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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

P1. CONCRETE SHRINKAGE
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

Compute the value of shrinkage for the concrete element

Concrete: C30/37

M Environmental condition: Interior RH=40%
- I 35cm Cement type: CEM 11 42,5N

Final of the treatment: t,=1 day

L=2,00 m

Analysed data:
- at 7 days after casting
- at the end-life ()
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The total shrinkage strain:
Ecs = Ecd t Eca
Ecd - drying shrinkage

Ecq - autogenous shrinkage

The final value of drying shrinkage strain
Table 3.3 Values for kj, in Expression (3.9)

7/~ N\
€cd,o0 = ky, - €cd,0 \ho ) Kn

o0 1.0

200 0.85

ho = 2A./u 300 0.75

2 500 0.70
hg - is the notional size (mm) of the cross-section
A, - 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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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of drying shrinkage strain Table 3.3 Values for ki, in Expression (3.9)
_ ho ki
Ecd,o0 = Kn * Ecd 0 100 1.0
200 0.85
2.400-350 300 0.75
ho = 24./u = 500560 = > 500 0.70

k, = 0,88
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of drying shrinkage strain Table 3.3 Values for ki, in Expression (3.9)
_ ho ki
Ecd,0 = Kn * Ecap 100 1.0
200 0.85
2.400-350 300 0.75
ho =2A./u = = 186,7mm > 500 0.70

2-(400+350)
k, = 0,88
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of drying shrinkage strain Table 3.3 Values for ki, in Expression (3.9)
_ ho ki
Ecd,o0 = Kn * Ecd 0 100 1.0
200 0.85
2.400-350 300 0.75
ho =2A./u = 74004350, — 186,7mm > 500 0.70

k, = 0,88

Table 3.2 Nominal unrestrained drying shrinkage values &g, (in %00) for concrete
with cement CEM Class N

ol For cune Relative Humidity (in %o)
(MPa)
20 40 60 80 90 100
20/25 0.62 | |0.58 0.49 0.30 0.17 0.00
40/50 048 | |0.46 0.38 0.24 0.13 0.00
60/75 0.38 0.36 0.30 0.19 0.10 0.00
80/95 0.30 0.28 0.24 0.15 0.08 0.00
90/105 0.27 0.25 0.21 0.13 0.07 0.00
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of drying shrinkage strain Table 3.3 Values for ki, in Expression (3.9)
_ _ ho ki
Ecdo = Kn * Eca0 = 100 1.0
200 0.85
2.400-350 300 0.75
ho =2A./u = 74004350, — 186,7mm > 500 0.70

k, = 0,88

Table 3.2 Nominal unrestrained drying shrinkage values &g, (in %00) for concrete
with cement CEM Class N

ol For cune Relative Humidity (in %o)
(MPa)
20 40 60 80 90 100
20/25 0.62 | |0.58 0.49 0.30 0.17 0.00
40/50 048 | |0.46 0.38 0.24 0.13 0.00
60/75 0.38 0.36 0.30 0.19 0.10 0.00
80/95 0.30 0.28 0.24 0.15 0.08 0.00
90/105 0.27 0.25 0.21 0.13 0.07 0.00
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of drying shrinkage strain Table 3.3 Values for ki, in Expression (3.9)
ho kh
gcd,OO = kh . ng,O = 0,88 . 0,52 = 0,458%0 100 1.0
200 0.85
2-400-350 300 0.75
ho = 2A./u = 2-(2004350) 186,7mm > 500 0.70
k, = 0,88

Table 3.2 Nominal unrestrained drying shrinkage values &g, (in %00) for concrete
with cement CEM Class N

ol For cune Relative Humidity (in %o)
(MPa)
20 40 60 80 90 100
20/25 0.62 | |0.58 0.49 0.30 0.17 0.00
40/50 048 | |0.46 0.38 0.24 0.13 0.00
60/75 0.38 0.36 0.30 0.19 0.10 0.00
80/95 0.30 0.28 0.24 0.15 0.08 0.00
90/105 0.27 0.25 0.21 0.13 0.07 0.00
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of drying shrinkage strain Table 3.3 Values for ki, in Expression (3.9)
ho kh
gcd,OO = kh . ng,O = 0,88 . 0,52 = 0,458%0 100 1.0
200 0.85
2-400-350 300 0.75
ho = 2A./u = 2-(2004350) 186,7mm > 500 0.70
k, = 0,88

