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INCOMPLETE DIAGONAT, TERSION

By L. Ross Levin
SUMMARY

Strength tests were made on 24S-T and Alclad 758-T aluminum-alloy
sheet 1n diagonal temsion. These tests indicated that the ultimate shear
stress was essentlally independent of the rivet factor if the rivet factor
was greater than 0.6, which covers most of the practical range. Curves
showing the effect of diagonal tension on the ultimate shear stress in the
gross sectlon are presenteds—These curves supersede those glven in
NACA TN No. 136k.

INTRODUCTION

The strength of a shear web is frequently computed on the assumption
that failure occurs when the shear stress in the net section between
rivet or bolt holes reaches the ultimate shear stress of the material.
The main difficulty with this procedure 1s to find a really satisfactory
method of determining the ultimate shear stress of the materisl. Another
difficulty is that stress concentration effects of holes may be encountered
at ultimate load similar to those encountered in tension and these effects
must be evaluated. When fallure of the shear web occurs befors buckling
tekes place, the shear load on the web is resisted by true shear stresses.
If fallure of the shear web occurs after buckling takes place, the stress
condition in the web 18 very complicated; however, 1t 1s convenient in
strength calculations to use as a reference value a flctltious shear stress
camputed on the assumptlion that the web did not buckle. It then becomes
necessary to find a satisfactory method of determining a fictitlous
wltimate shear stress of a thin shear web which fails after buckling occurs
and the relationship between the ultimate shear stress and the degree of

development of buckling.

The most expedient method of determining the ultimate stresses for
shear webs with rivet or bolt holes 1s by direct tests on shear webs
fastened with rivets or bolts and subJjected to a pure shear load. The

stiffening of the webs should be varied in order to determins the relation-
ship between the ultimate shear stress and the degree of development of

diagonal tension. The ratio of pitch to dlemeter of the holes should also
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be varied in order to evaluate the combined effect of reduction in section
and stress concentration around the holes at ultimate load.

Results obtained by this type of test were given in reference 1 for
webs which approached & condition of pure shear and for webs with partly
developed diagonal tension. These tests indicated that, within the test
scatter, the ultimate shear stress on the gross sectlon 1s essentially ’
independent of the ratio of net area to gross area along & line of holes
if this ratio is greater than 0.6. These data were used in reference 2
to draw empirical curves showing the effect of the degree of development
of diagonal tension on the allowable shear stress on the gross section.
The present investigation is extended to webs with a greater degree of
development of diagconal tension, and new curves showing the relationship
between the degree of development of diagomal tension and the average
ultimate shear stress on the gross section are presented. These curves
supersede the empirical curves gliven in reference 2.

SYMBOLS
Cr rivet factor (P ; d or 'gre:ézreaiezlﬁgonghnelingfolfmigies)
L length along one side of shear panmel between corner bolts,
inches
P load required to fall pamnel, kips
b width of panel, between inside lines of bolts, inches
d diameter of rivet or bolt holes, Inches
k diagonal-tension factor (see reference 2)
p pitch of rivet or bolt holes in one row, .inches
t thickness of sheet, inches ’
'Uult ultimate tensile stress, ksi
T shear stress on web, ksi
Ter critical shear stress, ksi
Tg shear stress on gross section of web, ksi
Tn shear stress on net section of web between rivet holes, ksi

Ty, average measured gross shear stress at failure for specimens
v having the same value of k at fallure, ksi
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TEST SPECIMENS AND FROCEDURE

The test specimens were made from 24S-T or Alclad 75S-T aluminum
.alloy. The effective length of all specimens was approximately 50 inches.
In order to have the specimens fail at different steges of incomplete
dlagonal tension the following combinations of nominal web thickness and
width (in inches) between the inside line of bolts were used: 0.020 X5,
0.020 X 12, 0.025 X 6, 0.025 X 12, and 0.05L X 12. The actual dimensions
of all epecinwms tested in the present investigation, as well as those
described in reference 1, are included In tables 1 and 2. All specimens
* were tested 1n a rectangular frame of the type shown in figure 1. The
load was applied at the center outer edge of the frame and caused essentially
pure shear load on the specimen. The bars connecting the two sides of the
frame were used to decrease the flexibllity of the edge members on the long
side of the panel. The specimens were fastened in the frame with one or two
rows of bolts which were tight fits In the holes and had heavy washers under
the heads.

In all tests, the pitch of the holes was 1 inch and the hole diameters,
used to obtain & variation in pitch-dismeter ratio, were 3/16, 1/4, 5/16,
and 3/8 inch.

The test specimens were cubt from several different sheets of material.
Ultimate tenslle stresses of each sheet of materlal were determined from
two standard tensile specimens cut parallel to the grain and two standard
tensile specimens cut perpendicular to the grain.

