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PROCENA I PORE ENJE NOSIVOSTI ZAVARENOG SPOJA SA 
POLUELIPTI NOM PUKOTINOM ELIKA VISOKE VRSTO E 
ZAVARENOG RAZLI ITIM TEHNOLOGIJAMA ZAVARIVANJA 

 ASSESSMENT AND COMPARISON OF THE BEARING CAPACITY OF A 
WELDED JOINT WITH A SEMI-ELLIPTICAL CRACK OF HIGH-
STRENGTH STEEL WELDED USING DIFFERENT WELDING 

TECHNOLOGIES
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Rp0.2 Rm

KJIC

Rp0.2

2.1. Osnovni materijal

Tabela 1. Hemijski sastav (mas. %) i mehani ka svojstva elika S960MC [6] 

Table 1. Chemical composition (wt.%) and mechanical properties of S960MC steel [6] 

Rp0.2 Rm 

2.2. Izra unavanje mehani kih svojstava materijala 
iz korelacijskih jedna ina za merenje tvrdo e 
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2.3. Odre ivanje �ilavosti materijala prema 
standardu ASTM E1820

Tabela 2. Dimenzije uzoraka za savijanje u tri ta ke 

Table 2. Dimensions of three-point bending test specimens 

W B L N aN

Slika 1. Crte� SEB uzorka 

Figure 1. SEB specimen drawing 

Slika 2. Prikaz mesta urezivanja zareza 

Figure 2. Notch placement illustration 

F-
CMOD

Pi,

J-R -R

2.4. Odre ivanje najve e nosivosti konstrukcije s 
pukotinom 
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3.1. Mehani ka svojstva materijala dobijenih 
primenom korelacijskih jedna ina nakon merenja 
tvrdo e

Slika 3. Rezultati merenja tvrdo e za uzorak LMB9 

Figure 3. Hardness measurement results for the LMB9 specimen 

Tabela 3. Mehani ka svojstva dobijeni na osnovu merenja tvrdo e 

Table 3. Mechanical properties obtained from hardness measurements 

Rp0.2 Rm
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Slika 4. F-CMOD dijagram 

Figure 4. F-CMOD diagram 

a0

af

Slika 5. Prelomne povr�ine SEB uzoraka (strana A): (a) LMH i (b) EMH 

Figure 5. Fractured surfaces of SEB specimens (side A): (a) LMH and (b) EMH 

Tabela 4. Vrednosti a0 i af 

Table 4. Values of a0 and af 

a0 af 

J- a - a

3.2. Rezultati �ilavosti loma i krive otpornosti 
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Tabela 5. Vredosti parametara mehanike loma 

Table 5. Values of fracture mechanics parameters 

JIC IC KJIC Jmax max

Slika 6. J- a krive otpornosti 

Figure 6. J- a resistance curves 

Slika 7. - a krive otpornosti 

Figure 7. - a resistance curves 

3.3. Odra ivanje nosivosti zavarene plo e 

JIC
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Slika 8. Cikli ni zamor plo a savijanjem u etiri ta ke 

Figure 8. Cyclic fatigue of plates under four-point 
bending      

Slika 9. Zamorna poluelipti na pukotina za EMC-gore i 
LMC-dole 

Figure 9. Fatigue semi-elliptical crack for EMC(top) and 
LMC (bottom) 

Slika 10. Geometrija poluelipti ne prsline 

Figure 10. Geometry of semi-elliptical crack 

Slika 11. Ispitivanje na zatezanje 

Figure 11. Tensile testing 

Slika 12. Krive zatezanja 

Figure 12. Tensile curves 
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Tabela 6. Rezultati ispitivanja na zatezanje 

Table 6. Tensile testing results 

Rp0,2 Rm Fmax

Rp0.2

Rm

Kmat KJIC) 

 Tabela 7. Podaci kori�teni za prora un FAD dijagrama 

Table 7. Data used for FAD diagram calculation  

Rp0.2 Rm a c Kmat E

Slika 13. FAD dijagram za EMC  

Figure 13. FAD diagram for EMC 

Slika 14. FAD dijagram za LMC 

Figure 14. FAD diagram for LMC 
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Rp0.2 Rm

 F-CMOD

JIC, KJIC, IC

Rp0.2 Rm

F-CMOD

JIC KJIC  IC
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�eljko Potkonjak 1,a, Murali Kumar 1,b, Fiazal Hussain 1,c, Rinshad Rahiman 1,d 

INFLUENCE OF VARIOUS PURGING GASES ON PITTING CORROSION 
RESISTANCE OF SUPER DUPLEX WELDED PIPES 

UTICAJ PRIMENE RAZLI ITIH ZA�TITNIH GASOVA SA 
UNUTRA�NJE STRANE KORENA SUPER DUPLEKS CEVNIH 

ZAVARENIH SPOJEVA NA OTPORNOST PREMA TA KASTOJ 
KOROZIJI  

Original scientific paper / Originalni nau ni rad 

Paper received / Rad primljen 

August 2024.

