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ABSTRACT

This report describes the results of the optimalisation of field-welded joints between closed
longitudinal stiffeners in orthotropic steel bridge decks. To improve the quality respectively
the fatigue life of the stiffener splice joint, first welding tests have been carried out for four
different types of butt welds with backing strips.

The best quality has been obtained with the V-butt joint of 60° including the tack weld and a
gap between the weld toe of the tack weld and the connecting plate of 4 mm. Based on the
obtained results this detail with an angle of 30° has been chosen for the full scale fatigue
testspecimens.

The butt welds of three specimens have been welded by manual metal arc welding and for-
one specimen the welds have been realised by metal inert gas welding. For all tests the
number of cycles at the first visual observation of a crack are situated above the Eurocode
fatigue strength curve Class 100,




Stevin : 25.6.93.26 TU-Delft -b-

1. INTRODUCTION

In most large orthotropic steel bridge decks, field welded joints have to be made because
transportation of the complete bridge from the shop to the site is not always possible. In
general, both longitudinal and transverse field splices have to be made. In the longitudinal
splices, only the deck plate has to be connected. This is mostly done by butt welding as the
weld is accessible both from above and from below, a good quality of the weld can be
achieved. The same applies to the transverse butt splice weld in the deck plate. At the
transverse splice, the longitudinal ribs have to be connected as well (see figure 1).

: STIFFENER TO
STIFFENER TO DECK PLATE WELD CROSSBEAM WELD

v/

STIFFENER TO CROSSBEAM CONNECTION

/

<

Figure 1. Main welded connections in a typical orthotropic bridge deck.

With closed ribs, mostly used in modern bridges, the most appropriate way of splicing is by
welding but as the welds can only be made from the outside in an unfatourable overhead
position (see figure 2), the quality of those welds will be dubious.
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Figure 2. Welding position of the field welded trough rib joint.

Depending in the location of the splice in the deck, the load on the splice can have a
fluctuating part due to the traffic load, dominating the static loading, so conditions for fatigue
damage are present. As the splice in the ribs frequently occurs in a bridge deck, an
investigation of the fatigue behaviour of these joints is necessery.

The last 25 years a lot of research has been carried on this welded joint. Constant amplitude
fatigue tests and variable amplitude fatigue tests on full scale specimens with different
welded joints resulted in first recommendaties for design and repair. Field measurements on
the traffic loading and resulting stresses in the orthotropic steel bridge deck improved the
knowledge about static as well as fatigue design of these structures. In some cases fatigue
cracks developed in the welded joint between longitudinal trough stiffeners.

The state of the art available from the literature until now, has been reported in Part 1 of the
current study [1]:
FATIGUE PERFORMANCE OF JOINTS BETWEEN CLOSED LONGITUDINAL
STIFFENERS IN ORTHOTROPIC STEEL BRIDGE DECKS
Part 1: Review of experimental data
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Without going in further detail in that report some general remarks have been made
considering the fatigue strength:

The fatigue strength of the trough splice joint must be defined by full scale test
specimens against strip specimens. There is a good agreement between the constant
amplitude tests and the variable amplitude tests using the Miner calculation. Different
types of splice joints has been studied by constant amplitude tests. The following
conclusions has been made:

- The unfavourable overhead position influences the quality of the welds extremly.
Weldimperfections can be avoided, but ask special attention of the welder and
extensive NDO research.

- The fatigue strength of the single lap splice joint with fillet welds was quite low with
respect to the butt splice joint with backing strips.

- The fatigue strength of the single lap splice joint can be increased by using a double
one.

- The fatigue strength of the butt splice joint with backing strips is depending on the
gap between the stiffener and the splice plate and the misalignment or gap between
the back-up strip and the stiffener or splice plate.

- The butt splice without backing strips, but with a thick joint plate can result in a
relative high fatigue strength. However these good results can only be achieved if
much care is taken of the fabrication. The required level is not practical for normal
field splices in bridge construction.

- Due to residual stresses the complete penetration butt welds resulted in a lower
fatigue strength than the backing strip welds.

- In general it seems to be necessery to define for these types of complete splice
joints, seperated fatigue strengths in design codes.

Above mentioned conclusions have been discussed in the Netherlands with bridge designers
and engineers with experience in the welding of orthotropic bridge decks. The prefential detail
to be used in the longitudinal trough butt splice joint appeared to be a butt weld with backing
strips. However a root gap of 10-12 mm and shaping the connecting plates is expensive.

Therefore it was decided to make two series of welding tests each with four different root
gaps and shaping of the connecting plates to investigate the quality of the welds by NDO

research. In addition four full scale fatigue tests with the best detail has been carried out to
determine the fatigue strength.

The welding tests as well as the new performed full scale fatigue tests will be reported in this
report.
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2. WELDING TESTS

2.1. Specimens, edage preparation and tack weld

Two series of four specimens has been made according to figure 3. The edge preparation of
specimen 30-1 and 30-2 are mostly used in the Netherlands. In specimen 30-3 and 30-4 the
tack weld of the backing strip has been moved to the butt weld to avoid a second crack
initiation point in this type of stiffener splice joint. Next to that, the gap between the
connecting trough plates has been enlarged, because experimental tests [1] showed a high
fatigue resistance using a gap of about 6-12 mm.

30-1 /[“———"“—]l I 4—'74_’1 = ! |
/ S
4o 6 1 > ot
45° 60"
4l bam g —1
30-3 ] ‘ 30-4 ] {
ZEAN )

Figure 3. Specimens welding tests stiffener splice joint.
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2.2. Welding procedure specification

The welding procedure specifications of the different specimen are given in Appendix A page
A.2 - A.4, Figure 4 shows the bead sequences and welding sequences numbers. In all cases
the welds were made by manual metal arc welding in the overhead position.

WELDING PROCEDURE SPECIFICATION

EDGE PREPARATION BEAD SEQUENCE
N e | R TR s
| ] B
4—el 6—} 4 weld paosses
45° ‘
4o ls—
30-2 /1 | { & A ]
VA AR
Z GJ 4 weld passes
60°
30-3 /]—‘L—_':I‘“I"r‘]"1 |
7t —
4 > 6—’ 6 weld passes
60’
1
I — Y —
| : P
= b SJ 5 weld passes ‘

Figure 4. Welding procedure specification - welding tests.
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2.3. Welding procedure qualification

During fabrication of the specimens of both series, welding procedure qualification reports
have been made as given in Appendix A page A.6 - A.9 for Serie 1 and page A.11 - A.14 for
Serie 2. Data considering the number of weld sequences are presented in figure 5 together
with those from the welding procedure specification. There appears to be some difference
between the theoretical and practical number of weld passes. Especially the specimen type
30-3 and 30-4 with a larger root gaps resulted in less weld passes.

BEAD SEQUENCE / WELDING SEQUENCE NRS.

WELDING PROCEDURE SPECIFICATION WELDPROCEDURE QUALIFICATION
WPS Nr: SERIE 1. SERIE 2,
el E— A

4 weld passes 3 weld passes 4 weld passes

A

4 weld passes

L —
LA

4 weld passes

- 1
=

4 weld passes

(

$0-3, ]
B

K g}
6 weld posses

) i

4 weld passes 5 weld passes

30—4//T—‘—~—————1
&= |

5 weld passes ! 4 weld passes v+ 4 weld passes

Figure 5. Weldprocedure qualification - welding tests Serie 1 and 2.
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2.4. Non-destructive examination report

After welding the specimens have been X-rayed. The reports are given in Appendix A page

A.10 for Serie 1 and page A.15 for Serie 2. A summary of both reports is presented in figure

6. Results show that the detail 30-3 contains fewest number of defects and the traditional

detail 30-1 most defects.

Figure 6. Non-destructive examination results - welding tests Serie 1 and 2.

NON-DESTRUCTIVE EXAMINATION REPORT

SERIE 1. SERIE 2.

o LA L |
R e
liack or: ! I'stag incLusion!
| ~PENETRATION | |GAS PORE |
| ~FUSION | |UNDERCUT |
| OAS ] |

30-2 !/l | l / | l
! 44 Y S—
| NO REMARKS | |GAS PORE
| | |ELONGATION CAVITY
| || UNDERCUT i

30-3 i/ | :
)
| NO REMARKS | |GAS PORE ]

30-4 g/l - | ! ;/] | |

- |
| LACK OF | 16AS PORE |
| FUSION | |ELONGATION CAVITY
| | UNDERCUT |
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2.b. Visual inspection

The welding defects and the surface of the weld has been inspected by more or less visual
inspection of sections of the weld cut out from the specimens. Photos of these sections are
given in Appendix A page A.16 until A.19. A typical example of each type is presented in
figure 7.

