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The Fibre Fracture Test 

Intrfduotion 

l. The Fibre Fracture Test has been developed as an inspection device 

to control the processing end heat treatment of armor to insure optimum 

ballistic properties in the steel at the respective hardnestie& which may 

ie involved. The validity of the test has been adequately in~estigated. 

It is well suited for process control because of its simplicity and its 

"go" or "no go" characteristic. It re,uires no accurately machinei 

specimens or unusual plant 'equipment·. It is applied to the producUon 

material A.fter final heP.t trentment e,nl\ to the full cross section of the 

armor involve~. The only important dif!.iculty encountered in its appll­

ea.tion 1e the problem of obtaining a.courate and consistent interpretations 

among inspectors and producers. In the hands of an experienced person, 

a careful look at the fro.oture is all that 1a required. Thie experienc,e 

1a necessary, but a knowle'ige of the sil:'11fice.nce of the teat 1s also 

halpf'ul in arriving at a thorough underatp..nding of 1 t ·s purpose a~i 

importance. This discussion ia intended to assist those responsible for 

the application and interpret11tion of the test in the inspection of steel 

for Ordnance applications, particularly armor. 

• The Arruor Prollem 

. . 

• , 
,• .. · 

2, Armor, as eontrnstod to steel for o:rnin,.,_ry ,~, -;i,· ,_.r;;;hl purposes, is 

a speoial a:pplieation. . Mnehine pe.rte or members of other engineering 

structures El.re designed so th11.t, for the grf.1atest PP.rt, the atreBBes are 

not sufficient to exceed the el~st1e strength 0f the material and no 
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permanent deformation results. Armor Plate. howev~r, is praeUoall;y 

always plastically deformed when imp~cted with projectiles. T~o pro­

perties of the mat criRl under pl Rstio deformation are, therefore, of 

primary importancl. 

3. To the above consideration mu.st also be added the factor ot rato ot 

deformation. or apood at whhh the plastic deformation 1s nocompliehed. 

Armor plete in combat is imp~eted at velocities varying from 1111 ,~ 

3111 or more feet per second, the lower en, of the range being many 

fold more rapid than rat•a of loRdin~ involved in most commerical 

application,. To this factor must also be a.dde4 the lrtcct Gf tem r­

ature. Armor plate must be eo Jro~eased thRt it will retain ~detuate 

realstence to cracking at the +owe~ e.mbient temperatures which may be 

encounteret in combe.i. The f1:gure 9f -4'0F. has been ndopted aa the min­

imu.m whhh should be anticipate~ in. 1combat for ground operations, Mieroae 

-65°F. represents tho minimum figure likely to be encountered in air 

operationa. !he tempe~ature fRctor is of extreme importnnce because of 

the well known decrease in ductility suffered "Jy steel E'.s the temperature 

is lowered, Its effect upon the propertigs of the steel is similar to 

a che.ng.~ in rato of strain, The ~owe~ing of the temperature~ teat in 

the case of steel by 50°F. in roiy temperature range below room temperature 

has a similar effect on the properties as an extremely large increase in 

the rate of deformation, -

4. From the above, it will be geen thnt nrmor is thus a unique problem. 

Therefora, to perf r. m in an optimum manner, it is necessary to insur9 

properties in the me.t ,:rial ,.,}ilch ~u.·e lnfre,uently required in steels 

utilized for most commericnl application,. 
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:Sra.llht1c qua11 ty CbA.rA.cteristics of Armor. 

5. :SA.sically, there are three balli~tio Quality cheraetc.ristica which 

are desired in arm~r, These a.rel 

1 - Resistance to penetration or ballistic efficiency. 

2 .• ResistA.nce:1 to back spp,lling • 

3 - Resistr.nce to structural fnilure or ere.eking. 

6, Resistnnce to penetration of armor when struck by a projectile, 1s 

largely a function of its hardness. Therefore, whan the steel is o,iwi.J. 

and the heat treatment has beon properly c,i.rried out, the accurate 

meaaurement ef the hardness of a J)ieee of armor oan be 1?11'.de to provide 

the neceaeaey control over the fe.ctora which affect reaistanoa to pene,.. 

trati~n. In order to determine the optimum hRfdness of armor in any 

given thickness to best resist the combat A.ttnek anticipated, it is 

necessary to eonduet extensive development ballistic programs. Once 

this inf'<lrmation is avai'la.ble, it is then merely necessary to control 

the hA.rdness chare.eteristio as nearly as commercially possible to \~lo 

dedred value, 

7. Resigtan~e to bnck spalling in amor is largely a function of .the 

soundness of the metal through the section. Obviously this characteristic 

is interwoven with resistence to penetration considerations. As/ the 

hf..rdness increases, the likelihood ot back spalls forming is also 1n­

cref1.eed. Oon"Tersely, the inherent apalling tendenoy of r..rmor caused by 

unsoundness will materially jeopardize the b~llistic officienfy und,·r 

many tnes of att~ek. 

8. Wheth~r a baek spnll forms or not under a given type of penetration 

r..nd in nmor of a given hardness. is a function of th, streas necessary 
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to cause fracture of the metal in the thickness direction aeries the 

section. Therefore, discontinuities oceuring through the section 'Will 

materially affect the ability of the armor to resi~t spalling. In the 

case of cast Rrmor, deficiencies appear as unsoundness at the center of 

the section. This condition can, end is, being contr~lled by radio­

graphic e%811line.tion. In the ease of rolled r.rmor, wherein back spalling 

occurs nore often, the dafects consist of non-metallic inclusi~ns 1r 

discontinuities caused by other factors whieh form planes of weakness 

along which ru.pture occurs .in thP. development of the bP..ok spo.11. This 
•' 

con!ition is, therefore, lergely ~ function of steel soundness and pro­

cessing methods Rnd Mt he controlled by a test for steel aound.neBB. 

Many tests have been suggested such as the rnacroetch test, tensile teats 

acroaa the sect.ion nnd the frl".cture test for steel soundness. The test 

which appears nost practical and which has been instituted is known as 

the fra,eture teat for s\ecl sound.n1ss1 

,_ !@siatanee to str-*otural f~ilµre or erao~inr._pc-, what is commonly 

kno'Wn as . Reeistance to Shock, 1s a measure of the ability of the ste·el 

to absorb in a tuctile manner, ple.stic defori!lation occuring e,t high rates 

of strain and Flt low temperntures. This cha.rRete.ristic in P.rmor is 

largely deterl!lined by its r;1otallographic structure which, in turn, is a 

function of chemistry and heE1.t tr~ated condition. 

