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Abstract Fatigue life assessment is important for all floating
offshore structures, both not only related to the new building
stage but also related to lifetime extensions. Fatigue cracking
occurs normally due to uncertainties in estimated fatigue life
and this is a well-known problem for floating structures. In
this paper, the aim has been to look deeper into the effects of
grinding and ultrasonic peening (UP) in order to improve the
service life of structural connections. Fatigue testing of full-
size fillet-welded doubling plates has been performed. The
paper presents results from these tests including as-welded
condition and ground and UP improved specimens. The paper
also presents alternative S-N curves for improved details. The
primary goal has been to assess the possibility for fatigue life
improvement of fillet-welded doubling plates where fatigue
cracking may initiate from the weld root. The information
gained in this project is considered to be important for the
offshore industry working with floating structures as well as
for development of new fatigue assessment procedures and
requirements in standardisation.

Keywords Fatigue tests - Fillet welds - Weld toes - Fatigue
improvement - Grinding - Ultrasonic peening

1 Introduction

This project was initiated based on a question about possible
weld improvement of a doubling plate on a semi-submersible
platform where a fatigue life less than the target fatigue life
had been calculated. “Cover plates” is another notation used in
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bridge design that may better describe the functionality of
these plates. In the actual platform, these plates were used as
support for ladders to avoid that welding of the ladders were
made directly to the main load carrying plates.

It is well known that different techniques can be used
to improve fatigue lives at a weld toe. However, when
fillet welds are used, it is questioned if these improve-
ment methods become efficient. International Institute of
Welding (IITW) has made some guidelines on details that
can be improved as indicated in Fig. 1, and it is
observed that doubling plates is an example where weld
improvement is not recommended, ref Haagensen and
Maddox [9]. However, the fillet welds are less load
carrying here than in fillet-welded cruciform joints, ref,
e.g. Dalsgaard Serensen et al. [3], Fricke and Feltz [0]
and Lotsberg [17] where the throat thickness is the main
parameter for when fatigue cracks will most likely ini-
tiate from the weld root.

Fatigue cracking at doubling plates may initiate from the
weld root through the throat of the fillet weld as indicated in
Fig. 2. Fatigue cracking may also initiate from the weld root
into the base plate. An example of this from laboratory testing
is shown in Lotsberg and Landet [16]. When the fatigue
capacity of the weld toe is improved, the most likely initiation
site may be moved to the weld root and it might be questioned
if the improvement factor on fatigue life given in DNV-RP-
C203 is applicable for this detail as this factor has been
derived from improvement of weld toes at details with full-
penetration welds.

Some guidance on selection of S-N curves for doubling
plates in the as-welded condition is given in DNV-RP-C203,
ref Fig. 3. Typical doubling plate geometry results in use of the
F1 curve which is the same as FAT 63 in the [IW recommen-
dations, Hobbacher [10]. When the weld toe is improved,
crack growth through the fillet weld or crack growth into the
base plate might be a possible failure mode. In order to
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investigate this further, a test programme was proposed as
shown in Section 2.

A number of papers on fatigue life improvement have been
reviewed. Some of these are included in the reference list in
Section 8. Fatigue life improvement of welded structures has
been presented by Huther et al. [11], Lopez Martinez and
Blom [19, 20] based on the original ultrasonic impact treat-
ment method (UIT), Haagensen [8], Kudryavtsev et al. [14],
Liurade et al. [15] and Manteghi and Maddox [22]. The effect
of grinding of welds has been presented by Haagensen [7] and
by Zhang and Maddox [32]. Lopez Martinez and Haagensen
[21] have presented a paper on improvements by ultrasonic
peening (UP). A German research project REFRESH has
presented experimental data on the effectiveness of high-
frequency peening methods [28]. Yildirim et al. [31] has
presented fatigue assessment of high-frequency mechanical
impact (HFMI)—improved fillet welds by local approaches.
Marquis and Barsoum [23] and Marquis et al. [24] have
presented guidelines on fatigue strength improvement using
high-frequency impact methods.

