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

Reinforced Concrete
(RC) Structures

Topic 11.

Ultimate and
serviceability limit states

Imre KOVACS PhD

Head of Department, College Professor
Structural Designer, Structural Expert, Lecturer

N

EMAKOM

KOMPLEX MERKODKI IRODA

info@emakom.hu
+36 30 743 6865
www.emakom.hu

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



Reinforced Concrete Structures Topic 10. — Concrete cover

Modeling of structural behaviour of RC members

Numerical modelling Material properties
linear, non linear, plastic, 1t order homogen, inhomogen, izotropic, anizotropic
theory, 2" order theory, etc. elastic linear;, non linear elastic,

plastic, viscous, reological properties, etc.

Structural
behaviour

Experimental Engineering Size effect Environment
xpeglrrllltlen a modelling effects, loads,
modeting statics, strength of durability properties, etc.
full-scale,

materials, elasticity,

non full-scale, etc. . .
plasticity, dynamics, etc.
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Reinforced Concrete Structures

EFFECTS
,Oide of the effects”

Characteristic value of the effects

Design value of the effects

Frequent value of the effects

Quasi-permanent value of the effects

Ultimate limit states

Design situations for ultimate limit states
Serviceability limit states

Design situations for the combinations of effects
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Important notions

RESISTANCE

,Oide of the resistance”

Design curve of concrete for designing cross sections
Design value of the concrete compressive strength
Design value of the concrete tensile strength

Confined concrete

Partial safety factors of materials

Design curve of the reinforcing steel for desining cross
sections

Design curve of the prestressing materials for
designing cross sections

Efc....
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Limit states

RESISTANCE TO EFFECTS SERVICEABILITY

DURABILITY
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Characteristics of time-dependent effects

A Q A 7o G |
Design value
Q,
Characteristic value
Wo Qg Combined value
wi-Q — Frequent value
Wy - Q
| | N Quasi-permanent value
time
100% -
Probability of exceedance: Characteristic load level: 2% [ years (65% / 30 years)
. Frequent load level: 1% / design life
Frequency:
Quasi-permanent load level: 50% / design life
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Ultimate limit states / ULS

(1)P The following ultimate limit states shall be verified as relevant:

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

[MSZ EN 1990:2005 — Section 6.4.1 — Page 37.]
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Verifications of static equilibrium and resistance / EQU

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

Ed,dst < Ed,stb

where:
E dast IS the design value of the effect of destabilising actions

E is the design value of the effect of stabilising actions
d,stb

(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 36.]
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Verifications of static equilibrium and resistance / STR or GEO

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:

E, <R,
where:

E is the design value of the effect of actions such as internal force, moment or a vector
d representing several internal forces or moments

R d is the design value of the corresponding resistance

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 36.]
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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.

Transient design situation refer to circumstances when the structure is itself in some temporary
configuration, such as during execution or repair.

Accidental design situations refer to exeptional circumstances when a structure is experiencing
an extreme accidental event.

Seismic design situations refer concern conditions applicable to the structure when subjected to
sismic events.

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

Equilibrium / EQU, UPL
Leading
Persistent and transient Permanent actions variable Accompanying variable actions
design situation action
MSZ EN 1990:2005 Mai
Unfavourable Favourable _ Al Others
(if any)
Eq. (6.10) VG,jsup Gk, jsup | YG,jjnf Gk, jinf | YQa- Qk,1 - Ya,i Vo, Qk,i
Q/G,j,SUp = 1,1 O 7/G,j,inf = 0,90 7/Q,1 = 1,50 7/0,1 = O |f faVOUl'ab|e
7q; =150 yq; =0 if favourable

[MSZ EN 1990:2005 — Annex A— Table A1.2.(A) — Page 44.]
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Design values of actions — EQU / UPL — Set A