11. The Fibre Fracture Test has been developed as a control of the 

?!letallogrA.phic stru.cture of the ~.rnor which 1s determined by the factors 

chemistry and heat treatment. It is sufficiently siT!lple so that 1t may 

be applied in the production shoJ on~ Adequate number of saoples to 

effectively control the quality of the amor produced. Its usefulness 

lies in the fact that, by a. control of the characteristics of the 
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specimen, it is possible by a eomJ)aratively slow speed test oonducted at 

ordinary temperatures tn ascertain the properties ot the armor whioh 

affect its ability to absorb the plF.1,stic deforma.ti :in of projectile im.­

pa.et, involnng high rates of strain, in a ductile manner and at low 

service temperatures. 

Significan9e nf the Test 

11. Fl'."lr many years it hAs ·been kn0wn that tempered me.rtena1 tie stru~ 

turea in !iteel privide the rnnxirnwn resistance tn shoek lnading and the 

optil!l'W:l combination nf strength and dnctility. M0re recently this has 

been el!lphasized in the case of armor plRte wherein the steel is always 

aubJcot to high rates of deformati nn e~d, p0ssibly1 at low service tem.­

)eratures, Nur.ierous samples of cast and r~lled armor which failed to 

pass the ballistic shook tests ha."Te boen e.xar.iined. Whenever brittle 

failure ha.a occurred in the low alloy type steels, the metallographio 

structure has shown considerable quantities of high temperature trans­

fo.rmE1.tion pr0duots which formed upon q_uenohing, Such rnicrostruoturet, 

at the hardness levels used in arn0r pl~te, have been found to be associ­

atei with poor ballistic properties under conditions encountered in the 

service t0 which arnor is subjected, RJ3 will be del!lonstrated later, 

(See parA.graphs 18 e.nd 19,) 

12. The detection of the presence of high temperature transforn:-· tion 

pr-:>ducts in sufficient qUMtities to lui,ve a deleterious effect upon the 

ballistic prnperties of the steel hA.s heretofore been n problen largel7 

involving careful lA.boratory techniques. The fibre fracture test, how­

ever, indirectly dotemines this rnA.ttnr by ~easuring the inherent 

ductility nf the steel under severe cnnditiona which allows~ J~dg!?lent 

to be made as to whether tha m1cr0structure ia such as to produce 
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desirable properties in the steel under ballistie att~ok. With the 

obtainment of the ductile, fibrrius frpeture fr"ll'l a picoe of steel, it 

is assured that 1 ts optimu.n pr-)perties eo v.rri0r plate have 'been 

de'Veloped for the particular hnrdness invol'Vcd, The test as applied 

to homogeneous armor is confined to steels within the hardness range 

of approximately 200 to 360 Brinell, but, fortunately, this covers the 

extremes in hardness involved in homogeneous armor except for the thin 

gauges of 1hard1 homogeneous r0llod armor n1rmally heat treated to 

380-420 Erinoll hardness. 

13. ~he test siMply det;f• ~Aes whether ~r not the stee1 9 under th\ 

12testing crind1t1ons i~volve~., frP..<-'t~s in ,, brittle nr duct~le 1ne.pnE'r., 

When the steel breaks inn a.uoti..le manner. (after considerable plastio 

de:f'orme.ti:m hP.s taken plnoo), the resulting fracture has been terned 

fibrous,. When the steol, ()n the other hand, breaks in a brittle !!18.nner 

(before appreciable plnstie deforoation MS taken plato), the resulting 

fracture has been teri:1od erystnllino. · The duc'tile fracture is 

characterized by high energy absorption required f :)r breaking, During 

the pa.st year the ductile fibrous fracture has been found to be 

associated with the following chara.oteristies ,bserved in tho examination 

of nur.ierous sanplea of arrlorl 

High iripact strength (as indicated ·:-y ~;harpy and Izod tests) 

Essentially tenpererl .•, .. ;, .1•- si •.le Gtr1Ac~;:1.r,..:G 

Satis!aotory resistance t0 ohock at normal and h~gher hardnesses 

an<\ at low tenpern.ture A.B 1nc1.1c~.ted 'hy ballistio tests. 

14, Rei'eronoe to Figure l will ~how exa.:·1plcs 1)f tho inpP.ct properties 

of oaot arr.inr as a functi on of tho type of fracture end at a hardness of 

approxinately 220 :Srinell, It will be seen that the na.t erial which 
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develepei a satisfactory fibreua fracture absnrbs 65 foot peua4• of 

energt in the standard V-noteh Charp;r impact test. This high value 

exceeds hy ten times the impact value of a material which devel,ped a 

crystalline fracture in tho standard fibre test, The material .:which 

when fractured yields a mixed, or partially crystalline - partially 

fib_rous fracture I develops an impact resistance intermediate to that of 

th~ materials devel1ping fibrous and crystalline fractures. These are 

t·yp~ca.l examples of the imp~.ct values which may be obtained. Materials 

which fracture in a crystalline manner will always have compa~ntively 

low impact values, If, on the ~ther hand, the hardness of th, steel is 

known and 1t frRetures in a fibrous ma.nn~r, the imp1:1.ct vclue ean be pre-,. 

dieted within narrow limits e.nd will be of ~ high ord.or for that pa.r­

ticulA.r hl:'.rdness. If the frr-cture h fibrou1=J, othor facttrA such E1,a 

r • 
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steel ~uality or type e.nnlysiR }ul.ve et sma.11 but comparatively miner effect 

upt,n the impr.ct · properties,. 

... ·. ·. ··, 
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15. The cha.rP.cteristic Che.rpy V-n1tch impact behr.viors ot a typical cast 
• I . · • · • 

r.nd rolled f.'l.rmor steel (of r·de1Ull.te hardenabilHy for full hnrd.ening in 

water) flS fl function f temper!"ture of tl3st nnd meto.llographi~ structure 

nre illustrntod in Figure 2. Sfl.mples from each steel approximately 

2" x 2" x 6' in size were quenchACl in (1) water, (2) oil, and (3) air 

ooolecl after proper auatontth:ation ancl then tempered at 11. c,,r,stant 

temperature. 'l'he hard.neuea resulting at'tel' tempering and the types of 

fraoturea deTebped un atanAarcl t1,re test specimens were aa- fellews& 

Cast S)eel Rolled Stc:el 
Quonohing. Tre&~ment BHN 1D?e n: FrA~~ure :i3HN Tzyc of Fraotnrg. ' - ¢ .) I 41 

Water ~enohed 255 Fiirous 277 Fibr(>Us 

Oil -.Uenched 212 
riixcd, fib:i:" 'JUS 248 Mixed, mainly 
and c:rystalHne fibrouri 

