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THESIS



In view of tho €ast that the sudbject of
C-rbon Steels has been thoroughly worked out bty a mme-
bexr 0f experienced men, and that information en this
mbject is availadlo from a mmbdber of 8ouroes, onc may
think 4% queer that we should sclect it for our Teche
nical Troblem.

Our aim, howevor, was to obtain a greater
knowledge of tho subjeot of Carbon Steols throwgh our own
originmal work, and now that the work is completed, we
foal that ths experience which wo geined 4in the machine
shop, heat treating shop, micrograrhical laboratory,
and testing laboratoxy has been an ample roward for our
enorgye

Ve arc groatly infedbtsd to lire Walter
Hildor? and !'rs Charlcs Thomas of the Reo liotor Car Co.
and to Mr, C.HeStuart of Todgs Lrothers for their aid
in farnisghing ue mith matorials. ie also wish to thank
Lre Bgker, !Irs Mablow, and lir. eling of the ilichigan
Agricultural College for their valuadle sugzestions,

AeV.ArOnsons
HeLesBroane
East _ansing, lichigan, June 8th, 1921,
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St%eol 48 one 0f the main matericls with
which the oivilized world has to &eal in the prosent em,
The mamfcotare of steel has inorossod irmensely &uring
the past century, &ue the inoreased Ganand for 4% sl o
the inproved proscesszes which have ensbled the mamfase
¥res to meot this demand.

The two main constituents of steel are
carbton and ironge thoe porcentrze of thoe latter being sbout
9975, in the plain carbon stoelse Doeidss those two,
thers aro found s mumber of other eloments, which ars termed
fmparitiese These aro varying rounts of silicon, mnne
ganese, rhos-horous, sulphur, asnl traces of muny ether
metcls and motaloilse 11 grades of stool contsin a trace
at loast of silicon, :nd occasionilly as cmoh a2s 045%,
though most grades oontain between 0,05 and Q..

Vanganese is found in stecl in comdbination
with eitheor sulphur or c-rhon 4{n tho fowm of m:nganese
sulphide (1nS) or c¢:rbido of man+nnese (UnmglCle The pere
centago of mun-nnope varies from 256 up to as high as 1.07e
Steol of satisfaotory quality eontains frome trece %0 +15
Thosphorus, which is held in s0lid solution bty the iron
as the rhosphide of iron (FozP)e vhen the rhosphorus
oonunif.r).;%. 1% has a marked tonlency to inoresse the
grain sise of the metsl, thersby inoreesing the brittie-
ness. Sulphur chounld never ocour in stecl in axcess of
ol%,» tho oontent usally boing «O1 $0 050 I ocours
chiefly in the form of iron sulphide (FeS) aml manganose



sulphide (linS)

The elloy stecla occntain other eleoments
in addition to thcoac nuned nbovae Tho most conion alloy
fiteolyg rro miokel, nicl.clechrome, chiciilwo, chioue=
vanadium, andl silico-nin;anores Tl Genlo i tha alee
solmts which thair n:moz mizgoat.

In rlain ceyrien a%sels e curlon content
yarien from (01 ta obrat 170, iron coriaicilng more
then thle onor 4 of ¢ ton Yains Loroed ooutb f2one The

rrornertles voitr with 14 amount of czitor, ard in this

2

raper v navas triad to show poimy of {nsza Sutslanding

A1t roncene



There ara n number of pointe $0 bo conside
orod in the physiocsnl nnilysis of a sam~le of steel,
Among these, the most important are the tsnsile and Sor-
sional testse In this work, howevor, wo intendi to show
only the tonsilo proverties of a nmumber of enm;les of
plain carbon steols varying fronm a vexy low to s very high
carbon eontants In oxdor to do thiam, £t was neccesonry
to assemble data for tho following curvee:
ls Flastic linit |
2, VYaximam strength
3, liodulus of elastioity
4, “Wlastic rosilience
8. lednotion of arasa
6. Elonsation
7. fardnoes
The samplcs of staeecl which wers testsd
wero 7/8" r0llcd stcel bars, und in order %o dbring
them 8ll to th» same conditions bafors raking any tests,
it wrs necosunry t0 normalize thems This wes 8ono by hente
ing thom %0 1700 © F and allowing thom to cool slowly
in the furnace, for edbout .an-fonr hourse. :ftor the
srmnles had coBled, thoy were turned into test tars,=
four bars baing made of cach s-m-lee
The har@neas wns t-kon of cach test bar
both befors and after mormalizings The readings taken
Yafors hea$ troating were no$ consistest with the carben
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content, @uoc t0 the faot th .t the e-mrles cazmo from a
mmber of Aifforont mills and prodbably 44¢ not receive
the samo annerlling traatments ‘Mo rodinzs taken after
the bars were normglized show th-t tho hardnoss inoreases
uniformly with the fnexreaso in earbon contsnt,

