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Abstract

Material fatigue is one of the elementary causes of damage in steel construction besides corrosion and abrasion. Design
recommendations require that weld seams are placed in less stressed areas due to the crack-sensitive nature of the welded areas.
As aresult, unwelded areas of the components such as free cut plate edges gain technical and economic relevance as locations for
potential fatigue cracks. In the metal processing industry, different thermal cutting processes are frequently used. During the
process, unwanted boundary conditions can lead to undesired cuts in the component geometry during the cutting process. These
process dysfunctions lead to incorrect components and to rejects. This article presents results of fatigue test data of oxy-fuel
thermal cut edges of defect-free and faulty repair-welded samples to investigate the influence of competing notches on the cut
edge. Specimens are made from construction steels S355N and S690Q of a 20-mm-thick plate. The presented data shows that the
fatigue strength of the damaged cut edges can be recovered by the repair procedure and does not show any reduction of the fatigue
strength due to the determined pores or other metallurgical notches of the repaired section.

Keywords Fatigue strength - Thermal cutting - Cut edge - High strength steel - Surface quality - Hardness - Competing notches -
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1 Introduction

Components and steel constructions, which are exposed to
cyclic loads, are subject to the phenomenon of material fatigue
which occurs in numerous fields of applications such as crane,
aircraft, and platform construction [1]. Material fatigue is one
of the elementary causes of damage in steel construction in
addition to corrosion and wear and includes more than 33% of
all known component damages [2]. This is caused by cracking
and its growth and often ends in complete failure. Cracks tend
to start at locations of increased stress concentration resulting
from notches, cross-sectional changes, or material defects [3].
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The resistance of a component to the entire fatigue process is
often referred to as fatigue strength.

Since many designs require special component shapes,
they are usually separated in the industry by thermal cutting
processes such as laser beam cutting, oxy-fuel cutting, water
jet cutting, or plasma cutting. Depending on the process pa-
rameters of the different cutting methods, the cut edges have a
high or inferior quality, which influences the fatigue strength
[4-7].

Design recommendations require that weld seams are
placed in lowly stressed areas due to the crack-sensitive nature
of'the welded areas, and conventional post-treatment methods,
like shot peening or high frequency mechanical impact
(HFMI), are used [8]. As a result, unwelded areas of the com-
ponents such as free cut plate edges gain technical and eco-
nomic relevance as locations for potential fatigue cracks [4].
Due to increasing use of higher strength steels due to advan-
tages such as lower production costs, reduction of CO, emis-
sions, and weight reduction, consideration of unwelded areas
becomes even more important. By using higher-strength
steels, the sheet thicknesses can be reduced, and consequently,
the nominal stress level increases [9]. In particular, thermal cut
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Table 1 Material properties

Material Yield strength Ry (MPa) ~ Maximum tensile Elongation at fracture (%)
strength R,, (MPa)

S355N (3 specimens tested) 372424 560-570 27-32
S690Q (3 specimens tested) ~ 769-866 790-904 9-15

Table 2 Chemical composition

(%) Material C (%) Si (%) Mn (%) P (%) Cr (%) Mo (%) Ni (%) CEV (%)
S355N,1 0.11 0.38 1.41 0.011 0.030 0.016 0.036 0.36
S355N,2 0.16 0.37 1.43 0.010 0.033 0.013 0.035 0.41
S690Q,1 0.08 0.25 1.19 0.010 0.32 0.30 0.075 0.41
S690Q,2 0.11 0.25 1.19 0,010 0.31 0.31 0.078 0.44

edges must be considered and evaluated due to the geometri-
cal and metallographical conditions. In addition to the heat-
affected zone, unwanted boundary conditions can lead to un-
desired cuts in the component geometry during the cutting
process. These process dysfunctions lead to incorrect compo-
nents and to rejects. Besides the requirements for the quality
characteristics of the components in EN 1090 [10] and further
in ISO 9013 [11], legislation on product liability in some
industries does not allow repair welds to be considered admis-
sible, resulting in economically undesirable rejects.

