THE ELASTIC PAOPLRIIES OF M98T 4LUBINTE SLLOY JUBIRG
IRGLUDING THE BPFVEOLS OF FROBTHRELGING

Lhosis by
Irving Berler

In Fertisl Pulfillment of the Hegquirements for the Degree of
¥ustey of Sofenee in ieronsutiesl inglnecring

Galifornis Institute of Teohpolegy
Faendesn, Uslifornie
1938



ix
I3l

Vi
Yii
Viii

TABLE ¥ QUEIERDS

Soknowledgpmants

Semumapy

Introdunetion

Bxperimental Investigstion
‘Yosting Methods and Zquipment

Fraatyess loste

Resoription of Tests

Results

Disoussion of Resuite

Reforences

appondix Iy Index to Tests

Fage

B EF E coooos



i,

The suthor wishes to thank Dy, E. E. dechler,
unday whose direetlon thie yosesrch wes eorrisd oul,
Por his valuuble sssletenes and sugeestions, tnd
other members of the staff of Guggenheliwn seronauticsl
Leborstory, Gelifornis Institute of Zeshnology, Por
thelr suggestions and oritisisms. 7The photomiero~
graphs wore prepared by £. . Horkey, end thenks eve
due him for his exoelient work.



-

I, SURRARY

The alastic groperiies of fouy different slzes
of 1757 eluminum alloy tabing i» tecsiow and ocompression
a3o given, It wes Lound 386 Yhe yleld polnt in
sompression is consistently sboud 7,000 1be,/sq.ln.
loway than the yilold point in tensing,

4n fnvwetigition of e affast of presiresaing
{5 modie wad 6 surve 1o givern showsing the verlstion
of yield poin$ lin both tension apd copprossisn) ee
g fuanstion of the smount and directlon of prosiressing.
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Ii1le DI DOCTION

Perhaps the zost Dundssental probles lo straeisral
denign is s ssourate determinstion of the properiies
of &l naterisls used, Iz the thenry of elestieivy
ell meteriel iz ooosidered lsotrapie sud 19 this is
8o the strengihe of ¢ glven ssdarisl o purs cowppession
srd 1o pure teusion should be equal. Howgver, the faot
thet moet sluminue alloys ussd in the siyereft Ilndusizy
sre strongey in tension then in compression f8 Juat
baginning %o be seoepted. The effest of verious
wethods of ﬁ*ﬁ%iw%i% {nvolving el%sroate otrensing
of & neterial 1o perhers betler spprecisisd end
understond,

% s the gurpose of this puper o lnvestlguls
the preyerties of & peviienlsr slley, 179, in vension
and gompression axd then to i?.‘mﬂ Y effents of prestirese
sing on Shesd nPoreriies.
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pound Bishle testing mesbine {Figure 1)
haviog # loest mading of 10 pounds wes vesd fn all
tests. Io wakling the tension Insis it ves necomsayy
0 alip steel pluge in the oxde of ths tube beluve
fnsertion of the sposlmen in the jews of tho weohlnm,
Por stzein roadings fwo luggenberger lecsomators were
naed and thelr resdings wore sversged. Un thoese
tensomsters one division iz equal o spproxizetely
0. 00007 inohes poy fneh snd they wore read %o G.1 of
£ divielon. Plgore B shows the sebeup for & Yenslion
tont, This cethoed of tenling the tubses in fenslon
wog very sotisfootowy sa theve wore voery fow fube
failurer thot oseurred near the Littings, end when
gush failores ococuprred 1t wee found S0t the jaws of
the maehing bed bWeen sgxbtended ftoeo fer bayond the
fittings end woye ovushing the twbe. ihe fiviinge
are shows in Flgure 3, togebher wilh sowme iyploel
teneion felluves, Jension apesicens wers 18° loog,

The arrasgsuest for eumpression itests ls shown
in Figure 4, Loat eoupreasion syesisens were §° long
end in the sase of the 1Y ftube wmere only 4° long. (hey

wore out frow tubing 2 peeslved and $hern ths snds wars



8.

