038F+00
0.1045F«00
0s1057E400

TA INPYT#
BY KRAKER

4=112 T/4E

NREF
045000E+02
0.,1000E+03
041500E+03
0.2000E+03
0.2500£+03
0.3000E+03
0.3500E403
0.,4000E+03

4=42 T/2E

NREF
0.5000E+02
0.1000E+03
041500E+03
0.2000E+03
0.2500E+03
0+3000E+03
0.3500E+03
0,4000E4+03

4-86 T/2E

NREF
0.5000E+02
0.1000E+03
0.15005+03
0.2000E+03
0.2500E+03
0.3000E+03
043500£E+03
0.4000E+03

ILLEGAL DATA IN FIELD®
AT ADDRESS 02244]

AREF
0.1012E-01
0.1021E-01
0.1027E~01
0e1034E=01
0.1041E~01
0.1049E-01
0.1053E~-01
041048E-01

AREF
041769E-01
0.1862E-01
0e1923E-01
01967E-01
02007E~01
0.2056E=-01
0.2125E=-01
0.2223€-01

AREF
0e1636E~01
041676E-01
0.170GE-01
0.1735E-01
0.1758E=01
0+1783E~01
0+1820E-01}
0.1881€E-01

KMAX
041694E+05
0.169%E+05
0.1703E+05
0.1707E+05
0,1711F«05
0.1716E+05
041719t 4+05
0.1716E+05

KMAX
0.2457E+05
0.2508E+05
0.25940E+05
0.2562E£+05
0.2583E£+05
0.2607E+05
0.2641E+05
0.2687E+05

KMAX
0.2361E+05
0.2383£+05
0.2402E+05
0.2416E+05
0.2429€+05
0e2442E+05
0.2462E+05
0.24364E+05

FORMAT NO.1l1l0

D2C/DN
0.4513E-05
0.26B6E~-05
0.2436E-05
0.2915€-05
0.3276F=05
042673E=-05
0.2564E=~06
0.1000E=06

D2C/0N
0e4H24E~04
042975E-04
0.1987E~04
0-158@5'04
0.1710E-04
0.2300E-04
0e3292E-04
0s46247~04

D2C/0ON
0.1702E~04
0.14695=04
0ellT70E~04
0.9461E-05
0.90365~-05
0e1171E-04
0¢1873E=-04
0.3131E~04

T1¢-4



DEMINERALIZED WATER N FLAW
SPEC N 4=62 T/? SPFC N 4=b64 T/? SPEC N 4=24 T/2 N SPEC N 4=21 T/2 N

SIGMaX 0.105€6+06 SI6MAX 0s105F+n6 SIGMAX 0.105E+06 SIGMAX 0«10SE+06
N

ac 2¢ N 2C N 2c N
N 5AR0F=01] ] 0.58T0F=01 0 0.5T740E~01 3 0+5790E=-01 10
0.6HR0F=~01 20 N.5990F=01 30 0.,5830E=-01 20 0.5810F=01 30
0.5890F=01 40 0.5970c=01 %0 0.5870F-01 40 0.5810€£~-01 50
0.5950F=01 70 0.5990F=01 a0 0,5460E=01 A0 0+5840E-01 70
0.5990F=01 90 0.6020F=01 100 0.586UFE=01 20 058508 =01 90
0,~000F~-01 110 Ne6060F=01 130 0.5910E-01 110 0e5870F=01 110
0.40)0F=01 130 0.6090F=01 155 U.5910F=01 130 0+5870F=01 130
Oenl00F=01 150 0.6100F=01 190 0.5920F=~01 150 0.5880F=01 150
0.A140F=01 180 0.6190F=01 220 0.593uF~-01 170 0.588UF=-01 180
0.4200F=01 210 Nebh120F=01 240 0.5940E~01 190 0o SHBUE=-0] 210
0.6180F=01 240 0e6170F=01 270 0.59606=01 210 0.5880F-01 240
0,6190F=01 270 0.6210F=01 290 0.5960F=01 240 0.58B06£-01 270
0.,h260F=01 a0 0.6230F=01 310 0+6000€=01 270 0.5870E=-01 300
0.42805=01 330 N.627T0E-01 330 0.hA000E=01 300 0.5960E-01 330
0.,63P0F=01 360 0sh240F=01 350 0.61006=-01 330 0.6000E~01 360
0.6360F=01 380 Ne6280F=01} 370 046140E=01 340 0¢6140F=01 400
0.6350F=01 400 0.6330F-01 390 0.6150E~01 380 0. 0
Q. 0 0eh320F=01 400 0.6150E£-01 400 Oe 0
0. 0 0. 0 0. 0 0. 0
0. 0 Ne 0 0. 0 0. 0
0. 0 Ne 0 Oe 0 Qe 0
0. 0 0o 0 0. 0 0o 0
0. 9 0. 0 0. 0 Ce 0
0. 0 Ne 0 0. 0 O 0
O, 0 0 0 0. 0 0. 0
V. 0 0 0 0o 0 Oe 0
0. 0 N, 0 0. 0 0. 0
0. 0 Ne 0 0. 0 Oe 0
0. ) 0 0 0. 0 Oe 0
0, 0 0, 0 0. 0 [V 0
0. n 0. 0 0. 0 Oe 0
U, 0 0e 0 0. 0 Qe 0
0. 0 Ne 0 0. 0 0e 0
0. 0 0o 0 Oe 0 Qe 0
0. 0 Ds 0 0. 0 O ]
0. 0 Ne ] 0. 0 Qe 0
o, 0 O 0 0. 0 Oe 0
0. 0 Na 0 Oe 0 0, 0
0, ) 0. 0 U, 0 0. 0
V. 0 Ne 0 0. 0 Oe 0
0. 0 Oe 0 Oe 0 0o 0
0. 0 Ne 0 0e 0 Oe 0
0. 0 0. 0 Oe 0 Q. 0
0, 0 n, n Oe 0 Q. 0
0, 0 Oe 0 0e 0 O ]
C. 0 O 0 0o 0 O 0
0. ) N 0 0. (] 0e 0
0. 0 Oe Q 0. 0 0. 0
O, 0 0 0 O 0 0, 0
0. 0 0e 0 0. 0 0. 0

¢¢-4d



SPECTMEN NiJMBER

PCRFF
0e5913F=0}
0e5994F=1)1
NsANE3F=01
0sh160F=0]
0.A215F=-01
N0eh255F=01
0eh297F=0]
(\.6372&'—01

SPECTMEN WIMAER

2CRFF
0.‘3974!—‘-01
Neh032F=-01
NehN7BF=Q1
0061207-01
NeblBuF=01
Neh214F=1]
Neh208F=0]
Nebh324F=01

SPECIMEN NIJMBER

?CRFF
Ne3RALIF=0]
0.5902¢=01
Ne5917F=01
Ne5G37F=01
Ne837RF=01
Ne6b04QOF=01
NeA110F=01
Ne6161F=01

SPECTMEN NiMBER

2CRFF
Ne5823F=01
0.5858F=01
N.5876F=0]
0.5878F=0]
N,5878F=01
NeSHYOF=0]
Ne5973F=0]
Nehl144E~01

4=-62 T/2
NRFF
0.5000F£+02

041000F+03
0e1500F+03
0.2000F+0n3
0.2500F+N3
0.3000F+03
0.3500F+03

0.4000F+03
464 T/2
NREF

N5000F+02
Ns1000F+03
0.1500F«03
0.2000E+03
Ne2500F+03
Ne3000F+03
0.3500F+03
0e4000F+u3

4=?4 T/2 N

NRFF
0.5000F+02
0.1000F+03
Ne1500F+03
0.2000F+03
0.2500F+03
0.3000E+03
043500F+03
0.4000E+03

4=21 T/2 N

NREF
0+5000E+02
0.1000E+03
0.15007+03
Ne?2000E+03
0.72500F+03
0.3000F+03
0.3500F+03
0.4000E+03

KMAX
0,2215E£+05
0,2230E+05
0.2246E+05
0.2261E+05
0.2271E+05
0.2278E+05
0.2286E+05
0.2299E+05

KMAX
0.2226E+05
0.2237€+05
0.,2245E+05
0.2253E+05
0.2261E+05
0.2270€E+05
0.2280E+05
0.2290E+05

KMAX
0.2205E+05
0.2213E+05
0,2216E+05
0.2219E+05
0,2227€E+05
0.,2238E+05
0.2251E+05
0.2261E+05

KMAX
0.2198E+05
0.2205E+05
0.2208E+05
0.220HE+05
0.2208E+05
0.,2212E+05
0.2226E+05
0.2258E+05

D2C/0DN
0s1331FE=04
041793FE=04
0«1705E=~04
0e1325€=04
0e9150F=-05
0e7364E=0Y
CelNuBFE=N4
0-2112E'04

D2C/DN
0.1373E=-04%
0.1010E~-04
0.8554E=05
0«8493FE=«05
0.9310€~-05
0s1040F=04%
0elllbZ=00
0«109EE=04

02C/0N
041394€-04
0s4370E=0>
0e2748E=-05
05747E=05
0e104SE=-04
0.1394E=04
0.1330E~0«
0.5603E~05

D2C/ON
0.8475E=05
0.5377E-05
0.1745£=05
0.1000E-06
0.1092€£=05
0.8179€£~05
0.2295€=04
0.47465€E~04

€c-4



DEMINERALIZED WATER WELDs N
SPEC N B4~2 T/2N SPEC N B825-2 T/2N SPEC N B23~-1 T/72N SPEC N B24=4 T/2N

SIGuaX 0.105E+06 SIGMAX 0s105E+06 SIGMAX 0+105E+406 SIGMAX 0.105E+06

2c N 2c N 2¢C N 2c N
0.59570E%=n01 0 0.5810£-01 5 0.5470E-01 2 0.5780€E-01 10
U.6570E=01 30 0.5850£=01 40 0.5470E-01 20 0.45790E-01 55
0.5590€=-01 S0 N«SB50E~01 90 0.5500E=01 40 0.5860E~01 loo
0.5030E=01 75 0.5850E=01 110 0.5490E-01 60 0.5910E-01 125
0,55 30E~01 125 0.5910E=-0] 140 0.5500E-01 a0 0.5960E-01 150
045n30E=0]Y 150 0.6010E=01 170 0.5560E-01 105 0.5980E-01 175
0.5630E=01 175 0s62U0E~01 200 0.5580E~01 130 0.6020E=01 200
UeonTUE=D] 200 0.6200E-01 220 0.5620E~01 160 0.5970E~01 225
0.5730E-01 225 0«.6350E~01 240 0.5680E~01 215 0.6080E=-01) 2590
0.5770F=01 250 0e6390E-01 270 0.569CE-01 250 0.6000E~-01 275
J.nu10E~CL 275 0e6430E~01 290 0.5710E=-01 270 0.6030E~-0] 300
1eSdu0F=01 300 0+6540E=01 310 0.5750E~-01 290 0.6120E=-01 325
Oenu30F=01 375 0.6610E~0} 340 0.5770E-01 310 Oeb260E-01 350
0.5940E=01 J55 0+6730E-01 370 0.582CE~01 340 0.6300E=01 375
0.5970E~01L 330 0.6930E=-01 400 0.5840€E=-01 360 0.6300E=-01 400
0.A010E=-01 400 0. 0 045840E=01 380 0. 0
0. 0 O« 0 0.5880E~01 400 0. 0
0. Q Ne 0 0. 0 O 0
0. 0 Oe 0 0. 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 Oe 0 0. 0 Oe 0
0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 Q. 0
0. 0 De 0 0, 0 O. 0
0. n N 0 0. 0 0. 0
0. 0 Ne 0 0. 0 0. 0
0. 0 0. 0 T. 0 0 0
0. 0 O 0 0. 0 0. 0
0. 0 Oe 0 0. 0 0. 0
0. 0 Qe 0 0. 0 0. 0
0. 0 Oe 0 O 0 0. 0
0. 0 O 0 O 0 O. 0
Q. 0 0. 0 0. 0 0. 0
0. 0 0 0 Oe 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 O 0 Oe 0 0. 0
ds n O 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 Oe 0 0. 0
0. 0 0. 0 0. 0 0. 0
UNS 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 [V 0
0. 0 0. 0 0, 0 Q. 0
0. 0 0. 0 o. 0 0. 0
O 0 Oe 0 0. 0 0o 0
9. 0 0 4} 0. 0 0. 0
Je n 0. 0 O 0 0. 0
Je 0 0. 0 0. 0 0. 0
[ 0 0 0 0. 0 0. 0

