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DETERMINATION OF DESIGN ALLOWABLE
STRENGTH PROPERTIES OF ELEVATED-
TEMPERATURE ALLOYS

PART 1 — COATED COLUMBIUM ALLOYS

by

R, J. Favor, D. J. Maykuth, E, S, Bartlett, and H, Mindlin

INTRODUCTION

The selection of candidate materials for an aerospace vehicle, such as
the NASA space shuttle, is initially made on the strength of available material
properties and design criteria which describe environmental characteristics,
vehicle requirements, etc. As candidates are eliminated during the preliminary
design processes, for a variety of reasons, a manageable list of likely materials
becomes evident. Attention first is focused on developing tentative and then
firm design allowables for these materials.

A broad range of alloys are being considered for the booster and orbiter
vehicles. For this program, NASA considered it desirable to focus on a small number
of materials capable of use at moderate-to-high elevated temperatures (up to 2400 F).
The materials selected consisted of three nickel-base alloys (Hastelloy X, René 41,
and Inconel 718), one cobalt-base alloy (L-605), and two coated columbium-alloy
systems, The specific interest was in properties of thin-sheet materials, especially
in the thickness range 0.010 to 0.030 inch.

The overall report of the results of this program is in two parts; Part 1
on Coated Columbium Alloys and Part 2 on Superalloys, each consisting of a separate
report, This report is concerned with Part 1 of the program (although the
objectives of the total program are given in the following section). The final
section contains only conclusions arrived at from the detailed study of the coated-
columbium program results.

OBJECTIVES

'~ The specific objectives of this program were as follows:

(1) Selection and experimental evaluation of the tensile
properties of two coated columbium-alloy systems with
a nominal 3-mil coating to determine design allowables



information for use in selected applications in the
space shuttle vehicles.

(2) Determination of the effect of cyclic exposure of the
nature of that expected for the space shuttle vehicles
on the mechanical properties of the two coated columbium-
alloy systems. The cycle life evaluated was for 5, 10,
and 30 exposures.

(3) Determination of the behavior of butt-welded joints in
the two coated columbium-alloy systems,

(4) Collection and evaluatiog of existing design-property
data on Hastelloy X, Rene 41, and Inconel 718 nickel-
base alloys; and L-605 cobalt-base alloy.

The coated columbium-alloy systems ultimately selected were R512E/Cb752
and VH109/C129Y. The temperature range for the studies was from room temperature
(RT) to 2400 F.

SUMMARY

_ In developing design allowables information on two coated columbium-
alloy systems, a comprehensive program was conducted on as-coated base material,
as-coated butt-welded material, and as-coated material thermal/pressure (T/P)
cycled prior to testing up to 30 cycles, Evaluation was by means of tensile

tests covering the temperature range RT to 2400 F. From the data obtained and
subsequent analysis, design allowables have been computed and presented in the
Design Allowables Summary section of this report. This summary includes a room-
temperature property table, effect-of-temperature curves, and typical stress-
strain curves. It is believed that the present design allowables information
should be considered as tentative, pending the addition of other data resulting
from other NASA programs presently under way. With regard to butt-weld behavior,
weld efficiencies are presented for both coating/alloy systems that are considered
applicable over the temperature range tested. Similarly, reduction factors are
presented to account for the slight strength decreases observed after T/P exposures,

With the exception of samples of R512E/Cb752 cycled for 30 T/P cycles,
both coating/alloy systems showed high reliability after T/P cycling. 1In the
case of the R512E/Cb752 samples cited above, coating wear-out failure probably
occurred because the partial pressure of 0, in the simulating environment was
lower than intended.

Extensive coating thickness measurements during the program provided a
statistical estimate of coating thickness variability for the two systems. The
results show that the VH109/Cl29Y system had somewhat greater variability than
did the R512E/Cb752 system, which was reflected in some of the data by greater
variability in properties. This variability is believed to be associated with
process control, which probably can be improved with further development,



Property-wise, the VH109/C129Y system showed higher strength than did
the R512E/Cb752 system. 1In part, this reflects the higher strength of the base
metal and the somewhat thinner (on the average) VH109 coating when compared with
the average coating thickness obtained with R512E,

While concentration in this program has been on tensile properties,

future studies of coated columbium alloy should be concerned with compression
properties, fatigue, and creep/fatigue interaction.

RESEARCH PLAN

One of the most difficult problems in developing design allowables
information on coated colbumium alloys is the assembly of information on a
reasonably compatible grouping of products. Generally, one tries to obtain sets
of data on similarly processed base material, as well as material coated in a
standard manner with a standard process. The nature of coated columbium-alloy
technology during the past several years can be characterized as one of research
and development, both in regard to the base material and its processing, and to
the coatings and their application. Thus, it was decided early in the program to
consider available data only as indicative and to conduct analyses on only those
data generated on this program. Several other programs subsequently are identified
that will provide additional data to the present data base from this program and
permit a more rigorous statistical analysis of design allowables.

In order to develop design data in reasonable quantity for statistical
analysis, the approach in this program was to (1) identify from past research
significant variables affecting the properties of coated columbium, (2) select
material/condition/coating combinations from this information, -(3) acquire and
process the alloy/coating systems, (4) evaluate the material in the base alloy/
coating combination and in the welded/coated condition, and (5) determine the
effects of a cyclic temperature/pressure environment on the mechanical properties
of the alloy/coating systems. The following sections describe the details of
these steps.

- LITERATURE SURVEY

This program was initiated with a survey of past and current information
for mechanical property data on selected coated columbium alloys. As agreed with
the NASA Technical Monitor, this search was restricted to data for alloy sheet
of the Cb752 (Cb-10W-2,5Zr), Cl29Y (Cb-10W-10Hf-0.1Y), and FS85 (Cb-28Ta-11W-1Zr)
alloys in gages from 0,010 through 0.060 inch thick. A further qualification
regarding these alloys was that property data were only of interest for each
alloy in the single-annealed, fully recrystallized condition. The coatings of
interest were restricted to the R512E (Si-20Cr-20Fe) slurry-silicide coating
developed by Sylvania Electric Products, Hicksville, New York; and two proprietary



slurry-silicides coatings (VH10l1 and VH109) developed by the Vac-Hyd Processing
Corporation, Torrance, California.

The survey consisted of a thorough search of the Metals and Ceramics
Information Center at Battelle's Columbus Laboratories (BCL) and contacts with
representatives of the following organizations:

The Boeing Company, Seattle, Washington
General Dynamics, Convair Division, San Diego, California

General Electric Company, Space Technology Center, Valley Forge,
Pennsylvania

The Marquardt Corporation, Van Nuys, California

McDonnell Douglas Corporation, Astronautics Division, St. Louis,
Missouri

North American Rockwell Corporation, Space Division, Downey,
California

Sylvania Electric Products, Hicksville, New York
Vac-Hyd Processing Corporation, Torrance, California

Wah Chang Albany, Albany, Oregon.

In the series of discussions, it was determined that several of the
above aerospace organizations were in the process of generating mechanical
property data on R512E/Cb752 and VH109/Cb752 systems. These programs represented
in-house efforts. It also was determined that a part of a NASA-Langley Research
Center program at General Dynamics/Convair and a NASA-Lewis Research Center program
at McDonnell Douglas Corporation will provide some information that might be
added to a design allowables data bank on R512E/Cb752, R512E/C129Y, and R512E/
FS85 systems., It is expected that, when these data are complete, they can be
combined with the results of this program.

Only a modest amount of property data were uncovered from the literature
for the R512E/Cb752 system, and only a few scattered data points were obtained for
the other systems of interest. The tensile properties from the literature are
summarized in Table 1, where it is noted that most of the data are for the RS512E/
Cb752 system. A variety of environments, including vacuum, helium, and air at
several pressures were included in the tests that ranged from RT to 2600 F,

Three substrate thicknesses were tested in the range 0.012 inch to 0.032 inch.
Much of these data involve single test results. With the large scatter noted in
the results, it is difficult to establish definite conclusions on the effect of
the variables tested on strength properties.

Table 2 provides creep-stress versus time to obtain 2 percent creep at
2400 and 2600 F for R512E/Cb752, whereas Figure 1 shows a comparison of stress-
time to obtain 2-percent creep curves and data for coated and uncoated Cb752 at
the same temperatures. Considerable scatter are seen at 2600 F; however, there
appears to be little difference in creep behavior for uncoated and coated Cb752,
as shown by these limited data.



TABLE 1. SUMMARY OF AVAILABLE TENSILE PROPERTY DATA FOR
COATED COLUMBIUM-ALLOY SYSTEMS OF INTEREST

Test Number of Test Enviromment Properties Evaluated Substrate
Temperature, Specimens Pressure, Elonga- Thickness, (a)
Tested . Gas torr - Ftu Fty tion inch Reference

R512E/Cb752 System

RT 3 Vacoum < 107* 82.7®  40,2® 19 0.016 Y
1300 3 Vacoum < 10°% 60,4 37 7 10 0.016 (0
1800 3 Vacuum < 107% 49,7®  36.5® 13 0.016 (1
2600 3 Helium 700 25.30) 53 (™) 58 0.016 M
2600 3 Helium 700 12.1® 116 q0s 0.016 e
RT 2 Air 760 80.3 58.4 22 0.030 ™
1100 1 Afr 760 42(® - 7@ 0.012 3
1500 1 Ar - 760 459 - 5 0.012 3
1850 1 Air 760 420 - 1@ 0.012 3)
2250 1 Alr 760 42(9) - 1@ 0.012 3
1100 1 Air 1 56(¢) - 2.9(® 0.012 3
1500 1 Air 1 s8¢ - 3.1 0.012 3
1850 1 Air 1 558 - 3.5(® 0.012 3
2250 1 Alr 1 48¢) - 4.3 0.012 3
1100 1 Air 107! 52(¢) .- 2.3(d 0.012 (3
1500 1 Atr 1071 56(¢) - 309 0.012 ey
1850 1 Adr 107t 58() - 5.0(¢ 0.012 (3
2250 1 Adr 107! 48(e) - 5.9(d 0.012 %))
RT 1 Air 1072 81(® - 12(9) 0.012 &N
1100 1 Alr 1072 56¢°) - 4.3 0.012 3
1500 1 Alr 1072 51(e - 3,89 0.012 3
1850 1 Alr 1072 56¢¢) - 4.8 0.012 &)
2250 1 Alr . 107f 50¢e) - 2D 0.012 &)
RT 1 Alr 107 77(®) . 10,4(9 0.012 (3)
1100 1 Alr 107* 52(0) . 5.6(d) 0.012 3
1500 1 Air 107* 439 - 2.6(9) 0.012 (3
1850 1 Alr 107* 50(¢) - 4.3 0.012 e}
2250 1 Air 1074 35t Co52@ 0.012 )
1100 1 Alr 760 47¢) - 10® 0.032 ey
1500 1 Adr 760 38() -- 5(4) 0.032 &Y
1850 1 Alr 760 3g(®) - 2 0.032 (3)
2250 1 Air 760 35(®) - o(d) 0.032 3
RT 1 Alr 107 79(® - 17,4 0.032 3
1100 1 Atr 107% 52(©) - 7.4(® 0.032 &)
1500 1 Air 107 51(9) -- 9.6 0.032 3
1850 1 Air 107% 45(®) .- 10¢d 0.032 3
2250 1 Atr 107 30(® - 5,8 0.032 (3)
VH109/C129Y System
2000 1 Vacuum - 41.5 31.2 10 0.016 )
R512E/FS85 System
2200 ) Atr 760 32.5 2.6 8.7 0.045 5)
RT 2 Air 760 83.8 63.4 22 0.030 2

(a) Referénces are listed on page 93..
(b) Strengths are based on unreacted substrate.
(c) Strengths are based on original uncoated cross section.

(d) Percent elongation in l-inch gage length.



Stress, ksi

TABLE 2. CREEP SUMMARY FOR R512E/Cb752 IN HELIUM A¥ )
700 TORR (0.016-INCH SUBSTRATE THICKNESS) a

Test - Time to
Temperature, Stress,(b) 2% Creep,
F ksi hr
2400 2.0 28.7
2400 3.0 16.0
2400 3.5 11.5
2400 4.0 9.8
2400 5.0 6.3
2400 6.0 4,2
2400 7.0 3.1
2400 8.0 2.4
2400 9.0 2.2
2600 1.0 9.0
2600 1.5 7.3
2600 2.0 4.5
2600 2.0 4.4
2600 2.5 3.5
2600 3.0 2.4
2600 4.0 1.7
2600 5.0 1.4
6.0 0.3

2600

(a) Data from Reference 6.
(b) Stress based on uncoated substrate area.

10 T
2400 F l
A A O Uncoated
A A® Coated
8 T
N 2600 F A a
6 Y @] A A

SV

0
€ )N

0.1 | 10
Time to 2% Creep, hr

FIGURE 1. COMPARISON OF CREEP DATA FOR UNCOATED AND COATED Cb752(6)

Stress Based on Uncoated Substrate Area



Table 3 shows the results of a few stress-rupture tests on C129Y with
VH109 and R512E coatings.

TABLE 3. AVAILABLE STRESS-RUPTURE DATA
FOR ALLOYS OF INTEREST

Test Time to Substrate
Temperature, Pressure, Stress, Rupture, Thickness,
F Gas torr ksi hr inch Reference
VHL09/C129Y
2000 Vacuum —— 20 (2) 9.2 0.014 %)
2200 Vacuum ——- 18 (2) 6.7 0.014 (4)
2200 Vacuum - 10 123.9 0.014 (4)
24,00 Vacuum —— 6@ 100.5®) 0.014 (4)
R512E/C129Y
2200 Air 760 10¢9) 385 ©0.050 (7)
2200 Air 760 1069) 34,4 0.050 (7)

(a) Stress based on coated dimensions.
(b) Did not rupture.
(c¢) Stress based on original uncoated specimen dimensions.

Obviously, these data collections are too meager to develop design allow-
ables for any of the coating systems of initial interest to this program.

At the outset of the program, the R512E/Cb752 system was believed to
represent the primary coated columbium system of interest to the space shuttle
on the basis of available property and manufacturing information. The intense
interest in this system, as evidenced by the aerospace company personnel,
substantiated this belief.

The discussions also pointed toward one of the Vac-Hyd sluiry-silicide
coatings for use on the C129Y alloy. The choice appeared to be between either
VH101 or VHI09, without comparable data always available for making a decision.
The following experiences were considered based on the indicated discussions.

(1) General Dynamics/Convair reported that good oxidation
resistance was conferred to a VH109/C129Y heat shield
and support structure in simulated reentry tests. »9)



Specifically, a l6-inch-square sheet metal test panel of
this system successfully withstood 73 low-pressure (about
1 to 50 torr) simulated reentry profiling cycles involving
accumulated exposures of 26.6 hours above 2000 F (to a
peak temperature of 2470 F) without visual evidence of
coating failure.

(2) At General Electric, 2000 F exposures in air and a "hard"
vacuum indicated that equivalent oxidation resistance was
accorded to VH109/C129Y and VH101/C129Y specimens, with
the VH109/C129Y system being favored because of higher
emissivity and greater thermal stability; i.e., a lesser
degree of interdiffusion between the substrate and coat-
ing elements. (10)  other 2000 F comparative tests
indicated that the VH109/C129Y system showed superior
oxidation resistance and emissivity characteristics to
the R512E/C129Y system.

(3) Wah Chang(A) and North American Rockwell(ll) apparently
favored VH109 over VH1O0l as a coating for the C129Y alloy,
although their rationale for this selection was not made
known.

(4) At Boeing, the cyclic (10-minute cycles) 2500 F oxidation
behavior of the VH101 and VH109 coatings were compared on
the C103 alloy (Cb-10Hf-1Ti-0.7Zr) in a chamber passing
200 SCFH air (at 70 F) across test specimens (chamber
pressure of 1100 microns).(12 On this alloy substrate,
the emittance of the VH10l coating was found to be much
superior to the VH109 coating.

These interviews revealed that simulated reentry profiling experience
with both coatings has been quite limited. The General Dynamics/Convair experience
suggests VH109/CLl29Y to have good oxidation resistance, and the General Electric
work with both VH10l and VH1O09 on the C129Y substrate fawrs the VH109 coating
with regard to emissivity and thermal stability. These positive attributes (with
the interest expressed by Wah Chang, North American Rockwell's Space Division,
and McDonnell Douglas for VH109/C129Y) led to a recommendation for that system,
with which NASA's Project Monitor concurred.

SPECIFYING AND PROCURING MATERIALS

The procurement specification for both Cb752 and Cl129Y was prepared and
is listed in Appendix A,

An order was placed with Wah Chang, Albany, for the following quantities
of 0.015-inch-thick columbium alloy sheet:



Quantity Order, pound

Alloy Heat A Heat B Total A + B
Cb752 11.0 2.64 13.64
Cl129Y 11.5 2.68 14,18

The initial shipment, Heat A, consisted of five sheets of varying size
of Cb752 and three sheets of C129Y. The second shipment, Heat B, consisted of
one sheet of each alloy. The following tabulation lists specific heat numbers
and sheet dimensions.

‘Alloy Heat No. Sheet No. Approximate Dimensions, inches
Heat A

Cb752 770022 1 7-1/2 x 30
770022 2 7-1/2 x 30
770022 3 9 x 34
770022 6 10 x 34
770022 7 11 x 48
Heat B
760055 1 13 x 38-3/4
Heat A

Cl29Y 572038 2 14 x 50
572038 3 12-1/2 x 51
572038 4 14 x 36
Heat B
57006 1 . 7-3/4 x 43-3/8

Visual inspection showed each of the sheets to be free of oxide, cracks,
seams, and other visible defects. The certification data are partially summarized
in Tables 4 and 5 for Heats A and B, respectively. Examination of these tables
and the specification in Appendix A shows that with the exception of the yttrium
content of Heat 57006 of C129Y, all requirements were met. In this one deviation,
the yttrium content was below the specified level of 0.1 percent (see Table 5).
While undesirable, this deviation in chemistry was not expected to have a
significant effect on the mechanical properties or weldability of this material.
Accordingly, the material was accepted and used to determine the lot influence on
properties in the as-coated condition.

The room-temperature tensile properties on all four heats of the as-

received 0,015-inch-thick columbium-alloy sheet were determined using duplicate
specimens (see Table 6 for results). As shown, the material from both heats of
the two alloys showed good reproducibility in tensile properties and all of the
material met the minimum properties specified. The BCL-determined properties for
both heats of the Cb752 sheet also were in very good agreement with the certified
test values on this material. By comparison, agreement between the BCL-determined
and the certified values on the Cl129Y material was only fair. On checking the
spread in property values with the producer, it was found that the tensile
properties cited on the certification sheets did not necessarily represent test
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TABLE 4. CERTIFIED ANALYSES AND TENSILE PROPERTIES FOR 0.015-
INCH-GAGE COLUMBIUM-~ALLOY SHEET, HEAT A

Chemical Analyses(a)
Cb752 C129Y
Element Heat 770022 Heat 572038
W 10.1® 9.+(®
Hf 435 ppm(b) 10.1(b)
Zr 2.7(P) 0.4
Y - 0.12(b)
C 40 ppm 40 ppm
0 70 ppm 90 ppm
N 40 ppm 35 ppm
Room-Temperature Tensile Properties
L Tensile 0.2% Offset
Strength, Yield Strength, Elongation,
Alloy Heat No. psi psi percent
Cb752 770022, Trans. No. 1 82,700 62,400 26.0
Cb752 770022, Trans. No. 2 82,500 65,500 26.0
Cl29Y 572038, Trans. No. 1 90,500 73,700 24.0
C129Y 572038, Trans, No. 2 92,900 75,100 26.0
(a) Weight percent unless indicated otherwise,.
(b) Determined from ingot analysis.
TABLE 5, CERTIFIED ANALYSES FOR 0.015-INCH-GAGE
COLUMBIUM-ALLOY SHEET, HEAT B
Chemical Aﬁalyses(a~
Cb752 Cl129Y
Element Heat 760055 Heat 57006
W 9.97(P) 10.45®)
Hf <100 ppm(b) 10.05(b)
zr 2.80(®) 0.35(®
v - 0.05®
C 40 ppm 75 ppm
0 170 ppm 95 ppm
N 100 ppm 81 ppm

(a) Weight percent unless
(b) Determined from ingot analysis.

indicated otherwise.
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TABLE 6. ROOM-TEMPERATURE TENSILE PROPERTIES OF
AS-RECEIVED COLUMBIUM-ALLOY SHEETS

Tensile Properties

BCL Values(a) Min Specified(b) Certified Values(b)
UTS, YS, Elong., uTs, YS, Elong., uTs, YS, Elong.,
Material ksi ksi % in 1 in. ksi ksi % in 1 in. ksi ksi % in 1 in.
Cb752, Heat 770022 81.9 64.6 28 75 55 20 82.7 62.4 26
83.0 65.9 28 -- -- -- 82.5 65.5 26
Cb752, Heat 760055 83.2 62.2 28 .- -- - 83.6 59.8 28
83.6 61,2 26 -- -- -- 83.3 61.8 25
C129Y, Heat 572038 86.4 68.1 28 80 60 20 90.5 73.7 24
86.0 . -- - .- . . 26
6 (b) 68 l(b) 27(b) 92.9 75.1
88'3(b) 70'2(b) 26(b)
88.3 68.8 26
C129Y, Heat 57006 90,4 69.5 25 -- -- .- 95.2 74.3 25
88.3 67.9 23 -- - - 95.5 76.4 23

(a) Longitudinal test direction, unless otherwise indicated.
(b) Transverse test direction,

results determined on the material supplied to BCL. Rather, the '"certified"
values may (and in this case, probably do) represent test results obtained on
other sheets of the same heat which were processed to the same gage at the same
time.

EXPERIMENTAL DETAILS

There were several facets to the experimental program as described in
this section. Certain general features are stated in these introductory comments
and more specific details in the subsections.

The aim on this program was to characterize the tensile properties of
the two coating/alloy systems over the range of possible use temperatures. Spe-
cifically, the temperatures agreed on were room temperature, 1000, 1300, 1600,
1800, 2000, 2200, and 2400 F. The temperature range from 1000 to 1800 F was
examined to assess the effects of reduced ductility, known to occur within this
range, on design strengths of the materials.

Two kinds of specimens were used in this evaluation, The first was a
simple subsize tensile specimen, utilized to obtain the basic tensile properties.
The second was a transversely welded subsized tensile specimen (details subsequently
given) employed to obtain some measure of the effect of welds on tensile properties
of base material.

Unwelded specimens were tested in the as-coated condition and after 5,
10, and 30 cycles of a T/P condition representative of a shuttle environment
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(described subsequently); the welded specimens (coated after welding) were tested
only in the as-coated condition.

To provide some assessment of variability in properties resulting from
the coating process, the unwelded specimens were submitted to the coating vendors
in the two batches. However, there is reason to believe that the coating operation
was done on a subbatch basis, so that some reservation may be in order as to the
significance of the analyses of these data on a batch-to-batch basis.

The gross allocations of specimens to the experimental studies were as

follows:
Number of As-Coated
Number of Base-Material Specimens
As-Coated Base- (Heat A), Exposure Number of Welded, Total
Material Specimens Cycled as Indicated Coated (Heat A) Number

Alloy Batch 1 Batch 2 5 10 30 Specimens of Specimens
Cb752 80 80 40 40 40 80 360
Cl29Y 80 80 40 40 40 80 360

Since eight temperatures were involved in the tensile tests, ten
specimens were tested at each temperature for the base material and welded
specimens, whereas only five specimens were tested at each temperature for the
exposure -cycled specimens. Further details on specimen allocation are given in
the next subsection,

Specimen Allocation

Because of the number of variables that may influence the data analysis
(heat-, sheet-, and coating-batch-variations; as well as the number of test
temperatures and exposure conditions), further description of material and speci-
men allocation is in order.

Figure 2 and Figure 3 for Cb752 and C129Y, respectively, are helpful in
this regard. Consider Figure 2 in some detail. The left-hand series of boxes
identify sheet and heat numbers, and the average specimen dimensions in inches of
the original substrate. The next column indicates quantities of specimens made
from each sheet. For example, from Sheet 1 of Heat 770022, 60 specimens were
fabricated in three groups. Groups 1 and 2 (see right column) were coated
together in Batch 1 and actually can be considered to be the same processing.

The ten specimens of Group 1 were kept separate as a group before, during, and
after processing, and were used as control specimens for the coating thickness
measurements subsequently described, The 20-specimen group from Sheet 1 was
coated in Batch 2 processing. Upon return of this Batch 2 group, ten specimens
were selected at random, identified as Group 3, and were subjected to the same
detailed postcoating evaluation as a control group to provide assessment of batch
statistics relative to coating thickness. Thus, there were four control groups
(1, 9, 13 and 15) and two batch-check groups (3 and 11) for the R512E/Cb752



13
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I I
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FIGURE 2. DEVELOPMENT OF R512E/Cb752 TEST GROUPS
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I
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(welded) —> 65 : } - 65— > 65 &)
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FIGURE 3, DEVELOPMENT OF VH109/C129Y TEST GROUPS
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material. Similarly for VH109/C129Y (Figure. 3) there were three control groups
(18, 24 and 26) and three batch-check groups (19, 20 and 22).

Since the specimen yield from each sheet was quite different and alloca-
tions had to be made to provide two coating batches within one heat of each
material, the final distribution of the unwelded specimens was complex. The
decision was made that the second heat would be used only to compare coated-base-
metal properties with those from the first heat. The unwelded, coated specimens
from the two coating batches of the first heat of each material were allocated to
the various test temperatures by distributing specimens from the various sheets
among the temperatures on the assumption that sheet variations would be balanced
out., Table 7 shows the allocation for R512E/Cb752 system; Table 8 shows
that for VH109/C129Y, Note in these tables that welded specimens were allocated
from one sheet of the first heat of each material and were coated in Batch 2.

Coated-Specimen Dimension Evaluation
Procedures and Discussion

Three bases for reporting strength data are cbmmonly used for coated
columbium alloys, namely

(1) Load divided by cross-sectional area calculated on the
basis of total dimensions of the coated specimen

(2) Load divided by the cross-sectional area calculated on
the basis of specimen dimensions prior to coating

(3) Load divided by the cross-sectional area of the actual
substrate remaining after coating.

Subsequently these bases are referred to as Methods 1, 2, and 3.

The first two methods are quite straightforward and need not consider
the influence of the coating or the coating process. Because most (if not all) of
the load (in tension) is supported by the substrate in coated columbium systems,
the first two methods will result in conservative tensile strength data relative
to the real strength of the load-bearing substrate. Of these, the second is the
most widely used and was the method selected for data analyses in this program.

For thin columbium-alloy sheet, such as would be used in thermal
protection system hardware, differences in strengths calculated by the above
methods are substantial. This is because (1) typical 3-mil-thick coatings which
do not support appreciable tensile loads comprise a significant portion of the
cross-sectional area* and (2) during coating application, formation of protective
coating compounds relies in part upon reaction with the substrate, thereby

ks

* For example, for 15-mil-thick columbium alloy sheet to which 3-mil-thick
fused-slurry-silicide coatings are applied to both sides, the coating
would comprise about 30 to 35 percent of the total material thickness.
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TABLE 7. SPECIMEN ALLOCATION FOR
AS~COATED R512E/Cb752

Test Temperature, F

Coating Group
Heat No. Sheet No, Batch No. RT 1000 1300 1600 1800 2000 2200 2400
5 T/P Cycles
770022 1 1 2 - - 2 - -- - - --
1 2 3&4 - - 3 . -- - - -
2 1 5 2 2 -- - -- - 2 2
2 2 6 3 -- -- - - - - 3
3 1 7 - 3 - 2 - -- 3 -
3 2 8 - - - 3 - - - -
6 1 10 -- - -- 2 2 - -
6 2 12 - - -- - 3 3 . -
10 T/P Cycles
770022 1 1 2 2 -- 2 -- - -- - -
1 2 3&4 3 - 3 - - - - -
2 1 5 2 - - -- - 2 2
2 2 6 - - - -- -- - - 3
3 1 7 - 3 - 2 -- - 3 -
3 2 8 - - - 3 - - - -
6 1 10 - -- - - 2 2 - -
6 2 12 - - - -- 3 3 - -
30 T/P Cycles
770022 1 1 2 2 - -- - - - - -
1 2 3&4 3 .- - - - - - -
2 1 5 - 2 2 - 2 2 - -
2 2 6 - - - - -- - 1 2
3 1 7 - 3 3 2 3 - 4 3
3 2 8 - - - 3 -- - - .-
6 2 12 - -- -- - - 3 . -
Base Material
770022 1 1 1 &2 1 5 3 4 5 1 3
1 2 3&4 - 1 2 1 1 -- - -
2 1 5 2 2 - 1 -- 2 2 1
2 2 6 2 1 - - - 2 - 2
3 1 7 2 2 -- - -- 2 - 3
3 2 8 2 1 -- -- - 2 - 2
6 1 9 & 10 1 1 3 4 3 - - -
6 2 11 & 12 - 1 2 1 2 - 2 --
760055 1 2 13 & 14 10 10 10 10 10 10 10 10

770022 7 2 15 & 16 10 10 10 10 10 10 10 10
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consuming some of the substrate and reducing the true load-bearing thickness of
the composite. Thus, in measurements of strength for the purpose of determining
the effects of coating or coating process upon the fundamental strength of the
load-bearing substrate, the third of the above methods would provide the truest
evaluation. Using data relative to the subs%rage consumption rates developed
jointly in this program and under NAS8-26205 13 , it would be expected that for
a 3-mil-thick coating applied to both sides of 15-mil columbium-alloy sheet,
apparent strengths indicated by the various methods of strength calculation
(neglecting edge effects of tensile specimens) would be as follows:

Method Relative Strength, percent
3 117
2 100
1 80

For strengths based on Method 2 used in this program, the true strength of the
residual substrate would be 17 percent greater than the apparent strength.

All manufacturing processes have their associated tolerances which
influence the design allowables. As described later in this report, the
variability of mean-coating thickness within a coating lot, or "batch', and among
coating batches was significant. For example, the overall mean-coating thicknesses
and standard deviations for the coated columbium alloy systems 1nvest1gated in
this program were as follows:

System Coating Thickness Statistics
‘ (Coating/Substrate) b s
R512E/Cb752 3.41 0.27
VH109/C129Y - 2.51 0.40

Vac-Hyd coatings were thinner than the Sylvania coatings and also displayed.
greater "within" and "among'" batch variability. Because the total amount of
substrate consumption varies with the coating thickness, on the basis of Method

2 strength evaluation which does not consider differences in coating thickness,

the Vac-Hyd coating would have less of an effect on the apparent mean strength of
C129Y than would the Sylvania coating upon that of Cb752. However, because of the
relative standard deviations of coating thickness, greater variability in strengths
of C129Y versus Cb752 would be expected.