vory esrefully tursed down square esnd smonth in @
lethe, The two oompresssion plates bors direstiy oo
Phae Sesting muohipe end were leveled uﬁvvary sasurately,
2% firat & sphevieoal hesd wep inserted betwusen tiw lower
sonpression plate apd the Botlon of the tube, ﬁ@wﬁv@w,
this spheriesl hoed wes later dizeerded due %o unsatise
footory resulis, Tw compresaion apeoimsus were sut
&8 ahort »8 possible to prevent bending fallure and as
the sare tlue have no Yend effest™ on the tessoneleys,
Four Hugpenbergey tennmometers vere used, o8 is shown
in Pigore €, =ud tbs resdinge were sversged. Dy neens
of the four Sevmoswiters 1t wes Gomperatively essy o
daternine 17 the fubo wes bending. leats in whieh
sxoesnive bending ocoourred wseve disvervded, Howpvey,
1t wes found that teste io whish slight bendlag ooonrred
sould be uveed 47 the four teusorater resdinge were
svereged, This sversging wes found %0 be valid desdsuse
tests in whish no bending cocurred sod those in whieh
alight bending osourred gave slumost ldentioel veaulis,
Shen & eyiindrisal shell iz sonpressed exislly
sysmetrionl buskliag mey ooour at a ssrisin velue of
the sompresaive load {Referenee L}, In order %o nake
sertein thut this Sype of buskliing 418 sot coour belore
the yisld polint wes vesehed some prelisinery tests were
wadn, 4 tube wes loaded np te the yield point snd
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dilepsier messurenents wore toker ot right sugles acd
8% half-inab inorexents messuysd axisily. hese
Slerster mesauressuls were teken =t four differsst
loadings betussn no load eud tiw yield peint, 4% no
tize wey there eny eppreeisble inoresse or deoresse
in ény dlsmeter to indlewie thmt symewirisel buokiing
wes seoureing. It is trerefors balleved thet Srue
*Ploel compression” wum obizined,

He d4iffieslty was found in prestrsssing epacinens
in tension, ihe tubes wers plugged st the ends, as
praviously deseribed, and lesded o% & gonstent rate
antil ¢ losd corresponding to the desived presivoss
value wes vesthed, This lond wne kept esustent fop
five ninstes and then pevwved, leonsion speci ons wore
18* lopg and aftey presivessivg sope were rotelsnsd fop

tension teuts whils the pest were cut inte 5% lengtie.
for somprescion tests, Ouly two compreesion spueiiens
wore oot from eseh 18Y lesgih and they were sspefully
ohnaked for streizniness und Qonutupt dloseiar.

Poy prestpeasing Yhe tubes in comprescion & speoisl
woofien guide wes mede vy to prevent latersl bendlnge
This seteup is shown in Plgure 6, 7The gnide asonsisted
of tws halves of wond bolied together, lesving two atrips
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of tabing sbont one-helf ineh wids esposed sud wnsupe
ported, ibe gulde ens LI" long wnd the tubas were

3% in Lengbhe s ends of $these tubes were very
garefaliy turced down ogus®e on 8 lathe, ihe tube wes
gquite fres to move vertioslly »ith wespant %o the guide
sud laveyel expansion wes peyulited 4% the exposed creas,
ihe set-up wes Tound satisfsotony ﬁl%ﬁﬁ;fﬁ #iight bending
cegurred when the tubes were prostrosced up to 45,000

1ba,/agedn. It 48 fels thet tiere wes no vestyviotisn
ef leitevel expangion. Aflter prestresaing, ste tubes
wers $euted fn tenslon and twp Y coappossion spsslsens
gape out frop eavh of the obher Wbes. Here spsoind
aore wes teken In ehodking thw styeightvess of tie

speeinend,

{1} Pension sad Jompression lesis

As wren slresdy mentloned, the Tirst poyt of
$his inventigation weeg bo sompnys the gompresalvs
and tensils yield nirenglhs of = sephiouler sluminum
nlley. Por this mypoms four 4iffersnt aises of
17T alunines alley tublisz were seleoted, 411 of
these sizes wepe in the slmss of whet 4re known o
"thiekwwalled a?iiaﬁara‘” The spnesinens wede oul
fyoe 1B-Poot lengihe of tubing. dhe sives of the
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spsoimess and methods of tesiing bave sivesdy
boan deserived, for eseh size of tublng 8% leusy
twe oumgression snd twoe tension tests wers made,

