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WELDING TESTS ON ALGOMA PLATE SAMPLES
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SUMMARY OF RESULTS

Tensile, side bend, and longitudinal bend test specimens from
a butt joint in 1-in, thick "Algoma 90Y' plate, welded with AWS. E9018-B3
electrodes, met the requirements of ASME Section IX '"Welding Qualifications',
Transverse face bend specimens could not meet the requirements of Section
IX as severe cracking occurred after sustaining a bend angle of only about
60 deg. This was attributed primarily to the overmatching of the steel by
the weld deposit, ‘ »

In C, T.S. weldability tests on l-in, plate and cruciform welda-

bility tests on +-in. plate, difficulty in assessing heat-affected zone cracking

" behaviour was experienced due to severe cracking of weld deposits from

'E9018-B3 or MIL-11018 electrodes. A moderate preheat (200-225°F) was

effective in eliminating weld metal cracking, but this preheat would be
expected to eliminate also any heat-affected zone cracking which might have
occurred if uncracked welds could have been obtained without preheat,

Some heat-affected zone cracking occurred in the absence of weld metal
cracking in weldability tests welded without preheat and with lower strength

electrodes of the AWS E8018-B2 classification. Thus some prehéat, or
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: alternatlvely fauly high energy input 1evels, is 1ndlcated 1n order to. ensure
 freedom from heat- affected zone crackmg in smgle pass f111et welds or in
'Along multi= -run deposits. The use of E8018 Ba. rather than E9018 B3 electrodes

. is shown to provlde much better as surance agamst weld metal crackmg.

Lo




INTRODUCTION

\

In a letter dated September 25, 1963 (W, P, Campbell to W, E,
Creswick, Algoma Sfeel Cor‘poration, Sault Ste. Marie, Ontario), a summary
was given of proposed testing to be carried out at the Physical Metallurgy
Division on a new high strength structural steel identified as '"Algoma 90Y",
In a 1étter~dated September 30, 1963, Mr, Creswick stated that the proposed
program adequately covered the field of‘ interest of the Algoma Steel Cor-

poration,

Three plates having respective nominal thicknesses of %-in, ,
1-in., and 13-in, had been previously submitted to the Division. These had
been produced by Algoma Steel Corporation and heat-treated by Canadian
Heat Treaters Limited, Richmond Hill, Ontario.

The results of chemical ané.lys es, microscopical examination,
and inechanical tests on these samples were given in Mines Branch Inves-
tigation Report IR 63-116 ~ ""Assessment of Properties of Algoma Plate
Samples'', For reference, the following compositions were reported for

the 3~in. and the l-in, plates,

TABLE 1
Chemical Composition of Plate Samples

3-in, Plate 1-in, Plate
C 0.07 0.07
Mn . 0.56 0.55
Si 0.24 0.23
S 0.024 0.023
P 0. 026 0. 023
Ni 0. 02 0.02
Cr 4,35 4,35
Mo 0.33 0.33
N 0.007 0. 006
Al 0.09 - 0.10
Bk ' 0,010 0.011
Cu 0. 02 0. 03

*Quantitative spectrographic determination, all others by chemical
analysis,



The nominal ultlmate and yleld strength values were 94 kp51 and
e u .
© 81 kpsi respectlvely. ‘
The pres ent report descri bes weldablhty tests whlch were carr1ed

out on the %-in, and 1-in, plate samples.

' Electrodes conforrnmg to AWS E9018 B3 classification were
selected 1n1t1a11y for the: tests, because it was thought that thls electrode pro- '
Vlded the closest match in compos,1t10n and mechanwal propert1es with the
Algoma 9OY steel, that could be obtained in any commermally avallable '

electrode,

MECHA&ICAL TES’I“S"ONV A BUTT WELD |

A double vee butt joint was welded in. the 1 in. thick plate to pro-
_vide a spe01men for mechamcal tests across the joint, . All Weldmg was done
' manually using electrodes conformmg to AWS class E9018 B3 (Canox brand).
The two root beads were deposﬂ:ed with 5/32 ~in, dlameter electrodes at -
about 30; 000 J/m energy input, and the six beads, made subsequently, were
deposited with 3/16 in, diameter electrodes at about 40, 000 j/in, energy
input., Moisture determir_lation’s_ op coating‘-samples'representing each elec-
: 4trode size gave values of less than 0.20%. No preheat was used and Welding
proceeded without interr upt1on except for time requlred in removlng slag,
changmg electrodes or turning the plate to weld on. oppos1te sides of the

joint,

Radiogr aphlc exam1nat10n of the completed weld indicated that
it was of good quality, Transverse s1de bend spe<:1mens, transverse face
bend specimens and longitudinal bend specimens were machined to a thickness
of 3/8 in, and in accordance with Figures Q-7.1, Q2-7.2, and Q-—?. 3 respectlvely;v
‘ of ASMES.ect.ion IX ”Weldin-gz Qualifications" (1959 -edition - amended to 1962),
" Standard 0. 505 ~in, diameter tr ansverse tensile specimens Wele also machined,

