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FOREWORD

This report was prepared by the University of Dayton Research Institute
(UDRI), Dayton, OLkio. The work was performed under USAF Contract No.
F33615-72-C-1282. The contract was initiated under Project No. 7381,
"Materials Applications', Task No. 738106, "Engineering and Design Data',
and administered by the Air Force Materials Laboratory, Wright-Patterson
Air Force Base, Ohio, Mr. David C. Watson, AFML/MXE, Project Monitor.
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All (or many) of the itema compared in this report were commercial
items that were not developed or manufactured to meet Government specifi- : !
cations, to withstand the tests to which they were subjected, or to operate ' ‘
as applied during thia study. Any failure to meet the objectives of this study
is no reflection on any of the commezrcial items discussed herein or on any
manufacturer.

The authors would like to acknowledge that testing performed for this 5 K
program was accomplished by Messrs. Eblin and Woleslagle of the UDRI. ' '

The report covers work ccnducted from August 1972 to September 1973,
The report was submitted by the authors in October 1973.
This technical seport has been reviewed and is approved.

A, OLEVITCH

Chief, Materials Engineering Branch
Materials Support Division
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ABSTRACT

Tensile, fracture, fatigue, fatigue crack growth, and stress corrosion
properties for aluminum alloy 2124-T851 thick plate were determined. The
material was obtained from the Aluminum Company of America (ALCOA).
Material property comparisons were then drawn between the 2124-T851
alloy and its parent alloy, 2024, in the T851 condition.

A comparison of the mecheanical properties of specimens from a
single plate of aluminum alloy 2124.T851 and 2024-T851 revealed that the
2124.T851 alloy exhibited similar tensile properties, less short transverse
ductility, superior fracture toughness, comparable fatigue properties with
slightly lower smooth fatigue resistance, and identical fatigue crack growth
rates. The 2124-T851 alloy demonstrated good stress corrosion resistance,
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SECTION I
INTRODUCTION

The puzpcse of t;xie program was to develop engineering desiga data
for aluminum Ziloy 2124.785] thick plate. According to the Alwnisum
Campany of Americe (ALCOA), the 2124.1851 thick plate offers superior
fracture toughness and short transverse ductility relative to the 202417851
alloy. Aluminum alloy 2124 is essentislly the same as alloy 2024 except
that there are tighter chomical composition requirements for the silicon,

iron, and titaniwn alloying elements in the 2124 alloy.

Tensile, fatigue, fatigue crack growih, fracture, and stress cerrosion
properties cf a plate of 2124-T851 aluminwm alloy were determined and
comparisons arawn to the mechanical properties of alumioum alley
2024-T851. '
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SECTION U
MATERIAL AND SPECIMENS
The test material was 2 2-3/2-inch-thick plate of aluminum alloy
2124-7851 obtained from the Aluminum Company of America (ALCOA)},

lot pumber 732-63), with a certified nominal chemical composition of;

CHEMICAL COMPQSITION

‘ - wt. B 7 o
Silicon | Irom | Copper - Mangenese | Magnesium | Chromium
6.20 maax | 0.030 4.9 max 0.9 max 1.8 max 0. 10 max
i Ziﬁc_: ~ Titanjum O_éiiers » ) A‘-mmnmn
C.25 max | O.15max | 0.05 each halance
‘ 0. 15 total
max

Tensile specimens were machined from the plate to the configuraticn
shown in Figure L. Fracture togghuess, fatigue crack growth, avd strase
corrosion testing employad 1, 00-inch-thick, 0. 75-inch<thick, and §.50-inch-
thick compact tension spocimens, paspectively, The compuct tensiso speci-

men canfigurations are depicted in Figure &. The fatigus teste were por-

e srmeret - s,
Fa
s

formed uking conventicozl emooth and notched spacimoas shows 1o Figures 3

and 4, vespuctively.
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DIMENSIONS
SPECIMEN
THICKNESS | A 8 | w | w D c
(INCHES)
(a) I 1.220 { 1.000 | 2.60C|2.500 | i.200 | 0.500
(b)374 11.150 | 0.7501.5C0 | 1.875 | 0.200 | 0.375
(e)I72 (0.800 ;0.500|1.000 | 1.250 ; 0.600 | 0.250
|
Figure 2. Compact Tension Speciinen Configuration.
4
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SECTION III
PROCEDURE