Equilibrium, EQU / UPL
;76,/' Gy "+ vp P+ vo1 Q'+ 2 vai Wo, Qi
J=
Yejsup =W0 76 ine =090 oo partial factors for permanent action
Vounfar =130 Yoy =100 o partial factors for prestressing actions
Ya1=7qi =150 o partial factors for variable actions in unfavourable case
7a=0 partial factors for variable actions in favourable case
Woi oo, factor for combination value of a variable action |
CP TR characteristic value of permanent action |
Qi o, characteristic value of the leading variable action 1
O characteristic value of the accompanying variable action /
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Design values of actions — STR / GEO - Set B/1

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

Leading
Persistent and transient Permanent actions variable Accompanying variable actions
design situation action
; Mai
MISZ EN 1990:2005 Unfavourable Favourable _ al Others
(if any)
Eq. (6.10) YGjsup Gk,j,sup YG,jinf Gk,j,inf Qi Qk,1 - Yaq,i VYo, Qk,i
YGjsup = 1,35 VG,jinf = 1,00 Yqs =190 Y1 =0 if favourable
7qi =190 7q; =0 if favourable

[MSZ EN 1990:2005 — Annex A— Table A1.2.(B) — Page 45.]
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Design values of actions — STR / GEO - Set B/1

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

276,/' 'Gk,j +'Yp "D""I'"7/Q,1 'Qk,1 "+ YQ,i VYo, 'Qk,i

J2>1
Y6, jsup = 130 Vg i =100 oo partial factors for permanent action j
Ypuntay =130 ¥peay =100 partial factors for prestressing actions
Ya1=7q;i =150 i partial factors for variable actions in unfavourable case
7a=0 partial factors for variable actions in favourable case

Woi voeiiiiiinn, factor for combination value of a variable action /
CP TR characteristic value of permanent action j
Qi o, characteristic value of the leading variable action 1
O characteristic value of the accompanying variable action /
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Design values of actions — STR / GEO - Set B/2

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

Persi Leading
ersistent and Permanent actions variable Accompanying variable actions
transient design action
situation Main
MSZ EN 1990:2005 Unfavourable Favourable (if any) Others
S sl Y Gj sup 'ij,sup Y Gj inf 'ij,inf Ya1 Vo1 Qk Yoi *Woi - Qi
Eq. (6.10/b) Gy Gj,sup 'ij,sup Y Gjjnf 'ij,inf Vo1 - Qi1 - Yoi *Woi - Qi
VGjsup = 1’35 VGjjnf = 1,00 yQ1 = 1,50 Va1 = 0 if favourable
E=085  &-ygap=085-135=115  yq =150 v, =0 if favourable

[MSZ EN 1990:2005 — Annex A— Table A1.2.(B) — Page 45.]
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Design values of actions — STR / GEO - Set B/2

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

27/6/ ij"+"7/P 'P"+"7/Q1 "Wo1 -Qk1"+"Z 7qQ,i VYo, 'Qki
fo] v6, Gk + 7p P+ vg1 - Quy’ +"2, vai Vo Qi
j=1

Y6 jsup =130 ¥e =100 ... partial factors for permanent action j
Ypunfav = 130 ¥piay =100 .. partial factors for prestressing actions
Ya1=Yq; =190 ... partial factors for variable actions in unfavourable case
yo=U .. partial factors for variable actions in favourable case
Wi woeeeniaeeiiins factor for combination value of a variable action i
=089 WO o, factor for combination value of a variable action 1
& Vojoup =085-135=115  Gy; ... characteristic value of permanent action j
O characteristic value of the leading variable action 7
Qi oo, characteristic value of the accompanying variable action /
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Design values of actions — STR / GEO - Set C

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

Leading
Persistent and transient Permanent actions variable Accompanying variable actions
design situation action
MSZ EN 1990:2005 Mai
Unfavourable Favourable _ ol Others
(if any)

