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.ABSTRACT 

Coupons and test castings of suitable dimensions to reprose~t 
a section of n heavy o.nchor shnnk were hent treated by ten different 
procedures. Ono lot of en.stings vas Made from each of three vcr<J similar 
heats of modified Class :B steel. In ca.ch lot, a 'Prolonged anneru. was 
used as a control t reatment. 

Hcthods of sampling, description of t esting procedure, dntn, 
interpretation of r es11lts , concl usions, o.nd recom:ncnd:>.tions nrc given. 

It i,ms f ound that "Prolonged o.nncnling con be rcrplnccd by 
several shorter treatments . Alth~ugh not recomnended for ndo~tion 
as n spcci fic~ti on nt ~resent , quonchin~ n.nd t empering gi ve the Most 
desirable physicnl properties. For expodi~ncy and sntisfnctory ph;r­
sicnl. pro:pcrtios, n single norrk~lizinb and tempering treatment is 
suggested ns the MOst logicn.1 t r c~t~ent. 



AUTHOR! ZATI ON 

1. The problem was authorized by :Bureau of Ships letter S-26-2 
(3692) of 7 April 1942. 

STATEl-®TT OF PROBIJI:?~ 

2. Navy s-pecification, 6.A2a, req:iires that ·stockless anchors 
be given an annealing treatment involving a time cycle of 72 hours. 
regardless of the weight of the anchor. Such a treatment is unduly 
long and does not ~roduce optimum physical -properties. The object 
of this investigation, therefore, was to develop a suitable heat treat­
ment which would be shorter and eq_ually or more effective than the 
specified treatment. 

KNOW FACTS BE.ARING ON' THE PRO.BL:DI 

3. Some of the wor~ in connection with this investigation has 
been previously reported in references (1) and (2). Reference (1) con­
tains an account of information available in the literature and of pre­
liminary e.xnerimental work as well as the results obtained from coupons 
and test castings corrcsnonding to sections of heav~ anchor shanks. 
Reference (2) contains further results obtained from coupons and test 
castings. Although not directly connected with this problem, reference 
(3) reports the investigation of two failed Danforth Anchors . Improper 
heat treatment of one of these anchors was a factor contributing to its 
original failure. 

4. Frol![I the results of the previous work several conclusions 
may be di'awn: 

{a) Prolonged annealing is l ess effective 
in promting optimum ph,Ysicnl ~ropertics than any 
of several much showter treatments . 

(b) Ho~ting rates unto 400°F. per hour do 
not seem to be harmful in uniform sections of rela­
tively mild steel such as is used i n anchors. 

(c) Long soaking at austenitizing temperatures 
is unnecessary. Satisfactory results arc obtainable 
from periods shorter than the commercially conventional 
"one hour per inch of section" if ~roper nrec~utions 
nre taken. (It is to be noted that one hour per inch 
of section amounts to considerably less, even for the 
most massive anchors. than the 30 hours. nt tCJ?roorntures 
given by Specificntion 6A2a. ) 

(d) Accolcrnted cooling rates from austcnitizing 
temperatures, follo,.,cd bv suitable t empering, -produce 
the most desirable microstructure and thereby the best 
combin;it io.ns of strength, ductility :md notched-bnr 
impnct resistance. 
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(e) Double treatments appear to be more 
effective than single treatments although the d~ta 
nre not sufficiently complete to warrant n positive 
stntcment. {This matter is clarified by the third 
series of experiments described in this rOJ)Ort.) 

5. At conferences with metallurgists at the Norfolk Nnvy Yard 
and with representatives of the foundry industry, it was empbo.sized that 
war- time difficulti es involved in the acquisition of new equinment which 
would bo r~quired for high temperature treatments and liqui d quenching 
would prevent mnny foundries, otherwise inn position to 111c'Ulufn.cture anchors 
for the Navy, from bidding on anchor contracts. For example, most heat 
treating furnaces i n current use are not designed to operate above 1650°F. 
or 1700°F. and a good many foundry heat treating departments are not equipped 
for liquid quenching. Fu.rthermore,batch heating is conducive to rather 
large tempernture gradients throughout a charge and unless adequate pyro­
metric equi~ment is used to insure that all castings have reached the 
desired temperature and have been held for the ~roner time, holding at 
heat treating temperatures for minimum times might be a dangerous practice. 