Air Coolei 217 · Crystalline 217 Crystalline 
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lb. It will be neted that water quenehill{. produced a desirable eendit1,n 

of essential~ tempored. martensite wi:dch resulted in a fibrous fracture 

in beth steels whereas eil qu~1ching produced. a metallegraphio structure 

resulting in o. mixed (appreximately half fibrous - half crystalline) 

fra~ture in the oaat o.r-,,1er o,mp,s1 tien and a mixed (mainly fibrous) 

fracture in the relled nrmor steel. Pearlitio raicrestructures resulted 

frem the air cool.ed treatments which produced completely crystalline 

freetures in beth steels. Subsaquently. du:plico.te impact test bars from 

each e:teel in the three heat treated conditions were breken at four 

different temperatures. Referring to Figure 2. it will be neted that 

the cast armor steel in the water quenched and tempered eondi tior, 

(resulting in a fibr1ua fracture) retains exoollent impact strength at a 

temperature as lew as -1'0°1 (-lK>°C). At -94°F ( ... 70°0) the impaet value 

falls •ff considerably accompanied by a partially crystalline Oharpy bar 

fracture. Tl1e eil quenched mnterial is considerably leas satisfactory · 

except at rotm tam1Jero.ture. T!1.e roem temperature superiiri ty of tho eil 

quenched mn:terial is t ho result ~f its considerably liwer hardness'. The 

inferi,rity at low tomperatures is asstcinted with the partially or 

complete~ crystalline impact bar frantures. T:1e decidedly poor 

properties of tha air coiled material even at lower hardnesses cerrelato 

with the completely crysta.1111.1. "c• :fr ~tetu.r ~. L. ~'.J.l cnses the low impact 

fraeturea. 

17. The rtlled steel as water quencl1ed retains e::cellent properties at 

. .,..94•::r (-70°0). The steel as oil quenched is o.lso satisfactory at the 

higher temperatures• but the w1sa.tisfactory condition of- the steel as 

indicated by the slig~1t oa ount of crystallini ty devele:p ed in the 
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fracture test shows its eff6ct upon tl1e low temp~ra.ture impact valuea, 

The oompara.ti vely poor impa.,~t perfor,.1ai.1ce of t:1e air cooled material, 

correlating with the cr;,rr:. talline fracture, i:; i:1d.icmted. 

18. The best evidoocr,! obt'lined tc, date of just wl-ia.t t :1.e different modes 

of rupt11r e observed in the fracture test signify is illus,\rated 1n 

Figure 3. The fibrous fracture is synonom~us with a ductile fracture 

r~quiring high energy for rupture. The crystalline material fracturea 

in a brittle manner requiring considerably less energy. A co.reful st~ 

of this figure will reveal the reaaons for the differences in energy 

absorption. The p!1otomicrographs a.re at tho ed&e of fra.tured Oharpy 

specimens of ,,18.terials which fracture to yiold t;v:pico.l crysto.lline and 

fibrous appearances and at t!ie so.;".le ~u:u-dness level (225 Brinell). The 

upper photor.iicrograph is typical of n stod W~lich was incoi.lpletely 

hardened upon quencl1ing ond which uicroscopic o.."to.raination Bhows that it 

contains considerable quantities of M.gh ter.1porature transformation 

products 1:.cluding ferrite. The lower p!1otouicrograph is of t:1e s&1e 

steel after reheat trea.taeut in a st1aller section in which eooplete 
I 

hardening to r.1artonsi te was obto.ine1. in the quonch. The structure after 

teDpering is toupered ;.iartensi te. It will be noted that the incompletely 

quenc!1 !1ardened r:iaterial has fractured in a brittle r.1onner without 

visible distortion of t.1.e individual grains. Rupture occurs along a 

regular patl~ whic!. c.mnges direction at intervals. :i.l.e fl ;•. t crystal 

facets which result aro responsible for tl1e typical crystalline appe~ 

ance of incor.ipletely quench !lal'dened steels. T:~e a.bse;.1ce of def'~ruaticn 

results ir. t~ .e low i:.:.1pact energy of t!:e r.iatorial. T.·.e COLlpletoly quench 

hardened uatorial, on t:::.l, otl.0r :.c..r.d, breaks alo:.g on irregular path and 

produces an extrei.lely rough and torr. appearance. T:1e grains a.re 
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eone14erabl.1 cletor:.:ecl along t~ •• path ot n.p\\U"e, which aieoounh for the 

high Charpy value reeoriM, 0Gr•M 8'ui1 ot ,111 • figure a.n4 oeoplew 

uncleratanding of the l'e1Pceti ve uodea ot fracture propagation will as Bia~ 

IJateriallf in cor.1prehon11on of tho aignificonce of the teat. 

19. Under the direct ballhtic ahoek toat, t:1e superi,rity ,:r the 

mi.teriala which fracture in a ~uctile 1:ianner :10.1 beoi1 ropeatedly denen­

etrated. ~he utat sign1ticani evidence is recorded bel•v as Tabla I. 

The results a.re these fbta111ed en cast and rolled hor.1egoneeus araor ,t 

li t, 2 inchee in tl11ok:nesa teated at t l1e Winter Provin& Grouni durir.g 

the 194a-1943 season at touperatures varying !ron -10 to -35°F. ~6 

oarked correlation between the results of t:·.e atMdnrd fracture teats 

eondueted at ordinary tor.1poratures nud the perforrianco under 'balliatio 

ahoek tests at low tor:iporatures ia cle;orly indicated, 
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TABLE I 

Correlation between T;;,-po ~if Fracture ond t~le :Bo.llistic 
Shock Telft Retults r,f l! and 2 inc:·. Co.st and. Rolled 
Hor.1ogeneous Ar:.1or Tested :Sa.llistica.lly in a. Stmdard 
i.vianner at Low Ter.1:L)era.turos. 

CAST AB.liiOR 
Results of :Sollistic Tests for 

Resistan.ce to Sl10ck 

-0 . < :•i.. •.1 ' .. ' .,_.•e •. ,_. , , ,, 

• 

. .. . · • . ,.._ " __ .. _ 
• 

_. ... · .. .. -~· .. 
....... ' . ~. . . ' .. : .. -'~ ..... .. ... ' .. 
·:.:-:~'"-\·<~ . 
( / ·~~-/ 
I. • 

Hlll-:ibor T9stod ~!unber Fo.iled % Failures L 
Fibrous 15 0 0 

Pr edonino.n tly fibrous 4 l ~ 

Mixed, fibrous ond crystalline 10 8 80 

Predor.1inantly crysta.llir..e 22 17 78 

Crystalline 28 20 83 

ROLLJID @iOR 

:i!'ibrons 17 0 0 

Pre do:.1inan t ly fibrous 5 l 20 

Mixed, fibrous and crystalline ll 2 18 

Predooina.ntly crystalline 7 5 71 

Crystalline 

*Samples fractui·ed at room temperature (70°F approximately). 