The influence of thermal cutting edges and their different
qualities on fatigue strength has already been examined in
previous investigations, for example, by Sperle [4], Remes
et al. [12], Stenberg et al. [9], Lillemée et al. [13], and
Peippo et al. [14]. Fatigue strength of weld-repaired cut edges
has not been studied extensively so far. Jun et al. [15] carried
out fracture and fatigue crack growth analyses on a weld-
repaired railway rail. He found out that weld defects, such as
porosity, lamella line cracks, and quick transitions in material
hardness and microstructure, especially at the boundaries,
could be the causes of the crack initiation. The crack growth
was influenced by the magnitude of the residual stress at the
surface. Akyel et al. [16] investigated the fatigue strength of
repaired cracks in base material of high strength steels. The
results show that most of the fatigue cracks initiated at the

Table 3  Cutting parameters

Oxy-fuel cutting Velocity 1 (fast)  Velocity 2 (slow)

Fuel gas (bar) 0.8

Pressure of cutting oxygen (bar) 6

Preheat temperature (°C) 20

Cutting speed (mm/min) 420 390
Estimated quality (ISO 9013) Q4 Q2

@ Springer

start-stop points of the weld cap. The statistical analysis re-
vealed that the characteristic fatigue strength of the repaired
specimens is close to the detail category 160 of EN 1993-1-9
[17]. He concluded that the repair weld has a limited negative
influence on the fatigue strength of the material. Another
study of Akyel et al. [18] examined the fatigue strength of
repaired welded connections made of very high strength
steels. He showed that the fatigue strength of the fatigue dam-
aged connection can be completely recovered by the
established repair procedure.

In this investigation, fatigue tests were carried out on oxy-
fuel thermal cut edges with defect-free and faulty repair-
welded samples to analyze the influence of competing notches
on the fatigue strength. The stress ratio applied was R = 0.1
under constant amplitude load. All samples were character-
ized in terms of hardness, roughness, and perpendicularity
according to EN 1090 and ISO 9013.

2 Experimental work

The effect of repaired notches on thermal cut edges on the
fatigue strength of two different steel grades with a minimum
yield strength of 355 and 690 MPa was analyzed. Mechanical
properties of the steels were different. S355N are normalized
rolled weldable fine grain structural steels with minimum
yield strength of 355 MPa and a carbon equivalent value
(CEV) less than 0.42, EN 10025-3 [19], and S690Q are
quenched and tempered high strength steel with a minimum
yield strength of 690 MPa and a carbon equivalent value less
than 0.65, EN 10025-5 [20]. Samples were cut from a 20-mm-
thick plate.

Table 1 shows the detailed material properties. The chem-
ical composition including the carbon equivalent value is pre-
sented in Table 2. In addition, the cutting parameters are given
in Table 3.
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Fig. 1 Dimensions of fatigue test
samples in millimeters, top:
S690Q cutting speed high quality
4, bottom: S355N cutting speed
low quality 2 + repaired notch

2.1 Specimens

The specimens used for fatigue tests were cut using thermal
cutting processes. In this study, oxygen cutting was used.
Steel plates had a thickness of 20 mm. The geometry of the
specimens was similar to previous work [6]. The samples
were 394 mm long, and in the center, the specimens had a
parallel length of 20 mm with a width of 38 mm in the critical
cross section (Fig. 1). To analyze competing notches on the
fatigue strength of cut plate edges, two series, one of each
material, were purposely cut with defects in order to reproduce
process dysfunctions of the industry. The resulting notches by
the flame penetration were subsequently welded using metal-
active gas welding GMAW135 with filler wire G3Sil in
welding position flat 1G [21], cf. MAG135 (PA) [22].
Therefore, samples were rotated 90 ° around the y-axis (Fig.
2). The depth of the notch on the cut edge varies over the
thickness of the specimen. At the top (entrance of the beam)
the depth of the notch was about 5 mm, and at the bottom
(beam exit), it was about 3 mm. Weld reinforcements were
ground to a plane cut edge surface to recondition the specimen
dimensions. Location of the notch is shown on the second
specimen schematically at the bottom of Fig. 1.

