SHRINKAGE OF CONCRETE - A GENERAL OVERVIEW
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Summary: The volume change of
concrete due to loss of water through the
exchange with environment or the self-
desiccation during the hydration, or due
to chemical reactions of hydrated
cement with carbon-dioxide from
environment, is one of the most
undesirable phenomena in concrete. Itis
both an early-age and a long-term
process, but from the structural point of
view the shrinkage of concrete from the
moment of its exposure to the
environment is of most interest. Types of
shrinkage, their causes, main
influencing  factors and possible
measures to mitigate the shrinkage and
its consequences are presented, based
on the review and analysis of the latest
published research in this field.
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1. INTRODUCTION

Concrete is a complex material whose
properties change through time. The
rate and magnitude of these changes
depend on a wide range of internal and
external factors, like composition and
proportion of the mix, mixing time,
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Pe3unme: MNMpomeHa 3anpemuHe 6eToHa
ycneq rybuTtka Bofe Kpo3 pasmeHy ca
OKPY)XEHEM MM CaMOUCYyLLUUBaHE TO-
KOM XxupgpaTauuje, unu ycnen Xemujckux
peakumja xugpatucaHor LemeHTa ca
YITbeH-ANOKCUAOM U3 OKONWHe, jedHa je
o[, HajHenoXerbHWjUX nojaBa y GETOHY.
OBo je ayroTpajaH NpoLec Koju noynte
oOMax HakoH crnpaBrbawa OeToHcke
MeLlaBuHe, anu je ca KOHCTPYKTUBHE
Tayke rneguwiTa HajsHavajHuje CcKyn-
bawe 6eToHa HaKkoH H-erosor m3na-
raka oKkpyxery. Ha ocHoBy npernefa u
aHanmse HajHOBUjUX objaBrbeHux
ucTpaxusara y oBoj obnacTtu, y pagy cy
rpukasaHe BpCTe CKynibawa, HUXOBU
y3pouu, rnaBHM yTuuajHu dakTopyu u
mMoryhe mMepe 3a cMakbere CKynrbaka u
HErosmx nocneauua.

KrbyyHe peun: BeToH, ckynrbamse,
y3pOLM CKynrbakba, yTuuajHu akTopu,
Mepe 3a CMakbeHse

1. yBO[

BeToH je cnoxeH maTtepwjan uumja ce
CBOjCTBA MeHajy TOKOM BpeMeHa.
Bp3nHa ¥ WHTEH3WTET OBUX MNpOMeEHa
3aBuCe Of BenuKkor 6poja yHyTpaLlHmX
1 cnorbHMX dhakTopa, Kao LUTO Cy cacTaB
MeLLaBUHE, BpPEME Mellawa, TpaHc-
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handling, placing and compacting,
method and duration of curing, shape
and dimensions of a member, presence,
type and configuration of reinforcement,
loading  conditions,  environmental
conditions, presence of aggressive
media, etc. Some of these changes, like
strength gain, are welcome, while
others, e.g. volume change, formation of
cracks in concrete around the
embedded reinforcement etc. are
undesirable, so measures are taken to
avoid them or at least to reduce them to
an acceptable level.

The changes of concrete properties also
affect the resistance, serviceability,
durability and appearance of the finished
structure and structural members.

One of the most undesirable time-
dependent phenomena is the volume
change of concrete due to shrinkage.
Cracks caused by irreversible restrained
shrinkage deformations can affect the
appearance of the structure, as well as
its tightness for liquids or gases. These
cracks may not be threatening to the
durability of the structure by themselves,
but in conjunction with unfavorable
environmental conditions can facilitate
the penetration of aggressive
substances to the reinforcement and
accelerate its corrosion, which shortens
the service life of the structure.
Additionally, strains due to shrinkage
lead to reduction of the prestress force.
Shrinkage of concrete is the isothermal
decrease of volume due to changes of
internal relative humidity or due to
chemical reactions, in the absence of
external load [1, 2]. Commonly it is
divided into the four components: plastic
shrinkage, autogenous or basic [3]
shrinkage, drying shrinkage and
carbonation shrinkage [1, 2] (Figure 1).
Typical “final" values of concrete
shrinkage strains are between 200 and
800x10¢, while the cement paste may
experience shrinkage strains in a range
of 2000 to 6000x10°[1].

