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SUMMARYOF RESULTS OF TESTS MADE BY ALUMINUMRESEARCH

LABORATORIESOF SPOT-WELDEDJOINTS AND

STRUCTURALELEMENTS .—

BY E. C. Eartmann and G. W. Stickley —
—

,. *

SUMMARY
—
.— --..~,.

Available informationconcerningspot welding as a
means Of joining aluminum-allo$parts has been su’mmar-ized‘– --”
and comparisonshave been made of the’r“elati’vemer”itsof
spot-weldedand riveted aluminum-alloystructuraleleme.ntse “-
The results indicatedthat spot welding was as satisfactory —
as rivetinginsofar as resistanceto static loads is co-n- .

cerned. S~ot weidb showed--slightlyl“ower;res”istanc’eto
-.

impact loa~s.but &efinitelylower resist”amceto”-repaated .
loads,”$hah’rivets. . . . __-.<.-=._. . --:.- -.—

INTRODUCTION
. . . . .. .,. ,.
.-

Spot.weldi.ngas a geans of joining aluminum’-alloy
parts ha”sbeen under in”v~stigationfor a number of years
‘by.the AluminumResearch Laboratories,wor”kingifi-tioopera- ‘-

—-—__

tion with the Jobbing Division of the’Aluminum Company of
America, Consi.derabl,e.data have been.collected_eo.ncerning ‘--
the strengthsof spot,wel.’~s,and it is the purpose of this - ‘
report to summarizethe principal“informationavailableto
date. .

. .

. .
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TESTS .-,.,,,
. - ... ----- ..—. —

,.. . i’
Tests to DetermineMinimuM Static Shear —.

Strengthsof RepresentativeSpot Welds
,&

in VariousAluminumAlloys “ ‘
—

Tests of minimum static shear strengthswere made n;
to obtaincomparativedata on the spot-weldcharacter-
istics of a number of aluminumalloys.

—
The’sedata are

—

intendedto serve as a basis for establishingallowablb
.
.-

stressesin spot welds for designpurposes. The test
sampleswere prepared in conformitywith usual shop
practiice.The welds were made on No. JS-I?lalternating-.
currentspot welder using a GeneralElectric Ignltron

.-

timer. The welding tips were 5/8.inch in diameterwith
either7° or 11° cone tipsa All the sheet was washed in
naphtha’toremove grease and.dirt,and all except the 2S
sheet was given”a 30-secondetch with a solution of gum

<

.tragacanthand hydrofluoricacid.
_,.-_>

?
rob sheet thicknessesless than.O.04inch~ the test

pieces were:l ihch””wide,ahd$ for piecps thicker than
0.04 inchi the‘specimenswere 1 1/2 inchqswide. All
specimenswere simple lap joints containingtwo spot .——.
welds in t’andem1 inch apart for the thin specimensand
1 1/2 inch apart for the thick spec-imens.The edge dis-
tanceswere 1/2 and 3/4 inch and the total laps were 2
and 3 inches f-or the thin and thick specimens~respectively.
All specimenswe”retested in New KensingtonPlant Labora-
tory and, in the case of the heat=treatedalloys, at least
four.days elapsed between the”time of,making,th-@welds and
the time of’testing:,A.ler’genum~er of specimens-wasmade
with the:useof”vartous“machinesettingswithin the,normal
ra,ngeand; from.thesie%est data, minimum shear strengths
3.npounds per ‘spot”’wereselected.”“.Theresultingvalues

—

have been plotted in figure 2. .,

h
The Static Shear Strengthof Wide Spot-Welded

Joints in O-051-inchThick 52S-1/2HSheet r
.

In the study of spot-weldedjoints, the strengthsof
the spotsand also the strengthof joints in which various
groups of spots are used must be known. Tests of the static
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shear strengthwere made for various lap joints in-a
52S-1/2Hsheet 0.051 inch thick; each joint was approx-
imately11 1/4 incheswide. These jointswere made with
one,“tl:Io,or three lines Of spot welds in the lap with the
use of various spacingsof spot welds, distancesbetween
rows, and edge distances. All the welded surfaceswere
given an etch of 30 seconds in a solution.of gum traga-
canth and hydrofluoricacid. All the w“eldingwas done
on alternating-currentmachines. Single-,double-,and
triple-rivetedspecimensmade with the use of 3/16-inch
53S-W rivetswere tested for comparison. These specimens
were the same size as the spot-weldedspecimens. All .
specimenswere testedwith a specialgrippingdevice
(fig. 2) which preliminarytests had shown to provide
a reasonablyuniform distributionof load. The results
of these tests are plotted in figures 3 and 4. The con-

“elusionsfrom this investigationwere as follows: ““-— _

—

.—

1. The strengthper spot of the wide jointswhich
failed in the spotsvaried with the s~ot spacing and number
of rows. The highest value obtainedwas 810 pounds per
spot and the averagewas about 720 pounds per spot. These
values check fairly well with the results of tests of
narrow strips cut from some of the wide joints, in which -.

the highestvaluo was found to be 900 pounds per spot
and the average about 760 pounds per spot.

