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ABSTRACT

Tl;e data available from the open literature concerning the
effect of strain rate on the strength properties of metals have
been collected and are presented in graphical form. The range
in strain rate included is from approximately 10-4 in/in/sec to
103 in/in/sec. While most of the strength data have been obtained
at room temperature, some elevated temperature data are available
also. It can be seen that most information has been obtained on
the aluminum and ferrous alloys.

The collection o" data should serve as a useful source for
those requiring high strain-rate information for design app3ications
and as an indication where further work is required.

This abstract is subject to special export controls and each
transmittal to foreign governments or foreign nationals may be
made only with prior approval of the Metals and Ceramics Division
(M•M), Air Force Materials Laboratory, Wright-Patterson Air Force
Base, Ohio 45433.
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SECTION I

INTRODUCTION

There is an increasing demand for information concerning the
strength properties of metals for applications where the expected rateof deformation is much higher than encountered in the conventional staticor quasi-static tests. Applications for high deformation rate data include

high speed metal working and metal forming processes, ballistic and
projectile impact studies, calculations of blast response of structures,
crack propagation studies, and other situations where high intensity
transient loads are encountered. While the earliest studies of Ptrength
properties of metals under impact loads date back to 1914, major interest
was renewed during the second world war when several significant contri-
butions were made to the theory of inelastic wave propagation in metals
simultaneously with attempts to measure strength properties at high rates.
These early experimental efforts viere successful primarily in showing a
qualitative increase in strength properites with increasing rate of deforma-
tion. The real progress in the quantitiative measurement of strength proper-
ties at high rates has come only within the past ten years. This has come
about because of the gradual evolution of appropriate dynamic test techniques,
which must overcome many formidable problems, and because of the develop-
ment of adequate dynamic measurement and recording instrumentation. Even
so, today there are by no means standard or universally accepted test pro-
cedures or techniques for generating high deformation rate data. The avail-
able data are the result of isolated research efforts utilizing a variety
of test techniques. Therefore, to a great extent, the reliability of the
data is still left to the judgment of the user.

In this survey we have compiled some of the data available from the
open literature 'n the hope that it will serve as a useful reference source
for those requiring such information. Additional high strain-rate data on
several commercially important alloys was generated and presented in a
previous report under this project(1 )•.

* Superscript numerals in parenthesis refer to list of References, Section V.



SECTION II

SUMMARY OF TEST TECHNIQUES

The data presented generally cover a range in strain rate from
approximately 10-4 in/in/sec to 1000 in/in/sec. The lower rates are
thus accessible to conventional quasi-static testing machines. Since
interpretation of this data does not involve considerations of dynamic
or inertial effects, the strength properties at these lower rates serve
as a reference' for the high rate data. In order to cover the entire range
of the higher strain rates, usually two additional types of testing devices
are needed. In the range from 0. 1 in/in/sec to 100 in/in/sec the loading
is supplied either by fast-acting mechanical devices (a large moving mass
or rotating flywheel) or by pneumatically or hydraulically driven piston
devices. A. rates of the order of 1000 in/in/sec the loading is usually
generated by high velocity impact coupled to the specimen by means of
long elastic pressure bars. Less widely used at the higher rates are
"ring" type tests which will also be referenced in the following discussion.