nopT, yrpagHa n KoMnakTupawe, MeTof
W Tpajarbe Here, obONMMK U OUMEH3Wje
enemMeHTa, MocTojake, BpCcTa W
pacnopep apmartype, ycrnosu onTepe-
hmBarba, ycrnoBu cpegvHe, MPUCYCTBO
arpecuBHUX areHaca, utg. Heke op oBumx
npomMeHa, Kao WTO je npupacT
yBpcTohe, cy pobpopgolwine, AOK cy
apyre, HMAp. nNpoMeHa 3anpemuHe,
nojaBa NpcnunHa Ha KOHTaKTy GeToHa u
apmatype v Ap. HenoxerbHe, na ce
npegysMMmajy  Mepe  3a  HUXOBO
cnpeyaBawe unu 6ap ceohewe Ha
NPUXBaTIbUBMW HUBO.

lMpomeHe cBojcTaBa 6eToHa yTU4y 1 Ha
HOCMBOCT, ynoTpebrbuBocCT, TpajHOCT 1
u3rnen  rotoBe  KOHCTpykKuuje 1
KOHCTPYKTUBHUX efleMeHara.

JegHa of HajHEnoXerbHUjuX BpeMeH-
CKM 3aBMCHMX TojaBa je npoMeHa
3anpemvHe GeToHa ycren CKynrbaa.
MpcnuHe nsasBaHe HEMNOBPATHUM Cripe-
YyeHum pJdedpopmaumjama ycnen CKyn-
Tbaka MOry yTuuaTu Ha wusrneq
KOHCTpYKUMjE, Kao M Ha HEHY Henpo-
NyCHOCT 3a Te4HocTu unu racose. OBe
npcnuHe He Mopajy came no cebu ga
yrpo3e TPajHOCT KOHCTpyKumje, anu y
crpesn ca HemnoBOSbHVMM yCrnoBuMa
cpegvHe MOry onakwartu  npogop
arpecmBHUX CyNcTaHuuM OO0 apmartype u
ybp3atn HeHy Kopo3wjy, unme ce
ckpahyje ekcnmnoaTauuMoHU BEK KOH-
ctpykumje. [llopen Tora, Aunatauumje
ycnea ckynrbaka AOMPUHOCE CMake-
Y Ccune npegHanpesama.

Ckynmbawe 6GeToHa je cmamene
3anpemuHe HeonTepeheHor y3opka npwu
KOHCTaHTHO] TemnepaTypu ycnea npo-
MEHe yHyTpallke penaTuBHe BRax-
HOCTW WINW yCnep XeMMWjCKUX peakuuja
[1, 2]. OHo ce Hajuewwhe aenu Ha YeTupu
KOMMOHEHTE: MNMacTUYHO CKyN-Ibakse,
ayTOreHo 1nm concTeeHo [3] ckynrbame,
CKynrbahe ycneq cywena "
KapOOHU3aLUMOHO ckyrmrbarke [1, 2]
(cnuka 1). TunuyHe "KOHayHe" Benu-
YMHe gunartauuja ckynrbamwa 6eToHa cy
nameny 200 n 800x10®, ook LeMeHTHa
nacta Moxe uMMaTM  gunarauuje
ckynreatba og 2000 fo 6000x10°[1].
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Figure 1 — Types and governing mechanisms of shrinkage
Cnuka 1 — BpcTe ckynrbaksa 1 NpoLecK Koju ra y3pokyjy

2. PLASTIC SHRINKAGE

Plastic shrinkage (PS) is the early-age
shrinkage which develops in the first 24
hours after mixing. It is a volumetric
contraction of the cement paste while
concrete is in the plastic state and has
very low tensile strength, which may
cause the occurrence of plastic cracking
at the surface of the element. PS is
caused by the loss of water due to
evaporation from the surface or due to
suction by the sub-base or formwork.
Cracks caused by plastic shrinkage
initiate at the concrete surface and
develop inward [4]. PS can be easily
reduced by proper concreting
procedures and by preventing the high
rate of evaporation from the concrete
surfaces by wet curing, use of
windbreaks and sunshades (Table 1).
Reduction of PS and PS cracking in
concrete is tackled by the use of
shrinkage-reducing admixtures (SRA),
superabsorbent polymers (SAP) or by

