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METODE EXPERIMENTALE PENTRU DETERMINAREA
VALORILOR NOMINALE ALE DEFORMAŢIEI DIN CONTRACŢIA BETONULUI
EXPERIMENTAL METHOD FOR DETERMINING THE NOMINAL VALUES
OF CONCRETE SHRINKAGE STRAINS
DAN GEORGESCU∗, RADU PASCU, RADU GAVRILESCU, TIBERIU PASCU
Universitatea Tehnică de Construcţii Bucureşti, B-dul Lacul Tei, nr. 124, CP 020396, Bucureşti, România

The shrinkage deformations may lead to concrete
cracking with adverse effects on structural reliability,
durability and aspect of the reinforced concrete elements
and structures. For preventing and mitigation of shrinkage
effects measures must be taken in structural design in
determining the composition and in concreting. The paper
presents theoretical, practical and experimental aspects
related to shrinkage strains calculation, pointing out the
differences between the values computed using the
provisions of SR EN 1992-1-1 -„Design of concrete
structures” and measured values. Due to these differences
we consider that a new approach for computing the
shrinkage deformations is needed. This need is emphasized
by the large number of cases in our country of cracked
structural elements short time after the concrete was cast.

Deformaţiile împiedicate din contracţia betonului
pot provoca fisurarea acestuia, cu efecte negative asupra
siguranţei
structurale,
durabilităţii
şi
aspectului
elementelor şi structurilor din beton armat. Pentru
prevenirea şi limitarea efectelor fenomenului de contracţie
trebuie luate măsuri corespunzătoare la proiectarea, la
stabilirea compoziţiei şi la punerea în operă a betonului.
Articolul prezintă aspecte
teoretice,
practice
şi
experimentale privind calculul deformaţiilor din contracţie
şi evidenţiază diferenţele constatate între rezultatele
obţinute. Datorită acestor diferenţe, între valorile obţinute
experimental şi cele recomandate în SR EN 1992-1-1
„Proiectarea structurilor din beton armat”, este necesară o
nouă abordare a modului de calcul al deformaţiilor din
contracţie. Acest aspect este în concordanţă cu realitatea
din ţară, unde, în ultima perioadă, au apărut numeroase
cazuri de fisurare ale elementelor de construcţie după
punerea în operă a betonului.
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1. Introduction
The concrete shrinkage is a type
of
deformation characteristic for this material. Known
from the beginning of the concrete history it is still a
problem with significant implications on reliability
and durability of RC buildings.
Shrinkage, after hardening of concrete in
open air (RH%<100%), is the decrease with time of
concrete volume. In saturated environment
(RH%=100%) the converse of shrinkage is
produced (swellage) which denotes volumetric
increase due to moisture gain in the hardened
concrete (Fig.1). Because in most cases concrete is
not in saturated environment and shrinkage results
in concrete cracking, this is the aspect that matters
in structural engineering.
Drying shrinkage is a long term process, fast
after the concrete hardening and progressively
attenuated with time. Troxell`s experiments quoted
by Neville [1] shows that at 28 days the shrinkage
strain is about 40% of the strain at 20 years and at
1 year is about 80% of the same strain (Fig.2).
∗
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Fig. 1 – Shrinkage and swelling of concrete [1].

The main cause of shrinkage is the loss of
adsorbed water in the pores which results in
reducing the distances between the solid parts. The
phenomenon in only partially reversible probably
because of hydrated calcium silicate gels
hardening (C-S-H).

56

D. Georg
gescu, R. Pascu
u, R. Gavrilescu
u, T. Pascu / Exp
xperimental meth
hod for determin
ning the nomina
al values of
con
ncrete shrinkage
e strains

a
by usig
shrinkage strrain can be obtained, also,
h bigger dim
mensions of the particle
e.
gradings with
Using
U
aggreg
gates of exxpanded sha
ale results in
shrinkage strrains 30% b
bigger than using norma
al
aggregate.
- Modu
ulus of elaticcity of aggre
egates: morre
stiff aggregattes hamper tthe concrete deformation
n.
The
T
shrinkag
ge strains w
will be sma
aller but the
in
nterior stresss increases a
all together with
w the risk of
o
concrete
c
craccking.
3.
3 Experime
ental determ
mination of
o shrinkage
deformation
Fig. 2 – Shrinkkage time-historry [1]