EXPERIMENTAL PROC:mmE 

6. Test castings and cottp6ns for the exPerimental work were made 
of basic electric steels. tho ~ompositions of which are given in Table 1. 
Photographs of the two tyoes of cou~ons and of a test casting, which were 
taken before removal of gates and risers, aro sho'fm as Plates 1 and 2. 
The final dimensions of tho test castings were 10 x 10 x ~ inches, being 
of sufficient cross-section to ap~roximato a heavy anchor shank nnd long 
enough to eliminate end effects from solidification R.lld heat treatment. 

7. In order to answer the questions implied in pnragraph 4 and 
to comoly with the restrictions imposed by paragraph 5, n new series of 
he~t treatments wos applied to six test cRstings and corresnonding cou­
J)Ons. These tre~tments are Nos. 7 through 12 listed below. The previous 
trentmcnts , discussed in detnil in the other reports dealing with this 
investigation, are also 1isted by their original numbers , 1 through 6. 

Heat R 

Treatment No. 1 

1800°F. , 6 hours, .AO to 9500:F. 
165()01"., 3 hours, AO to 9000F. 
13000F. , 3 hours , FC to 95()0F. , AO 
Total time involved - 35 hour• 

Treatment No. 2 

1 ?()()OF. , 4½ hours , AC to 9000F. 
130QOF. , 3 . hours~ :FC to ?a)OF., AC 
Total time involved - 32 hours 



Trea.tncnt Wo. 3 

1600°:F. , 25 hours, FC to 865°F. 
(Hc:\ting tiMe, 15 hours; cooling 
tine, 24 hours) 

Total time involved - 64 holll"s 

Treatment N'o. 4 

180001'., 5 hours, AC to 7500F. 
165QoF., 2 hours, W~ 
12300F., 4 Hours, AC 
Totru. time involved - 22 hnurs 

Trentment No. 5 

18Q00F., 2 h0urs, AC to 7500F. 
12300:F., 4 hou-rs, AC 
Total tirae involved - 13 hours 

Tren.tment Fo. 6 

Snmo as No. 3 

Rent T 

Tron.tment No. 7 

1650°F., 10 hours, An t o aoo°F. 
125QOF. , 10 hours , AC 
Total time involved - 28 h0urs 

Treatment No. 8 

1600oF., 2-1/2 hours, AC to BOOoF. 
12500F., 2-1/2 hours, AO 
Total time involved - 13 hours 

Treatment No. 9 

1800oF., 10 hours, AC to aoo°F. 
165QOF., 10 hours, AC to 800oF. 
125QOF., 10 hours, AC 
Total time involved - 43 hours 

Treatment Fo. 10 

20000F., 10 hours, .le to 80QOF. 
16500F., 10 hours. AD to 8()()0F. 
12500F., 10 hours, AC 
Total time involved - 44 hours 
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Treo.tment N"o. 11 

16500F., 10 MUl'S, AC to SOOoP. 
16500];'., 10 hours, AC to 8000F. 
12fiO0F. , 10 hours, AC 
Total tiJTte involved - 42 hours 

Tre~tMent No. 12 

Sruno ns :rto. 3 Md no. 6 

NOT.El : AC - Air Cooled, FO - Furnace Cooled, WQ - Water Quenched 
Totn.l -r;irae s tnt·ed includes thnt of boating, 
holding, cooling and ma.ninulation. 

8, It is t o be noted th~t the last six heRt treatncnts, except 
No. :2 which is the control treatment, were bn.sod upon norronlizing froM 
1650 F. n.."i.d tcM:pcring at 1250,F. 'With all trcntMcnts cxcopt No. 8, in 
which one qunrtor hour per inch of sectinn ~...,.s used, holding t ines were 
one hour per inch of section; othe:rvise No. 8 "1D.S the sar,1e as No. ? • In 
treatments No .• 9 nnd No. 10 preliminary austeni ti zing treatments wore 
given at 1800 F. nnd 2000 F. respectively to obtain comparable datn for 
deteroining tho ndvisability of hi~her tel'!!J)ornturo treatncnts when nnd 
if they becone nore generally possible. 