The above-mentioned test techniques all employ what we may call
"contained" plastic deformation. That is, the plastic deformation is con-
tained within a small, but finite size specimen, and it is asbum.ed that the
variables of stress and strain are uniform throughout the contained volume.
Measurements of the applied loads and the relative displacements across
the specimen then yield the average stress and strain within the contained
element or specimen. In this respect these tests are extensions of the con-
ventional quasi-static test to higher effective crosshead velocities. An
alternate, and basically different test technique, sometimes used to deter-
mine material strength properties, involves measurement of "uncontained"
or "free-running" deformation in the form of plastic stress waves. The
two must useful tests of this type involve longitudinal impact of long rods
(uniaxial stress) and the transverse impact of thin plates (uniaxial strain).
In these tests the stress, strain and strain rate vary continuousiy in both
space and time. The shape of the propagating wave profiles reflect the
form of the stress-strain relation. However, it is difficult to extract a
unique consitutive relationship from the wave profile data since only a
defocmation parameter(strain or particle velocity) is reasured at each point.
Stress must be derived from solving the governing partial differential equa-
tions in conjunction with an assumed form of constitutive relation. In the
writers' copinion, the wave propagation test is most useful with regard to
determining inelastic material properties, when used to verify assumed
or otherwise measured constitutive relations. This statement becomes
qualified at rates above 104 in/in/sec where the plate impact experiment
becomes essentially the only tool we have to get at strength properties.



The remaining paragraphs of this section will discuss briefly those

techniques employed in generating the high strain rate data presented, The
reader is referred to the references cited for more detailed information.
The supplementary references in Section V include books, proceedings,
and review articles related to the subject.

In the intermediate strain-rate range, test systems may be divided
into mechanical or pneumatic/hydraulic based upon the mechanism of loading.
Mechanical systems were some of the first to be used. Mechanical energy
is stored in a gravity-accelerated mass (pendulum or drop-weight) or in a
rotating flywheel. When the appropriate velocity is reached, the moving
mass is suddenly coupled to the specimen which absorbes the kinetic energy
through deformation. Constant rate of deformation is achieved only if the
initial kinetic energy is large compared to the work required to deform the
specimen. Pendulum type machines are described by Clark and Datwyler(Z),
and Mann(3). Manjoine and Nadai(4, 5) constructed a machine employing a
rotating flywheel and were among the first to instrument to give continuous
stress-strain curves. A disadvantage of the preceding devices is that in
the sudden coupling of the moving mass to the specimen and series connected
load cell configuration, serious elastic oscillations may be set up at the
resonant frequency of the system. Orowan( 6 ), Alder and Phillips( 7 ), and
more recently Hockett( 8 ) have used the rotating flywheel concept In con-
junction with what is called a cam plastometer. In this device, when the
flywheel is up to speed, it is coupled to the specimen through a logarithmically
contoured cam and cam follower. This technique avoids the sudded impact
and provides a constant true strain rate if the rotational speed of the flywheel

Sis maintained constant. The latter requires large energy to be sta~red in the
flywheel and, therefore, a massive system.

The second type of intermediate rate machine derives its energy from
a compressed gas or fluid driving a piston. Gas driven machines are more
common for the higher speeds because of the lower inertia of the working
fluid. Machines of this type have been developed by Clark and Wood( 9 ),
Campbell and Marsh(lO), Maiden and Green( 1 1) and Lindholm and Yeakley( 1 2 ).

Hydraulic machines are inherently stiffer and more amenable to active feedback
control of the system. The advent of high speed servo-valves will make the
electro-hydraulic machine very attractive in the future for intermediate rate
testing. Present pneumatic machines use fast-acting valves or rupture diaphragms
in conjunction with controlled orifice plates to meter the flow rate and thereby
control the piston or crosshead speed.

At the internediate rates, wave propagation effects are neglected, both
in the specimen and in the elastic force measuring elements in series with
the specimen. The elastic elements are made as short and stiff as possible

3



i, n ,,eAp. Mn maximize the resonant frequency of the system. Various

standard techniques are employed to measure relative croashead
velocity or displacement.

