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ÖNSÖZ   
 

 
Karabük Üniversitesi Demir-Çelik Enstitüsü organizasyonunda gerçekleştirilen “4. Uluslararası Demir-
Çelik Sempozyumu” 04-06 Nisan 2019 tarihlerinde Demir-Çelik Enstitüsü Konferans salonunda 
gerçekleştirilmiştir.   
 
Türkiye’de ilk ve tek olan Karabük Üniversitesi Demir-Çelik Enstitüsü 2013 yılında hizmet vermeye 
başlamıştır. Enstitümüzün kuruluş amacı; “bölgemizdeki ve ülke genelindeki demir-çelik sektörü başta 
olmak üzere, tüm metal alaşımları üreten sektörlerin ihtiyaç duydukları akredite test ve kalite kontrol 
hizmetleri vermek, üniversite-sanayi iş birliği kapsamında Ar-Ge çalışmalarına destek olmak” şeklinde 
ifade edilebilir.  
 
Enstitümüz, 2018 yılı itibariyle yaklaşık 60 sanayi kuruluşuna ve 16 farklı üniversiteye hizmet vererek 
bölgemiz ve ülkemiz için ne kadar önemli bir kurum haline geldiğini göstermiştir. Kurulduğu ilk günden 
beri üniversite-sanayi iş birliğine büyük önem veren enstitümüz, bu kapsamda gerek özel sektör 
gerekse kamu kuruluşlarıyla farklı projeler gerçekleştirmektedir. Bunlara örnek olarak, Kardemir ile 
birlikte gerçekleştirdiğimiz “Mantarı Sertleştirilmiş Ray Projesi” ve Çevre Bakanlığı ile yürütmekte 
olduğumuz, halen devam etmekte olan “Entegre Kirlilik Önleme EKÖK” projesi verilebilir. Bunun yanı 
sıra enstitümüz yine üniveriste-sanayi iş birliği kapsamında, ülkemizde büyük eksikliği hissedilen 
Uluslararası Demir-Çelik Sempozyumunu geleneksel olarak iki yılda bir düzenlemeye başlamıştır.  
 
Bu sene 4. düzenlediğimiz sempozyum sayesinde üniversite ve sanayi kuruluşları bir araya gelmekte, 
mevcut durum ve gelecek hedefleri adına yeni fikirler, yeni iş birliklerinin doğmasına öncülük 
etmektedir. Bu sene düzenlediğimiz sempozyuma 170 adet bildiri gönderilmiştir. Bu bildirilerin 14 
tanesi poster sunum, geri kalan 156 tanesi sözlü sunum olarak gerçekleşmiştir. Gönderilen bildirilerin 
37 tanesi sanayi kuruluşlarımızda görev yapan mühendis ve Ar-Ge personeli tarafından hazırlanmıştır. 
Ayrıca 40 farklı üniversitedeki akademisyenler tarafından 116 adet bildiri gönderilmiştir. Bunun yanı 
sıra 11 farklı ülkeden 17 adet bildiri sempozyumumuza gönderilerek uluslararası olma yolunda bize 
güç vermiştir. 
 
Bu sempozyumun hazırlanmasında büyük emeği olan çalışma arkadaşlarıma, başta TUBİTAK olmak 
üzere tüm sponsorlarımıza ve her şeyden önemlisi her zaman desteğini esirgemeyen Üniversitemiz 
Rektörü Sayın Prof.Dr. Refik POLAT’a şükranlarımı arz ediyorum. 5. Uluslararası Demir-Çelik 
Sempozyumunda tekrar görüşmek üzere herkese saygılarımı sunuyorum. 
 
                   
Prof. Dr.Yavuz SUN 
           
Demir-Çelik Enstitüsü Müdürü 
Sempozyum Başkanı 
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Abstract. Reviewed the possibility of high strength construction 

steel fatigue evaluation based on analysis of dislocation steel 

martensite structure tempering after quenching in water and 

tempering at 650 0С (1 hour). The degree of influence of the 

dislocation mechanism of destruction depending on the number 

of test cycles, expressed in terms of the sensitivity of cyclic stress 

to the fractal dimension of dislocations, is established. 

Experimentally established, that sensitivity of dislocation to 

fractal dimension is decreases with increasing number of test 

cycles, leading to an increase in the number of dislocations to a 

critical value after which the sample is destroyed. A model of 

predicting steel fatigue indices 14Х2ГМР was obtained, which 

allows the use of the fractal approach in assessing the fatigue of 

high-strength steels with a higher dislocation density. 

Keywords. high strength steel, cyclic tension, dislocation, 

substructure, martensite, theory of fractals. 