In pulling the teat bara, ~» 180,000 Ihiele
testing mnchine was usefs * lerry strain gange was
attached to tho two pumoch marks in order to show the
elongations The load wns applied in 1000 poumd incree
ments until nenxr the elastio limit, and then it was applied
in 600 pound inoronantss The slongation was read from
the Berry strain cnuge at o~ch incromentes hen the
elgstio 1limit had Loon »eaased, tho jauge w-g romoved nnd
the lond wns incresed until the test dbar brokee

The data thus odbtained wrs used in plote
ting a stross-strrin diagram, from which wo were able
to repd tha oclostic 11-4¢ and gho unit deformations The
diamoter and tho length between the munch marks was
taken bafore and after dreakin~, which data emedbled ue
to compute tho roduction in arsa aml tho elongations
The unit stress at the olastio 1limis, the maximmm strength,
the moéunlus of alasticity, anl tha olastia resiliocmos
woere then computed from these datae ‘11 0f these data
and a samrle of the computstions will be found following
this discussion.

The acoompanying curves show the results
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B
of our tests, Fisure 1 shows how tho slastic limit anmd
tho maximum strength very with ths oerdon contente The
noints wore detomined dy tnking the average of the four
tost bars in cach semrles

Let us first consider the elastio limit
curvee Theo unit stress at the elastic limit inoroaser
uniformly and gradually for the gtoels having a ¢ -rbon
contont of from .3 to .9, and bolow and above those points
the inoroasé is not cuite uniform, btut is a little
mora r-pide It is nlainly evidont from this ourve that
if a piceoe of stesl woaro to be s2lectod for strength
alone, tho onrbon content should Le highs

Tho othor curvo ghows that tho maximum
strength inoreases moro ropidly then the elastio 11 it
until the eutectoid point is recachoels Yor hypez- eutec-
toid stonle, however, tho maximum strength decreanses.

The frot that these two ourves do not havo the samo slope
ghow that the elntioc ratio, whioh is the unit stress

nt thes olastioc 1limit 4ivided hy the maximum unit atroas,
deoroasen with the increonse in tho o-rbon content up

to th: eutestoid point,

Figure 2 shows tho ouxves for the modulnsg
of ol-atioity and the elastic rosiliences. The former
remains prootically constant at a 1ittle adbove 30,000,000,
However, for the sammple containing 0115 carbom, 1t is
mach lower, being 18,700,000 This aumple i3, as you
will notice, & practically carbonless steol, and is there~
fore vary ductiles
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Tho elastic reasilience increases gwmite
uniformly with tho insrsasc in tho earbon content,
Resilisnce 4is tho wor: which o body cen 40 4ia springe
ing bank afier a deforving foice hes boon romoved, and
is moasured in inmoh~pounds »or oudbio inche Honsce, the
ourve showsa that the hirhor carbon steelé havs a greater
tondenoy to return to their normal size and shape after
hoving been deformed,

Tigare 3 shows tho relation betwesn the
rar cont reduction in area anmd tho or cont slongation,
It will bs notioad that both of thosse ourves decraoase
with tho inorense in tho carlon content, and that thay
arec prrotically the srmo for tho euntectoid steels, &iver-
ging ezain cftor pasoing tho eutootoid point, Upon
ex-mining tho difforont tost bars after they had been
mlled, wo fourd that the recduction in area and tho elonga~
tion were morn nroncunoed throuzhout the distanoe between
the munch mar's in tha low carbon steels than in the
medium and high carbon steelse In tho modium garbon
steols, thene chang:s oooured chiefly in the "neoking”
section, which wrs about one-half imsh long, amd in the
hirh earbon steels, there was no very notioctle change
at nll, 2m the fraoture was prroticslly straight ascroes
tho bare

Figurs 4 illmstrates the hardiness of the
stoels The toat wos made with both the soclerescope and
the Brinell machine. The solo rescope carves &o,oonform
exnotly with the Pringll curves, dut the gensral tendency
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0f all tho ourves is to show a merked incrcase in ths
hardnass up to the eutactoid point, ad from thara on,
the hardness scema o ronin oither constant or %o drov

slightlye.

