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TROTUCTION

A comprehensive program of fatigue tests of riveted
jeints in aluminum alloys was started in 1935 at the Aluminum
Research Laboratories in order %0 learn as much as possible
about the best method of designing aluminum=-alloy structures
to resist failure from repeated loading. The scope of this
investigation was made broad enough to include not only ac-
tual joints in which losd is transferred from one plate to
another, but also specimens in which privets carry little or
no stress, as might be the case in parts of a structure where
the rivets are uscd only for the purpose of holding two or
more pieces in contact. The machines used in making the
tests have previously been described. (See reference 1l.)

This report presents the fatigue data obtained at the
Aluminum Research Laboratories, from tests of various types

_of 17S=T and 535-T7 specimens, These spocimens were large

enough to0 represent actual service conditions, but the rep-
etition of loading was more rapid than would occur in ordi-
nary service, This higher rate of loading was necessary %o
shorten the testing time.

Two plate materials, three rivet materials, twenty-nine
types of specimens, and four different stress ratios have
been employed in the tests described herein, This large
number of variables has been justified bccause the study of
fatigue of riveted joints was so new that it was neccssary
to branch out in different dircctions to obtain a comprehen-~
sive knowledge of the fatigue strength of riveted aluminunm-
alloy structures.,

Tests of 488 specimens will be covered in this progress.
report, In addition to tests of actual joint specimens, 72
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of these 486 tests have been made using single plate speci-
mens which either were solid or contained open holes or idle
rivets,

\
MATERIALS
\

The specimens for this investigation were constructed
from 1- by 7%-inch rolled rectangular bar of aluminum alloys
175-T (Federal Specification QQ-A-351) and 535-T (Federal
Specification QQ~A—¢31) The mechanical properties of the
bar of both alloys were above the specified values with the
exception of the yield strength of 53S-T, which was slightly
low (1.2 percont).

By using small polished specimens cut longitudinally
from the bar stock, the direct-stress fatigue properties of
one 1ot of 175~T were determined., As shown in figure 1, the
endurance limit for stresses varying from zero to a maximum
in tension is 22,000 psi based on 500 million ecycles of
stress.,

Button-head rivets of 17S-T, 53S-W, and steel were used,
The sizes were 1/4, 3/8, 1/2, and 5/8 inch. Bolts of 175-T
having a diameter of 5/8 inch and pins of 17S5-~T having diam-
eters of 1, 1%, and 2% inches were also used.

Although this investigation is confined to tests of only
two aluminum alloys, it is believed that the results, insofar
as they deal with effect of arrangement of rivets and types
of joints, are generally applicable to the other aluminum
2L L0y s,

DESCRIPTION OF JOINTS

Detailed sketches of the reduced section of the vdrious
types are shown in figures 2 and 3. The different types of

specimens may be classified in three general groups, The
first includes types 0X, G, GX, and K which are 1nglc
plates either solid, with holes, or with idle rivets. The
second includes the lap or 51r&1e shear joints, designated
$ypes A, Ay, X5, Az, B, C, OX, B, H, 8, P, and Ry Uhe third
includes the butt or double-shear joints, types J=1, L~1l,

LL, M, 0Y, M-1, Q-1, Q-2, T, U, U=l, Us2, and W-l,
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The reduced section of each specimen was obtained by
machining to the desired thickness in a milling machine us-
ing a 4-inch diameter helical milling cutter 10 inches long.
The milling was done with the cutter normal and the travel
of the carriage parallel to the length of the specimen. In
this way any minute marks left by the machining operation were
parallel to the direction of stress, which would minimize
their effect on the fatigue strength of the specimen. The
keyways of each specimen were carefully machined in a
shaper~planer so as to be parallel after assembly of the
specimen,

The rivets in the various specimens were driven using
the following combinations of conditions:

Rivet Rivet Hole Driving ‘gp.e i
A . 4 O riven |
material diameter diameter condition .
. head

(Any) (in.}

A1l alloy / 3/8 1/2, | 17/64, 25{6%, 33/6k, Cold Cone-point
and 5/8 and 41/64%

Al alloy 3/8 25/64 : Cold | Buston

Al Alloy| 3/8 and 5/8 13/32 and 21/32 Hot Button

Steel 3/8 and 5/8 25/6% and W1/6Y4 Cold Flat

Stecl 5/8 21/32 ot Button

The cold-driven 17S-T rivets were driven with 1/2 hour
or less of room-temperature aging between heat treatment and
driving, The cold-driven 53S-W rivets were driven after
several weeks of room-temperature aging. The hot-driven
178-T and 53S=W rivets were hsated in a lead bath at temper-
atures of 950° and 970° P, respectively, and were driven as
quickly as possible after removal from the bath. The cold-
driven steel rivets were snnealed first by heating to 1220% F
for 3 hours and then cooling slowly in the furnace overnight,
The hot-driven steel rivets were heated in 2 gas~fired Fur-
nace and were driven at a temperature of approximately 18C0" F,

("
e

used, the holes into which taey
with just enough clearance

@

When bolts or pins wer
were fitted were reamed to sigz
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so that the bolts and pins could be inserted easily. Alumi-
num-a2lloy washers were used under the heads and nuts of gk
bolts, and the torque used in tightening each bolt was 610
inch-pounds. Only 5/8-inch bolts were used.

TEST PROCEDURE

The tests in this investigation were made in the fatigue
machines shown in figure 4, which were designed especially
for testing riveted joints. (Sec reference 1,) The machines
were so constructed that the specimens may be subjected to
cycles of direct stress from any value in tension or compres-
sion to any other value in tension or compression, provided
the maximum loads are within the capacity of the machine
being nsed. For two of the machines the nominal capacity is
40,000 ponnds, and for the other four, 50,000 pounds.

The testing machineg have been calibrated as described
previously (reference 1), and, in addition, considerable ex-
perimental work has been done to evaluate inertia effects oc-
curring under the various conditions of testing used through-
out the scope of the investigation, Corrections obtained
from these dynamic calibration studies have been made wherever
necessary in the fatigue data roported.

The test specimen is placed in the machine in a vertical
position about 15 inches from the fulcrum end of the machine,
One end of the specimen is keyed and bolted to the bed of the
machinc, and the other cnd is similarly fastoned tc the hori-~
zontal loading beam. This loading beam acts as a second-
class lever having a ratio of approximately 10:1., When the
specimen is bolted in place and the crank (not being set at
zero throw) is turned, movement of the loading beam up and
down applies eit..er tension or compression to the specimen,
As load is applied, the deflection of the loading bean is
proportional to the load,

The tensile or coupressive load to be applied to any
specimen is computed from the product of the desired stress
and the minimum net cross-sectional area of the specimen
through the reduced scction.

