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Izvod

Ispitivanje celika u gradevinarstvu danas ukljucuje
obimnu aktivnost koja nije na pravi nacin prikazana u
domacoj strucnoj literaturi. Ispitivanje je od velikog
znacaja u slucaju Celika za armiranje betona, jer moze doci
do katastrofalnih lomova zbog njihovog niskog kvaliteta.
Namena ovog rada je da prikaze osnove kontrole kvaliteta
Celika, primenjenih u gradevinarstvu, sa posebnim osvrtom
na standarde za Celike za armiranje i njihovu harmoni-
zaciju.

UvVOD

Cilj rada je da se gradevinski inZenjeri upoznaju sa
osnovnim mehanicko-tehnoloskim osobinama celika za
armiranje betona, uz naglasak na postojecu zakonsku regu-
lativu i iskustvima iz oblasti kontrole kvaliteta.

Osnovne podloge za izradu ovog rada su domadi i strani
propisi, kao i metalurgija, plasticna deformacija, zavari-
vanje i ispitivanje Celika.

VRSTE CELIKA ZA ARMIRANIJE

Proizvodnja Celika

Prema Pravilniku o tehnickim normativima za beton i
armirani beton, Sl. list SFRJ broj 11/87, koriste se sledeci
celici:

— €0002 i C0300 za izradu glatkog betonskog ¢elika (GA);

i
— C0550 za izradu rebrastog betonskog &elika oblika RA1,

RA2, RA3 i RA4; oblik RA2 se moze izraditi i od ¢elika

oznake kvaliteta C0551, sl. 1.

Celici za armiranje se prema standardu JUS C.K6.020 —
Vruée valjani Celici - Betonski Celici - Tehnicki uslovi,
proizvode po:

— Simens - Martinovom;

— elektro; 1

— kiseoni¢kom postupku u konvertoru;

ili po nekom drugom postupku pod uslovom da zadovolja-
vaju uslove iz pomenutog standarda.
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Abstract

Testing of steels in civil engineering today includes wide
range of activities which are not properly presented in
domestic professional literature. This is of great signifi-
cance in the case of steels for concrete reinforcement, since
catastrophic failures can occur due to their poor quality.
The aim of this paper is to outline the basics of quality
control of steels applied in civil engineering, with special
reference to standards for reinforcement steels and their
harmonisation.

INTRODUCTION

The aim of this paper is to present to the civil engineers
the mechanical and technological properties of steels for
reinforcement (SfR), with accent on valid law regulations,
and experience in the field of quality control.

An elementary basis for this paper are local and foreign
regulations, as well as metallurgy, plastic deformation,
welding, and testing of steel.

GRADES OF REINFORCEMENT STEEL

Production of steel

According to Regulation for concrete and reinforced
concrete, Sl. list SFRJ No 11/87, the following grades of
steel are used:

— €0002 and C0300 for production of SfR without ribs

(GA); and
— C€0550 for production of ribbed SfR, of the types RAI,

RA2, RA3 and RA4; type RA2 can be produced from

steel grade C0551, Fig. 1.

Reinforcing steels are produced according to JUS
C.K6.020 - Hot drawn steels - Reinforcement steels — Tech-
nical condition, by the following processes:

— open heart;

— electro; and

— LD converter,

or by any other process if the requirements of noted
standard are fulfilled.
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Simens - Martinovom postupak je zastareo zbog povi-

Senog sadrzaja necisto¢a u celiku, koje smanjuju mehanicka

i tehnoloska svojstva celika za armiranje.

j=0,97 44d,

RA1

Open heart process is outdated due to increased level of
impurities in steel, which decrease mechanical and techno-
logical properties of SfR.

520,80

220,56
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Slika 1. Oblici ¢elika za armiranje prema domaéim standardima
Figure 1. Types of ribbed bars of SfR according to local standards.

Osnove kontrole kvaliteta celika za armiranje

Kontrola kvaliteta radi utvrdivanja svojstava celika za
armiranje predstavlja skup razliitih ispitivanja. Ova ispiti-
vanja imaju za cilj proveru odredenih svojstava definisanih
odgovarajuc¢im standardom. Standard JUS C.K6.120 propi-
suje ispitivanja navedena u tab. 1.

Postupak kontrole se zasniva na slobodnom izboru utvr-
denog broja uzoraka (n) uzetih iz skupine proizvoda istog
precnika jedne Sarze, prema tab. 2.