In tha followiny discusgion, steel will
te oonsideorod ss a wur> alloy of iron ~nd oarbon, free
fron the impurities cilicon, nunguneca, sulphar, ~nd
vhogrhomag, vl.ich or slwoys »raoant 4n commorcial piroe
ductae

Two chotomicrogre ha ere takon of ocach
smuplo,~ one a3 recoived =md ons in the normnli:ed cone
ditions In nonapliring, ecch s-mile was h: ated %0 1700°F
and allowad t0 coo mlowiy in the furnace for about twonty-
foar hours, which traatmeat snlargod the grain sl e
The samplag &3 reeoived were in 4k2 annealcd ecomition,
having beocn given s treatment vhich r-moved sll internaml
straine cuuesl by rolling erd oroduced n ctructure thet
gave it maximum etrength end ductility.

Ctecl 48 gonorelly greded according to the
amount of oarton i¢ gontanins, and thic grrding is wuoclly
expronged in the following torme:

Very low c.:rbon steel, very or extra
mild steel, Vaiy 0Lt or do-4 soft ateol = C not over «10%



8o
l.ow carbon steel, mild or soft

stesl = . C not ovar 265
ledsum high carbon steel, hulf-
hard steel - 0 o¢26 to 4607

High onrbon steel, hurd steel <« C  over .60°
Voxy high eurbon steel, very
hard or extrz hard stecl - 0 over 14257
in this work, wo ussd nino sguples,-
varying in carlon content from .0ll t0 1,085 Hewover,
photoniorograophs wvere taken of only six of these, wvhich,
we belleve, 10 sufficiont o show tho chanzs 4in strusture

with tho chango in ¢:rbon contonte.

i, r
&2 { ]

The ;irat two ﬁio'w.ren flluotrate the
gtructure of - rracticslly oarbonlens stesl, The 20m=
m:roial numo of this stesl is Amsricen Ingot Iron, amd
1t is amfactured by the ‘mericnn “0lling !"111s Compeny
of ii4ddletown, Uhioce Its mrin charactoristio s that
1t will not oxidize, ond 1t 13 used considoradly in
naking articles whioh nro ~»ypcead to the woather ond
which do not require much strength, such =g mrta for
vontil-ting gystomse

The difforenge betweon low aa-rton ateal
and wrought 4{rom is bnsod upon the &ifforence between
the methods employed for thair res ocotive numfagture
rathor than upon unlike chenmicenl or hysionl propertiass,
for these metals may inddd bo uite idonticel both
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physiocnlly ard choaicallye o moy conczlder low carbon
ateel as being wrou~ht fron from which the moch anlerlly
held slzg hna been romoved throush solting.

Tho picturas showf that the struoture cons
siste ochiofly of forrito, btut the &ark lines enclosing
the gralns ashow that there 18 o =a-11 = unt of unother
constituent prosonts (Tho Cark siote zre polishing pitse
These pits £ro practically unrcvoidshle in polishing such
n soft npoolmens) Those dnrk limes ar> called "rasrlite”,
wiich, whon suhjootod t0 & hisher m.gnification, ore
ghown to conoist of curred rl tes or lumillae altorm: tely
dark ond whitee Vi know thet osrbon o300 not exiast im
stool 4n the froo ntate, Tut thnt it ccours in tho Tom of
ocarbido of iron (FezCle The white lumillie consiut
of ferrites Tiotinotion is made bot 20n the fearrite
containosd in tho parrlite and tho f£orriie foming the
brlanens of low earton stael, by culling the foimer
"ponrlita~forrito” ond tha lotter "fria forrite”. "owever,
1t 13 natarnl to ecchme that froo forrito an resnxlitae-
forrite ern identionl in that thqy sre pureiron in ;are
stenle

Tho baack lemillce in ~onrlite, &n nen=
tionod above, are commosad of onrbide of trm (Te ).
Yows has named this carbide "comentite”, and this no
has be:n univ ridally -dorteds The atomis woights of
iron amd oarton nra 65 and 12 ras 9etivalys Thorefors

cenmentite muat contnin

3%_ e 6,87 carbon
x *



.01 Carbon Steel.
Etched with HNOZ in
CoHpOHa

12ge 80 x

Sample a8 received.

.01 Carbon Steel.
Etched with HNO= in
CpHEOH.

Mag. 80 x

Heated to 1700YF and
cooled in furnace 24
hrse.



+01 Carbon cSteel.
Etched with HNOZ in
CoHpOHa

age 80 x

cample as received,

.01 Carbon Steel.
Etched with HNO= in
CoHpOH.