Such a cerrelatien is not as evident at nor~al temperatures since 
. 

ballistic shock tests as conducted at nermal temperatures are not as 

severe as ~hen c,nducted at l~1 temperatures. The same general trends 

are evident, however, in numerous comparisons which have been made. 

-ll,.. 
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Pr•e~ation ef Speci9ens 

20. Tn.~ fibre fracture test h c'l!l.d.u.cted on the s.9imple te_ be inveatigat•ed 

by breaking the saiil',.i:)le transversely under the· inrpact cif a :freely falling 

weight or pewer driven hammer. The desir .. d ~evcri t;r in the teat depends 

up•n tile pr~visic,n ef tranne:rse netohes mi6.war between th, 1nd1 cf th11 

specimen. The notch not enly lecates the fra.ct'..'.l'e but preducea thtt oQJlt,i 

atraint and stress eol\,centration1 which, w}len the sample is str~ ~ al~ 

blow, will provide tlle ~estraint te deformation a.nd rapid, rat,,otlr~ 

or 2rogression of tl1e rupture which constitute the significa1i't te,-.tqre" of 
' ', 

the test and t,1e mechanism whereby a test conducted at comparati,r9ly }.(;)W 

rates of load a:-,r.~•l .1 c: •.1:.i.on a.1. '"J .r. ,:'. 11 .ar~· tem~•c~•c3,·ii,.~res correl~te,i well wt,~h 

ballistic shock test reu~lte at law ts~peratures. 

features of the notc:dng technique are im.iH,rtant. 

TAerefor~, -~~:e•,.f .pF~ 
. .:u 1, . . 

Tlie type ot 'J1ttl$111g . .. ~ 

which has been developed and is most easily accom:•:ilished is 11iuq~r•\•~ 

in Figure 4. Ti.1e notci1es may be produced by sawin6 , abraai v• ~;aq ~U.ttin6 , . 
. . ' ' . 

or flame cutting. The imperta.nt consideration is uniformity~ 

21. It has been found. by experience t :ia.t the necessary S8V8fHr Pf \he ' 

teat to correlate with ballietia shock tests at low temperatur,a i, 
ebtained when a specir,ian at least ~ il~ width { \~l-un~e 'r ia tluokne"' f''l 

. .• ~ ; 

ermor) is notched. in to a dietanoe .- f at least j!r from .aob ell,ge ;-.ying 

an area T x T to be fractured. In the ease of thick armor, the 'l: ~ f ~ea 

is often too large to be fractured by available equipment. In ~ht•• oases 

the notching may be continued in to a. greater ci.opt:1 leaving a !r-.ot~e 

approximately ½T in width to be broken. Further reductions in the ai-ea 

to ·oe fractured. i.1ay be acl1ieved by notchins along one or beth f~c,q of 

the test sample as also inclica.ted in Figure 4. ~lie ad.dition9t n,te4ir,.g 

may provide some addit i onal stu,ss concentrations which in the q~~e of 
, , 
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unaatil'lfactor:,r ;:,iate:c L-.-1 i,J roa.u.ces a greater tc.1.d:enc;1 to form the crystalline 

f r,:icture. :foe sat:i.s factory .. iaterialo wii.l )Jroduco fractures which appear 

id.en ti cal, however, il·respec t i ve oi t ~1e typ e or' notching utilized except 

for edge effects wi1icl1. sometimes appear -adjace.1 t to t he un-notched faces 

of the fractured. specir.1ens. 

22. In nrder tr maintain th::: riro:per stress ooncen tra.tions in the speciuen 

and pr.vide t ~·J.e desired restraint to deforDation t:1at is necessary to 

produce the required severity tf t :1.e test, it is essential that t 1.1e ratio 

between t :1e width of t be specL10n pri,r to notching (W) and ti1e distance 

across the t ~1roat of t~1e S:f>ecimen between the notc~1es (Y) be 2 •r greater 

and the wicl t !1 of t :1e ilotci1 not bo largo. As long a s the ratio exceeds 2 

and the width of t:1e notc~1 io i1,t ,_,xcc ,;si ve, li1l1.Xim.un oonstr·aint in the 

\·lid.th direction a.91:i..:::a :c· ::i te :.i.ave ·o eon .s~c1.1i ev ed ai1cl furt l1er n,tclling does 

net result in a ,·,1oro sev ere test. 

23. In •rda1· to provide the proper cons t r aint i n t~1a thickne&S direct i on , 

the width of t he notch (d) in ter.mB o-.Z t !i.e d.istanc o 1> etween t.10 notches 

(Y) must be controlled. If the d..l.s~ill+Ce (a.) \-rel'e large, th~n nacking 

could occur in the thickness direction m.1. d •restrah 1t in this directien 

would. ~'lot be c1c}1ieved. It woul~ b e dl)sirable to r,1ain tain the l.·atio be­

tween t ~1e distance across t ~1e throat c,f t l1e notc:1od s~) ecimen (Y) and the 

width of ·l; l;.a notch (d) at 10 or greater and t his 1..c ... 'l be attained on 

thicknesses of arr.1or 6r eat ,:r than 5/8 L.. c • .-.. .:~11 •·0vor, o::. -, 1 s limited l; y 

the minimum width of t '..1.e notch (d) that cii.n 1la obtained oy a saw er 

flame cutting torcl1. In C81wral1 t he widt h of tj1e notch can not be 

e::c-pact ed. to be l ess t lw.n 1/8 inch a."l d s ii.1c8 t i10 cli s ta.nco acr,~,s the 

throat of t he sp ecimen (Y) muct b e con tr1ll et'1. wi t~1 respect tc- thickness, 

it then becon es :.:i.ec(1ssnr y to deviate from thi s clesil'ed. ratio in the case 
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•f tb.in c.rmor and -specify tl1at t :1e ratio betwe0.1 t ... 10 distance between 

notc:ies (Y) and t~1e width of t~1e ,:1otc:1.es (d) be 5 or greater. Experience 

has &·:.own t :1at t~·.is ratio p1•ovid.os o. sa.tisfo.ctory te~t. If t:1e distance 

across t:.e t~u-ont <·J: t.,0 sp,::!CLie:1 (Y) were allowed to exceed the thick­

ness (T) ;::any tL.ics, Cd:.1stra.ir;t in the tl1icknoss cli:i.·ection would be lost 

in the conter of the spoE)i;.1en. Constraint would be ;'.,ainta:Lned. at the 

roots of t~ie notcl1os but could not extend a.t,russ t:le lnrge unnotched 

distance. ':L.orefore, tiw distc1nce between notc:i1es (Y) r.1ust be controlled 

wi t:·dn r.1inii:1ur.1 mid r,1o.xi;:Jun lir.ii ts dictated by t >e reln.tions~1ip between 

this dL1eusio11 nnd t l1e widt:1 of t:1e notc~i.es und the :.:lecesi.i ty for . 