Bach fatigue-testing unit is equipped with limit
switches to stop the motor when a specimen breaks At fa il
ure of a specimen the stress in the loading beam is automat-
ically ‘relieved and the deflection of the beam changes

4
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sufficiently to operate the limit switches. These switehes
arTe sensitive enough so that they usuvally break the eircuit
with the development of only a small cerack in the specimen.
When a visible crack forms in a specimen, the test is con-
gsidered complected,

In the majority of tests, the range of fatigue stresses
in the plates was from zero to a maximum in tension, dut in
come tests the range was from some stress in either tension
or compression to some other stress in tension, ZFor conven-
ience the tests were run in groups, all tests in any One
group having the same ratios of minimum to maximum stress.
In using these stress ratios, tensile stresses were congid-
ered positive and compressive stresscs negative, For any
tost the maximum stress is the one having the largest alge-
braic value, and not necessarily the one having the larges?
numericsl value. JFollowing is a complete 1list of stress
ratios used, together with examples of corresponding stress
ranges:

Stress ratio Exanple of stress range
(psi)
0756 15,000 to 20,000 tension
«50 10,000 %o 20,000 tension
0 0 to 20,0C0 tension
-1,00 20,000 compression to 20,000 tension

Unless definitely stated otherwise, all discussion in
subsegquent parts of this report pertains to tests in which
a zero stress ratio was used. Also, unless stated otherwise,
11 fatigue strengths are based upon 2 million eycles of
stress. This number of cycles was used by Prof, W, 1M, Wilson
(rcfercnces 2 and 3) and by Otto Graf (reference 4) in sinmi-

lar tests.

The results of the fatigue tests were plotted in the
form of S$S~N diagrams (stress-=number of cycles), The stresses
plotted were average values and did not take into account any
nonuniform distribution of stress in the speccimens, Some of
the fractured specimens are shown in figures 8 to 9. & faw
representative 5-I curves (figs. 10 to 12) are included with
this paper, A summary of the results of the tests is given
in $ables I to 1V,
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Most of the tests were continued to failure, but 38
specimens were removed from the machine before failure bBe-
cause the number of cycles had rcecached a prearranged maximun
number, usually 25 million, which was considered sufficient
in this investigation. In the S-X¥ diagrams, the latter tests

re indicated accordingly.

SUMMARY OF RESULTS

The following summary is based on the fatigue tests re-
ported herein on aluminum-alloy joints of 17S-T (Federal
Specification QQ-A-351) and 5%8~T7 (Federal Specification
QA~A=331), No effort is made in thisg summary to cover all
the different stress ratios tested or the full range of nunm-
bers of cycles of stress used, since it is impractical to
summarize the results tauking into account all the variables
included, Instead, ths strength of the various types of
specimens are compared principally on the basis of "fatigue
strength," which is defined as the maximum stress on the net
section of the plates (P/A) to which the Jjoint ecan be sub-
jected for 2 million cycles, the stress in cach cycle varying
from zero to a maximunm tensile stress.

l, Open holes and idle rivets reduce the fatigue
strengtihs of aluminum-~alloy plates considerably, the
strengths obtained being from 11 to 42 percont of the nomi-
nal static strengths. The effect usually is greater (1)
with an open hole than with an idle rivet, (2) with four
idle rivets than with only one, and (3) with hot~driven than
with cold~driven rivets,

2, In general, idle rivets are less harmful to the fa-
tigue strength of s plate than rivets used to transfer load,

3, In the tests of lap Jjoints with 1/4-inch plates and
5/8-inch rivets, about 86 percent failed by fracture of the
plates through the rivet holes, Of the remainder, one Jjoint
failed by shearing the rivets, and the others by the rivet
heads' being broken off as a result of the prying action ex-
erted on them during the eccentric loading.,

4, In the teste of lap joints with 1/4-inch plates and
3/8-inch rivets, only 33 percent failed in the plates, Most

o)
of the remainder failed by shearing the rivets, although a
few failed by the rivet hecads' breaking off.
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5., In the tests of butt joints with 1/4=-inch plates and
5/8~inch rivets, about 97 percent of the failures were in
the plates, the remainder being by shearing of the rivets.

8, In the tests of butt Jjoints with 1/4-inch plates and
3/8-inch rivets, about 44 percent of the failures were in
the plates, the remainder being by shecaring of the rivets,

7« In the tests of joints in which the fatigue failure
occurred by tensile failure in the plate and in which the
stresses varied from zerc to a maximum tension, the tensile
fatigue strengths ranced between 7 and 46 percent of the
static tensile strength of the material.

m

8. In the tests of joints in which the fatigue failure
occurred by shearing of the rivots, and in which the stresses
varied from zoro t0 a maximum in ono dircction, the shear fa-
tigue strengths ranged from about &8 to 73 percent of the
nominal static shear strengths of the driven rivets., Since
these ratios for shear tr““étuu are considerably higher tha
those given in the pre\edep conclusion for tensile onrenbths
it is evident that shear fatigue is not as important in ordi-
nary design as tensile fatigue.

9, The fatigue strengiths of the aluminum-alloy Jjoints
range from 13 to 73 percent of the calculated static strength
for lap joints, and from 10 to 55 percent for dbutt joints,
For each of these two general types, the highest percentagos
were obtained when testing 53S-T plates with cold-driven
538-W rivets, :

10, The fatigue strengths of the type C lap joints and
type M butt joints, for different combinations of plate and
rivet materiazls, are as follows:
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Plate Fatigue Fatigue
naterial Rivetg strengbth™® strength*
(1/4 'dn,) (/8. 30, ) (psi) (1v)

Lap Jjoints (type C)

1781 Cold—driven — 17S-—T 9,800 12,100

175-T Hot—driven ~— 17S8S-T 7 AE0) 9,400

175-T Cold—driven — Steel 9,300 12,500

17510 Hot—driven — Steel 6,600 8,000

535-T Cold-—-driven — 53S-W ol 8,800

538-T1 Hot—driven — 53S5-W 61,700 8,200

Butt jeints (type M)

178-T Hot—driven -~ 175-T 16,500 el L (019

175-T Cold—ériven — 175-T 14,300 17,600

178-T Fot—-driven — Steel B 600 6,800

535-T Hot—driven ~— 838-W 18,7006 19,100

53S~T Cold—driven — 53S=VW 11,400 14,100

*Tension on net section of plates, based on 2 million
cycles of stress, from zero to a maximum in tension.