Most fatigue standards such as API RP 2A [1] and
ISO 19902 [13] recommend a fatigue life improvement
by a factor 2 when grinding the weld toe. A factor
equal to 4 is recommended for hammer peening in these
standards. Some other standards such as Department of
Energy [25], HSE [26, 27], BS 7608 [2] and IACS [12]
recommend a factor 2.2 on calculated fatigue life for
burr toe grinding. DNV-RP-C203 opens up for a larger
improvement factor depending on material yield strength
up to a maximum factor of 3.5 on life for burr grinding
and a maximum improvement factor of 4 for hammer-
peened joints. It also opens up for use of S-N curves
for the improved joints that show a less severe slope of
the S-N curve when used for a long-term stress range
distribution. IIW recommends a factor 1.3 on stress
range at 2x10° cycles when grinding the weld toe. A

Fig. 1 Details where
improvement cannot be
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Fig. 2 Potential areas for fatigue crack growth at fillet-welded doubling
plates

factor 1.5 on stress range can be used on welds treated
with UP.

It is noted from the literature that the weld improvement
leads to more horizontal S-N curves and therefore, the im-
provement factor depends on the considered position in the S-
N curve. Thus, to present the improvement by factors is not
always meaningful without at the same time linking it to some
long-term stress range distribution. The improvement will
likely be lower for low cycle fatigue (large stress ranges) than
for more high cycle loading such as from wind or wave
actions.

It was carlier assessed that a negative inverse slope of the S-
N curves m=4.0 can be used for ground hot spot areas as a
similar slope also is used for S-N curves for the base material
in DNV-RP-C203. However, later work has indicated that the
parameter m for ground welds should be limited to m=3.5.
Thus, the S-N curves for ground areas are modified to a
negative inverse slope m=3.5 in the 2014 version of this
recommended practice. Yildirim and Marquis [30] considered
that slope m=5.0 can be used for weld toes improved by UP.

It should be noted that caution should be exercised when
taking weld improvement into account where fatigue cracks
may initiate from internal defects in the weld. Reference is e.g.
made to Wiéstberg and Salama [29]. Based on this, it is
proposed to construct new S-N curves for ground welds and

recommended according to ITW
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Fig. 3 Classification of a doubling plate according to DNV-RP-C203

welds that are improved by UP also in fatigue design standards
such as DNV-RP-C203.

2 Test programme and preparation of test specimens

The first two test specimens were fatigue-tested: one large-
scale specimen with three doubling plates tested in as-welded
condition for reference and one similar large scale specimen
with ground welds. The fillet welds on these specimens were
made with more than one pass. This resulted in a rather large
throat thickness (approximately 7 mm or a leg length slightly
less than 10 mm). Then, a third specimen with welds made in
one pass and ground was tested (throat thickness of approxi-
mately 4 mm or leg length equal to 5.6 mm).

A fourth specimen was tested to study the effect of ultra-
sonic peening (UP) on weld toe with respect to fatigue life
improvement. This specimen was also made with a large
throat thickness for purpose of comparison with the specimen
already tested with ground weld toe (as the purpose was to test
efficiency of UP and a failure from the root should be
avoided).

During the testing of specimen number 4, some unplanned
load action occurred that led to strains at the welded regions
well above yield. Therefore, it was decided to add another
similar test specimen (number 5) that was improved by UP in
a similar way as number 4. The test data from specimen no. 4
is not further presented due to the mentioned incident.

A total of five full-scale specimens as shown in Fig. 4 were
tested.

Specimen 1 Doubling plates without any mechanical treat-
ment of the weld

Specimen 2 Doubling plates with ground weld toe according
to DNV-RP-C203. Weld throat thickness=7 mm

Specimen 3 Doubling plates with ground weld toe according
to DNV-RP-C203. Weld throat thickness=4 mm

Specimen 4 Doubling plates with UP-treated weld toe. Weld
throat thickness=7 mm
Specimen 5 Doubling plates with UP-treated weld toe. Weld
throat thickness=7 mm

A tensile test of the plate material from specimen 5 was
made. Yield strength 430 MPa and tensile strength 492 MPa
were measured.

