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Wediws ~irbon cust | teel und medium Mingenese cist itee. were
ctudied to .now the effect of me.s upon the mechinicil properties. Cou-
pont virying from 1/2 inca to 8 inches in croes section were cuct .nd
Leniile bir:s were prepured .nd tested in both the ¢ cust und vnne;led
ondition. lentity mecourement:, segreg: tion studies, rnd photomisro-
Briphe were .l:o obt.ined on the v.riou: sections. A compiriven wis
'de between rosults obtained itrom the coupons ina virious diimeter te.t
Lirs cuet to size. The effect of peuring tomperutures on the wech.nic:l
Properties wui wlso studied, r® wus the effect pioduced by high temper.-
tire hent trestients. ]
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AUTHORLZATAON

A The studies in steel castings were originally cuthorized by
the Buresu of tngineering letter QP/Castings (6-19-Ds) of 13 July 1928.

£TATEncT OF PROBLLM

2. The object of this report is to precent informution on the
effect of masc upon the mechenical propertiec of cast steel.

ks

3. The purpose of thic investigction was to study und set forth
&5 =iuply ae postible the ellect of mass upon the mechanical properties of
cust eteel. Thic is a subject that i:c of practicul importance to decign-
ing engineers, particulaerly those engaged in designing power plint equip-
ment where steel custings ere being instelied in sy:stems subject to
greater pressures and higher temperature: than those previou.ly used.
There engineer: have relied upon datu collected on the properties of
cact steel cuch as that assembled by lorig and Williwms (11)*. Tney
realize, as was noted by Lorig and Willliams, thut such date are rareiy
couplete in thut the chemicul cnalyses, ctize of cucting, heat treatment,
size of the specimen or the method of testing are not always known. As
auny of the data are obtuined from luboratory heate produced under idesl
conaitions the results may not be compartble to those obtained in &
commercial ceating. I1n commenting on this condition Sisco, in his volume
of the aAlloye of iron Monogrsphe, pointed out that or all the variubles
which may affect the mechenical properties of cact Lteel, and one which
is seldom mentioned in the compilation of datu, the effect of mass is
clearly the most important.

4. The lack of speciiic published iniormuction hes led to the
perennial controversy over the slgze of the test coupon, the use of
ceparctely cacst or integraully cast coupon:s and the sctuwl velue of the
date obtuined from & coupon &5 applied to the tcecepteance and rejection
ol & psarticular steel casting.

5. at thir is a problem wnich invoives no :pecial retearch equip-
ment or complicuted procedures it is interecting to note tnet there is
practically no pubiished dets uvaileble thct deals with the cubject in
2 logicel menner even though there must be many privste Lource: of
matericl similer to thet presented here. Practically sall o1 the authors
who have discussed the tubject have dealt with cart steel in tne heet
treated condition end huve concentreled thelir eifort:s upon the effoct of
hezt treutment upon the mecusnical properties In various section rather
than the effect of the mes: of the section upon the mechanical properties.

* The fligures appearing in parentheseé pertain to the references cp-
pended to thie report.




6 sven though there he: been no attempt to correlute the rise of
the section with mechanical properties it hes been pointed out thut there
ic con:ideruble variution in the propertie: of different sections of steel
cartings (2,6). It has ulso been noted thut the structure nas differed |
(1,2,3,4,5,7,9) in verious sections of castings und muny sttempte (1 to 9
have been mude to obtain uniform mechanicel properties or to iuprove the |
mechanicel properties of he.vy section: by meens of heet treutment. |

% derton (2) concluded from his experiments on core-drilled speci-
mens obtained from hervy castings thet silicon segregation caused low i-
cul properties in heavy cast steel sections. He stuted that better pbpﬂcal
properties could be obtuined by annesling the cestings ut tewpervtures
higher thuan those normally employed as the dendritic structure wus complete-
ly reiined ut these higher temperutures. He &lso concluded thot custing
at us low a temperuture as possible produced the best physical properties.