From the above discussion, it should be clear that the method of
strength computation causes a bias in the results that affect design strength
values. Regardless of which method is used, it is important to appreciate just
what is being measured and reported herein so that proper evaluation of design
strength values can be conducted. Furthermore, since all three area measurements
can be used, it was decided to conduct a detailed coating/substrate system
dimensional analysis so that those using these data, based on original substrate
dimensions, could conveniently convert to either of the other area bases.

As described previously, specimens from each material system were
divided into a number of groups. Group-to-group variables included heat, sheet,
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and coating batch. Thickness evaluations within specimens, among specimens within
a group, and among the various groups were made with

(1) Standard, flat-anvil micrometers
(2) Micrometers with pointed anvils

(3) A Model D-2 Dermitron Thickness tester, calibrated
periodically during use against pedigreed coated
columbium alloy specimens secured for this purpose.

In conjunction with efforts under contract NAS8-26205, several R512E/Cb752 and
VH109/C129Y specimens covering a range of thickness (nominally from 1 to 5 mils)
were obtained to establish micrometer and Dermitron standards in correlation with
metallographically determined specimen, coating, and residual substrate th%zk-
nesses, Details of this calibration effort have been previously reported( ).

In addition, throughout this program, the shoulder sections of many tested speci-
mens were measured and sectioned metallographically to provide additional correla-
tion between micrometer, Dermitron, and metallographic thickness measurements.

Major findings of this study relative to thickness correlations are
cited below:

(1) For the as-received, uncoated columbium-alloy sheet
materials, measurements with flat micrometers, pointed
micrometers, and metallographic (Filar eyepiece) gave
equivalent results to within 0.1 mil,

(2) Flat and pointed-anvil micrometer measurements taken over
the same areas showed consistent differences on the as-
coated specimens. In a given 1/4-inch-square area, the
minimum values observed with pointed micrometers were
about 1 mil less than flat micrometer values for the R512E
coating and about 1 mil (Batch 1 coating) and 2 mils
(Batch 2 coating) less than the flat micrometer values
for the VH109 coating. This difference is a measure of
the relative roughness of the coatings. Correlated
metallographic measurements checked to within 0.2 mil of
the average of pointed micrometer measurements.

(3) Correlations between point micrometer, metallographic, and
Dermitron-indicated coating thicknesses showed good correla-
tion for Cb752, but the Dermitron-indicated thickness was
consistently greater than true coating thickness determined
metallographically for C129Y. This probably was a result of
different roughness of the test specimens compared with the
standard specimens used for Dermitron calibration. In any
event, Deérmitron measurements of coating thickness were less
sensitive than micrometer readings (either type) or metallo-
graphically measured thickness.
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(4) For coating thicknesses in the ranges obtained for this
program (3.1 to 3.9 mils for R512E, 2.0 to 3.0 mils for
VH109), this study showed the following factors for sub-
strate consumption in the coating application process:

Substrate Consumption Factor F,
mil of substrate consumed per

Coating mil of coating applied
R512E 0.36
VH109 0.37

Thus, for each specimen, point micrometers can be used
in conjunction with knowledge of the initial substrate
thickness and coated specimen thickness as follows:

bf - &
CTtrue = 2 +F (CTtrue) ?
where CT = true coating thickness
true
tf = gpecimen thickness after coating (metallo-
graph or point micrometer; flat micrometer
-1.0 mil for R512E, or flat micrometer
-2,0 mils for VH109)
-ti = gpecimen thickness before coating (point
" or flat micrometer or metallographic
determination)

F = Substrate consumption factor.

For the materials of concern in the respective thickness
ranges for this program, this relationship can be simpli-

fied to
R512E/Cb752: CTtrue = 0,781 (tf - ti)
VH109/C129Y: CTtrue = 0.79% (tf - ti)’

The unreacted substrate thickness, ts, is as follows:

ts =t - 2CTt:rue'

Specific evaluation procedures followed in this program to classify
coating thickness statistics were as outlined below.

(1) For each sheet of material, select at random a group of
ten machined tensile specimens. For each of these
measure and record three values of thickness and width to
the nearest 0.1 mil, as determined by both flat and pointed
micrometers. Compute mean and standard deviations of
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substrate thickness. For all other specimens, measure
thickness and width at the center of the specimen with

flat micrometers. (In all cases, '"other" specimens fit the
established sheet statistics.)

(2) For selected sheets, the ten randomly selected specimens
were kept separate from other groups (see Figures 2 and 3)
from the particular sheet throughout processing. These
were the '"control" groups. In general, other specimens
were kept separate by sheet. At least one control group of
each material was included in each of the two coating batches.

(3) After return from the coating vendor, the control groups were
again measured with both flat and pointed micrometers in at
least three places to establish coating thickness statistics.
For the balance of specimens from any given sheet, several
groups of ten specimens each were selected at random, and
accorded the same measurement and statistical treatment as
the control groups as a further check on batch statistics.
Specimens not selected for either "control groups" or 'batch
check'" purposes were measured with flat micrometers only at
the specimen centers.

(4) Each specimen was measured at the center on each side with

the Dermitron as a check for gross side-to-side variation
in coating thickness. Within the sensitivity limits of

___ the instrument, no gross side-to-side variation was noted.

For specimens that were neither control nor batch-check groups, flat
micrometers rather than pointed micrometers were the major criterion for coating
thickness. This is because pointed micrometer determinations require a real
searching for minimum thickness values. Because of the small area and relatively
high measurement stress, point measurements require considerably greater operator
precision and a delicate "touch'". The point-to-flat micrometer -correlations
established in control and batch-check group evaluations allowed good confidence
in estimates of thickness based on flat micrometer measurements, and flat micro-
meter measurements were converted to point micrometer, or true coated thickness
values.

The net result of the detailed evaluation procedures described was the
determination of mean and standard deviations of thickness for each coating group
for (1) as-received, uncoated material, (2) coated material, and, (3) vis relation-
ships just described, coating thickness. These data, reported in the '"Results"
section, provide a basis for calculation of strength and variability of strength
for each group using any of the three methods of strength calculation. They
further provide a basis for estimating the extent of strength variability that is
caused by variability in coating (hence substrate) thickness.
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Welding Procedures

Procedures were developed and evaluated for butt welding of 0.015-inch-
thick Cb752 and C129Y sheet specimens. All specimen preparation and welding was
conducted in a clean-room laboratory. Welds were made using the gas-tungsten-arc
process with direct current and straight polarity conditions (electrode negative).
Tungsten electrodes containing 1 percent Th0, were used. After preliminary
experiments, the following parameters were fixed:

® FElectrode diameter: 0.040 inch

® (Clamping bar separation: 1/4 inch

® Arc length: 0.040 inch

® Travel speed: 30 inches per minute

® Electrode extension beyond torch collet: 3/4 inch,

The weld data utilizing the above parameters are shown in Table 9.

TABLE 9. COLUMBIUM-ALLOY WELDING DATA

Welding Welding Pressire Rise
Sample Current, Voltage, Energy.In?ut, Facg Width, - -Roo? Width, Before‘Welding,
No. amperes volts watt-min/inch inch inch torr/min x 10
7525 57.0 17.0 32.3 3/32-1/8 5/64-1/8 3.3
752-6 56.0 17.0 31.8 5/64 5/64 .6
752-7 59.0 16.5 32.4 3/32 1/16 10.2
752-8 56.0 17.5 32,7 1/16 5/64 .9
75249 56.5 17.0 32,0 3/32 1/16 9.2
752-10 56.0 18.0 33.6 3/32 1/16 10.9
752-11 54.5 _ 18,5 33.6 3/32 1/16 11.2
129-4 57.5 16.5 31.6 3/32 1/16 9.2
129-5 60.0' 16.0 32.0 3/32' 1/16 -
129-6 ' 56.0 16.7 31.2 3/32 3/32 8.93
129-7 59.0 15.7 30.9 3/32 3/32 8.92
129-8 58.0 16.4 31.7 3/32 3/32 8.59
129-9 57.5 15.8 30.3 3/32 3/32 8.59
129-10 55.5 16.6 30.7 3/32 3/32 9.59

Following a small number of initial welds, two full.length welds between
1/2-inch-wide sheets were made (129-3 and 752-4) in order to qualify the final
welding procedures. The specimen edges were ground, and the pieces then were
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cleaned by the following method: wiped with acetone and Kimwipes; etched in a
solution of 55 percent H;0, 20 percent HNOz, 15 percent HF, 10 percent H,S0, (by
volume) at room temperature; rinsed in cold tap water; rinsed in boiling demineral-
ized and double distilled water for 3 minutes; rinsed with ethyl alcohol; and dried
in still air.

The specimens were installed in a fixture with the butt joint centered
on a 1/16-inch-radius groove in a copper backing plate. Copper-backed bars were
clamped on top of the specimens with 1/8 inch between each clamping bar and the
weld joint (a clamping-bar separation of 1/4 inch). The sheets and fixture were
installed in an 8-cubic-foot, stainless steel welding chamber and the chamber was
evacuated to 2-3 x 10 © torr for 2 hours prior to backfilling with helium and
welding.

Immediately before welding, the pressure rise in the chamber was
measured over a 3-minute period, with the high-vacuum valve closed, and recorded
on the data sheet. The average value of these measurements, 8.8 x 1078 torr/min,
indicates that actual and virtual leaks were not introducing any significant
amount of contamination into the welding chamber. After the pressure rise measure-
ment, the chamber was reevacuated to 3 x 10 © torr, or less, before reclosing the
high-vacuum valve and backfilling the chamber to atmospheric pressure with ultrahigh-
purity helium. The impurity analysis (by volume) for this helium was reported by
the supplier (Matheson) as

COz - 0.0181 ppm Ar - 0.0030 ppm
0z - 0.0426 ppm Ne - 0.3561 ppm
Hy - 0;0025 ppm H,0 - 0.1 ppm

Np - 0.4411 ppm
The moisture content of 0.1 ppm corresponds to a dew point of ~130 F.

After welding, the current and voltage were read from the recorder
traces and entered on the data sheet, the weld face and root width were recorded,
and the welds were radiographed and fluorescent-penetrant inspected.

The two qualification welds were further evaluated by bend testing
longitudinal weld specimens from each end of both welds in a dry ice-acetone
solution (-108 F) with a 1/64-inch-radius male die (1T bend radius). The female
bend die had an included angle of 105°. The bend axis was perpendicular to the
weld direction. Examination of the tensile side of the bend specimens at 30X with
a binocular microscope did not reveal any surface cracks and the welds were concluded
to have satisfactory quality. Transverse metallographic specimens from both ends
of the welds also were prepared. On the basis of these evaluations, the 14 final
butt welds were made with the same procedures.

Single bend test specimens were prepared from each of these 14 welded
sheets and all were successfully bent over a 1/64-inch radius in a dry ice-alcohol
solution (-97 F) using the same conditions stated above. The balance of these
materials was committed to the preparation of tensile test specimens in which: the
weld orientation was transverse to the tension axis, as well as to the final sheet
rolling direction,
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Metallographic examination on sections through each of these 14 welded
sheets showed the geometry of the butt welds to be consistent for each alloy, but
uniquely different between the two alloys, as shown in Figure 4. Thus, all of the
C129Y joints showed an overall thickening in section to an average value of 106
percent of the base metal thickness. In contrast, the thickness of the Cb752
joints decreased to an average of 97 percent of base-metal thickness at each side
of the weld zone and increased thereafter to an average of 109 percent of base-
metal thickness at the center of the weld. This thinning of the weld zone of the
Cb752 material suggested that its maximum weld efficiency might not exceed 97
percent of the base-metal properties.

To provide some idea of the width of the weld and heat-affected zones
for correlation with failure locations, a detailed evaluation was made on cross-
sections through the welds. Thus it was possible to delineate the location of the
fusion line and the termination of the heat-affected zone (HAZ). Three measures
were used for this termination: (1) the difference in the nature of the etched
surface, (2) the distance where the grain size decreased to that of the basis
material, and (3) the distance where the hardness had decreased to that of the
basis material.

The following data summarize these measurements:

Distance from Weld Centerline, inch

Characteristic Cb752 Cl29Y
Fusion Line ’ 0.031 - 0.030
HAZ, Etching ' 0.043 - 0.040
HAZ, Grain Size - 0.046 0.049
HAZ, Hardness _ 0.060 0.060

From these measurements, one concludes that the HAZ extended to about
1/16 inch from the centerline of the weld for both alloys.

" Specimen Fabrication

The specimen used for this program was a subsize specimen as shown in

Figure 5.
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FIGURE 5. COLUMBIUM TENSILE. SPECIMEN
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40X 9F723
a. Cb752 Weld

40X 9F724
b. C129Y Weld

FIGURE 4. SECTIONS THROUGH REPRESENTATIVE WELDED JOINTS
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Eight hundred and four tensile test specimens were machined to this
standard test configuration. For all specimens, the final sheet rolling direction
was maintained parallel to the tensile specimen axis. When welds were incorporated,
these were located centrally in the reduced test section with the weld orientation
transverse to the tensile axis. The identities and end uses of the heats
represented are given below:

(a) Heat
Number of Specimens Designation : End Use

320(b) A Cyclic oxidation exposure effects

160 A Heat-to-heat variation, as-coated
condition, base~line statistics

160 B Heat-to-heat variation, as-coated
condition, base-line statistics

164 A As-welded condition statistics.

(a) Half of each group represents Cb752 specimens for R512E coating and
half represents Cl29Y specimens for VH109 coating.
(b) 1Includes 40 extra specimens of each alloy.

Eight hundred®* of these specimens were prepared for coating using the
following procedure: .

(1) Abrasive tumbling in an Alz03 water slurry for 2 hours
to radius specimen edges

(2) Acid pickling in a 20 percent HNOz, 5 percent HF, 75
percent water solution

(3) Water rinsing

(4) Alcohol rinsing and air drying.

Four hundred each Cb752 and Cl129Y specimens were shipped to Sylvania
Electric Products and Vac-Hyd Processing Corporation, respectively, in two
batches of 160 and 240 each (see Figures 2 and 3).

Thermal/Pressure Cycling Procedures

In order to provide a temperature/pressure (T/P) cycle simulating a
mission for a columbium-containing structure, the T/P profile shown in Figure 6

* Two each welded specimens of Cb752 and Cl29Y were held for tensile testing
in the uncoated condition for base line comparison purposes.
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was planned for cyclic-exposure tests. The following paragraphs describe the
equipment and procedures used,

The major pieces of equipment used in the T/P cycling exposures are
identified schematically in Figure 7. The specimens were suspended vertically
inside a 2-inch-ID by 12-inch-long quartz chamber and induction heated. The top
of the chamber was provided with a valved, air-bleed line. Chamber pressure was
controlled automatically by preprogrammed adjustments of a l/4-inch-diameter valve
located in the vacuum line between the bottom of the furnace chamber and a
mechanical pump with a maximum pumping speed of 3.54 ft®/min (Edward's High Speed
Rotary Pump, Model ED-100).

The specimens were heated by radiation from a 1.2-inch-ID by 2-inch-
long ATJ Grade graphite susceptor. Up to seven tensile specimens were accomo-
dated simultaneously in a given sequence of cyclic exposures. These were suspended
on a high-purity alumina support rod using alumina spacers between specimens. In
order to prevent overheating of the quartz walls, as well as to improve temperature
uniformity, the graphite susceptor and specimen support rod were contained within
an open-topped, 1-3/4-inch-diameter by 6-1/8-~inch-long high-purity alumina
crucible (not shown in Figure 7). The bottom of the crucible was provided with a
0.5-inch-diameter hole to allow the in-leaking air to flow directly past the
specimens being exposed.

For monitoring and controlling temperature, two Pt/Pt-10Rh thermo-
-couples were suspended centrally among the given samples constituting a run.
Calibration runs showed that the temperature variation over a vertical distance
of 1-1/2 inches around the center of the specimens was + 20 F at 2500 F. One
thermocouple was part of a closed-loop temperature control system. The desired
temperature profile was obtained from the output of an arbitrary analog function
generator (Datatrak) programmed to follow the predetermined time-temperature wave-
form. Figure 8 illustrates several time-temperature cycles as reproduced from
the original recorded data from the first series of 5 cycles on the VH109/C129Y
specimens. '

Mechanical -Property Test Procedures

Specimen dimensions and preparation have been described in earlier
sections of this report. In general, the test methods for evaluation of refractory
sheet described in MAB-192-M have been followed.

In order to process several hundred specimens in a reasonable time
frame, all elevated-temperature test specimens were brought to temperature by
direct induction heating using a Lepel 2,5-kw generator. Three different load
coil designs were used and the generator frequency was varied from 5 to 8 MHz in
order to achieve uniform heating and efficient power transfer to the specimens
through the entire range of test temperatures. The use of the induction unit
necessitated the containment of the test frame in a shielded enclosure to prevent
the broadcasting of RF that would interfere with the operation of electronic
laboratory equipment.
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Because of the reactivity of the coatings, a noncontacting infrared
pyrometer temperature~measuring system (Ircon Model 300L) was used for temperature
control. The conditioned output signal of the pyrometer (0-100 mv) supplied a
control signal to a Leeds and Northrup 3-action C.A.T. Controller/Recorder. The
temperature controller, in turn, supplied a 0-5-ma control signal to an SCR power
package (Norbatrol) which regulated the plate voltage to the oscillator tube in
the induction heating generator, thus regulating plate current in the load coil.

Two methods of temperature calibration were used. At 1600 F and below,
temperature check specimens of both materials were instrumented with Type K thermo-
couples (Chromel/Alumel, ISA special calibration) and the output of these thermo-
couples, read on a Leeds and Northrup Type 8693-2 double-range long-scale temperature
potentiometer, was used to calibrate the infrared pyrometer.

In order to instrument the calibration specimens, the coating was first
removed from one side. Previously prepared 0.003- by 1/4- by 3/8-inch stainless
steel shims, to which thermocouples were capacitive-discharge welded, were in turn
capacitive-discharge welded to the specimens so that the thermocouples were
located at specimen center and at both ends of the gage length. The check specimen,
installed with the coated side facing the infrared pyrometer, was then heated to
the desired temperature and the output of the pyrometer was adjusted to maintain
the desired thermocouple-indicated temperature. This technique provided for an
emittance correction for use of the IR control pyrometer at the desired temperatures.
The temperature at the top and bottom of the gage length was then checked and, if
necessary, fine adjustments were made in heating coil height or spacing so as to
minimize the temperature differential along the gage length. This technique was
used to calibrate unexposed material and also 5-, 10-,and 30-cycle exposed materials
of each coating/substrate system.

Above 1600 F, a Leeds and Northrup 8636-C brightness pyrometer was used
to monitor temperature on the side of the specimen opposite the control pyrometer.
The calibration of the brightness pyrometer was checked on a tungsten lamp source
which was calibrated using a standard-brightness optical pyrometer calibrated by
the National Bureau of Standards. Calibration records show that, over the duration
of this program, no significant changes in calibration occurred. The tungsten
lamp source also was used to correct the effect of the RF screen which covered the
sight port in the RF shielding. After adjusting the output of the control pyrometer
to achieve temperature control at the temperature indicated by the brightness pryo-
meter (with no emittance correction), the temperature distribution along the gage
length was checked and adjustments in coil position and spacing were made, as
necessary, to minimize the temperature differential along the gage length of the
specimen,

The brightness optical pyrometer was selected as a standard because of
several factors. At the operating wavelength of this device (~ 0.65 micron), a
change in emissivity of 10 percent admits an error in indicated temperature of only
approximately 1 percent. The infrared pyrometer, operating at 2-2.65 microns,
would yield an error of approximately 3 percent. Thus, with the use of the bright-
ness pyrometer for calibration and also for periodic temperature checks, if one
accepts the commonly estimated emittance values between 0.6 and 0.9 for the systems/
conditions being tested, the maximum error in temperature that might be expected
would be about 100 F at a test temperature of 2400 F. Thus, for a stated temperature
of 2400 F, the actual specimen temperature may have been as great as 2500 F. In
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point of fact, the rough surface of the coatings, their gray color, and the
reflected light from the surrounding induction heating coils should act to in-
crease the effective emissivity of the specimens and decrease the error in
indicated temperature to within 2 percent of actual temperature.

Using the above outlined temperature calibration and control procedures
resulted in approximately a + 5 F temperature distribution (along the gage length)
at 1800 F and within + 10 F above 1800 F.

For the actual test, the heating rate was about 15 seconds to maximum
at all temperatures. The specimens were held at temperature for approximately
one minute to achieve equilibrium prior to testing.

In order to obtain stress versus strain data from the mechanical tests
over the complete range of temperature, two extensometer techniques were employed.
At room temperature, a strain gage extensometer (Instron, l-inch gage length, 10
percent maximum range) was attached directly to the specimen and load versus
elongation curves were obtained using an X-Y recorder.

Because of the heating method, coating on the specimens, and conduction
of heat from the specimen, the use of the conventional clip-on-type extensometer
having metal gripping elements was not possible at the elevated temperatures.
Therefore, various methods for measuring strain were examined. A modification of
BCL's extensometer design for low-cycle fatigue studies was finally selected.

With this system, shown in Figures 9 and 10, two high-purity aluminum-oxide probes

Yy ¥y

/|nconel grips

Heater coll . High purity alumina probe

LVDT

To load-strain recorder

Load cell

Actuator

FIGURE 9. SCHEMATIC OF SETUP FOR TENSILE TESTING OF COLUMBIUM ALLOYS
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were arranged to maintain contact against the specimen as the specimen elongated.

The pressure was sufficient to maintain contact and to track, but not great enough
to damage the coating. The other ends of the arms, joined to the center block by

a spring pivot, held the linear variable differential transformer (LVDT) required

to determine specimen strain. The calibration was checked periodically and found

to be within 0.00010-inch deflection in the l-inch gage length. This accuracy of

strain measurement was equivalent to Class B1, ASTM E83-67.

Although the operation of this extensometer was checked and found to be
reproducible within the same accuracy limits, some problems were encountered in
the actual data acquisition phase. It is believed that the specimen condition,
i.e., warpage in all three directions, was the primary reason for the inability to
obtain stress-strain curves for all specimens. This is discussed further in
another section of this report.

The tensile tests were conducted using a test frame containing a 2.5-
kip-capacity electrohydraulic closed-loop controlled actuator. Load readout was
provided through a 5,000-pound capacity load cell in series with the specimen and
actuator. (The load cell is shown at the bottom of Figures 9 and 10. Note the
water cooling provided on the test fixture to keep the load cell at or very near
room temperature.) A 500-pound (or less, depending upon ultimate load require-
ments) full-scale load range was used. This provided a load accuracy of 0.2
percent. The strain rate for all elevated temperature tests was 0.05 in,/in,/min.
At room temperature, a strain rate of 0.005 in./in,/min was used to a strain some-
what beyond 0.2 percent offset strain, and 0.05 in,/in,/min thereafter to failure.

RESULTS

Visual Observations

All specimens allotted to T/P cycling were examined after 5, 10, or
30 exposures prior to further testing. In no case was there any visual evidence
of coating failure as a result of the cyclic oxidation exposure. That is, none
of these specimens exhibited a gross accumulation of oxidation products or
erosion which could be associated with the formation and growth of oxides on
the underlying Cb752 or Cl29Y alloy substrates. Figures 11 and 12 show the
appearance of typical R512E/Cb752 and VH109/C129Y specimens after exposures of
5, 10, and 30 cycles. ' ,

As expected, progressive oxidation of both the R512E and VH109 coatings
did occur with continued cyclic exposures. Some observations on the appearance
changes of these coated specimens as a function of their cyclic exposure history
are summarized as follows:

(1) Some localized spalling of the coating oxidation product
occurred on isolated specimens representing both alloy
coating systems. The extent of this spalling was about
the same for both systems after 5 and 10 cycles but
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FIGURE 11. APPEARANCE OF TYPICAL R512E/Cb752 SPECIMENS
AFTER EXPOSURES OF 5, 10, AND 30 CYCLES
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appeared to increase for the VH109/C129Y specimens after
30 cycles as compared with the R512E/Cb752 specimens.

(2) After 5 and 10 cycles, the predominating color for speci-
mens in both systems was flat black. However, areas of
yellowish tan also appeared to characterize many of the
R512E/Cb752 specimens while a greenish oxide also tended
to characterize many of the VH109/C129Y specimens.

(3) After 30 cycles, the VH109/C129Y specimens were predominantly
flat black in color. In contrast, the R512E/Cb752 tended
to present a yellowish tan, heavily oxidized appearance.
Most of the R512E coatings on the 30-cycle specimens also
displayed a craze-cracking pattern as illustrated in
Figure 11,

Specimens representing both systems also showed an accumulation of a
white, powdery oxidation product on the shoulder areas, well away from their
uniformly heated reduced sections. This had the appearance of being a condensed
deposit on the cooler areas of the specimens. A spectrographic analysis of this
material (taken from two R512E/Cb752 specimens after 5 cycles) showed it was pre-
dominantly silicon* and was tentatively identified as SiO,. On the basis of
this and other data described later, it was concluded that the silica shoulder
deposit represents essentially a recombined condensate of silicon-monoxide
which was effectively distilled from the surface at the center of the reduced
section of the individual specimens during the peak 2500 F exposure temperature
period of each cycle. This transfer was obviously facilitated by the low pressures
which were maintained during the cyclic exposures. As discussed later, it is
suspected that the actual oxygen pressure was much lower than the ~ 5 torr maximum
intended during the maximum temperature portion of the exposure.

Only minor metallographic evidence of silicide depletion was observed on
any of ten coated specimens (five each R512E/Cb752 and VH109/C129Y) which were
examined after 10 cyclic exposures. However, the five R512E/Cb752 specimens which
had received 30 cyclic exposures definitely displayed gross coating porosity,
indication of high silicon losses, in the reduced section. Several VH109/C129Y
specimens exposed for 30 cycles prior to metallographic examination showed much
less gross coating porosity than present in most R512E/Cb752 specimens.

No unusual incidents were noted during the subsequent elevated-temperature
testing in air of any of the coated specimens which had received 5 or 10 cyclic
exposures prior to testing. However, some unusual problems with temperature control
were encountered during the attempted tensile testing of the coated specimens which
had previously received 30 cyclic exposures. Specifically, the problem test
temperatures identified were as shown below:

Coating System Problem Test Temperature, F
R512E/Cb752 1000, 1300, 1600, 1800
VH109/C129Y 1300, 1600

* The deposit contained less than 1 percent of columbium, iron, chromium,
and zirconium,
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Specimens precycled 30 times and induction heated to the above temperatures in air
overshot the target temperature even though the correct power setting to obtain
each temperature was used. -This exothermic rise to temperature terminated with
gross oxidation of the substrates. Surprisingly, at higher temperatures this
exothermic temperature rise did not occur and no gross substrate oxidation was
noted.

In studying this phenomenon, a side experiment was performed which
consisted of simply reheating two tensile test specimens (one each R512E/Cb752
and VH109/C129Y to about 1400 F) in an air furnace. Both specimens had previously
received 30 cyclic exposures at 2400 F. It was observed that the optical temper-
atures (i.e., color) at the reduced center sections of both specimens did not
equilibrate with the furnace but overshot the furnace temperature by a substantial
amount. .0On cooling to room temperature, it was found that the center thickness of
both specimens had been reduced by about 30 percent as a result of the coating and
substrate oxidation reactions which had apparently ensued.

In essence, these combined experiences suggest that the composition and
protective quality of both the R512E and VH109 coatings are subject to change as a
result of continued exposure to the high-temperature/low-pressure cycling conditions
used in this program. No evidence was obtained that either the composition or
protective quality of either coating had been changed significantly after ten cyclic
exposures. However, in air, the protective quality of both coatings had deteriorated
significantly after 30 cyclic exposures, particularly at temperatures in the region
of 1000 to 1800 F. '

" Specimen Dimension Analyses

For R512E/Cb752 and VH109/C129Y, Tables 10 and 11 summarize the results
of measurements of initial thickness of the various sheets, final thickness
statistics (mean and standard deviation) for each group, and coating thicknesses
(mean and standard deviations) derived from formulae cited in the procedures
section. Control data on welded specimens were recorded from locations at the
extremities of the reduced gage section (first row for Groups 15 and 26), as well
as directly over the weld bead. Upon receipt of specimens of coating Batch 2,
Group 27 (VH109/C129Y, welded) contained 66 specimens, whereas only 65 welded
specimens had been shipped. Group 25 from Batch 2 was short one specimen. It was
not possible to find and correct this misplaced specimen before testing. Test
results and posttest metallography clearly showed that Specimen 1 from Group 27,
tested at room temperature, was the misplaced specimen.

From this general summary compilation, data were selected to examine
the influence of heat, coating batch, and sheet variables. These comparisons are
presented in Tables 12 and 13 for the R512E/Cb752 and VH109/C129Y systems,

respectively.