I. INTRODUCTION

One of the most important goal of materials science is 

preservation of metal strength under cyclic loading. A 

significant number of studies are devoted to the influence of 

various technological and operational factors on the fatigue 

characteristics of materials (see, for example, [1]). The study 

of fatigue fracture processes is extremely important in 

connection with the tightening of temperature and force 

modes of operation of machines and structures for various 

purposes, as well as the use of high-strength materials. The 

stronger the material, the more localized the degree of 

localization of the effects of fatigue. Fatigue reflects the 

process of gradual accumulation of damage to the material 

under investigation under the action of variable (often cyclic) 

stresses, leading to a change in its structure and properties due 

to the formation and development of cracks in the zone of 

maximum stresses, which in turn causes the material to fail 

during operation [1]. Fracture surfaces have a rugged irregular 

structure that reflects the dynamics of the destruction process. 

At the same time, despite the apparent randomness of the 

surfaces of destruction of solids, they have the property of 

fractals  self-similarity at the micro-, meso- and macroscopic 

levels [2]. For example, the fractal nature of the macro level: a 

fatigue crack was considered in [3]; relief strips on the surface 

of an aluminum single crystal 001 {100} with cyclic 

stretching of a sample made of aluminum alloy (type D16) 

associated with a single crystal [4]. At the meso-level, 

recorded using optical microscopy, grain structures have 

fractal properties [5 and others]. The complexity of 

identifying the structure of tempered and tempered steels at 

the micro level is due to the diversity of the geometric shape 

of their elements (former austenitic grain, martensite package, 

martensite lath, subgrain within the lath), and high density of 

particles of the precipitated phase [6]. 

II. FORMULATION OF THE PROBLEM

Microlevel is particularly sensitive to the effects of cyclic 

loading, where crystal structure defects (dislocations, 

disclinations, point defects), whose mechanism of influence 

on these characteristics is not fully understood, make a 

significant contribution to the strength characteristics of the 

metal. Recording the number of dislocations in high-strength 

steels is difficult to implement due to the high concentration 

of dislocation loops, especially after cyclic deformation [1].In 

this regard, there is the task of assessing the cyclic strength 

(fatigue) of high-strength construction steel on the basis of an 

analysis of its dislocation structure, since, as noted in [1], [7], 

the basis of fatigue failure of a metal is the dislocation 

mechanism of microscopic crack formation. 

III. МATERIALS AND METHODS OF INVESTIGATION

To accomplish the task, steel 14Х2ГМР (0,14% C; 0,25% 

Si; 1,04% Mn; 0,03% P,% S; 0,45% Cr; 0,03% Ni) was 

selected, the samples of which subjected to heat treatment: 

quenching in water and tempering at 650
0
С (1 hour). As a 

result of heat treatment, a metal with a surface layer consisting 

of tempering martensite was obtained. 

Flat pieces with a size of 3541mm for fatigue tests were 

made from blanks of size 70152mm. Fatigue tests were 

carried out on a Schenk micropulsator under repeated 

stretching conditions (min = 0 ± 10,2 MPa) with a maximum 

load of 200 kg and a loading frequency of 2800 Hz. The 

structure of steel 14Х2ГМР is shown in Figure 1. 
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Fig. 1  The structure of tempered martensite after cyclic extension at the 

number of cycles N = 3103 (a); N = 28103 (b) and N = 400103 (c) 

Registration of dislocation changes of hardened and 

tempered steels is proposed to be carried out using the theory 

of fractals [8], [9, etc.], which is due to the following factors: 

 incompleteness of the formal axiom of structure

identification [10] by traditional deterministic methods of 

approximation of its elements with a complex configuration, 

based on existing regulatory documents; 

identified at various scale levels by structural

transformations of metals, occurring after repeated changes in 

their stress state. 

The fractal dimension of dislocations inside the rails of 

tempered martensite was calculated using the Hausdorff (1) 

formula [11] using the method developed in and tested on 

various steel grades, due to the limited possibilities of 

estimating the increased dislocation density using traditional 

metallographic methods. 





 ln

)(Nln
limD

0
, (1) 

where N() is the number of cells of size  that covered the 

object under study. 

IV. EXPERIMENTS AND DISCUSSION 

The steel structure analysis consisted of the following 

steps: 

 calculation of the fractal dimension of the dislocation

structure by the formula (1); 

 calculation of the sensitivity of the cyclic voltage to the

fractal dimension of dislocations by the formula (2) [12]: 

Ki = YiYi+1 / ХiХi+1, (2) 

where Хi and Хi + 1  are two numbers characterizing some 

quality of the metal from the set of its values; Yi and Yi + 1  

the corresponding numerical values of the fractal dimensions, 

obtained on the basis of studying a certain region i = 1, ... n of 

this metal. 