2.2 Cut edge conditions

Geometrical and metallographic cut edge conditions were
characterized. The location of roughness and hardness

Fig. 2 Locations of roughness
and hardness measurements

Hardness measurement

A- Hardness mapping/
metallography analysis

Roughness measurement

394

measurements are shown in Fig. 2. Hardness measurements
were made at the cross section for the heat-affected zone
(HAZ) as well as the base material (BM), see below.
Further, cross-sectional A-A was defined to analyze the
repaired notch in terms of hardness mapping and metallogra-
phy analysis (Table 4). Notch was repaired using metal-active
gas welding in 1G position (Fig. 3).

2.2.1 Roughness measurements

To determine the surface condition, roughness measurements
were made on the surface of each specimens in accordance
with ISO 4288 [23]. Using the MarSurf M 400 surface mea-
suring instrument, measurements were carried out with the
profile method over a length of 17.5 mm. From each series,
at least three specimens were measured. To include the rough-
ness distribution over the specimen thickness, measurements
were made at the top (entrance of the beam), in the middle,
and at the bottom side (beam exit) of the cut edges. The max-
imum difference between the profile peak and the profile val-
ley is averaged over five individual measuring sections; R is
calculated of the five different R, as follows (Fig. 4) (Eq. 1)
[17]:

Ry = 55 R0 (1

- | Integrated
notch

@ Springer
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Table 4 Macroscopic surface analysis of the different series

Base metal | Velocity 420 mm/min Velocity 390 mm/min

iy -;',flj_-‘”. "':Toj) —fvbea'm entrence T
S355N
$690Q

2.2.2 Perpendicularity measurements

Perpendicularity measurements were made on the specimens
according to ISO 9013. Measurements were done on the cut
edge surface. Tests were carried out with a triangulation laser
to determine a height profile over the thickness. The perpen-
dicularity is defined as the difference between lowest and
highest value of the profile (Figure 5). On each specimen, five
different locations were chosen to measure the
perpendicularity.

2.2.3 Hardness measurements and metallography analysis

Hardness measurements were carried out from cross sections
which have been cut from the dog-bone specimens by using a
water-cooled abrasive cutter. The surface were ground using
different abrasive paper, polished, and etched with a Nital
solution (2%) to visual the microstructure. The hardness in
the HAZ of thermally cut edges was analyzed afterwards.
Therefore, Vickers hardness (HV0.1) measurements were

Fig. 3 Repaired specimen after
grinding the weld reinforcements

@ Springer

made for each series according to ISO 6507 [24]. Further,
the hardness were measured on the cut edge surface of two
series with the repaired notches (section A-A). Cut edges had
to be prepared and ground to get a plane surface for the
Vickers hardness (HV1) measurements.

2.3 Fatigue tests

Fatigue testing was conducted on servo-hydraulic test rigs at
the Institute of Joining and Welding Technology at
Technische Universitit Braunschweig. The test load was ap-
plied force-controlled longitudinal to the cut edge with a con-
stant amplitude load (CAL). The stress ratio applied was R =
Omin/Omax = 0.1. Tests were stopped at specimen fracture.
Table 5 shows the fatigue test program. The fatigue strength
was determined in the finite life region between 1 x 10° and 1
x 10°. Run-outs (specimen without failure) were stopped at 5
million load cycles. The fatigue data was evaluated by linear
regression without consideration of run-outs following the
standard of DIN 50100 [25].
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Fig. 4 Determination of the
average surface roughness R,

3 Results
3.1 Roughness on the cut edge

The measured roughness parameter on the cut edge is the
average of the five highest peaks and lowest valleys R at
the top, in the middle, and at the bottom of the cut edge sur-
face. The results are summarized in Table 6. Macroscopical
analyses from the cut edge surface show differences of the R,
over the thickness (Table 4). Thus, the arithmetical peak-to-
peak average roughness R; was determined on the cut edge
surface at three positions. The value ranges from 24.3 to
149 yum over all results. On all series, a gradient over the
thickness is seen. Lowest values are located at the top of the
cut edge (24.3-84.2 um), mean values in the middle (72.4—
129.5 um), and the highest values at the bottom of the surface
(95-149 pum).

