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Modeling of structural behaviour of RC members

Reinforced Concrete Structures Topic 6. – Properties of reinforcing material

Numerical modelling

linear, non linear, plastic, 1st order

theory, 2nd order theory, etc.

Experimental

modelling

full-scale,

non full-scale, etc.

Engineering

modelling

statics, strength of 

materials, elasticity, 

plasticity, dynamics, etc.

Material properties

homogen, inhomogen, izotropic, anizotropic

elastic linear, non linear elastic,

plastic, viscous, reological properties, etc.

Environment

effects, loads,

durability properties, etc.

Size effect

Structural

behaviour
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Behaviour of concrete member in bending
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Behaviour of concrete member in bending
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Behaviour of reinforced concrete member in bending

p

c

t

Compressive forces occur in the compressed concrete belt!

Before cracking of the member tensile forces are carried by both the

tensioned concrete portion and the steel bars!
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Behaviour of reinforced concrete member in bending

p

c

s

Compressive forces occur in the compressed concrete belt!

After cracking of the member tensile forces are carried by only the

steel bars!
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Behaviour of reinforced concrete member in bending

p

c

s

With increasing load, additional cracks form!
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Behaviour of reinforced concrete member in bending

p

c

s

Steel bars are working in the cracked tensioned zone of the section, 

while above the cracked zone – in the compressed zone of the section

– compressed concrete belt is working!

A R C   E F F E C T !!!
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Behaviour of reinforced concrete member in bending
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Steel for reinforcement of concrete
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European standards of steel for reinforcement of concrete
MSZ 339:1987 Hot rolled steel for reinforcement of concrete

MSZ 339:2008 Reinforcing steel bars. Hot rolled steel for the reinforcement of concrete, cold formed steel for the reinforcement of 

concrete, cold formed wires for reinforcement of concrete, machine-welded flat nets and machine-welded three

dimensional trusses. Requirements (Not published)

MSZ 982:1987 Cold worked steel wire for the reinforcement of concrete

MSZ EN 1992-1-1:2005 Eurocode 2: Design of concrete structures. Part 1-1.: General rules and rules for buildings

MSZ EN 1992-1-1:2010 Eurocode 2: Design of concrete structures. Part 1-1.: General rules and rules for buildings

MSZ EN 1992-1-1:2004/A1:2016 Eurocode 2: Design of concrete structures. Part 1-1.: General rules and rules for buildings

prEN 10080-1:2004 Steel for the reinforcment of concrete. Weldable reinforcing steel. Part 1.: General rules

MSZ EN 10080:2005 Steel for the reinforcement of concrete. Weldable reinforcing steel. General.

MSZ EN ISO 15630-1:2011 Steel for the reinforcement and prestressing of concrete. Test methods. Part 1.: Reinforcing bars, wire rod and wire. 

(ISO 15630-1:2010)

MSZ EN ISO 15630-2:2011 Steel for the reinforcement and prestressing of concrete. Test methods. Part 2.: Welded fabric. (ISO 15630-2:2010)

MSZ EN ISO 15630-3:2011 Steel for the reinforcement and prestressing of concrete. Test methods. Part 3.: Prestressing steel (ISO 15630-3:2010)

EN 10027-1:2005 (D) Bezeichnungssysteme für Stähle – Teil 1: Kurznamen

DIN EN 10080:2005 Stahl für die Bewehrung von Beton. Schweißgeeigneter Betonstahl. Allgemeines. Deutsche Fassung EN 10080:2005

DIN 488-1:1984 Betonstahl. Sorten, Eigenschaften, Kennzeichen

DIN 488-3:1984 Betonstahl. Betonstabstahl. Prüfungen

ISO 7801:1984 Metallic materials. Wire. Reverse bend test
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Classification of reinforcing bars

Reinforcing steel bars can be classified on the following ways:

o production

hot rolled steel bars

cold formed steel bars

o surface characteristics

plain

ribbed

periodic

o diameter

o packaging

in coil, in bar

o weldability

weldable, non-weldable

o etc….
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Hot rolled reinforcing bars 

Common diameters:

Ø6, Ø8, Ø10, Ø12, Ø14, Ø16, (Ø18), Ø20, 

(Ø22), Ø25, Ø28, Ø32, Ø40, 

Great diameters:

Ø50, Ø57, Ø63 (rarely manufactured diameters)

Common production length:

12 m – 18 m (30 m)

Strength grades (EN 1008):                  

450…500

fib Bulletin 51,  Structural Concrete, Volume 1, Chapter 3, pp. 157-158.
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Surface characteristics of some ”old” (H) reinforcing bars – MSZ 339-87

