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ABSffiACT 

In order 'to be able to judge the 1'ull ftlue of the V-notched bar 
U?st specians described and proposed 1n Nanl ·Re~arch Laborato1"7 
Report No. M-lS,44 ot 21 J,me 1939, 1 t tel t that a cCllp&rllCf\ ot 
the resul ta ot these speciJnena w1 tb tJane type ot practical teat waa 
essential . It ns consid red lo'1,cai, as a preliainaJ7 eune7, to 
compare the V-notched bar teat ftl.llff 'with the result& of th• ,...,bend 
test for determining the weldability ot hish tenalle et.eel . !bia test 
h Ul&t uaed bJ the &i.reau or Con8tnict1es1 and Repair. 'l'be present 
investigation c0118'1.i::\ers the result.a obtained trca coaiparat1-,e teat. 
using the saae wldina ~cbniqua wit.b tull eutcaatic control in 
preparation o! V-«lotched and Tee-bend test epecblena for • ·aeriu of 
sixteen ditterent. low c&J'bon and allo7 at.eel.a . A wey d.et1nite 
correlati~ mate betwen the ranlta ot the 'V-notcbed bar Ind the 

· Tee-ber,;i · test ftl.uea. · In general, it 11JAJ ~ Hid that except toz, 
l&ltinat.d pl.Jt.e material t.h&t_hi&b and ~W.• V-no~. bu ...i.a 
will pnd~ct ~ Te.-bend betl•nor. Ccllverael,7, brittle V--notdied 
bar behavior either.in plat. Mterial or in bead nlda ~ .predict 
failure 1n the TN-bend test. 

. . 

In _the preeent eta~ of teetin& ~r wl.dahll i f'-7, it ia atr<lllll7 
urged that f\lture -t.este incll¥1e .both the -V~tched and TM-bend teat . . 

ape ci.meruJ. 

, . 



_,......,._ cc.v.:ir1l,n ,.. or taed unar:n• ""'-'·•·-
ne::.c:mcm ;114l.UOl'tt.OJrJ' IW."4 el 21 '--, 19'9. 

,. .--.. .. M.1-imot ~ 
bU' \M -~CCD ... ,19a.11l lD llhal lleNrltl Labo~ 
~ ~..11111111 1\ ... tel\ ._, a ~ ot 
tb41 • .......,'ttSI, ol .plN\'!.oal. IN\ WU 
.....uai. .Mril~l;ilir.-1 n AJW'I• to OC11PU1 
tale · · ~- ~la of the Ill• blDI tut. for 
detflld - 1• 11M.1. tll1a un 1, ~t. 
\18ed "' .. . . r'le~'tl'"M . ~r. 

'- .,._ · t1ani• --,.den tbe .....iw ~ 
traa ~ - tba .... ~na tedee1cpe I.a P111<11"t.tcn 
of~ · _ ; · - tw • MriN of dift.,m\ 
l#ca.Jt,an-1 ' . 

-. 
<•> IPialMV Dtmrlr e Mt Ii lt1r Cira»•> re~leDtslee} 

.,. ,,. .. :,;; r, -- ·~dl-1-- .,.,.. 1n lafll lleMJ'Ch 
tabol'ltor., Jltpol"t h. NS44, • b1rR -

(a) 1kie ue ot • dDal• 111114 doable widtla ~JW J..notdMd \eet 
~ el • -..ldiftl nNl 1n N-1"Cl1led cendit.S.ca ~ be 
ued: te Sa41oat..e 0. -.1• ot no\clb amait1Y1• of a 
wld!,w IIINl• 

(b) the \1.M ~ a :: tlll4 dclDl>le width ChaJ1)7 •-not.c.Md t.en _ 
epefdaar ~ a -- ~ l'-1 Id.th the .- 6f U. _DftCll 
~ to tbe bA\ id'teot.ld scne -.r a bead weld ~ be 

. Uld to indicate UII 4epse of DOtdl NUiUTit.7 ot tbe 
lllllding e1N1 &tteJr heiac ~ to • .U ~1-1 
e,cle. . 

,,. 

(c) II, callpllrina Ute not.ebed bazo ..:i.. of plate aawn.al witb 
1hn of u.. bud wU IIOtcNd bu, an in41ce'4.cm u cbk1ned 
ot .. •ttfft 0~ wl4 lleat tre«talnt. cm ._ not.all ... 1t1Y1.ty. 