%t-4



SPECIMEN NUMBER B4=2 T/2N

2CREF NREF
0+5595E~01 045000E+02
0.5610E-01 0.1000E+03
0.5635F=01 0.1500E+03
0.5684E-01 0.2000E+03
0.5760E-01 042500E+03
0.5853g~01 0+3000E+03
0.5942E-01 0.3500E+03
04599701 044000E+03
SPECTMEN NUMBER B25=2 T/2N
2CREF NREF
0.5787e~01 0.5000E+02
0.58%1E=~01 0.1000E+03
0.59848E-01 0.1500E+03
0,6152E=01) 0.2000E+03
0.6320E-01 0.2500E+03
0.648T7F=01 0.3000E+03
0.6671E=01 0+3500E+03
0.6907E~01 0.4000E+03
SPECIMEN NUMBER B823-1 T/2N
2CREF NREF
045494E-01 045000E«02
0.5542E~01 0.1000E+03
0.5597E=-01 0.1500E+03
0:5653£~01 0+2000E+03
0.5707g=0) 0.2500E+03
0.5760E~01 0.3000E+03
0.5815E=-01} 0+.3500E+03
0.58H2E~0} 0.4000E«03
SPECIMEN NUMBER B24=4 T/2N
2CREF NREF
05813E~01 0,5000E+02
0.5877g=-01 0,1000E+02
0.5936E-01 0.1500E+03
0598%E~01 0.2000E+03
0.6032E-01 0,2500E+03
0+6091E=-01 0+3000E+03
0e6347€E-01 044000E+03

KMAX
0.2146E+05
0.2149E+05
0.2154E+05
0.2163E+05
0.2178E+05
0.2195E+05
0.2212E+«05
0.2222E+05

KMAX
0.2183E+05
0.2195E+05
0.2220E+05
0.2250E+05
D«22B1E+05
0.2311E£+05
0.2344E+05
0.23B5E+05

KMAX
0.2127E+05
0.2136E+05
0.214TE+05
0.2157E+05
0.21A8E+0S
0.2178E+05
0.2188E+05
0+2201E+05

KMAX
0.218BE+05
0.2200E+05
0.2211E+05
042220E+05
0.2228E+05
0.2239E+05
0.2257E+05
0«2286E+05

D2C/DN
0.3491E~05"
063345E~05
0.1255E=04
0.1731E~04
0.1912E~04
0.1567E-04
0.4671E-0S

D2C/ON
0.1702E~05
0.2189E~-04
0e3120E-0C4
0.3368E~-04
0+43335E=-04
0.34206E=04
0e4064E~04
0.5593E-04

D2C/DN
0.8045E-05
0.1053E-04
0+.1128BE~0%
0ell104E-04
0.1056E=04
041059E~-0%
0.1189E~04
0.1519E=-04

D2C/ON
0.1294E=04
0.1249E~04
0.1071E-04
0.9295E=-05
0.9965E~05
001443E‘04
0.2441E=-04
0e4160E-~04

AL



- INHIBITED WATER YEST N FLAW
SPEC N 4=-62 T/2 SPFC N  4-64 T/2 SPEC N 4=~7]1 T/2 N SPEC N 4=78 T/2 N
SIGMaX 0.105E+06 SIGMAX 0+105E+06 SIGMAX 0.105E+06 SIGMAX 0+105E+06

z2c N 2¢ N 2C N 2¢c N
0.5880F=01 ] 0.5870F=01 0 0.5420F-01 0 0.5430E=0] 2
0.5880F=01 20 065990F~01 30 0.5420F=01 40 0+5430FE=01 20
0.5890F=01 490 Ne5970F=01 S0 0.5420€£~01 80 0.5430E=01 80
0,5950F=01 70 0.5990F=01 RO 0.5420F=01 120 0+5630F=01 120
0.5990F=01 990 0e6020F=~0] 100 0.5420F=01 160 0e9430F=-01 150
0.A000F=01 110 0e6060F=01 130 0,58460E=01 200 065430E=01 180
0,A010F=-01 130 Ne6090F=01 155 0.5510F=~01 240 0.5430E=01 210
V.A100F=0) 150 Neh1NOF=01] 190 0.5560F=01 280 0.5430F=01 240
O.alANE=01 110 Neb190F=01 220 0.5620E~01 320 0.5430E=-01 270
0.4200F=01 210 Ne6120F=0] 240 0.5700F=01 360 0.5450F=01 300
0.61Q0F=01 240 NeAlT0F=01 270 0.5780E=01 400 0.5570F=01 330
0.4190F=01 270 Ne210F=01 290 VY 9 0.5600F=01 365
0.6260F=01 300 NeAPIVF=0] 310 0. 0 065730E~01 400
0.6730F=01 330 0eh270F=01 330 0. 0 0. ]
0.A320F=0Q1 3h0 Neb240F=01 350 0. 0 0 0
0.‘*36():‘01 3”0 0-6280F‘-01 370 0. 0 OQ O
0,6350F=Q1 400 NeA330F=0] 390 0. 0 O 0

L} 0 Qoﬁ320:"01 400 0. 0 0. 0
0. 0 0e 0 0. 0 O 0
0. 0 De 4 O, 0 O 0
0. 0 0, 0 0. 0 0. 0
0, 0 Oe 0 0. 0 O 0
0. 0 Ne 0 0. 0 Qe 0
0. n 0. 0 0. 0 0. 0
(V8 0 Oe ¢ 0. 0 O 0
0. 0 De 0 Ou 0 0. 0
0. 0 Ne 0 0. 0 O 0
0. 0 Oe 0 0. 0 Ve 0
0. 0 O 0 0, Q O 0
0. Q Oe 0 (VI 0 Oe 0
0. 1] O 0 0. 0 O 0
0. 0 n. 0 0. o 0. 0
0. 0 n. 0 0‘ o 00 O
0. 0 0o 0 0. 0 Oe 0
0. 0 O 0 N, 0 [/% 0
0. 0 N 0 0. 0 Oe 0
0. 0 Ne 0 0, 0 O 0
0. 0 n' O 0. 0 0' 0
0. 0 O 0 0. 0 O 0
0, o0 0 0 0. 0 0 0
0. 0 O 0 0. 0 0. 0
0. 0 (1S 0 0 0 O 0
0. [ e 0 0. 0 VIS 0
O 0 e 0 O 0 O 0
0. 4] 0 0 0 0 0. 0
0. 0 O 0 0e 0 O 0
0. 0 O 0 O [o] O 0
0. 0 Ne 0 0. 0 0. 0
C. 0 N, 0 O 4] 0. 0
0e 0 O 4] 18 0 Qe 0

9¢-4d



B-27

SPECTIMEN NIUMBER

2CRFF
Ne5913F=01
Ne5994F =01
0.6083F=0)
0eA160F=0]
Neh215F=01
Netr?255F=01
N.A?97F=0]
Nen372c=01

SPECTMEN NtjMBER

2CRFF
0.5974F=01
NebNI2F=01
Ne6&07AF=01
Nehl20F=-01
DehlB4F=0]
Neh2l4F=01
Neh?76RF=V]
0eA324F=01

SPECTMEN NIIMBER

2CRFF
0e5418F=01
0e5416F=01
0.5427F=-01
Ne5459F=01
NeBS14F=01
Ne8590F=-01
Ne5h32F=01
05778F=01

SPECIMEN NUMBER

2CRFF
DeS436F=01
Ne5434F=01
0e5426F=01
N.5422F=01
NeB434F=01
DeS478F=01
0.8570F=01
0e5T732F=01

4ub?2 T/2
NREF
0.5000Fe0n2

0.10005+03
0.1500E+03
0.2000F+03
0.7500F+03
0.3000F+03
0.3500F+03
0+4000F+03

bebt T/2

NREF
0.5000€+02
0.1000F+03
0+1500E+03
0.2000F+03
0e2500F+03
0.3000F+03
0350003
0.4000E+03

4=T1 T/2 N

NREF
0«5000F+02
0.1000£403
041500F+03
0.2000£+03
0e2500E«03
0.3000F+03
0.3500E+03
0+4000E+03

4-78 T/2 N

NREF
0.5000E+02
N.1000E+03
0+1500£+03
0.2000F+03
0.2500F+03
0.3000F+03
0.3500F+03
0e4N00E+03

KMAX
0.2215E+05
0.2230E+05
Ne2246E+05
0.,2261E+05
0.,2271E+05
0.2278E+05
0.22B6E+05
0,2299E«05

KMAX
0.2226E+05
0.2237E+05
0.2245E+05
042253E+05
0.2261E+05
0.2270E+05
0.2280E+05
0.2290E+05

KMAX
0.2120E+05
0.2120E+05
0.2122E+05
0.2128E+05
0.2139E+05
0.2154E+05
0.2171E4+05
0.2189E+05

KMAX
0.2124E405
0,2123E+05
0.2122E+05
0.2121€E+05
0.2123E+05
0.2132E+05
0.2150E+05
0.218B1E+05

D2C/DN
041331E-04
0.1793E=04
0.1705E~04
0.1325€E=04
0.9156E=-05
0eT3bUE~DYD
0elQ4BF=0w
0e2112E=0~

D2C/DN
0s1373E~-04
0«.1010E~04
0.B8554€£=-05
0.8493E£-05
0.9310E=0%
0el040E=04
0s1116E=-04
0.1098F-04

D2C/DN
0.1000f~00
U.6316E~06
0e4134F-05
0.8633€E-05
0413°P4E-04
0.1707E~Q4
0el924E~04
0.1885E-04

D2C/ON
0.608lE-06
0.1000E=-06
0.1000€=00
0.3563F=00%
0.5017E=05
0.12955=04
0.2470FE=04
0.408VE=0



INRIBITED WATER WELD TEST N
SPEC N B24=4 T/2N

B-28

SPEC N BY9-1 T/2M SPEC N Blé4~] T/2N SPEC N B23-) T/2N
SIGHMAX 0.105FE+06 SIGMAX 0.105E+06 SIGMAX 0.105E+«06 SIGMAX 0+105E+06
2C N 2¢C N 2c N ec N
0.5500E-01 v} 0+6200E=-01 0 0.5470E=-01 4 0.5780E-01 10
0.5500E-01 20 0.6220E=01 30 0.5470E-01 20 0.5790E-01 55
0.5300E=~01 40 0.6220E~0} 50 0.5500E-01 40 0.58B60E~01 100
0.5490E~01 60 0.6220€E-01 100 0.5490E~01 60 0«5910E=01 125
0.5640E-01 90 0.6220E~01 150 0.5500E~01 80 0.5960E-C1 150
0.5790€E=01 125 0.6220E~01} 200 0.5560E~01 105 0.5980£=01 175
0.5830£-01 160 0.6220E=01 250 0.5580E-01 130 0.6020E=01 200
0.5830E~01 190 0.6220E~01 275 0.5620E-01 160 0,5970c~01 225
0.5830E~01 220 0.6320F=01 300 0.5680E-01 215 0.6080E~01 250
0.5870E-01 250 0s6480E=~0] 325 0.5690E~01 250 0.6000E-0] 275
0.59%60E-01 <90 0.6560E=01 335 0.5710€-01 270 0.6030E~01 300
0.5940F=-01 315 0.6570E=-0}) 350 0.5750£=01 290 0.6120E~01 325
UahN10E~01 340 0.6580E=01 3715 0.5770€E=-01 310 0.6260E~01} 350
0.A050E=-01 365 0.6620E=01 400 0.5820E-01 340 0.6300E-01 375
0.5040E=01 400 0. 0 0.5840E-01 360 0.6300E=-0Q1 400
0. 0 0. 0 0.5840E=01 380 O 0
0. b 0. 0 0.,5880E~01 400 Oe 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. e Oe 0
0. 0 O 0 0. 0 0. 0
0. 0 O 0 O 0 Ce 0
0. 0 O 0 0. 0 Qe 0
0. 0 0. 0 0. 0 Oe 0
(U 0 0. 0 0. 0 O 0
(UM 0 0. 0 Oe 0 0. 0
Oe 0 0. 0 0. 0 Oe 0
0. 0 Oe 0 0. 0 O 0
0. 0 0. 0 0. 0 O 0
0. 0 Oe 0 0. 0 O 0
0. 0 0. 0 0. 0 O 0
0. 0 0. 0 0. 0 Oe 0
0. 0 O 0 0. 0 O 0
0. 0 0. 0 0. 0 O 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 Oe 0 Co 0
0. 0 Ne 0 0. 0 O 0
0. o 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. o
0. 0 O 0 0. 0 0. 0
0. 0 O 0 0. 0 Oe 0
0. 0 0. 0 0. e 0. 0
0. 0 Oe 0 0. 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 0. 0 O. 0 Oe 0
0. 0 0. 0 0. 0 De 0
O. 0 U 0 C. 0 Oe 0
O. 0 0. 0 0. 0 0. 0
0. 0 0. ] 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0