At rates above 100 in/in/see, wave propagation effect. have to
be conuidered both in the measuring system and in the specimen. The
most common technique in use today is the Hopkinson split pressure
bar, first ~Inlroduc ed by lKolsky(13 ). Among other, Davies and Hunter( 14 ),
LindholmS5 andHauser( 1 6 ) have utilized and modified the technique. A
short specimen of the material to be tested is placed between two long
cylindrical elastic pressure bars. The pressure bars transmit an impact
load to the specimen. They are of sufficient length to allow recording of
the complete history of the impact and the loading of the specimen by
measurement of the elastic stress pulses propagated in each bar. The
pulses are usually monitored by means of strain gages on the radial sur-
faces of the bars. Since the bars remain elastic, by applying one-dimensional
elastic wave propagation theory, the strain measurements are sufficient to
determine the displacement, velocity. and force on each face oi the specimen.
When the specimen length is short compared with the duration of the loading

pulse, it can be shown that an equilibrium condition is approached in the
specimen, i.e., the internal stress field is nearly uniform. Therefore,
the pressure bar measurements can provide the average stress, strain

and strain rate within the specimen.

While conceptually simple, the split pressure bar technique needs to
be used with some care and its limitations realized. Some criticism of the
technique has been presented by Conn( 1 7 ) and Bell(1 8 ).

An alternate method at high rates is the expanding ring test. This
test uses the symmetric expansion of a thin ring so as to obtain a uniform
state of hoop tension. Since the ring is thin in the radial direction, wave
propagation effects are minimized. ExJlosive techniques have been used
to expand the ring by Johnson, et al.( 1  and Hogatt, et al.( 2 0 ). Nlordsen(2 1 )
has used an electromagnetic technique. At present these techniques are in
the development stage and little data in the form of stress-strain curves have
been obtained with them.

4
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SECTION III

PRESENTATION OF STRAIN-RATE DATA

The data presented are relatively comprehensive but not exhaustive.
We have primarily selected data for which the yield stress or the flow
stress at constant strain amplitude was measured over an appreciable
portion of the strain..rate range surveyed. In most cases the test pro-
duced complete stress-strain curves with strain rate as a parameter.
The data are presented here in the form of plots of flow stress vs.
log strain rate with strain at a parameter. This form most clearly shows
the relative effect of strain rate upon flow stress. Each figure contains
information regarding I) the material, 2) source of the information
(with reference number in bracket). 3) method by which data was obtained,
4) mode of deformation (tension, compression or shear), and 5) tempera-

•,.. ~ture at which test was performed. For more detailed information on any .of the data the user should refer to the original source.

The data are arranged in the following order:

h Figures I - 13 Aluminum alloys
Figures 14 - 17 Other fcc metals (copper and lead)
"Figure 18 Summary plot of fcc metals
Figures 19 - 32 Iron and ferrous alloys
Figures 33 - 35 Titanium alloys and beryllium

The data of Figure 18 summarize the fcc metals from the large number
"of sources indicated in Table I. The data are presented in a form similar
to that used by Holt, et al. (22) for aluminum alloys only. It can be seen
from Figures 1 through 17 that the relationship between stress and log
strain rate is linear over a wide range in rate. The rate sensitivity
parameter Is taken as the slope of this linear region, Aa /A log i
divided by a mean stress which is here defined as the stress amplitude
at unit strain rate. If this parameter is multiplied by 100, it gives the
percent increase in stress per decade increase in strain rate. It is
evident that with increasing mean stress, due to either alloying or in
some cases heat treatment in the aluminum alloys, the rate sensitivity
decreases.
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TABLE I.
REFERENCES FOR FIGURE 18.

ALUMINUM
No. Source Ref. Alloy Strain

1 Holt, et. al. 22 99. 999% 0.006
a Holt, et. al. 22 1l60-u 0.06
3 Holt, et. al. 22 1100-0 0.06
4 Holt, et. al. 22 6061-0 0.06
5 Holt, et. al. 22 2024-0 0.06
6 Holt, et. al. 22 7075-0 0.06
7 Holt, et. al. 22 7075-T6 0.06
8 Holt, et. al. 22 6061-T6 0.06
9 Alder, Phillips 7 99.5% 0. 10

