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1. INTRODUCTION

The well-known phenomenon of fatigue failures in service were already observed in the 19th
century. To describe failures occurring from repeated loads the word “fatigue” was put forward in the
1840s and 1850s. In early 1850s the first significant investigation on fatigue was achieved by the
engineering research work of August Wöhler, a technologist in the German railroad system [1].
Wöhler was curious about the failure of railroad axles under loads smaller than the static strength of
the structures and made the first systematic study of fatigue by performing many laboratory fatigue
tests under cyclic stresses. However, in that era fatigue was thought to be a mysterious phenomenon
in the material because damage could not be seen and failure occurred suddenly. Only with
developing technology and science in the 20th century, it has been observed that repeated loads
can start a fatigue mechanism in the material leading to microcracks, crack growth, and ultimately to
complete failure of a structure. [2]
Although fatigue design guidelines have existed for hot-rolled steel structural members and
connection, there have been no generally accepted design guidelines in the Eurocode Specification
for addressing fatigue in a cold-formed steel member or connection. Therefore, the intent of this
report herein is to understand the achievements of the international studies regarding the design of
cold-formed steel members and connections subjected to fatigue loading and to compare these
results with AISI (American Iron and Steel Institute) Specifications, AS/NZ-4600 (Australian/New
Zealand Standards) and European Standards. With developing technology and increasing industrial
needs (such as lattice towers, automotive, aerospace, racking systems etc.) the use of cold formed
steel became very frequent. Typically, this kind of structures are subjected to cycling loading which
causes significant fatigue damages, even in some cases leading to total failure.
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Figure 1 Cold formed steel members [3]

2. LITERATURE STUDY
2.1 Fatigue
According to available fatigue test data and a survey of current fatigue-design procedures
some recommendations for future research were developed by Barsom in 1980 [4]. At the end of his
researches Barsom found out that even though a large amount of data and knowledge existed about
strain-life behavior of steels, it was complicated to use this information for estimating the strain-life
behavior of formed and fabricated components.
Klippstein started his researches on fatigue of cold-formed steel in 1980, testing for fatigue
24 beam specimens with several fabrication details, for a total of 63 test-data points. After comparing
the results with fatigue design curves obtained by analyzing plate steel beams with similar details,
as a first conclusion of his work, it turns out that the curves for steel plate fabrication details are
suitable also for fatigue design of sheet steel. In 1981 [5], he continued his researches, reporting a
discussion of the stress-range fatigue-design concept, including the results of 77 welded cold-formed
steel sheet specimens exposed to constant amplitude stress cycles. The test specimens were
fabricated from steel sheet with yield strengths ranging from 30 to 80 ksi. The steel sheets are
conformed by ASTM grades, A715 Grade 80 (Fu/Fy =1.13) A607 Grade 60, and SAE 1008 (Fy = 30
ksi). Several types of beam details were studied such as rolled surfaces, slit and sheared edges,
cold-formed corners, rolled sheet steel surfaces, and drilled holes with and without screws. Welded
details included flange-to-web welds, plate attachments with transverse welds, and plate
attachments with short or longitudinal welds. Based on these data, it was reported, for each
fabrication details, a comparison between the stress range S-N curves of the design provisions for
bridges and buildings and the results indicated that the stress-range fatigue-design concept adopted
4
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by bridge and crane girder design specifications provided an admissible conclusion. The data for
sheet-steel details point out that conservative design curves previously developed by others for
similar plate-steel details are suitable for sheet-steel details also. As an example, in the figure below,
results for sheet-steel beams consisting of I beams fabricated from back-to-back are shown, in
comparison with the design curve for Category A details (rolled beams and plates). As observed
from the results shown in Figure 2, sheet-steel beams with sheared edges, typical rolled surfaces
and cold-formed corners can be considered as Category A since their test lives stay above the lives
represented by the design curve.

Figure 2. Test Results of Category A, Klippstein (1980) [5]

Klippstein, in 1985 [6], continued his studies of fabricated steel sheet details. Based on a
collection of 163 tests, it was confirmed that the results reported that the stress-range fatigue- design
concept taken by bridge and crane girder design specifications provided a trustable method for
fatigue analysis of fabricated sheet steel details. The author also summarized his multi-year studies
and recommended an appropriate design methodology based on mean fatigue life curves (S-N
5
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curves). A remarkable conclusion reported by Klippstein was that spot welded or screwed-on
attachments fall under the same fatigue design category as welded attachments to a plate or a beam,
transverse fillet welds, and continuous longitudinal fillet welds that are less than and equal to 2 inches
in length. Klippstein also suggested that intermittent welds parallel to the direction of the applied
load may be considered in the same fatigue category as fillet welded attachments greater than 2
inches in length parallel to the direction of the applied force.