To classify the values in the quality groups regarding ISO
9013, highest values have to be considered. Comparing the
various series, it is observed that there is no big difference
between the different base metals. However, the velocity of
the cutting process has an influence on the roughness values.

The bar graph in Fig. 6 compares the different roughness
values Ry at the bottom of the cut edge surface, because
highest values were determined. Further, the limits of the

i
<1y

A

Fig. 5 Perpendicularity

\t/

maximum R value for the specific plate thickness of 20 mm
for the different quality groups are added. The roughness of
the repaired section A-A was smoother than on the cut edge
due to grinding of the weld reinforcements.

It is observed that all mean values of the series have to be
classified in quality group 4. The base metal has no influence
of the roughness values. Contrary to the base metal, the ve-
locity affects the roughness. Decreasing the cutting speed de-
creases the roughness at the cut edge as well, and therefore,
the quality increases. Even though a higher quality range in
the ISO 9013 is not reached.

3.2 Perpendicularity measurements

Besides the roughness measurements, perpendicularity mea-
surements were made to characterize the cut edge quality re-
garding ISO 9013. The bar graph shows the various u values
defined as the difference between lowest and highest value of
the profile including the error bars. Further, the limits of the
maximum u value for the specific plate thickness of 20 mm for
the different quality groups are added.

The perpendicularity show also the same tendency. Series
1 (S355, u = 0.65 um) and 4 (S690, u = 0.36 um) with a
velocity of 420 mm/min have higher u values compared with
series 2 (S355, u =0.2 um) and 5 (S690, u = 0.18 wm) with a
velocity of 390 mm/min. With the high cutting speed, S355N
is classified in quality group 4 and S690Q in quality group 3.
Decreasing the cutting speed decreases the perpendicularity at
the cut edge as well, and therefore, the quality increases. Both
materials are ranged in quality group 2 with the low velocity

(Fig. 7).

3.3 Metallography analysis and hardness
measurements

3.3.1 Measurements at the cut edge
The different cutting parameters affect the material close to the

cut edge. The velocity of the cutting process and the following
cooling rate have an influence on the size of the HAZ. Further,

@ Springer



1796 Weld World (2021) 65:1791-1803
Table 5 Fatigue test data

Test series Steel grade Cutting process Velocity (mm/min) Repaired notches Thickness (mm) Specimen tested
1 S355N Oxy-fuel 420 No 20 23

2 S355N Oxy-fuel 390 Yes 20 12

3 S355N Oxy-fuel 390 No 20 12

4 S690Q Oxy-fuel 420 No 20 21

5 S690Q Oxy-fuel 390 Yes 20 12

6 S690Q Oxy-fuel 390 No 20 9

Table 6 Data of roughness measurements on the cut edge surface

Test series Top (beam entrance) Middle Bottom (beam exit)
(pm) (um) (um)

1 S355 Vi =420 mm/min 53.2-68.2 108.7-124.3 121-149

2,3 S355 V, =390 mm/min 24.3-44.5 72.4-103.2 107.4-122.2

4 S690 Vi =420 mm/min 50.9-84.2 94.9-129.5 117.6-145.2

5,6 S690 V, =390 mm/min 28.6-43.2 74.7-103.6 95-114.6

the base metal and the related CEV of'it determine the possible
maximum hardness. To check the maximum hardness at the
cut edge and to point out possible differences over the thick-
ness, three hardness profiles were determined. Hardness mea-
surements were done on the cross section at the top (1 mm
under the sample surface), in the middle, and at the bottom
(1 mm over the sample bottom side).

Figure 8 shows hardness measurements for S355N and
S690Q steel grades and the two different velocities used.
Hardness profiles at the top marked as green cycles, in the
middle as red squares, and at the bottom as blue triangles.
Maximum permitted hardness values regarding EN 1090 are
also added. All measurements were done at least 2 mm from
both edges into the unaffected base material. Concerning the
hardness measurements, the HAZ is 1-3 mm wide, depending
on the base metal. In addition, the heat input at the top is

higher which results in a wider HAZ. The maximum hardness
value for S355N is 438 HVO0.1 and for S690Q 461 HVO.1. It
implicates a relatively increased hardening compared with the base
material from 50 to 150%. The hardness values exceed slightly the
maximum permitted hardness value from the EN 1090.