eon trolling the ;_iaxiuur.1 width oetwe ei'l t~-e notc~1es. r:i:1:10 L1uxi:.n~·.1 di stance 

between notc.1es, oxpress0d in ter,.1s of t i_o t:1iclc;:10s::.. oi' t :1e o.ruor (T), 

should not exceed 2T. 

24. In order to r.inL1tnin tl':.u nbovo relntions:1ips, lnrce 11U11 si.J.a.ped 

notches uust bo avoided. For n.11 thick:.iesscs c.bove 1 11 • it is uerely 

necessary to use n specL.0:1 c.t lea.st twice t::..e t ~1 icb:ess in widt!1 an!i 

notC:1 in strnig~:t with ar. abrasive w:1 eel, sm.,, or c;.1.tting torch an equal 

o;.Jou;:1t frOi:i botl... sides lenvbg OJl c..ren ~1_)proxLm.tely T x T in size to 

' be fruct1.ir ed. In smnmation it nay be stated. t:tat t :.1c following factors 

ahe.uld be con trC'll ed to assure re~Jroducibili ty and an accurate indication 

l'lf the properti es of ti1e steel: 

A. W-> 2T :> Y. :E·r cm paragraphs 21 anc!. 22, it is necessary that the 

width. of t,1e specii;1en exceed. twice ti1e t ~1ickness as one relationship 

governing constraint in t~10 widt~1 direction of t:1e s:9eci ,:1en. A maxinr.:un 

dimension for Y must be specified. l11 ter;i' s •f tM.cl:n , .:·- ,,r constraint 1a 

net maintained at the ce,1ter of t~'ll', unnotched dimensim1 Y. 
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... .. ll. W t?t 2Y. From paragraph 22, width of specimen must be a.t least 

twice the distance a.cross the throat of t ;1e specii:1en to provide the 

desired stress concontration and constraint. 

· O. ~::> lOct. for ~~1icl:ne,;~es ever 5/8 Lich. 

Y:;,.. 5d tor thlcknessos under 5/g ;:.nch • 

lrom paragra.)h 22, tne r~lationship between the distance across t :1e 

throat of t i.1e s9eci,nen a..1d t :.ie width of the ,wt~ must be controlled to 

provide the desired co11straint in the thickness direction of the specimen. 

The limi tati?n on widti1 of notch indirectly places a maximum on the 

radius at the root of the notch and, in so doing, as3ists· in providing 

the desired stress eoncentrations • 

D. Tem,2eratu.r e of sanvile a.t time of ;t>roaking; • 

E. Applicution of impact in fraeturieg. 

The importance of teDriJclratui·e has been indicated. Care should be taken 

that all samples are at a fairly constant temperature at the time of 

frat\ture. T.ie temperature of 70°F has been selected as desirable. 

Lower tem-~ eratur cs, of course , provide a more sever e test. MaterialG 

wilich break to give a iib1·ous fracture, however, will not alt,-:r in 

fracture app earance over ,.1. cr>:.. ,siderable tem_;,)erature range s1.1ch as +,30° 

to .+70°F. Sp e;cifi~;u.tion ·.; control the upper limit on tem.,)erature at 100°F. 

25. The rate at w:.1ic:1 t ,1e impact blow is delivered :1.as not been found of 

great importo11ce as long a s [I.cl.equate nonstraint and concentration of · 

stresses have betfil pr ovid.od by notching. T.1 e s:_J eeds obtained by falling 

weight mechanisms, st aam and nir ha..;;nel·s are satisfactory. Breaking of 

samples in a hydraulic 9r -2 ss is not c··nsidcre,l satisfactory, however• since 

erroneous results ilo.ve bel;)n obtained. on borderline materials at low 
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hnrdr1csses when t ~1is method of . fracturing has beei:i used. 

26. Figure 5 si.1ows sci~ema.ticully a typical arra.ngeuent f•r fracturing 

specimens. It is i1nportant t .i.1nt the striking o·oject :,ave n narr-0w 

striking edge so t.1.0.t essentially line oontact :ls obtr!.Lled w.i1ich can be 

positioned directly ~n the plane of the notoht:'ia in the s:pecimen. In the 

cn.se where the falling weight has a. large contact areo., the impact may be 

concentrated a.t the notched region by plaQ~nG a small bar a.cross the sur­

face of the iract..i. re trpecimen along the :plnne of the notoh. The span of 

the specimen,· or the dista.1ce between the bottom sup:._Jorts, for · heavier 

thicknesses of ariilor (above l-1/411 ) mey be adjusted for oonvenienoe as 

long as t~1 .a s-pon leagth is not excessive. On thin r..rnor, however, such 

as up . to 1 inc:1 in thick~1er.s , t :10 S) U:.1 shou.ld be progressively reduced 

with decreo.sL1g thickn ess so t :i.at rit?;idity of t ~1e s-.:_)ecimen is maintained 

and benci.inJ prior to :frn.cture do es not result to an . a;p!)reciable extent_, 

Severe bending of ti1a specimen :in~ result in partial shear failure which 

promotes a 1 amcared1 fracture surface which is 4,ifficult to interpret. 

27. !rile ~ensions of sp soi;aans w:1ic~ :u1.ve been found to be moat 

eatisfactory for t l-.a several t :liok1eas ranges are rocorde4 in Table II. 

The co:.cept of a fracture nroo ap1;roximately- r x ff in size with acl.equa-= 

notching has bee.1 adhered to except on thin and extremely heavy gauges~. 

In tho C(\Se of thin armor, an area in excess of 'l' x l' in si;e is desirable 

for ease in interpretation. 
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St.anew.rd Dims.:1sion!,.tor, j'ibr.t ~ract}liF ,Test, i9:·,1,,le1 

De1iralale W>~cl .. c: ,oracteristies nnd S;eon Dis te.:::.cea - ' 
I 

Ar1.1or *'Width Width of 
T:1ickneases Span ot ot N~tch, !roa to be 

I:~C-l~S 
? 