11, In general, butt joints have higher fatigue
strengths than lap joints, even though both fail in the
plates rather than in the rivets. TFor cxample, in joints
with 1/4—inch 17S-T plate containing a single row of four
5/8—inch cold—driven 17S—T rivets (types C and M), the
fatigue strength of lap joints is about 68 porcent of that
of butt jointse. The lower strength of the lap Jjointe 1is
aiptriibuted mostly to the flexing action resulting fron
eccentricity of loading.,.

nts

L2 Increasing the resistance to flexing of lapije
by increasing the thickness of one of the plates €
ficial in increasing the fatigue strength of the nne
plate, For ecxample, in some comparative tests in which the
thickness of one plate was doubled, the strength of the
thinner plate was increased about 65 percent.
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13, The use of multiple rows of a given size of rivet,
with the same number of rivets per row, increases the fa-—
tigue strength of lap joints even though all failures are
in the plates For exanple, the strength of a lap joint with
l/4—inch 175-T plates containing a single row of 5/8—inch
178~T rivets was increased 21 percent by adding ancther row
of the same number and size of rivets. This improvement
probably can be attridbuted mostly to the added stiffncss re-—
sulting from the increased lap, Another factor is the
smaller locad transferred by each rivet.

14, For the same total number © i
have higher fatigue strengths, in pounds per sgguar
the net section of the plate, when ¢ rivet
closely in a single row tharn when spaced more widely in two
0r mMOre rowse. FoOr exanple, in lap Jjoints with 1/4—inch
17S—=T plates and 3/8—inch cold—driven 178-T rivets, the fa-—
tigue strength in pounds per sguare inch of net section of
the plate was 10 percent higher when six rivets werc used
in a single row than when they were used in two rows of
three each, When fatigue strength is expressed in pounds,
however, the Jjoint witk a single row of rivets was about 12

vets, lap Jjoints
e inch on

percent weaker than the other,
Y

15, The different types of lap joints with 1/4—-inch
178-T plates containing coid-driven §/8-inch 178=T rivets
nay be rated as follows, beginning with the onec having the
highest fatigue strength:

o Rivets Fatigue strengths¥*
“'ype T
of Potal | o, Humber | Tension in plates | Total load
joint | nunber| of per (net section)
rows Tow (psi (1bv)
E 9 3 3 12,700 17,700
B ] 2 3 10,200 14,200
¢ 4 1 4 9,800 12,100
B 3 1 3 8,400 11,700
R 4 2 2 6,700 10,400
A 2 1 2 5,800 9,000
P 3 2 - 5,000 7,800

*Based on 2 million cycles cf stress, with zero mianiuun
stress.

16, In general, the fatigue strength of aluminun-alloy
lap joints is higher when cold-driven rivets are used than
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when hot—driven rivets are used, This difference is greater
when stcel rivets are used.

17+ As would be expected from a knowledge of relative
basic fatigue strengths, joints of 535-T plate using hot-
or cold—driven 53S=W rivets had lower fatigue strengths than
sinilar joints of 17S-T plate with hot— or cold-driven 175801
rivets.

18, For a given spacing and arrangenent of cold-driven
178-T rivets in 1/4—inch 175-T plates, the fatigue strongth
of a lap joint increases as the size of the rivets is in-
creased, cven though nost of the failures oceur as tensile
fracturcs of the plate rather than as shear failures of the
rivets, This statement is %truve whether the fatigue strength
is expressed in pounds per scguarc inch of net area cr in
total load in pounds, The above statenment is generally truo
also for butt joints, EHowsver, as noted in the following
table of butt joints, gcing from 1/2-inch to 5/8—inch rivets
in the type I joint cansed a reduction in fatigue strength
based on stress on the net arca and also in total lcad on
specinen in pounds. Going from a 1Ys—inch pin to a 2Ya~inch

pin in the type Q-2 joirt gave 2 reduction in fatigue strength

based on total load,

Rivets or pins
Type|Plote [Dian,|Alloy|Driving|No,., | No.{Fatigue Fatigue
alloy | (in.) condi-|of per|strength | strength
“tion rowel| T ow (psi) 11%)
U-1{178-T| 5/8 | 178~T| Cold 1 2 | 11,400 12,260
U-1}178-T| 1/2 | 178-T| Cold 4 2 8,600 13,900
U=-1]|178-T| 3/8 | 17S-T| Cold 1 2 4,600 2,700
I-1{178-T]| 5/8 | 178S~T| Cold 2 4 | 17,800 32,000
L-1|178-T| 1/2 | 178=T| Cola 2 4 | 16,400 22,300
L-1|178-T| 3/8 | 17S-T| Cold 2 4 9,800 14,500
Well278=0| 1/2 |175-T| Cold 3 4 | 14,200 19,300
¥N-1/175-T| /8 | 1758-7{ Cold 3 4 9,200 18,700
"M |178-T7| 5/8 | 175-7| Cold 1 4 | 14,300 17,600
B ivs=r| 1/2 |178-1| Cold 4 4 | 15,700 21,400
M |17s-T| 3/8 | 17S~T | Cold 1 4 9,700 14,400
Q-2 |175~T| 25 | 175-T | Cold 1 1 9,400 11,800
Gl liPEaTl 13,1780 | Cold 1 1 9,400 14,100
0-2|178-T| 1 178<1 |1 001g i 1 8,500 13,800
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In terms of load in pounds on the specimen a limiting wvalue
of fatigue strength seems to be reached when the rivet diam—
eter is increased to about one—third the rivet spacing.

19, As would be expected from a general knowledge of
the fatigue of metals, the greater the ratio of minimum to
maximum stress, the greater the maximum fatigue stress which
a joint will withstand.

20s The stress concentration factors, determined by
comparing the fatigue strengths for all the various types
of specimens in which failure occurred in the plates with
the basic fatigue strengths® of the plate materials, ranged
between 1,3 and 9.3¢ It is concluded, therefome, that it
is impossible to arrive at any satisfactory average stress
concentration factor for riveted members in general,

21, The strongest two aluminum-alloy lap joints, based
both on unit stress on the net section of the plate and on
total load in pounds, are types H and CX with 1/4—inch 17S-T
main plates and 5/8~inch 178~T rivots., The othor details
of these joints and the fatigue strengths are given in the
following table:

Rivets Fatigue strengths*
Type of Tension in Total
Joint | Driving |Nunmber Yumber plates load
condition|of rows | per row | (net scction) '
(psi) (1)
H Cold 3 3 12,700 1, w00
CX Hot 1 4 123,700 15,500

¥Based on 2 million cycles of stress, with zero minimun
stress.,

22+ The strongest butt Jjoint when based on either the
net section of the plates or total load in pounds was the

type M with 1/4—inch 17S-T plates containing 5/8-—inch diam—
gter 175—T boltse. The fatigue strength of this specimen was

21,400 psi corresponding to a load of 26,800 pounds, The
second strongest butt joint on thisg same basis was the Type

U2 with 1/4-1inch 173-~T plates and 1Y, «ineh 19840 nine
which had a fatigue-strength of 18,100 psi corresponding to
a load of 22,600 pounds,
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23s For a given spacing, size, and nunber of rivets
double shear butt joints are superior to single shear butt
Jjoints and lap joints even though failures occur as tensile
fracture of the plates. Values obtained for joints with
1/4—inch 17S-T plates and 5/8-inch cold—driven rivets are
given btelow:

Rivets Fatigue strengths*®

Type of joint Number [ Nunmber | Tensicn in Total

of Der ' plates load

Tows row (net section)

(psi) (1p)
Double shear butt, M 1 4 14,3C0 1% . 680
Lap, © 1 4 9,800 11,600
Single shear dbutt, CY 1 4 7,000 8,600

*Based on 2 million aycles of stress, with zero minimun
stressa

Aluminum Research Laboratories,
Aluninum Cowpany of Anerica,
New Kensington, Pa., June 24, 1944,
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TABLE I
SUMMARY OF RESULTS OF FATIGUE TESTS OF RIVETED JOINTS
Type of | Plate Rivets Stress | Failures Encountered
Specimen | Material | Material Riamster, Type of Driving Ratio N of Cycles of .Stnat =i, Isning- i v mmuism s, Do rog i eeas;
in, Rriven Head |Gondition 5 2x108 | 107 105 0% 107 Toa =T 107 10° zxmgi 107
yches | Cycles | Cycles Cycles| Cycles | Cycles Cycles | Cycles Cycles Cycles | Cycles Cycles
Lap Joints:
A 175-T 17s-T 5/8 Cone-point Cold 0 Headf Temnsile | Tensile 9 700 5 80O
c 4 700 23 400 4
A 17S-T 178-T 5/8 Button head| Hot 0 Headf Tensile | Tensile 9 700 4 800 3 300 22 200 I:IL.I % l'} % :Z '}gg gg %8 % %8
A 178-T 175-T 3/8 Cone-point | Cold 0 Shear Shear Shear 3900 | 2400 | 2 000 27 300 | 16 800 | 14 300 | 33 S00 | 20 700 | 17 200
A 175-T 175-T 3/8 Cone-point | Cold -1.00 Shear Shear Shear 2100 | 1600 | 1000 14 600 | 10 900 7 000 | 18-100 | 13 800 8 600
A 175-T Steel 3/8 Flat Cold 0 Shear Tensile | Tensile 7200 | 4000 | 2300 50 300 | 28000 | 16 100 | 61 800 | 34 SO0 | 19 800
A §35-T 535-% 3/8 Cone-point | Cold 0 Shear Shear Shear 3200 | 2600 | 2200 22700 | 18200 | 15400 | 27 600 | 22 400 | 19 000
B 175CT 175-T 5/8 Cone-point | Cold 0 Tensilef Tensile | Tensile 15 600 | B8 400 | 5 600 22 500 | 12 100 8 100 | 45 300 | 24 500 | 16
800
B 175-T 175-T 5/8 Button head| Hot 0 Headf |Tersile | Tensile 15800 | 6500 | 5200 18 800 8 800 7100 | 38900 |18 30 | 14 700
B 175-T 175-T 1/2 Cone-point | Cold 0 Shear |Tensile | Tensile 11700 | 7000 | 4 800 27 90C | 16700 | 11 400 | 45 000 | 26 900 | 18 500
c 175-T 175-T 5/8 Cone-point | Cold 0 Tencile| Tensile | Tensile 18 400 | 9800 | 5500 17 700 9 400 5300 | 35 600 | 18 9cO | 10 60O
c 17s-T 175-T 5/8 Biitton head| Hot 0 Tensile| Tensile | Tensile 20500 [ 7700 | 6 100 18 500 6 900 5500 | 38100 | 14 300 | 11 400
¢ 178-T 175-T 5/8 Button head| Hot 40.50 Tensile| Tensile | Tensile 25200 | 11 200 | 8 400 22 700 | 10 100 7 600 | 46 8CC | 20 8CO | 15 600
c 175-T 17S-T 5/8 Button head| Hot +0.75 - Tensile | Tensile - 21300 |13 700 - 19 200 | 12 500 39 800 | 25 50G
c 17s-T 175-T 5/8 Button head| Hot -1.00 Tensile| Tensile | Tensile 15 300 | 590 | 3 700 12 000 5 300 3 300 | 24 800 | 11 000 6 9CO
g 17S-T Steel 5/8 Flat Cold 0 Tensile| Tensile | Tensile 20 600 [ © 300 | 6 000 19 800 8 900 5800 | 39 800 | 18 000 | 11 600
¢ 175-T Steel 5/8 Button head| Hot ) Tensile| Tensile | Tensile 16500 | 6600 | 5 000 14 900 5 900 4500 | 30 700 | 12 300 9 300
¢ 175-T Steel 5/8 Button head| Hot +0,50 Tensile|Tensile | Tensile 30 500 | 11 000 | 8 400 27 500 9 900 7 600 | 56 800 | 20 500 | 15 600
c 17S-T Steel 5/8 Button head| Hot +0,75 - Tensile | Tensile - 23 700 |12 000 - 21 300 | 10 800 - 44 100 | 22 300
c 175-T Steel 5/8 Biitton head| Hot -1,00 Tensile|Tensile | Tensile 10 200 | 4200 | 2200 9 300 3 800 2000 | 19 100 | 7800 4 100
c 17s-T | 17s-T 5/8 Cone-point | Cold 0 Shear |Head# |Tensile 7800 | 5700 | 5 00C 24 200 | 17 600 | 15500 | 29 600 | 21 600 | 19 00O
c 17S-T 175-T 3/8 ‘Button head| Cold 0 Shear |Shear [Shear €400 | 6600 | 5500 25 900 | 20400 | 17 00O | 31800 | 25 S00 | 20 900
€ 175-T Steel 3/8 Flat Cold 0 Shear |Tensile |Tensile 12 700 | €300 | 5 000 39200 | 19 50C | 15500 | 48 200 | 25 900 | 19 00O
] 17S-T (5/8-in.d1a.175-T bolts) 0 Tensile|Tensile | Tensile 20000 | 9000 | 68CO 20 400 9 200 6900 | 4C 0CC | 18 000 | 13 60C
S 17S-T (5/8-in.dia.175-T bolts) -1.00 Tensile|Tensile | Tensile 9100 | 6400 | 5 5C0 9 300 6 500 5600 | 18 200 | 12 800 11 cOC
g 53S-T 5380 5/8 Cone-point | Cold 0 Tensile|Tersile | Tensile 15 €00 | 7 100 | 4 900 15 100 6 800 4 700 | 26 200 | 13 700 9 500
c 535-T 535-¥ 5/8 Button head| Hot 0 Tensile|Tensile | Tensile 13 900 | €700 | 4 400 12 500 6 000 4000 | 25 900 | 12 500 8 200
c 535-T 555-W 5/8 Button head| Hot -1.00 Tensile|Tensile | Tensile 7100 | 4500 | 3000 6 400 4 000 2 700 | 13200 | 8 400 5 600
c 535-T 535-1¥ 3/8 Cone-point | Cold 0 Shear |[Shear | Shear 6900 | 470 | 370 21 400 | 14400 | 11 300 | 26 200 | 17 SCO | 14 COC
ex 175-T 175-T 5/8 Button head| Hot 0 Tensile|Tensile | Tensile 22 50C | 12 700 9 700 20 200 | 11 400 370 | 41 800 | 23 6cC | 18 100
c i i : 400 24 500 | 12 000 9 700 | 30 20C | 14 80C | 11 900
S 175-T 178CT 3/8 Cone-point Cold 0 Tensile|Tensile | Tensile 13 700 6 70C S L o00
s 535-T 535-W 3/8 Cone-point | Cold 0 Tensile|Tensile |Tensile 10 400 | 5 900 4 100 18 600 | 10 &0 7 300 | 22 900 | 13 000
Tensile 1 700 | 5 000 4 200 17 200 8 100 63C0 | 34 700 | 16 200 | 13 600
P 17S-T 175-T s/8 Cone-point | Cold 0 Tensile|Tensile | Tens o 200 | 19 500 10 100
P 175-T 1251 5/8 Button head| Hot 0 Tensile|Tensile | Tensile 12 700 | 6 200 3 200 19 400 9 500 4 90! 40
Tens 13500 | 6 700 5 700 16 30§ 8 100 6900 | 32 800 | 16 3CC | 1% 8CO
175-T 175-T 5/8 Cone-point | Cold 0 Tensile| Tensile ile 5 706 | 15 300 2 700
g 175-T 17;'1' 5/8 Button head| Hot 0 Tensile| Tensile | Tensile 14 700 6 4C0 4 100 16 900 7 400 4 700
6 800 14 100 7 300 4 900 | 28 400 | 14 800 9 900
E 17s-T | 175-T 5/8 Comeseo ot [oed 9 s e Pl Bt %% | G000 [18%00 | 9900 | 700 | 27 %00 | 16000 | 11500
£ 175-T | 1751 1/2 Sopespoits || =t = e ool e 120! 8300 | ¢80 | 25300 | 15400 | 10500 | 28 60C | 16 500 | 15 00O
E 175-T | 17s-T 3/8 Cone-point | Cold 0 Shear 1le
‘ensile 700 | 10 200 10 200 6 100 4900 | 20 600 | 12 %00 9 9CO
H ms-r | wsT | 58 e = - eetid eatis | Taniis 50| %e00 | 750 |1470 | 7700 | 590 | 2380|1250 | 9600
H 1L |1 1/2 ot el M e eesilal Tommile | Toveils 15400 | 6400 | 4600 | 19700 | 9400 | 6800 | 24 100 [ 11500 | 8 500
H 175-T 175-T %/8 Cone-point | Cold 0 Tensile) ile | Ters
*