9. The test castings were sectioned as shown by the line sketch 
of Plate 3. Soctbns A and C ware then sawed into spocii:1en blanks as 
detailed in Plato 4 ::ind the half-inch sections, D, were used for hardness 
surveys and deep-etching. Pl~tc 5 illustrates the notbod by which tho 
coupons were sampled. 

DISCUSSION OF RESULTS 

10. !nns~uch as three different heats of steel were used in the 
investigation, it is not possible to compnre pbysicnl properties directly. 
Exnninntion of tho tensile strength d~ta, Table 2, for tho cont~ol treat­
ments, Fo. 3, No. 6 and No. 12 (o.11 identical), at the center nnd at tho 
corners ~f tho test castings as well as in the coupons, shows Roat S to 
hr~ve greater strength than Ro~t Rand Heat R to have granter strength 
th.-m Rent T. The onxi□um varintion for any particulnr position in en.stings 
or coupans is nbl')ut 10%. Such va.rintion cn.n be accounted for by tho dif­
ferences in chc~ical cooposition, Table 1. 

11. ~Y further study of the tensile strength d~ta ns a 1'hole, it 
cnn be observed thnt, except for treRtment No. 4 which forr.is n clnss by 
itself, in any particular location in cAstings or coupons, the ma:rlmwn 
vn.riation for all trcntAcnts is only about 101. Oonsidering treAtnents 
7 through 12, tho mn.xinu;:i vnr1atil')n is only 5~. Sinilarly tho variation 
is of a smnllel" order in the other individual hoats if Treatment }To. 4 
is taken as an exception. When fn.ctors, nocossnry to c~nvert tensile 



strength for the control treatnonts to soMe c0Mr1on base such as 70,000 
PSI at one position in the test casting, ar.e nwlied to other values for 
different trentnents in the sz:u:ie hent it beoo~os obvi ous th..~t nll treat­
ments except No. 4 give results almost within the range of experinentnl 
error. Table 2a gives the converted vnluos. 

12. The results of hardness surveys, made by trucing ~rincll 
readings diagonally across sections sowed f r om the 10 x 10 x 20 inch 
test costings, arc show in graphicnl fom as Plate 6. 

13. Yield point dntn (Tnblo 3) wore dotornined by drop-of-the-
beru, nothod. In Table 3a nre the r~tios of yield to tonsilo strength. 
Trontmcnt :tfo . ,} is outstanding ~~ such a comparison. In genorol, tho 
double troatMcnts nro superior to singlo treatments for a high yield to 
tensile ratio although the difference is no t significantly largo. 

14. With n very few oinor oxcontions, the nrolongod Mnenling 
tre~t~onts resulted in lover vnluos for tho reduction of aren (Table 4) 
nnd percent clongntion (Tnble 5) than did the other treatments. 

15. Tho re!ults obt~inod fro~ cold bend tosts, Table 6 , nrc 
orrntic and no dofinito correlation cnn be nado with static ductility 
as obtained froM corres-ponding tensile b~rs . The □ost signific,u,t 
observation from these dnta is that all specimens obtained from coupons. 
rog:ll'dlcse of the themal trent~cnt , bent woll nbovo 135 degrees without 
evidence of cracking, 1'dlile sr,ocinons fron t he c;.,.stings did not. 

16. From Tnble 7 which shows the Izod ir1pnct resistance, it is 
obvious thnt quenching and tenpering prorote high notchod-bnr i mpact resistance 
even though the trcntnont is nnplied to 10 x 10 inch secti0ns of steel 
havin- negligible hnrdonability. It is difficult to oxrilnin why tho 
results froo Treatment No. 2 nro considcr~bly lower than thoso from 
Tre3tr.ient ?To . 3 o..;_d to a. less degr~e why Tre-i.tnent No. ? · should give 
sor.iewhnt lower vnluos throi Trcntf!lent No. 8 or Treatnent F.o. 12. Ho,.rever, 
there is no renson to believe t~~t evon the lowest inpact v~lue recorded 
would decrease the servieability of an ancllor. 

17. although low teMpornturo notched bar inpact-tosting ca.naot 
be considered conclusive as a netbod 0f predicting metal behaviour when 
subjected to shock-loading at low temperatures. it docs indicnto a trend. 
The datn prosontod ne Table 8 lenves li ttlc to c honsc fron excent for 
Trentnent No. 4 which again shows superiority. 