Eq. (6.10) Y Gj,sup 'ij,sup Y Gjinf ij,inf Vo1 'le - Yoi Vo Qki

Y6jsup = 100 Y6jint =100 7aq1 =130 7or =0 if favourable

yai =130 yo =0 if favourable

[MSZ EN 1990:2005 — Annex A— Table A1.2.(C) — Page 46.]
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Design values of actions — STR / GEO - Set C

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

276,/' 'Gk,j +'Yp "D""I'"7/Q,1 'Qk,1 "+ YQ,i VYo, 'Qk,i

J2>1
Vojsp = W00 76 n =100 oo partial factors for permanent action j
Ypuntay =130 ¥peay =100 partial factors for prestressing actions
Yor1=Vq; =130 i partial factors for variable actions in unfavourable case
7a=0 partial factors for variable actions in favourable case

Woi voeiiiiiinn, factor for combination value of a variable action /
CP TR characteristic value of permanent action j
Qi o, characteristic value of the leading variable action 1
O characteristic value of the accompanying variable action /
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Design values of actions for use in accidental and seismic combinations of actions

Accidental / A - Seismic / A¢

. Leading
Accidental and Permanent actions accidental Accompanying variable actions
seismic design or seismic
situation action Mai
MSZ EN 1990:2005 | Unfavourable | Favourable e Others
(if any)
Eq. (6.11.alb) | )
Gk/,sup ka,mf Aqg Wi Quq OF Wy - Qs Wi+ Qi
Eq. (6.12.a/b) ij,sup ij’inf AEd i Wi - Qki

[MSZ EN 1990:2005 — Annex A— Table A1.3. — Page 46.]
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

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

Accidental / A
n n.n n n
2.6 "+" P+ A, "‘(WM or ‘//21) Qs+ 205, - Qy,
J>1 I>1
Ay design value of an accidental action
WAL oo, factor for frequent value of a variable action 1
Wort oo, factor for quasi-permanent value of a variable action 1
Y A factor for quasi-permanent value of a variable action (others)
Seismic / Ag
n.n nm.n n.n

2.6y "+ P+ Agg "+ D g - Qg

J>1 1>1
Ay o, design value of seismic action
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Serviceability limit state / SLS

(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.

A distinction shall be made between reversible and irreversible serviceability limit states.

[MSZ EN 1990:2005 — Section 3.4 — Page 27. and 28.]
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Serviceability limit state / SLS

(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 thatis likely to adversely affect
o the appearance,
o. - the durability, or
o the functioning of the structure.

[MSZ EN 1990:2005 — Section 3.4 — Page 26.]

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



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

Verifications of serviceability limit cases / SLS

(1)P It shall be verified that:

E,<C,
where:

E d is the limiting design value of the relevant serviceability criterion

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

determined on the basis of the relevant combination.

[MSZ EN 1990:20056 — Section 6.5.1 — Page 40.]
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Design values of actions for use in the combination of actions / SLS

Serviceability limit states / SLS

Permanent actions, Gd Variable actions, Qd
Combination
Main
Unfavourable Favourable _ Others
(if any)
Characteristic ij,sup ij,inf Qk,1 Wo,i 'Qk,i
Frequent ij,sup ij,inf W1,1 'Qk,1 ‘//Z,i 'Qk,i
Quasi-permanent ij,sup ij,inf ‘//2,1 'Qk,1 Wz,i 'Qk,i

[MSZ EN 1990:2005 — Annex A— Table A1.2.(B) — Page 45.]
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Design values of actions for use in the combination of actions / SLS

Characteristic / CHAR
n n n n n n
ZGk,j P+ Q"+ 2w, - Qg
J>1 i>1

Frequent / FREQ
ZGk,j P+ Q"+ 2w Qs

j>1 i>1

Quasi-permanent / QUASI

ZGk,j "+"P"+"ZW2J ] Qk,i

j>1 1>1
Wi e, factor for combination value of a variable action i
WAl e, factor for frequent value of a variable action 1
Woiiiiiiiiiiaaiin, factor for quasi-permanent value of a variable action (others)