“All specimens were 1nspected by radiographic and magnetic particle methods




and were found to be of satisfactory quality.
A8

The bend test specimens were bent around a 13~in, diameter
formey, in accordz;,nc'e with the requirements of ASME Sectic;n IX, until either
cracking occurred or a bend of 180 deg was sustained without cracking, Four
side bend specimeﬁs and one lc_)_ngitudina:1 bend specimen were bent 180 deg
Witﬁout significant cracking., A second longitudinal bend specimen bent about
120 deg before a crack of l-in, length formed on the tension face, apparently
starting at a small weld defect, The transverse bend specimens were bent
so that the surfaces closest to the weld face were in tension i, e, face bend
specimens, All four specimens cracked completely across the tension faces,
apparently near the outer boundary of the heat-affected zone, after being bent
about 60 deg., It was evident from the appearance of the transverse side
bend and the transverse face bend specimens that the yield strengths of the
weld deposits a._nd a major portion of the heat-affected zones were greater

than that of the base metal,
The fdllowing tensile results were obtained:

TABLE 2

Transverse Tensile Results®

YS
UTsS (0.2% Offset) % E1 %o
Kpsi Kpsi in 2 in, RA
93.8 81.0 20,0 74.9
94.5 81.1 18.5 75.0

*From Report PM-~T-63-1449 (Mechanical Testing Section, Physical
Metallurgy Division),

Both specimens broke outside the middle third portion of the gauge length,

about 3 in, from the edge of the weld,

Figure 1 illustrates the mechanical test specimens. .






WELDABILITY TESTS FOR ASSESSMENT OF UNDERBEAD CRACKING
\
BEHAVIOUR
Cruciform weldability assemblies, as shown in Figure 2, were

machined from the $-in. plate. Thickness "T'" was % in,

CRUCIFORM WELDABILITY
TEST ASSEMBLY

Figure 2 - Cruciform Test Assembly
Controlled Thermal Severity (C, T,S,) assemblies, having 1-in,

thick top and bottom plates were machined from the l-in. plate,
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Figure 3 - Controlled Thermal Severity (C, T.S.) Test Assembly




In both test assemblles, all contactmg\surfaces between plates,
and all areas where welds would be dep051ted, were prov1ded with a ground

finish.

Det‘ail‘s of‘the tests are surnmariied in Table 3, All welding
wasg donerna,nually with 3/1 6-in. di-arneter coated stick electrodes. Tests
were rnade-using several different maltes_ and'clesslifi'ca;tions of electrodes
because difficulty was experienced with weld metal cracking The moisture
: contents of sample electrode coatmgs were determined usmg a method
51m11ar to that descrlbed in CSA Standard W48, 1~ 1962 (Mild Steel Arc~ Welding
Eleetredes).

All but twoz of the aséemblies' were welded without p‘reheat In
these tests, an interval of 2. hr was rnamtalned between depositlon of subsequent
welds and thus the steel temperature was about 70 P a.t the start of each l

deposition,

A preheat ternpera.ture .of ZOC—-ZZ5°F was used in two C, T. S,
tvest’s." The ésserribl_ies Were hea‘te‘d in an oven to'a temperature of 225°F,
Prior te depo'sition of each test weld, the surfaces adjaéeht-to the wel'd
1ocation were tested using temperatule 1ndlcat1ng crayons to ensure that -

the metal was withm the preheat range at the start of deposition,

Welds were deposited as uniformly as possible, - Energy input
levels, determined from traces made by a recording Wattmet er, were close
to 40, 000 j/in, for all tests except one for which a level of about 48, 000 j/in,

was employed.