2. The strengthper “spotfor wide specimenswith a
single row of spotswas found to decreasevery rapidly
when the edge distancewas less than 3/8 inch. The lowest
value obtainedwas fouran edge distanceof 1/8 inch (total
lap = 1/4 in-) in which case the load per spot was fovnd
to be as low as 293 pounds. The lowest test result for
edge distances3/8 inch or.greaterwas 622 pounds per spot.

—
3. When the spots in the wide specimenswere closer

togetherthan 1/2 inch for one row of spots, 3/4 inch for
two rows of spots, and 1 1/4 inch for three rows of spots,
failure of the specimensoccurredby tearing the sheet
rather than by spot failure. The maximum value of str”e=s
on the gross area correspondingto the ultimate load was
33,800 pounds per square inch, a value w-hichis about 6
percent less than the correspondingtens-ilestrengthof
the sheet as determinedon tensile specimens1/2 inch
wide. The minimum value of stress on the gross area
correspondingto the ultimate load was 27,000 pounds per
square inch and the average was about 31,000 pounds per
square inch-

—
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4. The highest strengthsiq the wide spot-welded
jointswere obtainedwith the followingspot spacings:

,,,.
.,:..,,.

I I

●

✎✌✍

Number Maximumultimate load
3f Spating ye??inch of width

rows (in.) (lb)

1 a. 1557
,

2 3/4 1678

3 I 2 1 1686

\ -—
aContinuousseam of overlappingspots.

5. The strongestwide spot-weldedjoints tested rep-
resent an efficiencyof 94.3 percent based on the tensile N-
strengthof the unsplicedsheet.

-..

6a Joints with two rows of spot welds representa k-
dlstinctincreasein strengthover jointswith one row of
spot welds, Additionalrows of spot welds, however,do
not further increasethe strengthto any marked degree.

7. Although there is fair agreementbetweenthe rev
suits obtainedfor the wide specimensand for the narrow
strips,particularlyfor specimenscontainingtwo or three
rows of spots, it is evident that values obtainedfrom
tests of individualspots should be applied with caution
in design calculationsfor spot-weldedjoints.

a. The wide-rivetedjoints tested for comparison
with the spot-weldedjoints were not so strong as the
spot-weldedjoints althoughthe Individualrivetsused
were of e.pproximatelythe same strengthas the individual
spot welds.

9. The strongestwide-rivetedjoint had an efficiency
of 86.6 percent in comparisonwith 94.3 percent for the
strongestspot-weldedJoint.
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$hear Fatigue Tests of Spot Welds
..,.

.-. in”VariousAluminumAlloys
.,

In”o%der.to de-terminethe strengthof spot welds
subjectedto repetitedshear loads, tests were made 0?
welds in two thicknesses,0~032 and..O.O~4inch, of the
fbl~o~i,ng”alloys of sheet: 3s-0, 3S-1/2H,17S-T,Alclad
175MT, 245-T, Alclad 24s-T, Alclad 24S-RT, 52S-0, 52S-1/2H,
.&id535-T* Metallographicexaminationof at least two
welds from each group.showodthat, in general, the welds
in 0.032 inch thick sheet were sound but those in”0.064-
inch thick sheet containedsome porosity. The individual
specimensused, which are shown in figure 5, consistedof
simple lap joints each with a single spot weld. These
specimenswere cut from panels welded with the use of
alternating-currentmachines and the surfaces of the she-et
were cleanedbefore welding. The 17S-T-and24S-!T!sheets
were cleanedby etching in hy.drofluoricacid; the other
alloys were ‘usuallywashed with benzine. Four specimens
were tested simultaneouslyin rotating-beamfatiguema-

A chines,as illustratedin figure 6, except in those cas+e=
iriwhich less than 15,cycles of Stress were requiredto

* cause failure. During each re,yolutionof the r.otatih.g-
beam machine, each weld was subjectedto a load that .
varied fro”ma maximum in shear in one direction,to “a“m”ax-
imum in the oppositedirectionand back again. In the
tests requiringless than 15 cycles,f-ourspecimens.were
tested simultaneously.,using the same.”fixtures.sho-whin
figure 6; but the tensileand compressiveloadsw.er,e
applied in an.Am.sleruniversal:test’ingmath’ine,the sarn6-”--——
as in ordinarytensileand compressivetests. In the
present investigation~these tests’that involvedhigh
loads and small numbers of cycleswere Wade only,on the
welds in 0.032-$nchthick:sheet;. “- ‘“-,... ,,-... ...

