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PIVETING IN- METAL AIRPLA“W COVS“RLCTIOh ' ‘

By-Wllhelm Plelnes:.

PART IV
- Strength of Riveted Joints in Duralumin (concluded)

Comparative Testsiwith Riveted -Joints

"Suﬁseqﬁénf'compéfiSOn.tééfé'were“made to determine the
crushing strength of a riveted joint, in order to define the
difference in'orﬁéhing“strength between a strictly bolted and
a rivetedAjoinf.~-Theée experiments'were confined t6 tests par—
allel to our Test Series 1 (Part III - ¥.A.C.A. Technical Memo-
randan No. a98/. Our object Was to tabulate +be crushing
strength b{ fellule on various plate thlcknesqes for a one-rivet
double shear rlveted JOlnt The dimensions’ of the specimens
were as aescrlbed in Test Procedure, Part III, pege 7. The butt
straps were twice as thick as the rivet plate; the shear strength
of the rivets was far above the strength of the plates. The
rivets were of the same material and were driven within three

hours after annealing (See Figure 118, and Table XXXIX).

*"Nietverfanren im Hetallflugzeugbau." From Luftfahrtforschung,
Vol. VII, No. 1, April 30, 1930, pp. 53-73.

For Parts I, II, and III, see F.A.C.A. Technical Hemorandums Hos.
596, 597 and £93.



2 N.A.C.A. Technical Memorandum.No, 599

TABLE XXXIX

Dimensions of Test Specimens

[Plate Duralumin 881 B 1/3
Specimen thlgxness I x L
- Plate
thickness b a r=¢€
S1 o -
) mm Cmm | mm mm % d
a 0e3 18.0 . 3.1 7.45 2.4 4
b 0.5 18.0 3.1 7.45 2.4 a
c 0s8 - - | 24,0 . 4.1 - 9.95 2.42 d
d 1.0 30.0 5.1 12.45 2.44 4
e 1.5 6.0 6.1 14.95 3.45 d
TABLE XXXIX (cont.)
- thivkoess 11 | Durelumin 881 B 1/3
Specimen — Flate T » T Bolt
thickness b . a T = € hole
mm _ . mn mm mm ram
a 0.5 18.0 3.1 7.45 1 8.0
b 0.8 . . 18.0 3.1 . 7.45 6.0
c 0.8 ' 34.0 4,1 - 9.95 8.0
d - 1.0 : - 30.0 5.1 12.45 10.0
e 1.5 36,0 6.1 14.95 10.0
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TABLE XXXX
Crﬁéhing Strength by Failure of Riveted Plates
of Varying Thicknesses ’
Hdean } Area of Crushing
plate Hole hole | Ultimate strength
Specimen | thickness diameter not Jload by
riveted P failure
S d ) fl =8 d Pl
OLBr=7
T iy 2 kg fi
A L S B kg/mmz
1 - 0,30 ... 0,83 . | . 118 126.0
2 0.23 0.€9 - 118 1198.0
T I .. 0.295 .. " 0,92 . 115 135.0
4 0.239 3.1 0,90 11¢ 1338.0
.14 0.20 . ! 0.93 - 127 136.5
15 0.39 - 20 7 126 140.0
. 16 . 0.29 .. 0.€0 133 136.5
17 0.285 0.88 128 145.0
Aver?ge - O‘SO P . . 15235
6 . 0.53 . 1.63 202 - 1235.0
7 0.515 - 1.60 189 118.0
9. | 0.b15 L 1.60 201 135.5
18" - 0.515° 3.1 1,60 209 151.0-
18 - 0.53. S l.e3 0 1986 121.0
20 0.51" 1,585 301 - | 127.0
21 - 0.53 .. 1.63 201 | 124.0
Average | 0,510 4 | 124.4
- 26 S S - 356 . - 113.0
27 77 4,1 3.1 565 115,5
B8 - -Q ?,? s »v“~..6 - 365 115,5
39 - 363 115.0
Average 0,77 L - 115.0
32 1.05. . 5.35 B45. 120.0
33 1.03 5.1 5.35 617 118.0
34 1.05 L 5.35 675 136.0
35 1.045 5.33 620 116.0
Average 1,045 e 4 120.0
38 1.565 9.55 1073 111.0
<9 ~1.55 6.1 9.48 1054 "~ 110.5
40 185 9.48 1083 115.5
Average 1.558 4] 1138.3
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Table XXXX shows the mean crushing strength 01 Br by
failure for the hole wall section before riveting. According to
this table there is no premature exhaustion of crushing strengh
for plates of less than s = 1 mm, as in the bolted joints.

The specific strength factors were almost the same for all thiodk-

ven the characteristic wavelike formations were ab-

trd

nesses.
sent in the whole riveting .series. This verifies the fact that
 the heads of the rivets and the straps pressed together in riv-
eting, form an excellent support for the plates, and the larger
local hole deformations which 1oﬁér the strength, are avoided.
It surely would be commendable to ascertain, by experiments,
the effect of the head size of a rivet on the support of the
hole walls in rivet plates, and through it, on the crushing
strength. The somewhat higher specific crushing strength in
the thinner platesvis due to the special material quality ob-
tainable in the rolling of thin plates (Ses Fig. 119).