Tensile stress; load divided by net area.
# Rivet heads broke off.
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TABLE I (cont'd)

SUMMARY OF RESULTS OF FATIGUE TESTS OF RIVETED JOINTS

Butt Joints;
Q-1 175-T 17s-T 5/8 Cone-point Cold (o] Shear | Shear Tensile 6 500 ‘5 000 4 200 16 800 13 300 i

Q2 178-T 175-T pin 2-1/2 Flat Cold 0 Tensile| Tersi le | Tensile 16 400 9 400 8 800 2 100 3 goo 1-11: % gg ;?g :]".g 86300 ;; ;gg
Q2 175-T 175-T pin 1-1/2 Flat Cold 0 Tensile| Tensile | Tersile 13 800 9 400 8 800 5 900 4 000 3 700 54 400 | 27 600 34 400
Q2 175-T 175-T pin 1 Flat Cold (0] Tensile| Tersile | Tensile 11 500 8 500 7 500 12 000 8 800 7 600 74 800 | 55 300 47 500
U 17S-T 175-T 5/8 Button head| Hot 0 Shear |Tensile | Tensile 135 600 8 400 6 300 15 500 9 600 7 200 64 200 | 39 700 29 700
U-1 17s5-T 175-T s/8 Cone-point Cold 0 Tensile Tensi}e Tensi le 15 300 | 11 40D 9 400 18 500 13 800 11 400 74 500 | 55 500 45 800
U-1 175-T 178-T 1/2 Cone-point Cold 0 Shear [Tensiie | Tensile 11 400 8 600 7 200 22 100 16 700 14 000 71 400 | 54 00C 45 200
U-1 175-T 178-T 3/8 Cone-point Cold (o] Shear |Tensile | Tensile € €20 4 600 4 000 2% 900 16 100 14 000 58 600 | 39 800 34 500
U-2 17S-T 175-T pirs 1-1/4 Flat Cold 0 Tensile|Tensile | Tensile 29 8(0 | 18 100 13 500 7 800 4 700 3 500 589 600 | 36 200 27 000
'S 17S-T 17s-T 5/8 Cone-point Cold 0 Tensile|Tensile | Tensile 28 600 | 14 300 10 700 12 800 6 900 5 100 51 300 | 27 600 20 600
u 17s-T | 17S-T 73 Button head | Hot 0 Tensile|Tensile | Tensile 28 600 | 16 500 12 300 12 800 7 400 5 500 53 200 | 30 700 22 800
¥ 175-T 175-T 5/8 Button head| Hot 40,50 Tensile|Tensile | Tensile 41 600 | 277400 15 400 18 700 12 300 6 800 77 300 | 51 000 28 700
M 17S-T 17s-T 5/8 Button head| Hot -1,00 Tensile|Tensile | Tensile 20 400 | 11 900 10 800 9 200 5 400 4 800 37 800 | 22 200 18 700
M 175-T Steel 5/8 Button head | Hot 0 Tensile|Tensile | Tensile 13 800 5 800 4 300 6 200 2 500 1 900 25 600 | 10 400 8 0OC
M 175-T Steel 5/8 Button head | Hot 40,50 Tensile|Tensile | Tena le 24 400 | 13 000 9 700 11 000 5 800 4 400 45 300 | 24 2Q0 18 100
| 178-T Steel 5/8 Button head | Hot ~1.00 Tensile|Tensile | Tensile 12 300 4 600 3 800 5 500 2 100 1 800 22 9C0 8 600 6 700
s 175-T 17s-T 1/2 Cone-point Cold 0 Tersile|Tensile | Tersile 25 300 |15 700 12 300 20 500 12 700 10 000 66 600 | 41 400 32 500
M 178-T 17S-T 3/8 Cone-point Cold 0 Shoar |Shear Shear 14 200 8 700 7 800 22 000 15 100 12 000 53 800 | 36 800 29 60C
M | 17S=T (5/8-in.dia.17S-T bolts) (] Tensile|Tensile | Tensils 30 700 |21 400 13 000 15 700 10 800 6 600 61400 | 42 800 26 000
M 53S-T 535-W 5/8 Cone-point Cold (o} Tensile|Tensile | Tensile 21 000 |11 400 8 500 10 100 5 500 4 100 40 60C | 22 000 16 400
M 535~T 535-W 5/8 Button head! Hot 0 Tensile|Tensile | Tensile 22 800 |15 700 9 800 10 300 7 100 4 400 42 400 | 29 200 18 100
u | 538~T 535-W 5/8 Button head Hot -1,00 Tensile|Tensile | Tensile 16 300 4 000 7 000 7 300 4 100 3 100 30 400 | 16 700 13 000
M | 535-T 535-F 3/8 Cone-point Cold 0 Shear |[Shear S - 12 000 6 900 8 700 18 600 10 700 10 900 45 500 | 26 200 25 400