..-
,~hetes~.resultsand..thestatic strengthsare suh-

.marized in tables I and 11.’”Thb resul,ts”dfthe individual
. fatigue tests are plotted in”figures7 and 8. In t~ese

figures,the,.valueplotted..forttie fatigue~streng~h,ai
0.25 cycle is the,static.strength..

.— —--.”’” -------..-
. . .. ... ..

—

.- —

— ._

It will be noted that, for the 0.032-.ihchf.hicksheet,
the endurancelimits vary from 20 to SO pounds“perspot for
the differentalloys. The lowest endurancelimi-tswere those
of joints in 24S-T and 52s-1/2Hand the highest in Alclad
24S-Te These endurancelimits range from 5 to 13 percent
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of the correspondingstatic strengths. In general,the
high valueswere obtainedwith alloys in the annealed
temperand with Alclad materials,and the low ones were
obtainedwith alloys in cold-workedtempersand with
noncladheat-treatedmaterials. The tests of-jointsin
a sheet strip 0.064-in.ch.thick,although,quite incomplete,
indicateendurancelimits of 40 to 60 pounds per spot,
with ratios of endurancelimit to stati:cstrengthabout
the.same.as for the 0.032-inchthick sheet.

*

,,- ,..
In these tests the primary failuresoc~urredfn the

sheet at or slightlywithin the weld and not through the
main body of the weld. This conditioriis illustrated
in figure 9. Inasmuchas the fatigue failuresdid not
occur primarilyby shearingof the welds, the test re-
sults indicatethe strengthof spot-weldedjoints in.
sheet strip of the-widthsused and not the fatigue
strengthof the welds”themselves. They are, thereforo,
usaful chieflyas an indicationof the lower limits of
reststancot-ofatigueand may be too conservative. Iti
should also be rememberedthat the welds in the 0.064-“
inch thicknessof,thedifferentalloys containodsomo

c

porosity,which as indi.catodin a subsequentsection
of.thi,sreport,has a harmful effect upon fatigue re- W
s.iitancc.

DirectT&hsioti-Compressio:,FatigueTests of,,,.,.
Structura>Members Built tip?,ron;lf,~-tqc~,.

52S-1/2HSheet : ‘
,, .,

~ireot‘tension-compression.fatigVetests were con-
ducted to obtaindata on the relativemerits of spot-
welded and riveted“aluminum-alloystructuralelements

- subjectedto completelyfev~rsodaxial loads. Specimens
were of the type showh i“nfiguro 10, which also shows
the fixtiires.’forthe attachment.ofth~especimensto the ~
movableand fixed heads of the fatigue-testing“machine,

—

It will be noted that the specimenconsistedessentially
of three pairs of channelsback to baok splicedat in- %
tervalsby means of cover plates spot welded or rivete~-
to the flange,a.All the spot welds w,eremade on an
alternating-currentmachine.,,“The.spec”im’enswere tested *
in a verticalposit’ioriin a ‘fatiguetesting machine of
50,000-~oundcapacity.”,(Seefig. ‘2.o“freferenc61.) The
resultsof these tests are shown in table III and are
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plotted in figure 11. It is evidentfrom figure 11 that
the fatigue strengthof the riveted specim6nsis consid-
erably greaterthan that of the spot-weldedspecimeris. .-

ComparativeBeam Tests of Spot-Weldedand.Riveted

Girders of 17S-T and 61S-T under Static,

Inp.act,and Fatigue Loads

,Beamtests were conductedin order to make a general
comparisonof spot-weldedgirdersand riveted girdersunder
static, impact, and repeatedloads. The specimenswere
designedprimarilyto representa type of connectionand
thicknessof material encounteredin railway-carconstruc-
tion. Figure 12 shows the dimensionsof the specimensand
a list.ofthe various combinationsoriginallyplanned for
this investigation. Items 8 to 14, howev”er,were not“com-
pleted and, therefore,were not tested.

. . All the spot welding on,the specime”gsin this inves-
tigationwas done on alternating-currenttia”chines.The
flahge..w,eldswere.made usin~ a.7/8-inch“dik”meter11° “tip
on the channels.i,deof the.tieldan”tla:flat,-tipon the
cover-plat.q;.si.de..In,th.e”.cas”eofthe l?~-T girders, the-
spot welds were‘formedby a “specialprocedurethat involved
severalapplicationsof welding current spaced a short~lfiemart~

——

the weldingpressure,beingmaintainedduring the entire
welding cycle. Spot welds representativeof this practice
on samples of l/8-inch thick.17s-Tgave st”a%i”cshear stren~xtii“-- ‘
of 2996 pounds per spot. Spot welds repri:+.entativeof t“h~more ‘“-
normal procedureused on the l/8-inchthick 61S-T gave“-s*atfc
sliearstrengthsof 1939 pounds per spot. Both ofthese static
strengthvalues are consideredvery satisfactory.

