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FOREWCRD

This report was prepared by Cornell Aeronautical Laboratory, Imc.
under USAF Contract No. AF 33(616)-190. This contract was initiated
under Project No, 7360 "Materials Anelysis and Evaluation Techniques®,
Task 73605 "Design Data for Metals", formerly RDO No. 619-11 "Sub-
gstitutes for Critical and Strategic Materials", and was administered
under the direction of the Materials Laboratory, Directorate of Research,
Wright Alr Development Center, with Mr. K. D. Shimmin acting as project
engineecr,

This report covers period of work from June 1952 to December 1953,
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ABSTRACT

The intent of this investigetion is t¢ supplement conventional
tensile creep data of several aircraft structural alloys with compres-
sion, bearing, and shear properties as well. While these data alone
are of interest, a correlation is being attempted between tensile
creep and compression, bearing, and shear creep properties so that

the latter type of data may be predicted from tensile ereep properties
alone.

This report ineludes descriptions of equipment and fixtures for
conducting tensile, compression, besring, and shear creep itesis. Ten~-
gile creep properties are reported at several test temperstures for
the following alloys: (1) 2024-T3 sluminum sheet, 0.064 and 3/16 inch
thick; (2) C-110M titanium sheet; (3) type 321 stainless steel sheet;
(4) 2117-T4 eluminum rivet wire; (5) Monel rivet wire; and (6) type
301 stainless steel rivet wire. Bearing and shear creep characteris-
tics are included for the 2024~T3 aluminum alloy.
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ERR&TA

The decignations of three of the alloys used in this {nvesti-
gatlon have been changed since the {nitiation of this program.
In this repcrt the alloys are referred to by thelr former designa-
tions as follows: (1) 2024-T3 aluminum alloy, formerly designated
245-T3 alumfnum elloy; (2) 2117-T4 alwninum alloy, formerly
Gesignated Al7S-T4 aluminum allaey; and (3) C-110M titanium elloy,
formerly designated RC-130-A titantum alloy.
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INTRODUCT ION

The elevated temperature creep-rupture properties of aircraft
structural alloys are of particular concern in the design of preseni
day aircraft. Structural components are continually subjected to
elevated temperature due to their proximity to the jet power plant
as well as the high temperature generated by skin friction at super-
sonic speeds.

High-temperature creep and rupture strengths are nomally deter-
mined from tension-loading tests. However, structural components sel-
dom fail as a result of a pure tensile stress, but rather from a
combination of several complex load patterns. For example, riveted
joints may fail by rupturing the sheet, shearing of the rivet, or the
bearing stresses on the plate may be excessive to cause loosening of
the joint. Other structural members may be loaded in campression and
fail by buckling. Therefore, prediction of the high-temperature
service life from tensile creep-rupture properties alone would be of
questionable accuracy.

This study has been initiated to investigate the high-temperature
ereep-rupture characteristics of several aircraft structural sheet and
rivet alloys when subjected to compression, bearing, and shear siresses.
While these data would be of considerable interest from a design stand-
point, it is anticipated that relationships can be e stablished beliwaen
these particular creep properties with tension cresp properties. These
relationships could then be utilized to predict service life of materials
stressed in compression, bearing, and shear from tensile creep proper-
ties when the former typesof data arenot available.

_ The initial effort for this project consisted of the design and
construction of apparatus and fixtures for conducting tensile, compres-
sion, bearing, and shear creep-rupture tests. The tensile creep appa-
ratus is conventional and speclal fixtures were used in conjunction
with this equipment for bearing and shear testing. Two special com-
pression creep test machines were also constructed. All test apparatus
is described in detail in this report.

Tensile creep properties are included for all alloys being investi-
gated. Bearing creep properties are presented for 24S-T3 sheet at 300,
150, and 600°F, as well as shear creep characteristics of 245-T3 plate
at 300 and K50°F.

WADC TR Sh4-270 Pt 1 1



TEST MATERTALS

The following alloys are being investigated for this studys
2iS-T3 aluminum, type 321 stainless steel, RC-130~-A titanium, type
301 stainless steel, annealed Monel and A17S-TL alumimum, The 2),S-T3
aluminum, 321 stainless steel and RC-130-A titanium are to be tested
for tension, compression, and bearing creep properties and were pur-
chased as 0.06k-inch thick sheet. The remaining alloys are to be
tested for tension and shear creep properties and were acquired as
1/2-inch diareter wires except for the A17S-TL which was received as
3/8-inch diameter wire, Since the 2LS-T3 alumimum is to be tested
in shear, and compression creep properties are to be determined for
two different gages, additional sheets 3/16 inch thick were also
obtained. Room temperature mechanical properties were determined for
these materials and are listed in Table 6.