A sketch of the full-scale test specimen is presented in
Fig. 4. The main plate was 3,460-mm long with a waist width
of 500 mm for the two first specimens and 400 mm for
specimen 3, 4 and 5 and a thickness of 20 mm. The pin holes
at each end were reinforced with 50-mm-thick doubling plates
on both sides.

In order to obtain as much information as possible from one
fatigue test, three doubling plates with a thickness of 10 mm
were welded to one side of the main plate. Two doubling
plates were circular with a diameter 150 mm while the dou-
bling plate in the middle was quadratic (150 mmx 150 mm)
with corners rounded with a radius of 25 mm.

The reason for including both quadratic and circular dou-
bling plates was that results from finite element analysis were
showing approximately the same hot spot stress for these
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Fig. 4 Geometry of test specimen
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Fig. 5 Ground circular doubling plate

geometries; therefore, it would be interesting to see if a similar
fatigue capacity also could be confirmed from relevant fatigue
testing.

The grinding of the weld toes was made based on recom-
mendations in DNV-RP-C203 where it is stated that the grind-
ing should be at least 0.5 mm below any visible undercut. The
grinding of specimen 2 is shown in Figs. 5 and 6. The grinding
was performed by a 10-mm-diameter rotary burr. The person
who performed the grinding of specimen 2 was retired before
specimen 3 was prepared, and another person performed this
grinding. At first instance, it was considered important that the
same person performed this work. However, one can also see
it useful that different persons were doing the work in order to
represent a more natural workmanship as basis for the tests.

LETS Global in Stockholm performed the UP of the weld
toes. Reference is made to Lopez Martinez [18] for UP pro-
cedure. A photo of UP-treated specimen is shown in Fig. 7.

3 Fatigue testing

Fatigue testing of the full-scale specimens with doubling
plates was performed in a 750-t servo hydraulic machine
(see Fig. 8).

Fig. 6 Ground quadratic doubling plate
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Fig. 7 Ultrasonic-peened weld toe

The different hot spot locations were numbered for each
specimen as shown in Fig. 9.

Strain gauges were installed at each location as shown in
Fig. 10. The reason for the shown staggering may be asked.
This was due to the size of the strain gauges. It should be
added that the hot spot stress was determined by a linear

Fig. 8 Test specimen in test machine
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Fig. 9 Numbering used as reference for the presentation of the strain
gauge measurements and test results

extrapolation to the weld toe or grooves from the grinding or
peening from the stresses derived at the first and third strain
gauge which are placed on the same line normal to the weld
toes. Thus, the strain gauge in the middle was mainly used for
control purpose. It might be added that there was no indication
that the staggering influenced the measured data.

The fatigue test specimens were subjected to a dynamic
load with an R ratio of 0.1 at a constant nominal stress range of
200 MPa (R=0in/0max)- This stress range represents a max-
imum stress range at a doubling plate during the lifetime of a
typical floating structure in a long-term distribution of loading
where weld toe improvement of weld toes is required for
documentation of sufficient fatigue life. Reference is e.g.
made to tables for maximum allowable stress ranges during
design life in DNV-RP-C203 where the largest allowable

Fig. 10 Overview of strain gauges used for testing. x 2 indicates that a
strain gauge is attached to both sides of the main plate

Number of cycles

Fig. 11 Fatigue crack growth in specimen 1 in as-welded condition
compared with mean S-N curves

nominal stress range is 190 MPa during 20 years of service
life in air environment and 169.6 MPa in seawater with
cathodic protection for a shape parameter equal to 1.0 in a
two-parameter Weibull long-term distribution of stress ranges
for a 20-year service life which is considered typical for a
floating platform. A Miner sum equal to 1.0 is used for this
calculation as this is the design requirement used for floating
production platforms where inspection of fatigue cracks is
being performed during service life. When shorter fatigue
lives are calculated, it also means that the maximum nominal
stress ranges are higher. It is in such cases that weld improve-
ment is being asked for at late fabrication stages. If a fatigue
life equal to 10 years were calculated, the maximum nominal
stress ranges during the intended service life is increased to
231.4 MPa in air environment and 199.2 MPa for seawater
with cathodic protection. It should be added that in a real
structure, this maximum stress strange is entering the S-N
curve only once during the considered lifetime while the main
contribution to fatigue damage is around 10 million cycles
where the stress range is less than a quarter of the maximum
stress range.
The specimens were tested at a frequency of 1 Hz.