&% firat 8 series of prelisinary tests were
made on 1 1/6% x 088 tublag %o desarmins such
Shings as affects ol shanges in teating provedure,
opblmus langihe of somprossion spegimens, mysher
of teasomaters neaded, alo. |

& sowplete index to sli tests is in
Appondix 1.
{8) Prestress lsats

in the second group of tests 1 1/8" x ,048"
495% tubling ser ased Yhroughoul. Heye Sheys ware
two pereseters %o be verled., Ons wse the type of
test tnsofer se how the dirsotiom of prestress
{tenston or sunpression) exd diveotion of Sesting
{tenslon or sompression) were cunbined. Vor this
all four possible Qoubisutiocns, as listed below,
wars used. |

1, Tension test of tublng prestrossed
in tension ().

#. TSeneion test of tubing prestvessed
in somurension (90}«

$, dompreseion test of tublag rrestiressed
in Sension (Bg/.

ds OComoression test of tubing presireseed
in sompression (Gl

The symbols im perentbeses indioate the method of
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labeling %ests in s indexn,

The seeond pordmeter wis the smount of presiress
used, Thres 4i1fTerent sltrosses weres ohossn as Tollows:
the lowast gipess was one which wes bolow the propore
tiennl limit, the seeond atress e one ohove ihe
proportionsl 1imit but s3ill below the defined yisld
poing, and the Shipd point wes sbove the defined yielsd
polat ond ae high as eould Ve eonvenlently boken,

The proportisnal 1isit ond Safined yleld poins,
se roferread to io the previous persgesph, naturslily
depend on She direotion of presivess, and ase wes found
from the Pivet grour of bests are lovey for oompression
than for Sarsion. TFiguze 1V shows tensien snd ecumpres«
sion tests of the sormal {®ero presipees) tublng. ihe
diffarent valuss of preatyess used (1, 8, 3, 4, & eud &)
for saeh dose uye indlested.

AL terts sere done %wige u:0d in all there were
£4 tudber tested, 4 eomplate index of these tests 1s
isaluded in Appendix I, oy sdditionsl tesis ere also
froluded in ke indeX.
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ibe vericus Serms uesd will Pirst be definsa,

the properticasl iimiv is the maxirum stress fop
whieh the strsss-strein ourve Is 2111l e streight line,
ite value 1m‘ﬁ9§u@aam&ae onlye

The yield polnt iz the sipess whioh produses &
pormsnent got of 0.25 of s initisl goge zaﬁgtbq

Vhe slongation (whers given) io bozed on &

gags length in Yhe ouse of Yhe 18" spesioens, end

8 3" guge longth Por the 18" spealizons,
Young's Podulus and the ultizste strength bove
thely uwensl signifioanse,

The results of the tension snd compression teste
on the four 4iffevent sizes of Yubing eve plotied in
Floures € to 18, It will be noted thet sll tesds eye
fivat plotted on & stageered eoordinste aysten Tor
slarity {¥Flgurss 6, 8, 10 ovd 1R}, Theu typicel sets

of tension end compression curves are plotted Lo compeye

differennes in %the ahepes of ths ourves {(Flgures 7, ¢,
11, snd 18). Flguyse 14 and 18 are oeospeaite euyves to
gonpsre all %he tube sises,

Trotoel tersion Pfeiluves are shown in Flgure B, and

sonpression fatlures aye shown in Figave 16,
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The results spe in tebulay fors in Table i
{avoreges of two or more tests plotied in Piguves
mentionad previousliy).

PaBLE I
Froperty "2, 008° 11¥2.040" 17x.088" 1 x, 049"
5 x30"%/1%  10.9 10,4 10,0 9.7
Proportionsl
Tene Limis 38800 8800 38700 29800
sion Tield Foing 48000 81800 47600 431400
ULt Lmate 85 »
e oot 1§ 6360 68080 6590 63980
Blongation 24,45 R 88,04 88,84
Bx120"%/1% 102 0.8 10,1 9.9
Feoportional 4 ,
Limit 25100 28000 20800
Yiald roint 38300 43900 40000 {0060
Ultimate . 42 1 5554
i 86520 54240 6170 58350
(Tension Y.2,)={Jomp.¥uPe) 7900 7400 9200 1400