hrinkage
2. Factors affecting sh
ed in hydra
ated
The shrinkage is produce
n factors affe
ecting are:
cement passte. The main
- Cem
ment and water
w
contentt: the shrinkage
increases with the ce
ement conte
ent and wa
atercement ra
atio. For concrete
c
w
with
the sa
ame
composition
n, that with lower workkability (sma
aller
water-ceme
ent ratio) will
w have lesser shrinkage
strains.
- Typ
pe of cementt: some studies suggest that
t
the Portland Cement (C
CEM I) charracteristics have
a minor inffluence o sh
hrinkage (a large shrinkage
strain of the
e cement passte doen nott mean, in evvery
cases, a larrge shrinkage
e strain of th
he concrete).
the
- Add
ditions mate
erials and admixtures:
a
presence of
o mineral additions
a
ma
aterials has the
tendency to
o increase th
he proportion
ns of fine po
ores
in the hydra
ated cement paste and th
he loss of wa
ater
from the pores
p
is the main cause
e of shrinka
age.
Addition ma
aterials as flyy ash and bla
ast-furnace slag
s
enhances shrinkage:
s
blended in hig
gh proportions in
the cementt paste they may enhancce the shrinkage
as
strains with more of
o 60%. Admixtures
A
(high-range
superplasticcizers
water-reduccing
admixtures) may indu
uce an
in
ncrease of the
shrinkage with
w 10÷20%
%. Retarding admixtures can
produce pla
astic shrinkag
ge resulting in cracks.
- Envvironmental humidity: the shrinka
age
increases with
w
the deccrease of hu
umidity because
this accelerrates the watter draining out
o from pore
es.
- Ele
ement geome
etry: the speed
s
of dryying
depends on
n the length of the path, the water must
m
travel out. The ratio between
b
the sectional area
a
and the ele
ement perim
meter in conttact with the
e air
called “mea
an radius” is
i a good indicator in this
direction.
- The
e reinforcement: in accordance with [1]
the presence of steel reinforceme
ent reduces the
shrinkage strains
s
with more
m
than 30
0%.
and grading:
- Agg
gregates, dimensions
d
of
blends
using
co
orrectly
pro
oportionated
aggregatess results in ob
btaining a co
oncrete with less
l
cement and
d thus with le
ess shrinkage
e. A smaller

In Romania,
R
unrestrained
d shrinkage
deformations are exp
perimentally determined
according witth the provissions of Ro
omanian code
n
SR2833:2009
S
9 - Tests on concretes. Determinatio
D
of
o the axial shrinkage
s
of hardened concrete [2].
The
T
tests ca
an highlight the influenc
ce of various
composition factors
f
on thiis deformatio
on, inclusively
using various type of cem
ment.
In ou
ur case forr determinin
ng the axia
al
shrinkage in laboratory, prisms of 100x100x500
mm
m were use
ed (Fig.3).

Fig. 3 – Con
ncrete prism

The benchmarks p
position, the methodology
nterpretation of resultts were in
and the in
w the proviisions of sec
ction „ Method
accordance with
af device” from SR 2883-2
2009 [2].
using the Gra
Using the same tyype of ceme
ent (CEM II/A
A
prisms were cast (Fig. 4).
42.5) a large number of p
From
F
the same batch o
of fresh concrete, cubic
specimens were
w
made, in order to determine
d
the
compressive strength of cconcrete.

Fig. 4 – Con
ncrete prisms fo
or determination
n of the axial
sh
hrinkage.

D. Georgescu, R. Pascu, R. Gavrilescu, T. Pascu / Metode experimentale pentru determinarea valorilor nominale
ale deformaţiei din contracţia betonului

4. Calculation of shrinkage strain according to
code SR EN 1992-1-1
In SR EN 1992-1-1 [3, 4] the total shrinkage
strain is composed of two components, the
autogenous shrinkade strain (develops mostly in
the early days after casting) and the drying
shrinkage which develops slowly in time. Thus, the
total shrinkage strain is:
ε cs = ε cd + ε ca
(1)
where:
ε cs - is the total shrinkage strain

The final value of the drying shrinkage

ε cd ,∞ = k h ⋅ ε cd ,0

(2)

ε cd ,t = β ds (t , t s ) ⋅ k h ⋅ ε cd ,0

(3)

where :

ε cd ,∞ - final value of the drying shrinkage strain
ε cd ,t -

t- the age of the concrete at the moment
considered
ts - the age of the concrete in days at the beginning
of drying shrinkage
ε cd , 0 - basic drying shrinkage strain (Annex B - SR
EN 1992-1-1 [3, 4]):

ε cd ,0

⎛
fcm ⎞ ⎤
⎡
⎜⎜ −α ds 2 ⋅
⎟⎟
fcmo
⎢
⎝
⎠⎥⋅
= 0.85 ⋅ (220 + 110 ⋅ α ds1 ) ⋅ e
⎥
⎢
⎥⎦
⎢⎣

⋅10 −6 ⋅ β RH

ε cd - is the drying shrinkage strain
ε ca - is the autogenous shrinkage strain
strain:

cement:
= 3.00 for cement class S
= 4.00 for cement class N
= 6.00 for cement class R
α ds 2 - coefficient which depends on the type of
cement:
= 0.13 for cement class S
= 0.12 for cement class N
= 0.11 for cement class R
f cm - the mean compressive strength

value of the drying shrinkage strain at „t”,

k h - coefficient function of the element
dimensions (Table 1), with values function of the
mean radius h0 :

h0 = 2 Ac / u

f cmo = 10 Mpa
β RH - coefficient function of relative humidity:
⎡

⎛ RH
⎝ RH 0

β RH = 1.55⎢1 − ⎜⎜
⎢
⎣

(4)