It can be seen that:

- the root fusion of type 30-1 and 30-2 is less than the types with a larger root gap,

- in all cases the oversize of the weld, which results in an undercut at the weld toe, is the
slightest for type 30-3.

30-14 A ]

. 45°
4—e lo
30-2 A ]
/ \

30-3 A |

oy A
4 o o 6—}

Figure 7. Sections of the welds - welding tests Serie 2.
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2.6. Discussion

To improve the qualtiy respectively the fatigue life of the stiffener splice joint, welding tests
have been carried out for four different types of butt welds with backing strip.

The following parameters have been varied:
- the root gap of the butt weld,

- the shape of the connecting plates,

- the location of the tack weld.

In all cases the lack-of-fit between the backing strip and the connecting plate amounts 1 mm.

The results of the welding procedure qualification showed that for all types the number of
weld passes is about the same. So the welding costs are about the same for all types.

The results of the non-destructive examination reports as well as the visual inspection of the
sections of the weld cut from the specimens, showed that the traditional detail with a root
gap of 4 mm and one shaped plate contains the most defects. The best quality has been
obtained with the V-butt weld of 60° including the tack weld and a gap between the weld toe
of the tack weld and the connecting plate of 4 mm.

Based on these results the detail as given in figure 8 has been chosen for the full scale fatigue
test specimens. To limite the amount of weld material the angle of the V-groove was chosen
to be 30° in stead of 60° used at the welding tests.
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3. CONSTANT AMPLITUDE TESTS

3.1. Testspecimens

The specimens for the bending tests were single rib specimens as depicted in figure 8, steel
grade Fe 510. As the usual spacing of the ribs is 600 mm, the width of the deck plate in the
specimens was also 600 mm, in order to get the same position of the neutral axis as in an
actual bridge deck.

3300
| |
A
l - 3
| | 425
| A
= A
A-A |

i B E— &
REV.1 -}

Figure 8. Testspecimen and type of trough splice joint.

At the fabrication of the test specimens, imitation of the welding conditions with a real bridge
deck was pursued because test specimens made with special care under favourable
conditions would not be representive. The welds in the bottom of the splice joint were made
in an overhead position and the welds in the webs of the splice joint were made by upward
welding. The test specimens were made by a fabricator with experience in making orthotropic
steel bridge decks.

3.1.1. Types of trough splice joints

Based on the obtained results of the welding tests as described in the previous chapter and
further discussions with bridge engineers and welding authorities the detail as given in figure
8 was chosen to be used in four fatigue test specimens.
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3.1.2. Welding procedure specification

The welding sequence of the butt welds connecting the splice joint to the trough stiffener and
the weld connecting the splice to the deck plate is given in Appendix B page B.2. and B.20.
The butt weld of three specimens has been welded by manual metal arc welding (M.M.A.W.)
and one test specimen has been welded by metal inert gas welding (M.1.G.W.). Both welding
procedure specifications are given in Appendix B page B.3 and B.4 and summerizied in figure

9.

1. MANUAL METAL ARC WELDING

50-3
REV.1

30-5

Figure 9. Weld procedure specification - edge preparation and bead sequence.

&

! |L
ZAN
(30°>

2. METAL INERT GAS WELDING

—
1

5]

!

25

e
6 weld passes

1
N
430°>

5]

25N

E3n s
5 weld passes
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3.1.3. Weldprocedure gualification

The weldprocedure qualification reports made during the fabrication of the specimens are
given in Appendix B page B.5 and B.6. A review of these reports and the perscribed welding
procedure specifications are gathered in figure 10.

1. MANUAL METAL ARC WELDING
4ol e
{ | I

[ i
/o \

4 > Sj 3 weld passes
30°

2. METAL INERT GAS WELDING

30-3
REV.1

o O —
305 ZEN ! ZS

4 > BJ 2 weld passes
30°

Figure 10. Weldprocedure qualification.

The number of weld passes during welding seemes to be much lower according to the
welding procedure specifications.

3.1.4. Non-destructive examination report

After welding the specimens have been X-rayed. The non-destructive examination report is
presented in Appendix B page B.7. Results show that in a part of one weld made by M.M.A.-
welding lack of fusion has been found.
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3.1.5. Visual inspection

After welding the performance of the weld has been inspected by more or less visual
inspection of sections of the weld cut out from the specimens. A typical example from each
type is presented in figure 11.

It can be seen that:

- the root fusion of both types is the same,

- the oversize of the weld made by metal inert gas welding is neglectible with respect to the
weld made by manual metal arc welding.

1. MANUAL METAL ARC WELDING

30-3
REV.1

o\
LN
30°
2. METAL INERT GAS WELDING

4l e 4-1

o
"

Figure 11. Sections of the welds.

30-5
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3.2. Test method and loading

3.2.1. Test set-up

A four point bending test was chosen to study fatigue in the longitudinal stiffener splice joint
(see figure 12}, Constant amplitude fatigue tests has been carried out by using servo
hydraulic test equipment operating in closed loop control with load feedback. To avoid any
secondary effects, all supports in the test rig were provided with roller bearings.

i
ﬁzﬁﬁl 4@‘

i
|
'
]

1

Figure 12. Test set-up stiffener splice joint.
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3.2.2. Strain measurements

Each test specimen was instrumented with a number of strain gauges before testing. A
review of the used strain gauge locations and numbers is given in figure 13.

ESS RANGE

NOMINAL | |
R

— U T LTI T 1

| 155 145 105 15 205 245 255

STRAIN GAUGES SMM FROM WELD TOE
TO DETERMINE CRACK INITIATION

Figure 13. Strain gauge locations at bottom side of the splice.

One strain gauge numbered 1000 is located in the middle of the splice joint at the bottom
side. At this location the measured stress range has been considered to be the nominal stress
range situation for this splice joint. Strain measurements were carried out dynamically to
check the applied stress range on the test specimen.

Furthermore, strain measurements were envisaged 24 hours a day to obtain information about
moment and location of starting a crack. The required strain gauges have been positioned 5

mm from the weld toe along the weld at the bottom side of the splice joint.

3.2.3. Crack growth monotoring

Measurements of crack growth were carried out by more or less periodic visual inspection

with a magnifying glass. It was only possible to measure crack length at the surface of the
specimens.
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3.2.4. Stages in fatigue failure

As far as possible four stages in fatigue failure are expressed in number of cycles:

N1: Moment of crack initiation given by 10 % strain fall off measured in the strain gauge

nearest to the crack,

N2: Moment of visual crack initiation {(by magnifying glass),

N3: A crack indicating the number of cycles when a surface crack length of 50 mm is

reached,

N4: End of test by extensive through cross section cracking, leading to loss of specimen
stiffness causing limitation of the actuator stroke and/or loss of symmetry causing

unacceptable side load on the actuator bearing.

AS [¥Pa] -—> AS [#Pa] > AF [kN] ——>

AS [¥Pe] —>

N

N4: END OF TEST

3: CRACK LENGTH ABOUT

=

FATIGUE LOAD

TN S TS NS S TR MU SO0V0N B S

<-- 3.079.000 CYCLES ~-->

N2: FIRST VISIBLE CRACK (52mm)= 2,
§2mm = 2.
(182nm)= 3.

AS [UPe] -—>

STRAIN MEASUREMENTS SPECIMEN D-3-2 WELD 1
N1: 5% STRAIN FALL OFF (6.255)m 2,

155,000 CYC
753.000 CYC
753,000 CYC
079,000 CYC

TT T T TTT T T T T T TTvTTT

TT 71
| GAUGE 15 L

GAUGE 1000

DU TR SN TN MUY SN TR SN W PR |

<-- 3.079.000 CYCLES --—>

GAUGE 105

TN TR SN T MU TR SR R S N

<-- 3.079.000 CYCLES -->

AS [WMPa] -—>

17

12
100

_I'l“lll‘lll‘lll‘ II'L;_

GAUGE 205

NS VRSO WU SRR TR S N SN S N |

<~~ 3.079.000 CYCLES ~->

L

LJBLINL S T N N N B |

GAUGE 145

<=== 3,079,000 CYCLES --->

LZSLILEL T N N0 o |

-
-
L

GAUGE 158

[ TR SN RN WO FRNN RN TN S S |

as [uPa] —>

AS [UPa] -->

TT T Ty 7y I T T Ty T T T T TeTe

GAUGE 245

U S S SR S TN Y SN S N |

<-- 3.079.000 CYCLES -->

LML I 0 N

[ GAUGE 255

TN YR TOVIOY TN NN S TN WA T G

<~~~ 3,079.000 CYCLES -~->

<-~ 3.079.000 CYCLES -->

TU-D $D0O3-020.000 STRD3ZY,0ORF

Figure 14. Typical strain measurements and different stages in fatigue failure.
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3.3. Test resulis

All data obtained during the fatigue tests are gathered in Appendix B.

