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ABSTRACT

The establishment of high~temperature creep and rupture prop=
erties of materials 1s a prerequisite for efficient design if
exposure to elevated temperature in service is expected. These
properties, which are generally determined fram the conventional
creep test, are not necessarily applicable if stress conditions
other than tension are encountered., This project was initiated
to supplement the usual tensile creep and rupture data. The high~
temperature creep strengths of a mumber of structural aircraft
alloys were determined when under the influence of compression,
bearing, and shear stresses, Specifically, data of these types
are required to formulate high temperature joint design eriteria.

This reéport summarizes three years study on the creep behavior
of fifteen sheet, plate, and bar alloys creep tested in tension,
compression, bearing, and shear, In addition, correlations of
tensile creep and rupture properties with compression, bearing and
shear creep~rupture properties have been made and are presented
in tabular form.
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INTHODUCTION

With the realization of supersonic speed in aircraft, there
have been numerous changes in aircraft design to meet the strength
and stabllity requirements demanded by -such high speeds Associated
with high speed flight, aerodynamic heating presents a major obstacle
which appears to limit the attainment of even higher speeds since
the conventionally used materials in aircraft construction undergo
weakening to the point where creep becomes a major factor controlling
useful life,

In the assembly of aircraft structural members, rivets and other
mechanical fasteners which have been adopted as practical and accept-
able methods of fabrication are usually required to carry and trans-
mit loads. As a consequence, the ability of joined members to sustain
loads imposed upon them is in most cases dependent upon the strength
characteristics of the element forming the joint and in some instances
upon the stress condition created in the joint area, When loads are
transmitted through joints, complex and concentrated stress patterns
are induced which can promote failure in any of a number of ways.
However, in spite of these stress complexities, determinations of
shear and bearing characteristics of joints have provided sufficient
guidance to permit the accomplishment of satisfactory design in the
range of temperature where the effects of creep are not encountered,

Concurrent with the structural materials problems which have
arisen from high speed flight, it has become apparent that certain
conventional design characteristics, heretofore regarded as con-
trolling the usefulness of structures, cannot be utilized. Instead,
it has been recognized that many of these same design characteristics
must be defined according to their influences on particular creep
processes associated with the temperatures generated in flight. By
way of illustration, Mordfin (1)* found that tensile-creep data could
not be used to predict the creep and rupture characteristics of riveted
Joints loaded in tension, while an investigation dealing with high-
temperature compression-creep behavior (2) disclosed that materials
may display major differences in their creep characteristics under
compression and tension stresses. In this regard, it seems that
the shear, bearing, and compression creep behaviors of ajircraft
materials as well as their tensile-creep behaviors are important
design criteria in modern aircraft construction.

Under the sponsorship of the Materials Laboratory of the Wright
Air Development Center, a test program has been conducted in the past
three-year period to determine the creep characteristics of aircraft
structural alloys under the influence of shear, bearing, and compres-
sion stresses for correlation with appropriate tensile creep char-
acteristics, By the method of expressing shear, bearing, and com-

#See bibliography.
"Manuscript released by author Lugust 1956 for publication as a
WADC Technical Report."
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pression creep in terms of tensile creep, it may be possible to
utilize easily obtained tensile creep data in the construction of
composite structures with particular emphasis directed toward
improving the performance of ,]oa.nts undergoing high=-temperature
defomation.

WADC TR 5L4=270 Pt 3 2



TEST MATERTALS AND PROGRAM

Various aircraft sheet, plate, and rivet structural alloys were
selected to be tested in tension, compression, bearing, and shear to
determine their creep and rupture characteristics under the influence
of these types of stresses. The chemical analyses of the test alloys,
as furnished by the suppliers, are presented in Table 1, page L and
the mechanical property data typifying the short-time room-temperature
tensile characteristics of these alloys, both longitudinal and trans-
verse to the rolling direction, are summarized in Table 2, page S.

To establish a basis for correlation of creep and rupture under
the various iypes of loading with tensile creep and rupture, high-
temperature creep-rupture tests were conducted on all materials in
the time range from a few to 1000 hours according to the temperature
and load schedule presented in Table 3, page 6.

A1)l tests were performed under static load conditions using test
apparatus and temperature control and creep strain measuring instru-
mentation discussed in detail in the first interim report issued for
this investigation (3).

TENSTLE CREEP RESULTE

As a supplement to the tensile creep=-rupture properties of the
test alloys presented in references 3 and L s tensile creep=-
rupture characteristics of titanium alloy A-110AT and the heat re-
sistant alleys 19-9DX and A-286 are included in this report. Con-
sistant with the previous tensile-creep detemminations, tensile
creep tests on these three alloys were conducted at several temper-
ature and stress levels to pemit presentation of data*in conven-
tional stress-~time design charts, In all instances of tensile
creep testing, the axis of specimen loading was parallel to the
direction of working.

A=110AT Titanium Alloy Sheet

Tensile creep-rupture characteristics of A-110AT titanium alloy
sheet were detemmined at 600, 800, and 1000°F, Test results are
compiled in Table L and graphlcally illustrated as stress-time curves
in Figure 1 at BOO®F and Figure 2 at 1000°F, At 6009F, creep behavior
of this alloy is of little interest since the deformation character-
istics are almost entirely dependent upon initial load application.

