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Determination of shrinkage / Determinarea contracției

Compute the value of shrinkage for the concrete element

Concrete: C30/37

Environmental condition: Interior RH=40%

Cement type: CEM II 42,5N

Final of the treatment: ts = 1 day

Analysed data: 
- at 7 days after casting
- at the end-life ()

L=
2

,0
0

 m

40 cm

35 cm
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Determination of shrinkage / Determinarea contracției

The total shrinkage strain:

𝜺𝒄𝒔 = 𝜺𝒄𝒅 + 𝜺𝒄𝒂

𝜀𝑐𝑑 - drying shrinkage
𝜀𝑐𝑎 - autogenous shrinkage

The final value of drying shrinkage strain

𝜀𝑐𝑑,∞ = 𝑘ℎ ∙ 𝜀𝑐𝑑,0

ℎ0 = Τ2𝐴𝑐 𝑢

ℎ0 - is the notional size (mm) of the cross-section
𝐴𝑐 - is the concrete cross-sectional area ;
u - is the perimeter of that part of the cross section which is exposed to 

drying 
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Determination of shrinkage / Determinarea contracției

The final value of drying shrinkage strain

𝜀𝑐𝑑,∞ = 𝑘ℎ ∙ 𝜀𝑐𝑑,0

ℎ0 = Τ2𝐴𝑐 𝑢 =
2∙400∙350

2∙(400+350)
=

𝑘ℎ = 0,88
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Determination of shrinkage / Determinarea contracției

The final value of drying shrinkage strain

𝜀𝑐𝑑,∞ = 𝑘ℎ ∙ 𝜀𝑐𝑑,0

ℎ0 = Τ2𝐴𝑐 𝑢 =
2∙400∙350

2∙(400+350)
= 186,7𝑚𝑚

𝑘ℎ = 0,88
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Determination of shrinkage / Determinarea contracției

The final value of drying shrinkage strain

𝜀𝑐𝑑,∞ = 𝑘ℎ ∙ 𝜀𝑐𝑑,0

ℎ0 = Τ2𝐴𝑐 𝑢 =
2∙400∙350

2∙(400+350)
= 186,7𝑚𝑚

𝑘ℎ = 0,88
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Determination of shrinkage / Determinarea contracției

The final value of drying shrinkage strain

𝜀𝑐𝑑,∞ = 𝑘ℎ ∙ 𝜀𝑐𝑑,0 =

ℎ0 = Τ2𝐴𝑐 𝑢 =
2∙400∙350

2∙(400+350)
= 186,7𝑚𝑚

𝑘ℎ = 0,88
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Determination of shrinkage / Determinarea contracției

The final value of drying shrinkage strain

𝜀𝑐𝑑,∞ = 𝑘ℎ ∙ 𝜀𝑐𝑑,0 = 0,88 ∙ 0,52 = 𝟎, 𝟒𝟓𝟖‰

ℎ0 = Τ2𝐴𝑐 𝑢 =
2∙400∙350

2∙(400+350)
= 186,7𝑚𝑚

𝑘ℎ = 0,88
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Determination of shrinkage / Determinarea contracției

The final value of drying shrinkage strain

𝜀𝑐𝑑,∞ = 𝑘ℎ ∙ 𝜀𝑐𝑑,0 = 0,88 ∙ 0,52 = 𝟎, 𝟒𝟓𝟖‰

ℎ0 = Τ2𝐴𝑐 𝑢 =
2∙400∙350

2∙(400+350)
= 186,7𝑚𝑚

𝑘ℎ = 0,88

Final value of the deformation (t=) from drying shrinkage:

∆𝑳𝒄𝒅,∞ = 𝜀𝑐𝑑,∞ ∙ 𝐿 =
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Determination of shrinkage / Determinarea contracției

The final value of drying shrinkage strain

𝜀𝑐𝑑,∞ = 𝑘ℎ ∙ 𝜀𝑐𝑑,0 = 0,88 ∙ 0,52 = 𝟎, 𝟒𝟓𝟖‰

ℎ0 = Τ2𝐴𝑐 𝑢 =
2∙400∙350

2∙(400+350)
= 186,7𝑚𝑚

𝑘ℎ = 0,88

Final value of the deformation (t=) from drying shrinkage:

∆𝑳𝒄𝒅,∞ = 𝜀𝑐𝑑,∞ ∙ 𝐿 = 0,458‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟗𝟐𝒎𝒎



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy-György T.  