18 • . Photonicrographs of s~ecinens rornved fro~ center nnd 
corners of nll test cnstings :u-o reproduced as Pl~tes 7 thro11t;h 18. 
On the bo.sis of fine grnin-sizo and good distribution of ferrite and 
pcnrlite, Trcatnent Fn. J is the nost benoficiol. Trentnents Nos. 11 
and 1 follow in th11.t order. Considering nicrostructnres for only the 
finru. six tre(l.tnents, No. 11 is nrofcrrod t o iros. 9 and 10 between whi·ch 
it is difficult to choose. Fos. 9 nnd 10 nrc moro desirable 'thnn lfos. 7 
nnd 8 which reseMblc each other clnsol~. Trentnont No . 12, tho nrolonhed 
ruinonl, results in the lcnst desi rable Microstructure. 
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19. The type and occurrence of non-metall ics in the t hree 
heats were very much the same. There was no evid.ence of stringeT'S 
or eutectic inclusions of a harmi'u.l nature. Representative yhoto­
microgra:phs of two unetched samples are reproduced on Plate 19. 

ro. Transverse cross-sections from all t est castings were 
deep etched as a means of locating porosity or low density areas. 
:Eveey casting appeared to be internally sound. A typical phot o­
macrograph is r eproduced as Plate 20. Density determinations were 
i:m.de at corner and center of one of the c~tings and no significant 
difference was found. Results are recorded in reference (1) . 

21. The specifications for steel castings are commonly expressed 
in terms of physical properties developed in coupons which are ~oured 
.from the same ladle of metal as the castings. However, results from 
cou:pons are not necessarily the same as those which would be obtained 
from their corresnonding castings since differences in section sizo 
affect as-cast structure and reaction to hea t t r eatment . Thus, it is 
desirable to maintai n as neArly a constant relntionshi~ as possible 
between tho properti es in the collJ)-Ons and i n the castings. It bas 
been froquently not i ced at t he Naval Research Laboratory that tbe 
Type A coupon, whi ch is used widely, varies considerably in reduction 
of area from t op to bottom as is evident frofil the data of Table 4 . 
Such vo.riation makes the rela tionship between counon and cnsti ng 
doubtful. In tho T~rpo B counons , the projections which are used as 
test blanks solidify under exactly tho samo conditions and v~r i ntions 
are reduced to a minimum. For that rcnson. it is felt th1'.t t he Type 
B coupon or one simi lar#to it should be more generall y adopted. 

CONCllJSIONS 

22. Of the t en treatments uaod in this study, quenching and 
tcr.ipering developed optimum physi cal nroperties . However, res t rictions 
imnosed by limited equipment prevent wi de use of such a trentment at 
l)resent. 

23. Since quenching and tei:Jporing are not possible, double 
normalizing and tempering result in the best ovcr- nll 'l'n'.'sicru. -pro­
ncrties and ~icrostructure. 

24. Proliminr,.ry a.ustcnitizing nt 1aooor. or 2000°r. f ollowed 
by normalizing from 16500F. and tc:nmering at 12500F. apparently offer 
no advantnges over double normalizing from 15500F, nnd tc)l)'r)er i ng ~t 
l2500F. 

25. Holdi ng a t hc~t treating temperatures for one hour per 
inch of mmtimun sect ion provides a rcasonnble factor of safety for 
heat treating tines. 
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26. Notwithstanding the slightly better physical properties 
obtained by double normalizing and tempering, the difference is pro­
bo.bly not large enough to overbalance tho economy and simj>lici ty of 
the single treatment. 

RECOMM!NDATIONS 

Z?. It is recommended that a suitable number of anchors in 
various size ranges be given the following heat treatment: 

Heat to 16500F. at a rnte not to exceod 4000F. ~or hour. 
Hold at 165QOF. for one hour ~er inch of maximum section. 
Air cool to 800oF. 
Heat to 1250oF. at a rate not to exceed 40QoF. per hour. 
Hold at 12500F. for one hour per inch of maximW'!l section. 

These anchors should then be proof tested. If they ~rove to be of equal 
or better quality than nnchors treated according to N~vy Department 
Specification 6A2a, the ox:pcrimcntal wor~ of this invostigationwill 
be substantiated and interim specifications should be written to take 
advantage of the economy offered by such a trcatMent. 