—_
Chisel

tests on sample welds also indicatedsatisfactorywelds. X-
,rayexaminationof some of the spot welds in one of the 17S-T
girdersindicated welds free from cracks with only a small
amount of porosity. . —

In all tests a 60-inch span length was used withsuit-
able bearing blocks at the center and at the ends of th”e-
span. In the static tests a “40,000-poundcapacityArnsler
testingmachine was used and the arrangementfor the test
is shown in figure 13. The impact tests were “madeby dtiop=‘--
ping a 500-poundtup in a special impact-tesii-ngrnach~ne
using the arrangementshown in figure 14. The fat~gue tests
were made us”ingcompletereversal of load in a fatigue test-
ing machine of 50,000-poundcapacity. (See fig. 2 of refer-
ence 1.) The arrangementfor the fatigue tests is shown in

.
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figure 15, The results of these tests are shown in tables
IV, V, and ,YI,and the fatigue test results are plotted
in figure 160“’‘“Thesefiitiguedata.have Wan summarizedin
anotherform in table VII* TWO of the specimensafter the
completion”of’theimpact.test are shown in figure 17, and
one of the fatigue specimensafter-”the t“estis shown in
figure 18, The conclusionsdrawn from this investigation
aro as follows:

.,:
1. All fa:iluresin the static-beamtrots occurr-edby

buckliqg,o,f‘the.cover plates. Some of the spotwelds pulled
apart.aftqrt:he”plates had b.nckledbut no rivet failures
occurred? ‘-

2. “,The“resultsof the static tests indicatethat
the’reis no marked differencebetweenthe loadsand the.
load deflectionsfor t-heriveted and the spot-weldedcon-
struction,except that the gir”derwith countersunkrivets
carried‘lessultimateload than the others.

—

3. Yailure of the girders in the,impact tests oc-
curred in substant’ia.llythe $ame.way”asthose in thestatic- =
load tests,.na”me-lyby bucklingof.th,a’’cuver”.pla.tes...... l?ailure
of aluminum-alloy’ri”vetis,usually,did:not-occuruntil at
least thfeedrops had been,madq Aftert“hef~~xs%buckle

u

of the cover plat~s.appeared.~The~ewt?ie””nofailuresof
any stf3elrivets.; Failure o< spot welti~,??y’pullingapart
usual’lyoccu~rbdsimultaneouslywith the firs;t‘evideh.e.e
of bucklingOf the cover plates in the”impact tests.

4. The results indicatethat,t:he.reis no marked “d.if=
.. f=rence”between the ri~eted and spot-welded-constructions

in regard“tothe total resistanceto impact a“ndt’he-abi.lity,.
to withstandpermar.entset without fractureof-the..channel..
or cover plates. ..

5. In the fatigu+tests failure in most of the spec-
.,.

imens occurredby transversalfracture,sometimesin the
channelsand sometimes in tho cover ~lates. In the riveted
girdersthes’efractures,frequently~a=~ed throughrivet
holes an”din the spot-weldedgirders they usually occurred
at the edges of the--spots..Thereaw,er8no rivet failures
and failu’resoccurredin only two tests-by sheari’ngspot. ..
welds. ..

.

6; In 17S-T.thespot-we’l,dedgirders ha’d”’ilefinitely
lower fatigtiestrengths”than an”ywi$li‘rivets, The same
was truefor 61S-T girderswelded in the T condl-tion.

w
.—

,.
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.- ,.

70 The fatig~e’strengthof spot-welded61S-T girders
is appreciablyhigher when the artificialaging is done
after insteadof before “weldingand iS higher tha.rifor
any of the other spot-weldedgirders tested. .

8. The fatigue strengthof spot-welded61S-T girders
.

artificiallyaged after welding is about equal to that of
either 17S-T or 615-T g-irdersmade with hot-drivensteel
rivets but is definitelyless than that of 17S-T and 61S--T
girdersmade with cold-driven”cone-pointaluminum-alloy
rivets.

Comparativel?estsof Spot-weldedand Riveted

Box Beams of Alclad”24SlTSheet

Staticand fatigue strengthsof spot-weldedand riveted
box beams fabricatedfrom 14-gageAlclad 24S-T sheet are
being compared in an investigationwhich is still in pro&
ress.. TWO designe of s~ecimens,.one of.whic~ is “sho”iiti~
in figure-19,are being used, the differences”.beirignegli-
gible as far as the object of the investigationis con-”””:”-
cerned. Both static and fatigue tests are being made in -
which specimensare tested as simplebeams with.either.....
central or two-point,loading,asshow~,in figure-20. The-“
arrangementsused in.”thecentral load-ingtests ‘are~similar
to those shown fn figures 13 and 15.