Table 1 Measured crack geometries for specimen 1

Location Hot spot First crack detection ~ Crack at end of test

stress (MPa)

Cycles Length at Depth  Length at

surface (mm) (mm) surface (mm)
1 302.61 59,100  7/8* 10.0 123
2 297.36 59,100 10/13* 14.5 115
3 288.96 59,100 5 10.0 155
4 298.62 59,100 10 20.0 180
5 283.40 78,000 20 5.3 94
6 298.52 65,600 22 12.3 108

#Two crack initiation sites
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Table 2 Measured crack geometries for specimen 2

Location Hot spot First crack detection Crack at end of test
stress (MPa)
Cycles Length at Depth  Length at
surface (mm) (mm)  surface
(mm)
1 260.40 514,500 15* 5 217
2 286.02 541,600 12* 6 19°
3 276.89 - - - -
4 263.66 - - - -
5 290.12 514,500 16* 4 48°
6 292.64 514,500 10%13° 9° 29°/26°

 Crack observed in ground area

® Crack observed in base metal in front of that ground

3.1 Specimen 1

The fatigue testing of test specimen 1 was terminated after
150,800 cycles. At this number of cycles, a fatigue crack that
initiated from the lower weld toe of the quadratic doubling
plate (location 4, ref Fig. 9) had grown through the main plate.
The welds were regularly visually inspected for cracks during
the fatigue tests. For some of the locations, two fatigue cracks
were observed that at a later stage coalesced into one crack.
The crack depth was measured after the test specimen was cut
up subsequent to testing.

The crack growth period in specimen 1 is shown in Fig. 11.
The nominal stress mean S-N curves from DNV-RP-C203 are
shown in the same figure. These mean S-N curves are derived
from the design S-N curves, which are defined as mean minus
two standard deviations for a normal distribution in a loga-
rithmic S-N diagram, by adding two standard deviations. The
standard deviations for these S-N curves are presented in the
commentary part of DNV-RP-C203. The number of cycles is
shown for the crack that had grown through the plate thickness
at location 4. This number of cycles corresponds to that of the
mean F1 curve. This is in agreement with the recommendation
in DNV-RP-C203 for this geometry of doubling plates. At

Fig. 12 Transverse metallographic section from location 6 in specimen 3
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Fig. 13 Enlarged photo of fatigue crack at location 6 in specimen 3

termination of the test, there were also cracks at the other five
hot spots with crack depths 5.3—14.5 mm as shown in Table 1.

The fatigue lives of the two different geometries of dou-
bling plates (circular and quadratic) were similar as the crack
depths were rather similar at the end of the test.

3.2 Specimen 2

The fatigue testing of specimen 2 was terminated after
553,100 cycles. At this point, cracks, 4-9-mm deep, had been
detected at four hot spots at the circular plates, but no crack
had been observed at the hot spots at the squared doubling
plate (locations 3 and 4, ref Fig. 9). However, fatigue cracks

Fig. 14 Enlarged photo of crack initiation site
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Table 3 Measured crack geometries for specimen 3

Location Hot spot First crack detection Crack at end of test

stress (MPa)

Cycles Length at Depth  Length at
surface (mm) (mm) surface
(mm)
1 316.89 202,300 3.6 20 37+30+20
2 324.87 - - - -
3 299.15 - - - -
4 302.30 202,300 7.0 20 83+56
5 309.96 285,000 5.0 17.5 18+42+5
6 314.37 125,000 5.3°

*Weld repaired after 272,000 cycles with crack length grown to 22 mm

were observed in the pin holes of the test specimen and the test
was terminated. The crack geometries at the end of the test are
shown in Table 2.