3.3.2 Measurements at the repaired notch

To determine the heat-affected area and the hardness increase
due to repair welding process, hardness mappings of the cross-
sectional A-A (Fig. 2) were carried out with Vickers hardness
(HV1) for both materials. Figure 9 shows the hardness map-
ping of the repaired notch from S355N (top) and S690Q (mid-
dle). Further, a hardness profile over the weld seam 1 mm under
the surface is carried out of both materials. The different values
of the base material of S355N—approx. 200 HV1—and

F}ilg. 6 R(z1 valuersf at the bottom of g 160 Quality range (ISO 9013)
the cut edge surface ] T
o 1401 T Quality 4 [—J 1 (8355 V1)
% 120- = I [J2(s355V,)
£ 100- [ 4 (s690 v,
2 g0l Quality 3 |l 5 (5690 V)
Qo -
= 60 _
‘g 40 Quality 2
o
o 20, Quality 1
N 0 . ; :
o 1 2 4 5
Test series
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Fig. 7 Perpendicularity of the cut
edges of the different series

Quality range (ISO 9013)

— 1,2 .
S-, 1o, Quality 4 —:“ (S355 V)
=" [J2(s355Vv,)
5081 7 [ 4 (s690 V)
§ 0.6 I 5 (S690 V,)
5 1 Quality 3
§ 0,4
8 0,2 Quality 2
s 0,0 : "' Quality 1

1 2 4 5

Test series

S690Q—approx. 300 HV1—are visible. Also, the weld seam
and the HAZ are well seen. At the top of both specimens, the
weld seam is significantly wider than in the middle and at the
bottom. The inserted notch by the oxy-fuel flame seems to be
larger at the top. The maximum hardness values on the cross
section are 436 HV1 for S355N and 449 HV1 for S690Q.

The hardness values do not exceed the maximum
permitted hardness value from the EN 1090. Further,
the values do not exceed the maximum hardness values
from the cut edge measured (Figure 8).

The hardness profiles show similar curves of both measure-
ments except the location and width of the HAZ and the
values of the base material. The maximum hardness value is
also similar about 410 HV1.

Due to repair welding with filler wire, pores and imperfec-
tions can occur in the weld seam. Metallography analysis on
the weld seam has shown pores on 25% (6/24) of the samples.
Imperfection has a radius up to 0.3 mm. Three out of the
whole samples had failure at the repair weld induced by im-
perfections (Table 7).

Fig. 8 Hardness measurements

S355N, v, =420 mmimin |

| S355N, v, =390 mm/min

on the cross section at the top, 500 500
middle, and bottom of the cut 450 _:_ Lﬁg dle -
edge. Variation of steel grade and __a— Bottom| Maximum permitted i Maximum permitted
velocity 400, hardness value (EN 1090) 400 _"1; o\ %0 hardness value (EN 1090)
= e = bR
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L e = | \
2 300 {¢ 2300 Loy oo
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Fig. 9 Hardness mapping of the repaired notch from S355N (top) and
S690Q (middle). Vickers hardness profile 1 mm under the surface
(bottom)

3.4 Fatigue test results

All fatigue test results are summarized in Table 6. It shows the
number of specimens including run outs, the slope of the S-N
curve, logC (intercept of the S-N curve with the y-axis), the
nominal fatigue strength Ao at 2 million load cycles (POS =
50%), the nominal fatigue strength Ao at 2 million load cycles
(POS = 97.7%), corrected to stress ratio R = 0.5, and the crack
initiation location (cut edge surface/corner/plate surface). The
corresponding survival probability of 97.7% is calculated by

using Eq. 2:

@ Springer

logN = (logC—kstdv(logC))—mlogAo (2)
with k = 1.645(1 +%) (3)

and the fatigue enhancement factor for the effective stress
ratio is used from Hobbacher [26]:

f(R) =1.16 (4)

The fatigue test results of all series are shown in the fol-
lowing two figures (Figs. 10 and 11). Each figure presents one
material with the different cutting speeds used and the series
with the repaired notch. Two design curves from the [IW
recommendations (FAT 125, FAT140) are also added—well
known that the fatigue data evaluated cannot directly be com-
pared with [IW FAT values.

