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Abstract: The article presents issues related to weldability assessment concern-
ing thick-walled materials used in the making of steel welded structures. The
article describes weldability assessment tests in accordance with the guidelines
of test SEP 1390, recommended for thick-walled structural materials exposed to
dynamic loads. The objective of the tests involved the assessment of the useful-
ness of test SEP1390 when evaluating the weldability of thick-walled structural

materials used for welded structures.
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Introduction

Global economic growth initiates numerous
investments in civil engineering, power en-
gineering, metallurgy, shipbuilding or raw
materials excavation and processing. Usual-
ly, investments in these industries entail the
making of large-sized and thick-walled struc-
tures having structural nodes requiring var-
ious thick-walled welded joints demanding
appropriate technologies and conditions guar-
anteeing the obtainment of necessary proper-
ties. One of the primary properties of materials
used in structures and products is weldability,
particularly important in relation to materials
requiring thermal processing involving thick-
walled elements. The notion of variously de-
fined weldability is directly connected with
the usability of materials when making welded
joints in specific conditions and using specific
technologies in order to obtain stable joints of

required quality and operational characteris-
tics. Weldability includes many factors direct-
ly affecting the final result of welded joints and
connected with appropriate design, techno-
logical implementations and proper metallur-
gical processes. Practical applications require
the determination of weldability-related mate-
rial features using analytical methods (compu-
tational formulas), simulations (simulators of
welding thermal cycles) and other technolog-
ical tests. Analytical methods are popular (in-
cluding the determination of carbon equivalent
(cE)) because of relatively low costs and due to
the quick obtainment of required results, un-
like very expensive and time consuming simu-
lation-based tests. Technological tests are often
used for verifying analytical methods and in or-
der to confirm quality assumptions required by
related standards and guidelines. Recommend-
ed technological tests are often connected with
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material cracking or crack susceptibility and in-
clude Tekken or cTs tests as well as tensile tests
in the z-axis focused on steel susceptibility to
lamellar cracking [1,2,3]. Test SEP 1390, recom-
mended by the German Institute of Steel and
Iron (ABV), is used when assessing the welda-
bility of structural material having a thickness
equal to or exceeding 30 mm and character-
ised by plasticity restricted within the range of
235 to 355 MPa [4, 5, 6]. This test was previously
known and described in research publications
as the Kommerell test [2, 5].

This study presents weldability tests and their
assessment based on SEP1390 guidelines, in-
volving thick-walled elements made of structur-
al steel S355J2+N used in welded structures. The
test results should provide a variety of valuable
information necessary when taking decisions
related to selecting appropriate thick-walled
materials to be used in welded structures.

Table 1. Dimensions of the specimens in relation to the thickness of tested
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Characteristics of Weldability Test
SEP 1390

Test SEP 1390 is focused on the weldability of ma-
terials having a minimum yield point restrict-
ed within the range of 235 MPa to 355 MPa and
a thickness equal to or exceeding 30 mm [4, 5].
The weldability tests consist in bending a spec-
imen sampled from an appropriately prepared
material. The bend test assesses the possibility
of blocking a crack induced in a special overlay
weld of a specimen subjected to a bend test. The
shape of the specimen sampled for the tests is
presented in Figure 1. The dimensions of spec-
imens in relation to the thickness of a material
being tested are presented in Table 1.