Both the general and grouped summary data show, in most cases, that the
variability in thickness, or standard deviation values, associated with the VH109/
Cl29Y system is greater than that for the R512E/Cb752 system. It is also generally
apparent that the variability in thickness is somewhat greater for coated than

for uncoated materials.
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TABLE 10, SUMMARY OF AVERAGE COATING THICKNESS MEASUREMENTS
ON R512E/Cb752 SPECIMENS
Micrometer Data Dermitron Data
Init. Sheet Coated Thickness, Coating Coating
Thickness, mils Thickness, Thickness,
Group  Sheet Coating No. of No. of mils Flat Pointed mils No. of mils
No.(a No. Batch Spec. Values g s z s x(b) ¢ g(b) (b)) values g s
Heat 770022-Cb752
1c 1 1 10 30 15.4 0.33 20.4 0.49 19.5 0.40 3.2 0.28 40 3.5 0.35
2 1 1 30 30 -- --  20.2 0.48 (19.2) - (3.0 (0.34) 60 3.5 0.21
3BC 1 2 10 30 - -- 20.4 0.47 19.5 0.36 3.2 0.25 20 3.2 0.1
4 1 2 10 10 - - 20,1 0.25 (19.1) - (2.9) (0.18) 20 3.1 0.18
5 2 1 40 40 15.0 0.07 20.4 0.33 (19.4) -- 3.4y (0.23) 80 3.6 0.25
6 2 2 20 20 -- -- 19.8 0.33 (19.8) -- (3.7 (0.23) 40 3.2 0.25
7 3 1 50 50 15.1 0,13 20.5 0.38 (19.5) “- (3.4) (0.27) 100 4.0 0.38
8 3 2 16 16 - -- 20.3 0.32 (19.3) -- (3.3) (0.22) 32 3.3 0.21
9C 6 1 10 30 14.8 0.21 19.9 0.28 18.9 0.40 3.2 0.28 40 3.4 0.42
10 6 1 20 20 - - 20.0 0.21 (19.0) - (3.3) (0.15) 40 3.3 0.21
11BC 6 2 10 30 -- -- 19.9 0.44 18.8 0.36 3.1 0.25 20 3.3 0.31
12 6 2 15 15 - - 19.8 0.37 (18.8) - (3.1) (0.26) 30 3.0 0.28
Heat 760055-Cb752
13¢ 2 10 30 15.4 0,17 20.6 0.40 19.6 0.38 3.3 0.27 40 3.3 0.25
14 1 2 70 70 .- - 20.6 0.40 (19.6) -- (3.3) (0.28) 140 3.6 0.35
Heat 770022-Cb752, Welded
15¢ 7 2 15 3023; 14,6 0.16 19.9 0.62 19.1 0.52 3.5 0.36 60 3.2 0.42
15(d) 15.8 0.16 22.1 0.47 20,9 0.89 4.1 0.62 30 4.3 0.46
16 7 2 65 65 s s 22,1 0.51 (21.1) -- (4.1) (0.36) 130 4.6 0.60
(a) C signifies control group; BC signifies batch-check group.
(b) Vvalues in parentheses estimated on the basis of data from control groups from same heats and coating lots.
(¢) Values determined on parent metal.
(d) Values determined on weld bead.
TABLE 11, SUMMARY OF AVERAGE COATING THICKNESS MEASUREMENTS
ON VH109/C129Y SPECIMENS
Micrometer Data Dermitron Data
Init, Sheet Coated Thickness, Coating
Thickness, mils Thickness, Coating
Gro?g) Sheet Coating No. of No., of mils Flat Pointed mils No. of Thickness,
No. No. Batch Spec. Values s % s ) %(b) s(b) values 3 mils
Heat 572038-C129Y
18C 2 1 10 30 15.2 0.37 20.8 0.44 19.0 0.42 3.0 0.28 40 4.0
19BC 244 1 10 30 .- -- 19.7 0.42 18.1 0.47 2.3 0.31 20 3.6
20BC 244 1 10 30 - - 19.6 0.35 17.8 0.30 2.1 0.20 40 3.6
21 2 1 130 130 - --  20.2 0.65 (18.4) - (2.5) (0.44) 260 3.9
22BC 4 2 10 30 15.0 0.16 21.3 0.59 19.2 0.64 3.3 0.43 40 5.1
23 4 2 70 70 -- -- 20.9 0.66 (18.6) - (2.9) (0.44) 140 4.5
Heat 57006-C129Y
24C 1 2 10 30 15.1 0.17 20.0 0.92 18,0 0.59 2.3 0.40 40 3.8
25 1 2 69 69 - -~ .21.0 0.67 (18.7) - (2.9) (0.45) 138 4,5
Heat 572038-C129Y, Welded
26¢ 3 2 15 30{014.3 0,17 19.4 g4 173 035 2.4 0.23 60 4.0
IS(d)IS.A 0.31 20.0 0.49 18.0 0.46 2.1 0.31 30 4.0
27 3 2 66 66 - -- 21.0 0.60 (18.7) -- (2.6) (0.40) 132 4.5
(a) C signifies control group; BC signifies batch-check group.
(b) Values in parentheses estimated on basis of data from control groups from same heats and coating lots.
(¢) Values determined on parent metal,

(d)

Values determined on weld bead.
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TABLE 12. ANALYSIS OF INFLUENCE OF VARIABLES
ON THICKNESS OF R512E/Cb752

Initial Coated Coating Mean Residual

Thickness, Thickness, Thickness, Substrate

mils mils mils Thickness,
Variable Level X s X s X s mils
HEAT 770022(é) 15.1 0.22 19.2 0.37 3.2 0.26 12.7
760055 15.4 0.17 19.6 0.39 3.3 0.28 13.0
COATING Batch 1 15.1 0.22 19.3 0.38 3.3 0.26 12.7
‘ Batch 2(3) 15,1 0.20 19.4 0.39 3.3 0.27 12.8
SHEET 1 15.4 0.33 19.4 0.40 3.1 0.25 13.2
(HEAT 770022) 2 15,0 0.07 19.5 0.33 3.5 0.23 12.5
3 15.1 0.13 19.5 0.37 3.4 .0.26 12.7
6 14.8 0.21 18.9 0.35 3.3 0.24 12.5
78 146 0.16 19.1 0.52 3.5 0.36 12.1

(a) Parent metal measurements only on welded specimens,

TABLE 13. ANALYSIS OF INFLUENCE OF VARIABLES
ON THICKNESS OF VH109/C129Y

Initial Coated Coating Mean Residual

Thickness, Thickness, Thickness, Substrate

mils mils mils "Thickness,
Variable Level X s X s X s mils
HEAT 572038(3) 15.0 0.31 18.5 0.45 2.6 0.39 13.0
57006 15.1 0.17 18.5 0.59 2.7 0.42 13.0
COATING Batch 1 a 15.2 0.37 18.4 0.40 2.5 0.38 13.4
| Batch 2(®) 15,0 0.17 18.5 0.54 2.8 0.42 12.8
SHEET 28; 15.2 0.37 18.4 0.41 2.5 0.38 13.4
(HEAT 572038) 3 14.3 0.17 17.3 0.35 2.4 0.23 12.5
4 15.0 8 0.64 3.0 0.47 12.7

0.16 18.

(a) Parent metal measurements only on welded specimens.

(b) 1Includes groups 19, 20, and 21 which contained a few specimens from
Sheet 4,
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From examination of the grouped data (Tables 12 and 13), it is
particularly evident that heat, batch, or sheet variables have little effect upon
the variability of the R512E coating, but these variables are suggested to be
mildly significant for the VH109 coating. However, the generalized data indicate
that differences in standard deviation between groups within a heat, batch, or
sheet are as great as among these variables.

The mean thickness values shown in Tables 12 and 13 are the thickness
values that would be used in determining strengths as described in the preceding
section of this report. Thus, mean coated thickness would be used for '"Method 1",
mean initial thickness for "Method 2", and mean residual thickness for '"Method 3".
Comparisons between these mean values grouped according to heat, coating batch,
and sheet are accordingly of interest. Because of relationships described
previously, differences in mean coating thickness among heats, coating batches,
or sheets can affect the differences between means for total coated or residual
substrate thicknesses versus the differences observed initially for the uncoated
substrate. :

In this context, for R512E/Cb752, it is apparent that regardless of method
of strength calculation, no between-heat or between-coating batch strength differ-
ences should be observed because of specimen size differences. Thus, as described
in this report, the heat-to-heat difference observed for R512E/Cb752 undoubtedly
reflects a genuine difference in the substrate properties per se. This is not
necessarily the case for sheet-to-sheet property variation, however. For example,
consider the mean thicknesses for Sheets 1 and 7. Initially, the difference was
about 5 percent, with Sheet 1 exhibiting the greater thickness. For Sheet 1, a
coating with mean thickness of 3.1 mils was applied; for Sheet 7, the coating
thickness averaged 3.5 mils. This reduced the difference between means of coated
thickness to less than 2 percent, but increased the difference between residual
substrate mean thickness to about 9 percent. Since the residual substrate is the
load-bearing component, it is likely that strengths based on Method.l calcula-
tions would show a significant difference between tests of Sheet 1 and Sheet 7
that would be attributable to specimen geometry effects. Calculations based on
Method 2 would be less likely to show a difference, and Method 3 strength
comparisons should show only normal experimental scatter unless real sheet-to-
sheet substrate material differences were present.

Similarly, for VH109/C129Y, between-heat differences in mean thick-
nesses are negligible, Batch-to-batch mean differences vary from +0.5 percent to
~4.7 percent for coated thickness versus residual substrate thickness. Because
of the higher standard deviations for VH109/C129Y, it is unlikely that this 5.2
percent disparity would be found significant. In comparing Sheet 2 with Sheet 4,
the disparity from "coated" to "residual" mean thickness is 7.6 percent which
might result in a significant difference for this system when Method 1 strength
basis is used. The thickness disparity is reduced to 4.2 percent with Method 2
evaluation; this probably would not be significant. ’

In addition to the major strength differences related to the method
of strength calculation, there also can be second-order influences engendered
by state~of-the-art coating variability. In generdl, the analysis of geometry
effects has shown that these second-order affects are probably of little signif-
icance when strengths are computed on the basis of Method 2 or Method 3 as
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previously defined. With Method 1 computations, some significant second order
effects would be expected.

In addition to the preceding analyses of as-coated specimen dimensions,
five room-temperature tensile test specimens representing both coating systems
were sectioned through their fractured, reduced test sections after being subjected
to 10 and 30 cycle exposures, respectively. The average thicknesses of the inner-
most subsilicide coating layers on these specimens were determined metallograph-
ically and compared with these as-coated subsilicide coating layer thicknesses to
determine the subsilicide growth rates. These values were then related to the
substrate consumption which occurred during cyclic exposure by the relationship

7 Cb + 3 CbSip = 2 CbgSis.

The corresponding substrate consumption and area correction factors computed are
given below:

Total

Precycled Sub- No. of Substrate Area

strate Thickness, Cyclic Consumption, Correction
Coating System mil Exposures mil Factor
R512E/Cb752 12.4 10 0.30 0.976
30 0.60 0.952
VH109/C129Y 12.9 10 0.27 0.979
30 0.53 0.959

These correction factors show that for both coating systems after 10 cyclic
exposures, the strength values based on the preexposed residual substrate thick=-
nesses (i.e., the precyclic exposure condition) would bé about 2 percent lower

as a result of the additional substrate consumption which occurred. For specimens
with 30 cyclic exposures, the corresponding strength degradations expected would
be 4.1 and 4.8 percent for the VH109/C129Y and R512E/Cb752 specimens, respectively.
The percent losses in strength based on Method 2 calculations would be slightly
greater.

Tensile Test Data

All tensile test data for the entire test program are assembled in
the tabular display of Appendix B. As stated previously, load and strain were
recorded to a level beyond the 0.2 percent offset yield strength during each
tensile test., In addition, a readout of the maximum load was also obtained from
each recording. From these charts it was possible to obtain the values necessary
to encode the data as follows for subsequent computer analysis:

GR - Group number
SP - Specimen number
WID - Specimen width
THK - Specimen thickness
U-LD - Ultimate Load
Y-1LD - Yield load
EL - Elongation.
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The coating/alloy system, specimen condition, and temperature also were recorded
on each card.

The group numbers refer to the test allocation plan shown in Figures 2
and 3.

Specimen width and thickness are reported in thousandths of inches and
represent the dimensions measured by flat micrometers at the center of each speci-
men prior to the test. Thus, using the average thickness measurements for each
group described previously, one can compute for each specimen the residual sub-
strate thickness, if strength in terms of residual substrate thickness is desired.

The ultimate load is the maximum load attained during a test. The yield
load was taken from the load-extension trace at 0.2 percent offset. One of the
problems associated with the tensile testing and analysis of the resulting load-
extension curves was the condition of the specimens after coating. Since the
materials were so thin, when coated, the resulting specimens all were somewhat out
of plane. This warpage made it a difficult process to establish the initial modulus
line in order to subsequently establish the yield strength. However, since the load-
strain traces in the region of yield strength were fairly flat, it is believed the
reported yield loads have not been affected much by the uncertainty in modulus.

Elongation is reported to the nearest tenth of a percent. At the
moderately high temperatures, particularly where the ductility was a minimum, it
was sometimes difficult to adduce any elongation. For those cases, no values are
reported in the printout.

DATA ANALYSIS AND DISCUSSION

General Remarks

According to Chapter 9 of MIL-HDBK-SB(IS), there are a number of options
available for the computation of room- and elevated-temperature design allowables.
Where large amounts of data are available, such as frequently found for room-
temperature tensile properties, the allowables can be computed directly. These
inputs may come from a variety of producers and represent different heats or lots,
thickness ranges, and product forms. One of the first tasks then is an analysis
applying statistical significance tests to determine whether a data collection is
homogeneous (namely one population) or is made up of several subpopulations which
cannot be combined. Whichever is the case--one or several populations-~each such
population of values then is analyzed further.

The second step is to determine whether each population under consider-
ation is normally distributed. MIL-HDBK-5B suggests the use of the 'Chi-squared"
test or a cumulative distribution plot to establish normality. If the population
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is normal, then the direct calculation of A and B design allowables is carried
out based on the procedures for a normal distribution with the requirement that a
minimum of 100 pieces of data be available representing at least 10 heats or lots
of material in the population of values. In the event that the population of
values is nonnormally distributed, Chapter 9 suggests the use of a nonparametric
analysis procedure which requires at least 300 values in the population in order
to establish an A value.

The establishment of A and B values at elevated temperatures also can
be done by direct computation as described above. Usually, however, the available
data at elevated temperature are so much less than that available at room temper-
ature, that the data requirements (in terms of numbers of specimens and heats)
are rarely met. Thus, an alternative approach is provided in Chapter 9.

This alternative approach requires at each temperature several tests
from at least five heats which can be paired with comparable data at room temper-
ature. In application, for each heat the ratio of the average strength at
temperature, Ty, divided by the average strength for the same heat at room
temperature is computed. This is done for each heat and for each temperature.
Then at each temperature, the following steps are taken:

(1) Compute the sample statistics (R, the mean value; and s,
the standard deviation) of the ratios.

(2) Determine the lower confidence limit for the mean ratio.

(3) Use the lower confidence limit and the A or B values of
the property at room temperature to compute the A or B
value at elevated temperature.

The ratio of two population means (TUS at T, TUS at RT) is expected to
exceed the lower confidence limit, which is defined as

Lower confidence limit = R - to.95 s/an
where R is the mean of the n ratios, and t is the fractile of the t distribu-
tion for n-1 degrees of freedom at the 5 percént risk level. This lower confidence
limit is also termed the reduced ratio and, to obtain the elevated temperature
design allowables, it is multiplied by the room temperature design allowable.
These computations are carried out at each temperature and the results are plotted
graphically and expressed as a smooth curve, which becomes the design curve.

In this program there obviously were not sufficient data generated to
comply with any of these suggestions. For example, for each alloy there were 10
values for each of two heats at each temperature. For one heat there were two
coating batches and for the second heat, one coating batch which would provide
three lots for the ratioing technique, if employed.

On the other hand, the requirements in MIL-HDBK-5B do not exclude the
use of smaller populations than stated, provided the appropriate tabular values
of k, associated with the number of samples is used.
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For example, the direct computation of a design allowable based on a
normal distribution is by means of

]
i
'
P

A value

I

>l
]

=

B value

where X is the mean value of the n observations and s again is the standard
deviation and k, and kg are the one-sided tolerance factors corresponding to the
appropriate proportion of a normal distribution (0.99 for A values, 0.90 for B
values) and a confidence coefficient of 0.95. Chapter 9 contains a table of such
k values for various n.

Thus, - if one indeed has a population of 100 values from such a table, A =
X - 2.684s; whereas, if one had only 20 values, such as available from this program
by combining data from two heats, A = X - 3.295s. In some cases, only 10 data
points (welds) and 5 data points (cyclic exposures) were available, providing k
values of 3.981 and 5.741, respectively. It can be seen from the increase in k
values that the smaller the sample size, the more conservative the A value might
be expected to be to provide a confidence of 95 percent. Obviously, this conser-
vatism may not be in proportion to k, since s can generally be expected to increase
as the sample size increases.

This discussion is presented at this point to provide some basis for
decisions made in the analysis of the data. It should be stated that the allow-
able strength values resulting from the analysis presently are considered as
tentative design allowables. Once additional data become available from other
programs in progress, their combination with the results of this program may
provide a better basis for establishing firm allowables for the two systems
studied.

Once again it is emphasized that, in the analysis that follows, the
cross-sectional areas employed in the stress calculations are those of the uncoated
substrate (average width and thickness measurements) shown in Figures 2 and 3. How-
ever, Table 14 has been prepared which shows the estimated cross sections of each
group in (1) the uncoated condition, (2) in the as-coated condition, and (3) in
the as-coated condition after 5, 10, and 30 cycles. These values may be used if
one is interested in computing strength on the basis of residual substrate area
using the tensile load information contained in Appendix B.

Sheet-to-Sheet Variability

In any one of the coating/substrate systems, the population of tensile
data on the as-coated material consisted of data from two heats of base material,
one of which was supplied in several sheets. Material from one of the heats was
coated in two batches, whereas material from the second heat was coated in one
batch.

In attempting to establish the population base for each coating/substrate
system, one of the first problems was to assess the variability between sheets.
The specimen allocations for the as-coated specimens in Tables 7 and 8 showed that
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TABLE 14. AREA DEPLETION (SUBSTRATE CONSUMPTION) OF SPECIMENS
AS A RESULT OF COATING AND T/P CYCLING

As—Coated
Group and After After After
No. Uncoated 5 T/P Cycles 10 T/P Cycles 30 T/P Cycles
1 0.00375 0.00319 0.00311 - 0.00304
2 0.00375 0.00321 0.00313 0.00306
3 0.00375 0.00319 0.00311 0.00304
4 - 0.00375 0.00324 0.00316 0.00308
5 0.00373 0.00303 0.00296 0.00288
6 0.00373 0.00297 0.00290 0.00283
7 0.00373 0.00305 0.00298 0.00290
8 0.00373 0.00310 0.00303 0.00295
9 0.00375 0.00303 0.00296 0.00288
10 0.00375 0.00303 0.00296 0.00288
11 0.00375 0.00303 0.00296 0.00288
12 0.00375 0.00303 0.00296 0.00288
13 0.00375 0.00317 0.00309 0.00302
14 0.00375 0.00317 0.00309 0.00302
15 0.00370 -0.00283 0.00276 0.00269
16 0.00370 0.00283 0.00276 0.00269
18 0.00373 0.00320 0.00313 0.00307
19 0.00373 0.00333 0.00326 0.00319
20 0.00373 0.00336 0.00329 0.00322
21 0.00373 0.00328 0.00321 0.00315
22 0.00373 0.00313 0.00306 0.00300
23 0.00373 0.00318 0.00311 0.00305
24 0.00375 0.00332 0.00325 0.00318
25 0.00375 0.00321 0.00314 0.00308
26 0.00348 0.00313 0.00306 0.00300
27 0.00348 0.00305 0.00299 0.00292
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for each heat supplied in more than one sheet there were only a few specimens per
sheet tested at RT, 1000 F, 2000 F, and 2400 F, so that a detailed analysis was
not possible. In fact, of the two sheets of VH109/C129Y, allocated to as-coated,
base-material specimens, each sheet was processed with a different coating batch.
Consequently, the data for R512E/Cb752 were the only data that could be examined
qualitatively at selected test temperatures to determine whether the tensile
properties were ordered by sheet number. The results of the limited evaluation
conducted showed that no one sheet had consistently higher or lower properties
than any of the others. Thus, the data within a heat from the various sheets

and for the two batch coatings (at least for R512E/Cb752) appeared to be homogeneous
on a qualitative basis.

Coating~Batch Variability

The next step in the analysis was to test whether results from the two
coating batches within a given heat could be combined. The analysis was done
only on data taken at room temperature for both R512E/Cb752 and VH109/C129Y.

The computational scheme first employed the F test to determine whether
the standard deviations were homogeneous. If they were, the t test was employed
to determine whether the means were homogeneous. The specific. details of these
two tests are described in statistical analysis texts, as well as in Chapter 9 of
MIL-HDBK-5B. The procedure at BCL involved the use of a computer program,
SEVRAL, briefly described below.

Program SEVRAL is a computer routine that tests the homogeneity of
variances (sa, standard deviation squared) that have been computed for a
number of subpopulations within a larger population of values. The question of
homogeneity of variances has to be decided first, since the subsequent test for
homogeneity of the means is based on the assumption that the standard deviations
are homogeneous.

The input for SEVRAL are the sample statistics for each subpopulation:
the number of tests, the average value, and the standard deviation. With these
input data, SEVRAL performs the Bartlett test for the variances, which, for two
subpopulations as in this program, is the F test.

The computation results in a calculated Chi-squared value that is
compared with a tabular value (stored in the computer) for a significance level
@ = 0,05. If the calculated value is smaller than the tabulated value, the
conclusion is that the standard deviations of the group of variances are all from
the same population.

At this point, the program pools the standard deviations and begins the
test for homogeneity of the means. In this computation, a value Q (also at a
significance level o = 0.05) is computed and is compared as before with a tabular
value. Once again, the comparison of the computed value with the tabular value is
made, so that a lower calculated value indicates that the means also are homogeneous
at a 95 percent confidence level.
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Based on the input data from the room-temperature tests in Table 15,
an example of the output from SEVRAL is shown in Tables 16 and 17. This calcula-
tion examines whether data for each heat that involved two coating batches could
be combined, i.e., Heat 770022 for Cb752 and Heat 572038 for C129Y.

TABLE 15. SUMMARY OF STATISTICS ON TENSILE PROPERTIES
(BASED ON ORIGINAL SPECIMEN DIMENSIONS) OF
AS-COATED MATERIAL AT ROOM TEMPERATURE

(a)

Coating TYS TUS e
Subgroup Coating/Alloy Heat No. Batch No, n b4 s n X s n X
1 R512E/Cb752 770022 1 6 53.25 1,107 6 66.84 1.106 6 18.6
2 Ditto 770022 2 4 53,88 0.670 4 68,14 0.463 4 18.6
3 VH109/C129Y 572038 1 5 62,70 1.484 5 77,70 2,032 5 17.4
Ditto 572038 2 5 60.72 1.112 5 74,48 1,510 5 18.2

(a) A logarithmic transformation of elongation values was made before computing average and stand-
ard deviation.

In each printout (Tables 16 and 17), the first two lines below the
column headings are the descriptive information and sample statistics taken
from Table 15 for TYS and TUS. These are followed by nine entries which
summarize various stages..in the calculation.

Next is shown the Chi-squared value that is compared with the tabular
value. In Table 16, the computed Chi-squared values for TYS and TUS are less
than the tabular value and one concludes that the variances are '"equal".

The final three lines present successively the computed Q values, the
corresponding tabular values, and the conclusion that, in this case, the means

are "equal".

Thus, from SEVRAL and Table 16 one concludes for R512E/Cb752 that at
room temperature the tensile data from the two coating batches of Heat 770022
can be combined with 95 percent confidence.

A similar printout in Table 17 indicates that for VH109/C129Y the data
for the two coating batches cannot be combined, since in the Q test at the 95
percent confidence level, the computed value was higher than the tabular value.

Heat~to-Heat Variations

In the previous section it was shown that data for two coating batches
of the R512E/Cb752 system probably could be combined into one population and that
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TABLE 16. ANALYSIS OF BATCH-TO-BATCH COATING
VARIATION IN R512E/Cb752

tevstseve TYS, KS] 46000t 000 sesrtvest TS, KS] ¢4s0ss00e

IPFNTIFTICATION NIIMHFER AVERAGE  STUWNEV. NUMBFR AVERAGE STDWNEV.
FRA2E/CRIG2 HT.771022 HATCR ) 6 8347259 1.1070 & 66,84 1.1060
REIPE/CHTISZ ATT770022 BAICK 2 4 53.88 0,6700 4 AB. 14 0.64630
T a NIMAEP nF [TEMS Ta HANUR ?e 2e
NF = KNUMHER NF NEGRLFS OF FREENGH B, : 18
N & rADMAMTC uEAN OF #t 4.R0 4480
DX 3 MAYIMIM DIFFENENCE IM AVERAGES N.eA3 1.30
WV 5 WFTGHTERN VARTAMCE 0.973462 0,8449
WSN = WFIGKRTED S1AMDARY) REVIATION 0O.9666 0,9192
X1 & 0OF X [001n(av) ~0.23A3 - ,5855
X2 a St oF (DFT X LAGIG(VI)) -0,6021 =-1.5690
C = RADTLETT 2C# 142042 1,2042
CHT: SQUARFN = 2,3026/C X (X1=X?) = 0.6994 ) 1,8805
TARULAR ValLuyf FOR ALPHA =05, T-1=1 3.84 3.84
THEREFAPE CONCILUNE VARTAMCES ARE EQUAL EQUAL
D(1=ALPHA)Y = NX/4SD X SQRT (M) = 144280 3.,0986
TARULAR VALUF FOR AlLPHA 3,05, T, DF=2,8 3.26 3.26
THEREFORE COHCILUNE AVERAGES ARF EQUAL EQUAL
TABLE 17. ANALYSIS OF BATCH-TO-BATCH COATING
VARIATION IN VH109/C129Y
204434493 TYS, KS[ soesetiss deedttrse THS, KST ¢e¢eeesove
IRFHTIFTICAT NN NIMRER AVERAGE | STUNEV. NUMBER AVFRAGE STUWNEV,
VKI®Q/C1291 HT«RI273% HATCR | 5 62.70 1.4H40 5 77.70 2.0320
VHING/C129Y HTe572033 BATCH 2 5 60.72 l.1120 S T4.48 1.5100
T 8 NUMBER OF ITEMS (M GROUYP 2 2.
NF = NIVHER OF OFGREFRS 0F FREFNCM Ae 8.
N =  HADMNOMTC wZan OF M 5.00 S5.00
NX 3 MAYTMUM DIFFERENMCFE IN AVERAGES 1.64 3.22
WV a  WFIGHTFD VARTAMCE 1.7194 3,2046
WSD = WFYGHTED STANDARD NEVIATION 1,3113 1,7901
X1 = NF X LORTAWY) 1.8830° 46,0461
X2 = SHv AF (DFT x LnGIn(VI)) 1,7403 3,8952
C = RHAOTIFTIT 2C2 1,1875 1,1875%
CHT: SQUARED = 2.3p76/C X (X1=x2) = . 0.27K7 0.2927
TARIILAR VALGF FOR aLpHA =,05, T-1=) ) 3.84 3.84
THEREFOPE COMCLUNE VARTANCRS aRE EQUAL EQUAL
Q{1=81P1rAYy = DX/WSDH X SPRT (M) = 13765 46,0221
TARULAP VALUF FOR ALPHA =,05 T, DF:=2,8 3.26 3.26

THEREFORE COMCLIIDE AVERAGES ARE UNEQUAL UNEQUAL




49

similar data on the VH109/C129Y system probably could not be combined. There is
some uncertainty whether similar analysis of batch-to-batch variation would yield
the same results at the other two temperatures (i.e., 2000 F and 2400 F) where
specimen allocation permitted such a comparison. In view of the small number of
specimens involved, it was considered that such additional calculations would
not be too informative. Despite the negative result for the latter system, a
complete analysis of the tensile data was made at each temperature to determine
whether or not there was a significant heat-to-heat variation or whether from
statistical inferences the data could be combined. The implied assumption is
that batch-to-batch (or sheet-to-sheet) differences for VH109/C1l29Y can be
ignored.

The method of calculation again involved the computer program SEVRAL.
The input data for each temperature and material/coating system roughly included

Heat A, Coating Batch 1, five specimens
Heat A, Coating Batch 2, five specimens
Heat B, Coating Batch 2, ten specimens.

Minor variations in the actual quantities of specimens employed were experienced
because of the allocation procedures and, as pointed out in a subsequent section,
because some specimens were eliminated because of atypical behavior.

_ Under each coating system/material combination the sample statistics

X and s are summarized in Table 18. The first heat listed comprises data from
several sheets and two coating batches and the second heat, data from one sheet
and one coating batch., 1In the "Test Answer'" columns, derived by Program SEVRAL,
the letter U indicates that at the 95 percent confidence level one cannot

conclude that the indicated differences in X and s from the two heats is by chance
alone (more directly, a heat-to-heat difference is suggested). The letter E
indicates that at the 95 percent confidence level one can conclude that the
indicated differences in X and s from the two heats is by chance alone (or more
directly if both s and X show E's, that no heat-to-heat difference is suggested).

The order of computation, it is remembered, is first to test the
variances (s®). Examination of the Test Answer column for s for R512E/Cb752
shows that in 14 out of 16 cases (for yield and ultimate), the standard deviations
at each temperature can be pooled in order to test the means. The Test Answer
column for X for the same system shows that at all temperatures, there is a heat-
to-heat variation in yield and ultimate strength values. Essentially, the same
conclusion results from the analysis of VH109/C129Y. A further point of interest
is that there was no predominant difference in variances among samples represent-
ing only one sheet and one coating batch and those representing several sheets
and two coating batches. This is considered rather strong evidence that there
is no significant sheet-to-sheet nor batch-to-batch variation for either material
system.

It is at this point in analysis that the reality of the task and the
strict adherence to statistical inferences diverge and engineering judgment
takes over.
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TABLE 18. RESULTS OF ANALYSIS OF HEAT-TO-HEAT VARTATIONS
FOR COATED COLUMBIUM ALLOY SYSTEMS

R512E/Cb752 VH109/C129Y
X, ksi s, ksi ¥, ksi s, ksi
Heat Heat Test Heat Heat Test Heat Heat Test Heat Heat Test
Temperature, F 770022 760055 Answer 770022 760055 Answer 572038 57006 Answer 572038 57006 Answer

Yield Strength Averages and Standard Deviations

RT 53.51 55.55 u 0.9670 0.9410 E 61.71 64.61 U 1.6180 0.8050 E
1000 31.25 32.48 U 0.9100 1.2230 E 37.06 38.33 U 1.0110 0.4530 E
1300 29,60 31.23 u 0.9150 0.3190 U 35.37 35.81 E 1.0890 0.7350 E
1600 29,78 33,15 U 0.8870 1.2180 E 34.70 36.48 U 1.3910 0.4850 U
1800 30.28 32,32 U 1.3780 1.1630 E 34.27 36.32 u 0.6810 0.6630 E
2000 29.85 33.24 U 0.8230 0.5970 E 34,12 35.73 U 1.3140 0.7650 E
2200 25.81  29.76 U 0.6740 0,3380 E 32.31 33.33 U 1.0640 0.6290 E
2400 24,77 27.41 U 0.6540 1.3760 U 28.48 29.21 u 0.7210 0.5500 E

Ultimate Strength Averages and Standard Deviations

RT 67.36 72.80 U 1.0940 0.9230 E 76,09 78.43 U 2.3900 1.0400 U
1000 39.63 42,37 4] 2,0670 1.,4020 E 53.70 54.93 E 1.1840 0.8700 E
1300 34,77 37.17 U 1.2960 0.7240 E 39.52 41.60 U 1.4820 0.9910 E
1600 30.85 33.73 U 1.0010 1.4660 E 36.20 38.05 U 1.8870 0.5910 U
1800 31.32 34,03 4] 1.3620 0,9340 E 36.30 30.43 U 0.5080 1.0910 U
2000 31.43 34,13 U 1.0850 11,2120 E 37.99 39.81 U 1.8270 0.9900 E
2200 30.32  35.92 U 0.7940 0.5770 E 37.30 38.51 U 1.2440 0.9090 E
2400° 27.47  31.44 U 1.0550 1.6110 E 31.23 32.39 U 1.1860 0.9630 E

The reality of the task is that at this point in time it would be
desirable to have available a moderately conservative estimate of the probable
A and B design allowables for these two systems over the temperature range of
interest. Then as the data.pool increased with time, based on essentially
similar material processing, the results from other heats can be added. At
some stage, sufficient data will be available through quality-control data to
characterize the distribution of heat averages and finally deduce the minimum
design values (A and B basis) with more rigor.