" WADC TR SL4~270 Pt 3 3
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TABLE 3

SUMMARY OF TEST PROGRAM

Material " Temp. OF Tension Compression PBearing GShear
202L4-13 300 a b a ¢
Aluminum Alloy Sheet 5o a b a, ¢

600 a b a, ¢
202L4-~13 300 a a
Aluminum Alloy Plate L50 a b a
. 600 a b b
2117-Th 300 b b
Alunminum Alloy Bar ;50 b b

600 a b
A=T0 700 b c b
Titanium Sheet 800 b o] b
C-110M 600 a
Titanium Alloy Sheet T00 b b b

800 a b b
A~-110AT 600 ¢
Titanium Alloy Sheet 800 c c ¢

1000 ¢ c c
A-110AT 600 ¢
Titanium Alloy Bar 800 [ c

1000 ¢ c
SAE 1130 800 b c b, ¢
Alloy Steel Sheet 900 b c b, ¢

1000 b ¢ b
Monel Alloy Bar 1000 a b

1200 a b
Type 301 Stainless 1200 a b
Steel Alloy Bar 1350 a b
Type 321 Stainless 1000 a
Steel Alloy Sheet 1200 a c b

1350 a c b, ¢

WADC TR 51'-270 Pt 3 6



TABLE 3 (Contd,)} SUMMARY OF TEST FROGRAM

Material Temp, OF Tension Compression Bearing ohear
19-9DX 1000 c
Alloy Sheet 1200 c ¢ c
1350 c ¢ c
1500 ¢
1000 ¢ c
19-91X 1200 c c
Alloy Bar 1350 c ¢
1500 ¢
1000 c
A-286 1200 c
Mloy Sheet 1350 c c
1500 c
A~286 1000 c c
Alloy Bar 1200 ¢ ¢
1350 o c

a = Data presented in WADC TR 54-270 Pt 1, Ref. 3.
b = Data presented in WADC TR 54~270 Pt 2, Ref. L.
¢ = Data presented in WAIC TR 54~270 Pt 3, this repcrt.

WADC TR 5Li-270 Pt 3 7



In spite of the fact that stresses in excess of the yield strength
of this alloy were applied, there had been only a very small accwmi-
lation of creep for times up to several thousand hours, indicating
its creep insensitivity at the 600°F temperature level.

A-110AT Titaniwm Alloy Bar

A series of tensile-creep tests were performed on one-half
inch diameter A-110AT titanium bar at 600, 800, and 1000°F, The
results of these tests are summarized in Table 5 and graphically
presented as stress-~time curves for various amounts of creep and
total deformation at the 800 and 10009F temperature levels in
Figures 3 and L respectively, Like the sheet A-110AT titanium, at

600°F the bar material also displays a deformation behavior dependent

upon magnitude and initial application of stress with subsequent ine-
sensitivity to creep in the time ranges of interest in this program.
This observation is supported by the 600°F data for which stresses

of 88,000 and 90,000 psi caused rupture on loading while the slightly

lower stress of 86,000 psi produced 3.,13% deformation on loading and
only about 0.3% creep in the time span of 283 hours,

19-9X Alloy Sheet

Tensile creep-rupture properties have been determined for 19-9DX

heat resistant alloy sheet at 1000, 1200, 1350, and 15000F. This
alloy was tested in the "as-received condition" which consisted of

hot rolling then subsequently annealing at 18000F and cold processing

to a 2D finish. Data illustrating the high temperature creep defor-
mation and rupture behavior of the 19-9DX alloy sheet are presented
in Table 6. In addition, these data are represented graphically in
Figures 5 through 8 relating stress and time for creep and total
deformation at the various test temperatures,

19-9DX Alloy Bar

In addition to the 19-9DX alloy sheet, tensile creep rupture
tests were conducted on one-half inch diameter 19-9DX alloy bar at
1000, 1200, 1350, and 15009F, This material was also tested in the
"as-received condition", which consisted of hot rolling followed by
a stress relieving treatment at 1250°F. The high temperature ten-
sile creep~-rupture characteristics of this bar alloy are summarized
in Table 7 and illustrated in the form of stress-time design curves
in Figures 9 through 12 for the specific test temperatures,

A-286 Alloy Sheet

The A-286 alloy sheet was tested in an age hardened condition
using the following heat treatment procedure, After rolling, the
sheet was annealed at 1800°F, air quenched then processed to a 2D
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finish and subsequently aged at 1325°F for 16 hours, Tensile creep=
rupture tests on this alloy were conducted at the 1000, 1200, 1350,
and 15009 temperature levels, Results of these scries of tests are
presented in Table 8 and summarized graphically in Figures 13 through
16 as conventional stress-time design curves,

A-286 Alloy Bar

Like the companion A=-286 sheet alloy, tensile-creep tests were
conducted on A-286 bar in the age hardened condition. After austen—
itizing at 1800°F and oil quenching, the alloy bar was exposed for
16 hours at 13250F and air cooled, Tensile-creep tests on this bar
alloy were performed at 1000, 1200 and 1350%F and the data summariz-
ing its creep behavior at these temperature levels are presented in
Table 94 Graphical representation of the creep and rupture char-
acteristics of A-286 alloy bar in the form of stress-time charts are
illustrated in Figures 17 through 19.

BEARING AND SHEAR CREEP

In the fabrication of composite structures when mechanical
fasteners are used, load transmission from one member to another
can cause failure by shear in the fastener, excessive flow of metal
under stress around the fastener cor by a combination of both. Under
ordinary temperature conditions correlations of shear and bearing
characteristics with tensile characteristics fulfill the requirew
ments of structural design. If, on the other hand, operating cir-
cumstances are expected whereby creep strength becomes the pre-
dominating factor controlling life, it must be recognized that cor-
relations obtained under conditions of creep testing may be necessary.
In this regard, all sheet test alloys were subjected to bearing creep~
rupture studies, and all plate and bar alloys to shear creep-rupture
studies to establish their behaviors under these types of stresses
at temperatures corresponding to those used in the tensile-creep
phase of the investigation.

