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= ABSTRACT

In-order to be able to judge the full value of the V-notched bar
test specimens described and proposed in Naval Ressarch Laboratory
Report No, M=1544 of 21 June 1939, it was felt that a compariscn of
the results of these specimens with some type of practical test was
essential, It was considered logical, as a preliminary survey, to
compare the V-notched bar test values with the results of the Tee-bend
test for determining the weldability of high tensile steel, This test
is that used by the Bureau of Construction and Repair, The present
investigation considers the results obtained from comparstive tests
using the ssme welding technique with full automatic control in
preparation of Venotched and Tee-bend test specimens for a series of
sixteen different low carbon and allay steels, A very definite
correlation exists between the results of the V-notched bar and the
Tes=bend test values, In genersl, it may be said that except for
laminated plate material that high snd ductile V-notched bar values
will predict good Tee-bend behavior. Conversely, brittle V-notched
bar behavior either in plate material or in bud welds will predict
failure in the 'l'ee-bend test,

In the present aum of testing for weldability, 1t is st.rauly
urged that future tests include both the V-notched snd Tee-bend test
specima
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INTRODUCTION
(s) hutherization

1y This protlen wes suthorised by Puresu of Engineering lstier
J046AN5 (4-2-Ds) of & dprid 1935, : »

2 A report covering pers of the werk was submitied under Baval
nasur;h Laborstory Report No, B-1544 of 20 June 31939,

heat treatmsnt on the notoh sensitivity,

be By roason of the gecmetry of the test specimen and the
mthod of test a conoentration of stress is produced at the apex

of the notchs Laurent and Popoff hawe shown this concentration to
be 4.78 times the average lﬁ‘gl.




T The Tee-bend test for determining the weldability of high
tensile stael has been used extensively in the work of the Bureau of
Construction and Repair. The vast amount of data indicates its
usefulness as a summary test of the base material as well as the
material in the welded condition., Due to the geometry of the test
speciten, a concentration of stress is cbtained at the toe of the weld,
Coker has shown this stress concentration to be some less than twice

the average stress provided no undercutting is present,

8. Since a concentration of stress is produced in both the

;  Charpy V-notched bar and Tee-bend test specimens, the comparison of

. theso two types of test specimens seemed 2 logical method of attack

. in cveluation of their significance in connection with weldability.

identical wolding techniques may be used in ths preparation of both
test epn.inena

S¢ t steecls from tbe ‘series of Laboretory and commercial
stecls, which were used’ in th revious studies of this problem, were
used as material for the pre phm of this investigation, Seven

. stecls furnishod by the. o!‘ Construction and Repair in connection
" with the weld quench tests uporud our letter to the Chief of
the Buresu of Construction .slhepd.r udu,}mlm,nmmo
used in this study, The chemi analyses of the plate material
Class

appear in Table 1.

2, heavy coated electrodes

10, No. 78 Airco, Orade EA,
the standard electrode in this welding

3/16® in diemeter, were used as
study.

. Full automatic control of welding conditions was maintained
in a1l tests.

12, 8ingle bead welds were deposited transverse to the direction
of rolling op 6 x 7 x 1/2° plates in the as-rolled condition. The
electrode was used with reversed palarity at 175 amperes, 25 volts,
and a speed of trawel of 6 inches per minute, An approach plate was
used in order to make a greater portion of the test plate avallahle
for investigation, Five standard (.394" x 394" x 2,165") and two
double width (,394® x 788" x 2,165") V-notched bar bead weld specimens
wers prepared, After these were ground and etched the location of the
V-notch was datermined by using s micrometer for messurement, The spex
of the standayd V-notch was machined tangent to the fusion line as
in Plats 1, uvuwmmmmummmnn
made for each phu materisl tested,

13.. wmtmnupnpcrdn
mawmumumtummpnmmuuh '\-:fd-
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. described im paregreph 13, 8ince the material m.i.hﬂ.o was 1imited,
tt was necessary to use plates 6 x 12 x 1/2* and 6 % 3 x 1/2" for the
b 9ee, Welding was done in the fiat position with an spproach plate and
. full swtomatic control, 9wo Tee-bend specimens were made from each

=~ tast ﬁ‘rto s 0 .