3.3.1. Definition of stress

The normal stress at the bottom of the rib in the middle of the splice, due to pure bending,
was chosen as the main stress parameter. This stress was defined by the strain gauge

numbered 1000 (see figure 13).

3.3.2. Review of test results

The fatigue results of the constant amplitude tests are tabulated in figure 15. This figure
shows for each test specimen and belonging welds the several stages in fatigue failure

expressed in number of cycles as defined in paragraph 3.2.4.

FULL SCALE FATIGUE TESTS

4 o o —1 M.M.AW.

ZN
4 > eJ M.1.G.W. ]
30°

WELDING e 1n6
PROCES. | TESTSPECIMEN | [MPa] CYCLES * 10
N1 N2 N3 |N4
D.3.1. WELD 1 | 126 - = - 52.74
MMAW, |D:31. WELD 2.1 126 - 2.138 | 2 462 |2.735
MAT D32, WELD 1| 125 2.155 | 2.753 | 2,753 | 3,079
D.3.2. WELD 2 | 125 - ~ - >3.08
D.3.3. WELD 1 | 160 0.845 | 0.890 { 0890 |1.011
D.3.3. WELD 2 | 160 0.496 | 0.508 | 9508 |1.011
VLW, |D-3A WELD 1] 125 2.275 | 2.750 | 3.026 |3.558
WOW D34 WELD 2| 125 2.275 | 2.280 | 3.553 | 3.558

Figure 15, Review of test results.

Here it can be seen already, that in most cases the crack development is very fast and that

there is hardly no influence of the different welding processes.
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3.3.3. Cracl initiation and crack development

In all the specimens, the crack started in a weld between the trough and the splice joint. In
most cases, the starting point was located just above the bend between the bottom and web
of the splice joint. The number of cycles N2 until the first crack was observed differs not
much from the number of cycles N4 at the end of the test (see figure 16).

FULL SCALE FATIGUE TESTS

4 ol e —1 M.M.AW,

[
ZBY

4 > e—f M.L.G.W. —
30°

WELDING STRESS| CRACK | | 2 N2 | La| N4
PROCES | TESTSPECIMEN | RANGE | INITIAT.

[MPa] |PoINT |[MM]| [cCYC.] |[MM]] [cYC.)

TOE 10 12.138.000] 26
MW D.3.1. WELD 2| 126 ROOT | 78 12.471.000| 229 2.735.000

D.3.2. WELD 1| 125 |ROOT | 52 {2.753.000| 182 |3.079.000
D.3.3. WELD 2| 160 [ROOT | 19 | 508.000| 134 1.011.000
D.3.3. WELD 1| 160 [ROOT | 52 | 890.000{ 300 | """

D.3.4. WELD 2| 125 |TOE | 6 |2.275.000] 49
MLGW. |n's's" WELD 1] 125 |RooT | 30 |2.750.000] 340 |>>°8-000

L2 AND L4: CRACK LENGTH AT N2 OR N4 NUMBER OF CYCLES

Figure 16. Crack initiation and crack development.

It must be emphasized that inspection of the inside of the splice joint was not possible, so if a
crack initiated at the root of the butt weld, it was not noticed until the crack reached the
outside of the splice joint. In this failure mode the crack development was very fast.

The crack development of cracks initiating at the toe of the weld outside the splice joint was
relatively slow. These cracks have been initiated probable by a combination of residual
stresses and undercut of the weld profile.
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3.3.4. Fatigue strenath S-N relationship

The fatigue results of the constant amplitude as discussed before are presented in figure 17
as a S-N relation, on a double-log scale. In this figure, also the Eurocode fatigue strength
curves [3] have been plotted.

BUTT WELD 6 WM TROUGH B
- 8 MM ROOT GAP C.A.-TESTS

- 30° EDGE PREPARATION .
- 30 EDGE PREPAR WELDING METHOD:

O M.M.A.W
|

| /N ] e M. I.G.W
400 [ T T TTEVI T T T TTTi T T ETEITI ] IIIIIIE
30 [ S-N CURVES EC 3 E
A 240 F E
| - _l
1 200 F .
{ = -
— 160 .

120
100

N
ja)
T

STRESS RANGE [MPag
o)
S
T

[} |||5|||| l2 | ||5 ) 3 ‘f;;l——‘;—g—l—'%’l'f?‘i'g
2 34579 3 4 9 2 45 4

10 10° 1p° 10’ 10°

NUMBER OF CYCLES -N2- =-=-=-->

o
o

Figure 17. Full scale fatigue test results stiffener splice joint.

Comparison of the obtained fatigue results at the number of cycles "N2" with the Eurocode
fatigue strength curves, shows, that they are all situated above Class 100.

It is clear that the influence of the different welding processes on the fatigue life is relative
small.
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4. CONCLUSIONS

To improve the quality respectively the fatigue life of the stiffener splice joint, first welding
tests have beeen carried out for four different types of butt welds with backing strips. Based
the obtained results one detail has been chosen for the full scale fatigue testspecimens.

For the welding tests the following parameters have been varied:

- the root gap of the butt weld,

- the shape of the connecting plates,

- the location of the tack weld.

In all cases the lack-of-fit between the backing strip and the connecting plate amounts 1 mm.

The results of the non-destructive examination reports as well as the visual inspection of the
sections of the weld cut from the specimens, showed that the traditional detail with a root
gap of 4 mm and one shaped plate contains the most defects. The best quality has been
obtained with the V-butt joint of 60° including the tack weld and a gap between the weld toe
of the tack weld and the connecting plate of 4 mm. This detail has been chosen for the full
scale fatigue test specimens. To limite the amount of welding material the angle of the V-
groove was chosen to be 30° in stead of 60° used at the welding tests.

The butt welds of three specimens have been welded by manual matal arc welding and to
improve the quality, the welds for one test specimen have been realised by metal inert gas
welding.

After welding the non-destructive examination report of the X-ray examination showed a lack
of fusion in a part of one of the welds made by the manual metal arc welding process. Visual
inspection of sections of the weld showed that the root fusion for both welding processes is
the same. Furthermore the oversize of the welds made by the metal inert gas welding is
neglectible with respect to the weld made by manual metal arc welding.

The results of the fatigue tests showed that there is no influence of the different welding
processes on the fatigue endurance of the splice joint. For all tests the number of cycles N2
(first visual crack) are situated above the Eurocode fatigue strength curve Class 100.
Comparison with previous tests carried out in the Netherlands showed that the new design of
the butt splice joint results in a longer fatigue life.




Stevin : 25.6.93.26

TU-Delft -27-

5. REFERENCES

[1] Kolstein, M.H.

[2] Tromp, W.A.J.

"Fatigue Performance of Joints Between Closed Longitudinal
Stiffeners in Orthotropic Steel Bridge Decks, Part 1: Review of
experimental data", Stevinreport 25-6-93-9, Stevin Laboratory -
Steelstructures, Delft University of Technology, The Netherlands,
1993.

"Fatigue of Field Splices in Ribs of Orthotropic Steel Bridge
Decks", Stevin Report 6-74-15, Stevin Laboratory - Delft
University of Technology, The Netherlands, 1974.

[3] Commission of the European Communities. Eurocode No. 3: "Design of Steel Structures.




Stevin : 25.6.93.26

TU-Delft

-D4.-

3.4. Comparison with previous research

Next figure shows the new obtained test results with data obtained by Tromp [2] on the butt

welded splice joint with backing strips and 4 mm root gap. It is clear that the new design

behaves better than the traditional detail.
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Figure 18. Comparison with backing strip splice joint with 4 mm root gap [2].
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3.5. Discussion

Constant amplitude tests on full scale stiffener splice joinis have been performed to
investigate the fatigue performance of an improveded butt weld joint with backing strips
fabricated with different welding processes.

The butt weld of three specimens has been welded by manual metal arc welding (M.M.A.W.)
and one test specimen has been welded by metal inert gas welding (M.[.G.W.).

The weldingprocedure qualification reports showed that the number of weld passes during
welding were much lower than the welding procedure specification. This aspect is important
if the costs of the stiffener splice joint must be determined.

After welding the non-destructive examination report of the X-ray examination showed a lack
of fusion in a part of one of the welds made by M.M.A.- welding. This defect has not been
repaired to be able to see if it influences the crack initation point.

The performance of the weld has been inspected by more or less visual inspection of sections
of the weld cut out from the specimens. It appeared that the root fusion of both types is the
same. Furthermore the oversize of the weld made by metal inert gas welding is neglectible
with respect to the weld made by manual metal arc welding. So it is to be expected that a
crack initiation point at the weld toe may be avoided by using a particular weld proces.

