Reinforced Concrete |. / Beton Armat I. 2. CONCRETE/ BETONUL

Course Notes / Note de curs 2017

Dr. NAGY-GYORGY Tamas

Professor

E-mail:
tamas.nagy—gvorgy@upt.ro

Tel:
+40 256 403 935

Web:
http://www.ct.upt.ro/users/TamasNagyGyorgy/index.htm

Office:
A219

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering


mailto:tamas.nagy-gyorgy@upt.ro
http://www.ct.upt.ro/users/TamasNagyGyorgy/index.htm

Reinforced Concrete |. / Beton Armat |. 2. CONCRETE/ BETONUL

2.1 CONCRETE STRUCTURE
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Structure of Concrete / Structura betonului

Concrete is a composite material composed of:
- aggregates — natural = Gravel pit or quarries

Gravel pit (balastiera)

Obs:

- Higher aggregates provides density and strength

- The fine part (sand) fill the gaps between large
aggregates and increase the cement binder’s strength

Quarry (cariera)
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Structure of Concrete / Structura betonului

quarry aggregates
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Structure of Concrete / Structura betonului

Concrete is a composite material composed of:
- aggregates
- artificial 2 slag / expanded clay/ ...

slag / expanded clay

aggregate from expanded glass
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Structure of Concrete / Structura betonului

Concrete is a composite material composed of:
- aggregates

- recycled

Concrete is
B 100%
' .«.._‘}:Recyclable

”In Japan, recycling rate of concrete debris was 96% in 2000...”
Koji SAKAI, Prof. of Kagawa University, Japan
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Structure of Concrete / Structura betonului

Concrete is a composite material composed of:

- cement 2> CEM | Portland cement (ordinary)
- CEM I Portland composite cement
- CEM I Blast furnace slag cement
- CEM IV Pozzolanic cement
- CEMV Composite cement
> H hydrotechnical cement
- SR sulfate resistant cement
2> 1A white cement with additives
- PR/PG/PV cement with red/yellow/green color
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Structure of Concrete / Structura betonului

Concrete is a composite material composed of:
- water

- chemical admixtures (aditivi)
- Water-reducing admixtures (strength)
- Retarding admixtures (summer)
- Accelerating admixtures (winter)
— Superplasticizers (consistency)
—> Corrosion-inhibiting admixtures
- for impermeability

—> air-entraining (microporosity)

Voids 2 absorb the pressure created
by the expansion of the freezing wa
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Structure of Concrete / Structura betonului

Concrete is a composite material composed of:
- mineral admixtures (adaosuri)
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- Granulated blast furnace slag
- Natural pozzolana

— Natural calcined pozzolana
- Siliceous fly ash

—> Calcareous fly ash

- Burnt shale

—> Limestone

—> Silica fume

2. CONCRETE/ BETONUL

Or-Hs<pUow
—
—

Fly Ash [l
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Structure of Concrete / Structura betonului

Concrete is a composite material composed of: . “t"l;
ement: 10%
aggregates —> natural = Gravel pit or quarries
- artificial = slag / expanded clay/ Water: 18%
- recycled
Sand: 25%
cement - Portland
-> Portland with admixtures
- Hydrotehnic
—> Sulphates resistant cement —
water
chemical admixtures (aditivi) - Water-reducing admixtures (strength)
—> Retarding admixtures (summer)
- Accelerating admixtures (winter)
—> Superplasticizers (consistency)
—> Corrosion-inhibiting admixtures
- for impermeability
- air-entraining (microporosity)
mineral admixtures (adaosuri) - Fly ash

- Silica Fume

- Ground granulated blast furnace slag
- Rice husk ash (RHA)

- Metakaolin
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Structure of Concrete / Structura betonului

Cement paste

B Fine Aggregate
B Coarse Aggregate

Paste
Coarse Aggregate Fine Agg]regate

\ )

Y percentage by volume
70-80 %

(Weiss J — Purdue University)
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Structure of Concrete / Structura betonului

Concrete = biphasic material composed of aggregates embedded in the cement

matrix: A

- non-homogeneous - COMPRESSION

- anisotropic
- elasto-plastic material

Stress

TENSION

>
- Elasticity: due to aggregates and hardened cement paste Strain
- Plasticity: due to micro-cracking phenomenon

- Viscosity: due to uncured cement paste.