Heated to 1700YF and
cooled in furnace 24

hrse.
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It 42 8 very hord gubstance, beins tho h-:legt of 1l the
constituonte o-curiny in $ron cmd steel, h-rdor avon
th-n harined hizh corbon atoly 7 mmentite in commervial
atesl con‘aina a mell omount of msnzanogas in tha fom
of 'mgZ, uimso tho ctomle wai ht of maganose is 66 and
that of irom i3 656, 4t hanpons th-t tho prosmee of
mant-n1g3 in ormntite hus very little affat unon the
oarhon conteite ™o inmrities silicoen omd sul-hur arse
»lao found in very sa2ll -uantities in comontits in the
form of the oilicide nmd sulvhida of fron rzs-ootivelye.
it has Vo found th-t tho pres .nce of noin: nese amd
miphur tond to incr.-ss tho 2i-bility of cementite,
end thnt the nregerae of ~jlicon tends to ¢aaracso the
ctatilitye.

‘o will L metiond from the photorr:: hs
of the .0115 c-rton stael, thera is = wry small cmount
of pesrlito vwresent,- the mnin constituent of this stenl
toing free forrites Tha shamo of the grains 1s prode
tically tho same 4r both rictums, thouch thosa in thn
norn-lized s~nple ~ra mich lorgore

The oocond ant of pileturses arn thoao of
e16 . e-rbon str-le Thia is in the gluaz of low corton
otasl, BRA ex:mination will show 4h;t thare 18 a mnrked
increase in tha guount of pearlite and n deorcase in
th» gmount of ‘ras farritas Thia ic dus to tha fret
that the allit -n-l earbon hag coadbinnd with sons of the
free forrite to form Fegl, and this combinna in turn
with more ferrits to form pearlite.



»15% Carbon Steel.
Etched with HNOz in
CoHEOH, -

Mage 80 x

Sample &s received.

+15% Carbon Steel.
Etchgd with HNOx in
[ Ho

ngf 80 x

Heated to 1700YF and
cooled in furnace 24
hrs.
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On tho naxt 2o are shown photomicrographs
of ste 1l hoving a orrlon content of «39.5e In com-risen
with thn strustures of tha rprocedlding s:milea, it will
s noticed that tho inorsass in the -mount of ¢:rton
hes &2 40 incracsed th- -mount of peorlits,corresionde
1y dacrcasing tho amount of froe forrito.

Thase throe eomples h:iva shown th ¢ the
21330f froa forrite k.2 boan czra tar th a tho arse of
roariitae Tho lattor sumdo gontoins 2lightly lcoss
than ono=h:lf ths anount of cnrbon th ¢ eutectoid
stesl contalns, «nd gince satoctoid ste:l 1s coupesed
entir:ly of iersliba, 1€ wiould Lo expigted th t thia
sanple would contodn enprovimately ojusdi wuouste of
roarlite and frae farrite, with the lntter o 18ttl,
in exceomse This 46 clenrly shown by tac plotursa,
in tha guiles to foliow, 4t will b3 noticed th L lie
amouit of posrlite is grvo-tor th n ths wicunt oL Iroe
farrit e

Tho mext tvo rleturss aro of <65, cuilonm
stesley T“hon ste>l containa tut o sa:ll, zlthoughr o pro-
eizbla, uzmeunt of Lerrits, s 4n tho ¢ oe with ¢ rlon
contanta botwaen 67 and L7010 tho forrite frogueutlly
fo:m.3 env-lopng or membruncs surrourdliog i p.rlido
grains, am arrenccmontf gonerslly doseribed se o "natework”
strusturs, no-rlits forminz tho noghoes smd the fres

forrite thn net 1rorores This notework stiucture is



439% Carbon Steel,
Etched with HNOx in

c He
r.ﬁgfoeo x

Sample as received.

«39% Carbon Steel,
Etched with HNOx in
CoHE0H
Mage 80 x

Heated to 1700VF and
cooled in furnace 24
hrs.



ABe
ghown vy clenrly 4in the ecoonmyirs photomicroe
£Tn hge Th2 molykalr-l sr-ina of Pfro- forrits havo diss

appo-re@ duns to tha groat onount of marlito.

“ho éteola rreviously discessed huve
cont.in:d a smalleor parceunt -go of carbon th n eatectold
gteol aml tro onlled "hypo-eutootoid"stselse The
followin:s discussion dsals with "hypexrwcutcotoid”
gteols and 1.:98e contain a lamzor ~ercont-g» of c:rbon
th-n aatectoid stoele o woaro u-iy'lo to obtain «
sumolo of eutoctoid steel, in which the structuro would
b-: entiraly per rlits, but the hotemicrosrsrhe of
the %35 enrbon steol chow . vexy largs smout of 1%,
the d-rk naroas rorregenting this constituont, The light
arens re rvaent free wonmentits, which gonorally romains
bright and btrillicnt after being etoched by nitric coide

Tho 108;- carbton steel i: rrroticslly the
grne, with 2 glightly greater amount of froo cenentites
It will be noticed th t the zproin structure do~s nod appear
until tho epecimen k- g teen nornalirede 4 vory large
gr-in of prarliteo 4u notic-dle & 1little to the upper
loft of tho c¢onter of the latter plotures The lomillae
azn be plainly socon even 1t 2 magunification of only 80x,.