When welding thicker materials, it is
necessary to remove the excess material
to a thickness of 50 mm, leaving one post-
roll unprocessed surface. The satisfaction of
this condition is necessary because of lim-
itations concerning loads
of up to 1000 kN on stand-

material [4]
, , , ard testing machines. The
Material Specimen Specimen | Overlay weld| Groove h f 1dability test
thickness ¢ | length L, width B, length L, radius R scheme o 2_1 weldability e.s
[mm] [mm] [mm] min [mm] [mm] performed in a bend test in-
30<g<35 410 200 175 4 volving a properly prepared
35<g<40 440 200 190 4 specimen is presented in Fig-
40 < g< 45 470 200 220 4 ure 2. Important dimensions
45<g<50 500 200 220 4 concerning the specimens
g>50 500 200 220 4 are presented in Table 2.
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Fig. 1. Scheme of the specimen subjected to test SEP 1390; 1- material, 2 — overlay weld [4]
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Fig. 2. Weldability tests performed in the bend test [4]
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Table 2. Dimensions of the scheme involving the bend
tests of the specimens [4]

. Mandrel Distance Support

Thl[cilrf]s 8 | diameter | between sup- diall)lfeter
D [mm)] | ports L;[mm] | d [mm)]

30<g<35 | 105 190
35<g<40 120 220
40<g=<45 135 250 > 50
45<g<50 | 150 280

g>50 150 280

The bend tests were performed using a test-
ing machine having a significantly large load
range, preferably up to 1000 kN, using appro-
priate fixtures according to the test scheme pre-
sented in Figure 2.

Preparation of Test Specimens

Specimens should be sampled from a material
to be tested in accordance with the range speci-
fied in the guidelines of tests SEP 1390, concern-
ing the type and thickness of a material to be
tested. Specimens should be cut out and sub-
jected to mechanical treatment to reach appro-
priate dimensions; external edges
of specimens should be rounded.

radius R4, should be made by subjecting the
unprocessed surface to mechanical treatment
in accordance with the scheme (Fig. 1).

An overlay weld should be made on the spec-
imen in accordance with the scheme presented
in Figure 1, using MMA welding and a thick-cov-
ered rutile electrode having a core dimeter of
5 mm. The overlay weld should be of the appro-
priate length (L,) specified in Table 1, depend-
ing on the thickness of material and the height
of excess weld metal (7) amounting to approxi-
mately 1 mm. The overlay weld should be made
using a continuous run, without stopping.

The specimens for material weldability test
SEP 1390 were made in accordance with the pre-
viously presented guidelines, using 30, 40 and
60 mm thick sheets made of steel s35572+N. The
material used in the tests satisfied yield point
and thickness-related requirements. The most
important data characterising the steel in view
of the experiment are presented in Table 2.

The specimens for the tests involving the
same thickness, designated as 1/40 and 2/40
were sampled from various material batches.
The value of carbon equivalent for the steel used
in the tests was determined in accordance with
recommendations specified by the Internation-
al Institute of Welding (IIW) using the follow-
ing dependence:

Mn+Cr+M0+V+Ni+Cu
5 15

Ce=C+
The above named value should amount to 0.47%
for material thicknesses restricted within the
range of 40 mm to 150 mm. If the material
thickness-related conditions concerning the

Table 2. Characteristic data of steel S3553J2N [7,8]

Specimens used in tests of thicker Specimen Material Y}eld Tensile | Carbon Cgrbon
terials should be subjected to  designation thickness | point Re | strength | content | equivalent

materlals should be subj 8 T'[mm] | [MPa] |Rm[MPa]| C[%] | Ce

on-side treatment, i.e. the remov- 1/30 20 356 553 0.16 041

al of excess material to a thickness 1/40 40 355 556 016 0.42

of 50 mm, leaving one post-roll 2/40 40 363 545 017 0.42

unprocessed surface. A groove 1/60 60 358 512 0.18 0.44

for overlay welding, having the
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boundary values of carbon content and car-
bon equivalent, i.e.

C<0.20% and Ce<0.45% and g<25 mm

or

C<0.20% and Ce<0.41% and 25<¢g<37 mm

are satisfied, it can be assumed that special pre-
cautions during welding are not required. It is
necessary to follow recommendations formu-
lated by IIW in relation to steel having strength
R,, = 490-690 MPa and the use of low-hydro-
gen welding process. Materials of greater thick-
nesses, i.e. above 40 mm, meet the conditions
named above if carbon equivalent has a value
of Ce<0.40%. If the above named conditions
are not satisfied and if there are factors con-
nected with a significant material thickness,
e.g. joint restrain degree, the risk of the forma-
tion of hard structures and, as a result, of cold
cracks is significant.