28. Although the restrictions with regnrd to liquid quenching 
apply to anchors in tho heavier woight &lasses , there is no reason why 
simple, improvised, small-scale quenching equi'pment could not be used 
for the quenching of light anchors. It is, therefore, recocmended 
that quenching and tempering be considered for light anchors. 
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TA.llL'!/ 1 

Chemical Composition of the Steels Used. PSI 

PERCENT 
Heat R Ilea.t S Heat T 

Carbon 0.34 o.z, 0.24 

Manganese 0.66 0.63 o.ss 

Silicon 0.44 0.43 o.40 

Sulphur 0.016 0.012 0.017 

Phosphorus 0.031 0.030 0.036 

Cop-per 0.21 0.17 0.15 

Nickel o.?5 0.73 o.79 

Chromium 0.22 0.19 0.15 



~2 

Effec t of }teat Treatments upon Tensile Strength. 

Treatment 10xl0x20 Inch Oas tings Coupons 
No . Center Corners To;p , A Bottom, 

1

A 'B 

1 70,000 76 ,0()() 75, 700 76,500 76,000 
Heat R 2 67.000 76,000 76,250 76, 250 75,500 

3 68,000 78, 650 77, 500 77,500 77,500 

4 77, 250 84,500 88,000 87,000 93,875 
Heat S 5 72,500 80,250 79,250 78,?50 79 , 750 

6 72,500 79 , 350 78,000 79,000 79,·375 

7 68, 875 72,415 73,250 73,500 72, 690 
8 67,460 74,585 74,750 74,750 74,050 

Heat T 9 67,170 72,585 73,125 72.500 72,810 
10 66,750 72,4ZO 72,875 72,125 71,875 
11 66,375 71,675 73,625 ?3,?50 73, 190 
12 65,155 71,665 72,125 73,000 73,060 

TABLE 2a 

Effect of ,Heat Treatment U~on Tensi l e Strength ns Oalculatod 
To a :Base of 70,000 ?SI for Control Troatmonts, 

Treatmont 10xl0x20 Inch Of1-St1~s Cou:eons 
No. Cent er Corners Top. A Bottoni, A B 

Roat R 1 62,300 67,640 67,370 68,090 67, 640 
Factor 2 59,630 67,640 67,865 67 , 860 67 , 200 
0 , 89002 3 60,520 70,000 68',9?.5 68,975 68 ,875 

' Heat S 4 68, 150 74,540 77,630 76,750 82, 810 
Factor 5 63,960 ?0,8()() 69,910 69, 470 70, 350 
0, 88217 6 63,960 70,000 68 .810 69,690 70 ,020 

7 67, 275 70,730 71, 550 71, 790 71, 000 
Heat T 8 65,890 72,850 73,010 73,010 7~,330 
Factor 9 65,610 70,900 71,430 70,820 71 ,120 
0, 97677 10 65,200 70,740 71,180 70, 4!:0 70,200 

. 11 64,.830 . 70,200 71.910 72,010 71,490 
12 63,650 70,000 ?0 ,•150 ?l, 300 71, 360 



TA:BLE 3 

Effect of He::i.t Treatments Upon Yield Point, PSI 

Treatment lOxlO:itro Inch Cnsti!!i;s Co11Tions 
No, Center Corners To:p, A Bottom, A , l! 

1 45,000 49,000 51,700 52,250 50,500 
Rent R 2 43, 750 45,900 48,800 ·18,850 48,850 

3 40,500 43,800 41,500 46,000 47,500 

4 50,650 58,300 63,000 62,250 71,100 
Rent S 5 41,900 47,600 48,500 48,750 48,250 

6 39,650 45,.000 •14,000 41,250 44,500 

7 42,200 4--1,000 18,000 47,500 1'1,000 
8 *· 500 

41,625 46,375 47,500 46,250 
Heat T 9 45,960 44,625 47,500 49,250 47,750 

10 '15,500 43,670 47,125 47,125 45,9-10 
11 42,875 46,040 '19,000 50,500 48,190 
12 37,915 39,625 42,625 43,;250 41,625 