+56;, Carbon sStecl,

Ltehed with Fli0e in
ColpCHe

Bnge 80 X

cample as received,

«56; Carbon 'teels
Etohed with 1li0a in
CoHpOHe

‘Bge x

Heated to 1700VF and
cooled in furnace 24
hrce



«95% Carbon Steels

Mage 80 x
Sample as received,

4937, Carbon Steels
Etched with ENOz in
CoH.OH4

Mage. 80 x

Heated to 1700YF and
cooled in furnace 24
hrse



1.08% Carbon Steel,
Etched with HNOgz in
CpHEOH,

age 80ex

Sample as received,

1.687 Carbon Steel.

Etched with HNO3Z in

CoHpOH.
« 80 x

Heated to 1700YF in

furnace and cooled

24 hrs.
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Tha for-roing eonlyses haw shown thnt
anrhon s 2 vary im.ortsnt constitvant of steele The
tonsile tast shows the Jorvwi-omding {nero~ie ox dew
araaze in ths pugesiccl pravorties vith thy irncrease in
1 action cnatant.

In gonyaring our rrgults vith those obtained
Yy othoer nen, w2 £ind th t thay sre practic: 11y tho sams.
The nloatie 11" t3 and thae moximur atrengths for high
e~7hon steols :r: 1lesz th-n thoons givon in Lioutweller's
"irohine Tozizn’, but this 13 orodb.tly duo to tho heat
troatment shizh we g vo opr g1 les,  flowevor, the
ganorel outlineg of th: curvaes are rractically the sme

a8 4hose ghown 1a Johneou's "mteri-las of Construction”,



DATA.

Sample No.l.

Chemjiogl Anglysig:-
Carbon - .011% Manganese - <OL7%
Phosphorus - ,008% Sulphur - .032%
Haxdnesa:-
Before Heat Treating After H.Te
Bar Shore Brinell Shore Brinell
A 18 8046 16 74.0
B 19 82,0 16 72.7
c 18 80.6 16 2.7
D 18 8046 16 et
Average 18 81.0 16 73.1
Tensile Tegt.
Bar. A B c D
Dia. before pulling 504 .50B +461 «506
" after " 274 L274 o= 276
Area before " «1996 2003 em===  ¢2003
" after " «0680 05690 ———- +0598

Difference in area «1406 .1413 daiensd «1406
% Reduction of area 70.5 7046 ———— 70.2
Length after pulling 2.90 2,91 ———- 2,92
"  before " 2,00 2,00 2,00 2.00
Diferemce in lengkh 0,90 0.91 n——— 0.92
% Elongation 46,0 4645  w-== 46,0
Load @ elastic limit 3000 £860 3100 3100
Stress @ E.L. #/8q." 15000 14300 ---- 15600



i
~ -
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Semple No. 1.(contd)

Bar A B c

Baximum load # 8600 8700 ~———

Max, Stress #/sq.” 43000 43500 e---

Mod, of Rlastiol 18.8 17.9 ——e-
(millions

Elastie Resilience 11.9 1l.4 enea
"#/ou.")

Unit deformation (in,).0008 L0008 e-e=

Precture Sem$ Cup and Cons.

Remarks:= Bar C was not compltely broken.

Sample No, £

Chemical Anglygig:-
Carbon - .15% Manganese - .30%
Phosphorus- ;010% Sulphur - ,046%
Hapdnegn:-

| After Beaf Treating
ﬁar Shore | Brinell

A 17 ———-

B 17 D
ceC 17 89,3

D 17 89.3

Average 17 89.3

8650
43250
.358
19.4
12.4
«0008



B
504
298
«1996
<0698
1897
66540
2.82
2,00
0.82
41.0
6600
32600
10300
51700
+630
29,6
17.9
+0011

S Nos 2
Teig;;g Te§1~

Bar - A
Dis, before pulling 504
"  after " +296

Area before " «1996

" after " «0684

Diff, in area «1311
% Reduotion of Area 65.7
Length after pulling 2.82
" before " 2,00
Diff, in length 0.82
% Klongation 41.0
Toad @ B.Le # 6000

Stress 2 B.L. #/8q." 80100

Msxinmum load # 20200

Max, Stress #/sa." 51200
Elgstioc ratio +580
Mod, of g¢lasticl 33,0
Elastioc Rmtﬁigg:o 13.6

("#fou."
Unit deformation +0009

Fracture
Remarks:-~

c
504
«300
«1996
«0707
«1288
64 .5
2,80
2,00
0,80

4040

6400
32100
10400
52200
«616
26.8
18.7
<0012

Semi cup anl cone

«605
287

«0647
«1366
62.8
2,82
2.00
0.82
41.0
6000
30000
10600
52700
570
30.0
16.0
«0010






- — @
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Sgmple Mo, 3.