U praksi se kod nas ispituju samo zatezne karakteristike i
tehnoloske probe, odnosno savijanje i povratno savijanje.
Na sl. 2 je prikazan uzorak celika za armiranje sa vrlo
visokim sadrzajem necistoca, nakon ispitivanja savijanjem.

Postupci zavarivanja Celika za armiranje

Za zavarivanje Celika za armiranje se primenjuje samo
nekoliko postupaka zavarivanja. NajCesCe se primenjuje
postupak ru¢nog elektroluénog zavarivanja (E), zavarivanje
MAG postupkom u zastiti CO, i su€eono elektrootporno
zavarivanje varnienjem. Prvi razlog je Sto se zavarivanje
Celika za armiranje izvodi na terenu, drugi — zavarljivost
ovih celika je ogranicena zbog povisenog sadrzaja ugljenika.
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Basis of the quality control of reinforcement steels

Quality control for determining SfR properties presents
the scope of different types of testing procedures. The
purpose of these procedures is control of values defined in
appropriate standards. Standard JUS C.K6.120 quote the
kind of testing, Table 1.

Control procedure is based on random sampling of (n)
number of specimens, for the same diameter and the same
cast, according to Table 2.

General domestic practice is that only tensile properties,
bending and reverse bending undergo testing. Figure 2
presents a sample of reinforcement steels with high level of
impurities, after bending.

Welding processes for reinforcement steels

Only several procedures are applied for welding SfR.
Most widely applied techniques of welding are: Shielded
Metal Arc Welding (SMAW), Gas Metal Arc Welding
(GMAW) and Flush Welding (FW). The first reason is that
welding SfR is performed mainly in-situ, and the second is
that weldability of these steels is limited due to increased
carbon content.
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Table 1. Vrste ¢elika, oznake 1 osobine

Oznaka vrste Gelika 0002 0300 0550 0551
RAI RA2
1) Oznaka profila prema JUS C.K6.120 GA GA RA3 RA4 RA2
2) Gornji napon teCenja Ry, (N/mm?) ili Ry02, Najmanje 220 240 400 400
3) Zatezna &vrstoéa Ry, (N/mm?), najmanje 340 360 500 500
4) IzduZenje A;y (%), najmanje 18 18 10 10
. re¢nik trna 2d, 2d, S5dy 5d,
3)  Savijanje Egao savijanja 180° 180° 90" 90"
precnik trna - - 7d8 7d8
6) Povratno savijanje 1840 Savijanja - - 4 4
ugao povratnog - - 22,5° 22,5
savijanja
7) Dinamiéka izdrzljivost” o,, (N/mm?), najmanje - 190 220 220
8) Racunski modul elasti¢nosti, (GPa) 200 do 210 200 do 210
C - - 0,60 0,28
9) Hemijski sastav Sarze i Si 0,60 0,60 0,60 0,60
proizvoda® u % mase, najvise P - - 0,050 (0,055)” 0,050 (0,055)”
S - - 0,050 (0,055)” 0,050 (0,055)”
10) Podesnost za zavarivanje > - 111, 135, 24, 47 249 111, 135,24, 47, 71

D
2)
3)

Dinami&ka izdrzljivost kod rebrastog &elika je utvrdena samo za oblik RA2 i utvrdena pri naponu o4=20 N/mm? i do 2x10° ciklusa.
Vrednosti u zagradi utvrdene su za analizu proizvoda.

111 - elektrolu¢no zavarivanje obloZzenom elektrodom; 135 - MAG-elektroluéno zavarivanje u zastiti gasova koji nisu inertni sa topivom
elektrodnom zicom; 24 - suceono elektrootporno varnicenjem; 47 - gasno zavarivanje pritiskom; 71 - aluminotermijsko zavarivanje
prema JUS C.T3.003.