The investigation”includestests of three lots of
beams. In one, the beam’swere spot welded using alternating-
currentmachines; in another,the”~were spot_welded using
energy-storageequipment;and,.in the third, they were
riveted. X-ray examinationindicatedthat.the .alte.rnating-
current spot welds contairiedcracks,whereas the energy-
storagewelds were sound. Photomicrographsof secliotis
throughpresumablytypicalwelds from each of the two lots
of beams are slown in,figure..21. The correspondingsi&.tic
shear strengthsof the two kinds of spotwelds, as deter-
mined from auxiliary tests of lap-jointspecimo’hs,”-were
about”590-and 970 pounds, respectively. The.former value
k“sk’onsiderablybelow the,hinirpum.(about 835,1b) shown in
figur’e.~for spot welds i“n.”0~064-inchihi@. Alqlad 24S-T.. .. .
sheet. ‘ “ . -.-—,“,. ..

.

---

Static tests have been completedon the beams with
alternating-currentspot welds and on those which were .
riveted. Almost equal strengthswere developed;the
...

—
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respectivecomputed“maximumbending stresses at failure
were 25tOO0 and 25jLO0 pounds per square inch- Iailures
occurredby bucklingof the compressionflangesadjacent
to the load poi”ntat the center of the span. No evidence
of any spot weld or rivet failureswas found. Because
of the manner In which these beams failed, the beams with
the energy-storagewelds probablywould have about the
same staticstrengthas the others.

r

Table VIII and figure 20 summarizethe results of
the fatiguetests under completelyreversedbending. In
the test of the beams with alternating-currentspot welds,
failureusually--beganas cracks throughthe welds. In the
other two series of tests, many of the failuresapparently
began at locationsother than those containingspot welds
or rivets and, in some tests, the failures occurredentirely
at such locations. When fatiguecracks did extend to a
weld in the beams containingenergy-storagew~lds, these
cracksgenerallywere tangent to tho edge of tho weld in-
stead of“passingthroughthe weld. The results of the
two‘seriesof tests in whichfaj.lurebegan at locations -
other,.thanthose ctintziiningspot welds“or-rivets,bhere-

C

fo~e,“areGot necessar~lyindicative of.’.therelativefag
tigu6,streggthsof 5~dt=w81ded‘andritiefadbeams.,Com- *
paring”the results~ofthd’testsof the twolots of spot-
weldqd-beamsghowever, it is quite evfdent that the beams
with the”alternating-currentwelds “Weremuch inferiorto
those with the onergy~storagewelds. Much, if not all,
of this differencecan undoubtedlybe attributedto differ-
,encesin soundngssof the welds, althoughthe diameterof
the energy-storagewelds was greaterthan that of the
alternatingvcurrentwelds.

Figure 22 shows the fatiguefailureswhich occurred
i’none of the beams containingalternating-currentspot
welds.

GeneralDiscussion

The foregoing.tgsts.arenot coniplete.enough to permit
final ‘conclusioris,to’%6 d“ra~vn.”It is safe to say, however,
even on the-basis’of”the“li”rniteddata prasentedherein,
that spot-weldedconstructioncan be made t-oequal riveted
constructionin resistanceto staticand impact loadings.
In resistanceto fatig@e it appears at present that spotm
welded constructionwill not equal.the best rivetedcon-
structionunless the spot we,ldsare more soufidand free
from cracks than the alternating-currentwelds used through-
out most of those tests.

—

—

.—

;——
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Even though the spot-weldedspecimensused in the
tests describedherein were not consistentlyequal to
riveted sTecimensin resistanceto fatigue, this does
not mean that spot welding should not be used structurally.
There are many structuralapplications,even in locations
subjectedregularlyto vibrationand repeatedloading, in
which the highest order of resistanceto fatigue is not
essential. Experiencehas shown that spot-weldedparts
and structuresare capable of withstandingquite severo
serviceconditions. For example,many aircraft fuel-“tanks
spot welded on the same alternating-currentmachinesused
in the preparationof the specimensdescribed in this re-
port have been tested on vibdationmachinesapproved fbr- “–
such tests by the Army and Navy and have shown satisfactory
life. The results of these tests and the behavior of the
tanks in serviceare adequate evidencethat, in spite of
the relativelypoor fatigue strengthsof the alternating- ““’-—””
current spot welds in the laboratorytests, it is poss”iblti-”‘--—
to design spot-weldedstructureswhich will satisfactor-
ily withstandvibratorystresses. -——

—

AluminumResearch Laboratories .-
Aluminum Company of America,

New Kensington,Pa., May 13, 1942.