Where:

(6)

where:
α ds1 - coefficient which depends on the type of

days

⎞
⎟
⎟
⎠

3⎤

⎥
⎥
⎦

(7)

where:

Ac - concrete section area
u - perimeter of that part of the cross section
which is exposed to drying
Table 1
Values for kh in Expression (2) and (3)

h0

100
200
300
≥500

kh

mean radius

For concrete with age less than 28 days the
compressive strength (fcm) is calculated according
to SR EN 1992-1-1 with:
f cm (t ) = β cc (t ) ⋅ f cm
(8)

f cm (t ) - mean compressive strength at age t,

h0 :

(t − t s )
β ds (t , t s ) =
(t − t s ) + 0.04

RH - ambient relative humidity (%)
RH0 - 100%

where:

1,00
0,85
0,75
0,70

β ds (t, t s ) - coefficient function of time and of

where:
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(in days)
f cm - mean compressive strength, according to
tablei 3.1 in SR EN 1992-1-1 [3, 4]
β cc (t ) - coefficient function of concrete age at
time t (days):

h03

(5)

β RH = e
where:

⎡ ⎛ 28 ⎞ 0 , 5 ⎤
s ⋅⎢1−⎜ ⎟ ⎥
⎢⎣ ⎝ t ⎠ ⎥⎦

(9)
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Table 2
Values for αds1 and εcd,0
Experimental

C40/50
C45/55
Average

SR EN 1992-1-1

α ds1

ε cd , 0

α ds1

ε cd , 0

α ds1

ε cd , 0

7.92
7.64
7.78

0.61
0.51
0.56

4.00
4.00
4.00

0.38
0.36
0.37

98.08
90.96
94.52

58.53
41.12
50.08

t - concrete age, in days, at the consided
moment

s - coefficient with values function of the
cement type:
= 0.20 for cement class: CEM 42.5 R, CEM
52,5 N and CEM 52,5 R (class R)
= 0.25 for cement class: CEM 32.5 R şi
CEM 42,5 N (class N)
= 0.38 for cement class: CEM 32.5 N
(class S)
5.

Comparison between the experimental
results and the results obtained using the
SR EN 1992-1-1 provisions

In order to determine the shrinkage
deformations of concrete prisms, the same type of
cement was used CEM II/A 42.5N class N. Also,
the speciment were identical in terms of aggregate
(blending, type, dimensions etc.), the only
difference being the water-cemet ratio. In that case
two values were used: 0.44 and 0.41. The
instruments readings were made at 7 days (initial
reading δ 0 ) and at 14, 28, 90 and 180 days ( δ i ).
Also, compression tests on cubes were
made at the same period of time as shrinkage
strains measurement. As expected, concrete with
lower
water-dement
ratio
showed
bigger
resistance.
For the 100x100x500mm prisms, the basic
drying shrinkage strain ε cd , 0 was determined based
on ε cd ,t the measured value of the drying shrinkage
strain at „t” days, using the methodology of SR EN
1992-1-1 presented before.
In equation (6) there are two coefficients
whose value depend on the cement type, S,N or R:
α ds1 and α ds 2 . The value of α ds 2 was taken 0.12
as requires SR EN 1992-1-1 for cement of class N.
The values of α ds1 were computed knowing the
basic

drying

shrinkage

Percentage [%]

strain

ε cd , 0 and

the

cement ratio:C40/50- for a water-cement ratio of
0.44 and C45/55- for a water-cement ratio of 0.41
Using the provisions of Annex B of the code
SR EN 1992-1-1 [3, 4], the basic drying shrinkage
strain ε cd , 0 for each concrete class resulted with
the values: 0,38‰ for C40/50 class and 0,36‰ for
C45/55 class. The experimental values are on
average with more than 50% bigger than those
calculated using the Annex B provisions: 0,61‰
for C40/50 and 0,51‰ for C45/55 (Table 2).
6. Conclusions
The shrinkage strains can cause the
concrete cracking with adverse effects on
durability and the aspect of elements and
structures of reinforced concrete.
For the same type of cement, a bigger
dosage of cement, using inappropiate admixtures
and a high water-cement ratio, are the main
factors related to composition that favor shrinkage.
Regardless of the type of cement, for limiting
shrinkage measures must be taken at design, at
designing the cement composition and at the
concrete casting.
The study presents some theoretical and
experimental aspects regarding shrinkage strains
calculation, highlighting the differencies between
the experimental values and those computed using
the SR EN 1992-1-1 [3, 4] provisions. A
reassessment of the values for α ds1 and α ds 2
coefficients appears as necessary considering the
large number of cases in our country of structural
elements cracked short time after the concrete
was cast.
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compressive strength of the concrete obtained
testing the concrete cubes and are presented in
the Table 2. The mean value is 7,78.
This value is almost double the value of 4,0
given in SR EN 1992-1-1 Annex B [3, 4] for class N
cement.
After the test and interpretation of results
resulted two concrete classes function of the water*********************************************************************************************************************************