TABLE 3n 

Effect of Heat Trcntmcnts Upon Rntio 
of Yield Strength t~ Tensile Strengfh 

Tren.tmont 10xl0x20 Inch Castings Cou.pons 

No, Center Corners Top, A Bottom, A ::B 

l .64 .64 .68 ,68 .66 
Hont R 2 .65 .60 .64 .64 .65 

3 .60 .56 • 57 . 59 .61 

· 4 .65 .69 .72 .72 • 76 
Heat S 5 .58 .59 . 61 ,62 .61 

6 .55 .57 • 56 .56 ,56 

7 .61 .61 .66 .65 .61 
8 .66 . 66 .62 .64 .62 
9 .68 .61 • 65 .68 .66 

Hon.t T 10 · • 68 .so .65 · ,65 .54 
11 .65 .61 .67 .68 .66 
12 .58 ,55 .59 • 59 . 57 



TABLE 4 

Effect of Heat Treat~ents Upon Percent Reduction of Area 

Treatment 10x10:r2:> Inch Castings Coupons 
No, Center Corners Top, A Bottom, A B 

1 18.1 35.8 35.0 51. 7 57.4 
Heat R · 2 11.5 37.0 32.5 54.9 58.2 

3 18.1 38.5 25. 1 41.3 45. 2 

4 21.0 47.0 10.0 57.0 63.0 
Heat S 5 20.0 31.0 31.0 48.0 55.0 

6 24.0 31. 0 33.0 39. 0 44.0 

7 24.7 36.? 39.4 51.9 57.5 
8 20.7 34.3 51.7 51.9 57.6 

Heat 1' 9 23.2 39.2 42.6 51.2 59;<;) 
10 19.9 33.l 38.5 56.6 59,.'1 
11 21.5 36.3 33.1 38.3 60.7 
12 19.8 32.7 33.5 40.5 50.5 

TABLE 5 

Effect of Heat Treatments Upon Percent Elongation in 2 Inches. 

Treatment 10:xl0x20 Inch Casti~ Co11pons 
No. Center Cornors Top, A Bottom, A B 

1 16.4 26.8 25.8 29.7 32.1 
Heat R 2 9.4 25.8 22.7 29.7 32.0 

3 10.9 26.5 25.0 28.9 28.9 

•l 13.0 26.0 23.1 28.9 28.0 
Heat S 5 15.0 23.0 23.'! 28. 9 30.0 

6 19.0 20.0 2,i.2 25.0 27.0 

7 16.0 25.1 29.0 30.7 31. 7 
8 12.8 23.9 26.9 30.? 30.5 

Heat T 9 13.l 28.0 28. 5 28.8 31.5 
10 13.6 26.5 27. 3 31.5 :n.o 
11 H.8 24.6 21.5 2'1.5 31. 8 
12 11. 4 24.8 23.0 26.6 29.2 



TABLE 6 

Effect of Beat Treat~onts Upon Cold Bend Properties. 

10 x 10 x 20 Inch Castings Co!!eons - ll 
Surface Center 

Trel'l.tment Max.Lo;\d Angle of Max. Load Angle Max. Load .Angle of 
F'o, lbs, Bend Deg, Lbs, Bend Deg. Lbs, Bend Deg. 

l 7,600 95 7,400 95 7,900 135 
Hen:b R 2 7,600 75 7,100 65 8,000 135 

3 7,600 ?O 7,100 75 8,000 135 

4 8,300 84 7,750 71 8,600 135 
Roat S 5 7,550 66 7,350 63 8,000 135 

6 7,800 70 ? '•J-00 68 8,100 135 

? 7,030 ?7 6,660 81 ? , 505 135 
8 7,305 115 7,080 85 7,455 135 

Heat T 9 7,245 97 ? ,120 83 7,525 135 
10 7,185 121 6,950 9·1- 7,200 135 
11 7,235 135 7,085 94 '"; ,'170 135 
12 7,740 107 6,975 ?5 7,530 135 



TA:BLE 7 

Effect of Heat Treatments Upon Izod Impact Besi staneo, Ft. -lb. 

Treatment l0xl0x20 Inch Casti~s Coupons 
No, Center Corners A :a 

l 31. 5 30.o 34.0 35.0 
Heat R 2 22.0 20.5 25.5 27. 0 

3 32. 0 31.0 M. O 37. 5 

4 51.0 64. 0 81. 0 79. 0 
Hea t S 5 40. 0 32. 0 35. 0 33. 0 

6 37. 0 27. 0 32. 0 30.0 

7 28. 0 31. 0 43. 8 34. 8 
8 34.8 36.0 '12 . 4 •11. 5 

Rent T 9 37. 1 32. 3 '16. 3 42.0 
10 34. 8 33. 3 42. 1 39. 3 
11 10. 9 35. 0 114.0 ,12.0 
12. 38. 0 35. 3 ·11. 6 38. 3 



TAl3LE 8 

Effect of Hoat Treatments Upon Cha.rpy (Koybol•) Icpact 
Resistance, Ft.-Lb., at Indicated TcJ'l'IJ)eraturos. 

