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By H. N. Hill and R. S. Barker
SUMMARY

Tests were made to determine the relative effect of various
patterns of open circular holes on the tensile strength and elongation

of 2Us—T3 (2us-T),' ShsT81, 2us—186, 24S-0, Alclad T55-T6
(Alclad 755-T),1 Alclad 1hs-T6 (Alclad th—T) 1 and Alclad 14513

(Alclad th—W)l aluminum-alloy sheet specimens.having a ratio of hole
diameter to thickness of sheet of 3.

In practical cases, the reduction in strength resulting from open
circular holes in sheet.subjected to tension will not exceed about -
5 percent for Alclad 14S-T6, Alclad 755-T6, 24S-T81, and 24S-T86. 1In
the case of 24S-T3, 24s-0, and Alclad 14S-T3, however, strength
reductions may be slightly greater than 10 percent.

INTRODUCTION

~

The presence of a section discontinuity, such as an open circular
hole, in a member stressed in the elastic range gives rise to stress
concentrations which are functions solely of geometry and not related to
the material involved. The degree of concentration of elastic gtress is
dependent upon the size and spacing of the holes. In the plastic range,
however, these stress concentrations are alleviated by a redistribution
of stress, the amount being a function of the plastic properties of the
material. The greater the ductility the greater the stress redistri—
bution will be. In a brittle material the high stress concentration
remalns right up to the point of breaking, producing a considerable
weakening as shown by a reduction in the ultimate strength. In a
ductile material, yielding in the vicinity of the perforations permits
the stress in the rest of the section to build up before failure occurs.

Y014 designation.
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It is probable that, for ductile materials .such as the aluminum alloys
covered by this investigation, there will always be a certain amount
of stress concentration present in the proximity of the discontinuity.
Consequently the. . material near to the perforation, having a higher
stress, will arrive at the ultimate strength before the adjoining

material., Failure will begin at the edge of the perforation and this
tends to produce a reduction in strength, resulting from the concen—
tration of stress (references 1, 2, 3, and 4).

The static efficiency of a perforated tension member may be defined
as the ratio of the ultlmate load divided by the net area to the tensile
strength of the material. This efficiency is not only affected by the
stress distribution in the vicinity of the discontinuity but is
influenced also by the ratio of initial to final area of the tension
member and the shape of the stress—strain curve for the material. The
effectiveness of the discontinuity, dependent upon its geometry, in
resisting reduction in area of the critical section may increase the
static efficiency of the member, since the original area may be
substantially maintained while the stress distribution is made more
uniform. It has been shown that in some cases the presence of an open
circular hole will result in net section efficiencies of over 100 percent.
In most aluminum alloys, however, a reduction in static efficiency is
produced by such a discontinuity (references 5 and 6).

The presence of a hole in a tension member produces a concentration
of strain on the net sectlon and thus the over-all elongation of the
member at failure is drastically reduced by such discontinuities. This

" reduction in elongation in turn lowers the impact strength of the

member and also affects the performance of parts acting in combination
(reference 3).

Concentrations of stress are of particular importance to-the design
engineer in determining the fatigue strength of such elements as riveted
and bolted joints, since progressive cracks are likely to start at such
points where the stress 1s far above the average. Stress concentration -
does not affect the static strength to such a great extent but neverthe—
less the effect must be considered in some instances; particularly in

- aircraft applications where small margins of safety are used and

perforations such as rivet and bolt holes are present which affect the
ultimate tensile sgtrength.

Multiple staggered holes, such as frequently used in rivet patterns,
cause a decrease in tensile strength of a tension member over that
caused by a single row of holes even though fallure does not occur .
through both rows of holes. The sections in line with the holes in the
extra row are apparently unable to assume their full share of the load,
thus causing an irregular distribution of stress across the section.
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The purpose of this investigation was to study the relative effect
of open circular holes on ths tensile strength and elongation of the
following aluminum alloys in sheet form: 24sS~T3, 24s-T81, 24s-T86,
24sS-0, Alclad 755-T6, Alclad 14S-T6, and Alclad 14S-T3. Tests were made
to study the effects of the relative proportion of the hole and the
specimen and also the effect of spacing and arrangement of the holes
for each of the above—listed alloys. The effect of open circular holes
on speclmens such as thoge tested in this investigation will not be the
same as in riveted or bolted joints but nevertheless will serve to
indicate the importance of strength reduction arising from such
discontinuities.