The fatigue test results showed:

- the cracks grow very fast,

- there is hardly no difference between the different welding processes,

- the number of cycles N2 are all situated above the Eurocode Class 110,
- the new design of the butt splice joint results in a longer fatigue life.
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Page:

A.2  Welding procedure specification WPS NR: 30-1 REV NR: O
A.3 Welding procedure specification WPS NR: 30-2 REV NR: O
A.4  Welding procedure specification WPS NR: 30-3 REV NR: O
A.5 Welding procedure specification WPS NR: 30-4 REV NR: O

A.6 Weld procedure qualification WPS NR: 30-1 Serie 1.
A.7 Weld procedure qualification WPS NR: 30-2 Serie 1.
A.8 Weld procedure qualification WPS NR: 30-3 Serie 1.
A.9 Weld procedure qualification WPS NR: 30-4 Serie 1.

A.10 Non-destructive examination report WPS 30-1,2,3,4 Serie 1.

A.11 Weld procedure qualification WPS NR: 30-1 Serie 2
A.12 Weld procedure qualification WPS NR: 30-2 Serie 2
A.13 Weid procedure qualification WPS NR: 30-3 Serie 2
A.14 Weld procedure qualification WPS NR: 30-4 Serie 2

A.15 Non-destructive examination report WPS 30-1,2,3,4 Serie 2.

A.16 Photo WPS NR: 30-1 Serie 1 en 2
A.17 Photo WPS NR: 30-2 Serie 1 en 2
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Run No. |Electrcde B |Azps | Volts | Length Time| Travel { Interpass,
/ |Cowagc 47| | fo | 25 7 So | - /17
2t =" (320 10l 29 & Pes /- &

3 o — sz nas|y (7 ezl - 1 /2
7 —y — (3.2 1485147 A 63 - [ 3

/]
iz
- | l
I ‘
|
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‘gleal canstiuetion and
allshare divisian

dgsto ’ ‘—}/g\ .

dopy  UAD SCHIEDAR -

wsetealby

page

/m/

WELDPROCEDURE QUALIFICATION

WPS No
Positien: 46

: Jo -

3

Y i fﬁ

Welder :d7337
[4

20~ K

SUZTCE .
' { . Run out l},ait'a of
R‘Lm HO @ El&ctmd@ ﬁ Aﬂw Volts Lengfh 'l‘i.::e' TI:E.TQI I n te rpass,
/ Lovance 77 | do| 25 7 57 I R
S A Y WX 2V, ), 63 2, ¢
-3 —y — gt | 2252y 15 A le S~
b —4 — |32 1/25 137 '5 62 2
a —e—— 132 1025 11y | 17 65 A
l
- |
I | | l l
— ] |
— |
— l
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. .Bw@a emvi;uc 1ea am doto “5‘  . Z_ gopy  GRIN SCHIEDLAM
Bllh:mvw div?ei‘nﬂ ‘ /i 7 bl -
WELDPROCEDURE QUALIFICATION WPS No 30-6
Position: Y&
Welder : 43 3¢

ol 21 Jv '

P
Y m— <
Yoy .
7&/"'/5
n
3. 7Z
2 Q- 1h :
SYETCE .
' L Run out I}.étb of ‘
Run Ho. |Electrede J} Amps | Volts | Length Time| Txavel' | Interpass.
L NGwargtg | 27, |85 | L5 | d 4 43

Z — Loz /25 2;7 /5 &5 /.5
J — — Sl 27 | /d 65| /- £

) —v—— | 221 /25 1 1y /I 6 62 Lo J

pd
. /
UL 4”7
A\
j o302 92
12
y
|
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1205

iInconi

iet- i kbv. Tel:. 078 - 175311
NIET-DESTRUCTIEF ONDERZOEK RAPPORT RT | Moswolsyan gs et Onderzosk by. o2l 076 . 163017
NON-DESTRUCTIVE EXAMINATION REPORT 3316 GP Dordrecht Tix.: 20370 incon nl
9 ) we
Kiant N.D.O. proc. Nr. AT L Rapport Nr.
Clignt /7} \S ~7 N.D.E. proc. Nr. Rev. ) RepotNr. T /729 'wr /) 3¢
v 4
Adres Code Bladzijde i
Address (ot D /7 Code T T Page ! vanfo {
Order Nr. Keur Plaats onderzoek
OderNr. 9/ g 0 inspection Authority Tes! location Kr8-TIco S
Projekt Datum ~ Ontwikkelplaats
Projecl T F 37 P 1y9 7S Date 0 -02 -9 Process location Do a>nsciry
4 Type Alwijking Plaats afwijking Details AIm, e
Film 1D. Nr. | bgiect Type IWI A INA Befect location ¢ fype | ‘Size
30"' 66{ /)':" /’ X P?‘ Io/lfa
So-2| |fPa AL I~ |2
J0-3 e /
30- Aew Ab F |2
Fim 1D N oo trpe | inche_| oy | weid process | eid pep. oo womsones | 10N Lot useaene W0 | T | e
(s Psove | cfs Vbrt] v |Smpv| 7 | Svs7 | emp  Wed| 3a43))50) 45| bow
Type schermen/screens Type BKI/IQI Radiograaf/Radiographer Radiograal/Radiographer
,ﬂé D/.J b2 Fe Jo-16 T yﬂ,LouM‘f —
Filmlegef4vrya 0 13 1Yy () Fabrikant : Klant - Keur
Interpfglgw:w’M i4.D.0. Manufacturer : Cliént : Inspection Authority :
J. Yellowley
foavel it
Datum : Datumn : Datum :
Date : Date: Date :
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WELDING PROCEDURE SPECIFICATION WELDPROCEDURE. QUALIFICATION
WPS Nr: SERIE 1. SERIE 2,
30-1 A ) (I (I

4 weld passes 3 weld passes 4 weld passes

|
e : 5N

|
|
|

’S 30- |
SERIE

WpS 30-1
SERIE 2
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4 weld passes 4 weld passes

4 weld passes

WELDING PROCEDURE SPECIFICATION WELDPROCEDURE QUALIFICATION
WPS Nr: I SERIE 1. l | SERIE 2. I
30-2 | | A ] | | A ] |
| I |

WPS 30-2
SERIE

WPS 30-2
SERIE 7

—

e 7R
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6 weld passes 4 weld passes 5 weld passes !

WELDING PROCEDURE SPECIFICATION WELDPROCEDURE QUALIFICATION
WPS Nr: | SERIE 1. , ' SERIE 2. '
| ] |
30-3 /[—“—| | /[—”—"] | i | |
.=\ j : @ '|
5 | N
I | |

WPS 30-3
SERIE |
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WELDING PROCEDURE SPECIFICATION

WELDPROCEDURE QUALIFICATION

5 weld passes

4 weld passes

4 weld passes

WPS Nr: SERIE 1. . SERIE 2. |
30-4 y |
| | [

T
a |

| ] l
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Page:

B.2

B.3

APPENDIX B CONSTANT AMPLITUDE TESTS

Welding sequence testspecimens: D.3.1-D.3.2-D.3.3-D.3.4

Welding procedure specification WPS NR: 30-3 REV NR: 1; Testspecimen: D.3.1

- Welding procedure specification WPS NR: 30-3 REV NR: 1; Testspecimen: D.3.2

B.4

B.5
B.6

B.7

B.8
B.9
B.10

B.11
B.12
B.13

B.14
B.15
B.16

B.17
B.18
B.19

B.20

B.21
B.22
B.23
B.24

Welding procedure specification WPS NR: 30-3 REV NR: 1; Testspecimen: D.3.3
Welding procedure specification WPS NR: 30-5 REV NR: O; Testspecimen: D.3.4

Weldprocedure qualification WPS NR: 30-3
Weldprocedure qualification WPS NR: 30-5

Non-destructive examination report testspecimens: D.3.1 - D.3.2 - D.3.3 - D.3.4

Fatigue cracks and such-like testspecimen D.3.1
Strain measurements testspecimen D.3.1 weld 1
Strain measurements testspecimen D.3.1 weld 2

Fatigue cracks and such-like testspecimen D.3.2
Strain measurements testspecimen D.3.2 weld 1
Strain measurements testspecimen D.3.2 weld 2

Fatigue cracks and such-like testspecimen D.3.3
Strain measurements testspecimen D.3.3 weld 1
Strain measurements testspecimen D.3.3 weld 2

Fatigue cracks and such-like testspecimen D.3.4
Strain measurements testspecimen D.3.4 weld 1
Strain measurements testspecimen D.3.4 weld 2

Welding procedure specification WPS NR: 90 REV NR: 0; Deckplate welding

Photos test specimen D.3.1
Photos test specimen D.3.2
Photos test specimen D.3.3
Photos test specimen D.3.4
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holﬂéndsche
¥ staalbouw

maatschappij bv

lasmethode-beschrijving
welding procedure speclfication

wps i 0 -4

rav. ar.: ‘a

gaschr,
prap. by C H

besteller —5= - - -~ inspectie | : ,
(Cusfo;er) U -DEFT (insp. by) * HAM. hcg ordernr.: 2“%0
toepassing , = = e — Tekening nr.
(oopassing L_\Vl SSEN VMM PROEPSTUU TRV Tekening nr

E.GLKS. OMNERZOENK.