Paper accepted / Rad prihva en 

February 2025.

Author's address / Adresa autora 
1 Drydocks World Dubai, PO. Box 8988, Dubai, UAE 

Email / ORCID ID
a potkonjakz@drydocks.gov.ae / 0009-0004-1360-8418 
b    / 0009-0000-3272-0123 
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2024" held in Vrnja ka Banja, Serbia from October 2 to 5, 2024.
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2.1. Base material and welding consumables

Table 1. Chemical composition (wt.%) and PREN of parent pipe and weld consumable 

Tabela 1. Hemijski sastav (mas.%) i PREN osnovne cevi i dodatnog materijala za zavarivanje 
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2.2. Gas combinations and welding parameters 

Table 2. Welding process parameters used for each welding trial with different purging gases 

Tabela 2. Parametri procesa zavarivanja kori� eni za svaki ispitni zavar sa razli itim za�titnim gasovima za 
zavarivanje korenog zavara 

2.3. Post-welding inspection plan

2.3.1. Visual inspection 

2.3.2. Radiographic examination 

2.3.3. G48 Pitting corrosion test 

2.3.4. Ferrite content examination 

2.3.5. Microstructural examination 

2.3.6. Charpy V-Notch impact test 

3.1. Visual examination results 

100Ar.Thr, 98Ar.Thr
100N2.Thr
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3.2. Radiographic examination results 

100Ar.Thr, 98Ar.Thr
100N2.Thr

3.3. G48 Pitting corrosion test results 

3.3.1. Tests at 40°C 

Trial 100Ar.Thr

Trial 98Ar.Thr

Trial 100N2.Thr

3.3.2. Tests at 35°C 

Trial 100Ar.Thr

Trial 98Ar.Thr

Trial 100N2.Thr

(A) Tested at 40°C 

(A) Testirano na 40°C 

(B)Tested at 35°C 

(B) Testirano na 35°C 

Figure 1. Summary of G48, Method A, weight loss measurements (g/m2). All tests were made in 6% FeCl3 at 40°C 
(A) and 35°C (B). 

Slika 1. Rezime merenja gubitka mase (g/m²) prema metodi G48, Metod A. Sva ispitivanja su izvedena u 6% FeCl3 
na 40°C (A) i 35°C (B). 
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3.4. Ferrite examination test results

Trial 100Ar.Thr

Trial 98Ar.Thr 

Trial 100N2.Thr

Figure 2. Summary of ferrite content examination of the weld roots using different purging gases. 

Slika 2. Rezime ispitivanja sadr�aja ferita u korenu zavara pri upotrebi razli itih za�titnih gasova za izavarivanje 
korenog zavara. 

3.5. Microstructural analysis 

Trial 100Ar.Thr

Trial 98Ar.Thr

Trial 100N2.Thr
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 100Ar.Thr  98Ar.Thr

 100N2.Thr

Figure 3. Microstructures of weld root runs for the welding trials using different purging gas combinations; including 
100% Ar (A), 98% aAr + 2% N2 (B) and 100% N2 (C) 

Slika 3. Mikrostrukture korena zavara u slu ajevima ispitnih zavara izvedenih sa razli itim kombinacijama za�titnih 
gasova za zavarivanje korenih zavara: (A) 100% Ar, (B) 98% Ar + 2% N2 i (C) 100% N2 

3.6. Charpy V-Notch impact test results 
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Table 3. Summary of Charpy impact testing for 100N2.Thr welding trials 

Tabela 3. Rezime Charpy ispitivanja udarne �ilavosti 100N2.Thr ispitnih zavara 

Modified Gas Combinations

Filler Material Adjustments
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Optimal pitting corrosion resistance

Variation in weight loss

Performance of other gas combinations

Impact on ferrite and austenite content

Radiographic evaluation

Optimalna otpornost na ta kastu koroziju 

Varijacije u gubitku mase

Performanse drugih gasnih kombinacija

Uticaj na sadr�aj ferita i austenita

Radiografska evaluacija
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Aleksandar Sedmak 1,a , Sne�ana Kirin 2,b , Tamara Golubovi  2,c 

OCENA INTEGRITETA ZAVARENIH SPOJEVA PRIMENOM 
PARAMETERA MEHANIKE LOMA I ANALIZE RIZIKA 

STRUCTURAL INTEGRITY ASSESSMENT OF WELDED JOINTS USING 
FRACTURE MECHANICS PARAMETERS AND RISK BASED APPROACH 

Stru ni rad / Professional paper  

Rad primljen / Paper received 

Avgust 2024.