SpF:-eL~o'. : Speeit1qn Loximup Jra.atw:ei . . , .. 
3/16 - 1/2 4 - 6• 2 - 311 l/8" ~J to 2T width x· T 

5/8 .... l · 6 - 8 11 2 - 411 1/8" Up tc 2T width x T 

'lrl/ 8 - l,.J/4 7 - 91 4 - 6• 3/16• i1p to 2T width x T 

1,.7 /s - a-1/2 8 - 10" 4 - 7" 1/4• Up to 2T width x T 

a-5/s - 4 9 - 12• 5 - 9" l/4" Up to 2T width x T 
•• Up to ~ width x ~/lJ/l.· 
..... 

4-1/4 - • 12 - 18" 10 - 1211 3/8 11 Up to 2T width x: T 
*111Up to 2'l' l•li4\h X ,3/4'l.1 , 

• Greater wid.t:: s of specimens lt~ b-c used. as lone as not.cliing ia 
deeper to conform to maximu.L1 area to be fro.ctured. 

•• Notciiing also alo~1g cae.i. fnee of SBlil)l& to a dErpth of l/8T . mq-be.~ :, 
accomplished to iueilitate fracture. 

Finally, with reapect to t :io fracturing of e~eci1.1ons, beat reaulta are 

obtained with a single blow wl1ich ca.uses completo iro.cture with "ne 

application. Tl.e necessity for using rep'3nt~d irJp~ots ter.d.a to ;: .. ocoto 

fractured llo.lves of the sw,lJ}les separr~to eo~,Jletely upon rupture in o•der 

ti.int da;Jage to t~1e surfo.ces i;w;/ not result. 

Type of :Fractures 

28. Ar,.lor is desired w~11c:1 w10.er t~ie stand,;'\rd test conditions will 

fraeture in a. ductile •. w.nner to r;rodace a fibrous appearance. The 

crystalline or brittle frnctu.ro indicates extroi,10l;r U."l.satisft1ctory 

propertiea in tl1e !10.rdneas ra16es to wi:1i6~l o.rr,1or is r.orr.nlly :1.eat treated.. 
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Between thosG extremoa of t i1'e com,1.>letely cryst1;1,J.line and fibrous fra.ct.uro 

are t~ie mixed ;fra.ctures or borderline ca1h~S \olilich are most often 

encountered in the ins:;_.>oet.ion of :p_:r;od.iction --arr,1or. Only materi,a;J.e whioll 

fracture in a fibrous iil&lflcr are satisfaotorz. T:10 completely fibrous 
f ( I 

fractures are easily r,JeOl:,"llized.; the same is true of tho completely 

crysta.llino fractu.res. Once tile typical o.ppearr~:,c~ of t .:·.,; fibrous 

fracture has becorn;; mastered. it thon becomes a comparatl voly eaay matter 

to reooinize deviations from this ap!_)e::trance. ~10 main difficulties in 

tl).i• com: Jction are caused. by local defects uncoveretl in the fracturo 

surface s'uoh as s:irinkage or porosity in cast s0ctio:.1s and nonmetallic 

inclu•ion str~aks in rolled nrmor. 

29. Tne difference in a.ppcaranco of t~~e fibrous and, non-fibrous fractu.rea 

ia a fwiction of t:i-io lig~1t-reflecting c,ha.ract(.;iristics of t ;1e surfaces of 

fractures produced by the two modes of rupturo as ir.dicn.ted in Jigure 3. 

-fhua t ~10 lig11t source under w!'lic~1 sr.:i eeimens a.re oxa.min ,.:: d is important. 

A spot source of light would bo ideal; a. practical substitute is an 

unfrosted alectric ligh t bulb t.i.e raya of w~1ic~i strike the fracture 

surf aee normally. Ti1e eyo then .·i a sir;h tod \:>arBJ.:l,ol to tile light rs.ya 

and t :.1 e specimen is tilt4Jd. e.i. i e;~1tl;r wi1ile bein6 examined. Specimen, 

ar0 most easily e~ine6. w!1en ap-pro;dmately 6 to 12 inc:·~es f,:-om ~e eye. 

,30. 

li., " 

rafl§!ting aJ2I> curanco. T~1e sur:fat,o exhf1:;it;13 a "torn" aspect. 

31. The oomplotely crystallino fracture caus£;d by il1.com,Jlete quench 

hardening will be 1eldom encoun torod. in practieo. Howover. mixed 

fracture8 • with n ·Jrou.s rims and crysto.lline areas in t!1e center c,r near 

one edge due tc incomplete, quench !lardening aro coL11;1on and wil1. be 
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)ri,aht. 1 shiny, ,Giltu.lSf~ ,tii,eai;5~e ,c~use.d by 14Jght reflgc\,i?nt fpom the, 

individual gryatal facets, as pietured in Figuro 3. The lAek of ductility 

is defini tol:r indicated by the fracture beit.g unusually flat with little 

or no plastic deformation i1.avL:r; cccurrcd. at t~1e edges of the sample. 

32. The m~xed fracture. containing crystalline patches near the oenter 

surrounded by a fibrous rim, h iaost easily recognized bocaus• of the 

contrast in color ~1d toxt-ure of adJacent areas on the same surface. 

The fracture, of courbe, may be predominantly crystalline, or, in the 

borderline condition, IJlllY exhibit only small crystalline patchea. 

~ysta.t:Unity is a charaetoristic of the matrix and as such muet 

necessarily involve a ~rOUl) of grp.inu~ Th0refol'e, isolated sl'eckle1 

• seen in a fracture. evon tho~h bright in appearo.nce. cannot 'be ccnettued 

as crystallinity., but -.;, 1 tten be caused 'by local dofecta ir.. the steel 

such as inclusions or ab:r11'lltage voids. 

33. The brittle fracture obtained in high ha.rdenability steels is not 

cauaed by incomplete qu.ench hll.rdening. Therefore, tho fracture ia 

w1i -:'or il1 in n1?';,nara..1cc acror.s the ,action. Tile poor prqpertie• of these 

st-eels are a fuw:;tion of tue .tn)o s:-.al✓ iih ·:i.:.-.r~ :.\.1i.\t treatmentia ,utilized, 

In .aome case• the difficulty is probably associated with the retention 

of auatsni te upon quel1C!'ling whicr. subsequently m~ transform upon temper­

ing to )'1-eld. high tempera.turo transfori!lo.tion i:,roducts o.nd reaulting peor 

properties. The non-fibrous fra.cturo encou.i1tcrod in . t~use types of steels 

m~ be desoribed as followss 

l. The .fracture o.ppoa.ra.nce is uniform throU1:hout the aoction. 