The test assemblies were cut by a water cooled abrasive wheel
to provide sections transverse to the W‘elds, tvith_three sections being obtained -
from each of the "S" and "R'" welds.of the C, T.S, tests and four’being obtained
from the cruciform tests, These sections were examined by‘the magnetic
'particie process using an alternating magnetizing current and a liquid containing
iron particles coated with a fluorescent material. Under ultra-violet light,

even very fine cracks are clearly revealed. The results of these examinations
~are summarized in Table 3,




TABLE 3

Cruciform and C, T.S, Weldability Tests

WS
Electrode Elec- Moisture
Test| Type of Classi~ trode Content \ o
No, Test fication Make - % Results
1 Cruciform| 9018-B3 Canox 0.20 Small amount of weld cracking, No
HAZ cracking,
2 " " " M Sinall amount of weld ;::racking-and.
HA.Z cracking, '
3 C.T,S, " " " Severe cracking in US" weld, hone in
' "R'""weld, No HAZ cracking.
4 n 1" n " Severe cracking in '"8" weld, none in
"R" weld, No HAZ cracking,
5 Cruciformi 11018 Lincoln 0,77 Some 1/8~in. long weld metal cracks),
Severe HAZ cracks below weld 3,
6 t 6012 Airco 4.7 Small amount of weld metal ctacking
Severe HAZ cracks below weld 3,.
-8 H 11018 Arcos 0,20 ° Severe throat cracks in weld 3, No
(Meets U, S, HAZ cracks,
’ MIL11018
Class)
9 " n " " As above
10 C.T.s, " " o Medium severity cracks in ''S" weld,
small amount of cracking in "R"
weld, No HAZ cracking,
11 Cruciform{ 9018-B3 Atom Axjc 0.10 Severe throat cracks in weld 3, No
: HAZ cracking,
12 C.T.S, n " " Severe throat cracks in !'S" weld,
none in "R" weld. No HAZ cracking.
13 ! " " " As above
14% " u " " No cracks, .
15% u tt " " 1 n
16 C.T.S. 7016 Canox 0.66 e
17 Cruciform " " " Slight HAZ cracking., No weld cracks




TABLE 3 (Cont'd)

: | Cruciform a.nd G T S Weldability Teats

e
.Aws"j]‘ N
o y ' Electrode Elec- " |. M_o'i_'st\j.}r'e
Test | Type of | Classi- | trode ' Content | L
N'o.‘ . Test fication M_a_ke.. : %'.' : ,R.esulte‘
18 | C,T.8, | 8018-B2 | Atora'Arc| 0,04 No cfacks.
19 'Crﬁcifofm S SRR " Siight HAZ cracking. No weld
' ’ ~ : cracks. , ‘ _
. 20%4 _ " i - " ;'Slight to moderate HAZ cracking. '
’ B , No weld cracks, ..
att| o, 1.8, T T " No oracks,
22| K " " | No oracka, . -

_ % Assemblies preheated to 200-225°F prmr to weldmg,

¥ Energy input 48, 000-50, 000 j/in, '
f Top and bottom plates separated by a 1/16 in, insert Bo’ that a gap of 1/16 in, was
present between the two pla,tes at the locations of the twa test Welds.

e
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DIS CUSSION

The mechanical tests showed that the 9018-B3 weld deposits and
a major portion of the weld heat-affected zone were higher in yield strenéth
than the base metal, This could also be deduced from the relative hardness
values, In'the mechanical tests transverse to the weld, the weld deposit
and heat-affected zones did not deform to as great an extent as the base
metal, thus forcing the base metal to yield pr eferentially... Despite this,
four side-bend specimens, one longitudinal bend specimen, and two tensile
specimens met the requirements of ASME Section IX "Welding Qualifications'',
However, the transverse face bend specimens developed cracking after
being subjected to about a 60 deg bend and thus did not meet the ASME
requirements, Microscopical examination of a section from a transverse
face bend specimen showed that the cracking on the tension face had been
initiated just outside the outer boundary of the weld heat-affected zone and
that plastic defo.rmation was appreciable at this location, in contrast with

no evidence of plastic deformation in the weld or heat-affected zone,

An unexpected difficulty was encountered in assessing the ten-

' dency for heat-affected zone cracking in the weldability tests, In most of
the tests with 9018-B3 or MIL11018 electrodes, severe weld metal cracking
occurred in the '"S" welds of the C, T.S, tests or in the third welds of the
cruciform tests, Such cracking would be expected to reduce the stress
imposed upon the heat-affected zone, thus tending to invalidate the test,