BEARING CREEF RESULTS

In addition to the bearing creep-rupture data presented in
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references 3 and i (determined for a 0,125 inch diameter hole and
using an edge distance to hole diameter ratio of 1,5) bearing data
have been determined for several of the test alloys with varying
edge distances to hole diameters to indicate the effects of these
variables on bearing creep and rupture behavior,

2024~T3 Aluminum Alloy Sheet

Bearing creep-rupture characteristics of 202L4=T3 aluminum alloy
sheet were determined at 300, L50, and 600°F using a 0.125 inch
diameter hole and an edge distance to hole diameter of 2.,0. The
results of this series of tests are compiled in Table 10 and summa-
rized as stress-time curves in Figures 20 through 22 for the specific
temperature levels,

To observe the influence of varying hole diameter on bearing’
creep and rupture, the 2024-T3 aluminum sheet was tested at LSOOF
for bearing hole diameters ranging from 0,064 to 0,1875 inch using
a constant edge distance to hole diameter ratio of l.5. These data
summarizing the bearing creep-rupture behavior for the varying hole
diameters are presented in Table 1l.

In keeping with the procedure employed in previous reports,
the high-temperature bearing characteristics are expressed as ratios
of tensile rupture strength for definite time periods, The correla-
tion of bearing creep-rupture stress to tensile rupture stress for
the 202L~T3 alumimum alloy is summarized in Tables 25 and 26 of
" Appendix I and illustrates the effects of varying bearing hole diame
eter and edge distance to bearing hole diameter ratio.

A=T0 Titanium Sheet

Data pertaining to the bearing creep=rupture behavior of A-70
titanium sheet for a bearing hole diameter of 0.125 inch and an
edge distance to hole diameter ratio of 1.5 have been mesented in
reference L at 700 and 800°F. These bearing creep-rupture char-
acteristics for the 1.5D condition expressed in termms of tension-
rupture behavior at various time levels up to 500 hours are sum-
marized in Table 27 of Appendix 1,

C-110M Titanium Alloy Sheet

The bearing creep-rupture characteristics of C-110M titanium
alloy sheet have been determined at 700 and B00°F for a bearing
hole diameter of 0,125 inch and an edge distance to hole diameter
of 1.5. These data have been summarized in reference li in various
tabular and chart forms., Correlations relating bearing creep-
rupture characteristics with tensile rupture characteristics at
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the 700 and B0O°F temperature levels for this alloy are compiled
in Table 28 of Appendix I.

A=110AT Titanium Alloy Sheet

Bearing creep-rupture tests on this titanium alloy, using a
0,125 inch diameter bearing hole and an edge distance to hole
diameter ratio of 2,0, were conducted at 800 and 1000°F, Data
i1lustrating the total deformation, creep and rupture behavior of
A-110AT titanium at the selected test temperature are presented in
Table 12 and summarized as stress-time curves in Figure 23 at 800°F,
and Figure 2, at 1000°F,

For the particular boundaries employed in the bearing creep
rupture determination of A=~110AT titanium, correlations have been
made with this alloy's tensile rupture characteristics, At specifie
time levels in the range of 10 to 500 hours Table 29 of Appendix I
represents the relationships between bearing creep and tensile
rupture stress determined in this investigation.

SAE L130 Alloy Steel Sheet

To supplement the bearing creep-rupture data at 800, 900, and
1000°F determined for an edge distance to bearing hole diameter
rate of 1.5 and presented in reference L, bearing creep tests were
conducted on type L130 steel at 800 and $00°F using an edge distance
to hole diameter ratio of 2,0, Test results for the 2.0D condition
are compiled in Table 13 and summarized as conventional stress-time
curves in Figures 25 and 26 at 800 and 900°F respectively.

For both the 1.5D and 2,0D conditions, the bearing creep-
rupture behavior of 130 alloy steel is correlated with tensile
rupture behavior in Table 30 of Appendix I.

Type 321 Stainless Steel Sheet

In addition to the bearing creep-rupture data for type 321
stainless steel at 1200 and 1350°F for the 1.5D condition sum-
marized in reference l, bearing tests were conducted on this
alloy at 1350°F using a 2.0D ratio to compare bearing creep and
rupture behavior with regard to edge distance variation., For the
2,0D condition and a 0.125 inch diameter bearing hole, test results
are presented in Table 1k and graphically illustrated in Figure 27.

Correlations of bearing creep-rupture stress and tensile

rupture stress at various time levels for both the 1.5D and 2.0D
condition are compiled in Table 31 of Appendix I.
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19-9DX Alloy Sheet

Bearing crecp-rupture tests on heat resistant 19-91X alloy
sheet using a 0,125 inch diameter bearing hole and an edge distance
to hole diameter ratio of 2.0 were conducted at the 1200 and 13500F
temperature levels, Data indicating the total deformation, creep
and rupture behavior of this alloy under bearing stress at the test
temperatures aras prescnted in Table 15 and summarized in graphical
form in Figure 28 at 1200°F and Figure 29 at 1350°F.