E l4e The V-notched bar specimens were broken in an Amsder
| penculum type machine at s tempersture between 70 erd 75°F,

15, The Tee-bend specimens were all tested st the Natiopsl Buresu
| of Stindards wwder the direction of Mr. Ellinger, In this

f study this was sn advantage since the special required for this

| test were not availstle at the Laboratorys My r's interest in

L nis work 4s heartily appreciated,

.+ 16,  Notched bar test values for the plate materisl and besd
. weld specimens are presented in Table II,

17, 'reo-be@ test results &re pmund in Tsble III.

; 18,  Plates 2 to 17 compare the V-notched bars end the Tee-bend
. for this series of meterials,

| (o) Fxcts Established

. 19 - - L-:iuryt definite correlation exists between the results of '
. the V-notched bar and the Tee-bend test values,

20. e V-notched bar test gives an indication of the relative
E  toughness of the plate in the as-ralled and the weld heat-treated

' condition. The results of the Tee-bend test may be predicted from
these results,

2. . The ?M test serves as a summary test-and indicates
the mlstive merit of any steel when used in a weld joint of the tee -
Lyne, .

(t) Collateral Facte with Recompended Applicsticg

2ie Several half width Tee-bend specimens were tested, Ressults
were as follows:

Steel No. Angle at Maximgm load  load
1 S 2108 pownds
9 26 2616
u 58 3480
et 66-1/2 3480
29 63 2982
p 30 3 . 3728
31 - 30 L%
32 65 2980
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It is to b= noted *f+* in all cises except steel ru, 29 that the

nele at maximum load S greater than that btained ir the stzrdard
width sprci ere, In all caves except ste . numbers 1 <! 20 the

maximum 1ba® ra equal t¢ or greater than .me-half of i * of 8
standard wiitl, sreciren,  Tests have not teen sufficient in number

to make any defin ‘¢ corclusions at this time; howver, it is felt

that very little additional information is availatle from the half-width

. Tee-bend sp=cimen.

2

23, Two ad itional test specimens were ~repared fram steel
No..39, These caisisted of Tee-bend specimens sachined fram 3" x 3" 1
stock. The fillet was machined so that the spscimen had the same il
geometrical shape and size s = welded test speciren, ln comparing
this type o s,ecinen with the weldad specimen no difference was noted |
in the angle at maxizum load. The maximm load, however, was slightly it
lower with a vilue of 4904 pounds as compared to 5115 pourds, ]|

26ba The question of »'re:s concentration at the toe of the weld
might be well investigated by using a photoelastic model, Hence a
bakelite mociel of the Tec-bend section was oonstructed and stress
pattems were photographed, A= was expected, strescs concertration
occurs at the toe of the weld (see Plate 18), This concentration
as shosn by Coker will be less than twice the average stress,

{e) Pisgussion of Data

25 In reneral, it may be said that except for laminated
piate materisl, thst high and ductile V-notched bar values will
predict good Tee-bend behavior, Conversely, brittle V-notched bar
behavior either in plate material or in bead welds will predict
failure in the Tee-bend test,

26, Two steels, mmbers 290 and 32, give setisfactory performance
in both the V-notched bar and Tee-bend test in the as-rolled condition,
Steel No. 39 tested only in the full annealed condition alsoc performs
satisfactorily in these tests, These throe steels may be classed as
Grade 1 sterls, \

27, Steele numbers 1458, 146C, 11 and 150B do not came up to
the steels of Grade 1 in performance, They are mediocre in behavior,

28, Steels nombers 1, 9 and 144B are not uniform in structure,
tests showing U presence of a lmminated structure in the plate
material, These show high Venotched bar values, and indicate fair
performence in &s far as this test value is concemed, The tearing
action across the lsmination, howsver, has a tandency to absord more O
energy than would occur in the case of a more homogenecus steel. The t
- tearing bres: such as shown in Flate 3 is not acceptable and the | i
: \tl;:otdxzcll bar test value is not a truye measure of the properties of AR

ste ® ‘ !:

29, Steels numbers 20, 30, 31, 147C, 1488, and 1498 all show
| a sharp breal’ in the plate materigl in the Tee-bend test, V-notched

-

-
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bar valiss on the plate meterial are also brittle and the fracture

grewlar, Weld heat-tresatmsnt improves the properties of all these
steels,

UMVARY AND COB

30, A wery dafinite correlstion exists betwsen the results of
the V-notched bar snd the Tee-bend test walues,

31, The ldmtlgn of the Tee-bend test for study of weldability

are:

(a) Test result indicates a sumary of the behavior of a weld
Joint; bothquntyotthap-rmtnul and weld behavior
are considered,

(b) Test specimen {s easily and chesply prepared.