Cement paste = pseudo-solid material, composed of:

1. Hardened cement crystals —> solid phase

2. Cement gels —> viscous phase
3. Chemically and physically bound water, free water - liquid phase
4. Capillary pores and gel pores that communicate

between themselves and with the outside — gas phase
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Structure of Concrete / Structura betonului

Evolution of the concrete structure in time

Change the volume phases of cement stone

T % from volume of cement stone

100

Pores with air (evaporation of water) |s,¢ phase

80
50 ﬁwd phase
40 Solid phase
hydrated cement
20 -
non-hydrated cement v, time
1 3 6 12
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2.2 TYPES OF CONCERTE
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Types of Concrete / Tipuri de beton

* FRESH CONCRETE p =2300 ... 2400 kg/m3
* HARDENED CONCRETE p =2000 ... 2600 kg/m3
* PLAIN CONCRETE

* REINFORCED CONCRETE
* PRESTRESSED CONCRETE
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Types of Concrete / Tipuri de beton

SPECIAL CONCRETE

* LIGHT-WEIGHT CONCRETE (LC) p <2000 kg/m3

- CONCRETE WITH LIGHT AGGREGATES
- CELLULAR CONCRETE (BCA)
* HEAVYWEIGHT CONCRETE p >2600 kg/m3

* HIGH STRENGTH CONCRETE

* HIGH PERFORMANCE CONCRETE (HPC)
* POLYMER-MODIFIED CONCRETE

* FIBER REINFORCED CONCRETE (FRC)

* SELF COMPACTING CONCRETE (SCC)

* SHOTCRETE
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2.3 CONCRETE STRENGTH
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Concrete strength / Rezistentele betonului

2. CONCRETE/ BETONUL

Failure of concrete under uniaxial compression = gradualness

Poisson Coef.
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l aggregates

+

shortening &

i T
|

u_ |

Transversal
a) N elongation

—lie

et

b)

//\
ey

X |
\ ——

-

: 2Tcement—stone h '

micro-cracks

crack
5 4 propagation | 2

C) TN

Generalization of cracks oriented
parallel to the direction of the force
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Concrete strength / Rezistentele betonului

Failure of concrete under uniaxial compression = gradualness

A

6. E.~ tangent modulus V 4 (@ hardening
Cemax = Ie 0 @ micro-cracking
¢ —Y AV
0
@ LAY
Ec (%0) » Cc
SC = 2 Scu = 3.. 7 fU ~039f fC

C.- &, CURVE OF CONCRETE VOLUME VARIATION OF A
SUBJECTED TO COMPRESSION COMPRESSED CYLINDER

1. Elastic behavior: hardening = compressive stress between 0 — f, (f, = micro-cracking strength)
2. Elastic-plastic behavior : micro-cracking = compressive stress between f,- 0.9 f_

3. Failure: cracking-failure = compression stress > 0.9 f,

f.= compressive strength of conceret subjected to short term static loads

Failure of plain concrete has a brittle behavior, because occurs at very small deformations.
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Concrete strength / Rezistentele betonului

Failure of concrete under uniaxial tension

N .
So 40 T elongation Gt & ,
. N N 2 Ea | E¢ -tangent modulus
| S F /
| o ctr 7 U
| ; |
T A Oy )
e A failure Lo 1 |
O .
| i I
| ! | :
| L
ctu - :
4—% l N 0-}1 Sctu = 0-,»3

- strongly influenced by discontinuities
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Concrete strength / Rezistentele betonului

The behavior of concrete cylinder subjected to centric compression
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Reinforced Concrete I. / Beton Armat .

Concrete strength / Rezistentele betonului

ic compression

The behavior of concrete cylinder subjected to centr

Micro-cracks in cement paste
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Reinforced Concrete I. / Beton Armat .

Concrete strength / Rezistentele betonului
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Concrete strength / Rezistentele betonului

2. CONCRETE/ BETONUL

The behavior of concrete cylinder subjected to centric compression

PN 50 & 0 oA T i TN
?.2»)% --;‘.V I I A TS
A T Gt -\.";o
(W .t" ;_-\:'7‘{'; ne: 4’0.‘ f‘ e

) AL

oY s

b
r
“
5P s

Micro-cracks in cement paste  Interior forces
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Concrete strength / Rezistentele betonului

Failure of a cube specimen with friction = biaxial stresses, due to
friction between the steel plates and
concrete specimen