The correlation of bearing creep-rupture stress to tensile
rupture stress for this alloy is presented in Table 32 of Appendix 1

SHEAR-PIN DEFORMATION AND RUPTURE RESULTS

A Yshear~-creept testing program was conducted on all plate and
bar alloys to relate high-temperature long-time shear characteristics
with corresponding high-temperature long-time tensile characteristics.
Throughout the shear test program, specimens 1/8 inch in diameter by
1/2 inch long were prepared from the various test alloys and deformed
in double shear. Since a pin loaded in this manner may undergo a
slight amount of bending as well as shear displacement, deformation
values were recorded as total shear blade displacement in inches
rather than percentages of shear-pin area, and the results obtained
represent shear-pin deformation rather than shear strain,

High-temperature long-time shear data for 202h~T3 alumimm
platey, 2117-Th aluminum alloy bar, Monel alloy bar and typs 301
stainless steel bar have been reported in references 3 and L at sev-
eral selected temperature levels. These data are however presented
in this report as correlations with corresponding tensile rupture
data and are summarized in Tables 33, 3k, 36, and 37 of Appendix II
respectively.

A-110AT Titanium Alloy Bar

The shear-pin deformation characteristics of A-~110AT titanium
alloy bar were determined at 800 and 1000°F for shear stresses which
produced rupture in the range from a few to 500 hours. The results
of these determinations are presented in Table 16 and represented in
terms of total deformation and creep as stress-time curves in Figures
30 and 31 for the 800 and 1000°F temperature levels respectivelys
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The relaticnships of shear-pin deformation and rupture prop-
ertiecs with corresponding tensile rupture characteristics for tihis
alloy at various time levels are sumnarized in Table 3£ of Appendix
II.

19-9TX Alloy Bar

Shear-pin deformation and rupture tests were conducted on 19-~-9DX
heat resistant alloy bar at 1000, 1200, and 1350°F., Data illustrat-
ing the behavior of this alloy exposed to selected shear stresses are
presented in Table 17 and summarized in the stress-time curves for
total deformation and creep in Figures 32 through 3l for the specific
test temperatures,

The correlations of shear-pin deformation properties with ten-
sile rupture properties at the test temperatures for various amounts
of shear-pin deformation and rupture, expressed as a ratio of tensile
rupture stress at several time levels, are presented in Table 38 of
Appendix 1T,

A-286 Alloy Bar

Specimens prepared from A-286 heat resistant alloy bar wers
subjected to shear stresses at 1000, 1200, and 1350°F, The shear-
pin deformation and creep characteristics of this alloy at the test
temperatures are sunmarized in Table 18 for the various stresses
applieds Stress~time curves illustrating the high-temperature shear
creep and rupture behavior of A-286 are presented in Figures 35
through 37.

The relationships of shear-pin defomation and rupture, expressed
as ratios of tensile-rupture stress in equivalent time periods in the
10 to 500 hour range, are summarized in Table 39of Appendix IIfor the
test temperatures employed,

COMPRESSION CREEP RESULTS

For those conditions in which compressive stresses at elevated
temperatures are generated in members, compression creep strain and
column buckling present two major problems in current aircraft designs.
In spite of the fact that materials may display large variations in
their tension-compression stress=-strain characteristics tensile creep
data, applied with sultable stress analysis procedures and ample safety
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factors, have been used with considerable success in the treatment of
the creep and creep buckling problems. Higgins (5) however, points
out the importance of compression-creep data in the proper handling
of methods developed for designing structures involving high-tempera-
ture compression loadinge

Concurrent with the study to evaluate materials with respect
to bearing and shear creep-rupture, a program was conducted to
investigate the high-temperature creep behavior of various alloys
under the influence of compressive stress. In this regard, all
sheet and plate test materials were tested in compression creep at
temperatures corresponding to those employed in the tension-creep
study for establishing the relationship between tension and compres-
sion creep.

The high-temperature compression creep and total deformation
behaviors of 202L4~T3 aluminum alloy sheet at 300, LS50, and 600°F,
202)4-T3 aluminum alloy plate at L50 and 6000F, and titanium alloy
sheet C~110M at 700 and 8009F have been reported in reference l.
These compression creep data have been correlated with appropriate
tensile-creep data and the relationships expressed as compression
creep stress to tensile creep stress ratios at specific time levels
are summarized in Tables L0, 1, and L3 of Appendix IIL respectively.

A=T70 Titanium Sheet

The compression creep and total deformation characteristics of
A-70 titanium sheet have been determined at 700 and B800°F, The
results of these determinations are presented in Table 19 and illus-
trated as stress-time curves in Figures 38 and 39,

Correlations of the tension-compression total deformation
characteristics up to 2% at the B00°F temperature level are sum-
marized in Table 42 of Appendix III. At 700CF these correlations
were not possible since at the stress levels employed in the test
program the 2.0% total deformation was obtained on initial appli-
cation of load.,

A~110AT Titanium Alloy Sheet

Compression-creep tests were conducted on A=~110AT titanium alloy
sheet at 800 and 1000°F, Data illustrating the compression creep
and total deformation characteristics up to 2% are presented in Table
20 and summarized as stress-time curves for these test temperatures
in Figures L0 and 41,

The relationships of compression total deformation behaviors

with corresponding tensile total deformations on a stress ratio
basis at various time levels in the 10 to 500 hour range are sum-
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marized in Table Ll of Appendix C.

SAE 1130 Alloy Steel Sheet

A series of compression-creep tests were performed on SAE 130
alloy steel sheet at 800, 900, and 1000°F. The results of these
tests are compiled in Table 21 and graphically presented as stress=-
time curves for various amounts of creep and total deformation at
the test temperatures in Figures li2 through hl.

The correlations of the tensile total deformation and compres~
sion total deformation characteristics on a stress basis at the
800, 900, and 1000°F temperature levels are summarized in Table LS
of Appendix III.