Fisher (1970) proposed exponential relationship between life cycle and stress range, using
the equation:
𝑙𝑜𝑔𝑁 = 𝐶𝑓 − 𝑚 ∗ 𝑙𝑜𝑔𝐹𝑆𝑅
𝐶𝑓 = 𝑏 − (𝑛 ∗ 𝑠)
Where:
•

N is the number of full stress cycles

•

m is the slope of the mean fatigue analysis curve

•

FSR is the effective stress range

•

b is the intercept of the mean fatigue analysis curve

•

n is the number of standard deviations to obtain a desired confidence level

•

s is an approximate standard deviation of the fatigue data.

𝐹𝑆𝑅 = ( 𝐶𝑓 /𝑁)1/𝑚

6

D.4.1 State of the art report

Table 1. Klippstein's Fatigue Design
Categories [7]
The last equation is used for fatigue analysis of both the AASHTO (Fisher,1970) and AISC
(Load 1999) design specifications.
In 1988, with m = 3 in the equation for S-N curves, Klippstein [7] proposed a classification
system for the various stress ranges which led to the stress design categorizations used by AISI
Specifications and AS/NZS 4600 Standards. Table 1 summarizes the categories along with the
corresponding values for Cf. Klippstein advised that n and s, could be taken as 2 and 0.25,
respectively. The intercept for the mean fatigue analysis curves, b, are summarized in Table 2.

Table 2 Intercept for Mean Fatigue Curves [7]
7
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The Load and Resistance Factor Design Specification for Structural Steel Buildings,
American Institute of Steel Construction (1999) [8], in a specific appendix, recommended the fatigue
categories and the corresponding design parameters with the design S-N curves for general steel
structures. (Figure 2)

Figure 2. S-N Curves for the Various Detail Categories (Load 1999) [8]
R. A. LaBoube and W. W. Yu, in 1999 [9] tried to develop general design rules for design of
cold-formed steel members and connections subject to fatigue loading. The fatigue design
recommendations developed and reported herein are based on a review of available test data of
Klippstein. This study was made possible by the funding provided by the American Iron and Steel
Institute. Even though Klippstein (1988) [7] suggested bolt and screw connections and spot welds to
be classified as Category F, the data from his researches in 1985 showed that Category C would be
peculiar classification for these materials. The results of Klippstein (1985) [6] also showed that
intermittent welds parallel to the direction of the applied force may be classified in Category D.
Hence, the research of LaBoube [9] recommends that for bolt and screw connections and spot welds
Category C; for intermittent welds parallel to the direction of the applied force Category D could be
used. These fatigue categories are summarized in Table 3. (LaBoube used Roman Numerals in
order to prevent any confusion with other specifications.)
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Table 3. Recommended Fatigue Design Parameters
for Cold-Formed Steel Structures [9]
Since Klippstein’s investigations on fatigue of cold-formed steel members and connections are
related with ground-transportation and agricultural-equipment industries, which these applications
experience constant amplitude stress range, he did not investigate a threshold stress. In order to
obtain a threshold stress for design, FTH, Klippstein’s mean fatigue life curves and the number of
cycles that define the threshold stress in the AISC Specification (1999) [8] are used. Figure 2 sums
up the AISC mean fatigue life curves and corresponding number of cycles, N, at the threshold stress.
In Table 3 the summary of fatigue categories, computed threshold stress for each category and the
design parameters are listed.
Dimos

Polyzois

et

al.

in

1994

[10],

tried

to

investigate

the

axial

fatigue

behavior of full-size cold-formed steel members typical of those used for constructing
transmission towers. The experimental study involved the use of five cross sectional shapes (figure
3) and two test temperatures, -50°C and 25°C for a total of 52 specimens, each of 1500 mm long.
Constant amplitude fatigue tests were performed under load-controlled conditions with a load ratio
of -1.
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Figure 3. Nominal cross-section dimensions [10]

Dimos Polyzois came out with some important conclusions, based on the experimental data:
•

Most failures occurred at the extremity of the end hole of the tested specimens. In
particular he found out that, as regards the 90° angle specimens (BA-109-4, 9, and
8) connected through one leg, it shows three block-shear failures at high stress (more
than 650 Mpa), and for the 60° angle section which witnessed gross section failures
located at 0.60 mm from the mid height.