Determination of shrinkage / Determinarea contracției

The value of drying shrinkage at 7 days :

𝜀𝑐𝑑(7𝑑𝑎𝑦𝑠) = 𝛽𝑑𝑠(𝑡, 𝑡𝑠) ∙ 𝑘ℎ ∙ 𝜀𝑐𝑑,0

𝛽𝑑𝑠 𝑡, 𝑡𝑠 =
𝑡−𝑡𝑠

𝑡−𝑡𝑠 +0,04 ℎ0
3
=

t - is the age of the concrete at the moment considered, in days;
𝑡𝑠 - is the age of the concrete (days) at the beginning of drying shrinkage (or 

swelling).  Normally this is at the end of curing;
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Determination of shrinkage / Determinarea contracției

The value of drying shrinkage at 7 days :

𝜀𝑐𝑑(7𝑑𝑎𝑦𝑠) = 𝛽𝑑𝑠(𝑡, 𝑡𝑠) ∙ 𝑘ℎ ∙ 𝜀𝑐𝑑,0

𝛽𝑑𝑠 𝑡, 𝑡𝑠 =
𝑡−𝑡𝑠

𝑡−𝑡𝑠 +0,04 ℎ0
3
=

(7−1)

7−1 +0,04 186,73
= 0,056

t - is the age of the concrete at the moment considered, in days;
𝑡𝑠 - is the age of the concrete (days) at the beginning of drying shrinkage (or 

swelling).  Normally this is at the end of curing;
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Determination of shrinkage / Determinarea contracției

The value of drying shrinkage at 7 days :

𝜀𝑐𝑑 7𝑑𝑎𝑦𝑠 = 𝛽𝑑𝑠 𝑡, 𝑡𝑠 ∙ 𝑘ℎ ∙ 𝜀𝑐𝑑,0=

𝛽𝑑𝑠 𝑡, 𝑡𝑠 =
𝑡−𝑡𝑠

𝑡−𝑡𝑠 +0,04 ℎ0
3
=

(7−1)

7−1 +0,04 186,73
= 0,056

t - is the age of the concrete at the moment considered, in days;
𝑡𝑠 - is the age of the concrete (days) at the beginning of drying shrinkage (or 

swelling).  Normally this is at the end of curing;
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Determination of shrinkage / Determinarea contracției

The value of drying shrinkage at 7 days :

𝜀𝑐𝑑 7𝑑𝑎𝑦𝑠 = 𝛽𝑑𝑠 𝑡, 𝑡𝑠 ∙ 𝑘ℎ ∙ 𝜀𝑐𝑑,0= 0,056 ∙ 0,88 ∙ 0,52 = 𝟎, 𝟎𝟐𝟔‰

𝛽𝑑𝑠 𝑡, 𝑡𝑠 =
𝑡−𝑡𝑠

𝑡−𝑡𝑠 +0,04 ℎ0
3
=

(7−1)

7−1 +0,04 186,73
= 0,056

t - is the age of the concrete at the moment considered, in days;
𝑡𝑠 - is the age of the concrete (days) at the beginning of drying shrinkage (or 

swelling).  Normally this is at the end of curing;
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Determination of shrinkage / Determinarea contracției

The value of drying shrinkage at 7 days :

𝜀𝑐𝑑 7𝑑𝑎𝑦𝑠 = 𝛽𝑑𝑠 𝑡, 𝑡𝑠 ∙ 𝑘ℎ ∙ 𝜀𝑐𝑑,0= 0,056 ∙ 0,88 ∙ 0,52 = 𝟎, 𝟎𝟐𝟔‰

𝛽𝑑𝑠 𝑡, 𝑡𝑠 =
𝑡−𝑡𝑠

𝑡−𝑡𝑠 +0,04 ℎ0
3
=

(7−1)

7−1 +0,04 186,73
= 0,056

t - is the age of the concrete at the moment considered, in days;
𝑡𝑠 - is the age of the concrete (days) at the beginning of drying shrinkage (or 

swelling).  Normally this is at the end of curing;

The value of deformation from drying shrinkage at 7 days :

∆𝑳𝒄𝒅,𝟕 = 𝜀𝑐𝑑 7𝑑𝑎𝑦𝑠 ∙ 𝐿 =
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Determination of shrinkage / Determinarea contracției