At various tiwmes Professor Gehler, Leipzig? stated when

comparing a bolted with a riveted joint, that the twisting of
the body within the plastic renge of deformation, due to the-
so-called "clemp" effect, is less in rivets than in bolts.
The rivet heads press against tne strap plates and form a kind
of pin joint for the rivet body, which gives the rivet about
75% more supporting strength than the bolt.

When hammering down tae rivet, the hole diameter is usual-

1y enlarged, so that the specific strength values, based upon
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the nonriveted, original hole cross section, are too high and
may lead to fallacious results. For this Tesson we Kept on
hand several dﬁpiicdte speoimeﬁs'df-the same groups. The rivet
heads were oérefu;ly,ground off gﬁd one Stfap removed Without
turning the body in thé hole. ‘Theén we measured the hole -diame-
ter parallel and péfpendiéular t6 the direction of the stress
with a:ﬁiéroécopeﬁ up %o 1/10 mm accuracy, ahd'éstimated to
1/1002ﬁﬁ¢1 The rgsults were 41'en1arged holes, due to clinching
(Table XXXXI) - (Compnre Table XXIII). |
Baged upon these hole enlargements the .crushing strength
by failure O©y'pp, for |
oL'Br = %BLr g‘lﬁ

is compiled in Table XXXXII, in comparison to the 51, B fig-

ures. (The lowered Op'yy, values are shown in Figure 119.)

. :
. -

A
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TABLE XXXXI

Enlargements after Clinching

Plate Before clinching
Specilaen thickness Nominal
' & rivet Hole
diameter diameter s dj,
dy dr,
_ mm. L mm mi?
Sa 0.3 0.93
o 0.3 3.0 3.1 0.93
13 0029 0,90
13 0,49 0.90
Average '
10 iy 1.63
11 . 0.51 1.585
23 0,53 8.0 51 1.63
23 Q.51 1,585
Average :
a4 0.77 4.0 4.1 3.16
) 0.77
Averzze
31 1,04 5.0 o.1 5,30
Average ‘
36 1.54 6. 8.1 9.39
37 1.55 0 9,48

Average
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.. TABLE XXXXI (cont.)

Affer clinching

Rivet

hole

:.diametér;in{:'fAveiagé . T s de!
Specimen ~ 9y’ a’ 5 dg’ -
pecimen . | . . Y - : ‘ s dy,
- direction ,
Came ] mn Comm - e
3.41 - 3.35 3.38 0.98 1.05
3,31 .|  3.38 3.30 0.98 1,05
3.20 3.31 3.21 0.945 1.04
, 3.20 3,19 . 3.20 0.945 1.04
Averaze ‘ 3.26 1,045
R 13:24 3.33 3.23 1.73 1,06
13.33 | 3.23 3.27 1.68 1.06
13.39 3.40 - 3.40 1.73 1.06
.y A 3.39 3.27 5.28 1.68 1.06
Average | 3,30 ) 7 1.08
8°_ - . 1ok :
‘4:935 4.';3() c 4‘-\5& . )
4.29 4.26 4.28 3.1 1.05-
Average b 4.30 1.05
5,38 | 5,37 . 5.38 - §
5.20 |  5.30 '5.20 5.51 1:04,
Average . . 54,30 1.04
6.20 6.19 6.20 9.59 1.02
l6.30 6.30 6.35 " 9.66" © 1,03 -
Average i 6.33 1.02
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TABLE XXXXII

Reduced Crushing Streﬁgth by Failure Due 07 Enlarged Hole

Mean blade thickness l 0.3 | 0,515 | 0.77 | 1,045 | 1,558

132.5 | 124,4 | 115.0 | 120.0 | 113.3

Mean crushing Slap kg/mm2
strength at
failure | O1mp kg/m.u2

| 136.8 | 117.3 |110.0 | 115.4 | 110.0
Keasurements to Determine the Amount of Hole Enlargement

" When the stresssin a simple iron'ﬁension plate exceed the
limit of safe elastic deformation (yield”and elastic limit),-‘
the material beging to give in its cross section, i.e., at its
oriticai point.‘.This breaking down is,accompaﬁiéd'by contin~-
uous reduction in cross. section under protracted and.increasing
stress, and subséquéntly leads to Tupture.

But in riveted joints‘the conditions are basically differ—
ent. If the strength-of sﬁbh joiﬁts is conditioned by the
frictioh of the plates agaiﬁst each other, caused by rivet head
and body (hot riveting), the:bermanent deformation within the
cross section range is likewise small. Permonent deformations
of the rivet hole.can occur - in cold riveting — when too much
clinching enlarges and crushes the hole. And this applies,
above all, to cold riveting in light-metal airplane construction
(Compare Table XXIII).