The materials used in the tests can be classi-
fied, according to the above named criteria, as
meeting the requirements in relation to a thick-
ness of 30 mm, as being close to satisfying the
above named criteria as regards both specimens
having a thickness of 40 mm and as not satis-
tying the criteria as regards the material hav-
ing a thickness of 65 mm. Technological tests
SEP 1390 involving these materials should en-
able the verification of weldability-related as-
sessment determined analytically.

Appropriately prepared specimens made of
all the materials used in the tests were used for
making Mma welded overlay welds. The over-
lay welds were made using Ox FEMAX 33.80
thick-covered electrodes having a core diameter
of 5 mm and meeting the guidelines specified
for test SEP1390 [9]. The above named elec-
trodes are recommended when welding thick
elements and provide weld deposit character-
ised by a low carbon content and mechanical
properties appropriate for the steel used in the
tests. Figure 3 presents the specimen without
and with the overlay weld.
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Fig. 3. Specimen before surfacing and with the overly weld

Bend Test

The bend test should be performed using a test-
ing machine provided with appropriate fixtures
in accordance with the scheme presented in
Figure 2. The specimen should be placed on
support rollers, with the overlay weld facing
down. The bending mandrel of an appropriate-
ly selected diameter, i.e. following the scheme
(Fig. 2) and data presented in Table 2, should
be placed in line with the axes of the bottom
supports, on the other side, so that the pres-
sure exerted by the machine could cause the
symmetric bending of the specimen, extend-
ing the overlay weld. The bend test should be
performed under a constant load. During the
test, the area subjected to tension and the bend-
ing angle of the specimen should be monitored.
The test should be interrupted after reaching
a bend angle of at least 60° or after the fracture
of the specimen.

The specimen before the test, fixed in the
bending device being part of a Heckert Eu 100t
testing machine, is presented in Figure 4.

By observing crack formation and propaga-
tion in the extension zone, it was possible to
initially assess the correctness of the bend test
(see Fig. 5). The observation was performed us-
ing a mirror placed under the specimen sub-
jected to bending.
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Fig. 4. Specimen in the bending device
placed in the testing machine

Fig. 5. Initial stage of crack formation induced
in the overlay weld of the specimen subjected to bending

Bend Test Assessment

After the bend test, the specimen was subjected
to assessment including the visual inspection
of the surface of the specimen with the overlay
weld and measurement of crack lengths in re-
lation to the overlay weld axis. In order to ob-
tain better resolution when assessing the size
of a crack, it is recommended to perform pen-
etrant tests on the surface.

The test result should be regarded as posi-
tive if at least one crack is formed in the over-
lay weld. The crack should go beyond the HAZ
of the overlay weld and be blocked in the base
material of the specimen; the maximum length
of the crack should not exceed 8o mm. If the
length of the crack exceeds 8o mm, the test re-
sult should be classified as negative. In turn, if
the bend test is not accompanied by the forma-
tion of any crack or if a crack formed does not
go beyond the HAZ, reaching the base materi-
al, the result of such a test should be treated as
invalid and the test should be repeated.

If the test of a given material finished nega-
tively, the material should be excluded or two
new specimens should be sampled from the
same control group and be subjected to the
test again. The result of the repeated test will
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be regarded as positive if both specimens have
met related requirements.

The specimens after the bend tests, visual
tests and penetrant tests are presented in Fig-
ures 6, 7 and 8 respectively. Figure 6 presents
the 30 mm thick specimen, whereas Figures 7
and 8 present the specimens having a thickness
of 40 mm. The penetrant tests made it possible
to precisely determine the sizes of the cracks
formed during the bend tests.