DESCRIPTION OF SPECIMENS

All specimens were cut from 0.032-inch sheet. All specimens were
cut acrogs grain. The holes were subdrilled and reamed with a
No. 41 drill (0.096—1in. diameter). These dimensions were arbitrarily
chosen to give a ratlio of hole dlamster to sheet thickness of 3, which
is within the practical range as far as aircraft construction is
concerned. Descriptive dimensions of the various- types of specimens
‘are contained in table I. '

TESTING PROCEDURE

Dimensions of the specimens were accurately measured before
testing. Width and thickness measurements were made with a micrometer
caliper which was read to 0.0001 inch. Hole diameters were determined
with plug gages. Average measured dimensions are listed in _table II
for each type of specimen, The maximum variation of any width or
thickness measurement from the average was less than 1 percent. The
maximum in the cage of the hole-—diameter measurement was about L percent
but the average variation was less than % percent., Variations in this

measurement have a minor effect upon the calculated net area.

Net areas were obtained by multiplying the least net width by the
thickness of the specimen. For specimens contalning staggered holes,
the net width was obtained by deducting from the gross width the sum

" of the diameters of all of the holes 1n the cnain and adding for each
gage space in the chaln, the quantity

42
Lg
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where

8 longitudinal spacing (pitch) of any two successive holes
(measured in the direction of stress), in.

g transverse spacing (gage) of the same two holes (measured

normal to the direction of stress), in.

This method of determining net width 1s quite commonly used in
engineering design and is given in many structural—-design specifications.

. Nominal values of pitch and gage were used in calculating net areas.

A1l types of specimens were tested in triplicate and one solid
tenslle gspecimen was tested for each group of three perforated specimens.
The tensile strengths determined for all of the solid specimens for each
alloy were averaged and the result was used as the tensile strength for
that alloy. Specimens were tested in a 40,000-pound—capacity Amsler
testing machine. ' v

Elongations on various gage lengths were measured on solid
specimens and specimens containing a single central hole. These :
elongations were obtalned by the use of the photogrid method, a O.l-inch
grid being printed on one surface of the specimen (reference 7). The
changes in distance between adjacent lines in the grid were measured
with a 42-power micrometer microscope. Readings were taken along the
center line of the specimen. For the perforated speclimens, the broken
pieces were matched together and clamped in position. Measurement was
then made of the gap at the edges of the hole and this distance
subtracted from the measured distance between the nearest two transverse
lines. The results, therefore, represent the elongation occurring on
the longitudinal center line of the specimen. '

RESULTS OF TESTS AND DISCUSSION

Tensile Properties of Materials

Tensile properties determined from the sheets of 2u4S-T3, 24s-T81,
24s-T86, 24s-0, Alclad 755-T6, Alclad 14S-T6, and Alclad 14S-T3 from
which the specimens were cut are listed in table IIT along with
specified minimum values (reference 8). Average values are given for
the tensile strength of the alloys. The maximum variation from-average
for any alloy was less than 2.5 percent. The tensile properties

°Type 20 ZBDA, Serial No. L4318,

N
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determined for the materials are within the specifications for the
commercial aluminum-alloy sheets except for the yileld strength of
Alclad 14S-T6 which is slightly below the specified minimum value.