B60.40B50.36

B60.50

B75.50
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Surface chracteristics of common (D) reinforcing bars – Beton Kalender 2016

2016 Beton Kalender – Beton in Hochbau Silos und Behälter – pp. 177.

Grade B500A – 3 rib lines Grade B500B – 2 rib lines Grade B500B – 4 ribl ines
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Cold formed reinforcing bars

Common diameters:

Ø6, Ø8, Ø10, Ø12, Ø14, Ø16, (Ø18), Ø20, 

(Ø22), Ø25, Ø28, Ø32, Ø40, 

Great diameters:

Ø50, Ø57, Ø63 (rarely manufactured diameters)

Common production length:

12 m – 18 m (30 m)

Strength grades (EN 1008):     

450…500

fib Bulletin 51,  Structural Concrete, Volume 1, Chapter 3, pp. 157-158.
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Periodic reinforcing bars
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Packaging of reinforcing bars

Diameter of bars:

Ø4…Ø14 

Diamater of coils:

500 mm – 1200 mm

Mass of coils:

800 kg – 3000 kg

In coil In bar

Diameter of bars:

Ø4 –

Lenght of threads:

12 m (12,60 m)

Mass of threads:

200 kg – 3000 kg
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Welded reinforcing mesh
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Different type of welded reinforcing meshes

Double bare arrangement

Twin bare arrangement

Single bare arrangement
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Dimensions of welded reinforcing meshes (H) 
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Spacings of bars: mm150mm,100,mm75mm,50hU

mm300mm,250mm,200,mm150mm,100kU

Material properties of bars: plain or ribbed, weldable, B500
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Dimensions of welded reinforcing meshes (EU)
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Dimensions of table: 

Spacings of bars: 

Material properties of bars: plain or ribbed, weldable, B500
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Prefabricated bended welded reinforcing meshes
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Machine-welded flat nets and machine-welded three dimensional trusses

Machine-welded three

dimensional truss

Machine-welded flat nets

for spacer

Machine-welded flat nets with

diagonal web

Mechine-welded three

dimensional truss for spacer
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Machine-welded flat nets and machine-welded three dimensional trusses

Common diameters for bars placed in the flanges: Ø4…Ø16 

Common diameters for bars placed in the web: Ø4…Ø8

Height of members (2D, 3D): 70 mm – 400 mm

Width of members (3D): 50 mm – 250 mm

Grade of steel (MSZ EN 10027-1:2006): B500A

Reinforced Concrete Structures Topic 6. – Properties of reinforcing material

EMAKOM Ltd. Complex Engineering Bureau Coll. Prof. Dipl. Eng. Imre KOVÁCS PhD ® All rights reserved!



Machine-welded flat nets and machine-welded three dimensional trusses

2D or 3D elements made with

continuos lattice bars

2D or 3D elements made with

interrupted lattice bars

[2016 Beton Kalender – Beton in Hochbau

Silos und Behälter – Bild 8/(1) – pp. 214.]

[2016 Beton Kalender – Beton in Hochbau

Silos und Behälter – Bild 8/(2) – pp. 214.]
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Prefabricated element made with 2D or 3D machine-welded nets and trusses

Prefabricated composite

wall-plate for walls

Prefabricated composite

floor-plate for slabs

Girders for prefabricated

slabs made with ceramic

slippers

Girders for prefabricated slabs

made with concrete slippers

Girders with ceramic

slippers
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Properties of reinforcing bars – MSZ EN 1992-1-1:2010

o Yield strength: fyk , f0,2k

o Maximum actual yield strength: fy,max

o Strength: ft

o Ductility: uk , ft / fyk

o Bendability

o Bond characteristic: fR

o Section sizes and tolerances

o Fatigue strength

o Weldability

o Shear strength for welded fabric and lattice girders

o Weld strength for welded fabric and lattice girders

[MSZ EN 1992-1-1:2010 – Section – 3.2.2 – Paragraph (1)P – Page 37.]
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Classification of reinforcing bars – CEB-FIP Model Code 1990

[CEB Bulletin 213/214 (1993), CEB-FIP Model Code 1990]

Properties Class A Class B Class S

Nominal diameter, Ø No 

Characteristic yield strength, fyk ≤ 500 N/mm2

Strength grades ≤ 500

Minimum value of k = ftk / fyk (Rm / Re ) ≥ 1,08 ≥ 1,05 ≥ 1,15 

Characteristic strain at maximum 

force, uk (Agt)
50 ‰ 25 ‰ 60 ‰

Surface ribbed, indented, plain

Bond characteristic Bars with high bond characteristic: fR ≥ fR
prEN 10080, ENV 10080