The tensile and fracture toughness tests were conducted at room

~ temperature and 250° F using either a Weidermann or an Instron tensile

testing machine. Precracked compact tension strees corrosion specimens
were tested at lﬁds to give stress intensities of 16.3 and 20. 3 KSL\/E\I—
in Satec creep .t‘raénes using continuous immersion in a 3.5 percent sodium
chloride solution environment. Fatigue crack growth tests on compact
tension specimens were performed in a laboratory environment with an
"R'" ratio of 0.1 using an MTS fatigue testing machine. All of the
precracking of the compact tensisn specimens was performed using either
an MTS or an Amsler Vibrophore fatigue testiag machine with an "R" ratio
of 0. 1 and loads meuting the ASTM criteria. Both conventional smooth

(Kt = 1.0) ar.4 notched (K¢ = 3.0) fatigue specimens were tested in a
laboratory environment with an '""R" ratio of 0. 1 and a frequency of 1800 cpm
using a Schenck fatigue testing machine,
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SECTION IV
RESULTS AND DISCUSSION

The individual and average tensile properties of the aluminum alloy
2124-T851 plate are listed in Tables I and li, reapectively. Strength
levels and elonigations are approximately equal for each of the orientations
at a constant temperature history with the exception of the short transverse
orientation, which has significantly less elongation than the other two
orientations. Table III presents the tensile data for 2024-T851 plate(l).
Both the 2024-T851 and 2124-T851 alloys have similar strength and
elongation levels. However, the 2024-T851 alloy appears to have slightly

" greatgr short transverse ductility. The ultimate strength of the 2124.T851

at 25(§ F was 86 percent of the rooin temperature value.

Tables IV and V contain the fracture toughness values for the 2124~
T851 alloy. All of the fracture toughness tests conducted at room
temperature and 250° F provided valid Ky~ aumbers. The change in test
temperature from room temperature to 250° F had no effect on the Kj¢
values. Fracture toughness values for alyxainum alloy 2024-1851(1) are
listed in Table VI. The fracture toughness values for 2124-T851 are
superior to those for 2024 -T851.

Conventional smooth and notched fatigue data for 2124-T851 and
2024-1851(1) alloys are shown in Figure 5. From this data, the 2124-T851
alloy has slightly lower smooth fatigue properties and similar notched
fatigue properties compared to the 2024-7851 alloy. The fatigue strengths
for the 2124-T851 alloy at 107 cycles are 25 KSI for the smooth specimen
configuration and 7.5 KSI for the notched specimen configuration.

Fatigue crack growth dsta for 2124-T851 and 202¢-1851%) are
presented in Figare 6. The 2124-T851 fatigue crack growth testing was
conducted in a laboratory envircnment with an "R ratio of 0.1 and a cycle

g AT e A S 3 “. T A 50 TG 1A A it T Gty AR TR s e A
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frequency of 25 cps. From Figure 6, it is evident that both alloys display
identical crack growth rates. ~

Stress coorsion tests for the 2124.T851 alloy in the short transverse
orientation (S-T) producefl no failures after a 1000 hour exposureto a 3.5
percent sodium chloride Jolution environment. The precracked compact
tension specimens werefoaded at 16. 3 and 20. 3 KSIVIN. After completion
of the tests, the specim.jps were broken apart and the precrack surfaces