24573 Aluminum (Government Specification QQ-A-355b)

This alloy was purchased in 0.06L and 3 /16-inch sheets from the
Aluminum Company of America through their local distributor and is
certified by them to possess the following chemical analysis and
mechanical properties:

Min, Max.
Cu 3.8 ll.o9
si 0.50
Fe 0.50
Mn 043 0.%0
Mg 1.2 1.8
Zn 0.10
Cr 0,10
Others each 0.05
Others total 0.15
A Remainder

Tensile Strength Yield Strength Elongation

0.0éh"iﬂﬂh sheet 61.1,000 p-Soio min, ,42,0’00 p.s.i. mine 17% in 2
inches min.

3/16~inch sheet 6k,000 p.s.i. min. L2,000 p.s.i. min, 15% in 2
inches min,

In order to differentiate between the 0.06L and 3/16-inch sheets,
the 3/16-inch material will be hereafter referred to as Mplate",

Type 321 Stainless Steel {AMS - 551CD)

Type 321 stainless steel sheet 0,06k inch thick was purchased from

WADC TR 5h-270 Pt 1, 2



a local Armco distributor. The chemical analysis of this material as
stated by the supplier is the following:

c 0,051
¥n 1.30
P 0,027
] 0.012
S5i 0.72
Cr 17.57
Ti 0.60

A mechanical property report was not received with the material.

RC-130-A Titanium (No specification)

Two sheets of this alloy 0.06k x 30 x 90 inches were received
from Rem-Cru Titanium, Inc., Midland, Pennsylvania. These sheets were
certified to confom to the following chemical analysis and mechanical
properties:

c <0.1

N 0.027

Mn 6.76
i Bal.

Tensile Strength p.s.i. 116,900
Yield Strength p.s.i. 137,200 :
Elongation 16% in 2 inches

Type 301 Stainless Steel (No specification available)

Armco 17-7 stainless type 301, one-half inch diameter centerless
ground wire was purchased from the Armco Steel Corp., Middletown, Ohio.
Although mechanical property data were not included with the certified
analysis, the chemical analysis is as follows:

c 0.096
MII 1.86
P 0.023
) 0.013
Si 0.57
Cr 17.21
Ni 7.58

Monel {Govermment specification QQ-N-281)

Annealed Monel bars, one-half inch diameter, were purchased from

WADC TR 5L-270 Pt 1 3



the International Nickel Company to conform to Federal Specification
QQ-N=281, chemically., The certified analysis is as follows:

c 0.17
Mn 1.03
Fe 1.57
S 0,007
Si 0.07
Cu 31 -9!-1
Ni 65.19

A mechanical property report was not received with the materigl.

A178-Th Aluminum (No Specification Available)

This material was received in a coil of three-eighths inch diameter
rivet wire fram the Alumimum Company of America. A subsequent straight~
ening and heat ireating operation (solution treated at 9hg3F for one
hour followed by a water quench) was necessary to return the material
to its original Th condition. Nominal chemical analysis is as follows:

Min. H&Xe
Cu 2.2 3.0
Fe 1.0
Mn 0.20
Mg 0.20  0.50
Zn 0.10
Cr 0.10
Other Total 0.15
Al Bal.

Minimum shear strength per physical test report for the original stock
is 29,800 pe.s.i.

TEST SPECIMENS

Tensile Creep

The tensile sheet and plate specimens for creep testing were
machined from 16 x 1 inch strips and were taken from the stock so that
the axis of loading would be parallel to the rolling direction. These
strips had a reduced gage section S x 1/2 inch. The width of the gage

WADC TR 5L4-270 Pt 1 L



section of the plate material was decreased to one-fourth ineh to
lessen the dead-weight load in the creep machine. Tendl le creep
specimens are illustrated in Figure 1. Each specimen was iested in
the "gs-received" condition except the Al7S~-Tk rivet wire. This ma-
terial was received in & coil which necessitated straighiening and
a subsequent heat treatment to obtain its original Tk condition.

Bearing Creep

The bearing creep specimen is illustrated in Figure 2. The edge
distance, or the distance from the center of the bearing hole to the
edge of the sheet, was selected for all tests as 1.5 times the diameter
of the bearing hols. As in the case of the tensile specimens, the
axis of loading is also parallel to the direction of rolling.

Shear {Pin) Deformation

An illustration of the shear creep specimen is shown in Figure 3.
These specimens were machined from the center of the test material and
in such a manner that loading would be normal to the direction of rolling.
Holes 1/16 inch diameter by 5/6l inch were drilled in the ends of the
specimen for insertion of thermocouples.

Compression Creep

These specimens are coupons, 3/h x 2-9/16 inches for sheet and
2-5/8 inches for plate, with the long dimension being parallel to the
direction of rolling. Although no elaborate machining is necessary
in preparation of these specimens, considerable care is taken in making
all corners square and all opposing faces parallel to insure axialitvy
in loading. These specimens for sheet and plate are illustrated in

Figure kL.

TEST APPARATUS

The tension, bearing, and shear creep tests were conducted in econ-
ventional lever-loaded (10:1 ratio) creep machines of Cornell Aero-
nautical Laboratory, Inc. design. Since these machines were designed
primarily for tensile creep-testing, special fixtures were necessary
to adapt this equipmeni for bearing and shear creep tests. OSeparate
loading frames of different design were uged for compression-creep
testing.