Specimens with Single Central Hole

. Specimens with a single central hole are those comprising series I
in table I. The varlable studied in these tests was the ratio of hole
dimater to width of specimen., Variations in this ratio were obtained
by varying the wldth of specimens, the hole diameter and the thickness
of material remaining constant. A summary of the results of the tests
in this group of specimens 1s given in tables IV and V. The efficiency
values given in table IV for the various alloys tested have been plotted
" in figure 1 against ratio of hole diameter to width of specimen %.
Alloys 24S-T3, Alclad 75S-T6, Alclad 14S-T6, and Alclad 14S-T3 show a
definite trend toward better efficiencies with increased d/b ratio,
whereas 24S-0, 24S-T86, and 24S~T8L apparently are not so sensitive to
a change in this ratio., The relative sensitivity of the different alloys
to reduction in strength varies with the d/b ratio. Based on the maximum
amount of reduction, however, the alloys may be divided into two groups;
one group, in which the .reduction in strength does not exceed about
5 percent, included Alclad 145-T6, Alclad 75S-T6, 24s-T86, 24s-r81,
and 245-0. In the other group, which included 24S-T3 and Alclad 14S-T3,
the reduction in strength exceeds 10 percent.

It was expected that reduction in strength for different alloys
might vary about inversely as the ductility. While there is ho accepted
simple measure of the ductility of a material, three values which are
commonly considered related to the ductility are the elongation,
reduction. in area, and ratio of yield strength to tensile strength. The
higher the value of elongation or reduction in area and the lower the
ratio of yleld strength to tensile strength, the more ductile the
material is generally considered to be. It is therefore somewhat
surprising to find that, with the exception of 24S-0, all of the alloys
in the group showing the least reduction in strength are those which
would be conslidered to be the least ductile on the basis of elongation
or -yleld to tensile ratio values. Because of the cross section of the
sheet specimens tested 1n this investigation, it was not possible to
measure reductions in area. It is known, however, from tests on round
specimens that of the alloys involved 245-0 typically has the greatest
reduction in area and the high—strength alloys of the first group have
the least reduction in area. It seems that the susceptibility of a
perforated specimen to strength reduction cannot be explained on the
basis of commonly accepted measures of ductility.

Figure 2 shows the elongation of a standard tensile specimén over
various gage lengths for each of the alloys tested. These curves
indicate the manner in which percent elongation decreased with an
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increase in gage léngth (reference 9). The effect of a single central
hole on the elongation of a tensile specimen for each of the alloys
tested 1§ shown by figures 3(a) to 3(g). It can be seen.from these
curves that the presence of a hole greatly decreases the over—all
elongation of the member at failure. In table VI are shown the
elongation values for each of the alloys tested, for both solid and

, perforated specimens 1/2 inch wide, and for gage lengths of 0.2 inch,

1 inch, and 2 inches. Ratios of the elongation of the perforated
gpecimen to that for the solid specimen are also given. These values

are plotted in figure 4. The curves of figure L4 indicate that,'contrary
to the relations for the reductions in strength, in general the reductions
in elongation are greatest for the least ductile materials, although

there is no strict relation between ductility and reduction in elongation.’
The relative reduction in elongation of the different alloys is

influenced to some extent by the d/b ratio. Figures 5(a) to 5(g)
11lustrate the elongations over varying gage lengths for the different
alloys tested as they are affected by the ratio of hole diameter to

sheet width. It is seen that an increase in d/b ratio results in a
decrease in percent elongation in all cases.

While the reduction in strength produced by a single central hole
was not very great (generally not exceeding about 10 percent), the
reduction in elongation is extreme. In the case of Alclad 75S-T6 alloy,
the elongation measured over 2 inches of the perforated specimen was
only about 4 percent of the value for a solid specimen.

Specimens Containing Two Staggered Holes

The specimens, included in series IT of table I, contain two holes,
each located with the same eccentricity on opposite sides of thé longi—
tudinal center line and with varying spacing in the direction of stress.
The variable studied in these tests was the pitch of the holes.

: The results of the tests on this series of specimens are summarized
in tables VII and VIII. For all of the alloys investigated, when the
pitch became equal to the eccentricity (type 25) the fracture did not
occur on the net section corresponding to that for which the net area
was calculated. Calculations of the least net section indicated that
the least net width would follow a staggered pattern. Failure, however,
was straight across the specimen through one hole.