B-29

SPECIMEN NUMBER B89~1 T/2N
2CREF NREF
0.5543E=01 0,5000E+02
0.5655E=01 0.1000E+03
0.5767F=01 0.1500E«03
0.5854E=01 0.,2000E+03
0.5947E-01 0.3000E+03
0.599Y5E=~01 043500E+03
0.6105E~0] 0.4000E«03
SPECIMEN NUMBER Bl4=~1 T/2N
2CREF NREF
De6252E~01 0.5000E+02
0462¢2E-0) 0.1000E+03
0e6177E=01 0.1500E+03
0«6175E-01 0.,2000E+03
0.6243E-01 0,2500t%03
0.6375E-01 0.3000E+03
0.6531E~01 0+3500E+03
0.6642E-01 0.4000E+03
SPECIMEN NUMBER B23~1 T/2N
2CREF NREF
045494F~01 0.5000E+02
0e5542F=01 0.1000€£«03
Ge5597E~01 0.1500E+03
0.5653E=-0] 0.2000E+03
0.5707E~01 0.2500E+023
0.5760E=01 0.3000E+«03
0.5815E~01 043500E+03
0.58d82E£~01 0.400CE+03
SPECIMEN NUMBER B24=64 T/2N
2CREF NREF
0.5813E-0] 0.5000E«02
0.5877E~01 0.1000E+03
05936E-0) 0.1500E«03
0.5985E«01 0.2000E+03
0e6037FE=01 0+2500E«03
0.6091E=01 0.3000E+03
0eb185F=01 0.3500E+03
0e6347E=01 0+4000E+03

KMAX
0.2136E«05
0.2158E+05
0.2175E+05
0,2195E«05
0.2206E+05
0.2213E+05
0.2222E+05
022422405

KMAX
0.2269E+05
0.2263E+05
0.2255E+05
0.,2255E+05
0.,2267E+05
0.2291E+05
042319E+05
0.233RE+05

KMAX
0.2127E+05
0.2136E+05
0,2147E+05
0.2157C+05
0.2168E«05
0.2178E+05
0,2188E+05
0.2201E+05

KMAX
0.2188E+05
0.2200E+05
0.2211E+05
0.2220E+05
0e222BE«05
0.2239E«05
0.2257E«05
0.2286E+05

D2C/DN
0.1985E~04
0.2358E=-04
0e2048E=04
0+1419E=-04
0.8523E=-05
0.7178E~05
Ce1388E-04
0+43235E=04

D2C/DN
0.1210E-05
0.1000E=~06
0.1000E=-06
0+46266E-05
0.2008E~04
0+3063E-04
0.2962E-04
0el1116E~04

D2C/DN
0+.8045E~05
0+41053E~04
0.1128E~04
0.1104E-04
0.1056E~04
0.105%9E~04
0.1189E~04
0.1519E~-04

D2C/DN
0.1294E~04
0.124%E~0%
0e1071E~04
0.9295E-05
Ce©965E=05
0.1443E~04
0.2461E~04
0e4160E-04



SPEC N 4=62 T/?
SIGMax 0.105E+06
°c N

0.5AR0F=01 0
0.5dR0F=01 20
0.5H890F=01 40
VeG950F=-01 70
0.5990F=01 an

0.A000F=01 110
0.4010F=-01 130
B.Al0NF=01 180
0.~140F=01 180
Usa200F=01 210
JeAl190F=-01 240
YehlayF=01 270
0,A2A0F=01 300
0.42R0F=01 330
0.A320F=~01 350
0.A3K0F=01 3R0
0.A350F=01 400
0.

(=]

(=]
-
DIODDDD ODDOODODODOD OO OD DO DVLODITODITDOODD

SPFC N
SIaMAaX

a2c
0.5870F=01
0e5990F=01
0.5970F=01
Na5990F=0]
Neh020F=01
Neh060c-01
NehNINF=01
0,A100F=01
NeAlIF0F=0]
NeAl20F=01
Deh1TOF=01]
0-62105{—01
0-6230F-01
0.6210F=01)
Na6240F=01
046280F=01
N.A330F=01}
Neh320F=0]
0.
Ne
Na
0-
0.
O
06
ﬂu
O
ﬂo
O
D
O
0‘
n!
0e
n.
[
Ne
Ne
0'
0O
Ne
O
N
Ne
nl
0.
Oe
0.
0.
ﬂc

4=-64
0+105E+06

SALT SPRAY AIR TEST

T/

N
0
30
50
A0
100
130
185
190
220
240
270
290
310
230
3590
370
3G90
400

QOO0 DD ODDOCO0ODDO OO0 D0 DD OO ODOO

SPEC N 4=33 T/2 N
SIGMAaX 0«105k+06
2cC N

0.5770E~-01 0
0.5770£-01 10
0.5770E=-01 40
0.5950E=01 70

0.,A040E=01 100
0eh040F=01 130
0.6170E~01 170
0.6170F=01 210
0.~n1BUE=-CL 240
0.6180E-01 270
0.6200F=01 300
0.6230F=01 320
0+46290F=01 340
0.5290L=01 360
0.6300F=01 380
0+6300E=-01 400
0.
[V
0.
0.
0.
0.
0.
Ue
0.
0.
0-
0‘
0,
0.
Oe
0.
0.
0‘
OI
0.
0.
0'
0.
O.
0.
O.
0.
OI
0.
0.
0.
0.
0.

QOO0 OO DO0OO0CO VOO OIOODOD COO0ODDADDOOOO0OO0O OO

N FLAW
SPEC N 4=39 T/2 N
SIGMAX 0.105E+06
ec N

045770F=01 0
0.580VE~0) 20
0.58007=01 40
0¢5800f£=~01 60
0.5810£-01 Bo

0e¢5820F~01 100
Oebl30F-01 140
0ehl/0E=N] 160
0e6190F=01 190
0e6270F=01 220
046320E=01 250
0«6310F=-01 280
0e6340F=01 310
0e6380K=~-01 335
0s660b0E=01 360
0e64T0F=01 380
Neb480E=01 400
O
0a
0.
0-
Oe
O
O
0.
O.
Oe
0.
0.
0.
0
Oe
0.
o.
O
O
O
0
0.
0.
0.
O
O
Oe
Qe
O
Oe
O
Oe
O .

(=)

O OO0OOD OO OO0 ODODTO OO0 OO0 QOO OOODOOO

0g-4d



B-31

SPFCTMEN NIMBER

PCRFF
0159137-01
0e5994r=01
NeANB3F=0}
Nehlolr=01
Nen?15¢=0}
Neh255F=01
0.6297F-01
Nek3726-0]

SRPFCTMEN N NHER

PCRFF
NeS974F=0]
0.A032F=01
Neb0(AF=0)
Ne&120F=01
Nehlb64r=-0}
NDeh2léF=0}
NeA268F=0}
NetnI24F=0)

SPFCTIMEN NUMBER

PCRFF
NeSKTITE=01
Nek0ULlF=0]
NehAN9TF=01
Nehlb3IF=01
0.A201F=0]
Neh225F=0]
Ne&PODTF=01
Neh327F=01

SPECIMEN NUMBER

2CRFF
N.5780F=01
noSQIB:‘Ol
nnénabp'ol
Neh231F=01}
Nef319r-0)
Neh359F =01
Neh395F=01
Ne6S514F=01

4-62 T/2

NREF
0.5000E+02
0.1000FE+03
04,1500F+03
Ne2000FE*03
0.2500F+03
0.3000nF+03
0+3500E+03
NeuNOOF+0J

4b=ht T/7

NREF
0.5000F+02
0.1000E+03
0.1590FE+03
0.2000FE+03
0.2500F+03
0.3000F+03
N+3500F+03
0440005+03

4=33 T/2 N

NREF
0.50005+02
0.1000F+03
Ne1%500F+03
0.2700NFE+03
0.2800F+03
0.3000F+03
0.3500F+03
0.4000F+03

4=39 T/2 N

NRFF
0.5000E+02
0.1000€+03
0.1500F+03
0.2000E+03
0.2500F+03
0.3000F+03

0,3500E+03
0.4000F+03

KMAX
0.,2215E+05
0.2230E+05
0.2246E+05
0.2261E+05
0.2271E+05
0.227BE+05
0.2286E+05
0.2299E+05

KMAX
0,2226E+05
0.,2237€E4+05
0.2245E405
0.2253E+05
0,2261E+05
0.2270E+05
0.2280E+05
0.2290E+05

KMAX
0.,2208E+05
N.2231E+05
0.2749E+05
0.,2261E+05
0.,2268E+05
0.2272E+05
0,2278BE+05
0.2291E+05

KMAX
0.2]190E«05
0.2215E+05
0.2247E+05
0.2274E+05
0.2290E+05
0.2297E+05

0.,2303E+05
042325E+05

D2C/ON
0s)133)1FE=04
0e1793E=-04
0'17055-0“
0+1325€E=-04
0e9156£=05
0e7364F=05
0.1048E=0¢
0e2112E=04

D2C/DN
0s1373E=04
0.1010E=04
0eB554E=-05
0eBL93E~0DH
0e9310F~05
0.1040E~04
0e)]116E~04
0s1098E~0s

D2C/DN
00?661E'0“
0.2233€=04
Oelsn23E~-04
Caln0TE=04
0+5637E=05
CetbBOF=05
0.89912-05
0.2032E~04

D2C/DN
0+1595E~04
0e3342E=06
0e3348E~04
0.2374E=04
0«)118B4E~04
0.53%6€£~-05

0.,1205€-04
0e3941E=-04



B-32

SALT~SPRAY=AIR WELD TESTy N
SPEC N B22-2 T/2N SPEC N Blé4=-3 T/2N SPEC N B23=] 1/2N SPEC N B2é=4 T/2N

sIGMax 0.1052+06 SIgMAX NDs]10SE+06 SIGMAX C«10SE+06 SIGMAX 0.105E+06

’C N 2¢ N 2c N 2C N
0.5510E-01 0 0.5500E=0) 10 045470E=01 2 0,5780E=01 10
0.5510E~-01 30 0.5520E=01 35 0.5470E~01 20 0.5790E=01 55
0.5510E~-01 70 0.5530€~01 60 0.5500E~01 40 0.,5860E~01 100
0.5540€=-01 100 NeS5T0E~Q]) 85 0.5490E=-01 60 0.5910E~01 125
0.55605-01 150 05570F=01 110 0.5500E-01 8o 0.5960E-01 150
0.5580E=01 180 0.5570E-01 135 0.5560E=01 105 0.5980E-01 175
0.5980£=01 210 0.5570E~01 160 0.,5580E=01 130 0.0020E=-01 200
0.5000E~-01 240 0.5570E=01 190 0.5620E-01 160 045970E=-01 225
0.5680E~01 290 N.5570E~01 220 0.56H80E~01 215 0.6080E=C] 250
0.5700e=-01 320 0e¢5570=01 250 0.5690E-01 250 0.6000£-01 275
0.5730E=01 350 0.5710E=01 285 0.5710E~01 270 0.6030E=0] 300
0.5870£-01 380 05S730E=01 305 0.5750E=01 2990 0.6120E=01 325
0,6010E=-01 +00 0.5730F=01 330 0.5770£~01 310 0.6260E=01 350
0. 0 0.5830E~01} 355 0.5820E-01 340 0.6300E-~01 375
0. 0 0.5870E~01 375 0.,5840E-01 360 0.6300E-01 400
0. 0 0+5930E=01 400 0.5840GE=01 380 0, 0
0. 0 C. 0 0. 0 Qe 0
0. 0 O 0 0. 0 O 0
0. 0 0. 0 0. 0 1% 0
0, 0 Ne 0 0. 0 Oe 0
04 ¢ Oe 0 0, 0 Oe 0
0. 0 0. 0 Oe 0 [V 0
0. 0 Qe 0 0. 0 0. 0
0. 0 0. 0 Oe 0 0. 0
0. 0 [V 0 0. 0 Oe 0
0. 0 0. 0 0. 0 0. 0
0. 0 [/ 0 0. 0 VIS 0
0. ] O 0 Oe 0 Oe 0
0., 0 0 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0« 0 0. 0 O 0
oQ 0 0. 0 o. 0 0. 0
0. 0 O 0 0. 0 [ 8 0
0. 0 O 0 Oe 0 Oe 0
0, 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 O. 0
0. 0 0. 0 O, 0 0, 0
0. 0 0. 0 0. 0 (U 0
0. 0 O 0 0. 0 O 0
0. 0 0. 0 0. 0 0, 0
0. 0 0. 0 0. 0 0. 0
(U 0 O 0 0. 0 0. 0
0. 0 O« 0 0. 0 0o 0
O. o 0. O ol 0 o. 0
0, 0 0. 0 Oe 0 O 0
0. 0 [V 0 0. 0 0. 0
0. 0 Ol 0 0' 0 o. 0
0. 0 0. 0 0, 0 O 0
0. 0 0o 0 0. 0 O 0