WADC TR Sh-270 Pt 1 5



Tensile Creep

A photograph of a four-unit tensile creep apparatus is illustrated
in Figure 5. As this equipment is of standard design, a detailed de-
scription is unnecessary. Deformation of the tensile creep specimen
is measured by the relative displacemsnt of two pairs of extensometer
rods attached at the extremities of the two~-inch gage length. This
movement is detected by a special cantilever-beam strain gage(1)* which
delivers an output signal t a four-arm bridge circuit. This signal
is proportional to the relative displacement of the extensometer arms
and is automatically recorded on a Dyanlog strain-time recording in-
Strument, A sensitivity of 0.0000k in/in/div, for a two-inch gage
section, with a long time accuracy of 0,000L in/in/div is obtained with
the strain recording system.

Bearing Creep

The bearing-creep specimen holder and deformometer are shown in
Figure 6. This equipment consists essentially of a clevis of two
hardened tool-steel plates riveted to a spacer bar to maintain a clear-
ance of 0.070 inch. Two holes 5/32 inch in diameter were drilled and
reamed in line through these plates, The bearing specimen is then
placed between the two plates and a hardemed tool-steel pin is inserted
through the 5/32 inch holes and the bearing test hole of the specimen,
The complete unit is then secured in the tensile creep machine at pin
connected joints and bearing load is applied to the specimen by the
tool-steel pin.

The effective bearing area is calculated as the product of the
bearing hole diameter and the thickness of the sheet, The bearing hole
deformation is measured by the relative displacement between the bear-
ing pin and the stress-free cornmers of the bottom edge of the specimen.
Two deformometer arms are attached to a stress-free area of the specimen
holder above the bearing pin hole. The other pair of deformometer arms
are clamped to the bottom edge of the specimen. These four deformometer
arms engage a cantilever electrical strain gage (Figum 7) similar to
the type employed in the tensile~creep tests, but of higher sensitivity
because of the short gage length, and defomation is recorded in the
same manner. This system is capable of detecting deformation of the
one-eighth inch bearing hole in the order of 0.013% of diameter per
division of the strain recorder. This represents a movement of 0.000016
inch. Results are calculated as percent deformation of the bearing hole
diameter,

Shear (Pin) Deformation

The test fixture (Figures 8 and 9) for shear creep testing is similar

#5ee bibliography
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in design to the type employed for bearing creep testing and is a modi-
Fication of the device illusirated in Figure SM-17T (2). This fixture
consists of a clevis to hold the shear specimen and a blade to apply
the stress. The clevis was assembled by riveting two hardened 0.125
inch thick, high speed tool-steel plates to a stainless steel spacer
bar which was ground to maintain a clearance of 0.126 inch between

the plates, Two one-eighth inch dlameter holes were drilled and reamed
in line through both plates at the centerline and 1-1/2 inches from the
top edges. The shear blade, also of hardened high-speed tool steel,

I x 1-1/k x 0,125 inches, was drilled and reamed for 0.125 inch hole,
O.hly inch from one end. Other necessary holes were drilled in the
shear blade and spacer bar for attaching the fixture in the creep test
unit. A1l holes were accurately drilled to insure axial loading. When
the shear blade is placed between the two steel plates and the 0.125
inch diameter holes aligned, the specimen can then be inserted in the
fixture.

The deformometer and strain gage for shear creep tests are identi-
cal to the type used for bearing creep. However, deformation values
are presented in inches, rather than percent. Since total deformation
from a shear load may be a result of compression, bending, as well as
shearing, the displacement of the shear blade will then indicate a
summation of all these conditions and not just defomation occuring in
shear. The results are therefore presented in fotal deformation in
inches as no true analysis of percent shear straln can be made.

Compression Creep

In the development of equipment for compression creep-testing,
greater care must be exercised in the construction and assembly of
components than is normally associated with tensile-testing equipment.
These requirements and precautions arise from the specific nature of
the test, for, under compression loading, all materials have a tenden-
ey to buckle. For the case of sheet and plate materials subjected to
compressive loads, compression testing requires that a lateral supporting
feature be incorporzted in the equipment design in order to maintain as
closely as possible a state of axial compression. For this program,
in which the compression-creep behaviors of sheet and plate alloys are
to be determined, equipment has been designed and constructed to per-
form the following functions: (a) apply and maintain a constant com-
pressive load on the specimen, (b) provide lateral support to the speci-
men, (¢) control and maintain specimen test temperature, and (d) measure
the specimen gage length defomation which occurs under load.

When conducting compression tests on sheet materials, testing
equipment generally is arranged to accommodate the use of a compression
subpress which incorporates a guided ram for providing the load to a
laterslly supported specimen. Whnile subpresses are well suited for
conducting room temperature compression tests, at elevated temperatures
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their bulkiness greatly increases the problems of obtaining and main~
taining equilibrium test temperatures.