Type 321 Stainless Steel Alloy Sheet

The compression creep and total deformation behaviors of type
321 stainless steel sheet have been determined at 1200 and 13500F
for various static compression stresses. Test results indicating
the behavior of this alloy in compression up to 2% total deformation
at the 1200 and 1350°F temperature levels are summarized in Table 22
and graphically represented as stress-time curves in Figures L5 and
L6 respectively,

The stress ratic correlations for the tension-compression total=
deformation characteristics of the type 321 stainless steel alloy
are presented in Table 46 of Appendix III,

19-9DX Alloy Sheet

Compression-creep tests were conducted on heat resistant 19-9DX
alloy sheet at 1200 and 13509F, Data illustrating the compression
creep and total deformation behavior at these temperatures are pre-
sented in Table 23 and summarized as stress~time curves in Figures

L7 and L8.

The relationships of compression total deformation with corre-
sponding tensile total deformation expressed as ratios of stresses
at various time levels are compiled in Table L7 of Appendix III.

A-286 Alloy Sheet

Compression~creep tests were conducted on heat resistant A-286
alloy sheet at 13509F. Results of these tests are compiled in
Table 2)) and illustrated in Figure L9 as stress-~time curves for
various quantities of creep and total deformation,

The relationships of compression total deformation with

WADC TR 5L-270 Pt 3 15



corresponding tensile total deformation on a stress ratio basis at
selected time leve.: are summarized in Table L8 of Appendix III.

SUMMARY

Various aircraft structural alloys have been exposed to a
tension, compression, bearing, and shear creep test program to
establish their high-temperature creep and rupture properties under
the influence of these types of stresses. From results obtained in
this investigation, it has been found that the test alloys display
cresp characteristics under compression, bearing, and shear stresses
quite similar to those obtained in tension creep testinge The high=-
temperature creep and rupture behaviors of the test alloys have been
rresented in various tabular and chart forms and correlations of
compression, bearing, and shear creep vs, tension creep on a stress
basis have hbeen made to assist in the assignment of creep stress
values to members undergoing creep strain other than tension. Data
of these types are especially suitable for the high-temperature
design of composite structures and joints wherein shear and bearirng
stresses promote failure by creep.
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TABIE 27

RATTIO OF BEARING CREEP STRESS TO TENSILE RUPTURE STRESS
FOR ANNEATIED A-70 TITANIUM SHEET AT ELEVATED TEMPERATURES
FOR BEARING HOLE OF 0,125 INCH AND EDGE DISTANCE OF 1.5D

Time Bearing-Tensile Stress Ratios for Bearing
Temp. in Hole Deformation of
oy Hours 1.0¢ 2.0% 5.0% 10.0% Rupture
1 1.65 1.72
10 1. L0 1.64 1.73
50 1.37 1.58 1.7
700 100 1.25 1.48 1.69
150 1.19: 1143 1.63
200 1,38 1.61
500 1 .61
1 0.L6 0.97 1.29 1.48 1.70
10 0.l 0,71 1.09 1.34 1.6l
50 0.145 0.6l 1.10 1.33 1.69
800 100 Oely7% 0.63 1,13% 1.3 1.71
150 0.61 1.123% 1.32% 1.69
200 0,59 1.323% 1.70

# = Ratio calculated from extrapolated stress values,
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TABLE 28

RATIO OF EBARING CREEP STRESS TO TENSILE RUPTURE SPREESS
FOR C-110M TITANIUM ALLOY SHEET AT ELEVATED TEMPERATURES
FOR BEARING HOIE OF 0.125 INCH AND EDCE DISTANCE OF 1.5D

Time Bearing-Tensile Stress Ratios For
Temp. in Bearing Hole Deformation of
o Hours 5.0% 10,04 Rupture
10 1.01 _ 1.30 1.54
50 0.93 1.25 1.57
100 0.91 l.23 1.58
700 150 0,90 1.21 1.59
200 0,90 1,21 1.6h
500 1,64
10 1,02 1.29 1.76
50 0.86 1.11 1.63
800 100 0.75 1,10 1.65
150 0.72 1.12% 1,67
200 0.70 1.71
500 0.6l 1.72

* = Ratio calculated from extrapolated stress values,
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TABLE 29

RATIO OF BEARING CREEP STRESS TO TENSILE RUPTURE STRESS
FOR A-110AT TITANIUM ALLOY SHEET AT ELEVATED TEMPERATURES
FOR BEARING KOLE OF 0,125 INCH AND EDGE DISTANCE OF 2.0D

Time Bearing-Tensile Stress Ratios For
Temp. in Bearing Hole Deformation of
op Hours 0.5% 10,07 20.0% Rupture
10 1.903¢ 2.08x=
50 1.88 2.12
800 100 1.88%= 2,15
150 2.17
200 2,18
500 2.18x%
1 1.23 1.L5 1.70%
10 1.15 1.51 1.70 2,06
50 1. 38 1.70 2,16
1000 100 1.6L% 2.18
150 1,65 2,21
200 2422
500 2.28

# = Ratio calculated from extrapolated stress values.
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TABLE 30

RATTO OF BEARING CHEEP STRESS TO TENSILE RUPTURE STRESS
FOR NORMALIZED SAE L2130 ALLOY STEEL SHEET AT EIEVATED TEMPERATURES
USING VARIOUS EDGE DISTANCES AND A CONSTANT BEARING HOLE OF 0,125 INCH