B-33

SPECIMEN NUMBER

2CREF
0.5505E~01
0.5532E~0)
0.5565€=01
0.5590E-01
0.5612E=01
0.5636E~01
0.5763E-01
0.5993E=01

SPECIMEN NUMBER

2CREF
0.5545E=01
0.5562F=01
0.5560E=01
0.5571E=01
0.5015£-01
De5697E=-01
0.5809€=01

SPECIMEN NUMBER

2CREF
0.5494F~01
0.5542E~01
0.5597€=01
0.5653E-01
0.5707E=-01
0.5700E~01
0.5815€=~-01
0.5882E=01

SPECIMEN NUMBER

2CREF
0.5813E-01
0.5877E=01
0+5936£-01
0.5985E~01
0.6032E-01
0.6091E-01
0.6185€=01
0.6347E~01

B22=2 T/2N

NREF
0.5000E«02
0.1000E+03
0.1500E+03
0.2000E+03
0.2500E+03
0.3000E+03
043500E+03
0.4000E+03

B14=3 T/2N

NREF
0.5000£+02
0.1000E+03
0.1500E+03
0.2000F+03
0.2500E+03
0.3000E%03
0.3500E+03
0.4000E+03

B23~-1 T/2N

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.,2000E+03
0.2500E+03
0.3000E+03
0.3500E+03
0.4000E+03

B24=4 T/2N

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.2000E+03
0.,2500E+03
0.3000E+03
0.3500E+03
0.4000E+03

KMAX
042129E+05
0.2134E+05
0.2140E+05
0.2145E+05
0.2150E+05
0.2)5HE«0S
0.2178E+05
0e2221E¢05

KMAX
0.2137€+05
0.2140E+05
0.2139E+05
0.2142E+05
0«2150E+05
0.2166E+05
0.2187E+05
0.2210E+05

KMAX
0.2127E+05
0.2136E+05
0.2147E+05
0.2157E+05
0.2168E+05
0.2178L+05
0.2188E+05
042201E+05

KMAX
0.218B8E+05
0.2200E+0S
0.2211E+05
0.2220E+05
0.2228E+05
0.2239€+05
0.2257E+05
0.2286E£+05

D2C/0ON
0.3047E-05
0.66B0E=-05
0.5878E=05
0.4294E-05
0.5584E=05
0.1340E=-04
0.3141E~04
0.6325E-04

D2C/DN
OOBOQZE'OS
0.1372E-06
0+5070E=-07
0.5104E=~05
0s1262E~04
0.1992E~04
0.2432E~04
0.2315E-04

D2C/DN
0.8045E-05
0.1053E~-04
0.1128E~04
0.1104E~04
0+1056E~04
Q+1059E~04
0.1189E~-04
041519E=-04

D2C/DN
0.1294E=04
0.1249E~04
0.1071F=0¢
0.9295E-05
0+9965E=05
0elét3E=04
0.244)E-04
0.4160E=~04



WE{.D DEMINERALIZED WATER, E
SPEC N Bl0-4 T/2E SPEC N B810=-3 T/2E SPEC N B818-3 T/2E SPEC N B15=5 T/2E
SIG4ax 0.105E+06 SIGMAX 0¢105E+06 SIGMAX 0.105E+06 SIGMAX 0+105E+06
2¢C N 2c N 2C N 2c N
0.9920E=01 0 0.9970F=-01 6 041024E+00 10 0.1022E+00 0
0.9920€-01 50 0.1007€00 30 0.1028E+00 30 0.1022E+00 20
0.9920E~01 100 0.1025€+00 55 0,1035E+09 50 0.1022E+00 40
0.9920E~01 150 041025E+00 80 0.1035E+00 75 0.1022E+00 60
0.9920£=-01 200 0«1030F«00 100 0.1048E+00 100 0.1023E«00 80
0.9940F-01 21% 0.1038E+00 140 0.1049E+00 125 0.1027E+00 110
0.99%0€-01 240 0.1039F+00 180 0,1055F£+00 150 0.1027E+00 140

0.9990E£=01 270 0.1043E+00 220 0.1057E+00 175 0.1030E+00 190
0.1003F£+00 300 0«1054E+00 260 0.105GE+00 225 0.1031E+00 220
0.1003€+00 32% 0.1089E+00 3o0 041059E+00 250 0.1063E+00 250
0.1008E+00 350 0«1091E+00 325 0.1061E«00 275 0.1051E+00 280
0.1010E+00 375 0.1092F+00 350 0.1070E«00 300 0.,1067E+00 340
0.1037E+00 400 Ns 1098E«00 370 0.1078E+00 325 0.1080E+00 370
D, 0 0.1114FE+00 400 0.1082E+00 350 0.1084E+00 400
O 0 0a 0 0,1080E+00 375 Oe 0
U 0 [V 0 0.,1090E+00 400 Oe 0
0 0 O 0 0. 0 G. 0
0. 0 0. 0 O 0 Qe 0
0. 0 0. 0 0. 0 O 0
Q. 0 [ 0 O [\} Oe 0
0 0 Qe 0 0. 0 0. 0
Q. 0 0. 0 0. 0 0. 0
0. 0 0 0 0. 0 Oe 0
U 0 VY 0 0. 0 [ 0
Q. 0 ' 0 0. 0 O 0
Ce 0 0. 0 0. 0 (U 0
0. 0 Oe 0 0. 0 O 0
0. 0 Oe 0 0. 0 0. 0
0. 0 0. 0 O 0 0. 0
0. 0 O o} 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 O 0
0. 0 0. 0 0. 0 Oe 0
0. 0 0. 0 0. 0 0. 0
Q. 0 Oe 0 0. 0 0. 0
0. 0 0. 0 0. 0 Q. 0
0. 0 Q. 0 Oe 0 0. 0
0. 0 G 0 Oe 0 0. 0
0. 0 0. 0 0. Q Oe 0
0. 0 Oe 0 0. 0 O 0
0. 0 0. 0 O, 0 O 0
0. 0 Oe 0 0, 0 0. 0
0. 0 0. 0 O ] 0. 0
0. 0 0. 0 Oe 0 0. 0
0. 0 0. 0 0. 0 Oe 0
0. 0 O 0 0. 0 0. 0
0, 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 O 0 0. 0 Oe 0
0. 0 0. 0 0, 0 0. .0

ve-d



SPECIMEN NUMBER

2LREF
0.1147E+00
0,11585.00
0e116LE+00
0,1170E+00
0,11/35+00
0.11/9E+00
0.11%0E+00
0.lcllEs0O

SPECIMEN NUMBER

ZCREF
0,1113g+00
0.1117€+00
G.lllgk+g0
0.ll22E+00
0,1127/E+00
0.1133E+00
0,1llanE+00
0.1139E.00

SHFECIMEN NUMBER

¢CPEF
0.,1164L+00
0.1179k+00
0.1190E+00
041199+ .00
0,1¢07r«09
0.,12146+00
0.1£d£t*00
0,1233E+00

SPECIMEN NUMBER

2CREF
0,1185£+00
0,1195€+00
0.1206E+90
0,1218E+00
0el232E+00
0,1246F+00
0elcdo0E+0V
0.1271F+00

4-55 T/2 E

NREF
0.5000E+02
0.1000F£+03
0¢1900F+03
0.,7000E+03
0.”500FK+03
0+3000R~03
0,3500€+03
0.4000F«03

“=-110 T/2E

NREF
0.5000k+02
U.1000F+03
0.1500;005
0.2000£+03
0.25V00£+03
0.3000E+03
0.3500£+03
0.40U0E.03

4«43 T/72 F

NREF
0,5000f+02
041000n+03
0.1500-+03
1e2000F+03
0.2590F+03
0.3000€+03
0.3560F+03
0.+000E+03

4=4n T/2 €

NREF
0.5000FE+0g
0,1000++03
0.1500E+03
0,20008+03
0.30U0r+03
0.4000E+03

AREF
N,2218E-0)
p.2276Ek=yl
0e2312E~01}
Nel334k=-01
0.2351t-01
Oo?j.igt’l)l
DeP434E=01
0ePb40E-01

AREF
0.2174L~-01
0.2193E~91
0e”205%L~-01
0.2221E=01
0.2244E-ul
0.22773E~01
0.2298~01
N.P3U5E=-0]

AREF
N.2330E=-01
Ne2404E=01
0.2451r=01
042506E-01
NelS44E~Q1

e 25K NE=01
0e20!5L=01

AREF
0.7304E-01
0.,2357TE=-01
0.2411E=-01
N.2¢11t=01
0e”?538E=01
0.2610£-01
Ne2679E-01

KMA L
00?6675*05
0,”2693E+05
0«2710E+(,S
0e?P71GE+05
0,2777E405
Der T39E+0S
0.27AR3E+0=
0.2808E+0~

KMAY
0.2635E+405
0.2664E+0%
0.2650L+05
(.P?657TE+05
0el266BE+0S
0.72681E+05
0.2692E+05

KMAY
0.2715E+05
0s2748L+05
0.2772+05
0627915£4+05
0e2407E+05
0.2822L+05
0.2839E+¢"%
0.28A1E+05

KMAX

0,2716E+05
0,2739E+05
0.7763E+05
0.?27H9E+0%
0.2817E+GH
Ue244T7L+05
0.2875E40%
0.2897E+05

v2C/LN
0.2776t-04
0 1863E=-064
Qelll7h=0&
07009t =ub
0 7T78BC =Nk
Qelblak=00
0e20HTp~-vb
QeDour="4

uzC/sun
0e1036r=-04
GabIalc~(b5
CeDlh4E~-05
NDeTHIBE=(05
Qel0/7¢r=04
0ellBHF =04
Qe?h7/c=0%
Qel00UE=VOL

DeC/un
0.3344g-04
Ce.lbllE=-04
0e2022E-06
Qelblob=ys
eld?2be=0¢
Qeléalr=04
Qdeldavhh -4
Qelo90r-04

U2C/UN
0.&210[“04
0.208)k=04
Qe2293E=04
0.2b3br«C4
0el2HlYE=04
0elB75e~04
QerSHLE~U4
0.1581&.")4

ce-4d



WELD OEMINERALIZED WAIERes €
SPEC N Bl0-~4 T/2E SPEC N Bl0-3 T/2E SPEC N B18~3 T/2E SPEC N B15-5 T/2E

SIG4ax 0.105FE+06 SIGMAX 0.105E+06 SIGMAX 0«105E+06 SIGMAX 0+105E+06
2c¢ N 2¢ N 2cC N ec N
0,9920£-01 0 049970F-01 6 0.1024E+00 10 0.102Z2E«0Q0 0
0.9920€-01 50 0.1007E+00 30 0.1028E+00 30 0.1022E+00 20
0.9920E~01 100 0.1025€E+00 55 041035£+00 50 0.1022E+00 40
0.9920E~01 150 0.1025€E+00 80 0.,1035€+00 75 0.,1022E+00 60

0.99720E-01 200 0.1030F+00 100 0.1068E+00 100 0,1023E+00 80
0.9940F=01 215 0.103HE+00 140 0.1049E+00 125 0.,1027E+00 110
0.9950£~01 240 0.1039F+00 180 0.,1055E£+00 150 0e1027E+00 140
0.9990E=01 270 0e1063E+00 220 04.1057€+00 175 0.1030E+00 190
0.1003%+00 300 N«1054E+00 260 0.1059E+00 225 0.1031E+00 220
0.1003E+00 32 N«1089E+00 300 0.1059E+00 250 0.1043E+00 250
0.100BE+00 350 0.1091E+«00 325 0.1061E+00 275 0.1051E+00 280
0.1010E+20 375 0.1092E£+00 350 0.1070E+00 300 0.1067E+00 340
0.1037£+00 400 0.1098E+00 370 0.1078£+00 325 0.1080E+00 370
0. 0 0.1114E+00 400 0,1082€+00 350 0.,108B4E+00 400
0. 0 0. 0 0.1090E+00 375 0. 0
0. 0 0. 0 0.1090£¢00 400 0. 0
0. 0 0. 0 0. 0 Oe 0
Q. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0, 0 0. 0
Je 9 O 0 0. 0 0. 0
0. 0 Qe 0 0, 0 0. 0
Je 0 De Q 0o 0 Q. 0
0. 0 0. 0 0. 0 0. 0
J. 0 De 0 0. 0 O 0
0. 0 O. 0 O, 0 O, 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 Oe 0 0. 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 Oe 0 0. 0 O 0
0. 0 O 0 0. 0 0. 0
0. 0 Qe 0 Oe 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0, 0 0. 0
0. 0 O 0 0, 0 0. 0
0. 0 0. 0 0, 0 0. 0
0. 0 0. 0 0. 0 O, 0
0. 0 [V 0 Ue 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 Q. 0
0. 0 0. 0 0. 0 Q. 0
0, 0 0. 0 0. 0 0. 0
0. 0 0. 0 0, 0 0. 0
0. 0 O 0 0. 0 0. 0
0, 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 O, 0
0. 0 Oe 0 0. 0 0. 0
0. 0 0. 0 O 0 Q. 0