The efficiency values for the specimens of this type are plotted in

-figure 6 against the ratio of pitch to gage s/?e. The nature of the

failure is also indicated in this figure. These curves indicate 1in
general for all of the alloys tested that, for a given gage, the

efficiency decreases with increase in pitch as long as the least net
width results in a staggered line. TFor failures that occur straight
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across, however, the ratio of pltch to gage has little effect on the
efficiency. ZEach alloy has a curve of the same common shape but is _
displaced vertically. The alloys fall into the same groups as for the
single-hole specimens with the exception that in this case 243-0 is in
the group with 24S-T3 and Alclad 14S~T3 which have the greatest reduction
in strength. The efficiency of this type of specimen is considerably
lower than that with a single hole. -The lowest efficiencies, based on
the least net width, occurred for all of the alloys with a pitch—to—gage
ratio of 1 (type 26) and the values ranged from 75 percent for 24S-T3 to
89 percent for Alclad T55-T6.

Specimens with Four—Hole Pattern -

The specimens, listed under series IIT of table I, contain four
holes arranged in a symmetrical pattern. All of the specimens were of
the same wldth and the holes had a constant gage. As with the two—hole
staggered pattern, the variable studied was the pitch of the holes.
Results of the tests on specimens in this group are summarized in .
tables IX and X and the efficiencies of the different types of specimens
are plotted in figure 7 agalnst the ratio of pitch to gage. These curves
indicate that in general for a fracture occurring on a staggered line
the efficiency decreases for an increase in pitch (to a ratio of pitch
to gage of 1) while, for specimens which fracture straight across, the
efficlency increases to a ratio of pltch to gage of 2, and beyond this
the ratio of plitch to gage has little effect. The curves have the same
‘general shape for the various alloys investigated but vary in their
vertical position. Again, as with the two-hole staggered pattern, the
alloys with a high yield-to-tensile ratio and low elongation (EMS—T81
24s-T86, Alclad 755-T6, and Alclad 14S-T6) indicate higher relative
efficiencies than those with a low yleld—to—tensile ratio and high
elongation (24S-0, 24S-T3, and Alclad 1u4S-T3).

In this group of specimens, the lowest efficiencies, based on the
least net width, for each of the alloys tested occurred with specimens
of type 37 which has a piltch—to-gage ratio of 1. Values ranged from
85 percent for 24S-T3 to 98 percent for Alclad 755-T6. The efficiency
values obtalned on specimens in thils group were higher than those for
the two—hole staggered pattern and suggest higher efficiencies if the
two-hole staggered pattern were repsated in wide specimens. This has
been shown to be the case by a supplementary .investigation where the two-—
hole pattern repeated in wide specimens of 24S~T3 indicated a reduction
of strength of not over 5 percent.
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SUMMARY OF RESULTS

The results of tests to determine the relative effect of various .
patterns of open circular holes on the tensile strength and elongation
of 24s-T3, 24s-T81, 24s-186, 24S-0, Alclad 755-T6, Alclad 14S—T6, and
Alclad 145-T3 aluminum-alloy sheet specimens having a ratio of hole
diameter to thickness of shecet of 3, may be summarized as follows:

1. Tensile properties of the materials used were within the
specifications for commercial aluminum—alloy sheets, except for the

.yleld strength of Alclad 14S-T6 which was about 1/2 percent below the

speciflied minimum value.
Speciméns with single central hole:
2. The hole produced a reduction in the ultimate tensile stress on
the net section of the specimen, except for a few instances-of high
d/b ratios.
3. For alloys 2450, 24s-T81, 24S-T86, Alclad 14S-T6, and
Alclad 75S-T6 the reduction in strength, for d/b ratios between 0.1
and 0.4, did not exceed about 5 percent.