Extensive tests have becen made regarding the stresses in
rivetéd members and the behavior of riveted joints with respect
to elastic and permanent deformations, of which we shall men-

tion the most pertinent data.
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In. the Schweizer Bauzeitung, Vol. 88, 1936, page 98, Chief
Engineer thn;“Zurich, describes the experiments he had made
regarding the elastié behavior of riveted iron plates. As aver-
age, he used. the stiress measurements over'plate and strap (See
Fig. 1230).. -

The meaﬁ stress of the strapsis shown in curve a; and of -
the plates in curve . b. . A% the intersection a =.b. The dot-
ted line Py (Figs.. 131 and 122) is the so-called line of ref-
erence. If there-is a difference between the thickness of the
plate and that of the straps, the result is a relative displace-
ment between plate and straps, a so-called inner relative shift-
ing. This occurs at each loading, but varies, that is, in-
creases as the distance increases.from the line of reference.

.The shear in the rivets inCreases in the same neasure, for
it is due, and due only-to this relative shifting. From elbnga—
tion measurements in the ‘transverse planes Q,, Qi, and Q,
(Figs. 123, 123 and 124), it was found that the rivets.of one-
half of the respective test:specimen were stressed as- follows:
rivet 1 = ?77%; rivet 3 = 7%; rivet 3 = 15%, while the sum
of the individual stresses was 100% like a 230-ton load. Curve
Qi depicts the”elongatidns.drosswise to the plate; the middle
ordinate must correspond to the 20-ton load.

vThe inner relative displacements, elastic under normal
conditions, are permanent as soon as the member becomes set

under higher stress.
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But plate and strap can shift for other reasons as well.
IT a rivet seam becomes loose or even stressed through some
other forces, the rivets twist, and we have the so-called
"slippage. " HOhn calls it outside relative displacement.

This occurred at 350-500 kg/mm? shear in the rivets, although
700 kg/mm? represents our present-day limit.

.- :To visunlize these procedurcs we experimented with plate:
and. straps.of Indiec rubber and rivets of glass (Fig. 135) for.
inside reclative displacement; plate ‘and straps of glass, rivet
of rubber (Fig..1236) for ocutside relative displacement.

From his experiments, HOhrt concluded that the calculation
of a rivet seam must be based upon these facts.

-Incouraged by these experiments, the author then made a
series of tension tests on duralumin rivet jbints, in order to
determine whether-all rivets transmit the tension stresses uni-
formly and at the same time parallel to the plates under dif-
ferent stages of stress and rivet pitch.

Regarding the size of fhe.safe permanent hole enlargements,
very little is known.ox defined.. But ‘the fact that the rivets
(in,thn's_tests) under slowly increasing stress remained per-
fectly fast until failure in one direction, although they were
exposed to sirong crushing by the higher stress in bending,
merits special mention, This unchanged benavior is due. to the
higher axial force in the body of the rivet with aﬁ'ensuing
strong pressing together of the plates by the rivet heads. We

shall refer to this again later,
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On the other hand, there 1s a locally confined over- stress
in the riveted joint, followed subsequently by the exceeded
range of elastic deformation. For milti~rivet, multiple-row
riveting the result is that the dlfferently stressed rivets and
rivet holes crush ﬁnd deform dlfferently, thus cau81ng en inner
palance of uhe stresses and Iorm changes under hlgher stresses,

Even though we have to accept loc permanent deformatlons,
there is still a rurther puroose in the cuesulon of deforma-—
tion in 11vet 301nts Wlth respect to alternatlng stresses Pon—
cerning thls Scnaechterle empha81zes that the above character—
1zed condltlons .are essentlally dlrferent and less favorable in
rlveted JOlnts exnosed to alternatlng stresses and to direct
acting. 1mpact forces,‘so that tne danger of 1oose rivets occurs
at stresses below the elastlc and the yleld llmlt An’ expla—
nation of thls qdestlon calls for exteqs1ve experlmentatlon in
repeated stressing of rlveted JOlnts It mlght be pOSSlble to
determine the safe stress Far enough 80 that We oould speak '
of the unfitness of a 301nt When, for 1nstance, the local de-
formations contlnaoxsly 1ncrease under repeated loadlng, un-
_1oad1ng, or alterqate 1oad1ng. 4 ' .

While describing these tests to determlne the safe crush—
ing strength on riveted and bolted 301nts of duralumln, we
_pointed out at various times; that local deformations doour
through stretching and enlargementiof the rivet holes, bulging

of plate edges and thickening of hole walls due to crushing
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pressure. In particular, the local stretch and enlargement of
the hole right up to failure, was quite bronounced, and further
'testé on the problem of‘magnitude'of thargement and stretch
_appear'absolufely(necéésary. |

‘Equally importanf‘are'the needs for further experiments on
the étfength of ri#etea jéints and their behavior'under'impact
étfééses and stiesses.with rapid directional changes; thelﬁos—
éibie'effect éf gleater-hbie enlargements on the danger.of in-
creased impacﬁ in altefnéting stresses,-and on impact-like
-sfressés in general. The last may be visualized in cold-riveted
jQihtsAaé having been-produced by a preceding looséning of the
joi@ts énd enlérged rivet holes beyond safety even under steady
but'iﬁversed stresses With a resulting lack of elastic stress
trahsmission. , .