EMAKOM Ltd. Complex Engineering Bureau Coll. Prof. Dipl. Eng. Imre KOVACS PhD ® Al rights reserved!
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Use of serviceability limit states

o Deformation control, deflection control QUASI / FREQ
o Vibration control, oscillation control FREQ / QUAS|
o Crack control QUASI
o Stress control CHAR

o Other damage affecting the external appearance

EMAKOM Ltd. Complex Engineering Bureau Coll. Prof. Dipl. Eng. Imre KOVACS PhD ® Al rights reserved!
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Real or measured o, - &, curve for concrete in compression

60 -

50
40 /A2

o, [NImm?]
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Strees-strain (o, - &, ) relation for non-linear structural analysis

O, < 0 The relation between o, and g, shown in MSZ EN 1992-1-1:2010 Figure 3.2
(compressive stress and shortening strain shows as absolute values) for short

4 term uniaxial loading is decribed by MSZ EN 1992-1-1:2010 Eq. (3.14):
2
f Q- , —f . K- n—n
¢ i Oc¢ =lem
1+(k-2)-7
O A YY"
cu &t
g (~105.E,,, -
04 f [MSZ EN 1992-1-1:2010 -
hie - Section 3.1.5 - Figure 3.2 Eo o
. — Page 34.] n=—
’ &t

1 [}
o o >

0 <|ee| <l
€t & ey

[MSZ EN 1992-1-1:2010 — Section 3.1.5 — Paragraph (1) — Page 33.]
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Strees-strain (o, — &, ) relations for non-linear structural analysis — Grades

o, INImm?]

EMAKOM Ltd. Complex Engineering Bureau
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60
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20 -
10 |

. k. 2
O-c_fcm i
E 1+k-2)n C90/105
e
) C80/95
o
s C70/85
Y/ i\ C60/75
L~ —
/%/,_\\\\\ C55/67
j —— \\ C50/60
-
/ \s
oL C12115 ...
0 05 1 15 35 45 5
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Design compressive strength — £

(1)P The value of the design compressive strength is defined as:

fk
fcd = Qe -
I

where:
Yc ™ isthe partial safty factore for concrete

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

Ao = and of unfavourable effects resulting from the way the load applied

NOTE: The value of ¢, 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.

[MSZ EN 1992-1-1:2010 — Section 3.1.6 — Paragraph (1)P — Page 34.]
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Design tensile strength — £,

(2)P The value of the design tensile strength is defined as :
f . fCtk,0,05
otd = Xt -
4o
where:

Yc ™ isthe partial safty factore for concrete

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

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

NOTE: The value of e for use for a Country may be found in its National Annex. The recommenden value
is1,00.

[MSZ EN 1992-1-1:2010 - Section 3.1.6 — Paragraph (2)P — Page 34.]
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Partial factors for materials in ULS — %, and s

(1) Partial factors for materials for ultimate limit states, y, and 5 should be used.

NOTE: The value of y, and 5 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: Yo = 1,50 Vs = 115
Accidental: Ve = 1,20 Vs = 1,00

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 y; 1., and ys s

[MSZ EN 1992-1-1:2010 — Section 2.4.2.4 — Paragraph (1) — Page 25.]
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Partial factors for materials in SLS — . and ys

(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 y. and 5 in the serviceability limit state for use in @ 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.

ve =100 vs =100

(3) Lower values of y, és y may be used if justified by measures reducing the uncertainty in the calculted
resistance.

NOTE: Information is givenin 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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Partial factors for materials in ULS — . and s = In situ concrete structures

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 t0 5 4.

NOTE: The value of ys .44 for use in Country may be found in its National Annex. The recommended value
is 1,10.
Vs et = h10

(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 ¢ ro4s-

NOTE: The value of y; 4/ for use in Country may be found in its National Annex. The recommended
value is 1,40.
YC red1 = 140

[MSZ EN 1992-1-1:2010 — Informative Annex A — Section A.2.1 — Paragraph (1) and (2) — Page 185.]
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Partial factors for materials in ULS — . and s = In situ concrete structures

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 eq2 AN ¥¢ redz

NOTE: The value Of 5,42 @Nd ¥ ,eq, fOr use in Country may be found in its National Annex. The
recommended y; .4, Value of y; .4, is 1,05 and of is 1,45.