REFERENCE

1. Templin,R. L.: Fa-tigueMachines for Testing Structural
Units. AoS.T.M. Proc., VO1. 39, 1939, pp. 711-721a ‘-



la

ahaatalloy
andtemper

w-o
3a-1/aE

178-T
~Ohd178-T
a4a-T
Kolada4s-T
Alalada4a-RT

:%%
53i3-T

YAOA Teohniaal Note

TABLEI

8TAT10AUDSHEARFATIWETESTSOr
8POT~ELDSINSHEETSTRIP

14-g
st@io

Y
s~renh
(lb

568
s4a

894
S66
la13
977
1111
S18
1035
71a

e sheet,1 in,wise I ab?we sheet,lj~ln.wide

--

z
35

0.08 I aaa I a8

I
0:::.11 aaa aa

-- 34a aa .06
-. 4as a7 .08

381 bao-- .05
.04 362 30 .08
--144913- s1.06
.04 I a55 I aO I .10
-- a38 al .09

-- I 353 I 27 I ,.0s

Erar l~g~g Sheet, #-million Oyaleb~ig; foraO-gagesheet,X)(3+JilliOn-OYOIObad8...
bEBtinatedfrominaornpletetests.

TA8LEII

SHEAR~ATIWESTREWTHHOFALTER3ATINQ-O_TSPoT~LDs1~sH~T s~p
6
I ratiauestrength,lbperspot

Sheet 10 100100010,000100,0001,000,00010,000,000100,OOO,OUO800,000,m
alloyandtamper

Sheet.0.032in.thiak
38-o
3s-1/aE

178-T
Alalad17S-T
a4a-T
Alalad%48-T
Alalada46-RT

6as-o
6a8-~/aH
53S-T IT15a m 77

147 108 76

aso 19a m
a48 m 15a

aaa ao8 w
W70 18fb16s
275 198 147

180 14a 110
183 148 115

266 ala 163

5a
5a

1%

94allz
108

%

116

33 aa
41 31
40 39

88
% a3

41 I 30

aa
a7

a6
al

a8
aa

aa
27

30
30
a8

as
al

a7

Sheet,0.064in. thiak
3s-0 I-. ——— 94 68
38-1/aH — — -- — 103 8a :: % z

Alalad~48-T -- -- - — 180 94 53 42 40
5aa-o -- .- — 154 43 36 35
6a8-~/aH -- - - . 188 ::
636-T — - - — 147 80

—

.

r
.,

%timated values.
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TABLEIII

RX6ULTSOrDISXCTTEXSIOE-00MPR26SIOMFATIGUlTESTSOr STRUOTORALMERS
OOESTRUCTEDFROMl/S-IYCH526-1/aHSHEET

fAlltestsmalewithoompletereverealofload]

Ten&:v~rea Ihm:er &ea 0? BearingTotal TensileTotal ShearBeu-
a

one area loti dream in
Eumber

load mtressillg of
~ rivet of one on

(%:. ) w:
ocwerplate per
(lb/sqin.) apt ri%t8 *N*

oyoles
rivetspeo-

13?&r (aqin)p:y or (lb/ sqin.) fd%re
~ Gross Yet trans- (sqln.) =ross Yet z%vet Sqin.) (d

aea =ea ferrlng area area (lb)
load

Sw3t-wel.dedmneolmenm

1 1.135 —— =
2 1.136 —

1.135 — ;:
: 1.135 — 48 —I 103 i

3s,700
—l— I 197,500

4 -.

aul Speoimem exceptI d I? ftileti by tr=eversefati
throughthespotweldsor rivetholes.~eoimenI .~$~!t-e ‘f theomer p~atem1Sspotwelde;Speolmen7 did
notfeil.

.

w3L3 IV

ULTIMATELOADSAHDMODULIOF ~AILUFUFROMBTATIOBUM TESTS

Bpeoimen

●

1-A
LB

6-A
2-B

3-A
3-B

4A
4-B

E:

%-A
6-B

%
●

PIEiaed

173-T
17S-T

176-T
176-T

17S-T
176-T

178-T
176-T

61S-T
616-T

613-T
618-T

616-T
616-T

Oonnections

Eutton-heedsteelrivets
Button-heedsteelri~ete

oone~lnt A176-Tiivete
Cone-pointA17S-Trivets

CountersunkA17S-Trivets
OountermunkAI-76-Trivete

Spotwelds
Spotmelds

Button-headsteelrivets
Sutton-heedsteelrirete

Oone-point533-Trivete
Ocme-paint538-Wrivets

Spotweldn
Spotwelds

Ultimateloed
(lb)

13,300
11,930

U,560
La,m

10,W
10,650
11,630
1.2,65CJ

3.2,ao
la,ooo

13,2?5
12,a85

11,920
Kl,sca

Hodulueof fdlure
(lb/:~lLn.)