2. NMIACTUYHO CKYMJbAHE

MnactnyHo  ckynbawe  (MC)  je
CMareHe 3anpeMuHe LieMeHTHe nacTe
Koje ce oaBuja y npsa 24 caTta HakoH
Mellawa, AOK je BeTOoH y nmnacTuyHOM
CTawy 1 noceayje Bpro HUCKy YBpcTony
Ha 3aTesawe, 360or 4Yera ce Ha
MOBPLUMHN €enemMeHTa Mory nojaBuTu
NpcnuHe Koje KacHwje Hanpeayjy ka
yHyTpawwnocTtu [4]. MNC je nocneguua
rybuTka Boge ycrnep ucnapaBaka ca
NnoBpLIMHE WMM Yynujawa Of CTpaHe
nognore unu onnarte. MNC ce nako moxe
CMawuTN ogrosapajyhum noc-tynuuma
6eToHMpara M crnpeyaBakem Harnor
ucnapasaka BOAe Ca MOBPLUMHE
6eToHa KpO3 Hery Bna-xewewm, Te
npumeHy BeTpobpaHa W CcyHuobOpaHa
(tabena 1). Pepykumja MC u mwume
n3asBaHWX MpcrvMHa MNocTuxke ce u
ynotpeboM pfopataka 3a CMakene
CKynrbaha (aco), cynepan-
copbeHTHMx nonumepa (CAI) wunu
godatkom BrakaHa 6OeToHy [4, 5, 6].
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the incorporation of fibers in concrete [4,
5, 6]. Swelling - the expansion of the
concrete - may occur if there is a
continuous supply of water during
hydration, but to a much lesser extent
than shrinkage (10 to 20 times).

3. AUTOGENOUS SHRINKAGE

Autogenous shrinkage (AS), also called
basic shrinkage, is the inelastic
macroscopic dimensional reduction of a
stress-free  element at constant
temperature and under sealed
conditions, i.e. without any moisture
exchange with the surrounding medium
[1, 5, 7]. It is caused by the self-
desiccation, which is induced by the
consumption of water during chemical
reactions of hydration of cement matrix.
AS is both an early-age and a long-term
process. While the PS takes place from
mixing until the final setting, AS mainly
starts after the initial setting of concrete,
within the first 24 hours after mixing [4].
Cracks induced by AS usually propagate
uniformly through the concrete member.
In normal strength concrete (NSC)
autogenous shrinkage strain is very
small, usually not greater than 50 to
100x10® [8], but in high performance
(HPC) and ultra-high performance
concrete (UHPC), with very low water-
to-cement ratio (w/c), AS is a significant
part of the total shrinkage [1, 8] (Figure
2). Tazawa and Miyazawa [9] have
reported that for a w/c ratio of 0.17, the
autogenous shrinkage strains of the
cement paste at 1 day and 14 days were
2500x10® and 4000x10¢, respectively.
It was also reported that in concrete
specimens with w/c ratio of 0.17 an AS
of 700x10¢ may occur [10]. Main factors
affecting the rate and final magnitude of
AS, as well as measures to reduce the
AS cracking are shown in Table 1. One
of the main causes of increase in AS is
reduction of water-to-binder (w/b) ratio

(Fig. 3).

Bybperwe - noeehawe 3anpeMuHe Ge-
TOHa - MOXe Ce MOojaBUTU aKo TOKOM
Xvagpartaumje  MocToju  HenpekugHo
cHabpeBawe BOOOM, anu je OHO fa-
NeKO Mare BennYuMHe Hero CKynibake
(10 go 20 nyTa).