|

8. Harper and ttein (3, compared the physicul properties of test
coupon bers with those of drilled specimens obtuined from lurge steel |
custings end studied the effect of wultiple heat treastments upon the physi-
cal properties. They found thet higher ductility wes obtiinea in specimens
that were quenched or normulized us compared to specimens which were
tnnecled Tuey wlso noted the pnytical propertie:c of specimens obtained
fron properly heat-treated castinge compered fevorably with the tpecinens
obteined ifrom tact cougont, y

9. ducrherran and Harper (4) in & study similar to that by Hurper
tnd Stein reported that good phycicel properties could be obtuimed in mus-
sive Jections by & normalizing, ennealing und spherolaizing trestment.

10. h. #. Lorenz (5) in & puper presented ¢8 & portion of the "Sym-
posium on dSteel Custings" discucced heat trectuent of steel ceastings and
presented refults obtuined on 4 inch sections. However, he mude no com-
perison with the physical prop.rties obtainable im cust coupons or sections
ol' other sizes.

sy ¥ R. 4. Bull (6) pointed out thit different sections of the &
gteal casting mey have entireiy different physical propertles due to "T
different rutes of solidificution.

12. C. &. tims (7) discussed the heut treatment of steel custings
and pointed out that the empiricul anneuling time of 1 hour per inch of
section waes suituble for annealing at 16500 F, It, however, higher temp-
erctures are used the time cun be reduced considercbly without effecting
- the result. He found thet for each 100° F, increuse in the cnnesling .
temperiuture the time could be reduced by one-half. He also :teted thet |
& double normeclizing treutment is required to produce homogeneous, fine-
gruined cast cteel. The first normmclizing treatment «t u high tempera-
ture produces homogeneity (luci of segregution); the second trestment at
L lower temperature produce: tne fine griin structure decired.

X3, I. N. Arm:trong (&) conducted severil experiments on the luﬁ
trectucnt ol cact steel. Hie results wre similer to thoie given ubove :
|
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thut in «ll ceses multiple hect-trestments produced better auctility
thun thet obtiined with ¢ simpie annecling treutment.

14. White, Clerk ana Crocker (9) vtudied cerbon-molybdenum cc:t
tteel viive boales to determine if the muteriul in the welding end wis
sound, if the properties in thece ends differed actericily froc those ob-
t.ined in the test coupons und if the physicel properties throughout the
cestings were recsonubly uniform.

15, Their reiults indicited thit for the type of custing: thet
they excmined it i: possible to obtuin sound m. teriul in the welding ends,
propertie: in the welding ends sicilur to those obt.ined in tue test
coupons «nd rewsoncbly uniiorm properties throughout the wvilve body .
Theiec results could be obtuined if the gutes «nd runners were of the pro-
per tize ind properly pliced, i1 the pouring tempercture wes closely con-
trolied and if ¢ suitible hect trectment w.& used.

16. The Lteel Divicion Committee on Test Coupons of the amerieoan
Foundryaen' s Accociution reported (10) th.t segreg:ition of tluminum wie
recpontible for lower phycicul properties in hecvy tections of .teel
Custings. The coumittee ulio pointea out thit Low mectwnicil properties
suould be expected in section: where it is imposcible, or comuercisrlly
unfecsible, to prevent "axiel shrinkege" us microscopic volds are uiwiys
present in thece cectione.

WoThODS UceD 1 TisTalG

17. A study of the previous work on this subject showe thit no
dete hive been reported upon the effect of mesc on the mechinicul proper-
ties of ccet steels in both the as cust and unnerled conditions. As the
detigning engineer should huve some indicction of whit mey be expected
us mechanicil properties in vurious sections, it wes deemed advisible to
Study this effect. It should be noted, however, thct these dute can
refer only to the wnelyces studied and cen only be indicctive of the
properties of other cust steels produced in similer cectiont.