Vs red2 = 409 Y red2 = 149

(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 5 eqs-

NOTE: The value of y; 43 for use in Country may be found in its National Annex. The recommended
value is 1,35. _ 1 35
VCyred3 = 1

[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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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Partial factors for materials in ULS — . and s = In situ concrete structures

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, y, may be reduced by the conversion factor n.

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

is 0,85.
n =085

(2) The value of y. 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 (¢ eqs=1,40) or
(7crea2= 1,45, ¢ req3= 1,39) should not be taken less than y; .4,.

NOTE: The value of y .4 for use in a Country may be found in its National Annex. The recommended

value is 1,35.
VCredd = 1,30

17 Ycreqr = 0,85-140=119=130 n°7cred3 =089-135=115=130 n°7cred2 =089-145=123 =130
[MSZ EN 1992-1-1:2010 - Informative Annex A— Section A.2.3 — Paragraph (1) — Page 186.]
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Topic 11. — Ultimate and serviceability limit states

Strees-strain (o, - &, ) relations for the design of cross-sections

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

Parabola-rectangle Bi-linear

Rectangular
O-C
T 0
T o
77fcd
FRT & o—o—> Ee —o o—> &,
€c2 Eou2 Ecs Eoul (1_ /1)€CU3 £

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

EMAKOM Ltd. Complex Engineering Bureau

Coll. Prof. Dipl. Eng. Imre KOVACS PhD ® Al rights reserved!



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

Parabola-rectangle concrete o, - &, curves for design of cross-sections

C12/15 [ C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
fq (11,50 8,00 10,66 13,33 16,66 20,00 23,33 26,66 30,00 33,33
& 2,00
Eou2 3,50
n 2,0
C55/67 | C60/75 | C70/85 | C80/95 | C90/105 o
fcd
36,66 40,00 46,66 53,33 60,00
(7 =1.50) Fok
& 2,2 2,3 2,4 2,5 2,6 fcd
Eoup 3,1 29 2,7 2,6 2,6
n 1,75 1,6 1,45 1,4 1,4
B n
&e
o, =Fy-|1- 1_5_ 0<¢g, <égg
c2
O :fcd ) Eep SE¢ S Egyp
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Parabola-rectangle concrete o, - &, curves for design of cross-sections

70 -
60 Pyt C90/105
50 - ////__ C80/95
0 //A,/ C70/85
2 | —
o, [N/mm?] /// C60/75
30 | / —
; //; C55/67
o o C50/60
Ny =
| %
0 05 1 15 2 3 35 4 45 5

2,5
Ec [%0]
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Bi-linear concrete o, - &, curves for design of cross-sections

C12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
fy (1.=1,50) | 8,00 10,66 13,33 16,66 20,00 23,33 26,66 30,00 33,33
Eq3 1,75
Eou3 3,50
C55/67 | C60/75 | C70/85 | C80/95 | C90/105 o
f
«d 36,66 40,00 | 46,66 53,33 60,00
(7C =1 ’50) Ck
&3 1,80 1,90 2,00 2,20 2,30 cd
Eous 310 | 290 | 270 | 2,60 2,60

EMAKOM Ltd. Complex Engineering Bureau
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Bi-linear concrete o, - &, curves for design of cross-sections

70
60 / C90/105
50 //// i C80/95
10 , C70/85
2 | 7,
o, [N/mm~] o / / C60/75
_ /
. /%? C55/67
] V pd
; ~ ... C50/60
10 - éyéﬁ
E =
OiH\\HHHHHHHHHHHHHHHHH“ C12l15---

0 05 1 15 2
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Rectangular concrete o, - &, curves for design of cross-sections

