AD-780 021

DYNAMIC PROPERTIES OF MATERIALS
PART I1. ALUMINUM ALLJYS

BosToN UNIVERSITY

PREPARED FOR _
ArMY MATERIALS AND MeEcHANICS RESEARCH CENTER

AperiL 1974

DISTRIBUTED BY:
National Technical infermation Service I
U. S. DEPARTMENT OF COMMERCE




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dsia Entered)

REPORT DOCUMENTATION PAGE BEFORE Compl oG FORM

. REPORT NUMBER 2. GOVY ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

AMMRC CTR 74-~23 AD- 790 w2/

4. TITLE (and Subtitle) S. TYPE 9F REPORT & PEMOD COVERED
DYNAMIC PROPERTIES OF MATERIALS Final Report
PART II - ALUMINUM ALLOYS 6. PERFORMING ORG. REPORT NUMBENR
7. AUTHOR(®) 8. CONTRACY (LR GRANT MUMBER(S)
C. W. Jiang and M. M. Chen DAAG46-73-C-0181
9. PERFORMING ORGANIZATION NAME AND AODRESS 10. PROGRAII ELEMENT, P.OJECT TASK

Boston University-College of Engineering[VA»Pnﬁect 1J562604A607
Aerospace Department CMS Code:5520.11.80700.0]
110 Cummington St., Boston, Mass., 02215 Wgency Accession:

REA & WORK UNIT NUMBE

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPOAT DL TE
Army Materials and Mechanics Research Center ﬁTJESQ%%}sg%EZA
. v AGES
Watertown, Massachusetts 02172 e
4. MONITORING AGENCY NAUC 8 ADODRESS(if ditferent from Coniro.ling Olfice) 15, SECURITY CLASS. (of this raport)
Unclassified
1Sa. OF 255LASSW|CAY|ON OOWNGRADING

. DISTRIBUTION STATEMENT (of this Reporst)

Approved for public release; distribution unlimited.

. DISTRIBUTION STATEMENT (of the sbatract entercd in Block 20, 1§ difteront irom Report)

. SUPPLILEMENTARY NOTES

KLY WORDS (Continue on reverec gice ! necasnsry nd identify by block number)

Pnlymers Stress-Strain
Alumir.un Alloys Strain Rate
Steels Temperature

20

alloys under dynamic loadings has been made. The experimental
data chowing the variation of yield, ultimate strengths and
EIGﬂgatiOn "-4 —as @\-J—u‘.nl .A.u\— “asss NN MUt A A Wl N A A N A de vvnuy.;.s -t A sara
tabulategd. The range of itxain rate included in this report is
from 107 in/in/sec to 10
15 from -300°F to 900°F. The variations of yield and ultimate

ABSTNACT (Continue on severse aide If naceseary tnd ioontify By Bock mmbder)

A lirterature survey on the mechanical properties”of aluminumh

St mbhea mbn and tammavasdenrae ava ~mnt 1Al and

in/in/sec, while the temperature range¢

DD , 3", 1473  Eoivion oF 1 MOV €815 0QSOLETE

UNCLASSIFIED

L SECURITY CLLASSIFICAYION OF THIS PAGE (When Uste Entered)




e T

ik -
SECURITY CLASSIFICATION OF THIS PAGE(When Dete Bntered)

strengths are plotted for 6061 and 7075 aluminum alloys.

It is shown that both the yield and ultimate strengths are
higher under dynamic loads than under static loads. However,
the aluminum alloys are not &s strongly affected by strain rate
as polymers and steels. It is alsc shown that the yield and
ultimate strengths decrease with an increase of temperature.

ZZ UNCLAS
SECURITY CLASMFICATION OF THIS PAGE( "hon Date Entered)



CONTENTS

Page
FOREWORD 11
ABSTRACT 1
INTRODUCTICN p
RESULTS AND DISCUSSION 3
LIST OF INVESTIGATIONS 6
TABLES 8
FIGURES 32
ACKNOWLEDGEMENT 35
REFERENCES 36
BIBLIOGRAFPHY 41

TABLES OF DYNAMIC PROPERTIES OF ALUMINUM ALIOVS
TABLE 1 Al-1100 or Equivalence
TABLE 2 Al-6061
TABLE 3 Al-7075
TABLE 4 Al-2014
TABLE 5 Al-2024
TABLE 6 Other Aluminum Allovs
FIGURES

l. Yield and Ultimate Strengths vs. Strain Rate for Al-6061-TG

in Tension

Yield Strengths vs. Strain Rate for Al-7075-0 in Tension

timatle Sireinyihs vs. Strain Rate tor Al-7075-T6

nlA
L AV Y

in Tension



- ii -
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Dynamic Properties of Aluminum Alloys
by
C. W. Jiang
and

M. M. Chen
L N

P Department of Aerospace Engineering
“ Boston University
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ABSTRACT
/" oo

— A literature survey on the mechanical properties of !
aluminum alloys under dynamic loadings has been made. The
experimental data showing the variation of yield, ultimate
strengths and elongation with strain rate and temperature are
compiled and tabulated. The range of strain rate included in
this report is from 1073 in/in/sec to 104 in/in/sec, while the
temperature range is fror. -300°F to 900°F. The variations of
yield and ulti&ate strengths are plotted for 6061 and 7075
aluminum alloys.

It is shown that both the yield and ultimate strengths
are higher under dynamic loads than under static loads. However,
the aluminum alloys are not as strongly affected by strain

rate as polymers and steels. It is also shown that the yield

and ultimate strengths decrease with an increase of temperature.




INTRODUCTION

The mechanical behavior of aluminum alloys under dynamic
loading conditions has been the subject of many researchers.
The behavior has generally been studied in terms of the variance
of yield and ulgimate strengths with strain rate and temperatures.
The dynamic properties presented in this report are based on a
literature survey of experimental data f-r aluminum alloys.
The data is usually limited to specific strain-rate ranges of
particular interest. To cover a large range cf strain rates,
several test setups have been usea by investigators. Both ten-
sion, compression and torsion results are included in this survey.