9¢-d



B-37

SPECIMEN NUMBER

2CREF
0.9901£-01
OngglaE'ol
049933E=-01
0+9945€E-01
0+.9955E=~01
0«9988E=01
0.1009E+00
041032€400

SPECIMEN NUMBER

2CREF
0.1020E+00
0.1030F+00
0.1035E+00
0.1043E«00
0.1057F+00
0.1077€£+00
0.1098E+00
0.1110E+00

SPECIMEN NUMBER

2CREF
0¢1035E+00
0.1045E+00
041052E+00
0.1056E+00
0.1062F«00
0.1070E+00
0.1081E+00
0.1093E+00

2CREF
0.1023E+00
0.1024E400
0.1026E+00
0.1032E+00
0.1042E+00
0.1056F+00
0.1072E+00
0.,1085€+00

B10=4 T/2E

NREF
0.5000E+02
0«1000E+03
0.1500E+03
0.2000E+03
0.2500E+03
0+3000E+03
0.3500E+03
044000E+03

B10-3 T/2E

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.2000E+03
0.2500E+03
0.3000E+03
0+3500E+03
0+4000E+03

B18-3 T/2E

NREF
0.5000E+02
0.,1000E+03
0.1500E+03
0.2000E+03
0.2500€E+03
0.3000E+03
0.3500E«03
0.4000E+03

SPECIMEN NUMBER B815=5 T/2E

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.2000E+03
0.2500E+03
0+3000E+03
0.3500E+03
0.4000E+03

AREF
0.1991E-01
0.1997E=01
0.2007E=-01
0.2013E=01
0.2018E-01
0.2084E=-01
0.2200E-01

AREF
0.2113E=01
0.2166E~-01
0.2191E=-01
0.2228E=-01
0.2298E~-01
0.2398E~01
0.2503E-01
0.2566E-01

AREF
0.2106E~01
0.2157€E=01
0.2188E=-01
0.2212E=01
0.2241E~01
0.2281E=01
0.2333E-01
0.,2396E-01

AREF
0.2047E~01
0.2049E=-01
0.2029E~01
0.2088E-01
0.,2139E-01
0.2210E-01
0.2288E-01
0.2356E~01

KMAX
0.2508E+05
042511E405
0.25]15E+05
0.2518E+05
042520E+405
0+.2528E+05
0.2551E+05
0.2604E+05

KMAX
042567E+05
0.2592E+05
0.2603E+05
0.2619E+«05
0.2650E+05
0.2692E+05
0.2736E+05
0.2761E+05

KMAX
0.2573E+05
0.2596E£+05
0.2610E+05
0.2621E+05
0.2634E+05
0+2652E+05
0.2674E+05
0.2701E+05

KMAX
0.2546E+05
0.2547E+05
0.2551E+05
0.2565E«05
0.2588BE+05
0.2620E+05
0.2655E+05
0.2684E+05

D2C/DN
0.1000E-06
0.4029E~05
0.3293E~05
0«1657E=-05
0.3060E=-05
0ell44E=C4
0.3075E=-04
0.6492E~04

D2C/DN
0.3462E~04
0.1209E~04
0el047E=04
0.2098E~04
043483E-06
0e4324E~04
0e3744E~04
0.8641E-05

D2C/DN
0+267CE~04
0¢1515E=04
0¢1019€~064
0«1021E~04
0.1351E~04
0.1840€=04
0+2320E~04
0.2620E~04

D2C/DN
0+1654E=05
0.1352E=05
0.7136E-05
0.1599€=-04
0.2488E=04
0.3079E~04
0.3070E~04
0.2159E~04



INRIEITED wATER E FLAwW
SPEC N 4=7 T/2 £ SPEC N =10 T/2 & SPEC N 4=43 T/2 & SPEC N 4=46 T/2 E

SIGMax BelOBE+0h STGMAX 0+105E+06 SlouMAX 0.105E+06 SiGMax 0el0SE+0s

ac N 2Cc N 2C N 2cC N
0.11305+00 0 0«1173E+00 10 Oellant+uld 0 Qell174L+0Q0 0
Cell3OF+uY 10 0s1176F+«00 40 0al1e9E+00 20 Ue1180E+00 25
0e)130F=+00 30 0.1176F+G0O 60 UallbUE+QU 40 OellBlE+00 o0
Vaell30F+00 70 Nel17BE+0VO faX(] OellnoE+QO 60 0.1186KL+00 70
0.113GF+00 9 0«1186E+00 100 Uell7/7E+QU 80 UallvvE+Q0 w2
a1 136r+000 110 0.12UBFE+00 120 UellbZE+0U0 100 0.1203+00 120
Ol laUE+QY 130 0s12UTFE«Q0Q 140 Oel}d=£+00 120 OelcUrm+00 140
BellalF+uQ 150 0.12U17F+00 160 UellBok+00 140 0elllcr«00 170
Uell-dF+00 170 0.1213E+00 185 Uell9LE+00 170 Qell2loK«00 195
QallbaFr+0Q 190 0.1217E+00 200 Cell19bE+QU 145 DeleclE+00 220
OellAhnF+Q0 210 OelcclE+U0 220 UellnLlE+00 200 Jal23lEE+00 240
Uel1T76F+00 230 0. led9F+00 240 Ual200E+00 240 Del3DR+00 260
Uall776+00 Fg-11) 0ell239E+00 200 0s1208E+00 250 Dele34s+00 280
0e117BE+0LO <70 0e1251E+400 300 0o L2UYE+CO 270 Uel243E+00 300
0ell7HF+0U 250 0el1259F+00 320 0el209E+u0 290 Qelzbvyr+00 320
O0.11Y6E+Cy 315 0.1255F+00 340 0.1216£+00 310 0s126CE+00 340
Ue)19WT7F+0C 340 0e1cCOhE«UD 300 0el1219E+00 330 Ual2b%e+900 350
0s1197F+C0 360 Nel2lI9F+u0 380 Uel224E+00 350 Vel120%E+00 340
Uel198E+0GQ 385 0.1282E+00 399 Gel1226F+00 a7o 0.1207£+00 400
UalclecE+00 400 N.1300E+00 400 0.1230E400 390 0. 0
0. 0 (U9 0 0.1233E+00 400 Oa 0
0. 0 0. 0 U. 0 0, 0
(U 0 0 0 Ce U O 0
Oe 0 (11 (] [V 0 0o 0
0. 0 Oe q 0 0 0. 0
Ue 0 0. 0 Ce 0 0. ]
Oe 0 O U] 0. 0 Ve 0
U 0 0 0 0e 0 0 0
Os 0 O 0 0. 0 0. 0
Qe 0 Oe 0 0. ] 0. 0
Oa 0 0. 0 Ve 0 O 0
V38 0 0 n [/ 0 Oe 0
Ue 0 0. 0 Ve 0 U 0
Oo 0 00 0 - 0'\4 _ - O O 0
O 0 18 0 (VI 0 Ue o]
Ue 0 0 [} O 1] O 0
0. 0 O 0 0. 0 Qe 0
U, 0 0. 4] Q. 0 Q. 0
G. 0 0. 0 0. 0 Qe 4]
0. 0 0. ] Oe __ - . 0 . Ue 1]
O, 0 e 0 O 0 [(H 0
(VIS 0 De 0 O _ 0 Ua 0
Oa 0 O 0 Ue Q U 0
Q. 0 1S . (1 Oe 0 U, v}
G, 0 (U 1] 0. 0 (108 0
v, 0 De . . ______0 Qe _ ... _ _0_._ 0. S
0. 0 0 0 Oe 0 Q. Q
0. 0 0 _ 0 O __ 20 . 0 4]
0, [ O 0 0. 0 0. 0
7 0 Qe - 0. _ 0. _ 0 0. 0

8¢-4



SPECIMEN NUMBER

2CREF
Qsllc?e+00
0.1134F+00
0s1147F+00
Nel162F+00
N0e1172F 09
NDellulE«0n
0.11-7F+00n
Oolc('TF‘Oo

SPECIMEN NyYMBER

2LR=F
0el17250)
0. 118900
0el20DF+U0
le12¢VLE+CO
0elz337+00
0ell46E+00
e 1204FE+00
0e1e9bE+00

SPECIMEN NUMBER

¢LRFF
0s1104F 400
0.11/9+00
N1a1190£+00
0114992400
Nel207F+00
Ne1214F+00
NeldrR+00
Delcd3Fe+00

SPECIMEN NUMBER

2CREF
O«llebEsU0
Nel1555+00
NDelzUbE+00
Nel1218F+00
Uel325+900
0.12496E+0Q
0.126UF+0Q
0.1271F«00

4=7

4-1

[y

1/¢ E

NREF
UeS000E~u2
0¢1000E+02
0el200k+03
0e2000t+03
02500403
03000E+03
0e350Gk+03
De4Q0QE+0L

0 T/7¢ £
NREF
0e5000L+02
041000c+03
0.1500E+03
0.2000E+03
025004035
«3000E+03
0.3500E+03
0.4000E+03

3 1/2 &
NREF
0e5000L+02
0.1000E+03
0«1500E+03
0.42000E+03
0eeo00L+03
0.3000E+03
0+3900E+03
New000c+03

4-4b T/2 E

NREF
0e5000E+02
0«100CE+03
0e1500c+03
0«2000E+03
0.2500£+03
0.3000E+023
043500c+03
0.6000FE+03

AREF
0.2186E=01
0.2219E£=-01
0.2284E~01
0.2358E-01
0.242/E-01
0.24B4E=-01
00553“&'\)1
0.25d87t=-01

AREF
0.24152-01
0ec430E=-01
0e2962E~01
0.2637£-01
0s27C1E=Q1
0.2704E=0Q)
0ualb33E-01
043009t =-01

AKREF
0.2330£~-01
C.2404E~Q1
C.240)E-01
0.2906E=01
0e2944E=01
042530E=-01
0,26215-131
0.2679% =01

AREF
0.2304E=-01
0.23572=01
0.26411E~01
0.2471E=01
0.2538E~01
0.26105=21
0.2079E-01
Nel2733E-01

KMAX
0.26“0&‘05
0.2602L+05
Oe2hUlt+09
0e2T24E+05
042704L+05
0e277RE+05
0279 1 +0>
0e2821L+05

KMAX
062750L+05
0.277HE+D>
UcZﬂl(:E"O‘D
0e28435+05
0025”52’05
0e28Y3L+0%
0e2492nt+05
029t bE+(05

Kird X
0e2715€+05
0;27‘05E"05
02772405
042791 +05
0.2807¢+05
De2822F +65
0e2849E+Q>
0.2861L+0>

KMAX
0.2716E+05
0.2739E+05
0e2703EL+05
0e27849E+05
02817405
0.2547&_’*05
0e2B79E+05
Ve2897E+0Y

02C/0nN
0.40T6E=-0S
0.217T1E~04
0e289%€-04
0.29085=04
0e293PE=0Q4
Qecl21E-D4
QeldnbhE=b
Ce2401E-04

V2C/0N
Delo728=00
0e3130E=00
0«3219F =04
Be.271722=04
0e2422E=N4
De28311E=D6
DeeDoSE=-04
D.8321E-06

D2C/0N
0e33¢uE-04
0.20)1€-04
0.20225-14
0elblbEDS
0e1423E-04
0e)492E=04
0, 18555=04
Uel550E=n4

02C/0N
0.2210E-04
0.208lE~Q4
0.2253E-04
0.2556E=04
0.,2819FE=04
0«28B72E=04%
0e2952E=04
O0el6BIE=-Q4

g

6¢



0.

SPEC N B16=2 T/2E
SIGmaxX 0.105F+06
2c N
0.1026<+00 0
Ua1027E+00 10
0.102GE+00 25
0.1031E+00 50
0e1032E+00 90
Ue1038E00 110
0.1043E+00 150
0.1045F+0Q0 170
0.1048E+00 190
0.1048E+00 210
0.104BE+00 230
0.1054E+00 250
0.,105842+00 275
0.1058F+«00 300
0.1051F+00 320
0.1066E+00 d45
0.1072E+00 370
0.1n37E+00 390
0.1048E+00 400

OO0V O0OO0ODO0OOO0OODO0OODIDCODLOOCOOOOOLDODOO

(U
0.
0.
o.
O
0e
O
O
0e
O
Oe
O
0.
O
O
0.
0.
0o
0.
O
0.
0
0.
Q.
o.
O
0
0
0.
O
Qe
Qe
Oe
0.