Examination of the heat averages at each temperature in Table 18 shows
that the difference in X from one heat to the other for both systems usually is
about 3 ksi. Some values are higher--up to 5.4 ksi; some are lower--less than
1 ksi. The differences tend to be significantly larger for R512E/Cb752 than
for VH109/C129Y, which is believed to be only a fortuitous situation (in heat
selection), since there was much larger scatter in coating thickness for the
latter system, as previously discussed.
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Now if the s values in Table 18 also are examined, two features emerge
that are important to consider. First, one might expect s to increase with
increasing temperature; however, the trend in s is that it is reasonably constant
over the temperature range. Second, when one focuses on the heat for each system
for which there were several sheets and two coating batches, the R512E/Cb752
system has somewhat lower average s values than does VH109/C129Y, again as one
might expect, based on the coating measurements. Specifically, these averages
are as follows:

Average
Alloy/Coating System Property s, ksi
R512E/Cb752 TYS 0.9
TUS 1.2
VH109/C129Y TYS 1.1
TUS 1.5

Now if one assumes from experience that the addition of data from many
heats will raise the s value somewhat, the following s values might be realistic
estimates for the two material systems:

Estimated Average

Alloy/Coating System Property s Value, ksi
R512E/Cb752 TYS 1.2
TUS 1.6
VH109/C129Y TYS 1.4
TUS 2.0

With such s values, and based on the statistics associated with an
assumed data pool of 100 such heats or process combinations (heat and coating
batch), the range in tensile strength that would contain 98 percent of the 100
sets of data would be about 8 ksi for R512E/Cb752 and 11 ksi for VH109/C129Y.
For yield strength, comparable values are 6 ksi and 8 ksi, respectively. As
noted in Table 18, all of the differences in the heat averages are well within
these ranges.

Another index of expected performance is the coefficient of variation
which is the simple ratio of s/X. A recent computation of s/X from large volumes
of data* for 7075-T6 sheet aluminum alloy, Ti-6Al-4V annealed plate, and 300 M
steel at the 280 ksi strength level showed s/X to be as follows for tensile yield
strength:

Alloy Coefficient of Variation
7075-T6 sheet 0.023
Ti-6A1-4V plate 0.046
300 M steel forgings 0.023

* From the MIL-HDBK-5 files at BCL.



52

Again an examination of all of the s and X values in Table 18 shows that the
range in s/X is approximately 0.02 to 0.05, which suggests that the data on these
coating/material systems are in the same range for other alloys. Both this
observation and the one above relative to the range of expected average values
for various heats suggest that at this point in time a realistic expedient to
evolve tentative design allowables for these two systems is to pool the data at
each temperature, assume a normal distribution, and compute A and B values. This
set of computations is carried out and discussed in the next section.

Computation of Tentative Design Allowables
for As-Coated Columbium Alloys

The computation of A and B values was accomplished using one of the
computer programs employed on the MIL-HDBK-5 program. The input data were the
tensile properties, TUS, TYS, and e. The program automatically computed X and
s for a set of data, and determined whether the distribution was normal or not.

If the distribution was not normal, A and B values could not be automatically
computed since with this set of data there were not enough data at any tempera-
ture to permit the use of the nonparametric analysis contained in the computer
program. In those nonnormal cases, the distribution was assumed normal and the
computations were made with a desk calculator. 1In the computer program the
elongation values are expected to be log normal®*, hence the elongation values were
transformed in the computer to logi, values prior to the A and B value computa-
tions. If the data were log normally distributed, the computer automatically
computed and printed out X, and s on a log,o, basis and the A and B values were
computed on the same basis but converted back to elongation in percent. Once
again, when the computer program indicated that the log,, distribution was not
normally distributed, the assumption of normality was made and the A value computa-
tions were accomplished with a desk calculator.

It should be noted that the procedure in MIL-HDBK-5 is to compute A
and B values for F., and Fey, but only A values for e.

The summaries of these calculations are presented in Table 19 for R512E/
Cb752 and in Table 20 for VH109/C129Y. Note in both of these tables that A and B
values are given for as-coated material, as~coated welded material, and as-coated
material with 5-, 10- or 30-T/P cycles prior to tensile testing. In each case,
the computations are based on the exact population of values from the test data.
Appendix C shows the basic data employed and the specific printout from the
computer for each test condition.

In each of these tables, there are a number of values in parentheses.
These are the A and B values. that had to be computed with a desk calculator
because the computer program indicated the combined population was not normally
distributed. Predominantly, these represented elongation values which are often
not normally distributed even after the logarithmic transformation, especially
when the absolute value is close to O percent elongation.

* Experience has shown that elongation values for a material are more nearly
normal after a log,o transformation.
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It is evident from these tables that both alloys were brittle in the
temperature range 1300 to 2000 F, as suggested by other data in the literature.
Above 2000 F, a slight increase in ductility was observed as expected. This
trough in the elongation/temperature relation also manifests itself in another
way. Examination of the tables shows that yield and ultimate design strengths
are nearly the same in this temperature range (1300 - 2000 F), and in some cases,
it is seen that the yield strength value is higher than the ultimate strength value
(for example, R512E/Cb752 welded at 1800, 5 T/P cycled at 1600; VH109/C129Y 5 T/P
cycled at 2200 F, and 10 T/P cycled at 1300 F and 1800 F).

In this intermediate temperature range it is known from other studies
that coated columbium alloys when tensile_ tested at the usual strain rates in air
exhibit low values of tensile elongation . This behavior is mildly sensitive
to coating/substrate composition and geometry, and very sensitive to strain rate
and environment. Stress-oxidation processes are believed to be responsible. The
ductility minimum occurs at about 1700 F and tensile elongation may decrease to
less than 1 percent. However, ductility remains sufficiently high that yield
strength is not affected.

The results from this program, as shown by the design allowables calcula-
tions in Tables 19 and 20, are consistent with prior findings relative to inter-
mediate temperature ductility minimums in coated columbium. In tests at 1600 and
1800 F, elongations ranged from essentially zero to about 4 percent. At the lower
limit, very little strain hardening occurred, and ultimate tensile strengths were
very close to the values for yield strength. At the higher elongation values, the
strain hardening that resulted gave ultimate strength values substantially greater
than the yield strengths. Depending upon the dispersion among elongation values
(hence ultimate strength) within a given analysis lot, the standard deviation of
ultimate strength was greater than that for the yield strength. This, coupled
with a generally small amount of strain hardening, occasionally resulted in design
allowable ultimate strengths that were lower than the design allowable yield
strength as previously stated. ’

As a consequence of this behavior, it is concluded that, as a design
parameter, ultimate strength is appreciably less predictable than is yield
strength of coated columbium alloys at intermediate temperatures (e.g., from about
1350 to 1850 F). Accordingly, it is recommended that at temperatures between 1300
and 2000 F, the ultimate load design allowable should be based upon yield strength
rather than ultimate strength.

It is further advised that caution be exercised in cases where the
structural design rationale allows for stress relaxation via substantial local
plastic deformation (i.e., as in "shakedown" of a structure). Whereas such a
philosophy would be acceptable for many metals and alloys, it may contain serious
pitfalls in the 1600 to 1800 F temperature regime in the case of coated-columbium
alloys.

The second step in establishing the elevated-temperature design allow-
ables consisted of a graphical examination of the results shown in Tables 19 and
20. The specific course of the analysis is subsequently described; however, it
follows procedures documented in MIL-HDBK-5. These essentially consist of
plotting the individually computed A values as a function of temperature, and
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drawing a smooth curve through the data points. For those temperature regions
where metallurgical phenomena occurred (such as dynamic strain aging) that resulted
in apparent strengthening, the curve was drawn nearly horizontally (essentially
ignoring the strengthening. The resultant curve then was used to establish the
design curve, which is a plot of strength at temperature (as a percent of room-
temperature, strength) versus temperature. These latter design curves are presented
in a final summary section in this part of the report. 1In this section only the
data analysis curves are shown for Ftu’ Fty and e.

Figures 13, 14, and 15 show the analysis of the information in Table 19
for R512E/Cb752 for ultimate strength, yield strength and elongation. Figures 16,
17, and 18 show a similar analysis from Table 20 for VH109/C129Y. Also plotted
on each figure are the range of observed values for the two heats of material for
each alloy. It is noted in Figures 13 and 16 that above 1600 F, there was some
increase in ultimate strength based on the A value computations. As stated
before, the effect-of-temperature curve ignored this increase and was drawn
essentially horizontally, yet consistent with data above and below this range.
It is also noted in these two figures that the design curve lies farther below the
minimum test data than is the case for yield strength in Figures 14 and 17. This
observation is related to the somewhat higher scatter in the tensile ultimate
strength data as compared with that of the tensile yield strength data. In the
A value computation, which accounts for probability and confidence, the greater
scatter then will tend to .locate the design curve for ultimate strength farther
below that of the minimum test data than will be the case for the design curve
for yield strength.

Figures 15 and 18 show the effect of temperature on elongation. As seen
in the figures, elongation decreases from room temperature and becomes a minimum
in the range 1600 to 1700 F, after which there is a slight rise in the vicinity of
2000 to 2400 F.

Comparison of the two materials shows VH109/C129Y to have tensile
ultimate and yield strengths greater than those of R512E/Cb752 over the temper-
ature range evaluated. Only minor differences exist in the A value effect of
temperature curve or elongation for the two systems; however, comparison of
Figures 15 and 18 show that VH109/C129Y has much greater variability in elongation
than does R512E/Cb752 in the intermediate temperature range, 1000 to 1600 F. It
should be noted that the tensile properties above 1600 F for both materials tended
to be higher than similar properties reported in the literature. A careful evalua-
tion of all test procedures, including temperature measurement and control,
provided no reason for these differences.

Computation of Tentative Design Allowables for
As-Coated Butt-Welded Columbium-Alloy Joints

Chapter 9, Section 9.4.3, of MIL-HDBK-5B describes procedures for
establishing design allowables for welded joints; however, requirements as to
quantities of data and heat lots are considerably more than could be obtained
on this program. Consequently, in considering the data from this program, two
alternatives were considered. The first involved the A and B computations
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summarized in Tables 19 and 20. The second involved establishment of a reduction
factor or efficiency factor for the weld joints to be applied to the effect-of-
temperature curves for ultimate and yield strength of the as-coated material.

Prior to presenting the analysis, a few comments on failure origin are
in order. With regard to R512E/Cb752, examination of the failures showed that
most of the time the cross section of failure was at least 1/8 inch from the weld
center line, ranging up to about 5/8 inch. Thus, failures were in the base
material. Nine of 80 samples, however, failed either in the weld (three specimens)
or within 1/16 inch of the weld center line which was the predominant failure
locations for VH109/C129Y specimens. These observations suggest somewhat lower
weld joint properties than for the as-coated material at low and high temperatures.

Figures 19 and 20 show the tensile ultimate and yield strength A values
from Table 19 plotted as a function of temperature for R512E/Cb752. Figures 21
and 22 show similar information for VH109/Cl129Y. On each of these graphs, in
addition to the A values for the weld joints, are plotted the A values for the as-
coated alloy, the range of welded joint test data, and the design curve for the
as-coated material. The dashed line subsequently is discussed. Consider each
figure separately.

In Figure 19 for welded R512E/Cbhb752, it is seen that the computed A
values for the welded joints almost always lie slightly above the computed A
values for as-coated material and follows the trend of the latter data. The
scatter in the data are small. The results suggest that it might be reasonable
to assume that the curve for the as-coated alloy should be appropriate for the
welded material. However, superimposing Figure 19 on Figure 13 and comparing the
range of test data for welded joints (Heat 770022) with that for the same heat on
Figure 13 shows that the weld data scatter band is on the low side of (and slightly
below) the band for as-cocated material.

Figure 20 for tensile yield strength of welded R512E/Cb752 shows that
the computed A values for welded joints in about half the cases fall below or on
the computed A values for as-coated material, again with a trend similar to the
design curve. Some test data fall below or close to the design curve (at room
temperature and 1000 F). This suggests that a design curve for welded joints
should fall below that for as-coated material for some range in temperature above
room temperature. Again, superposition of Figure 20 on Figure 14 shows that the
range of welded data is on the low side of the range for as-coated material, when
the comparison is made only with Heat 770022.

In Figure 21 for welded VH109/C129Y, it is seen that the computed A
values for welded joints always fall below the computed values for the as-coated
material. Also, superposition of Figures 21 and 16 shows the range in weld test
data to be on the low side or substantially below that of as-coated material,
comparing only with Heat 572038, which is the heat from which all welded specimens
were made. These observations suggest that a design curve for welded joints
should lie below that for as-coated material for ultimate tensile strength.

In Figure 22 for tensile yield strength of VH109/C129Y, the computed A
values for welded joints again fall below the computed values for the as-coated
material, with the greatest divergence at 1300 F and 1600 F. The test data also
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fall below the design curve at these temperatures. Superposition of Figures 22
and 17 shows the weld data range to be low compared with that for the same heat
of as-coated material. This suggests again that the welded joint design curve
should be below that of the as-coated material.

Since only ten specimens, all from one sheet and heat of material, were
involved in the A value computations, it is believed that the use of the A value

computations at this stage is premature. Consequently, the establishment of
tentative design allowables for the welded material was considered with a more

intuitive judgment procedure. Since the procedure also was used to establish the
effect of the T/P cycling on design allowables, the approach is described in detail
as follows.

The approach was to determine if there was some pattern in how weld
efficiency varied with temperature and then make a judgment on a conservative
approach to the weld design curve.

To accomplish this, the average strength for the as-coated material and
welded joints was tabulated at each temperature for ultimate and yield strength,
and the weld efficiency (ratio of weld strength to as-coated base-material
strength) was computed. These data and computations are listed in Table 21 for
R512E/Cb752 and in Table 22 for VH109/C129Y.

Examination of Table 21 shows that weld efficiency for ultimate strength
for R512E/Cb752 varies from 95 to 105.5 percent, whereas that for yield strength
varies from 93.5 to 103.3 percent. No clear-cut trend is evident with temperature.
Consequently, it was decided to determine an average ratio for the entire range
of temperature and not consider those values in excess of 100 percent. The
rationale was that exclusion of values in excess of 100 percent would tend to
provide somewhat more conservative values, particularly for yield strength; also,
that efficiencies greater than 100 percent of base metal strength would never be
used. On this basis, the average values were determined to be 97.4 percent for
ultimate strength and 97.1 percent for yield strength. This is approximately the
value predicted from weld geometry effects. Next, these values were compared with
the individual values and the A value trends of Figures 19 and 20. On the basis of
this examination, it was decided that a moderately conservative weld efficiency
of 96 percent should be established for yield and ultimate strength to be applied
over the temperature range RT to 2400 F for R512E/Cb752 alloy.

Examination of Table 22 shows not quite so simple a picture for VH109/
C129Y. For both ultimate and yield strengths, the weld efficiencies appear to
peak in the middle temperature range and taper off at low and high temperature.
The same approach, however, was taken and averages for the temperature range were
computed, again excluding efficiencies in excess of 100 percent. This resulted in
average values of 96.4 percent for ultimate strength and 98.4 percent for yield
strength. Again, these values were compared with the individual values in Table
22 and the A value trends of Figures 21 and 22. From this examination, it was
decided that a moderately conservative weld efficiency of 95 percent should be
established for ultimate strength and 97 percent should be established for yield
strength and applied over the temperature range RT to 2400 F for VH109/C129Y alloy.
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TABLE 21. COMPUTATION OF WELD EFFICIENCY
FOR R512E/Cb752 ALLOY

Tensile Ultimate Strength Tensile Yield Strength
Temperature, As Coated, Welded, Efficiency, As Coated, Welded, Efficiency,

F ksi ksi percent ksi ksi percent
RT 67.36 64,29 95.3 . 53.51 50.09 93.5
1000 39.63 41,76 105.5 31.25 30.39 97.3
1300 34,77 34,52 99.3 29.60 29.12 98.4
1600 30.85 30.36 98.4 29.78 29.18 98.1
1800 31.32 29.74 95.0 30.28 29.69 98.2
2000 31.43 30.14 95.8 29.85 29.30 98.2
2200 30.32 29.96 98.8 25.81 26.67 103.3
2400 27.47 27.26 99.3 24,77 23.83 96.5

TABLE 22. COMPUTATION OF WELD EFFICIENCY
*FOR VH109/C129Y ALLOY

Tensile Ultimate Strength Tensile Yield Strength
Temperature, As Coated, Welded, Efficiency, As Coated, Welded, Efficiency,

F ksi ksi percent _ ksi ksi percent
RT 76:09 72.13 94.0 61.71 60.71 98.3
1000 53.70 51.67 96.1 37.06 36.49 98.5
1300 39.52 43,29 109.7 35.37 35.54 100.8
1600 36.20 36.92 101.9 34.70 35.51 102.3
1800 36.30 36.61 101.0 34,27 35.54 103.8
2000 . 37.99 37.31 98.0 34,12 35.20 103.2
2200 37.30 36.61 98.1 32.31 33.81. 104.7
2400 31.23 29.95 96.0 28.48 28.02 98.3
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As shown in Tables 21 and 22, there is a trend that the weld efficiency
is lowest at the lower temperatures. As the test temperature approaches the
ductile-brittle transition temperature, it would be expected that an average weld
efficiency, such as used herein, could be overly optimistic.

Since the design curves in Figures 19 through 22 were based on data
from both heats, the weld efficiencies would be applied to those curves on the
assumption that the reduction for one heat would be similar to the reduction for
another. These computations were made and the dashed curves in Figures 19 through
22 are the resultant design curves for both welded joints. Examination of Figures
19 and 20 show these curves to be conservative for R512E/Cb752, although one
computed allowable at 1300 F falls below the curve.

Figures 21 and 22 show that, while many of the computed allowables fall
below the curves, their present location is below all test data except for yield
strength at 1300 F and 1600 F. In a subsequent section concerned with "Post-
test Materials Studies'", it is pointed out that the two specimens that influenced
the low computed allowables are characteristic of present processing (in terms of
expected range of coating thickness). However, if process controls are improved
as expected for VH109 coating, the thickness variation from the process can be
improved and the very low design strength attributed to excessive coating thickness
or reduced substrate thickness would be minimized. As a matter of interest, had
these specimens been eliminated from the data pool, the allowables points and the
minimum of the range of the welded data would have been close to or higher than
the as-coated base material curve. Thus, the position of the present curve appears
" reasonable, as do the weld efficiency factors proposed.

Determining the Effect of T/P Cycling
on the Design Allowables

Statistical computations were made on the data from specimens cycled
according to a dimulated reentry, and the resultant A and B values are presented
in Tables 19 and 20. Since only five specimens were involved for each condition
tested, there is some reluctance to accept such values as statistically
descriptive of the material. Accordingly, it was decided to explore the use of
reduction factors as was done for the weld data.

Since the specimens for both materials came from the same heats as for
the welded samples, the average strength of samples T/P cycled were compared with
the average strength of the appropriate heat. The resultant reduction factor then
was applied to the base material design curve.

Table 23 shows the ratios of the average strengths so computed for
R512E/Cb752; Table 24, for VH109/C1l29Y at various test temperatures.

From Table 23, it is seen for ultimate tensile strength that the
reduction factors vary without pattern with temperature--sometimes exceeding 100
percent, sometimes less than 100 percent. Thus, the decision to compute an
average ratio for all temperatures was consistent with the procedure for welded
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TABLE 23. COMPUTATION OF T/P CYCLING REDUCTION
FACTORS FOR R512E/Cb752 ALLOY

Strength Ratios for Indicated
Number of T/P Cycles, percent

Temperature, Tensile Ultimate Strength Tensile Yield Strength
F 5 .10 30 5 10 30
RT 98.0 97.9 91.4 105.6 105.2 100.0

1000 103.8 102.7 - 103.4 101.1 -
1300 98.6 94.5 - 107.0 104.4 -
1600 101.0 100.3 - 102.1  102.4 -
1800 99.4 98.1 - 95.5 98.0  --
2000 100.3 97.8 94.7 98.8 99.5 96.2
2200 95.8 97.8 100.8 103.4 107.0 110.3
2400 99.2 97.2 99.3 104.6 98.0 105.3
TABLE 24. COMPUTATION OF T/P CYCLING REDUCTION
FACTORS FOR VH109/C129Y ALLOY
. Strength Ratios for Indicated
Number of T/P Cycles, percent
" Temperature, Tensile Ultimate Strength Tensile Yield Strength
F 5 10 30 5 10 30
RT 97.0 97.6 94.0 98.0 99.0 91.8
1000 98.3 96.8 98.4 103.1 101,2 103.3
1300 104.0 107.1 -- 101.0 106.2 --
1600 104.0 101.8 -—- 101.8 101.9 -
1800 103.5 98.0 102.7 102.0 98.1 99.5
2000 101.0 95.5 93.8 103.6 100.3 93.1
2200 92.7 91.5 83.8 97.1 95.0 85.7
2400 94.0 91.8 98.0 95.5 93.7 103.3
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material, excluding (as before) values in excess of 100 percent. For temperatures
up to 1600 F, the pattern appeared to be that the yield strength of cycled material
was higher than as-coated and tested material. Above 1600 F, a variable pattern
existed with reduction factors sometimes greater than 100 percent. Since the
predominant use is expected to be at the higher temperatures, reduction factors
were computed only from the higher temperature values, ignoring values in excess

of 100 percent.

In Table 24, the tendency noted with the weld ratios again appears.
Thus for the middle temperature range, values in excess of 100 percent were the
rule; whereas, at the low and high temperatures, values were less than 100 percent.
Reduction factors were calculated on the basis of those values less than 100 per-
cent. In these computations, the extremely low value at 2200 F and 30 T/P cycles
was considered atypical and was not employed.

In both tables, several blanks appear in columns for 30 T/P cycles.
It was at these temperatures that exothermic temperature rise occurred that
prevented attainment of useful data.

From the averaging calculations, the following average reduction factors
were obtained:

R512E/Cb752 VH109/C129Y
Strength 5 /P 10 T/P 30 T/P s T/P 10 T/P 30 T/P
Ultimate 98.2% 97.2% 93.0% 95.5% 95.2% 96.0%

Yield 97.1% 98.5% 96.2% 98.5% 96.47% 96.9%

These values show a trend toward lower factors the greater the number of
exposures, although not a consistent one. If there is an effect of T/P cycling,
this would be the expected trend. Thus, the following reduction factors are
suggested based on the limited results from this program:

R512E/Cb752 ' VH109/C129Y
Strength 5 T/P 10 T/P 30 T/P 5 T/P 10 T/P 30 T/P
Ultimate 97 % 97 % 93% . 95% 95% 95%
Yield 97 % 97% 95% 97% 96 % 96 %

These reductions are not large and are considered to apply over the
entire temperature range. Some further discussion relative to the 30 T/P cycle
data for R512E/Cb752 is presented in a subsequent section and suggests a further
limitation to these factors in design considerations.

Modulus of Elasticity and
Load-Strain Curves

Extensometers used to measure deformation in the elastic region during
tensile testing of the coated-columbium alloys resulted in well-defined load-strain
curves at room temperature. However, at elevated temperature load-extension curves
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were erratic, partly because of warping of the specimen and partly due to the
tendency for the extensometer to slip. This led to difficulty in determining the
elastic modulus. Pertinent values obtained from the data are reported in this
section. As with all other data, modulus has been computed on the basis of the
original substrate cross section prior to coating.

At room temperature, there were three shapes of load-strain curves
observed. The two more frequently observed are reproduced from the chart traces
in Figure 23. Curve (a), observed most often, contains a well-defined double
modulus. The knee in the elastic portion most frequently occurred at a load
in the range 40 to 60 percent of the yield load. Thus, for this curve shape
it was possible to identify two modulus values. Curve (b) contained a single
modulus line to load values in the range 70 to 90 percent of the yield load,
followed by a gradual curve through the yield load range. The slope of the
modulus line for these latter type curves most frequently was consistent with the
initial modulus line of the double-modulus curve shapes. The third type of
curve (infrequently observed) was very gently curved over most of the load-strain
record.

Curve shapes such as (a) and (b) were observed in the room-temperature
tests of as-coated, welded and coated, and thermally cycled specimens. At elevated

temperature, none of the Curve (a) shapes were observed for either material. Thus,
elevated-temperature modulus was obtained from load-strain curves containing a

single modulus. For these curves, the elastic portion of the curve was well
defined, usually in the range 20 to 70 percent of yield load. Thus, the modulus
values derived from the data appear to be consistent with the high-modulus portion
of the room-temperature curves.

Evaluation of the individual stress-strain curves derived from the load-~
strain traces provided the average modulus values shown in Table 25. Note in the
table that at room temperature the low modulus (secondary) for both columbium
alloys is about 83 percent of the primary modulus.

These average values are plotted on Figure 24. The figure shows that
VH109/C129Y retained its high modulus over a greater range of temperature than did
R512E/Cb752. However at high temperatures, it appears that the latter alloy and
coating will have the higher modulus above 2400 F. These trends with temperature
for tensile modulus have also been observed for the two base alloys.

Typical load-strain curves were selected from the data and are reproduced
in Figures 25 and 26 to load levels somewhat beyond the yield load for R512E/
Cb752 and VH109/C129Y, respectively. 1In the final section of this part of the
report, these curves have been converted to typical stress-strain curves. In both
Figures 25 and 26, the selected curves are those that provide a modulus value
close to the average for that temperature. In the case of the stress-strain curves
in a following section, no attempt was made to adjust the curves to provide modulus
values identically equal to the average values.
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AVERAGE MODULUS OF ELASTICITY VALUES

TABLE 25.
FOR COATED COLUMBIUM ALLOYS
Temperature, R512E/Cb752, VH109/C129Y,
F 10° psi 10% psi
RT 15.3 High 16.3 High
12.8 Low 13.3 Low
1000 13.8 15.7
1300 13.0 -
1600 12.5 15.8
1800 12.2 14.6
2000 11.7 13.8
2200 10.4 10.4
2400 9.4 10.1
18
17
VA .
16
A ﬂk
15 o\\ - ™~
\ N
14 ‘\ Y
13 o , \
12 B\O‘\
O R5I2E/Cb752 \
i A VHIO9/CI29Y \\L
10 \I)
e
8
0] 400 800 1200 1600 2000 2400
Temperature, F A-1293
FIGURE 24. TENSILE MODULUS AS A FUNCTION OF TEMPERATURE

FOR AS-COATED ALLOYS

Based on original substrate thickness.



71

350

300

250
» RT

200
g —
=4
-1
8
S 150 /

1000 F
| ——— [1300F I600F IBOOF 2000 F 2200 F
o° Oy aZE —
o / / / /. /
(o}
0.002 0.002

Strain, in./in.

A-1288

FIGURE 25. LOAD-STRAIN CURVES FOR R512E/Cb752 AT VARIOUS TEMPERATURES

350

300

250

200

Load, pounds

150

100

50

0

FIGURE 26.

RT

I600F
80
OF| 2000F 2200 F
/ el =]
/ 7 / 7 7 7

AvaVav

| 0002 ' 0002 I

Strain, in./in.

A-1287

LOAD-STRAIN CURVES FOR VH109/C129Y AT VARIOUS TEMPERATURES



72

Posttest Materials Studies

Among the large number of specimens evaluated in this program, occasional
specimens showed strengths and/or ductilities that were uncommonly high or low in
comparison with other specimens from the tested group. A typical example of this
behavior is isolated in Table 26. Simple inspection suggests that both the yield
and ultimate strengths for Specimen 23-29 are abnormally low for this test series.
A total of 10 such anomalies were observed. For each of these, attempts were made
to establish the causes of the extreme differences. Tensile data were reexamined
to exclude the possibility of error in reading the load-extension chart. Fractures
were examined, for example, to define possible weld flaws or other irregularities.
Finally, specimens were sectioned for metallographic measurement of coating and
residual substrate thickness. The results of posttest evaluation of the ten
specimens are described below.

TABLE 26. TENSILE PROPERTIES AT ROOM TEMPERATURE
FOR VH109/C129Y EXPOSED TO 30 SIMULATED
REENTRY CYCLES BEFORE TENSILE TESTING

Tensile Strengths
Based on Original

Group and Specimen Dimensions, Tensile

Specimen ksi B : Elongation,
Numper Fty Ftu percent
21-59 61.0 76.6 17
21-60 58.4 71.5 15
21-61 61.0 75.5 ' 14
23-28 57.6 70.2 13
23-29 52.5 63.4 14

R512E/Cb752

Group 15, Specimen 2. This welded specimen, tested at room temperature,
exhibited only 9.5 percent elongation contrasted to a range of 13 to 17 percent
for nine other specimens in the test series. Fractography and metallography
revealed that this specimen failed by brittle cleavage through the weld metal.

All other specimens failed by ductile shear at the heat-affected zone or in the
base metal. No evidence of a welding flaw was found. Microhardness (Vickers,
2-1/2-kg load) of the weld metal was 195, versus 203 for surrounding parent metal;
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interstitial contamination during welding was ruled out. As no reason for this
unusual behavior could be found, it was concluded that occasional "brittle"
(despite the 9.5 percent elongation, uniform in this case) failures of welds in
R512E/Cb752 must be anticipated, and the value was retained in the statistical
evaluation. This behavior is not especially alarming, as weld strengths remained
high. :

Group 7, Specimen 9. This R512E/Cb752 specimen received ten simulated
reentry cycles prior to tensile testing at 1000 F. Elongation was only 2 percent
compared with 5 percent for all other specimens; ultimate strength accordingly
was 31.1 ksi versus a range of 39.6 to 41.5 for other specimens of the test series.
Fractography revealed a "dog-bone-shaped" fracture surface, with essentially no
deformation at specimen edges near the fracture. In this region, the fracture
surface was dimpled, but failure occurred in a plane that was oriented normal to
the tensile stress axis. The specimen center (i.e., between the dog-bone ends)
failed by ductile shear. All other specimens in this test series failed completely
by means of ductile shear. A transverse section as near as possible to the
fracture surface was prepared for metallographic examination. Total coating
failure had occurred at one spot on the edge, allowing minor substrate oxidation,
and contamination to a depth of 34 mils. Microhardness of the contaminated area
(1 kg, Vickers) ranged from 265 at the limit of visible contamination to 500 near
the breach in the coating, and was indicative of severe contamination. Substrate
hardness was 190 in the uncontaminated area. No contamination was observed at
the opposite edge, despite the symmetrical dog-bone fracture shape. The extent
of contamination suggested that coating failure had occurred in fewer than five
cycles. Because this was the only specimen from among the 80 specimens exposed
to 5 or 10 cycles for which tensile data anomalies were observed for the R512E/
Cb752 system, it was concluded that a premature random coating failure had
occurred. Furthermore, because design allowables data for this program were not
intended to include extreme value distribution events of this type, data from this
specimen were not included in the design allowables treatment. It is encouraging
to note that, despite early failure, yield strength at 1000 F was not affected,
and elongation and ultimate strength were only modestly affected by the premature
failure.