3. AYTOrEHO CKYMIbAHE

AytoreHo ckynrbawe (AC), Takohe
3BaHO OCHOBHO WMM COMNCTBEHO, je
HeernacTM4HO MaKpOCKOMCKO CMaheH-e
OVMeH3vja HeonTepeheHor enemeHTa
Ha KOHCTaHTHOj Temnepatypu u y
3anevyaheHum ycnosuma, Tj. 6e3
pasmeHe Bnare ca okonuHom [1, 5, 7].
AC je nocneguua camowucyluMBama
Y3POKOBAHOI MOTPOLUHOM BOAE TOKOM
XeMUjCKUX  peakumja  xuapartauuje
uemeHta. fok ce TIC opgsuja of
Mellawa [0 noyeTka o4vBpwhaBama,
AC je pyroTpajaH npouec Koju nounkse
HaKOH noyeTka Be3uBawa GeToHa [4], a
HajUHTEH3UBHUjU je NPBUX JaHa HaKOH
yrpagwe. lNpcnuHe usassaHe AC Haj-
yewhe nponarvpajy paBHOMEPHO KpO3
OEeTOHCKM enemeHT. Y GeToHMMa Hop-
manHe u4spctohe (BHY) punartauwje
ycnen AC cy Hajuewhe Bpno marne, He
sehe og 50 go 100x10° [8], mok y
6eToHuma Bucokux (BBI1) u 6eToHnma
ynTpa-Bucokmx nepdopmarcu (BYBIT),
ca Bprio HUCKUM BOAOLIEMEHTHUM (hak-
Topom (w/c), AC npeacrasrba 3HavajaH
Oe0 YKynHor ckynrbama [1, 8] (cnuka 2).
Tazawa un Miyazawa [9] cy Ha
LEeMEHTHMM nactama ca w/c paktopom
0.17 npw ctapoctuma og 1 u 14 pgaHa
u3aMepunu  gunartauuje  ayToreHor
ckynrbawa og 2500x106 u 4000x106,
pecnekTuBHo. Ha y3opuvma 6eToHa ca
w/c daktopom 0.17 3abenexeHo je AC
BenuunHe  700x10® [10]. [naBHu
hakTopu Koju yTnyy Ha Bp3nHy 1 Kpajiby
BennunHy AC 1 Mepe kojuma ce Mory
ybnaxutn npcnuHe wms3aseaHe AC
npvkasaHu cy y tabenu 1. JegaH of
rmaBHMX Yy3poka noeehawa AC je
CMarbere ofHoca BoAe W BesvBa
(cnuka 3).
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Table 1 - Types, causes and influencing factors of shrinkage and measures to reduce it

Type of Plastic Autogenous Drving shrinkage Carbonation
shrinkage shrinkage shrinkage ying 9 shrinkage
Starting Immediately After the initial At environmental At environmental
time after mixing setting exposure exposure
Self-desiccation Chemical
Loss of water induced by the .
) : reactions
by evaporation  consumption of
. . Loss of water by between
Main from the surface water during .
. . exchange with  hydrated cement
causes  or suction by the chemical .
. the environment and carbon
sub-base or reactions of L
. dioxide from the
formwork hydration of
. atmosphere
cement matrix
- ambient RH
. . and temperature
- air temperature - w/c ratio . .
- ) - wic ratio - curing
- relative - fineness of cement type conditions
humidity (RH) of cement yp .
. and content - size and shape
the air - cement : .
. . - - ambient RH of the specimen
Main - wind speed composition
. . - and temperature -CO2
influencing - wi/c ratio - SCMs .
. - aggregate type  concentration
factors - size and shape - amount and .
and content and partial
of a member type of .
- admixtures pressure
- type of cement aggregate ) >
- - size and shape - cyclic CO2
- cement content - admixtures
. - of a member exposure
- fines content - curing method
- cement
composition
dampening the - decreasing -Typelorll (N
sub-base and )
fineness and or S) cement
forms o :
) specific surface - SRA combined
- windbreaks i
area of cement with EA
and sunshades o .
. - addition of fly - aggregate with
Measures - covering -
- ash, RHA, higher modulus
to avoid or - fog sprays . L .
zeolite or of elasticity - low porosity
reduce the - SRA X ; i~
X - metakaoline - higher - addition of
shrinkage - addition of . . .
) - higher a/c ratio aggregate alkalis
and the fibers . )
. ; - aggregate with content - low internal
shrinkage - concreting at . . -
. ; larger modulus - lowest practical relative humidity
induced lower ambient L
A of elasticity sand and water
cracking temperatures . :
curing startin - internal curing content
ouring S 9 by LWA or SAP - fibers
immediately - .
A - addition of - adequate curing
after finishing .
. . fibers method and
- revibrating duration
- addition of SAP
References [4,5, 6, 16,17] [1,4,5,7-19] [1, 20 - 26] [1, 27 - 30]
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Tabena 1 — BpcTe, y3pouu n yTuuajHu haktopy cKynibakba U Mepe 3a HEeroBO CMakeHe