The value of drying shrinkage at 7 days :

𝜀𝑐𝑑 7𝑑𝑎𝑦𝑠 = 𝛽𝑑𝑠 𝑡, 𝑡𝑠 ∙ 𝑘ℎ ∙ 𝜀𝑐𝑑,0= 0,056 ∙ 0,88 ∙ 0,52 = 𝟎, 𝟎𝟐𝟔‰

𝛽𝑑𝑠 𝑡, 𝑡𝑠 =
𝑡−𝑡𝑠

𝑡−𝑡𝑠 +0,04 ℎ0
3
=

(7−1)

7−1 +0,04 186,73
= 0,056

t - is the age of the concrete at the moment considered, in days;
𝑡𝑠 - is the age of the concrete (days) at the beginning of drying shrinkage (or 

swelling).  Normally this is at the end of curing;

The value of deformation from drying shrinkage at 7 days :

∆𝑳𝒄𝒅,𝟕 = 𝜀𝑐𝑑 7𝑑𝑎𝑦𝑠 ∙ 𝐿 = 0,026‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟎𝟓𝒎𝒎
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 =
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰

Final value of the deformation from autogenous shrinkage:

∆𝑳𝒄𝒂,∞ = 𝜀𝑐𝑎,∞ ∙ 𝐿 =
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰

Final value of the deformation from autogenous shrinkage:

∆𝑳𝒄𝒂,∞ = 𝜀𝑐𝑎,∞ ∙ 𝐿 = 0,05‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟏𝟎𝒎𝒎
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰

Final value of the deformation from autogenous shrinkage:

∆𝑳𝒄𝒂,∞ = 𝜀𝑐𝑎,∞ ∙ 𝐿 = 0,05‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟏𝟎𝒎𝒎

The value of autogenous shrinkage at 7 days :

𝜀𝑐𝑎(7𝑑𝑎𝑦𝑠) = 𝛽𝑎𝑠(7𝑑𝑎𝑦𝑠) ∙ 𝜀𝑐𝑎,∞

𝛽𝑎𝑠 7𝑑𝑎𝑦𝑠 = 1 − 𝑒−0,2𝑡
0,5

=



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy-György T.  

Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰

Final value of the deformation from autogenous shrinkage:

∆𝑳𝒄𝒂,∞ = 𝜀𝑐𝑎,∞ ∙ 𝐿 = 0,05‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟏𝟎𝒎𝒎

The value of autogenous shrinkage at 7 days :

𝜀𝑐𝑎(7𝑑𝑎𝑦𝑠) = 𝛽𝑎𝑠(7𝑑𝑎𝑦𝑠) ∙ 𝜀𝑐𝑎,∞

𝛽𝑎𝑠 7𝑑𝑎𝑦𝑠 = 1 − 𝑒−0,2𝑡
0,5

=
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰

Final value of the deformation from autogenous shrinkage:

∆𝑳𝒄𝒂,∞ = 𝜀𝑐𝑎,∞ ∙ 𝐿 = 0,05‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟏𝟎𝒎𝒎

The value of autogenous shrinkage at 7 days :

𝜀𝑐𝑎(7𝑑𝑎𝑦𝑠) = 𝛽𝑎𝑠(7𝑑𝑎𝑦𝑠) ∙ 𝜀𝑐𝑎,∞=

𝛽𝑎𝑠 7𝑑𝑎𝑦𝑠 = 1 − 𝑒−0,2𝑡
0,5

= 1 − 𝑒−0,2∙7
0,5

= 0,411
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰

Final value of the deformation from autogenous shrinkage:

∆𝑳𝒄𝒂,∞ = 𝜀𝑐𝑎,∞ ∙ 𝐿 = 0,05‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟏𝟎𝒎𝒎

The value of autogenous shrinkage at 7 days :

𝜀𝑐𝑎(7𝑑𝑎𝑦𝑠) = 𝛽𝑎𝑠(7𝑑𝑎𝑦𝑠) ∙ 𝜀𝑐𝑎,∞= 0,411 ∙ 0,05 = 𝟎, 𝟎𝟐𝟏‰

𝛽𝑎𝑠 7𝑑𝑎𝑦𝑠 = 1 − 𝑒−0,2𝑡
0,5

= 1 − 𝑒−0,2∙7
0,5

= 0,411
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰

Final value of the deformation from autogenous shrinkage:

∆𝑳𝒄𝒂,∞ = 𝜀𝑐𝑎,∞ ∙ 𝐿 = 0,05‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟏𝟎𝒎𝒎

The value of autogenous autogenous at 7 days :

𝜀𝑐𝑎(7𝑑𝑎𝑦𝑠) = 𝛽𝑎𝑠(7𝑑𝑎𝑦𝑠) ∙ 𝜀𝑐𝑎,∞= 0,411 ∙ 0,05 = 𝟎, 𝟎𝟐𝟏‰

𝛽𝑎𝑠 7𝑑𝑎𝑦𝑠 = 1 − 𝑒−0,2𝑡
0,5

= 1 − 𝑒−0,2∙7
0,5

= 0,411

The value of deformation from autogenous shrinkage at 7 days :

∆𝑳𝒄𝒂,𝟕 = 𝜀𝑐𝑎 7𝑧𝑖𝑙𝑒 ∙ 𝐿 =
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Determination of shrinkage / Determinarea contracției

The final value of autogenous shrinkage strain

𝜀𝑐𝑎,∞ = 2,5 𝑓𝑐𝑘 − 10 ∙ 10−6 = 2,5 30 − 10 ∙ 10−6 = 𝟎, 𝟎𝟓‰

Final value of the deformation from autogenous shrinkage:

∆𝑳𝒄𝒂,∞ = 𝜀𝑐𝑎,∞ ∙ 𝐿 = 0,05‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟏𝟎𝒎𝒎

The value of autogenous autogenous at 7 days :

𝜀𝑐𝑎(7𝑑𝑎𝑦𝑠) = 𝛽𝑎𝑠(7𝑑𝑎𝑦𝑠) ∙ 𝜀𝑐𝑎,∞= 0,411 ∙ 0,05 = 𝟎, 𝟎𝟐𝟏‰

𝛽𝑎𝑠 7𝑑𝑎𝑦𝑠 = 1 − 𝑒−0,2𝑡
0,5

= 1 − 𝑒−0,2∙7
0,5

= 0,411

The value of deformation from autogenous shrinkage at 7 days :

∆𝑳𝒄𝒂,𝟕 = 𝜀𝑐𝑎 7𝑧𝑖𝑙𝑒 ∙ 𝐿 = 0,021‰ ∙ 2000 𝑚𝑚 = 𝟎, 𝟎𝟒𝒎𝒎
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Deformations from shrinkage of the concrete elemet

Concrete: C30/37
Environmental condition: Interior RH=40%
Cement type: CEM II 42,5N
Final of the treatment: ts = 1 zi

L=
2

,0
0

 m

40 cm

35 cm

t =7 days t = 

∆𝑳𝒄𝒅,𝟕 + ∆𝑳𝒄𝒂,𝟕 = 𝟎, 𝟎𝟓 + 𝟎, 𝟎𝟒 = 𝟎, 𝟎𝟗 𝒎𝒎

∆𝑳𝒄𝒅,∞ + ∆𝑳𝒄𝒂,∞= 𝟎, 𝟗𝟐 + 𝟎, 𝟏𝟎 = 𝟏, 𝟎𝟐 𝒎𝒎

??% from drying shrinkage are consumed in the first 7 days 

??% from autogenous shrinkage are consumed in the first 7 

??% from total shrinkage are consumed in the first 7 days 
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Determination of shrinkage / Determinarea contracției

Deformations from shrinkage of the concrete elemet

Concrete: C30/37
Environmental condition: Interior RH=40%
Cement type: CEM II 42,5N
Final of the treatment: ts = 1 zi

L=
2

,0
0

 m

40 cm

35 cm

t =7 days t = 

∆𝑳𝒄𝒅,𝟕 + ∆𝑳𝒄𝒂,𝟕 = 𝟎, 𝟎𝟓 + 𝟎, 𝟎𝟒 = 𝟎, 𝟎𝟗 𝒎𝒎

∆𝑳𝒄𝒅,∞ + ∆𝑳𝒄𝒂,∞= 𝟎, 𝟗𝟐 + 𝟎, 𝟏𝟎 = 𝟏, 𝟎𝟐 𝒎𝒎

5% from drying shrinkage are consumed in the first 7 days 

40% from autogenous shrinkage are consumed in the first 7 

9% from total shrinkage are consumed in the first 7 days 



P1. CONCRETE SHRINKAGE

P2. CONCRETE CREEP

P3. CONCRETE CONFINEMENT
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Reinforced Concrete I. / Beton Armat I.



Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente

Compute the value of creep for the concrete element

Concrete: C30/37

Environmental condition: Interior RH=50%

Cement type: CEM II 52,5R

First load: t0 = 7 days
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PEd = 1000 kN

L=
2

,0
0

 m

40 cm

35 cm
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Initial elastic deformation from compression:

𝜀𝑒𝑙 =
∆𝐿𝑒𝑙

𝐿
 ∆𝐿𝑒𝑙 = 𝜀𝑒𝑙 ∙ 𝐿 =

𝜎𝑒𝑙

𝐸𝑐
𝐿 =

𝑃𝐸𝑑

𝐴
∙
𝐿

𝐸𝑐

where 𝐸𝑐 = 1,05𝐸𝑐𝑚

At the age of 7 days  ∆𝐿𝑒𝑙(7 𝑧𝑖𝑙𝑒) =
𝑃𝐸𝑑

𝐴
∙

𝐿

1,05𝐸𝑐𝑚(7 𝑧𝑖𝑙𝑒)

Ec

𝐸𝑐 - Tangent modulus of elasticity of concrete 
at 28 days

𝐸𝑐𝑚 - Secant modulus of elasticity of concrete 

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente
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where

𝐸𝑐𝑚 𝑡 = 𝑓𝑐𝑚(𝑡)/𝑓𝑐𝑚
0.3 ∙ 𝐸𝑐𝑚

𝑓𝑐𝑚 𝑡 = 𝛽𝑐𝑐(𝑡)𝑓𝑐𝑚

𝛽𝑐𝑐 𝑡 = 𝑒𝑥𝑝 𝑠 1 −
28

𝑡

1/2

𝛽𝑐𝑐(𝑡) - is a coefficient which depends on the age of the concrete t

𝑡 - is the age of the concrete in days

𝑓𝑐𝑚 𝑡 - is the mean concrete compressive strength at an age of t days

𝑓𝑐𝑚 - is the mean compressive strength at 28 days

𝑠 - is a coefficient which depends on the type of cement:   
= 0,20 for cement of strength Classes CEM 42,5 R, CEM 52,5 N and CEM 52,5 R (Class R)    
= 0,25 for cement of strength Classes CEM 32,5 R, CEM 42,5 N (Class N)    
= 0,38 for cement of strength Classes CEM 32,5 N (Class S) 

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente



Facultatea de Construcții .Dr.ing. Nagy-György T.  

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente
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Initial elastic deformation from compression:

𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 = 𝑒𝑥𝑝 𝑠 1 −
28

𝑡

1/2

=

𝑓𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 𝑓𝑐𝑚 =

𝐸𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝑓𝑐𝑚(7 𝑑𝑎𝑦𝑠)/𝑓𝑐𝑚
0.3 ∙ 𝐸𝑐𝑚 =

∆𝐿𝑒𝑙(7 𝑑𝑎𝑦𝑠) =
𝑃𝐸𝑑

𝐴
∙

𝐿

1,05𝐸𝑐𝑚
=

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente
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Initial elastic deformation from compression:

𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 = 𝑒𝑥𝑝 𝑠 1 −
28

𝑡

1/2

= 𝑒
0,20 1−

28
7

1/2

= 𝑒−0,2 = 0,819

𝑓𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 𝑓𝑐𝑚 =

𝐸𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝑓𝑐𝑚(7 𝑑𝑎𝑦𝑠)/𝑓𝑐𝑚
0.3 ∙ 𝐸𝑐𝑚 =

∆𝐿𝑒𝑙(7 𝑑𝑎𝑦𝑠) =
𝑃𝐸𝑑

𝐴
∙

𝐿

1,05𝐸𝑐𝑚
=

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente
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Initial elastic deformation from compression:

𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 = 𝑒𝑥𝑝 𝑠 1 −
28

𝑡

1/2

= 𝑒
0,20 1−

28
7

1/2

= 𝑒−0,2 = 0,819

𝑓𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 𝑓𝑐𝑚 = 0,819 ∙ 38 = 31,1 𝑁/𝑚𝑚2