For this portion of the investigation two loading units have been
built incorporating the campression subpress principles; however, load-
ing rams and restraining fixtures are completely divorced from one an-
other, Figure 10 illustrates schematically the method of loading
used to place the speciren under a steady compression load. Load is
applied to the specimen by a 10:1 lever which acts through a series of
knife edges arranged alternately perpendicular between the loading
lever and loading ram. The actual test unit is presented in Figure 11
which shows the unit equipped with furnace and adjustable roller bear-
ings that act to guide the loading ram. In this manner the effect of
a subpress is produced without the addition of massive fixtures in
the furmace. For rigid and sturdy construction, the loading frame is
made of welded 18-inch ship channel,

In conjunction with the guided loading-rams to apply the load
on the specimen, some provision must be made to prevent specimen
buckling during the course of a test. To perform this function, a
restraining fixture has been devised which utilizes two type 302
stainless-steel plates between which the specimen is sandwiched. The
restraining-fixture plates are grooved for the insertion of thermo-
couples 10 measure temperature at various positions on the specimen
gage length. The restraining force which holds the assembly together
is created by inserting a wedge between the strap of the fixed and
adjustable halves of the fixture. The restraining fixture for con-
ducting the compression creep study is presented as a sketch in Figure
12 to illustrate the important components in its make-up and the manner
of assembly, Figure 13 illustrates the fixture and compressometer
assembled for testing., This design of restraining fixture for come
pression creep-testing permits the use of variable thickness speci-~
mens and appears sufficiently compact and stui‘dg for conducting com-
pression creep tests at temperatures up to 1200°F,

Specimen strain is measured over a 1-1/2-inch gage length by
means of a set of compressometers engaging the specimen edges with
set screws which seat in punch marks. Sinee each compressometer arm
has only single point contact with the specimen, vertical slide pins
connecting the upper and lower compressometer halves have been pro~
vided to limit angular motion of the compressometer ams,., These
compressometers engage cantilever beams to which resistance strain gages
are cemented and the method of continuous strain recording is identical
to that presented for tension creep testing with the same order of sen-
sitivity and accuracy being obtained.
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TEMPERATURE CONTROL

All the creep tests conducted for this study other than com-
pression creep utilized fumaces of similar design, but with cer=-
tain modifications to adapt them to the particular type of test
and the material being tested. The furnaces are the verticle tube
type using a resistance~heating coil of Nichrome V wire. To com=~
pensate for heat losses, the coil windings were concentrated at
the ends of the furnace. These windings were also tapped at the
top, middle and bottom sections of the furnace s0 that voltage
input could be regulated to those particular zones, making possible
a fine adjustment for optimum temperature distribution. Tempera-
ture is maintained by a potertiometer type temperature controller.

Tn order to minimize the effect of exposure at elevated
temperatures, each specimen was held at the proper test tempera-
ture for a maximum of two hours prior to loading.

Tensile Creep

To obtain temperature measurements for tensile creep, three
porcelain-bead insulated, 18 gage, chromel-alumel thermocouples
were wired, one inch apart over the two inch gage length, to the
specimen. Asbestos cord was then wrapped around the bead of each
themocouple to reduce radiation effects. Previous experience has
proven the reliability of this method so that temperature correc-
tions are unnecessary. A 3°F maximum variation in temperature was
maintained in the gage length test section of the specimen through~
out the duration of the test. Specimen temperature readingswere
made by a precision potentiometer with an accuracy of I 0.5°F,

Bearing Cmeg

In view of the fact that the bearing test area of the speci-
men is inaccessible for temperature measurement during the progress
of the test, a survey was necessary to determine the most desirable
and reliable area for attaching the control thermocouple. A glass
insulated 30 gage, chromel-alumel thermocouple was peened in a
0.00-inch hole between the bearing hole and the edge of the Speci=-
men. Other thermocouples were placed on the sides of the specimen
and another on the cernterline of the specimen one-fourth ineh above
the bearing hole. Using a 24S-T3 specimen, temperatures were
recorded at all locations when the peened in thermocouple indicated
300, 450 and 600°F, The themmocouple above the bearing hole proved
to be most satisfactory with the least divergence from desired
test temperature. This area was then used during actual bearing
creep tests. Necessary corrections were made so that the effective
bearing area was at the proper test temperature. Similar tempera-
ture surveys are necessary on each alloy prior to testing at a
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particular test temperature.

Shear (Pin) Deformation

As 24S-T3 aluminum plate has been the only alloy investigated
for shear pin deformation propertiss to date, a temperature survey to
determine the most desirable method of attaching the contrml thermo-
couple has been made on this alloy zlone. A dummy specimen was
prépared with a shallow 5/32 x 1/16-inch hole in one end of the
specimen and a 0.040-inch hole drilied to the center. Thermo-
couples were placed in these holes by (1) peening, and (2) by ce-
menting with a high temperature cement. The specimen was placed
in the test fixture and heated to the pmoper test temperature.