•

For the back-to-back channel section tested at room temperature, failure occurred at
both sides of the member. A fatigue crack first originated at the extremity of the end
hole at the top right member and continued to grow towards the flanges followed by
a sudden fracture of the left member at the location of the lower spacer plate which
was used to tie the two channels together.

•

It was observed that, in comparing the fatigue performance of the sections, the
90°angle section can withstand 4.5% higher stress range than the 60° angle section
and 30% higher than the lipped-angle section. As regard the BB-section, it sustained
36% higher load than the BC-section and 60% higher than the BA-section

•

The single symmetry together with a connection through both legs show a better
fatigue performance with respect to a connection due to only one leg. (the average
10
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increase of stress range was 25%,15% and 12% for the 90° angle section, for the 60°
angle section, for the lipped-angle section respectively, for N cycles)
•

The mean regression line for S-N curves of steel type ASTM A715 Grade 60 had an
average negative slope of approximately 4.5. The corresponding value for steel type
CSA-G40.21-300W was 3.65. (figure 4)
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Figure 4 S-N Curves [10]
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In automobile body sheets, continuous vibration all over the sheet steels (especially
chassis) occurs while the vehicle is in motion and the fatigue property becomes highly important. In
order to investigate the fatigue behaviour of sheet steels Zhang, Li and Xing [11] conducted tests
on samples (Figure 5) taken from four sheet steels: structural auto hot-rolled plate SAPH440, high
strength low alloy cold-rolled sheet steel B340LA, high strength cold-rolled sheet steel with dual
phase DP590 and low carbon cold-rolled sheet steel DC04.

Figure 5. Fatigue Testing Samples [11]

In conclusion to this research, Zhang, Li and Xing [11] analyzed the fatigue data and obtained
inferior limits of fatigue life and the inferior limits of fatigue strength. Furthermore, the test results
show that there is a certain relationship among the tensile strength, yielding strength and inferior
limit of fatigue strength for these sheet steels. For DC04, there is a certain relationship between
inferior limit of fatigue strength and tensile strength. For SAPH440 and B340LA, there is a specific
relationship between inferior limit of fatigue strength and yielding strength. For DP590, there is no
direct relationship between limit of fatigue strength and yielding strength.
The effect of pre-straining on fatigue was discussed by Jeong, in 2013 [12]. He conducted a
series of load-controlled high-cycle fatigue tests by varying the stress levels of SPCC and SPRC340
sheet material, according to ASTM Standards. It was observed that the increase in yield strength
due to strain hardening caused the improvement of fatigue performance of the pre-strained material.
Furthermore, the testing results illustrated that fatigue limit was higher than the monotonic yield
13
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strength due to cyclic hardening with plastic deformation during fatigue cycling. Another important
aspect of the test results is that there were two types of fracture modes under the applied stress
range. Fracture ratio, defined as the ratio of applied stress to the UTS (ultimate tensile strength),
separated two fracture modes at the value of 0,89. The values below 0,89 led to general fatigue
fracture mode, which indicates failure by crack initiation, propagation and final rupture at low stress
amplitude. On the contrary, at stress levels higher than 0.89 times the tensile strength with fatigue
lives smaller than 4x105 cycles, constrained fracture mode was observed by a fracture surface
without fatigue crack initiation or propagation. (Figure 6)

Figure 6. Relationship between fatigue fracture mode and the ratio of applied stress
to tensile strength [12]

2.2 Residual Stress

The residual stresses have a significant influence on the fatigue behaviour of the cold formed
members. They come out from the effect of cold-bending during the forming process and they may
be quite different from those obtained in hot-rolled shape. Thus, it is very important to investigate
their magnitude and distribution in the cold formed profiles in order to analyse, by means of finite
element method, how they affect the fatigue life and to develop appropriate design methods for
fatigue. Firstly, the aim of this chapter is to investigate how extensive is the literature dealing with
this topic and to understand where tensile and compressive residual stresses (longitudinal and
transversal) are concentrated in specific cold formed sections together with their magnitudes. Then,
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it was important also to focus on papers where residual stress models were performed and
implemented in FEM models in order to consider their effect.