6. 17 - ol the ..-.t.a'J' of t.t. 111,:1,,11 and the 
•thod ot teat a OOflllft\ftt.icn u ·pftdaoed at tlb• apo 
or th• notdl. , t. aa4 Pllpott haw sboJln ~ tnUo to 
be 4. 78 U.• nre■•• .... 

i I 

1\ 

I, 

't 
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7, 'nle Tee-bend test tor detenllining the weldability of high 
tensile s~ haa been used extensiwl7 1n the woric of the Bureau or 
C0r!st_MJ..Ct..i.01LM<:t Bepur. The yg_i aJl!IIOWlt of data indicates 1 us 
useful.nets aa a 8\1111111&!7 test or the base l'laterial as well u the 
.material in the welded condi ticn. Due to the geoaetry or the test 
speci.,.en, a concentration of at.nu is obtained at the toe of the weld. 
Coker has shOlln this stress concentration to be SOlfte lesa than t.ice 
the average st.reae prorlded no mdercuttin8 is present, 

8, Since a concentrati on ot atreae ie produced in both the 
Charpy V-notched bar and T~ teat epecimena, the ecaparieon or 
thcso two t ypes ot test apccimei,a aeaed a logical • thod ot at tack 
1n oruuati on ot their iU.gniti.cance in cainectiClll w1 th weldablli t7 • 
ldent~c~ n ~ina techniquea .-, be uaed 1n tJ1e preparaUca or both 
tes tepeo:i..alma, 

MATERI,:1, wmR! mt 
9, ~~ etew n-ca ~ eenea ot. Laboi-.t017 azld c<aaercial 

steeila, whicti w:re wrec1· ;1n· the preYiOD.1 studia1 ot tMa problea, w:re 
used aa ute~ll tor .~ preeent pbJ.N ot ~ irfflJet.ipt.1.~. Se~ 
steels 1\i!Uiabod by the . &.r9lll of Ccmatructica and Repair in connect1011 
with the wld quench te•ta reported in 011r letter to t.he Qdef of 
tbe &.l1'NU 9f ~t.ru~tian --4 lepA1r dated 14 ,me 19)8, were wo 
ueed ·1n ·thu ·at\r:tJ. 1he ehtildcal analyaea oft.he plate uteri.al 
appear 1n Table l. . . " 

U,'J. Jlo. ?8 ~~ .Onlde ll, ~ 2, bOftJ' coated e:J..ectrodea 
)/lJJ• 1n di8aDter, were ·uae4 .. the atandaJd electrode 1n thia •l.dina 
study. 

·am® w-~ 
U. Ml •tcaaUc ccmtrol of wel..din, conditicu was aa.1ntained 

in all teat.a. 

12. 81.ncl• bNd wel4a were ..-1w ~tot.he dinc~icc 
ot rollinc Cl) 6 X ? X l/2" plaW 1n tile -l"Glled cendi t.icn. flle 
electrode waa uaed wUh nwned polarity at 175 -.,em, 25 "f'Olta, 
and a speed of tra-,. of 6 incbN per Id.Dute. An app1'0Adl plat. na 
uaed 1n ol"tl.-r to Mke a peater portion of tile 1Nt plate aftS!ahle 
tor inveeUaa,t.ica. rtw •tandal"d (.394• x •"4• & a.u,,-) and tao 
doable widtb (.)94• X e78S1' lC 2.16$9) V-no\Clbed bar bead w14 apeciMm 
were p repared. After the" wra pwrad an4 •tdled the locat.ion of t.be 
V-not.ch 1.'&8. deW1'1111Ji14 b:r ~ . ........ tor ■ I IFIS s:nt. 'lhe apex 
of tbe atancSaid Y--notdl wu .-ebined ~t \o · .• tu1cm 11M u 
in Plate 1. fiw atanda!d Ind \wO doable widUl apecd,_., 9ltN ~ 
Mde for eadl plate Mterlal. tHW. 

1). . 'f•• beDcS \ht apt!WM ... ,. p....,...S ulnc a •14:!:! 
tecbnicps. 1.dentical to that ..w 1n p~ s1npe bud da 

I 
lj 
h 
'I 

' . 
• J . 



