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SUMMARY

High strength steel with yield strength from 690 up to even 1100 MPa are very promising for
high performance steel structures, e.g. bridges, transport, ships, offshore structures, etc. In
spite of the base materials with excellent properties, today the design and fabrication of high
strength are still facing difficulties. In the structural design the difficulties are in the
assessment of the fatigue life in the joints, the buckling strength of the thin members and
the deformation capacity of the (welded) connections. Several design as well as fabrication
aspects of these steels are foreseen in a national research project called Integrity of High
Strength Steel Structures (IHSSS project). The focus of the design part of the project is to
develop a theoretical model of the welded joint behaviour with respect to fatigue and static
strength. This model must be able to determine the reliability of welded joints in high
strength steel. The basis of the modelling will be a number of experiments and a theoretical
evaluation. Another focus is the field of application. In this project the field application is
crane building (for heavy lifting) and shipbuilding (navy). These circumstances makes that
the fatigue part is concentrated on low cycle fatigue and ratcheting, while for the static
strength the main concern is the deformation capacity. This report includes the
measurements of the experimental program related to the structural design.
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1. INTRODUCTION

1.1 General

The interest for the application of steels with a very high yield and tensile stress, so called
very high strength steel (VHSS), has been increased in recent years. In the test programme
described in this paper we consider VHSS with a strength which lays a factor two to three
higher then the maximum strength of the commonly used structural steels in the design
codes. This increasing interest is based on economic benefits using VHSS. These benefits are
due to weight reductions, which lead to reduce use of material and savings during fabrication
(e.g. welding costs). Another aspect of this growing interest is the fact that using this type of
VHSS in specific structures like very heavy lifting cranes, a really new scale of structure
becomes possible. To achieve the same level of safety and comfort with the lightweight
VHSS structures special attention has to be given to the fabrication and design of VHSS
structures. In fabrication the welding and cold deformation of VHSS can lead to weld defects
and material deterioration resulting in reduced safety of the structure. In design special
attention has to be paid to the design of connections to avoid high stress concentrations and
to achieve sufficient deformation capacity. The fatigue design of a VHSS structure needs
more attention, as the fatigue strength is not proportional to the yield strength. Special
attention has to be paid to the stiffness of a VHSS structure as the reduced dimensions may
lead to more deflection and dynamic vibrations. The research project [1] Integrity of High
Strength Steel Structures (IHSSS project) concerns the research into the design and
fabrication of structures made of VHSS with special emphasis on the structural safety. Due to
lack of data, most existing codes for steel structures are restricting their scope to the steel
grades up to yield strength of 355 MPa. The prEN 1993-1-1 — General Structural Rules for
Steel Structures — [2], deals with steel grades to S420. Additional rules for the extension of
EN 1993 to steel grades S500 to S690 are given in prEN 1993-1-12 [4]. The rules for
fabrication are given in ENV 1090 — part 1 — Execution for Steel Structures [3]. The sponsors
of this project are steel suppliers, designers, fabricators and users of steel structures. The
users are interested in better operational performance (lighter, faster, higher loaded) than
conventional structures. Fabricators are interested in economic production methods, fulfilling
all requirements. The activities are concentrated on two areas of interest, fabrication and
structural design. TNO Institute of Industrial Technology carries out the fabrication work
package. TNO Building and Construction Research and Delft University of Technology
consider the structural design. This report presents the measurements of the experimental
programme of the structural design work package.

1.2 General design philosophy

Depending on the application, a VHSS structure is built up as a space frame from (tubular)
members (e.g. a crane jib) or as a box structure with plates (e.g. traffic bridges or ships).
The design practice is mainly based on codes for conventional steel grades [2, 3]. The
research will concentrate on the applicability of these rules using the very high strength
structural steels.

Currently using advanced finite element programs often carries out the general design of
steel structures. Modelling of the structure and the interpretation of the numerical results is
closely related to both the type of structure and the type of elements used and often needs
specialist knowledge. The economical and technical advantages of using high strength steels
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can only be considered in the right way if at least the design predicts the behaviour of the
structure under working conditions. In general, the use of VHSS is more attractive if strength
is the governing factor in the design. Two stress states, deformation in the connections and
fatigue design, are briefly discussed below.

1.3 Deformation in the connections

In a conventional steel structure the ratio of the tensile strength to the yield strength is
relatively high and the weld is generally overmatched. The result is that before failure of the
joints the connecting members or plates will yield, resulting in a large deformation capacity
and a deformation tolerant structure. For VHSS the situation is more complex due to a higher
yield to tensile strength ratio and under matched welds.

The lower ratio of the tensile strength to the yield strength means that the deformation
capacity will be lower in connections and structural parts with (bolt) holes or other area
reducing effects (e.g. fatigue cracks) and in spite of good toughness properties of the
material (base and weld material) a low deformation failure can occur.

At the moment VHSS cannot be welded with an overmatched weld metal. In welded
connections with under matched weld metal the deformation will be restricted to the weld
metal, also resulting in a low deformation failure.

In the design of a VHSS structure the deformation capacity required at joints has to be
determined from an overall analysis. A more detailed joint analysis should ascertain whether
the required deformation capacity is available.

1.4 Fatigue design

The design stress in a VHSS structure is higher than in a structure made from conventional
steel and the stress due to self weight will be lower. This results in absolute and relative
higher stress variations due to the external load. As the fatigue strength is not proportional
to the yield stress, fatigue is more often governing the design. For structures with a high
number of cycles during the lifetime (e.g. bridges, ships) high cycle fatigue (HCF) is
important. For structures with a low number of high stress cycles (e.g. cranes for heavy
lifting operations) low cycle fatigue (LCF) has to be considered and for structures with a low
number of very heavy loads in a survival condition (e.g. minesweepers) ratcheting may be
important. It is expected that the HCF approach for conventional steel can be regarded as a
lower approximation for HSS structures. The LCF can be modelled with the cyclic stress-
strain relation, an elastic stress concentration factor, Neuber’s rule and strain controlled low-
cycle-fatigue tests on small-scale specimens. A ratcheting model will probably be based on
the notch strain capacity of the material.

2. PARAMETERS INVOLVED IN THE STRUCTURAL DESIGN PART
2.1 Strength of base material

In the project it was decided to go up to material with yield strength of 1100 MPa. So, this
will be the upper limit of the material used in this project. At the moment this is also the
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upper boundary of available material. For comparison and to make modelling possible, joints
of material with lower yield strength have to be tested as well. The main purpose of testing
material with lower yield strength is to have joints with overmatching welds. Material with
yield strength of 690 MPa can be welded with overmatching welds. Therefore this level was
chosen as the minimum value to be used in this project.

2.2 Strength of weld material

The strength of the weld material is an important parameter in the behaviour of a welded
joint. Especially the strength relative to the base material is important. In steel with normal
strength a weld metal will be chosen with a higher strength than the base material
(overmatching welds). When joints with overmatching welds are loaded up to failure large
strains will occur in the adjacent parent material and not in the welds. This means that the
deformation capacity of the joint is large and especially a redundant structure has the
possibility of load redistribution. This enhances the safety of a structure. In very high
strength steel the weld metal will be less strong than the base material (under matching
welds). When joints with under matching welds are loaded up to failure large strains will
occur in the welds metal and not in the adjacent parent material. Due to small dimensions of
the weld the deformation capacity of those joint can be limited, even when the weld metal
itself has a good deformation capacity. This means that the possibility of load redistribution
is also limited, as the joint will fail before the load is redistributed. This reduces the safety of
a structure. So, the design of a joint in high strength steel with under matched welds needs
special attention with respect to the deformation capacity.

2.3 Global stress concentration factor

The geometry of a welded joint is often responsible for a variation in stiffness in the joint.
This will cause an unequal stress/strain distribution, resulting in a stress concentration factor
(SCF). The SCF can be the result of a global variation in stiffness or of a more local variation
in stiffness (e.g. due to the weld geometry). The latter will be dealt with in the next section.
In joints with high global SCF the stress and strain distribution will be more unequal than in
joints with low SCF. In joints with overmatched welds the unequal strain distribution can be
compensated by the large deformation capacity in the parent material (see section above).
However in joints with under matched welds the unequal strain distribution will be localized
in the weld metal. Very high SCFs can result in local failure of the weld due to the high
strains at the SCF location. This can reduce the deformation capacity and with this the safety
of the structure. So, the design of high strength steel joints with under matched welds needs
special attention with respect to the SCF.

2.4 Weld type

The incoming members at a joint can be welded together in different ways. In general the
following weld types are used:

a) Full penetration weld,

b) Partly penetration weld,

Integrity of high strength steel structures
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c) Fillet weld.

It is clear that the full penetration weld is the weld with the lowest local SCF as there is a
complete connection. The fillet weld has a high local SCF due to the incomplete penetration.
The local SCF of the partly penetration weld is depending on the amount of partly
penetration.

2.5 Material thickness

The material thickness is a parameter in the high cycle fatigue strength of a welded joint.
The thicker the plates the lower the fatigue under the same stress ranges. It is likely that the
low cycle fatigue strength has also a thickness effect. Therefore tests at two thicknesses are
foreseen.

2.6 Loading mode

A welded connection can be loaded in tension, bending or shear. In heavily loaded joints
tension and/or shear will be the most likely loading mode.

3. TEST PROGRAMME
3.1 Joint geometry

The joint geometry to be used in the design part must be practical on one side and serve as
a basis for the modelling. Therefore joints with and without an SCF are included in the
programme.

The following geometry types are chosen (see Figure 1 to Figure 3):
A: Cross plate connection with fillet welds loaded in shear
B: X-joint with load carrying full penetration welds with low SCF
C: X-joint with load carrying full penetration welds with high SCF

In type A the weld is loaded in shear. There will be unequal stress distribution along the weld
and at the end of the plates there is an SCF in the plate. In type B there are load carrying
full penetration welds. There is no SCF along the weld. In type C there are also load carrying
full penetration welds. Due to the rotated connection of the transverse plate on each side of
the connecting plate there is a high SCF along the weld.

The width of the plates is in the order of 5 times the thickness. These geometries are a good
starting point for the modelling of the behaviour of joints in high strength steel. The
dimensions of the plate material of the test specimens are given in Appendix D.

Integrity of high strength steel structures
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Figure 2 X-joint with load carrying full penetration welds with low SCF (Specimen type B)
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Figure 3. X-joint with load carrying full penetration welds with high SCF (Specimen type C)

3.2 Material properties

Table 1 gives the chemical composition of the different steel grades used for the fabrication
of the specimens. Table 2 gives results of the mechanical properties. The data in both tables

are taken from the certificates of the material.

Grade |mm | C Si Mn P S Cr Ni Mo
S690 | 12 | .16 | .19 | .87 | .012 | .002 | .33 | .06 | .22
S690 | 40 | .171 | .324 | 1.33 | .014 | .012 | .319 | .106 | .355

S1100| 10 | .16 | .23 | .86 | .007 | .002 | .6 | 1.89 | .586
S1100| 40 | .147 | .18 | .28 | .007 |.0007| 1.48 | 2.62 | .434
Grade | mm | V Ti Cu Al Nb B N CE
S690 | 12 .004 | .03 | .085 | .026 | .002 |.0038| .42
S690 | 40 | .002 .065 | .03 |.0016

S$1100| 10 | .029 | .004 | .04 | .066 | .02 | .002 | .005

S1100| 40 | .004 | .002 .041 | .001 |.0001

Table 1. Chemical composition of the different steel grades — data from certificates

Integrity of high strength steel structures
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Grade  |[Thickness| Reh Rm A Re/Rm Charpy-V (J)
mm MPa MPa % -20°C | -40°C

S690 12 811 842 15 0.96 251

5690 40 792 835 16.1 0.95 204

51100 10 1197 1432 11 0.81 29

51100 40 1106 1325 10.7 0.83 39

Table 2. Mechanical properties of the different steel grades — data from certificates

3.3 Weld dimensions, welding processes and consumables

The dimensions of the welds are as practical as possible. For the type B and C specimens this
means that the weld will be carried out as a full penetration weld with the weld base at the
intermediate plate as close to the plate thickness as possible. Doing so the plate is fully
connected and in an overmatching situation the connection is stronger than the connecting
plate. In the under matched situation the possibility that the weld will fail before the plate is
present.

For the type A specimens the weld design is more complicated and for the test specimens
the design depends on the aim of the tests. An important item is the relative strength of the
welded connection to the plate. It was decided that the weld dimension should be such that
the weld will fail before the plate in the overmatched situation.

Table 3 gives some data of the welding processes and welding consumables provided by the
fabricator of the specimens. As shown the S690 specimens are welded using Flux Cord Arc
Welding (FCAW) and the S1100 specimens using Shielded Metal Arc Welding (SMAW). The
mechanical properties of the filler metal are theoretical values. In the fabrication part of the
research program these values will be verified by measurements.

Platg Plate Specimen Weld .OM weld _UM weld
material |thickness Filler MPa Filler MPa
Grade mm type process metal metal
12 A/B/C DWA 55 SLR | S550
S690 FCAW OK.15.09 | S830
40 A/B/C
10 A/B/C
S1100 SMAW Tenacito 140 | S900
40 A/B/C

Table 3. Welding procedure specification data

Integrity of high strength steel structures
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3.4 Parameters in the test programme

The parameters to be investigated in the test programme are:

a) Specimen type (A, B and C)

b) Test type (static, fatigue and ratcheting)

¢) Material thickness (10/12 and 40 mm)

d) Base material strength (690 and 110 MPa)

e) Relative weld strength (overmatched, only for 690 base material) and under
matched

A review of the test programme including 48 tests is shown in Table 4. Each test series
includes specimens of type A, B and C.

Test | Number | Re base | Re weld | Plate Test procedure Byl
Series| of tests | MPa MPa mm | Static | Ratcheting | Fatigue
I 12 690 900 12 X X X Reference
II 9 690 900 40 X X X Thickness
III 12 690 490 12 X X X Under matched
v 9 1100 900 10 X X High strength
Vv 6 1100 900 40 X X [Thickness / High strength

Table 4. Test plan
4. TEST PROCEDURE
4.1 Static tests

In the static tests the specimens will be loaded until failure occurs. To get a stable curve to
failure the test will be deflection controlled. The main result will be a load deflection (Figure
4). For detailed information strain gauges will be fixed on the specimen at specific locations.
As given in Figure 4 it is expected that for an over matched weld the failure load and the
deformation capacity will be higher.

——
/
//;-—"'
™
HY =
/ —— Over matched
/ —— Under matched
18 I
Delta

Figure 4. Static test procedure
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4.2 Ratcheting tests

The ratcheting tests will be carried in a load-controlled situation. In the ratcheting tests the
specimens will be loaded until a certain deformation is reached. Next the specimen will be
unloaded and subsequently loaded again to a larger amount of deformation (Figure 5).
Based on the static test experience the deformation steps will be chosen in such a way that
failure is expected to occur in approximately 10 loading steps. The deflection curve (Figure
5) will be recorded during the test and strain measurements will be taken as well.

etc.

Load

approximately
10 loadings

before failure

Delta

Figure 5. Ratcheting test procedure

4.3 Low cycle fatigue tests

The low cycle fatigue tests will be carried out in a load-controlled situation. The load range
will be chosen in such a way that failure is expected between 1000 and 10000 cycles. The
load deflection curve (Figure 6) will be recorded during the test and strain measurements will
be taken as well.

yd

Load

e

Delta

Figure 6. Fatigue test procedure
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5. TEST RIG AND MEASUREMENTS
5.1 Testrig

Depending on the expected load level needed to obtain failure of the test specimen, two
servo hydraulic test rigs are available. The capacity of these test rigs are 600 kN (Figure 7b)
respectively 10.000 kN (Figure 7a).

Figure 7a. 10.000 kN Test rig Figure 7b. 600 kN Test rig

5.2 Measurements

All test specimens have been instrumented with displacement transducers measuring locally
the deformation of the weld or the deformation of the whole connection. Single strain
gauges are used to measure the nominal stress in the connection plates. Strip strain gauges
are used to obtain information about the strain development at the hot spot stress location
of the welded connection. A typical example of an instrumented specimen is shown in Figure
8.

