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FOREWORD  

Each year since 1984, the Danubia-Adria Symposium on Advances in Experimental Mechanics brings 

together internationally recognized experts and young researchers in an effort to exchange ideas in different 

topics having as common link Experimental Mechanics.  Since the beginning, this Symposium was a platform 

for establishing connections between different research groups trying to establish future scientific collaboration 
and an agora where faculty members, students, scientists, researchers, engineers and industrial experts present 

and discuss the status and impact of modern technology and development in the field of experimental 

mechanics. 

In 2018, the 35th Danubia Adria Symposium on Advances in Experimental Mechanics is to be held between 

September 25 – 28 in the wonderful mountain resort Sinaia, Romania.  

The Book of Abstracts of the proceedings includes 97 papers, which have been selected and accepted after 
peer-review by the Scientific Committee, formed by the delegates of the eleven DAS member countries – 

Austria, Croatia, Czech Republic, Germany, Hungary, Italy, Poland, Romania, Serbia, Slovakia, and Slovenia.   

The papers are organized in five sections:  

• Structural analysis 

• Materials characterization and testing 

• Biomechanics 

• Practical applications/case-studies/instrumentation 

• Numerical methods 

The present volume emphasizes the actual trends which are given to the development of methods and 

models that account for and integrate physical phenomena taking place on multiple scales. These include 

complex processes such as the evolution of the meso- and micro-structure of the material during loading, and 
if these phenomena could be accounted for, then their influence on the macroscopic constitutive behavior of 

materials could be also predicted, thus being able to create new, exceptional materials. While this perspective 

is fascinating, the current state-of-the-art falls short from attaining this goal. The better understanding of 
phenomena where large populations of defects - such as dislocations - interact in highly non-linear ways and 

the consideration of large deformations can lead to the creation of improved constitutive models of the 

materials’ behavior to be observed macroscopically. 

Finally, it is important to underline that, with the 2018 Romanian edition of the Symposium, the Danubia 

Adria Society on Experimental Methods proudly announces its 35th anniversary! 

We wish all the participants to have a high level of scientific discussions and to enjoy the beauty of the 

Romanian mountains. 

 

 

The Editors, 

       

Professor Ştefan Dan Pastramă   

Professor Dan Mihai Constantinescu 
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CURVES FOR S355J2+N STEEL GRADE 
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University of Kragujevac Faculty of Engineering, Sestre Janjić 6, Kragujevac, Serbia, 
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1. Introduction

Today steels represent the most used group of
mechanical materials. Steels are used in various 

branches of industry for construction of bridges, 

buildings, ships, cars, rail vehicles, railways. There 

are several thousand types of steel obtained by an 
appropriate combination of carbon and alloying 

elements of different characteristics. Because of the 

good mechanical properties, good cutting, forming 
(forging, rolling, extrusion, pressing), good 

weldability and low prices, structural steels are 

widely used in industry. The most commonly used 

steel for production of carrying parts of structures 
subjected to dynamic loads and low temperatures is 

medium-strength S355J2+N steel grade. 

In this paper, fatigue properties and ε-N curves 
for S355J2+N steel grade were obtained 

experimentally. 

2. Strain life (ε–N) fatigue approach

Strain life (ε–N) approach belongs to local

fatigue approach and it can be used for low cycle 

and high-cycle fatigue. In ε–N approach loading is a 
combination of elastic and plastic deformation on 

the macro scale. In low cycle region, the plastic 

strain component is dominant, whereas in the high-
cycle region the elastic strain component is 

dominant. ε–N approach uses cyclic strain-

controlled tests because they better characterize 

fatigue behavior of a material than cyclic stress-
controlled tests, particularly in the low cycle fatigue 

region. Mathematical model used to describe the 

fatigue behavior of material under cyclic strain-
controlled tests to obtain cyclic stress-strain (σ-ε) 

curve is given by Ramberg–Osgood approach [1] 

presented by equation: 

'

1

n
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σ σΔε
ε = =ε ε = +

2 E K
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The total strain-life (ε-Nf curve) is therefore 

expressed as the sum of Basquin's and Manson-

Coffin's part by equation [2] 

   
f
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3. Strain controlled uniaxial tension-

compression fatigue test

Uniaxial tension–compression fatigue tests of

the S355J2+N steel grade were carried out 

according to the internal procedures of the Centre 
for engineering software and dynamic testing at 

Faculty of Engineering University of Kragujevac, 

based on the ASTM E468-90 [3] and ASTM E606-

92 [4] standards. 