Table 3.2 Nominal unrestrained drying shrinkage values &g, (in %00) for concrete
with cement CEM Class N

ol For cune Relative Humidity (in %o)
(MPa)
20 40 60 80 90 100
20/25 0.62 | |0.58 0.49 0.30 0.17 0.00
40/50 048 | |0.46 0.38 0.24 0.13 0.00
60/75 0.38 0.36 0.30 0.19 0.10 0.00
80/95 0.30 0.28 0.24 0.15 0.08 0.00
90/105 0.27 0.25 0.21 0.13 0.07 0.00

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

ALcd’cx_') — gcd,w * L —
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of drying shrinkage strain Table 3.3 Values for ki, in Expression (3.9)
ho kh
gcd,OO = kh . ng,O = 0,88 . 0,52 = 0,458%0 100 1.0
200 0.85
2-400-350 300 0.75
ho = 2A./u = 2-(2004350) 186,7mm > 500 0.70
k, = 0,88

Table 3.2 Nominal unrestrained drying shrinkage values &g, (in %00) for concrete
with cement CEM Class N

ol For cune Relative Humidity (in %o)
(MPa)
20 40 60 80 90 100
20/25 0.62 | |0.58 0.49 0.30 0.17 0.00
40/50 048 | |0.46 0.38 0.24 0.13 0.00
60/75 0.38 0.36 0.30 0.19 0.10 0.00
80/95 0.30 0.28 0.24 0.15 0.08 0.00
90/105 0.27 0.25 0.21 0.13 0.07 0.00

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

ALcg oo = €cqoo - L = 0,458%0 - 2000 mm = 0,92mm
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The value of drying shrinkage at 7 days :

Eca(7days) = Bas(t, ts) - kp, - €cd,0

(t—ts)
ﬁds(t: ts) — > —
(t—t5)+0,04 /h03
t - is the age of the concrete at the moment considered, in days;

- 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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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The value of drying shrinkage at 7 days :

Eca(7days) = Bas(t, ts) - kp, - €cd,0

(t—ts) (7-1)
t, ts) = = = 0,056
Bas(t,ts) (t=t)+0,04 | ng? (7—-1)+0,04+/186,73
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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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The value of drying shrinkage at 7 days :

€cd (7day5) = ,Bds(t: ts) <k, - €cd,0—

(t—ts) (7-1)
t, ts) = = = 0,056
Bas(t,ts) (t=t)+0,04 | ng? (7—-1)+0,04+/186,73
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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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The value of drying shrinkage at 7 days :

gca(7days) = Bas(t, ts) < ky - €cqo= 0,056 -0,88- 0,52 = 0,026 %o

(t—ts) (7-1)
t, ts) = = = 0,056
Bas(t,ts) (t=t)+0,04 | ng? (7—-1)+0,04+/186,73
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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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The value of drying shrinkage at 7 days :

gca(7days) = Bas(t, ts) < ky - €cqo= 0,056 -0,88- 0,52 = 0,026 %o

(t—ts) (7-1)
t, ts) = = = 0,056
Bas(t,ts) (t=t)+0,04 | ng? (7—-1)+0,04+/186,73
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 :

ALcaz = £ca(7days) - L =
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The value of drying shrinkage at 7 days :

gca(7days) = Bas(t, ts) < ky - €cqo= 0,056 -0,88- 0,52 = 0,026 %o

(t—ts) (7-1)
t, ts) = = = 0,056
Bas(t,ts) (t=t)+0,04 | ng? (7—-1)+0,04+/186,73
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 :

ALcg7 = €cq(7days) - L = 0,026%0 - 2000 mm = 0,05mm
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecacwo = 2,5(fpr —10) - 107° =
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecaco = 2,5(fo — 10) - 1076 = 2,5(30 — 10) - 107¢ = 0, 05%p
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecam = 2,5(fcx —10) - 10~ 6=25(30-10)-10"% = 0,05%o
Final value of the deformation from autogenous shrinkage:

ALCa,oo — gca’oo ¢ L —
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecam = 2,5(fcx — 10) - 107 =2,5(30 —10) - 107% = 0, 05%0
Final value of the deformation from autogenous shrinkage:

ALcg oo = €cq0 * L = 0,05%0 - 2000 mm = 0, 10mm
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecaco = 2,5(fer —10) - 1076 = 2,5(30 — 10) - 107° = 0, 05%o
Final value of the deformation from autogenous shrinkage:
ALcg oo = €cq0 * L = 0,05%0 - 2000 mm = 0, 10mm

The value of autogenous shrinkage at 7 days :

Eca(7days) = fas(7days) - &cq,e

Bas(7days) =1 — e 021" =
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecaco = 2,5(fer —10) - 1076 = 2,5(30 — 10) - 107° = 0, 05%o
Final value of the deformation from autogenous shrinkage:
ALcg oo = €cq0 * L = 0,05%0 - 2000 mm = 0, 10mm

The value of autogenous shrinkage at 7 days :

Eca(7days) = fas(7days) - &cq,e

Bas(7days) =1 — e 021" =
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecaco = 2,5(fer —10) - 1076 = 2,5(30 — 10) - 107° = 0, 05%o
Final value of the deformation from autogenous shrinkage:
ALcg oo = €cq0 * L = 0,05%0 - 2000 mm = 0, 10mm

The value of autogenous shrinkage at 7 days :

Eca(7days) = fas(7days) - €cq,o0=

B,(7days) =1 —e 02" =1 — =027 = 0411
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecaco = 2,5(fer —10) - 1076 = 2,5(30 — 10) - 107° = 0, 05%o
Final value of the deformation from autogenous shrinkage:
ALcg oo = €cq0 * L = 0,05%0 - 2000 mm = 0, 10mm

The value of autogenous shrinkage at 7 days :

Eca(7days) = fas(7days) - cq 0= 0,411 0,05 = 0,021%0

B,(7days) =1 —e 02" =1 — =027 = 0411
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecaco = 2,5(fer —10) - 1076 = 2,5(30 — 10) - 107° = 0, 05%o
Final value of the deformation from autogenous shrinkage:
ALcg oo = €cq0 * L = 0,05%0 - 2000 mm = 0, 10mm

The value of autogenous autogenous at 7 days :

Eca(7days) = fas(7days) - cq 0= 0,411 0,05 = 0,021%0
B,s(7days) =1 — e 02t =1 — =027 = 9 411

The value of deformation from autogenous shrinkage at 7 days :

ALcq7 = €cq(7zile) - L =
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

The final value of autogenous shrinkage strain

Ecaco = 2,5(fer —10) - 1076 = 2,5(30 — 10) - 107° = 0, 05%o
Final value of the deformation from autogenous shrinkage:
ALcg oo = €cq0 * L = 0,05%0 - 2000 mm = 0, 10mm

The value of autogenous autogenous at 7 days :

Eca(7days) = fas(7days) - cq 0= 0,411 0,05 = 0,021%0
B,s(7days) =1 — e 02t =1 — =027 = 9 411

The value of deformation from autogenous shrinkage at 7 days :

ALcq7 = £0q(7zile) - L = 0,021%yo - 2000 mm = 0, 04mm
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

Deformations from shrinkage of the concrete elemet

R 40 cm t ALcgo + ALcgoo= 0,92+ 0,10 = 1,02 mm
D .' _____________ : ___a__' .____
= |
- o
-7 |
g / |
S / |
N / |
- |
___________________ +————
IALch +ALcq = 0,05 + 0,04 5 0,09 mm
® >
v t=7 days t=o0
Concrete: C30/37 ??% from drying shrinkage are consumed in the first 7 days
Environmental condition: Interior RH=40%
Cement type: CEM 11 42,5N ??% from autogenous shrinkage are consumed in the first 7

Final of the treatment: t, =1 zi
??% from total shrinkage are consumed in the first 7 days
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of shrinkage / Determinarea contractiei

Deformations from shrinkage of the concrete elemet

R 40 cm t ALcgos + ALcgoo= 0,92+ 0,10 = 1,02 mm
- |
i U
-7 |
£ / |
S / |
N / |
- |
___________________ -
IALch +ALcq = 0,05 + 0,04 5 0,09 mm
® >
v t=7 days t=o0
Concrete: C30/37 5% from drying shrinkage are consumed in the first 7 days