18. In order to study the effect of musc upon the mechenical
properties, well-fed coupons were cest in medium carbon :teel cnd medium
ranginese steel. The coupons were £ll 12 inches long and those cazt in
medium cirbon iteel were 1/2" x 1/2", 1" x 1", 2" x 2", 3" x 3", 4" x 4",
und 8 x &' in cross section. Only the 1" x 1", und 3' x 3" coupons tnd
ont of the 8" x 8" coupons were cust in medium mingunese :teel. guch
coupon wui top poured turough the feed hecd. The feed hecd waus iorge
enough Lo pernit the shrinkuige cuvity to iomm within it without extending
into tae coupon. The feed hewds were suwed irom the coupon prior to heat
trecting One coupon of euch cige ws unneirled ut 900° ¢, (1650° F.) for
the custom.ry time oi one hour per inch of section. The coupons were
then cut wund tencile gpecisens auchined from the locutions .hown on
Plute 1. The specimens were ull ctundard 0.505 inch dizmeter temsile
specimens except those muchined irom the 1/2" x 1/2" coupon. These
tpecimens were 0.313 inches in diameter with v gauge length of 1.25 inches




19. After the tencile tests were obtained were machined
froz the threaded portion of the burs for ¢ studies, dencity
mneasurements end chemicel analyses.

20. In another heat, bars 1/2%, 1", 2" end 3" in diemeter and
msamummmn&mmznnlum
tteel. Ome-half of the bars and one-half of the coupons were annesled as
before. Tensile test ber:c were machined froam the coupons wnd tested.
The bars were tested in the unmachined condition in order thut some indi-
cation of' the cctucl strength of cact sections wight be obtained.

. In « third carbon steel heat several coupons were cast &t &s
high end as low & temperwuture as wae practical in order that the effect of
pouring temperature upon the amechanical properties aight be noted. The
mpcma“ recorded were those obtained in the tensile cad the Iz0od impact

22. The methods of testing used on the medium mungenese hest were
similer to those employed on the medium carbon steel. Tensile specimens |
were obteined from the center of the 1" x 1" and 3" x 3" sections in both |
the &s cect and anneeled condition. The one 8" x 8" x 12" block of medium
mangsnese steel was annealed at 900° C. (1650° F.). Thermocouples were |
placed in the center, skin and midway between these points and the tempera-
ture gradient noted. The temperature of the skin lagged about 40° F. |
behind the furnace temperature until the furnsce reached its maximum temp-
erature. The temperature of the skin remained about 20° F, below the fur-
nace tempersture throughout the snnealing period. The temperatures of '
the midpoint and the center of the coupon were only sbout 10° F, apart
and lagged spproximately 60° F. behind the skin temperature during the
heating cycle. The midpoint and the center of the coupon reached the an- |
nealing temperature one half hour after the skin had attecined this t.anpnra&
ture.

23. after the block had been ennesled it was sectioned end speci-
mene obtsined &t the pleces indicated on Plate 2. There specimens were |
grouped together in such a sanner that, &sccording to the data previously |
obtained on the medium carbon steel, the natural differences in physical |
properties would be slight. OSome of these specimens were given {urther
heat trectments und then all were mechined into ctanderd tensile test

specimens.

24 . The duts obtained from the tensile bars macnined from the
location: chown on Plute 1 ere given in Teble 1. 1t will be noted thst
the yield point in the "as caat" condition is listed in only &« few in-
.tances. The representutive stress-strain curve shown on FPlate 4 shows
that in the "as cast" condition cast steel has no markea yield point. The
yield point muct, therefore, be determined from & stress-strain curve and |
us the only extensometer available «t the Leboratory ic the type that
wust be removed prior to breuking the bar, it was deemed advisable to .
determine but a few yield points in the "a&s cast” condition. The date ob-|

-
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tuined iy the tensile tests and & density curve {or the wealum carbon
steel cre shown diagrommatically on Plate 3.
|
25 The chemical anslyses on the center of the oné inch coupon
and the top, center &nd corner of the eight inco coupon ire given in |
Table % |

26. The datu in Table 2 indicates the strengthc of the machined ‘
tensile specimenc cut from well-fed coupon:z of different sizee a: coupared
to the ctrengths of unmachined bars of compurable -izes.