Uniaxial tension–compression fatigue tests were 

performed by applying a sinusoidal wave in an 

universal servo-hydraulic machine SHIMADZU 
Servopulser EV101K3-070-0A. All specimens have 

been finely polished to minimize the surface 

roughness effects. The tests were strain controlled 

by means of a SHIMADZU DYNASTRAIN TCK-
1-LH dynamic extensometer with a ±1 mm working

range.

The strain levels used to control the fatigue tests 
were chosen from the previously performed 

monotonic material characterization. The selection 

criteria was to obtain fatigue life cycles between 104 
and 106 cycles. The uniaxial tension-compression 

test planning (loading ratio R=-1, i.e. mean strain 

amplitude εm=0%) is: five levels, three repetitions 

per level with a range of strain amplitude from 
0.15% to 0.20%. The test frequency used in the 

characterization was in the range of 3–10 Hz, and 

the crack initiation criterion (failure criterion) was 
the quick stiffness loss (load amplitude loss of about 

10%). 
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4. Results and discussion 

Table 1 shows the results of the uniaxial tension–

compression strain-controlled fatigue tests. The 

normal stress amplitude 
aσ  was calculated by 

means of the maximum load applied to the medium 
life cycle in stable conditions divided by cross 

sectional area of the specimen at the beginning of 

the test.  

 

Table 1. Experimental uniaxial tension–compression 
strain-controlled fatigue test results of S355J2+N steel 

grade 

Specimen 

number. 
εа [%] σа [MPa] Nf 

1-1 0.20 271.2 61900 

1-2 0.20 270.5 50300 

1-3 0.20 269.4 71000 

2-1 0.18 254.1 92600 

2-2 0.18 253.2 88300 

2-3 0.18 253.2 103300 

3-1 0.17 256.5 127600 

3-2 0.17 250.4 109600 

3-3 0.17 250.1 116000 

4-1 0.16 243.1 310700 

4-2 0.16 237.7 324700 

4-3 0.16 234.3 257700 

5-1 0.15 234.2 437500 

5-2 0.15 233.0 1117200 

5-3 0.15 238.2 389200 

Based on the results shown in Table 1. and 

statistical analysis according to standard ASTM 
E739-91(2004) [5], uniaxial tension–compression 

strain controlled mechanical properties of 

S355J2+N steel grade have been shown in Table 2. 

 

Table 2. Uniaxial tension–compression strain controlled 

mechanical properties of S355J2+N steel grade 

Uniaxial cyclic properties Value 

Cyclic strength coefficient, K’ 1470.45 MPa 

Cyclic strain hardening exponent, n’ 0.2344 

Cyclic yield strength, σy’ 342.65 MPa 

Fatigue strength coefficient, σf’ 575.25 MPa 

Fatigue strength exponent, b -0.0656 

Fatigue ductility coefficient, εf’ 0.0182 

Fatigue ductility exponent, c -0.2087 

Based on experimentally obtained uniaxial 

tension–compression strain controlled mechanical 
properties of S355J2+N steel grade, strain–life 

curve (log–log representation) has been determined 

and shown in Figure 1. 

 

Fig. 1. Strain–life curve from uniaxial tension–

compression strain-controlled fatigue test of S355J2+N 

steel grade  

5. Conclusions 

This study has presented an experimental 

determination of fatigue properties and ε-N curves 

for S355J2+N steel grade. The hysteresis loop 
behavior, cyclic stress–strain response and strain-

life curve were determined by testing smooth 

specimens. A complete cyclic characterization of 

the material is obtained, including the new 
experimental ε–N fatigue curves for uniaxial 

tension–compression strain-controlled fatigue test. 

In order to determine fatigue properties of material 
S355J2+N, the testing procedure was performed 

with the help of special measurement device, servo-

hydraulic SHIMADZU Servopulser EV101K3-

070-0A.  
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