{Tonston Vol je{Campelele} V700 12800 10900 «BO00

he resulis of the prestresaing teste ape ploited in
flgurves 18 %o 21, Fligures 82 to 30 ohow everage surves
replotted so 26 %o indicste mors olearly She effeots of
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prestreseing, Fioelly, Figure 88 is & plot of yield
polint versus smount of Prestyess,

The yesulte ape &lsoe pressnted in tabulasy fom
in ioble Il.
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TABLE IX

Prasiyossed to

F#ﬂ?ﬁrﬁiﬁ& -

Fepnsion

oo

&aw@wamaiaﬁ

iero Prestress
{Fros Tedle 1)

%ﬁ.w &%‘ﬂ!i@&
in Tesnion

42,000 &h'ita*
im Teneion

0,000 1b./10%
&m isnsion

in
Sompression

tﬁ% 1h0/1§h
@aawnuaa&un

w,awim./mﬁ
|
Sompression

& 5 10" 1b,/1n."
rhionnl Limit
?1% 4 Poiat
Ultimute Strength
Elongation

5 x 10”8 1./t *
Fproportionsl Limit
Yiald Foint
Ultimute G¥rongth
Zlongstion

3 & &ﬁw &W&m
ridonal Limit
Yiw d Foint
Ultimate Streugih
Zlengetion

B z 10" 16./10,°
g@rﬁ&am&l Limis
f&ﬁ Polint
Ultimate utrength
Elongetion

&z 10°% 10,/10,"
Fropoviionsl Limis
Ti0ld Point
Hltimste UStpengih
Hlongation

&z 30" 1b,/10.°
Froportionsl Limi%
Tisld Velnt
Ulsimnte Sivength
Elongrtion

5 x 10°% 1b./tn."
Froporiionnl Linis
Tield foint
Fliinate ivrength
ilonpetion

13‘3

10,4
30500
89600
87160

10,6
44800
57180
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Vie DIaGUz8I08 OF ResuLs

From en inepsotion of isdle 1 1t is immedintely
apperant thet i velus of the tensile yield puiast is
highey than thut of $iw yield point in comproasion,
in the case of thres diffsrent sizes of tubing the
average differvnce 18 7,400 1b./eqein. However, it
oar be soen thot the 1™ x (040" Sublug gives different
results, aslthough in thie ¢sase the tensile yield
point fs sise higher $hun the yisld point in eospression
the &ifference is only 1400 ib./eqein. bile the four
dsfturaat yield roints in comprassion sre szpproximately
the seme the yield point fn tension ie muoh lower for
tho 1" 2 »U48" tubling then for the otheyr thyee siias.
thwreforu,; the faot Sint the differsnes in yleld point
{oompering Sonsion end cempression for the 1* = ,049"
tubing) is too sesll iz beosuse the tension yleld poiny
for this size Sublng is muceh too low. Ihe resson for
thie is not definitely knoes, Bat it is highly probedle
thet thoe low tensils streagth i2 sinply & oherusteristie
of the pmrtiouler tubs tested, LHithery the hest treatoect
wes not culte high enough or the tebe drewing operstione
for this size are 4ifferent than thone for the olher sizes,

In Jeble 111 iz listed wvalues of the yield point of
Lvs? me found in veriouns refevendes,
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TADLE XIX

Tiald Point Tield M.in ,
foures in Tension Voupresaion Rennrks
hslooe Hondb'k, SP000 Yot given Lyplesl Froperiies
Reforenoe 4 of A9e%
Aloos Houndb'k. : 4 Guarantesd miunimem
Referonce 4 40000 Hot glvon for Tabing tested
ARG -5 KOO . ¥inismm soseptable
keferense § ) s value ("belore
stretehing” )
L8 o Einfoun socepiable
heference O 40000 5°Q9@ valus (“after
stretobing”; L.9.,
*as yecolived”)
Teoh. Hote 618 44000 BEO00 fopr 8% x 085"
Aelarance & Tubing