»" lThg bbdy:of the fivet after a certain distanoe (the freev
space produced.betwgén body and walls) knocks with a certain
impact againsf tﬁe holé‘walls. That these dangers are recog-
nized is shown in thevprovision which states that duralumin
rivets shoﬁld have only‘low Wofking strength against impact.
Tesfs of this nature aré to be made in the néar future, and the
results Will be published later. |

“ In the folloﬁing we tréat the tests on bolted-joints with
respect fo'the amnount of pexmanent hole enlargement and stretch-
ing for a)é?xﬂeibading; D) repeated loading and unloading,

end c) diffefént loading pgriodé foy the individual stages.
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Ig:making,these‘tests weigged the same bqltedljoints as
shown in Figure 91. The plates were of duralumin (alloy 681B 1/3)
plate thickness .s = 1¢S5 mm, widtp:.b? edge distance e and T,
as iglpurLf;rst test. series. . ?hg holes were drilled 5.9 mm and
reamed to 6.0 mm. o . |

1_We:m§@suggd the.hqlg en;a;gements to 1/10 mm exact, and to
1/1QQ mm'g§§imgtgq,twith the microscopef This was made on both
gidgg'pjﬁthgtplqpe in order po.forestall.the effect Qf unsym-
metrical loading of the hole wall on the magnitude of the uneven
hole;defg;maﬁional-As mean enlargement Ad we used the mean
Qg thq,ipcreage ofvthe original hole,digmete:;A L ‘

The regults are .shown in Figures 137 to 131, with _Ad',(mm)
plotted aéainsf the respective ;oad P. Eigu;es.lz?_tq 139
show the Ad values at different stages of loading for éingle
and repeated loading at the same stage and a three-minute peri-
od each; Figures 130 and 131 represent the Ad values for
different stages P under one short loading (unloaded as soon
as stage was reached), followed by a second loading of five
minutes each.

Then we photographed the holes in plate No. 4 (Fig. 129)
(enlarged 6.6 times). This gave a graphic picture (Figs. 133a-k)
of the stretch in the holes under higher stresses. 3ut the most
prominent Feature is the appearance of the surprisingly high
permanent deformation of the holes with respect to the original

area, even at low specific crushing strength, in comparison to.
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our basic Op = 80 kg/mm2 crushing strength. The wings denote
original diameter. We are cognizant of the fdct, of course,
that these tests were made on bolted joints, which does not per-
mit direct comparison to riveted joints. But we are preparihg
parallel tests for riveted joints so that ﬁe shall have compar-
ative figures for both’'in the near future. | |

*At that, the presenf results éignify that the customary
0.2% linmit for safe permanent eiongation and yield should be
used with reservations. Table XXXXIII shoﬁs the Ad wvalues at
different load stages in per éent Of'fhé‘original diameter.

Up to P = 400 to 450 kg,. ho effect of load period for the
individual stages on Ad was ndted,'but beyond, Ad showed an
increase dﬁring the fifst 1oadihg when increasing the period of

loading (See Figs. 130 and 131).
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TABLE XXXXIII

Enlargement of Holes During Different Load Stages

o Crushing
Specimen Yo. pressure for
Fole diemeter 4 individual Enlargement of Ad
Hole area fj, ‘ stages .
Ultimate load Pgp P |o, = 2| total lin % of d
Crushing strength Opnp LI . '
' kg | kg/maR mm G
d = 6.03 mm 150 16.87 0.02 0.33
~|f;, = 9.0 mm? . 200 | 23.30 0.035 0.58
H Ppp = 818 kg - . égg 38.28 o.ogo 0.66
_ = vy @ 2 33. 0.050 0.83
m O13r= 87.5 kg/m 400 | 44.44 0.088 1.46
500 | 55.50 0.20 3.30
.. 550 | 61.10 0.31 ~ 5,10
800 | €8.7 0.47 ~ 7.8
d =6.02 m 150 | 16.60 C.005 0.083
o!fy, = 2.03 mm? 300 | 32.15 0.035 0.415
n i Pgp = 800 kg . 350 | 87.70 0.040 0.665
éf O1ps= 89.0 kg/nm?2 300 | 33.20 . 0.055 0.91:
e 400 | 44.30 0.075 1.35-
500 | 55.40 0.10 1.66
R (0.155) (2.57)
d = 6.04 nan . .200 23.10 ~ 0.005 C.083
& 1fy, = 9.08 mm= 280 | 27.60 0.03 0.50
H1Ppr = 790 kg 300 | 33.10 0.055 0.91
m |013p= 87.5 kg/m? 400 | 44:10 0.08 ~1.0
500 | 55.20 0.15 2.5
(0.18) (2.65)

For éombarisén we ééain resort to the data of our first
test series (éée'?igé;ﬁSB—loz) as to elbnéétidns in the bolted
joints (Fig. él); HeféAthe permanent eiohgation‘of a bolted
joint consisting of the same:plates yields the figures given in
Table XXXXIV. |