Fig. 10 shows the test data from oxy-fuel cut specimens
made from S355N plates. Fatigue strength is sum up at the
bottom left of the diagrams. Test data of S355N v, as well as
S690Q v; was merged with data of previous studies with the
same cutting parameters [6].

Fatigue strength at 2 million load cycles of S355N v, was
determined to Ao = 199 MPa with a survival possibility (POS)
of 50%. The regression line was calculated to k£ = 4.4 without
considering run outs. The benefit of a low cutting speed is
primary at higher numbers of load cycles. The fatigue strength
increase was determined to Ao = 249 MPa at 2 million load
cycles with a slope of k£ = 6.0. It is an increase of 25% of
fatigue strength compared with the fast velocity v; = 420
mm/min. No significant decrease of the repaired notch series
was observed. Fatigue strength results show similar values of
Ao =248 MPa and a slope of k = 6.8.

The test data of the material S690Q are shown in Fig. 11.
Fatigue strength at 2 million load cycles of S690Q v, was deter-
mined to Ao = 183 MPa (POS = 50%). The slope was calculated
to k= 3.0. The fatigue strength of the series with the low velocity
increased to Ao = 240 MPa at 2 million load cycles with a slope
of k= 4.3. It is an increase of 31% of fatigue strength compared
with the fast velocity v; = 420 mm/min. No significant decrease
of the repaired notch series was observed. Fatigue strength results
show similar values of Ac = 238 MPa and a slope of £ = 3.8.

4 Discussion

The geometrical details at the cut edges were determined ac-
cording to the ISO 9013. Roughness and perpendicularity
measurements were conducted on all different series. Quality
differences were observed by using various velocities of the
cutting process. R, values are classified in quality group 4.
Decreasing the cutting speed decreases the roughness at the
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Table 7  Fatigue test data
Test series Stress ratio  Number of samples (run Slope Log SD Ao (2E6) Ao (2E6) 97.7% corrected to R = Crack
R outs) k C 50% 0.5 initiation
S-C-P
S355N v 0.1 23(2) 44 163  0.12 200 151 2-18-1
S355N v, 0.1 12(1) 6.8 225 0.14 248 194 1(1)-7-4(2)
Ke)
S355N v, 0.1 12(1) 6.0 20.7 0.15 249 189 2-4-6
S690Q v, 0.1 21(2) 3.0 132 0.1 184 136 4-17-0
S690Q v, 0.1 12(2) 3.8 154  0.13 239 174 0-7-3
(Ke)
S690Q v, 0.1 9(1) 43 16.5 0.04 240 197 3-4-1

S cut edge surface, C corner, P plate surface, (x) crack initiation in the repaired notch

cut edge, which comes up with a higher quality. Even though
a higher quality range in the ISO 9013 is not reached. The
perpendicularity show also the same tendency. Decreasing the
velocity decreases the perpendicularity at the cut edge as well,
and therefore, the quality increases. Both base metals (S355N
and S690Q) are ranged in quality group 2 with the low
velocity.

The hardness measurements at cut edge and at the repaired
notch show that the maximum hardness values mainly comply
with the EN 1090. Only three points at S690 v, exceed the
value of 2.5%. Higher hardness values can be explained by
using a small penetration force HVO0.1 and HV1 compared
with the standard HV10. Several studies show that the use
of HV10 in this area is not reasonable [27]. Hardness at the
competing repaired notch show similar or lower values.
Therefore, premature failure in case of the metallurgical notch
in the repaired area is not expected.

The fatigue data evaluated here (Figs. 10 and 11) cannot
directly be compared with IIW FAT values. The fatigue data
has to be corrected for the stress ratio of R = 0.5 (IIW). Further,
the data is analyzed based on 50% probability of survival. Test
results should be analyzed to produce characteristic values.
These are values that represent 95% survival probability
(i.e., 5% failure probability) calculated from the mean on the
basis of a two-sided confidence of 75% corresponding to a
survival probability of 97.7% and adjust for a stress ratio of R
= 0.5 [26].