Group 4, Specimen 16. Thirty simulated reentry cycles preceded the
room-temperature tensile test on this specimen. Tensile property comparisons in
this test series were:

Specimen Tensile Yield Strength, Tensile Ultimate Strength, Elongation,
Number ksi ksi percent
4-16 55.2 57.6 3
4 others 52.0 - 53.8 61.8 - 62.9 10 - 12

Metallographic examination was conducted on all five specimens in this test
series. Examination of Specimens 4-16 revealed a uniform, very dense precipitate
in the substrate, indicative of mild but extensive contamination throughout the
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gage section which was also the hot section in simulated cycling.* No such
indication of contamination was noted in any of the other specimens of this test
series. From this, it was obvious that contamination that occurred during the
pretest cyclic exposure in Specimen 4-16 caused strengthening, such that the

yield strength at room temperature was increased, and a significant loss in
ductility with a consequent decrease in the extent of strain hardening; hence,
lower ultimate strength. Coatings on all specimens exhibited greater than expected
oxidation and gross porosity throughout most of the coating layer.

This raised the question: was the behavior of Specimen 4-16 an isolated
case? Examination of elevated-temperature tensile data for 30-cycle-exposed
specimens revealed somewhat greater-than-normal scatter in strengths. Accordingly,
all R512E/Cb752 specimens exposed to 30 cycles and selected specimens exposed to
10 cycles before tensile testing were prepared and examined metallographically.
The net result was that 11 of the 19 specimens tested after 30 exposure cycles
showed mild, but extensive, contamination such as noted for Specimen 4-16. For
specimens tested at elevated temperatures, very limited ''severe’ contamination was
noted at the base of coating cracks. This was induced during testing in air. The
extent of contamination observed at these areas was related to the tensile test
temperature, and suggested test contamination rates (assuming parabolic kinetics
with time at temperature estimated by fractional elongation/strain rate) as
follows:

Estimated Contamination

Test Temperature, F Rate, mi1® /min
2000 1.0
2200 1.4
2400 2.8

(For the limited amount of data involved, these rates compare reasonably well with
expectations based on results obtained under Contract NAS8-26205.) As a consequence,
it is quite certain that the extensive, mild contamination resulted from the pre-
test cyclic exposures. Several microhardness comparisons (1 kg Vickers) between
uncontaminated and mild-contamination areas were made on several specimens with

the following results:

Range of hardness for
uncontaminated material 180 - 186

Range of hardness for mildly-

contaminated material 201 - 219.
Thus, the degree of hardening was indeed slight and should hardly affect elevated-
temperature properties, although it was apparently sufficient to cause significant

degradation in room-temperature tensile ductility.

* 1In Cb752, severe contamination, i.e., that associated with a hardness
increase of 200 to 500 DPH, is indicated by (1) an absence of precipitation
and (2) colored staining with the nitric-hydrofluoric-acetic acid mixture
used for etching, neither of which was evident with these specimens; hence
the word "mild" was considered descriptive.
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All R512E/Cb752 specimens exhibited accelerated coating oxidation and
gross coating porosity after 30 exposure cycles. After 10 cycles, mildly
accelerated coating oxidation and gross porosity extending through roughly half
the coating thickness was noted. None of the 10-cycle-exposed specimens examined
showed extensive mild contamination. Several 30-cycle-exposed VH109/C129Y speci-
mens were examined. These consistently showed less coating oxidation, little or
no coating porosity, and no extensive substrate contamination such as was noted in
the Cb752 substrate.

Studies under NAS8-26205 have subsequently shown by inference that the
conditions of oxygen partial pressure under which the cyclic exposures of this
program were made were substantially lower than suggested by the total pressure
monitor. Although the intent in this cycling was to reasonably simulate the
"external" shuttle TPS pressure environment, it is believed likely that the actual
test oxygen pressure may have been closer to the "internal” pressure environment.
At any rate, it was concluded that the R512E/Cb752 underwent wear-out failure under
the cyclic exposure conditions which were used, in greater than 10, but less than
30 cycles, and that the wear-out process was low-oxygen-pressure volatilization of
selected species of the R512E coating. Also, it may be speculated that diffusivity
of oxygen in the Cb752 substrate under the cyclic exposure conditions is ample to
prevent high oxygen gradients, thus avoiding development of severe, more degrading
contamination sites in the substrate. The rate-controlling mechanism may be gas-
phase diffusion or the rate of delivery of oxygen to the substrate surface.

It is further apparent that the VH109/C129Y system is able to withstand
this cyclic envirpnment for greater than 30 cycles.

The conclusion from this brief investigation is that for R512E/Cb752
specimens exposed to 30 cycles, the test data are representative of "failed"
material, and as such should be viewed as distinct and separate from the balance
of data generated for coated-columbium alloys. Most significant is that, although
the R512E/Cb752 under these conditions has nominally failed, the consequences of
failure are very mild and tensile properties, particularly yield strength, show
very little or no degradation as a result of the failure (see Table 27), despite

TABLE 27. COMPARISON OF YIELD STRENGTHS OF AS-COATED
AND 30-CYCLE-EXPOSED R512E/Cb752

Tensile Yleld Strength (Method 2) Fraction of
Test : Statistics Specimens "Failed"
Temp, '%f—Coated " 30 cycles in 30-Cycle-

¥ X s x 5 Test Series
RT 53.5 0.97 53.5 1.20 1/5
2000 29.8 0.82 28.7 0.46 2/4
2200 25.8 0.67 28.5 1.71 4/5

2400 24.8 0.65 26.1 1.82 - 5/5
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the probable 10 to 15 cycles of exposure following the commencement of failure.
The tentative design allowables based on "failed" material yield strengths are
barely discernible from those based on virgin material, and probably fall within
a normal scatter band for "unfailed" material design allowables (e.g., conditions
other than 30-cycle exposed).

This, although an unintentional result, is perhaps the most significant
finding of this study on coated-columbium alloys.

VH109/C129Y !

Group 20, Specimen 1. This as-coated VH109/C129Y specimen was tensile
tested at room temperature. High strengths were noted:

Specimen Tensile Yield Strength, Tensile Ultimate Strength,
Number ksi ksi

20-1 65.1 81.1
9 Others 59.4 - 62.9 72.8 - 77.6

Metallographic measurement in the shoulder of the failed tensile specimen showed
residual substrate thickness of 13.4 mils versus 13.6 mils expected for this
Group. This cannot explain the observed anomaly. Results from this specimen from
Heat 572038 would much better fit the statistics established for Heat 57006, but
so far as is known, no such specimen mix-up occurred. -Lacking a reason for the
anomalous values, it was decided to include those results in the analysis.

Group 27, Specimen 1. As previously mentioned, this ''welded" specimen
tested at room temperature exhibited anomalously high yield and ultimate strengths
and high elohgation as well. Failure occurred by ductile shear away from the center
of the reduced section (where the weld should have been). Metallography showed no
weld in the test section. This "known" specimen mix-up was thus proven, and the
results discarded. Strength values recalculated on the basis of Group 23 (to which
this specimen truly belonged) instead of Group 27 substrate dimensions were
compatible with the parent data of which they should have been a part.

Other VH109/C129Y Specimens. Five other irregularities were noted among
the VH109/C129Y strength data. The appropriate specimens were sectioned longitu-
dinally through the specimen shoulders to allow metallographic measurement of
residual substrate thickness. It was anticipated that discrete low values for yield
and ultimate strength might be explained by less than expected residual substrate
based on original sheet (hence, Group) statistics, or less than for other specimens
in the test series and vice -versa. Table 28 summarizes the results of this
investigation, and indicates that for all specimens, a major portion (in some cases,
all) of the anomalies is indeed explained by unusual variation in the load-bearing
residual substrate dimension. It is also apparent that the substrate thickness
discrepancies resulted from coating thickness variations at or near the extreme
distribution limits for the Groups involved. Underlying reasons for these anomalies,
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therefore, appear to reside in the somewhat high standard deviation of the VH109
coating process.

TABLE 28. VH109/C129Y SPECIMENS FOR WHICH TENSILE
STRENGTHS WERE ANOMALOUSLY HIGH OR LOW

Strength Group Mean Metallographic Measured Substrate
Group and Deviation Thickness, mil Mean Thickness, mil Expected-to-
Specimen Versus Others Residual Residual Measuer
Number Test Series in Test Series Substrate Coating Substrate Coating Deviation
27-19 Weld, 1300 F 20% Low 12,7 2.3 12.2 3.9 4% Low
27-28 Weld, 1600 F 20% Low 12,7 2.3 11.4 4.5 10% Low
a o (a)
21.31 10 Cycles, RT 8% High 13.4 2.5 13.3( ) 2.3 47 High
21-39 10 Cycles, 2200 F 15% Low 13.4 2.5 12.0 © 3.5 10% Low
23-39 30 Cycles, RT 12% Low 12.8 2.9 11.4 3.7 ' 11% Low

(a) Companion specimens for this test series were also measured and were 0.7 mil average less than expected regarding
residual substrate.

The observed anomalies caused by coating variability extremes appeared
to occur at random without regard to sheet or coating batch. The frequency of
occurrence (5 out of 342 valid measurements) is low, but cannot be ignored. Be-
cause this appears to be a real feature of the present day VH109/C129Y system,
these values were included for purposes of design allowables calculation. As can
be seen in Table 20, the net result was significantly lower design allowable
strengths for the five test series in which these anomalies occurred than for the
majority of other equivalent (temperature) test series.

From these comments, it is obviously advantageous to upgrade the
processing or quality control of coating operations for VH109/C129Y. That this
is feasible is indicated by zero observations of this sort for the R512E/Cb752
system examined in parallel with the VH109/C129Y system.

DESIGN ALLOWABLES SUMMARY

The previous section and subsection contained the details of the analyses
of the test data generated on this program. 1In this section of the report, the
resultant information is presented as tentative allowables for the two coated-
columbium-alloy systems. Several programs currently in progress will be providing
additional data on essentially the same basic material and coating process.
Combination of these data with those resulting from these additional programs
should be done so that the tentative allowables contained herein can be brought



78

to a firmer basis. The most critical problem associated with such a data consolida-
tion in the near future will be related to potential processing variations that may
occur, particularly in regard to the coatings.

In a document such as MIL-HDBK-5B, the format for design allowables is
to indicate in a tabular array the room-temperature properties of a given alloy.
This would include tensile, compression, shear, and bearing properties, including
elongation, modulus values, and certain physical properties (unless shown on
effect-of-temperature curves). Following this table would be a variety of graphs,
first relating to effect of temperature on the basic allowables, then stress-strain
curves, fatigue, and creep information.

In this section of the report, a somewhat similar arrangement has been
constructed, with certain limitations: (1) tables and curves are concerned only
with tensile properties; and, (2) the proposed allowables presently are based on
material nominally 0.015 inch in original thickness with a nominal 0.003-inch-
thick coating, the processing of which consumed some of the original substrate.
Thus, the following design allowables are very specific to the material, the
process, and the thickness. They are based on the original substrate dimension
as stated several times in this report.* As such, they may not apply to thicker
original substrates or to thicker or thinmner coatings.

R512E/Cb752 Alloy System

This alloy was purchased in accordance with the chemical and mechanical
property requirements described in Appendix A. As such, the two heats involved
were received in the recrystallized annealed condition. In the case of Cb752,
which in the past has been processed with a 'duplex" annealing schedule, it is
important to note that the material conformed to what is commonly called the
"single annealed" condition. The coating was R512E, a fused-slurry-silicide
coating, developed by and commercially available from Sylvania Electric Products,
Inc. It was applied according to procedures existent in 1971 that provided a
nominal coating thickness of 0.003 inch.

The room-temperature design allowables for this alloy/coating system
are presented in Table 29 for the as-coated material.

Figures 27 and 28 show the effect of temperature on tensile ultimate and
yield strength of the alloy/coating system. In these figures, the strength is
shown as a percent of room-temperature strength in the longitudinal direction.

Figure 29 shows the effect of temperature on the elongation; the
indicated values are in terms of elongation at temperature.

* See sections entitled '""Coated-Specimen Dimension Evaluation Procedures and
Discussion" (page 15) for conversion factors for strength based on other
cross-sectional area criteria.
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TABLE 29, TENTATIVE ROOM-TEMPERATURE ALLOWABLES
FOR R512E/Cb752 SYSTEM

Specification None (see Appendix A)
Product Form Sheet
Condition Single recrystallized annealed

Original Subtrate
Thickness, inch 0.015

Nominal Coating

Thickness, inch ©0.003
(per sides : S e
. Basis A B
Mechanical Properties(a):
Ftu’ ksi 60 64
Fty’ ksi 50 52
e, percent 12 -
E,, 10° ket
Primary 15.3
Secondary - 12,8
Physical Properties(b):
w, 1b/in.3 0.326
c, Btu/(1b)(F) 0.067 (1000 F and 2400 F)
K, Bew/[ (hr) (££2) (F) /£¢t] 26 (1000 F); 29 (2400 F)
-6 . '
@, 10~ in/in/F 4.4 (RT to 2400 F)

(a) Longitudinal properties.

(b) Base material only.
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Figure 30 shows the effect of temperature on the tensile modulus of
elasticity. It is shown as a percent of the room-temperature average modulus and
applies only to the primary modulus.

Figure 31 shows typical stress-strain diagrams for several temperatures
in the range of room temperature to 2400 F. These curves have not been modified
by affine transformation to the average modulus or the average yield strength at
the appropriate temperature.

70
60
RT
50 /”————
w40
K
= 2000 F
& I000F 3 2000

O0F—I600 F. 1800 F 2200 F
- e e /

30 Vs

[ 7 =

20

0

0.002 0002

FIGURE 31. STRESS-STRAIN CURVES AT TEMPERATURE
FOR R512E/Cb752 (AS COATED)

Strain, in./in. A-1286

Table 30 shows fusion-welded joint efficiency factors for butt-welded
joints. Included in this table are the welding parameters considered necessary
to specify the welding process. These values are considered applicable over the
temperature range of room temperature to 2400 F and are applied to the stress
values obtained from Table 29 and Figures 27 and 28.

Table 31 shows the reduction factors applicable to the as-~coated
material associated with the T/P cycling, simulating reentry conditions. To
use these reduction values at a given temperature, the tensile or yield
strength values for the material are obtained from the tabular values in
Table 29 (and multiplied by the percent room-temperature values from either
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Figure 27 or 28), and then are multiplied by the appropriate reduction factor
from Table 31. It is also to be remembered that the values obtained with these
reduction factors for 30 T/P cycles represent '"failed" material in accordance
with the discussion in the section entitled "Posttest Materials Studies". Even
though this material had apparently failed by wear out of the coating, there was
no really serious degradation in properties as shown by the reduction factors.

VH109/C129Y Alloy System

This alloy was purchased in accordance with the chemical and mechanical
property requirements described in Appendix A. As such, the two heats involved
were purchased in the single-annealed recrystallized condition. The coating was
VH109, a fused-slurry-silicide coating that is applied in two separate coating
stages (furnace fusion treatments). This coating was developed and is commercially
marketed by Vac-Hyd Processing Corporation. It was applied according to procedures
existent in 1971 that provided a nominal coating thickness of 0.003 inch.

The room-temperature design allowables for this alloy/coating system
are presented in Table 32 for the as-coated material.

Figures 32 and 33 show the effect of temperature on tensile ultimate and
yield strength. In these figures, the strength is shown as a percent of room-
temperature strength in the longitudinal direction.

Figure 34 shows the effect of temperature on elongation. The indicated
values are in terms of elongation at temperature.

Figure 35 shows the effect of temperature on the tensile modulus of
elasticity. It is shown as a percent of the room-temperature average modulus and
applies only to the primary modulus.

Figure 36 shows typical stress-strain diagrams for several temperatures
in the range from RT to 2400 F. These curves have not been modified by affine
transformation to the average modulus or the average yield strength at the
appropriate temperature.

Table 33 shows fusion-welded joint efficiency factors for butt-welded
joints. Included in this table are the welding parameters considered necessary
to specify the welding process. These values are considered applicable over the
temperature range from RT to 2400 F and are applied to the stress values obtained
from Table 32 and Figures 32 and 33.

Table 34 shows the reduction factors applicable to the as-coated material
associated with the T/P cycling, simulated reentry conditions. To use these values,
the tensile or yield strength values at a given temperature for the material are
obtained from the tabular values in Table 32 (and multiplied by the percent room
temperature value from either Figure 27 or 28), and then are multiplied by the
appropriate reduction factor from Table 34.
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TABLE 32. TENTATIVE ROOM-TEMPERATURE ALLOWABLES
FOR VH109/C129Y SYSTEM
Specification None (see Appendix A)

Product Form

Sheet

Condition

Single recrystallized annealed

Original Subtrate
Thickness, inch

0.015

Nominal Coating
Thickness, inch
(per side)

0.003

Basis

(a)

Mechanical Properties :
Ftu’ ksi

Fty’ ksi

e, percent

lO3 ksi

Primary

Et’

Secondary .

70 73
57 59
13 -

16.3
13.3

Physical Properties(b):

w, 1b/in.>

c, Btu/(1b)(F)

K, Beu/[ (hr) (£6) (F) /£¢]
o, 10_6 in/in/F

0.343
0.069 (2400 F)
44.4 (2445 F)
4.5 (RT to 2200 F)

(a) Longitudinal properties
(b)

Base material only
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CONCLUS IONS

In this part of the program, two coated-columbium-alloy systems, R512E/
Cb752 and VH109/C129Y, were evaluated to establish tensile design properties for
the (1) as-coated material and (2) butt-welded, as-coated material. 1In addition,
the coating/alloy systems were subjected to 5, 10, and 30 temperature/pressure
(T/P) cycles that were intended to simulate reentry conditions. The effect of
the T/P cycles on tensile properties also was determined. During the program,
considerable effort was expended to define statistically the coating thickness
obtained from production processes and to determine the nature of substrate
consumption as a consequence of the initial coating and subsequent T/P cycling.
Extensive evaluation of the coating surfaces was conducted at all stages of the

program.

The significant conclusions of this study are as follows:

(1)

(2)

€))

4

(5)

Room~temperature and elevated-temperature (up to 2400 F)
design allowables have been developed and presented for
R512E/Cb752 and VH109/C129Y systems. At the present
time, these allowables are considered to be tentative
values and are specific to an initial substrate thick-
ness of 0.015 inch and a nominal coating thickness of
0.003 inch.

Butt-welds, produced as described herein, provide nearly
100 percent weld efficiencies; specifically, weld effi-
ciencies for R512E/Cb752 for both tensile and yield
strength were 96 percent; whereas for VH109/C129Y, the
weld efficiency for tensile ultimate strength was 95 per=-
cent and that for tensile yield strength was 97 percent.
These efficiencies are considered to apply over the
temperature range RT to 2400 F.

T/P cycling also provides some reduction in design

strength values. For R512E/Cb752, this reduction factor

is 97 percent for tensile yield and ultimate strengths for
up to 10 T/P cycles; for VH109/C1l29Y the greatest reduction
factor was 95 percent for tensile ultimate strength and 96
percent for tensile yield strength. These values also are
considered to apply over the temperature range RT to 2400 F.

For R512E, coating wear-out failure occurred between 10 and
30 T/P cycles in the simulated reentry environment which
provided a further slight decrease in strength to reduction
factors of 93 percent for tensile ultimate strength and 95
percent for tensile yield strength.

The design allowables information is based on the original
uncoated substrate area. As such, the values may apply
only to 0.015-inch substrate. As other significant data
accumulations develop, the extension of this limitation can



(6)

)]

(8)

(9

(10)

(11)

(12)
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be tested. In such evaluations, a detailed study of sub-
strate thickness effect on tensile properties should be
made based on residual substrate dimensions.

Several NASA-sponsored programs, currently in progress
and identified in this report, are expected to provide
data for addition to this compilation. Combination of
these additional data with the present data base should
be done and may be sufficient to provide firm design
allowables.

With regard to coating thickness measurements, the mean
thickness of VH109 was found to be 2.51 mils with a
standard deviation, s, of 0.40 mil; whereas those for
R512E were 3.41 mils and 0.27 mil. Thus, the VH109
generally was a thinner coating with greater variability
than for R512E.

The specific results show VH109/C129Y to have higher
design strength values over the range of temperature
studied than does R512E/Cb752. 1In part, this relates to
the higher strength of uncoated C129Y compared with Cb752,
and, in part, to the fact that the average coating thick-
ness of VH109 was less than that of R512E.

The test results also indicate greater variability in
strength for the VH109/C129Y system than for the R512E/
Cb752 system. This reflects, it is believed, the higher
variability in coating thickness for VH109 in comparison
with R512E.

Based on the measurements of coating thickness, factors
are provided ‘in the report to estimate substrate con-
sumption and to evaluate stress area based on remaining
substrate. .

In evaluating test results of all T/P cycled materials,
only one irregularity was observed that was traced to pre=-
mature coating failure. Thus, since about 190 specimens
(excluding 30 T/P cycled R512E/Cb752) were tested, this
indicates coating reliability of greater than 99 percent
for the overall systems investigated.

The observation of extensive (but mild) substrate contamin-
ation in many of the R512E/Cb752 specimens exposed to 30
T/P cycles strongly indicates that wear out occurred in
less than (or about) 30 cycles under the cycling conditions
used. These may be more representative of "internal" than
the intended "external" pressure condition. Most signifi-
cantly, as indicated in Conclusion 4, the resulting mild
contamination had only barely discernible effects on the
material properties.
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(13) With regard to further property evaluations beyond present
programs, it appears necessary to develop design data in
compression, including stress-strain and tangent-modulus
curves. Examination of fatigue behavior (primarily low-
cycle fatigue at high temperature and high-cycle fatigue
at low temperatures) of the coated alloy systems should
be done. Creep/fatigue interaction effects should be
studied.
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APPENDIX A

PROCUREMENT SPECIFICATION
FOR Cb752 AND C129Y ALLOYS

1. Scope
1.1, Scope., This specification establishes the requirements for columbium
alloy plates, sheets, and strip.

1,2, Classification. Columbium alloy plates, sheet, and strip procured to

this specification shall be supplied in the following types:

Type Composition
C129Y Cb-10Hf-10W-0.1Y

Cb752 Cb-10W-2.5Zr

2. Applicable Documents

2.1. The following documents of the issue in effect on the date of invita-
tion for bids or request for proposal, form a part of this specifica-

tion to the extent specified herein.

Standards
Federal
Federal Test Method Metals; Test Methods
Standard No. 151
MIL STD 271 Non-Destructive Testing
(X-ray, Sonics, Dye
Penetrant)

American Society for Testing Materials

ASTM-E112 Methods for Determining
Average Grain Size

National Académy of Science

Material Advisory Board Evaluation Test Methods for
MAB-216-M Refractory Metal Sheet
Material '
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Aeronautical Material Specifications

Requirements

AMS2242C Tolerances

3.1. Materials.

3.1.1.

3.1.2.

3.1.3.

Production Methods. The ingot metal shall be double vacuum

melted in a furnace of a type suited for reactive metals,
The starting ingot shall be free of voids and defects as

determined by ultrasonic inspection.

Alloy Identification. The identity of all alloys with respect
to ingot melt number shall be maintained at alllstages of
fabrication.

Condition. Unless otherwise specified, all material shall be
supplied in the recrystallized annealed condition in accordance

with Table A-1,

TABLE A-1,

% Recrystallization

Thickness C129Y Cb752
Less than 0,005 A/W A/W
0.005 -0.150 95-100 95-100
0.151 —-0.250 90-100 90-100
0.251 -~1.00 85-100 85-100

3.2, Chemical Composition. The chemical composition of each alloy ingot

shall conform to Table A-2,
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TABLE A-2.

Element Cl29Y Cb752
Tungsten 9-11% 9-11%
Hafnium 9-117% 2000 ppm*
Tantalum 5000 ppm* 5000 ppm*
Yttrium 0.1-0.3% --
Titanium - -
Zirconium 5000 ppm* 2.2-2.8%
Carbon 150 ppm* 150 ppm*
Oxygen 225 ppm¥* 200 ppm*
Nitrogen 100 ppm* 100 ppm*
Hydrogen. 15 ppm* 15 ppm*
Columbiu@ Balance Balance

* Maximum limits unless otherwise

indicated. ppm = parts per
million.

3.2.1., Product Analysis. If specified, product analysis shall be

performed on C, Oy, N with maximum levels specified as

follows in parts per million (ppm):

Element Cc129Y Cb752
C 150 150
0, 225 225
N 100 100

3.3. Tensile Properties, Elongation, yield strength, and ultimate tensile

strength shall be measured at room temperature on samples transverse to
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final rolling direction, on material which is 0.010 inch thick or
greater. The strain rate shall be maintained at 0.005 + 00l inch/

inch/minute through the 0.2 percent offset yield strenmgths and at _

0.05 + 0.005 inch/inch/minute thereafter. The material shall have -

minimum transverse tensile property values as specified in Table A-~3.

TABLE A-3.
Cl129Y Cb752
Ultimate Tensile Strength, 1000 psi . 80 75
Yield Strength, 0.2% offset, 1000 psi 60 55

Elongation, % in 1 inch 20 20

Bend Ductility. Representative samples of the materials in final form

shall withstand the following bend test at room temperature without

failure when tested according to procedures described in the most recent

revision of the Materials Advisory Board Report MAB-216-M, '"Evaluation

Test Methods for Refractory Metal Sheet Méterials". The samples shall

be sectioned with the long axis of the bend specimens perpendicular to

the final rolling'direction.

3.4,1, Sheet 0.060 inch in thickness and under shall be bent over a
1-T radius through 105 degrees at a ram speed of 1 inch/minute
and subsequently flattened for a total bend of 180 degrees.

3.4.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be bent
over a 1-T fadius through 105 degrees at a ram speed of 1 inch/
minute,

Grain Size, Unles§>otherwise specified, the minimum average ASTM grain

size number shall be in accordance with Table A-4.
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TABLE A-4,

|

Thickness ' C129Y Cb752

0.006-0.150 inch 6
0.151-0.500 inch

]

4, Dimensions and Tolerances

4,1, Dimensions and Tolerances. Unless otherwise specified, tolerances

shall be as defined in AMS2242C.
4,2, Flatness, Total deviation from flatness of sheet and strip shall

not exceed 6 percent as determined by the following formula:

% x 100 = percent of flatness deviation

where

H = maximum distance from a flat
reference surface, and

L = minimum distance from this
point to the point of con-
tact with the reference
surface.

4.3, Marking for Identification. Each plate, sheet, and strip shall be
suitably marked with the contract number or order number, ingot

melt number, specification number, and composition number.

5. Quality.
5.1. General. The finished product shall be visibly free from oxide or
scale of any nature, grease, oil; residual lubricants, and other
extraneous matefials. Cracks, laps, seams, gouges, and fins shall

be unacceptable,
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5.2. Surface Rework. All surface pores, gouges, and other defects deeper

than 0.005 inch or 3 percent of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth to
remove any notch effect provided dimensional tolerances are still
maintained,

5.3. Edge. The edges shall be produced by shearing, slitting, or sawing.
The burr height shall not exceed 5 percent of the thickness of the
material,

6. Reports. The supplier shall submit three certified copies of reports indi-
cating the ingot chemistry. In addition, the material will be
certified, but not tested to this specification. Additional tests
for tensile, yield, elongation, and grain size, and product
analysis for 6xygen, carbon, and nitrogen will be furnished when
specified in the purchase order.

7. Preparation for Delivery,

7.1, Packaging. All ﬁaterial shall be packaged in a manner that will
prevent damage in transit and in storage.
8. Réjectiohs. Material not conforming to any of the requirements of this
specification unless otherwise agreed upon by the purchases.
9., Definitions. For the pﬁrposes of this specification, the following definitions
shall apply.
9.1, Sheet. Sheet is flat, rolled material up to 0,125 inch thick, normally
supplied in w
9.2, Plate. Plate is fiat, rolled material 0,125 inch thick or greater,

9,3, Strip. Strip is flat, rolled material up to 0.060 inch thick in widths

under 12 inches,
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APPENDIX B

ORIGINAL TENSILE TEST DATA

The tables in Appendix B contain the basic information derived from
the test program conducted on the two coated columbium alloy systems.

Each table is for one set of data, wherein a set is defined by the
coating/alloy system, the material condition parameter, and the test tempera-
ture, The tables are arranged in identical order and contain seven columms,
identified as shown below:

Column 1 — Group number — see Figures 2 and 3 for identification

Column 2 — Specimen number

Column 3 — Specimen width, inch — measured with flat micrometers

3

Column 4 — Specimen thickness, inch — measured with flat micrometers
5 — Ultimate load, pounds — given to three significant figures
6

Column 6 — Yield load, pounds — given to three significant figures
Column 7 — Elongation, percent.
Eight tables are available for each coating/alloy system and material
condition as explained in the text. These eight tables are presented in order of
ascending temperature. To provide some facility in locating specific tables, the

following tabulation is provided:

RS12E/Cb752
As Coated Tables B-1 ~— B-8
Welded and Coated Tables B-9 -— B-16
As Coated, 5 T/P Cycles Tables B-17 — B-24
As Coated, 10 T/P Cycles Tables B-25 — B-32
As Coated, 30 T/P Cycles Tables B-33 — B-36

VH109/C129Y
As Coated Tables B-37 — B-44
Welded and Coated Tables B-45 — B-52
As Coated, 5 T/P Cycles Tables B-53 — B-60
As Coated, 10 T/P Cycles Tables B-61 — B-68

As Coated, 30 T/P Cycles Tables B-69 — B-74
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APPENDIX C

TENSILE TEST DATA AND
DESIGN ALLOWABLES CALCULATIONS

The tables in Appendix C are in two parts. On the left gide of the
page are listed the computed tensile ultimate strength, tensile yield strength,
and elongation values for individual specimens for each set of data. The
strength computations are obtained from the load values shown in corresponding
tables in Appendix B and are based on the uncoated specimen dimensions.

The right side of each table in Appendix C is a summary of the compu-
tations that were conducted for each set of data. The printout shows the number
of data points, the average value, the standard deviation, a specimen tally by
deciles under the normal curve, the chi-squared tests for normality, and the A
and B allowables.