The measurements of & éomprised the range of the hoies'

and a short plate length.
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Deformation of Plate Zdges in lcasured Distance 6, (Fig. 91)
Crushing '
Specimen pressure for I
Hole diameter d individual Permanent. elongation
Hole area Iy, stages 6 _
Ultinate load Pgyp P Oy = 2 Total in % of 4
Crushing strength J1zr ‘L
ke /rare? wi %
~ld = 6.00 rm 7.7 0 -
=y = ©.132 um? 14.3 0.0005 0.0083
H Pgp = 1030 kg \ 30.8 0.0015 0.035
w|Oopgp= 113 kg/im? , 27.4 0.003 0.05
34.0 0.0075 0.125
40.6 0.027 0.45
47.1 0.055 0.23
53.6 0.0970 1.63
d = 6.00 ma 7.7 o; 0
Sfp = 9.09 mm?2 14.3 0.0005 0.0083
w| Py = 950 kg 30.8 0.0015 0.035
D Ornpe= 105 kg/um2 17.5 0.0065 0.110
ML 34.0 0.0215 | 0.38
40.6 0.03 0.65
47.1 0.063 1.13
3 55.6 C.113 1.88

Assuming uniform loading and even siretching and deforma-

tion in both plates the e

to equal parts of the plates in first approximation.

values of Table

asured O values apportion themselves

The O

XXXXIV already represent hole enlargements at

different stages of
gation of the small
ment is practiczlly
and Ad curves plo
kg/mn2) the values

kg/am2, as high as

loading where, of course, the permanent elon-

part of the plate inéluded in the measure-

negligible. Figure 133 is a graph of the §

tted against 0y, by lower oy (up to 40
for & are considerably lower, by 01 ~ 40

the Ad ocurves.
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The deformation of riﬁef hoiesvdue to crushing stresses
“becones manifest ‘in thé enlarged aia,meters in the direction of
thé”tensidn‘and;‘at:highér ‘Ad- and higher stages of‘idading,
ir ‘a slight -cohtraction perpendicular to the tension (recog-:
ni%éd»iniwedging~of steel bYolts on the sides).

In addition to thé énlarged holes, the crushing stresses
produce crushing - and thickening of the hole edge underneath the
body of the rivet (acting as Polt). If the rivet heads do not
support the walls, the deformation increases and results in
‘bulging in the area of maximum stress (Fig. 134). This contin-
ues as the stress increases (See Table XXXVIII) until the hole
edges crumble and break, or at least produce the first drop in
load prior to breaking (3ée Fig. 135). Figures 135 to 138 rep-
- resent various rivet holes shortly before breaking, with their
characteristic bulges at’ the walls which spread to break. The
’crushing~stfength-byﬂfdilure for the plates of -test series 1
'ig from 10-30% higher than in the last experiments.

Gehler recently pointed to this area of plastic form-
changes in the compression zone and recommended a 3.5 d instead
of a 2.0 d edge distance, because the extreme tip of the plastic

deformation extends to 1.5 d from rivet hole center.
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Concluding Remarks

It would be_premature to draw any decisive conclusions from
these first experiments.for permissible hole enlargements and
crushing strength factors; to be able to do this requires many

more exhaustive tests of similar nature but on riveted joints.

'Disrggarding for, the present any possibility of reducing theA

hole enlargements as a consequence of plate support through the
heads of the rivets, we are justified in saying, after these

tests, that op = 60 to 70 kg/mm? is ‘a safe crushlng strength

by failure. As .to. maintaining the 0.2% 11n1t we remain silent,

because at lB/lOOO mm this 11m1t is alreﬂdy reached by °L
18 to 35 kg/mm2. Assuming 1% = 60/1000 mm  as permenent 1ocai
load, values of 0p = 33 to 46 ko/mmz could still be con81dered
safe. Snould we conflﬁe our decision as to fitness or unfltness
of rlveted joints solely .to that p01nt at Wnlcb noles contlnue
to ‘becoiie . larger under rppeated 1oad1ng and unloadlng, our 11m1t
would already be reached at o ; 50 to 55 kg/mmz Wlthout cqn—
sideration of the absolute ﬁeasure of the hole enlaﬁgements for
this stress. | -

- Another point of view leéds4ﬁé fo look into tﬁe'problem.of
safe orushlng pressure a llttle more .in detail and to bOlnt a
way to more uniform strengtn sp601flcatlons. According to the
tests on safe crushing pressure (Part II, following Table XXII -
N.A.C.A. Technical Mewmorancdum No. 597) the crushing stréngth by

failure o pr(with 01 gofe = 3.5 Ogafe, for safe crushing
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'preésﬁre Ogafe» according to Table XXXXV)Ayielded the follow-
ing values: | .
TABLE XXXXV
Crushing Strength for Steel 48 and Steel 37

. Specimen . | Steel 48 | Steel 37
Plate thickness t mm 1 12.0 12.0°
Hole diameter d mm ' - - 23.0 23.0
Hole areca t 4 rmm -~ - 276.0 276.0

Mean crushing pressure by failure
Ppr kg (for e = 2.5d and

T =23.0 d) : 36,350 38,200
Crushing strehgth by failure |
P: i . :
oL 3y = = kg/mmw . 181.7 1 108.2

Safe stress Oggre kg/mm?