4, The reduction in strength for 24S-T3 and Alclad 14S-T3 was

about 10 percent or slightly greater, at d/b ratios between 0.1 and 0.2,

but did not exceed 2 percent at a d/b ratio of 0.L.

5. The elongation values for the perforated specimens were greatly
reduced over those for solid specimens of the same width., The
reductions were greatest for the longer gage lengths and for the least
ductile materials. The reduction in elongation in a 2-inch gage length
was about 97 percent for Alclad 75S-T'4 and about 81 percent for 24LS-0.
In a 0.2—inch gage length, the reductions in elongation ranged between
85 percent for Alclad T755-T6 and 64 percent for 24LS—0.

Specimens containing two staggered holes:

6. The holes produced a reduction in ultimate tensile strength on
the net section which increased with an increasing ratio of pitch to
gage, to a ratio value of 1, beyond which the reduction was practically
constant for'a given alloy.

7. The reductions in strength were greatest for specimens of
2ks—0, 245-T3, and Alclad 14S-T3, the maximum reduction in strength
being about 25 percent for 245-T3.
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8. The maximum reduction in strength for the specimens of
Alclad 755-T6, Alclad 14S-T6, 245-T81, and 24S-T86 was about. 12 to
15 percent.

9. The results of a previous supplementary investigation showed
that when the staggered two—hole pattern was repeated in a wide speclmen,
the reduction in strength for 24S-T3 did not exceed about 5 percent.

Specimens with four—hole pattern:

10. In the specimens containing four holes in a symmetrical diamond
pattern and in which the pitch of the holes was varied, the reduction in
strength increased with increasing ratio of pitch to gage to a ratio
value of 1 and then decreased until a ratio value of 2 was reached.
Beyond this value, the reduction for a given alloy is ‘practically
constant, _

11. The reduction in strength was greatest for the specimens
of 2L5-0, 24sS-T3, and Alclad 14S—T3; the maximum reduction in strength
being about 15 percent for 24S-T3,

12. The maximum strength reduction for the 24S—T81 and 245786
specimens was about 6 to 7 percent while the maximum reduction for the

Alclad 755-T6 and Alclad 14S-T6 specimens was only about 2% percent.

General:

‘ 13. Excluding 24S—0 from consideration, the greatest reduction in
strength occurred in the most ductile materials (245~T3 and Alclad
145-T3) that is, the materials having the greatest elongation and the
lowest ratio of yleld strength to ten51le strength.

14, The effect of the propertlies of the material on the amount of
gtrength reduction seems to depend somewhat on the type of specimen. In
two types of specimen, 24S—0 ranked with 243—T3 and Alclad 145-T3 but,

in the specimens containing a single central hole, 24S-0 ranked with the
less ductile metals..

15. In practical cases, the reduction in strength resulting from
open circular holes in sheet subjected to tension will not exceed about
5 percent for Alclad 14S-T6, Alclad 75S-T6, 24S-T81, and 24S-T86. In
the case of 24S-T3, 24S-0, and Alclad th—¢3, however, strength
reductions may be slightly greater than 10 percent.
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- 16. The reductions in elongation caused by open circular holes in
gsheet specimens are greatest for the least ductile materials, the
percent reduction in elongation being greatest for Alclad 75S-T6 and
least for 24S-0.

Aluminum Research Laboratories
Aluminum Company of America
New Kensington, Pa., April 9, 1948
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[+ = 0.032 in. (20 gage); d = 0.0960 in. (No. k1 ar111); d/t = 3]