27. Tue effect of mass upon the mechanicsl propertiec of the
medium mangznese cast -teel ie shown on Plate 5 and in Table 4. The eftect
of heat treatment upon the mechanical propertie: of this steel ic alse
shown in Teble 4. :

28, The chemicel znelyses which indicate the suount of segrega- |
tion in the 8" x 8" block of medium menganese :steel &re given in Tuble 6.

|
MASS £dFeCT ON MeDIOM CARBON CalT STpkl |

|

29. The most outstanding feature exnibited by the curves is the ‘
shurp bends that are found in the tensile, yleld &nd reduction of trea
curve: in the neighborhiood of the 2 inch section. In generel, all of t.he‘
mechanical propertie: in the 8 inch section were lower thin those found
in the i/< inch section. However, the lo:s wes not «s& greiat in the an- |
nealed ctite ac it was in the &3 cast condition. The dermeity curve wlso ‘
showe & arop in vulue a&s the mase of the test block increcces. In the 8
inch cross cection it was possible to see small microscopic voids that :
aust have reculted from the menner in which the heavy .ection solidified,)
since the hesvy sections were as well fed as the light sections. |

30. If the properties of any one section are concidered, it mey
be noticed that the lowest resuits ure obtalned &t the center of the sec-
tion ¢nd the highest in tne bottom corners where iolidiricstion hes pro-
ceeded from two faces. The corner results cre ucuslly nigher thun those
obtained elsewhere clong the bottom where there it only one solidifying
{uce. These conditions ure more pronounced, of course, when the :teel is
tested in the &s cast condition, but they are also noticeuble in the heat
trected meterial.

3. mu.ummmuuwumaammnr
degree, it wes thought that perhaps segregation of chemicul compositions
wus responsible for a large portion of the differemce. Phosphorus end

ulﬂcmﬁum-mhmmmmho“ﬂ
mru,mummhm. This was ’
due to fuet that they were both present in very low amounts in the
steel as cost. ke the steel was made by the busic process, these

were 0.02 per cent for the phosphorus and 0.03 per cent for sulphur.
getion was also studied by chemical wnelysis. The centers of each
were snalyzed for carbon, mengsnese, silicon and eluminue snd the results
ere set forth in Teble 5. The greatest difference appeared in the carbon
content where 0.03 per cent was noted. The center of the one ianch



coupon wes algo exsmined wnd in generzl it appeured quite similar. The
meximum diiference wii &as represented by . compurison of the microstructure
of the center, Plite 7f, .nd the corner specimens, Plite 8f, of the 8 inch

upon

8

33. The suthors have observed in their review ol previous litera-
ture th:t trepunned specinens avve been tiken frow lurge sections tnd then
heut treated to show whot chungec may be effected in the microstructure by
the vuriou: types of heat treutments. It wuc thought thut the hendling of
specimens in thiis munner wmce not entirely compiruble vnd that the mass
would huve & pronounced effect, even though the heuvy sections received :
considerubly longer hect trectaent than wie cccorded to the trepanned speci-
men. & specimen from the center of the t& cist 8 inch coupon wes anneclied
«t 16500 r. for one hour, Plite lle, und compired with the structure of
the center of the vnnecled 8 inch coupon, (Plute 7f). Tue griin size of
the trepunned specimen wis 80 much smeller thiet it could not be illustr. ted
properly tt ¢ magnificction of 50 diumeters, so thut it would be actrictly
comptrable with the other microgriphs. The m.gnificition was tuerefore in-
creased to 100 dicmeters. This test, therefore, proves thut he.t treited
trepunned specimenc tiken from heuvy sections will not portriy conditions
thet would be found if the entire coupon were given compersble hect treat-
ments.