TEST RESULTS

The results obtained in the present investigation, as well as data
obtained from reference 1, are presented in tables 1 amd 2.

The shear stress at failure was computed for both the gross section
and the net section along the line of holes. The shear stress at fallure
in the gross sectlon was computed by the formula

(1)

=2
€ " Lt

The shear stress at fallure in the net section along the line of holes
was camputed by the formula

T =%r3 (2)
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A comparison of specimens cut from different sheets of the same
material was made possible by reducing all shear stresses computed by
formulas (1) and (2) to correspond to an ultimate tensile stress of .

62 ksi for 24S-T aluminum alloy and 72 ksi for Alclad T5S-T aluminum
alloy.  This reduction was accomplished by multiplying the shear stress
obtained from formulas (1) and (2) by 62/0,34 for 24S-T aluminum alloy
and by T2/oy14 for Alclad 75S-T aluminum alloy, where o4 18 the
lowest velue of the actusl temsile strength of a particular sheet obtained
from two standard tensile specimens cut perpendicular to the grain and two
standard tensile specimens cut parallel to the grain of the sheet. The
lowest values of the tenslle strength were used because reference 3 states
that specimens cut fram the sheet 1n any directlon shall possess certain
minimm properties not below the standard given in refersnce 3. The
ultimate tensile strength in one direction was never more than 4.5 percent
below that for the other dlrection.

- The reduced values of Tg and T, are shown in figures 2 and 3.

These figures also show the average gross shear stress at fallure Tgav
for each group of similar specimens. In most of the tests Tg was

wlthin 10 percent of Tg,
av

DISCUSSION OF RESULTS

Variatlons in shear stress with C,..- A previous investigation
(reforence 1) on a large number of 24S-T aluminum-alloy shear webs with k
approximately 0.02 and 0.35 and Alclad T75S-T aluminum-alloy shear webs
with k approximately 0.06 and 0.40 indicated thet the ultimate shear
gstress on the net section was not constant (as is usually assumed) but
decreased as the rivet factor C,. increased. This result was generally
confirmed by the tests of the present investigation which were made at
values of k of approximately 0.55 and 0.72 for 24S-T aluminum alloy
and k of approximately 0.59 and O.Thk for Alclad 75S-T aluminum alloy.
This decrease in the ultimate shear stress on the net section as Cp
increased can be accownted for pertly by the increase in stress-concentra-
tion effects and partly by an increase in the bearing stresses at the holes.
Sufficlent data ars not availsble to determine the exact interaction effect
between the shear stresses and the bearing stresses.

The stresses —rg' shown in figures 2 and 3 are usually within
10 percent of Tgay * In the tests of reference 1 Tg Wwas within
9 percent of Tg . In the tests on the 24S-T webs with k = 0.72 a
definite decrease in Tg occurs as Cr decreagses. Thls decrease 18
approximately equal to the increase in T, as C, decreases; therefore,
a constent value of either 7, or Ty could be used for this group of
webs. This relatively emall group of webs 1s the only group, however,
which shows a definite decrease in Tg @B Cr decreases.
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Soms of the variation in the ultimate shear stresses on the gross
sectlion may have been caused by friction between the web end the frams.
A preliminary investigation indicated that if the bolts were drawn very
tight the effect of this friction could be very large. Most of this
friction effect was eliminated in the present tests and in the tests of
reference 1 because the bolts were drawn Just tight enough to bring the
frame and the web together.

Ultimate shear stresses.- The curves in figure 4 show the relation-
ship between the shear stresses in the gross section at failure and the
diagonal-tension factor k. These curves are based on the values
of Tga gilven in figures 2 and 3 of the present paper and figures 4 and 5

of refegence 1. The upper curves show the average ultimate shear stress
for shear webs which are not allowed to buckle at the edges of the holes.
This condition 1s satlsfied if the edge of the shear web is between two
heavy plates or has heavy washers on cne side and a heavy plate on the
other. Standard-size brass washers were used in the tests which served
as a basls for the upper curve. The lower curve in figure 4 shows the
average ultimate shear stress for shear webs which were allowed to buckle
at the edge of the holes. No tests of this type are included in the
Present paper; however, such tests were included in reference 1 and thess
data indicated.that the strength of a web which was allowed to buckle at
the holes was about 11 percent less than the strength of a web which did
not buckle at the holes. The lower curves apply to webs which have the
heads of the rivets or bolts bearing directly on the sheet.

The curves 1n figure 4 are identical with the curves in figure 14 of
reference 2 up to k w~ O.4. TIn this region both sets of curves are based
on the tests presented in reference 1. For values of k higher than 0.4,
the curves in figure 1k of reference 2 were based on an estimated valus
for k = 1.0, and they are slightly lower in this region than the curves
in figure 4 which are based on oxperimental data obtained in the present
investigatlion. . .