9 Celik se zavaruje sueono elektrootporno varnicenjem pod posebnim uslovima.
Table 1. Steel grades, types and properties
Steel grade 0002 0300 0550 C0551
. RAIT RA2
1) Type according to JUS C.K6.120 GA GA RA3 RA4 RA2
2) Upper yield point Ry, (N/mm?) or Ry0.2, min. 220 240 400 400
3) Tensile strength R,,, (N/mm®), min 340 360 500 500
4) Elongation Ay (%), min 18 18 10 10
. bending diameter 2dy 2dy 5dy 5dy
3)  Bending bending angle 130° 130° 90° 90°
bending diameter - - 7dy 7d,
6) Reverse bending bending angle - - 45° 45°
reverse bending angle - - 22,5° 22,5°
7) Fatigue strength ! o,, (N/mm?), min - 190 220 220
8) Elasticity modulus, (GPa) 200 do 210 200 do 210
C - - 0,60 0,28
9) Chemical composition of the cast Si 0,60 0,60 0,60 0,60
and product? in % mass, max P - - 0,050 (0,055)” 0,050 (0,055)”
S - - 0,050 (0,055)” 0,050 (0,055)”
10) Weldability related to process 3 - 111, 135, 24, 47 249 111, 135,24,47,71

" Fatigue strength is determined only for ribbed type RA2 and for 64= 20 N/mm? and up to 2x10° cycles.
2 Noted values are only for product analysis.

3 111 - SMAW; 135 - GMAW; 24 - FW; 47 - GW; 71 - according to JUS C.T3.003.

¥ Flash Butt welding of steel is applied only under specified conditions.

Tabela 2. Broj uzoraka (n) zavisno od veli¢ine skupine
Table 2. Number of specimens (n) dependent of stock.

Vrsta ispitivanja Masa éari.e (skupine) u tonama - Mass of the cast (or stock). in tons
Type of testing do 50 iznad 50 do 100 iznad 100 do 150 iznad 150
up to 50 from 50 to 100 form 100 to 150 above 150
Zatezanjem - Tensile test
Savijanjem - Bending ) 3 4 5
Povratnim savijanjem - Reverse bending
Zavarljivosti - Weldability
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Slika 2. Uzorak glatkog ¢elika za armiranje sa vrlo visokim sadrZajem necistoca, nakon ispitivanja savijanjem
Figure 2. Sample of smooth bar of SfR with high level of impurities, after bending.

INOSTRANI STANDARDI I NORME ZA CELIKE ZA
ARMIRANIJE

CEB-FIP Model Kod 1990

CEB/FIB Model Code /2/, koji vodi poreklo iz inici-
jalnog dokumenta iz 1978. godine, smatra se osnovom i
prethodnicom Eurokoda EC2 /3/ u kome je navedena
polazna tacka za nacionalne norme za projektovanje. Model
Kod 90 navodi tri klase duktilnosti: A, BiC.

Ovakva klasifikacija je bila neophodna zbog razli¢itih
nacina proizvodnje celika, Sto je rezultovalo razlikom
izmedu duktilnosti i usvojenih metoda analiza konstrukcija
koje zahtevaju celike sa normalnim ili vi§im nivoom
duktilnosti. Duktilnost se definiSe kao normalna (klasa B) i
visoka (klasa A). Takode se navodi i klasa C, sa poviSenom
duktilnos¢u, koja je poznata i kao zemljotresna klasa.
Koeficijent duktilnosti, izrazen kao odnos zatezne ¢vrstoce
i gornjeg napona tecenja (R, /Rey) 1 izduzenje pri maksi-
malnoj sili (A,) imaju sledece vrednosti:

— Klasa B: Ry/Rey = 1,05, Ag: = 2,5 %
— Klasa A: R/Re, = 1,08, Ay, =5 %
— Klasa C: Rp/Rey = 1,15, Ay = 6 %

FEurokod 2: EC2

Eurokod 2 u svom najnovijem izdanju /2/ ima iste klase
duktilnosti za Eelike za armiranje i iste zahteve kao pret-
hodna verzija. Sa tacke gledista trziSta u Evropi, sve klase i
tipovi Celika su prihvatljivi na trzistu /6/, uz ispunjeni uslov
povisene gornje granice napona teenja Ry od 400 do
600 MPa zbog postojeceg velikog broja vrsta Celika. Klase
duktilnosti su ostale neizmenjene.

DIN 488: 1984 /4/

Nemacki standard za Celike za armiranje DIN 488:1984
sadrzi samo jednu klasu duktilnosti, R, /R, = 1,05. Za
armaturne mreze i zice ova vrednost se moze smanjiti i na
1,03 ako je nazivni napon teCenja 550 MPa. Ovo je naj-
CeSce zahtev kod Zica malog pre¢nika, 5,5 mm, (npr. arma-
turne mreze, Zice, nosaci) kao posledica smanjenja udela
armature.
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FOREIGN STANDARDS AND REGULATIONS FOR
REINFORCEMENT STEELS

CEB-FIP Model Code 1990

CEB/FIP Model Code /2/, which originated in an initial
document in 1978, is considered as the basis for, and the
predecessor of Eurocode EC2 /3/, which in its turn is the
starting point for national design norms. Model Code 90
specifies three ductility classes: A, B and C.