34. The 8 inch section wis the only one thit exhibited dendrites
on micro-exumination. The section was then muchined und unneuled &t 20
F. und cguin examined for dendrites. The dendritic structure appeured end
wud similar to thet found in the a5 cust condition.

35. It uppeurs from the wubove study thet there .re three conditions
thot bear upon the mechcnicel properties vs effected by mass. These cre:
\1, the density, (2) the c.rbon segregution, and (3) the microstructure.
1t ic difficult to wscertiin from the duta which of these is- the most im-
portint. Aas the section increusec the density drops, the curbon content
drops und the origincdl ferrite gruin size increises. In regurd to the
tensile strengtan and the nield point vilues, the microstructure :nd the
c.rbon segregction cre probubly the most importint in causing the lower
vilues. The denuity énd the wicrostructure .re responeible for the lower
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ductility found in the hecvier sections. From this it .ppeers thet the
microstructure i: the dominent controlling factor.

36. Ihe properties listed .t the center of the :ection sre the
poorest ones precent in tni: zection. The wverige properties over the
entire section .re better thun those exhibited by the center, due to the
preponderince o1 muteri.l heving better properties, zucn .: those exhibited
by the corners und edges

. Contrury to derton's (2) conclueions, the pre.ent dete foiled
to show tanct silicon vegregi.tion ciused low mech.nicii propertie: in heuvy
cust steel sections. The segregition of aiuminum, while umounting to «n in-
creucse of 12 per cent between the centers of the 1 .nd the 8 inch sections,
is only of the order of .005 per cent. The lirgest segreg:tion occurs in
the B inch coupon itself, which is .0l2 per cent. The mechanicel properties
in these two locctions are, however, precticelly identicel. This dite fiils
to check the stutement reported by the Steel Division Comaittee on Test
Coupons of tne Americun loundrymen's Associction (10) tuut segregution of
+luminum is responcible ior lower physicul properties in hgivy section: of
steel custinge.

38. One of the interesting points thut hus been continuully
stressed by designers is how do the mechinicul properties of cist steel
sections compure to those properties us exhibited by the well fed coupon.
This point wus invectiguted und the results are set forth im Tchie 2. in
this experiment, burs were ctst in the horizont:l position while coupons
were cust similar to those used previously. From the center of these c&
cust end annecled coupons, stundurd tensile bers were mechined und tested.
These specimens likewise showed the effect of mes: on the mechunicil proper-
ties.

9. The burs were tected in the condition they cume from the sund
mold except thet one set wae unneuled before teeting. The burs were not
m.chined nor were the cust curfices revoved.

40. The yield «nd the tencsile strength: were nelrly the siae in
both birs i¢nd specimens machined from the coupons, The ductiiity, however,
wes much lower in the cuce of the bers. Thie it undoubtediy due to the
rough surface of the burs. The decrecse in ductility with increuring mecé
is much grecter with the burs then it is with the coupons.

4. This detu points out that while the strength properties in
cuet sections sre necrly the sume & thosc represented by the coupon, the
ductility properties .re much lower end should be borme in mind by the de-
signer. The interesting point is thet the ductility results cre rither
erratic und would depend . grect decl on the surface of the custing und
probably on the sizc of the cxicl weckness.

42. it hes been steted (2) thet to obtuin the best mechunicel
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properties from steel castings, the steel should be poured :t :» low ¢
temper.ture 2s possible. The cuthors studied thi: effect by pouring, in
the same heut one set of coupons ct 2900° F. :nd unother set ¢t 2675° F.
Tensile wnd impict specimens were obtiined from these coupons in the us
c.st tnd wnnewled condition. The results obtiined from these specimens
indictted thit there wus proctically nmo difference in the mechonicil pro-
perties. The specimens poured st the nigher temper.ture exhibited alightly
better tencile propertiee and lower impcct velues thin tho.e poured :t the
lower temperivtures (Tuble 3). The differences, however, were so clight
thit they probubly would not be importunt commerciclly.