These tests proved that no temperature gradient existed between
the thermocouple in the center of the specimen and the one secured
at the end. There was also no variation between the peened
thermocouples and the cemented ones. However, the ease in install-
ing the cemented couple was the deciding factor in using this
mathod for all future tests.

Compression Creep

The specimen test temperature is maintained by a 5KVA, three
zone, resistance wound furnace, vertically split and hinged to
accommodate test specimen set-up. The furnace, regulated by a
conventional potentiometric controller to maintain test tempe ra~
ture within £ 3°F of the nominal test temperature is powered by
auto-transformers which pemit the adjustment of temperature
distribution in the various zones. Temperature measurements are
made at the top, middle and bottom specimen gage section with
five chromel-alumel thermocouples pressed againsat the specimen and
shielded by asbestos from the restraining fixture. A precision
potentiometer accurate to within one~half of 19F is used to indi-
cate the test section temperatures and to serve as a guide for
temperature adjustment in the various zones of the furnace.

TEST PROGRAM

The complete program for tensile, compression, bearing and
shear creep testing is tabulated below, listing the type of ma-
terial and the various properties to be determined for each.
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TABIE 1

PROJECT PROGRAM INDICATING TESTS TO BE CONDUCTED

Test
Material Temp.°F Tension Bearing  Shear Compression
21S-T3 Sheet 300 x x X
1450 x x x
600 x x x
2h5=13 Plate 300 x X x
450 x x x
600 x x x
RC=130-X T{tanTum 00 x x x
Sheet 800 x X x
Type 321 Stainless 1000 x x x
Steel Sheet 1200 x x x
1350 x x x
Type 301 Stainless 1200 x x
Steel Wire 1350 x x
Monel Wire 1000 X x
1200 x x
XI75-Th 300 x x
Aluminum Wire 450 x x
600 x x
TEST RESULTS

Tensile Creep

24S=T3 Sheet

Tensile creep tesis were conducted on this alloy at tempera-
tures of 300, 450 and 600°F., These temperatures were selected as
representative of a low, intermediate and high range insofar as
possible service conditions are concemed. At 300°F, aging ef-
fects are not apparent until several hundred hours at test and
even then these effects are offset by continuous strain hardening.
Fracture ductility values at 300°F were noted to vary inversely
with time for mupture. Stresses to produce rupture in longer
times resulted in ductility values in the order of 1,0% while the
tests that failed in the ten~hour range had fracture ductility

WAIC TR 54-270 Pt 1 11



values in excess of 10.0%,

The effecls of overaging become apparent on the ¢reep proper-
ties of this alloy at L50OF after approximately 50 hours, as illus-
trated by the change in the slope of the rupture line in Figure 15.
At 600°F, 24S-T3 is in a decidedly overaged condition and the alloy
becomes progressively weakened as the test duration times increase.
Tables 7 to 9 are compilations of pertinent data determined from
these tgst.s. Stress-time design curves are presented in Figures
lh to 16,

2}S~T3 Plate

Because of the variations in properties that exist from heat
to heat of the same alloy, it was considered essential to conduct
tensile creep tests on the 3/16-inch 24S-T3 material as well,
rather than utilize the 245-T3 sheet data for future correlations
between shear and compression creep properties of the plate, These
tests were run because of the aforementioned reason and not because
significant changes in properties were to be expected from the vari-
ation in the gage of the alloy. The results of these tensile creep
tests are listed in Tables 10 to 12 for temperatures of 300, L50,
and 600°F and are graphically illustrated in Figures 17 to 19.

Inasmuch as considerable instability of the microstructure
exists in the 2LS-T3 alloy in the 300 to 600°F temperature range,
the overaging characteristics of the sheet and the plate were
examined in the form of room temperature hardness changes. Such
data were considered to have possible value for future correlation
of the simple tension creep-rupture tests with those of compre ssion,
bearing, and shear tests, The room~temperature hardness changes
taken from both unloaded specimens heated for various durations
of time and from the gage lengths of the creep-rupture specimens
are illustrated in Figures 20 to 22.

At 300°F, artificial aging occurs in the unloaded specimen,
but this is masked in the loaded specimen by accumulated strain
hardening. Softening occurs readily after exposure at LZ0 and
600°F, with the overaging reaction being accelerated by tensile
loadings No significant change in hardness was apparent between
the stressed and unstressed specimens at corresponding exposure
times for the plate material at L50°F. However, overaging or
softening was found to definitely accelerate in the stressed sheet
material at LS09F and at 600°F in both stressed sheet and plate.

Type 321 Btainless Steel Sheet

Type 321 stainless steel was tested at 1000, 1200, and 1350°F
to obtain creep-rupture and 1.04 total deformation values at test
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duration times ranging from 1 to 1000 hours. Tensile creep-
characteristics at these temperatures are presenied in Tables 13
to 15 while log stress vs. log time curves for creep and total-
deformation values are included in Figures 23 to 25.