3s, mo
35,400

34,3a0
36,200

L!42,600
31,6@3

34,s00
37,600

E;%
36,400
36,400

35,400
35,400

%btdnedby aubatitutlngultlmateloed P intheordi= beanformula.StrRSU=HO/I.
InthluoaeetheatreseIsoeloulatedettheedgeofthe~l@-in.oemterbe~ingblock00

theoompleteerprensionformodulueof ftilurein

_ ..

that

wdulue of failure=~ (60- 2.0)x== 2.97P

.
. .

..—.-
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TABLEV
ImAcT TEEITSOFGIRDXRS

-.

Eelght
of drop
●t oom-
g:e::~

(in.)

16
L7

16
17

19
17

$“
16
15

16
3.7

15
14

Perma-
nentset
at com-
pletion
of teat
(in.)

Eeightof
drf.prBm

buokle
(in.)

10
9

:
7
7

:
10
s

Eeightof
dropfor

fi ratrivet

%~~:
.

Speoimen aOnnSOtiOns

Button-heedSteelrivet8
Button-headsteelrivete

Cone-pointA17S-Trivets
Cone-pointAI?B-Trivets

Oounter.mnkA17E-Trivets
OounteraunkA17S-Trivets

Spotwelds
8@ welds

Button-headsteelrivets
Button-headetaelrivets

Oone-xint532-Wrivets
Oone-point538+ rivets

S@ velda
Spotwelds

. .
3Tofailure
Ho failure

17s-T
17S-T

5.‘m
6.e04

a-c
2-D

176-T
176-T

12
17

5.485
7.00S

8.060
5.231

17s-T
17s-T

12
11

4-0
4-D

178-T
176-T

5.0s2
5.607

5.445
6.214

6-C
5-D

61S-T
61s-7

Rofailure
Nofailure

6-C
8-D

616-T
618-T

XL
15

5.s34
5.602

61s-T
SIS-T

9
s

9
8

7.103
5.360

TABLEVI

BEAM-FATIGUETESTSOF131FID3RS

itex

1

2

3

4

6

6

7

15

Chan-
nel

P=

‘*’(:?
ti Conneotioplate

Cyclesto failure
(a)
~2000

--—.
dca3

I,713,300(F)

,,4&,7C@B)

t

dodo

s’a,600(A)

2U,700(A)

141,300(A)

79,200(F)

40,600(A)

302,400(A)

24,400(E)

56,400(E)

●3000

L92,1OO(F)

?Ol,COO(G)

L24,3CQ(D)

S9,300(F)

L91,600(A)

566,!330(0)

104,700(~)

319,0CIO(F)

*1600

2,05S,SOO(A)1,050,300(A)

1,192,000(A)

‘6,111,300

33S,600(T)

1,046,600(A)

1,142,100(0)

402,700(B)

694,400(H)

176-Ttine-point
Al?B-’frlvete 3,517,600(C#)

;72,600(A)
L7E-TOountereunk

A17S-.Trivete

L7s-TSpotwelds

316-TButton-head
steelrivet8 3,3S6,1OO(G)

L,234,2M(0)
31S-TIYone-point

632-Wrivett

I512-T6potwelde

Oraoksatrivethole orspotweld inmainohannel,ueuallyatetiffenerohannel.
[1Oraokeatrivethole orspotmeld incoverplate.

Oramksemossooverplateandabovespaoerohannel(tieroenterolamp),butnotth.rou@ f
anyrivetholeorqwt weld.

Oraokat rivetholainmainohannel;alaoorAokinoornerofchannelarxlnot“atanyrivethole.“:
——

Spotweldsbetweenooverplatead ohannelaahkred.
SwneaaA andB.

aA -
B-
o-

D-
E-
F-
G-
H-

b The

Sameaa A end0.
Sameaa B andO.
loadea pliedWereeuohthatthebexlingstressesvariedfrom & maximumintensiontotheeeme
numerics?valuein.Ompresaion.

o Nofailure!testdiaoontinuwl,
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TA2LXVII

2UUHARYOF T’ATIWESTR2N5THSOFSPOT=W2LDID
A2DRIVET~ 17S-T~AllD612-TGIRD~

*

Item

i

a

3

4

5

6

?