> > >+ - <

EIIETIIIIT

T — shear stress = prevents transversal deformations
o — normal stress

04 — principal tensile stress

0, — principal compression stress
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Concrete strength / Rezistentele betonului

The behavior of confined concrete specimen subjected to centric
compression

Confined concrete Confined concrete

TUBE SPIRAL REINFORCEMENT
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Concrete strength / Rezistentele betonului

Confinement of concrete = increasing compressive strength of
concrete by creating triaxial stress
o1 = farc
—> is achieved by preventing deformation
(usually using stirrups)

o (= o)
Stirrups at the spiral
perimeter Stirrups at the reinforcement oo
perimeter and internal | |
; H- | \ )

| ' '.
! || J
| / | |
| | {

e — =27 e .XJ‘:\‘ S— !_ _l _l_ !I
Reduced effect increased effects

a) columns b) beam
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Concrete strength / Rezistentele betonului

The behavior of confined concrete specimen subjected to centric
compression
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Concrete strength / Rezistentele betonului

Confinement of concrete = increasing compressive strength of
4 \ concrete by creating triaxial stress
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Concrete strength / Rezistentele betonului

Confinement of concrete = increasing compressive strength of
concrete by creating triaxial stress
SPIRAL REINFORCEMENT
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Concrete strength / Rezistentele betonului

Conclusions regarding of concrete failure:

- concrete failure occurs due to cohesion loss, indifferent of the stress
type, when specific tensile deformations reach maximum (ultimate);

- concrete failure has a gradually character due to the accumulation
of a critical amount of degradation, in the form of micro-cracks, and
then cracks;

- it can be considered an elastic behavior to the value of the stress
which not exceeding the micro-cracking strength (f,);

- plastic behavior is due to appearance and development of
irreversible deformation through micro-cracking of concrete;

- failure of plain concrete has brittle character, as occurs at very small
deformations.
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Usual tests to determine concrete characteristics
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Concrete strength / Rezistentele betonului

Strength Test type Specimen Denomination Symbol
: Strength on cylinder
Cylinder (concrete class) fCil
Compression Uniaxial _
strength compression Cube Cubic strength fcub
Prism Prismatic strength fp|r
Uniaxial Prism / .
tension Cylinder Tensile strength fCt
. Splitti [ _ .
Tensile Pl .mg Cylinder / Splitting tensile strength f
tensile Cube ctsp
strength
Bending Bended . .
tension orism Bending tensile strength fct f
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Concrete strength / Rezistentele betonului

Factors affecting concrete strength
1. Quality of raw materials
Cement influencing the strength only at young ages

Aggregates - strength
- dimension
- form
- surface texture
- mineralogical nature
- quality (density, purity, etc)

Apa “...the water should be fit for drinking...”
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Concrete strength / Rezistentele betonului

Factors affecting concrete strength

2. Proportion of constituents

W/C ratio N = fc 7
Trained air /! = fe N
Cement dosage /! — fc 7

Coarse / fine aggregate ratio = workability = strength

(granulometry) ioomebid
l\uater,cement ratio o LStrength e lStrength 9
Constant
Workability
Constant
Workability
Cement content Water/cement ratio Cement content
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Concrete strength / Rezistentele betonului

Factors affecting concrete strength

3. Casting conditions

Vibration = Compaction
Compaction / = fo 7
Homogeneity / — fo 7

Segregation/Honeycombing — fe N
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Concrete strength / Rezistentele betonului

Factors affecting concrete strength

4. Working/storage conditions

Temperature 7/ = promotes hydration

Humidity / = promotes hydration

Age = degree of hydration

A
Compressive Strength (N/mm?)
I~ 40
S ) e
€ estimated 30 m— Moist Air
> A ¥
— / — DIY Air
= 20
a0
[
g
& 10
e measured > 0 =
01 3 7 14 21 28
Maturitaty (°C x time) Age (days)
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Concrete strength / Rezistentele betonului

Factors affecting concrete strength
5. Testing conditions

Specimen dimension 7 = fe N

Specimen form fc,cube > fc,cylinder

fc,cube > fc,prism
Specimen humidity / = fe N

Loading speed 7 = fc 7
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2.4 CONCRETE DEFORMATIONS
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Concrete deformations / Deformatiile betonului

Causes of deformations:

- Intrinsic (own): - shrinkage
- swelling
- Exterior: - direct loads

- induced displacements
- variation of temperatures
- et cetera
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Concrete deformations / Deformatiile betonului