2. Littlo ductility is evidenced at the edt;;es of the fraot~ed. 

specimen. 
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3. The color of the fracture as a whole is i n te?'Illediate between 

the fibrous fracturi, and the 1>righ~, cr;::ntallino fracture 

4. The surfa ce presents a mottled, grey a:9) ot1rance. 

5. Close inspection visually or with t~1e u.oe of a l~ - 3 

magnification reading glass will sho,-, cr~rc talline patches 

interi.1ixed. in a fibrous background. 

Oac0 t:.1is typical frac\UI·e ~ms been seen a. fe1;1 tiues, it can be readily 

recognized. Comparison with a fibrous fracture will immediately illustrate 

t~1e considerable difference in ap~Jearance. 

Local Defects in Steel and. A:ppeui·ance on Fruetures 

34. As ti.1e heat treated. co;:1dition of a steel is 1L1:i;iroved so tll.at upon 

fracturint; it approac~tes or becomes cow...:iletely iTurous, the steel acquires 

ductility whic~1 causes i-t'ti)ture to occur thl·ou.;~1 local defects in the steel 

since these constitute t ~1e pat.h of minimUJJl l· esis·i;i:-J1ce. Suell defecta in 

cast specime.'1S are usually caused by 110111,1etallic inclusions, er, mor9 often, 

::,nrinkage voids. These s~1rinkage void.a a.re usually lined or lJartially filled 

with a. bri6l:lt, shiny r.10.ttirial which in most cases !i.a.s a dendritic or "tree­

like" aspect. The distinction between these orig:1t spots and true crystal-

lini ty in a borderllr :; ,,,atcrial :-.mr.t ·or• rcr::nt~1 izccl. Gfu·eful examination 

of these shrin!•mge def&ct ::i i:i.lld surrou:1.ti.iug pr·ea uill reveal that they 

ap:,_jear to be deprassed under or superimp.osecl ttpon t :1e fibrous matrix a.nd 

are not o. part !?.! the matrix • Tl:c i.1.Se of a ran.cl.int ::::lase which produces 

stereoptic cdf 0ct j_r,. ·..i. .. , ·: '.f° ".l :i. n reco~~izing tl: is· mnterial • Under the 

a 

reading glu.ss it will appear to stand out in reliof. In contra.st. the 

crystalli~1e patc:1es of on unsatisfactory material n.;.•e a part of the r.1atrix 

and do not present the reliei efiect. Obviously, t:10 presence of bright 
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spot• due to local defects is not caused bf undesirable metallographic 

structure which would produce true crystalline fractures and hence does 

not indicate unso.tisfactory toughness. Efforts should be exerted by those 

responsible for the interpretation of fractures to initially ilstinguieh 

betwoen local casting defects and crystallinity so thnt false interpre­

tations will not arise bec[I.USO of such conditions. 

35. In rol1od armor, local dofocts auch as small nonmetallic inclusion 

stringore appear as bright streaks on a fibrous or noarly fibrous frncturo. 

'l'hoso streaks, which nrc po.rnllol to tho plo.to surfMos, arc co.usud by 

small splits in tho mn.tcrinl perpendicular to tho plnnc of tho fracture 

and oxtonding nlong tho inclusion. Such splits mey range in dopth from 

• 001 to .05 inches. Whore tho interface botwoen tho inclusion plnto and 

tho steel matrix has so rupturod, a bright surfnco rcsul ts. The bright 

etroake soon visunlly. therefore, a.re occasioned by looking nl.ong this 

bright aurfnce at o.n a.cute nnglc. In aomo steels this offoct 1Jl8¥ be 

concentrated towards the contor of the section; in othora it rq- bo 

uniformly diatributod throughout tho soction. 

AJ>plicntion of Tost to Production Ins,Poction 

36, ~•ho uso of tho test in inspection is covorod by tho o.pplioo.ble armor 

apocifications. Howovor, somo of the factors involved in the processing 

and hoat treatment of nrmor which affect its ballistic and frncturo charno­

toristics will bo discussed. Tho ballistic tost, when it npproachos as 

nearly aa prncticablo ncturu. service , _ .• di tions, i n the ul timnto criterion 

of armor qun.li ty. However, n sntisfactory bnllhtic te:.:1t performance o.t 

normal temperatures offcrn li ttlo e,inrnntoo as to tho p.)rformullco of that 

mater.'.nl at low tompornturon or whon incorpornteo. i n a vohiclo, nnd re­

strained by adjoining armor. Furthermore, ballistic teot sampling 
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necessarily is far from r:.dequa.te. Ti:ie fr ,.\ct·-1.1·e test allows more thorough 

sampling and, :10110 0 , raoro o.dequate ins::_Jection of t :10 produc..t.ion material 

and ch ecks the c:11..1.ro.cterist ic wl1ich inhere:1tly determines whether or not 

the ar ,nor will be satisfactory ·bo.llisticnlly :from tile sta.>1d.:point of a.bilHy 

to withstand :,lastic defor~1ation in n ductile 1:10.nner. Th€i following 

factors determine wheth.:::r or not a. fibrous frnct tu·e is obtained: 

A. Ha.rdenabili ty of steel for t~1e section involved nnd quenching 

practice in uso. 

:a. Ini1erent characte1·istics of haat of steel. Some steels, 

bocauso oi inn(;,~·ent c~1 ei,1istry or quality f actors, co.nnot be 

mD-de to fractur e in a. ductile mnnn or wit l-. normal treatments. 

c. In a.r ;.1or st eels, heating and que"1c~1ing :·.i raetices are important. 

Tho following are come of t lt8 d0fieioncies whiCi1 have been notocic 

1. L1p1·,p er austenitizing tr uatmcnt involving inco1.3plete 

c nrbido sol~tion~ 

2. E."'tcessivo .;cal.int of armor :prior to quenching. 

3. Lack of ngitc.t iJ::.1 of quenclun.; :-ncdi ur.:. 

4. Elevated tempera.tm·e of quenchinc; medium. 

?• Stop_>in,; the quencn n.t too hiGll a. teaperature, with 

r , -r:: ul tc~1 t ·,1r:.rtial t 1.· :..:.r. sfor,:mtion to i)roa.ucts other 

G. Trt1.n sformation o~· austeni te rot :iined t~,,on quenching o.t 

hi i;h tern~; crutur es during subs 0Cj_1.1.ont to.:ipering. 