The curves in figure 4 are applicable to joints made with either one
or two rows of bolts if the bearing stresses at the holes do not oxceed
the allowable bearing stresses given in reference 4. The tests of refer-
ence 1 indicated that if the bearing stresses do exceed the allowable
bearing stresses given in reference U4, the allowable shear stresses will
then be less than those shown in figure k.

Comparison with other tests.- Figure 5 presents the results of tests
from references 2 and 5 for comparison with the empirical curve for the
shear stress In the gross section at failure. Most of the points for the
beams of reference 2 are very close to the average curve. All points for
the shear webs of reference 5 are above the average curve. These webs
were bolted between heavy angles and the bolts were drawn tight. The
increase in the ultimate stress was probably a result of the fact that
scme of the load was carried by friction between the shear web and the
frame. This friction should usually not, be relied upon to carry load
under service conditions. .
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CONCIUDING REMARKS

Results of strength tests on a 24S-T and Alclad 75S-T aluminum-
alloy sheet in diagonal tension indicated that the ultimate shear stress
was essentially independent of the rivet factor in the practical range
(rivet factor greater than 0.6). Curves are presented showing the
effect of the dlagonsl tension on the ultimate shear stress in the gross
section. These curves supersede those given in NACA TN No. 1364.

Langley Aercnautical Laboratory
National Advisory Committee for Aeronautics
Tengley Field, Va., September 24, 1948
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TS ‘lh
Rows . T mit | (ks1) | (kei)
a t b L Tor P T e
spootmen | (1) | o | () | () | (me) [(mt) | (eiye) | Qo) [Tor | X | OED -
b
¥ &0.017
(o)
1 316 2 0.0409 5.0 51,25 |31.6 .50 34.85 | 1.100 | 0.020 | 69.60 | 31.05 | 3B.20
2 316 2 Oh13 | 5. 5.5 {31.6 | T2.T6 3H.60 | 1.095 .020 | 69.60 | 30.80 | 38.00
3 3/16 2 038F | 5,0 |51.25 (31.2 |70.25 | 35.70 [ 1.145 | .030 | 70.07 | 31.60 | 38.90
b 3/16 1 okl | 5.0 |[®.e5 [31.6 7100 | 33.60 | 1.062 | .012| 69.60 | 29.92 | 36.85
5 316 1 01k 5.0 51.25 |[31.6 | 68.40 3240 | 1.026 002 | 69.60 | 28.85 | 35.50
6 1/ 2 0391 | 5.0 |s51.25 |[3n.e |70.00 3%.90 | 1.120 .022 | 70.07 | 30.85 | h1.20
ké i/ 1 0391 | 5.0- %125 [31.2 | 65.20 | 32.65 | 1.047 .012 | 70.07 | 28.90 | 38.%0
8 1/ 1 o812 | 5.0 |[51.85 |31.6 | T2.00 | 3%.30 | 1.088 018 | 69.60 | 30.5%, | k0,70
] 1/k 1 «0413 5.0 %1.25 |31.6 | TR.TO 34.50 | 1.092 .020 | 69.60 | 070 | k09O
10 1/h 1 0413 5.0 |%.25 |3.6 |69.10' | 32.70 | 1.035 4008 | 69.60 | 29.10 | 38.90
1n /b 1 .038 5.0 |s81.25 [31.2 | 65.k0 33.1% | 1.063 .012 | 70.07 | 29.30 | 39.10
12 5/16 2 .0 5.0 |51.28 |31.2 | 66.20 ,3‘3.% 1.079 .016 | 70.07 | 29.75 | k3.30
13 5/16 1 039 | 5.0 |51.25 [31.2 | 67.h0 33. 1.079 016 | 70.0T | 29.75 | k3.30
1k 5/16 1 .ohe | 5.0 {51.25 |31.6 | T2.00 3%.30 | 1.085 018 | &9. 30.55 ) k%.30
15 516 1 .0ho7 5.0 51.2% |31.6 68.80 33.10 | 1.048 012 | 69.60 | 29.50 | ¥2.80