Environmental condition: Interior RH=40%
Cement type: CEM 11 42,5N

40% from autogenous shrinkage are consumed in the first 7
Final of the treatment: t, =1 zi

9% from total shrinkage are consumed in the first 7 days
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P2. CONCRETE CREEP
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Compute the value of creep for the concrete element

lpEd — 1000 kN Concrete: C30/37

Environmental condition: Interior RH=50%
40 cm

t—>

- I 35 cm Cement type: CEM Il 52,5R

First load: t, = 7 days

L=2,00 m

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Initial elastic deformation from compression:

AL o P L
Eel — el — ALelzgel-Lz—eleid._
L E, A E.
where E. = 1,05E.,
L

_ P
At the age of 7 days — ALg (7 zile) = Zd " 1,05E (7 zile)
) cm

E. - Tangent modulus of elasticity of concrete A
at 28 days
E.m - Secant modulus of elasticity of concrete fom

0,4 fan |

oV

Su S
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

where

E.n(t) = (fcm(t)/fcm)o'3 *Ecm
fcm(t) = Bec(O) fem

1/2
Bec(t) = expis|1— <?>

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

t - is the age of the concrete in days

fem () - is the mean concrete compressive strength at an age of t days
fem - 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)

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Strength classes for concrete Analytical relation
! Explanation
fx (MPa)] 12 18 20 25 30 35 40 45 50 55 G0 7a a0 a0
feb cune 15 20 25 30 KT 45 50 55 &0 &7 75 85 a5 a5
(MPa)
fem 20 24 25 33 35 43 48 53 58 63 G5 TE 38 98 fon = £ 4+B({MPa)
(MPa)
feam 16 | 1.9 | 22| 26 |28 | 32 | 35| 38 | 41 4.2 44 | 46 4,8 5,0 [fu=0030:f," SCEHIED
(MPa) =2 A 200 14100
| ) > CEONED
Fete. oo 1,1 1.3 15 1.8 2.0 22 25 | 27 29 30 31 3.2 34 35 | founos= 07wk
(MPa) B fractile
A 2.0 25 |28 3,3 3.8 42 46 | 49 53 55 57 6,0 6,3 6,6 | funss™ 13k,
ihMPa) 5% fractle
Eem 27 29 an Ky 3 34 35 36 ar 34 39 41 42 44 Eon= 230107
(GPa :I (£ in MPa)
& (%) | 1.8 1.9 | 20 21 221225 [ 23| 24 | 245 25 2.6 27 2.8 28 | seeFigure 32
=1 £ () m 07 £ " <28
Eey1 (%o 35 3.2 3,0 248 28 28 | =eeFigure 3.2

for fu. 2 50 Mpa
o= B 3TIV0E-F W 001
2 (oe) 2.0 22 2,3 24 | 25 | 28 see Figure 2.3
= forfu2b0Mpa
o) =2 040,085 £-50)°F

e 38 31 26 27 26 26 s Figure 3.3

Exyz [Moa) for £, = 50 Mpa
e ol =2 e 3E[(80-Fu0M 00T

n 20 175 | 16 [ 145 | 14 | 1.4 for f.2 50 Mpa

n=1,4+23 4](80- £,)M1007°

&1 (%o 1,75 18 1,9 2.0 . 23 sze Figure 3.4
R far £ 50 Mpa
&l oW1 DE0, S0 =0 44|
Eouz (Yes) 35 3,1 28 | 27 | 28 | 28 sew Figure 3.4

for f32 50 Mpa
o) =2 B+ 36(90-F,00100T
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Initial elastic deformation from compression:

1/2
Bcc(7 days) = exp {s [1 — <?> ]} —

fem (7 days) = B (7 days) fem =

En(7 days) = (fem (7 days)/fcm)o'?) ‘Ecm =

P L
ALey(7 days) = Zd " 105Ecm
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Initial elastic deformation from compression:

1/2 1/2
28 _(28
B.c(7 days) = exp {S [1 — <T> ]} = eo,zo[1 (7) ] =702 = 0,819

fem (7 days) = B (7 days) fem =

En(7 days) = (fem (7 days)/fcm)o'?) ‘Ecm =

P L
ALel(7 dayS) = fl'd . 0SB, =
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Initial elastic deformation from compression:

1/2 1/2
28 _(28
B.c(7 days) = exp {S [1 — <T> ]} = eo,zo[1 (7) ] =702 = 0,819

fcm(7 days) = (7 dayS)fcm =0,819-38 =31,1 N/mmz

En(7 days) = (fem (7 days)/fcm)o'?) *Eem =

P L
ALel(7 dayS) = fl'd . 1,05Ecm=
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Initial elastic deformation from compression:

1/2 1/2
28 _(28
B.c(7 days) = exp {S [1 — <T> ]} = eo,zo[1 (7) ] =702 = 0,819

fcm(7 days) = (7 dayS)fcm =0,819-38 =31,1 N/mmz

)

0.3
3
E.,(7 days) = (fon (7 days)/ fem) 3 « Ecy = ( ) - 33000 = 31074 N/mm?

38

P L
ALei(7 days) = jd " 1,05Ecm
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Initial elastic deformation from compression:

1/2 1/2
28 _(28
B.c(7 days) = exp {S [1 — <T> ]} = eo,zo[1 (7) ] =702 = 0,819

fcm(7 days) = (7 dayS)fcm =0,819-38 =31,1 N/mmz

)

0.3
3
E.,(7 days) = (fon (7 days)/ fem) 3 « Ecy = ( ) - 33000 = 31074 N/mm?

38

P L 1000-103 2000
ALy (7 days) = —£2. = -
A 1,05E., 400-350 1,05-31074

= 0,438 mm

AL, (7 days) = 0,438 mm

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME
Determination of creep / Determinarea curgerii lente

Strain from creep:

0,
E'CC(OOJ tO) = (p(OO, tO) * (GC/EC) = (p(OO, tO) ) 1 052'
) cm
Where E. = 1,05E,,,

LT e
s
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Determination of creep coefficient

fo
1 < .
‘-“HHN \6
2 H;:-““' K"x \l'l._i
Lg -
~_ \\ \ NS
? ™~ N R -
- “ 1
. H““Q:‘; \H:" — [ 7 |C20i28
L \ - —_— | [ —C3530
i 1 \% \"KH T h—— —— T C0/aT
10 I Y e sl S e C35/45
\ e e i e M— EEEEE
T BEl ..,
o R R e et B CE0T5_ ooy
. \ e CBUISS  capras
50
00 i _
70 60 50 40 30 20 10 0 100 300 500 700 900 1100 1300 1500
P, to) h g (mm)

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

Determination of creep / Determinarea curgerii lente

Determination of creep coefficient

I
1
2 b H‘L
_ -
3 \\\H T
. T
— \\H"‘H - — - T T T— e l:znu-
2 o B e —T———|C20/25
t =7 W - H-LH"'--. _ -_--'——__= _ o TT——) 2530
0 e ] R C3NAT
10 “: T ______ I [C35/45
e e T E— C40/50
20 — Egh? C55/67
— e ——{— ——— C70/85
- \ T CBUSS  capmas
50
00 - .
70 &0 50 40 30 20 10 O 100 300 500 700 S00 1100 1300 1500
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inside conditions - RH =50%

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii Bl

Timisoara



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Determination of creep coefficient

24, 2-400-350

hy = = = 186,7 mm
7 u T 2-(400 + 350)
I
1 =
Y \5
. H.F_,xl K‘H ‘\i
|G —
3 i AN s
“H__H x\: A&L'm_ L e _
5 Hu xx \\“ 1'“‘_ N ___;__"___"— {02025
t,.=7 @ AR o -__-""-—__= ______——' et 0251730
’ 1 \ﬁ S e e e B R e C30:3
10 Y :‘: - ___'_'_':::— R Cd:w:'E.E
B e e EEOED e,

) W e N e B B CE0T5_ ooy
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50 3
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Determination of creep coefficient

fo
1 <
‘-"HHN \6\
2'—5.1' '-\:H \(‘HKLR_LH
3 \:\ \-\\ 4 s
. \&: 5& s == —
2 m“"uxj\ \::*" - |1 —|cauzs
t,=7 @ % SN S R = [ T——c2530
’ 1 \ﬁ e T —— | T T C303T
10 B\ I iy e e e I R oo
B e e GRS .
) W 1 CE0T5_ ooy
30 X R e S— ST,
_ N =
50 3
00 —@ - ~
7.0 &0 &0 40 30 20 10 0 100 300 500 700 9S00 1100 HDE E':rDI])
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME
Determination of creep / Determinarea curgerii lente