NOMINAL DIMENSIONS OF PERFORATED SPECIMENRS

TABLE I

NACA

™ 1974

Series I
; .
- — Type > i
(in.)
b
b
1 0.960 0.10
|
2 .480 .20
a .
At A 3 .240 ko
\J 'I \|
Series. II
('b = 0.960 in.; e.= 0.360 in.; e/d = 3%)
2
_‘”Nr'J_J“"’ Type s sfe
|
-——}I)———
—1 l—e 23 0 .0
O
l N 24 0.180 1/2 -
T |
i 25 .360 1
1 . e r- )
. -
,.H. 26 .T20 2
! 27 1.k40 4
RN 28 2.880 8
Series III
(b = 0.960 1n.; e = 0.240 in.; e/d = 2%)
Type s sfe’
35 0 0
36 0.120 1/2
S 240
3 37 -2k 1
38 .480 2
39 .960 "
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TABLE X
UITIMATE—LCAD VALUES FOR SPECIMENS WITH FOUR HOLES
[Series IIJ‘] |
- y Alclad | Alclad} Alclad
Type | Specimen | 24S-T3| 24s-T81 eys—T86 24s—0 75516 | 14516 14513
Ultimate load (1b)
35 A 1330 1480 1520 715 1660 | 1360 1251
B 1415 1500 1510 15 1690 1367 1252
C- 1325 | 1500 1515 5 | 1675 | 1368 | 1265
“Av. 1357 1493 1515 715 | 1675 1365 1256
36 A 1415 1565 1560 635 1730 1403 1272
' B 1385 1535 1550 625 1740 1406 1285
c 1450 1550 1570 615 1720 1413 | 1o72
Av. 1417 1550 1560 625 1730 1407 1276
37 A 1535 1650 1650 665 1865 1hglk 1352
B 1500 1650 1660 665 1850 1487 136k
c 1450 1660 1685 665 1846 1495 1351
Av, 1495 1653 1665 665 1852 1hgo 1356
38 A 1620 1720 1755 680 1920 1557 1433
- B 1625 1720 1775 685 1920 1566 | ¢ 1435
c 11610 1735 1780 675 1900 1582 1366
Av. 1618 | 1725 1770 680 | 1913 | 1568 | 1411
39 A 1610 | 1725 1785 680 | 1915 | ‘1592 | 1ko2
B 1600 1730 1800 685 1905 1583 1402
o ——- 1730 1795 680 1880 1577 1393
Av. 1605 1728 1793 682 1900 1586 1399




Tensile strength based on net areg % 100

Efficiency, percent

NACA TN 197k

/,,,Alc'lad 14S-T6
. 7| - Alclad 753-T6
100 — //‘7 —124S-T86
N N =~ 1245-0
—
| ———ass-T81
/
/
90 ‘/,.s //
1
Alclad 14S8-T3 ,/
245 -T3-—"

80

70

Tensile strength of material

80

20 ——t— - ; o |—
- AH
<
10
% 1 2 .3 4 5
d/b

Figure 1.- Effect of central circular hole on tensile strength. Various
aluminum alloys.
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56
48 \\
40 \\\\
32 \ \\
NN
\ [0
— o
"\ R 14S-T3 Alclad
' : 245-T'3
16 245-0
755-T6 Alclad
8 14S-T6 Alclad
245-T81
245 -T86
% 4 2 1.2 1.6 5.0 5.4 5.8

Figure 2.- Variation of elongation with gage length. Solid specimen

1/2 inch wide.

Gage iength, in,

Various aluminum alloys.
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56
\
| .
48
Type of specimen
40 0 1/2 in. wide; solid 7
® 1/4 in. wide; solid _
| % @ 1/2 in. wide; perforated
; © 32 '
| A
& [N
= .
| &0 \O\
| S 24
M| ~Q_|
\‘\0;\0\' a
—a__ : ' - —0
—— ;
. 16 :
8 Q\\
00 - ' .

4 : .8 Lo 1.6 2.0
‘ . Gage length, in.
(a) 243-T3 aluminum alloy.

Flgure 3.- Variation of elongation with gage length. Solid and
perforated specimens.
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56
48
Type of specimen
40 O 1/2 in. wide; solid
® 1/4 in, wide; solid
4
S ¢ 1/2 in. wide; perforated
O .
& 32 ;
(]
0,
q’\
9
-+
I~
2
S 24
3]
16 O
8 Py
0 ' T\?\‘P\e——ﬁr e 6 o 6
4 .8 1.2° 1.6 2.0 2.4

Gage length, in.