(State railway specifications) 18.2 14.0
Safe crushing strength
Op, gafe = 3-5 Jgafe kg/mm2 : 45.5 35.0
o .-
Ratio S2Df— < 2.90 2.92
L safe ' -

According to this, the limit of permissible crushing pres-
sure for steel plates Steel 48 and Steel 37, used as rivet

plates is:

. - 1\
L safe = <§“§ %o %) OL Br

If we apply the same limit values to the present material
our tests on riveted joints of duralumin (See beginning of this

report) would result in
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Op gp = ~ 110.0 kxg/mr® (See test data, Table
~ : XXXXII)

o1 my = ~ 37.0 kg/mm?

-

1l

el

OL safe

Since the theoretical crushing strengtih in German metal
airplane construction corresponds to approximately half of the

tensile strength (See Part II — N.A.C.A. Technical Nemorandum

No. 597), the safety against rupture is cumply sufficient.

3

)
6]

But the ideas as to ti

edirissibility of these railway spec-
ifications =rc far from agreement in technicol circles, as shown
by the objeqtions registered in B. Kunze's report.*

It is pointed ouﬁ»th@t the specifigu'safe crushing pressure
O1, gafe = 3.5 X Ogafe Wwas too high, beceuse - assuming the éame-

safcty - the ratio (fa ﬁoi of safcty)
O'Lv o)

—H _ would have to be the same as 5 in tension members,
O1, snfe : gafe ST
if Jgare = cafe tension stress (kxg/mnz2),

o = vield point (kg/mu2),

="gsafe crushing pressure (kg/mm2),

crusihing strength (kg/rwm®), for which the
deformation curve snows a distinct bend
(See Fig. 90). .

Q
O
It

3

The Tivet plates (steel 48) used by the state railway,

showed:
. :.33.§‘kv/mm2,
Ogare = 13.8 kg/mm3.
and a

o 33.8 4 am o R
= = 1.8¢. factor of safety.
18.2 ¢ ¥

Osarfe
B. Kunze, "Zulldssiger Lochleibungsdruck." Die Bautechnik, ¥o. 7,
Feb. 17, 1938. C
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The mean crushing étreﬁgth.was o7, = 65.0 kg/mm2. Like—

wise, since
;
L - .
- = 1,86,
9L safe

l

9L safe = Togg = 94-9 kg/mm?2
and )
34,9
9L safe = Jg'5 Osafe = 1.93 Tgafe

for -the ratio -
9L safe .

a =
' Osafe

For the same reasons, Krohn advocated as safe crushing

pressure the double shear stress

91, safe = 176'°safe

From fhe réports read at the Second Ihtéiﬁational Biidges
abd Superstructures meeting at Vlennu, Seotember 24-37, 1988
we quote from the treatise of S. Gallik and Flﬁdelcen on
shearing strength and crushing pressure in bolted and in rivet-

ed joints:

With d = diameter of rivet,
e = edge distance from plate center in dlrectlon
of tension,
0; = crushing pressure,
G = tearing strength of plate material,
L _ e

we have =. This formula has been checked by numerous

¢  d
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expériments, and the failures invariably occurred in the direc-
tion of the plate axis.

In order to prevent plate fraofure»by slitting lengthwise
to the plate and to make the break océur at right angles to the
plate axis (transvérsé~fraoture) she above forrula was to be .

changed %o

which, theoretically, means that 0p may be of arbitrary Size,
pIOV1d1ng e 1is large enou@h ?ut this really formulates an
upper 11m1t Ior the crusnipo streﬂguh, bboause tne plate is

heav1l u uet undor crashlno ressure. If this continues, the
Yy up : ’

plate tears or the rivet heads snap off for which reason Gehler

advocated 07 =2 0 as 1pper llmlt, while DOrnen established
O0p =30 as.safe crushing pressure in his experiments.

(At the wmeeting. it wa

.m

proposed to.:select 0y = 2.5 0 as
safe crushing pressure by e = 2,5 d edge distance.

... Findeisen also. gr@nts,thatf;he;:iveted joint might be su-
perior to a bolted joint, but he objects to the high ‘o = 3.5,
while at o = 2.0 .the crushigg,pressure in bolted joints al-
ready.begins to look. serious. He is of the opinion that the
question of necessary safety needed more attention and some
decisive action wihen ¢ormu13+1n & suitable value for «

Gehler stresged the leue631uy o¢'1rcr°aoed caution in
strictly’ ‘bolted 301nts w1tn respact to the crusnlng strength,

and deems Oy = 1.5 Og,¢, appropriate.
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In contrast to this Weidmann asserts that a higher crush-
ing strength factor is permissible because:

1. The stress due to‘crushing pressure is locally confined
to a small portion of the plate, while the'remaiﬁing\plate is
stressed in its whole croes section. |

2. The deformations at entry and -whén exceeding the crush-
1ng strcngth are 1n the ;1rst 1nstance small and locally con~

flned and spread but 11»tle Wlthln tho material.