10 Kolsky, Douch 32 97.8 Al, 0.9 Mg, 0. 9Si 0.06
11 Kolsky, Douch 32 99.5% 0.06
12 Hockett 8 1100-0 0.10
13 Li.ndholrn, Yeakley 33 99. 995 0.06
14 Lindholrm 15 1100-0 0.06
15 Lindholm, Yeakley 34 6061-T6 0.06
16 Lindholm, et. al. 1 7075-T6 0.06
17 Chiddester, Malvern 23 1100-F 0.05
18 Schultz 35 1100-0 0.20
19 Stiedel, Makerov 24 7075-T6 Yield
20 Stiedel, Makerov 24 6061-T6 Yield
21 Stiedel, Makerov 24 5456-0 Yield
22 Stiedel, Makerov 24 7075-0 Yield
23 Stiedel, Makerov 24 5154-0 Yield
24 Stiedel, Makerov 24 6061-0 Yield
25 Hauser 16 99.997% 0.01
26 Karnes, Ripperger 36 99.995

OTHER FCC METALS
27 Lindholm 15 Cu (OFHC) 0.06
28 Lindholm 15 Pb 0.06
29 Stiedel, Makerov 24 Pb Yield
30 Alder, Phillips 7 Cu 0.10
31 Kolsky, Douch 32 Cu (99. 9%) 0.06
32 Baker, Yew 37 Cu 0.16

24
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SECTION IV

DISCUSSION

The data presented illustrate the range in rate sensitivity to be
expected from a wide range of metals and alloys. There are two
observations to be made regarding the consistency of the data. First,
data obtained by a single investigator for a given material appear to
be very consistent over the wide range in rates, even though two or
sometimes three different test techniques were employed. This is
important in showing that the highest rate data, obtained under conditions
where wave propagation effects always lead to some uncertainty, are
consistent with data obtained at low rates where equilibrium conditions
are known to prevail and accuracy is more easily determined. Second,
where comparisons can be made there is generally good agreement between
the results of two or more different investigators. Figures 18 and 24
illustrate this to some extent for aluminum alloys and steels. Small
differences in impurity or alloy content between materials of the same
nominal designation can make quantitative comparisons of the later type
difficult. For instance, in the low stress region of Figure 18, it is
observed that small changes in alloy content lead to large changes in the
apparent rate sensitivity.

The aforementioned indications of consistency lead to another general
observation to the effect that we now appear to have at hand the capability to
generate high strain rate data in the range considered with accuracy at least
sufficient for engineering purposes. With the acquisition of such data, we
should now be able to determine for any given material whether or not higher

allowable stresses can be used in design situations where dynamic loads
are governing.

A final observation is that extrapolation of the available data beyond
the range of strain rate or of temperature at which the tests were performed
is not recommended. The detailed mechanisms controlling the plastic flow
of metals are very complex and there is no assurance, and indeed little
likelihood, that the same mechanisms are operative over the whole range
of conditions encountered. The detailed study of deformation mechanisms is
a major area of current effort so that perhaps in the future our predictive
capacity will be better. However, as a rule, with increasing temperature
the rate sensitivity increases. For instance, while 7075-T6 aluminum is not
rate sensitive at room temperature (Figure 12), above 300'F the rate sensi-
tivity becomes appreciable(l). Similarly, at strain rates above 1000 in/in/sec.

42



what little evidence there is indicates that the rate sensitivity increases
markedly. Some data indicating this for steel are sumarised by
Rosenfield and Hahz(27). Sin,;'-,r behavior is observed in aluminum
by Hauser( 1 6 ). Obviously, fu,.-.-ier work and documentation is required.

43

I

43



SECTION V

REFERENCES

1. U. S. Lindholm, L. M. Yeakley and R. L. Beosey, "An Investigation
of the Behavior of Materials Under High Rates of Deformation, " AFML-
TR-68-194, July 1968.