3.3 Specimen 3

The fatigue testing of specimen 3 was terminated after
346,881 cycles when cracks had grown through the thickness
at locations 1 and 4 (ref Fig. 9). At this point, cracks had not
been observed at locations 2 and 3. The crack depth at location
5 was 17.5 mm at the end of the test. The largest crack at
location 6 (which initiated first) was repaired after 272,000 cy-
cles when it was 22-mm long. However, it was not through the
plate at this stage. As this crack was detected rather early as
compared with the tested number of cycles in specimen 2, the
reason for this was questioned. Therefore, it was decided to
cut out a “boat sample” from this hot spot location that
included the fatigue crack. This sample was further investi-
gated. A metallographic section through this sample is shown
in Fig. 12. It is seen that the crack initiated rather close to the
heat-affected zone (HAZ). An enlarged section of the crack
initiation site and the crack tip is shown in Fig. 13. An even
larger section from the initiation site is shown in Fig. 14. Thus,
even if the ground surface looks smooth in Fig. 12, there are
imperfections that can initiate fatigue cracks as shown in
Fig. 14. The cut was repaired by manual welding in the
laboratory before the testing continued. It was understood that
one could not get more information regarding fatigue capacity
from this location.

The crack geometries from this test is shown in Table 3.
The fatigue crack at location 1 in this specimen is shown in

Fig. 15 Section through crack location 1 in specimen 3

Fig. 16 Section through crack location 4 in specimen 3

Fig. 15. The fatigue crack had grown as two separate cracks.
The cracked region was opened at a low temperature to make
the material brittle; this explains the surface that is seen
outside the fatigue cracked area. Two more complete semi-
elliptical cracks at location 4 are shown in Fig. 16. Also, a
rather deep fatigue crack at location 5 is shown in Fig. 17.

3.4 Specimen 5

The fatigue testing of specimen 5 was terminated after
140,977 cycles when a fatigue crack had grown through the
plate at location 1, ref Fig. 9. The crack depth was 13.5 mm at
location 2, and only small cracks had initiated at locations 3, 5
and 6 as shown in Table 4.

A section showing the fatigue crack at end of test at
location 1 is shown in Fig. 18. The fatigue crack at location
2 for the same number of test cycles is shown in Fig. 19. At
location 3, only small fatigue cracks along the weld were
initiated as shown in Fig. 20.

4 Comparison of tests with design S-N curves

The hot spot stress mean S-N curves and hot spot design S-N
curves from DNV-RP-C203 are presented in Figs. 21 and 22.

The hot spot stresses from measurements made on the four
test specimens are shown in the same figures. Thus, the main
curve for comparison for as-welded condition is the D-curve
as that is the hot spot stress S-N curve referred to in DNV-RP-
C203.

The number of cycles at first crack observation is shown in
Fig. 21.

It is observed that the ground welds shows long fatigue
lives and is well to the right of the mean hot spot S-N curve D
from DNV-RP-C203. A significant improvement compared to
the as-welded condition is shown.

The UP-treated specimen number 5 showed a somewhat
longer fatigue life initiation than that of the as-welded

Fig. 17 Section through crack location 5 in specimen 3
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Table 4 Measured crack geometries for specimen 5

Location Hot spot stress (MPa) First crack detection Crack at end of test
Cycles Length at surface (mm) Depth (mm) Length at surface (mm)
1 262.61 80,000 29 20 94
2 33821 76,000 9+5 13.5 68
3 288.23 80,000 4+4+4 Small cracks 5+5+5
4 332.85 106,000 1 6
5 266.70 80,000 2+2+2 Small crack 47
6 328.76 80,000 243 Small crack 10+32

condition. However, the improvement was not as good as by
grinding of the welds. The reason for this may be the rather
high stress range used in the testing.

The number of cycles when first crack is through the main
plate is shown in Fig. 22. As only one or two fatigue cracks
have propagated through each plate at the end of each test, the
fatigue data points for the other positions can also be consid-
ered as “run-outs”. These results support much the same
considerations as given above with respect to initiation.