Bearing~Tensile Stress Ratios for Various Edge

Time Distances and Bearing Hole Deformation of
Temps in 2.0% 5. 04 16.0% Rupture
OF Hours 1.5D 2.0D l.SD 2.0D 1-51)_ 2.0]) 1-5D 2.0D
10 1.30  1.hé 1.67 2.31
50 1.30 1.L5 1.70 2.32
800 100 1.30  1.M5 1.71 2.3l
200 1.5 1.71% 2,37
500 2o 3yt
10 1.20  1.35 1.42 1.63 227
50 1.18+ 1,23% 1,39 1.62 2.27
200 100 1,39 1.63 2e22
150 1.L0ox 1.63 2.25
200 1.624% 2,25
500 20313
1 0.72 1,25 1.0 1.61
10 0.61 1.12 1.37 1.61
50 0,60 1,133 1.35 1.6h
1000 100. , 1.71
150 1.71
200 1.7
500 1,79

# = Ratlio calculated from extrapolated stress values.
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TABLE 32

RATIO OF BEARING CREEP STRESS TO TENSILE RUPTURE STRESS
FOR 19-9DX ALIOY SHEET AT ELEVATED TEMPERATURES
FOR BEARING HOLE OF 0,125 INCH AND EDGE DISTANCE OF 2.0D

Tima Bearing-Tensile Stress Ratios for
Temp. in Bearing Hole Deformation of
o Hours Q0% 5.09 10,04 20.0% 25.07  Rupture
1 1.29 1.40 1.67 1.82 2.10%
10 1,16% 1.49 1.68 1.78 1.97
50 1.67 1.7h 1.88
150 1.65 1.73 1.79
200 1,67 1e72 1.78
1 1.00 1.33 1.61 1.83
10 0.88 1.28 1.55 177 1.98
50 1.26 1.53 1.71 2400
1350 100 1.21 1.55% 1.67 : 1.97
150 1,203 1.59% 1.70 2,00
200 1.76% 2,05
500 2.1 )3

# = Ratio calculated from extrapolated stress values.
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TABLE 33

RATIO OF SHEAR CREEP STRESS TO TENSILE RUPTURE STRESS
FOR SHEAR-PIN DEFORMATION AND RUPTURE OF
2024~T3 ALUMINUM ALLOY PLATE AT ELEVATED TEMPERATURES

Shear-Tensile Stress Ratios for

Time Shear-Pin Deformation of
Tempe in 0,002 0,005 0.0 0.02
OF Hours Inch Inch Inch Inch Rupture
1 0.63 0.63
10 0.58 0,62
50 0453 0.61
300 100 0.60
150 0.59
200 0.58
500 0,62%
1 0.25 0-33 0.1].3
10 0.30 0.37 0.43
50 0.23 0.39 0.L43
L,50 100 0.20 0,140 0.43
150 0.20 0.1 0.18
200 0420 0.1 0.18
500 0.l 0.18
1

10 0.36 0.h42 0.h5 0.h9 0.51
600 100 0.L2# 0.L9 0.52 0455 0.58
150 0.54 0.56 0.59
200 0.50 0.56 0.59
500 0,50

# = Ratlo calculated from extrapolated stress values,
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TABRLE 3l

RATIO OF SHEAR CREEP STRESS TO TENSILE RUPTULE STRESS
FOR SHEAR-PIN DEFORMATION AND RUPTURE OF
2117-Th ATUMINUM ALLOY BAR AT ELEVATED TEMPERATURES

Shear-Tensile Stress Ratios for

Time Shear.-Pin Deformation of
Tempo in 0. 002 00005 0.0l 0062
°F Hours Inch Inch Inch Inch Rupture
1 0.67%
10 0.67
50 0.66
300 100 0.6h
150 0.63
200 0.62
500 0.62%
1 0.55%
10 0.50 0.55
1,50 100 0.53 0.57
150 0.50 0.56
200 0.55
500 0,563
1 0,193 0.50 0.55 0,59 0.65
10 0.6 0.52 0456 0.60 0.65
g0 046 0.5 0.60 0.63 0.68
600 100 0.5k 0.59 0.65 0.69
150 0.55 0.59 0.6} 0.69
200 0.55% 0.59 0.6} 0.69
500 0.603 0,623 0.66

# = Ratio caleulated from extrapolated stress values.
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TABIE 35

RATIO OF SHEAR CREEP STRESS TO TENSILE RUPTURE STRESS
FOR SHEAR-PIN DEFORMATION AND RUPTURE OF
A~110AT TITANIUM ALLOY BAR AT ELEVATED TEMPERATURES

Shear-Tensile Stress Ratios for

Time Shear-Pin Deformation of
Temp. in 0,02 0,03 0.0h
oF Hours Inch Inch Inch Rup ture
1 0.57: 0,61 0.663%
10 0.57 0.64 0.68 0.72
50 0.58 0.67 0.70 0.71
800 100 0.58 0.65 0.70 0.72
150 0,59 0.65 0.70 0.72
200 0.65 0,70 0,72
500 0.65% 0,69 04713
1 0.51 0,58 0,63 0.68x
10 0.53 0,6l 0.67 C.71
50 0.51% 0.6l 0.70 0.7L
1000 166 0,613 0.67 0.74
150 Q.66 0.75
200 0.75
500 0, 76%

# = Ratio calculated from extrapolated stress values.
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TABIE 36

RATIO OF SHEAR CREEP STRESS TO TENSILE RUFTURE STRESS
FOR SHEAR-PIN DEFORMATION AND RUPTURE OF
MONEL ALLOY BAR AT ELEVATED TEMPERATURES