The 1000°F temperature is relatively low for defining defor-
mation properties of this material by creep tests in the 1 to
1000 hour range, High stresses, well above the vield strength
are required to produce rupture in a time range of several hun-
dred hours with resulting deformation on loading exceeding 5.0%.

RC-130=A Sheet

The tensile creep characteristics of RC-130-A sheet have
been investigated at 600 and B00°F., The results of these tests
are presented in Tables 16 and 17. Log stress vs. log time
curves for tests at 800CF are illustrated in Figure 26,

While tensile creep tests were conducted on this alloy at
600 and 8009F, design curves are presented alone for the testsat
800°F, Creep is relatively insignificant at 600°F as specimen
deformation appears to be primarily dependent upon initial loading
conditions.

Monel

Tensile creep-rupture tests were conducted on annealsd one-half
inch diameter Monel wire at 1000 and 1200°F at various stresses to
produce rupture as well as 1,0% total deformation in a 1 to 1000
hour range. The data from these tests are listed in Tables 18 and
19 and accompanying log stress vs. log time curves are presented
in Figures 27 and 28.

The data and characteristic breaks in the rupture lines are
similar to those reported by Grant and Bucklin (3). The more
pronounced change in slope of the stress-time line for rupture
at 1200°F is probably associated with intergranular oxidation and
intergraymlar failure at times beyond 100 hours.

Type 301 Stainless Steel

Type 301 stainless steel one-half inch diameter wire was
acquired primarily for an analysis of shear creep properties; how-
ever, the tensile creep characteristics of the alloy are essantial
in order to establish relationships between tensile and shear creep
properties, The resultsof these tensile creep tests at 1200 and
1350°F are listed in Tables 20 and 21, Figures 29 and 30 illus-
trate stress-time design curves resulting from these tests.
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Stainless steel wire or round bar stock, one-half inch diameter
or less, is normally received from the mill in am annealed plus cold
drawn condition; thie was the case with this alloy. The cold drawe
ing operation causes a slight increase in mechanical properties as
indicated by the room temperature values given in Table 6. It was
decided to conduct all creep tests in the as-received condition in
order that the test results be more representative of commercial
material. The cold drawing may also have contributed to the slightly
higher creep~rupture values when compared with type 302 stainless
steel sheet in both the annealed and 1/2-hard condition (L). Such
a comparison is presented below.

TABLE 2

COMPARTSON OF CREEP-RUPTURE VALUES FOR
TYPES 301 AND 302 STAINLESS STEEL

100 Hour Rupture

Temp.oF Alloy Condition Strength P.S.1.
Type 302 Stainless Annealed 21,000
Steel Sheet
1200  Type 302 Stainless
Steel Sheet 1/2 hard 32,000
Type 301 Stainless Annealed &
Steel Wire cold drawn 28,000
Type 302 Stainless Amnealed
Steel Sheet 12, 500
1350  Type 302 Stalnless
Steel Sheet ~1/2 hard 16,000
Type 301 Stainless Annealed &
Steel Wire cold drawn 15,000

A175-Th Rivet Wire

At the present time tensile creep-characteristics of A17S-Th
rivet wire have been determined only at 600°F., The results of
these tests are listed in Table 22 and these data are graphically
presented in Figure 31. The tensile creep-behavior of the alloy
is presenily being investigated at 300 and L509F and results will
be included in a subsequent report.

Bearing Creeg

The investigation of bearing creep properties thus far has been
conducted on 2L4S-T3 alumimum sheet at test temperatures of 300, LS50
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and 600°F, Stresses were selected to produce rupture of the speci-
men in 1 to 1000 hours. The bearing creep results are expressed

as percent increase in the bearing-hcle diameter as listed in
Tables i3 %o 25 and illustrated in the design curves of Figures

32 to 3 .

While there is no direct correlation beiween the uniform de-
formation of the metal in the 2-inch gage section of a tensile-
creep specimen and the deformation of the hole of the bearing
creep specimen, an empirical comparison was made belween the ten=-
sile and bearing creep properties for corresponding percentages of
creep and rupture., It is possible that by utilizing these ratios,
a given amount of bearing-hole deformation might be predicted from
the tensile-creep properties for a given hole diameter, edge distance,
and other known geometry of a Joint.

TABLE 3

BEARING-TENSILE STRESS RATIOS FOR
CREEP AND RUPTURE FOR 24S-T3 ALUMINUM SHEET AT INDICATED TEMPERATURES

Bearing-Tensile Stress Ratios

Tgmp. Time in for Creep of
F Hours 1.0% 2.0% HRupture
1 1.39 1.57
10 1.25 1.62
50 1.18 1.57
300 100 1.25 1.55
200 1.1h 1,53
500 0.98 1.36
1000 1,31
i 1.2h 107 1.53
10 1.01 1.19 1.50
50 0.51 1.12 1.50
150 100 1,12 1.53
200 1.03 1.56
500 0.99 1.8k
1000
1 1.63
10 0.77 1.11 1,60
SG 0573 1008 1051
600 100 0.73 1.09 1.61
200 0.70 1.09 1.61
500 0.66 1.05 1.59
1000 1.59
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It may be observed from the bearing-tension ratios that the
rupture ratios are fairly consistent at all tempe ratures and times
for rupture. While the mode of loading may differ in the bearing
and tensile creep test, direct relati aship between the creep-
rupture strength should be possible as a material failure doss
occur in each case. Since the mechanism to produce rupture will
be the same regardless of the rupture time, it is conceivable that
these ratios should be common for all time and temperature ranges.