𝐸𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝑓𝑐𝑚(7 𝑑𝑎𝑦𝑠)/𝑓𝑐𝑚
0.3 ∙ 𝐸𝑐𝑚 =

∆𝐿𝑒𝑙(7 𝑑𝑎𝑦𝑠) =
𝑃𝐸𝑑

𝐴
∙

𝐿

1,05𝐸𝑐𝑚
=

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente
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Initial elastic deformation from compression:

𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 = 𝑒𝑥𝑝 𝑠 1 −
28

𝑡

1/2

= 𝑒
0,20 1−

28
7

1/2

= 𝑒−0,2 = 0,819

𝑓𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 𝑓𝑐𝑚 = 0,819 ∙ 38 = 31,1 𝑁/𝑚𝑚2

𝐸𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝑓𝑐𝑚(7 𝑑𝑎𝑦𝑠)/𝑓𝑐𝑚
0.3 ∙ 𝐸𝑐𝑚 =

31,1

38

0.3

∙ 33000 = 31074 𝑁/𝑚𝑚2

∆𝐿𝑒𝑙(7 𝑑𝑎𝑦𝑠) =
𝑃𝐸𝑑

𝐴
∙

𝐿

1,05𝐸𝑐𝑚
=

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente
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Initial elastic deformation from compression:

𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 = 𝑒𝑥𝑝 𝑠 1 −
28

𝑡

1/2

= 𝑒
0,20 1−

28
7

1/2

= 𝑒−0,2 = 0,819

𝑓𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝛽𝑐𝑐 7 𝑑𝑎𝑦𝑠 𝑓𝑐𝑚 = 0,819 ∙ 38 = 31,1 𝑁/𝑚𝑚2

𝐸𝑐𝑚 7 𝑑𝑎𝑦𝑠 = 𝑓𝑐𝑚(7 𝑑𝑎𝑦𝑠)/𝑓𝑐𝑚
0.3 ∙ 𝐸𝑐𝑚 =

31,1

38

0.3

∙ 33000 = 31074 𝑁/𝑚𝑚2

∆𝐿𝑒𝑙(7 𝑑𝑎𝑦𝑠) =
𝑃𝐸𝑑

𝐴
∙

𝐿

1,05𝐸𝑐𝑚
= 
1000∙103

400∙350
∙

2000

1,05∙31074
= 0,438 𝑚𝑚

∆𝑳𝒆𝒍(𝟕 𝒅𝒂𝒚𝒔) = 𝟎, 𝟒𝟑𝟖𝒎𝒎

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente
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Strain from creep:

𝜀𝑐𝑐 ∞, 𝑡0 = 𝜑 ∞, 𝑡0 ∙ (𝜎𝑐/𝐸𝑐) = 𝜑 ∞, 𝑡0 ∙
𝜎𝑐

1,05𝐸𝑐𝑚
Where 𝐸𝑐 = 1,05𝐸𝑐𝑚

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente

inside conditions - RH = 50% 
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Determination of creep coefficient

t0 =7
1

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente

inside conditions - RH = 50% 
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Reinforced Concrete I. / Beton Armat I.

Determination of creep coefficient

inside conditions - RH = 50% 

Determination of creep / Determinarea curgerii lente

1

2

t0 =7



Determination of creep coefficient

ℎ0 =
2𝐴𝑐
𝑢

=
2 ∙ 400 ∙ 350

2 ∙ (400 + 350)
= 186,7 𝑚𝑚

inside conditions - RH = 50% 
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1

2

t0 =7

h0 =186,7mm

3

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente
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1

2

t0 =7

h0 =186,7mm

3

4

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente

Determination of creep coefficient

inside conditions - RH = 50% 
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1

2

t0 =7

h0 =186,7mm

3

4

5

𝝋 ∞, 𝒕𝟎 =2,9

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente

Determination of creep coefficient

inside conditions - RH = 50% 



Value of creep coefficient

𝜑 ∞, 𝑡0 =2,9

 Strain from creep

𝜀𝑐𝑐 ∞, 𝑡0 = 𝜑 ∞, 𝑡0 ∙
𝜎𝑐

1,05𝐸𝑐𝑚
=
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Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente



Value of creep coefficient

𝜑 ∞, 𝑡0 =2,9

 Strain from creep

𝜀𝑐𝑐 ∞, 𝑡0 = 𝜑 ∞, 𝑡0 ∙
𝜎𝑐

1,05𝐸𝑐𝑚
= 2,9 ∙

1000 ∙ 103

400 ∙ 350

1

1,05 ∙ 33000
= 0,598‰

 Deformaţia de compresiune din curgere lentă

∆𝐿𝑐𝑐,∞= 𝜀𝑐𝑐 ∞, 𝑡0 ∙ 𝐿 =
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Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente



Value of creep coefficient

𝜑 ∞, 𝑡0 =2,9

 Strain from creep

𝜀𝑐𝑐 ∞, 𝑡0 = 𝜑 ∞, 𝑡0 ∙
𝜎𝑐

1,05𝐸𝑐𝑚
= 2,9 ∙

1000 ∙ 103

400 ∙ 350

1

1,05 ∙ 33000
= 0,598‰

 Deformaţia de compresiune din curgere lentă

∆𝐿𝑐𝑐,∞= 𝜀𝑐𝑐 ∞, 𝑡0 ∙ 𝐿 = 0,598‰ ∙ 2000𝑚𝑚 = 1,196 𝑚𝑚

∆𝑳𝒄𝒄,∞= 𝟏, 𝟏𝟗𝟔𝒎𝒎
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Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente



Final deformations from creep for the concrete element

Concrete: C30/37
Environmental conditions: Interior RH=50%
Cement type: CEM II 52,5R
First load: t0 = 7 days

Facultatea de Construcții .Dr.ing. Nagy-György T.  

PEd = 1000 kN

L=
2

,0
0

 m

40 cm

35 cm

t0 =7 days t = 

∆𝑳𝒄𝒄,∞= 𝟏, 𝟏𝟗𝟔𝒎𝒎

∆𝑳𝒆𝒍(𝟕 𝒛𝒊𝒍𝒆) = 𝟎, 𝟒𝟑𝟖𝒎𝒎

∆𝑳𝒄𝒄,∞ + ∆𝑳𝒆𝒍= 𝟏, 𝟔𝟑𝟒𝒎𝒎

Reinforced Concrete I. / Beton Armat I.

Determination of creep / Determinarea curgerii lente



P1. CONCRETE SHRINKAGE

P2. CONCRETE CREEP

P3. CONCRETE CONFINEMENT

Facultatea de Construcții .Dr.ing. Nagy-György T.  

Reinforced Concrete I. / Beton Armat I.



Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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1 = fck,c

3 = 22

1 = fck,c
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1 = fck,c

3 = 22

1 = fck,c

εc

c

fck

fcd

εcu2εc2
εc2,c εcu2,c

fck,c

fcd,c

(σc − εc Parabola-rectangle diagram )

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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1 = fck,c

3 = 22

1 = fck,c

𝜎2 = 0,02𝑓𝑐𝑘 = 0,4 Τ𝑁 𝑚𝑚2 < 0,05𝑓𝑐𝑘 = 1,0𝑁/𝑚𝑚2

𝑓𝑐𝑘,𝑐 = 𝑓𝑐𝑘 ∙ 1,00 + 5,0 ∙
𝜎2
𝑓𝑐𝑘

= 20 ∙ 1,00 + 5,0 ∙
0,4

20

𝒇𝒄𝒌,𝒄 = 𝟐𝟐 𝑵/𝒎𝒎𝟐

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

𝝈𝟐 = 𝟎, 𝟎𝟐𝒇𝒄𝒌

Calculate the diagram of behavior for the confined concrete C20/25
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1 = fck,c

3 = 22

1 = fck,c

𝜀𝑐2,𝑐 = 𝜀𝑐2
𝑓𝑐𝑘,𝑐
𝑓𝑐𝑘

2

= 2,00‰ ∙
22

20

2

𝜺𝒄𝟐,𝒄 = 𝟐, 𝟒𝟐‰

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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1 = fck,c

3 = 22

1 = fck,c

𝜀𝑐2,𝑐 = 𝜀𝑐2
𝑓𝑐𝑘,𝑐
𝑓𝑐𝑘

2

= 2,00‰ ∙
33

30

2

𝜺𝒄𝟐,𝒄 = 𝟐, 𝟒𝟐‰

𝜀𝑐𝑢2,𝑐 = 𝜀𝑐𝑢2 + 0,2
𝜎2

𝑓𝑐𝑘
= 3,50‰+ 0,2 ∙

0,4

20

𝜺𝒄𝒖𝟐,𝒄 = 𝟕, 𝟓𝟎‰

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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εc