It was evident that the weld deposits from both mékes of 9018-B3 electrodes
and from the MIL11018 electrodes were more susceptible to cracking thah
the base metal under the conditions of the ""S" weld in the C. T.S. test or

of the third weld in the cruciform test,

Because the "R'" welds in the C, T.S. tests welded with the
- 9018-B3 or the MIL11018 electrodes were uncracked, it was possible to

conclude that the '""R'" weld heat-affected zones were not liable to cracking
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under the test conditions i. e. welds deposited from 'th‘es'e electrodes con-

-\
ta1ning not over 0,2% mo1sture and at an energy 1nput of about 40, 000 J/ln.
'I'hus, under these test conditions, the cooling rate was insufficient to pro- ‘

duce heat-affected zone crack1ng

Initially, it was thought that the weld metal cracking m1ght be due
to the use of . electrodes which were pa1 ticularly suscept1ble to hot cracking,
However, th1s idea was dlscounted when tests with other electrodes showed
) srmilar weld metal cr acking The lack of pos1t1ve ev1dence of ox1dation
in the weld metal cracks, the occur1 ence of cracks in the nsn welds but not
in the '""R!" welds which cool more slowly, and the e11rn1nat10n of cracking
by the use of preheat, all indicate that the weld- crackmg was a form of cold
rather than hot cracking, The higher strength and hence more hlghly alloyed
electrodes, such as the 9018 B3 and the MIL11018 classes, were llable to
cracking under the "g! weld cond1t10ns of the C, T,S. tes,t or the third weld
' conditions.'of the cruciform test It is poesible that the weld comPOSition
resulting from the comb1nat10n of some base ‘metal with the higher alloy
weld dep081t may be more susceptlble to crackmg than the dep051t which would:
result from weldlng on a steel of lower alloy content However, this was J
not estabhehed and it is also possible that the cooling rate conditions at the
"S" weld would be sufflmently severe to cause cracking in the weld deposit
: from the higher alloy electrodes Af there ha.d been no: plck up of alloy from
“the base steel, A ' '

It is noted that the difference 1n cooling rates between the ns
and "R" welds was not reflected by a difference in hardness values in the
weld depomt or heat affected zones in test No 3. This may ind1cate
- that the cr1t1ca1 cooling rates for both the Weld metal and the base metal
- were exceeded-ln the "R''welds. The tendency for cracking to occur only
in the "S" weld deposit may be due to the higher content of residual hydrogen

‘which would be expected to result f1 om the faster cooling rate.
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In test No, 5, severe heat-affected zong cracks and moderately
severe weld metal cracks resultéd when a cruciform test was welded with
an electrode conforming to the AWS11018 cla.s sification but with a higher
coating moisturé content than in the 9018-B3 or the MIL11018 electrodes.
This indicates that an increase of coating moisture content from about 0, 2%
to about 0, 8% will result in severe underbead cracking when a high strength

electrode is used at about 40, 000 j/in,

In test No, 6, severe heat-affected zone cracking and a small
amount of weld metal cracking resulted when a relatively low strength
electrode with high coating moisture content was used in a cruciform test,
The results indicate that weld deposits from lower strength electrodes are
less likely to crack than are deposits from higher strength electrodes such
as the 9018~B3 or the 11018 types., However, it is evident that severe heat~
affected zone cracking can be expected if the lower strength electrode con-
tains appreciable moisture in the coating, In tests No. 16 and 17, no weld
metal cracking resulted in either test and only. slight heat-affected zone
cracking resultéd in the cruciform test when deposits were made from 7016
electrodes containing about 0,7% moisture in the coating, These two tests
confirm the observation that lower strength weld deposits are less liable to
cracking under the test conditions. It may also be concluded that with a
" coating moisture level of about 0.7 to 0,8%, heat-affected zone cracking is
" more liable to occur with the higher strength electrode (test No. 5) than
with the lower strength electrode (test No, 17). Presumably, this is because
the lower strength deposit yields and reduces the stress imposed on the