On the other hand, the ratios for 1.0 and 2.0% creep are mot
constant but appear to decrease for increasing tires. As was
indicated previously, there is mo direct relationship between
percent creep of the bearing hole and percent creep of the tensile
specimen so therefore there is no basis to anticipate that these
ratios should also be constant. Creep deformation for the bearing
creep test is dependent on the distortion of the bearing hole on
loading, cold working of the metal below the hole and the distri-
bution of the bearing stresses, all of which will vary with the
original bearing stress so that a constant ratio of bearing-tensile
creep values is highly improbable.

She ar (Pin) Defomation

Thus far, only two series of high-temperature shear pin de-
fomation tests have been completed, Shear-pin specimens one-eighth
inch diameter were machined from 3/16-inch 21,S-T3 aluminum plate and
were tgsted at 300 and 4S0°F. Shear deformation-rupture properties
at LS50 F were determined for a time range from 1 to over 1000 hours.
The shear deformation tests at 300°F, as well as all subsequent
tests, will be conducted in a 1 to 200 hour range. The complete
results for these experiments are included in Tables 26 and 27.
Deformation values are presented in inches which is a measure of the
travel of the shear blade as it passes through the specimen. Log
stress vs. log time for rupture and low values of shear pin dis-
placement are graphically illustrated in Figures 35 and 36, A
correlation of the tensile ereep and shear defomation rupture

properties were made at 300 and L50°F and results are presented below:

TABIE L4

RATIO OF SHEAR STRESS-RUPTURE STHENGTH
TO TENSILE STRESS-RUPTURE STRENGTH

Failure Shear Stress~Rupture Tensile Stress-Rupture

Temp, Time Stress Stress Ratio
1 Hour 37,000 p.s.i. 59,000 pes.i. 0.626

10 Hours 35,000 56,000 n 0.625

300 50 ® 34,000 54,500 0.62)
100 " 32,000 54,000 0,591

200 % 28,800 ® 50,500 " 0.568
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Failure Shear Siress-Rupture Tensile Stress-Rupture

Tenp. Time Stress Stress Ratio
T Hour 1m0 poscic Eﬁ,m p.s.i. m

10 Hours 13,000 ® 30,000 " 0.433

450 50 " 16,700 ® 25,000 0.427

100 * 9,800 " 23,000 * 0.h26

200 w 9,000 % 19,500 ® 0.L61

500 * 7,100 *® 1,700 0.483

1000 ® 5,900 * 12,000 % 0.491

Compression Creep

In the detemination of room-temperature yield strength of
24,5-T3 aluminum sheet, Kotanchik, et al (5) have demonstrated that
the lateral restraining force has a direct and appreciable influence
on the yield stress when plates are used to provide specimen restraint,.
No asppreciable effect with increasing restraint was observed when a
roller type fixture was used. Inasmuch as this program employs the
plate type restraining fixture in which the restraining force is
created by a wedge, it was considered advisable to determine the re-
straining forces involved when the specimen is deformed up to and
beyond the 0.2% offset yield., At the same time information regard~-
ing the best choice of wedge material could be obtained in order thai
the effect of restraint may be reduced to a minimum.

The preliminary study to determine the magnitudes of the re-
straining forces was conducted under short-time room-temperature
compression teating conditions using the restraining fixture de~
signed for the compression creep program. Prior 0 making the com-
pression tests, strain gages were cemented to the restraining fixture
strap and the fixture was calibrated under load. Figure 37 pre-
sents the calibration curve of the restraining fixture. Using this
calibration as an index, room-temperature compression tests on 2hs-13
plate were performed, employing wedges of 25 alumirmm, type 302 stain-
less, and hardened AISI L340 steel., During the course of establishing
the compression stress-strain relationship of the 248-T3 plate, strain
Eage readings were recorded to indicate the generated restraining forces.

igure 38 shows the room temperature set-up for conducting the compres-
sion tests to detemine these restraining forces. For specimen de-
formations of approximately 2%, when employing the various wedge
materials, curves relating restraining force and specimen deformation
are presented in Fipgure 39, It can be seen that the aluminum wedge
results in the least increase in supporting force with specimen de-
formation while the hardened steel and the stainless steel wedges
display considerably larger specimen supporting forces with increasing
specimen deformation. Examination of the wedges subsequent to testing
indicates that the supporting force increase is related to the hard-
ness of the wedge material and consequently its resistance to “brinel-
ling®. However, despite the variations in the degree of specimen re-
straint, no changes as demonstrated by the stress-sirain relationships
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in Figure L0 were observed for the 0.2% yield stresses. The results
of these room-temperature compression tests are presented in the
following table along with companion short time room temperature
tensile data obtained on the same lot of 24S-T3 alumimm.