𝜎2(𝑁/𝑚𝑚
2)

𝑓𝑐𝑘 = 20

𝑓𝑐𝑘 = 13,3

2,0‰

(Diagrama σc − εc parabolă-dreptunghi )

𝜎2 = 0

3,5‰

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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εc
7,5‰

𝑓𝑐𝑘,𝑐 = 22

𝑓𝑐𝑘,𝑐 = 14,7

(Diagrama σc − εc parabolă-dreptunghi )

𝜎2 = 0,4 𝑁/𝑚𝑚2

2,0‰ 3,5‰

2,42‰

𝜎2(𝑁/𝑚𝑚
2)

𝑓𝑐𝑘 = 20

𝑓𝑐𝑘 = 13,3

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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1 = fck,c

3 = 22

1 = fck,c

𝜎2 = 0,1𝑓𝑐𝑘 = 2 Τ𝑁 𝑚𝑚2 > 0,05𝑓𝑐𝑘 = 1,0 𝑁/𝑚𝑚2

𝑓𝑐𝑘,𝑐 = 𝑓𝑐𝑘 ∙ 1,125 + 2,50 ∙
𝜎2
𝑓𝑐𝑘

= 20 1,125 + 2,50
2

20

𝒇𝒄𝒌,𝒄 = 𝟐𝟕, 𝟓 𝑵/𝒎𝒎𝟐

𝝈𝟐 = 𝟎, 𝟏𝒇𝒄𝒌

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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1 = fck,c

3 = 22

1 = fck,c

𝜀𝑐2,𝑐 = 𝜀𝑐2
𝑓𝑐𝑘,𝑐
𝑓𝑐𝑘

2

= 2,00‰ ∙
27,5

20

2

𝜺𝒄𝟐,𝒄 = 𝟑, 𝟕𝟖‰

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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1 = fck,c

3 = 22

1 = fck,c

𝜀𝑐2,𝑐 = 𝜀𝑐2
𝑓𝑐𝑘,𝑐
𝑓𝑐𝑘

2

= 2,00‰ ∙
27,5

20

2

𝜺𝒄𝟐,𝒄 = 𝟑, 𝟕𝟖‰

𝜀𝑐𝑢2,𝑐 = 𝜀𝑐𝑢2 + 0,2
𝜎2

𝑓𝑐𝑘
= 3,50‰+ 0,2 ∙

2

20

𝜺𝒄𝒖𝟐,𝒄 = 𝟐𝟑, 𝟓𝟎‰

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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εc

𝜎2(𝑁/𝑚𝑚
2)

𝑓𝑐𝑘 = 20

𝑓𝑐𝑑 = 13,3

2,0‰

𝜎2 = 0

3,5‰

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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εc
7,5‰

𝜎2 = 0,4𝑁/𝑚𝑚2

2,0‰ 3,5‰

2,42‰

𝜎2(𝑁/𝑚𝑚
2)

𝑓𝑐𝑘 = 20

𝑓𝑐𝑑 = 13,3
𝜎2 = 0

𝑓𝑐𝑘,𝑐 = 22

𝑓𝑐𝑑,𝑐 = 14,7

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

Calculate the diagram of behavior for the confined concrete C20/25
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εc
7,5‰

2,0‰ 3,5‰

2,42‰

𝜎2(𝑁/𝑚𝑚
2)

𝑓𝑐𝑘 = 20

𝑓𝑐𝑑 = 13,3

𝜎2 = 2,0𝑁/𝑚𝑚2

3,78‰

𝑓𝑐𝑘,𝑐 = 27,5

𝑓𝑐𝑑,𝑐 = 18,3

23,5‰

𝑓𝑐𝑘,𝑐 = 22

𝑓𝑐𝑑,𝑐 = 14,7

Reinforced Concrete I. / Beton Armat I.

Design curve of a confined concrete / Curba de comportare pentru beton confinării 

𝜎2 = 0,4𝑁/𝑚𝑚2

𝜎2 = 0

Calculate the diagram of behavior for the confined concrete C20/25
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