heat~affected zone,

A comparison of tests No. 12 and 13 with tests No. 14 and 15
indicates that a moderate preheat of 200-225°F is effective in elirhinating
weld metal cracking in C, T.S, tests welded with one of the 9018-B3 electrodes
.at 40,000 j/in,
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Some add1t10nal tests were made us1ng 8018 B2 electrodes because
it was thought that the strcngth level of this class of electrode would match
the base metal strcngth level more clos ely than would the electrodes which
had been used in the other tests - No Weld mctal crackmg was found thus
1nd1cat1ng again.that ‘the lower str ength lower~ alloy weld metal is less
likely to crack in either the cruciform or C. T. S tests. It cannot be con-
cluded that hlgher energy input levels, i.e. 50 OOO ra.ther than 40, 000 j/in.,
will e11m1nate heat- affected zone cracking entlrely with this electrode, as
glight to moderate cracking was present in test No. ZO It wasg rather sur-
prising to find cracking at this energy input level when the electrode coatxng -
was very low (0. 04%) in m01sture. Tests No, 21 and 22 were similar to
test No, 18 except that the top and bottom plates were separated by 1/16 in,
thick steel inserts so thata 1/16—1n. gap was pre'sent at the two test welds.
According to work by Sutherland("‘l,),: sucha gap" increaSes the téndency for
heat-affected zone cracking. I—Iowever, with the Algoma steel, -there was no
evidence of heat-affected zone cracking in C.T.S. tests welded with the

8018-B2 electrodes at 40,000 j/in. either with or without the gap.’

It should be noted that no evidence of weld metal 'cracking was
encountered in the butt weld which was produced for mechanical tests,
despite the fact that th_i_s weld was.made using a 9018-}33 electrode which
- cracked severely in C. T.S_. tests. A pa‘rtial explanation may be that in the
butt joint, unlike the single pass weldahility test's', » th’_ére is:_both a normalizing
and a tempering action of subsequent beads uponpreVious beads and also'a

preheating action of earlier beads upon subsequent beads,

CONCLUSIONS
(1) In mechanical testson' specirnens machined from a butt joint in 1-in,
Algorna"?'OY Ialate welded with 9018-B3 electrodes, the transverse ten-
sile, the transverse side bend and the longitudinal bend'_r‘equirernents' of
ASME Section IX l'»Welding Qualifications' were met, but the t’ransverse

face bend test requirements were not met,
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(2) The deposit from the 9018-B3 electrode, and also a major portion of
\
the weld heat-affected zone, overmatched the yield strength of the base

metal, thus resulting in fallure of the transverse face bend tests.

(3) A thorough assessment of the tendency for heat-affected zone cracking
in tests welded without preheat and with either of the two makes of
9018-B3 electrodes or a MIL:11018 electrode, at an energy input of
40,000 j/in., was not possible due to severe weld metal cracking which
occufred in most of the tests. Howéver, two cruciform tests, which
showed little or no weld cracking, also showed very little heat-affected

zone cracking,

(4) A greater tendency to cracking was shown by the 9018-B3 or the MIL11018
weld deposits than by the base metal heat~affected zones in both C, T, S,

and cruciform weldability tests,

~(5) A moderate preheat of 200-225°F was effective in eliminating weld metal
cracking when C, T.S. tests were welded with a 9018-B3 electrode at
40,000 j/in, energy input. It is believed that the weld metal cracking

is a form of cold cracking, rather than of hot cracking, along the columnar

boundaries of the cast metal.

(6) Deposits from lower strength electrodes such as the 8018~B2 and the
7016 classifications were uncracked under weldability test conditions
which caused severe cracking in higher-strength, higher-alloy deposits
from 9018-B3 or MIL11018 electrodes. This observation supports the
contention that weld cracking in the higher strength deposits is due to
cold cracking, The 8018-B2 electrode, but not the 7016 electrode,
could be considered for welding the Algoma 90Y steel if it is the intention

to provide approximately matching mechanical properties,

(7) With the 8018~B2 electrode, even with very low coating moisture con-
tents, some heat-affected zone cracking occurred in cruciform tests

welded without preheat at energy input levels as high as 50, 000 j/in,




’I‘hus, some preheating, o;c', alternatiVely, higher energy inp’ut levels,
_ would be neces sary to ensure the eiimination of heat—affected zone N e :
- crackmg in this type of test, and presumably aiso in filiet welded :

structural joints or on long mul'ci run but‘c joinfs where subsequent

beads are not depos1ted with a mimmum of delay, E

K2

(8 ) At about the same level of electrode coating mowfure content, and ‘
undet' the same weldability teqt conditions. there Was some indication o
that heat—affected zone cracking waa mote 1iable to occur with higher

| strength (i e. 11018) than with 1ower streng’ch (i e, 7016) electrodes

(9) There was some indicatlon tha.t heat~affected zone. cracking was more i
liabie t‘o occur when the elec’crode coating moisture level was a.bout
0, 8% than when it wag about 0 2%, in cruc1form tests Welded under the |
Bame test conditions with electrodes of the same. high strength level S

(1 e., 11018) o )
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