In this study, the elongation is reported as the percen-
tage of elongation at break. 1In the case of compression, the
sign of elongation in the tables should be considzred as negative.
All the pertinent information of this survey is shown in the
List of Investigations. The methods of measuring strain rate
are shown in the Remarks column for each reference. In some
reports, the strain rates were calculated from the cross-head
gpeed,; in which the strain rate is obtaisncd by dividing the
cross-head speed by the gage length.

The yield strength of aluminum alloys is usually determined
by one of the following two methods:

(1) Offset Method - In this method, it is necessary to

secure -the data for a stress-strain diagram. On the stress-
strain diagram (See Fig. A), lay off OM equal to 0.2%, and draw

MN parallel to OA which intersects the stress-strain curve at

point r. The stress at r is called yield stress.




(2)

it is required to apply the load until a specified extension,

Total-Extension-Under-Load Method - In this method,

which corresponds to a strain of 0.5%, is reached. Tic stress

corresponding to this point is the yield point (see Fig. B).

oM € ¢ M
Fip. 4 Fig. 8

-

E

The ultimate strength is calculated by dividing the maxi-

mum load carried by the specimen during tension
tests by the original cross-section area cf the

It is noticed that most of the experiments

or compression
specimen.

were done in

the 1960's and they were carried cut at room temperature. The

4 secl.

strai . rate in the survey ranges from 10-S to 10 The
temperature range varies from -320°F to 932°F, although most of
the data were obtained at room temperature.

This document should serve as an information source for

design and for future research work.

RESULTE AND DISCUSSION

The stress-strain curves obtained for aluminum alloys
were monotonically increasing and showed no unusual features.

The vieldinag point was not apparent for mogt aluminum




The strain rate has a relatively minor effect on the yicld stren-
gth at room temperature (see e.g., Fig. 1). At higher tempers-
tures, however, the effect of the strain rate on the yield
strength becomes more pronounced (e.g., Fig. 2).

It is observed that high rates of strain hardeniag are
found at low temperature, while little or no strain hardening
is found at higher temperatures. In the intermediate tempera-
ture range, the slope of the stress~strain curve is strongly
dependent upon the strain rate,

In general, the yield strength and ultimate strength
varies linearly with log'é + and the slope of the variation
is larger at higher temperatures (see Figs. 2 and 3). The
difference in the slopes vof these two parameters indicates
the degree of strain hardening of the material.

More recently, the concept of flow stress has been used
to repreisent the dynamic property of aluminum alloys. Fo:
low temperature ranges, the relationship of flow .tress and

strain rate can be described as (see e.g., D-1, H-4)*:

GO =C‘é"‘l (1)

where 6, is the stress for a given strain, £ is the strain
rate, C = constant for each temperature and m = the strain
rate seneitivity coefficient fo~ each temperature.

At high temperatures, the relationship between the flow

stress, C, , strain rate, ¢ , and temperature, T, can be

* . @ m . 1 - " - .0 - -
Letter and number 1n parentlhesls indilcates the reference number.,



represented by

. 2
G, - f(é& exp sH/RT) ()

where a H is the apparent activation energy for deformation
whieh can be considered as a constant in some temperature range,

and R is the universal gas constant. It is felt that more re-

search work is needed in this area.




Material

1100
1100-0
1100-0

1100~0
1100
Al-2S8

Al 28
Pure Al
99.99% Al

Commercial
Pure Al

Commercial
Purity Al

S.P. Al

Suver-Purity

al

Commercial
Purity Al

Al
Al

Super~-Pure
Al

7075-0
7075-0
7075-0
Al-5.7% Zn
Al-Cu-Si-Mg
7178~-T651
7178-T6
5456-0
$456~H321
5456-H343
6351-T51
Al-Si-Mg
5454~0

T(°F)

392~1112
room
68~392

room
200~800
room
room~1112
482~1022
room

572~932

~310~1022
392~1112

932

73.4
room
room

383~826
77~874.4
room
room
752~1022
572~842
room
room
room
room
room
rcom
572~1022

room

LIST OF INVESTIGATIONS

£l/sec)

1x10"% 1x10

1x10”% 8.9x10%
9.5x1072 2.13x10

2

2
1x10°4 2.5x101
0~1x10°

0, 3.75x10%3x10%
9x10” L 1x10°

6.6x10°2 2.2x10°
0, 2.66x10°
1x10%3x, 01
4.38x100

1 2

4x10 ~ 3.11x10

ax107L 3.11x10°2

0~1x10"2

0, 1.32x10°
0, 1.8x10°

5x10"1

-5 -1
2.5%10 ~ 5x10
2.5%x10" 3 6x10°
2.7x10 2 6.7x10*

1x10” % 3.11x10°
0

1x10%3x101

1.7x10°%,1. 92x102
- “3

1.7%10°%,1. 92x107

3.1x10” % 7x10t

1.7x10”%,1. 92x102
1.7x10” %, 1. 92x102
1x10” 4 1x10°

1~3x10

1
1x10~4 9.8x102

Type of Test

torsion
torsion
compression

torsion
tension
tension
tension
compression
compression

compression

compression

compression
compression

tension
tension
tension

torsion
tension
compression
tension
compression
compression
tension
tension
tension
tension
tension
tension
compression

tension

Ref. Late
B-3 1972
F-2 1972
H-3&H-4 1967,
1970
N-2 1971
S-4 1969
Cc=-3 1950
N-1 1941
s-1 1971
J-1 1963
A-2 1959
A-1 1954-5
B-1 1963-6
B-2 1964
B-4 1967
Cc-1 1938
c=2 1942
0-1 1960
D-1 1968
H~6 1967
s-3 1960
B~1 1963-6
A-2 1959-€
5-2 1963
S-2 1963
S-3 1960
5-2 1963
s-2 1963
L-1 1971
A=-2 1959-6
L-1 1971



laterial

5454-H34
\1-2 1/4% Mg.
\1-5% Mg.
RR77
\1-Mn
5154-0
2024-0
2024~T4
2024-T4
2024
1075-T6
1075-T6
1075-Te
1075-T6
1075-T6
1075-T6
1075-T651
3061-7T¢6
5061-T6
5061-T6
5061-T6
5061-T6
5061-T6
5061~76
5061
y061-0
5061-T651
11-2017
148~7
4S-T Al
245 Annealed
\1-4.2%Cu
\1-Cu4-Mgl
1014-F
i{ELSWP Al