The sets of data are defined by the coating/alloy system, the material
condition parameter, and the test temperature. Eight tables are available for
each coating/alloy system and material condition parameter except for the 30 T/P
test condition as explained in the text. These eight tables afe presented in
ascending order of test temperature. To provide some facility in locating the

specific tables, the following tabulation can be referred to:

R512E/Cb752
As coated Tables C-1 ~ C-8
Welded and coated Tables C-9 — C-16
As coated, 5 T/P cycles Tables C-17 — C-24
As coated, 10 T/P cycles Tables C-25 — C-32
As coated, 30 T/P cycles Tables C-33 - C-36
VH109/C129Y
As coated - ' Tables C-37 — C-44
Welded and coated Tables C-45 — C-52
As coated, 5 T/P cycles Tables C-53 — C-60
As coated, 10 T/P cycles Tables C-61 — C-68

As coated, 30 T/P cycles Tables C-69 — C-74,



TABLE C-1., STRENGTH DATA FOR RS12E/Cb752, AS COATED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data - -Design Allowables Computation

TYS, TUS, ELONG.» : TYS. TUS ELONG .

KS1 KS1 % KST xS1 %
'She67T 73.33 17.00 NO. OF DATa Pu 2¢ 20
S4.13 T1.29 17,00 AVERAGE 54.53 Tihe0H 1,700
56,80 74413 la, 00 STo. DEV, T .39 24557 vl 0h2e
S6,00 73.33 17.00

55.20 72.53 16,00 (o = LOG HASE 1)

§64R0 73.60 18.00 :

54.93 71.73 17.00 TALLY RBY NECILES UNDER THE NuataL CURVFE
S4.93 72.00 15,00

85,47 72.80 14400 2 2 ‘2
§5.53 73.33 17.0¢ 1 2 2
§3.87 68.27 1900 4 4 0
62.4H 6% .66 20400 2 t 6
53455 66,93 20,00 ] i i}
S4.R9 - 6E.%4 19,00 1 4 3
53.55 6T.47 18,q0 9 1 0
S54.89 68.0) 19,00 1 3 4
S3.01 hbaul leapo i [3 n
53.55 h8.27 Ala 0 3 i 3
53,55 hE.27 17.00 .

51,73 68,00 19,00 CHI SNUAREN Mettn 13.00 19.n0

NORMAL YES YES NO

MIL=HDHK=5 A « © VALIIES

A HASIS 49,92 tede 12,6
R HASIS S1.43 PP

(8) Calculated assuming normality.

TABLE C-2. STRENGTH DATA FOR R512E/Cb752, AS COATED AT 1000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

fYSe TuS, FLOMNG. o TvYS, 111% s ELONG o
KST xS % AST “S1 %
3a.13 45447 Senn NO, OF DATA £ 24 24
32.3513 35.067 4D AVERAGE lisls 4:tel7 il enne
AM.2e 3eell 4400 STu. hEV, le¥9s Fecul vllet77¢
3080 41433 S0 _
3IN.13 Ik, 5ot (e = |LOK $asSk e
An.h? Inal3 411}

Fua 1Y .29 Sent TALLY HY DECILES UNVER THE NURMAL CHRVE
?'7.99 3-.82 Tt

ERER A 37.22 4.006 3 ? v
37.13 47,30 Ta00 1 - (%]
31.1i6 3d.ev Gqtil) 3 é U
32.14 4¢.70 LY A “ 1 1
31,73 4€4%3 6,01 3 é 0
3.4l 4Z2.93 4,00 B | 3
At a7 44,93 4,00 2 \ 9
307 43,73 St Zl [ 4]
32.53 42413 4e00 “ “ Al
33,47 42,67 S.nh 2 é 4
32,80 43.2) 6,00 X .
39,93 43,20 Sent CHI SaREYy henat T.67 SA.50
N2 ang,iGn 4400 NOKMAL. YES YES N0
33.33 44,53 44507
3l.20 4Z.13 Se0¢
.2 aleb0 Seny MIL=HNAK=5 A + B vALIIES

& BASTS 27.82 33.34 ERAS
R HASIS 2446 3,03

(a) Calculated assuming normality



Tensile Test Data

TYS Ti1S e
K3t kS [
.20 LY
FERLN 3ueb3
Al 20 Ira53
»3.07 33.33
2.6H 33.497
20l Ja.k?
PHL.E3 33433
2d.HN 3asl3
Pl - 38,13
29,3 4413
) P Irrenn
e 2t 3eednr
3.2 37.233
Iea? 3d 40
A’ 31,33
a7 kL1
Al eaf Aten7
Nea7 34e40
3reh? 35.27
ik 3ke53

TABLE C-3.

ELONGa s

%

3.90
3.50
1«59
3.5
3,90
3¢5
2400
20
.00
400
| PV
lend
2.0
3.0v
2400
2,110
4400
3.00
1430
2430

Tensile Test Data

TYSe 1S
K31 LS
Plehr 3 a4
P9k} 3107
a2 32.27
Ilaa7 3¢e53
29,117 3le2)
2d.AN 29612
290 a7
PYeR 35613
FELLI 35040
2907 29433
3Y.13 31.29
33.u/ 33487
3307 33,47
32.H% 33.33
3Be 0L 37.33
33e4¢ 33.83
33,07 33.33
33.A7 As.67
3I2.21 32.27
32.217 3Z2.80
307 3z2.27

2410
KPS Il
2%
RIPL

STRENGTH DATA FOR RS12E/Cb752, AS COATED, AT 1300 F
(BASED ON UNCOATED SPECIMENS DIMENSIONS)

Design Allowables Computation

F1Se TS ELONG. s
K3T (3t i
NO, OF DATA PR} 2 20
AVERAGE Jaeal .97 i) e JH
ST, Nev, oy letb0.: uDe19he
(8 = LG HasSeE 1)
TALLY Y DECILES UNDER THE NUDMAL CHRVE
2 3 3
3 é '
3 Z 0
3 3 [
4 { n
K t e
B € 2
bl z L]
S P4 9
) Bl 2 B
CHI SQJARER 114 aite e e) 2o n
NORMAL N0 YES N

MIL=HIi34=5 A ¢ © VALIIES

A HASTS 26.9¢a) 370 0.5(®
B BASTS 28,3@® 32,89
(a) Calculated assuming normality.
TABLE C-4, STRENGTH DATA FOR R512E/Cb752, AS COATED, AT 1600 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Design Allowables Computation
TYSe 1S, FLOWNG. e
LS L1 %
NO, OF NATA 21 21 21
AVERAGE 31,3 32422 V), 330
STu. NEV, 2auin 1611 40.13v0
(# = |LOG WSS 1)

2420
2649
2450
3.0
2e}i)
2ed0
2.1
26"
309
3.0
3.00
1.3
3.09
1.9y
2.0
1.50
24490

TALLYC 2Y DECTILES UNUER Tre svosal ClAAVE

2 2 2
5 3 1
. 2 3 )

i) 1 ]

1 “ 19

2 4 U

2 1 2

4 3 il

2 3 6

1 i n
CHI SAuawFn C AU teln +d,)8
NORMAL YES YES NO

MIL=HUHK=5 & + 4 vaLugS
s gasis 24.77 25,93 0.8(®)
A HASIS 27.52 28.54

.(a) Calculated assuming normality.



TS T

Tensile Test Data
TYS, ’

kST

LT Y 2
ek

2%.3)
347
30.13
3.3
Pdenn

2733
37.13
24eRD
32.01
J4e4yy

31.73

ER LY
I)eh?
32.53
32.27
32eH0

.47 -

32.83
13.40

TABL¥. C-5. STRENGTH DATA FOR R512E/Cb752, AS COATED, AT 1800 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

i :ppgl;n Allowables Computation

1usy 7 ELONGes TTrm e T Tvs, TUSe  ELONGes
xS % . —— e ... KspL s 0%
3i.20 77T 1,00 T TUONOG OF PAYATT T o2y T T 21 T T T 20
L 3%e40  Y.n0 AVERAGE 3l.25 32.81 V0s13e
39,13 2.00 TTSTHTTOEVT l.626 1199 va.{7de
32.40 1.00 : .
32,27 0,00 U (e o= 06 BASE 1) o
36433 2.00 ;
30.13 2.00 7 T T "TALLY wY DECILES UNVER THE NUowaL CURVE
347, e e 1.00 . e e e e e - -
3uek? 2.9 2 3 I D
L3087 200 e R 3 .0 .
29.37 1.00 3 2 9
33467 l.00 e e 6 o 0 .
36.27 2.30 ) 1 0
J33.33 .00 _ I 1 n
33.60 Vo0t 2 2 1
33.c0 24030 = . 3 s 0 o
33.87 1.59 1 2 9
33.60 le0g . . o . 3 2 /]
33.87 00,50 .
034413 lego_ CHI SQuaaEn = 6els  8Be08  02.00
34.63 2.00 TTNORMAL _T YES T ves T NO
— e .. _ MIL=HLBK=5 4 +» W vALNES
A BASTS  25.89 26.68 0.3(8)
UM oBasIs T T 4011 7T T 28.18 T

Tensile Test Data

XSy

Ph.53 7

33425
2%.14
29472
2711
.82
3179

VLT

13452
?7.07
34013
33.an

begyn

C33.8y

320 "

_33.87¢

32,.an0°

2,53

32,53

33,33

.”'f(a) Calculated assuming normality.”

TABLE C-6., STRENGTH DATA FOR RS12E/Cb752, AS COATED, AT 2000 P
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

.. Design Allowables Computation

“Iuse T ELONGG s T T R ALTE tuSy T ELONGes
.. kST % —_— . . . KST kST W
23,60 2.50 . TN, OF TPATATT T TR T T T 20 T T T 2o
31.3% 230 AVERAG_E e _N.Sloﬁﬁ R ,,,,32‘78 . ‘20.‘2. .
.52 T 2.53 TTUSTD, DEVSTTTTTTT le87i " 1.789 10,090
;3:3; - 3233 - TTT T (e a 06 KASE 14) .
32.40 2.00 _ o . . .
32.60 2e00 L TALLY HY DECILES UNDER THE NUQuaL CURVE
L 32.m6 __ 3.00 ey e e e e - e erimem
12.66 3.00 1 2 0
36440 3.00 _ e L 3 6
38,29 2400 1 2 0
34.67 4400 . 4 ] 0 _
31,20 4,00 9 4 5
L3503 L 3.00 _ [ S NN S
34,640 2.00 0 [ [
360,40 2,00 _ e e e i S .2 B
33.60 2.00 3 “ 0
33.a37 2.50 — . 2 e -
33,87 2.50 . )
34,40 3.00 . . CHI Sauﬂaﬁﬂmga-_'m"m'lfolh G0 3?o00__

N0 TTTT oYES T T W

TNORMALTT T

MIL=HUHK=S A ¢ ¥ VALUFES

A 8ASIS 2 26,52 13

TTTB sasis T T 27.8(8) T 29436

(a) Calculated assuming normality,



TABLE C-7,
Tensile Test Data

TTIVGe T T Tu8e T ELONGS YT
. KST LT 2 S
25,97 25.H87 4499

7580 3u.67 _ 440 .
Phell 3Ce40 4400
PhHha.24 3279 3.50
25.97 29.72 4e00

.. P9eR7 30640 - _ 4450
246.un 2% .53 3.99

S T L B LY 3430
25.13 31.20 Ge39

. ®5.47 _ 3l.20 3400
29,33 344493 3.5
PYeA0 34.27 “e50
29433 36,53 3.50

e PYeBT 3820 _bedd
»29.87 36.47 3.00
3944 3re00 3400
P3.60 3n.00 4.0

L P9.6N 3500 3450
29,87 Jh et 3.00

230613 36400 4.00

Tensile Test Data

STRENGTH DATA POR RS12E/Cb752, AS COATED, AT 2200 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation
R § £ TR {7 1Y S W | ¥ Paraae
. RS LRSI s

“'NO, OF DATA™ ~ "~ "20 " 25 "~ 29
AVERAGE 27.78 33.12 6p.57e

TS TUY RV T T 2093 T T 2,982 00, 06de
T T (e ® L0G BASE 1n)

S S TALLY RY NDECILES UNDER THE NOQMAL'cuRvg
e TR ——
SRS D SEUR JENS,
T T 4 4 o
- . a n - 6
0 4 0
S U | S,
] ] [
. . - - .2 3 .0
8 ? 0
marn i w e an et e e semmes e P l) .. U . - ‘ .. —
CHI SQUAREN 3503 3000 32,90 _
TTUNORMALTT T NO nNO ’ N0
) . MIL=HCAK=5 & + A VALLES
A HASTS B TR I t WA SR W L
TTTHRASIS T T TR g(a) T ()

(a) Calculateé agauming ‘normal ity,

TABLE C~8, STRENGTH DATA FOR RS12E/Cb752, AS COATED, AT 2400 ¥
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

TYS, TuSs 7 ELONG,,
KSI . %St S
26,80 77 27,73 7T 8,00
L Phe9n, 2%. 70 3.00
25,44 21.54 3.50
24499 24038 5400
26.43 27.46 2490
23493 2% 00 4oV
25,17 2285 S.00
25646  27.858  5.00_
?5.17 27.34 Se00
23,47  2#.33 _ _ T.00
37.40 34443 3.00
Pr.24 31,47 L L
23.80 36,13 2.50
_2ha4g L ?5e60  _ 3.00
27.47 31,73 4.0
27.73 C3leer . be00
27.20 31.29 4090
26.13 30413 | 6450
25,50 29.60 6450
L2720 2.93  3.50

Design Allowables Computation

e TrYSY 7T 1uSe T ELONGes
_.KSL sl

TTUNO, OF DATA Ten 7T Ty TR
AVERAGE 26409 29,46 00.4ue

TUSTOLUEVYT T AVETTT2,024 7001300
T T e 8 L06GTBASE 1) -

TALLY AY DECILES UNDER THE NOpwal CURVE’

N
i
!
f
1
i

i
t

N 2 = O WS~ A

CHI SOUARED 12,00 @

TTTNORMAL T T T

— P MIL=HOBK=5 A & B VALIES
A HaSlS L) 21065 1.4
T8 dAsls —

22.80 26.78

" () "Caleulated assuming normality,



TABLE C-9., STRENGTH DATA ON R512E/Cb752, WELDED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECIMEN DIMENSIONS) -

Tensile Test Data

LT 1S~ 7 €LONGes
~ KSI1 ®SI %
T a9.12 83,63 77T 13,90 7
L S1e28  A%Se59 1550
49,12 64.51 16.00
LT XY h%a32 1700 _
51,20 63.97 17.90
_51\.47“_'” 64.24 _ 14,50
4Y.hh 53.43 13.00
53,67 h4sle __16.00__
46,93 63.57 13.00
69.93 046246 _ 9.50
TABLE C-10,
Tensile Test Data
ALY TS, 7 ELONGes
XS <S1 %
29.62 41.30 7.09
L3123 44eS3 _ T.ou
3l.04 4)e30 4e00
31,74 4130 590
31,31 4yee9 3.90
L 32.656 L6ledn . Heyd
29,956 . 42485 a.00
LPBeRE 60.16 6.0
29.69 41.30 6400
_ 29.67 42455 7.00

Design Allowsbles Computation .
- TYSe fUSe T ELONGSY
KS1 kST .

—_— NO..OF ,0‘1“._. ‘o PSS A..ﬂ.\ 0 . e e — lo [

. AVERAGE 53,09 €629 lelbe
STUT VEV, 0V .688 00706 00,077

YT (e T LOG HASE 1)
TTTTTITTTTU T OTALLY AY DECILES UNDER THE mOaual CHURVE

—— D R
_— O a0
1 e 0
N 0 2 3
2 3 [
) ORI U, D—
0 1
- - - -2 0 e L2
1 9 2
I S e A 2 v

200 1200 10400 _
YES YES YES

o
o
(<)

o MIL=HUBK=S &  § VALIES
A HASIS ) 47.35 61,48 7,01
TTURTRASIS T T UBaT e2.€3 T T

STRENGTH DATA FOR R512E/Cb752, WELDED, AT 1000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

. Degign Allowables Computation

T rvse T T TuS, cLONGesy
kST kSt %

e NBLTOF BATATTTT T Ty T T Y T b
AVERAGE 30.39 4176 00.T6%
TTTSTRLTUEV. T T e 12199 77 00130

(e = {06 AASE IE)i
T T ALY HY DECILES UNDER ThE a0nMalL CURVE

ey —g Cq
e et Y Y
2 1 0
e e e VT L] 1.
1 0 0
RN ¢ - B
0 [} 0
- - - I .. 2 < -
v ¢ 1
N 1 1 0
CHI SOUAREDN Bs0O0 2200 12.00
TTUNOMMALT T T ygs T T N0 T T ves T
- B . MIL=HIHK=G A o U VALHES
& BASIES PS.96 37.0(0) 1,73
S IY T Y £ R 2 B ) 38.9(2) 2.81

T 7"(a) Calculated assumirig normality.



Tensile Test Data

Ty, iUSs T ELONG.s
XSt AS1 %
2R A8 T 34,82 T 2.50
L Pe.HH 33474 _ 300
21415 34441 3.60
2%.1% 3¢.h3 400
Pirahb T 36495 1.00
. 2H.RH Y374 3.00
?9.15 3459 3.09
e ?9.69 134455 3.0y,
29415 34482 3.00
29442 34482 1.50
Tensile Test Data
1€, TuSy ELONGay
wS 1 kS| %
PH.R6 T 26,96 2.00
_LPY%a15 24456 2.50
29,42 3l1.04 2.9
L P9.49 31.04 3.00
FECY 31.06 3.90
. 29,15 308 200
Pnefl 29419 2.00
PN 25496 2e00
PYehY 2%+56 3.00
29,69 3¢50 2.00

TABLE €-11,

TABLE C-12.

STRENGTH DATA FOR R512E/Cb752, WELDED, AT 1300 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Co'mputation

T T 1YSe” 7 TUSe T TELONGes T
e e SRS oRSL Y
TTUNG, OF PATAT T T T 7T 0 T 10 T T e o
__AVERAGE w2 34452 V0ea0®
STO DEV T T hue 208 T T 00.576 T T 00,1 Tue
" {8 = LOG RASE 1n)
"TALLY HAY LECILES UNUER THE smupual CURVE
—— s et 0 St < o e asn 7 e mes 0 N R E o - __,.......Al B ] *
s - .8 1 1
4 G 0
e e 8 N e 0 0
¢ [ 1
ORI, X B T P
0 3 ]
[ ¢ 0
} [ 1
. S 1 l o
CHI SAUARED 24000 14400 30.00
TUNORMALTT T T a0 T weS T 0™
. MIL=HUNK=S A o W yALIES
A wAsls 28,0(8) 32,23 0.5(8)
TTreuasts T g s(8) gy g

T (a) Calculated assuming norm.auty.

STRENGTH DATA FOR 4&512E/Cb752, WELDED, AT 1600 P
(BASED ON UNCOATED SPECIMEN DIMENSIONS) '

Design Allowables Computation

T TTTO1YSe T tuSe T TELONGes T
o . KS1 . xSt % R
N OF DATRT T TR TTre Tt e

L AVERAGE 29018 3udde | 904368
TTTUSTU UEVY 00.614 004664 " Ti0, 0844

TTUTIT T (e = 06 RASE 1)

T OUTALLY HY DECILES UNDER THE nJoMal CHRVE

e I BRI 0
- - e - — ——— —— l . —— O o - e
T [/ 9 6
- . ~ _ 1 2 0 1]
2 v 0
o 1 |
1 [} '
: B 4 ¢ [} -
¢ “ 0
3 0 /] 3
CHI SOUAPRED 14,00 24400 36,00
TTTTNOKMAC "YES’ TNOTTTTTTT RO

MIL=HEHR=5 A ¢ § vALIES

- A HASTS 26,72 27.7(‘; 1.0(®

~TTB mASIS U U Ta7,73 0 T77og,8(8

(a) Calc;ulnted assuming normality,



STRENGTH DATA FOR RS12E/Cb752, WELDED, AT 1800 ¥
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

TABLE C-13.

Tensile Test Data
TTTIYSS T T TIUSe T TELOMNG ey

Design Allowables Computation
TTUTTITIYE T TUSY T TTTTELONGS Y T

CKST KSI % L . KS1 kS| .. %
T W) "26.42 Toenn T TTUNO. OF DATA T I T Y
Dalh 26,61 0.00 AVERAGE 2949 25474 V0enH®
o996 T T T 3te23 T T T 00007 TTTSY0V DEV. T T T T T 004493 7T 004970 77 T00.151 e
Cene ZEe30 [s
pulkS T guu23 " deno TUTTITTT 4eT= LOG RASE 100
79415 30.50 1.06 . ) ,
PUIRTS 36680 2.00 TALLY BY DECILES UNUER THE HUpmaL CUKRVF
9495 3C.80  le0n e e e e
5409° 23.34 0.06 1 2 0
3J.23 3vet? l.00 O R o1 1 0
0 ) 0
= _ d 1 3
0 ¢ 0
— } Y .0
n 2 [
- .3 3 0
1 1 - 0
T, .9 ¢ IO |
CHI SQUAFED 11.57 10.00 . 21400
— e L R L E g S0

“NOHMAL ™

MIL=HORK=5 A ¢ B vaLuUFS

A BASIS
TTeTBASIS T

YLD 0a®

?8.01

25.86
2145

m(a-) ”cu'culated assuming normality.

TABLE C-14. STRENGTH DATA FOR RS512E/Cb752, HELDED,l AT 2000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

TTTAvE, TuSe  ELONGHs T 1YS, T IUSe T TELONGes T
LRSI o WSU % e e et e KST .. wsT &
30,5¢C 3l.06 2.00 NG, OF DATAT T 9 s e }
_.PY.69 _.P5.56 2.00 AVERAGE 29,30 _ 3C.le  00,23%
P4.18 7 T e542 T T 24007 TTTSTO. DEVS T TR0 649 00.58d Vie13de
28.AH 26.642 2.00 e . L ’
?8.34 25.56 2.00 TTTTT T (em LOG BASE 1¢)
L P9.19 . 3.7 1e00 L
29,15 2556 2.00 - - TALLY »¥ OECILES UNUER TnE nuamal CURVE
PH.AR 25696 le00 ) e e e i s aem
29.96 39.777 777 3066 1 0 2
’ LYy .2 Lo
- T T 2 0 0
e . “ — 0
3. 0 0
) SR UTUION SN, SIS
T T 0 ¢ ?
. B L ) % 0
1 2 0
CHI SOUBARED 9.89 18e78 | 49,R9
TTNORMAL - TYES TTTTTTUUTAD T NOTT
- L . MILeHDbK=5 A + 8 VALUES
A BASIS ?75.57 21,72:; 0.6 i
A 8ASIS T U at.09 0 T 28,7 T

(a) Caleulated assuming normality.



Tensile Test Data

Tye,
neJ

?5.1¢
PbeSY
75472
27.7h
Pbe72
?hele
26445
27.76
?1.76
PhelH

Tensile Test Data

fYSe
nST

Pboec
P4.HI
25400
Phelr
RPebr
PelerT
23,468
23,41
?3.44
?lean

1S
L

24.596
2542
7569
3.:.23
3.3
3:480
3450
25.56
31423
r4- 13-+

LYA- Y
LB )]

fl.dr
21.93
24407
2v.€1
759
Pt e45
2t.72
2te59
26459
r4-7X.3-

TABLE C-15.

ELONGs @

%

.00
Jeit
3.50
a0
3.00
Jegu
2401
2450
1.50
Je50

TABLE C-16.

ELONGe o

%

PR
ERYHL]
Tent
2euu
2450
1.5
be00
2450
3.0
J oS50

STRENGTH DATA FOR R512E/Cb752, WELDED, AT 2200 P
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

NOe OF Nada
AVERAGE
STua. DRV,

(¢ = L0OG HASE

CHI sauastn
. NOKMAL

A BaASIS
B uASls

Design Allowables

TALLY ®Y

TYS.
KSTJ

1
2bebl
2l ahSu

1)

Computation
TUSe
kST

1.
2956
GyeShy

ELONGa o
%

Lo
wlleal®
HIPS LA

DECILES UNUER THE NORMAL CURVF

i

) T 4 e -

12a0is
YES

= R N R

Yielt
YES

S S TN

——o

las00
YES

Mit=HDHK=95 A ¢+ B VALHES

244U
25411

?1.93
PE.16

STRENGTH DATA FOR RS512E/Cb752, WELDED, AT 2400 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

N, CF NiTa
AVERAGE
STu. VEV,

Design Allowables Computation

(8 = |06 9usSE

CHI SQuARERp
NORMAL

A BasIs
T 8 dasls

Tre
KST

1
?3.P3
fA LG

1)

1S
L1}

1
Z1e26
tre?2

V0.67

ELONGe @

0.350
R XL

2

. e

TALLY =Y DECILES UNUER Thme NUPMAL CURVE

e

N 2 -

16490
YES

- T (g e DT

Hel'Q
YES

1
e
n
1
[
[
7z
3
"
1

in.g0
YES

MIL=HUBK=S A + o VALNES

20,00
21.87

24,39
?5.56

V042



Tensile Test Data

TYSe
[ S8 §

CTen3
8763
Qlers
59469
Rh.47

TYS.
KS]

Ilette
31,39
EERLLY
Ilert
3240

TuS,
xS1

hte33
hk€e33
heoaan
haol9Q
LT ]

TABLE C-17.

ELDMGae
%

LT
22400
tHe0)
17.0n
1R,

TABLE C-18,

Tensile Test Data

tus,
L3-31

33.79
35,89
46éa1s3
47 .ii3

alel??

FLOMG, o

%

LR AN
Selit
Segt
7.0
Ten0o

STRENGTH DATA FOR RS512E/Cb752, 5 T/P CYCLED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation .

Tr&, 1S, ELONG.
KS| KS( %
NO, OF NeTa 5 « 5
AVeRAGE Ghead hSe57 1.26%
STue fiEv, S e HAY f.ror henage

(& = ) N6 ALSE | 3)

TALLY ny NECILES UNDER THE yupwmal CUAVF

" " n

2 z 1

1 o 1

2 ¢ "

¢ Y 7z

o t )

N 1 4]

/2 i} N

1 e 0

' © 1
CHI S4ALEN 13400 1300 900

NORMAL YES YES . YES
MIL=HUHK=5 A ¢ H VALHES

8 uASTS . S1.84 59.67 9.55
A sASTS 83,53 62.23

STRENGTH DATA FOR RS12E/Cb752, 5 T/P CYCLED, AT 1000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

[YSe 1S, rb UNGeo
LA} L3N “
NO. OF Nata % e )
AVERAGE 37 wlel? AU &
STy, kv, YT 113 J0en730

(& = |LOR KASE 7))

TALLY #Y DECILES UNVER THE NuRmal CHIWVFE

o u (1]

1 é 2

1 " "

] (1

1 " 4]

& u 1

2 i [i]

e K} 1]

3 o 2

1 ‘) "
CHI - SHUARED Gaijh 2100 13.90
NORMAL YES G VeSS

MIL=HUBK=S A ¢ B vaLuFy

A BASIS 26,7) 34.@83 2.26
R HAS1S ‘ 29,53 37.2

(a) Calculated assuming normality.



TABLE C-19., STRENGTH DATA FOR R512E/Cb752, 5 T/P CYCLED, AT 1300 P
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data . Design Allowables Computation .
TUI¥Se - quse  ELONGes T T L 1¥6e T TUSe T ELUNGa s T
kST xSt % = U 31 .. kSl R .

T 31.47 - 36440 77 3.00 TTONO, OF OATa U T T 8 o8 T8
_30.%9 __ 32.53 3.00 AVEGA.GE . 31.63 34,29  Vu.83e
T33.07 T3 4T TTee00 ST DEV, ™ N0+955 1e1¥3 7T Un. 0088
31.47 3.R7 4400 .
31.73 ge.zo 3.00 (e = 106G BASE In)

TALLY AY DECILES UNUER ThE NOpMAL CURVE

B . T L umymm—
_ i ) 0 v 0
0 ¢ 3

— . . o . S 1 IO
2 0 ?
o - ) I 1 0
¢ ¢ 2

_ o t 0"

0 1 2
~ 1 0 )

CHI SQUARED 9400 €00 21.00
TTUNORMALTT T e T OYESTTTTTTT TN T
. L ... MIL=HUBK=5 A e § vALES

- A RASIS 26,15 27.56 0.1

T8 uasls T2w.ar T U 30.30 77

(a) Calculated assuming normality.

TABLE C~20, STRENGTH DATA FOR RS12E/Cb752, 5 T/P CYCLED, AT 1600 P
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation :
AL T TuSe ~  ELONGes T oYY T T tus s TTTELONG e
wsTo ksl L. % . e e e e L BSTWSE N
31.59 77 33.26 T V.e0 s 0 e T s
e25 3106 2.00 _ 3041 31.22 b0.10°
29.99 3,29 T 1,50 00670 1.16é V0.138%
3025 3tatte . 1.00 - PR
29,99 306.52 1.00 (o = LOG BASE lg)
T TUTTTIT T U TALLY RY DECILES UNLER THE NUpWAL CURVE
o - Ce e e - g
PRr— - [Ep— 0. - - . o - - n .- -
S o e 2 3
. . 0 0 0
2 2 0
PO & 0 S
0 ) 0
. O .. 0 UUUR S
' 0 0 ¢
SRR SRRSO 1
CHL SQUARED 13600  13.00 17.00
TONOWMAL T T yg§” YES NG
- o o MIL-HGHR=5 A& + B VALIES
A Basls 26457 24,55 g.o(®

T8 sASIS T T T T 58413 2126

(a) Calculated assuming normality.



TABLE C.21.

Tensile Test Data

Tye,.
nS 1

4  T3-2
28421
P29 gh
PH G HL
Pl

TUS.
K51

37493
3lesv
3aaar
37443
3lea?

ELUNG o

%

4400
4ot
3,00
2e50
750

TABLE C-22.

Tensile Test Data

TYSs
K31

2.7

HIEY]
Pr.d
2941
.2

S,
LT

3V eav
3kt
3eeut
3l2r
3é.83

FLONG .y

%

SdtC
2e00)
4e01)
4400
3,09

STRENGTH DATA FOR RS512E/Cb752, 5 T/P CYCLED, AT 1800 F

(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

TYSe

KST
NO, OF ATy >
AVERANE 2h,5])
STu. bev, ledne

(# = LOG HASE L-)

Tus, F1.OMGe s
ST %

< N 5
31.na ViieHNo
00 ahn W) e 1 1) 30

UNHER THE nuRMal CURVE

1 ¢
0 2
n
1, o
2 1
4 "
; ¢
i n
2 ?
L]
13.:0¢ l3.0n
Y YES

MIL=KUBR=S A « B vALIES

TALLY iy DECILES

1

"

2

)

1

i
CHI SUwUAWNEY Fet
NORMAL YES
A HASIS 26413
B BASIS 27.2¢6

28,47
29451

uhe81

STRENGTH DATA FOR R512E/Cb752, 5 T/P CYCLED, AT 2000 F

(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

TYSe
PR
MO, OF AT g o
AVLRAGE P2eb?
STiye DEV, ek 3A
(e = 1 06 sa&e 0 )

TALLY RY DECILES UNDER Tnt

-)

1

1

1

}

1l
CHI SUUAREN [-XS1RY
" NORMAL A

f1iSs FLOMGe s
ST [

= 5
Al.57 ilen00
cuella he1530

NURHMAL CHIRVE

q ]
] 3

< ¢

i ° i

) i

i (t

it 4

1 G

u ]

i 0

ERYH 9.00
YES YES

MIL=HUBK=5 A ¢ B VALYHES

A pASIS
B HASIS

25,0¢8)
26.8(®)

27.45 v0+45

7313

(a) Calculated assuming normality.