SPEC N B18-3 T/2€
SIGMAX 0«105E+06
2c N
0«1024E+00 10
0.1028E+00 30
0.1035F+00 S0
0.1035E+00 75
Ne1048E+00 100
0«1C49E+00 125
0.1055F+00 150
0.1057F+00 175
0.1059€+00 225
041059€+00 250
0.1061E+00 275
0.1070£400 300
0.1078E+00 325
0.1082E+00 350
0.1090E+00 375
N.1090E+00 400

OO0 00OV OOCODOO0OOO0OOOODDOIDODDOODC DOO

SIbMAX

ELD INHIBITED WATER TEST,

EC N B15-5 T/2E

2c

0,1022E+00
0,1022E+0C0
0.1022E+00
0.1022E+00
0.1023€+00
0.1027E+00
0.1027E+90
0.1030E+00
0,1031E400
041043€+00
0.1051E+00
0.1067E+00
0,1080€E+00
0.1084E+00
o.

0.

0+105E+06

N
0
20
40
60
a0
110
140
190
220
250
280
340
370
400

[~ N=NeNoRoNeReNoleRoleNoRe oo oo NeNeRoReNolle N o No o =Naole el NollelNeRa]

13
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SPECIMEN NUMBER

2CREF
0.1030E+00
0.1036E+00
0.1043E+00
0.1048E+00
0,1053E+00
0,1058E+00
0.1068F+00
0,1089F+00

SPECIMEN NUMBER

2CREF
0.1035€+00
0.1065E+00
0.1052E+00
0.1056F£+00
0.1062E+00
0,1070F+00
0.1081E+00
0,1093F+00

SPECIMEN NUMBER

2CREF
0.1023E+00
0.1024E+00
0.1026€+00
0,1032E+00
0.1042E+00
0.1056FE«00
0.,1072E+00
0.1085E«00

B16-2 T/2E

NREF
0.5000E+02
0+1000E+03
0¢1500E+03
0.,2000E+03
0.2500E+03
043000E+03
0.3500E+03
0.4000E+«03

B18=-3 T/2E

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.,2000E+03
0.2500E+03
0.3000E+03
0,3500£+03
0.4000E+03

B15-5 T/2E

NREF
0.5000E+02
0.1000E+03
0.,1500E+03
0.2000E+03
0,2500E+03
0.3000E+03
0,3500E+03
0.4000E+03

AREF
0.2058E=01
0.2090E~01
0+2123E~01
0.2151E=01
0.21738~91
0.2200E-01
042251E~01
0e2355E=01

AREF
0.2106E-01
0«2157E=01
0.2188E~01
0e2212E~01
0e2241E-01
0+2281E-01
0¢2333€E-01
042396E=-01

AREF
042047E-01
0.2049€E=01
042059E=01
0.2082E~01
062139E~-01
0.2210€-01
0+228BE-01
0s2356E=01

KMAX
0.2553E£+05
0.2568E+05
0.2583E+05
02596E+05
0,2606E+05S
0.2618E+05
0.2641E+05
0.268bE+05

KMAX
0.2572E+05
042596E+05
0.2610E+05
0.2621E+05
0e2634E+0S
0.2652E+05
0¢26T7T4E+05
0.2701F+05

KMAX
0+2546E£+05
042547€4+05
02551£+05
0.2565E+05
0.2588E+05
0.2620E+05
0.,2655£+0%
0.2684E+05

D2C/0ON
0.103CE-04
0.1384E=04
0.1238g~04
0.9541Z=05
0.8918E-05
Del412E~04
0.2876E-04
0.5643E~-04

D2C/ON
0.2678E=04
0.1515£~-04
0e1019E=-04
0.1021Z=04
0e1351E-04
0«1840E-04
042320E-04
062620E~04

D2C/DN
0e16H4E=05
0.1352€-05
0e7136%~05
061599F=04
0e248EE-04
0.3079E~046
043070E~G4
0e2159E=04

v-4g



SALT LPYAY ATR TEST E FlLaw
SteC N 4~1067/2 £ SPEC N 4=-105 T/2r SPEC N 4=48 T2 I SPFO N a=uh T72 ¢
SLIOMAX 0.10%L+u6  SIGMAX 0.1055+0hm SfuMaXx Nel05c+06 SlulAaX Del0nE+0r

2C N 2C N eC N 2c N
Jel2suE+nD 0 0.1144E00 | ) Ue)148E4+00 W Dell74r+09 0
Gel240r+G0 20 0.,1150E+00 45 Uellwyc+00 20 Nelluureln 25
Uel293r et 45 0,1165E.00 79 0,11005400 «0 0e11R1FenQ 50
Uel2M3F+b oy 0.116%F+00 lon Dellhon«(0 (%) Nellne=enn o
Vel2h/2e +uu nl 0,1171r+00 130 Us 11775400 a0 Nellun=s09 Je
VelPb9%k et 1gu 0,1182400 149 Us!1hene(0 100 0.12055400 120
Us 12695 +(0 120 Ueilene+00 149 Nellh&Z+00 120 Jelotrl-+0u 140
Jell gk +0U 140 Vllyng+00 220 Uellbhbe+00 140 0.12127+00 Lyn
Us127AE 1,0 1Aa 0,119486.00 220 U 1191E.00 170 Je.l2157 400 13%
Gel2lGF 4y 140 0,12032+00 [4-14] YellBLE+CO 1+5 Je 12217 +0Q 220
Dal2926 400 2y0 0.lcupr 00 310 0,1201E400 200 Gellil-s0g 240
Uel3U0r+U0 el U tal5 400 340 Ve3P0 6EL0Y 230 nole~“Fepu 2o
Uel300k+00 240 0.1222F Q0 370 Oa)lubiz=00 LY NelZ3F+00 28¢
Vel3Nap ety et 0,1clEg+G0 “00 Celrlvyp+GO 20 Delzud +¢0 300
el 308F 40 ery 0. 0 Ue1209,00 290 helldeYr any 3et
Nal310g+0G0 300 0, 0 0.7216L+00 319 Nel2aUr+Cl 34U
v, 1300F 00 345 v, 0 0.171YE+CO 23 N,1259F 00 hn
Uel3ric+gQ 370 0. ¢ Del224L+¢0 3h0 Lol a9 Q0 3an
Uel3dolF=+00 390 0. 0 BellPP0r+CO 270 Gelonuz+) 400
Ue l396L+00 40U c. 4] Ue1”230E+00 340 LS 0
D 0 0. 0 0e1233E+00 400 0. ]
0 [t} O. [\ Je 0 Ve ]
Jo J 0, 0 e 0 Je 0
Ve c 0. n Q. 0 G n
Ve V] 0. (] Ue 0 [/ n
Ve 0 0, i} 0a 0 G o
Ve 0 0, 0 Ve ] 0 0
0. v G 0 Ve 0 Ge. 0
J, 0 0, n 0, o 0. 0
UM 0 e, 0 VI 0 Ce 0
U 0 d, 0 (V% 0 Ce 0
0, U 0, J V. 0 0. 0
Ve 0 n, 0 0. 0 Co V]
[ U] 0, i} 0, ¢ 0. 0
U, ] 0, 9 U, 0 [UR 0
0, U 0, 0 0, i 0. n
a9, ] v, [ O, 0 C. 0
U Q n, n 0. 0 e 0
v 0 v, 1} Q, 0 0, 0
O, 0 0, 0 0, 0 0. 0
Ve 0 0, 0 0. ] C. n
U, ¢ e, 0 v, ] Ve 0
Ue 0 0, 0 u, 0 0, c
0. [¢] 0. 0 0. 0 0. n
Ue 0 Q. 1 0. 0 v. o
0, [¥] Q. 0 0. 3 Ue 0
Ve v 0. 0 . 0 0. 0
U V] (138 [J] Ue 0 C. 0
Ve U] 0, ] Q. 0 Co V]
Ua v} 0, ¢ 0. 0 0. 0

ch-4d



SPECIMEN

SPECIMEN NUMGER

ZUREF
0el269E+00
Uellent +09
0.12E0E+00
011£9IE*00
0a128G6F 409
0,1307/2+90
Neld22%+40
Vel 3030400

SPECLMEN NUMBER

eLReF
Dell98r 400
0.1leRF+00
0,11b0F400
0J1L90E+Q0
0.llwge +u0
DeteiIF+00n
0.,1217-+00
OeldedEs00

SPECIMLIN MUMBER

2LHER
0.,116%4-+00
0ell/3E+0)
0.11907+090
0.11995 400
0,1207€+09
0.1€14t+00
U.1222e+00
0.1233k400

<CHEF
0,1185:400
0.14950+0¢C
0,1200%4+09
0elcl3E+00
0.,1¢32x+00
Ve ll240L+00
0,1260E«00
O0elelE+Qu

NUMBRR

4=106T7/2 &

NREF
02000k +0¢2
0,10008+03
NelB00Fk+04
0,2000++00
023007 +( 8
00,3000t +03
Ue35Y0F+03
0.4R00F+u3

4118 T/2k

NREF
0.5000F 02
U,1000F+03
D,1500E+02
0.2000C+D3
0.P50JF <03
0e3000F +(3
0.35U0k+03
Ne4000F+03

4=fH T/2 kL

NREF
0.5000F+02
N,10005+03
Ja 1%006"0.“
J.2NJ0F+03
Je250UE+03
U.3000r+02
0.3%90E+03
0.40007+03

4=t T/2 F

NREF
N,5000<+02
Gs1000%+03
0,15d0-+033
0e2000E+03
0.25007+93
0«30Uur+03
0.35%00F+03
0.4020F+03

AREF
ne?3%37c=-g1
Na?b4fut -0l
Nel941lt=0]
0.2595E=ul

PP l4ECZ=01
0.”9Y7e=-91

AReF
Ne.?2%4c<01
N,~»3718-01
nGRITRELY]
feP42hb~n1
NeldT3k—-1l
fapPblint=01
Na?256EL=012
Pe26225.01

ANLF
N,”3+0c=-0l
N.24040-01
n,Puablr-n1
0e”2-Uoz-01
far94ts~]]
Naen™0=01
N,2cllE-yl
[P AT B |

AREF
0.,”304~-01
fe.2357Tc-91
0,2¢11g~-01
0e2aTlk=-01
0.r53br=-0]
BerhlOE=-N]
Ne”hT6t-01
Ne2733E-01

CMAA
127730 +s
Dadn00t s
DePBLQR+NS
00"?753&."0"
[ WA
0e”nGgDE+0"
Derbrohey=
DePUKUL >S5

KMAY
DelbHubansg
NeP7labt+ug
0.,2739540=
JelPTAYe+(~
Na27540E+55
Ne2799k+05
0.2rlyt+05
Qe H2cC4y™

KMA~
0,271 405
NePT4HE+(05
De277TP-+0>
Oe2791lb+05
042707+
Qe?P022%+05
0e28113E+05
0e2EAL~+05

AMAaX
04”2715k 4NR
0,27J9:ouq
0.P7531 0%
0.278IL«(n
0.”HYTE 05

« 2HRe [E+(S
Ne28THL+05
NePbY7E+05

y2C/uN
Nelilder=(04
Codl 2o =04
NacHnac =0
P.l/occ=-na
Celi-vo=ys
el =14
Uan <11 =&
Dot 7ur =0

WAC/UN
Qa2 ~da
Ve lullr=yy
Ne229E0 =04

Vel st =Pw
0,177 v =24
Yelboimi=na

NezUnpm =00
Qertd/n0

U2C/7UN
Qedsdap =06
QeZollb=u
Qeculle--ita
Qetlnlur=0u
CatéZoo=a
Jela9l _=ya
N.1320-=ya
NelddoNm=04

J2C/UN
Jezcllp=na
Qezl3le=04
0-223J:~04
0s2000b =04
CornlSe=04
DeldHTor~ya
0.25528=04
Qsloblo=ye