T(°F)
room
572~932
572~932
room
572~1022
room
~320~930
room
room
200~600
room
75600
room
80~600
room
room
72~550
L OO0
75~700
room
72~600
room
room
room
392~Q32
room
room
392~932
room
room
rcom
§72~932
-103,63
room

room

(/sec)

9.9x10 % 1.02x103

1~3x101
1l

1~3x10

1x10" > 1.75%10
h ]

1~3x10"

4.1x10"> ax10t

1x10"2 4x107t

1.7x10'4,1.92x10
0, 6x10%

o~1x10°

o, 6x10%
3x10 2 1x10
0, 6.6x10°

5%10”2, 1x10°
3x10”% 5. 6x10°
1.9x10° % 4.3x10

2x10" > 1x10°

0~2. 26x10
1x10” ™ 7x10°

8x10™4
1x10" 2

3

1

1

>1.8x101

1.7x10"4 1.92x10°

1.8x10"2 6.9x10%

9x10” % 9.1x102
1x10~ 2 1x102
3.4x10 % 8x10*

1x10” 4 1x103

1x10~% 1x102
0,1.77x10°

0,3.75x10LVBx102

0,3.75x10% 3x107

4x10"% 3.11x102

1x10™2 1x10°

0,6x10?

2 3
0,5x107,1x10

Type of Test kef.
tension -1
compression A-2
compression A-2
tension H-1
compression A-2
tension s-3
torsion F-1
tension 5-2
tension Cc-4
tension 5-4
tension c-4
tension G-1
compression J-1
tension K-1
compression M-1
tension S-3
compression M-2
tension A-3
tension H-5
tension J-2
tension G-1
tension S=-2
tension S-3
compression M-1
torsion B-3
tension S-3
tension L-1
Ltoxrsion B-3
tension c-2
tension c-3
tension c-3
compression B-1
tension H-2
tension Cc-4
torsion N-3

Date

1971
1259-60
1959-60
1960
1959-60
1960
1359
1963
1958
1969
1958
1966
1263
1961
1966
1960
1969
1559
19686
1972
1966
1963
1960
1966
1972
1960
1971
1972
1942
1950
1950
1963-64
1972
1958
1972



Material:

T(°F)
392

572

752

932

1112

Material:

room

TABLE 1 - DYNAMIC PROPERTIES OF Al-1100 OR EQUIVALENCE

Al-IIOO( Si 0-32, Fe 0.70' Cu 0-20! Mn 0-05' Mg( 0.01,

Cr< 0.01,

€(/cec)
1x10~
1x10
1.3x1¢Y
8x10°
lxlC2
1x10
1x10°
1.3x10
8x10°
1x10°
1x10~
1x201
1.3x10°
0
8x10
2
1x10
1x10
-1
1x10
1.3x16°
8xlC—0
2
1x10
1x10°
1x10°
1.3x10
8x10°
1x10°

1

2
1
U

2

2

2
1
G

A1-1100-C

1x10~4

8.5x10%
8.7%x10%
8.9x10°

Zn 0.10, Ti<€.01, Al Bal.

B-3 Read from (¢, &)

effective stress
Strair &« strain r
1l hr. at 662°F

air cooleéd to am-
bient temperature

F-2 Annealed for 1 1/2

furnace cooled

Oy(psi) Cu(psi) Elong. (%) Ref. Remarks
10100 .
11500 Torsion gﬁi:;f' 0.2% offs
14100
15000
16650
6000
7700
9500
10500
12600
3460
4110
5340
4880 7250
5500 8750
1630 1750
2000 2440
2550 4440
3250 5600
3880 5600
810 880
1000 1250
1690 2040
2500 301C
3000 4610
7400 18.8
2530 5870 4.5 Torsion hrs. at 650°F and
2600 6300 4.7
2700 5940 5.0



Read from (G P E)

0.5% strain for

Gy, read from

(G, €) curves,
annealed at €50°F
for 1 hr and furnace

A1-1109, 1/2 hard

Annealed 720°F

T(°F) é(/sec) Gy(psi) culpsi) Elong. (%) Ref. Remarks
Material: Al-1100-0
68 1.35x10°1 19700 H-3
3.6x10° 20600 & H-4  curves
1.1x10 19900 Conmp.
2.9x10 20700
1.16x102 19200
2.13x102 20600
134.6 1x10”1 18200
1.1x10° 16900
2.14x10 19700
1x10° 18000
2.1x10% 20900
392 9.5x10 % 14200
7.7x10;1 15000
1.2x10 15000
1.17x101 15900
9.2x10% 17660
1.16x102 16900
Material: 2Al1-1100-0
room 1x10”% 2400 N-2
1%10° 3 2500 Torsion
1x10% 2700
! o
2.5%x10 2600 cooled
Material: Al-2.5, 99.9% min normal
room 0 17200 4.6 C=-3
3...,55101 Tension
~3x10 22100  17.
0. 8700  23. A1-1100
3.75%10"
~3x102 11600 30.
Material: A1-1100
200 0 9400 5-4

Tension

Annealed 800°F
for 3 min.