2. G. S. Clark and G. Datwyler, "Stress-Strain Relations Under Tension
Impact Loading," Am. Soc. Testing Mater. Proc. 38, 98, (1938).

3. H. C. Mann, "High Velocity Tension Impact Tests, " Am. Soc. Testing
Mater. Proc. 36, 85, (1936).

4. M. Manjoine and A. Nadai, "High Speed Tension Tests at Elevated
Temperatures," Am Soc. Testing Mater. Proc. 40, 822, (1940).

5. A. Nadai and M. J. Manjoine, "High Speed Tension Tests at Elevated
Temperatures - Parts II & I1," Trans. ASME 63, A77, (1941).

6. E. Orowan, "The Cam Plastometer," B. I.S.R.A. Report MW/F/22/50,
March 1950.

7. J. F. Alder and V. A. Phillips, "The Effect of Strain Rate and Tempera-
ture on the Resistance of Aluminum, Copper and Steel to Compression,"

J. Inst. Metals, 83, 80, (1954-55).

8. J. E. Hockett, "On Relating the Flow Stress of Aluminum to Strain, Strain
Rate and Temperature," Trans. AIME, 239, 969, (1967).

9. D. S. Clark and D. S. Wood, "The Time Delay for the Initiation of Plastic
Deformation at Rapidly Applied Constant Stress," Am. Soc. Testing Mater.
Proc. 49, 717, (1949).

10. J. D. Campbell and K. J. Marsh, "The Effect of Grain Size on the Delayed
Yielding of Mild Steel, " Phil. _Mag., 7, 933, (1962).

11. C. J. Maiden and S. J. Green, "Compressive Strain-Rate Tests on Six
Selected Materials at Strain Rates From 10-3 to 104 in/in/sec," J. Appl.
Mech., 33, 496, (1966).

12. U. S. Lindholm and L. M. Yeakley, "A Dynamic Biaxial Testing Machine,"
J. Exptl. Mech., 7. 1, (1967).

44



13. H. Kolsky, "An Investigation of the Mechanical Properties of
Materials at Very High Rates of Loading, " Proc. Phys. Soc. (London),
6ZB, 676, (1949).

14. E. D. H. Davies, and S. C. Hunter, "The Dynamic Compression Testing
of Solids by the Method of the Split Hopkinson Pressure Bar," J. Mech.
Phys. Solids, 11, 155, (1963).

15. U. S. Lindholm, "Some Experiments With the Split Hopkinson Pressure
Bar," J. Mech. Phys. Solids, 12, 317, (1964).

16. F. E. Hauser, "Techniques for Measuring Stress-Strain Relations at
High Strain Rates, " Exptl. Mech. , 6, 395, (1966).

17. A. F. Conn, "On the Use of Thin Wafers to Study Dynamic Properties
of Metals," 3. Mech. Phys. Solids, 13, 311, (1965).

18. J. F. Bell, "An Experimental Diffraction Grating Study of the Quasi-
Static Hypothesis of the Split Hopkinson Bar Experiment," J. Mech.
Phys. Solids, 14, 309, (1966).

19. P. C. Johnson, B. A. Stein and R. S. Davis, "Basic Parameters of
Metal Behavior Under High Rate Forming," Final Rept. WAL TR III
Z/20-6, Arthur D. Little Corp., (1962).

20. C. R. Hoggatt, W. R. Orr and R. F. Recht, "The Use of an Expanding

Ring for Determining Tensile Stress-Strain Relationships as Functions
of Strain Rate," The First International Conference of the Center for
High Energy Forming, Estes Park, (June 19-23, 1967).

21. F. I. Niordson, "A Unit for Testing Mateiials at High Strain Rates,"
Exptl. Mech., 5, 29, (1965).

22. D. L. Holt, S. G. Babcock, S. J. Green and C. J. Maiden, "The Strain-
Rate Dependence of the Flow Stress of Some Aluminum Alloys," Trans.
ASM, 60, 152, (1967).