Ckynrbame
BpcTte MnactnyHo AyToreHo Ckynrbawe ycne,q
CKynrbaka CKynrbake CKynrbake ycnen cyliewa Y .
kapOoHu3aumje
Bpeme Opamax HakoH [NoueTak MNanarawe MNanarawe
noyeTka MeLlaka Be3uBawa OKpYXeHy OKpYXEeHY
Xemujcke
l'y6umak eode CamoucywueaHe eam]4 uie
ncnapasahem Yy3pPOKOBaHO pmamehl
ca noBplMHe  noTpowroM Boge [Iy6umak eode y
maBHM . . XuapatmcaHor
WNn ynujaem  TOKOM XEMWJCKMX  KPO3 pasmMeHy
y3poum . LeMeHTa u
of CTpaHe peakumja Ca OKOJINHOM ThEH-
nognore unu xvgparauuje y
avokcuaa uns
onnate LemeHTa
aTMocdepe
- Temneparypa u
penaTvBHa - Temnepartypa
BII@XXHOCT - w/c gakTop n RH okonuHe
Ba3gyxa (RH) - w/c cbakTop - BpcTaun - yCrnoBwW Here
- 6pavHa BeTpa - pmHoha mnuBa KOnu4mHa - BENWYMHa 1
- BOAOLEMEHTHM LuemeHTa LemMeHTa o6nuk
Mnashm dakTop (W/c) - cacTas LeMeHTa - TemnepaTypa eremMeHTa
—— - BENu4mHa n - MUHeparHu n RH okonuHe - KOHUEHTpauuja
é)aKch " obnuk nogaum - KOnnymHa n ¥ napuujantym
P ernemMeHTa - KONM4YMHa n BpcTa arperata  nputucak CO2
- BpCTa UeMeHTa  BpcTa arperata - aguTnBM - LUMKINYHO
- KONMYMHa - aguTnBm - BENUYMHa 1 nsnaramwe
LuemeHTa - MeToaa Here o6nuk nejctey CO2
- cagpxaj ernemeHTa - cacTtaB
CUTHUX LeMeHTa
tbpakumja
- KBalLEHEe - CMatehe
noanore n dpuHohe mnuea n - LiemeHT Tnna |
onnare cneundnyHe unu Il (N nnm S)
- BeTpoOpaHu 1 NOBPLUWHE -AccC
cyHuobpaHu LemeHTa KOMOMHOBaHU
Mebpe 33 - NOKpuBake - gogatak neteher ca EA - HACKa
cmafberbe - pacnpLlumBarbe nenena (NM), - arperar ca Nopo3HOCT
marne nenena Behum - fopartak
CKynrbama ;
-AccC NUpUHYaHe rbycke MOAYroMm ankanuja
n npcnuHa
N383BaHNX - popartak (MMN/b), 3eonuta  €nNacTUYHOCTK - HUCKa
BNakaHa UNN MeTakaonmHa - BULLM CadpXaj  YHyTpallka
CKynrbatem
- 6eToHUpare - BUWKM a/c chakTop arperara penaTuBHa
MPU HDKUM - arperar ca - Hajmamu BMaXXHOCT
Temnepatypama Behum mogyrnom npakTu4aH
- movyeTak Here enacTn4HocTu cappxaj necka
oOoMax HaKOH - yHyTpallka Hera n Boae
yrpagwe ca 1A wnun CAI - BrakHa
- peBubpupare - Aogatak BnakaHa
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- popatak CATrl

- norogHa
meToda u
Tpajare Here

PedepeHue [4, 5, 6, 16, 17]

[1,4,5,7-19]

[1, 20 - 26] [1, 27 - 30]
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Figure 2 — Autogenous and drying shrinkage in NSC and high-strength concrete (HSC)

(8]

Cnuka 2 — AyToreHo cKkynrbake 1 ckynrbame ycneq cylwemna kog BHY n 6etoHa Bucoke
uBpcTohe (BBY) [8]
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Figure 3 — Influence of w/c ratio on early-age autogenous shrinkage [11]
Cnwuka 3 — YTuuaj w/c dhaktopa Ha ayToreHo ckynrbame npea 24 cara [11]

The influence of supplementary
cementitious materials (SCM) on AS of
HPC is still under consideration and
some contradictory results are obtained.
It is well established that the addition of