" Appendix

Experiments to Determine the Stress Distribution in

a Multiple~Row. Riveted Joint

jotive.~ In the oalculafiqn of a ;iveted joint, it is very
important to know how the individuél rivets in a multiple and
multi—rivetea joint transﬁit the stresses, and to what extent
the individual rivets oontribute to the support by suitable
selectlon of rivet spa01ng ‘and Tow Spaclng - .

But it has never become common practice to ‘sseume the total
loading. of .a riveted joint as evenly dist#ibuted‘over'the'indi—
vidual rivets and to proceéd upon this assﬁmption.:

Some prelimindry experiments in this conmection were begﬁn
by the D.V.L. in 1927, but had-to be discontimded. Before re-
ferring to these in"detail,~mentidﬁ“may be made of a very de~
tailed description of a riveted joint under stréss”and its en-

suing effect. Using Bleich's assumptions, we examine a five-



24 N.A.C.A. Technical Memorandum Ng. 589

rivet, double-row, lap-rivet joint (Fig. 139).

- Some consideratiens on the theory of riveted joints, with
8080181 reIerenoe to the calculation of the force ﬁlSurlbutlon
over tne 1nd1v1aua1 rlvets in a single-row rivet JOlnt (ax1a11y
stressed ﬁl tes) (aCCO;dlﬂ@ to Blelch)

In Flgure 139 we none that

S' (kg) o= stress in plate @t (i) betweeﬁ two adgacent
' rivets, say,  S,% betweén rivets 3 and 23;
. | _ _ - ,
st (kg) = stress in plate in section (II) between the
same rivets;
ft and f% = the ¢ s sections in same sectlon of (:)
(mmi?) and é%) .

We assume thatb:

1. Botha rivets have equal cross'sections, i.e.,
f ' =f ' = constant = s bj;

1 2
2. All rivets -are evenly spaced; -
3., All rivets are of equal size and thickness, t;
4, The slippage is negligible.

(This, in partlculﬂr, applies to metal alrplane con—
struculon, where cold riveting is used.) The stress
is simply transmitted -by the chear and ‘bending re-
sistance of the rivets.

Applying a stress to this riveted joint we have, due to
stress P, longluudlqa1 stresses OI 1? plate (:) which -
accordlng to the amouat in which P is cransmltted to plate
(:) by rlvets 1'&)5 = decrease in the order of @he rivets
from 1 o, as the dlStoPCB from the p01nt of tne applied ——>

,v.

force increases. ﬁonsequeatly, GI is maximum in front of the
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first:rivet in section’ CE; and zero behind rivet 5.

The same stress conditions applyhto-plate <:> ,- only the
decrease of 0717 'invplateicgg is reversed. . Figure 140 is a
graphic presentation of :the gualitative stressﬁdistriﬁutioﬁ;'

“iAtgenéralirule- for edch -plate section-'between: »tWO:t'adj acent
rivets is; that the sum of the stresses in two adjoinihg;plates
‘must ‘equil-tie stress corresponding:to.the total stress:i - Now
our general equation of equilibrium reads as

. .Spt.t Sp".= B . (1)
When' n is cpmpgtedAfrqm 1.A 6, and in our case (See Fig.
lsg)ﬁfJ,._ o ,“_A;} :jx,f” : ;,”_.,i . 1. ot e -
s v F s, u ; é'l + S u:_ Sal i 33":; i_;:'gﬂsﬁﬂ:;méﬁﬁ =P

| A éecond equdtlon 18 derlved from the folloW1ng A

) Each rlvet transmlts a certaln force N,, wh101 Wé shall
call rlvet ;orce. But N must equal the change in plate force
S from a sectlon ahead of %o the sectlon benlnd the respectlve'

rivet, conformal to the different stresses in these parts, 8o
S s @
where ‘hivis-computed from. 1->6.°
:Thus; we have,.for example, for rivet 3.
ﬂg”zyé il_'sé1*=73;u - Sy
Now Bleich proves thét B -

1. The end rlvets have greater ;orce, and the force de-

creases toward the center,
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2. The greatest rivet forces occur on tﬁe side where the
stronge::of the two plates ends;

5..The ‘high oeroentage.of force contribution to be takeh
up oy eﬁd rivets in the case of_mo re than SlX 1’1ve‘l:s, remalns
almost constant. 80 that uny greater number thun six is of no
advantage, ' .