Determination of creep coefficient

|~

LT a\
[~

7
/
e
L
28
I
'
1/
III
|

. R e e — | C20/25
t,=7 @ \\:“ S e . et 25
1 S R A e e et S N I 5
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Value of creep coefficient

(p(OO’ t0)=2,9

—> Strain from creep

Oc

£oc(00,0) = (o2, tg) - T =
Y cm

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii Rl
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Value of creep coefficient

(p(OO’ t0)=2,9

—> Strain from creep

% _ g 1000 - 103 1
1,05E.,, '~ 400-350 1,05-33000

€cc(00,tg) = @(o0,ty) = 0,598 %o

—> Deformatia de compresiune din curgere lenta

ALccoo= Ecc(0,tg) L =

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Value of creep coefficient

(p(OO’ t0)=2,9

—> Strain from creep

% _ g 1000 - 103 1
1,05E.,, '~ 400-350 1,05-33000

€cc(00,tg) = @(o0,ty) = 0,598 %o

—> Deformatia de compresiune din curgere lenta
ALcc o= €cc(90,ty) - L = 0,598%p0 - 2000mm = 1,196 mm

AL;c o= 1,196 mm

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

Determination of creep / Determinarea curgerii lente

Final deformations from creep for the concrete element

Environmental conditions: Interior RH=50%
Cement type: CEM 11 52,5R
Aocem First load: t, = 7 days

lpEd — 1000 kN Concrete: C30/37

¢ AL o + ALg= 1,634 mm

L=2,00 m

t, =7 days t=o0

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

P3. CONCRETE CONFINEMENT
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

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

O; = fck,c

01 =fck,c

Universitatea

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii Rittie)

Timisoara



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS

O; = fck,c

A fcl-:,c = Tek (1,000 + 5,0 Ggf.fck) pentru 0o = O,D5fck

fece = o (1,125 + 2,50 offex) pentru o» > 0,057

! fck,c

—0

cd,c

2
E2c = &2 (fck,cf"fck)

Euze = Eoz T 0,2 olf

S [,
v

01 =fck,c

(0. - €. Parabola-rectangle diagram )

Universitniea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

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

Strength classes for concrete Analytical relation
! Explanation

o (MPa) | 12 16 20 25 30 35 40 45 50 55 &0 70 &0 a0
ok cube 15 20 25 30 37 45 50 55 G0 67 75 &5 95 105
(MPa)
fom 20 24 28 33 35 43 48 53 58 63 G Ta aa a8 fn = f24+8{MPa)
(MPa)
fam 16 [ 18 |22 26 |29 | 32 | 35| 38 | 41 | 42 | 44 | 46 | 48 [ 50 |[fu=030£7"C5000
(WiFa) =21 2000 14(F, 100}
A | > CEONG0
Fon oo 11 1,3 | 1,5 1.8 20 22 25| 27 248 3.0 31 32 34 35 | fanes =0Tk
(MPa) 5% fractile
foinoss 20 25 | 29| 33 3.8 42 46 | 49 5.3 5.5 57 6,0 6,3 66 | fanes® 1.3k,
(MPa) 95% fractle
Ecn 27 29 an 3 33 34 35 38 ar 38 39 4 42 44 En= 23[[ 101
(GPa) {f-n in M Fa)
& (%) | 1.8 1,9 | 20| 21 22 | 225 (23| 24 | 245 | 25 285 27 2.8 2,8 | seeFigure 3.2
) £ (W07 £, "2 8
£yt (%o 35 3,2 3.0 28 2.6 2.8 | seeFigure 3.2

fior £ 2 50 Mpa
el e )=2 B 2TN008-F 001 001
2 () 2.0 2,2 2,3 24 | 2,5 26 ses Figure 3.3
= forfaz 50 Mpa
=) =2 040,035(£,-50)""

e 35 3,1 25 27 26 26 see Figure 3.3

Exyz [ Hoa) for £, = 50 Mpa
ol =2 B+ 35[0, 00

n 20 1,75 16 1,45 1.4 1,4 far 42 50 Mpa

n=1,4+23 4{{80- £,)/100]

