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Modeling of structural behaviour of RC members

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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Important notions

CRE  or 
EFFECTS

„Side of the effects”

RESISTANCE

„Side of the resistance”

o Characteristic value of the effects

o Design value of the effects

o Frequent value of the effects

o Quasi-permanent value of the effects

o Ultimate limit states

o Design situations for ultimate limit states

o Serviceability limit states

o Design situations for the combinations of effects

o Etc……

o Design curve of concrete for designing cross sections

o Design value of the concrete compressive strength

o Design value of the concrete tensile strength

o Confined concrete

o Partial safety factors of materials

o Design curve of the reinforcing steel for desining cross

sections

o Design curve of the prestressing materials for

designing cross sections

o Etc….
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Limit states

DURABILITY

RESISTANCE TO EFFECTS SERVICEABILITY

SERVICEABILITY LIMIT 

STATES

ULTIMATE LIMIT          

STATES
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Characteristics of time-dependent effects

100%

50%

1%

Characteristic value

Frequent value

Quasi-permanent value

Design value
kQ Q

kQ

kQ1

kQ2

Q

time

Characteristic load level: 2% / years (65% / 50 years)

Frequent load level: 1% / design life

Quasi-permanent load level: 50% / design life

Probability of exceedance:

Frequency:

Combined valuekQ0
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(1)P The following ultimate limit states shall be verified as relevant:

Ultimate limit states / ULS

o Equilibrium EQU

o Internal failure or excessive deformation of structure STR

o Fatigue failure FAT

o Failure or excessive deformation of ground GEO

o Loss of equilibrium UPL

o Hydraulic heave HYD

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states
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is the design value of the effect of destabilising actions

is the design value of the effect of stabilising actions

(1)P When considering a limit state of static equilibrium of the structure (EQU), it shall be verified that:

Verifications of static equilibrium and resistance / EQU

stbddstd EE ,, 

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

dstdE ,

stbdE ,

where:

(2) Where appropriate the expression for a limit state of static equilibrium may be supplemented by additional

terms, including, for example, a coefficient of friction between rigid bodies.

[MSZ EN 1990:2005 – Section 6.4.2 – Page 38.]
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is the design value of the effect of actions such as internal force, moment or a vector

representing several internal forces or moments

is the design value of the corresponding resistance

(3)P When considering a limit state of rupture or excessive deformation of a section, member or connection (STR

and/or GEO), it shall be verified that:

Verifications of static equilibrium and resistance / STR or GEO

dd RE 

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

dE

dR

where:

NOTE: Expression does not cover all verification formats concerning buckling, i.e. failure that happens

where second order effects cannot be limited by the structural response, or by an acceptable structural

response. See EN 1992 to EN 1999.

[MSZ EN 1990:2005 – Section 6.4.2 – Page 38.]
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Design situations according to MSZ EN1990:2005

(1)P The relevant design situations shall be selected taking into account the circumstances under which the

structure is required to fulfil its function.

(2)P Design situations shall be classified as follows:

o Persistent design situation refer to conditions of normal use. As such, for a higway bridge, they

will include the passage of heavy vehicles since the ability to carr heavy vehicles is a key functional

requirement.

o Transient design situation refer to circumstances when the structure is itself in some temporary

configuration, such as during execution or repair.

o Accidental design situations refer to exeptional circumstances when a structure is experiencing

an extreme accidental event.

o Seismic design situations refer concern conditions applicable to the structure when subjected to

sismic events.

o Fire design situations refer to exeptional circumstances when a structure is experiencing a fire

event.
[MSZ EN 1990:2005 – Section 3.2 – Page 27.]
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Design values of actions – EQU / UPL – Set A 