23. J. L. Chiddister and L. E. Malvern, "Compression-Impact Testing
of Aluminum at Elevated Temperatures," Exptl. Mech., 3, 81, (1963).

24. R. F. Steidel, C. E. Makerov, "The Tensile Properties of Some
Engineering Materials at Moderate Rates of Strain, " ASTM Bulletin,
pp. 57-64, (July 1960).

25. D. L. Davidson, U. S. Lindholm and L. M. Yeakley, The Deformation
of High Purity Polycrystalline Iron an.d Single Crystal Molybdenum as a

Function of Strain Rate at 300°K," Acta Met., 14, 703, (1966).

45



26. M. J. Manjoine, "Influence of Rate of Strain and To-er.tire Cn..
Yield Stresses of Mild Steel, " Journal of Applied Mechanics, A211,
(1944).

27. A. R. Rosenfield and G. T. Hahn, "Numerical Descriptions of the
Ambient Low-Temperature and High-Strain Rate Flow and Fracture
Behavior of Plain Carbon Steel, " Trans. ASM, 59, 962, (1966).

28. J. M. Krafft, "A Rate 'Spectrum' of Strain Hardenability and of Frac-
ture Toughness, " Report of NRL Progress (January 1966).

f

29. J. M. Krafft, "Correlation of Plane Strain Crack Toughness With
Strain Hardening Characteristics of a Low, a Medium, and a High
Strength Steel," Appl. Materials Res., 3, 88, (1964).

30. J. Winlock, "The Influence of the Rate of Deformation on the Tensile
Properties of Some Plain Carbon Sheet Steels, " Trans. AIME, 197,
797, (1953).

31. D. P. Kendall, I. E. Davidson, "The Effect of Strain Rate on Yielding
in High Strength Steels," J. Basic Engineering, 8_8, 37, (1966).

32. H. Kolsky and L. S. Douch, "Experimental Studies in Plastic Wave
Propagation," J. Mech. Phys. Solids, 1O, 195, (1962).

33. U. S. Lindholm and L. M. Yeakley, "Dynamic Deformation of Single
and Polycrystalline Aluminum," J. Mech. Phys. Solids, 13, 41, (1965).

34. U. S. Lindholm and L. M. Yeakley, "High Strain-Rate Testing: Tension
and Compression," Exptl. Mech., 8, 1, (1968).

35. A. B. Shultz, "Material Behavior in Wires of 1100 Aluminum Subjected
to Transverse Impact," J. Appl. Mech., S5, 342, (1968).

36. 0. H. Karnes and E. A. Ripperger, "Strain Rate Effects in Cold Worked
High-Purity Aluminum, " J. Mech. Phys. Solids, 14, 75, (1966).

37. W. E. Baker and C. H. Yew, "Strain-Rate Effects in the Propagation of
Torsional Plastic Waves" 3. Apjpl. Mech., 33, 917, (1966).

46



":ADDITIONAL REFERENCES (Books, Conference Proceedings and
Review Articles).

38. J. S. Rinehart and J. Pearson, Behavior of Metals Under Impulsive
Loads, Am. Soc. Metals (1954), also Dover Publications, Inc. (1965).

39. A. 0. H. Dietz and F. R. Eirich (ads.), High Speed Testing, (a
series of symposia by Plas-Tech Equipment Corp., Natick, Mass.)
Interecience Publishers, New York, (1960).

40. Anon. Proceedings of the Conferernce on the Properties of Materials
at High Iates oi Strain, 1nstitttion of Mechanical Engineers, London,
(1957).

41. P. G. Shewrnon and V. F. Zackay, (ads.) Response of Metals to
High Velocity Delormation, Metallurgical Society Conference, 9,
Interacience Publishers (1961).

42. Anon. Proceedings of the Army Conference on Dynamic Behavior
of Materials and Structures, Engineering Science Division, Army
Research Office-Durham (1962).