The structure of steel 14Х2ГМР was studied on samples 

tested to failure at stresses much higher than the fatigue limit. 

At the same time, a relatively large difference was observed in 

the structure of the same sample at different distances from 

the site of destruction, which is probably due to the 

heterogeneity of plastic deformation and localization of the 

processes leading to destruction. Close to the fracture, there 

are all signs of noticeable plastic deformation: increased 

dislocation density, formation of dislocation clusters, 

fragmentation of martensite crystals, broadening of the 

boundaries of the rails surrounded by dislocations (Fig. 1a). 

At the third, and all the more so on the objects that follow in 

the order of distance from the fracture, the pattern of plastic 

deformation appears less frequently. The fractal nature of the 

dislocations of a deformed metal is confirmed [13]. 
Indicators of fractal dimensions of dislocations of samples 

subjected to cyclic tests at 2810
3
 times (Fig. 1b), compared 

with indicators at N = 310
3
 (Fig. 1a), increase from 1,149 to 

1,216 due to an increase in their tortuosity. An increase in the 

number of test cycles leads to fatigue cracks, which are 

associated with the result of cyclic deformation of the crystal 

lattice, when the maximum stress value over the cycle period 

is able to lead to plastic shears. There is an intense increase in 

the number of dislocations and their movement, both in the 

forward and in the opposite direction. 

The photograph of figure 1c shows the structure of the 

surface layers of the sample, which are deformed at the 

fatigue limit level: the distribution of dislocations in the 

ferritic matrix. Martensite rails are largely fragmented, very 

sinuous dislocations inside the rails form dense clusters. In the 

inner layers of the samples under this loading mode, such 

signs of increasing the degree of deformation were not 

observed. The fractal dimension of dislocations with 

increasing number of test cycles increases. So with an increase 

in the number of test cycles up to 40010
3
 times, the 

dimension of dislocations increased to 1.413. An analysis of 

the results of the conducted studies shows that, when the 

critical state of a polycrystalline sample is reached, the fractal 

dimension of dislocations can reach its threshold (in the D2 

plane). Similar results were recorded for the maximum 

indicators of the fractal dimension of the relief bands on the 

surface of a single crystal of an aluminum alloy sample upon 

reaching the critical state [4]. 

Figure 2 shows the histogram of the cyclic voltage 

sensitivity to the fractal dimension of dislocations, calculated 

according to (2). 
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Fig. 1 The sensitivity of the cyclic extension to the fractal dimension of 

dislocations 

The maximum sensitivity of the cyclic voltage to the fractal 

dimension of dislocations among the values under 

consideration was recorded at a voltage of 670 N/ mm
2
. The 

result obtained can be interpreted as a tendency to decrease 

the sensitivity between the considered values with an increase 

in the number of test cycles leading to a decrease in fatigue 

indices. 

Based on the fractal analysis of the structure of the steel 

under study, a model (3) was obtained that displays the 

dependence of the cyclic voltage on the fractal dimension of 

dislocations and the number of test cycles. Changes in the 

density of dislocations, depending on the number of test 

cycles, lead to transformations of their features (for example, 

their geometric configuration), and as a result - to changes in 

their fractal dimension. 

The latter probably indicates the possibility of using the 

numerical values of the fractal dimension of dislocations as an 

indicator of the substructural transformations of the metal 

associated with its loading (in this case cyclic). 

Fig. 2  Dependence of the cyclic stress on the fractal dimensionality of 
dislocations and the number of test cycles 

The model of metal fatigue prediction is as follows: 

2813

0550807668

,

,

D

N, 
 , r

2
 =0,88. (3) 

r  the coefficient of correlation of the model. 

The power dependence   D
-x

 is proposed to be interpreted 

as a display of cyclic stress, expressed in the fractal dimension 

of dislocations, the fractal nature of which is confirmed by 

their tortuous shape (see, for example [14]): l
D
, where l

D
 is 

the dislocation length taking into account the tortuous shape). 

V. CONCLUSIONS

We can use the method of high strength steel with high 

density of dislocations evaluation. It based on tempered 

martensite dislocations structure analysis, in the way of 

sensitivity grade establishment between this two 

characteristics. An increase of 1,2 times the fractal dimension 

of dislocations was registered due to an increase in the number 

of test cycles for 14Х2ГМР steel samples from 3,000 to 

400,000, leading to a decrease in cyclic stress from 670 to 470 

N/mm
2
. Results shows that fractal dimension can be an 

indicator of dislocation structure changes, in caused of cyclic 

extension. 
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