YTuuaj MMHepanHux goaataka LeMeHTy
Ha AC BBll-a je u pame npegmer
ucTpaxvsawa, a p[obujeHn cy Heku
KOHTpaguKTopHWU pesyntaTtu. [oysgaHo
je yTBpheHo ga gogartak ogrosapajyhe
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a proper amount of fly ash, rice husk ash
(RHA), metakaoline or zeolite reduce
the AS [12], while the addition of silica
fume (SF) increases it [13], but
regarding the influence of blast-furnace
slag (BFS) there are conflicting
observations. According to some
authors, addition of BFS increases AS,
but others reported no influence or even
reduction of AS with addition of BFS
[12]. AS is also influenced by the cement
composition, where the content of CzA is
one of the most dominant factors.
According to Tazawa and Miyazawa [9]
and Holt [11] in high-early-strength
cements with higher contents of CsS and
CsA more AS is observed than in low
heat generating cements with higher
contents of C2S, which is in contrast with
Jensen [14], who found that a high C3A
or gypsum content causes a marked
reduction of autogenous deformation of
the cement paste. Reduction of AS may
be accomplished by decreasing
fineness and specific surface area of
cement or by simultaneous reduction in
amount of cementitious materials and
increase in volume of aggregate with
larger modulus of elasticity [11]. Addition
of appropriate amount of steel fibers
may also significantly suppress the AS.
Caution is needed when chemical
admixtures are used. Addition of
superplasticizer may cause the increase
in AS by almost 50% [11]. One of the
most developed and popular methods
for reduction of AS is internal curing (IC)
of concrete achieved by adding
absorbent materials in concrete which
will introduce the extra water when the
internal relative humidity drops due to
hydration. Commonly used IC materials
are pre-wetted lightweight aggregates
(LWA) and, recently, superabsorbent
polymers (SAP). According to the State-
of-the-Art Report of RILEM TC 196-ICC
[15] the effectiveness of IC by LWA
mostly depends on three variables: the
degree of LWA saturation, the level of
replacement of normal weight aggregate
by LWA and the size of LWA particles.
Excellent results in the reduction of AS

konnuuHe neteher nenena  (J1N),
nenena nupuHyaHux rbyckn (MMNJb),
MeTakaonuHa unu seonuta cHmwkasa AC
[12], pok ra popaTtak cunNUkaTHe
npawwnHe (CI) nosehaea [13], anmu y
nornegy ytvuaja 3rype Bucokux nehu
(3BIM) nocrtoje cynpoTcTaBrbeHa 3ana-
Xara. [lpema Hekum ayTopuma,
popatak 3Bl nosehasa AC, ook apyru
npvjaerbyjy 4a OH HeEMa yTuuaja Unm Yyak
cmamwyje AC [12]. Ha AC ytuue n
cacTaB LeMeHTa, Mpu Yemy je cagpxaj
CsA jepaH of AOMMHaHTHUX dhakTopa.
Mpema Tazawa u Miyazawa [9] n Holt-y
[11] Behe AC je npumeheHo Yy
LeMeHTMa BUCOKe paHe 4BpcTohe, ca
BUWKUM cappxajem CsS n CsA Hero y
LeMeHTMMa HWUCKE TOMMoTe Xxuapa-
Tauuje ca BuwUM cagpxajem C2S, Wwto
je y cynpoTHOCTM ca HanasuMma Jensen-
a [14], npema kojuma Bucok cagpxaj CsA
wnu rmnca goBoAM OO 3HayajHe
pedykyuje ayToreHnx pedopmaumja
LleMeHTHe nacTe.

Cmarerbe AC wmoxe ce noctuhu
cMmameweMm ¢uHohe wmnuBa u  cne-
UMUYHE MOBPLUMHE LIEMEHTA, Wnu
UCTOBPEMEHOM peayKLMjOM KONUYMHE
Be3nsa n nosehakwem 3anpemunHe arpe-
rata ca Behum Mogynom enactu4yHoCTh
[11]. [domaTtak YenuyHux BrakaHa Yy
npaBoj KONNYMHK Takohje Moxe 3HavajHo
ymarunTtn AC.