Location of 
Sample in oF. 
10xl0x20 Test Heat P. Rent s ReT1.t T 
Inch Casting ~ 1 2 3 1- 5 6 ? 8 9 10 11 12 

Center, 70 22 1g 20 33 27 2-1 22 23 25 22 26 22 
Block 32 19• 16• 19• 2? 20 20 20 19 21 23 22 19 

0 29 22 16 16 13 16 18 21 20 
-20 20 12 16 13 18 12 15 18 12 
-40 16 12 10 9 12 12 11 13 11 

Surfncc, ?O 20 l7 16 37 22 20 22 20 24 21 26 21 
Block 32 18* 11• 15• 28 17 18 16 20 21 21 a:, 22 

0 30 18 13 17 16 19 18 19 19 
-20 26 13 13 15 1·1 10 1,1 18 10 

- 40 15 16 6 12 12 18 13 11 15 

Coupon B 70 25 19 21 ,1o 37 20 27 29 30 26 29 23 
32 36 22 19 26 19 26 25 Z'l 21 

0 30 21 16 22 22 21 2·1 25 23 
-m 26 18 13 11 16 18 16 1·1 10 
-·10 25 11 11 8 17 21 20 18 11 

(*)~Tasting Temperature, 35°F, 



~.A:BLE 9 

Critical Points• ot Sami,les Taken fro~ 10 x 10 x 20 Inch Casti ngs 

Heat R Heat s Rent 
Center Corner Center Corner Center 

AC1 1375°F. 1380°F. 1365°F. l375oF. 1365°F. 

AC3 1540°F. 1540°F. 1535°F. 1520°F. 1530°F. 

AR3 137501. 1380°F. 1390oF. 1365°F. 1400°F. 

A.Rl 1205°F. ll90°F. 1195°F. 1195°F. l195°F. 

(*) - Determined dilatometrically at heating and cooling 
rates of a~proximately 40°F. per minute, 

T 
Corner 

1365°F. 

1520°F. 

1380°F. 

nso0 r. 
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1A CENTER lOOX 

1D CORNER lOOX 

PHOTOMICROGRAPHS TAKEN FROM: A SECTIOU OF THE 
10 X 10 X 20 IUCH C/1STING OF #1 MID''IAY BETt\'EEN TOP & BOTTOM 

AUSTENIZED 1 800°F;, 6 HOUP.S , NORMALIZED 1650°F. ~ T HOURS . 
TKl.fi'ERED l )00°F. , J HOURS 

PLATE 7 



2A CENTlsR lOOX 

2D CORNER lOOX 

. . 

PHOTOMICROGRAPHS TAKEN FROM A SECTION OF THE 

10 X lOX 20 INCH CASTING #2 MIDWAY BET"raEN TOP&. BOTTOM 

NORMALIZED 1700°7 •• 4, .1/2 HOURS, TEMPERED 1)00°F., ) ,HOURS 

PLATE 8 
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JA CENTER lOOX 

3D CENTER lOOX 

PHOTOMICROGRAPHS TAKEN FROM A SECTION OF TffE 

10 X 10 X 20 I NCH CASTI NG #3 MID'.VAY BETWEEN TOP&. BOTTOM 

ANN'Ei>LED 1600° F., 25 HOURS . ( CONTROL TREATMENT, SAM.E 

AS no. 6 AND N0.12.) 

PLATE 9 



15T4 CENTER lOOX 

15T2 CORNER lOOX 

PHOTOMICROGRAPHS TAKE?~ FROM A SECTION OF T.HE . 