£r-4d



WELD SALT=~SPRAY TESTs E FLAW
SPEC N B23-2 T/2E SPEC N B811-2 T/2E SPEC N B1B=3 T/2E SPEC N B15-5 T/2E

sIGMax 0.100E%06 SIGMAX 0+105E+06 SIGMAX 0+105E+06 SIGMAX 0.105E+06

2¢C N 2c N 2c N ac N
0.9950E-01 10 0.1026E+00 10 041024E+00 10 0.1022E+00 0
0.9950€£~01 30 0.,1026E+00 25 0.1028E+00 30 0.1022E+00 20
0.9950E~01 55 0.1026E+00 50 0.1035E+00 50 0.1022E+00 40
0.9950E~01 80 0.1026F+00 75 0,1035€E+00 75 0.1022E+00 60
0.9980E-01 110 0.1033E+00 100 0.1048E+00 100 0.1023E+00 80
0.1002E+00 140 0.1038E+00 125 0.1049€£+00 125 0,1027E+00 110
0.,1003E+00 170 0.1055E+00 150 0,1055E+00 150 0.1027E£+00 140
0.1004E+00 200 041056£+00 180 0,1057€+00 175 0.1030£4+00 190
0.1006E+00 270 0.1065E+00 210 0.1059€+00 225 0.,1031E+00 220
0.1010E+00 300 0.1075€+00 240 0.105YE+00 250 041043E+00 250
0.1028F+00 325 0+1085FE+00 270 0.1061E+00 275 0.1051E+00 280
041036E+00 ars Ne1087E+00 300 0.1070E+00 300 0.1067E+00 340
0.1045F+00 400 0.1091€+00 325 0.1078BE+00 325 0.1080E+00 370
0. 0 0.1104E+00 350 0.1082E+00 350 0.,1084E+00 400
0. 0 0.1106E+00 370 0.1090F-00 375 O 0
0. 0 0.1106E+00 400 0,1090E+00 400 0 0
0. 0 0. 0 0. 0 0. 0
Q. 0 0. 0 0. 0 Oe 0
0. 0 0. 0 0. 0 0. Y
0. 0 Oe 0 0. 0 Oe 0
U 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 O 0
0. 0 0. 0 O 0 0. 0
0. 0 Qe 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 O 0 0. 0 Oe 0
0. 0 0. 0 0. 0 Q. 0
0. 0 Qe 0 0, 0 Oe 0
0. 0 0. 0 0. 0 0. 0
ol 0 OQ 0 0. o o. 0
0. 0 Oe 0 0. 0 Oe 0
0. 0 0. 0 0. 0 0. 0
0. 0 O« 0 0. 0 0. 0
0. 0 O 0 0. 0 O 0
0. 0 0. 0 0. 0 0. 0
0. 0 0 0 0. 0 O 0
ol 0 0. 0 0. 0 o. 0
0. 0 Oe 0 0. 0 0. 0
0. 0 0. 0 G, 0 0. 0
0. 0 0 0 0. 0 0. 0
0. 0 0. 0 0. 0 Qe 0
0, 0 0. 0 0. 0 0. 0
0. 0 0 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 Oe 0
0. 0 0. 0 0. 0 O. 0
0. 0 Oe 0 0, 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0

79-4



SPECIMEN NUMBER

2CREF
0.9958E~01
0.9979F=01
0.,1000F+00
0.1003€+00
0.1008E+00
0,1015=+00
0.1027F+00
0.10465+00

SPECIMEN NUMBER

2CREF
N41025%+00
0.1034E400
0.1048F+0¢0
0.1063F+00
0.1070E+00
0.1090F+00
0.1100E+00
0.1108E£+00

SPECIMEN NUMBER

2CREF
0.1C35E+00
0.1045E£400
0.1052€E+00
0.1056F+00
0.10622+00
0.1070F+00
0.1081£«00
0.1093E+00

2CREF
041023E«00
0.1024E+00
010267400
0.1032E+00
0.1042E+00
0.1056E4+00
0.,1072F+00
0.1085E+00

B23-2 T/2E

NREF
0.5000%+02
0+.1000E+03
041500E+03
0.2000E+03
0.2500E+03
0.2000E+03
0.35C0E+03
0.4000E+03

A11-2 T/22

NREF
0.500CE+02
0.1000£+03
0.1500%+03
0.2000E+03
0.2500E+03
0.3000E«03
0.3500E+03
0.4000E+03

B18-3 T/2E

NREF
0.5000E+02
0.1000E+4023
0.1500E+03
0.2000E+03
0.2500E+03
0+3000E+03
0.3500E+03
0+4000E+03

SPECIMEN NUMBER B15-5 T/2E

NREF
0.5000E+02
0.1000E+03
0.1500E+03
0.2000E+03
0.2500E+03
0.3000E+03
0.3500E+03
0.40005+03

AREF
0~2°0“E‘01
0.2014E=01
O.ZOEbE-Ol
0«2041E-01
0s20032~01
0.2100E=01
0.2101E~01
0.2256E~C1

APEF
0+2047E=01
042089501
0.21595~-01
0.2237E=01
0.2309E-01
0.23707-01
0.2418E=01
0,2461E=0]

AREF
0.21006E=01
0.2157E=01
0.21885=01
0.2212E-0)
0.2241E=01
0e2281E=01
0e2332E-01
0e23Y6E=01

AREF
0.2047E=01
0+2049E=~01
0.2059E-01
0.2083E=~01
0-21395'01
0.2210E~01
0.2283€-01
0.2356E~01

KMAX
0.25.5€E+05
0.2520E+05
0.2526Z+05
0.2533g+05
0.2543Z+05
0.2561E+05
0.2533E+05
0.2630E4+95

KMAX
0.2546E£4+05
0.2566E+05
0.2593E£+05
0.2633E«05
0426652405
Ce2691E+05
0.2712g4+00
0.2730E+05

KMAX
0.2573E+05
0.2596£+05
0.2610E-05
0.2521E+05
0.2634E+05
0.2652E+05
0.2674E+05
C.2701E+NS

KMAX
0,2546E+05
0.2547€+05
0.2551E405
0.2565E+05
0.2588E+05
026202405
0.2655E+05
0.2684E+05

D2C/0ON
0.4243%-05
Ce/A287E=05
069636-05
0.70842-35
D.11472-04
0e28YaE=04
0.3031EC=-04
0etrbtlE=04

02C/DN
0.7872£~05
Ca2396Z~04
0.307CE=04
0.3077E~04
Ce2682E=-04
0.2155C=0u
0a1762=04
0e1770E=C4

D2C/DN
0.26787”=04
0e121%F-04
0.1019Z=04
0.102:C=04
041351E-04
0.1860E8=C4
Q.2Z20E-04
0.2620FE=04

02C/0ON
0+1654E=-05
0.1352E£-05
0.7136E-05
041599 =04
0e248PE=04
0.3079E~04
0.3070F=064
0.215%E=-04

ay 4



<060 INCH NORMAL Fi AW
\WF]

SPEC N &=7 T/4 SPEC N 4=-9 T/2 SPEC N 6=8 SPEC N 6=15 3T/4 SPEC N 6=-19 3T7/4

1O DT OC D
.

SIGMAX 0.105F+06 SIGMAX 0.105F+06 SIGMAX 0s105F+nA  SIGMAX 0.1085E+06 SIGMAX 0.105F+nA
a2r N 2c N 2c N 2C N 2C N
0.32R0F-01 0 NehT790F=01 n 0.7700F~01 n 01233F+00 0 0s114RF=+00 0
0.73290F~=01 40 NeAR20F=01 20 N.8180E=-01 20 0.1265FE+00 20 041P233F+00 25
0.313720F=01 80 0.AG20F=01 4n NeAS10E~01 40 0.12495£+00 as Ne1360F0D Gh
0.3380F=01 170 Neh360F=01 AN 0.RATOE=01 60 0.1331F+0C0 55 0,1338F+0nnN 8%
Ne3480F=n1 140 0.7050c=01 RN N,RAS0F=01 80 Nel3alFennd 7% 0s)350F+n0 74
0e3450F=01 200 NeTN60F=0} 100 0.9050F=01 100 0e13R3F+00 9y 0.1617Fen0 an
0.450F=01 2?20 0.,7120F=01 17% 0,9140F=01 130 0.1392F+00 115 Neloa3fFsnn 110
0.3450F=01 260 Ne7200F=01 150 0.9270F=-01 140 0.1458F 00 140 0.1643FsnC 130
0.1450F=01 290 Ne7240F=01 175 Ne9300E=01 150 0e14R9E+0D 160 0e14Q2Fern 150
0.34A0F=01 320 N.7330F=01 200 0.9550F=01 1#0 Neltndr+n0 18n OelB2ar+nn 170
043470F=01 3&8n A,7250F=0]1 2?75 1.9930F =01 209 Ne1526F+00 200 0elba?t+r( 19
0.35)10F=01 380 0,7360F=01 250 N.9940F=01 230 0.1571F+00 220 0a1562r «00 AR
043520F=01 400 NeT420F=0] 275 NeLOOSF 400 240 Nel6N0E+0N 249 0s1542+4n0 230
- 0 0eT440F=01 300 0.1017E+00 PHD CelbeTr+0¢C 2A0 Nelr00F+ng ehu
. 0 n,7530F=01 325 0.1033F+00 en 0,]1AGBE+00 2890 D V6ALNFenh >To
. 0 Ne7630F=01 350 U,10%7F«00 330 0.,1710F«00 300 0elh19F +nQ 29¢C
. n Ne7650F=0} 375 0410A6F«00 2AN 0e1H25F+00 330 0elRHIF+NN e
. [} Ne7680F=01 400 N,YNQ0F+00 360 0.1859F+00 350 017221 +00 ERTT
. 0 . 0 0.1118F«00 ann Nel9hbEL00 370 NelTnSF+00 a7s
. 0 . 0 . 0 0.2092E£400 400 0.17RTF+N0 ann
L] n . n L n . 0 . n
. 0 . 0 . o] . 0 . 0
. 0 - 0 . 0 - 0 . %
. n L] 0 L] n - 0 L] O
. 0 . 0 . 0 . 0 . o
. 0 . 1] . 0 . 0 . 0
. 0 . 0 . 0 . 0 . G
. n o 0 . n o 0 . o
. 0 . 1] . 0 . 0 . 0
. 0 . n . n . 0 . 0
L] n - n L 2 0 L] 0 L] n
. 0 . 0 - 0 . 0 . [¥]
* n L] 0 . 0 L] 0 L] n
. 0 . 0 - 0 . 0 - 0
N n . 0 o 0 . 0 o 0
. 0 L] 0 - n L ] o - O
. 0 . ] . n . 0 . §
. 0 . 0 - 0 . 0 . 0]
. n " 0 Y 0 . 4] . 0
. 0 . ] . 0 . 0 . 0
. 0 . 0 . n - 1] . }]
. 0 . 0 . 0 . 0 . 0
N 4] . 0 . y] . 0 . 0
L] 0 [ ) O . 0 . o L]
. o . n L] 0 L] 0 .
. 0 . 0 . 0 . 0 .
. 0 . 0 . 0 . 0 .
. 0 . 0 . 0 . 0 .
. O L] n - n L] 0 e
. 0 . 0 - 0 . 0 . 4

9%-4



SPECIMFN NHMBER

?2CREF
NeP97F=01
0.3360F=01
no]“l6:-01
f‘-'iaSOF‘-Ol
Ne3489r=-0]
Ne456c-01
n.?fa67=’-01
Ne3531F=-01

SPECTMFN NiMBED

?2CReF
0.6Q45F-01
Ne707T7F=01
Ne7183F=01
Ne7779F =01
Ne7374r~01
Ne74T5F=01
NeT7THR4Ge=01
Ne7700F=01

SPFCIMEN NIMBFD

PCReF
N.RR30F=01
N.Q035r=01
0,04057=01
N.9716F=-0]
N.Y0027+00
N.1034r«00
Nel106BF+0N
0.1104F«00

‘6= T/4

NREF
NJRO0NF+N2
1.0000F+02
0.1‘)00?0-’)3
0.2000F+03
Ne?50H0F+N3
0.3000F+n3
0.35007+03
044000F+03

T/2
NRFF
0.5000F+02
1e0000F+02
0.1500r«03
Ne?NN0F+03
0.7500F+03
063NN0F+N3
043500F+03
0,6000F+n3

T/2
NRFEF
0.5000F¢n2
1.0000F+n2
01500F+03
0.7000F+03
0.72500c+03
03000F«03
0435007 +n3
044000F+n3

KMAX
Nel1666F+05
N,1692F+nS
e 109I6E+DS
N,1794F£+0S
ny170T7E+05
Re1TNRE+DS
0,1708E+DS
N,17P4F+08S

KMAX
N,2418F+99
N,2441E+05
0, 2439E+05
N.247AE+05
N,2432F+n5
0.P9N9EsNG
t, 292 TE+)S
0. 29465405

KMAX
N ,?2A90FK+0NS
0,7T53E+)5
N.PR14F+05
0,28A0€+05
NaP90LE+(QS
0.2950+05
0.7999E+05
NL3049E+NS

2C/70N

0a.1133F=04
De 1 PANF=N&
0.9%46F=n%
Q.u1A9L~0Y
1ennu0F=0n7
1eNN0E=Q 7
Neh944c=nb
Ne?1T7AFE=N4

n
1
1

NPC/DN

0.20357=04
0e’329FE=00
0,1993F=0¢
041R31%-00a
Nalyrvr=pa
0e?203BF=nG
0e22-1F=04
0”398 =4