Persistent and transient

design situation

MSZ EN 1990:2005

Permanent actions

Leading

variable

action
Accompanying variable actions

Unfavourable Favourable
Main

(if any)
Others

Eq. (6.10) -,sup,,sup, jkjG G inf,,inf,, jkjG G 1,1, kQ Q ikiiQ Q ,,0, 

10,1,sup, jG 90,0inf,, jG 50,11, Q favourable if  01, Q

50,1, iQ favourable if   0, iQ

Equilibrium / EQU, UPL

[MSZ EN 1990:2005 – Annex A – Table A1.2.(A) – Page 44.]
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 


ikiiQkQP
j

jkjG QQPG ,,0,1,1,
1

,, """""" 

10,1,sup, jG

1,50,1,  iQQ 

0Q

i,0 ……………..factor for combination value of a variable action i

……………..partial factors for variable actions in unfavourable case

……………..partial factors for variable actions in favourable case

……………..partial factors for permanent action j

jkG , ……………..characteristic value of permanent action j

1,kQ ……………..characteristic value of the leading variable action 1

ikQ , ……………..characteristic value of the accompanying variable action i

90,0inf,, jG

30,1unfav, P ……………..partial factors for prestressing actions00,1fav, P

Design values of actions – EQU / UPL – Set A

Equilibrium, EQU / UPL

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

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



Design values of actions – STR / GEO – Set B/1

Vasbetonszerkezetek                                                                                            11. Témakör – A teherbírási és használhatósági határállapotok

Persistent and transient

design situation

MSZ EN 1990:2005

Permanent actions

Leading

variable

action

Accompanying variable actions

Unfavourable Favourable
Main

(if any)
Others

Eq. (6.10) -,sup,,sup, jkjG G inf,,inf,, jkjG G 1,1, kQ Q ikiiQ Q ,,0, 

35,1,sup, jG 00,1inf,, jG 50,11, Q favourable if   01, Q

50,1, iQ favourable if   0, iQ

Internal failure or excessive deformation… / STR and Failure or excessive deformation of the ground… / GEO

[MSZ EN 1990:2005 – Annex A – Table A1.2.(B) – Page 45.]
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 


ikiiQkQP
j

jkjG QQPG ,,0,1,1,
1

,, """""" 

35,1,sup, jG

1,50,1,  iQQ 

0Q

i,0 ……………..factor for combination value of a variable action i

……………..partial factors for variable actions in unfavourable case

……………..partial factors for variable actions in favourable case

……………..partial factors for permanent action j

jkG , ……………..characteristic value of permanent action j

1,kQ ……………..characteristic value of the leading variable action 1

ikQ , ……………..characteristic value of the accompanying variable action i

Design values of actions – STR / GEO – Set B/1

Internal failure or excessive deformation… / STR and Failure or excessive deformation of the ground… / GEO

00,1inf,, jG

30,1unfav, P ……………..partial factors for prestressing actions00,1fav, P
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Design values of actions – STR / GEO – Set B/2

Persistent and 

transient design 

situation

MSZ EN 1990:2005

Permanent actions
Leading

variable

action

Accompanying variable actions

Unfavourable Favourable
Main

(if any)
Others

Eq. (6.10/a)

Eq. (6.10/b) -

,sup,sup kjGj G inf,inf, kjGj G

11 kQ Q

kiiQi Q 0

35,1,sup Gj 00,1inf, Gj 50,11 Q favourable if   01 Q

50,1Qi favourable if   0Qi

1011 kQ Q

kiiQi Q 0inf,inf, kjGj G,sup,sup kjGj G

85,0 15,135,185,0,sup  Gj

Internal failure or excessive deformation… / STR and Failure or excessive deformation of the ground… / GEO

[MSZ EN 1990:2005 – Annex A – Table A1.2.(B) – Page 45.]
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 


ikiiQkQP
j

jkjG QQPG ,,0,1,1,01,
1

,, """""" 

Design values of actions – STR / GEO – Set B/2

Internal failure or excessive deformation… / STR and Failure or excessive deformation of the ground… / GEO