10 X 10 X. 20 INCH CA.STIIm #4 MIDWAY BET''TEEN TOP &. BOTTOM 

AUS'l'E!UZ~D 1800°F. • 5 HOURS., WATER QU!!:NCHEU FROM 1650°F 

2 HOURS, TEMPERED 12J0°F., 4 HOURS 

PLATE 10 



16T2 CORNER lOOX 

PHOTOUI CROGRiu'HS TP.XEN FROM A SECTION OF THE 
1() X 10 X 20 !NCH CASTIHG #5 MIDWAY BETWEEN TOP & BOT'l'OM 

NJRMALIZSD 1600°F., 5 HOURS, TEMPERED 1230°:F., 4 H01'.JRS 

PLATE II 



17T4 CENTER lOOX 

17T2 CENTER lOOX 

PHOTOMICROGRAPHS TAKEN FROM A SECTIOl'J OF THE 

10 X 10 X 20 INCH CASTING #6 HI;)WAY BETWEEN TOP & BOTTOM . 

ANNEALED 1600°:F., 25 HOURS. (CONTROL TRF.:ATMENT. SAME AS 

NO. J AND NO. 12 

PLATE 12 



.31T5 CENTER l0OX 

JlTl CORNER lOOX 

PHOTOUICROGRAPHS TAKEN ROM A SECTION OF THE 

10 X 10 X 20 I NCH CASTING #7 MIDWAY BETWEEN TOP & BOTTOM 

NORMALIZED 1650°F. , 10 HOURS, TEMPERED 1250°F., 10 HOURS. 

PLATE 13 



41 T6 C!NTI R lOOX 

41Tl CORN!!!R 100 

PHOTOMI.:'.:ROGRAPHS TAKEN FROM A SECTION OF 'i':3 

10 X 10 X 20 INCH C~STING #8 MIDWAY BETW~EN T)? &: a~)T~"!.1M 

NORMALIZ3D 1650°F. , 2 1/2 HOURS , T1"'....MPEHfi.:D 1 250°r·., 10 H0CRZ 

PLATE 14 



51T6 CEU'fi;R l00X 

51Tl CORNER lOOX 

PHOTOMICROGR.~HS TAKEN FROM A SECTION OF THE 

10 X 10 X 20 I NCH Ct.STING #9 MIDWAY BET'.\'KEN TOP. &, BO'l'TOM 

AU'.3T~NIZ~D 1800°F., 10 HOURS, NOR.\tUI ZED 1650 °F. 

10 HOURS. TEMPZR3D 1250 °F., 10 HOURS 

PLATE 15 



61T6 CENTER lOOX 

61'.l'l comrnR l00X 

?HOTOMI CROGRAPH3 TAKEN FROM A SECTION Or' THE 
10 X lOX 20 I NCH CASTING #10 MIDWAY BET\VEEN TOP & BOTTOM 

AU3TENITIZED 2000°F. , 10 HOURS, NORMALIZED 1650°F., 
10 HOURS , TEMPERED l 250°F . , 10 HOURS 

PL.ATE 16 



71T6 CENTER lOOX 

71Tl CORNER lOOX 

PHOTOMICROGRAPHS TAKEN FROM A SECTION OF THE 

10 X 10 X 20 IllCH CASTING #11 MIDWAY BETYfEEN TOP &. BOTTOM 

NORMALIZED 1650°F., 10 HOURS, NOR.½\LIZED 1650°F., 

10 HOURS TEMPERED 1250°F •• 10 HOURS. 

PLATE 17 



81T6 CENTER lOOX 

81 Tl CORNER lOOX 

?HOTOMlCROG:U.PHS TAKEN FHOM A SECTION OF THE 

10 X 10 X 20 t~~H CASTING #12 MIDWAY BETWEEN TO? & BOTTOM 

ANNKA.UD 1600e?. , 25 HOURS. (CONTROL TR:EA~MT, SAHE AS 

NO • .3 AND NO. 6 ) 

PLATE 18 
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l5T4 CENTER lOOX 

- 15T2 CORNER lOOX 

PHOTOMICROORAPHS TAKEN FROM A SECTION OF T!IB 

10 X 10 X 20 HlCH C..\.STING #4 Ml.DWAY BETWEEN TOP ·&. BOTTOM 

UNETCHED TO SHOW REPRESE..~ATIVE OCCURENCE 

AND DISTRIBUTION OF NON-META.:.LICS. 

PLATE 19 



Macrostru.cture of cross section of test casting 12 etched 
with a boiling 50% HCL solution. 

PLATE 20 