TABLE C-23., STRENGTH DATA FOR R512E/Cb752, 5 T/P CYCLED, AT 2200 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

TYss 1USs rLOMG, TYSe s, ELONGe s
XS\ xS ] % a7 L3 %
25,74 2104 250 NO, OF NHiaTa 3 & [
27.3) ?25.99 3.5 AVERAGE 2he72 25..2 “GeS20
2617 Pre92 400 ST, Y“kv, ahelnn Giedbr LUl HHYBE
27«5 2512 3.0 -
?he24 PHaES 4400 (e = LOG weSE | o)

TALLY Y DECILES UNUER THt supMal CURVE

. ) 1 1 1
" 8 0

1 [ 1

4 4 1 n
i 1 : f

I v l

O i ]

1 l f

1 i . 2

i} i v

CHI SNUAREN . Sert. Sl 9.00

_ NORMAL YES YES YES

MIL*HDBK=5 A ¢ B VALHES

A BASIS 22,11 24.08 1.05
R BASIS FO L 2tet9

TABLE C-24. STRENGTH DATA FOR RS12E/Cb752, 5 T/P CYCLED, AT 2400 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

fyse S, EL0MGe TYS, 1434 ELOMNGa s

kST ®S1 % kST AS( %
?5.04 26417 P00 NO, OF Nalp 9 ) € S
Phe2a 21631 k] AVERAGE EL Y4 21425 DT UYL
2597 21431 J.50 STu. PEV, sane ) eSS0 ule 3%
P4 2eel? Jenn .
PTetin 2rell aep0 (¢ = L0OG HuSe 1)

TALLY HY PECILES UNVER THE ipMap CUAVE

“ ¢ ]
9 ¢ 0
1 r 0
n v Q
u v 2
. 1 z i
i . J
o v 1
1 4 1
1 1 ¢
CHi SUUAPER - Seunt 12:00 Geqn "
NOKMAL YES YES YES

MIL"HUBK=5 A & H vALHES

A BASITS 21.26 24,10 JO.6Y
8 dAS1S 23.16 2S.38



TABLE C-25. STRENGTH DATA FOR R512E/Cb752, 10 T/P CYCLED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation
TYS i FUS, EL0NGe s TYS, [iJSs FIlLONGe s
kst %S % KT - RS %
36,53 hi.E7 lbenn NO. UF DaTa 5 c [
5504/ h3433 Lhaitis AVE RAGE So. 32 LER Y 1.210
Ghe53 hEqun 17450 ) STu. DEV, el 114394 eyl 1o
56,27 [N ] lheyn )
Gh K, A2, BT theyn (e = 106 aSE 1)
. TALLY #Y e CILES UNUER THE NOUBMal, CHAVE
1 1 n
4 b v
J N 0
H ' ) 4
1 é N
2 N n
2 ] n
O i g
i l ]
M Y 1
CHL SWyAvEn Fed0 Seii0 29400
NORMAL YES YES NO

MIL=HUBK=5 A « g vaLNES

& naSIs _ 53.39 63,65 12,9®
R HAStS 56.58 h4eB7

(a) Calculated assuming normality,

TABLE C-26. STRENGTH DATA FOR RS12E/Cb752, 10 T/P CYCLED, AT 1000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation
1YS, Tudy ELONG. s TYSe 1S FLONGes
kST S| » KST kS *
21,33 aceln 540 NO, OF Nafa ’ 5 ¢ 5
ety 41450 Sents AVERAGE 31443 EARYL) 10 eh2¢
A 19 3l et 2e00 STi. BEV, g dnh 44303 AR
31.59 35463 Se00 . N
31.33 o4} Syl (8 = LO6G ~aSE 1) :

TALLY ~Y DECILES UNDJER TrAE NuoMalL CURVE

R i ) 1

N M 9

‘ B J

D] 3 (1]

2 g, n

'} i 0

1 4 4

a 1 n

i N} i)

1 Bl 1)
CHl SQUAREN Qe il Seli0 - 29,00
NORMAL . YFS YES NO

MIL"HUBK=S A ¢ ¥ vaLIIFS

A ASIS 28.9 35.1 0.4 &
R BASTS 30.0 37.3

(a) Calculated assuming normality.



TABLE C-27,

STRENGTH DATA FOR R512E/CW52, 10 T/P CYCLED, AT 1300 F

(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data

1YRe fJSe ELONG. s
AST <51 %
A LIS ERRY-D Je.nn
A e 4 3233 2.0
LN 3+.13 EXpIL
Ites? 33.87 4o
3«93 3Z.93 3.00

TABLE C-28,

Tensile Test Data

Y5, 1S, ELONG. o
K81 RS %
2H uG FETRY-] 2eirt
24 e 325 2at)i
Ites Neeuir | I
.33 31439 lebt
Hah 41433 1ent

TY=, TS, FLONG,

K& T <S1 %
NO. OF NaTa > : “ 5
AVERAGK Ar1e 32495 Neg 10
ST, DEV, “ 6132 1e104 vo.Jl070

(# = 106 46SE . )
TALLY <Y DECILES UNDER THE ~NOnR«al CHRVE
) 1 ) |

4 i B}

g it ]

1 Z 0

] * 0

] ' 3

" 3 0

1 w ]

1 1

& . n
CH1 SfAuAnEy Senf 13380 17.90
NORMAL YES YES NO

MIL=HIUHK=5 A ¢ 4 VALNIES
A BASIS 25.53°  26.06 0.7®
8 BasIsS 2.0 284,42

Design Allowables Computation

(a) Calculated assuming normality,

STRENGTH DATA FOR R512E/Cb752, 10 T/P CYCLED, AT 1600 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

NO, OF rary
AVERAGE
STy, Nev,

(¢ =

CHI SQuABEn
NORMAL

A HASIS
8 nASIS

Design Allowables Computation

TYSe 113, FLOHNGe
K] «S 1 %
k) '€ 5
1ren? 3ley0 J0e 1o
1211 lelbh: e ®
1oy aSk 1)
TALLY <Y DECILES UNVIER Tre ~unmal CHRVF
1. L 0
L f 2
K | 0
i B J
o 0
u ' 1
! é U]
i ¢ 0
1 2
v B i)
Beii Yot 13,09
ves YES YES

®IL=HUAK=5 A & B yaLuEs

23,57
26460

P4ea
212

10e19



Tensile Test Data

TYSe TJSs
XST «S1
2433 345,
?H.53 25460
33413 35493
EAFLN 3l.20
Jeur RERY-L]

Tensile Test Data

TYSe TSy
KST -
31,13 31.867
P?9.R" 31.47
PILHT 3593
Fa TN 1040
23,47 30e490

TABLE C-29.

ELONG. o

%

3.00
2400
1«59
3.06
2400

TABLE C-30.

ELONG s
%

240
3.5¢
2e08
2e50
200

STRENGTH DATA POR R512E/Cb752, 10 T/P CYCLED, AT 1800 P
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

TYSs fSe CLONGe
K&t KS1 %
NO, OF NATA . 5 & 5
AVERAGE 29.76 30467 038
STu,. DEV, n0e91S GleER v0e.13ve
(¢ = 106G 44SE 1)

TALLY XY DECILES JNUER THE wurMal CURVE

} 1 1
K] N o
1 B Y
i 1 * 2
3 1 0
Rl Y 0
1 t 0
2 é 9
[ 2 2
1) < Q
CH] SQUAREDN Gep vel}f) 13«00
NORMAL YES YES YES
MIL=HUBK=5 A ¢+ B vALHES
a gasis 25408 26476 40440
T ATHASTS 26498 29.3%
STRENGTH DATA FOR R512E/Cb752, 10 T/P CYCLED, AT 2000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Design Allowables Computation
TYSe 1US, ELONG s
KS{ <S1 %
NO. OF PaTa 5 E 5
AVERAGE FETRA] Icel? JyedTe
STue DEV, yuedud fedal QUal069
(% 3 06 348K 1)
R TALLY ~Y NECILES UNJER THE uoMal CURVE
1 D] 0
U o o
) 2 3
| [ 0
u \ 0
g o i)
I 1 1
Bl Vi ¢
\ [ 0
© | 1
CH] ShuAnEn Yehn Ge00 17600
OHMAL YES YES NO
MILeHOBK=5 & o B VALIES
A uaASIS 27,66 2€.21 0.6®)
B gASIS 28,324 2525
(a) Calculated assuming normality.



TABLE C-31. STRENGTH DATA FOR R512E/Cb752, 10 T/P CYCLED, AT 2200 F
(BASED ON UNCOATED SPECTMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation
TYS, TS, FLONG 1YSe 1US ELOMG. s
KS7J St % kSt KS1 &
2742 26,72 4.0u NO. OF nata 5 -k 5
PTeSH 7494499 .50 AVERAGE 2Tk} 2G.€7 vUe5H®
27,31 25,18 4,50 STu. “EV, a3 ¢lis352 “0.p67e
?T.%4 25445 3.50 . . .
24434 2599 3.00 (& =2L0G 48SE 12}

TALLY RY DECILES UNUER THE nUDMaL CURVE

h 4] \ 1
1l it {i

? 1 [

9 $ - 2

2 it n

i 1 4]

[ Fa 0

L g 1

o 2 ¢

1 u 1
CH1 SQUAREN “1 3. 00 SenQ 9.00
NORMAL YES YES YES

MILeHDRAK=S A & B VALIES

A BASlIS 25:11 2l.64 1.52
B HASYS 26413 28447

TABLE C-32, STRENGTH DATA FOR RS12E/Cb752, 10 T/P CYCLED AT 2400 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data

1;?' lg?' ELENG" Design Allowables Computation
TYSe TUS, FLUONGes
K31 kS| %
?3.%6 6.2 3.50 '
P4eR3 2ne51 . Je00
P6.386 2k 7 2400 NO, OF DaTa 5 € S
2443k 2106 3.00 AVERAGE : P4 e 2% Pteb7 Ylebl0
P4e36 2tel7 6400 §To. DEV, e aisd 0vedns vuell3®
(¢ = 106G RaSE 1n)

TALLY RY NECILES UNUER TrE nUoMAL CIRVE

M U

“ b . 9

[ Q 2

il DY p

3 é n

o v 1

1 1 1

o 0 ]
CHI SOUARED - 1701 S« 9«00
T NORMAL ' ' MO T OYES YES

MIL=HDBK=5 A + B vALUES

A sasls 21798 24.93 00,68
R BASIS 22.8(8) ~ 2s.63

(a) Calculated assuming normality.



TYSe
X3

R3.k"
84417
S2enn
52480
55420

TABLE C-33.

Tenslle Test Data

TS e
"SI

heos3
h.2n
.27
LY-2Y-¥{
57.690

TABLE C-34.

Tensile Test Data

TYSe
3

2.1+
2r RN
2r. 71

velil

TUSe
LT3

31,33
24 .45
LR )
25400

ELCNGe s

%

1n.nn
12.469
Lo.po
L2 4000
Jevin

ELONG .o

%

2,00
.0y
2e50
et

STRENGTH DATA FOR RS12E/Cb752, 30 T/P CYCLED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECTMEN DIMENSIONS)

Design Allowables Computation

TYSe Titg, ELONGe s
kST .5 %
NO, OF Dafa < < B
AVERAGE G3.6Y hlehY Wit e 930
STu. DEV, 1e21°2 ce32. w2559
(# = 106G HASE 1.4)

JALLY BY DECILES UNUER THE NunMal CURVE

" 1 1
] W [
1 . . o
v C
L& U 7]
1 1 n
1 1 2
G 4 2
0 “ 0
] ¢ T
. CH] sduUanEn Sefif Geul 13.00
NORMAL YES YES YES
MIL=HOHK=S5 A & 4 vALNES
A gASIS 46459 48,33 30.29
R BAS81S 49.4: 53475 -
STRENGTH DATA FOR R512E/Cb752, 30 T/P CYCLED, AT 2000 F
(BASED ON UNCOATED SPECIMEN DIMENS IONS)
Design Allowables Computation
FY3s FUS ELONG. o
AST A3 %
N}, OF DaTa 3 “ 3
AVERAGH PHaT 25419 vlie29®
ST, NEV, eSSl let4l Uneliee
(% = 06 dase 1)
TALLY AY DECILES UNUER TwE wOowmal CHRVF
J ¢ 0
1 1 1
i i) ]
4 1 . 0
1 1 ]
3 { 1
[{] 3 M
t J G
1 ¢ 1
] i 4]
CHY snuaAnEn 7«07 €af10 Tet)0
NORMAL YES YES . 1ES
MIL=HUHK=5 A ¢ H vALIIES
A wasis 2,808 22,008 ;@
B BASIS 25.8®)  25.3@®

(a) Calculated assuming normality,



TABLE C-35. STRENGTH DATA FOR RSlZB/Cb?SZ, 30 T/P CYCLED, AT 2200 ¥
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

fYss 1'JS ELONGe s TYSe fUSe El.ONGes
LA L3} % KS1 rSt %
29,12 32.43 2409 NGO, OF Nala 3 2 4
11452 IZebb 2.00 AVERAGE 23,49 3:.97 v e yne
2H.%1 2Ha11 0400 ST, DRV, 1e7:9 Zal6d W0, 151e
?4en% 12425 4and

2Tt 28 .92 2400 (@ = LOG daSe 1)

VoLl Y ¢ DECILES UNUER TrE tJe+al. CURVE

J lj] L}

N 2 1 b

a } ©

3 b 3

G i 1]

1 v T

i) i 0

i a [

] 2 "

3 o 1
CHI SAYALFEYD e Genn 21400
NOKRMAL Y£S eSS NO

MIL=HNBK=5 A& + ¥ VALIES

A uaSIsS 18.68 18,12 0.2@
B BASTS 22,67 23.19

(a) Calculated assuming normality.

TABLE C-36, STRENGTH DATA FOR R512E/Cb752, 30 T/P CYCLED, AT 2400 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

YR« 11Se ELONG s TYS, TUS, FLUNGe s
KT <51 % neT Al *
2474 27434 750 Ny, OF Nty 5 < L
PO 21e94 4oy AVERAGE Dhe in ?1.2% JeG2e
23,93 Piae5n 2okt STe DEV, 1.31y 1.357 PUPE R RS
Pleis 27+34 4oty
27404 2758 4dapn (& = 06 4ase |3

TALLY 3¢ DECILAS UNDER THE nuw4al CHIRVE

1 1 0

° B N 2

- b i 2

) ¢ ¢

B 'y n

4 é u

) 1 i

2 ] 3

B v n

" J ¢
CHI SuuAzEN 13099 S0 21400
NORMAL YES YES N

MIL"HDHK=5 A ¢ d VALIES

A HAStS 14,51 15,47 0.7(®
A BASIS 21.58 22.63

(a) Calculated assuming normality.



TABLE C-37.

Tensile Test Data

TYSe
KS1

Rledd
YT L
LANS-1
LY AR Y4
59,47
nle s
KSe 10
LY RRL}
LY RE4
62e12
H3e417
933
64453
$4493
4973
ASe AN
Kool
LXFLY)
hte53
h5.97

TuS,
sl

73.99
Taele
16,31
75450
T2.%2
€. 17
Alel2
T1.66
77.11

16484

71.727
75.417
THell
THe 13
T8.13
T3.20
77,97
T€.80
74.13
4114953

ELONGe s

%

19,90
lhean
19,00
i1 7.5¢C
192,00
19.9¢C
17.00
4.0
14400
16408
1500
1600
19010
1Ha00
17,00
17.0¢
1heng
1B8.90
17.00
L7.00

(BASED ON UNCOATED SPECIMEN DIMENSIONS)

STRENGTH DATA FOR VH109/C129Y, AS COATED, AT ROOM TEMPERATURE

Design Allowables Computation

TYSs

KS1
N, OF DATS 24
AVERAGE LETRL]
STie kv, o339

(0 = LO6 4aSE 1-)

TALLY 2Y DECILES JNDER THE NuoMal CHRVE

3

1

3

1

1

2

)

5

3

t
CHI SAua0En Vielu
T NORMAL YES

TS

© XS1

24

ARy L)
215

NS P e =N\~

12.G0
YES

FLOWGe s

%

29
1s2a0
“0.ndle

NP = DN D -

€2400
N0

MIL=HUBK=5 A + H VALUES

a BaSlIsS
T8 BAs1S

56,74
59,43

10015
73.10

13.7®

(a) Caléufated assuming normality.

TABLE C-38. STRENGTH DATA FOR VH109/C129Y, AS COATED, AT 1000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

TYS, TUSe ELUONt e o TYs, 1S ALONG. o
KSt xSl % KS1 <S1 %
Feul, Cetg Ao NI}, DF DATA 1o 12 )
Yoitn dedll Seilth AVERASE 17441 53.87 Cet e
taltn el Se0 STHe DRV, 2432 €el5 HieN9ue
ELPELY 53.55 Ten0
37 .4H 38,22 B, 00 (& = .06 4a852 1)
I0eFn %395 A.00
39,09 53.5% 19,00 TALILY Sf DECILES UNNER TrE NUoMal CURVR
3564 S34ul L0, 0y )
.hn 53,55 g0 2 i 2
KRSl Q9244 HeD ] v ]
344713 54453 10ann [ ) 3
e 96 e29 9.00 -3 é fi
3727 53,487 7400 1 B f
Hedy WeNO e 0)0) 2 1 )
ety a0 9.00 2 0 5
33.73 47447 C) 2 ¢ ]
ELTT Ne00 9e00 i z 3
Delp de 0N Be )0 ! “ 1
53,33 11.99
313,13 54497 - 7.00 CHI SNUAREYD ba30 17000 c2«nt
NORMAL ’ YES ND NO

MIL*HUHK=5 A ¢ B VALUES

A BASIS

8 8as5:25 L334
B BASIS

35.0

.

(a) Calculated agsuming normality.

49.3 _
51.3

A'!(a_)



TvS,
KSt

17.22

34,27

34,431
LY L
3%5.5)
39.087
5. 34
35,498
39,34
3347
3heud)
3693
36400
3547
3701
34,93
34,47
16,27
36403
ELYR I

TYSe
xSt

37.22
15447
33,73
35,17
35441
32.k6
34,27
33.2¢
35,07
14,27
364490
35,73
36,53
36,53
36,82
36400

3T _v7?
ERE VR

35,73
36.39
3675

TABLE C-39.

Tensile Test Data

1S
sl

41leSg
31.22
3d.29
42403
41a43
35.u9
379.63
315499
33.63
3H.29
4137
41433
414690
. 4083
43447
4le0?
40400
4160
42487
4187

ELONGa s

%

S5.00
4400
4400
2400
Goti0}
Sa130
Se 00
6en0
6400
JeO
Het)0
Se00
T.00
He00
.00
S.n0
400
3.00
6o 00
Ne00

TABLE C-40,

Tensile Test Data

TJUSe
®S1

ELTE.2]
ELEY ]
3%.610
IS .6
3dad2
33.20
3%.6)
3¢.34
3k.14
3. 34
3de.87
37.60
3Ad .49
3d,.4n
7.2

37.69
3240
37.33
3H.€7

38.40

ELONGe
%

3.19
2000
Jeud
2400
%00
l1.00
3.00
300
2400
3.90
3400
J.nd
4. 00
2.00
3.00
2.00
3.00
2.50
200
3.50

STRENGTH DATA FOR VH109/C129Y, AS COATED AT 1300 P
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

TYSe 108, LLONG.»
K57 K57 %
NOe NOF DATA 27 . 23 - 17
BVERAGE 319.5% 40456 10ehRO
ST, NEV, 19,933 1:628 v0el43®

(# = 06 4ASE Ja)

TALLLY HY DECILES UNVER THE NUAMAL CHRVE

b 2 2 2
i 2 i}
3 2 4
2 i \]
1 4 : [
1 ‘) S
6 é n
i = “
) i 1
r4 2 1
CHI SIuAREn 11408 delQ 2He0b

NORMAL YES " YES NO

MIL=HUBK=5 A + B VALIES

 a Basls . 32.32 38.2¢ 6@
A BASTS 33.90 374643 T
(a) Calculated assuming normality.
STRENGTH DATA FOR VHL09/C129Y, AS COATED AT 1600 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Design Allowables Computation
1YS, ) TS, ELONG o
<Sf KS] %
NDy DF DATa . T 20 20 Zn
AVERAGE 15,849 31.13 “)eb 10
STL. LEV, o363 Ie€6} JNel6ue

(8 =2 NG 4:5c 1)

. TALLY 3Y DECILES UNUER THE wuoMaL CHRVF

3 I 1

2 s 0

Q) i . [

3 i n

1) i 1

2 1 B

| é 3

3 4 9

[ 2 1

I i 4 .
CHI suuann“ _ Yh.0n lieln “2.00
NORMAL NO " YES TONY

MIL=HUBK=S A + 3 VALIIES

A sasis st{B 3.5 1o/
W BASTS 32.6® " 33vey 0 T

(a) Calculated assuming normality,



TABLE C-41, STRENGTH DATA FOR VH109/C129Y, AS COATED, AT 1800 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

TYSe TS CLONGe s TYS TUS. ELONG,. s
nS1 <S] % KS1Y L3 %
33.73 ELIY-T. ] 2.5 NO, OF maTa 21} 2 2n
3293 KLRY A 2400 AveRAGe . 38,29 37.37 JGel T8
34,02 Ihela 2401 STu. DEV, 1.234 1 «36¢ J0e 1939
34434 3,44 1.00

344921 34495 2400 (8 = LO6 HaSE 1)

34.27 It .99 2en10

33.73 3¢,6) 2ol TALLY Y NECILES UNJER THE NUGMAL CHRVE
315447 36,16 lepf

454 34,68 3.00 - 1 2 1

5. 17 It.a1l 2ottt 3 3 7
36490 3s,.2n 24000 3 1 3
35.73 3440 1eti) 1 “ o
16440 37447 100 3 ¢ . n
5,24 37.07 1.80 b} 1 2-
RPN Ir.60 1.%0 | G n
“3h.27 3H.173 2.00 “ k) 8
IneA 39.47 le0t0 Fd | 1
kLT 3K,487 100 2 3 1
37407 30413 J0e5N : .
37.33 41453 1.00 CHI SAUAGED CTent 700 49400
' oo NORMAL YES YES N

MIL-ﬁUHK-S A o B VALNES

b 3ASIS 3121 32.86 0.4(®
B 0asts 32.91 34.73

(a) Calculated assuming normality.

TABLE C-42, STRENGTH DATA FOR VH109/C129Y, AS COATED, AT 2000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tengile Test Data Design Allowables Computation
TYs, TUS ELONGe s IYSe 1USs FLONGa s
KST k51 % RST S %
3,27 37.75 2400 N, OF Nala v 15 19
3den? 3" 29 2401 AVERAGE Ta.97 3d,.95 Ve )98
A H1 Inei2 110 STu. HIEV. 1e372¢ lebB3Y RITR A A
.4 M H2 Leti0)
KPR -] 4é43n l1e08 (8 2 LOG 4ESE 1)
3255 3cals 2en0)
3342 364355 2404 TALLY AY DECLLES UNDER THE nODMAL CHRVF
32.93 - 34468 2e01V
34400 36.9% 3,00 N 3 b i}
3627 al.6 3.00 | ¢ L]
35.22 39.20 1e0n 4 é 0
20.A. 41e07 200 Kl 1 "
34eR7 34.67 tettd 3 3 : Y
3573 39e47 leny 3 é 0
39420 34.93 1e0n | 3 [
547 35.20 100 2 n 9
35.710 3347 -rYib 1 4 0
35,73 35,73 2400 3 2 2
I7e07 4u,80 2¢00 . .
CHI SOAGEN Sela .63 99,42
" NORmMaL YES YES nNo

MIL=HUBK=S A + U VALIES

A BASTS 30.32 33,01 Q,éf?,
T 7B wasls 32.2% 35446

(a) Calculated assuming normality.



TABLE C-43. STRENGTH DATA FOR VH109/C129Y, AS COATED AT 2200 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

T1YS, 1S FLONG @ TYSs fSe ELONGa »
KS{ xS % ~SY ksl %

3} 459 35.19 .00 NN, OF Dhetfa. 20 . 2 20
32.983 34.29 3.50 AVERAGE I2H2 376501 20 e529
32.13 31.02 3.50 STu. v, ) eGY 1e229 J0eO7ue
32.93 33.02 4450

36 4t 31.75 3,00 6 = LOG duSE 12)

32414 IS .88 3.00 . . _

EEIY A 3%.34 Geyfn TALLY 2Y DECILES UNDPER THE mupMal CURVE
31433 3c.le 3.0 .

32.93 36441 2450 ’ 2 3 2
3293 RERYTY 250 1 | @
23,33 35.20 3.50 4 u 9
33.A0 k.67 3.090 2 1 . 4
4t 35.73 3.00 4 4 !
3413 36,47 3.0 3 4 n
13,87 35.47 3.54 l t 4
32487 34.13 4400 2 1 ]
3I2.53 37469 300 2 4 4
KR 37.33 40 2 1 1

32 HL 37.87 KRy .
32.8¢8 37.60 Y CHI SNuyaREn 3.04 Jleg 39,00

NORMAL™ ’ T - ¥ES YES NO

MILeHUHK=5 A ¢ H VALHES

b BaASIS 29.54 33,85 2,0(®
B BASIS 30.9% 3%.53

(a) Calculated assuming normality.

TABLE C-44, STRENGTH DATA FOR VH109/C129Y, AS COATED AT 2400 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation

TYS. 11)5 FLOMGa e 178 [XF-X GG
KST %51 4 xSt asl @
29,45 EP 2.50 N, OF NATA 2 . 2. 2n
2heln EXRYT) 2450 AVERAGE . PRt It 15 0e 3%
29,14 12.93 2450 ST, kv, PR XY 12117 L0 1260
253,62 déeld 1.50 )
2H.49¢ 31437 3,00 (8 = g0 nnSe 00)
PT.Ra 25499 ) o550 -

2731 2% .49 200 TALLY Y DeCILeS thikR TRE wowmal CHIRVE
FAATRR} 314582 2480 )

2Aaclt KB L) Zony . 3 2 C)
27150 25.72 2elth 2l z i
PhetS 3i.99 leH00 ! B 0
Y9433 31ea7 250 " 1 o
P90 33.H47 2e4H0 J 4 . 0

»ne Al 3é.u0 3.0t l i G
FRRE 31,417 1.90 3 i 6

AR K] EERYLN) Jetl 2 é 4
23460 31.73 1.59 3 g 4
PHeP? 3te4? 4.0 | é 1
;3:¥; 33::3 g:ﬁﬁ CHL SRUAGEY B 340 2lenu

NOKMAL YES YES NO

MIL=HDHK=9 A ¢+ H VALIIES

A HASIS 26,30 27.14 0.9{®)
B HASIS 27.39 25441

(a) Calculated assuming normality.



TABLE C-45.

Tensile Test Data

1v<, TS ELONGe o
KS1 xS1 %
Lrle i “3,83 19.n0
Aledb Taedl Lany
SeeTh hneHP Setity
S9.k2 Tée00 leo.nn
hiell Teetin Tent
589.H2 T7enl 1Dapu
5Y9.62 Tleu3 Be(
59,71 T1.72 Y1)
w342 T4ekN T a5
~3.36 Taeldl 150
TABLE C-46.
Tensile Test Data

1YS, 1S, £LOMNG.
St nS i %

e S “+3¢54% 600
IHeH Y 49eR3 Renn
1J.40 53.24 6e00
5.7 51.24 Raen
ELYRN Sel2 NN
547 %3.57 bant
3R, 24 9,50 Beno
ECIE R 45.54 d409
3944 5le27 BeN)
I5.4) 53.2H He0d

STRENGTH DATA FOR VHI09/C129Y, WELDED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

TYG TUS.
ST <S1
N, OF NATA v i«
AVERAGE Al ab9 Ti.27
STy, bkv, 7eS4 .. “o.23%
(e = 1LOG dase 1)
TALLY AY DECILES UMHER THE
) 2 L
1 e
4 B
a0 3
» 7
2] 1
2 >
i1 :
1 i
CHL SWUARED Toetih 22440
© NUOKRMAL mA ney
MIL=HDHK=5 A + B
a
A HASIS 51.1 62.3533
55.0 66,3

‘A gasis

(a) Calculated assuming normality.

STRENGTH DATA FOR VH109/C129Y, WELDED, AT 1000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

TYS. 1S

<S1 L&
N OF DATA- Vo ' |t
AVERALE Iy eud S).c?
STie IV, lobari [ R

(# = L0/ RASE | 0)
TALLY AY DECILES VINUER TrHh
) J n

2 4

1 J

1 R

) i

3 J

1 G

2 |

Ay 4

\ 1
CHI SQUARED He P4e6in
NORMAL ’ YES NO

MILeHNBK=S A o H
8 yasls .87 44,6
B BASIS 33,76 47.5®)

(a) Calculated assuming normality.

FLOMNG.