Integrity of high strength steel structures
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Figure 8: Instrumentation with strain gauges and displacement transducers

6. RESULTS

In the Appendices I-V the data extracted from the test files is presented, after being properly
compiled. This data is presented following a standardized layout that was considered to be
adequate to the types of tests performed and that will be explained.

Each Appendix refers to a series of tests, containing several tested specimens. Results for A-
type test specimens from Series 1 and A-type test specimens from Series 3 were included,
even though these test specimens presented wrong fabrication. Series 7 and 8 are
substitutes of those specimens, and are also presented. Test specimens of Series 1 and 7 are
included in Appendix I. Test specimens of Series 3 and 8 are included in Appendix III.

The data that was considered to be the result of possible measuring errors was excluded.
Each time this occurs, a note saying “skipped data” is written underneath the corresponding
graph.

The measuring equipment for the tests includes strain gauges and displacement measuring
equipment (LVDT’s and HP’s). As presented before, each face of the specimen is equipped
symmetrically with 6 mm long strain gauges on the edges of the specimen (FLA-type) and a
5-element single axis (FXV-type) in the central area (4mm to the weld toe). In the
raticheting tests and the low-cycle fatigue tests, the 5-element single axis strain gauge was
not included. The LVDT’s and HP’s have different lengths (or “ranges”), which means that

Integrity of high strength steel structures
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they measure the displacement between two different points of the test specimen. The
displacement of the piston was also recorded.

For each test specimen, one table summarizes the characteristics of the specimen, the weld
metals and the test. Drawings of the test specimen are presented, with the correct lengths
and sizes indicated.

For the static tests, graphs were combined in the same way:

- Load-displacement curves of the piston are presented. Some important values as the
maximum load (Fnax), the maximum displacement (Snax) and the displacement
achieved for the maximum load (Semax) are indicated. Whenever convenient the
maximum value of strain achieved by a strain gauge is also presented (&nax). This can
happen, for instance, when the strain gauge fails before reaching Fpax.

- Load-displacement curves for the other types of measuring equipment are presented.
Curves for symmetrically positioned equipment are together in the same graph. The
range of these equipments and Sgnax are shown.

- Load-strain curves are presented. Curves for symmetrically positioned strain gauges
are together in the same graph and curves for the 5-in-a-row strain gauges compiled
in another graph. A picture or a drawing with the strain gauges location is showed as
well as the strain achieved for the maximum load (€rmax). The numbering of the strain
gauges that appears between parenthese means that the strain gauge is underneath
the visible face of the test specimen.

For each group of graphs (LVDT’s and HP’s or strain gauges) the scale is the same, in order
to facilitate any comparisons. Finally, several pictures illustrate the failure after testing.

For the ratcheting and low cycle fatigue tests, graphs are organized in almost the same way.
Load-time and displacement time curves are also presented with an indication of the cycles
that where performed, as well as the values of the maximum force and corresponding
displacement attained in each cycle. There is only one graph for each strain gauge, in order
not to confuse the presentation.
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Series  No. Test nr. Re base Reweld T (mm) Remark Test Parameter Appendix
1 1 1A1 690 900 12 Shear Static Reference I.1A1
1 2 1A2 690 900 12 Shear Fatigue Reference [.1A2
1 3 1A3 690 900 12 Shear Fatigue Reference I.1A3
1 4 1A4 690 900 12 Shear Ratcheting Reference I.1A4
1 5 1B1 690 900 12  Low SCF  Static Reference 1.1B1
1 6 1B2 690 900 12 Low SCF  Fatigue Reference 1.1B2
1 7 1B3 690 900 12 Low SCF  Fatigue Reference 1.1B3
1 8 1B4 690 900 12 Low SCF  Ratcheting Reference 1.1B4
1 9 1C1 690 900 12 High SCF  Static Reference 1.1CA1
1 10 1C2 690 900 12 High SCF Fatigue Reference .1C2
1 11 1C3 690 900 12 High SCF  Fatigue Reference 1.1C3
1 12 1C4 690 900 12 High SCF  Ratcheting Reference 1.1C4
2 13 2A1 690 900 40  Shear Static Thickness I1.2A1
2 14 2A2 690 900 40  Shear Fatigue Thickness 11.2A2
2 15 2A3 690 900 40  Shear Ratcheting Thickness 1.2A3
2 16 2B1 690 900 40 Low SCF  Static Thickness 11.2B1
2 17 2B2 690 900 40 Low SCF  Fatigue Thickness 11.2B2
2 18 2B3 690 900 40 Low SCF Ratcheting Thickness 11.2B3
2 16 2B4 690 900 40 Low SCF  Static Thickness 11.2B4
2 19 2C1 690 900 40  High SCF  Static Thickness I1.2C1
2 20 2C2 690 900 40 High SCF Fatigue Thickness I1.2C2
2 21 2C3 690 900 40 High SCF Ratcheting Thickness 11.2C3
3 22 3A1 690 490 12 Shear Static Under matched  [11.3A1
3 23 3A2 690 490 12 Shear Fatigue Under matched  [11.3A2
3 24 3A3 690 490 12 Shear Fatigue Under matched  111.3A3
3 25 3A4 690 490 12 Shear Ratcheting Under matched 111.3A4
3 26 3B1 690 490 12 Low SCF  Static Under matched  111.3B1
3 27 3B2 690 490 12 Low SCF  Fatigue Under matched  111.3B2
3 28 3B3 690 490 12  Low SCF Fatigue Under matched  111.3B3
3 29 3B4 690 490 12 Low SCF  Ratcheting Under matched 111.3B4
3 30 3Ci1 690 490 12 High SCF Static Under matched  11.3C1
3 31 3C2 690 490 12 High SCF Fatigue Under matched  111.3C2
3 32 3C3 690 490 12 High SCF  Fatigue Under matched  111.3C3
3 33 3C4 690 490 12 High SCF  Ratcheting Under matched [11.3C4
4 34 4A1 1100 900 10  Shear Static High strength IV.4A1
4 35 4A2 1100 900 10  Shear Fatigue High strength IV.4A2
4 36 4AS3 1100 900 10  Shear Fatigue High strength IV.4A3
4 37 4B1 1100 900 10 Low SCF  Static High strength 1IV.4B1
4 38 4B2 1100 900 10 Low SCF  Fatigue High strength IV.4B2
4 39 4B3 1100 900 10 Low SCF Fatigue High strength 1V.4B3
4 40 4CH 1100 900 10  High SCF Static High strength IV.4CH
4 41 4C2 1100 900 10  High SCF Fatigue High strength IV.4C2
4 42 4C3 1100 900 10 High SCF  Fatigue High strength IV.4C3
5 43 5A1 1100 900 40 Shear Static Thickness / HS  V.5A1
5 44 5A2 1100 900 40  Shear Fatigue Thickness / HS ~ V.5A2
5 45 5B1 1100 900 40 Low SCF  Static Thickness/HS  V.5B1

Integrity of high strength steel structures
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5 46 5B2 1100 900 40 Low SCF  Fatigue Thickness/HS ~ V.5B2
5 47 5C1 1100 900 40  High SCF Static Thickness /HS  V.5C1
5 48 5C2 1100 900 40 High SCF Fatigue Thickness /HS ~ V.5C2
7 1 7A1 690 900 12 Shear Static Reference I.7A1

7 2 7A2 690 900 12 Shear Fatigue Reference I.7A2

7 3 7A3 690 900 12 Shear Fatigue Reference I.7A3
7 4 7A4 690 900 12 Shear Ratcheting Reference I.7A4
8 22 8A1 690 490 12 Shear Static Under matched  [11.8A1
8 23 8A2 690 490 12 Shear Fatigue Under matched  111.8A2
8 24 8AS3 690 490 12 Shear Fatigue Under matched  11.8A3
8 25 8A4 690 490 12 Shear Ratcheting Under matched  1Il.8A4

Integrity of high strength steel structures
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SPECIMEN 1A1

Table 1A1-1: Characteristics of the test specimen, weld material and test

Appendix I.1A1

Test Nr. 1A1 (1)
; Type of specimen Cross plate connection
Specimen -
Plate thickness 12 mm
Plate material S690
Type of weld Fillet welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1A
Type of test Static strength
Parameter Reference
Test - -
Remark Fillet welds loaded in shear
Failure Plate
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Figure 1.1: Top views of the test specimen with the position of the strain gauges and sizes of

the welds and measuring equipment.
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Load vs Displacement curve - piston
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Figure 1.3: Test specimen face with the

position of the strain gauges 8 to 14.
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Figure 1.4: Test specimen face with the
position of the strain gauges 15 to 21.
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Figure 1.5: Test specimen face with the
position of the strain gauges 22 to 28.
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Figures 1.7 and 1.8: Test specimen
after failure. Views of both sides.

Stevin Laboratory
Delft University of Technology

Figure 1.6: Test specimen during the test.

Figures 1.9, 1.10 and
1.11: Detailed views of
the crack and weld toe,
in both sides of the test
specimen.
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Test Nr. 7A1 (1)
5 Type of specimen Cross plate connection
ApEEImED Plate thickness 12 mm

Plate material S690
Type of weld Fillet welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-1A
Type of test Static strength

Test Parameter Reference
Remark Fillet welds loaded in shear
Failure Weld
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Load vs Displacement curve - piston
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Figure 50.3: Test specimen face with the
position of the strain gauges 1 to 7.
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. Figure 50.4: Test specimen face with the
position of the strain gauges 8 to 14.

L.7A1-5



Stevin: 6-05-6

SPECIMEN 7A1

THSSS — Experiments

Appendix I.7A1

Load-Strain Load-Strain
500 50
400 A wl
, —RK16-1
E= {
8 20 ——RK15 § 20 RK194
- {i -
i / | —RK205
100 100 Hf-
0 T - T T T 0 . . : . ;
0 5000 10000 15000 20000 25000 30000 0 5000 10000 15000 20000 25000 0000
Strain [m/m] Strain [m/m)]
EFmax [M/M] (skipped data) EFmax [M/m]
RK21 27204.90 RK16-1 111.607
RK15 21873.20 RK17-2 734.747
RK18-3 1302.08
RK19-4 1729.91
RK20-5 1934.52
Figure 50.5: Test specimen face with the
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Figure 50.6: Test specimen face with the
position of the strain gauges 22 to 28.
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Figure 50.7: Test specimen after failure.

Figures 50.8 and 50.9: Detailed perspectives
of the crack.

Figure 50.10: Upper view of the region
of the weld toe.

Stevin Laboratory 1.7A1-7
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Figure 50.11, 50.12 and 50.13: Three
different sides of the connection (the
fourth one was presented in G5).
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Test Nr. 7A2 (2)
Specimen Type of specimen Cross plate connection

Plate thickness 12 mm
Plate material S690
Type of weld Fillet welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-1A
Type of test Fatigue

Test Parameter Reference
Remark Fillet welds loaded in shear
Failure Weld
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Figure 7A2-1: Dimensions of the test specimen
Figure 7A2-2: Dimensions of the welds

Figure 7A2-3: Position of strain gauges and LVDT's
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Figure 7A2-4: Test displacement controlled (range)

Figure 7A2-5: Test displacement controlled (average)
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Figure 7A2-6: Test load (range)

Figure 7A2-7: Test load (average)
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Figure 7A2-8: Deformation whole connection (range)

Figure 7A2-9: Deformation whole connection (average)
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Figure 7A2-10: Local deformation (range)
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Figure 7A2-11: Local deformation (average)
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7A2
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Figure 7A2-12: Measured strains (range)
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Figuré 7A2-14: Observed failure
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Figure 7A2-13: Measured strains (average)
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Test Nr. 7A3 (3)
. Type of specimen Cross plate connection
Bpeamen Plate thickness 12 mm

Plate material S690
Type of weld Fillet welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-1A
Type of test Fatigue

Test Parameter Reference
Remark Fillet welds loaded in shear
Failure Weld

Stevin Laboratory
Delft University of Technology
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Appendix 1.7A3

Figure 7A3-1: Dimensions of the test specimen
Figure 7A3-2: Dimensions of the welds

Figure 7A3-3: Position of strain gauges and LVDT's

Stevin Laboratory
Delft University of Technology

1.7A3-2




Stevin: 6-05-6 .

SPECIMEN 7A3

IHSSS — Experiments

Appendix 1.7A3

TA3
T 25 )
E
o 2
o
c
8 45
€ -m
1
£
@
§ 05
-3
]
a o0 T T T
0 200 400 600 800 1000

Number of cycles

7A3

0.5

0.4

- 03

=02

0.1

Displacement - average
mm,

[ T T T
0 200 400 600 800 1000

Number of cycles

Figure 7A3-4: Test displacement controlled (range)

Figure 7A3-5: Test displacement controlled (average)
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Figure 7A3-8: Deformation whole connection (range)

Figure 7A3-9: Deformation whole connection (average)
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Figure 7A3-10: Local deformation (range)
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Figure 7A3-11: Local deformation (average)
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Table 1A4-1: Characteristics of the test specimen, weld material and test

Test Nr. 1A4 (4)
. Type of specimen Cross plate connection
Spedmen Plate thickness 12 mm
Plate material S690
Type of weld Fillet welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1A
Type of test Ratcheting
Test Parameter Reference
Remark Fillet welds loaded in shear
Failure Plate
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Figure 4.1: Top views of the test specimen with the position of the strain gauges and sizes of the
measuring equipment.
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Figure 4.2: Top views, with the sizes of the welds.
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Cycle | Time [sec] | Peak Force [KN] Displacement [mm]
1 345 368 3.09
2 616 373 3.1
3 916 378 3.14
4 1186 383 3.16
5 1548 388 3.21
6 1897 393 3.26
{4 2214 398 3.32
8 2577 408 3.66
9 2800 418 4.69
Load vs Displacement curve - piston
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Figure 4.3: Test specimen face with the
position of the strain gauges 1 and 2.
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Figure 4.4: Test specimen face with the
position of the strain gauges 3 ad 4%
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Figure 4.5: Test specimen face with the
position of the strain gauges 5 and 6.
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RKO08 27251.2
Figure 4.6: Test specimen face with the
position of the strain gauges 7 and 8.
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Figures 4.9 and 4.10: Different side views of the test specimen after failure.
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Test Nr. 7”4 (4
' Type of specimen Cross plate connection
Hpecimen Plate thickness 12 mm

Plate material S690
Type of weld Fillet welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-1A
Type of test Ratcheting

Test Parameter Reference
Remark Fillet welds loaded in shear
Failure Weld

Stevin Laboratory
Delft University of Technology
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Load vs Time curve

Displacement vs Time curve

Delft University of Technology
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Figure 53.3: Test specimen face with the
position of the strain gauges | and 2.
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Figure 53.4: Test specimen face with the
position of the strain gauges 3 and 4.
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| Figure 53.5: Test specimen face with the
position of the strain gauges 5 and 6.
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(Measuring Error)

Figure 53.6: Test specimen face with the
position of the strain gauges 7 and 8.
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Figures 53.7, 53.8 and 53.9: Test specimen during
the test. Crack initiation in the weld toe.