M-1 175-T 17s-T 5/8 Cone-point Cold 0 - Tensd le - - 16 000 - - 7 700 - - 30 900 -
CcY 175-T 17s-T 5/8 Cone~point Cold 0 Tensile|Tensile | Tensile 13 200 7 000 5 400 12 700 € 700 5 200 25 500 | 13 500 10 400
T, 17s-T 17s-T 3/8 Cone-point Cold 0 Tersile|Tensile | Tensile 22 600 |13 700 10 300 20 300 12 300 9 300 49 700 | 30 100 22 700
T 535-T 535-W 5;8 Cohe-point Cold 0 Tersile|Tensi le | Tensile 17 400 9 200 4 600 15 700 8 300 4 100 38 300 | 20 200 10 100

AN

75~ 5/8 Cone-point Cold 0 Tensile|Tensile | Tensi le 51 000 |17 800 11 300 7 400 4 300 2 700 29 800 | 17 100 10 800
ﬁi %;gj'; i?g-; 1;2 Cono-:':i.nb Cold 0 Tersile|Tensile | Tensile 27 400 |16 400 10 600 11 200 6 700 4 300 36 200 | 21 600 14 000
-1 i?S—T 17s-T 3/8 Cone-point Cold 0 Tensile| Tensile | Tersile 23 800 9 800 7 300 18 200 7 500 § 600 44 800 | 18 600 15 900
O 3 400 | 10 600 5 400 11 200 5 100 2 600 22 400 | 10 200 5 200
% ggj 3&; :;g g::?ﬁd xtd g h:.ﬂ-. ;::Ji.i: mi: s - 13 300 10 200 - 6 000 4 600 - 12 400 9 500
i - Tensi le - 18 800 15 700 - 8 500 7 100 - 17 500 14 800
II:LL i;,:s;:; ;Zti :42 g::::ﬁ :g 322 +g'5° Tensile :mdmh hr:.h 15600 [ 63500 | 5700 6 100 2 800 1700 | 12 700 | 5 900 3 400

L 17s-T Steel 5/8 Button head| Hot 40,50 Tensile| Tensile - 20 600 |11 000 - 9 300 5 000 - 19 200 | 10 200 -
J-1 175-T 17s-T 1/4 Cone-point Cold 0 Tensile| Tensile | Tensile 22 700 9 500 6 100 12 500 § 200 3 300 20 700 8 700 5 500
Tens: 00 10 200 7 300 S 800 2800 | 2% 800 | 12 500 8 900

~ 2 Cone~point Cold 0 Tersile| Tensile ile 27 000 |14 2
:-i i;ss-; 1;55:; %;3 Gom—;:int Cold (0] Tensile| Tensile | Tensile 17 700 9 200 7 600 9 200 4 800 4 000 22 500 | 11 700 9 700
!
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* Tensile stress; load divided by net area.
# Rivet heads broke off.
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TABLE II %
=
SUMMARY OF RESULTS OF FATIGUE TESTS OF SOLID PLATE SPECIMENS 3
Types OX, G and K, with or without Idle Rivets E
(%))
Type of Plate Rivets Stress Tensile Stress at Failure, psi%
Specimen | Material | Material | Diameter, Driving Ratio 5 6 7
in, Condition 10 2x10 10
Cycles Cycles Cycles
0).¢ 175-T - - - 0 - 32 400 31 400
G 175-T 175-T 5/8 Cold 0 29 200 25 200 24 300
G 175-T 175-T o/ 8 Hot 0 - 22 200 19 000
G 175-T Steel o/ 8 Hot 0 21 300 13 900 10 500
G 175-T (21/32-in.dia.drilled open hole) 0 17 600 9 900 9 800
G 535-T 535-W 5/8 Cold 0 21 500 15 800 14 700
G 635-T 53S-W 5/8 Hot 0 18 600 14 500 13 600
G 535-T 53S-W 3/8 Cold 0 21 700 15 300 11 700
G 035-T 21/32-in.dia.drilled open hole 0 16 500 10 700 -
G 53S-T 21/32-in.dia.punched open hole 0 14 300 8 400 7 600
G 53S-T 25/64-in.dia.drilled open hole 0 15 700 9 700 =
K 17S-T 175-T l 5/8 Cold 0 37 600 21 000 t
K 175-T Ifc=1 | b/8 Hot 0 34 400 23 400 t
K 175-T Steel l 5/8 Hot 0 18 500 9 500 9 000
K 53S-T 535-W i 5/8 Hot 0 19 700 13 000 11 700