Shear-Tensile Stress Ratios for

Time Shear-Fin Deformation of
Temp. in 0,01 00015 0,02 0.03
op Hours Inch Inch Inch Tnch Rupture
1 0.51 0457 0,66 0.71
10 0455 0.61 0.65 0.71
50 0.57 0,61 0.65 0.69
1000 100 0,60 0.63 0.67 0.71
150 0,61 0.6} 0.67 0.7T1
200 0.66 0.69 0.72
500 0,68% 0,69 0.73
1 04513 0,58+ 0.65% 0,713
10 0.h47 0.62 0.65 0,69
50 0. il 0.56 . 0.63 0.67
1200 100 0.55 0,61 0.64
150 0455 0,60 0,63
200 0.56% 0,62 0.6l
500 0,66 0.69

# = Ratio calculated from extrapolated stress values,

WADC TR 5L4=-270 Pt 3 102



TABLE 37

RATIO OF SHEAR CREEP STRESS TO TENSILE RUPTURE STRESS
FOR SHEAR-PIN DEFORMATION AND RUPTURE OF
TYPE 301 STAINIESS STEEL BAR AT EIEVATED TEMPERATURES

~Shear-Tensile Stress Ratios for

Time Shear-Pin Deformation of
Temp. in 0.01 0.0? 0.03
OF Hours Inch Inch Inch Rupture
1 0.9 0,58 0,653 0,724
10 0.52 0.59 0,66 0.72
£0 0.51 0.61. 0,66 c.71
1200 100 0.50 0.62 0,66 0.70
150 0e119% 0,623 0.66 0.69
200 0.63% 0467 0.70
£00 0,674 0,694
1 0.4L8 0.57% 046kt 0. 763
10 0.53 0.60 0.65 0.72
£0 Co L9t 0.6l 0.67 0.72
1350 100 0.6L 0,68 0.71
150 0.62 0.69 0,72
200 0.61% 0.67 0.7T1
500 04654 0,684

# = Ratio calculated from extrapolated stress values,

WADC TR 54270 Pt 3
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TABLE 38

RATIO OF SHEAR CREEP STRESS TO TENSIIE RUPTURE STRESS
FOR SHEAR-PIN DEFORMATION AND RUPTURE OF
19-9DX ALLOY BAR AT EIEVATED TEMPERATURES

Shear-iTensile Stress Ratios for

Time Shear-Pin Deformation of
Tempe in 0.01 0,02 0.03
OF Hours Inch Inch Tnch Rupture
1 0.6
10 0,62 0.65
£0 0.61 0,65
1000 100 0.61 0.63
150 0.62% 0.6L
200 0.6l
500 0,67
1 0.38 0.L6 0s5L 0.63x
10 0.hb 0.50 0454 0.6l
s0 0.45 0.4L9 0.54 0.55
1200 100 019 0.5 045k 0456
150 0.53 0.54 0.55
200 0.53# 0.5h 0.5k
£00 0,534
1
10 0.32 0.h1 0.L8 0.53
50 04293 0.hk 0.51 0.55
1350 100 0.42 0.L9 0.55
150 0, L1 0.h47 0.55
200 oM IVes 0.5L
500 0,55

# = Ratio calculated from extrapolated stress values.
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TABLE 39

RATIO OF SHEAR CREEP STRESS TO TENSIIE RUPTURE STRESS
FOR SHEAR-PIN DEFORMATION AND RUPTURE OF HARDENED
A-286 ALLOY BAR AT EIEVATED TEMPERAT URES

Shear-Tensile Stress Ratics for

Time Shear-Pin Deformation of
Temp. in 0,001 0.002 0.003
or Hours Inch Inch Inch Rupture
1 0.6 0,613
10 0.15 0,60 0.65
50 0.58 0.63
1000 100 0.57 0.61
150 04573 0,60
200 0.57% 0.60
500 0,593
1 0.l 0.5 0.52
10 Q. ,Jl (4 ,»!5 0- lL9
50 0.h3 0.L46 0.50
1200 100 Oelily 0. 18 0.51
150 0,1i64 0,50 0.52
200 : QoL 83 0453 0453
500 0,553 0.56
1 0.37 0.52 0.63
10 0.38 0.51 0.63
50 0,38 Ouli7 0.57
1350 100 0.l7 0.5Y
150 0.9 0.56
200 0.51% 0.57
500

# = Ratio calculated from extrapolated stress values,
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TABLE LO

COMPRESSICN~TENSION CREEP STRESH RATIOS TOR
202L-T3 ALUMINUM AILOY SHEET AT EIEVATED TEMPERATURES

Time Conpression-Tension Stross Ratios
Tenp. in for Total Deformation of
oF Hours 0.2% 0.3% 0.59 1.07
1 0.82 0.93
10 0.88 0.92 0.9L
50 0.99 0.96
1150 100 1.07 1,00
150 1.06 1.01
200 1.07 1.08
500 1,25%
1 0.75 0.83 0.93
10 0.72 0,81 0,89 1.01
50 0,703 0,722 0.85 1.02
600 100 0.82 1.03
150 0.82% 1,02
200 0,80 1,00
£00 1,00

# = Ratio calculated from extrapolated. stress values.
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TLBLE L1

COMPTEESSTON-TENSTON CIELP STRESS RATTIOS IO
2020-T3 ATUMINUM ALLCY PIAYE AT BILVAYED CUMPRERATURES

Tie Conpression-Tension Stress Ratios
Tenp e in for Tetol Ieformation of
Or Hours 0.7% 037 0.5% 1.09
1 0.92 1.00 0.,56%
10 0.86 0.95 0,96
£0 0.96 0.93
150 100 0.93 0.94
150 0.93% 0.95
200 ol
500 0.923
1 0.85 0.89 0.87%
10 0,90 0.89 0.88 0.£8
50 0490 0.89 0.92 0.92
600 100 0490 .23 0,96
150 0,9k 0.97
200 0.95 0.97
500 0.97% 1,00