 


ikiiQkQP
j

jkjGj QQPG ,,0,1,1,
1

,, """""" 

35,1,sup, jG

1,50,1,  iQQ 

0Q

i,0 ……………..factor for combination value of a variable action i

……………..partial factors for variable actions in unfavourable case

……………..partial factors for variable actions in favourable case

……………. partial factors for permanent action j

jkG , ……………..characteristic value of permanent action j

1,kQ ……………..characteristic value of the leading variable action 1

ikQ , ……………..characteristic value of the accompanying variable action i

00,1inf,, jG

30,1unfav, P ……………..partial factors for prestressing actions00,1fav, P

……………..factor for combination value of a variable action 11,085,0

15,135,185,0,sup  Gj
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Design values of actions – STR / GEO – Set C

Persistent and transient

design situation

MSZ EN 1990:2005

Permanent actions

Leading

variable

action
Accompanying variable actions

Unfavourable Favourable
Main

(if any)
Others

Eq. (6.10) -,sup,sup kjGj G inf,inf, kjGj G 11 kQ Q kiiQi Q 0

00,1,sup Gj 00,1inf, Gj 30,11 Q favourable if   01 Q

30,1Qi favourable if   0Qi

Internal failure or excessive deformation… / STR and Failure or excessive deformation of the ground… / GEO

[MSZ EN 1990:2005 – Annex A – Table A1.2.(C) – Page 46.]
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 


ikiiQkQP
j

jkjG QQPG ,,0,1,1,
1

,, """""" 

Design values of actions – STR / GEO – Set C

Internal failure or excessive deformation… / STR and Failure or excessive deformation of the ground… / GEO

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

00,1sup,, jG

1,30,1,  iQQ 

0Q

i,0 ……………..factor for combination value of a variable action i

……………..partial factors for variable actions in unfavourable case

……………..partial factors for variable actions in favourable case

……………..partial factors for permanent action j

jkG , ……………..characteristic value of permanent action j

1,kQ ……………..characteristic value of the leading variable action 1

ikQ , ……………..characteristic value of the accompanying variable action i

00,1inf,, jG

30,1unfav, P ……………..partial factors for prestressing actions00,1fav, P
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Design values of actions for use in accidental and seismic combinations of actions

Accidental and 

seismic design 

situation

MSZ EN 1990:2005

Permanent actions

Leading

accidental

or seismic

action

Accompanying variable actions

Unfavourable Favourable
Main

(if any)
Others

Eq. (6.11.a/b)

Eq. (6.12.a/b) -

,supkjG inf,kjG

EdA

kii Q2121111 or kk Q  Q  

inf,kjG,supkjG

dA

kii Q2

Accidental / A – Seismic / AE

[MSZ EN 1990:2005 – Annex A – Table A1.3. – Page 46.]

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

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



Design values of actions for use in accidental and seismic combinations of actions

Accidental / A

  



1

,,21,1,21,1
1

, ""  or  """"""
i

ikikd
j

ik QQAPG 

dA ……………..design value of an accidental action

1,1 ……………..factor for frequent value of a variable action 1

1,2 ……………..factor for quasi-permanent value of a variable action 1

i,2 ……………..factor for quasi-permanent value of a variable action (others)





1

,,2
1

, """"""
i

ikiEd
j

ik QAPG 

EdA …………….. design value of seismic action

Seismic / AE
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(1 )P The limit states that concern:

o the functioning of the structure or structural members under normal use

o the comfort of people

o the appearance of the construction works

shall be classified as serviceability limit states.

NOTE: In the context of serviceability, the term "appearance" is concerned with such criteria as high

deflection and extensive cracking, rather than aesthetics.

NOTE: Usually the serviceability requirements are agreed for each individual project.

(2)P A distinction shall be made between reversible and irreversible serviceability limit states.