Elastic deformation: due to the solid phase (aggregates, crystals
formed by the cement curing)

- could be linear or non-linear

- after termination of the action, theoretically, the body returns
instantaneously to its original form

0
e

a) Elastic non-linear
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Concrete deformations / Deformatiile betonului

Plastic deformation: occurs due to structural discontinuities (especially
micro-cracks) which compromise the adhesion of
aggregate-to-cement stone;

- appears at a certain level of stress

- increases as long as loading increases, and after the
complete unloading, remaining irreversible deformation

b) Elastic-plastic

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering
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Concrete deformations / Deformatiile betonului

Viscous (rheological) deformation: occurs due to the gels, called creep

- viscous deformation develops in time and is partially
reversible after the termination of the action.
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Concrete deformations / Deformatiile betonului

Volume of concrete stored in a dry environment decrease = shrinkage

e
. . . CS
Volume of concrete stored in water increase > swelling

€y swelling
81.1-1: ---------------
____________ water :
| 2 t (Elme)
RH= 95%
_ 75%
— 60%
——— }D{] 0
EEE:E-- ___________________________
ve shrinkage
C

Dr.ing. Nagy-Gyorgy T. ©



Reinforced Concrete |. / Beton Armat I. 2. CONCRETE/ BETONUL

Concrete deformations / Deformatiile betonului

Volume of concrete stored in a dry environment decrease = shrinkage
Volume of concrete stored in water increase > swelling

Stored in air

— — — - Stored in water (wet out)

{ time

rad

Scs, irev Eest
/’ 1--"" \EIEX v
Bsog T Ecso = 0,4...0,8%0 > &, = 0,1...0,15
L}
SCE

Partial reversibility of shrinkage!!!
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Concrete deformations / Deformatiile betonului

Theory = concrete deformations is due to water migration in concrete mass

The total shrinkage strain is composed of two components, the drying shrinkage
strain and the autogenous shrinkage strain.

Ecs = Ecd T Ecq

The drying shrinkage strain develops slowly, since it is a function of the migration of
the water through the hardened concrete.

Ecd (drying shrinkage)

The autogenous shrinkage strain develops during hardening of the concrete: the

major part therefore develops in the early days after casting. Autogenous shrinkage
is a linear function of the concrete strength.

€q (autogenous shrinkage)

Dr.ing. Nagy-Gyorgy T. ©
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Concrete deformations / Deformatiile betonului

The irreversible component of shrinkage - due to aging of gels,
manifested by progressive reduction of their volume and increased
volume of crystals

The reversible component of shrinkage = decreases over time and is
due to:
- the capillary action, independent from concrete age
- the thickness of the film of water adsorbed on the surface of
gels, dependent on concrete age
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Concrete deformations / Deformatiile betonului

Factors influencing concrete shrinkage and swelling

- Humidity and temperature

RHX + Temp A = € /)
- Volume of the gels increases with cement content
Vel 71 = €./
- Aggregates: influencing the gravel-to-sand ratio
gravel-to-sand ratio — Water 1 — Aggregate/Cement N = g
E:CS, cement > E:CS, mortar > £CS, concrete
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Concrete deformations / Deformatiile betonului

Factors influencing concrete shrinkage and swelling

- Concrete superplasticizer 2 reduce W/C without decrease of
workability

- Increased concrete compaction = higher concrete strength 2
smaller deformations from shrinkage

- Possibility of water evaporation: the contraction is greater as the
surface area given by the ratio of the exposed surface and the
element volume is greater.
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Concrete deformations / Deformatiile betonului

Shrinkage of reinforced concrete

Experimentally: the value of reinforced concrete shrinkage it is less
than of plain concrete, so for a higher reinforcement ratio lower
shrinkage will result.

Explanation: bond between concrete and reinforcement reduces the
tendency of shrinkage of the concrete, reinforcement opposing to
shrinkage.