E:3 [ %oa) 1.75 1.8 19 20 2,2 2.3 sa¢ Figure 3.4
= for .2 50 Mpa
&l ™1 TR0, S0 =201 40]
f:.E[‘ﬁ“:' 3.5 31 29 27 2.6 26 s Figure 3.4

for £z 50 Mpa
=l =2 B+ 35[80-F5) 11001
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS
07 = fucc o, =0,02f

I fece = fox (1,000 + 5,0 &/fek) pentru oz < 0,057

v fece = o (1,125 + 2,50 offex) pentru o» > 0,057

o, = 0,02f,, = 0,4 N/mm? < 0,05f,, = 1,0N/mm?

) 0,4
fore = fer - (1,00 +50-—=)=20-(1,00+5,0-
fek 20

feke = 22 N/mm?*

01 =fck,c

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS

O; = fck,c

2
E2.c = &2 (fck,cf{fck)

Eeuze = €z T 0,2 ol

2 2
fek, 22
gCZ,C = &2 < fC.CkC = 2,00%0 . %

SCZ,C = 2,42%0

01 =fck,c

Universitatea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS

O; = fck,c

2
E2.c = &2 (fck,cf{fck)

Eeuze = €z T 0,2 ol

2 2
fek, 33
gCZ,C = &2 < fC.CkC = 2,00%0 . %

SCZ,C = 2,42%0

0,
Ecuze = Ecuz + o,zf%zk =3,50%0 + 0,2 - ==

Scuz’c = 7, 50%o
01 =fck,c

Universitatea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS
o, (N /mm?)
0-2 = 0
ka — 20“ """" ,,ar-g— ______ .
I/
fer = 13,3:---/{ ...... - b
l' 5
] i
j E
, E
2,0'0/00 315%0 :9

(Diagrama o, - €. parabold-dreptunghi )

Universitatea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

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

a,(N/mm?)

A

o, = 0,4 N/mm?

oot =" - fer,c = 22
s feke =147
—_— o . >
2,0%o0 3,5%0 &,
2,42%o0 7,5%0

(Diagrama o, - €. parabold-dreptunghi )

Universitniea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS
O, =
1 fck,c 0-2 — O’ 1fck

I fece = fox (1,000 + 5,0 &/fek) pentru oz < 0,057

v fece = o (1,125 + 2,50 offex) pentru o» > 0,057

o, = 0,1f. = 2N/mm? > 0,05f,, = 1,0 N/mm?

o 2
fere = fex <1,125 + 2,50 -—2> = 20 <1,125 + 2,50—>
fck 20

feke = 27,5 N/mm?

01 =fck,c

Dr.ing. Nagy-Gyorgy T. © Facultatea de Constructii



Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS

O; = fck,c

2
E2.c = &2 (fck,cf{fck)

Eeuze = €z T 0,2 ol

2 2
for. 27,5
862’6 = &2 < ;Ckc = 2,00%0 . T

SCZ,C = 3, 78%o0

01 =fck,c

Universitatea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS

O; = fck,c

2
E2.c = &2 (fck,cf{fck)

Eeuze = €z T 0,2 ol

2 2
for. 27,5
862’6 = &2 < ;Ckc = 2,00%0 . T

SCZ,C = 3, 78%o0

Ecuze = Ecuz + o,zf%zk =3,50%0 + 0,2 —

Ecu,c = 23, 50%0
01 =fck,c

Universitatea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete C20/25
a,(N/mm?)
fer = 20

de == 13,3

A 4

o o
2,0%o0 3,5%0 '3

Universitatea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

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

a,(N/mm?)

A

o o
2,0%o0 3,5%0 '3
2,42%0 7,5%0

Universitniea
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Reinforced Concrete |. / Beton Armat I. EXAMPLES/ PROBLEME

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

Calculate the diagram of behavior for the confined concrete CZO/ZS
a,(N/mm?)
o, = 2,0N/mm?
—————————————————————————— ,
feke = 27,5
—° fck,c = 22

O

fcd,c - 18,33

feac = 14,7 s
———s . R o

2,0%0  3,5%0 £

2,42%0 3,78%¢ 7,5%o0 23,5%0

Dr.ing. Nagy-Gyorgy T. ©
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