Figure 7 Effect of Residual Stress on Saw Cut Channel Section [13]

In 1990, C.C.Weng and Teoman Pekoz,[13] investigated, experimentally, the magnitude and
the distribution of the residual stress in cold-formed members testing channel sections with different
widths, thicknesses and material properties. The measurement is performed by using the EDM
(Electric Discharge Method): in particular the specimen is cutted in longitudinal slides and then the
longitudinal strains are measured by mounting electrical strain gages. (Figure 8)

Figure 8 EDM Sectioning [13]
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The figure below shows an example of the results obtained for two sections. They have
obtained the following:
•

compression residual stresses (positive residual strains) and tension residual
stresses (negative residual strains) were found on the inside and outside surface
respectively.

•

The magnitudes of the surface residual stresses of the sections ranged between 25
and 70% of the yield stress of the material.

•

On the flat portions the residual stresses were found to have a uniform distribution
along the perimeter

•

It was obtained that the differences in value of the residual stresses on the corner and
those on the flat portions were the 15% and 30% of the yield strength.

Figure 9 Measured Residual Strains: (a) Section P11; and (b) Section P16 [13]
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Then, to conclude the study, a channel section was cut into several long strips along the
longitudinal direction of the section, for a better understanding of the distribution of the residual
stresses. It resulted that these strips bent into a curvature showing tensile residual stresses on the
outside and compressive ones on the inside.
Popovic, Hancock, and Rasmussen carried out several researches to determine design rules
for cold-formed angles that can be used for Australia and America standards, measured the amount
of residual stresses that come out from the cold forming of this specific section [14]. The specimen
was marked into strips of 7 mm in width and 60 mm in length. The distance along the specimen upon
which extension calculations were made of approximately 50 mm was marked on each strip. The
output residual strain was measured using an extensometer with a sensitivity of 0.001 mm, which
was equivalent to 20 µstrain, over a gauge length of 50 mm. The results have shown that (Figure
10):
•

A compressive strain is present at the tips of the legs and at the corner.

•

The middle part of the flats is subjected to a membrane tension.

•

The maximum compressive membrane strain, quite close to the value of 1,200µstrain
(240 Mpa), is shown in the corner of the section while the maximum tensile
membrane strain, it is about 500 µstrain.

•

The bending strains shown exceeded 1,400 µstrain in some cases, especially at the
flange tips.

Figure 10 Membrane and Bending residual strain distribution across width [14]
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Li et al. in 2009, investigated the magnitude and distribution of the residual stresses in rollformed square hollow sections, using X-rays diffraction method [15]. It is based on the measurement
of the variation in lattice spacing of planes of atoms to obtain the strains, which are linked to the
stresses. They achieved the following observations:
•

For the measurement of the stresses on the outside surface, it appears that, for
specimens’ dimension less than 300 mm, tension residual stresses were on the
transversal or longitudinal direction, and the maximum residual stresses were found
on the welding line.

•

The

through

thickness

variations

of

residual

stresses

for

specimen C (135x135x10) are illustrated in Figure 11. It can be noticed that through
thickness variations come out with a bi-linear distribution.
•

Comparing the residual stresses on outside and inside surfaces for specimen I
(400x400x16) and J (400x 400 x12.5) sections, it came out that the magnitude of
these two quantities appeared to be very close and, apart from those on the welding
line, the transversal and longitudinal residual stresses were below the 30% and 40%
lower than the yield strength, respectively. From Figure 12 an important observation
can be made: the forming process affects more the longitudinal stresses than the
transversal ones. In fact, the longitudinal residual stresses produced by
FRF (flat-strip-to-rectangle forming) are less than that produced by CRF (circle-torectangle forming) for same dimensions. (average longitudinal residual stress was
32.5 N/mm2 for 135x135x12-FRF against 170.9 N/mm^2 for 135x135x12-CRF, for
outside surface)

Figure 11 Transversal and longitudinal residual stress along thickness of specimen
C(135x135x10-CRF) [15]
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Figure 12 Residual stress distribution on outside surface of specimens 135x135x12 FRF and
CRF [15]

Heinilä et al in 2004, modelled the residual stresses pattern coming from the cold forming
process and the crack growth for rectangular hollow section (RHS) using elasto plastic finite element
analysis and compared the results with those obtained from two laboratory tests. [16]

Figure 13 Two external loading configurations: tensile (a) and compressive loading (b) [16]