T (°F)

€ (/sec)

350

550

800

Material:

room

392

752

1112

room

1x10°
~1%103

0

1x10§
~1x10

0

lx10§
~1x%10

0

1x1c§
~1%10

Al-2.5

9x10~’
3.4x10°
9x10” 4
5,5x10 >
1x10%
5.5%102 .
1x103
3.4x10°
1x10" 2
1x10°2
5.5x%10°
1x10°
9%10"
5.5x10
lxlO2
5.5x10°
1x16°
9x10
5.5x%10"
1x102
5.5x10
1x10°
0 20000

1.8x10%° 16950

5

5

4
1l

4
1l

2

Gipsi)

Ou(psi)

Elong. (%) Ref. Remarks

10800
4500

7800
2700

6700
1800

4800

10260
11350
11540
12540
15580
16230
16920
4620
6920
11200
12300
12700
1210
3650
6540
8080
8650
440
1540
4420
5500
6200
20000
21000

N-1 Annealed 2hrs. a
Tension 752°F in vacuum
Read from (G .,&

curves

: Strain rate = sp
22.2 Tension

/gage length
condition unknow
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T(°F) € (/sec) Gv(psi) OCu(psi) Elong(%) Ref. Remarks
4.2x10° 17400 22170 25.3
7.2x102 22430 25830  25.3
1.08x10° 27570 22200  28.1
1.44x103 29000 22000  24.3
1.8x10° 29650 23150  26.3

Material: Pure Al
2

482 6.6x10" 6640 s-1 Read from (. ,€ )
5.2x102 16200 Comp. curves
5.4x10° 16600
1.2x103 16800
1.9x10° 17100
2.2x10° 17500
662 6.6x10 2 4270
5.2x102 12000
7.4x10°2 12300
1.2x103 12600
1.9x10° 12900
2.2x10° 13300
842 6.6x10 2 2950
5.2x102 8840
7.4x102 9040
1.2x10° 9400
1.9x10° 9540
2.2x103 9900
1022 6.6%x10 2 2000
5.2x102 6600
7.4x102 6740
1.2x10°3 7100
1.9x10° 7300
2.2x103 7540
Material: 99.99%a1
room 0 3000 J-1 Annealed to 2900psi
3 Canp. yield )
2.66x10 6000 Read from (G, =)

curve



-

T(°F)  €l/sec) Oy(psi)  Ou(pei) Elong.(8) Ref. Remarks

Material: Al

room 0 15920 18920 15.1 Cc-1 Strzin rate = gpe
1(32x102 24240 25030 24.6 Tension /gage length

Material: Commercial Purity Al
Zn 0.01, Al, Bal.
0

Cu 0.0l1, si 0.02, Mn 0.02, Fe 0.46,

~e

~310 4.38x10 34290 A-1 Annealed for 1 hr
662 4.38x103 8460 o B a trem (G, E )
842 4,38x10 5000 curves
1022 4.38x10° 3080
Material: Commercial Pure Al ; Cu 0.02, Si 0.12, Fe 0.31, Al Bal.
572 1x10° 7400 A-2  Read from (C°, &)
1x101 9000 Comp. curves
2x10t 10000
3x10! 10400
752 1x10° 4600
1x10t 5600
2x10t 6400
3x10t 7000
932 1x10° 3200
1x10t 3800
2x10t 2400
3x10! 5000
Material: S.P. Al
932 4x10~t 2170 B-2  Read from (U ,£)
2x100 2830 Comp. curves
9x10° 3750
4.1x101 4500
1.01x102 5660
2.03x10% 6330
3.11x10° 6670




T(°F)

Material:

383
536
734
896

Material:

392

752

932

1022

1112

£ (/8ec)

S.P. Al

5x10 %

5x1071

leO.1
-1

5x10

Yielding at 0.2%
Read from (G, &)

N (psi) Ou(psi) Elong. (%) Ref. Remarks
3000 8300 0-1
1470 5470 Torsion offset
1180 3250 curves
940 1530

S.P. Al; Cu 0.0017, Si 0.0026, Fe 0.0033, Mn 0.006, Al 99.99

4x1071

9x100
1.01x10°
3.11x10°
ax107!
9x10°
1.01x10°
3.11x10°%
4xlu-l
2x10°
9x10°
4.1x10%
1.91x102
3.11x10°
ax10”1

2x100

9x100
4.1x10%
1.01x102
3.11x102

ax10”t

2x100

9x100
4.1x10

1.01x102

2.03x102

3.11x10%

1

9790

10450
11300
16000

3850
5300
8050
9150
2020
3000
3900
4060
5080
6900
1250
1750
2020
3500
4000
5060
1000
1500
2240
2900

248N
-~

. -

4000
4500

B-1
Comp.

Heat treated for .
hr. at 1112°F
Read from (G ,& )
curves



Material:
T (°F)

room

75

00

00

Al1~606

é((sec)
0
4.48x10
5.13x10
5,85x10
6.89x10
7.13x10°
9.55x103
1x104
1.54x10
2.26x104
4.8x10°°
3x10"2
7x10°
1.9%10
2.8x10
4.4x10
6.5x10
7.2x10
1.1x10

1x107°
-2

W www

4

e o

1
2

3x.
8x10°
1.8x10
5.8x10
7.5x%10
1.3x10
lxlO-5
3x107°
i.3x10
2,310l
2.8x101
5.4x10!
8.2x10

(N

1

-

TABLE 2 - DYNAMIC PROPERTIES OF Al-6061

Strajin Rate at

Impact tester
Read from table

Oy at 0.2% offset
Method 211.1 Type
R3 of Federal Test

15la
Dynapak metal work-
ing machine, strains
and strain rate were
calculated from the
output of a velocity
transducer attached
to the specimen's
threaded ends. .
Read from (¢, £)
curve and table.

1-T6
Ov(psi) Oylpsi) Elong.(%) Ref. Remarks
500¢0 25.5 A-3
54000 19.9 Tension fracture
64000 20.7 '
59000 20.0 True stress
58000 20,4
20.5
61000 21.8
69000 20.3
58000 20.3
68000 25.5
37900 43800  21.0 H-5
44000  21.0 Tension
46000 19.0 Method
48000 17.0 Standard No.
45050 52000 17.8
51000 16.5
48500 51000 19.0
53000 17.5
54000 15.5
15100 19000 16.0
27600 13.90
33000 13.0
33100 37000 14.0
43000 15.5
44000 16.0
41850 46000 15.0
4000 5500 15.0
9500 15.0
25000 13.0
28250 3000¢C 14.5
28000
31600 33000 12.5
34000 14.0