%

18
JPuHe
vlelHe

NuRMaL CHRVE

1Be (i)
NG

VALHES

3.2®

rllONfGa e

%

9
") YK @
AT

selaMal CHRVE

“1.00
NO

vALIIES

&'9(5)



TABLE C-47. STRENGTH DATA FOR VH109/C129Y, WELDED, AT 1300 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation
TYS, TUS. ELONG .o ’ TYSe TUS, ELONGe o
KS1 KS1 % n3T KS1 %
6.0 44497 3400 NO. OF DATy Vi 17 e
3Ih00 47436 4400 AVERASGE 35.54 43.29 Yy« 35
26.87 42.91 4400 STu. '"fv, 3,112 Ze891| ug.tade
65454 46,42 5400
36.79 3r:os s.gn (8 = 105 Aas L)
35 aaeds 2.00 TALLY 3Y NECILES JNDER THE 4.JoMAL CHAVE
37413 48eg2 2450
3547 42,63 2.50 1 1 1
35443 43449 Jean o ) 2
J ¢ 0
p) i 1
1 Z 0
3 ] H]
3 2 2
2 2 1
h} 1 3
‘) W) 0
CHI SNuUADEN T4eUs LYY R 1000
NORMAL YES YES YES

MIL=HUBK=5 a4 + B vALHES

A HASIS 22.91 31.78 V092
H Basts PRenT 36448

TABLE C-48. STRENGTH DATA FOR VH109/C129Y, WELDED, ‘AT 1600 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation
TYS, 1:0S ELONG oo TYSe U3, ELONGew
KS1 KS1 % KSY <S| %
.40 35.17 250 NOL OF DAaTa 1 1 in
3/ 31 .59 2490 AVERAGE . . 15.51 36492 uhe3Te
1ban 37.44 EPRN ST, DRV, 2430, 24251 J0enTae
36,58 2450 }
36447 2372 (8 = LOG JASE 17)
3l.11 2409 . .
IR A7 2.00 TALLY AY DECILES YNUFRR THE NORJMAL CHRVF
34444 2400
3 3447 3.9 - ! ! 9
315.7) 36637 2e31} R} J 5
%) } "
) Y v
2 g ‘oo
2 | )
3 B 3
2 1 L]
b é o
y ] 2
CHI SHUANEY 1240 22.99 2R.00
NORMAL 1S nNO NU

MILeHUAK=S A ¢ 3 vVALNHES

A BASIS 26412 27988 1.7
‘B BASIS 29,96 31.6

(a) Calculated assuming normélity.



TABLE C-49.

Tensile Test Data

TYe,
KST

Ihgin
39429
LR )
I15.7)
35471
14495
35.14
33.73
W Gn
6,54

TYs.

Ahein
EER
Th e
3370
33.92
351
33404
35471
35,43

1S,
<5{

3e,.47
35412
3%,43
35,50
3,48
3201
3%.17
A5.10
35,47
34402

Tensile Test

TS
xS

3115
17.46
34431
EEERA
3829
3917
31,44
3.40
36,27

FLOMGe s

%

lean
2490
Teyn
190
2e0)0)
707
20N
Lesn
2420
2.9

TABLE C-50,

Data
FELOVG.w
%

Jenn
KF L
Jean
2etih)
Tein
3e0
1.00
1eny

3.9

STRENGTH DATA FOR VH109/C129Y, WELDED, AT 1800 F

(BASED ON UNCOATED SPECIMEN DIMENSIONS)

NO, OF DrTa
AVERAL
STy, NEV.,

(e = |LOG

r

CHI SOUAREN
NORMAL

A HASIS
H HASIS

(a) Calculated gssuming normality.

Design Allowables Computation
' [YSe
kST

13

WeHa

Tre3 L2

HASH b))

S,
<51

[ I
3%.6])
n1e975

10
Wde200
vlhelocw

ALLY “Y DeClies UNVER THe sUoval ClUINVF

e N . e

SN e N

LY
YES

12e020
YES

-_—D0 0 W

(== R

ELTY Y]
N

MIL=HIBK=S A + H VALIKES

3.

91

3339

STRENGTH DATA FOR VH109/C129Y, WELDED AT 2000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

NO, GF Drla
AVERAGK
STue DEV,

Design Allowables

r

<

9

"nY)eRa?

(0 = Luh 1Basd 1)

CHL SAUARTH
NORMAL

A HASIS
H HASIS

(ai Calculated assuming normality,

Y<e
St

2

32.73
3431

Computation
13
<51

K]
3.
a2

TALLY 4AY PDECILES UNDER Tut

s N

B

MILeAUHK=S A o

31
32

LN LD

.
YES

.34
37

0.4

i 3

1 Q¢

B [§}

1 n

) n

L 1

D) 9

M 5

| ©

! )

1s87 29,439

YES ND N

B VALNES

Jleub O.Z(a)
33.84



TABLE C-51. STRENGTH DATA FOR VH109/C129Y, WELDED, AT 2200 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

. Tensile Test Data Design Allowables Computation
TrYse TUS . ELONG . o o o TTYse T 108, ELONGes
KS1 kSl % ) XS kS| %
33,94 37,15 2.50 ND, OF DaT4 Vo B ¥ 10
33,41 37446 2409 AVERAGE 33,81  3ce€1  00.430
T 33,417 36.00 73,00 TOSTRLTDEV..T 1224 1.792 00.068e
36,00 40461 3.00 ' . .-
13,99 35043 2050 (8 = L06 d3SE 14
32,83 3c,.14 3.00 o ]
33:99 36:00 2.20 . TALLY AY DECILES UNUER 1HE nunwai CURVE
3139 33.99 . 2.50 e . \ L
23,99 34,87 3.50 ! h
35.14 37444 2450 < ? ¢ v
1 2 n
2 2 s
9 q 9
~ - Sl ! 6
) 3 0
0 . L] 3
1 9 0
1 1 1
CHI SOUARED 14400 1400 26400
TUNORMAL T T T T YES YEs .. NO

. MIL=HDHK=5 A + B VALNES
A 8asis 28498 29,87 og(®)

TABLE C-52, STRENGTH DATA FOR VH109/C129Y, WELDED AT 2400 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation
1YSe 1S FLONGe® fYssy TS, ELONGe o

KS | 51 o KS1 <31 %
24451 35,53 Se01) NO, OF NATA ' & Lg
2747 26051 3400 AVERAGE e 25055 “0e43e
39459 .82 3,00 STu. hEV, ERRLEN 1095 t0.1420
?3.23 2955 1.59
27436 26,67 2.50 (& = {06 HASE 1n)
26, 21.94 0 e
;:.S; A 3.0 . TALLY 4Y ‘DECILES UNUER THE WUQMAL CURVE
PALRN 31,39 3,00 ) . . 5 .
38451 3te11 3.90 . ! : 2
28423 25495 2400 : - c.

0] é 0

5 é 1

3 3 - o

A Pl S

2 2 9

2 \ 0

_ 3 t !
CHI sQuarkn . C Y3edn fe00 . 22490
T NORMAL T - YES YES No

MIL=HOHK=5 A + o VALIES

a BASIS ~ 24.52 25460 . ?:ffl
BHASTS 25.95 27.38

(a) Calculated assuming ﬁormality.




TABLE C-53. STRENGTH DATA FOR VH109/C129Y, S T/P CYCLED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Design Allowables Computation
TYSe TuS, ELONG. s ot T TYS, 1USs ELONG. s
x5y St % KSt ®xS1 %
AL, 58 Ta.79 19,90 NO, OF NatTa ] 3 , & 5
s1.04 Taalb 17.00 AVERAGE AN 56 72,87 1+230
41,31 Ta ln - 15,00 .8T0, DEV, ’ 1e053 1345 t0en38e
59,7 12.56 18.60 ’
59,17 71475 L7.00 (8 = LOG AaSFE 1))

TALLY RAY NECILES UNUER THE NnOaval CURVE

T 1 1 1
. ) C 3
1 ] n
B t U]
v ] 2
J n 0
o - 1 T . ) i
1 2 1
1 n 1
9 C n
CHI sQuarEn 5400 9.60 9400
TTUNORMALT T T T YES YES T YES

MIL=HOWK=S5 A & 3 VALIES

. BASIS - Se.48 68,85 10,35
TUUETBASTS T 56495 66.99 7

TABLE C-54. STRENGTH DATA FOR VH109/C129Y, 5 T/P CYCLED, AT 1000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tenslile Test Data Design Allowables Computation
TYS, TUS, ELONGe TYSs TUS. ELONG. o
KST LR % «S1 ®S{ %
19,63 55.15 He0C NO. OF DATa. : 5 : H 5
37,75 Sl.le He00 CAVERAGE . IB.23 52445 U0.RY®
B, 02 52.%5 9.0 STu., DEV, a0e 732 1+455% 10e065*
B2 Q¢.4d 6.00

37.715 51496 Ra.00 (o = 1LOG HeSE 1) .
' TALLY HY DECILES UNUER THE NUBUAL CURVF

o7 w" v 1
9 1 0
2 t "
2 U ¢
0 - 1 0
2 ™ 23
T . ".‘ - 1 1]
2 J o
b i |
i : o
CHI SauARER 13e4c  Se00 1700 .
”'Tﬂhkﬁif"f" - T YES YES . ANO
. _ MIL=HDWK*S A + ¥ VALYHYES
A BasIS .33.69 83,93 3.5
8 UASTS’ 35.54 47,55

(a) Calculated assuming normality.



TABLE C€.55,

Tensile Test Data

TYSs
. RST |

37,75

39234

3517
3671
EATE LY

sy T

KS1

43.51

XD
4496

35.63
36.89

TELONG e
%

40D
3.00
3en0
3.00
2490

STRENGTH DATA FOR VH109/C129Y, 5 T/P CYCLED, AT 1300 7
(BASED ON UNCOATED SPECIMEN DIMENSIONS):

Design Allowables Computation

) TTYS, TSy
KS1 AS1
N0, OF hata’ g T E
AVERAGE _ 35.66 4lel2
T 8Y0, OFV. T T T (TS Tle70R

(o = |0G HASE 1)

“e 6490
vo.n?3a

TALLY ®Y NDECILES UNVER THE nuaMalL CURVE

TABLE C.56,

Tensile Test Data

TYS,
KS1

1534
6,41
36416
33,73
5407

TUS,
L9

37.75
33.29

39,36

3c.84
3E.95

FLONGe»
%

1,40
2.0
24000
2.00
2400

e s om

- N [} o 0
~ b u 1
} 2 4]
3 © [
8 é 3
. 20 b L
y [7} 0
_ 0 1 J
0 u n
1 \ 1
CHI SWUARED 17409 _13.00 17.90
TTUNORMAL T T T RNV YES NU
B MIL=HUBK=5 A ¢ o VALHIES
awasts T 2ee® s 1,29
78 'BASTS " 31.6 3%.20
(a) Calculated asBuming normality.
STRENGTH DATA FOR VH109/C129Y, 5 T)P CYCLED, AT 1600 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Design Allowables Computation
TYSe TSy ELONGe s
KST KS1 %
NO, OF DATA 5 ' < 5
AVERAGE 3334 37.€5 uile 269
STu. DEV, 1.35% 1.32: Y. 1350
te = LOG “4ask 1a)

TALLY RY NECILES UNUER THE NubMAL CURVE

:

N 1 1 1
0 v G
) ) 1 )
1 v [t
v iH G
B 1 1 0
oo n | Py
1 ¢ o
1 i 3}
o 1 0
CHI SGUARED S5.00 €400 29400
vOTTTNORMALT T T T YES YES NO
MIL=HUHK=5 A ¢ B VALIES
A Basts 29.28  30.07 0.3
TR vAs1S T T 31.74

33.15"

(a) Calculated assuming normality,.



TABLE C-57, STRENGTH DATA FOR VHL09/C129Y, 5 T/P CYCLED, AT 1800 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tensile Test Data Degign Allowables Computation

TIVEY T T Trus, “ELONGa s Coee s ’ TTUTIYE, T TSy T ELONGS T
KST_ kSl o _ kST kST %
T35.61 T - 30,29 T . 1.0 NO, OF NaTa ™ - . s
- 354734 . ELEY4) 1400 AVERAGE ’ 34.96 37.54 Voen60
35407777 37.48 T 1.00 TOSTDSTOBRV. T T T TR0, 725 T T 0da1847 T 00, 138%
35407 36468 1e00 ) ' : .-
33,73 36.95  2.00 te = LOG RASE 1)
TALLY RY DECILES UNUER THE nunMaL CURVE
com Tt L T . ] [} 0 e
b} 1 0
i} 1 0
0 ] 4
i 1 0
. . 2 O S0
1 1 0
v ¢ 0
1 2 0
L. ¢ g 1
CHI SOUARED 9.04 900 29400
UAREh | Rt

© TNORMAL TOUTTTUYES T UUYES

MILHUBK=5 4 + 8 VALIES

. R ()
* A BASIS . 30.80 “H__§31gg__ 0.2
L TTTTEBASTS T T 32,397 TTTIE 60 .

(a) Calculated assuming normality.
TABLE C-58, STRENGTH DATA FOR VH109/C129Y, 5 T/P CYCLED, AT 2000 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Tengile Test Data Design Allowables Computation

TYS, 1S, ELONG o o O TYS TUSe ELONGes

KSt S| 3% kST xSt %

25434 34,89 3,00 NDo OF DATA ©5 g 5

355 4:1456 T ~ AVERAGE _35.29 34.50 90519

33.73 37.75 3,00 ST, JEV, 1a1u5 1.39% 104 0890

35.34 37.7% L ) L

1567 37.75 2.50 (8 = L0OG saSE 1)

TALLY HY DECILES JNUER THE NUOMAL CURVE

| n 0 .
5 bl 1
1 k} 0
N L ¢ 2
L I 0
_ 2. L L
n [ n
i 3] 0
i) 0 2
) 1 n
CHI SauaApeEn J.00 17.450 1300

NORMAL I YES NO YES

. MILeHUHK=S A + B VALHES
ABASIS  8.T1 30.55"; 1.00
d GASIE T T “ar.e 33 :

(a) Calculated assuming normality.




TABLE Ca59.

Tensile Test Data

TYSy
KST

31.59 -
Al o%b e
31.33
31.06
3l.06

TUSe

KS T

3a,.81
3%.61
34,27
34.81
33.20

TTELONGa e
%

400
3.0
3.50
2450
3.50

STRENGTH DATA FPOR VH109/C129Y, S T/P CYCLED, AT 2200 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

TABLE C-60

Tensile Test Data

TYSs
nS1

27.7
27404
25,97
27,06
PH.E5

TuSe
L33

27.38
29445
Peell
2%.72
3le6h

ELONG. s

%

4,010
3400
3.50
3.00
2.00

NO, OF NaTa
AVERAGE
T8 Th. NEV,T

Design Allowables Computation

TTYSe TOS, 7 TELONGes
xS 1 KS1 %
) g 5
.38 34.5¢ v0.51@
tfhela7 [Y-I 2 10.0780

(% = LOG HASE 1)

. TALLY

__ CHI SQuARED
T NORMAL T

- A BASIS
T A BASTS

nyY DECILES UNDER THE NURMAL CURVE
0 17 177
2 ¢ 0
1] - 4 . ¢
¢ ' 1 1
1 ¢ n
T | o__ ..
] 2 2
1 [ n o
4] 1 1
1 [ 0
900 9400 . 9.00
TTTTTYES T T YESTT T YES

MIL=HOBK=5 A o 8 VALUES
29,39 29,44 _1el8

30.20°  T30E

. STRENGTH DATA FOR VH109/C129Y, S T/P CYCLED AT 2400 F
(BASED ON UNCOATED SFECIMEN DIMENSIONS)

Design Allowables Computation o
- 1YSe TuSe ELONGes
KST «S1 %
NO, OF NATA 3 S 5 N
AVERAGE PTe20 29.34 v0eaB®
$TD. LEV, 504959 " lel78 30,1130

(8 5 .06 $ASE 11)

TALLY RY DECILES UNDER THE NUoMAL CHRVE

CHI SQuARED

T NORMAL

L. huasts e
T8 BASIS

TTTP3.93

i ¢ 1 .
5 ] 0 ’
[ 1 0

[ 4 n

2 [3} 2

1 1 A
(5] 1 U

0 o 1

[0 1 1

1 ) o,

9.0 .00 900
"YES T OYESTT TUUYES

MIL=HDHK=5 A ¢ B VALUES

22058 = 00.68

2le70 3
25,33



1YSe
KS1T

59,71
55497
61,31
bleCa
6£5.96

TYs,
KS1

38429
39.43
37.48
3534
36464

TABLE C-61.

Tengile Teat Data

-YUSo
KSI

71.7%
CTued)
74,97
74457
78.48%

ELONGes
%

L6.00
17.00
17.0¢6
le.g0
16400

TABLE C-62.

Tensile Test Data

TuSs
KS1

32448
55 e56
5248
43093
49,80

ELONG e
%

T.00
6400
6400
Te00
6400

STRENGTR DATA POR VHI09/C129Y, 10 T/P CYCLED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

o TYS TS, ELONGes
S 1 ®S | %
NO, OF NATA S € S
AVERAGE hla2t Tadll 1.210
8T, hEV,T T T 2.3by 3,165 TR X

(# a |06 BASE 1)

TALLY RY DECILES UNUER THE nugMAL CURVE

R ° 0 n 0
] 1 o
- 1 1 3
Q u 0
1 [% 0
RIS S ¢ N
U . e ) [J
0 [+ n
0 ] 2
1 1 0
CH1 SQUAREN 500  9a00 = 2100
TTUNORMAL T T YES YES <. 'NO
B o . .MIL=HOBK=% A » o vALYES
__Aeasts  a7.60 56,08 12,5
B BASIS T 53,13 63439
‘(a) Calculated assyming normality.
.STRENGTH DATA FOR VH109/C129Y, 10 T/P CYCLED, AT 1000 ¥
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Design Allowables Computation
o : TYSs 1USy ELONGs o
KST «S1 %
NO, OF nNatTa ) E 5
AVERAGE L. . 3T.88 52405 J0eR0®
sto. UEv, 1e628 - 24601 I0.0370

(# = LOG BASE 1¢)

TALLY QY DECILES UNUER THE NuUDMal CURVE

- - ! T 0 -
. o z o :
N 0 3
1 G 0
1 i) 0
n 2 0n_ .
T e 1T T e o
n C 0
N 0 v 2
) 1 1 0
CHI SQUARED 5e00 12.00 21400
TTUNORMAL T T T TTTTTTTUYES T T U vESTTT T NG
. MIL=HDBK=S A + 8 vALIES
A HASIS 28.18 37.11 ﬂgzgff’

R BT 1) ¢ Jaa o DU S-S

(8) Calculated assuming normality.



- Tensile Test Data

TAELE C-63,

4
e

STRENGTH DATA FOR VH109/C129Y, 10 T/P CYCLED, AT 1300 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

CUTVSYTT T U108y T T RLONG . T T oTe I £ 1- TR (V1Y ‘ELONG.s
__KSI . KS1 % KST kSl S
T36.68 77 39,637 T 1.00 NOG OF mataT T T 5 ToTer ToorgT T
39.63 1 4432 © S.00 ... AVERAGE 37050 42425 004459 .
37.48 . 43464 4.00 TBYD,DEV,T T T T T g2 T 2.8717 TG0, 2694
_.a%.22 42457 . 3.00 . R : -
A HY 39.09 3.00 ST (e 3TLOG AASE 17)
N TALLY &Y DECILES UNDER THE nNORMAL CURVE
e F SRR e
9 é 0
2 i a
| S 3 0
1} [d
[ b2
0 1 0
. N LG R Yo
3 0 1
. 1 1 3
_ CM1 SQuapEn 9400 S.00  .9+00
TUNORMALTTT T TYES YES €S
e MILHDBK=S A + 8 VALUES
___h BAsIs 30053 28,16 U0e08
B BCLY -1 33,38 32011
TABLE C-64, STRENGTH DATA FOR VH109/C129Y, 10 T/P CYCIED, AT 1600 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Tensile Test Data _ Design Allowables Computation
T TIYSy T T 1USe | ELONGes T T TYSy 138y  TELONGas
KS1 kS| % KS1 S| %
35,94 3¢.61 . 0400 NO, OF NaTa - T s 8" 4 }
L3668 39436 _ legu JAVERAGE 0 35,39 36,44 Vde1Se
36e41 3d.29 2400 STL., OEV, 1653 1.872 V0e174®
34,54 3¢,.88 2.00 . N R
33.2% 38,07 1.00 fe a2 ) 06 BASE 1)
TALLY AY DECILES UNUER THE NURMAL CURVE
i m . am eaemm e mmew——— - - 41_- . ) P -é__. . — _.0.4._ ——— -
. 0 ot 2
L] 0 1 0 {
1 Y o
1 [H n
e e e B SR UL LI
o 4 ]
1 ] 0
1 v 2
¢ 1 . 0.
___CH1 SOUAREp ___Se0d S400 16400
TUNORMALTT TTTTTT T T TYES T T UTVES T T T NG
MIL=HDBK=5 A + B VALIES
A BASIS L _25:90 26,09 01
B BASTS 29.76 3uea6
(a) Calculated assuming normality,



TABLE C-65. STRENGTH DATA POR VH109/C129Y, 10 T/P CYCLED, AT 1800 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

st Data . _Design Allovables Computation
10Sy  ELCONGes T om T ALY TUSy
_...KSL C % . . . ST L) B

_Tonstle Test Data

1.00 T NOY OF DATALTT TS R _
2.00 AVERAGE . 33463 35,56 - 00.06® -

T le00 $T0. DEV, T onetT% Te8127 "TU61IB
1.00 e X L e
1.00 {o = L6G 8aSE 1]

TALLY AY DECILES UNIER THE NUAMAL CURVE

e i R e
o1 v L -
2 1 o
. 3 4 4
4 ) . J
U S SO | SO -
9 ¢ i 0
e B e 0
9 I 0
. o | e . 1
CHI SOUAREN 9,00 Se00 29400
NORMAL ~ " YES YES T ND
e _MIL=HOBK=3 A o B VALUES
A BASIS 29.19 27448 0.2
T B BASIS 39499 3475
(a) Calculated assuming normality,
TABLE C-66. STRENGTH DATA FOR VH109/C129Y, 10 T/P CYCLED, AT 2000 ¥
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Tensile Test Data Deaign Allowables Computation ]
TYSe 1US, ELONGe s : : . TYSe (1S, ELONG o
KS1 S % LA LEA %
6,27 2495 3.5 " NO, OF DaTa I g %
34,27  3x.6A 3.00 __ AVERAGE _ 36422 36.25 Y YL
35.07 3495 2450 STu. DEV, nge 79 1.13: V0,093
4454 3541 2.00 B )
32.93 34,27 3.00 (8 2 106G HASE 1n)

TALLY BY DECILES UNUER THE NupMal CHRVE

- - T 1
& 2 )
U ¢ 1
9. i ¢
- I _0
T 1 1 2
D) ¢ e
] 4 i
L ' 0 4 .
CHI S0UAREQ 9. 60 _5e60 900 .
TUTNORMAL T VeSS T YES . YES

o MILeMOBK=5 A ¢ B VALUES
A WASIS 29.68  29.76 00,80 _

8 BASIS TT31.83 T T 3é.a0




TABLE C-67,

Tensile Test Data

TYC,
L2

P6,77
31.‘.‘6
1.5
31.23
31.59

Tensile Test Data

TYS,
LS

AT GH
APHeTu
Alotia
Phel.
LA REL]

1Sy
sl

3z.66
3%..7
3434
340y
33,47

TUS,
<51

25412
Plena
2313
Piell
2428

ELNNGe s

*

4490
3e.00
2400
250
2.30

TABLE C-68,

ELUNGes
%

1.56
2400
3.50
Jen)
250

STRENGTH DATA FOR VH109/C129Y, 10 T/P CYCLED, AT 2200 F

(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

1YS,

AS1
NO, OF NATA . 5
AVERAGE IM.en3
sTu, DEV, 2.165

(8 = 106 J4SE 1)

1:)S
aSIT

34,11
1,113

ELONGe
%

S
un.qu
J0.11¢0

TALLY Y DECILES UNDER THE NUaMalL CHRVE

)

N

¢

[

3

1

g
CHI SNUABEN S 7.00
NORMAL = w0

3N D e D

i
1
0
]
1
9.00
YES

MIL=HUBK=S A + ¥ VALUES

A BASIS H_,;g,zi:;
"B BASTS 23,2

(a) Calculated assuming normality.

21.12
.31

STRENGTH DATA FOR VH109/C129Y, 10 T/P CYCLED, AT 2400 F

(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

TY<,
AST
NO, OF DrIS 3
AVERAGE T Phel?
STh, DEV, R Y4

(& 2 | OG HaSE L)

TaLLyY 3Y OECILES

%

“

]

)

2

£,
CHI SWUARKH) 13000
NORMAL YES

[RFRYY
L3

P
it o 142

N JER THE

15
.
2

YES

J0.62

ELONGe s

%

-
RIPY Y-
el nee

ruaMal CURYF

9490
.YES

MIL-HUBK=5 A ¢ B VALIIES

A BASIS o 2123
R BASIS ?3.46

244186
25 .58

woev2



TABLE C-69.

Tensile Test Data

TYS, S ELDNGa o
KS1 <S5t ks
Alenub T4.S7 t7.00
84,37 Tle49 1500
A)ai4 TS %0 L4400
Beehts Tuelb L3.00
5248 h3.45 L4.00
TABLE C-70,

Tensile Test Data

TIYS, "10S¢ 7 ELONGas
K51 KS1 %
39.63 55442 2.00
3715 S1.14 5400
38,02 53,55 4,00
INe12 S2.48 3.00
IH. N2 51.96 3.00

STRENGTH DATA FOR VH109/C129Y, 30 T/P CYCLED, AT ROOM TEMPERATURE
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Design Allowables Computation

1YS, TS, ELONG. o
KST 31} %
NO, OF NATA 5 g 3
_ AVERAGE _56.71 71.43 le16®
§T0. DEV, 4,880 G.Z04 100640
(6 & LG HASE 1)

TALLY BY DECILES UNDER THE nNURMAL CHRVE

- v I 0
2 3 1
4 B J
o b} 2
] 1 <0
o e, 1. o
1 ¢ 1
{] 1 J
’ t J
o ¢ 1
ML SQUaDED  13.ay S0 9400
NORMAL K VES " YES YES
MILeHCBK=5 A ¢ 8 VALNES
_ A easls 28466 41,56 A4
B BASIS 4Ce 06 53.70
STRENGTH DATA FOR VH109/C129Y, 30 T/P CYCLED, AT 1000 F
(BASED ON UNCOATED SFPECIMEN DIMENSIONS)
Design Allowables Computation
- 1YSe TS, ELONGs
KS1 KST %
NO, OF NATA 5 & S :
AVERAGE IRPY  5249) i0eS1®
T s¥p. DEV. n%e 159 1.656 10.15ve

(& 8 L0 AASE 1)

TALLY RY DECILES UNUER THE NIAMAL CURVE

T T n u B
. n- | 0
1 i [
3 1 G
tH [ Fd
D] " P |
[ o - p
0 0 B
[i} [y 1
1 i 0
CHI SQUAPEN 7.0 Seip S.50
“TNORMAL N N () T YES ©OTYES

A BASIS

. . 33 43.40 _:“29.95
B BASIS T T TS

Tarte26 T T

(a) Calculated assuming normality.




TABLE C-71.

Tensile Test Data

TYSy
_KST

34.00

33.73

364454
3324
35407

TUS,
KS1

31.22
3¢.4)
36455
37.7%
37.75

ELONG .
%

3.00
2.090
3.50
441)0
3.50

TABLE C-72,

Tensfle Test Data

TYSs
KSY

.52
1) 549
34,40
31.59
It.n6

T3S
K3l

3,47
35 .49
3nere
ELRY L]
34.27

ELOYG e

n

2.50
.50
2450
3.00
2.00

STRENGTH DATA FOR VH109/C129Y, 30 T/P CYCLED, AT 1800 ¥
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

NO. OF Nava
AVERAGE
STD. LEV,

(¢ =

CHI SQuUARED

"NORMAL™ ™

]

. R BASIS
"B BAStS

Design Allowables Computation

TYS R UL ELONGe s
nS1 XS1 . %
3 s’ 3
34011 37,22 _40.649%
1,723 30,564

HoJilee
LOG SuSE 17}

TALLY BY DECILES UNUEQ-THE HUQMAL CIIRVF

[ 1 1

1 v 2

¢ U Y

1 1 G

| ] L1

} 1 o0
u o 2

) i 0

J c 1

1 ] 9

Se il __‘309'0 . 9.@_0_.
YES "7 YES T YES

MIL=HUBK=5 A& ¢ 8 vALIES

?79.96

. P9.5 33.98
31.64

33,98 0,67
3¢c,28

STRENGTH DATA FOR VH109/C129Y, 30 T/P CYCLED, AT 2000 F

(BASED ON UNCOATED SPECIMEN

NO, OF DATA
AVERAGE
STide VEV,

(0 3

CHI SOUARED
NORMAL™ 7

HASIS
jAS]

)

5>

DIMENSIONS)

Design Allowables Computation

TYSe Tuse ELNNGe s
(S| K81 %
5 H S
.75 AR 660 vDea20
1.333 14925 :0enN92%
0% HLSE 1.)

TALLY BY DECILES UNJER THE MURMAL CHRVFE

4 )]

1 1 n
no ] {:

1 - B 2

2 1 W

0 ) n

" Y [} -
C | 1

[H N L

1 ] 1

9. 04 Cell 9.00
TYES YES

YES

MIL=HDBK=5 A & ¥ valLHES

24,18

21.21

25.106

40479
29,43 T



. TABLE C.73, STRENGTH DATA FOR VH109/C129Y, 30 T/P CYCLED, AT 2200 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)

Tengile Test Data . Deaign Allowables Computation
T TYSh TUS, ELONG .y ' T TYSe 1iSe ELONGe s
SKST. . kS) % KS1 [3:1 %
287927 T 31.59 2.50 NO, OF NATA 5 g s
27404 31.99 2450 _AVERAGE EINY 31.22 10.51®
2611 31499 3.00 ST0. DEV, "G .43Y #l.821 VG117
P7.84 L.79 4450
26,51 . 3i.82 6400 : (s =106 BASE 1n)
TALLY RY DECILES UNDER THE nNupmal CHRVE
o n 1 b
| i 2
! 1 [
i} B 9
1 i 1
N 1 AN Q
1 B 0
A 3 1
0 g 1
] i n
CHI SQUARED ' %.90 17.00 9,00
T NORMALT T o YES NO - YES
. MIL=HDBK=S A o B VALUES
__ABasls 22,29 2g;g§:; 5C.68
HBASTS P4.48 29.%4 T
. (a) Calculated assuming normality.
TABLE C-74, STRENGTH DATA FOR VH109/C129Y, 30 T/P CYCLED, AT 2400 F
(BASED ON UNCOATED SPECIMEN DIMENSIONS)
Tensile Test Data ' Design Allowables Computation
TYS, 1S ELONGe s TYSe 1S, EI.ONGe»
K& 1 51 % KST kS I % '
29,99 3.9 2400 : NO, OF NaTa ) 2 5
29.7¢ . 31.33 2400 _ AVERAGE 29465 3 e3H 0e3TH
ek 31.8h 150 STu. DEV, } o294 1233 “Cel68®
27458 PH68 3.00
24,92 3;.2% 4400 (8 2 LOK HASE 1n)

TALLY MY DECILES UNUER THE wuaMaL CURVE

i [} 8

K ° 1

M G i n

1 \ 2

) v a
_ _ 1 [} o

T v ¢ 1]

b ! 1

i i 1]

. ] @ 1
CHI SOQUAPEN Se0n et 9400
TTUNORMAL T T T T YES TYES . TYES

MILeHUHK=S A ¢ ¥ vaLNES

A BASIS: zRenu 23.5¢ $0426
25403 26438

TR BASIS