1 [ b afm. -, - ()

basismaterisal rﬁ 510 m (dim.) L mm
(base material) 2 Fe <10 b ?J?;;_) : - (3 o
lasproces grondlaag (root} vullagen {filling pass.) tegenlas (back weiding) oplassen (overlay welding)
(welding process) | gi: SN M. AW vii AM B\ t: NV oi: NV
laspositie - hechten proces (process) min, lemp,
{welding positlon) -5 (J (tackwelding) | hi:  SM. WA\, /FCV%M/. NYT

warmtebehandeling voorwarm temp.

temp. tijdens lassen ,

nawarm tamp.

. — [ —
(heattreatment) (pre-heating temp.) N V. { (interpass. temp.) ° Z.Sb ﬁHHK (soaking temp.) ‘MV {.
voorwarmdetalls , —_ lsolatle . nawarmtijd | —
{pre-heating details) ' Nv.T (insulatlon) yes/no (soaking time) * NVT
gloeien R gloeilinstr, ; -
{postweld heattr.) ) NVT (h.t. Instr.) NY T
S dunss . & 04
L vov Tesn \LD.
LAS.
J ] O- 4§t vy /I l
. I
e T T =5
G= 3 6
La- 30rH
2y ° + lo‘f,
lasnaadvorm s lasvolgorde
(edge preparation) scale 1: scale 1

(bead sequence / welding seq. nrs.)

fasvolgorde batreit lastoevosg-matariaal afm achutgas / poeder piroom {eurrent agc E;‘l voortl. an.
(bead. of | (appl. {welding Nilo {shieldIng- —/¢ | Olectrods voltage | 28 E (rate of
A e I P ol Rl Rl o o
i |6t [Conmre 440 ] 2.0 ne Yo-No | 2y '3 oSS To
L6 VAL Commar 49 [ 30 A 10~ (20 hM.2S " A alase
Hoelkiud o= 2 fos. = G,
Conre 490 13.0 ' Ac Jou- (29 {2\M-25 L6 3ot
Surount 200 J 1.2 18MisCO2 T D T+ Tnsawhig e Lo 2o

bewaerk, laskanten
(prep. weld. adges)

Rrianbdete 4+ SLaean

bewerk. tegenias |
(treatment of root) '

NvT

romarks): LASWANMTENM VRY VWM Vuie BN VOLH T

ImKk rapport nr. | NVT geldigheidsgebiad Imk . lassarskwalillkaties volgens

(pgr. nr.) . B (validity range procedure qual.) (weldsr performance qual, acc.) '
serial nr.: afm. (dim.): - AsHe IX

volgens posities (pos.): 5 6

{acc.) : tot (untill) : 2] W S. h i l‘

i ti , — .
mff::cnfon) : " luu‘i@)(; ‘ ut: N m/pt: |04 O'he“\!\;\)\m .
datum | . appr. . appr. )

(date) ' oh.oz 4 customer’ insp, auth,’

Sy
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. e wps hr.: % O« §
e NOllandsche lasmethode-beschrijving
 staalbouw ) rev. nr.r ()
‘maatschappij bv welding procedure speclfication [~ o Y
prep. by *
b 1] — - — Inspectie | .
(:usst?orzrer) | \./{ L\ ELFT (insp. by) * H S N . hcg ordernr.: 2‘ | &Q
t i R = 1 = . — < Tekening nr.
oopassing ;[ Asseand Wian PROSPSTULK TRu E.GU.S. Tokening nr.
ONDERZOS K.
- fm.
s 1T Fe S20 mvb: (dim,) ° & mm
asmmaterl{ml
(base material) n F—e <o myb: (8(;;2;.) : {3 mm
lasproces grondlaag {root) vuilagen (filling pass.) teganias (back welding) oplassen {overiay welding)
(welding process) gl: FCaw. vi: FCw i N\YT ol: \\AYAn
laspositie — hechten procas {process) mim, temp,
(welding position) S G {tackwelding) | hl:  F¢ A\ NAT
tebehandeling voorwarm temp. . —_ temp. tijdens lassen , nawarm temp, —
Kgant‘trea?ment) (pre-heating temp.) ' NV L (lmeprpass. temp.) 2LSC Mux. (soakling temp.) NV T,
voorwarmdetalis . L iaolat! nawarmtijd R
{pro-hoating details) NV T. (nsulation)  ¥23/N0 | {¢oiing time) © NV.T
loeien — loefinstr, : e
(gp'éi'fvem heattr.) , NVT ?h,f |'nsur.) NVT
RS, CLuss. T E N-T=S MAX. LWAGEDIUTS 3 MH,

Lyn. Tov. TEEN

VD Lns,
) [ O-1 7. MAX. r ]
: ' =
‘ i s
LI N
T’ 212,
lasnaadvorm lasvolgorde
(edge preparation) scale 1: (bead sequence / welding seq. nrs.) scale 1:
lasvolgorde] pqy e lastosvoeg-matariaal atm. | tchutgaa/ poeder etroom {eurront) gg‘c- ':_‘l vooril. sn.
(baad- or electrode voltage | 85 E (rate of
{eppl. (welding fliler {shiaiding- —/e To=
welding lal (dim.) 1l polaritalt I’ o5 travel
seq. nts,) 10} materlal) 0as / flux) (@erae) | (oorarity amparage gcg' /NN mm 7 min)
|5 SHEQUAL206]1.2. idsheisCua | Do |+ |us-120 [9-20 s [%%albs-log
Hoedeas | ar = .
Shenuwa 200 |12 [EshiAsCod DC + 1S -120 [19- 20 Lt 3o
| I

bewerk. tegenias
(treatmant of root) *

NV T

bewserk. laskanten
(prep. weld. sdges) *

SHUQTN 4 SLWPeN

.

romarks) | LASUBNTEN  VRY WAN VUL EN VT,

imk rapport nr. | MACT geldigheidsgebiad Imk . lassarskwallfikaties volgens

{par. nr.) ' L (valldity range procedure qual.} ' {welder performance qual. acc.) ’
serial nr.: Blm: (dim.}: SN HS M\.: m

volgens posities (pos.): 4§ C\

facc) tot (untlil) : AWS DI4.

inspectie } . - . .

(l:sp:ectlon) : n: 490;2‘;(\ ut: - N m/pt: {ou% other:\fys ez (.
datum | vy oo g appr. X appr.

(date) ° OM 03892 customer’ insp. auth.’

g
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sloel constivciion ami

gote % ?’g

sopt LRI SCHIEDAR

offshare division ol pago / m/
WELDPROCEDURE QUALIFICATION WPS No 30~ 3
Position:
Welder 7479
[ A

2o — 1
SKETCH .
' Run out Rite of W
. ou 6 0
Run No; |Electrods | # |Ampa .| Volts | Length Time | Travel:. "(VM”
| Qo I3 flwfac | too (W ' - 2.k
7 T YaC 132 | ho |18 £ Yo 1.y
3 bac 122 | 1o | 9¢ B3 o= L2
..//
/ St
A
d
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s;utcnnauuchm and deta ?/(f 72 Gapt LAl SCH1EDAR
ofishote divisinn wetaby / l poge / ot /

WELDPROCEDURE QUAL IF ICATION WPS No So- &
Position:
Welder 732
- ~
| ¢
N — , //
/' 5
[4
.////f .
")_HQ\A ~ \Q "
1?7/ 72
y
SKZTCH .
, o Ul
Run out RBate of | 4\ fuus
Run No. |Electrode J 2] Amps .| Volts | Length Time| Travel { Interpass.
| [SerousCul 12 1120 |19 Go | AN 144
Z Sacount2on 1.2 o | 19 bo 1S 1.2
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1205

RINCON

LET OP: Adres vanf 01-02»92 7

Incon Niet-Destructief Onderzoek by, Tel. 076 - 71 2288 ™
NIET-DESTRUCTIEF ONDERZOEK RAPPORT RT Heusing 2 Fax 076 -874760 !
NON-DESTRUCTIVE EXAMINATION REPORT 4817 ZB Breda Tix. 54976 nl

[2]
Klant N.D.O. proc. Nr. A7 we 21 A Rapport Nr. ;
Clignt /’/ S ~7 N.D.E. proc. Nr. Rev. 0 Report Nr. “"/I 29 ”"’// 37
7