(b) 24S-T81 aluminum alloy.

Figure 3.- Continued.
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Elongation, percent

56

48

40

32

24
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NACA TN 197k

Type of specimen

0 1/2 in, wide; solid

® 1/4 in. wide; solid

@ 1/2 in. wide; perforated

T~ x\‘
—e—] —
]
""""r—.-—
ey Jp P S
Y Y h d L Am—
.8 1.2 1.6 - 2.0

Gage length, in.
() 245-T86 aluminum alloy.

Figure 3.- Continued.
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Elongation, percent

56

48

40

32

16 |-

24

2T
Type of specimen
O 1/2 in. wide; solid
® 1/4 in, wide; solid
\ © 1/2 in. wide; perforated
\b\ )
O~ |
e B Ot
B =
B ——__ PN ‘e
4 .8 4 1.2 1.6 : 2.0 2.4

Gage length, in.

(d) 75S8-T6 Alclad aluminum alloy.

Figure 3.- Cbniinued. |
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A}

Type of specimen

0 1/2 in. wide; solid

~ ® 1/4 in. wide; solid

@ 1/2 in. wide; perforated

- 1.2 : 1.6 2.0
Gage length, in.

(e) 14S-T6 Alclad aluminum alloy.

Figure 3.- Continued,.
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29
" 56
48
Type of specimen
O 1/2 in. wide; solid
40 ® 1/4 in, wide; solid
\\ ' . @ 1/2 in. wide; perforated
IS
(O]
£ 32
0,
o
9
®
o
O 24
]
16
8 1\
A =\ ’ A‘J—\ J‘ P J.\
0 [ T T/ 71T
0 4 .8 1.2 1.6 2.0 2.4

Gage length, in.

() 14S-T3 Alclad aluminum alloy.,

" Figure 3.- Continued.
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Elongation, percent

NACA TN 1974

56,
48

\ Type of specimen
40} 0-1/2 in. wide; solid

\ @ 1/4 in. wide; solid

\ @ 1/2 in. wide; perforated
32 A
BN
\o\\{)\
So\\o\
4 ~—Q__|
: ST
) N
i L\m\ PN

0

0 4 8 1.2 1.6 2.0
) Gage length, in.

(g) 248-0 aluminum alloy.

Figure 3.- ‘Concluded.

2.4 -
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" Elongation of perforated specimens -

31

.70

.60

.50
7]
=
Q
g
S
[0}
joh
“ 40
°
g 248 -0
7] . ¢
2 245 -T'3\
o]
5 \\
S 0
5 \ N
B0
g \
A 24SI-T86\ y

ool Alclad 14S-T3 \ \

-4V Alelad 14Sl-T6 Y N 245 -0

| 248-T81 \
Alclad 75s-T6‘N \ \
. < F— ——{245-T3
. : \QN \rAl‘fSla%é%%-
e . ! [
248 T81"_—
‘Alclad 145-T8
. : Alclad 75S5-T6

0 1

Gage length, in.

2

Figure 4.- Ratio of elongation of perforated to solid specimens against
gage length, Various aluminum alloys.
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14
(]
12
Type of specimen
l : 'lO e 1 ‘l
j ° 9 See table I for
: f description
% ® 3 '
; g 8
| o -
! Q
i o \
= A
| g \ \
bo ’ .
5 6
| = ' \
4 \
2 y i L\d —F
g —~ d/b =0.20
0 d/b = 0.40]
O |

0 ' 4 .8 1.2 1.6 2.0 2.4
Gage length, in. :

(a) 24S5-T3 aluminum alloy.

’ Figure 5.- Variation of elongation with gage length for various d/b ratios,
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Elongation, percent

33

14
12
T'ype of specimen
10 1
See table I for
description
® 3
8 v
5 :
¢
4 \
— d/b =0.10
- — d/6=0.20
2 d/b =0.40
0
0 4 .8 1.2 1.6 2.0

Gage length, in.