T(°F) € (/sec) Cv(psi) Qylpsi) Elong. (%) Ref. Remarks
3

72 2x10° 43500 50000 G-1 Read from . J,€)
1.8x10t 44000 50000 Tension curves
300 1x1073 39300 43000
9x10" 43000 45600
600 %103 21000 21500
1x102 28400 29000
room gx10”4 41350 45150  17.0 wddion thickness = 0.125
ax10~¢ 40700 45100  17.25  ,J-2.  thickness = 0.091
-4 mansion '
8x10 39350 44200  16.65 J-2.  thickness = 0.08
-4 : TAnsion .
room 1.7x10 41670 48250  15.0 S-2,  Read from ( Ci, £ )
-3 Tension curve
1.7x10 41930 48080  15.0
1.7x10"2 42750 48330  15.0
1.7x10°% 434790 48300  15.0
1.45x10°2 46670 56670  16.7
1.92x102 47570 53500  17.5
room 1.8x10-5 43300 48409 B.0 s-3 Normal strain rate
3.7x20" 4 41800 48600 8.9 Tension gggrfﬁ,nggct test
£.3xi. ¢ 44700 49900 12.0 Read from table
6.9x10! 45000 51000  12.4
room 9x10'32 42260 M-1 Gyat 0.2% offset
~9.1x10 Comp. Read from (G,€)
curve

Medium strain-rate
machine & split
Hopkinson bar
apparatus

Material: Al-6061; si 0.65, Fe 0.73, Cu 0.16, Mn 0.15, Mg 0.92, Cr 0.22,
Zn 0.35, Ti 0.15, Al Bal.

392 1x10~2 15620 20000 284 B-3 Gy at 0.2% offset
1x1071 16560 20740 285 Torsion ﬁleligegrom (C,€ )
0 .
1.3x10 18130 22750 277 Effectlvedstresg.
gtrain and strain
8 19060 24390 245 I ol
1x10 20000 25630 214 752;§dthen8§2rn;§e
- Co0 at F/hr.
572 1x1072 7190 8050 S0 0or any oin
ixio ) 8750 10380 cooled to ambient
temperat
1.3x10° 10000 11980 emperature
8x10° 10630 13350
2

1x10 12060 15630 272




T(°F)

é(/sec

)

662

752

842

932

Material:

room

Material:

room

1x10~
ix10 *

1.3x10

8x10°

1x102
1x10"2
1x10~

1.3x10

8x10°
1x102
1x10°
1x1071

1.3x10

8x10°

1x10°
~2

1x10

lxlO"l
1.3x10

0
2

8x10
1x10

Al-6061-0

2

1

2

0

0

0

0

3.4x10°
5.6x10°

5.5x10
8x10l

5
4
2

c&(gsi)
3000
4600
5000
$§750
7200
2750
4000
4920
5600
8000
2000
3150
4750
5330
6000
1300
2000
3300
5200
6000

7700
Q200

- -

8600
9000

Culpsi)

Elong. (8) Ref.

4920
5300
8000
9000
11500
3320
4750
6000
7150
9400
3009
4000
- 5250
6050
8400
2000
3130
4040
5750
7500

19800
202¢0¢
20800
21000

23.5

an €
LY s

26.5
33.3

Al-6061-T65); Si 0.68, Fe 0.52, Cu
Cr 0-24' Ti 0-02'

lxlOm4

1.67x10

1x10”Y

9.1x10
$.2x10
9.3x10
6.6x10

0

1

1
1

37300
40570
37500
40600
40200
40300
39700

Zn 0.05

40370
34500
40900
42500
42300
42200
41900

10.0
18.2

12.1
22.9
17.9
18.9
is.8

-3
Tension

Remarks

H

Normal strain rate
Charpy impact tegt-
ing machine

Read from table

0.25, Mn 0.04, Mg 0.94,

L-1
Tension

Read from table .
Instron .0001-,01S °

Hydraulic .J3001~
108-1

Hopkinson pressyre
bar 100-1000 s
Strain rate is dete:
mined from relative
velocity of two

farne



T (°F) ¢ (/sec) Gy(psi)  GCutpsi) Elong.(%) Ref. Remarks

7.6x10° 38000 40400  16.9
8.2x1¢° 39500 42100  12.5
3,1x102 37300 40700  14.3
'3.3x102 39200 42300  14.7
3.5x10° 39800 42700  14.7
4.4x102 39800 42400  11.2

1x10° 39600 41700  15.4




TABLE 3 - DYNAMIC PROPERTIES OF Al-7075

Material: Al-7075-0; 2n 5.61, Mg 2.50, Cu 1.26, Fe 0.35, Mn 0.05,
Ti 0.04, Si 0.02, Ni Trace, Al Bal.

T(°F) £(/sec) Oylpsi) Gy(psi) Elong. (%) Ref. Remarks

77 2.5x10™° 14300 D-1 Gy = 0.2% offset
ronsion  stacimens vere
2.5x10 14300 of 7075-T6 Al.
5x10-4-3 14300 ?g?;aigg gchfo
1.5x10 14300 cooled to 468°F |
| 5 e and i
5x10 14300 ture. )
1.5x10:; 14400 §2§§t§g§e§§°ss'.
2.5x10 14300 Read from (Oy , £
5%10™2 18000 curves
1.5x10°1 20000

600 2.5x10°° 6150
5x10™° 6200
2.5x10¢ 7300
sx10”4 8150
1.5x10°3 8700
2.5x1073 8300
5x10™° 9300
1.5x107%2 10150
2.5x10"% 11250
1.5x10°Y 14300
5x10”% 19000

100 2.5x107° 4300
5x107° 4600
2.5x1074 5250
5x10°4 6000
1.5x10"3 6600
2.5%x1073 7500
5x1073 8150
1.5x10"2 9150
2.5x12‘2 10150

5x10°

110C60




T (°F) < (/sec) Uy(psi) Qu(psi) Elong.(%) Ref. Remarks

800 2.5x107° 3300
5x107° 3700
z.5x10”4 4200
s5x10™4 4600
1.5x1073 5060
2.5x10 > 5700
5x10" 6300
1.5x10_2 7250
2.5x10 8700
5x10"2 9500
1.5x107t 12000
5x10" % 13900

850 2.5x107° 2500
5x10™> 3300
2.5x107% 3400
5x10”4 3650
1.5x1073 4000
2.5x10"3 4300
5x107°_, 4700
1.5x10 5350
2.5x1072 6400
5x10°2 7950
1.5x107t 9150
5x1¢"L 12200

875 2.5%10°° 2200
5x107° 2900
2.5x10°4 3200
5x10”4 3600
1.5%10°3 3950
2.5x1073 4150
5x10™3 4550
1.5%10 2 5000
2.5%10" 2 6150
1.5x10"t 9400
5x10 L 12000




(°F)  &(/sec) Gylpsi)  Oy(psi)

faterial:

-oom 2.5%103 18200
6x10°2 18600

laterial: Al-7075--0

.00om 2.7x10"°> 19000 46400
5.3x10" ¢ 19500 45100
6x10"2 23700 45000
6.7x101 24500 46000

laterial: Al-5.7% 2n; 2n 5.