Figures 53.13, 53.14: Test specimen after
failure.
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Figures 53.15 to 53.18: Several detailed
prespectives of the failed weld.
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Test Nr. 1B1 (5)
; Type of specimen X-joint with low SCF
Specimen
P Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1B
Type of test Static strength
Test Parameter Reference
Remark Low SCF
Failure Plate
@ LVDT_4 )
- 149mmn
f LAVDTKE
“29mm
' 4%@)8Eﬂg; = D*Tjuel):mt
(23-27>9-13 P% = r;m 2-6 (16-20)
: @214 _|_i= : 7 A5
! BT SHESD 2
/ @’: LVDT_1 :t
! 29mm
g LVDT_3
149mm
i 1B1

Figure 5.1: Top and side views of the test specimen with the position of the

Stevin Laboratory
Delft University of Technology

strain gauges and sizes of the welds and measuring equipment.
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Load vs Displacement curve - piston
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Stevin Laboratory 1.1B1-2

Delft University of Technology




Stevin: 6-05-6

SPECIMEN 1B1

IHSSS - Experiments

Appendix 1.1B1

Load-Strain Load-Strain
600 600
et = e )

500 / ! 500 ”, / 7 RK02-1
= 400 =40 —RK032
€ |/ —rof | = 1]

S 30 =30 —RKO43
s | ——RQT g |J
S S 20 ; RK054
100 |1 100 —RK0B5
0 - - ; : 0 T T T T
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
Strain [mvim] Strain [m/m]
(skipped data) ik [m/m] (skipped data) EFmax [m/m]
RKO1 42472.03 RK02-1 2152265
RKO7 44776.95 RK03-2 21904.65
RKO04-3 30209.36
RK05-4 36869.43
RK06-5 40879.49
mE
L] =
= Figure 5.2: Drawing of the test specimen face
mafE with the position of the strain gauges 1 to 7.
Load-Strain Load-Strain
600 600
]I it U

500 +— 500 —f"’" N ——RK091
= 400+ = 400 ——RK10-2
Zan - =0 / RK113
k] / RK14 b _]

S 20+ S 20 / RK124

100 100 —BK135

0 T T T T 0 T T T T
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
Strain [m/m] Strain [m/m]
(skipped data) EFm__axlm/m] (skipped data) Efia [m/m]

RKO08 35269.93 RK09-1 21455.47
RK14 33108.14 RK10-2 24641.83

RK11-3 30225.93

RK12-4 37286.56

RK13-5 40772.39

g =4 —
LS.

T

Stevin Laboratory
Delft University of Technology

Figure 5.3: Drawing of the test specimen face
with the position of the strain gauges 8 to 14.
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Figure 5.4: Drawing of the test specimen face
with the position of the strain gauges 15 to 21.
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Figure 5.5: Drawing of the test specimen face
with the position of the strain gauges 22 to 28.
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Figure 5.6: Test specimen during the test.

Figure 5.7: Test specimen after failure.
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Figures 5.8, 5.9 and 5.10: Perspectives of both parts of the failed plate.
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Test Nr. 1B2 (6)
' Type of specimen X-joint with low SCF
Specimen Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1B
Type of test Fatigue
Test Parameter Reference
Remark Low SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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Appendix 1.1B2

Figure 1B2-1: Dimensions of the test specimen

Figure 1B2-2: Dimensions of the welds

1,

Figure 1B2-3: Position of strain gauges and LVDT's

Stevin Laboratory
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Figure 1B2-10: Local deformation (range)
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Figure 1B2-11: Local deformation (average)
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Figure 1B2-14: Observed failure
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Table 1B3-1: Characteristics of the test specimen, weld material and test

Test Nr. 1B3 (7)
3 Type of specimen X-joint with low SCF
SpeEmEn Plate thickness 12 mm

Plate material S690
Type of weld Full penetration welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-1B
Type of test Fatigue

Test Parameter Reference
Remark Low SCF
Failure Weld

Stevin Laboratory 1.1B3-1
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Figure 1B3-1: Dimensions of the test specimen
Figure 1B3-2: Dimensions of the welds
Figure 1B3-3: Position of strain gauges and LVDT's
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Figure 1B3-4: Test displacement controlled (range)

Figure 1B3-5: Test displacement controlled (average)
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Figure 1B3-6: Test load (range)

Figure 1B3-7: Test load (average)
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Figure 1B3-8: Deformation whole connection (range)

Figure 1B3-9: Deformation whole connection (average)
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Figure 1B3-10: Local deformation (range)
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Figure 1B3-11: Local deformation (average)
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Figure 1B3-12: Measured strains (range)

Figure 1B3-14: Observed failure
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Figure 1B3-13: Measured strains (average)
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Table 1B4-1: Characteristics of the test specimen, weld material and test

Test Nr. 1B4 (8)
Specimen Type of.specimen X:-joint with low SCF

Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-1B
Type of test Ratcheting
Parameter Reference

T Remark Low SCF
Failure Plate

Figure 8.1 Top and side views of the test specimen with the position of the strain
gauges and sizes of the welds. The sizes of the measuring equipment were not
measured. The dimensions presented are the ones used for 3B4.
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Figure 8.2Test specimen face with the position
of the strain gauges 1 and 2.
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Figure 8.3: Test specimen face with the
position of the strain gauges 3 and 4.
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Figure 8.4: Test specimen face with the
position of the strain gauges 5 and 6.
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Figure 8.5: Test specimen face with the

position of the strain gauges 7 and 8.
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Figures 8.6, 8.7 and 8.8: Test specimen during the test and after failure of the plate.

Figures 8.9: Test specimen after failure.
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Figures 8.11 and 8.12: Detailed
perspectives of the failed plate.
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Table 1C1-1: Characteristics of the test specimen, weld material and test

Appendix 1.1C1

Test Nr. 1C1 (9)
. Type of specimen X-joint with high SCF
Specimen Plate thickness 12 mm
Plate material 5690
Type of weld Full penetration welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1C
Type of test Static strength
Test Parameter Reference
Remark High SCF
Failure Plate
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/ @8 j[: faomm
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Qlﬂ,ﬁnr’(. ’ [:31‘211 (El)j‘t
oy 276 16720
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“0,0nm

HP_1

< s
: 136,7mm

Figure 9.1: Top views of the test specimen with the position of the strain gauges and sizes of the
measuring equipment.
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Figure 9.2: Side views, with the sizes of the welds.
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Load vs Displacement curve - piston
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Load-Strain Load-Strain
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— i 2-6
== 7 Figure 9.3: Drawing of the test specimen face
with the position of the strain gauges 1 to 7.
Load-Strain Load-Displacement
600
500 e e R TR e | 500
. 4m f Aw RKDS-1
2ol ] =l | &,
§ / | — R4 § RK124
— 200 / } 20 —RK135
100 4; 100
0 . - v —_— 0 . . ; ; j
0 5000 10000 15000 20000 25000 30000 0 5000 10000 15000 20000 25000 20000
Strain [mfm Strain [mim}
EFmax [M/M] EFmax [M/M]
RK08 27726.90 RK09-1 28370.70
RK14 28054.00 RK10-2 27930.60
RK11-3 28013.10
RK12-4 28233.20
RK13-5 27866.40

Figure 9.4: Test specimen face with the
position of the strain gauges 8 to 14.
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Load-Strain Load-Strain
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with the position of the strain gauges 15 to 21.
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4 Figure 9.6: Test specimen
s face with the position of
the strain gauges 22 to 28.
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Figure 9.10 and 9.11: Detailed views of both parts of the failed plate.
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Table 1C2-1: Characteristics of the test specimen, weld material and test

Appendix 1.1C2

Test Nr. 1C2 (10)
: Type of specimen X-joint with high SCF
Specimen Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1C
Type of test Fatigue
Test Parameter Reference
Remark High SCF
Failure Weld
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Figure 1C2-1: Dimensions of the test specimen
Figure 1C2-2: Dimensions of the welds
Figure 1C2-3: Position of strain gauges and LVDT'’s
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Figure 1C2-4: Test displacement controlled (range)

Figure 1C2-5: Test displacement controlled (average)

Number of cycles

Number of cycles

1C2 1c2
900 7——— 25
800 — =
Z 700 e g o
1 el B — =
c
FO1 ] Fo1
B 400 3 &b ol
° 300 :
o o
5 200 3 75 —
100 -
0 T T T T T -100 T T T T T
0 25 50 75 100 125 150 0 25 50 75 100 125 150
Number of cycles Number of cycles
Figure 1C2-6: Test load (range) Figure 1C2-7: Test load (average)
1C2 1C2
— 4 1
E )
E 35 == 51 0.75
°
o 3 _ 4
£ 25 HP_3 H 0.5 = HP_3
s il HEKE - [
£ iz 7 ~—HP_6 g= - HP_6
E ; / HP_7 ] 0 = = HP_7
o 2 few | -
| 05 fp— e .0.25 N
o b/ a
a o : - - 05 . - : . .
0 25 50 75 100 125 150 25 50 75 100 125 150

Figure 1C2-8: Deformation whole connection (range)
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Figure 1C2-9: Measured strains (range) Figure 1C2-10: Measured strains (average)
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Figure 1C2-14: Observed failure
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Table 1C3-1: Characteristics of the test specimen, weld material and test

Appendix 1.1C3

Test Nr. 1C3 (11.1)
. Type of specimen X-joint with high SCF
Spesimen Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1C
Type of test Fatigue
Parameter Reference
Test -
Remark High SCF
Failure Test overloaded

Stevin Laboratory
Delft University of Technology
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Table 1C4-1: Characteristics of the test specimen, weld material and test

Test Nr. 1C4 (12)
. Type of specimen X-joint with high SCF
Specimen Plate thickness 12 mm
Plate material 5690
Type of weld Full penetration welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1C
Type of test Ratcheting
Test Parameter Reference
Remark High SCF
Failure Plate

Figure 12.1: Top views of the test specimen with the position of the strain gauges and sizes of the
measuring equipment.
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Figure 12.2: Side views, with the sizes of the welds.

Stevin Laboratory
Delft University of Technology

Appendix 1.1C4

1.1C4-2




Stevin: 6-05-6

SPECIMEN 1C4

IHSSS - Experiments

Appendix 1.1C4

Delft University of Technology

Load vs Time curve Displacement vs Time curve
00— - 5 e —
&0 4
i / /] E
z AT /
e : A —=
O i
“’" TR
[a]
e 1 q
100 / / / vV
0 - { : : - e 0 - - - ‘_‘
0 50 1000 1500 2000 2500 3000 3500 4000 0 1000 2000 3000 4000
Time [sec] Time [sec]
Cycle | Time [sec] | Peak Force [KN] [ Displacement [mm]
1 926 380 2.70
2 1666 430 3.09
3 2437 451 3.27
4 2759 124 1.21
5 3454 464 3.38
Load vs Displacement curve - piston
600 L
500
400
g
g 300 [—s01]
200 |
100
. Fmax [KN] 464
o 2 4 6 8 10 SEmax [MM] 3.38
Displacerment [ Smax [MM] 3.38
Stevin Laboratory 1.1C4-3




Stevin: 6-05-6

SPECIMEN 1C4

IHSSS - Experiments

Appendix 1.1C4

Stevin Laboratory
Delft University of Technology

Load-Displacement Load-Displacement
g g 200
= —uwors] | 3
g 3 20

4 i 2 y o 1 2
Displacement [mm)]
Range [mm] | Sgmax [MM]
R S ma:
[LvDT 3 - Lrquo F X[morT‘2]3 [LvDT 4 18.0 0.09
Measuring Error

Load-Displacement Load-Displacement
, | i ol
; == |} =
| 200 / //// § 200

:1 ) 0 1 2 -'1 . 0 1 2
Displacerment [mm] Displacement [mm)]
Range [mm] | Semax[Mm]
[HP_3 152.0 1.21 Range [mm]__| Semge[mm]
[HP_4 153.0 0.29
1.1C4-4



Stevin: 6-05-6

SPECIMEN 1C4

IHSSS — Experiments

Appendix 1.1C4

Load-Displacement Load-Displacement
500 00
Z 300 =z 200
¥ ¥
= ——L\WOT.6 =i —L\DOT.7
E 2001 L 2004
2 A 0 1 2 2 E] 0 1 2
Displacerment [rmm] Displacement [mrm
Range [mm] | Semax[mm] Range [mm] | SFmax [mm]
[LVDT 6 17.0 0.38 [LvDT 7 15.0 0.03
Measuring Error
Load-Displacement Load-Displacement
600 600
500
g A :
3 %0 #11 3 %0 — 7
§ A7 §
f
200 At 200
/ / ,‘”/ |
100- |" I/ r’ 100
{ / 7 # 100
<ty | ) ,
2 A 0 1 2 2 4 0 1 2
Displacement [mm] Displacement [rmm]
Range [mm] | Semax[Mm] Range [mm] Skmax [MM]
[HP 6 150.0 1.59 [HP 7 155.0 -0.05
Stevin Laboratory 1.1C4-5

Delft University of Technology




Stevin: 6-05-6

SPECIMEN 1C4

IHSSS — Experiments

Appendix 1.1C4

HI

LOLLEELLLLLL

Stevin Laboratory
Delft University of Technology

Load-Strain Load-Strain
600 = 600
500 500
40 /Im 400
2L 1] z
3 —Ror] |
YL !
200 200 4
wl 1] -
WA N ENseriias T
0 5000 10000 16000 20000 25000 30000 0 5000 10000 185000 20000 25000 30000
Strein [mvim)] Strein [m/m)
o [m/m] EFmax [m/m]
RKO1 10237.70 RECE 02629
=
— 1
2 Figure 12.3: Test specimen face with the
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Figure 12.4: Test specimen face with the
position of the strain gauges 3 and 4.
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Figure 12.5: Test specimen face with the
position of the strain gauges 5 and 6.
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Figure 12.6: Test specimen face with the
position of the strain gauges 7 and 8.
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Figure 12.7: Test specimen during the test and after failure.

o .

Figure 12.8: View of the failed test specimen (failure in the plate).
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Figures 12.9 to 12.12: Detailed views of both
parts of the failed plate.
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Test Nr. 1C5 (11.2)
: Type of specimen X=joint with high SCF
Specimen Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-1C
Type of test Fatigue
Test Parameter Reference
Remark High SCF
Failure Test overloaded
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Test Nr. 2A1 (13)
. Type of specimen Cross plate connection
HpESimAT Plate thickness 40 mm

Plate material 5690
Type of weld Fillet welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2A
Type of test Static strength

Test Parameter Thickness effect
Remark Fillet welds loaded in shear
Failure Plate

Stevin Laboratory
Delft University of Technology
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Figure 2A1-1: Dimensions of the test specimen

Figure 2A1-2: Dimensions of the welds

Figure 2A1-2: Position of strain gauges and LVDT’s
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Figure 2A1-9: Measured strains plate 1 side 1
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Figure 2A1-10: Measured strains plate 1 side 2
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2A1 2A1
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Figure 2A1-13: Observed failure in plate 2
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Figure 2A1-14: Observed failure in plate 2
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Test Nr. 2A2 (14)
; Type of specimen Cross plate connection
SpediiEn Plate thickness 40 mm

Plate material S690
Type of weld Fillet welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2A
Type of test Fatigue

Test Parameter Thickness effect
Remark Fillet welds loaded in shear
Failure Plate

Stevin Laboratory
Delft University of Technology
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-d073

Figure 2A2-1: Dimensions of the test specimen
Figure 2A2-2: Dimensions of the welds

Figure 2A2-3: Position of strain gauges and LVDT's
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Figure 2A2-4: Test displacement controlled (range)

Figure 2A2-5: Test displacement controlled (average)
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Figure 2A2-10: Local deformation (range) Figure 2A2-11: Local deformation (average)
Stevin Laboratory 11.2A2-3

Delft University of Technology




Stevin: 6-05-6 IHSSS — Experiments Appendix 11.2A2

SPECIMEN 2A2

2A2 22
__ 4000 £ 500
E
E L E
3000+ —-— — . — —] ig |-
a ~—RKo1 o 20 ——RKO1
h — RK02 © =—RK02
&, 2000 - o — @ \,J!
2 'F‘rﬁ@"':"ﬁf' RKO3 £ "B fTr—,h.}J ------ 'Li r RK03
: 1000 - RK04 s 250 0 N RKO4
£ o5 .
@ £
0- : . . ® -500 . . .
0 500 1000 1500 2000 0 500 1000 1500 2000
Number of cycles Number of cycles
Figure 2A2-12: Measured strains (range) Figure 2A2-13: Measured strains (average)

Figure 2A2-14: Observed failure
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Appendix I1.2A3

Test Nr. 2A3 (15)
. Type of specimen Cross plate connection
I Plate thickness 40 mm

Plate material S690
Type of weld Fillet welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2A
Type of test Ratcheting

Test Parameter Thickness effect
Remark Fillet welds loaded in shear
Failure Plate
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Delft University of Technology

11.2A3-1




Stevin: 6-05-6 IHSSS — Experiments

SPECIMEN 2A3

‘ 1
% X, N
& X e Y
‘ BN
i;; ; L‘Jl— -ﬂ-j
j_ _ i 16
S, Rl
(\(’ “p e

Figure 2A3-1: Dimensions of the test specimen
Figure 2A3-2: Dimensions of the welds

Figure 2A3-3: Position of strain gauges and LVDT'’s
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Displacement (mm)
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Figure 2A3-6a and 2A3-6b: Deformations of the whole connection (no final failure observed)
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Figure 2A3-7a and 2A3-7b: Local displacements at the failed part of the connection
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Figure 2A3-7a, b, c and d: Measured strains plate 1 (no failure observed)
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Figure 2A3-8a, b, c and d: Measured strains plate 2 where final failure occurred
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Figure 2A3-9: Observed failure in plate 2
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Appendix 11.2B1

Test Nr.