Serviceability limit state / SLS

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

[MSZ EN 1990:2005 – Section 3.4 – Page 27. and 28.]
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(3) The verification of serviceability limit states should be based on criteria concerning the following aspects:

a) deformations that affect

o the appearance,

o the comfort of users, or

o the functioning of the structure (including the functioning of machines or services)

or that cause damage to finishes or non-structural members

b) vibrations

o that cause discomfort to people, or

o that limit the functional effectiveness of the structure

c) damage that is likely to adversely affect

o the appearance,

o the durability, or

o the functioning of the structure.

Serviceability limit state / SLS

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

[MSZ EN 1990:2005 – Section 3.4 – Page 28.]
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is the limiting design value of the relevant serviceability criterion

is the design value of the effects of actions specified in the serviceability criterion,

determined on the basis of the relevant combination.

(1)P It shall be verified that:

Verifications of serviceability limit cases / SLS

dd CE 

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

dE

dC

where:

[MSZ EN 1990:2005 – Section 6.5.1 – Page 40.]
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Design values of actions for use in the combination of actions / SLS

Combination

Permanent actions, Gd Variable actions, Qd

Unfavourable Favourable
Main

(if any)
Others

Characteristic

Frequent

Quasi-permanent

,supkjG inf,kjG iki Q ,,0 1,kQ

1,1,1 kQ

Serviceability limit states / SLS

[MSZ EN 1990:2005 – Annex A – Table A1.2.(B) – Page 45.]

,supkjG inf,kjG

,supkjG inf,kjG

iki Q ,,2 

1,1,2 kQ iki Q ,,2 

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states
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……………..factor for combination value of a variable action i

Characteristic / CHAR

Design values of actions for use in the combination of actions / SLS





1

,,01,
1

, """"""
i

ikik
j

jk QQPG 

Frequent / FREQ





1

,,21,1,1
1

, """"""
i

ikik
j

jk QQPG 

Quasi-permanent / QUASI





1

,,2
1

, """"
i

iki
j

jk QPG 

i,0

1,1 ……………..factor for frequent value of a variable action 1

i,2 ……………..factor for quasi-permanent value of a variable action (others)

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states
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Use of serviceability limit states

o Deformation control, deflection control QUASI / FREQ

o Vibration control, oscillation control FREQ / QUASI

o Crack control QUASI

o Stress control CHAR

o Other damage affecting the external appearance

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states
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Real or measured sc – ec curve for concrete in compression
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Strees-strain (sc – ec ) relation for non-linear structural analysis

cf

cf4,0

cus

1ce cue

cE

cmE

The relation between sc and ec shown in MSZ EN 1992-1-1:2010 Figure 3.2

(compressive stress and shortening strain shows as absolute values) for short

term uniaxial loading is decribed by MSZ EN 1992-1-1:2010 Eq. (3.14):

0cs

[MSZ EN 1992-1-1:2010 –

Section 3.1.5 – Figure 3.2 

– Page 34.]

  


s





21

2

k

k
fcmc

1c

c

e

e
 

cm

c
cm

f
Ek

1
05,1

e


110 cuc ee 

[MSZ EN 1992-1-1:2010 – Section 3.1.5 – Paragraph (1) – Page 33.]
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 00
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Strees-strain (sc – ec ) relations for non-linear structural analysis – Grades
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(1)P The value of the design compressive strength is defined as:

where:

NOTE: The value of acc for use in a Country should lie between 0,8 and 1,0 and may be found in its

National Annex. The recommenden value is 1,00.

Design compressive strength – fcd

is the partial safty factore for concrete

C

ck
cccd

f
f


a 

cca

[MSZ EN 1992-1-1:2010 – Section 3.1.6 – Paragraph (1)P – Page 34.]

C

is the coefficient taking account of long term effects on the compressive strength

and of unfavourable effects resulting from the way the load applied

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states
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(2)P The value of the design tensile strength is defined as :

where:

NOTE: The value of act for use for a Country may be found in its National Annex. The recommenden value

is 1,00.