Pb 0.01, AlBal.

52 ax10"1 11450 14600
9x10° 16550 20000
1.01x102 19450 22620
3.11x102 21250 24650

42 4x10° % 10270 14040
9x10° 16000 19600
1.01x102 19600 22600
3.11x10° 22270 25940

32 4x1071 5500 6600
9x10° 9000 10600
1.01x10 13160 15200
3.11x10%2 16100 17500

022 ax10”1 3820 4640
9x10° 6000 7640
1.01x102 Y820 11180
3.11x10° 12000 12980

aterial: A1-7075-T6

oom 1] 78400
6.6x10° 13100

oom 3x10”2 68000

Elong.(%)

Ref.

Remarka

Al-7075-0; 2N 5.6, Mg 2.5, Cu 1.6, Cr 0.3, AlBal.

75, Mg 2.21, Cu 1.31, Ssi 0,21,

15,6
16.0
19.0
18.2

H-6
Comp.

§-3

Oy = 0.2% offset
Read from (G ,F .
curves

Normal strain rai

Tengion Charpy impact te:

B-1
Comp.

h 2P |

Comp.

M-1
Comp.

ing machine
Read from table

Fe 0.30, Mn 0.34,

Gy = 0.2% offset
X 7075 A

Read from (G-, € )
curves
Solution-Treated
for 1 hr. at 870¢
water-quenched
overaged at 284 °F
for 16 hrs.,furne
cooled to room te
perature

True stress
Natural strain

Nand Lommee  §
nSaQ LT

urves
Solution heat
treated and aged

Oy= 0.2% offset
Read from (G, € )

r~ [y
A 2

A

’




'F) E'._gsec)‘ Gylpsi) Cupsi) Elong. (%) Ref. Remarks

Medium strain rate
machine and split
Hopkinson bar appa-

ratus
m  1.9x107° 64000 83000  10.2 S-3  Normal strain rate
3,1x1074 67000 84700  12.9 Tension fharpy impact test-
6x10”2 70000 80000  12.0 Read from table
4.3x10% 75000 85000  13.0
3310”3 77500 84600 G-1,
0 Tension
8x10 77500 84€00
) 1x10”3 64000 68500
8x10° 68000 74000
) 3x1073 16500 17500
1x10t 28000 28500

m 0 59000 c-4 Strain rate = speed
6x104 86500 10G9090 42 Tension g:dgl?:;;ihwave/
Ty = 0.01% offset
Read from table
Spring-powered im-
pact machine

5x10;° 60770 75380 k-1 Oy = 0.2% offset
1.0 §7690 72150 rension Read from (T ,€ )
) 5%107° 48150 56000 curves
1x10° 58460 66150
) 5x107° 22070 29230
1x10Y 29610 34610
) 5%10”> 5380 9230
1x10° 17100 20850

:eria{: A1-7075-T651
3

4x10~ 72900 M-2 Read from (G ,& )
-3 Comp. curves
) 5x10 48500
) 1.2x10 “ 1200C
1x10° 24260




TABLE 4 - DYMAaMIC PROPERTIES OF A1-2014 OR EQUIVALENCE

Material: Al-2014-F; Mn 0.8, Cu 4.4, si 0.8, Mg 0.4

T(°F)  £(/sec) JOylpsi)  Gplpsi) Elong.(%) Ref. Remarks
room 0 17000 C-4 Read from table
6x104 28400 Tension Strain rate = spe¢

of slowest plastic
wave/gage length
Spring-powered im-
pact machine

Oy= 0.01% offset

Material: Al-4.2% Cu; Cu 4.17, Mg 0.89, Si 0.68, Fe 0.41, Mn (.80,
Zn 0.052, Pb 0.01, Al Bal.

-

572 4x10”t 15000 | B-1  Read from (G ,€ )
9x10 20830 Heat-treated for
s
2.03x10 26670

662 ax10°t 12800
9x10° 17280
1.01x10° 21540
3.11x10° 23850

752 ax10”t 10610
9x10° 14780
1.01x10% 18260
3.11x102 21590

84z 4x10° 1 8700
9x10° 14170
1.01x102 17500
3.11x10° 21250

932 ax1071 6780
9x10° 12170
1.01x10° 17250
3.11x10% 20000

Material: Al-Cué4-Mgl; Cu 4.6, Mg 1.46, Mn 0.74, Si 0.22, 2Zn 0.05, Fe 0.1,
Al Bal.

-103 1x10~3 26050 52000 18.5 H-2 Read from ( Gy, € )



T(°F) £{/sec) Oy(psi) (ulpsi) Elong.(%) Ref. Remarks

1x1072 25000 49890  18.0

1x107t 49400

1x102 28400 53360 20
68 1x10~3 25500 56900 1.

1x10"% 24900 54000  17.7

1x167t 26200 49800  18.8

1x102 24900 45000  17.7

Material: HE 15 WP Al ~ Al1-2014-~-T6

room 0 17430 N-3 Oy= 0.2% offset
< n2 " Torsion Read from (0,& )
5x103 19000 curves
1x10 19500 ) Torsional Hopkinson
bar

Material: Al-Cu-Si-Mg Alloys == Al-2014; Cu 4.4, Mn 0.8, Mg 0.56, Si 0.9,
Fe 0.36, Al Bal.