Bars with normal bond characteristic:   fR < fR
prEN 10080, ENV 10080

Intended bars

Weldability weldable, non-weldable
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Properties Class A Class B Class C

Nominal diameter, Ø 4 mm ≤ Ø ≤ 16 mm 6 mm ≤ Ø ≤ 40 mm 6 mm ≤ Ø ≤ 40 mm

Characteristic yield strength, fyk 500 N/mm2 500 N/mm2 450 N/mm2

Strength grade 500 500 450

Minimum value of k = ftk / fyk (Rm / Re ) ≥ 1,05 ≥ 1,08 1,15 ≤ and ≤ 1,35 

Characteristic strain at maximum 

force, uk (Agt)
25 ‰ 50 ‰ 80 ‰

Surface ribbed

intended

plain

ribbed ribbed

Bond characteristics / relative rib area 0,039…0,056

Classification of reinforcing bars – ENV 10080:2005

[ENV 10080:2005 Steel reinforcement of concrete]
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Properties Class A Class B Class C

Nominal diameter, Ø No limitation (Ø >5 mm)

Characteristic yield strength, fyk or f0,2k

400 N/mm2…600 N/mm2

Strength grade 400…600

Minimum value of k = ftk / fyk (Rm / Re ) ≥ 1,05 ≥ 1,08 1,15 ≤ és < 1,35 

Characteristic strain at maximum force, uk (Agt) 25 ‰ 50 ‰ 75 ‰

Surface ribbed

Bond characteristics / relative rib area 0,035…0,056

Classification of reinforcing bars according – MSZ EN 1992-1-1:2010

[MSZ EN 1992-1-1:2010 – Annex C – Table C1 – Page 190.]
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Stress – strain ( –  ) curves of steel for reinforcement of concrete

Hot rolled steel for

reinforcement of concrete

Cold formed steel for

reinforcement of concrete

uk uks s
0

02,0

s s

ykt fkf 

ykf

kt fkf 2,0

kf 2,0

[MSZ EN 1992-1-1:2010 – Section 3.2.4 – Figure 3.7 – Paragraph (2) – Page 38.]
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Yield strength (fyk f0,2k ), Tensile strength (fyt) – MSZ EN 1992-1-1:2010

The yield strength fyk (or the 0,2% proof stress, f0,2k) and the tensile strength ftk are defined respectively as the

characteristic value of the yield load, and the characteristic maximum load in direct axial tension, each divided by the

nominal cross section area.

MPa600MPa400  ykf

[MSZ EN 1992-1-1:2010 – Section 3.2.3 – Paragraph (1)P – Page 38.]

[MSZ EN 1992-1-1:2010 – Section 3.2.2 – Paragraph (3)P – Page 38.]

[MSZ EN 1992-1-1:2010 – Annex C – Section C2 Strength – Paragraph (1)P – Page 191.]

The application rules for design and detailing in this Eurocode are valid for a specified yield strength range:

The maximum actual yield stress fy,max shall not exceed 1,3fyk.
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Ductility characteristic – MSZ EN 1992-1-1:2010

The reinforcement shall have adequate ductility as defined by the ratio of tensile strength to the yield stress, (ft / fy )k

and the elongation at maximum force, uk.

[MSZ EN 1992-1-1:2010 – Section 3.2.4 – Paragraph (1)P – Page 38.]

y

t

f

f
k 

uk

uk s

ykt fkf 

ykf
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Ductility characteristic – MSZ EN 1992-1-1:2010

Product form: Bars and de-coild rods Wire fabrics
Requirement or

quantile value [%]

Class A B C A B C -

fyk , f0,2k 400 MPa … 600 MPa 5,0

min. k = (ft / fy)k ≥ 1,05 ≥ 1,08
≥ 1,15

< 1,35
≥ 1,05 ≥ 1,08

≥ 1,15

< 1,35

10,0

uk % ≥ 2,5 ≥ 5,0 ≥ 7,5 ≥2,5 ≥ 5,0 ≥ 7,5 10,0

Bendability bend/reband test -

Shear strength - 0,3 A fyk minimum

Maximum deviation

from mass [%]

Ø ≤ 8 mm

Ø > 8 mm

± 6,0 %

± 4,5 %

5,0

[MSZ EN 1992-1-1:2010 – Annex C – Section C1 General – Table C1. – Page 190.]
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Ductility characteristic – MSZ EN 1992-1-1:2010

[MSZ EN 1992-1-1:2010 – Annex C – Section C1 General – Table C1. – Page 190.]