(b) 24S-T81 aluminum alloy.

Figure 5.- Continued,
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Elongation, percent

NACA TN 197k

14
12
10
Type of specimen
®1
. ' See table I for
8 ©2 description
o3 ‘
61
i
td/b = 0.10
2 F——=d/b = 0.20
d/b =0.40
|
0 .
0 .8 1.2 2.4

Gage length, in, ,

1.6 2.0

(c) 243-T86 aluminum alloy.

Figure 5.- Continued.



NACA TN 1974

35
14
12
10
' Type of specimen
e 1
‘| See table I for
S a @2 description
5
Q, o 3
o
3
®
&
8 6
5}
4
—td/b=0.10
\\’\ (- —+d/b=0.20
, / /T 4/0=0.40
O .
-0 4 .8 1.2 1.6 2.0 2.4

(d)

Gage length. in.

755-T6 Alclad aluminum alloy.

- Figure 5.- Continued,
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Gage length, in.

(e) 14S-T6 Alclad aluminum alloy.

Figure 5,- Continued.

14
12
10
Type of specimen
&1
See table I for
8 @ 2 description
@ 3
6
\\ /———d/b =0.10
2 . A~ d/b=0,20
—~d/b = 0,40
| ]
| W
0 4 .8 1.2 1.6 2.0 2.4
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14
12
10
Type of specimen
- &1 |
§ _ ei © 2 See table I for
5 g description
o0 ﬂ ?3
g |
S
I
%o \\
S 6 g
4 \\\%\
9 ' - d/b =0.10_
| ' d/b =0.20
I
A ‘\-T-—«T d/b = 0.40
0 ) |
0 4 .8 1.2 1.6 2.0 2.4

Gage length. in,

(f) 14S-T3 Alclad aluminum alloy.

Figure 5.- Continued.
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Elongation, percent

14

12

10

NACA TN 197k

Gage length, in.

(g) 24S-0 aluminum alloy.

Figure 5.- Concluded.

y=
?\ Typ_e of specimen
®1
l See table I for
@2 description
\ d/b =0.10
\0\ d/b = 0.201
T ¥ d/b =0.40
8 .2 1.6

2.0 2.4
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Tensile st,fength based on net area « 100

110 I l
_M-__lo l
100 -
r/
Alclad 75S-T6
_— Alclad 14S-T6
/‘/——_#ﬁ———'
g —— ] —{e4s-181 245-T86
o —
E
w80 i ¥~A1c1ad 14S-T3
]
< R 045 -
& : | — |- 2450 245-T6
Y |
5
7 (o 24S8-T3
g 70 o 245-T81
g 1 0 24S-T86
ﬁ Based on area of 4 B 243-0
fracture A Alclad 758-T86
. A Alclad 14S-T6
5 60 - ' _#» Alclad 14S-T3
) 4 ' .
o
Q )i
5 1 * T
3 -0 |+
b L
K ]
g
10
0
0 1 2 3 4 5
s _s
2e g

Figure 6.- Effect of two staggered holes on tensile strength. Various
aluminum alloys.
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110 | i
(o) O
_ Alclad 758-T6
I T -
100 K Alclad 145-T6

NG / = 245 -T86
| L3 g 245 -T81
8 S /- ' |
- NN ] __JAlclad 145-T3
) T A =———1245-0
5 l/, . 24S-T3
gt — LI =T )
- RN
ol &
85 g0
Ing e
QO +
< %o 4 B 24S-0
i & pasec oparea of £ 4 Alclad 755-T6
5| @ racture % Alclad 14S-T3
@ 70 '
G| 8
[0 . .
B

il
2 60 | "

3] b =0.96
(9] l
g 0,

- == —‘§- 1Tr
§ 20— . Sl o
g LS
5 | i—rﬂil—

e=0.24"
10
% 1 2 3 4 5 6
s.8
e g

Figure 7.-. Effect of four-hole pattern on tensile strength. Various-
aluminum alloys.
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