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TECENICAL NOTE 2038

COMPFRESSIVE PROPERTIES OF TITANTUM SHEET AT ELEVATED
TEMPERATURES

By Paul F. Barrett -
SUMMARY

Results are presented of compressive stress-strain tests of titanium
sheet at temperatures from roam temperature up to 800° F, exposure times
of 1/2 to 2 hours, and strain rates of 0.002 to 0.006 per minute. The
results show that titanivm has favorable compressive propertles,
compareble to those in tension, up through 800° F. Marked anisotropy
in compression was also noted.

INTRODUCTION

. Aerodynamic heating and other temperature effects assoclated with
high-speed flight mey require that structures have adequate strength at
elevated temperatures. The comnonly used alumimm alloys suffer an
appreciable reduction in strength and modulus of elasticity with Increase
in temperature. (See references 1 and 2.) Consequently, new light-
wolght heat-resistant materlals need to be developed.

One new material that appears to have possibilities for alrcraft
structural use in the intermediate temperature range up to about 1000° F
1s titanium. Titanium alloys also appear to offer possibllilties, but
only fragmentery information is availlable along these lines at present,
and only the unalloyed titenium 1s now available in sheet form.

In order to establish the strength of columns and plates made of a
material it 1s necessary to have the compressive stress-strain curve of
that material. (For buckling strength of colurms, see references 3
and 4; for plate strength, references 4 to 8.) Although some date on
the compressive properties of titenium at room temperature are given in
reference 9, most of the available information deals with the tenslle
properties (see, for example, references 10 to 12). Because of the
lack of data for titanium in compression, compressive stress-strain
tests of commercially pure sheet were made under stabilized temperature
conditions up to 800° F, at strain rates of 0.002 to 0.006 per minute,
and at exposure times frcm 1/2 to 2 hours. The test results are
presented herein.
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MATERTATS AND METHOD OF TESTING

Five sheets of commercially pure titanium, approximately 3.5 inches
by 48 inches by 0.06L4 inch, wers furnished by Remington Arms Company, Inc.
The condition of the material as reported by the campany is given in the
following table along with Vickers hardness values determined at the
langley Aeronmautical Laboratory.

Quantlty Vickers hardness
(sheets ) Condltion (10-kg load)
3 Hot-rolled, plckled, annsaled, and 318
cold~worked to a reduction of 20
percent in thickness
1 One-half hard, roughly egquivalent 343
to belng cold-worked to a reduction
of 20 percent in thickness
1 One-fourth hard | 337

The single-thickness compression specimens were 2.52 inches long
by 1.00 inch wilde. The compression tests were made with the same
equipment and procedures as described in reference 8. All test results
glven are for specimens cut from the lot of 3 sheets listed in the table
except where noted. The test results are the average results obtained
from. three tests at each temperature, exposure time, and strain rate.

A few tenaion tests were made at room temperature for comparative
purposes. Because of the narrowness of the sheet, small specimens shown
in figure 1 were also neceseary for the determination of the transverse
propertles.

RESULTS AND CONCLUSIONS

The data, presented in table I and in figures 2 to 6, indicate in
generel that titanium sheet has propitious compressive properties at
elevated temperatures up to 800° F, the highest temperature investigated.
The following detalled results are evident:

1. The compressive yleld stress and mcdwlus of elasticity in
compression hold up quite—well in the range from 200° F to 800° F
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(see figs. 2 to 4). 1In fact at 800° F, the yield stress in compression
(see fig. 3) is higher than for tension, as reported by Remington Arms
Company, Inc. (reference 10).

2. The yield stress and modulus of elasticity in the longltudinal
direction are markedly below those for the transverse direction for
each temperature (see figs. 3 and 4); therefore, a high degree of
anisotropy in compression is indicated. This anisotropy decreases
somewhat with rising temperature.

3. In contrast to the anlsotropy evidenced in compression at roam
and elevated temperatures, the temnsile stress-strain curves, which were
determined at room temperature only, indicate the materiel to be very
nearly isotropilc under tensile loading (see fig. 5).

L. At room temperature, the compressive stress-strain curve in the
transverse direction is very nearly the same as the tensile stress-straln
curve in the transverse direction, whereas In the longitudinal direction
there is revealed an appreciable reduction in the compressive yleld
stress as compared with tension (see £ig. 5).