Onpe3 je HeonxopgaH npu ynoTpebu
XeMujckux agutmea. Tako HNp. gogaTak
cynepnnactudumkaTopa Moxe AOBECTU
oo yeehawa AC 3a ckopo 50% [11].
JegHa o HajpasBujeHMjUX K Hajno-
nynapHujux meTtoaa 3a cmameke AC je
yHyTpawma Hera (YH) 6etoHa. Tokom
Melwarwa ce 6eToHy pJopajy ancop-
Oyjyhm matepujanu, koju he oTnycTuTtn
JofaTHy Body Kafda ce yHyTpalmwa
penaTvBHa BMAXHOCT CNYCTU YCneq
xuapaTaumje. Hajuewhe kopuwhenn YH
mMaTepujanM cy BOAOM 3acuheHu naku
arperatu (JIA) n, y nocneawe Bpeme,
cynepancopbeHTHn nonumepu (CAIM).
Mpema aktyenHom WseewTajy RILEM
TC 196-ICC [15] ycnewHocT YH nomohy
JIA' HajBuwe  3aBucu o TpM
npomMeHrbuBe: crteneHa 3acuhewa JIA,
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of HPC and UHPC, with the
simultaneous reduction of PS, recently
are achieved by the addition of dry SAP
during mixing of concrete, usually in the
amount of 0.1 to 0.6% by mass of
cement [16]. The addition of SAP may
cause both positive and negative
consequences on the properties of fresh
and hardened concrete. One of the
positive effects is improved frost
resistance of concrete [16]. The side-
effects of application of SAP with or
without addition of extra water for IC,
such as reduced workability of fresh
concrete, increased DS (in some cases
accompanied by an increase in total
shrinkage), or reduction of mechanical
properties, especially early-age
compressive strength [17, 18], may be
reduced and even avoided by the
selection of the right type and quantity of
SAP, the amount of internal curing water
and the way of its addition, the type and
quantity of  additives  (primarily
superplasticizers), and the methods of
mixing, casting and curing [17]. This
issue is dealt with by RILEM Technical
Committee TC  260-RSC, which
recommended in [19] a procedure for
designing mix compositions of concrete
with SAP.

4. DRYING SHRINKAGE

Drying shrinkage (DS) can be defined as
the time-dependent strain at constant
temperature of an unloaded specimen
that is allowed to dry [1, 20], or simply as
the reduction in volume caused by the
loss of water due to a moisture
exchange with the surrounding medium.
DS starts immediately after the end of
curing.

The most important factors affecting the
drying shrinkage are ambient relative
humidity (RH), w/c ratio, aggregate type
and content, cement type and content,
and size and shape of the element [1,
20] (Tables 1 and 2).

Since concrete shrinkage is primarily
caused by shrinkage of the cement

KONMUYMHe arperata HopmarHe TeXuHe
Koju ce 3amemwyje ca JIA n BenunyuHe
spHa JIA. Opnuunm pesyntatm vy
peaykumjn aytoreHor ckynrbarwa BBl n
BYBI1, y3 ncroepemeHo cmamere [1C,
y HOBWje BpeMe Ce MOCTWKY A0OAaTKOM
cyBux CAIl TokOM Mellawa OeToHa,
Hajyewhe y konuunHm o 0.1 go 0.6% y
ofHOoCy Ha macy LemeHTa [16]. JoaaTtak
CAll moxe wu3asBaTv MNO3UTUBHE U
HeraTMBHe nocrneauue Ha CBojcTBa
cBexer n oyspcnor 6eToHa. JegHa of
no3uTMBHMX Mocrneguua je nosehaHa
OTNOpHOCT ©OeToHa Ha wMpa3 [16].
Heratnehn edektn npumeHe CAI ca
unn 6e3 goaaTka Boge 3a YH, kao wTo
cy cmamweHa o06paarbMBOCT CBeXer
OeToHa, noBehawe Cckynrbawa ycnen
cywewa (y HekuMm criyyajeBuMa w
nosehawe YKymHOr CKynrbaka), unu
nag MexaHW4KMX CBOjCTaBa, Hapo4uTo
paHe yBpcTohe Ha nputucak [17, 18]
MOry ce CMakbuTW, na 4ak u unsbehu
NpaBuUITHNM U360POM BPCTE U KONUYMHE
CAIl, KONMuU4ynMHe  gopaTHe Boae
notpebHe 3a YH u HauuMHa HeHor
[o3uparba, BpCTe U KONU4YuHe aavTuea
(npe ceera cynepnnacTtudukaropa), Te
HauMHa Mellawa, Yrpagwe U Here
6eToHa [17].

OBom npobGnematnkom ce  6GaBu
PUNEM-oB TexHuykmn opbop TLI 260-
PCL koju je y [19] npenopy4ro noctynak
3a NpojeKkToBake cacTaBa MellaBUHa
6eToHa ca gogaTtkom CAI.

4. CKYINJbAHKE YCIE[ CYLUEHA

Ckynrbamwe ycrnep cywewa (CYC) ce
Moxe pgdedurHMCATM Kao BPEMEHCKU
3aBuWCHa QJunartaumja HeonTepeheHor
y30pKa  W3NOXEHOr  Cyllewy  Ha
KOHCTaHTHOj TemnepaTypu [1, 20], nnn
jeQHoOCTaBHO Kao cMakeHe 3anpemMuHe
nsassaHo rybutkom soge 36or pasmeHe
Bnare ca okpyxewem. CYC nouunme
oAMax Mo NPecTaHKy Here.