15

Jha&el

plst@

173-T

17S-T

17S-T

L7@-T

61S-T

61S-T

612-T

613-T

~

Button-headateelri~etn

Oone-pointA17S-Trivet 8

OouutezwunkAI.7S-Trlvete

Spotwelds

2utton-headsteelrlvete

Oone-point638-Wrivets

-t uel~e

Spotwelds(agedafterwelding)

10,000 \ lm,wo

--

a4700

—

5700

a480Q

3200

3400

moo

3SCCI

1,000,000

aooo
2s00
a300
14Q0
1s00
2200
1500
%00

LO,C@,000

Wooo

%0

woo
—

..-

%tlmat ad

‘4
TABLZVXII

FATIWETESTSOFALOLAD24S-TBOX_

[Ul teetsmadewithoompletereversalof stress]

t

Oonstruotl*

mdaw:yed

t welded
T-
S%X4T)

Riveted

.Loading
~r~mnent
in teet

Oentral

Two-point

Central

Xaxhunl
bemiing
streee

(lb/sqln.)

●IS,00()
~ 7,560
● 3,4s0
● a,oso
A15,330

● 7,670
+ 5,0ao

●15,700
*12,eCm
● 7,690
● 4,060

Oyolee

fti%are

3n%’
4s6,300

2,171,500

S0,700

239,E00

30S,3Q0

as,mo,ooo

%:%
1,087,700
4,s04,s00

Looationof ftilure

O&verplateunderoenterbearingblook.
Oraokein spotweldenearoenterof spsn.
OraokethroughspotweldIn oh.mnel.
Craoksin spotweldeneaxoenterofepau.

Coverplatesandchannelseotions,
throu@onlyonespotweld.

Oover latesandchannelseotlona.MO
?fti ure throughspotweld.

C~l~ seotiona.Oneoraokat edgeof

Hofail&ce.Teststillrunnl~.(7-23-4a)

Coverplateundercenterbearingblook.
Ooverplateunderoenterbearingblcok.
O=el seotions.
Ohanneleeotlons.

asee remarka in lastooh.mn.
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4

Figure1.-Minimumshearstrengthof spotwelds.

Nominalspacingof spots,E; in.

Figure3.- Effectofspacingonstrengthofspot-weldedjointsinO.OSl-lnchihick52$-~H
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R@ure 2. 0
Test of
wide
riveted
joint in
52s-1/2H
sheet
0.051
inch
thicke
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. 8pecherLs forshearfatiguetests.

.-

Gage “
No. A B, c D E F G E J

14 ..064 1 1/2 43/16 1-15/32 1-1/4 1.15/32 5/8 25/64

a .032 1/2 1/4 1-5/8 9/16 1/2 9/16 1/4 ●191 L

Figure5.-8pecimensforshear-fatiguetests.
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Fatigue tests of spt-w81ded joints in a sheet O.0~ m

inch thick.
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Cycles ——

(a) Sheet,3S-0 (b)Sheet,3S-1/2H (s)Sheet,Alclad24S-T

Figure8a ho f.-Fa&ue cw?es for npot-weldedjointsinshear.
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Cycles -.
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Figure8.- Concluded.
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I?@me 9. - Typical fatiguefailuresof spot-
weldedjointsinAlclad245-T
sheet0.032inchthick.
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Helen for rivetutobeletter“F &ill(.257”) -,.- EndDlatesm berireted
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L-3/lb-

Fkore 10. - Suilt-uD struoturulmembers for direot tension-
required
[ F.%Q-T )

Cwraasion fatigue testi3.
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m

m

4-9/16 4-5/16°

“

LA-,-J

SeOtiOn A-A

FiIWW 11. - Direct tension-oompressih
fatime teetm of mot-welded

‘ and riveted struhral mimbers; Sheet,
52S-1/2H; ratio of min!$nm streoa to

,, meximm strens, -1.0.
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o Spot-weldedspeoimens
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l?tgure 13*- Static test of riveted girder built up of 61S-T sheet l/G
~mh thick.
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Figme14.-
Y

ottestofrivetedgirderbuilt up of 618-Tsheet
8 inoh thick.
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Figuzw 15. - Beamfatigue tests of spot mibied glrdms made of 61S-T
sheet 1/8 inch tkick.
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(S)-W8-T girders (b) 61S-T clrdors

Figure 16&b.- Beutfatigue tests of ~t-weldti UM riveted gird.r8.
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Figure

Fig. 17

____

_._.. _—.-—---

Ha Riveted” height of tiOpZ
i

MI inohefa.

b Spotwe ded;heightof drop 14 inohes.r

T1’7.-Girders after completion of imp t test.
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Ha Alliernating-mrrent weld before test.
● b AlteanaXin8-ourrentweld after test.

o Energy-storageweld Lefore test,
d Energy-storage weld after teat.

k

~igure 21.- Seotions through spot welds before and after fatigue
tests. Wgnifioation= 10 times.
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Figure 22. - Spot-%ld fractureafter fahe in fatigus. BerxH.ng
stress,i 3460 pounds per squareinch.
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