.,. 
de , __ u. .. ... na1 ...-neN• 
n. to u,e plate• 6 x l2 1./:t' ..S 6 :s 3 

• done in U)e t.la\-posiUcl\ nm:tr01a.dl 

tull wtoaat.ic c:contral• Two he bend ~ 
t.est -

1s. ,.. bend ..-c1111n~ au teated a1. ..,., __ lllr'e• 
or Standarda @er the direction of 11:r. '11.Uncer•. ?A tM• ~ 
study thia.1'U an ad.,.,t.tce linCe the epec!al ~~ 1=1nd tor-
t.e s t were not aftilabl• a\ the Labor-a~ ' • ~• inteiwt in 
t.hi~ tJOft 1• heartily appreciatad. . . . 
DA TA QBTilJIIP 

.. 16. lfotched bar t4,st ftl.•• tor the plate aawnal -~betld 
..,1d sperl.Jllsn8 ·are preaent..ed 1n Table n.. 

11. tee ba_.S teat. result.a an pnaeaW in Table m. 
. . 

18. . Platea 2 to 17 ccapare tbe V-notcbed ban and tM TN-bend 
for this ee~~ -of •ten.ala. · · · 

c~cws1ms AMP JE!Mf11Plt!99 . 
, . 

( a) f.Wrl Eetab1jnbfd 
19• · A,wr:,·~t1nite cornlatiCl'l e:xiata between the re911lt.s of 

the V-notched bar and the ~ teat -.l~a. 
. .. 

20. 1he V-no~ed .bar test. giwo an inlSS.cat.icn or tlle relatiw 
tougbnees or the p-late ·1n the ....,raUed and the weld heat,-treated 
con1Ution. 'the result.a. of the Te.-.bend test -., -be predicted .trca 
th eae resul \a• 

·21 • '?he Tee-bend teat. eenes as a --.e17 test-and indicates 
•.h P. ,-.- 1 t.1-,e Mrlt ot arr,- tsteel 11tlen used 1n a weld joint ot the tee 
t yne . 

et) Colltt&ral -Paci§ wit!J Rec.qpem,4 Applicatiqp 

• 8e'f"8ral halt width ·ree-~nd .specilllena _,,. teatAd . Results 
~re a.s follows: 

~!r!ll ti2• Aos;le 1t Msi■- "9!4 J.Q!e 

1 430 2108 J)<Mlda 
9 26 2616 

u 58 )480 
20 66-l/2 3480 
29 6',' 2982 

/ JO Sl . )728 

31 JO ,,,,~ 
)2 65 2980 

., 



-
It i::; to r :otei • • 1.n all c ,!; :s excep t steel ! • 29 tha t the 

:1 at l :l is greate r than that btai.ned tr the s t~r 0111rd 

wid Ui sp ci er • lr. all t· s t·xcept ste • numbers l ~ 20 th 
maximum l,a.~ ·rA equal ♦ r or g" t er than .,ne-hal. ! of ti · o f a 
su,ndar-1 "'"1. 1 u. sre ir •• • rests have not ~ 1•n suff~ci ent in numbe r 
t o make any tlefi~ · ~or.elusioru, at this t ime; h~ Ye r, 1 t is !el t 
U1at very li ttle ·wMit.ional info~tic:r'l i s nvail a~- le trrn the half- width 

• Tee-band sp- cimen . 

23. Two ad "iUooal test specimens -.ere ·• r epared fran steel 
No • . 39. These cq, .sist.ed or Te&-bend spec1.1na-u, aachined frcm 3" x .3" 
5 toclc. The fillet was mach ir.'-!'<J so that the s~cimen h Ni U'ie same 
geooietrical sha~ and size ,j Ta -elded test apeci.Ir.en. ln caapartnc 
this type o • s,.ecl rien with U\e welded specimen no difference 'Wa3 no~ 
in the an ,-.1e at tr.&Xi.mU1a load. 'lhe Mx1•tm load, however, was slishtl.y 
lower with a vdue of ·4~4 pounds · a., ccnpa.red to 5115 pow-,ds. 

2,.,. The que.stlon of ,. re :i concentratim &~ the toe of the weld 
might be well in~stigated ~ using a photoela.stic model . Hence a 
bakelite moJei ot the Tee-bend :section was oonstni.ct.d and 1tress 
patterns weNl phot.ographed. A!I wa.s expected , stre::s concentratiCll 
ocr ur.t at the toe of the weld ( see Plate 18). 'lbi.\!I concentrat1oo 
~ sh~ by Coker will t. leas than twice the• a Ye rage etnuss . 