Adres Code Bladzijde
Address S Cal b D AOA Code Page | vaniol |
Order Nr. Keur Plaats onderzoek M 8
Order Nr. Z /1 g (% Inspection Authority Test location §cifr § D
Projekt . Datum Ontwikkelplaats
Project _TM. DALET Date /1 3-0u-Gu Process location @/MOA’)

) Type Afwijking Plaals alwijking Details AImat
Film 1.D. Nr. Delfect Type W) A INA Defect location ¢ WS WE) ?%)e ”S‘;Ze
TN ! / o} ]3e-3 74 DYy fiofur

2z \/ - 1 n/ Ly
. p. £ W lé5-75 0o
Wl /_ o Jo-13 | 12/ 449
S e 1/ I N o e/
3 / ] o e 3 ofuo
77 sl ! J 139-3 15)uo
S S U / . ) R R V17T
N| A _ 19fu>
\/ 7
(RPN 30-3 afien
va j . B 4-9,/,1‘1,
| 12/v0
TO3u) ! BN 70- 2 B | diofuo
[ ] L { 0,/“4
3 J| . 2/y®
a2l J Jo-~3 12/50
L / "/lw
4 / ~ ] 13/y0
L _\l | |30- | 732 19/+))
(A \// {5/
3 \// /8)q0
W[t ’/ o5 10/47
! /A /el
3 / 19fud
poow|mhg) o L e vy | | o ) we | W |,
Firrs favo 3 /s |€¢S| + |30 [5 DuidZ |zai6x [Co lzye |34 | Col2¢o
Fros 2 Lefs ] | - ' " I « |29 240
Type schermen/screens Type BKHIQI Radiograal/Radiographer Radiograal/Radiographer
{’Z—, TYﬁmew‘f by KN Deg  f S
FilmlezeJA;\,v..y," \ =1 Kiant - Keur :
Interpreter */.° Client - Inspection Authorily :
Datum : Datum :
Date: Date :
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FATIGUE TEST ON THE LONGITUDINAL
STIFFENER SPLICE JOINT

® FATIGUE CRACKS TEST 6D31

[CRACK INITIATION WELD 1|

1st CRACK at WELD TOE
[ROUGH __N<7  SPUCE |
L

2nd CRACK at WELD ROOT

]
[}
|
[}
|
[}
|
|
|
|
|
t
! [ TROUGH \?V SPLICE |
I

|
ist loRack 2nd CRACK

!
@M“ o 158
N2=2.138.000 CYCLES
WELD 1l | L2210 MM
| | N4=2.735.000 CYCLES
| L4=26 MM
2nd CRACK:

N2=2.471.000 CYCLES
L2=78 MM

N4=2.735.000 CYCLES

|
R _} STRESS RANGE| |
T 125 MPa |
| |
| L4=229 MM

WELD || jee

| / ! l
|
STRAIN GAUGES TO FIX Nt

5MM FROM WELD TOE

STEVIN lab TU=Delft-
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AS [MPa] ——> AS [MPa] ——> AF [kN] ———>

AS [WPa] -—>

STRAIN MEASUREMENTS SPECIMEN D.3.1 WELD 1

N4: END OF TEST (NO FAILURE)= 2.735.000 CYC.

150 TTT T VI iTiT Tt rrrrrriTevrrorrieeetrt
125 -
100 F
75_ -]
O FATIGUE LOAD A
25 - a
0 [ R IS NN T U N TN TSN O N TN NS IO I N |
<== 9.735.000 CYCLES —->
175 T T T T Vv T T I T i I T VR T I v I TVEE I rirTery
150 |- B
125 |- =
100 | R
Bl GAUGE 105 |
50 |- .
25 [ IS N VU T S VO IO TP I S TN S OO N N M}

175 TIETT TV I AT T VT eV T T rrrerTTireeny
150 |- .
125 | .
100 |- -
™ | i

50 - .
/53 P Y Y T O O O O

1B TIPAIT AT I I TV T T vr eI rrreedint

150 N
125 1
100

P GAUGE 155 i
50 + J
25 | 1 I NS T TN T I N (N VO VU N JN S O A |

<~- 2.735.000 CYCLES ~->

GAUGE 145

Qe 2,735,000 CYCLES ——->

=== 2,735,000 CYCLES ——>

AS [MPa] -—> AS [MPa] —> AS [MPa]l ——>

AS [MPa] -—>

17

TTETTT T IV T I i TP TT I i I rTrrrrevred

-~ GAUGE 15 7

GAUGE 1000

| NN S NN N TN SO T N N N SO O SN D |

<-—- 2.735.000 CYCLES —->

TTTTT i T i T T T T iR T ET T s T rerrrert
GAUGE 205 1
| W S0E URN N NN VOV T RN SN TN U U NN N N |

<-- 2.735.000 CYCLES -->

TT i P T T T T T o T i T i T e T TR T i T TTT T TTTrIEred
GAUGE 245 )
[ N T IR N A VO N RN N TN O N NN N T 3

<-- 2,735,000 CYCLES -->

TTTTTT T T T T T e T I i TR ey iTIyiioryTtl
GAUGE 255 i
[ TN N TR NS I JRN N JNN Y ANV JUNNN (NS NOUON OO A T |

<-~ 2,735.000 CYCLES -->

TU-D SDO3-01D.001 STRD3I11.GRF
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AS [MPa] --> AS [MPa] --> AF [KN] ——>

AS [MPe] —-—>

1 5% STRAIN FALL
FIRST VISIBLE CRACK (88MM)=2.471.000
1 CRACK LENGTH ABOUT

CRACK 1
(6.745) =

88 MM =2.471.000

END OF TEST 229 MM =2.735.000
150 (R AR EE S AR NER AR EREEE AR R RER AR RN A 175
15 |- 1 1w
100 :? 125
7 - 4 £ 10
Y FATIGUE LOAD 1 » P
% | 4 g9 ®
0 | N TN I VS N T N N N NN O NN N N TN N | 25
<= 2.735.000 CYCLES —=>
175 IR ERENRR AR R AR EEREE RS R R ER R R AR AN Fay 175
150 |- 4 1 1m0
125 |- { =
100 |- 4. % 100
B GAUGE 705 1
50 | 4 q %=
25 N N TN T S Y N [N TN TN VNN N N ST M | 25
<—= 2,735,000 CYCLES -->
175 TITTTITTITIr e e Ty rerrrareryrrenay A 175
150 |- 4 1 =
125 T ——— T :; 125
100 |- 4 % 10
B GAUGE 745 1 o P
50 |- 4 g %
25 | N TN N N N OO AN NN N SN N NN N N T 25
<=== 2,735,000 CYCLES ——->
175 IR ERERERRA R R ER R AR R RE AR AR AR AR ER ] FaN 175
150 |- S I T
125 - 4.,mg.=.=-=~~r=—’“"//=“i 1; 125
100 }- 4 % 10
BE GAUGE 755 1 o P
50 |- ) 1 a4 =
25 [ N TN SN L O I (OO VO TN NN U O N N N 25

Cem= 2.735.000 CYCLES —==>

STRAIN MEASUREMENTS SPECIMEN D.3.1 WELD 2

CRACK 2
CYc.
cYe.

(6.755)
(10 MM)
CYC. 10 MM
CYC. 26 MM

nou u

cyc.
2,138.000 CYC.
2.462.000 CYC.
= 2.735.000 CYC.