TARIE 5

COMPARISON OF ROOM TEMPERATURE MECHAN ICAIL PROPERTIES FOR
24iS~T3 ALUMINUM 3/16 INCH PLATE IN COMPRESSION AND TENSION

Modulus Hlameter

of of
Direction Wedge 0.2% Elastgcity Impression
of Type of Hard- Yield x 10 in
Test Rolling Wedpge ness Stress P.S.1. Wedge MM
Compres- Longitu- ATSI 4340 4O RC 45,250 9.63 No impres-
gion dinal sion
L " Type 302 94 RB 45,300 9.6l 1.6
N Stainless
Steel
" " 25 Alumi- h5,250  9.90 3.3
num
Tension n None 55,500  9.80
" W None 56,200 9,60

These test results show a rather large decrease in the 0.2%
yield stress due to compression loading. The observations agree
with the results presented for this type alloy in ANC-5.

To determine the effect of restraint on the compression-creep
behavior of 2L48-T3 aluminum sheet and plate, a series of creep
tests Was conducted under a static compression stress of 26,000 p.s.i.
at LS0°F. As in the short-time room-temperature compression tests,
the specimens were subjected to various degrees of restraint in order
that this variable could be evaluated with respect to the compression-
creep behavior of the test specimen. For these conditions of prelimi-
nary compression-creep testing, Table 28 presents a summary of the
creep data along with a comparison of the appropriate tension-creep
characteristics. These results are graphically illustrated as time-
total deformation curves in Figure hl. It appears from these time-
total deformation relationships that the selection of the wedge
material has a significant influence on the creep-deformation process
in compression and that a soft wedge, ore which will deform as the

WAIC TR 54-270 Pt 1 18



restraining force tends to increase, should be used so that a truer
indication of compression-creep behavior may be established.

Consideration is being given to substituting a soft{-spring
device for the wedge, with the objective of maintaining the lateral
restraining forces fairly constant and at a minimum required value
during the course of a2 compression-creep test.

WORK IN PROGRESS

The necessary creep tests to complete this study as tabu-
lated in the "Test Program" of this report are being continued.
In addition to the gix alloys previously deseribed, RC 70 titanium
and ATST 4130 sheet will also be investigated for tensile, com-
pression and bearing creep characteristics.
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—>| %~ .0625 IN. (AS RECEIVED)
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v i
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COMPRESSOMETER.
N ! ll
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Figure 4- Compression Creep Specimens for Sheet and Flale
Material
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FIGURE 6 BEARING CREEP TEST FIXTURE ASSEMBLY WITH
DEFORMOMETERS & STRAIN GAGE ATTACHED
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FIGURE 7 CANTILEVER STRAIN GAGE FOR BEARING AND SHEAR CREEP
DEFORMATION MEASUREMENTS
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( W~ SHEAR BLADE

SHEAR BLADE—»
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SPECIMEN
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CLAMP

LEviE
THERMOCOUPLE CLemim = L B

CANTILEVER
STRAIN GAGE |

Fig8 SHEAR CREEF TE£ST Fig. ¥ CLOSE-UP OF éHEAR
FIXTURE ASSEMBLY CREEFP TEST FIXTURE WITH
DEFORMOMETERS REMOVED
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SCHEMATIC DIAGRAM
OF COMPRESSION LOADING
EQUIPMENT

I

1 SPECIMEN
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‘ \FUF?NACE
WALL

A
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Ao

FIGURE IO SCHEMATIC DIAGRAM OF COMPRESSION LOADING EQUIPMENT
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FIGURE (I STATIC LOADING COMPRESSION CREEP UNIT
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€— RESTRAINING FIXTURE STRAP

245-T3 ALUMINUM  PLATE SPECIMEN
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t . - 1
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1wl"()ﬁ SIMPLICITY, THE RESTRAINING
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Figure 12 - COMPRESSION CREEP RESTRAINING
FIXTURE ASSEMBLY *
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COMPRESSOMETER SETUP
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- 1000 PSS,/

STRESS -

STRESS - 1000 FPS./.

TOTAL DEFORMATION
o 2%

/ 10 100 1000
TIME - HOURS

/ 10 100 1000
TIME - HOURS

Figure 29 Tensile Creep — Rupture Characteristics of
Type 30/ Stainless Steel /5" Diameter Wire

at [200°F.
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 Restrajning H‘xﬁ:
Adjuaﬁfab/e Half

Loading Cylinder - :

Strain Gage L
(To Strain Ind.

Figure 38 Compression Test Set Up For Determining Restraining
Fixture Forces And Stress—Strain Characteristics.
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Figure 39  Force in Restraining Fixture Vs. Compression=
Deformation of 245-T3 Aluminum Plate for

Varlous Restraining Fixture Wedges
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