{ C) Qj,&cussigJ) or Data 
25. In · reneral , it may be -...1d that except for lllli.nated 

r :t• te materit1l, th.r.t high and ductile V-notched bar values will 
pn--dict goo<! Tee-bend behavior. Conwrsely, brittle V-notclled bar 
behavior e1 ther in plate •terial or in bead welds will predict 
failure in the Tee-bend teat. 

· 26. Two e\eel.s, rmabera 29 and 32, give eetiatacto?J perto~ 
in bOt.h the V-notched bar arx1 Tee-bend test in the ae-rolled ccnd1t1on. 
Steel No. · 39 tated only ill the tull annealed conc1it~on ala~ pertonu 
satisfactorily in thei,e tests. 'l'hese three at.eel!, u.y be claaeed u 
Grade l :,te~ls . · · 

Z7 . Swele nwabera l.4SB, ll.6C, ll and 150B do not ccme up to 
the steels of 9rade 1 in performance . 'Jhey an, mediocre in behavior. 

28. Steels na,t>ers 11 9 and 144B are not unitona in structure, 
teate ah0W1n, U preMnce ot a lau.nated structure in the plate 
11\Bterial. 1'be.ae ehow hi&b 'I-notched b&J: T&lues , and indicate fair 
pertonaance in ai, nr as th11 test fllue 11 concerned , '!he te&ri.n& 
action across the laadn.tim, honwr, baa a t.mdency to absorb DOre 
en~rgy than W0Uld o~ in Uie cue or a more hcaogeneows steel . 'lhe 
tearing brer,J.; S\.lch a., shown 1n Plate 3 is not acceptable and the 
V-notched. ba r test ft.lue ie not. a tNe lle&B'Ure ot the properties ot 
tM ateel. · 

29. Steels nuaben 20, )0, », l.4?C, 1.48B, and 149B all !hOlr 
a sharp breaJ· in the plate tet'Ml 1n the Toe-bend teat, V-notched 



bar wllie• mi tb• plate ••rial are alao brlt.Ue and the fracture 
pew. • Weld b.eat.-treataftt. hlpnnu the pn:ipert.iea of all tbeae 
at.Mle. 

)01 A Wl'7 d.etird te cor ,uaUcn mat.a bet.Mn the resul ta of 
tht V-notched b&r and the i.te bend t.e1t 'f&l\181, 

are: 
31. !be ad.ant.ape of the Tee-bind test tor atull7 ot weldabili~ 

(a) 1-a\ nault indicate. a "' ery of ~ bebaYi.or or a weld 
jcd.niJ both qaallty of \be pannt Mtal m:S weld beha'lior 
are CCJD~ftid. 

(b) Teat epecJa.lm ia eaaU.7 and cheap~ pnipand. 

(c ) Tait ,111pla 11 ol sud\ a siH that local condit1ma do not 
procluee en-at,ic l'U\llte • . 

,-:.._ ,,. ' . 
. , 

(4). ~ :1>~• of llllJnat.icn~. in the pl4t.e •terial are euil.7 
abolial' ·b.r tbi ~ o~ .tracton. 

12~ . The d!Mdftlnta,ea ot the V-notehed teat tor study of 
weldabllit:y az• a 

( a) 1'le maber of teat. apeciaena are of a neceui ~ increued 
s1Me tate are _. aur tfiflr di.fterent ccr,di uona. 

(b) Teet · apec~ 1• acre expenn~ to prepare than the Tee-bend 
tee t. apeciaen. 

(c; ) Teet.~• ror 1-,nated plate, because of Ule te.ring type 
ot f'racblre , aay- be 'hilh• Howeftr, .type of• fracture will· 
indicate the pretence or a laainated condition. 

~d) Beeauee of the -.all aise or teat epeci.men and the ep..-d .ot 
resulte which ·occur irl 9<ae steels, the number ot teat.9 tor 
en annge 111St be 1ncreaaed. 

3) . 'lhe diaad..antagea of the Tee-bend teat tor stud.7 ot 
weldablli ty a.re 1 . 

. (a) Weldini tedm1qQ8 tor any particular eet of teeus is more 
or le•a tixed. · 

. (b) Ho maerical nlue is obtained which will diatiJlB'liah between 
a failure due to plate quality and a failure due to weld 
aensi ti Yi t7. 