7. Lui.d.aqu.o.tc too:oc.rir .. ~ cycles. 

All of t i.1e ,~:::iovc f actor s ar c i:.1port :.~:lt. :l.17.c.l nust 'be . co., trollod to insure 

unifor1:.ly satisi::~ctory :tract ,;.: oc1,. 
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37. Ti::o fibre fractu1·e test is sensitive o.nd., therefore, if properly 

appli ed, r<no~iL . .'. ,: m.1.re a high dvgree of unifor:.1it:/ and satisfactoriness 

in o.rmor with rosp -.ct -~~ :v; · :td Jity to defor:·.1 uit ;1out cracking. It, ef 

course, ilas n• connection with ti1e so _w1dness 9f casti ngs or tho freedom 

from lamino.tions of t }ie steel in ti.1e case of 1·olled ari:1or, factors which 

o.ffect the ·co.ck spo.lli11g tendencies of arr.10r. The t nst does, hewever, 

provide a ncn-ballistic metl1cd for dot e;r ;·.1ining the t cughnoss cnaractoristic 

of armor. I:1 the case '::i f arraor co.stings, t l1e fi"ln.·e test, h£l.I'dneus mea.sure­

n:ients and a control cf soundness are ti:i.o factors wllich n eed to bt:i regulated 

to insure satisfactory ballistic behavior. fa t~10 c:.1.se oi' rolled arr,10r, 

tho fi bro test, a control of steel sound: :ess, o.n.d hai·dl1ess tests will 

provide t :1e same assura.i ce. Irrespective Qf t~i.e reasons underlying t ~10 

devolopmen. t of a crystL'..llino c i· brittle frnctur c in c..rr,,or, it has "been 

found by e;qrnrience t ~1at the sa.;1e steel heat treated to produce the 

fibrous fracture o.nd at the su:..1.:i :u.irdn 0ss lovel will be r.1ore satisfactory 

for the purposes intended. .A,r;.10r plate as util:).Z i.1 d on aost aroored 

t;.ie fra;Jework of t:.o vol'licle. Whon one M il sid, 1.· s t ,1.1-J lil~elihood of 

impacts wi t h ,.1v d·;:w.tc:1i ng ar,1,) r p i ercing i:, roj ectiles at high obliquities 

or higl1 explosive proj ectiles ut any obliquity, all of which produce 

considerable shock effect on the arri101·, then it is o.t once o.pparent tlmt 

resistcmco to s:1.ocl:.: is h1p~rta.:1t. l3ri ttle failur0 of the a.rr.1or not only 

will ~1.low ,:.(:.:1. t tru1ce of these projectiles but will , robably prevent the 

further use of t he vehicle been.use of t i1e irnpairi.lent of its strength as 

on engineering structm·o. 
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38. The foregoing discussione are based upon o~']_)erimice obtained at this 

arsenal dw:·ing tL1e past year in t~1e developr,1ent a.ml i~1vestiga.tion of the 

fibre f'ractu:..·e test. T~1e data included ~1erein have been a·ostracted from 

the followin::; Watertown .Ar~enal Laboratory re:;Jortn w'..1ich, among others, 

have been written on t :1e subject or wl1icl1 :mw~~ involved the use of t l1e 

test in the deter,i1ination of the factors responsible for t l1e observed 

ballistic perforr,iance of a.:crnor: 

Number title Date 

710/500 "Metallurgical Examination of Cast Gtu1 Shield 17 Mey 1943 
Armor Four to Six Inches in Thickn ess". 

710/532 "Development of a Fracture Test to Incl.icu.te l August 1943 
ti:1e Degree of HurdeninG o.f Armor St.eels upon 
~enchin5 tt. ,, 

710/534 11 0orrela.tion of Metnllurgical P~·o;i orties wi fa 16 August 1943 
t~1e Low Te.np 0rat1,1i-e :-Ballistic Silock c:wi·ac-
teristics of 1 11 to 2 11 Low Alloy C:.st Ai-:,1or 
Tested at Ca;,ip Shilo"• 

39. Standard fract·tll·e test srun_;;i le!3, . illustratin:; fae various ty-pas of 

fructui·es w~1ich 1110.y be e:1countered, are desired to siiirplify the inter­

pretation of fi•actw.·es encou.'l.tered in t~1e ins,_iection of Iiroduction armor. 

These may be accUi11ulated ·o;,-- t~1e indi vl ch.1.;;1.l i:1 s: _•\; 0'~1,r (·,nci t1sed by him in 

t.~rn trai ri :L 1b Ji m.fo ordiun.t ,: :J . '.r.1a Ordnance De;,urtl/lent is arranging to 

provide stnndard fracture s:i_)ecimens for fae cust n.l:Jor industry. Similar 

standards will be provided for t~1e rolled ru-,:10i· industry if necessa.17. 
.,. 

Standard S_(l eciii1ens s~1ould be studied carefully so Lat the significant 

f-eatures of tl1e test 0.1d t l1e apyeara.ncen of tl10 V,':'.l•ious types of fraciure 

oan be fully ap ,:_.,:; i•eciuted. It is f3lt t ::cut, wit:.1 ~1 understanding of the 

purpose and si:;nifica.--ice of t h e test and by reference to t h e standard 

samples, t ~1.e inspec~or s :.1.ould be able to arr i ve at v.ccurate and just 

interpretations of fractui·es presented to hir.1 £or clecision. 
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Fractures of V-no tch Che.rpy Bers Illustrating 
Comparative Impact Strengths of Mat erial Breaking 
with Fibrous, Cr~stalline, and Mixed fractures. 

PlEi.te Heat 
1-13-3372 3372 

l 6405 

GSC-26 6848 

• • 

Fracture 
Crystalline 

Mixed 

J'ibrous 
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Ch!!n!l I Ft . Lb s . 
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52.4 

85.0 

• • • • 

f'IGURE I 

• • 

. . . ' ... _ . ...... 

• • 
·•. •: .. ·. 

~ . 
I .. " ••"•.., 

. ... ... ... _ • .......... .. ' • - ... w ........ .. 

:}:?::::~:~::::/: 
::::::: ::=:~ ::~::~=~ :: . . ..... ...... ... .. "' .... '\, . ' . 



Fr,=, ctu res of V-Notch Charpy Impact Be.rs 

• 
2 11 Cast Armor 

2 11 1 Rolled. Armor 
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W > 2f > 7 
w > 23 

(.1). 
(B). 
(C). 7 > 10d, for thicknesses above 5/ 8 •, and 

7 ~ 5d, for thiakn••••• less than 5/8 1 • 

XYPIOAL m.\OTIJ'RE SPECIMEN RELATIONSHIPS 

Jor thin plate up to 1 1 • For thicknesses 1•--2-1/21 • 
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