- In reinforcement arise compression stresses, while in concrete
tensile stresses
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Concrete deformations / Deformatiile betonului

Reinforced concrete with

Shrinkage of reinforced concrete . . —l e =€,
. . %estramed 7ormatlons
Plain concrete Remforce concrefe // %
% W’ -
w 5 ny
o ! o 1 1 1 |
o —
_ I
— _IO

Reinforced concrete

\\ A *\ element with free
¢ A deformations:
S
ECS = gCt * ESC

€. = total shrinkage strain of plain concrete
.. = compression strain in reinforcement ( = shrinkage of RC)
€. = tensile strain in concrete, caused by the presence of reinforcement

Universitatea
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Concrete deformations / Deformatiile betonului

Shrinkage of reinforced concrete

Compression stress in reinforcement:

Os = &¢ * Es

Corresponding compression force in reinforcement:

F, = A - o

j Esc

. . SCS
Tensile stress in concrete: W Te,,

0. = &t " Ec = (&cs — &s¢) * E¢

Corresponding tensile force in concrete:

F.=A.-0, .
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Concrete deformations / Deformatiile betonului

Shrinkage of reinforced concrete

Equilibrium condition in longitudinal direction: F, = F,
2 Ag - &5c  Es = Ac* (Ecs—&sc) * E¢ [Ac - E;
2 P*E€sc M= Es— Esc
Where
A : .
p=- - reinforcement coefficient
c
Es . .
n=-_ - coefficient of equivalence
(o

(= how many times is stiffer the steel then the concrete)
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Shrinkage of reinforced concrete

&E
- cEsc "N = Epg — € - Ege = —=
p SC CcS SC SC 1+,0'TL
. . & .
Stress in reinforcement: O, = 1+;Sn - Es —> compression
To determine the stress in concrete: EE=F -
- A, -0, =A, -0, [A, -
A & &
> O. = as g. = . = cs . _ _cc¢s E
C ™ 4, °S p*0s=p 1+pn ST 1., TS
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Shrinkage of reinforced concrete < Shrinkage of plain concrete

Considering  p(%) 7/ = & N Eo g e,
P1 < P2 < P3 £
(for example p; = 1%; p, = 2%; p3 = 3%) Esc = m

o Yielding of R

Faculty of Civil Engineering
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Shrinkage of reinforced concrete
In statically indeterminate structures shrinkage introduce stresses.

These stresses could be assimilated with a variation of temperature
(approximatively 15°C)
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Concrete shrinkage in EN 1992-1-1:2004 (EC2)

Ecs = Eca T Eca

where
Ecs - total shrinkage strain
Ecd - drying shrinkage strain
Eca - autogenous shrinkage strain
A Shrinkage A Shrinkage +

Drwng Shrinkage Tot-al Sh”nkage

Total shrinkage 7 after drying
contractia de uscare ~ afterdrying |/ ___.-p=etiid _

i | Autogenous shrinkage
o= mm o e mbasassssaaaseceSOObiE Concrete age I after drying
1 - . » ¥ - - >
Start of drying * Autoger‘ous Sh”nkage Start of drying ﬂLJ‘LOQEHOL!E F_'-I'IJ'IHKEIQE! Concrete age
Normal concrete High-strength concrete

(Sakata & Shimomura 2004)
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Concrete shrinkage in EN 1992-1-1:2004 (EC2)

Table 3.2 Nominal unrestrained drying shrinkage values g4, (in °ioo) for concrete
with cement CEM Class N

—_— ot cube Relative Humidity (in %)
Cc"CS o ng + gCCl f‘:"f'P"’) 20 40 60 yao 90 100
20/25 0.62 0.58 0.49 0.30 0.17 0.00
40/50 0.48 0.46 0.38 0.24 0.13 0.00
€ =k, - & Bols | 030 T 058 | 024 T 015 | 008 | 000
CS,OO h CdrO 90/105 0.27 0.25 0.21 0.13 0.07 0.00
. . . ho Kn
k; = coefficient depending on the h, 100 10
. . . 200 0.85
hy = 2A./u (notional size of the cross-section) 300 075
A, = concrete cross-sectional area =500 0.70

u = perimeter of that part of the cross section which is exposed to drying

Ecq(0) = 2,5(f¢r — 10) - 107°

- Creep of the concrete depend on the ambient humidity, the dimensions of the
element and the composition of the concrete + the maturity of the concrete when
the load is first applied and depends on the duration and magnitude of the loading.
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Concrete shrinkage in EN 1992-1-1:2004 (EC2)

Ecs = Eca T Ecqa
Eca (t) = Pas(t, ts) ~kn - €cqo - development of the drying shrinkage

strain in time
Ecq (t) = Bys(t) « €.4(0) - autogenous shrinkage strain in time
- Creep of the concrete depend on the ambient humidity, the dimensions of the

element and the composition of the concrete + the maturity of the concrete when
the load is first applied and depends on the duration and magnitude of the Ioadlng
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Deformations of concrete from temperature variation

The effect of temperature variation on structures can be assimilated
with imposed strains.