This classification was necessary as different methods
used to manufacture steel result in variations in ductility
and methods of structural analysis have been adopted that
require steels with normal or higher ductility. Ductility is
classified into normal (class B) and high (class A). There is
also a class C, with increased ductility, which is generally
known as earthquake class. The ductility coefficient,
expressed as the ratio between tensile strength and upper
yield strength (R, /Re;) and elongation at maximal force
(Ay) are rated as follows:

— Class B: Ry/Rey = 1.05, Ay =2.5 %
— Class A: Rp/Reh = 1.08, Ay =5 %
— Class C: Ry/Repy = 1.15, Ay = 6 %

FEurocode 2: EC2

Eurocode 2 in its most recent form /2/ has the same
ductility classes for SfR with the same requirements as a
previous version. From the European market point of view,
all classes and types are acceptable at the market, /6/, with
fulfilled requirement of increased upper yield strength Ry, of
400 to 600 MPa due to existing large number of types of
reinforcement steels. The ductility classes remain unchanged.

DIN 488: 1984 /4/

The German concrete reinforcement steel norm DIN
488:1984 contains only one ductility class, R,,/R¢, = 1.05.
This value can be reduced to 1.03 for meshes and wires, if
the nominal yield strength is 550 MPa. This is mainly
required for thin wires with diameters 5.5 mm (e.g. meshes,
wires, and lattice girders) as due to the reduction in rein-
forcement area.
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EN 10080 /5/

Evropski standard za celike za armiranje, EN 10080, je
jo§ uvek u postupku harmonizacije. Ovaj standard ne sadrzi
tehnicke podatke za osobine Cvrstoce i deformacije ili
karakteristike duktilnosti. To je ostavljeno nacionalnim
propisima evropskih zemalja, Sto znaci da ¢e tehnicki uslovi
i dalje varirati od zemlje do zemlje /7/. Da bi se izbegli
mogucdi problemi izdat je set standarda na osnovu prvobitne
verzije prEN 10080:

— DIN EN 10080, 2005-08,Celici za armiranje betona —
Zavarljiv Celik za armiranje — Op§ti zahtevi;

— DIN EN 10080-2, 1999-10, Celici za armiranje betona —
Zavarljiv Celik za armiranje — Deo 2: Tehnicki uslovi za
isporuku za klasu A;

— DIN EN 10080-3, 1999-10, Celici za armiranje betona —
Zavarljiv Celik za armiranje — Deo 3: Tehnicki uslovi za
isporuku za klasu B;

— DIN EN 10080-4, Celici za armiranje betona — Zavarljiv
celik za armiranje — Deo 4: Tehnicki uslovi za isporuku
za klasu C; 1

— OENORM EN 10080-5,:1999-10-01, Celici za armiranje
betona — Zavarljiv Celik za armiranje — Deo 5: Tehnicki
uslovi za isporuku armaturne mreze.

Ostali standardi

Koliko su jo$ ukorenjeni stari standardi i koliko je tezak
prelaz na nove standarde, pokazuje i tab. 3. Vidi se da je
JUS standard bio vrlo naslonjen na stari DIN 488. U tabeli
4. su date mehanicke karakteristike Celika za armiranje
prema GOST 5781. Ovi celici, proizvedeni u zemljama
isto¢ne Evrope, veoma su prisutni u SCG.

EN 10080 /5/

The European reinforcement steel norm, EN 10080 is
still in process of harmonization. This standard does not
contain technical values for strength and deformation
properties or ductility characteristics. These are laid down
in the national regulations for European countries, which
mean technical conditions will vary from country to
country /7/. In order to avoid possible problems, the set of
standards based on first prEN 10080 is issued:

— DIN EN 10080, 2005-08, Steel for the reinforcement of
concrete - Weldable reinforcing steel - General;

— DIN EN 10080-2, 1999-10, Steel for the reinforcement of
concrete - Weldable reinforcing steel - Part 2: Technical
delivery conditions for class A;