572 1x10° 15400 A-2  Read from (G-, €;
1 Comp. curve
lxlol 16000 Anneealed for -6 hr,
2x10 17000 at 750°F and fur-
1 nace-cooled to room
3:(100 18000 temperature
752 " 1x10 10600 Cam plastometer & €
1 was computed by
1"101 12800 dividing the decra-
2x10 14400 - ment effected by
1 the initial specime:r
3x100 15700 height & by the
842 1x10 940G . associated test
1x10t 11600 period.
2xi0t 13200
3x10% 14400



TABLE 5 - DYNAMIC PROPERTIES OF Al-2024

Material: al-2024-0

T(°F) ¢€(/sec) Oy(psi) Oulpsi) Elong.(%8) Ref. Remarks
-320  1x107}
~4%10 25000 F-1 @y = 0.28 offset
-3 Torsion Read from (G ,£ )
82 1x10
~4x10~1 11900 curves
-3 : Constant strain r:

390 1x10 11000 15400 ,

2.67x10"> 11000 16150

ax10”t 11000 17700
660 1x1073 2850 3150

2.67x10"° 3100 3670

1.6x10"2 3850 4380

6.7x10 2 4540 5310

ax10” ! 5600 6610
930 1x10”3 1050 1380

2.67x1073 1230 1620

1.67x10" 2 1780 2050

§.7x10" 2 2700 2890

ax10~t 3850

Material: Al-2024-T4

room  1.7x10”% 54000 84400 S-2  Read from ( O , € )

1.92x10° 54000 86500 Tension curves

Material: Al~2024-T4; Mn 1.5, Cu 4.5, Mg 0.6, Al Bal.

room 0 41000 c-4 Read from table
4 Tension Strain rate = sgpee
6x10 54800 of plastic wave/
gage length
Oy= 0.0l8% offset
Spring-powered im-
pact machine

Material: Al-2024

200 0 28000 Tes-4i Annealed 600°F
s :
102ﬂ103 20000 nsion for 3 min.

450 0 14500
102,103




T(°F) é(/sec) Gx(gsi) Qu(pei) Elong. (%) Ref. Remarks

600 Y 6000

10%~103

20800




TABLE 6 - DYNAMIC PROPERTIES OF OTHER Al-ALLOYS

Zn 0.25, Ti< 0.01, Al Bal.

°F) é(jsec) Oy(psi) Qy(psi) Elong.(%) Ref. Remarks

2 1x10™2 31250 B-3 2 hrs. at 752°F
g 7 roceion then fusmace cooled
1.3x10 37500 and air cooled to
leo: 40000 ;32332203375§f2‘?:°
1x10 41900 curves \

: a0 sischive siroms s
1x10 12810 -
1.3x10° 19700
8x10° 21250
1x102 24250

2 1x1072 7500
1x1071 9250
1.3x10° 12050
8x10° 15100
1x10% 17800

2 1x10"2 5750
1x1071 7170
1.3x10° 9850
8x10° 12420
1x107 15250

12 1x10”2 4000
1x1071 5650
1.3x10° 8050
8x10° 11009
1x10° 13850

12 1x1072 2750
1x107! 4050
1.3x10° 6500
8x10° 9200
1x102 12000

iterial: 24S-T Al; Cu 4.5, Mn 0.6, Mg 1.5, Al Bal.




(°F) é(/sec) Chigsi) Oy(psi) Elong. (%) Ref. Remarks

>om 0 46000 65600 20.0 Cc-2 Strain rate = sgpeed
1.2x102 56000 73000  20.2 Tension /gage length
4.44x10° 67100 77800  22.3
7.68x10° 75000 81800  23.5
1.07x20° 71300 76100  22.0
1.4x10° 79600 78000  24.8
1.78x10° 84800 78000  25.0

aterial: 245 Annealed Al; Mg 1.55, Cu 4.59, Mn 0.64, Si 0.20, A) Bal.

som 0 33950 6.7 c-3 Annealed 675°F, 20
3 75x10L Tension min., cooled in fur-
5 ‘ nace at rate of
~3x107 44980 9.9 nace at.

oom 0 40000 55400 21,2 C-2 Strain rate = gjeed
1.8x10° 43700 56350  23.3 Tension /gage length
5.4x10> 37100 60330  25.1
9.6x10° 66000 53570  27.8
1.44x10° 72400 57500  29.2
1.8x10° 61330 57930  29.2

aterial: 17S-T Al; Mg 0.25, Cu 4.20, Si 0.13, Al Bal.

oom 0 57900 14.2 c-3
3.755101 Tansgion
~3x10 63800 17.0

aterial: Al-5154-0
5

oom 4.1x10-4 19300 35400 19.7 s-3 Normal strain rate
- ar Tension Charpy impact test-
5.1)(10-2 19500 35200 24.4 ing machine
5.3x10 22600 34000 23.0 Read from table
ax10! 22800 35000  27.0

aterial: Al-5434-0; Si 0.08, Fe G.22, Cu 0.03, Mn 0.68, Mg 2.56, Cr 0.08,
Ti 0,01, Al Bal.

oom  1x10”% 17000 34800  17.0 -1 Oy= 0.2% offset




é([sec)

1.1x10°
1.54x10°
1.66x16"
1x10™2
1.03x10°2
1.66x102
3.5x10°2
9.8x10*
1x10°
lxlo1
1.3x10
1.5x10
9.2x10
9.6x10
9.8x10

T(°F)

4
4
4

NN NN

Material:

Gy(psi)

17700
16600
18030
17900
17700
16970
17100
19600
18200
18870
17600
18309
22200
23000
23200

Al-5454-H34; Si 0.08, Fe 0.22, Cu

- v

Read from table
Instron .0001~

Hydraplic .0001-

Hopkinson press
bar 100~1000 S~
Strain rate is d
mined from relat
velocity of two

Gu(psi) Elong. (%) Ref. Remarks
35100 18.2 Tension

33600 16.8 " o1 s-1
37230 21.2

33700  22.8 10 S
33400 23.5

35200 27.9

33400 19.6

32900  20.4 faces
33150 15.8

33130 25.3

35200 36.4

35200 35.8

37500 36.6

Cr 0.08, Ti 0.91, Al Bal.

