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A B S T R A C T

Modern steel manufacturing techniques make it possible to produce steel with the nominal yield strength up to
1300MPa for structural purposes. However, the application of very high strength steels is still limited in the civil
engineering structures due to lack of knowledge about the effects of the manufacturing process and experimental
results regarding the structural behaviour of the material. Moreover, in a fatigue loaded very high strength steel
structure absolute and relative stress variations will be higher compared to stresses in structures made of lower
steel grades. Accordingly, the fatigue issue will be one of the most important design criteria for very high
strength steel structures. In this current study, V-shape welded specimens were manufactured from S690 and
S890 rolled steels and cast steels with similar yield strengths. Fatigue cracks were created in the weld toe of the
specimen under a fluctuated loading and subsequently the fatigue damaged specimens were repaired by the
removal of the cracks with subsequent welding. The fatigue strength curves of repaired specimens are compared
with the detail categories of EN 1993-1-9 [8] and the fatigue strength curves of the test results in the as-welded
condition from literature. The fatigue strength of the fatigue damaged connections was completely recovered by
the established repair procedure.

1. Introduction

The technological developments make it possible to produce very
high strength steels for various applications. Especially, the application
of very high strength steels in the automotive industry has enormously
increased in the last decades. Although very high strength steels with
good weldability, toughness and yield strength up to 1300MPa are
available for structural application purposes, the use of very high
strength steels in civil engineering structures is rather limited due to
limited knowledge about the consequences of the manufacturing pro-
cess and the limited availability of experimental evidences of the
structural behaviour of the material. In case of welded connections, the
welding material is available with the yield strength up to 960MPa.
This leads to fabricate the welded connections in undermatch condi-
tions which also need to be taken into account during design stage of
the connections.

The use of very high strength steels leads to slender members with
reduced wall thicknesses. Consequently, the reduction results in low
self-weight and volume of structures which provide cost saving in
production, transportation and erection. Additionally, the slender
members with thin wall thicknesses will allow for the smaller weld
volumes and as a result, decrease in weld consumables and lower

energy consumption to make the welded connections. However, high
strength steel structures will be exposed to high stress variation under
fluctuated live load due to its low self-weight. Consequently, the fatigue
strength of very high strength steel structures is one of the main design
aspects of the effective applications.

Gurney [13], concluded that the fatigue strength of the material
becomes more susceptible to the presence of notches and to the surface
condition with the increase of the material yield strength. Accordingly,
with lower stress concentrations, the fatigue strength sensitivity can be
decreased. With disregarding this issue, the fatigue strength of the
material increases with the higher yield strength of the material. In the
case of welded connections, it is a well-known event from Maddox [19]
that the fatigue strength is independent of the yield strength of the base
material. It is assumed that the welding application results in micro-
cracks which are likely to give rise to fatigue cracks. In other words, the
fatigue life of welded connections is occupied by the fatigue crack
propagation life which depends on stress range, being independent of
yield strength. Research has been carried out on the fatigue perfor-
mance of the base material and welded connections made of very high
strength steels during the last decades. Demofonti et al. [4] carried out
axial fatigue tests on the butt welded plate specimens with 10mm
thickness made of S355 up to S960. The test results showed that no
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significant fatigue strength differences exist under constant amplitude
loading in terms of use of very high strength steels. Nevertheless, the
beneficial effects for the S960 steel were found under variable loading
condition. In addition, it was found that reduction of the notch factor,
which was achieved by machining welds, gives an advantage for very
high strength steels. Puthli et al. [24], performed fatigue tests on var-
ious butt welded plate specimens with a thickness of 6–8mm made of
S690, S960 and S1100 in the framework of a research program of ECSC.
The characteristic fatigue strength of all steel grades was found to be
above the recommended values of EN 1993-1-9 [8]. The results of the
specimens made of S1100 showed that the free slope decreases to
m=−5 which is lower than the value of m=−3 in the design codes
utilised. As a consequence of the slope decrease, the characteristic fa-
tigue strength at 2 · 106 cycles increases at the high cycle region.
Kuhlmann et al. [18] showed that the post weld impact treatment
techniques are very effective for increasing the fatigue strength of
welded connections made of very high strength steels. The effectiveness
of post weld impact treatments on fatigue strength of very high strength
steels is already standardised in IIW recommendations [21]. Pijpers
[23] investigated the fatigue strength of the base material of high
strength steels and the welded connections made of very high strength
steels. The main focus was put on the specimens made of S690, S890
and S1100. The main conclusion was that the fatigue crack initiation
life of very high strength steels is longer than mild strength steels. The
results of this study will be taken as a reference for the test results
within the current study.

The main conclusion from fatigue tests on welded connections made
of very high strength steels is that reduction of stress concentration/
notch factor and application of a post weld impact treatments lead to
beneficial advantages of very high strength steels in terms of fatigue

strength. This result triggers researchers to find solutions for welded
connections with lower stress concentrations. In this context, the
welded connections with cast nodes can be one of the solutions. The
ability of choosing optimal shape of the cast steel parts could result in
connections with low stress concentration at intersection locations of
the members and also the welds will be shifted out of the most intense
stress locations. Accordingly, the fatigue strength of the hybrid welded
connection between the cast steel joint and the rolled steel members
becomes an important investigation. Mang et al. [20] performed fatigue
tests on welded cast steel plates with a thickness of 25–40mm under
constant amplitude loading with R= 0.1. The welding of the specimens
was executed with and without a backing plate. The steel type used was
St52-3 (S355 according to EN 10025-2 [10]) and cast steel type GS-
20Mn5. Statistical analysis on the test data resulted in the characteristic
value at 2 · 106 cycles, Δσc= 87MPa for the specimens with backing
plate and Δσc= 123.5MPa for the specimens without backing. Puthli
et al. [25] executed fatigue tests on welded connections between cir-
cular hollow sections and cast nodes under bending and tension loading
conditions. The test specimens were manufactured in different varia-
tions such as with same inner diameter, same outer diameter, with and
without a backing plate and misalignment tolerances. The steel type
used was S355 and S460 and the corresponding cast steel grades
G20Mn5+QT and G10MnMoV6-3+QT3. The tests results showed no
considerable difference between fatigue strength of S355 and S460
specimens. In all specimens, the fatigue cracks initiated at the root of
the weld. Pijpers et al. [22] carried out fatigue tests on V-shape welded
hybrid plate specimens made of S460, S690 and S890 rolled steel plates
to cast steel plates with similar yield strength. It was found that the
specimens made of S690 and S890 have a higher fatigue strength
compared to the specimens made of S460.

Table 1
Summary of the repair methods for shallow fatigue cracks.

Schematisation Repair method for shallow fatigue cracks

Up to 2 mm

Grinding disc
30-45o o

D
irection

of travel

Loading direction

Grinding:
Applicable for the fatigue cracks with the depth up to 2mm.
1. Advantageous

• improve weld toe, reducing stress concentration

• cost effective
2. Disadvantageous

• not possible to apply for complex joints

• risk to mask the crack tip

Up to 3 mm

Peening:
Applicable for the fatigue cracks with the depth up to 3mm.
1. Advantageous

• improve weld toe, reducing stress concentration

• introduce compressive stresses
2. Disadvantageous

• required highly skilled professionals

• difficult to apply to complex joints

Gas Tungsten Arc melting:
Applicable for the fatigue cracks with the depth up to 5mm.
1. Advantageous

• improve weld toe, reducing stress concentration

• no additional filler material required
2. Disadvantageous

• required highly skilled welders

• difficult to apply to complex joints
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