Fig. 12 shows the fatigue strength results Ao (2E6) 97.7%,
m = var., Re,, = 0.5. All series exceed FAT 125. The cutting
speed affects the roughness and the perpendicularity on the cut
edge. Due to reduced cutting speeds, the roughness and the
perpendicularity decrease also. This results in an increase of
the fatigue strength in all tested series in this study. The defect
on the cut edges is reduced as critical details were the cracks

Fig. 10 Fatigue test data of oxy- 500 Material: S355N
fuel cut plate edges, S355N, © k>\\\ Specimen: Cut edge
20 mm thick with varies velocities & 400 W P Oxygeﬁ
and repaired notch (Ke) = N\ i =20

o 300 0 H=es t=20 mm

< A A A _: : Net section: 304 mm?

8) ® k=6.0 Loading: sine, axial

£ 200 i @8 10-20 Hz

e % R=0.1

@ N k= 4.4

o Cut edge AN\ B - — S$355N V1 = 420 mm/min

- - - ‘e

i ‘ﬂj‘ﬂ IONN e $355N V2 = 390 mm/mi

—_ - ) s = mm/min

T 100 W CX \\ A .. S355N V2 = 390 mm/min + Ke

g MMM \\ —— W FAT 140/ 125

> S355N v,: 199 MPa (POS=50%) T—__ |

S355N v,: 249 MPa (POS=50%)
50 S355N v, + Ke: 248 MPa (POS=50%)
10 10° 10° 107 10°
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Fig. 11 Fatigue test data of oxy- SEN Material: S690Q
fuel cut plate edges, S690Q, & 400 kk\ pt Specimen:  Cut edge
20 mm thick with varies velocities = \\ Oxygen
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o 300 LA ‘:: t=20 mm
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Py - . o ) .
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might start. Series with the low velocity achieve FAT 160 in
all cases equal to base material samples.

The series with the repaired notch in the critical cross sec-
tion by using metal-active gas welding in this study fulfil the
standards of the IIW recommendations and do not show any
significant reduction of the fatigue strength due to the deter-
mined pores or other metallurgical notches on the cut edge.
However, fracture surface analysis show that for S355N spec-
imens, three of the observed defects in the weld seam were
determined as the critical defect for the crack initiation.

5 Summary

The document investigated experimentally the influence of
competing notches on the fatigue strength of cut plate edges.

Fig. 12 Fatigue strength Ao
(2E6) 97.7%, m = var., Reoy = 0.5

Fatigue tests were conducted on oxy-fuel cut plate edges with
constant amplitude loading at a stress ratio of R = 0.1. Two
different materials S355N and S690Q with a plate thickness of
20 mm were considered. Further, different cut edge qualities
were adjusted by changing the velocity of the cutting process.
Two series were purposely cut with defects in order to repro-
duce process dysfunctions in the industry and subsequently
repaired using metal-active gas welding.

Series with the repaired notch fulfil the standards of the
W recommendations and do not show any reduction of the
fatigue strength due to the determined pores in the weld seam.

In the case of fatigue strength, dysfunctions of the industry
can subsequently repaired using metal-active gas welding.
The weld reinforcements have to be ground to a plane cut
edge surface. It is recommended to do a visual inspection of
the repaired surface to determine possible huge pores.