Chemical Analvaeig:-
Oarben = 0.28% Manganese - 37%
Phosphorus - .0087% Salphur - .048%
Haxinegg: - |
Before E.T. After H.Te
Bar Shore Brinoll; ghore ‘ Brinell
A 25 —e—e 19 99,2
B 24 1; 18 9646
25 121 20 99.2
D 24 116 18 93,7
iverage  24.5 119 19 96.9
Jengile Togt
Bar i A » B c D
Dia. before pulling  «477 «440 4717 AT
" . after " «290 «266 «262 +270
Area before " 1787 L1656 L1787 L1787
" after " «0661 ,0666 ,0539 L0678
Diference in area 1126 L0999 1248 L1214
4 Redustion of area 63,0 63,6 70,0 68,0
Length after pulling 2,78 2.78 .82 2,78
" before " 2,00 2,00 2.00 2,00
Diff, in leggth 0.78 0,78 0.82 0.78
% Elongation 89,0 39,0 41,0 39.0



Bar A B ¢ D

Load at E.Le. # 4200 3500 4000 4000
Stress @ B.L. #/sq." 23500 22600 22500 22500
Max, losd # . 9100 7900 9200 9200
Stress O mex, load 51000 50800 51600 51800
Hlaste ratts!*% 600 o444 o435 43
Mod, of Elastioity 21e4 22,8 22,6 22,6
ma.m"ﬁ;iiiiﬁii. 12,9 11,3 115 11.3
Unit Qevo rhosion J0011 L0010 L0010 ,0010
Fracture Semi cup and cone '
Sample No, 4,
Shemicgl Analyslg:~
Carbon - .25‘ Manganese - .68
Phosphorus - 016 Sulphur - L0018
Hardnegs:-
Bar Before H.T. After H.T.
Shore m Brinell Shore Brinell
A 19 123 £1 140
B 19 123 21 121
( 20 123 21 143
19 123 21 126

Average 19 123 21 133



Sgmple g 4. (contd)

Zensile Togt
Bar T B
Dia. beore pulling «506 «504
" after " 339 360
Ar8a bdefore " 2011 ,1996
" after " «N923 «N962
Diff. in area «1088 L1033
% Red. of area 63 62
Length after pulling 2.70  2.68
" before " 2,00 2,00
Pirf, in length 0,70 0.68
% Elongation 85 34
Load O EL., # 6600 8000
Stress 8 B.L. #/ag.” 27900 80100
Max Losd 12608 13800
Max, Stress #/aq."” 62600 69200
Elastic Ratio 462 436
Mod. of Elastiocity 31.0 80.1
Elaatio‘gégiigggzo 12.6 15.0
Unit Goortonion 0009  ,0010

Fraotexe

Semi ocup and cone

«506
0340
«2011
+0908
«1103

2.68
2,00
0.68
34
6800
28900
12600
62600
462
32,2
13.0
+0009

«506
342
2011
«0917
«1094
5446
2,66
2.00
0.66

6300
31300
12600
62600
+600
81,3
16.7
+0010






Sample Noe be

Chemiogl Analvgig:
Carbon = ,39% Maiganese - +568%
Phosphorus - .025% Sulphur - .065%
Rardneas:-
Before H.T. After H.T.
Bar Shore Brinell Shore Brinell
A 21 129 24 169
B 22 131 20 181
c 21 181 24 183
D 22 136 19 187
Average 21,6 1a 22 168
Zengile Tegt

Bar T A B c D
Dia. before pulling .50b «500 476 506

" after " 416 LAL4 394 L417
Area befyre " 0e2000 ,1968 L1780 L2011

" after " #1369 L1346 L1219 41366
Diff, in arez 00641  L061Y 0661 40645
% Reds in area 82 316 Bls6 32
Length before pulling 2.00 2,00 2,00 2,00

" after " 2,60 2,48 2.50 2.48

D1£f. in length 0050 0448 0,50 0448

% Klongation 26 24 25 24



Sample liog 6. (contd)
Bar i A B ] c D
Load @ B.L. # 7600 8000 68500 7300
Stress @ E.L. #/ sq." 37500 40700 36600 36400
Maximum load 16200 15700 14500 16000