Rad prihva en / Paper accepted 

Februar 2025.

Adresa autora / Author's address 
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Sr= n / c Kr = KI/KIc

rrr SseclnSK

n c

KI K =Y a
Y a

KIc 

Slika 1. Dijagram analize loma (FAD) 

Figure 1. Failure analysis diagram (FAD) 
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Sr 1
Kr 1

Tabela 1. Matrica rizika [12] 

Table 1. Risk matrix [12] 
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Sr= n/ c

KIc KIc

KI=Y a
Y=1

Slika 2. Radna ta ka u FAD 

Figure 2. Assessment point in the FAD 
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Tabela 2. Matrica rizika za cevovod RHE BB 

Table 2. Risk matrix for RHE BB pipeline 
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2.1 Plan eksperimenta 

2.2 Priprema 

mm
mm

Tabela 1. Hemijski sastav elika S235JR prema EN10025-2 [3] 

Table 1. Chemical composition of steel S235JR according to EN 10025-2 [3] 

Tabela 2. Mehani ke osobine elika S235JR prema EN10025-2 [3] 

Table 2. Mechanical properties of steel S235JR according to EN 10025-2 [3] 

MPa MPa % J 
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Slika 1. Ma�inska obrada plo a za zavarivanje (a) podlo�ne bakarne plo e (b) 

Figure 1. Machining of plates for welding (a) backing copper plates (b) 

2.3 Izbor dodatnog materijala i parametara za 
zavarivanje 

Tabela 3. Hemijski sastav elektrodne �ice SG-2 [4] 

Tabela 3. Chemical composition of filler material SG-2 [4] 

Tabela 4. Mehani ke karakteristike elektrodne �ice SG-2 [4] 

Table 4. Mechanical properties of filler material SG-2 [4] 

MPa MPa % J

Tabela 5. Parametri zavarivanja 

Table 5. Welding parameters 

A V cm s l min J cm
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2.4 Oprema za zavarivanje 

Slika 2. Prikaz radnog mesta za robotsko zavarivanje 

Figure 2. Workplace for robotic welding 

Tabela 6. Op�te karakteristike robota za zavarivanje [5] 

Table 6. Characteristics of welding robot [5] 

kg

mm

W

Slika 3. Tehni ke karakteristike ure aja za zavarivanje 

Table 3. Specifications of welding device 
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2.5 Zavarivanje i ispitivanje metodama bez 
razaranja 

Slika 4. Prikaz dobijenog �leba posle u vr� ivanja elemenata (a) geometrijske karakteristike �leba (b) 

Figure 4. Illustration of the groove (a) groove geometry (b) 

Prvi prolaz Drugi prolaz 

Tre i prolaz etvrti prolaz 

Slika 5. Prikaz postupka popune �ava vi�eprolaznim zavarivanjem 

Figure 5. Illustration of filling procedure in multi-pass welding 
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2.6 Ispitivanje metodama sa razaranjem 

mm 

Slika 6. Prikaz uzoraka za zatezanje, shematski (a), realno pripremljeni (b) [6, 7] 

Figure 6. Illustration of tensile testing specimens, schematic (a), after machinig (b) [6,7] 

Slika 7. Prikaz univerzalne ma�ine za ispitivanje ZWICK ROELL Z/100 

Figure 7. Universal tensile testing machine ZWICK ROELL Z/100 
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Slika 8. Prikaz uzoraka za ispitivanje po �arpiju, shematski (a), realno pripremljeni (b) 

Figure 8. Illustration of Charpy specimens, schematic (a), after machining (b) 

3.1 Ispitivanje zatezanjem 

Tabela 7. Rezultati ispitivanja zatezanjem 

Table 7. Tensile testing results  

MPa MPa %
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Slika 9. Prikaz dijagrama zatezanja dobijenih ispitivanjem zatezanjem 

Figure 9. Stress strain curves obtained during tensile test 

3.2 Ispitivanje udarne �ilavosti 
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Tabela 8. Rezultati ispitivanja udarne �ilavosti osnovnog materijala i zavarenog spoja 

Table 8. Toughness results for base metal and welded joint as well

J

Slika 10. Histogramski prikaz rezultata udarne �ilavosti 

Figure 10.  Histogram of impact toughness results 



PRAKSA PRACTICE 

38 ZAVARIVANJE I ZAVARENE KONSTRUKCIJE, 1/2025, str. 29-38 

 