uk s

ykt fkf 

ykf

A B C

00
025uk 00

050uk 00
075uk

A   05,1/ 
kyt ffk

B   08,1/ 
kyt ffk

C   15,1/35,1 
kyt ffk

s
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Strength, strain and ductility characteristics of some ”old” (H,EU) reinforcing bars

  08,1/and%0,5 
kytuk ff  05,1/and%5,2 

kytuk ff

Former tipical reinforcing bars in Europe

Reinforcing bars with normal ductility Reinforcing bars with high ductility

BSt 500 S(A) DIN 1045-1                                         

BSt 500 M(A) DIN 1045-1              

B500A EC2 – MSZ EN

BSt 500 S(B) DIN 1045-1                                         

BSt 500 M(B) DIN 1045-1              

B500B EC2 – MSZ EN

MPa500MPa550  yktk ff

Former tipical reinforcing bars in Hungary (MSZ 15022-1 / 86)

B.38.24             

ftk = 380 MPa

fyk = 240 MPa

uk = 2,5 %

B.50.36             

ftk = 500 MPa

fyk = 360 MPa

uk = 2,5 %

B.55.40             

ftk = 550 MPa

fyk = 400 MPa

uk = 2,5 % 

B.60.40             

ftk = 600 MPa

fyk = 400 MPa

uk = 1,5 % 

B.60.50             

ftk = 600 MPa

fyk = 500 MPa

uk = 2,5 % 

B.75.50             

ftk = 750 MPa

fyk = 500 MPa

uk = 1,5 % 

[Based on MSZ 15022 / 1 – 86 using the notation of MSZ EN 1992-1-1:2010]
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Bendability characteristics – MSZ EN 1992-1-1:2010

The reinforcement shall have adequate bendability to allow the use of the minimum mandrel diameters specified in

MSZ EN 1991-1-1:2010 Table 8.1 and the allow rebending to be carried out.

[MSZ EN 1992-1-1:2010 – Section 3.2.2 – Paragraph (6)P –Page 38.]

[MSZ EN 1992-1-1:2010 – Annex C – Section C3 Bendability – Page 191.]

[MSZ EN 1992-1-1:2010 – Section 8.3 – Paragraph (1)P – Page 123.]

The minimum diameter to which a bar is bent shall be such as to avoid bending cracks in the bar, and to avoid failure

of the concrete inside the bend of the bar.

Bendability shall be verified by the bend and rebend tests in accordance with EN10080 and EN ISO 15630-1. In

situations where verification is carried out just using a rebend test the mandrel size shall be no greater than that

specified for bending according to MSZ EN 1992-1-1:2010 Table 8.1 N. In order to ensure bendability no cracking

shall be visible after the first bend.
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Bendability characteristics – MSZ EN 1992-1-1:2010

In order to avoid damage to the reinforcement the diameter to which the bar is bent (Mandrel diameter) should not be

less than Øm,min.

[MSZ EN 1992-1-1:2010 – Section 8.3 – Paragraph (2) – Page 123.]

Ø
Ø m,min

[MSZ EN 1992-1-1:2010 – Section 8.3 – Table 8.1.N – Page 124.]

Minimum mandrel diameter to avoid damage to reinforcement, Øm,min

Bar diameter Minimum mandrel diameter for bends, hooks and loops

≤ 16 mm 4 Ø

> 16 mm 7 Ø
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Bond characteristics – MSZ EN 1992-1-1:2010

Force
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Bond characteristics – MSZ EN 1992-1-1:2010

The surface characteristics of ribbed bars shall be such to ensure adequate bond with the concrete.

[MSZ EN 1992-1-1:2010 – Section 3.2.2 – Paragraph (4)P – Page 38.]

[MSZ EN 1992-1-1:2010 – Section 3.2.2 – Paragraph (5) – Page 38.]

Adequate bond may be assumed by compliance with the specification of projected rib area, fR.

Mechanical bond is based on the ribbed geometry of the reinforcement bar, which is evaluated by considering the

relative rib area, fR, and the angle of slope of transversal ribs, α. The relative rib area fR is a parameter which takes

account of height and frequency, or the distance of transversal ribs. It is the ratio between the projected rib area and

the cylindrical surface area of one rib space.
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Bond characteristics – MSZ EN 1992-1-1:2010

Product form:
Bars and de-coild

rods
Wire fabrics

Requirement or

quantile value [%]

Class A B C A B C -

Bond:

Minimum relative rib area:

fR,min

Nominal bar size:

5 – 6 m 

6,5 – 12 mm

> 12 mm

0,035

0,040

0,056

5,0

[MSZ EN 1992-1-1:2010 – Annex C – Section C1 General – Table C2. – Page 190.]
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The relative rib area, fR, the ratio between the projected rib area and the cylindrical surface area of one rib space.
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