Max, Stress #/sa.” 81000 80000 81400 79600

Elastic Ratio «466 «508 «4560 458
Mod, of Elasticity 28,9 25.4 3646 30,3
Elastio(§i§}igg:;e 24,3 3246 18.3 21.9
Unit doforx{x:%{oz)x 0013 L0016 0010 0012
Fracture Semi cup and cone
Sgmple Nog 64

Chemic gl ﬁgg;xgggg—-
Carbon = 56% Manganese - +38%
Phosphorus - .008% Sulphar - .026%
Hardmesg: -

Before H.T. After H.T.
Bar Shore Brinell Shore Brinell
A 27 170 22 179
B 26 170 23 179
c 26 167 23 179
D 26 170 23 170

Average 26 170 23 179



S=rple .i0e6s {contd)

Tengile Taegt
Bar A B
Dis, tefore pulling .444 451
n after " ‘590 2390
Area Yefore " 01548 «1698
" after " «1196 «1195
% Red, of area 23 26
Length after pulling 2.44 2,42
" before " 2.00 2,00
Diff. in length 0.4 0,42
4 Elongation 22 21
Load ¥ B.Le # 5000 6000
Stress 5 B.L. #/aq_o“ 32800 31300
Maximum load # 13000 13600
Stress ' max. load 84000 85000
(#/ 8q.")
Elgstic Ratio «385 «369
Mod., of Elastieitwy £943 2845
(millions)
Klastic Resilience 17.8 17.2
‘"#/on.“)
Unit deformation +0011 «0011
Frasture Straight

c
476
417
«1780
01366
0414

2442
2,00
0+42
21
6000
33700
16400
86500
«389
3046
18.6
«0011

D

491
0443
<1893
1541
«0352
19
2,38
2,00
0.38
19
7000
36900
16200
96600
0432
3149
2le4d
00212



Samn oo

Shemionl Analyglg:-

Carbon =« .63% Manganese = +23%
Thosphorus = 0085 Sulpbur -  ,OL6%
Haxdnegs; -

Before H.T. After H.T,
Bar Shore Brinell Shore Brinedl
A 81 280 27 286
B 3 242 24 217
c 31 233 26 235
D 31 235 24 217
Aveiago 31 236 gg 231

To T

Barx A B c D

Dis. before Pulling «476 451 «b06 451

" after " o447 428 .47 0427
‘rea tefoke " «1706 41698  o2011  +1698
" after " «1669 1439  ,1772  ,1432
I1ff. in ares «0337 L0159 L,0289Y .0166
% Red. of area 7.8 10 12 10

Length after pulling 2.22 2.20 2.24 2,22
" before " 2,00 2,00 2,00 2.00

Diff. in length 0422 0420 0424 0,22
% Elongation 11 30 12 11



Sgmple No.7., (contd)

Bar A B c D
Load 2@ E.L. # 7000 6500 7600 6500
Stress @ E.L. #/sa." 41000 40600 37300 46000
Maximum load # 20000 18100 22500 18000
Stress @ Max, load 117600 133200 112000 122800

nasuo‘i{aﬁé") 360  JB57 4333 4369
Mod, of Elastioity  30.4  31e2 82,1 3146
(millions)
Elastio Resiliemce  27.6  26.4  21.7 2648
Unit avtalontiin (0013 L0013 0012 0013
Fraoture Straight
8 i
Chemiosl Anglyeig:-
Carbon - .94% langanese - +27%
Phosphorug = +010% Sulphnr - .012%
dardnsgg:i=
Befora H.Te A¥ter H.T.
Bar Shore Brinelil Shorae Brinell
A 24 174 25 236
B 26 174 27 229
c 24 174 21 236
D 26 183 25 223

Average 25 176 26 231



Samla Yoo 8. (aontd)

-~

Tengile !fggt

Bar o B e D
Diae before pulling L6506 o451 451, 476

" after " «482 om—- o=m= «466
AYea before " ¢2011 ~eee oo +1780

" after m #1825 meaee awea 1626
Diffe in area 0186 w-~- -~ S0154
% Red. of area 9¢3°  mmes  meme 8,7
Lemgth after pulling 2,18  ====  «wa- 2,18

"  before " 2,00 mmee  eeee 8400
Diff. in length 018  ==-=  --ae 0,18
% Rlongation 9 meem mee= 9
Load @ B.L. # 75600 - 6000 6000 6500
Stress E.L. #/3q." 37300 37500 37500 36500
Naximum Losd # 26300 18900 18990 22300
Max, 8tress #/sq.” 117400 118300 118300 125200
Elastie Ratio o319 318  .318 293
Modulus of Elastioity 51.0  31.2  31.83 50,4

(millions)

Klasti?"?7g;}§?noe 22,4 22,6 2246 21,9
Tnit deformation «0012 .0018 L0012 L0012
Practure Straight
Rematks:=

Bars B and C broke ouiside the punck marks.