# = Hatio calculated from extrapolated stress values.

WADC TR 5L4=-270 Pt 3 108



TABLE L2

COMPRESSION~TENSTON CREEP STRESS RATICS FOR
A-70 TITANIUM SHEET AT ELEVATED TEMPERATURE

Time Compression-Tension Stress Ratios for
Temp. in Total Deformation of
oF Hours 0.28 0.% 0.5% T.0¢ 208
1 1.20:
10 0,52 1.05 1.07 1.07 1,0l
800 50 0.8L% 0.95 1.15 1.07
100 0,80 1.05 1.0h
150 1.02 1,05
200 0.99% 1,03

# = Ratio calculated from extrapolated stress values,

WADC TR S5L4-270 Pt 3
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TABLE L3

COMPRESSION-TZNSION CREEP STRESS RATIOS FOR
C~110M TITANIUM ALLOY SHEET AT ELEVATED TEMPERATURES

Time Compression-Tension Stress Ratios for
Tempa in Total Deformation of
OF Hours 672% 0-3% 005%_ 1.0% 20@
1 0.87%
10 0.87 0.86
700 50 0.91 0.92
100 0.92% 0.95
150 0,91 0.97
200 0,994
1 0,51 04774 0.88 0,86
10 0,85 1,05 1.00
50 0.97 1.05
800 100 1.00
150 0,963
200 0.96%

# = Ratio calculated from extrapolated stress values.
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TABIE L))

COMFRESSION-TENSION CREEP STRESS RATIOS FOR
A-110AT TITANIUM ALLOY SHEET AT ELEVATED TEMPERATURES

' Time Compression-Tension Stress Ratios for
Temp. in Total Deformation of
op Hours 032 0.5% 1.0 2,08
1
10
50 1.11
800 100 1.0
150 1.09
200 1.08
500 ' 1.05%
1 1.12# 1.08 1,01 1,00
10 1.09 1.08 1.06 1.08
50 1.21 1,09 1.09 1.11
1000 100 - 1l.12 1.10 1,13
150 l1.11 1,13
200 1.11 1.15%
500 1.0

# = Ratio calculated from extrapolated stress values,

WADC TR 54=-270 Pt 3 111



TABLE L5

COMPRESSTON~-TENSION CREEP STRESS RATIOS FOR
NORMALIZED SAE L4130 ALLOY STEEL SHEET

AT ELEVATED TEMPERATURES

Time Compression-Tension Stress Ratios
Tempe in for Total Deformation of
OF Hours 0. 3% 0.5% 1,07 2e0%
1 0.54 1,03
10 0.92 1.03
50 0.98 1.01
800 100 1.00 1.00
150 1.01 1,00%
200 1.01: 1013t
500 1,033 1.024%
1 1,10 0.98 1.00 1.05%
10 1.17# 1.0l 1.03 1.0k
50 1.05% 1.05 1.07
900 100 1,05 1.05 1,11
150 1.05
200 1.05
500 1,093
1 1.17 1.05 1.03
10 1,10 1,10 1.06
50 1.16 1.10
1000 100 1.20% 1.15
150 16224 1.19
200 1.20
500 1.25%

# = Ratio calculated from extrapolated stress values.

WADC TR 54=270 Pt 3
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COMPRESSION-TENSION CEEEP STRESS RATIOS FOR

TABIE Lhé

TYPE 321 STAINLESS STEEIL, ALLOY SHEET

AT EIEVATED TEMPERATURES

Time Compression-Tension Stress Ratios
Terip. in — for Total Deformation of
l Hours 0.4 0.5% 1.0 2.0
1 0,99
10 1,00 1,00 1.05
50 1,03+ 1.05 1.09
1200 100 1,02 1.05
150 0,99 1.08
200 1.0hs
500 1.02*
1 0.93 1.13 1.10 1.06%
10 0,90 1.03 1,02 1.12
50 0.85 1,00 0.99 1.05
1350 100 0.95 0.97 1.03
150 0093 0.97 1.00:¢
200 0,934 0,96
500 009}4*

# = Ratio calculated from extrapolated stress values,

WADC TR 54=-270 Pt 3
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TABIE 47

COMPRESSION-TENSION CREEP STRESS RATIOS FOR
19-9TK ALLOY SHEET AT ELEVATED TEMPERATURES

~Time Compression-Tension Stress Ratios for
Temp. in Total Deformation of
Hours 0.2% 0,3% 0.5% 1.0% 2.0%
1 0. 72 0¢66 0.66 0.72*
10 0, Tl 0.70 0.69 0.7h
50 0.76 0.72 0.77
1200 100 0,76 0.72 0.79%
150 0.75
200 0.77
500 0.81
1 0.93 0.73 0, 70%
10 1.1L 0.88 0.78 0,76%
50 1.h6 1.14 0.9 - 0.82 0.80:%
1350 100 1.56 1.37 1.04 0.9k 0,89
150 1.66 1.47 1.22 1.00 0.97
Egg 1.56 1.33 1.06% 1.05%

# = Ratio calculated from extrapolated stress values.

WADC TR 5L-270 Pt 3
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TABLE L8

COMPHRESSION-TENSION CHEEP STRESS RATIOS FOR

HARIENED A-286 ALIOY SHEET
AT ELEVATED TEMFERATURE

Time Compression-Tension Stress Ratios
Tempe. in for Total Deformation of
Of Hours 0.5% 1.08 208
10 1.15
50 .1} 1,23
1350 100 1,13 1.25
150 1.11 1,22
200 1,09 1.17
500 1.05
WADC TR 54~270 Pt 3 115