43. The etfect of wies upon the wechanicil properties of the
mediua Ling.nese ¢teel studied (Plete 5) is sl.diur to thet found in the
wedium curbon :teel. 1n eccn cese the mechinicil properties «t the center
of the test coupon decrecse i:& the mess of the .ectlon increcces. Tne vori-
«tion in the tencile strength is, however, con:ider bly gre:ter in the mun-
ginese steel thun it 1s in the pi.in c.rbon steel. The teasile strength in
the plein curbon steel in the center ot the 8 inch coupon 18 5,000 pounds
per squire inch less then th:et in the 1 inch coupon, ¢ drop of 6.5 per cent.
In the medium aunginece steel the decrecse in similir coupons is 10,400
pounds per square inch, ¢ chenge of 10.5 per cent. It should be noted thct
the chunge in the tensile strength of the m.ngunese steel decrewces grodu-
t1lly wnd rether uniformly with wn increwse in muse, <hereus the tencile
ctrength of the pliin cirbon steel decrecses repidly :t firet cnd then .t
u decreusing rute o&f the mess increuses. ¥

44 The other tensile properties ol the medium a:nginese stecel Clso
decrecse gruduclly end «t ¢ more uniform rate thcn in the plecan corbon
steels.

45. The tensile properties of virious sectiont of the eight inch
coupon v.ry in ¢ munner cimil.r to thut found in the pl:in cirbon steel.
Tuble 4 indicctes th.t the best tensile properties ure iound in the .ower
corner «nd the bottom of tne test coupon. The topeof the coupon, ilmmedicte-
ly under tne he.d, exnibits tae poorest properties .nd the propertie:c then
increv.e gruduclly towcrd thz bottom of the coupon. The lzoa impict sirengtn,
however, increcses -:= the miss of the section increwses cna it gre:ter &t the
center ol the 8 inch coupon thin it i¢ in the cornur of the coupon.

46. The size of the origincl ferrite structure in the medium min-
ginese (teel incre.se: us the muss of the section increices in < m:nner
sigilir to thut found in the curbon :teel (Plite 9).

AT Inere b ve bzen muny controdictory opinions expresszed con-
cerning the affect of .nnewling ¢t high temper: tura’ upon the mechinicil
properties of ctut steel. Therefore, severcl 1 Inch cquire seations were
cut fro the centriti portion oi the 8 incn coupon :fter it hed been cnneclea
nd these specimens were, with on exception, .nneiling treiwment:. It acs
aecided th. t the resulte obtiined in ‘nnetling sxell section:, wnile not
comp.rible to the hest tre-tinent of houvy sections, would approuch lome-
whot the recults obtiined in ‘nne:ling lirge sectionc, wherecs this would
not be true of normilizing or guenching trectments where tue cooling rite
would depend upon the miss of the speciven.
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48. | The cections cut from the Gentrul portion of the oon-
pon (Fiite 2) were tnuneuled for ome hour ¢t 1650°, 1850°,205(° und 2250° F.
(PL.te 10). The results obtuined from the tensile tectc of these specimens
(Tuble 4) indicite thot higher omnecling trectments increcse the ultlu.te
tensile ctrength, but couse . decrewse in ductility. Severcl cdditionui
specimens were :nnewled for shorter periods ut higher.temperutures, 1850° F.
for 15 minutes, z050° F. for S winutes cnd 2250° F, for 5 minutes. The re-
sults obt.ined from toese specimens were simil.r to those given ibove in
thit «n increuse in tensile strength «nd & decre:ce in ductility over tuct
obtuined in the origincl 8 hour wunnecl were noted. There woe pricticilly no
difference in the yield point, teneile strength or elongution in the long
.nd short time nigh temper.ture inne:iling treitaments. However, the reduc-
tion of cre. und the impuct welues were higher in the :pecimens :.nnecled it
high temperctures for short periods of tiue.