Design tensile strength – fctd

is the partial safty factore for concrete

C

ctk
ctctd

f
f


a

05,0,


cta

[MSZ EN 1992-1-1:2010 – Section 3.1.6 – Paragraph (2)P – Page 34.]

C

is a coefficient taking account of long term effects on the compressive strength

and of unfavourable effects, resulting from the way the load applied

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states
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(1) Partial factors for materials for ultimate limit states, C and S should be used.

NOTE: The value of C and S for use in a Country may be found in its National Annex. The recommended

values for ”persistent & transient” and ”accidental” design situations are given in MSZ EN 1992-1-1:2010

Table 2.1.N.

Persistent & transient:

Accidental:

These are not valid for fire design for which reference should be made to MSZ EN 1992-1-2: 2010.

For fatigue verification the partial factors for persistent design situations given in MSZ EN 1992-1-1:2010

Table 2.1.N. are recommended for the values of C,fat and S,fat.

Partial factors for materials in ULS – C and S

[MSZ EN 1992-1-1:2010 – Section 2.4.2.4 – Paragraph (1) – Page 25.]
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(2) The value for partial factors for matrials for serviceability limit state verification chould be taken as those

given in the particular clauses of this Eurocode (MSZ EN 1992-1-1:2010).

NOTE: The values of C and S in the serviceability limit state for use in a Country may be found in its

National Annex. The recommended value for situations not covered by particular clauses of this

Eurocode (MSZ EN 1992-1-1:2010) is 1,0.

(3) Lower values of C és S may be used if justified by measures reducing the uncertainty in the calculted

resistance.

NOTE: Information is given in MSZ EN 1992-1-1:2010 Informative Annex A..

[MSZ EN 1992-1-1:2010 – Section 2.4.2.4 – Paragraph (2) – Page 25.]
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Reduction based on quality control and reduced deviations

(1) If execution is subjected to a quality control system, which ensures that unfavourable deviations of cross-

section dimensions are whitin the reduced deviations given in MSZ EN 1992-1-1:2010 Table A.1, the partial

safety factor for reinforcement may be reduced to S,red1.

NOTE: The value of S,red1 for use in Country may be found in its National Annex. The recommended value

is 1,10.

(2) Under the condition given in MSZ 1992-1-1:2010 Section A.2.1. Paragraph (1) and if the coefficient of

variation of the concrete strength is shown not to exceed 10%, the partial safety factor for concrete

may be reduced to C,red1.

NOTE: The value of C,red1 for use in Country may be found in its National Annex. The recommended

value is 1,40.

Partial factors for materials in ULS – C and S – In situ concrete structures

[MSZ EN 1992-1-1:2010 – Informative Annex A – Section A.2.1 – Paragraph (1) and (2) – Page 185.]
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Reduction based on using reduced or measured geometrical data in design

(1) If the calculation of design resistance is based on critical geometrical data, including effective depth, which

are either: reduced by deviations, or measured in the finished structure the partial safety factors may be

reduced to S,red2 and C,red2.

NOTE: The value of S,red2 and C,red2 for use in Country may be found in its National Annex. The

recommended S,red2 value of C,red2 is 1,05 and of is 1,45.

(2) Under the conditions given in MSZ 1992-1-1:2010 Section A.2.2. Paragraph (1) and provided that the

coefficient of variation of the concrete strength is shown not to exceed 10%, the partial factor for concrete

may be reduced to C,red3.

NOTE: The value of C,red3 for use in Country may be found in its National Annex. The recommended

value is 1,35.

Partial factors for materials in ULS – C and S – In situ concrete structures

[MSZ EN 1992-1-1:2010 – Informative Annex A – Section A.2.2 – Paragraph (1) and (2) – Page 185. and 186.]
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Reduction based on assesment of concrete strength in finished structure

(1) For concrete strength values based on tensting in a finished structure or element, see EN 13791, and EN

206-1 and relevant product standards, C may be reduced by the conversion factor η.