16 3/8 2 .0390 5.0 |=®1.25 {31.2 68.60 o 1.102 020 | 70.07 | 30.52 | k8.70
17 3/8 1 0396 | 5.0 |31.25 {31.3 |69.00 | 34.00 [1.087| .018| 70.07 | 30.10 | ¥8
18 3/ 1 .08 | 5.0 |31.25 {31.6 |T71.80 | 3k.50 | 1.092 | 020 | 9. 30.72 | k90
19 3/8 1 .olae 5.0 |51.25 |31.6 | T2.80 3%.70 | 1.098 020 | 69.60 | 30.90 | 49.30
N k ®0.3%
20 3/16 2 0.0411 | 5.0 |=m.e5 | 5.62 2.9 n.E | 5.5 | 0.36 | 69.6 | 28.0 | 3k
21 3/16 2 0507 | 5.0 |51.25 | 5.51 & 3.0 |5.62 35 | 9.6 | 275 |33.9
22 3/16 2 .0390 5.0 51.25 5.07 | 61.8 31.0 6.11 .37 70.. | 274 ] 33.8
23 3/16 1 Okt | 5,0 [s.25 | s.71 | 624 29.5 | s.17 .3 | 69.6 | 26.3 | 3R
24 3/16 1 003 | 5.0 |=m.235 | 5.70 | é2.7 £29.7 E.za 34 | 696 | 26,5 | RS
25 3/16 1 0513 | 5.0 (51.25 | 5.70 | 8.1 27.6 ;). .33 | 69.6 | &6 | 0.2
26 1/4 2 0 5.0 |51.25 | 5.12 | 58.5 29.1 | 5.69 36 | To.1 | e5.7 | ks
27 1/ 1 0389 | 5.0 5125 | 5.03 | 59.3 29.8 | 5.2 37 | 0.1 3 |33
28 1/h 1 0408 5.0 }51.85 | 5.5 | 60,1 |- 29.0 lg:.p.z 3% | 69.6 | 25.8 | 333
29 1/k 1 Oh13 5.0 51.2%5 5.70 | 59.3 28.1 .93 .33 69.6 | 23.1 | 33.
30 5/16 2 0391 | 5.0 |51.25 3-09 0.1 | 29.0 [35.69 36 | T0.1 | 25.7 |37-3
3 5/16 h 0385 | 5.0 |=.25 .93 | 584 29.7 | 6.02 <37 g.l £6.2 | 38.1
R 5/16 1 .0h12 5.0 |=51.25 | 5.6k | 621 29.1 3.17 .34 6 | 259 | 37.T
33 5/16 1 0813 | 8.0 | 3.5 2-70 594 28.2 5 33 | 8.6 22-1 36.6
34 3m 2 0384 | 5.0 |51.85 S1 | k.8 27.9 | 5.8 36 | 041 [ 28.7 | 39.5
35 3/8 1 0389 | 5.0 [51..25 | 5.03 | 5%5.3 277 [ 3.m g 23'1 245 | 39.3
36 3/8 1 <0410 3.0 | =1.25 5.% %8.6 28.). | 5.03 B .6 23.1 39.9
37 3/8 kX 0406 | 5.0 | ®.25 | . 5.2 277 | 5.05 34 | 696 | 2k | 9K
k& 0.5%
B 3/16 2 0.026% | 6.0 }|49.63 | 1.6L | 37.2 274 |17.0 0.55 | 702 | 2.3 [ 29.9
39 1/% 2 0265 6.0 | 49.63 | 1.61 | 39.5 30.0 [18.6 56 | 0.2 | 26.5 | 35.b
ko 1/5 1 0261 | 6.0 [h9.63 | 1.61 | 39.1 30.1 8.7 .56 | 0.2 | 26.6 35.6
LA 5/16 1 263 | 6.0 [h49.63 | 1.6 | 37.2 28.4 [17.6 gg 9.7 | 5.3 | 36.8
42 3/8 1 0263 | 6.0 |49.63 | 1.6 ] 35.0 26.6 6.3 . g | 23.7 | 37.9
X % 0.2
43 3/16 2 0.0265 |12.0 |,k9.63 | o.403| By | =29.2 |712.5 | 0.73 | T0.2 8 |38
bk 1/h 2 0262 {12.0 | 49.63 .503].35.8 275 (8.1 T2 69.7 g.h 329
ks 1/ . L 0263 |212.0 | 49.63 L03| 36.4 278 | 69.0 2 | 69.71 | 27 | 33.0
k6 5/16 1 264 | 12.0 | 49.63 403} 3k 26.2 65.0 .2 | 702 | 23.1 | 33.8
bt 3/8 1 0262 | 12.0 | 49,63 503} 33.3 23.7 |63.8 g2 | 0.2 | 2.7 | 364

®Actual tensile strength of material.
bstresses corrected to oyjy = 62 ksi.
CThese specimens had heavy stiffener dividing them into panels 1 inch by 5 inches, {See tig. 1, reference 1.)

e e e e e T —— ¢ —— T\ . < et it A A e e " = sy 7 e o ke e = — o =



NACA TN No. 1756

_TABIE 2

DIMERSIONS, TEST DATA, AND RESULTS FOR
ALCLAD T58-T ALDMINUM-ALIOY SPECTHMENS
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(8ee fig. 1, referemce 1.)
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8p5tual tensile strength of material.

bStresses corrected to ant = T2 kei.
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Figure 5.- Shear stresses at failure in 24S-T
aluminum alloy.