4. Plate uectlons dbc ea?;ngltoward the éhds involve smaller

differences in rivet forces.
Object of Experiment

'When'ﬁé:deferﬁihé’the‘stress distribution in the individ-
ual plate seotlons between two adjacent rivets, we can define
the forceo S-'ln the 1ﬁd1v1daa1 stress ‘panels ,. as well as the
individual-rivet forces.. Of course it is difficult fo give a
decisive, quantitative determination of stress and rivet force

distribution for riveted joints of light metal, on account of
the prevailing small dimensions.
‘Preparation and Test
The dimensions of the duralumln rlvet JOlnt the pltch
size of rivets, etc ~can be seen 1n Flgure 139 The elonga~
"tions were me auured 1n the ceptral axis in the dlfferent rivet
panels (Fig. 139) (»paClng e = 30 mm) of both plates. We used

a Fuess tensiometer, and 1 = 30 mn - as:edge distance. -The

measurements were repeated ‘several times, i.e., for reloading
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and unloading, and the average determined. A test took seven
minutes.
The stresses are as follows:

Hooke's-law is valid within the range of elastic deforma~

 tion, so ) o
F=ao
where - 1 = measured length,
" Al = extemsion of . 1,°
R 1 .-
E 700000’
0 = the tension.

Consequently,
X in this case is

where x - the transmission (estimateq ;p_l/lo ym) =1 : 60000.

Accordingly -

_._ 700000 . . ..
X ="370 x soooo ~ °-83
and _ )

- o' =5.83 Al (kg/miaR). -
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oy
®
w
c
-
ot
®

The computed siress 0 in the symmetrical axis of both
plates is shown graphically in Figures 141 to 143.

Figures 141 and 142 show the mean stress 0 plotted against

&}

stress P for plates @ nd _in the sections between two
adjacent rivets. Figure 1435 depicts stress o in the differ-
ent panels (central axis) between the adjacent rivets at various

load stages within the range of elastic form changes.

Conclus i 0O n 8
(See Figures 141-143)

The conclusions applicable to any stress within thé Tange
of elastic deformation are:

1. The stress in the symmetrical planeé of-the ihdividual
panels between two adjacent rivefé shows an alwmost linear in-
. crease with the loading. , N

2. The greater the distance of the individual panels be-
tween two adjacent rivets from the point of anplication of the
loading, the lower the stress. The stress is maximum in the
panel ahead of the first rivet, althougﬁ the stress decrease
does not occur quite evenly with the increase in panel spacing,
but thié irregularity ia the uwwo plates is in all probability
due to the difference in material sitrength and insufficient
accuracy in measuremént.

Assumin for rough calculation, a constant stress distri-
? D J
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bution in the inﬁividual peanels between two adjacent rivets,
the decrease in stress in the individual panels is similar to
that shown in Figure 144 for P = 500 kg and plate (T)

So when we compute S in the different panels, we have

S:Oql,
where '

q, = constant = 1.5 X 30.0 = 45 mm?2,

and the stress in each panel becomes:

Sfy = 10.5 X 45.0 = 475 kg
Ser = 7.3 X 45.0 = 330
Sq1 = 5.5 X 45.0 = 250
Ser = 3.8 X 45.0 = 170 "
Spy = 2.0 X 45.0 = 90 "
'8, = 1.6 X 45.0 = 70

The equilibrium equation requires that rivet force N be
equal to the change of the force in the plates in two adjacent
panels. So the cursory calculation yields for rivets 1, 2,

and 3, the following rivet force:

N, = Sf: - Sexr = 475 ~ 330 = 145 kg
N, = Sex — Sd1 = 330 - 250 = 80 "
Ny = Sg; - Sgy =350 -~ 170 = 80 "

We included the decrease in rivet force by iﬁcreésing dis~
tance from the point of application of force P within range

of elastic deformation, in Figure 144. It will be seen that
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' hn outer rlvets have to absorb the gremtest Torce, while the
stress uecieases uoward the rlvet seam.'

Althougn theSb prellmlnary etoerlments are not to be taken
as giving conclusive evidence of the behavior of a rlveted
joint, they nevertheless should ?rofe of invaluable aid to the
db81gner in his selection of correct riveted 301ntu, rivet
spacing, eto.

Translation by J. Vanier;
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Fig.118 Dimensions of single
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Figs.127,128,122,130,131
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b)d+23=6.23 mm ¢)d+ad=6.30 mm

P=200 kg. P=300 kg

e)d+Ad=6.54 mm,P=530 kg. £)d+4d=6.71 mm
Bllc ) (after 2x3 minute load period) P=620 kg.

g)d+ad=6.81 mm P=670 kg.
(after 2x3 m}n.load period)
<z

i)d+Ad=6.89 mm
P=870 kg.
after 6x3 min.
load period)

Fig.132a k
k)d+Ad=rd.10 mm P=rd.850 kg. Photographs
(ready to break) of enlarged holes at
h)d+Ad=6.86 mm P=670 kg. (see Fig.145) various stages of

loading.(Magnified

(after 5x3 min.load period) ot 8 L iaes)
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Fig.I35 Hole deformations Fig.136 Hole deformations

due to crushing due to crushing
pressure before break. pressure before break.

Fig.138 Break due
to stress
in crushing pressure.

Fig.137 Hole enlargements after
clinching and at failure
due to stress in crushing pressure.
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Fig.144 Stress distribution in

plates and in individual
panels and magnitude of rivet
forces for a definite stage of
loading.

Fig.143 Mean stress in individual
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axis)between two rivets in a single
ghear riveted joint.
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