Internacionalni in�enjeri zavarivanja (IWE) / Evropski in�enjeri zavarivanja (EWE); 
Internacionalni tehnolozi zavarivanja (IWT) / Evropski tehnolozi zavarivanja (EWT); 

Internacionalni inspektori zavarivanja (IWI-C) 
kojima je diplome izdao DUZS-CertPers mogu javno da prika�u nivo kvalifikacije na relevantnim 
dokumentima kori� enjem IIW/EWF pe ata izdatim od strane DUZS-CertPers 

Ukoliko ste 
zainteresovani za izdavanje EWF diplome/pe ata ili IIW pe ata, ZAHTEV(E) je potrebno 
popuniti i dostaviti sekretarijatu DUZS-CertPers � a.

http://duzs0011.mycpanel.rs/2016/wp-content/uploads/2017/05/Zahtev-za-izdavanje-IIW-pecata_IWE-IWT-IWI-C.pdf
http://duzs0011.mycpanel.rs/2016/wp-content/uploads/2017/05/Zahtev-za-dobijanje-EWF-diplome_pecata.pdf
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ASOPIS ZAVARIVANJE I ZAVARENE KONSTRUKCIJE 
Cenovnik oglasnog prostora u etiri uzastopna broja 2025 

- - - 

U cene nije ura unat PDV 20%. 
Objavljivanje oglasa u samo jednom broju iznosi 30% od datih cena. 
Reklamni tekstovi: 25% od cene povr�ine crno/belih oglasa. 
 Dostava materijala: 

za crno-beli film ili CD (Adobe Photoshop / CorelDRAW);
za kolor film ili CD (Adobe Photoshop / CorelDRAW);
izrada filma sa CD: 10% od cene anga�ovanog prostora. 

Na web prezetaciji DUZS-a, (www.duzs.org.rs), na strani Marketing, objavljuje se 
pregled firmi-ogla�iva a sa podacima o glavnim grupama proizvoda/usluga i 
adresom web prezetacije. Svi posetioci na�e web prezentacije mogu da posete i web 
prezentacije ogla�iva a, preko aktivnih linkova koji se nalaze na ovoj stranici! 

WELDING & WELDED STRUCTURES, Quarterly review 
Advertising prices for four successive numbers in 2025 

2 x 
210 x 297 210 x 297 180 x 120 90 x 120 90 x 60 

VAT 20% included. 
Advertising in one number only is 35% of the given prices. 
Commercial articles: 30% of black/white advertising price. 
 Print material: 

for black/white CD (Adobe Photoshop / CorelDRAW)
for color CD (Adobe Photoshop / CorelDRAW).

All the visitors of our web site may be linked to the advertisers� web site. 

INDEKS OGLA�IVA A 
ADVERTISERS INDEX 

MESSER TEHNOGAS 

YASKAWA SLOVENIJA 

HONEX 

ELIMP 

NEMINIK 

SIGMA LAB 

EDC D.O.O. HRVATSKA 

1. LANARINA DUZS za 2025. godinu ������������������������������������

lanovima DUZS GRATIS godi�nje izdanje asopisa "ZAVARIVANJE I ZAVARENE KONSTRUKCIJE"

5.000 dinara 

2. ASOPIS "ZAVARIVANJE I ZAVARENE KONSTRUKCIJE" - 2025. godina 
u slobodnoj prodaji  (u cene je ura unat PDV 10%):

cena pojedina nog broja.................................................. �...�.����������������������.. 1.150 dinara 

godi�nja pretplata za 1 komplet brojeva godi�njeg izdanja�������������������������. 3.520 dinara 

3. ASOPIS - stari brojevi (u cene je ura unat PDV 10%)

a) u slobodnoj prodaji:

cena pojedina nog broja za 2024. godinu ............................. �������������................................�� 500 dinara 

cena pojedina nog broja za prethodne godine��������������....................................................�... 250 dinara 

b) beneficirane cene za lanove DUZS:

cena pojedina nog broja za 2024. godinu (pouze em ili preuzimanjem) .....�������������..........�.. 400 dinara 

cena pojedina nog broja za prethodne godine (pouze em ili preuzimanjem)   ��������������........ Gratis 

4. Knjiga Organizacija i ekonomika zavariva kih radova � autor: prof. dr Zoran Radojevi  (ura unat PDV 10%) ���. 1.045 dinara 

5. Zbirke standarda OBEZBE ENJE KVALITETA U ZAVARIVANJU, komplet 4 toma (izdanja su i z 2012. godine) 6.750 dinara 