NOTE: The value of η for use in a Country may be found in its National Annex. The recommended value

is 0,85.

(2) The value of C to which this reduction is applied may already be reduced according to MSZ EN 1992-1-

1:2010 Section A.2.1. or Section A.2.2. However, the resulting value of the partial factor (C,red1 = 1,40) or

(C,red2 = 1,45, C,red3 = 1,35) should not be taken less than C,red4.

NOTE: The value of C,red4 for use in a Country may be found in its National Annex. The recommended

value is 1,35.

Partial factors for materials in ULS – C and S – In situ concrete structures

[MSZ EN 1992-1-1:2010 – Informative Annex A – Section A.2.3 – Paragraph (1) – Page 186.]
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Vasbetonszerkezetek                                                                                            11. Témakör – A teherbírási és használhatósági határállapotok
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Bi-linear Rectangular

For the design of cross-sections, the following concrete stress-strain relationships can be used:

[MSZ EN 1992-1-1:2010 – Section 3.1.7 – Paragraph (1) (2) (3) – Page 35. and 36.]

Strees-strain (sc – ec ) relations for the design of cross-sections
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Parabola-rectangle concrete sc – ec curves for design of cross-sections
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Parabola-rectangle concrete sc – ec curves for design of cross-sections
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Rectangular concrete sc – ec curves for design of cross-sections

sA

cA

d
x x

cdcc fAF  

ydss fAF 

3cue

se

cdf

2

x
d 

e s F

MPa9050if
400

50
80

MPa50if8,0








ck
ck

ck

f
f

-,λ

f

MPa9050if
200

50
0,1

MPa50if0,1








ck
ck

ck

f
f

-

f





Cross-section

[MSZ EN 1992-1-1:2010 – Section 3.1.7 – Figure 3.5 – Paragraph (3) – Page 36.]
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Confined concrete – Spirally reinforced RC column

Reinforced concrete columns made 

with spiral stirrup reinforcement

Effect of spiral strirrups
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Concrete filled

steel tube

Modeling of the

internal forces

Confined concrete – Concrete filled steel tube
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sc – ec curves for confined concrete – MSZ EN 1992-1-1:2010

(1) Confinement of concrete results in modification of the effective stress-strain relationship: higher strength

and higher critical strains are achived. The other basic material characteristics may be considered as

unaffected for desig.
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Example: sc – ec curve for confined concrete (1)
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Example: sc – ec curve for confined concrete (1)
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Example: sc – ec curve for confined concrete (2)
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Stress-strain (ss – es ) diagrams for typical reinforcing steel

Hot rolled RE bars Cold formed RE bars
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[MSZ EN 1992-1-1:2010 – Section 3.2.4 – Figure 3.7 – Paragraph (2) – Page 38.]
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Design assumptions for reinforcing steels

(1) Design should be based on the nominal cross-section area of the reinforcement and the design values

derived from the characteristic values given in MSZ EN 1992-1-1:2010 Section 3.2.2.

(2) For normal design, either of the following assumptions may be made according to MSZ 1992-1-1:2010

Figure 3.8:

o an inclined top branch with a strain limit of eud and a maximum stress of k × fyk / S at εuk , where

k = (ft / fy)k

o a horizontal top branch without the need to check the strain limit

NOTE: The value of eud for use in a Country may be found in its National Annex. The recommended value

is 0,9 × euk.

NOTE: The value of (ft / fy)k is given in MSZ EN-1992-1-1:2010 Annex C.