5 Proposed S-N curves for improved areas

A new S-N curve for ground weld toes is proposed in DNV-
RP-C203 [5] based on the same improvement factor on stress
range at 2x 10° cycles as ITW and assuming inverse slope of
the ground hot spot S-N curve m=3.5 for number of cycles
less than 10”. This gives a mean hot spot S-N curve for ground
areas as shown in Fig. 23 together with the derived test results.

A similar principle is followed to derive design S-N curves
for UP-treated weld toes. Here, a single-slope S-N curve with
m=35.0 is proposed. This gives a mean hot spot S-N curve for
UP-treated areas as shown in Fig. 24 together with the derived
test results.

The new proposed design hot spot S-N curve for ground
and UP-treated weld toes are shown in Fig. 25 together with
the as-welded curve (S-N curve D). For the left part of the S-N
diagram, it is assumed that S-N curves for weld improved
areas are not lower than that for the as-welded condition.

It is stressed that these new S-N curves for improved areas
should only be used when proper workmanship of the im-
provement is performed and proper attention should be made

Fig. 18 Section through crack location 1 in specimen 5

@ Springer

to fatigue crack initiation from other areas than those im-
proved such as from internal defects in the welds.

In addition, it is considered important to evaluate maxi-
mum stresses from static and dynamic loading in order to
assess feasibility of improvement method, i.e. assess that
beneficial compressive stresses at the hot spot is not lost
during an early service life. Fatigue testing of improved details
is recommended if there is uncertainty about the value of a
proposed improvement.

6 Discussion of test data

Different techniques can be used to improve fatigue lives at
weld toes in welded structures with full penetration welds.
However, full-penetration welds cannot be achieved for all
details and in fillet-welded structures, the efficiency of weld
toe improvement may be reduced by fatigue cracking from the
weld root. In the present work, this was investigated on four
large specimens with fillet-welded doubling plates. Each of
these tests included three doubling plates: two circular plates
and one square plate with rounded corners.

One test specimen in the “as-welded condition” was tested
for reference and two specimens were tested with ground
welds. The fillet welds on one of the ground specimens were
made with one pass that resulted in a throat thickness of
approximately 4 mm. The other specimens were made with
more than one pass resulting in a rather large throat thickness
(approximately 7 mm).

Finally, one specimen was added for testing of effect of UP
of the weld toe region with respect to fatigue life

Fig. 19 Section through crack location 2 in specimen 5
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Fig. 20 Section through crack at location 3 in specimen no 5

improvement. This specimen was also made with large throat
thickness to reduce probability of fatigue cracking from the
weld root as the purpose of this test was to investigate im-
provement of the fatigue life at the weld toe.

The crack growth observed in specimen 1 has been com-
pared with the mean S-N curves from DNV-RP-C203. The
number of cycles for crack growth through the plate thickness
corresponds to that of the mean F1 curve. This is in agreement
with the recommendation in DNV-RP-C203 [4].

The ground weld toes (specimens 2 and 3) showed good
improvements. Fatigue cracking from the weld roots was not
observed during the testing. All locations in the performed
tests were opened after the tests and the weld roots were
studied in the microscope. When opening the welds after the
testing, a small fatigue crack was observed to have initiated
from the weld root in one of the doubling plates with throat
thickness equal to 4 mm and also in one of the weld roots in
the ground test specimen with 7-mm throat thickness. A crack
indication in one of the root weld samples from the UP-tested
specimens was also reported. Most of the roots were without
any crack indication similar to that shown in Fig. 26. The
fatigue crack indication for location 2 in specimen 5 is shown
in Fig. 27. As these crack indications were very small, it is
likely that there is a significant crack growth life before these
cracks had grown to be large. Thus, the tests showed that weld
improvement of fillet-welded doubling plates is considered
feasible as fatigue crack growth from the weld root was not
found critical in the performed tests. However, the criticality
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Fig. 22 Number of cycles when first fatigue crack in each specimen is
through the main plate

may depend on fabrication quality and welding procedures
which has not been part of the present work.