Temperature variations considered are from:
- environment
- climate
- technology

TAl=1-epp=1-At -

where

[ - initial element length

At - temperature gradient, in °C

a=10-10"%/°C - linear coefficient of thermal expansion of concrete
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Deformations of concrete under short term static loads

Characteristic curve of concrete subjected to short term axial load

AG
cS
f compre55|on
C
|].
GC e p f i
Bi
E:Ctu (1 SC
« >
_ . =~ 2%o Ecy €. — elastic strain
tension f g,— plastic strain
c
/ E. =6,/ €,— Young modulus
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Deformations of concrete under short term static load

Influence of the concrete quality on the characteristic curve shape

A0¢ (MPa)
cl
60 D —

© / 2 |
O 40 P -y
) @
+ /'E . :
GL) / Cco E
- O
o : '
O -

0 10 =22 3

- Deformation corresponding to compressive strength of concrete is practically the same
regardless of the quality of concrete
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Deformations of concrete under short term static load

Influence of the concrete quality on the characteristic curve shape

A0¢ (MPa)
cl
Vo e—
o | O 2,9
T / 2 | |
O 40 : ’
- I
Q /Ec3 : : :
S 10 / E 1
c T g T~ &3,
0 10 &=22 30 40
<

—> Ultimate strains decreases when the concrete class increase
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Deformations of concrete under short term static load

Influence of the concrete quality on the characteristic curve shape

A0¢ (MPa)
cl
D —
& 60 ‘% E @ i 8011:299
( 7/ E 5
O 40 T‘
@ RN
E. - N
Q / « : o
S 20 —
S T g T~ &3,
U X ; : ' 4&;‘: (%0)
0 1.0 &=22 30 40

- Modulus of elasticity increases with the concrete strength
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Deformations of concrete under short term static load

Influence of the concrete quality on the characteristic curve shape

40 (MPa)
cl
Vo —

o | O 2,9
LU / c2 E |
O 40 : )
= O T elm3,3
Q /Ec3 : :
S 20 / ——
CC) — E‘\g\gcuzij
2 ] s

0 10 &=22 3.0 4.0

— curve shape depends also on the loading speed = concrete strength increases and
deformations decreases as the load is applied with higher speed
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Deformations of concrete under short term static load

The influence of the confinement effect on ultimate compressive
strain of concrete

G ¢ Ge O¢ transv
. —
O B —» [ \l¢b/
(> 1) A= A
‘d—-
| o Triaxial compression
fei .
- Uniaxial
compression

&c (%0)
>
6 7 8 10
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Deformations of concrete under short term static load

The modulus of elasticity " / // Compression
Oc 0. | 1'
E.=tga = (f A =E 7)
€e
Transverse modulus of elasticity NP -
SCTU ¢
: <o wa
c E. 04F Tension /s, e -
c2+v) ¢

v = 0.2 — coef. Poisson
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Deformations of concrete under short term static load

'cS
Secant modulus ¢ / / / Compression
Oc Oc Oc 0. i
E g = t ﬁ — — —
¢ g ec & te 1+eg/e
Bi

SCTU C{' 8':

Tangent modulus ‘ 2% _
Tension . - -
/ ct

do,
e
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Deformations of concrete under long term static load
Creep — Time dependent deformation

I > L » 1
s, A& failure
A A ?
Eoe. o damping
v Sccnt
A
€co }rﬁ
A A ;t 800 r ;
3...4 years t
c. < f,=(0,3...0,6)f, - linear creep
et = O(L, to) & - creep deformationata timet
o(t, tp) - creep coefficientata timet

Ecm

E = - effective concrete modulus
“eff ™ 14g(m,tp)
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Deformations of concrete under long term static load
Creep — Time dependent deformation

i F = const. \L F = const.