Cross-section & o F

Fﬂ» Fs:As'fyd

A=08 it f, <50MPa n=10 if f, <50MPa
N0 fa =50

if 50<f, <90MPa n=1,o-f0k28050 if 50<f, <90MPa

[MSZ EN 1992-1-1:2010 — Section 3.1.7 — Figure 3.5 — Paragraph (3) — Page 36.]
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Topic 11. — Ultimate and serviceability limit states

Rectangular concrete o, - &, curves for design of cross-sections

C90/105

C80/95
C70/85

C60/75

C55/67

... C50/60

¢ [%o]

C12/15 ...
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Confined concrete — Spirally reinforced RC column

Reinforced concrete columns made Effect of spiral strirrups - Internal forces
with spiral stirrup reinforcement

Effect of spiral
stirrups

Longitudinal bars

Spiral stirrup

: Tensile force in
reinforcement

spiral stirrups
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Confined concrete — Concrete filled steel tube

Concrete filled Modeling of the
steel tube internal forces
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

o.- &, 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.

frae=To .[1,00+5,0-ﬂ ha o, <005,
ck
(o2 4 O»
Tl e D I fe =fu | 1125+250- 22| ha o, >005-f,
f . | ok
ka ¢ 3 fcd,c oy =1 ck,c
cd ' ' l
£ ~——
C i
. o o—> ‘E\\
€2 €z Co2¢ Ecu,c ~
Fex ’ 03 2 \/ 93 =2
€cac = €¢2 [ == ] Ecu2,c = €cu2 +0,2- f_ '
fck ck I

[MSZ EN 1992-1-1:2010 — Section 3.1.9 — Figure 3.6 — Paragraph (1)(2) - Page 36.-37.] o1 =fy
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Example: o.- &, curve for confined concrete (1)

Concrete: C30/37

O _fck,c 5 ;
] o, =002-f, =06N/mm* <0,05-f, =15N/mm
]
O 06 2
> BN N foke =fo | 100+50- =% =30+ 100+50- 2 | =~ 33Nimm
oy \__J 03=0 i

I fck,c 2 0 33 : 0
G1=f Ec2c =€c2° f :2’0040' % :2’4240

ck

Ecuze =Equn +0.2- [?2) 35%,+02- (06) 72 Yo

ck
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Example: o.- &, curve for confined concrete (1)

Concrete; C30/37
o,=f
1 lck,c g o, = 0,6N/mm?
A
N ) RTT . SEIERERRUETEREREI R o ITyc= 33 N/mm2
fo =30N/mm Ivo ----- ° - | ———
o ! \\ $' ' . : ? =
N fog = 20N/mm? o e "
0-2 \/ 0'3 = 0'2 :f
I o > &,

o,=f
17Tk 290 3500
€2 =242%, Ecuze =10 %o
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Example: o.- &, curve for confined concrete (2)

Concrete: C30/37

O _fck,c 5 ;
] o, =010-f, =3,00N/mm* >0,05-f, =15N/mm
_
o, 3 :
"N fox o =TFo -[ 1125+2,50- —= |=30- 1,125+2,50-% =41,25N/mm
oy \__J 03=0 i

2 2
1 o 4125
o, =f £c20 =502'( ; ’Cj :2’00%0'(W) =3,78 %%

ck

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



Reinforced Concrete Structures

01 = fck,c

EMAKOM Ltd. Complex Engineering Bureau

Topic 11. — Ultimate and serviceability limit states

Example: o.- &, curve for confined concrete (2)

Concrete: C30/37

Oc 03=0 o,=06Nmm* &, =3NImm* f, , =412N/mm’

A _______ Io .......................................................... [

‘.;’_’_‘:, ........ lveerssnnnnnnnnnnansss o fck,c = 33N/mm® !
ka =30N/mm2 I ,..' u.“: ” ! i ‘T f i275N/ 2
9 o . i ? cdec — : mm

f,g =20N/mm | 5

oo =22Nimm?