49. ceverwl specimens were given .n idaition.i double :nne:l
(Piete 11) et 1650° F. for one hour, 1525° F. for one hour, .nd cdditionil
tpecimens were given the heit trectment recommended by werton (2). It ig
interesting to note thut none of the hect trectments used produced proper-
ties superior to those obtiined with the double 1650° F. :nnecl (Specimen
C 4, Plete 19b, cnd thet in no ccse wes it powwible to produce in the speci-
mens obt.ined from the centrsl portion of the & inch coupon mechinic:l
properties thit were much better than those obtiined with « single 1650° F.
waneal in ¢ 1 inch coupon.

50. The photomicrogriophs obtiined from the specimens (nnecled tt
bigh temper:tures (Plates 10 ocnd 11) show thet us the inneuling temper. ture
{s increcsed tne original structure is groduclly oblitercted until ct 2250°
¥. the custenitic gruin size iz revesled.

: 51. Chemicul cnilyces were obtiined frow the center of the 1 inch

«nd 3 inch sections «nd from the top, center, bottom ¢nd cormer of the 8
inch section in order tnct the ssount of cegregution could be determined
\Tcbie 6,. Segregition of curbon cun be seen in thot the curbon content
¢t tune center of the coupon decreases L& the mise or the section incre:ses.
The c.rben content wt the corner of the 8 inch .ection is the sime s thet
ot the center of the 1 inch coupon. Tnere i slight segrogction of min-
ginese but no segreg.tion of silicon or cluminum.

52. This segregution of cirbon end minginese will prob.bly cccount
for the decrecse in tensile strength co the mcss is increcsea.
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53. The effect of mese on the mechinicul properties of cust
steel is 1o follows:

(1 There is ¢ loss in strength and ductility, (s meweured st tne
center of the section, && the musc increcses.

(2, In cirbon steel tne loss it pronounced ior the firet 2 inches
of croes cection «fter which it tipers ofi gridw liy. In tae
ming.nece tteel tnere i: no decided knee to the curve.

(3) There i: & decre.:ce in density und curbon content, und un
increcse in lzod impuct velue us the mco: increuses.

(4) uicro:tructure, curbon segregition und denzity velues cre
reLponsible for the decreuse of mechunicul properties ws tae
1i.8E increnses.

(5) bSegregations of cilicon, «luminum, phosphorus tnd sulphur
were émull wnd hed no .ppirent erfect .s to producing low
mechunicil properties.

(6) Trepunned specimens trom l.rge sections when heut treated do
. not exhibit the swme microstructure u¢s when the section is
' heut trected under comperible conditions. The effect of mess
is to produce ¢« lurger gruin structure.

(7) A compurison of bors cust to sise cnd stindurd tensile test
specimens from well fed coupons chow th.t the :itrength proper-
ties ure quite similir but that the ductility of the burs is
much lower than thit exhibited by the coupons.

(8) Diirferences in pouring tempercture h:ive no mirked effect on
the mechinical properties.

(9) High temper:ture :nneuling treatments increase the ulitim:te
tencile strength, but cuuse . decreicse in ductility.
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Tuble 2

The Compcrison of the Mechinical Propertiec of well Fed
Test Coupons tnd Bars Cust to Size

- : Perzent

msémnm Bed. sre..
1/2" soupon : T8 .. - 44,600 : 69,800: 70,700 : 29 s 34 + 4D : [P
T ﬂa"- % . 42,500 : 69,000: 69,700 . 28 :33: 38: 48
2" " ! - : 41,750 : 67,000: 69,000 : 20 32« 23: 4
3 LA 5 : 40,750 : 64,500: &7,750 : 18 :32: 24 40
1/z® Die Bur: 2° . - . 43,000 : 69,000: 69,506 « 1L :20: 133 25
in "« = 4" 358,300 : 4C,000 : 67,100: 64,600 . 12 3 16 : 12 : 30
n n L 8" 3“,2:0 . ”’m : &’m‘ &’m . A0 ¢ 13 - 8 23
s T R T LR i 39,500 : - s 65,8 ; <+ -+Us <t 13