It will be noted thet in the letest edition of the
Aloos Handbook {18397} tensile walues only aps given, Howe
aver, the newly published "4HG-3" Hendbook gives valuee for
both tension snd sompression, 4leo, sines tublog “ee
reccived” hes Less atrutohed in n stesighiening prosess
values ers glven for "efter ateptobing” and "before stretehing.”
I% must bo vemsubered thet the verious febriestion
progessss through whieh tThe tublng must go, sush sy drewing
snd atretohing, sre in effwct ;Pestyessing opsrstions insofep
ts the tension upd compression tests Just mentioned ave

gonoerned, ITherafore, before sonbinuing this phase of the
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diseussion the taste on prestressing will be tsken up,
The affeut of prostressing is best secn from
Figure 28, It onn b seen %het the yield point in

tonaion le puiusd

, by prestiressing in tension and lowered

by preatressing in oompression, Jarthermore, prestres-
sing below the proporticsel limit haw preetioslly muo
affeet on the yield point, snd es ihe smount of orew
strassing 18 inoyesnsed its effaeet, whether to relse oy
lowey the yisld point, is murs proscunced,

it sen elay be seen from Figare 26 thst the yield
point in ocompresaion 15 yulsed by proatressing in eoupres~
slon. fere also prestressing below the proportionsl limis
has very 1ittle effeat or the yileld polnt, bult the effect
inorenses 84 the prestyess velue is rulsed, ke curve
shouing the wsrietion of conpressive yield point as s
funation of the value of nrestyess in tension {8 not eimiley
to the previous ceses, It sppesrs that this Sype of prew
styess sloo hes very 1ittle effect in the elustio region.
However, o8 the tensile presitress iz reiesed up tu the
propordicnsl limit the ocmprossive yield puint iz suddenly
insreassd %o & veyy high vwalue, after whiok i% deorecses
propertlonately %o $he suount. of presirsss.

Fhrslezlly, it is d4iffioult $o sonoeive of this
sudden inoreses ix yield yoint, snd alse, a8 will be sesen
lster, this does pot seem to sgree with other similer
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expsrivents muds By Ssuwaohinger {dsferense 2). It would
be axpested Yhet the couprossive yleld poiat would progrese
aively deorecse o8 the Sensile presviress wus invvessed bayond
the proportiopel 1imit, and =mould never be sbove the noymsl
gonpressive yisld point. 48 & metter of feot, seversl sheok
points {eiso plotted on Jigupe R} Indioets thet Shie surve
is donbiful, and further tests should be made fopr this oses,.
A% thie point it is perhupes bHest Lo disousz the work
of other inveatigebors.
ite effecte of allerunie londing, whioh i@ what the
prostyens teste really ure, wore fipst inveatiguted by
Bausehinger in 1861 {Beferancs £). He found the followings
Ie hen a sebul is loaded above tie alastie Llimits
in tenslon or sonpression the slastis linit for siressss in
the same dizsotion is relsed, dimilarly, fér girsanes in
the opposite dipeation the elasiis limit is lowered, he
letter effeet s known s "$he Beusshinger ilfeat,” ilse,
thia inersuse or desressse is proportionsl %o $he inivisl
overiosnd sbBovs the elastie limit. (he elasstie limit lowered
in this way does not revsover i sny length of time,
£o 17 the elastie llslt has been lowdrsd 1t oen he
rajlasd sgnin by sliersate tosslle und sompressive stresses
whioh imowsase in empliiude, buil the origissl elastie
limit will mever be vesohed. Yhis higher elestie limis
i evlied %he "naturel olastis liwmit,”



G By ¢ grest nunber of repested loadings beivesn
zoye sndé & given stress (of the sese sign) the elasiie
limiv is zedsed, dut not indefinitely. 1f this glves o tress
is 80 high et e alustio Linit sannot be preised sbove
it then prupture will ooduy.

The Tirst law of Ssusehinger is horne out in the
prostyess tests in thres out of Pour of the cases, In
this fourth cess slpsndy msotionsd, & alress of opposite
sign snturlly osuses e inoreasy in yield polnt in o glven
PERGR o

e cihey tws conelusions of Hsusohlisger cre mosily
of faporisnss in the fetigue of metals under slteranste
SEPOBROH,

The effeet of prestyressing on tublne bss slso been
inventigated by H0lt end Heptoesn 6% the Aluminum Hessapsh
Leboryetories {(teference 5), However, they wers shiefly
intersated in the affect on ocolumns snd give very 1ittle
dste on the sotusl yield point dn diyect gomprassion. Fouy
polets obteined from thelr results ars replotted on
Figure 28 and, ez oss L8 asen, sgreo very well with the
BUTVEE o