Figure 6 presents four cracks formed in speci-
men no. 1/30, made of 30 mm thick steel s35572+N
and subjected to bending up to an angle of 600.
The maximum length of the crack passing from
the weld axis through the HAZ to being blocked
in the plate material amounted to 17 mm. The
length of one of the remaining cracks was at the
border of satisfying the requirements, whereas
the other cracks did not meet the related require-
ments. However, ultimately, the required welda-
bility criterion specified for this material in test
SEP 1390 was satisfied.

Figure 7 presents five cracks formed in speci-
men no. 1/40, made of 40 mm thick steel $35572+N
and subjected to bending up to an angle of 600.
The maximum length of the crack passing from
the weld axis through the HAZ to being blocked
in the plate material amounted to 63 mm. The
lengths of two of the remaining cracks satisfied
the requirements, whereas the other cracks did
not meet the related requirements. However, the
required weldability criterion specified for this
material in test SEP1390 was satisfied.

Figure 8 also presents five cracks formed in
specimen no. 2/40, made of 40 mm thick steel
$355J2+N and subjected to bending up to an an-
gle of 600. The maximum length of the crack
passing from the weld axis through the HAZ to
being blocked in the plate material amounted
to 76 mm. The lengths of two of the remaining
cracks satisfied the requirements, whereas the
other cracks did not meet the related require-
ments. However, the required weldability crite-
rion specified for this material in test SEP1390
was satisfied.
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Fig. 6. Indications developed in the
penetrant tests and involving the
cracks formed after bending the 30
mm thick specimen

In the last test, specimen no. 1/60, made of
60 mm thick steel s35572+N fractured at a bend
angle of 500. The fractured specimen is present-
ed in Figure 9.

Until an angle of 500 the test proceeded nor-
mally with gradually increasing cracks, until
a moment accompanied by a sudden explo-
sion-like sound and the entire fracture of the
specimen. Due to the negative result in test
SEP1390, the required weldability criterion of
the material was not satisfied.

Summary

The tests demonstrated the usefulness of tech-
nological test SEP1390 for weldability assess-
ments concerning thick-walled materials made
of steel s35572+N and used in welded structures.
The positive results obtained in the bend tests
involving 30 mm and 40 mm thick elements
confirmed good welding properties and the
satisfaction of required weldability criteria. In
turn, the test involving the 60 mm thick ma-
terial produced a negative result. In the first
specimen, the length of the maximum crack for
the 30 mm thick material amounted to 17 mm,
which demonstrated the very quick and effec-
tive blocking of the crack in the material and,
at the same time, indicated very good weld-
ing properties of the material. In the second
test, involving the 40 mm thick material, the
length of the maximum crack was significant-
ly longer and amounted to 63 mm, yet could
still be regarded as relatively safe. In the third
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Fig. 7. Indications developed in the
penetrant tests and involving the
cracks formed after bending the 40
mm thick specimen
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Fig. 8. Indications developed in the
penetrant tests and involving the
cracks formed after bending the sec-
ond 40 mm thick specimen

Fig. 9. Fractured specimen sampled from
the 60 mm thick material

test, involving the same thickness but of ma-
terial coming from another batch, the crack
length amounted to 76 mm and was close to
the boundary length of 80 mm. In turn, the test
involving the 60 mm thick material produced
a negative result. The specimen fractured before
reaching the boundary bend angle of 600. The
negative result concerning the 60 mm thick ma-
terial disqualified the use of the material batch
in welded structures. The results obtained in the
technological tests involving all of the material
thicknesses (30, 40 and 60 mm) fully coincid-
ed with the weldability assessment determined
analytically. The verification of welding prop-
erties proved successful in the entire test range.
Particularly interesting was the case concern-
ing the weldability of the 40 mm thick materi-
als where welding properties assessment results
slightly exceeded boundary values, yet the tech-
nological tests were successful in spite of the
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