were examined. Slight ®mounts of general corrosion and pitting were

identified on the precrack surfaces. A value for Ky was not determined
but since successful stress corrosion tests for tae short transverse
orientation (S-T) were conducted at 80 percent of Ky, there should not be
any stress corrosion problems with the 2124-T851 alloy. | ‘
The microstructure of the 2124-T851 was metallographically examined.
Photomicrographs of the structure are presented in Figure 7.
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TABLE 1I
AVERAGE TENSILE PROPERTIES OF ALUMINUM ALLOQY 2124-.T851 PLATE
Orientaticn T Test Average Average Average
Temgermre Ultimate Yield Elongation
( F) Strength Strength {%)
(KSI) {KSI)
Transverse R.T, 70.1 62.1 6.8
250 60.3 57.3 9.5
Longitudinal R, T, 69.5 62.9 8.1
250 53.9 56.9 11.6
Short Transverse R.T, 68.9 62.3 3.7
250 9.5 55.9 4.2
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3 : TABLE HI
‘ TENSILE PROPERTIES OF ALUMINUM ALLOY 2024-.7851 PLATE (1)
i _
% Orientation Toat Ultimate Yield Elongation
i Tempgrature Strength Strength ' (%) d
g (°F) (KSI) (Ks1) o
1 Longitudinal R.T. 69.7 63.4 9.2 ]
, 200 64.0 58.6 11.0 |
' . 300 58. 4 56.2 12,7 :
; - » -
Transverse R.T. 69.7 63.5 6.3
‘ 200 63,1} 58.3 7.3 !
: 300 87.6 5¢. 1 7.0 1
Short Transverse R.T. 68.7 61.¢ 5.3 ?
200 63.8 56. 4 5.7
: ~ — i
i; _
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: TABLE IV
FRACTURE TOUGHNESS (KIC’ PROPERTIES OF ALUMINUM ALLOY

2124.7T851 PLATE
W = 2,00 Inch and B = 1, 000 Inch

Specimen | Specimen Test Pmax | 2.5 KQ 2 Fracture
No. Orientation Temperature Py Ys Toughness
(°F) (EN) K, (KSIVIN)
FR1 T-L R.T. 1. 615 0.517 28.2
FRS T-L R.T. 1,021 0.471 26,7
FR9 T.L R.T. 1. 000 0. 464 26,9 :
FR10 L-T R, T, 1.037 | 0.670 32.1
FR15 L-T R. T. 1.026 |  ©.666 32.0 '
FR18 L-T R, T, 1,045 0.739 33.7 i
FR19 S-T R.T. 1. 000 0. 440 26.0 1
FR24 S-T R.T. 1.000 | 0,433 25.8 N
FR27 5-T R.T. 1.023 | 6,397 24.7 4
FRZ L 250 1,000 | 0.590 277 i
¥R6 T-%. 250 1. 003 0. 565 27.1 3
“FRE T-L 250 171.000 | 0.557 "26.9 2
FRIZ LT 250 1 1,040 [ 0.853 33,3
FR14 LT .50 ] 1os¢ | 0.88¢ | 339 ;
_FR16 L-T 250 1,043 | 0.783 31.9 5
FRZ2 5T T 1.080 | "0.828 " 1" 26,2 i
FR26 5-T 250 1. 000 0. 465 24. 6 e
A
13
e e o
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TABLE v
AVERAGE FRACTURE TOUGHNESS (K!C) PROPERTIES OF

ALUMINUM ALLOY 2124.T85) PLATE
W =2.000 Inch and B = 1, 006 Inch

{, Specimen S Test Fracture

; Orientation ' Temperature Toughnesa,
T-L R. T, 27.3 |

Al e

S-T | R.T. | - zs.8 | i
A 250 |

N A A FR N T TR
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TABLE VI

FRACTURE TOUGHNESS PROPERTIES (KIC} oF

ALUMINUM ALLOY 2024-T851 (1)

Specimen
Orientation

Test
Temperature
(°F)

Fracture
Toughnesn

¢ (KSIVEN
E\IC{KSJ.'\,IN)