5. The tensile stress-strain curves for the longltudinal direction,
obtained from tests of small tensile specimens, were only slightly
higher than those for the same directlion obtained with large tensile
specimens (see fig. 5). Consequently, the results obtained in the
transverse direction from the tests of the small tensile specimens are
probably approximately representative of the tensile properties in that
dlrection.

6. The compressive strength of titanium sheet depends upon the
amount and kind of cold work employed in fabrication (see fig. 6).

7. Variation in strailn rates fram 0.002 to 0.006 per minute and
exposure times from 1/2 to 2 hours showed no definite effect on the
test results at 600° F (see table I).

_ The presence of anisotropy in compression at all test temperatures
indicates that additlonal research on the strength of plate and shell =
structures of titanium sheet under compressive loading is required

to assess the effect of this anlsotropy.

Langley Aeronsutlcal Taboratory
Natlonal Advisory Committee for Aeronsutics
Tangley Alr Force Base, Va., November 30, 1949



10.

12.

NACA TN 2038

REFERENCES

. Anon.: ALCOA Aluminum and Tts Alloys. Alumimm Co. of America, 1947.

. Roberts, William M., and Helmerl, George J.: Elevated-Temperature

Compressive Stress-Strain Data for 24S-T3 Aluminum-Alloy Sheet
and Comparisons with Extruded 75S-T6 Aluminum Alloy. NACA
TN 1837, 19k49.

. Shanley, F. R.: Inelastic Column Theory. dJour. Aero. Sci., vol. 1k,

no. 5, May 1947, pp. 261-267.

. Stowell, Elbridge Z.: A Unifiled Theory of Plastic Buckling of

Columns and Pletes. NACA Rep. 898, 19u48.

. Stowell, Eldridge Z.: Critlcal Shear Stress of an Infinltely Long

Plate in the Plastic Reglon. NACA TN 1681, 1948.

. Stowell, Elbridge Z.: Plastic Buckling of a Long Flat Plate under

Combined Shear and Longitudinal Compression. NACA TN 1990, 1949,

. Helmerl, George J.: Determination of Plate Compressive Strengths.

 NACA TN 1480, 1947.

Helmerl, George J., and Roberts, William M.: Determination of Plate
Compressive Strengths at Elevated Temperatures. NACA TN 1806, 1949,

. Fuller, ¥. B.: Some New Date on the Properties of Wrought Titanium.

Metal Progress, vol. 56, no. 3, Sept. 1949, pp. 348-350.

The Technical Dept.: Titanium Metal. Remington Arms Co., Inc.,
Bridgeport, Conn., Feb. 16, 19h48.

. Anon.: Tiltanlum and Titenium-Base Alloys. Rand Rep. R-131, The

Rand Corp., March 15, 1949.

Anon.: Titanium. Rep. of Symposium on Titanium (Dec. 16, 1948),
Office Naval Res., Dept. of Navy, March 1949.



NACA TN 2038

TABLE T

VARTATION OF COMPRESSIVE YIELD STRESS OF 20-FPERCENT COLD-WORKED

TITANIUM SHEET WITH EXPOSURE TIME AND STRATN RATE

Change in compressive yleld stress at 600° F
(percent)
Direction Strain rate, per minute Exposure time, hours
of (Exposure time, 1 hr) (Strain rate, 0.002 per min)

loading

0.002 | 0.00% | 0.006 % 1 2

(a) (a)
Transverse 0 -2.3 -3.9 0 0 1.1
Longitudinal 0 5.6 1.8 3.7 0 bk

@Base for comparison.
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_Figure I- Dimensions of tensile specimens.
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Figure 2.~ Gompressive stress-strain curves for 20-percent cold-worked titanium sheet for a strain rate of
0.002 per minute and an exposure time of | hour. (RT, Room temperature)
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Figure 3.— Variation of yield stress (0.2 percent offset) with temperature for
20-percent cold-worked titanium sheet. For compression: exposure time |
hour and strain rate 0.002 per minute.
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Figure 4 - Variation of modulus of elasticity in compression with temper-
ature for 20-percent cold-worked titanium sheet. Exposure time | hour and

strain rate 0.002 per minute.
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Figure 5.~ Comparison of tensile and compressive properties of 20-percent
cold-worked titanium sheet for both longitudinal and transverse grain
directions at room temperature. (For tensile specimen dimensions, see
fig. L) - o | :
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Figure 6. - Compressive stress-strain curves at room temperature for
titanium sheet of various hardnesses.
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