The analysis of cold forming (considering a non-linear material behaviour, an isotropic
hardening, a 2D modelling and the forming rolls as rigid arcs) consisted in two phases: in the first
one the forming rolls are displaced in order to obtain the first deformations of the profile, while in the
second one they were removed to achieve the steady state position of the specimen. The results of
the residual stresses are shown in figure: the predicted tensile residual stress on the inside of the
section and compressive stress on the outside were qualitatively consistent with measured values.
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Figure 14 The residual stress distribution through thickness after cold forming [16]

Then, based on the residual stress distribution obtained from the cold-forming simulation, a
FEM analysis of the crack growth were performed. This analysis consisted in forming the cracks path
as a boundary of two adjacent areas and the nodes in common were tied together. The following
conclusions of this simulation were obtained:
•

For the tensile external bending crack, residual stresses affect the crack initiation life
and crack growth rate, while they do not have a significant influence in the crack path
(straight).

•

On the contrary, in the compressive ones, the crack direction changes due to the
redistribution of residual stresses.

Heinilä in 2008, studied sections cut from rectangular hollow ones with two different
thicknesses [17]. After receiving 3000 mm long tubes, these were then cut into 100 mm long sections
for fatigue testing, one 500 mm section for residual stress measurement by means of X-ray
diffraction, and one 500 mm long section which was cut open longitudinally to inspect for inside
corner cracks using a dye penetrant method. Figure 15 shows the residual stresses, while the Figure
16 shows the results obtained from the fatigue tests.
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Figure 15 Measured residual stress in corners [17]

Figure 16 Test results for the specimens [17]

From these results:
•

Under compressive loading, tensile residual stresses affect the fatigue lives of the
corners, causing fatigue cracks.

•

In heat treated specimens, under compressive loading the fatigue strength of the
corners was increased (no cracks), while under tensile loading there are no effects of
the heat treatment.
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Schafer and Pekoz suggest a pragmatic idealization for residual stresses in cold formed
steel: flexural and membrane residual stresses. [18]

Figure 17 Definition of flexural and membrane residual stress [18]

Table 4 and Table 5 represents the membrane and flexural residual stresses due to
experiments on press-braked and roll-formed specimen. It can be observed that membrane residual
stresses are more prevalent in roll-formed members than press-braked.

Table 4 Membrane residual stress as %fy [18]

Table 5 Flexural residual stress as %fy [18]

Figure 18 Average bending residual stress as %fy [18]
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Figure 18 represents the average distribution of flexural residual stress on the cross section.
Schafer suggests that increased yield stress should be modelled in the regions where large
membrane residual stresses are modeled, such as corners. Contrarily, if membrane residual
stresses are ignored, then elevation of the yield stress should not be included.

Anis et al. [19] investigated the residual stresses on the corners of cold formed high strength
structural steel members. Two-dimensional nonlinear finite element analyses (FEA) have been
performed by simulating the press-braking process in Ansys software. S355 and S650 type of steels
with 5mm and 10mm thickness and varying bent angles were used in the simulation. Outer radius to
thickness ratio, ro/t, of 4, 5, 6 and 7 for 5 mm plate thickness and ro/t ratio of 6, 7 and 8 for 10 mm
plate thickness with bent angle of 1100, 1000, 900, 800 and 700 have been utilized. These analyses
demonstrated that the tension residual stresses obtained on the middle of the inside surface of the
bend vary from 60% to 92% of the yield strength of the material. (Figure 19)
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Figure 19 Normalized residual stress in S355 and S650 steels [19]

Figure 20 Residual stress distributions in S355 and S650 steels [19]

The results of these analyses indicated that, the magnitudes of residual stress are higher in
small corners and less bent angles compared to corners with lager radii and big bent angles. Also,
the stored residual stresses are observed to be higher in thicker plates compared with small
thickness plates. In figure 231 the zig-zag distribution of residual stress through thickness after spring
back is shown.
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3. STANDARDS

Review of Australian/New Zealand Standards
In Australian/New Zealand Standards [20], Section 6 applies to the design of cold-formed
steel members and connections subject to cyclic loading within the elastic range stresses of
frequency and magnitude sufficient to initiate cracking and progressive failure (fatigue). The
regulations of this Section are valid for stresses calculated on the basis of unfactored loads and the
maximum permitted tensile stress due to unfactored loads is 0.6f y. This section is not required if the
number of cycles of application of live load is less than 20 000. After describing the definitions and
notations, the Australian/New Zealand Standard introduces the method as follows:
The reference design condition implies:
a) The detail is located on a redundant load path, in a position where failure at that point
alone will not lead to overall collapse of the structure.
b) The stress history is estimated by conventional methods.
c) The load cycles are not highly irregular.
d) The detail is accessible for, and subject to, regular inspection.