D2C/0N
Dei2Nar=nJ
0s30n9c-00
Nanb02 =04
QePUnAF=06
0.A1n4F=Ns
0sh532L=06
Dea7nR1F=nN4
NaQBEF=y

Ly-4



SPECIMFN NiIMRFEpP

2CREF
Ne1316F+00
Nel1190F+00
N 1459F+00
N,1530c+00
Ne1A14T+0D
Na)T22F+00
Ne146ATSID
NePNBTES00

SPECTYMAEM NiMBEPR

PCR7F
N 1326T+00
NelaZ2uTsein
Ne 1485400
Na15377+00
V19975400
N1ABTE+00
N,17397+00
Ne1787c+00

6=15 AT/4

NREF
N.500GF+nN2
1.0000F+02
N,1800F+n3
0.2000F+03
P PROOF+N3
0.3000F+03
NeARNNF+N3
H.6000F+03

6-1¢ 3T/4

NHFF
NENNOF+N2
1.0000F+n2
G+1500F+03
(L42000F«03
NeP=N0F+N3
fe3000F+03
0+3500c+n3
0.4000F+03

KMAX
0.3379E+05
0.3421F+95
0 .350%E+05
0, 3589E+05
Ne3A36F+05
N.3R0TE+O5
0,3965E£+05%
0.4171E£+05

KMAX
0.3341E+05
Ne34ALF+NG
Je3336E+05
01,3597F«05
0.3666E+0S
Ne374TE+OS
0.3R26F+05
N.3IBT79E+05

N2C/0ONM
04185747 =03
0.1402E£~03
Ne13n9E~-03
0.15145-03
0s1RT4F=-03
Ne24485=03
Na3393¢€-03
0.4628F-03

N2Cc/0N
Ne26326~03
Nelan9FE=n3
0.1041%~03
0s1079v=03
0.1315F-03
Del479E-03
0.1301g-03
0.5120E~04

8h-4d



. 04060 INCH WELD TESTe N FLAW
SPEC N C6-=4 T/4N SPEC N (5=2 T/4 N SPEC N Cl-5 T/2N SPEC N (5=1 T/2N

siGrax 0.105E+06 SIGMAX 0«105E+06 SIGMAX 0+105E+06 SIGMAX 0+105E+06

2c N 2c N 2C N 2c N
0.3170E~01 5 0+3300E-01 5 0.6640F-~01 3 0.6740E-01 10
J.3140E~01 35 03300E=-01 25 0.6690E~01 25 0.6820E-01 35
0.3200E-01 55 0e3300E=01 S50 0,6720F=01 50 0.6820E=01 50
0.3200E~-01 RO 0+3350E~01 85 0.6790E~0] 75 0.6830E~01 75
0.3.00E-01 105 0+3430E-01 105 0.6940£=01 105 0469TUE=DQ] 100
J.3200E-01 130 0,3430E-01 140 0.69v0E-01 130 0.7010E=-01 125
0.3°50E-01 155 0.3470E-01 160 0.7020E~01 155 0.7130E~-01 150
0.3r700E-01 180 0.3470E-01 180 0.7040E=-C1 180 0.7200E~01 175
0,3270€E-01 205 0+3530E-~01 200 0.7110E-01 205 0,7240E=-01 200
2.32,0E-01 230 043530E~01 225 0e7150E-01 235 0+7290E-01 225
0.3370E-01 55 0.3530E-0} 255 0,7160€E-01 255 0.73905=01 250
0.3370F-01 275 03560F~0] 275 0.7210E-01 280 0e740CE=~D1 275
U.3390E=-01l 3n0 0.39006-01 305 0.7270E=01 305 O0e7450E=-01 325
0.3500€~01 325 0«3560E-01 325 0.7340E~01 330 0.7530£-01 350
0.3930E~01 350 043560F=01 350 0.739CE~01 355 0.7600E-01 375
0.,3540E-01 375 0.3700£-01 400 0s74bUE~01 340 0.7760E-01 400
J,35%0E-C1 400 Oa 0 0.7490£-01 400 O 0
0. 0 0o 0 O e 0. 0
0. 0 Oe 0 G, 0 0. 0
0. 0 Oe 0 0. 0 0. 0
U 0 0. 0 O, 0 Oe a
0. 0 Os 0 O 0 0. 0
0. 0 Ne 0 O 0 0. 0
0. 0 Oe 0 O 0 O 0
0. 0 Oe 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. e
0. 0 0. 0 O. 0 O 0
0. 0 0o 0 0. 0 0 0
0. 0 0e 0 0. Q 0. 0
D. 0 Oe 0 0. 0 0. 0
0. 0 Oe 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 0 0 0, 0 0. 0
0. 0 0o 0 0. 0 0. 0
0. 0 Oe 0 0. 0 0. 0
0. 0 0. 0 0. 0 0. 0
0. 0 Oe 0 C. 0 0. 0
0. 0 O 0 0. 0 0. 0
0. 0 Os 0 0. e 0. 0
G. 0 Oe 0 Oe 0 O 0
0. ¢ 0. 0 0. Y 0. 0
% 0 Oe 0 0. 0 Oe 0
0. 0 Oe 0 0. 0 0. 0
0. 0 Qe 0 0, 0 0. 0
0. 0 O 0 0. 0 0. 0
Ve 0 Oe 0 0. 0 0. 0
0 0 0o 0 0. 0 0. 0
0. 0 Oe 0 0. 0 Oe 0
0. 0 G. 0 0. 0 0. 0
0. 0 O 0 0. 0 0 0

6%-4d



SPECIMEN NUMBER

2CREF
0.6805E~01
0.6950E~-01
0.7118E-01
0.7257E=01
047353€E-01
0.7624E~-01
0.7526E~01
0.7749€E-01

SPECIMEN NUMBER C6~4 T/4N

2CREF NREF
0,3138€E~0} 0.5000E+02
043204E~01 0.1000E+03
0.3231E~01 0+1500E+03
0,3278€E=~01) 0.2000E+03
0.3347£-01 0.2500E+03
0+3430E=0]) 0.3000E+03
0.35H0E=~0] 0.4000E+023
SPECIMEN NUMBER C5-=2 T/4 N
2CREF NREF
0.3313€E-01 0.5000E+02
0.3382E-~01 0.1000E+03
0.3459E-01 0.1500E+03
0.3514E-01 0.2000E£+03
0.3539€-0} 0.2500E+03
0.3548E=-01 0.3000E+03
0.3580E-01 0.3500E+03
0e3694E~01 0.4000E+03
SPECIMEN NUMBER C1=-5 T/2N
2CREF NREF
0.6757¢=01 0.5000E+02
0« 68B6E-0] 0.1000E+03
0.6997E~0] 0.1500E+03
07092E=01 0.2000E+03
0.7177E=01 0.,2500E£+03
0.7263E~0] 0.3000E+03
0.7369F~01 0.3500E+03
0a7517€E-01 0.4000E+023

Cs=1 T/2N

NREF
0.5000E+02
0.1000E«03
0.1500E«03
0.2000E+03
0.2500E+03
0.3000E+03
0.3500€+03
0.4000E+03

KMAX
0.1632E+0S
0el1636E-05
0e1643E+05
Cel655E+05
0.1672E+05
0.1693E+05
0.1713E+05
0.1729E+05

KMAX
0.1663E+05
0.1681E+05
0.1700E+05
0.1713E+05
0.1719E+05
0.1722E+05
0.1729E+05
0«1757E+05

KMAX
0.2376E+05
0.2398E+05
0.2418E4+05
0.2434E+05
0.2448E+05
0.2463E+05
0.2481E+C5
0.2506E+CS

KMAX
0.2384E+05
0.2409E+05
0.2438E+05
0.2462E+05
0.2478E+05
0.2490E+05
0.2507E+05
0.2544E+05

D2C/DON
0.2953€E-05
0.3851E=-05
0.7244E-05
0.1163E~04
041552E-04
0el740E=-C4
061578BE=-04
0.9149E=-05

D2C/DN
0+9994E-05
0.1606E~04
0.1383E-~04
0.7817E-05
02540E=-05
0.2511E~C5
0.1225E=-04
0e3626E~04

D2C/DN
0.2741E=-04
0.2409E-04
0.2047E=04
0.1763E~04
0.1664E=-04
0.1858E~04
Ca2453E~04
0+3556E~04

D2C/ON
0.2127E~04
0.3352E~04
0.3190E~04
0.2350E-04
0.1545E=~04
0.1485E~04
0.2883E~04
0e6448E=04

06-4d



0.360 [NCH ELONGATFED FLAW
SPEC N 6-~40 T/4 E SPEC N 6-31 T/46 F SPEC N 6-42 T/2 ¢t

SIuMAX 0+105t+0)6 SIOGMAX 0e105E*06 SltMax Gel05F+ChH

2¢ N ec N 2cC N
U,5200F~01 0 0,5190k=01 0 UelPatr+00 0
0e9230F=01 20 0.0190FR«01 200 01754400 20
0,2240F -y 45 0.5170E-01 300 0el2ntr+00 40
Qe 20k =y] ~0 Ge2c60t=-01 340 Qe P0*E+00 o
Ue"340r=-01 Ho 0,5260k-01 360 Qe PGlr+00 RS
U,2300r -0l 100 0.,0410E0]) 349 0.121cF 400 130
NeD324E=0] 170 0sS3/0E=01 40y 0.1327€+00 1A0
Ve=320r=N1 le0 0. 0 0el13492+00 160
0eD390F =01 1eg 0. 0 Q4142400 270
T RENTEATS 149 0. 0 061317 +00 254
Uen390E-~01 205 0, 0 0s13yuE+00 219
U, 33HQE =] 2290 0, b} Colau7r«00 305
(LY AT | 240 0. 1] OelnleZe«Q0 229
Oeoael108-01 Zn) G a Qelda3et+00 340
CeD4)0r =01 ¢r0 0. 0 CoelasUE+00 3s0
UedalQrany 300 0. 0 Uelbdoucr 00 270
Vebaselr=1 320 (VIR [{] 0elaQUE+UD 400
U,néb0r-] 340 0, 0 V. ¢
VeD460F=-01 375 0. 0 [/ 0
0s55106-01 400 0, n Ue 0
0, 0 0, 0 U 0
v, 0 o, 0 Q. 0
0, Q 0. 0 Ue 0
Ue 0 0, 0 O 0
0, 0 0. 0 Ue 0
V. 0 0, 0 0, 0
Ue 0 0, ¢l [ 1]
Oe 0 0. 0 Ue 0
0. 0 0. 0 O 0
(U 0 0, 0 0. i}
0. 0 0. 0 Ve 0
De 0 0. 0 Q. 0
U 0 0. 0 Oe 0
Ve 1] 0, 0 Oe Q
U, 0 0, 0 0. 0
U, 0 0. 0 Ja 0
Te [}] 0. 0 e 0
U, 0 0. 0 Ue 0
U, 0 0. 1] O U
0, 0 0. 0 0. 0
Ve 0 0, U VN 0
g, 0 0. ] O 0
0, 0 0, 0 0. [t}
0q 0 0. u 0. 0
0, v 0, 0 0. 0
¢, 0 0, 0 (U 0
0, 0 0, 0 C. 0
Ce 0 0. o} Oe J
0. 0 0, 0 0. n
U. O 0. 0 O. 0

16-4



SPECIMEN NUMBER

Z2CREF
0.5¢01E=01
0,030Ne=01
0en343E.01
Q4n37AE=01
00,9400yl
DeD8z2F=01
0.,54%1le=01
0.9204FE=01

SPECIMF N NyUNMBER

2UREF
0,5385k =01
Qeo3Hul=01
0,.,2260E=01
0.91915~01
0.o51l1CE=-01
0.o103E=01}
0,9202F 01
Ued389E-01

SPECIMEN NUMBER

2CREF
0,1¢70€e+00
Neled9TE+0D
0,132,56+00
0,13%00400
0.) 3/5E«00
0,1407ZE+00
De.l438t«00
0,l493£+00

o=40 T/4 £

NKREF
0.,5000k+02
0.1000E+03
0.1500E.03
0,2000£+03
0,725U0E+03
0.10U0E+y3
0,3500g+03
0.4000F+03

631 T/4 E

HKREF
0,5000F+n2
0,100000C3
0.1500F+03
0.°000%+03
0.2500+03
0.3”‘)05003
0.3500E+u3
0.“000"_‘0.3

6-42 T/z =

NREF
0.5000r+02
0.10002+03
0.,1500F+03
0,2000m«03
0.7500<+03
0.3000FR+03
0.35V0uE+03
0.4000c+03

AREF
Nel16°5E=91
0e18T1lEA01L
0.1n8RMz=-01
0,1900E-0])
Nel9Wllt.=0l
felydhe=-nl
nNalublc=yi

AREF
N, 1542E-01
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