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1. Introduction

The basic requirement that must meet each
welded construction is the safety and reliability
in the conditions of exploitation. The
appearance of the gradual destruction of
materials under the influence of periodically
varying load is called the fatigue. Experimental
methods for fatigue testing are very costly, time
consuming and does not provide enough
information neceded. Finite clement method is
the most general numerical method for fatigue
analysis of welded joints of wagon’s
constructions, saving time and costs, which are
very important in the process of serial
production of wagon’s construction.

2. The most commonly used European
standards

TSI standard [1], Clause 4.2.2.3.1, define all
types of loads that wagon’s construction have to
endure, in accordance with the requirements of
a British Standard prEN 12663 [2], Section 3.
Calculation of dynamic strength bogie wagon
due to the vertical load is carried out in
accordance with the TSI standard - Annex CC
and the British Standard - prEN 12663, a
dynamic load is used in design in the range of +
30% vertical static loads. In the fatigue analysis
of welded joints most commonly used standard
wagons is Eurocode 3 - Part 1.9, [3]. The
relevant stresses in the welds are (see Figure 1):
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Fig. 1: Relevant stresses in the fillet welds in
accordance with Eurocode 3

The curves shown in Figure 2 presents the
ratio of direct stress range and the number of
cycles to failurc and curves are known as
Wohler's curves or S-N curves.
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Fig. 2: Wohler-ove curves (S-N curves)

On Figure 3 is shown pulsating stress in the
sinus shape and presents the idealized form of
load. Dynamic load is used in the range + 30%
vertical static load. Based on this we can
calculate the value of the maximum and
minimum stress at dynamic load based on static

analysis.
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Fig. 3: Pulsating stress

Based on the Figure 3 we can calculate the
value of maximum stress due to dynamic load:
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O, =2.166TAc,

In Table 1 are shown the values of
permissible stress test for static fatigue testing
of welded joints in steel S355]2 + N in
accordance with Eurocode 3 Part 1.9. Table 8.2.

Tab. 1: Limit stress values for static test to verify
fatigue strength in steel S355J2+N

Direet stress Pcrm1S§1blc Limit stress for safe life [N/mm |
range AG(_ maximim
[N,’mmz] Lauguc stress o High
maxtim consequense conscquense
[N/mm ] (v,,~1:15) (v,,=1,35)
160 347 301 257
100 217 188 160
90 195 170 144
80 173 151 128
71 154 134 114
63 136 119 101
56 121 106 90
50 108 94 80

3. Fatigue analysis - example

The task of analysis was to identify the
causes of cracks in the middle longitudinal
girder of wagon for transportation of containers.

Fig. 4: Crack in the middle longitudinal girder on
wagon type Regs-z

Numerical calculations are determined the
most critical cases static and dynamic loads [4],
which have caused the appearance of cracks in
welded joints in the middle longitudinal carrier
of wagon type Regs-z.

!

Fig. 5: Von Mises equivalent stress field

From Figure 5 is clear that the position of
maximum  value of equivalent stress
{(350.4Mpa) is where the cracks appear in the
construction (See Figure 4).

The calculations clearly show that the cause
of crack is dynamic load during transportation.

After reconstruction of geometry generated a
new mesh of finite elements and repeat all the
numerical calculations, in order to verify the
proposed solution. Maximal value of equivalent
stress is 242.2MPa, located in the parent
material, not in the welded joints (See Figure
5), which is considerably below the permissible
stress given in Tablel.

Fig. 6: Von Mises equivalent stress field alter
reconstruction

4. Conclusion

This paper is an overview of some of the
most common European standard for fatigue
evaluation of welded joints wagon’s
construction. Theoretical basis for calculating
fatigue is presented in this paper. Example
demonstrates applying of the most common
European standards for identification loads that
cause the appearance of cracks in welded joints
of carrying wagon’s elements. Numerical
calculations of reconstructed wagon’s model
[4], show that wagon’s construction meet static
and dynamic strength according to the
following standards.
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