(c) In a poor qual.iv ateel'-llttle indication 1a given aa to the 
,. effect ot weld heat-treatment. 

-5-



.,. 

)4., Dl. adwntqea of the Y-notcbed test .apedaln tor •tadJ 
of 1!9ldability area 

(a) 'lel~ techn1.qQe aay be w.ritd to nit p,aot.ical reqlli.naenta. 

(b) T1tat renl.ta indicate llbether ~ ot tailun 1a dl1ie to 
poor quality ~te or ..,.1t1Titi, \o weld hMt,.tnatallll. 

(c) Prol)erUe• ot the plate in the u•1'9C41iwd and after -14 · 
beat- _ · are obtamd, 

(4) fen '9ftlt.G of the Y-eot.cbed epeo1_,,, ... be ued ·w pJ._'9dict 
~rot U. ter1a1 mt.be ha beoc1 t.e1\. 

,s. ID both the 1.ao,~- 'IIMli-lmllll SDOCJJIIBI in 
tbeir Pf9 . :t ,tat. of dlrfel..CJD!m u., eflhita of a anal• bud wld 
are stadied.. 1he etffft ot t.l.p1e belda and M.1 ~\a an no\ 
cam~ 1he 'l-oolobad teat Q&Dmlll -, be . readU, ldapW 
to thla •1im17• · 

,, 

}: 

l 
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QMld.oal 

Steel 
...IAe.... ~ -

1 0.l.'1 0.17 o.00'1 
9 0.24 0.23 o.au 

11 0.29 1.06 0,2, o.QL? 0.«11 
20 0,24 o.oca· -o.o,J. o.cm 
29 0.021 0.19 2.01 a.ow 0.002 
JO 0.09 0.72 0.041 0.96 1.34 o.u O.QD o.o,o 
Jl 0.24 0.'14 0.012 o.?6 1.'8 o.16 - -32 0.12 o.-,, 0.48 . o.'4 o.ao O.CD.4 
39 0.21 o.'6 0.2, O.CR6 o.au 

14413 0.11 1.11 o.a 0.1.6 0.0, o.r:n O,Ql9 o.cn.7 
145B 0.01 o.,a o.i, 0.2? 0.10 0.44- o.oaa o.au 
UE,c 0.10 OJI 0.16 1.90 1.m. O.al9 o.cn., . 
l47C o.u o.~ 0.1, 1.9, 1~ o.CQ o.024 0,01.4 
148B 0.09 0.?5 O.o6 0,'12 1.63 0.10 0.024 o.an 
149B 0.09 0.'6 o.i, 0.59 1.04 0.023 0.1.12 
lSOB o.16 0.'9 0,18 1.90 0.14 0.10 0.026 0.01.4 

. , 

l ·I 



test Ruul UI • 

.. 

'bi; 
Steel 

Ng, §tandud Jidth txa 2t ftMWD 

l 55 1m. es WoodJteanncbreak-
■cae hmnaucm. 

9 35 60 1'ocd7te&rlQlbnak-
lllllinatec:l. • 

11 lC17 11:1 •• Pln■ -.'1.le-beedwel.d ~-
20 39 " 48 44 Plate bl;. t.tle. 

·29 16) +220 129 ~ All break•~• 

)0 2) ·II) l,00 +220 Plate britU. • '"4 weld 
d:ubt,U,e • 

)l . 22 39 . ·)9 72 Pl.ate lriW.. 

)2 121 420 ll8 +220 AU ~chlMU•• 

39 ?4 a u, 164 Plate DO\ U 4uctUe U 
bHdal.4. 

14413 110 172 lUI 190 Wo«\rtearlncbnak-
llldnated. 

. 
14'8 lll +ZIO 171 .220 . All~ ductUe. 

1"6C 8l. llO 86 llS nata ·not u ducW• .. 
..Swld. 

l4"1C ,. 60 lQI. Plate britt.l.a - bead weld 
lllpJOWCl. 

14,BB 4 ll 129 160 ~ta ~ br1 t,tle. 

149B 20 )8 29 . ,, P1a1II bnW. - bead -..14 
~tqllet.t.er. 

1508 58 114 Ill .. ,u. t.oa,b • 

..... 

' 
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