#* Tensile stress = load divided by net area.
t Insufficient tests.
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NACA ARR No. 4I15 TABLE III
COMPARISON OF THE STATIC AND FATIGUE STRENGTHS OF
THE VARIOUS TYPES OF SPECIMENS TESTED
Ratio Hggmum gﬁress =0
TyFe Plate Riyets, Bolts or Pins Static Fajie
of Sketeh Material [ Haterial [ Hole Driving | Computed e Stre tg e Ratio
Speci+ Diameter, | €ondition | Strength¥| of at er)fo 0 2D
men in. 1b Failure Cyiz%es » | Failure
Si e Plates:
P |
0x C[[[jﬂj 17S-T - - - 71 400 | Tensile | 40 500 | Tensile | 0.57
G 17S-T 17S-T 41/64 Cold 102 900 | Tensile | 43200 | Tensile | 0.42
G 17S-T 17S-T 21432 Hot 108 700 | Tensile | 38 000 | Tensile | 0.37
G 175-T teel | 21/32 Hot 102 700 |Tensile | 23 800 | Tensile | 0.23
G e 17S-T (21/32-in.dia.drilled open hole) | 102 700 |Tensile | 17 100 | Tensile | 0.17
G 53S-T 53S-W 41/64 Cold 66 800 | Tensile | 27 100 | Tensile | 0.4l
G 53S-T 53S-W 21/32 Hot 66 700 |Tensile | 24 800 | Tensile | 0.37
G 535-T B53S-W 25/64 Cold 69 300 |Tensile | 27 200 | Tensile | 0.39
G 53S-T 21/32-in.dia-dr1lled open hole 66 700 |Tensile | 18 300 | Tensile | 0.27
G 53S-T (21/32-in.dia.punched open hole 66 700 |Tensile | 14 300 | Tensile | 0.21
G 53S-T (25/64-in.dia.drilled open hole 69 300 |Tensile | 17 300 | Tensile | 0.2
K fa— s —3 178-T 17S-T 41/64 Cold 74 200 |Tensile | 25 900 | Tensile | 0.35
K 17S-T 17S-T 21/32 Hot 73 200 |Tensile 500 | Tensike | 0.39
K m 175-T | Steel | 21/32 Hot 73 200 |Tensile | 11 600 | Temsile | 0.16
K 53s-T 535-W 21/32 Hot 47 600 |[Tensile | 15 900 | Tensile | 0.33
Lap Joints:
A i 178-T 175-T 41/64 Cold 600 | Shear 9 000 | Tensile | 0.40
A = 175-T 175-T 21/32 Hot 23 000 |Shear 7 400 | Tensile | 0.32
A 178-T 17S-T 25/64 Cold 8 400 |Shear 4 000 | Shear 0.48
A 178-T Steel 25/64 Cold 10 800 |Shear 6 70 Tensile 8.92
A 53S-T 5356k 25/64 Cold 6 000 |Shear 4 401 Shear .73
B 178-T 17s-T 41/64 Cold 33 800 |Shear 11 700 | Tensile | 0.34
B 'Iﬁll 178-T 17S-T 21/32 Hot 34 500 |Shear 000 | Tensile | 0.26
B 178-T 17S-T 33/64 Cold 21 900 |Shear 10 400 | Tensile | 0.47
C 17S-T 17S-T 41/64 Cold 46 400 |Shear 12 100 | Tensile | 0.26
C 178-T 175-T 21/32 Hot 46 000 |Shear 400 | Tensile | 0.20
C 17S-T Steel 41/64 Cold 200 |Shear 11 500 | Tersile ! 0.20
C 178-T Steel 21/32 Hot 60 800 |Shear 8 000 | Tensile ' 0.13
C e o 178-T 178-T 25/64 Cold 16 800 |Shear 8 500 | Rivet Heads G.5l
C 178-T Steel 25/64 Cold 21 600 |Shear 9 400 | Tensile , 0.44
C 178-T 175-Tholtd 5/8 - 44 200 |Shear 11 300 | Tensile | 0.26
C 53S-T 535-W 41/64 Cold 32 200 |Shear 8 800 | Tensile | 0.27
C 53S-T 53S-W 21/32 Hot 24 400 |Shear 8 200 | Tensile | 0.34
C 53S-T 53S-W 25/64 Cold 12 000 |Shear 7 000 | Shear 0.58
CX 17s-T 17S-T 21/32 Hot 46 000 |Shear 15 500 | Temsile ; 0.34
NN
pa— P — |
S 175-T 17S-T 25/64 Cold 25 200 |Shear 8 600 | Tensile | 0.34
S .lall 53S-T | 53s-W | 25/64 Cold 18 000 |Shear 7 600 | Tensile | 0.42
P 178-T 178-T 41/64 Cold 32 800 |Shear 7 800 | Temsile | 0.24
oo (L JRJTS | s |1 | 2 Hot 34 500 |Shear 9 600 | Tensile | C.28
e,
R 17S-T 17S-T 41/64 Cold 43 800 |Shear 10 400 | Tensile | 0.24
R .mll 17s-T | 178-T | 21732 Hot 46 000 |Shear 9 900 | Tensile | 0.22
E 17S-T 178-T 41/64 Cold 67 800 |Shear 14 200 | Tensile | Q.21
E -gg 17S-T 17S-T 33/64 Cold 43 800 |[Shear 12 400 | Tensile | 0.28
E loo 178-T 178-T 25/64 Cold 25 200 |Shear 700 | Tensile | 0.38
O = = 178-T 178-T 41/64 Cold 83 700 |Tensile | 17 700 | Temsile | 0.21
B 000 17S-T 178-T 33/64 Cold 65 800 |Shear 14 600 'ens 22
" } el ¢ | It | iRr | e Gold | 57800 |Shear | 10 500 | femsile | 0:7

* Based upon values for shearing, bearing, and tensile strengthe as included in Structural Handbook

(1940 edition).
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NACA ARR No. 4I15 TABLE III (cont'd)
COMPARISON OF THE STATIC AND FATIGUE STRENGTHS OF
VARIOUS TYPES OF SPECIMENS TESTED
Ratio Emum E%ress e
Type Plate Riyets, Bolts or Pips Static ] Fati )
o? Sketch Material | Material Hole Driving Comp%dl 'lv¥e Otre q'ﬁﬁ-ge Ratic
Speci Diameter, | €Condition Strengtht at 2xI0 [} eSe
men in. Failure Cyf%es, Failure .
Butt Joints:
Q-1 17S-T 178-T 41/64 Cold 16 800 | Bearing 8 600 | Shear 0.51
b [lel] S
-2 | e 178-T 175-TBn 2-1/2 Cold 67 500 | Bearing | 11 800 | Tensile| 0.17
-2 l“ll 17S-T 175-TPin 1-1/2 Cold 40 500 | Bearing | 14 100 | Tensile| 0.35
-2 17S-T 17S-TPin 1 Cold 26 200 | Bearing | 13 800 | Tensile| 0.53
b —{
U : 178-T 17s-T 21/32 Hot 33 400 | Bearing | 13 000 | Tensile| 0.39
S LRel] <
-l | == 17s-7 | 17s-T | 41/64 Cold 33 600 | Bearing | 17 700 | Temsile| 0.53
U-1 BEI 178-T 178-T 33/64 Cold 27 100 | Bearing | 13 900 | Tensile| 0.51
U-1 178-T 178-T 25/64 Cold 16 800 | Shear 7 700 | Tensile| 0.46
o
U-2 .lll 178-T 17S-THBns 1-1/4 Cold 64 100 | Bearing | 22 600 | Tensile| 0.35
OIO
M 178-T 17S-T 41/64 Cold 67 200 | Bearing | 17 600 | Tensile| 0.26
M 178-T 17S-T 21/32 Hot 66 800 | Bearing 0 100 [ Tensile| 0.30
M 17S-T Steel 21/32 Hot 70 700 | Bearing 6 800 | Tensile| 0.10
M b= S | 17S-T 7S-T 33/64 Cold 54 200 | Bearing | 21 400 | Temsile| 0.39
M 178-T 17S-T 25/64 Cold 33 600 | Shear 400 | Shear 0.43
X .lﬁﬁll 1787 | 175-TBalts 5/8 67 500 | Bearing | 26 800 | Tensile| 0.40
M 538-T 535-W 41/64 €old 46 200 | Beuring | 14 100 | Tensile| 0.30
M 53S-T 53S-W 21/32 Hot 35 400 | Bearing | 19 200 | Tensile| 0.54
M 538-T 53S-W 25/64 Cold 23 000 | Shear 12 800 | Shear 0.5
t ——— = {
M-1 .ll 178-T 178-T 41/64 Cold 67 200 | Bearing | 19 800 | Tensile| 0.30
b S
CcY .mﬁl. 178-T 17S-T 41/64 Cold 46 400 | Shear 8 600 | Temsile| 0.19
T 178-T 17S-T 25/64 Cold 50 400 | Shear 17 700 | Tensile| 0.33
7 .Igﬂll 535-T | b3s-k | 25/64 Cold 36 000 | Shear | 11 900 | Tensile| 0.33
L-1 178-T 17S-T 4]1/64 Cold 74 100 | Tensile | 22 000 | Tensile <27
L-1 178-T 17567 33/64 Cold 8l 600 | Temsile | 22 300 | Tensile| 0.29
L-1 17S-T 178-T 25/64 Cold 67 200 | Shear 14 500 | Temsile 22
LL 17S-T 17S-T 41/64 Cold 148 300 | Tensile | 26 200 | Tensile .18
LL 175-T 17S-T 21/32 Hot 146 400 | Tensile | 32 400 | Tensile| 0.22
LL 17S-T Steel 21/32 Hot 146 400 | Tensile | 15 400 | Tensile o1l
o=
J-1 ll%ll 178-T 178-T 17/64 Cold 72 600 | Tensile | 11 500 | Tensile| 0.16
T o<1
W-1 17S-T 178-T 33/64 Cold 8l 600 | Tensile | 19 300 | Tensile| 0.24
W-1 llﬁﬂl 178-7 | 17s-T | 25/64 Cold 89 200 | Temsile | 13 700 | Tensile| 0.15