9.9%x10

1.01x10"
1.6x10" %
1.66x10
9.7x10 >
9.9x10.3
1.66x10°2
3.5x10"2
1x10“

1x101

3x102

1.02x10

room -
4

4

3

Materjal:

Fe 0.32, Al Bal,

572 1x10°
ix1o!

2x101

36290
36100
34400
39000
34400
34800
37550
35600
35970
35800
36370
39130

42400 11.3
42400 13.8
41200 9.6
44530 11.9
39600 12.6
39900 11.0
43700 11.8
40100 9.8
407090 14.9
40700 15.¢6
35530

43100 24.2

20800
21600

22400

L-1
Tension

Al-2 1/4% Mg Alloy (= 5450); Cu 0.06, Mn 0.17,

a=-2
Camp.

0.03, Mn 0.68, Mg 2.56,

Oy= 0.2% offset
Read from table
Ingtron .0001~. 01
s-1

Hydraglic .0001~
10 s~

Hopkinson pressur
bar 1001000 s-1
Strain rate is
determined from r
lative velocity o
two faces

Mg 2.35, Si 0.22.

Annealed for -6 h:
at 750°F & cooled
in air to room ten
perature.



.

(°F)  £(/sec) Gy(psi)  Gyu(psi) Elong.(8) Ref. Remarks
3x10t 23000 Read from (5, €)

. 0 curves

52 IXIol 11200 Cam Plagtometar,
1x10 13800 wa: computed by

1 dividing the de-~
2XI°1 14600 crement effected by
3x10 15200 the initial gpeci-

0 men height & by the

32 lxlol 6600 associated test
1x10 8600 period
2x10% 9600
3x10t 10200
aterial: Al-5% Mg Alloy (=¢5450); Cu 0.10, Mn 0.19, Mg 5.11, Si 0.21,.
Fe 0.29, Al Bal.
72 1x10° 28200 A-2  Annealed for -6 hrs.

1 Comp. at 750°F & furnace
IXIOI 29200 P cooled to room tem-
2x10 30400 perature. €

1 Read from (Q ,E )
3x100 31800 curves

52 1x10 19000 am Plastometer,

1 was computed by
1x100 20000 dividing the desre-
2x10 21200 ment effected by

1l the initial speci-
3X1°° 22900 men height & by the

132 1x10 9600 asgociated test
1x10! 12000 period.
2x10} 13800
ax10! 14800

faterial: Al-5456-~0

oom  3.1x107° 22200 48000  16.9 S-3  Normal strain rate

-4 Tension Charpy impact test-

3.8x10-2 22600 48200 18.2 ing machine
4.6x10 22000 47000 17.8 Read from table
7x10% 22500 42500  21.0

iaterial: Al-545&-1u321

oom  1.7x107% 33000 57200  11.0 5-2  True stress & Strai
1.92x10° 33700 65000  17.0 Tension




Material: Al-5456-H343

2(°F) &(/sec) Oy(psi) Ou(psi) Elong.(8) Ref. Remarks

4 50000 62730 11.9 s=-2 True stress & st

2 56970 72730 9.3 Tension

room 1.7x10°
1.92x10

Material: Al-5351-T51; Si 0.94, Fe 0.32, Cu 0.07, Mn 0.65, Mg 0.58,
Cr 0.01, Ti 0.05, 2n 0.03, Al Bal.
4

room 1x10° 44130 46330 7.06 'reL-li Gy= 0.2% offset
-4 nsion Read from table
1.7x1g 51330 53030  15.0 Ingpron 0001~ 0
1x10 45800 47800 7.7 s -
3.7x10"% 48900 50300 9.68 gzdgﬁilic « 0001~
9.1x10"1 48800 50500  13.1 Hopkinson pressy
-1 bar 100~1900 s*
9.5x107 46700 48600  13.1 e ain0-1900 5™
7.3x10 1 47000 49200 7.4 termined from re
tive velocity of
1.01x101 48300 49900 7.06 tive velo
1.16x10 43100 50900 9.18
1x10° 49600 51400
3.6x102 47700 50600  10.5
1x10° 51100 51800  11.0

Material: Al-Si-Mg Alloy (=6354); Cu 0.07, Mn 0.53, Mg 0.73, Si 1.04,
Fe 0.36, Al Bal.

572 1x10° 9600 A-2  Read from ( 6, &
1l Qmp. curves
lxlol 11200 Annealed for ~6
2x10 12260 at 750°F & furans
1l cooled to room t
3x100 12600 perature.
752 1x10 7000 am Plastometer
1 was computed }
IXIOI 9000 dividing the dec
2x10 10000 ment effected by
1 initial specimer
3x100 10800 height & by the
932 1x19 4900 associated test
1x10! 6600 period.
2x10t 7300
3x10% 7500
1022 1x10° 3200
1x10t 4900
2x10% 5600
-nl

5900




— A —

I(°F) €(/sec) Oytpsi)  Oulpsi) Elong.(3) Ref. Remarks

Material: Al-7178-T651
4

room 1.7x10° 87500 100000 S-2 Read from (G-, &)
1.92x10% 106000 150000 Tension curves

aterial: Al-7178~T6

coom  1.7x1072 87500 101200 -2  Pead from (C, E£)
1.92x10° 100000 138500 Tension curves

daterial: Al-RR77

room  1x10”3 80000 7.9 H-1 Gy = 0.2% offset
8x102 114200 11.7 Tension Constant true str

e

1.75x103 122000 12.9 Impact machine

Read from table

faterjal: Al-Mn Alloy (=3003}); Cu 0.04, Mn 1.36, Si 0.30, Fe 0.33
0

572 1x10 10000 A-2 Read from (G ,E )
. 1 Comp, Curves
lxlOl 11000 P Annealed for ~8 h
2x10 11800 at 930°F & cooled
1 in air to room te
3x100 12400 perature
152 1x10 6200 Cam Plastometer
1 € was computed by
1"101 7400 dividing the decr
2%x10 8000 ment effected by
1 the initial speci
3"100 8400 men height & by t
33z 1x10 5200 associated test
1x10! 5700 period
2x10% 6200
3x10% 6900
1022 1x10° 3700
1x10? 4500
2x10% 5000
3x101 5200
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