2B1 (16.1)

Type of specimen

X-joint with low SCF

SeHIDIER Plate thickness 40 mm

Plate material S690
Type of weld Full penetration welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2B
Type of test Static strength

Test Parameter Thickness effect
Remark High SCF
Failure Clamping area

Figure 2B1-1: Observed failure

Stevin Laboratory
Delft University of Technology
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SPECIMEN 2B2

Table 2B2-1: Characteristics of the test specimen, weld material and test

Test Nr. 2B2 (17)
Specimen Type of specimen X-joint with low SCF
Plate thickness 40 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Overmatched
Welding procedure specification | Appendix B-2B
Type of test Fatigue
Test Parameter Thickness effect
Remark High SCF
Failure Clamping area
Figure 2B2-1: Observed failure
Stevin Laboratory 11.2B2-1

Delft University of Technology
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Test Nr. 2B3 (18)
’ Type of specimen X-joint with low SCF
SHREIEn Plate thickness 40 mm

Plate material S690
Type of weld Full penetration welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2B
Type of test Ratcheting

Test Parameter Thickness effect
Remark High SCF
Failure Plate

Stevin Laboratory
Delft University of Technology
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Figure 2B3-1: Dimensions of the test specimen
Figure 2B3-2: Dimensions of the welds
Figure 2B3-3: Position of strain gauges and LVDT's
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Figure 2B3-4: Test load controlled Figure 2B3-4: Total displacements
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Figure 2B3-5 and 2B3-6: Local deformation of the connection
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Figure 2B3-7 and 2B3-8: Deformation of the whole connection
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Figure 2B3-9a, b, c and d: Measured strains

bserved failure .
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Table 2C1-1: Characteristics of the test specimen, weld material and test

Test Nr. 2B4 (16)
Specimen Type of specimen X-joint with low SCF

Plate thickness 40 mm
Plate material S690
Type of weld Full penetration welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2B
Type of test Static strength

Test Parameter Thickness effect
Remark High SCF
Failure Plate

Stevin Laboratory 11.2B4-1

Delft University of Technology



Stevin: 6-05-6 IHSSS — Experiments Appendix 11.2B4

SPECIMEN 2B4

94 199,

& m
N sm | o
[ o5 |8
LT
O
| aa ) o kg
:U
48] =]
g
B 1
ni
o —_— Lo L me B
W nok L ‘u Sedg -
o T A T e Gt s %5 -
0 n 3 #4 N .U
- N
Figure 2B4-1: Dimensions of the test specimen
Figure 2B4-2: Dimensions of the welds
Figure 2B4-2: Position of strain gauges and LVDT's
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Figure 2B4-3: Test displacement controlled

Figure 2B4-4: Test load
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Figure 2B4-5: Deformation of the whole connection

Figure 2B4-6: Local displacements
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Figure 2B4-7: Relative deformation of the connection

Figure 2B4-8: Relative displacements, locally
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Figure 2B4-9: Measured strains plate 1 side 1 Figure 2B4-10: Measured strains plate 1 side 2
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Figure 2B4-13: Measured strains strip gauges
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Figure 2B4-14a/b: Observed failure
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Table 2C1-1: Characteristics of the test specimen, weld material and test

Test Nr. 2C1 (19)
Specimen Type of'specimen X-joint with high SCF

Plate thickness 40 mm
Plate material S690
Type of weld Full penetration welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2C
Type of test Static strength
Parameter Thickness effect

Test -
Remark High SCF
Failure Weld/plate

Stevin Laboratory 11.2C1-1

Delft University of Technology
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Figure 2C1-1: Dimensions of the test specimen
Figure 2C1-2: Dimensions of the welds

Figure 2C1-2: Position of strain gauges and LVDT’s
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Figure 2C1-7: Relative deformation of the connection Figure 2C1-8: Relative displacements, locally
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Figure 2C1-9: Measured strains plate 1 side 1 Figure 2C1-10: Measured strains plate 1 side 2
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Figure 2C1-12: Measured strains plate 2 side 2
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Figure 2C1-13: Measured strains strip gauges

Figure 2C1-14: Measured strains strip gauges
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Figure 2C1-15: Measured strains strip gauges
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Figure 2C1-17 a/b: Observed failure
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Test Nr. 2C2 (20)
Specimen Type of specimen X-joint with low SCF

Plate thickness 40 mm
Plate material S690
Type of weld Full penetration welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2C
Type of test Fatigue

Test Parameter Thickness effect
Remark High SCF
Failure Weld

Stevin Laboratory
Delft University of Technology

1I.2C2-1




Stevin: 6-05-6

SPECIMEN 2C2

fou

a0

IHSSS — Experiments

F

3 [T T

o i T [

woususd apopcual uas

]

. LD

Appendix 11.2C2

Figure 2C2-1: Dimensions of the test specimen

Figure 2C2-2: Dimensions of the welds

Figure 2C2-3: Position of strain gauges and LVDT'’s
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Figure 2C2-4: Test displacement controlled (range)

Figure 2C2-5: Test displacement controlled (average)
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Figure 2C2-9: Deformation whole connection (average)

2c2 2c2
T 3.0 e 3.0 —
E g. ra—hﬂ""{
@ 20 . |
o Elap_1 H , = Elap_1
£ —Elap_3 ..;'g i i ——Elap_3
E’ ~——Elap_5 g E " : ——Elap_5
s Elap_7 8 0.0 {m — i = Elap_7
K] a
a @
0 a
a -1.0 T T v T T T
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Number of cycles Number of cycles
Figure 2C2-10: Local deformation (range) Figure 2C2-11: Local deformation (average)
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Figure 2C2-14: Observed failure
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Test Nr. 2C3 (21)
Specimen Type of specimen X-joint with low SCF

Plate thickness 40 mm
Plate material S690
Type of weld Full penetration welds

Weld Weld material Overmatched
Welding procedure specification | Appendix B-2C
Type of test Ratcheting

Test Parameter Thickness effect
Remark High SCF
Failure Weld/Plate

Stevin Laboratory
Delft University of Technology
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Figure 2C3-1: Dimensions of the test specimen
Figure 2C3-2: Dimensions of the welds
Figure 2C3-3: Position of strain gauges and LVDT's
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Figure 2C3-10 a/b: Observed failure
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Table 3A1-1: Characteristics of the test specimen, weld material and test
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Appendix II1.3A1

Test Nr. 3A1 (22)
; Type of specimen Cross plate connection
Specimen -
Plate thickness 12 mm
Plate material S690
Type of weld Fillet welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3A
Type of test Static strength
Test Parameter Under matched
Remark Fillet welds loaded in shear
Failure Plate
LVDT_4
- 172,0nn E
i _ ieomn
‘ <23—e7>9~13ma{ ' m 3A1
Sl
@14, | 250ne
... Lvpr3
FTTTT73,000
LVDT_7
D /Y S
LVILS El(an_r
e [TTTTTTTTTTTIN |
s 2-616-20)
eonn LTI
LVDT 6 5 7,(15)1 i
174,5nn
' gk 3
U ITTTTTITTITTI /
13 m :j.] 3A1 ]
i (L
U g
“” 12,1
i
| =3 g
@2 =
23-27_| TTTTTTTTTITIT —
: <=5 ‘
! D OLLLLLLLLLL L T
/ @8 | o
‘ @ L 3

Figure 22.1: Top views of the test specimen with the position of the strain
gauges and sizes of the measuring equipment.
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Figure 22.3: Test specimen face with the
position of the strain gauges 8 to 14.
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Figure 22.5: Drawing of the test specimen face
with the position of the strain gauges 22 to 28.
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Figure 22.6: Test specimen during the test.

Figures 22.7 and 22.8: Detailed perspectives of weld toe during the test and after failure.
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Test Nr. 8A1 (22.2)
. Type of specimen Cross plate connection
Specimen Plate thickness 12 mm

Plate material S690
Type of weld Fillet welds

Weld Weld material Under matched
Welding procedure specification | Appendix B-1A
Type of test Static strength

Test Parameter Under matched
Remark Fillet welds loaded in shear
Failure Plate

Stevin Laboratory
Delft University of Technology

II1.8A1-1




Stevin: 6-05-6 IHSSS — Experiments Appendix III.8A1

SPECIMEN 8A1

8
i f’, o
- © r T‘ i
= 5] ., n
WL By @l
H o 5% F ' ; ok
= = b 0 = - i
H E AUl H e
H E HE/ |
8 H H e/ +
& |y 1\ 4 NS
| - | de| |85
21 Al g | +n
D I B S ~ 7
:l. F’: .J....i 8
l‘ 4 3 | i
oo
I
(PR +—]
.

Stevin Laboratory 1I1.8A1-2
Delft University of Technology




Stevin: 6-05-6

SPECIMEN 8A1

IHSSS — Experiments

Appendix III.8A1

Load vs Displacement curve - piston
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Figure 55.3: Test specimen face with the
position of the strain gauges 1 to 7.
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Figure 55.4: Test specimen face with the
position of the strain gauges 8 to 14.
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Figure 55.5: Test specimen face with the
position of the strain gauges 15 to 21.
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Figure 55.6: Test specimen face with the
position of the strain gauges 22 to 28.
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Figures 55.7 and 55.8: Test specimen during the test and
after failure.

Figures 55.11 and 55.12: Upper views of the region of the weld toe.
Perspectives of the crack.
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Test Nr. 8A2 (23)
. Type of specimen Cross plate connection
Specimen Plate thickness 12 mm

Plate material S690
Type of weld Fillet welds

Weld Weld material Under matched
Welding procedure specification | Appendix B-3A
Type of test Fatigue

Test Parameter Reference
Remark Fillet welds loaded in shear
Failure Weld
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Figure 8A2-1: Dimensions of the test specimen
Figure 8A2-2: Dimensions of the welds
Figure 8A2-3: Position of strain gauges and LVDT'’s
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Figure 8A2-11: Local deformation (average)
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Figur 8A2-14: Observed failure
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Test Nr. 8A3 (24)
Specimen Type of.specimen Cross plate connection

Plate thickness 12 mm
Plate material S690
Type of weld Fillet welds

Weld Weld material Under matched
Welding procedure specification | Appendix B-3A
Type of test Fatigue

Test Parameter Reference
Remark Fillet welds loaded in shear
Failure Weld
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Appendix II1I.8A3

Figure 8A3-1: Dimensions of the test specimen
Figure 8A3-2: Dimensions of the welds

Figure 8A3-3: Position of strain gauges and LVDT'’s
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Figure 8A3-12: Measured strains (range)

Figure 8A3-14: Observed failure
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Figure 8A3-13: Measured strains (average)
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Test Nr. 8A4 (25)
Specimen Type of.speumen Cross plate connection
Plate thickness 12 mm
Plate material S690
Type of weld Fillet welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3A
Type of test Ratcheting
Test Parameter Under matched
Remark Fillet welds loaded in shear
Failure Weld
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| on 2 Figure 58.1: Top views of the test specimen with
P the position of the strain gauges. The sizes of the
measuring equipment were not measured. The
dimensions presented are the ones used for 1A4.

of the welds.
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Figure 58.2: Top view, with the sizes
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Figure 58.3: Test specimen face with the
position of the strain gauges 1 and 2.
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Figure 58.4: Test specimen face with the
position of the strain gauges ﬁlag&l445
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" Figure 58.5: Test specimen face with the
position of the strain gauges 5 and 6.
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Figure 58.6: Test specimen face with the
position of the strain gauges 7 and 8.
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Figures 53.7: Test specimen during the test.

Figures 53.11 and 53.12: Detailed
prespectives of the failure in the weld.
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Test Nr. 3B1 (26)
Specimen Type of specimen X-joint with low SCF
Plate thickness 12 mm
Plate material 5690
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3B
Type of test Static strength
Parameter Under matched
Test
Remark Low SCF
Failure Plate
LVDT_4
149mm
LVDT_2
Faomn®
sy g =4 ] Ejl(mﬁ

@8-eng-13_L

m£@4t??5] B ﬁ(;ﬂ“%t
LVDT_1

Lo

g 26 1620 3B1

Figure 26.1: Top and side views of the test specimen with the position of the
strain gauges and sizes of the measuring equipment and welds.
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Load vs Displacement curve - piston
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Range [mm] | Sgmax[mm] Range [mm] | Semax [mm]
LVDT 1 29 1.81 LVDT 3 149 4.47
LVDT 2 29 1.78 LVDT 4 149 4.80
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Figure 26.2: Drawing of the test specimen face
e with the position of the strain gauges 1 to 7.
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Figure 26.3: Drawing of the test specimen face
with the position of the strain gauges 8 to 14.
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s Figure 26.4: Drawing of the test specimen face
2l with the position of the strain gauges 15 to 21.
Load-Strain Load-Strain
600 0
5007[»"'7 - ///W: 5 i T
400 40 / — R

z / = / | ——RIQ42

= Fe . [ 1 53

] ==l | 37 e
%0 20 ,’Y i —RK275
ol olf |

0 T T T T T 0 T T T T T ‘
0 5000 10000 15000 20000 25000 30000 0 5000 10000 15000 20000 2000 30000
Strain [/m Stain[mim]
Ermax [M/M] Ermax [M/M]
ﬁgg g?ggggg RK23-1 28315.70
: RK24-2 27793.10
RK25-3 28178.20
RK26-4 27655.50
RK27-5 27710.50
g B 3 =
23-27,, q —
i S BAAEE
=
22 25| ?' szl

Stevin Laboratory
Delft University of Technology

Figure 26.5: Drawing of the test specimen face
with the position of the strain gauges 22 to 28.
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Figure 22.8 and 22.9: Perspectives of the crack in the plate.
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Test Nr. 3B2 (27)
; Type of specimen X-joint with low SCF
Spedmen Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3B
Type of test Fatigue
Parameter Under matched
Test
Remark Low SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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Appendix I11.3B2

Figure 3B2-1: Dimensions of the test specimen
Figure 3B2-2: Dimensions of the welds

Figure 3B2-3: Position of strain gauges and LVDT's
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Delft University of Technology

1I1.3B2-2




Stevin: 6-05-6

SPECIMEN 3B2

IHSSS - Experiments

Appendix II1.3B2

3B2

2.5

1.5 oo

0.5 =

Displacement - range (mm)

0 1000 2000 3000 4000 5000 6000
Number of cycles

3B2

1
o
o
g 08
o
s
=06
£ f [ so1]
E =04
8
o
a5 02- =
2
[=}

0+ . . :

0 1000 2000 3000 4000 5000 6000
Number of cycles

Figure 3B2-4: Test displacement controlled (range)

Figure 3B2-5: Test displacement controlled (average)
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Figure 3B2-6: Test load (range)

Figure 3B2-7: Test load (average)
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Figure 3B2-8: Deformation whole connection (range)

Figure 3B2-9: Deformation whole connection (average)
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Figure 3B2-10: Local deformation (range)
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Figure 3B2-11: Local deformation (average)
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Figure 3B2-12: Measured strains (range) Figure 3B2-13: Measured strains (average)
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Figure 3B2-14: Observed failure
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Test Nr. 3B3 (28)
: Type of specimen X-joint with low SCF
Epesirien Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3B
Type of test Fatigue
Parameter Under matched
Test
Remark Low SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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Figure 3B3-1: Dimensions of the test specimen
Figure 3B3-2: Dimensions of the welds
Figure 3B3-3: Position of strain gauges and LVDT's
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Figure 3B3-4: Test displacement controlled (range)

Figure 3B3-5: Test displacement controlled (average)
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Figure 3B3-9: Deformation whole connection (average)

3B3
- 1.0
E
E
208
&
=
o <!
&
0 03
]
e,
-]
Q 0.0 T T
0 500 1000 1500 2000 2500 3000

Number of cycles

3B3

5.0

4.0

=30

=120

Displacement - average
mi

0.0 T T T T T
0 500 1000 1500 2000 2500 3000

Number of cycles
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Figure 3B3-11: Local deformation (average)
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Figure 3B3-12: Measured strains (range)

Figure 3B3-14: Observed failure
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Figure 3B3-13: Measured strains (average)
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Table 3B4-1: Characteristics of the test specimen, weld material and test

Test Nr. 3B4 (29)
Specimen Type of specimen X-joint with low SCF
Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3B
Type of test Ratcheting
Parameter Under matched
Test
Remark Low SCF
Failure Weld
g HP3
LvT. 3

: o i 384
‘ o]
e {—- — e
LVDT_4
95"
HP_4
i 1495
12,5
o s
/,‘ \\~
;] 60,3 ;[60,3 <B4

N ¥ g
.
12,3

Figure 29.1 Top and side views of the test specimen with the position of the
strain gauges and sizes of the measuring equipment and welds.
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Load vs Time curve Displacement vs Time curve
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8 2824 579 15.72
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Figure 29.2Test specimen face with the
position of the strain gauges 1 and 2.
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Figure 29.3: Test specimen face with the
position of the strain gauges 3 and 4.
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Figures 29.6, 29.7 and 29.8: Test specimen during the test and after failure of the weld.
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Figures 29.11 and 29.12: Detailed perspectives
of the weld area.