(c) Test sample is of such a sise that local conditions do not
. prodneo erratic results,

(d) The pm of Mﬁ.m in the plate material are ouﬂy
m«m by the type of fracture,

32. The disadvantages of the V-notched test for study of
weldabllity azes

(a) The mmber of tast specimens are of a necessity increased
since tests are made under four different conditions,

(b) Test specimen is more expensive to prepare than the Tee-bend
test specimen,

(¢) Test values for laminated plate, because of the tearing type
of fracture, may be high, However, type of*fracture will
indicate the presence of a laminated condition,

(4) Because of the emall size of test specimen and the spyead of
umlto which occur in scme steels, the number of tests for
an average mist be increased,

33. The disadvantages of the Tee-bend test for study of
weldability are:

_{a) Welding technique for any particular set of tests is more
or less fixed,

.{b) No mmerical value is obtained which will di:tinguidw be tween

& fallure dus to plate quality and a failure due to weld
Smtiﬂwo

-

(¢) In a poor quality steellittle indication is given as to the
” effect of weld heat-treatment.

g B
e s B i e S
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34e. The sdventages of the V-notched test specimen for study
of weldability are:
(a) Welding technique may be wveried to suit prectical requirements,

(b) Test results indicate whether cause of failure is due to
poor quality plate or sensitivity to weld hoat-treatasmd,

(c) Properties of the plate in the ss-received and after weld -
hest~tLrestment are obtained, - .

(d4) Tost results of the V-notched specimens may be used to predict
behavior of the material oo the Tee-bend test.

35 znmmmwmuwmmm

uumm mmu-vmmtmum-um
before welding indicate whether the guality of the plats materisl
undsut_azab testing.

further
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Chemical Anslywes for Steels Imvesiigeted.

Steel :
S K A B ol R A L
1 Cl1?7 0.4 0,17 0,032 0,007
] 0,24 0.48 0D 0,027 0,011
11 0,29 1,06 0,25 ‘ 0,7 0,002
20 0,24 0,46 0,00 0,081 o,02
30 0,09 0.72 0,047 0,9 1.34 0,1 0.0 0,05
n 024 0,74 0,002 0.7 1,48 0,16 - -
32 0,12 0,75 0,48 . 034 0,023 0.014
39 0,21 0,46 0,25 . 0,026 O,001
1445 Oou 101' 0.32 0.16 M ng O.Cl!‘) 0,17
. 145B 0,08 0, % 0,15 0,27 0,10 0.4 0,028 0,001
- 1C 0,10 0.3 0,16 1.9 1, 3 , 0.9 0,015
147C 004 0.97 0,15 1.95 1.08 0.2 0,024 0,014
1488 0,09 0.7 0,06 0,72 1,63 0.10 0,024 0,097
1498 0,09 0,5 0,7 0.% 1,04 0,023 0,112

1508 Oclb 0. ” 0.13 low w 0010 oﬁm °0m




Isble L) |
Chaspy V-Botehed Test Results. g !

Flate brittle,
All breaks dwetlls,

FPlste britils - bead weld
dustile, &

FPlats britile,
A1l breaks duwstile,

Flate not as ductile as
bead weld,

Woody tearing break -
laminated,

A1} breaks ductils.

Plats not as ductile as
bead weld.

Flats drittle — bead weld

FMate extremely brittle.

Flate brittle ~ bead weld
“u’ better. it i

Al bresks medium tough,.
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NOTCHED-BAR SPECIMENS.
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PLATE 8
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PLATE 9
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Photo-Rleatic 3udy of Tee-Band

Plate 1B