If any of the above conditions do not apply, the capacity factor (φ) shall be reduced. For an
example; for non-redundant load paths, the capacity factor (φ) shall be less than or equal to 0.70.
The Standard recommends when dealing with members except transverse fillet or buttwelded connection involving a plate thickness (tp) greater than 25 mm, the thickness correction
factor βtf shall be calculated and multiplied with uncorrected values of fatigue strength (f f), fatigue
strength for normal stress (frn), fatigue strength for shear stress (f rs), fatigue strength at constant
amplitude fatigue limit (f3) and fatigue strength at cut-off limit (f5) in order to get their corrected values.
The categories and details classified in AS/NZS 4600 [20] are given in Table 4, the same as
reported by LaBoube (1999) as mentioned above.
The fatigue strength curves for the different detail categories are defined by:
(a) log(nsc) = log(a) − 3log(ff),

for nsc ≤ 5 × 106

(b) log(nsc) = log(a) − 5log(ff),

for 5 × 106 < nsc ≤ 108
25
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Where;
nsc = number of stress cycles
log(a) = constant which depends on the related part of the slope (see Table 7)
ff = uncorrected fatigue strength

In Table 5, the values of the constant (log(a)) for the two different slopes of the fatigue
strength S-N curves, as well as the constant stress range fatigue limit and cut-off limit are given for
each detail category respectively.
Table 6 Detail Category Classification for Cold-Formed Steel Members and Connections [20]

26
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Table 7 Values for Defining Fatigue Strength Curves for Different Detail Categories [20]

Figure 21 Fatigue Strength Curves for Different Detail Categories [20]
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Review of AISI Standards
Regarding AISI specification (2016) [21], chapter M addresses cold-formed steel members
and connections subject to cyclic loading (considering elastic range stresses of frequency and
magnitude sufficient to start cracking and failure (fatigue)). The regulations of this chapter are valid
for stresses calculated based on ASD load combinations and the maximum permitted tensile stress
is 0.6fy. This section is not required for:
-

seismic effects

-

the effects of wind loading

-

when the stress range is less than the threshold stress range, FTH, given in the table 6

-

the number of cycles of application of live load is less than 20 000.

For all stress categories, the range of stress shall not exceed the design stress range
computed as follow:
α𝐶𝑓
𝐹𝑆𝑅 = (
)^0.333 ≥ 𝐹𝑇𝐻
𝑁
Where:
FSR= design stress range
α=coefficient for conversion of units (1 for Us units, 327 for SI units)
Cf= costant from table
N= number of stress range fluctuations
FTH=threshold fatigue stress range
Mean fatigue life curve (S-N curves) has been expressed through an exponential relationship:

𝑙𝑜𝑔𝑁 = 𝐶𝑓 − 𝑚 ∗ 𝑙𝑜𝑔𝐹𝑆𝑅
𝐶𝑓 = 𝑏 − (𝑛 ∗ 𝑠)
Where:
•

N is the number of full stress cycles

•

m is the slope of the mean fatigue analysis curve

•

FSR is the effective stress range

•

b is the intercept of the mean fatigue analysis curve
28
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•

n is the number of standard deviations to obtain a desired confidence level

•

s is an approximate standard deviation of the fatigue data (0.25)

Table 8 Fatigue Design Parameters for Cold-Formed steel structures [21]

The stresses computed by ordinary analysis equation must be multiplied by concentration
factors at geometrical discontinuities and changes of cross-sections. For all the categories, the
coefficient m is equal to 3.

4. CONCLUSION
In conclusion, according to the state of the art researches and studies, it is evident that
Klippstein’s works have mostly influenced the investigation of fatigue phenomena in cold formed
steel members. In fact, it can be said that all the standards available regarding this topic are based
on his studies.
Regarding EN15512 [22], “fatigue” is defined as a failure mode to be considered, and if cyclic
and dynamic loads occur, fatigue safety has to be checked. In Europe about this topic, the only
reference European Standards refers to is EN 1993, part 1-9 [23] and to EN-1993 part 1-3 [24], but
the first one is focused exclusively on hot rolled steel details and the second one on the static design
29
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of cold-formed thin-walled sections; there are no references of fatigue design of cold formed thin
walled steels. Even in the commentaries and related design manuals it is not mentioned. Therefore,
these standards cannot be used for fatigue life assessment of cold formed steel members.
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