43. Anon. _Symposium on the Streso-Strain-Time-Temperature
Relationships in Materials, Am. Soc. Testing Mater. Special
Publication No. 325 and Am. Soc. Testing Mater., Philadelphia,
Pa. (1962).

44. N, 3. Huffington, Jr., (ed.), Behavior of Materials Under Dynamic
Loading, ASME, New York, (1965).

45. A. Kumar, C. J. Maiden and S. J. Green, "Survey of Strain Rate
Effects," The First International Conference of the Center for
High Energy Forming, Estes Park (June 19-23, 1967).

46. T. Nicholas, "The Mechanics of Ballistic Impact - A Survey,"
Tech. Rept. AFML-TR-67-208, Wright-Patterson Air Force
Base, Ohio, (July 1967).

47. U. S. Lindholm, ed., Mechanical Properties of Materials Under
Dynamic Loads. Springer-Verlag New York. Inc., 1968.

47



Unclassified

I OR . I.TING '&.iV..T ODOCUMETII-NT CONTROL DATA. R &iD 1 i
ORIQlINA TINO AC TIVI T (4op¢ie•~lt .... .. . . .. . . . .

Department of Mechanica1 Sciences Unclassified
Southwest Resiearch Institute 3b. OfoufSan Antoniob Texasl

REPORT TITLE

A Survey of Rate Dependent Strength Properties of Metals

4. OEa CRIPTIVE NOTES (T7'll. oI tP aouof fin clusia'v' d.iaos)

Final Reprt - July 1966 to November 1968
* Au- TH•RiS'I (P41.1 ,a•m., mldd * Initil., 'lilt inAmt.

U. S. Lindholm
R. L. Bessev

4. RPOFT DATE IN, TOTAL N o IAO E OF. 1'c,~ OF IFFS1

April 1969 47 47

8.4. CONTIIACT OR GRANT NO 90. ONIGINA TC31i-5 HI IOH I 1,tNL)MRNI5I

AF 33(615)-5338
b. P0,0JFL TNO Technical Report No. 3

7351
•b., OTFI9IS HEPORT NeOIl (Aliny athot niumbna h Ihiu nifty be ANomltig d

Task No. 735106 ,hu t
d. AFAML-TR-69- 119

iI, OISIRI*UTION STATAENT This document is subject to special export controls and

each transmittal to foreign governments or foreign nationals may be made only
with prior approval of the Metals and Ceramics Division (MkM), Air Force
Materials Laboratory. Wrioht1Pattermon Air Formeo O AIM
II, SUPPLEMINTARY NOTr. I2. SPONSOHING MILIl R' ACIVITY

Metals and Ceramics Division
Air Force Materials Laboratory

Wright-Patterson Air Force Base, Ohio
' 13, CA, V

The data available from the open literature conoerning the effect of strain
rate on the strength properties of metals have been collected and are presented

in graphical form. The range in strain rate included is from approximately
10- 4 in/in/sec to 10iin/in/sec. While most of the strength data has been

obtained at room temperature, some elevated temperature data is available

also. It can be seen that most information has been obtained on the

aluminum and ferrous alloys.

This collection of data should serve as a useful source for those requiring high

strain-rate information for design applications and as an indication where

further work is required.

This abstract is subject to special export controls and each transmittal
to foreign governments or foreign nationals may be made only with prior
approval of the Metals and Ceramics Division (MAM), Air Force Matorials
Laboratory, Wright-Patterson Air Force Base, Ohio 45433.

DD NOIIII1473 Unclassified
Socuritv ('1. N I I.'ilt



UnclassLfied5ecurlty ClassI|i©cilon________m

KI4. LINK A LINK U LINK C

KEY WOKOS , -

_ _ _ _ _ __ IOL R ROLE WT ROLE

Mechanical Properties
Strain-Rate Efffects

- J.

Unclassified
.Scurity Chtasuhticmtn