o o > &

2%0 35 %0
Ecoc = 2,42 %0
Ecoc = 3’78%0

Eeu2ec = 79 %O
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Stress-strain (o, - &) diagrams for typical reinforcing steel

Hot rolled RE bars Cold formed RE bars

o o '
& uk S 0,2 %
[MSZ EN 1992-1-1:2010 — Section 3.2.4 — Figure 3.7 — Paragraph (2) — Page 38.]
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

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:
e an inclined top branch with a strain limit of £,;and a maximum stress of k x f,, / y at £, where
k=(f,/ f)
e a horizontal top branch without the need to check the strain limit

NOTE: The value of g4 for use in'a Country may be found in its National Annex. The recommended value
50,9 % g,.
NOTE: The value of (f;/f,), 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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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Strees-strain (o, - &, ) relations for the design of cross-sections

O
K- fyk TO k- fyk
fyk ----- e 0 O fyd
f oot ] - o fy,
T \ Inclined top
| branch i
Horizontal top
branch
' c c » &g
fy_d Eud = 0’9"9uk Eyk
ES

[MSZ EN 1992-1-1:2010 — Section 3.2.7 — Paragraph (2) — Figure 3.8 — Page 40.]
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Example: BS00A, k=1,10, s =1,15(1)

GS
K- fyk = 1,1 0-500 =550 N/mm2 -“'““'““'“'““'““'“'““'““'“'"“'::_‘_‘_:_‘_'-'_j_‘_‘_‘.:::-‘-=-'-*‘(I) K- fy =530 N/mm2
fyk :500 N/mm2 _____ O, .................................... AQ ------------------------------ .;O k.fyd :1’10435:479N/mm2
- 'y _ 500 _ yacnjmm? ' S o f,y=435N/mm?
s 119 \ Inclined top
branch
; “\Horizontal top
~ E,=200000N/mm? | branch
o o » &g

ha - 435 ) 1750 G0 =07 Cu =225%, cu =25%
E, 200000 /%
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Example: B500B, k = 1,20, 75 = 75 e = 1,05 (2)

O
K- fyk = 1;20 -500 =600 N/mm2 '"""""'"""'"""""'"""""'""""-:-'-'-'-:_'_'_'_:_'_'_'.:.'-‘-‘-“"“Io K- fy =600 N/mm2
fyk :500 N/mm2 _____ g .(i) k.fyd :1’204762571N/mm2
:: AQI .......... i
frg = ' _ 00 = 476 NImm? = i 0 fg =476 N/mm?
Vsreaz 109 \ " Inclined top

branch

; “\Horizontal top
~ E,=200000N/mm? | branch

1
N\

O é} >
Eyg =09 &y =45%o Euk =50%o

gS
fyd . 476 .
E, 200000

2389,
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Example: B500C, k=1,30, 5= #5601 = 1,10 (3)

Os
K- fyk =1,30-500 =650 N/mm2 T‘Q K- fy =650 N/mm2
f i =500N/mm? & R O k-f,, =130-454 = 567 Nimm’
:-' AQI .......... i
frg = 500 _ gs4 i ~— o f,y=454N/mm
Vsrear W10 \ Inclined top
branch
| “\Horizontal top
~ E,=200000N/mm? | branch
o o—> &g
fya _ 454 _ 227 gug =09 £y =67.5% cu=75%;
E, 200000 7%
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Stress-strain (o, - &, ) diagrams for typical prestressing steels

Op
fpk _0 k 'fpo,1k
fp0,1k
fpo,1k
' O > &
0,1% Euk P

[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 £, 44, fxand &,

(2) The design value for the modulus of elasticity, E, 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, E; 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/m?3,
(5) The value given above may be assumed to be valid within a temperature range between -40°C and

+100°C 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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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Design assumptions for prestressing steels

(6) The design value for the steel stress, f,,, is taken as f,,; * k / ys 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 ¢, 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  ahorizontal top branch without strain limit.
NOTE: The value of g, for use in a Country may be fund in its National Annex. The recommended value

is 0,9 x g, If more accurate values are not known the recommended values are ¢,,= 0,02 és f,, ,,/ f, =
0,9.