Teble 3

The Effect of Pouring Tempersture '
the Phyeicul Propertiec of Carbon Canst bteel
. : Percent : Percent : Iszod
- DI 1< Ml EE-Lb&.
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Teble 7

The Effect of Muss Upon the Demeity of Cest oteel

L

Location of Specimen

Center 1"

Center 3" coupon

Top 8" coupon

Center 8" coupon
Bottom 8" coupon
Lower Corner 8" coupon

7.8379
7.8306
7.8106
7.8114
7.8122
7.8175



LOCATION OF TEST SPECIMENS IN CARBON
3 CAST STEEL BLOCKS -
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ANNEALED IHR /INCH AT 300°¢C (1650° F)

A OTHER HEAT TREATMENTS

1ZOD SPECIMENS

#

7

N

PLATE: 2



THOUSANDS OF POUNDS PER SQUARE INCH

THE EFFECT OF MASS UPON THE MECHANICAL PROPERTIES OF CAST STEEL
AT THE CENTER OF TEST BLOCK
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DIMENSIONS OF THE SQUARE CROSS SECTION OF THE TEST BLOCK
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THE EFFECT OF MASS UPON THE MECHANICAL PROPERTIES OF
CAST MEDIUM MANGANESE STEEL
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Plete 7
Kedium Cerbon Cust oteel

annecl ed

Plute 7u Picte 7d
Center 1/2 inch tection Center 3 inch Section
annecled 1/2 hr. 1650° p, Annecled 3 hrs. 1650° F.
(X50 (X50;

Plcete 7b Plute Te

Center 1 inch Section Center 4 incn Section
annecled 1 hr. 1650 &, annetled Zars. 16509 F.

\A50) {X50)

}Jl T_E I1c }l t? *'FL
Center 2 inch Section venter & inch Section
Annecled 2 hra. 1650° F. knnecled 8 hre. 1050V

. » f [ a ]
AU ) LAS0H)







¥odid UGt 1
Fiulte & Pl.te 8B
Top 8 insh tection Top & incii tection
ot \A50) annecled 8 hra. 16509 F,
(450

Plete 8b Pl: te Be

Bottom 8 inch Section Bottom 8 inch Section
ns Cuct (\X50) :anazled 8 nrs. 1650° F.
\ASC

Plote B¢ Plute 8f
Bottou Corner 8 inch iection dottom Corner B inch cection
Az Cuet (X50) Annecied & hrs. 16500 p,

(450)







Plzte 9

kedium Manginese (ust “leel

tnnevled

Piszte 9¢ Plute 9d

Center 1 inch cection Top 8 inch section
hinnecled 1 hr. - 1650° f. Anneclea £ nr: 1650° F.

X 100

(X 100)

l:te 9b Pl.te 9e
Center 3 inch section Bottom 8 inch Section
snneuled 3 hre. - 1650° F. annecled 8 hrs. - 1650° F.

(£ 100) (X 100)
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Plute 9c¢ Plute 9f
Center & inch cection Bottom Corner 8 inch tection
anne.ied B hrs. 1650° F. innetled 8 hre. - 1650° F.
(4 100) (x 100)
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Piute lla
Center 8 inch Section
Doubie annecled:
1650° F. - 8 hra.
185C° F - 15 nin.
(a 100) .

Plute ilb
Center 8 inch dection
bouble snne:led:
1650° F. - & hrs.
2050° . - 5 min,
(& 100

Plate lie
Center 8 inch tection
Mediun Cirbon .teel
s Ce:zt - annecied 1050° F.

Plcte lle :

Center 8 inch Section
Double inneuled:
1650° F. - 8 hrs.
2250° F. - 5 min.

{X 100)

Plute 11d

Center & inch tection
derton': .Lewt trectment
annec.eu 1650° F - B hro.
2012° r. - 2 hrs., colied
in furn: ce to 8000 f.,
wnnecled 15509 B, - 1 nr.,
reheit to 1275° F. .nd cool
in furni.ce to 600° F.

(% 100,

(X 100)
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