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The fatigue strength of structural steel bolts is significantly affected by variables introduced during manufacturing. These
factors are generally inconsistent in the design codes, depending on the set of rules used. In particular for large-diameter
bolts, such as those used in abundance in wind turbines, an experimental basis for evaluating various impacts was only
available to a very limited extent in the past. This paper evaluates the results of three different high-strength bolt systems
with varying manufacturing conditions. The test basis covers a diameter range between M12 and M72 and focuses on tests
with high, representative mean stress levels. In addition to the results of fatigue tests, fractographic investigations of fracture
pattern growth are included in this study.

INTRODUCTION

In the last few years, reduction of electricity generation costs—
i.e., Levelized Cost of Energy (LCoE)—has gained massive
importance in wind energy. The effects of LCoE optimization
include significantly faster increases in rotor diameter and turbine
rating, as well as pressure to generate even more cost-effective
plants. The tower has always played an important role in the total
cost of a plant, approximately 20%–30% of the total. Therefore,
optimized and lightweight tower structures are important (Lange
and Elberg, 2017; Schaumann et al., 2021).

For the wind energy industry, tubular steel towers are still
the dominant tower concept. With increasing hub heights, which
allow wind turbines in places with low wind speed or in forest
areas, a soft-soft design for cost-effective tubular towers with a
hub height of more than 140 m is now state of the art. Due to this
trend, as well as the fact that wind farm projects are engineered
for a service lifetime of more than 20 years, fatigue strength is
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becoming increasingly important for tower design. This is also
evident in the ring-flange assessment. Whereas a few years ago
the extreme loads were usually decisive for the flanges, nowadays
more and more ring-flange connections are governed by fatigue
loading (Wegener et al., 2020). The lower flanges, where large
bolt diameters are used, are particularly affected by this. Since the
ring-flange connection is a critical component in the tubular tower
design from the assessment point of view as well as regarding
costs, the fatigue strength of connections with large-size bolting
assemblies has become a decisive factor for cost-effective tow-
ers. Therefore, fatigue strength of bolts is becoming increasingly
important. This is also shown by the growing number of articles
on this topic in recent times (Bartsch and Feldmann, 2021; Feld-
mann et al., 2020; Maljaars and Euler, 2021).

FATIGUE STRENGTH OF DIFFERENT STANDARDS

The verification against fatigue failure, according to DIN EN
1993-1-9 (Deutsches Institut für Normung, 2010), is usually per-
formed with the nominal stress concept. On the resistance side, the
detail category 50 (Constructional detail 14, Tab. 8.1; Deutsches
Institut für Normung, 2010) is to be applied for bolts under
axial load, corresponding to a reference fatigue strength value of
ã�C = 50 N/mm2 with a survival probability of Pü = 95% at
NC = 2 · 106 cycles. The S-N curve slope is m = 3 up to fatigue
strength at ND = 5 · 106 cycles. For bolt diameters larger than
30 mm, a size effect must be considered via the reduction factor
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