— DIN EN 10080-3, 1999-10, Steel for the reinforcement of
concrete - Weldable reinforcing steel - Part 3: Technical
delivery conditions for class B;

— DIN EN 10080-4, 1999-10, Steel for the reinforcement of
concrete - Weldable reinforcing steel - Part 4: Technical
delivery conditions for class C; and

- OENORM EN 10080-5, 1999-10-01, Steel for the
reinforcement of concrete - Weldable reinforcing steel -
Part 5: Technical delivery conditions for welded fabrics

Other standards

How deep are the roots of old standards and how
difficult is transition to new standards can be seen in Table
3. It is clear that JUS standard was based on old DIN 488.
Table 4 presents mechanical properties of steels for
reinforcement from GOST 5781. These steels, produced in
East European countries, are very present in SCG.

Tabela 3. Nazivni precnici ¢elika za armiranje, mm, prema nacionalnim standardima
Table 3. Nominal diameters of steels for reinforcement, mm according to national standards.

JUS C.K6.120 DIN 488-2 GOST 5781
Glatki Sa popre¢nim rebrima Sa kosim rebrima
RAL| RA2 1 GA BSt 22/34 GU BSt 22/34 RU BSt 42/50 RU i BSt 42/50 RK j
Smooth bars Lateral ribs Angled ribs

RAL| RA2 | GA BSt 22/34 GU BSt 22/34 RU BSt 42/50 RU and BSt 42/50 RK j
- - 5 5 - - -
6 6 6 6 6 6 6
8 8 8 8 8 8 8
10 10 10 10 10 10 10
12 12 12 12 12 12 12
14 14 14 14 14 14 14
- 16 16 16 16 16 16
- - 18 18 18 18 18
- 19 - - - - -
- - 20 20 20 20 20
- 22 22 22 22 22 22
- 25 25 25 25 25 25
- 28 28 28 28 28 28
- 32 32 - 32 - 32
- 36 36 - 36 - 36
- 40 - - 40 - 40
- - - - - - 45
- - - - - - 50
- - - - - - 55
- - - - - - 60
- - - - - - 70
- - - - - - 80
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Tabela 4. Mehanicka svojstva prema GOST 5871
Table 4. Mechanical properties according to GOST 5871.

Klasa ¢elika Napon tecenja, Zatezna ¢vrstoca Izduzenje
Steel class Yield strength Ultimate tensile strength Elongation
Re (MPa) Rm (MPa) As (%)
A-1 235 373 25
A-II 294 490 19
Ac-11 294 441 25
A-IIT 392 590 14
A-1V 590 883 6
A-V 785 1030 7
A-VI 980 1230 6
UMESTO ZAKLJUCKA INSTEAD OF CONCLUSION

Prevodenje i usvajanje standarda za Celike za armiranje
nece resiti sve probleme na domacéem trzistu. Ocigledno je
da ¢e i po usvajanju EN serije 10080 biti najvise zastupljeni
Celici za armiranje iz zemalja isto¢ne Evrope. Neophodna je
i ostala regulativa, koja je bila dobro definisana u starom i
jos§ uvek vazeéem Pravilniku o tehni¢kim normativima za
beton i armirani beton. Jedno pogodno prelazno resenje je
usvojeno u Hrvatskoj kroz Tehnicki propis za betonske
konstrukcije (Narodne novine br. 175/03 1 100/04) /7/.

Ostaje realan problem kontrole kvaliteta Celika za armi-
ranje. Imajuci u vidu zahteve EN 10080 serije kao i stan-
dard EN 10002-2 (Osnovni standard za ispitivanje zateza-
njem), danas je vrlo mali broj laboratorija u Srbiji osposob-
ljen za ispitivanje celika za armiranje.
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Translation and acceptance of standards for reinforce-
ment steels will not solve all problems on the domestic market.
It is clear that after the accepting EN series 10080, still the
most widely distributed will be reinforcement steels from
East European countries. Other codes are necessary, prop-
erly defined in old and still valid Regulation for concrete
and reinforced concrete. One convenient transition solution
is accepted in Croatia by Technical code for concrete
structures (Narodne novine No. 175/03 and 100/04) /7/.

There is still an unsolved problem of quality control of
reinforcement steels. Having in mind requirements of EN
10080 series and standard EN 10002-2 (Basic standard for
tensile tests), only a small number of laboratories in Serbia
are equipped today for testing reinforcement steels.
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