[MSZ EN 1992-1-1:2010 – Section 3.2.7 – Paragraph (1) (2) – Figure 3.8 – Page 38. and 39.]
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Strees-strain (ss – es ) relations for the design of cross-sections
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Example: B500A, k = 1,10, S = 1,15 (1)

2N/mm 500ykf

2N/mm 55050010,1  ykfk

2N/mm 47943510,1  ydfk

2N/mm 435
15,1

500


S

yk
yd

f
f



00
0175,2

200000

435


s

yd

E

f 00
05,229,0  ukud ee 00

025uke

2N/mm 200000sE

1

Inclined top 

branch

Horizontal top 

branch

se

ss

2N/mm 550 ykfk

2N/mm 435ydf

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

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



Example: B500B, k = 1,20, S = S,red2 = 1,05 (2)
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Example: B500C, k = 1,30, S = S,red1 = 1,10 (3)
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Stress-strain (sp – ep ) diagrams for typical prestressing steels

[MSZ EN 1992-1-1:2010 – Section 3.3.3 – Paragraph (1)P – Figure 3.9 – Page 42.]
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Design assumptions for prestressing steels

(1)P Structural analysis is performed on the basis of the nominal cross-section area of the prestressing steel and

the characeristic values fp0,1k, fpk and euk.

(2) The design value for the modulus of elasticity, Ep may be assumed equal to 205 GPa for wires and bars. The

actual value can range from 195 to 210 GPa, depending on the manufacturing process. Certificates

accompanying the consignment should give the appropriate value.

(3) The design value for the modulus of elasticity, Ep may be assumed equal to 195 GPa for strand. The actual

value can range from 185 GPa to 205 GPa, depending on the manufacturing process. Certificates

accompanying the consignment should give the appropriate value.

(4) The mean density of prestressing tendons for the purposes of design may normally be taken as 7850

kg/m3.

(5) The value given above may be assumed to be valid within a temperature range between -400C and

+1000C for the prestressing steel in the finished structure.

[MSZ EN 1992-1-1:2010 - Section 3.3.6 – Paragraph (1)P…(5) – Page 43.]
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Design assumptions for prestressing steels

(6) The design value for the steel stress, fpd, is taken as fp0,1 × k / S according to MSZ EN 1992-1-1:2010

Figure 3.10.

(7) For cross-section design, either of the following assumptions may be made according to MSZ EN 1992-1-

1:2010 Figure 3.10:

o an inclined top branch, with a strain limit eud. He design may also be based on the actual

stress/strain relationship, if this is know, with stress above the elastic limit reduced analogously with

MSZ EN 1992-1-1:2010 Figure 3.10, or

o a horizontal top branch without strain limit.

NOTE: The value of εud for use in a Country may be fund in its National Annex. The recommended value

is 0,9 × εuk. If more accurate values are not known the recommended values are eud = 0,02 és fp0,1k / fpk =

0,9.

[MSZ EN 1992-1-1:2010 – Section 3.3.6 – Paragraph (6)…(7) – Page 43.]
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Strees-strain (sp – ep ) relations for the design of cross-sections
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Example: DWK Drahtwerke, wire St 1570/1770, k = 1,18, S = 1,15 (1)
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Example: D&D Wire Company, wire Ø = 5 mm, k = 1,15, S = 1,15 (2)

2
1,0 N/mm 1540kpf

2N/mm 1770pkf

2N/mm 1540134015,1  pdfk

21,0
N/mm 1340

15,1

1540


S

kp
pd

f
f



00
054,6

205000

1340


p

pd

E

f 00
05,319,0  ukud ee 00

035 .minuke

2N/mm 205000pE

1

Strain hardening

model

Plastic

model

Pe

Ps

2N/mm 1770pkf

2N/mm 1340pdf














 15,1

1540

1770

1,0 kp

pk

f

f
k

Reinforced Concrete Structures Topic 11. – Ultimate and serviceability limit states

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



Example: BBV-Vorspanntechnik, strand, St 1570/1770, k = 1,164, S = 1,15 (3)
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Example: D&D Wire Company, strand, Fp-100 1770/1540, k = 1,15, S = 1,15 (4)
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