The tension and conpressisn curves of the Pirst
purs »ill now be dissussed fupihers

An ettenpt may be »ade vo oxplsin the difversnees
batwesn comprsasion npd tsnsion ieste of the tubling “ee
recsived” by olossly extmisning the setheds of Pfebrication
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such o8 Jdrawing, sunealing, host-iposting, aud siretohing.
Undoubtedly these provscses have & very definiis offeet on
the tube properiies, ilowever, i%‘mua% be renenbared that
this differentn in yleld points has slso bHees found in sost
metel, and 1% seems Lo Yo sn sotuel property of the materiel.

in an effort %o explain this yield polnt wvariation
& series of photomisrographe wers teken. Jpesoinens wore
sut both yeppendioulsy end mrallel So the axis of
losding {(uxis of the tuba), 4 tubs failsd in compression
wes oul nesy the senter, one failad in tession wes gud
glose to vhe break, ond & nofmsl tube “ga yeoalved®™ wes
outy snd all wsre polished, Uix speosiuons i &ll were out,
it mognifioslion uvaed wes 100L,

Pigures 27, 88 sand B9 are photomisrogranhs of
speainens ont parailel %o the tubs uxmis, Figures 30, &)

and 38 ore photomierogravhs of speoicens cubt perp

to the tube axis,

It oan be genn thet thare is no wmensl 4lstortion
of the erystelsa in epy of the photogrephs, 1% nay be
gonslnded Suet the vesson for the varietion in yield poing
is not spperent from ihe photomierographs. loweswsy, 1%
miet be recembopred that the tensiorn spsalmen reprusunts
gonditions a2t fellure, wnd the vocmpression speclsen represenis
sonditions ot sowe unknown sirvess (singse foilure cecurred by
loosl buokling »t the gpds of the tubs)s Ferbeps ¢ wmove
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thovough motellogrephienl investigetion mt various atyresses
would rowvssl somethilug of value.

spong voseible @xpl%&ﬁ@iﬁ%ﬁ for She "Beusehinger Hfw
fept® the Pollowing msy be spentioned: = roletion of the
dirsotions of the prineipel sivssess, 2 ghange in the
thyes prineipsl stresses, «nd & distortion of She letsice
styrasturs. ihe letter hes besn lnvertiguted pesenily
by mesns af Tepey 4iffrastion petterne,

is yot Yhe phenomenon »f ihe vurletion in yield
seint hes not been setlsfeetorlly sxpleined,

one perenster whieh weeé sot gonsidered In this
fnvertigetior »es the effsat of aging sPtey prestrassing.
1% will o aoted that the dedtes of boith sypassyessing and
testing ave ineluded iu the fadex to texis {avnendts X},
in attempl wes peds %o weepn 21l time {ntaevals uniforn
Bo thet 1t-i$ velisved the sffeat of sglng is =0 minoy

{mportanse 1n the present teals.
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AFPINDIX X

index Yo ilests

* Indieates test hes been plotted on one of the Figures.
Ho. 1988 m. In, §/4n® Limit Point Strength

0o BPREES IOGER TE BT A

2/8 1 1/8x,068 8

8/8 1 3/8x.066 8 10e& 41000 69RO

g/ 1 1/6% 8 10,2  $0800 mm mma

2/12 1 1/82,005 4 8/¢4 10,7 83400

2/16 1 3/5x,068 4 18/16

8/18 1 1/8x,068 & 1B/18

8/19 1 1/6z.,068 é

wgl i Wm»ﬁﬁa &

3/ 1 \/ex & 15/126

5/8 B 10.8 26000

3/% 8 10,8 25800

3/28 8

5/28 8

8/83 5 10,8 24800

a/88 8 10,8 28800

3/28 ‘ 8

8/s8 b |

4/18 ) V m*ﬁ‘ﬁ 8 10,8 26600

4/16 1 1/83.,049 B 10.8 85000

4/18 1x. 365 4 10.1 26000

4/16 1x%,065 4 10.1 26000

4/18 13,049 4 8.6 30000

4/16 1x, 049 4 10,1 29000

5/ 1 1/23.088 8 Pel 84600

5/ 12,049 4

5/ iB 1 1/8x,005 B 10.4 84000
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