Figure 29.13: Detailed view of the plate after
failure in the weld.
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Test Nr. 3C1 (30)
. Type of specimen X-joint with high SCF
Specimen
P Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3C
Type of test Static strength
Parameter Under matched
Test -
Remark High SCF
Failure Weld
LVDT_4
% 7147,6mr'\ i
‘ 8 8 B2 E /};:ﬂpne
l" (83*87)9—13' - ’ 3[:1
/ ‘ “Lvot 1
mﬁa) 14 em % 5nm’
a LVDT_3
150,5mm
LVDT_7
149,0mm #
LV'EDJ;M ?v % =y <21>Et
= 2-6 (16-20)

Figure 30.1: Top views of the test specimen with the position of the strain gauges and sizes of the

measuring equipment.
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] 3C1

2

Figure 30.2: Side views, with the sizes of the welds.
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Load vs Displacement curve - piston
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X Figure 30.3: Drawing of the test specimen face
with the position of the strain gauges 1 to 7.
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Figure 30.4: Drawing of the test specimen face
with the position of the strain gauges 8 to 14.
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Figure 30.6: Drawing of the test specimen face

with the position of the strain gauges 22 to 28.
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Figure 30.7: Test
specimen during the test.

Figures 30.8 and 30.9:
Test specimen after
failure in the weld.
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Figure 30.10 and 30.11: Test specimen after failure.
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Table 3C2-1: Characteristics of the test specimen, weld material and test

Appendix II1.3C2

Test Nr. 3C2 (31)
’ Type of specimen X-joint with high SCF
PRESImEn Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3C
Type of test Fatigue
Parameter Under matched
Test -
Remark High SCF
Failure Weld
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II1.3C2-1




Stevin: 6-05-6 IHSSS — Experiments

SPECIMEN 3C2

Leaf W J
|
3 + s
Ly | |
—helt IV dr —A oS
[ oebe LT el ‘ \‘f’ i
ML L ' o w .
‘ 1 | ke 11
| ¢ a ‘
! |
},Aﬁ L
[ w ) y 4
| ¢ ) 3 £
‘ r\; n ‘m U
[
k.

Appendix II1.3C2

Figure 3C2-1: Dimensions of the test specimen
Figure 3C2-2: Dimensions of the welds

Figure 3C2-3: Position of strain gauges and LVDT's
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Figure 3C2-5: Test displacement controlled (average)

0 400 800 1200 1600 2000 2400
Number of cycles

3c2 3c2
00— 0 B
— 500 — z
Z g 2
3 400 4 o
2 £
& 300 FO1 5 0% -
© 200 E '
3 ® -60 -
= 100 s
0 T T T T T T -80 T — — T
0 400 800 1200 1600 2000 2400 0 400 800 1200 1600 2000 2400
Number of cycles Number of cycles
Figure 3C2-6: Test load (range) Figure 3C2-7: Test load (average)
3c2 3c2

1. = Lo . P -
=12 7 .
A H g os
S °

S P H . —— HP_3
800 | —:P_: o Y —Hp 4
L 0.6, — = EE .05 - %
< L, e ———" | ~=HP_6 g= { =P
£ 04 HP_7 g A ' HP_7
o 5
8 02 — & 15 :
o 1 a |
a3 o — 2 _ . s —

0 400 800 1200 1600 2000 2400
Number of cycles

Figure 3C2-8: Deformation whole connection (range)
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Figure 3C2-12: Observed failure
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Table 3C3-1: Characteristics of the test specimen, weld material and test

Appendix I11.3C3

Test Nr. 3C3 (32)
. Type of specimen X-joint with high SCF
SpRsimer Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3C
Type of test Fatigue
Test Parameter Under matched
Remark High SCF
Failure Weld
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Appendix II1.3C3

Figure 3C3-1: Dimensions of the test specimen

Figure 3C3-2: Dimensions of the welds

Figure 3C3-3: Position of strain gauges and LVDT'’s
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Figure 3C3-5: Test displacement controlled (average)
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Figure 3C3-14: Observed failure
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Table 3C4-1: Characteristics of the test specimen, weld material and test

Appendix II1.3C4

Test Nr. 3C4 (33)
; Type of specimen X-joint with high SCF
Speaimen Plate thickness 12 mm
Plate material S690
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-3C
Type of test Ratcheting
Parameter Under matched
Test -
Remark High SCF
Failure Weld
4: @6 Er
3C4

Figure 33.1: Top views of the test specimen with the position of the strain gauges and sizes of the

measuring equipment.
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Figure 33.2: Side views, with the sizes of the welds.
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Figure 33.4: Test specimen face with the
position of the strain gauges 3 and 4.
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Figures 33.7: Test specimen during the test.

Figures 33.8. 33.9 and 33.10: Different side views of the test specimen after failure.
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Table 4A1-1: Characteristics of the test specimen, weld material and test
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Test Nr. 4A1 (34)
: Type of specimen Cross plate connection
FeBT Plate thickness 10 mm

Plate material 51100
Type of weld Fillet welds

Weld Weld material Under matched
Welding procedure specification | Appendix B-4A
Type of test Static strength

Test Parameter High strength
Remark Fillet welds loaded in shear
Failure Weld
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Delft University of Technology
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Figure 4A1-1: Dimensions of the test specimen
Figure 4A1-2: Dimensions of the welds

Figure 4A1-2: Position of strain gauges and LVDTs
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Figure 4A1-8: Relative displacements, locally
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Figure 4A1-9: Measured strains plate 1 side 1
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Figure 4A1-10: Measured strains plate 1 side 2
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Figure 4A1-11: Measured strains plate 2 side 1

Figure 4A1-12: Measured strains plate 2 side 2

Figure 4A1-13: Observed failure in plate 2
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Table 4A2-1: Characteristics of the test specimen, weld material and test

Appendix IV.4A2

Test Nr. 4A2 (35)
Specimen Type of.specimen Cross plate connection

Plate thickness 10 mm
Plate material S1100
Type of weld Fillet welds

Weld Weld material Under matched
Welding procedure specification | Appendix B-4A
Type of test Fatigue

Test Parameter High strength
Remark Fillet welds loaded in shear
Failure Weld

Stevin Laboratory
Delft University of Technology
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Appendix IV.4A2

Figure 4A2-1: Dimensions of the test specimen

Figure 4A2-2: Dimensions of the welds

1,

Figure 4A2-3: Position of strain gauges and LVDT's
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Figure 4A2-12: Measured strains (range) Figure 4A2-13: Measured strains (average)

Figure 4A2-14: Observed failure
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Test Nr.

4A3 (36)

Type of specimen

Cross plate connection

Specimen Plate thickness 10 mm

Plate material S1100
Type of weld Fillet welds

Weld Weld material Under matched
Welding procedure specification | Appendix B-4A
Type of test Fatigue

Test Parameter High strength
Remark Fillet welds loaded in shear
Failure Weld

Stevin Laboratory
Delft University of Technology
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P

Figure 4A3-1: Dimensions of the test specimen
Figure 4A3-2: Dimensions of the welds

Figure 4A3-3: Position of strain gauges and LVDT's
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Figure 4A3-5: Test displacement controlled (average)
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Figure 4A3-9: Deformation whole connection (average)
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Table 4B1-1: Characteristics of the test specimen, weld material and test
Test Nr. 4B1 (37)
Specimen Type of specimen X-joint with low SCF
Plate thickness 10 mm
Plate material 51100
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-4B
Type of test Static strength
Test Parameter High strength
Remark Low SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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Figure 4B1-1: Dimensions of the test specimen
Figure 4B1-2: Dimensions of the welds

Figure 4B1-3: Position of strain gauges and LVDTs
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Figure 4B1-6: Deformation of the whole connection

Figure 4B1-7: Local displacements
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Figure 4B1-8: Relative deformation of the connection

Figure 4B1-9: Relative displacements, locally
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Figure 4B1-10: Measured strains plate 1 side 1

Stevin Laboratory
Delft University of Technology

Figure 4B1-11: Measured strains plate 1 side 2

1v.4B1-3




Stevin: 6-05-6

SPECIMEN 4B1

THSSS — Experiments

Appendix 1V.4B1

600

500

Gauge 15 ;2: 400
——Gauge 18 E 300
~—Gauge 21 3 200

4B1

600 —
Z 400
) /
B 300 /
3 200 7

100 f

0 T T T
0 5000 10000 15000 20000 25000
Strain

-
o
o ©

4B1
y_—s_s-dﬂ——_'
[/ Gauge 28
£y e

/

4

4
0 5000

10000 15000 20000 25000

Strain

Figure 4B1-12: Measured strains plate 2 side 1

Figure 4B1-14: Observed failure
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Table 4B2-1: Characteristics of the test specimen, weld material and test

Appendix 1V.4B2

Test Nr. 4B2 (38)
: Type of specimen X-joint with low SCF
SpscmEn Plate thickness 10 mm
Plate material 51100
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-4B
Type of test Fatigue
Parameter High strength
Test
- Remark Low SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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SPECIMEN 4B2
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Figure 4B2-1: Dimensions of the test specimen
Figure 4B2-2: Dimensions of the welds

Figure 4B2-3: Position of strain gauges and LVDTs
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Figure 4B2-4: Test displacement controlled (range)

Figure 4B2-5: Test displacement controlled (average)
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SPECIMEN 4B2
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SPECIMEN 4B3
Table 4B3-1: Characteristics of the test specimen, weld material and test
Test Nr. 4B3 (39)
Specimen Type of specimen X-joint with low SCF
Plate thickness 10 mm
Plate material 51100
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-4B
Type of test Fatigue
Test Parameter High strength
Remark Low SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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Figure 4B3-1: Dimensions of the test specimen

Figure 4B3-2: Dimensions of the welds

Figure 4B3-3: Position of strain gauges and LVDTs
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Figure 4B3-4: Test displacement controlled (range)

Figure 4B3-5: Test displacement controlled (average)
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Table 4C1-1: Characteristics of the test specimen, weld material and test

Appendix IV.4C1

Test Nr. 4C1 (40)
Specimen Type of'specimen X-joint with high SCF

Plate thickness 10 mm
Plate material S1100
Type of weld Full penetration welds

Weld Weld material Under matched
Welding procedure specification | Appendix B-4C
Type of test Static strength

Test Parameter High strength
Remark High SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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Figure 4C1-1: Dimensions of the test specimen
Figure 4C1-2: Dimensions of the welds

Figure 4C1-3: Position of strain gauges and LVDTs
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Figure 4C1-14: Observed failure
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Table 4C2-1: Characteristics of the test specimen, weld material and test

Appendix IV.4C2

Test Nr. 4C2 (41)
! Type of specimen X-joint with high SCF
S
ReSiied Plate thickness 10 mm
Plate material S1100
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-4C
Type of test Fatigue
Parameter High strength
Test
e Remark High SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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Figure 4C2-1: Dimensions of the test specimen
Figure 4C2-2: Dimensions of the welds

Figure 4C2-3: Position of strain gauges and LVDTs
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Figure 4C2-4: Test displacement controlled (range)

Figure 4C2-5: Test displacement controlled (average)
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Table 4C3-1: Characteristics of the test specimen, weld material and test

Appendix 1V.4C3

Test Nr. 4C3 (42)
; Type of specimen X-joint with high SCF
Specimen Plate thickness 10 mm
Plate material 51100
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-4C
Type of test Fatigue
Parameter High strength
Test
e Remark High SCF
Failure Weld

Stevin Laboratory
Delft University of Technology
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Figure 4C3-1: Dimensions of the test specimen
Figure 4C3-2: Dimensions of the welds

Figure 4C3-3: Position of strain gauges and LVDTs
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Figure 4C3-8: Deformation whole connection (range)

Figure 4C3-9: deformation whole connection (average)
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Stevin Laboratory 1v.4C3-4
Delft University of Technology




Stevin: 6-05-6

SPECIMEN 5A1

IHSSS — Experiments

Table 5A1-1: Characteristics of the test specimen, weld material and test

Appendix V.5A1

Test Nr. 5A1 (43)
y Type of specimen Cross plate connection
ApEElEn Plate thickness 40 mm

Plate material S1100
Type of weld Fillet welds

Weld Weld material Under matched
Welding procedure specification | Appendix B-5A
Type of test Static strength

Test Parameter Thickness / High strength
Remark Fillet welds loaded in shear
Failure Welds

Stevin Laboratory
Delft University of Technology
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Figure 5A1-1: Dimensions of the test specimen

Figure 5A1-2: Dimensions of the welds

Figure 5A1-2: Position of strain gauges and LVDT's
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Appendix V.5A1

5A1 5A1
25 J 8000
E 20 6000
£ 15 Z
o Weg 1 =
4000 Load 1
a -
T . 2000
&
0 0 . . . -
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
Time (sec) Time (sec)
Figure 5A1-3: Test displacement controlled Figure 5A1-4: Test load
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Figure 5A1-5: Deformation of the whole connection Figure 5A1-6: Local displacements
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Figure 5A1-7: Relative deformation of the connection Figure 5A1-8: Relative displacements, locally
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Figure 5A1-9: Measured strains plate 1 side 1
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Delft University of Technology

Figure 5A1-10: Measured strains plate 1 side 2
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Figure 5A1-11: Measured strains plate 2 side 1

Figure 5A1-13a: Observed failure in the weld

Stevin Laboratory
Delft University of Technology

Figure 5A1-12: Measured strains plate 2 side 2
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Figure 5A1-13b: Observed failure in the weld
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SPECIMEN 5B1
Table 5B1-1: Characteristics of the test specimen, weld material and test
Test Nr. 5B1 (45)
; Type of specimen X-joint with low SCF
Specim
PRI Plate thickness 40 mm
Plate material S1100
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-5B
Type of test Static strength
Parameter Thickness / High strength
Test Remark High SCF
Failure Test stopped before

failure

Stevin Laboratory
Delft University of Technology
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SPECIMEN 5B1
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Figure 5B1-1: Dimensions of the test specimen
Figure 5B1-2: Dimensions of the welds

Figure 5B1-2: Position of strain gauges and LVDT’s
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Figure 5B1-3: Test displacement controlled

Figure 5B1-4: Test load
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Figure 5B1-5: Deformation of the whole connection

Figure 5B1-6: Local displacements
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Figure 5B1-7: Relative deformation of the connection

Figure 5B1-8: Relative displacements, locally
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Figure 5B1-9: Measured strains plate 1 side 1
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Figure 5B1-10: Measured strains plate 1 side 2
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Figure 5B1-11: Measured strains plate 2 side 1

Figure 5B1-12: Measured strains plate 2 side 2

Figure 5B1-13: No failure at maximum test load of 9600 kN
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Table 2C1-1: Characteristics of the test specimen, weld material and test

Appendix V.5C1

Test Nr. 5C1 (47)
: Type of specimen X-joint with high SCF
Speciti Plate thickness 40 mm
Plate material S$1100
Type of weld Full penetration welds
Weld Weld material Under matched
Welding procedure specification | Appendix B-5C
Type of test Static strength
Test Parameter Thickness / High strength
Remark High SCF
Failure Weld

Stevin Laboratory

Delft University of Technology
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Figure 5C1-1: Dimensions of the test specimen

Figure 5C1-2: Dimensions of the welds
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Figure 5C1-2: Position of strain gauges and LVDT’s
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5C1 5C1
40 J 9000
= 7500 —
E 30
= Z 6000 —]
£ 2 Weg 1 = 4500 g
3 — Weg 2 E
5 -1 3000 —
S 10
a 1500 —
0 T 0+ T T -
0 400 800 1200 1600 0 400 800 1200 1600
Time (sec) Time (sec)
Figure 5C1-3: Test displacement controlled Figure 5C1-4: Test load
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Figure 5C1-5: Deformation of the whole connection Figure 5C1-6: Local displacements
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Figure 5C1-7: Relative deformation of the connection Figure 5C1-8: Relative displacements, locally
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Figure 5C1-9: Measured strains plate 1 side 1 Figure 5C1-10: Measured strains plate 1 side 2
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Figure 5C1-11: Measured strains plate 2 side 1

Figure 5C1-12: Measured strains plate 2 side 2
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Figure 5C1-13: Measured strains strip gauges

Figure 5C1-15a: Observed failure in the weld
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Figure 5C1-14: Measured strains strip gauges
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Figure 5C1-15¢: Observed failure in the weld
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xFigure 5C1-15d: Observed failure in the weld
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HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam
Tel.010-2452273

WPS : seriel A
Type A

Prep.by R.Croon
PQR.nr: na

pWelding Procedure Specification

Tackweld cont.

tempelsticks/ crayons

Method.
Control

Project : High strength steel structures Supplier material
Subject: Serie | (Type A) 12 mm MCB

Specification: |TNO

Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat1  S690 Naxtra 70 12 mm
Sub.ordernr  |na Base.mat2  S690 Naxtra 70 12 mm
Tackweld Proces Control Weld Process Preheat Details

Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

* zheat tackw. T+50°C Max.interpass 200 °C

Propane / burners
Tempelsticks / digital temp.