Scrmle To, 94
Chemical ‘nalysis:-
Carbon = 1.08% Mengunese = .32%

Phosphorus - 025 Sulphur - .014%

Hardnesg:e

Before H.T. After H.T.
Bar Shore Brinell Shore Brineil
A 30 226 28 260.
B 54 228 28 264
c 34 234 28 261
D 34 229 28 269
Average 33 229 28 264
T e Taegt

Bar ) A B ¢ D
Dia. before Pulling 575 «BN5 ob605 4504

" after " WABT  gmm=  mme= 489
Area dbefora ¥ 2008  mme- - «19956

T alter " ¢1863  ~=-- ———— «1878
Tiff. in area 0140  wmaa w——- »0117
7> Rel. of area v ——— ———— 6
Langth after rulling 2,15 ———— ——— 2x2.156

" before " 2.00 ———- ~———- 2,00
Diff, in length 0415 -—- ~——— 0.18

% Elongation 7.8 -——— ——— 7.4



Sample To. 9. (comtd)

Bar A B c D
Load ¥ E.Le # 12000 11000 11600 11600
Strees @ B,L, #/s1." 60000 55000 67500 65100
Maximum load # 23900 21700 23200 23000
Max. Stress #/sg8." 119500 108800 116000 305000
Klastic Ratio «503 <507 0496 526
Mod. of Elastioity 32 44 30,5 31.9 29,0
(millions)
Elastic Resilience  bBB.6  40.6  52J6  b52.3
("#/cu.")
Unit deformation «0019 .0018 «0018 «0019
Fraoture Straight

Remarks:- Bars B and C broke outside punch markse



—Sumnation of Hatn for Curves,

Cardbon - Tele laxe.Stress licdulus of Elastioc

Content  #/sqein. #/8a.ine [Elasticity Resilience
«011% 14300 43250 18,700,000 11.9
.15 31200 51500 29,900,000  16.3
23 22800 51400 £2,100,000  11.7
o265 20600 64800 31§200,000  14.1
39 37800 80600 30,800,000 24,8
56 33500 85300 30,100,000 1846
63 59900 113900 1,300,000 2648
94 37200 119800 31,000,000 22,3

1.08 66900 112300 30,9005000  52.3
Hardness

Oontent irea’ tion.  hove Brineil Shore . Brinell
011% 70.4% 45,06 18 81 16 73.1
W16 64,56 48,0 19 86 17 89.3
23 66,1 39,6 g4 128 19 96.9
26  53.6 B4.0 19 123 21 128.0
o9 31,8 2445 21,6 131 g2 153.0
56 22,6 20,8 26 170 28 179.0
63 996 11,0 31 286 26  231.0
94 9.0 9.0 26 174 26  £31.0

1.08 6.5 7.6 33 229 28 264.0



The following set of somputations is an
exzmple 0f how forogoing data wes obtained. These figures
are those of Bar "A" of the +94% carbon,

B‘m‘the stress-strein diagrazm,whioh,was
Plotted fram the reedings tcken from the testing machine
and Berry strain guuge, we took the load =t the mastﬂ:
Limit ant also the untt deformation. The latter is found
by :eaﬂing the abscissa of the E.L. and @ividing it by 2,
singe the 4istance between the punch maris o'n the test
bar wes 2 inchese
Boad at £.L. - 75004
Haxinum load - ?.25600‘59~=
Unit deformetion - (0012"

Dismeter beforo pulling ~ 506"

" after " ~ 482"
Area befowe " - .2015. 52e1in.
" after " - 231826 "
Diﬁeremo in aren - 0186 "

% Refuotion in area = ,o%ae 2 9.2%
[ )

Length after pulling - x2 2,18"

"  Dbefoke " - 2,00"
Difference in length - 0.18"
% Rlongation e __Q;_;Q_: e 9.0%

Stress at Elastic ILimit « 7600 = 37300 #/sa.in.
1t - 7500 /

[ ]

Maximum stress e _23600 s 117400 #/sq.in.
Te2011




~Sample Cormtatiors (contd)

Elastic Ratio s gtregs 2 E.L. = % s 319

max. cbress

Modulus of Elasticity s sir
uni eiormation
s 37300
0

s 1,000,000

Elestio Resilience = rean)®

: 22,4 "#/cuein.
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