* Based upon values for shearing, bearing, und tensile strengtns as included in Structural Handbook
(1940 edition).
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TABLE IV

STRESS CONCENTRATION FACTORS FOR 17S-T BUTT JOINTS CONTAINING 17S-T RIVETS » PINS OR BOLTS

Ww-55

Type of Rivets, Bolts or Pins Proportions of Joint Fatigue Strength of Joints, psi Stress Concentration Factors |
Specimen Diameter, | Number Driving Hole Width Ratio verage Stress on Net Area) From Fatigue Strengths§ | From Mathematical Analysis and
in, Each Side |Condition Diameter,| Per Hole,| Diamster 10° 2x108 107 Photoelastic Measuremsnts®*
of Joint in. in. Width Cycles Cycles | Cycles 105 zxms m" 10“' m7
Cycles | Cycles | Cycles Cycles | Cycles | Cycles
(1) (2) (3) (4) (s) (8) (m (8) (9) (10) 1) (12) (1s) (14) (15) (18)
G (Solid specimen with open hole) 21/32 7-1/2 0.09 17 600 | 9 900 | 9 800 2.8 5.8 8.1 2.0 2.5 27
Q-1 5/8 rivet 1 Cold 41/64 7-1/2 0,09 8 300 5000 | 4 200 7.7 7.4 7.1 5.9 9.0 9.7
Q-2 2-1/2 pin s 4 Cold 2-1/2 7-1/2 0.33 16 400 | 9 400 | 8 000 2.9 3.9 3.8 2.7 8.7 4.0
U 5/8 rivet 2 Hot 21/32 3-3/4 0.17 - 8 400 | 6 300 - 4.4 4.8 - 4.9 5.8
U-1 5/8 rivet 2 Cold 41/84 5-3/4 0.17 15 300 | 11 400 | 9 400 3.2 3.2 82 3.5 5.0 5.4
U=-1 1/2 rivet 2 Cold 35/64 3-3/4 0.14 - 8 600 7 200 - 4.3 4.2 - 5.8 6.0
U-1 3/8 rivet 2 Cold 25/84 3-3/4 0.11 - 4600 | 4 000 - 8.0 745 - 6.8 7.4
U-2 1-1/4 pin 2 Cold 1-1/4 3-3/4 0.33 29 800 | 18 100 | 13 500 1.6 2.0 2.2 251! 2e7 2.9
M 5/8 rivet 4 Cold 41/84 1-7/8 0.34 26 800 | 14 300 | 10 700 1.8 2.5 2.8 2.0 2.8 2.8
M 5/8 rivet 4 Hot 21/32 1-7/8 0.35 28 800 | 16 500 | 12 300 179 2.2 2.4 2.0 2.5 2.7
M 1/2 rivet 4 Cold 33/84 1-7/8 0.28 25 300 | 15 700 | 12 300 1.9 2.5 2.4 2.4 8.2 5.4
M 5/8 bolts 4 - 5/8 1-7/8 0.35 30 700 | 21 400 | 13 000 1.6 1.7 2.3 g1 247 2.9
T 3/8 rivets 8 Cold 25/84 1-1/4 0.31 22 800 | 15 700 | 10 300 2.1 2.7 2.9 21 2.8 3.0

# These stress concentration factors were determined
(Pig. 1): 48 400, 36 800 and 30 000 psi for

by comparing the fatigue strength of the specimsns to the following fatigue strengths of the plate material
100 000, 2 000 000 and 10 000 000 cycles of stress, respectively.

* The factor for the type G specimen was determined from formulas in reference 17; all other values were determined from photoelastic tests described in reference 15.

Factors for specimens with two or more rivets were determined
reference 15 for the case of two rivets.

## The factors in these_two colum$ are adjusted for plastic action in accordance with an empirical method suggested in reference 18.
the factors at 107 cycles because all stresses are within the elastic range.

by taking 80 per cent of the corresponding value for a single rivet, a procedure suggested in

No adjustment was necessary for

ON ¥Y¥Y YOVN

STI¥

0z
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Figure 1.- Direct-stress fatigue curve for 17§-T rolled rectangular bar (1" x 7.5").
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Figure 8.- Single plate and lap joint fatigue test

specimens.
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Figure 4.- Riveted joint fatigue testing machines.
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Figure 7.~ Fracture of type § specimen showing failure in plate at
edge of rivet heads.

W-55

‘ON HM¥Y YOVN

ST1Iv

*31d

4



Figure 8.~ Fracture of type 8 specimen.

3 W-55

Rivet heads pried off during test.
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Figure 9.~ Typical fracture of type

M specimen with failure in cover plate.
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Figure 10.- Direct-stress fatigue curves for riveted joints. Type H, 178-T plate, and 178-T rivets.
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Figure 11.- Direct-stress fatigue curve of riveted joints. Type T, 175-T plate, and 178-T rivets.
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Figure 12.- Direct-stress fatigue curve

of riveted jointe.
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178-T plate,
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