[MSZ EN 1992-1-1:2010 — Section 3.3.6 — Paragraph (6)...(7) — Page 43.]
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Strees-strain (o, — &, ) relations for the design of cross-sections

p p
Op
Fok “0 Fok
o b R —— Po) fok 1 7s
: ~ AQ ...........
foo=Ffouly E O f
pd —'p01k ! /S | . pd
\g Strain hardening
| model '
Plastic
model
G C > gP
fp_d Eud =0’9"9uk Euk
Ep

[MSZ EN 1992-1-1:2010 - Section 3.3.6 — Paragraph (2) — Figure 3.10 — Page 44.]
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Reinforced Concrete Structures Topic 11. — Ultimate and serviceability limit states

Example: DWK Drahtwerke, wire St 1570/1770, k=1,18, s =1,15 (1)

Op
fpk - 1770 N/mm """""""""""""""""""""'-'-'-:-'_'_:_'_'_'_:_'_'_'_:.'.'.'-:-'-'-“""“? fpk T 1770 N/mm
L R ——— O k-f,y =118-1300 =1530N/mm’
ook _ 1800 _ oo ymim? o f,y=1300N/mm?
rs 115 \ Strain hardening !
(pr,Zk =1570 N/mmz) : model k = ka _ 1770 —118
: ; Plastic i fooax 1500
- E,=192000N/mm? |~ Mmodel
o C » &p
fog 1300 179 =09- guk 315%, &y =min.35%,
E, 192000 %
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Example: D&D Wire Company, wire @ =5 mm, k= 1,15, 5 =1,15(2)

Op
fpk - 1770 N/mm """'""'"""'""'""'"""'""""-'-:-'-'-'_:_'_'_'_:_'_'_'_:.'.'.'-:-'-'-'-“"“9 fpk 45 1770 N/mm
L O k-f,y =115-1340 = 1540 N/mm?
U G — i
foo = 2% = 0 g5 a0 Nmm? O fog =1340N/mm’
rs 115 \ Strain hardening
: f
model | PR :1770:1’15
| | Plastic i fpoax 1540
- E,=205000N/mm? |~ Model
O C > gp
fog 1340 540 =09- guk 315%, &y =min.35%,
E, 205000 %o ©
p
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Example: BBV-Vorspanntechnik, strand, St 1570/1770, k = 1,164, s = 1,15 (3)

Op
fpk - 1770 N/mm '""'"'""'"""""'"'""'"""""-'-:::-_-:_'_'_:___'_'_:._.'.'-:-'-_-“""“9 fpk _1770 N/mm
fooge =1520Nimm* & N — O k-f,y =1164-1320 = 1540N/mm’
f 1520 :. \ AQ ........ i
fg =22~ 22 _1320Njmm? O fog =1320N/mm’
rs 115 \ Strain hardening
(fp0,2k =1570 N/mmz) model k= ok _ 1770 —1164
: \_ Plastic fooax 1520
- E,=195000N/mm? |~ Mocel
\:*) » &p

=09- guk 315%, &y =min.35%,
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Example: D&D Wire Company, strand, Fp-100 1770/1540, k = 1,15, 5= 1,15 (4)

f o= fp0,1k

pd —
Vs

Op
fpk =1770 N/mm T'O fpk =1770 N/mm
foogk =1S4ONIMM® O™ e O k-f,y =115-1340=1540N/mm?
— 1540 —1340N/mm? o fog =1340 N/mm?
: \ Strain hardening !
: f
model | PR :177021’15
: \_ Plastc fpoak 1940
- E,=195000N/mm? |~ Mocel
O C » &p
fog 1340 379 =09- guk 315%, &y =min.35%,
E, 195000 %
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