The probability of crack growth into the fillet weld is
considered to be a function of throat thickness. Thus, before
taking out significant benefit from grinding of the fillet weld
toes, it is recommended to assess fatigue from the fillet weld
root and add on weld if necessary before an improvement of
the weld toe is performed.

The test results for fatigue crack initiation for specimen 5
are above that for as-welded condition, but not quite as high as
for the ground welds. It is well known that the S-N curve for
improved welds becomes more horizontal than that for as-
welded condition. Thus, the effect of improvement for large
stress ranges is lower than for smaller stress ranges. The test
stress range for the performed test was rather large; however, it
was not larger than that can be expected in a new built floating
structure where weld improvement of a detail is required (see
also Section 3). However, it is likely larger than that expected
in life extension of existing structures that has been subjected
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Fig. 23 Test data compared with mean hot spot S-N curve representing
ground condition
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Fig. 24 Test data compared with mean hot spot S-N curve representing
UP-treated condition

to a large number of load cycles without significant fatigue
cracking.

The tests showed that improvement by grinding of
weld toes is very efficient with respect to increase in
fatigue life. The present tests support the improvement
factor of 1.3 on stress at 2x 10° cycles as recommended
by the International Welding Institute for ground welds.
By a more horizontal S-N curve, further improvement is
achieved for smaller stress ranges. This leads to signif-
icant fatigue improvement for a typical long-term stress
range distribution from wave action on offshore struc-
tures. Here, reference is also made to a new section in
Appendix D in DNV-RP-C203. Both the test data for
the ground welds and the test data from the ultrasonic-
peened test are in line with these proposed S-N curves
as is shown in Figs. 23 and 24, respectively. It is noted
that the time from fatigue crack initiation to failure is
not very long for the ground welds. This is a concern
related to weld improvements of details showing short
calculated fatigue lives. This is also a reason why weld
improvement is not recommended in design standards
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Fig. 25 Example of design S-N curves (D-curve) for a butt weld in as-
welded condition and improved by grinding or peening
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Fig. 26 Typical sample from weld root after testing. The weld is to the
right of the opening

for short calculated fatigue lives. Furthermore, this
should be reflected when the amount of inspection

Sample from weld root. Square indicates p ossible fatigue
crack. Weld to the upper left side to the opening

Sample from weld root showing possible fatigue crack

Fig. 27 Showing fatigue crack initiation from root area at location 2 in
specimen no. 5
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during service life is planned as the time interval for
detecting the fatigue cracks becomes reduced.

7 Conclusions

Fatigue test data from large-scale testing of four specimens
with fillet-welded doubling plates are presented in this paper.
Three different doubling plates were welded on each large-
scale specimen (two circular and one quadratic plate). One
specimen was tested in as-welded condition for reference, two
specimens were tested after grinding of the weld toes and one
specimen was tested after UP treatment. Based on these tests,
it was found that:

*  Weld improvement of fillet-welded doubling plates is
feasible as only very small cracks had initiated in the weld
root in some of the fillet welds in the improved specimens.
However, it is still recommended to assess the need for
additional throat thickness before weld improvement is
made to minimise the risk for fatigue cracking from the
weld root. The actual plate geometries and loading should
be assessed in such work.

» The fatigue lives of the two different geometries of dou-
bling plates (circular and quadratic) were similar as might
be expected as the calculated hot spot stresses are also
similar for the two geometries.

* The tests showed that improvement by grinding of weld
toes is efficient with respect to increase in fatigue life.
However, it is noted that the time from fatigue crack
initiation to failure is not very long for the ground welds.
This should be kept in mind when weld improvement
methods are being considered for details with short calcu-
lated fatigue lives. This should also be reflected when the
amount of inspection during service life is planned.

» The experience from this testing indicates that the maxi-
mum compressive stress and stress range at a hot spot may
influence selection of improvement method. However, the
performed tests in the presented study were limited to that
of constant amplitude fatigue loading at rather large load
ranges. It is recommended to assess the effect of load
levels further by performing fatigue tests under more
realistic spectrum loads as basis for advices to be included
in fatigue design standards.
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