AWS.Class: A5.29-98

12 mm

]
.1

Edge preparation :

_Fillet weld PF-a3

[s690 ||

>

Fillet weld

80 mm

Bead sequence/ welding sequence nrs.

“emarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED <5 ml/100 gr
i —efore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed
weld | weld filler aws size | gas DC | Ampere Volt H.I. ki/mm Gas |[speed
nr | proces metal code mm flux AC |min max|min max|{min max| L/min |mm/sec.
fill FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 (24 - 26 | 1,3 - 1,7 16-20 |3 3

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding

Inspection: %  |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100  |Groove : Fillet weld Size na 80/20 LRS AWS
MPI 100  [Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287

Backing mat: no Depth na M21 DNV
Customer : Authority :
|| date : name: date name date: name:
08-09-03 Document QC-019 Prep.byRCR
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HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam
Tel.010-2452273

WPS : seriel B
Type B

Prep.by R.Croon
PQR.nr: na

pWelding Procedure Specification

Tackweld cont.

tempelsticks/ crayons

Method.

Project : High strength steel structures Supplier material
Subject: Serie | (Type B) 12 mm MCB
Specification: |[TNO
Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S690 Naxtra 70 12 mm
Sub.ordernr  [na Base.mat2  S690 Naxtra 70 12 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

2heat tackw. T+50°C Max.interpass 200 °C

Propane / burners

Control

Tempelsticks / digital temp.

AWS.Class: A5.29-98

Part.pen weld PF-up i

Edge preparation :

P.P weld

S.690 12 mm

il

Mpa weld S 830 i

<

S.690 12 mm

|0K.15.09 1.2 mm

Bead sequence/ welding sequence nrs.

"emarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr

wefore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed :

weld | weld filler aws size | gas DC | Ampere Volt H.1. ki/fmm Gas |speed
nr | proces metal code mm flux | AC |min max |min max|min max| L/min |mm/sec.
root FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 |24 - 26 (1,0 - 1,3 15-20 |4 4
fill FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 |24 - 26 (1,3 - 1,7 16-20 |3 3
cap FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 |24 - 26 (1,3 - 17 16-20 |3 3

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding

Inspection: % |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100  |Groove: Part.Pen Size na 80/20 LRS AWS
MPI 100  |Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287

Backing mat: no Depth na M21 DNV
Customer : Authority :
|| date : name: date name date: name:
08-09-03 Document QC-019 Prep.byRCR
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HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam

Tel.010-2452273

WPS : seriel C
Type C

Prep.by  R.Croon
PQR.nr: na

pWelding Procedure Specification

Tackweld cont.

tempelsticks/ crayons

Method.
Control

Project : High strength steel structures Supplier material
Subject: Serie | (Type C) 12 mm MCB
Specification: [TNO
Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S690 Naxtra 70 12 mm
Sub.ordernr  |na Base.mat2  S690 Naxtra 70 12 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

zheat tackw. T+50°C Max.interpass 200 °C

Propane / burners
Tempelsticks / digital temp.

AWS.Class: A5.29-98

Ceramic backing round 6 mm
backside grinding only

N

w RN
Edge preparation : '/Eﬁ'weld

Gl _[Fun pen weld PF-up |

— [OK.15.09 1.2 mm
. |Mpaweld 5830

|S.690 12 mm

seqguence nrs.

“emarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr

oefore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.1. ki/mm Gas [speed
nr | proces metal code mm flux AC |min max |min max|\min max| L/min |mm/sec.
root FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ (160 - 200 |24 - 26 | 1,0 - 1,3 15-20 (4 4
fill FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ [ 160 - 200 |24 - 26 | 1,3 - 1,7 15-20 [ 3 3
cap FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 |24 - 26 1,3 - 1,7 1620 (3 3

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds only
Preped weldedges: Flame cutting and grinding

Inspection: % P.rep.weld Joint Gouging with air Gas Composition Welders Qualif.
Visual 100  |Groove : FP weld Size na 80/20 LRS AWS
MPI 100 |Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287

uTt 100 |Backing mat: Yes 6 mm Depth na M21 DNV
Customer : Authority :
| date: name: date name date: name:
08-09-03 Document QC-019 Prep.byRCR
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HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam
Tel.010-2452273

WPS : seriell A
Type A

Prep.by R.Croon
PQR.nr: na

pWelding Procedure Specification

Tackweld cont.

tempelsticks/ crayons

Method.
Control

Project : High strength steel structures VALIDTY RANGE
Subject: Serie Il ( Type A) 40 mm Waldram
Specification: |TNO
Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S690.T Dillimax 690T 40 mm
Sub.ordernr  |na Base.mat2  S690.T Dillimax 690T 40 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

2heat tackw. T+50°C Max.interpass 200 °C

Propane / burners
Tempelsticks / digital temp.

AWS Class: A5.29-98

2~ IFillet weld PF-a10
. [Mpa weld 830

~

S.690.T 40 mm

Edge preparation :

 [s6%0T40mm |

Fillet weld

|

Bead sequence/ welding sequence nrs.

Pemarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr
oefore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed
weld | weld filler aws size | gas DC | Ampere Volt H.1. ki/mm Gas |speed
nr | proces metal code mm flux AC |min max |min max|min max| L/min |mm/sec.
1 FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 |24 - 26 | 1,3 - 1,7 15-20 |3 3
2-6 FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 |24 - 26 (1,3 - 1,7 15-20 |3 3

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding :

Inspection: %

Prep.weld joint

Gouging with air

Gas Composition

Welders Qualif.

Visual 100  [Groove : Fillet weld Size na 80/20 LRS AWS
MPI 100 |Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287
Backing mat: no Depth na - M21 DNV
Customer : Authority :
|| date : name: date name date: name:
08-09-03 Document QC-019 Prep.byRCR
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HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam
Tel.010-2452273

WPS : serie I B
Type B

Prep.by R.Croon
PQR.nr: na

pWelding Procedure Specification

Tackweld cont.

tempelsticks/ crayons

Method.
Control

Project : High strength steel structures Supplier material
Subject: Serie Il ( Type B) 40 mm Waldram
Specification: |[TNO
Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S690.T Dillimax 690T 40 mm
Sub.ordernr  [na Basemat2  S690.T Dillimax 690T 40 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

2heat tackw. T+50°C Max.interpass 200 °C

Propane / burners
Tempelsticks / digital temp.

AWS.Class: A5.29-98

Part. pen weld PF-up

S690.T 40 mm

l

45 gr

o ‘_,__*S690T40mm

OK.15.09 1.2 mm 1

Mpa weld S 830 |

Bead sequence/ welding sequence nrs.

"emarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr

wefore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.I. ki/mm Gas |[speed
nr | proces metal code mm flux AC max |min max|min max | L/min |mm/sec.
root FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 |24 - 26 | 1,0 - 1,3 15-20 (4 4
fill FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 (24 - 26 (1,3 - 1,7 15-20 |3 3
cap FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ [ 160 - 200 (24 - 26 | 1,3 - 1,7 16-20 [3 3

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding

Inspection: %  |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100 |[Groove : Part.Pen Size na 80/20 LRS AWS
MPI 100  |Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287

Backing mat: no Depth na M21 - |DNV
Customer : Authority :
|[ date : name: date name date: name:
08-09-03 Document QC-019 Prep.byRCR
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HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam
Tel.010-2452273

WPS : serie 2 C
Type C

Prep.by R.Croon
PQR.nr: na

pWelding Procedure Specification

Project :
Subject:
Specification:

Serie Il (Type C) 40 mm
TNO

High strength steel structures

Supplier material

Waldram

Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S690 Dilimax 690T 40 mm
Sub.ordernr  [na Base.mat2  S690 Dilimax 690T 40 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

" cheat tackw. T+50°C Max.interpass 200 °C

backside grinding only

Tackweld cont. tempelsticks/ crayons Method. Propane / burners
Control Tempelsticks / digital temp.
AWS .Class: A5.29-98
ZB F
- . = ull pen weld PF-u I
Ceramic backing round 6 mm || P _ P I

——0K.15.09 1.2 mm
- |Mpa weld S830

$690.T 40 mm |
| Edge preparation: FPweld  [S690.T40 mm |

.~ .)g sequence nrs.

Pemarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr

wefore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.1. ki/mm Gas |speed
nr | proces metal code mm flux AC |min  max |min max|{min max| L/min |mm/sec.
root FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 [24 - 26 | 1,0 - 1,3 15-20 (4 4
fill FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ | 160 - 200 (24 - 26 | 1,3 - 1,7 15-20 |3 3
cap FCAW OK.15.09 E111T1-H4 | 1.2 M21 DC+ (160 - 200 |24 - 26 (1,3 - 17 15-20 |3 3

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding

Inspection: %  |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100  |Groove : FP weld Size na 80/20 LRS AWS
MPI 100  |Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287

uT 100  |Backing mat: Yes 6 mm Depth na M21 DNV
: Customer : Authority :
| date : name: date name date: name:
08-09-03 Document QC-019 Prep.byRCR




Ziuisman

HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam
Tel.010-2452273

WPS : serie I A
Type A

Prep.by R.Croon
PQR.nr:

na

pWelding Procedure Specification

Tackweld cont.

tempelsticks/ crayons

Method.
Control

Project : High strength steel structures VALIDTY RANGE
Subject: Serie lll (Type A) 12 mm MCB
Specification: [TNO
Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat1  S690 Naxtra 70 12 mm
Sub.ordernr  |na Base.mat2  S690 Naxtra 70 12 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

sheat tackw. T+50°C Max.interpass 200 °C

Propane / burners
Tempelsticks / digital temp.

AWS.Class: A5.29-98

12mm

I__

/

S.690 12 mm

Edge preparation :

[Fillet weld PF-a3

- |Mpa weld 550

- [S690 12 mm

Fillet weld

80 mm 3

, V,] ,

Bead sequence/ welding sequence nrs.

"emarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 mi/100 gr

—efore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.I. kj/mm Gas |speed
nr | proces metal code mm flux AC |min max |min max|min max| L/min |mn/sec.
1 FCAW | DWA 55 SLR | E81T1-Ni1 | 1.2 M21 DC+ | 160 - 200 |24 - 26 (1,3 - 1,7 15-20 3 3

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding 5

Inspection: % |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100 |Groove : Fillet weld Size na 80/20 LRS AWS
MPI 100  |Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287

Backing mat: no Depth na - M21 DNV
Customer : Authority :
|| date : name: date name date: name:
08-09-03 Document QC-019 Prep.byRCR




HUISMAN SPECIAL LIFTING EQUIPMENT BV.

AHuisman

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam

Tel.010-2452273

WPS :
Type

Prep.by

PQR.nr:

serielll B
B

R.Croon
135/128

pWelding Procedure Specification

Tackweld cont.

Project : High strength steel structures Supplier material
Subject: Serie lll (Type B) 12 mm MCB
Specification: [TNO
Huisman order. [A03-20130 Base Materials , Plate Thickness
Customer TNO Base.mat 1 S690 Naxtra 70 12 mm
Sub.ordernr  [na Base.mat2  S690 Naxtra 70 12 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

2heat tackw. T+50°C Max.interpass 200 °C

tempelsticks/ crayons

Method.
Control

Propane / burners
Tempelsticks / digital temp.

AWS.Class: A5.29-98

Part.pen weld PF-up

Edge preparation :

P.P weld

U~

S.690 12 mm

559r1

Mpa weld S 550

=S

S.690 Naxtra 70 12 mm

————,

|DWA55 SLR 1.2 mm 5

Bead sequence/ welding sequence nrs.

“emarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr

—efore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.1l. ki/mm Gas |speed
nr | proces metal code mm flux AC |min max |min max|min max| L/min |mm/sec.
root FCAW | DWA 55 SLR | E81T1-Ni1 | 1.2 M21 DC+ [ 160 - 200 |24 - 26 {1,0 - 1,3 1520 |4 4
fill FCAW | DWA 55 SLR | E81T1-Ni1 | 1.2 M21 DC+ | 160 - 200 |24 - 26 | 1,3 - 1,7 15-20 |3 3
cap FCAW | DWA 55 SLR | E81T1-Ni1 1.2 M21 DC+ | 160 - 200 |24 - 26 | 1,3 - 1,7 15-20 |3 3

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv

Preped weldedges: Flame cutting and grinding
Inspection: %  |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100  |Groove : Part.Pen Size na 80/20 LRS AWS
MPI 100  [Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287
- |Backing mat: no Depth na: - - M21 DNV
Customer : Authority :
|| date : name: date name date: name:
08-09-03 Document QC-019 Prep.byRCR
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HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561
3115 HH Schiedam

Tel.010-2452273

WPS : Serielll €
Type C
Prep.by R.Croon
PQR.nr: na

pWelding Procedure Specification

Project : High strength steel structures Supplier material
Subject: Serie lll (Type C) 12 mm MCB
Specification: [TNO
Huisman order. {A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S690 Naxtra 70 12 mm
Sub.ordernr na Base.mat 2 S690 Naxtra 70 12 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. FCAW 1 FCAW PF-up Preheat temp. 100 >°C

sheat tackw. T+50°C Max.interpass 200 °C

Edge preparation: FP weld

F.sgo 12 mm |

Tackweld cont. tempelsticks/ crayons Method. Propane / burners
Control Tempelsticks / digital temp.
AWS.Class: A5.29-98
Full pen weld PF-u !
Ceramic backing round 6 mm - ——J‘_W,p._bﬁ- — p ]
backside grinding only
B 7 DWAS5 SLR1.2mm | -
. Mpa weld S550 1
5590 12 mm] =577 E—

- §g sequence nrs.

“emarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED <5 ml/100 gr

oefore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.1. kif/mm Gas |speed
nr | proces metal code mm flux AC |min max |min max|{min max| L/min |mm/sec.
root FCAW | DWA55SLR | E81T1-Ni1 | 1.2 M21 DC+ | 160 - 200 |24 - 26 | 1,0 - 1,3 15-20 |4 4
fill FCAW | DWA 55 SLR | E81T1-Ni1 12 M21 DC+ | 160 - 200 |24 - 26 | 1,3 - 1,7 15-20 |3 3
cap FCAW | DWA 55 SLR | E81T1-Ni1 1.2 M21 DC+ | 160 - 200 |24 - 26 | 1,3 - 1,7 15-20 |3 3

Preped weldedges: Flame cutting and grinding

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv

Inspection: % |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100  [Groove : FP weld Size na 80/20 LRS AWS
MPI 100 |Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287

uTt 100 - |Backing mat: Yes 6 mm Depth na M21 DNV
Customer : Authority :
|Qate i name: date name date: name:
25-05-04 Document QC-019 Prep.byRCR




) o WPS : serie4 A
/ i Huisman Special Lifting Equipment T A
H u I s m an Admiraal Trompstr.2 Harbour nr.561 ype
3115 HH Schiedam Prepby C.Fehres
HUISMAN SPECIAL LIFTING EQUIPMENT BV Tel.010-2452273 .
PQR.nr: na

Welding Procedure Specification

Project : TNO High strength steel structures VALIDTY RANGE
Subject: Serie IV (Type A) 10 mm
Specification: [TNO
Huisman order. |[A03-11480 Base Materials Plate Thickness
Customer TNO Base.mat 1 S$1100 10 mm
Sub.ordernr  |na Base.mat2  S1100 10 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. SMAW 1 SMAW 2F Preheat temp. 100 >°C
Preheat tackw. T+50°C Max.interpass 200 °C
Tackweld cont. tempelsticks/ crayons Method. Propane / burners

Control Tempelsticks / digital temp.

AWS .Class: A5.29-98

10mm
y Fillet weld A 4.0 2F

Mpa weld +850

|S1100 10 mm I

~

L

\'

B

Edge preparation : Bead sequence/ welding sequence nrs.

Fillet weld
Remarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr

Before welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.I. ki/mm Gas |speed
nr | proces metal code mm flux AC |min max |min max|min max| L/min |mm/sec.
1 SMAW Conarc 85 E12018 4 na DC+ [ 130 - 140 (22 - 24 | 0.7 - 11 na 3 4
Treatment of root : Grinding or backgouaing and arinding ( rootaap > 3mm for F.P welds onl
Preped weldedges: Flame cutting and grinding
Inspection: %  |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100  |Groove : Fillet weld Size na na LRS AWS
MPI 100  |Edges prep: Cutting Amp na EN.287
Backing mat: no Depth na DNV
Customer : Authority :
date : name: date name date: name:
20/01/2006 Document QC-019 Prep.byRCR




jﬁ%ﬂuisman

HUISMAN SPECIAL LIFTING EQUIPMENT BV

WPS : serie4 B
Huisman Special Lifting Equipment . B
Admiraal Trompstr.2 Harbour nr.561 ypo
Tel.010-2452273
= PQR.nr: na

Welding Procedure Specification

Project : High strength steel structures Supplier material
Subject: Serie IV (Type B) 10 mm

Specification: |TNO

Huisman order. |A03-11480 Base Materials Plate Thickness
Customer TNO Base.mat 1 S$1100 10 mm
Sub.ordernr na Base.mat 2 S1100 10 mm
Tackweld Proces Control Weld Process Preheat Details

Tackweld proc. SMAW 1 SMAW 1G Preheat temp. 100 >°C

Preheat tackw. T+50°C Max.interpass 200 °C

Tackweld cont. tempelsticks/ crayons

Method.
Control

Propane / burners
Tempelsticks / digital temp.

AWS.Class: A5.29-98

Edge preparation: P.P weld

[Mpa weld root S+ 750 N | .

S1100 10 mm

|Fi|l & Cap E12018

B

ead sequence/ welding sequence nrs.

Remarks:

ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 mi/100 gr

Before welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size gas DC | Ampere Volt H.I. ki/mm Gas |speed
nr | proces metal code mm flux AC |[min max |min max|min max | L/min |mm/sec.
root | SMAW Conarc 80 E11018 32 na DC+ | 100 - 150 |18 - 20 | 0.7 - 1.5 na 20 25
fill SMAW Conarc 85 E12018 3.2 na DC+ | 140 - 150 |20 - 21 |09 - 1.6 na 20 3.0
cap SMAW Conarc 85 E12018 3.2 na DC+ | 140 - 150 |20 - 21 | 0.9 - 1.6 na 20 3.0
Treatment of root : Grinding or backaouaing and grinding ( rootaap > 3mm for F.P welds onl
Preped weldedges: Flame cutting and grinding
Inspection: %  |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100  |Groove : Part.Pen Size na 80/20 LRS AWS
MPI 100  |Edges prep: Cutting Amp na 80%Argon 20%Co2 EN.287
Backing mat: no Depth na M21 DNV
Customer : Authority :
date : name: date name date: name:
20/01/2006 Document QC-019 Prep.byRCR



WPS : serie4 C
/ u Huisman Special Lifting Equipment
- d H u I s m a “ Admiraal Trompstr.2 Harbour nr.561 Type ¢
3115 HH Schiedam Prepby C.Fehres
HUISMAN SPECIAL LIFTING EQUIPMENT BV Tel.010-2452273 PQR.nr: -

Welding Procedure Specification

Project : High strength steel structures Supplier material
Subject: Serie IV (Type C) 10 mm
Specification: [TNO
Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S$1100 10 mm
Sub.ordernr na Base.mat 2 $1100 10 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. SMAW 1 SMAW 1G Preheat temp. 100 >°C
Preheat tackw. T+50°C Max.interpass 200 °C
Tackweld cont. tempelsticks/ crayons Method. Propane / burners

Control Tempelsticks / digital temp.

AWS .Class: A5.96

,[E..P. weld 1G I

[Mpa weld root S + 750 N |
|Mpa weld Fill & cap S + 850 N |

Mpa weld root S + 750 N |

Mpa weld Fill & cap S + 850 N |

Fill & Cap E12018 |

|s11oo 10mm

I IRoot E11018

FP weld

Edge preparation : seqguence nrs.

Remarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 mi/100 gr
Before welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed
weld | weld filler aws size gas DC | Ampere Volt H.l. ki/mm Gas |speed
nr proces metal code mm flux AC |min  max |min max|min max | L/min |mm/sec.
root SMAW Conarc 80 E11018 3.2 na DC+ | 100 - 150 |18 - 20 | 0.7 - 1.5 na 2 2
fill SMAW Conarc 85 E12018 3.2 na DC+ | 140 - 150 |20 - 21 |09 - 1.6 na 2 2
cap SMAW Conarc 85 E12018 3.2 na DC+ [ 140 - 150 |20 - 21 |09 - 1.6 na 2 3
Treatment of root : Grindina or backaouaing and arinding ( rootaap > 3mm for F.P welds onl
Preped weldedges: Flame cutting and grinding
Inspection: %  |Prep.weld joint Gouging with air Gas Comiposition Welders Qualif.
Visual 100  [Groove: FP weld Size na na LRS AWS
MPI 100  |Edges prep: Cutting Amp na EN.287
uT NA  [Backing mat: No Depth na DNV
Customer : Authority :
date : name: date name date: name:
20/01/2006 Document QC-019 Prep.byRCR




Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561
3115 HH Schiedam

Tel.010-2452273

WPS : serie5 A
Type A

Prep.by R.Croon

HUISMAN SPECIAL LIFTING EQUIPMENT BV.

PQR.nr: na

pWelding Procedure Specification

Tackweld cont.

tempelsticks/ crayons

Method. P
Control T

Project : High strength steel structures VALIDTY RANGE
Subject: Serie V( Type A) 40 mm Waldram
Specification: |TNO
Huisman order. [A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S1100.T Dillimax 40 mm
Sub.ordernr na Base.mat2  S1100.T Dillimax 40 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. SMAW 1 SMAW PF-up Preheat temp. 100 >°C

eheat tackw. T+50°C Max.interpass 200 °C

ropane / burners
empelsticks / digital temp.

AWS.Class: A5.29-98

/

|s1 100 40 mm

Edge preparation: Fillet weld

|Mpaweld 900  ~t

Fillet weld PF-a10

==

1S110040 mm |

>

—

Bead sequence/ welding sequence nrs.

Remarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr
oefore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed
weld | weld filler aws size | gas | DC | Ampere Volt H.I. kj/mm Gas |speed
nr | proces metal . code mm flux AC |min  max |min max|min max| L/min |mm/sec.
1 SMAW | Tenacito 140 E14018 3,25 na DC+ | 9 - 135|18 - 20|0,8 - 1,4 na 2 2
2-6 SMAW | Tenacito 140 E14018 3,26 na DC+ [ 90 - 135 |18 - 20 (0,8 - 1,4 na 2 2

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding

Inspection: % |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100 |Groove: Fillet weld Size na na LRS AWS
MPI 100  |[Edges prep: Cutting Amp na EN.287

Backing mat: no Depth na DNV
Customer : Authority :
l| date : name: date name . date: name:
25-05-04 Document QC-019 Prep.byRCR




HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam
Tel.010-2452273

WPS : serie5 B
Type B
Prep.by R.Croon
PQR.nr: na

pWelding Procedure Specification

Tackweld cont.

tempelsticks/ crayons

Method.
Control

Project : High strength steel structures Supplier material
Subject: Serie V (Type B) 40 mm Waldram
Specification: |TNO
Huisman order. {A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S1100.T Dilimax 40 mm
Sub.ordernr na Base.mat 2 S1100.T Dillimax 40 mm
Tackweld Proces Control Weld Process Preheat Details
Tackweld proc. SMAW 1 SMAW PF-up Preheat temp. 100 >°C

eheat tackw. T+50°C Max.interpass 200 °C

Propane / burners
Tempelsticks / digital temp.

AWS.Class: A5.29-98

Iﬁrt.pen weld PF-up

Edge preparation :

§1100 40 mm |

PPweld

IMpa weld S 9004'

\E14018 j

Bead sequence/ welding sequence nrs.

S1100 Dillimax 40 mm |

Remarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED < 5 ml/100 gr

_efore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.I. ki/mm Gas |speed
nr | proces metal code mm flux AC |min max |min max|min max| L/min |mm/sec.
root SMAW | Tenacito 140 E14018 25 na DC+ | 60 100 |18 - 20 (10,5 - 1,0 na 2 2
fill SMAW | Tenacito 140 E14018 3,25 na DC+ | 90 135 |18 - 20 |0,8 - 1,1 na 3 2
cap SMAW | Tenacito 140 E14018 3,25 na DC+ | 90 13518 - 20 (0,8 - 1,4 na 2 2

Treatment of root : Grindina or backaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding

Inspection: % |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100 |Groove: Part.Pen Size na na LRS AWS
MPI 100 |Edges prep: Cutting Amp na EN.287

Backing mat: no Depth na DNV
Customer : Authority :
|[ date : name: date name date: name:
25-05-04 Document QC-019 Prep.byRCR




HUISMAN SPECIAL LIFTING EQUIPMENT BV.

Huisman Special Lifting Equipment
Admiraal Trompstr.2 Harbour nr.561

3115 HH Schiedam
Tel.010-2452273

WPS :

Type
Prep.by
PQR.nr:

Serie5 C
C

R.Croon

na

pWelding Procedure Specification

Project :

Subject:

Specification:

High strength steel structures

Serie V( Type C) 40 mm
TNO

Supplier material

Waldram

Tackweld cont.

tempelsticks/ crayons

Method.
Control

Huisman order. |A03-20130 Base Materials Plate Thickness
Customer TNO Base.mat 1 S1100.T Dillimax 40 mm
Sub.ordernr na Base.mat 2 S1100.T Dillimax 40 mm
Tackweld Proces Control Weld Process Preheat Details

Tackweld proc. SMAW 1 SMAW PF-up Preheat temp. 100 >°C

7 eheat tackw. T+50°C Max.interpass 200 °C

Propane / burners
Tempelsticks / digital temp.

AWS .Class: A5.29-98

backside grinding only

ad

S$1100 40mm

Edge preparation :

FP weld

N

o Full pen weld PF-up

root E9018

“|Fill E14018
Mpa weld S900

S$110040 mm |

sequence nrs.

Remarks: ALL CONSUMABLES ARE LOW HYDROGEN CONTROLLED <5 ml/100 gr
efore welding over previously metal, all slag be removed and the weld and adjacent base metal shall be brushed

weld | weld filler aws size | gas DC | Ampere Volt H.1. ki/mm Gas |speed
nr | proces metal code mm flux AC |min max |min max{min max| L/min |mm/sec.
root SMAW Tenacito 75 E9018 25 na DC+ | 80 - 100 (18 - 20 ]0,7 - 1,0 na 2
fill SMAW | Tenacito 140 E14018 | 3.25 na DC+ [ 90 - 135(18 - 20| 0,8 - 1,1 na 3
cap SMAW | Tenacito 140 E14018 3.25 na DC+ [ 90 - 135 (18 - 20]0,5 - 0,9 na 3

Treatment of root : Grindina or béckaouaina and arindina ( rootaap > 3mm for F.P welds onlv
Preped weldedges: Flame cutting and grinding

Inspection: % |Prep.weld joint Gouging with air Gas Composition Welders Qualif.
Visual 100  |Groove : FP weld Size na na LRS AWS
MPI 100  |Edges prep: Cutting Amp na EN.287

uT 100 |Backing mat: na Depth na = _|IDNV
Customer : Authority :
IL date : name: date name date: name:
25-05-04 Document QC-019 Prep.byRCR




Stevin: 6-05-6 IHSSS — Experiments

APPENDIX C: Material certificates

Stevin Laboratory
Delft University of Technology



Stevin: 6-05-6 IHSSS - Experiments

S$690 12 mm

Stevin Laboratory
Delft University of Technology
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TYPE OF PRODUCT
DESTGNATION DU PRODUIT
GROBBLECH, ONGEBEIZT
PLATES, FLAT, UNPICKLED

TOLE, PLAT, NON DECAPBES

POS. | BTUBCK GEWICHT GEWLCHT BSCHMRLZE BLECH-NR ~ PRKRT
= ZAHL /GRWOG. THEGR, !
]
Q ITEM| NUMBER WRIGHT WRIGHT HEAT PLATE-RO BURDLE
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| PO8 .| NOMBRE POIDSE POIDS NO, DR NO, DE TOLE . PAQUET
i ’ PIBCES THEO. COULER

001 |12,0 x 2000,0 X 6000 [wm] -

X6

1 1164,000. 646415 59217101

1 1149,000 646415 58217102

1 l149,000 646415 59217203

1 1143,000 646415 59217204 3

1 1149, 000 646415 59219101 X

1 11¢9,000 646415 59219102 X

1 1149,000 646415 59219203
Thyssenkrupp Stahl i Wi b, dot o Esptetass O PrOrgen
Abnehmatashnil ;ﬂhhwmw

Nous ardence) qué Ing rdaulsls des esmsls poni

@{/) , confdrnes B cONiing oaaNus da venie.

| :