E

o Et

L=1

=0 =t
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Deformations of concrete under long term static load
Creep — Time dependent deformation

P1 < P2 < P3
o)
A ok
_————~ Pj

—— P>
Ao =€ jE,
(increase of stress in
| reinforcement)
|
|
‘ — —

0 t t 0 t t

o =2 o, N
p - Ep N
p > force transfer A

20 Z
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Deformations of concrete under long term static load
Creep — Time dependent deformation

- Creep and shrinkage in compressed elements acting in the same direction
o, 2 o, N

- In the case of tension elements or with tension zone the action of creep is
favorable and actiunea curgerii lente este favorabila and reduces the risk of cracking
o, /1 > Oy N

Q
HHHHHHHHHHHH

'|

= fwu_:“h.-----',_:;f

- Transversal reinforcement does not influence the creep, because it has linear
character

- Creep has significant influence in case of deflection and buckling
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Deformations of concrete under long term static load
Creep in SREN 1991-1-1

> 2
n (6]
= ~
= iy
@

—00NCrete class

@ (0, t) hy=2A,/u
- Choose of environmental condition - Choose of concrete class
(RH=50% inside; RH=80% outside) - compute h, coefficient

- Choose of cement type (N, R, S)
- Creep of the concrete depend on the ambient humidity, the dimensions of the
element and the composition of the concrete + the maturity of the concrete when
the load is first applied and depends on the duration and magnitude of the Ioadlng
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Deformations of concrete under long term static load
Creep in SREN 1991-1-1

2 :
= [ \A<
- oy
O
4 b
3
O »
1.t, - age of the concrete at time of loading 3 h, [mm]
2. Secant

- Creep of the concrete depend on the ambient humidity, the dimensions of the
element and the composition of the concrete + the maturity of the concrete when
the load is first applied and depends on the duration and magnitude of the Ioadlng
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Time dependent deformations — The total deformation of concrete

O-
fo. G. = const.
t
>
A Sc
gc,t A
Agcﬂt
shrinkage v v
: 7y
instantaneous 4
deformations €e T &p €c0
\ A ¢
t=0 t

€c.total = EEL)
EctE,

+

e

Agc,t
—
+£

cs,t ce,t
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Time dependent deformations — Effect of unloading on creep

Cp 4 O}p = const. op, = 0
»
A b ’t ________________
A == _
elastic recovery
\
€., \‘
cc,
creep creep recovery
x¥
v
A residual plastic
€co deformation
v v

>
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Time dependent deformations — Effect of unloading on creep

'\
Strain
Casting time
(4
RV
\ c)\“\<\\'~
o \
' >
t :
Start of Time
drying
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Time dependent deformations — Effect of unloading on creep
If no external force

\ applied at t,
Strain
o shrinkage e mm wm mm - ———
Casting time ——-—— =
- -—
\ - Final
shrinkage
O ﬂ i
t :
\ Start of 0 Time
drying
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Time dependent deformations — Effect of unloading on creep
If external force is

\ applied at t,
Strain
Casting time
\ 0 ‘/‘ 'shrinkage g
b Time
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Time dependent deformations — Effect of unloading on creep

If external force is
\ applied at t,

Strain

Casting time

o

' shrinkage

nstantaneous
deformations

N
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Time dependent deformations — Effect of unloading on creep

If the force
A disappear

Strain

Casting time

o

instantaneous
deformations

\

' shrinkage

L5
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Time dependent deformations — Effect of unloading on creep

If the load is
'\ LOAD maintained

Strain H*HJ %H Hﬂc }’H *H’M

creep

Casting time

o

instantaneous
deformations

\

' shrinkage

L5 U
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Time dependent deformations — Effect of unloading on creep

If the load is
'\ LOAD maintained further

Strain o [ el

creep

Total strain

Casting time

o

instantaneous
deformations

\

' shrinkage

b U
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Time dependent deformations — Effect of unloading on creep

If is
I\ LOAD UNLOAD unloaded

i /<>

elastic
recovery

I creep
e — recovery

creep

Casting time

o

instantaneous
deformations

\

Residual strain

' shrinkage

L5 U
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Time dependent deformations — Effect of unloading on creep

4 LOAD UNLOAD

I S

_—_—
-
-

elastic
recovery

creep

Casting time

o

_—
-
-

nstantaneous
deformations

\

Yy L

Residual strain

shrinkage

b U
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Deformations of concrete under repeated dynamic loads

F 3
4 O G E‘c .
. failure
Gc max > to ................................................... e e TP
stabilization 1/
i /4
ol Co' <da
a { ‘\ Ec
‘8_1:| Er2 L
d_—b \
281- = const. Z'81‘ — €
a) b)

g, = remanent strain (irreversible)
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