TTEVTT T T o IT v r e rTererevent

- GAUGE 45 T

GAUGE 1000

- o

== 2.735.000 CYCLES =—=>

TPy rTrTiTrrrrrrerrrevevrie i

GAUGE 805

| NSNN JSUON TN N NN N SNV TN N TR NN TN SN N S

<{~~ 2.735.000 CYCLES -->

TTETETTTT Ty T v Ty eI e rrrerreeey

GAUGE 845

| SN TN N T N TN N NN N TN T NN N N A

{== 2,735,000 CYCLES -~>

FITHETr Ry r v v e errerrorrer vy

GAUGE 855

| N N NSO OO S JNVN NN O TN N U N N S N

== 2,735,000 CYCLES =->

TU-D SDO3-01D.001 STRD3I12.GRF




Stevin : 25.6.93.26 TU-Delft

FATIGUE TEST ON THE LONGITUDINAL
STIFFENER SPLICE JOINT

® FATIGUE CRACKS TEST 6D52

CRACK_INITIATION AT
WELD ROOT

WELD |
[moveH__ \<J/  SPUCE |

|
|
|
|
|
|

-1st CRACK  N2=2.753.000 CYCLES
a2 12=52 MM

-—— i -~ N4=3.079.000 CYCLES

| / | | L4=182 MM
|
STRAIN GAUGES TO FIX Nf

SMM FROM WELD TOE

STEVIN lab TU-Delft-




Stevin : 25.6.93.26

TU-Delft

-B.12-

AF [KN] ———>

AS [WPa] ——>

150
125
100

AS [MPa] -—>

b4

AS [MPa] -—>

Nt
N2:

5% STRAIN FALL OFF (6.255)
FIRST VISIBLE CRACK (52mm)
N3: CRACK LENGTH ABOUT  52mm
N4: END OF TEST (182mm)

rrryrrirrrrrrrriyerrvrini

FATIGUE LOAD

<-- 3.079.000 CYCLES -->

LN L L L L L L O O I

L. -

GAUGE 105

<=- 3.079.000 CYCLES -->

TrrJTrrTiTrrrrrrrrreirveireed

GAUGE 145

1} ] ] 1 1 I} 1 i I ] L

=== 3,079,000 CYCLES ~—->

Trrrrrrrrrrreer v et

GAUGE 155

<——= 3.079.000 CYCLES =—->

nononou

" AS [WPa] —>

LN NN

AS [MPa] ——>

AS [MPa] -—>

AS [MPa] -->

STRAIN MEASUREMENTS SPECIMEN D-3-2 WELD 1

165.000 CYC

.753.000 CYC
.753.000 CYC
.079.000 CYC

175 1
180 -

It
GAUGE 1000 |

B -
50 |- .

T T T T TTT
GAUGE 15

25 L 1 ] i I ) ] ] ! ] 1

<-= 3.079.000 CYCLES -->

T i tTiTitTtiiir T vriTrTrreeae
150 |- _//

12 F .
100 |- B

Bl GAUGE 205 i

g
T

2% 1 1 1 I I (] 1} 1 ! 1 L

<-- 3.079.000 CYCLES -->

TT T VT Trrrriryrrrrrerrrerirty

150 -

GAUGE 245

25 ) 1 ] ] ] \ \ 1 ] 1 i

== 3,079.000 CYCLES -->

rTirrrrrerrrrrrryrrrirovi iy

150 -

GAUGE 255

] L 1 I 1] ] I 1} 1 i 1

<-=- 3.079.000 CYCLES -->

TU-D SD03-02D.000 STRD321.GRF




Stevin : 25.6.93.26

TU-Delit

-B.13-

AS [MPa] ——> AS [MPe] -—> AF [kN] ———>

AS [MPa] -—>

STRAIN MEASUREMENTS SPECIMEN D-3-2 WELD 2
Ni: 5% STRAIN FALL (6.255) =

N2: FIRST VISIBLE CRACK (52MM)=2.753
N3: CRACK LENGTH ABOUT 52MM = 2,753
N4: END OF TEST 300MM = 3.079
150 TirtilitiTtrrryrrrryrrorryrryroriaTe A 175
125 |- 4 1 m
100 |- E T; 125
7 4 % 100
O FATIGUE LOAD 1 o P
» 1 4 =
0 1 1 ] L 1 1 ] 1 ] 1 1 25
<—— 3.079.000 CYCLES —->
175 T1T1Tt1irTrtirrrrerrervrevnrea A 175
150 |- 4 1 m
125 |~ E T; 125
100 4 % 10
B GAUGE 705 1 & 7
50 |- 1 q ®
25 ] 1 ] 1 1 1 1 I I I 1 . 25
<—- 3.079.000 CYCLES ——>
175 Ti1TlTirtrlTitTrrrrrrirrrrrveorrea A 173
150 |- 4 1 0
125 - . :; 125
100 [ 4 S w00
I GAUGE 745 1 & P
5 | {1 q ®
25 ] i ] ] ] [] L 1 ] 1 i 25
<——— 3.079.000 CYCLES —-->
175 TI1tlTi1JT(rrrrrrrrrrryrrerTa A 175
150 |- 4 1
125 - - - 125
100 4 £ 100
Br GAUGE 755 1T & P
50 | 1 g ®
25 1 e i i I 1 1 1 1 I 1 25
<=== 3.079.000 CYCLES —-->

2,155.000 CYC.

.000 CYC,
.000 CYC.
.000 CYC,

TTrrrTirrrirrverrrevTrery

GAUGE 45

<~- 3.079.000 CYCLES -->

FTTiFrTiTrTrrrr b

GAUGE 805

] ] 1 1 1 1 1 1 1 i

<=~ 3.079.000 CYCLES -->

rrrrrrrrrrrrrrrrorevt

GAUGE 845

<-=- 3,079.000 CYCLES -—>

Trrrrrrrrrrrrirvrrvoroet

GAUGE 855

<-=- 3.079.000 CYCLES

|
i
v

TU-D SD03-02D.000 STRD322,




Stevin : 25.6.93.26 TU-Delft

-B.14-

FATIGUE TEST ON THE LONGITUDINAL
STIFFENER SPLICE JOINT

® FATIGUE CRACKS TEST 6D33

CRACK INITIATION AT
WELD ROOT

WELD 1l
[TROUGH  \  SPLCE |
]

WELD |
[ TROUGH — \¥  SsPUCE |

|
|
|
|
|
|

! 1st CRACK | N2=508.000 CYCLES
S N (NN 2 — 12=19 MM
WELD I | N4=1.011.00 CYCLES

L4=134 MM

l
R HEl 4 STRESS RANGE| |
e 160 MPa
I
I

" 2nd CRACK N2=890.000 CYCLES
L2=52 MM

. T T NA=1.011.000 CYCLES
| / | | L4=300 MM
|
STRAIN GAUGES TO FIX N

SMM FROM WELD TOE

STEVIN lab TU-Delft-




Stevin : 25.6.93.26

TU-Delft

-B.15-

AS [MPa] -—> AS [MPa] —> AF [kN] ———>

AS [WMPa]l ——

STRAIN MEASUREMENTS SPECIMEN D-3-3 WELD 1

845.230 CYC
890.000 CYC
890,000 CYC

(300mm)= 1.011.000 CYC

N1: 5% STRAIN FALL OFF (0.255)=
N2: FIRST VISIBLE CRACK (52mm)=
N3: CRACK LENGTH ABOUT  52mm =
N4: END OF TEST
250 T ] 1 T 1 H T ] T T i A
25 | {
m = L 1
(=]
175 =
150 =
4 w
125 - <
100 ] 1 1 I ] 1 ] | 1 1 |
<— 1.011.000 CYCLES —->
50 LR B R R A
225 |- l
20 - —_
(s}
175 |- s
®OF GAUGE 105 »
25 | 4
1m [} 1 1 1 ] ] ! I ] [} i
<=- 1.011.000 CYCLES —->
175 T T T A
150 |- |
15 F " =
100 |- £
B GAUGE 145 m
5 <
25 L 1 [} 1 ] 1 I 1 ] 1 ]
<=== 1,011,000 CYCLES ———>
175 T T T i T 1 T [] T { [ N
150 |- !
15 | — =
100 <
P GAUGE 155 ”
50 <
25 L 1 1 1 ] | 1 ] 1 i L

<--- 1,011,000 CYCLES —--->

250 T I [ ¥ T i T ] i 1 1
ws L GAUGE 15 F"’/
'm ] 1 1 1 1 i 1 1 EHl 1 ]
<—— 1.011.000 CYCLES ~->
250 T T T [] T T T 1 T 1
25 | f@/y !
200 A |
s L |
W GAUGE 205
125 b
ﬂx) i | 1 [| 1 1 I 1 ] | 1
<—— 1.011.000 CYCLES ——>
250 i i T ] T T T T ] T T
m -
Zm o
|
175 -
WOF GAUGE 245
125
1w L 1 ] ] 1 1 I ] ] ] 1
<—— 1.011.000 CYCLES —-->
250 1 1 1 ] T 1 T T 1 T ]
225 - i
200 - i
175 E
150 N
125 -
1m (] ] ] ] ] ] [} ] [} ] 1

<-- 1.011.000 CYCLES -->

TU-D SD03-03D.000 STRD3I31.GRF




Stevin : 25.6.93.26

TU-Delft

-B.16-

AF [KN] ~—=>
EEZIEBEERE

AS [WMPa] —> AS [WPa] ——>
EEEFERE
T

E3B8RBESE

AS [MPa] ——>
2823 ERE

N3: CRACK LENGTH ABOUT 52MM
N4: END OF TEST

I I 1 ] ! | ] ] | 1 |

<-==1.011.000 CYCLES -—>

<=~ 1.011.000 CYCLES —-->

GAUGE 745

) 1 1 1 I 1 ] 1] 1 1 ]