L.T

$orT

T-L

| R. T-.m |
200
BR.T.
200

b R 4
26.8
a1.5

217

\w‘. :

v -
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ROV

IV g,

R
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TABLE VII
FATIGUE PROPERTIES OF 2124-T851 ALUMINUM ALLOY
Sﬁecimen No.| Specimen | Teest Frequency | R Raﬁio Max, Gtress| Cycles to
Type {CPM) S 44214 Failure
St Smooth 1500 9,1 60 Lﬁ_xlt}%
52 Smooth 1800 0.1 80 o
s3 Smooth 1800 0.1 46 _1,5x10°
s _Smooth 1800 0.1 | sa 4. 0x10*
85 Smooth 1800 6.1 30 3. txlOé
$6 Smooth 1800 2.1 s 1. 0107
$7___.___| Smooth 1800 0.1 70 7. (b.!(}a“
58 | _Smooth 1808 0.1 65 » 9‘53:10
[ NF1 | Notched | 1800 o1 30 Lastod
_RF2- Notched | 1800 0.1 20 4.8x10%
__NF3 Notched 1800 6.1 | 10 L 4x1o” |
NP4 | Nowhed |  1gae a1 60 2. 413@3*_
L NFS | Nowhed 1880 0. 3 18 | 1sxle? -
. NFE _Neiched e | oo 1.5 L ix0’
___NFT _Netchad 1800 6.1 | 40 i &8¢
L nre Notclied oo - | et | e | Q.me""

* Specimen failed befare reachiog the maxiinum strese.

Note: All specimens wers ariented in the I:anwaue direvtion und were
tested iz Laboratory eaviroument.
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Figure 6. Fatigue Crack Growth Data for Aluminum Alloy 2124-T851,
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(a) Longitudinal Orientation, 160X

(b) Tranaverae Orientation, 160X

Figure 7. Microstructure of Aluminum Alloy 2124-T851 Thick Plate.
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SECTION V
SUMMARY

Based on test results from a single plate of 2124-T851, the room
temperature and 250°F tensile properties for 2124-T851 compare favorably

with tensile properties for 2024-T851. However, the short transverse

ductility for 2024-.T851 appeared to be slightly better than that of 2124-T851.

The fracture toughness (K;ic) values for 2124-T851 was superior to
the corresponding values for 2074-T851 in all conditions tested.

A S

Fatigue data for 2124-T851 and 2024-T851 show that the 2024-T851
alloy has slightly better smooth fatigue properties and that both alloys have
similar notched fatigue properties. Fatigue crack growth rates are
identical for both alloys.

The stress corrosion resistance of 2124.T851 appears adeguate
based on the short traneverse (S-T) specimens which passed stress
corrosion tests at 80 percent of Kj in a 3.5 percent sodium chloride

solution environment.

In summary, aluminum ailoy 2124-T851 offers superior fracture
toughness properties. The 2124-1851 has similar tensile properties with
possibly less short traneverse ductility, slightly lower amooth fatigue
properties and comparable notched fatigue propertiea, and ideaticsl
fatigue crack growth properiies compared to the properties of the 2024-
T851 alloy. The 2124-T85] alloy aleo possesses very good stress

corrosion resistance in the short transverse {5-T) orientation.

Admittedly these results are based on only a single plate irom each
alloy. Either or both of these plates inay nut exhibit the typen of properties
that would result if 2 statistically significaix number of heats or plates were
tested. It is possible the 2024 piate data used for comparisous was irom a
plate whose mechanical properties were on the high side of the normal
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scatter band for 2024 while the 2124 plate tested herein possessed properties

that were in the mid range or low side of the scatter band for 2124 plate data. A
. Therefore, the findings presented herein may be revised when a broader : '
! B data based is developed. - :
| S ' ;
i R : Nevertheless, no explanation of the apparent lower short transverse f
¥ ' '

ductibility and smooth fatigue strength of the 2124-T851 can be given if, in
fact, such differences were real. In any case the test program failed to

confirm the claims of superior short transverse properties of the 2124 alloy.
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