14:19 Van:HCB Nederland B.V. 0031402043795 T-893 P.03  Opdracht-097

:06"0],'@4

ZEUGNIR/CRRTIFICATE/CERTIPICAT Thyssenl(mpp Stah!
NR.(NO.): P00335457001 DUIBBURG-BUED . Ehuﬁmmm“wn
DIBPO-NR.  |Wekov. Boxalh . 230MCBE2537 ' ) 02.06.0%
AWRWDT RN m mgm
. - $§ 02035275207
0004195503 41.96244 B 02035275213
Thyssenknpp Stahl - 47161 Duisbirg ‘ Wmﬂlmummﬂmm EN 10204
ON BMATERIALS TESTS EN 10204
MCB NEDERLAND B.V. _l',mmmruemmmmmmx EN 10204
“| ABNAHMEPRUEFZBUGNIS 3.1 B
AENA " BEatNY.
: . Paga-No.
J.F.KENNEDYLAAN 59 INBPEGCTION CERTIFICATR 3.1 B pggahla 2
NL 5555 XC VALKENSWAARD g -
YCBRTIFICAT DE RECEPTION 3,1 B
Warioiedl ; QueBly ; Medbrdan / Usferbedingungen ; Spesiistion ; Congtiions de Rwaleon
) ' W-A-XTRA M 70 / TKS-WBL, 215
) Henralohnan:  WRRKSTOVF; SCHMELEZ-NR., FERTIGUNGS-/FROBE-NR, m-u-u-um -
m"“'** MATERIAL, HEAT-NO., MANUFRACTORING/SAMPLE-NO, VA‘
MATERIEL, NO. DE COULBE,NO. DE FABRICATION/D'EP 306‘$§TE Hestd
\EEE,
1 11489,000 ' . T 6464315 59219204
8 9207,000 *
8 9207, 000 o
TRANGPORT-NR./TRANAFORT-NG./NO. DPE TRANSPORT
VT-49 RP
CHEMISCHE ZUSAMMENSBRTZUNG VON ECHMELEZFROBEN &
CHEMICAL COMPOBITION OF.THR LADLE SAMELES §
COMPOSITON CHIMIQUE SUR ECHANTILLONS DE COULER &
SCHMELZR SOHNBLEVERFAHR .
%, HEAT NR. HEAT PROCESS
NO. DE COULEE ¢ §I MN B g COULBE LABORAT.
646415 160 ;190 ,B70 ,012 ,8020
AL-G B-@ . CR cu Mo
646418 ,085 ,0020 330 , 030 )220
N NB WI TL v
646413 ,0038 ,026 , 060 , 004 ,000
CE1l
646415 142 OXYGENBTAHL
OXYGEN STREL
OLYGEN PUR
CE1=C+MN/6+ {CR+MO+V) /5+ (NI+CU) /16
ThyssenKrupp Staht » Es v Rkl on 0 Erpobins o Prlingen
Abrshmetachnlk Thewleio iy, i e e o o
. N grtemant wiih i ipacicaton.
@ mnmubm—mm

vorfarie tzd ConBiom mmanees

~




4 ”114:19 Van:MCB Nederland B.V. 0031402043795 T-893 P.04 Opdracht=-097

ZEUGNIB/CERTIFICATE/CERTIVICAT Thyssenlrupp Stahl
NR.(NO.): 000335457001 DUISBURG-HBUED e S,
Thytsankivro Bies!
DIEPO-NR. Wkl Besiathr. 230MCB2537 (3] 02,05.01
T L m ’ mﬂﬂ
: Sy @& 02035275207
0004195503 41.96244 g 02035275213
[hyssenkngo Stahl « 41161 Duisbura ' BESCHEDRHGUNG (IBER MATERIALPROFLINGEN €N 10204
DOQCURSENT ON MATERIALS TESTS EN 16204
MCE NEDERLAND B.V. Wﬂmm&mm EN 16204
- | ABNAHMEPRUEFZEUGNYE 3.1 B
BlattN,
T.P.KENNEDYLAAN 59 INSPECTION CERTIPICATR 3.1 B paepe 3
NL 5555 XC  VALKENSWAARD o
. | CERTIFICAT DE RECEPTION 3.1 B
Warkalo by Vst 1 Liforadingungen: Bpecicalon; Condiond g hTshon
e ' N-A~XTRA M 70 / TKE-WBL, 215
Kevasdnog  WERKSTOPF; SCRMRLY-NR,, FERTIGUNGS-/PROBR-NR, Zekknde lsnsdor.
MATERYAL, HEAT-NO., NANUFACTURING/SAMPLE-NO. pootres .A.
MATERIEL, NO. DE COULEE NO. DE FABRICATION/D'EPROUVETTE .. ...
\ﬁgal
MECHANISCHE RIGENSCHAPTEN 2 UGV E R B8 U CH
MECHANICAL CRARACTERISTICS T EN 8 ILE TEGBT
CARACTERISTIQUES MBCANIQURS R 8 § A I DR TRACTION
SCHM.- FROBE- 1)LAGE TEMP FO. R RM R/ LO A AGT Z RM X A
NR, NR,  2) 08T, RY
3) ALTER GR.C N/MM?  N/MM? $ MM § % &
646415 592171 1)0401 + 20 0002 800 830 96 109 16 13280
RE H
- . 2) 0005
9. 3)0000 .
S 646415 592172 1)0601 + 20 0002 800 836 86 107 16 13376
RE H
2)0005
3)oo000
646415 592191 1)0401 + 20 0002 81l 843 96 110 15 12645
RE H
- : . 2)0005
3)0000
§46415 592192 1)0601 + 20 0002 831 641 96 107 14 11774
BE K
2)0005
3)uoo00
n Eavad dtes o
mysse Krupp Stahl W‘meﬁm
Mkummnmmm
o Absisimatacholk I proschord i i i
& oo Obdv QU v réauttta 420 Basei tevt
g CanrReS bux conclRions caRvaRes ¢ venia




g Van:NCB Nederland B.Y. 0031402043795 T-893 P.05 Opdracht-087 ‘

ABUGNIE/CRRTIPICATR/CRRTIVICAT Thymnl(mnp Stahl
MR.(NO.): 000336457001 DUISRURG-BUED En Untsmetmmen v
Thysasnrupp Bteal
DISPO~NR. Warla-r, Bast=l-Nr. 230HCB2537 @ 02.05.0%
T2 2 m W
- S . @& 02035275207
0004195503 41.96244 B 02035275213
Thysseaknipp Stzhl - 47161 Duksbarg ] BESCHERIGUNG UBER MATERIALPRUFUNGEN EN 10204
DOCLEEENT ON MATERIALS TEGTS EN 10204
MCB NEDERLAND B.V. '} POCUMENT DR CONTROLE DES MATERIAUX  EN 10204
1 ABNAHMRPRURFZRUGNIS 3.1 B
BlatNy.
J.¥ .KENNEDYLAAN 59 INSPRCTION CERTIFICATE 3.1 B  paepe &
NL 5555 XC VALKENSWAARD i
[CERTIFICAT DE RECEPTION 3.1 B
WerkuloR ; Cuciy ; Medriou / Lleferbedingungan ; fipsoifinsiion ; CandRions s Tvrelsan
] ' ' N-A-XTRA M 70 / TKE-WBL. 215
»
Kernasichnung:  WERKSTOFF; SCHMELZ-NR., FERTIGUNGS~/PRORE-NR. ZochandesUefrvariest
w"""““ MATERIAL, HEAT-NO,, NANUFACTURING/SAMPLE-NO, Loiptrsmut: .A.
MATERIEL, NO. DE COULRE,NO. DE FABRICATION/D'EPROUVETTE . . ..
\H!H,
MECHANIHCHE BIGENSCHAPTEN' K E R B 8 C H L A G BIEGEVERBUCE
MECHANICAL CHARACTBRISTICS I M PACT TEBT
CARACTERISTIQUES MECANIQUES E R 8 AT DB RBSILIENCE
SCRM.- PROBE- 1)LAGE FORM PRURP- ARBEIT
NR. NR. - 2)ZUBT. ., TEMB. JOULR
- 3)ALTER GR,C 1 2 3 M
646415 59217 1)0101 0007 - 20 249,D 250,0 255,0 251,0
2)0005
3)0006
e WAERMEBERBIEANDLONG PRODOUIKT
> HEAT TREATMENT PRODUCT
) TRAITEMENT THERMIOQOUE DRE PRODUTIT
pas.
001
YAERMEBRHANDLUNG PRODUKT
HEAT TREATNENT RRODUCT
TRATITEMENT THERNIQUE DE PRODUIT
TEMP. HALTRZEIT ARKUBHLUNG
GR.C HIN,
920 10,00 WABSER/WATER/L RAUD
670 10,00 -LUFT/AIR/L ALR
'ﬂuumenknuu:Shml Ep il e, esey do Bxuimims e g
Abnahmetechaik This §o b carfily, thel M bttt ara
o in agreermeal wii (e wpaciioations,
gﬁ’ ; ous oordmens [9 184 AN de masls sont
= conornas

X OREEARS (i dd voala.
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Van:MCB Nederland B.V.

0031402043795

T-893 P.06/22 Opdracht-097

. @BUAGNIR/CBRTIVFICATHE/CERTIFICAT Thysmnkmpp Stahl
. U -
NR. (NO.): oou335c§70p1 DUISHURG-8UBD Ehu”"‘”ﬁ:?
DISPO-NR., Werkbhr. Beslsiy. 230MCB25%37 ] 02,05.01
22242 Works-No. Oxdarda,
il e § 02035275207
Q0041955013 41.96244 ® 02035275213
Tryssenkaupg Siahl + 47181 Diisbug BEBCHENIGUNG UBER MATERIALFRIFUNGEN EN 10204
DOCUMENT ON MATERIALS TESTS EN 10204
MCE NBDERLAND B.V. | POGURENT D CONTROLE DEB MATERIAUX N 10204
~ | ABNARMEPRURFZEUGNIS 3.1 B
) Biap-y,
J.P.XENNEDYLAAN 59 INGPRCTION CRRTIPICATE 3.1 B m 5
HL 5555 XC "VALKENSWAARD q
' ‘CERTIPICAT DE RRCEPTION 3.1 ©

Wimlm ! Ldwrbadingungsn ; Bpscidcadon ; Conditions da Ivalesn

W-A-XTRA M 70 / TKE-NBL, 215

Kanpzsihrg:  WERKSTOVPF; SCHMBLZ-NR., FERTIGUNGS-/PROBE- =NR, &oichon des Litforvrkes:

~

mmﬁumnmm
COROMMEN Gl carziiiond COMENUS 54

i MATERIAL, BEAT-NQ., NANUFACTURING/SAMPLE-NO, enn ' 'A‘
MATERIEL, NO. DE COULEE,NO. DX vaaaxcawxou/n'npnouvsrrn e ke
LEGENDEN-LEGENDS-LEGENDES
‘ ABKURHELUNG ALTER ARERIT
:COOL DOWN : AGRD { ENERGY
1REFPROID s VIEILLE : TRAVAILLR
BREITUNG BRUCEANT ., PO.=PORM
tLAT.BXE :BHEAR FACE tTYFR
{LAT ,BXP 1 DUCTILE i TYPE
HALTBEZEIT LAGR PROBE-NR,
1HOLDINGTING {POBIT : BAMPLE-NO
' TEMP D'ARRET i POSIT :NO.D'ES8
SCHM. -NR. TEMP .
:HRAT-NO. ‘ : TEBTTEMP
:NO. DE COULER 1 TESTTEMP
ThyssanKrupp Stahl 3 i bt 65 69 EGWAED gr Fngan
Abnahmetechnik },‘*“"" ook arssrcighd

——
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Van:MCB Nederland B.Y. 0031402043795 T-893 P.07/22 Opdracht-0
ZEUGNI®/CERTLFICATE/CERTIFICAT ThyssenkKrupp Stahl
NR.(NO,): 000335457001 DUIBRURG-BUED En Untamshmen von
. Thysaanirupp Stael
DILPO-NE. Werk-H. Bec=y, 230MCB2537 A 02.05701
kA kR Ed m w ' :

. S $& 02038275207
0004195503 41.96244 & 02035275223
Thyssanvrep Siehl - 47101 Duistury BESCHEINIGUNG UBER MATERIALPROFUNGEN EN 10204
DOCURSENT ON MATERIALS TEATS EN 10204
MCB NEDERLAND B,.V. 't BOCUNENT DE CONTROLE DEB MATERIAUX  EN 10204
*{ ABNAHMBPRUBFZEUGNIS 3.1 B :
Blgit-Nr,
J.7 KENNEDYLAAN 59 INSPECTION CERTIFICATE 3.1 H® L::ﬂ: 6
NL 5555 XC VALKENSWAARD - ~ ‘
[CRRTIFICAT DE RECEPTION 3.1 B

Werleatodf ; Qurefly ; Matiriew / Ueferbedingungen ; Speaficiion ; Conditions de Ivraan

N-A-XTRA M 70 / TEB-WBL.

215

Kenmekbnng:  WRRKSTOFF; SCHMELZ-NR.,

FERTIGUNGS-/PROBE-NR, mrm

A

iy MATERIAL, HEAT-NO., MANUFACTURING/SAMPLE-NO. b
MATERIEL, NO. DE COULER,NO. DE FABRICATION/D'RPROUVETTE o
\H!H’
* PROBRNZUSTAND
STAT. PROBENFORM ZUGVERSUCH
ETAT TYPE TENBYLE TEAT

0005 VERGUETET .
QUEBNCHED AND TEMPERED
REVENUE

PROBENLAGE (I8T)
rogYT (IST)

POSBIT (IST)

kLABENGS XKOPF OBERFLAECHR
LORG. TGP 8

LONG. TRTE 8

LQUZR KOPY DRERVLARCHE
TRANE. TOP 8,

TRAME. TETR 8.°

=QURR PUS8 OBERFLARCHE
TRANS., BOTTOM 8
TRANS. PIRD 8

6101

0401

0601

ALTRERUNG
AGRD
VIBILLE
Q000pUNGBALTERT
NOT AGED
NON VIEILLE
FUNGEALTRRT
NOT AGED
HON VIEILLE

opoe6

TYPE BSBAI DE TRACTIOW

0002=FLACHZYG
FLAT TENSILE TEAST

BPROUVETTE PLATE DE D'ECHINEMHNT

PROBENFORN KERBSCHLAG
TYPE IMPACT TERT

TYPE ESSATI DE RBBILIEHCE

Q00TwCHARPYE- V
CHARPY- V
CHARPY- V

ThyssanKrupp Steh!
Abaghimatactudk

B wird bowditict, rlace de lirgsbnists far v(dungan

iy vipwihevien SRR

'Luibmﬁl&!uﬂmn

Houd CaRMAGNE GHD los RRalS 008 dodt wort
n oppdiians convenues di vents.

[
















Erlaulerungen siehe Rickseite/Explicalions voir au verso/See reverse for explanations

)

- DILLINGER HUTTE

AZBESCHEINIGUNG

ADS Advice of dispatch No./ AO0B/ Manufacturer’s order/ Sheel
ATTESTATTION Dale of dispalch AO3 Certificale No.
NOTE O F COMPLIANRECE. 118602-14.10.03 271095-N01 Lo us
AQ5 Eslablished [nspecling body | A0 Purchaser WALDRAM, ZALTBOMMEL A07.1 No. 2003.34212/RW
DH Final receiver WALDRAM, ZALTBOMMEL A072 No.
B02/ Steel grade ]
BO3 Speciica- HEAT TREATMENT AS PER CUSTOMER REQUIREMENTS
lions
— B01-B98% Product description
B0S B10 B11 B12 B13 B14 B04 BO7 B16 .
tem Quant Thickness Width Length Mass Deiivery Rolled plate No./ Customer reference
No. theoretical condition Test-No.
MM KG
01 1 11,99 = 2554 x 9144 2198 A 15127-01 228903/01
02 1 25,00 = 3000 »x 5200 3062 A 15128-01 228804/01
03 1 40,00 ® 2500 =z 3800 29883 A 15129-01 221570/01
*dk* 3 B243
— C10-C29 Tensile test ,
BOoS BO07 B17 BOS Coi{ coz Cco3 C10 C11 ci12 c13
Item Rol.plate/ PE  Reference condition C01 Temp. A
No. Test No. GR.C N/MM2 %
RPO2 REH RM LO=5D
g1 15127 K4 Q@ RT 938 %62 17,0
02 15128 K4 Q RT 957 950 16,4
03 15129 K4 Q@ RT 955 1003 16,7
— C40-C49 Impact test
B0S BO7 B17 BO0S Cc01 C02/ co3 C41 Cc40 c44 C45 C42 C43
ltem Rol.plate! PE  Reference condition C01 Temp. Specimenwidth  Type of Testing method Individual values Average
No. TestNo. GR.C specimen AV=d Value
101 15127 K4 QO -40 CHP-V AV 92 60 65 72
02 15128 K4 QO -40 CHP-V AV 50 65 61 59
03 15129 K4 QO -40 CHP-V AV 50 52 .47 50

AG der Dillinger Huttenwerke
Postfach 1580, D-66748 Dillingen/Saar

Inspection department

Dale 28.10.03 L_,L 4 01




Stevin: 6-05-6 IHSSS — Experiments

APPENDIX A: Drawings test pieces

Stevin Laboratory
Delft University of Technology