{~=-1,011.000 CYCLES ——->

GAUGE 755

<--- 1.011.000 CYCLES —~—->

=845,
=890,
=890,
(300MM) =1.011.000

AS [MPa] --> AS [MPa] ——> AS [MPa] ——>

E§3 8RB E

AS [MPa] -—>
EB8ESBBE

STRAIN MEASUREMENTS SPECIMEN

Ni: 5% STRAIN FALL OFF (G.255)
N2: FIRST VISIBLE CRACK (52MM)

200
175
150
125
100

7

50

D-3-3 WELD 2

230 CYC
000 CYC
000 CYcC

CYC

r ¥

L GAUEE 1800

<-- 1.011.000 CYCLES -——>

GAUGE 805

1 1 ] 3 1 ILI I = O |

<-=- 1.011.000 CYCLES -->

GAUGE 845

<=- 1.011.000 CYCLES -->

-  GAUGE 855

i 1 1 ] 1 ] ] 1 ] L 1

<-- 1.011.000 CYCLES -->

TU~-D SD03-03D.000 STRD332.GRF




Stevin : 25.6.93.26 TU-Delft

FATIGUE TEST ON THE LONGITUDINAL
STIFFENER SPLICE JOINT

® FATIGUE CRACKS TEST 6D34

i}

CRACK INITIATION AT

WELD _TOE
WELD 1

[ RoueH K</ splcE |

WELD ROOT
WELD |

[ToUGH  \< ¥ SPLUCE_ |
1

|
|
|
|
|
|

! 1st CRACK l N2=2.275.000 CYCLES
—-—f-— -—-—-— 12=6 MM

WELD Il = N4=3.558.000 CYCLES
L4=49 MM

N2=2.750.000 CYCLES
L2=30 MM
N4=3.558.000 CYCLES
L4=340 MM

|
! |

N HEi 4 STRESS RANGE| J_
T 125 MPa |

T - il 1 I " T
I / ! |
|

STRAIN GAUGES TO FIX Ni

5MM FROM WELD TOE

STEVIN lab TU-=Delft-




Stevin : 25.6.93.26

TU-Delft

-B.18-

AS [MPa] ——> AS [MPa] -—> AF [kN] ———>

AS [WPe] ~—>

STRAIN MEASUREMENTS SPECIMEN D-3-4 WELD 1

N1: 5% STRAIN FALL OFF (6.155)= 2.275.000 CYC
N2: FIRST VISIBLE CRACK (30mm)= 2.750.000 CYC

N3: CRACK LENGTH ABOUT
N4: END OF TEST

FrryqrrryrrrrorrrrrrrerrvyrTd

FATIGUE LOAM

] i I} ] 1 1 ] ] 1 \ i )

<~- 3.558.000 CYCLES -->

rrrrrrrrerervrrrrrrvery e

GAUGE 105

<-- 3.558.000 CYCLES -->

LSS L L L L L L L L LU O

GAUGE 145

[} ] 1 ) ] I 1 ] ] 1 1 1

<-—- 3.558.000 CYCLES ——=>

rTrrTrrrTrrrrrrrrrriver e Td

GAUGE 155

1 1 1 ] [} ]

<-—— 3.558.000 CYCLES ——->

AS [MPa] ——> AS [MPa] ——> AS [MPa] -->
2

AS [MPa] ——>

176
150
125
100

50mm = 3.026.000 CYC
(340mm)= 3.558.000 CYC

T

l1lslllllllllll|y

T T T
GAUGE

GAUGE 1000

) ] ! 1 ] ] 1 ] 1 [ 1

<-- 3.558.000 CYCLES —->

rrrrrrerrerrrvrryriyrrrevrerrid
B 1
GAUGE 205 1
) SRS JUNEN NS WU IS N BN N NN NN A A A |
<~- 3.558.000 CYCLES -->
TPl T T TrIIrTrIrrrriririrrrorrr vy
GAUGE 245 i
§ IOUUUNN (SN S VUURY JUUE B A I I S LA O S |
<-- 3.558.000 CYCLES -->
Ty TrTrrrrrrryrryrrrrirrirrrrg
GAUGE 255 1
| I N S S NN S A N NN SN N A O
<-- 3.558.000 CYCLES -->

TU-D SD03~04D.000 STRD341.GRF




Stevin : 25.6.93.26

TU-Delft

-B.19-

AS [WPa] -—> AS [MPa] ——> AF [kN] ———>

AS [MPa] -—

STRAIN MEASUREMENTS SPECIMEN D-3-4 WELD 2

FTrTrTrryrrrrrrrrrrrrrroy

FATIGUE LOAD

] ] 1| [} 1 ] 1 1 I 1 I

== 3.558.000 CYCLES -->

TT T I T TTI T T T TP v TrT irTrTerTTd

GAUGE 705

] 1 1 1} 1 I ] 1 | ] 1

<-- 3.558.000 CYCLES -->

Frryrrrrrrrrrreryrrrrirorired

GAUGE 745

] | ] J 1 ] 1 ] 1 1 1

<--- 3.558.000 CYCLES ——->

rryrryrririrririerreirdarid

GAUGE 755

1 1 | | 1 1 1 1 1} i 1

<-—— 3.558.000 CYCLES ===>

AS [MPa] ——> AS [MPa] ——> AS [WPa] ——>

AS [MPa] -—>

TTirrrrrrrrrrrevrroreibed

GAUGE 45

| ] 1 1 [} ] 1 1 i ] i}

<-~- 3.558.000 CYCLES -->

TTreErTrTrTrrrrryrrreryerred

i ~

GAUGE 805

1 1 I I 1 i I ] ] f ]

<-- 3.558.000 CYCLES ~-->

TIT It T T T T T iTT I T T ETRT

GAUGE 845

] 1 L 1 J L} L ] | 1 I

<-- 3.558.000 CYCLES -->

L L L LT U O I I A §

GAUGE 8535

<-- 3,558,000 CYCLES -—>

TU-D SD03-04D.000 STRD3I42.GRF




Stevin : 25.6.93.26

TU-Delft

-B.20-

holléndsche

lasmethode-beschrijving

wps nr.: G 0

¥ staalbouw _ rov. nr.: O
maatschappij bv | welding procedure specification [~ ¢, -
] prep. by - CHe
— I ti .
?fj:g::er) VUL DeleT (?:sgicbg; » WS, heg ordernr.: 241 Q0
a -~ - — — Takenl .
opassing , | o wAN PROEFSTUW TV, Tekening o

EGUS. omnerzyeu.

1 Fe S0 mb: A mm
basismaterisal
(base material) o Fe S1o mvb: (a;m;) : k- 12 -
lasproces grondlaag (root) vultagen (filling pass.} legenlas (back w;ldlng) oplassen (overiny welding)
(welding process) g: F.ClwW vii NVT u: NV T ol: N\[T
s proces (process) min, temp,
I(?vsepl(\';lsr:tg;eposltlon) ‘ i F ?tea?:rll'v?e?lding) e FOANM “VT

warmtebshandellng | voorwarm temp. temp. tljdens lassen , d nawarm temp. =
(heattreatment) (pre-heating temp.) * N-V' T. (interpass. temp.) * n'C “‘A’C (soaking temp.) N.\P. .
voorwarmdetalls | o isolatle nawarmtijd . -
(pre-heating detalls) ' NV {. (Insulation) yes/no {soaking time) NVT
gloelen = gloeiinstr. : -
=+ (postweld heattr.) NV i (h.t. Instr.) NV‘
AMWS cluss, EANT-5
L
ax4
{
e \)
b M. MmN,
lasnaadvorm lasvoigorde
{edge preparation) scale 1 : (bead sequence / welding seq. nrs.) scale 1
¢ wg .
lasvolgordel poygn | astoevosg-materiaal afm. | chutgas / poeder stroom (current) :’::"5' ':__‘I voortl. an.
(bead- or 1 1ding 1t hielding- _ elactrode voltage g:g {rate of
| S | o | e | | | = TR | B S
| SAFounAL 200 (1.2 [Q5BrASC0] DC | 4 |275-330028-32 |41 ["%a (3 300
bewerk. laskanten | ~ bewerk. tegenlas -
(prep. weld. edges) * SL—) Pt“ (treatment of root) * M\’ {
oom o LASKANTEN VALY VAN VUL €N VowT
Imk rapport nr. , IN] T geldigheidsgebied Imk , lasserskwalifikaties volgens
{pqr. nr.) ' o (valldity range procedure ?;ml.) ' (welder performance qual, acc.) *
serial nr.: aim;"(dln(l.): ) ZF: HSM& R
posities (pos.):
volgens |
{acc.) tot (untill) : m '\"15 D’\." .
Inspectie . ; = . .
(Inspection) * e NV Aol NACT mt/pt: Lou A other \fisu s, .
datum , { = appr. )
{date) * ‘&'“' @l insp, auth.

mode! 226
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