Fatigue strength Ac (2E6) 97.7%,

= m =var.,, R = 0.5

o
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o _— -

S 200 AT = - caany 390
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o E=| [ s690Q v, = 390
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o
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l-\pp endix Table 8 (continued)

S355N v,

Test specimen Load ratio Nominal stress range Fatigue life
Table 8 Raw data

02 04 0.1 306 406,813
S355N v, 02_05 0.1 288 668,305

X X - - - 02_06 0.1 288 510,794

Test specimen Load ratio Nominal stress range Fatigue life -

02_07 0.1 270 1,317,400
(index) (-) (MPa) (cycles) 02 08 0.1 270 2,049,030
01 01 0.1 270 470,345 02_10 0.1 306 593,303
01 02 0.1 252 1,114,980 02 11 0.1 306 576,453
01 03 0.1 270 418,920 02 12 0.1 252 226,548
01 _04 0.1 252 565,846 S690Q v,
01_05 0.1 360 128,197 (index) ) (MPa) (cycles)
01_06 0.1 360 83,690 04 01 0.1 378 372,305
01 07 0.1 306 340,447 04 02 0.1 378 228,954
01 08 0.1 216 1,179,480 04 03 0.1 252 687,503
01 09 0.1 306 306,554 04_04 0.1 252 629,353
01 10 0.1 252 594,193 04_05 0.1 360 313,824
01 11 0.1 360 134,747 04_06 0.1 360 201,345
01 12 0.1 360 138,852 04_07 0.1 414 154,784
01 13 0.1 360 173,888 04_08 0.1 414 136,571
01 14 0.1 324 425448 04 09 0.1 315 511,290
01 15 0.1 324 381,537 04_10 0.1 315 305,731
01_16 0.1 288 517,881 04_11 0.1 225 876,625
01 17 0.1 288 517,229 04 12 0.1 360 221,073
01 18 0.1 252 927,000 04 13 0.1 360 251,292
01_19 0.1 252 590,000 04 14 0.1 324 366,979
01 20 0.1 216 1,324,000 04_15 0.1 288 598,118
01 21 0.1 216 1,524,000 04_16 0.1 252 641,768
01 22 0.1 198 5,000,000 04_17 0.1 252 985,738
01_23 0.1 216 5,000,000 04_18 0.1 234 887,104
S355N v, 04 19 0.1 234 1,400,390
(index) (-) (MPa) (cycles) 04 20 0.1 225 5,000,000
03 01 0.1 378 113,359 04 21 0.1 216 5,000,000
03 02 0.1 378 156,630 S690Q v,
03 03 0.1 378 121,808 (index) ) (MPa) (cycles)
03 04 0.1 342 264,989 06 01 0.1 288 995,698
03 05 0.1 342 381,471 06 02 0.1 288 975,552
03_06 0.1 342 431,486 06 03 0.1 324 445,482
03 07 0.1 306 582,597 06 04 0.1 324 565,063
03 08 0.1 306 861,479 06_05 0.1 342 457,415
03 09 0.1 306 599,853 06_06 0.1 360 344,273
03 10 0.1 252 2,556,690 06_07 0.1 360 353,763
03 11 0.1 252 900,809 06_08 0.1 396 258,100
03 12 0.1 216 5,000,000 06_09 0.1 288 5E6
S355N v, + Ke S690Q v, + Ke
(index) ) (MPa) (cycles) (index) ) (MPa) (cycles)
02 01 0.1 360 226,548 05_01 0.1 396 291,116
02 02 0.1 360 157,000 05_02 0.1 360 516,897
02 03 0.1 360 125,624 05_03 0.1 324 472,609
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Table 8 (continued)

S355N v,

Test specimen Load ratio Nominal stress range Fatigue life
05 04 0.1 396 335,200
05 05 0.1 324 367,710
05 06 0.1 432 189,000
05 07 0.1 432 220,182
05 08 0.1 306 1,342,580
05 09 0.1 360 377,553
05 10 0.1 324 636,450
05 11 0.1 306 5,000,000
05 12 0.1 288 5,000,000

Nomenclature CAL, Constant amplitude load; BM, Base material;
CEV, Carbon equivalent value; HAZ, Heat-affected zone; HFMI, High
frequency mechanical impact; HV, Vickers hardness; £, Slope & of the S-
N diagram; logC, Intercept of the S-N curve with the y-axis; POS,
Probability of survival; R, Stress ratio; R.y, Yield strength; R,,, Tensile
strength; R, Average roughness (um); Ao, Nominal stress range (MPa);
SD, Standard deviation for logC; ¢, Thickness specimens (mm); u,
Perpendicularity (mm); UCI, Ultrasonic contact impedance
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