HajsHayajHuju hakTopu Koju yTudy Ha
CYC cy penatuBHa BNaxHOCT cpeanHe
(RH), w/c dpaktop, BpcTa 1 Konu4mHa
arperata, BpCTa W KOMM4YMHA LieMeHTa,
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paste, the total shrinkage of concrete
may be reduced by increasing the
relative  aggregate content (a/c),
especially if a high-quality aggregate
with high elastic modulus is used (e.g.
quartz, limestone, dolomite, feldspar or
granite) [20]. An increase in maximum
aggregate size decreases the paste
content and, consequently, decreases
DS [1]. Increasing the slump of concrete
by increasing the total water content, w/c
ratio or total paste content at the same
time increases drying shrinkage. The
same effect on DS has the increase of
the cement content.

Te AMMeH3uje 1 obnuk enemerTa [1, 20]
(Tabene 11 2).

Kako je ckynrbawe OeToHa HajBuwie
Y3POKOBaHO  CKyNibakem LEeMEHTHe
nacte, pegykuuja YKymHOr CKynibaka
6eToHa ce moxe noctuhu nosehawem
penaTvBHOr cagpxaja arperata (a/c),
Hapo4MTO ako Cce KopwucTu arperart
BMCOKOr  KBanuMTeTa ca  BUCOKUM
MOAYNOM €eNnacTUYHOCTM (HNp. KBapu,
Kpeywak, [onomuT, denacnap wnu
rpanuT) [20]. MNosehaweM MakcMmanHe
BENMYMHE 3pHaA arperata cMmambyje ce
Konun4mMHa uemeHTta a camum tum n CYC
[1]. TMoBehate cnerawa OGeToHa
noseharem cagpxaja ykynHe Boae, w/c
dhakTopa WM yKynHe KonuyvMHe nacte
ucrospemeHo nosehasa CYC. Wctu
edekat Ha CYC wuma u nosehamwe
KONMUYMHE LieMeHTa.

Table 2 - Factors affecting drying shrinkage
Tabena 2 - akTopm Koju yTUYy Ha CKynrbame yCnes cyluera

aggregate/arperat

Mixture/

quantity/konuyunHa
size and grading/
BENMYMHA 1 rpaHynomMeTpuja
elastic properties/
enactumyHa cBojcTBa
specific weight/
cneunduyHa TexXuHa
clay content/cagpxaj rnuHe

MewasuHa

water content/cagpxaj Boge

slump/cnerawe

cement/uemMeHT

quantity/konuynHa
chemical composition/
XeMWujcku cacTas

admixtures/ pogaum

chemical/xemujckn
SCM/MnHepannm

Environment/ RH

constant (average)/
KOHCTaHTHa (NpoceYHo)
cyclic/unknuyHa

OkonwuHa
temperature/Temneparypa
wind/BeTap
Design and type/BpcTa
construction/ curing/Hera duration/Tpajaw-e
MpojekToBare 1 temperature/Temneparypa
nssohere member size and shape/sBenuyvHa n obnvk enemeHTa

LWA in principle increase the DS of
concrete [1]. In early age, the water

Ynotpebom nakor arperata ce y
npuvHumny nosehasa CYC 6GetoHa [1].
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absorbed in LWA, used for IC of HPC,
may compensate the reduced internal
relative humidity and consequently
decrease the DS of concrete, but as the
hardening of concrete progresses, the
low elastic modulus of lightweight
aggregates results in greater DS
compared to that of normal-weight
concrete [21].

Cements with low quantities of sulfate
may have increased DS, while a high
alumina content results in more rapid
occurrence of DS [1]. Greater DS is
found in concrete with finely ground
cements than in concrete with coarser
ground cements. Itis considered that the
total air content of the concrete less than
8% have no effect on the magnitude of
DS of ordinary Portland cement (OPC)
concrete [1], but the study of Piasta and
Sikora [22] on OPC and blended
cements (BPC) has shown that
shrinkage strains increase significantly
alongside with an increase in the content
of entrained air, regardless of cement
type.

The environment has a significant
influence on the DS. With the decrease
in ambient relative humidity (RH) the
rate and the magnitude of DS increase.
Greater DS is observed in concrete
specimens stored at a constant RH than
in those exposed to cyclic relative
humidity with the same average RH
value. The effect of elevated ambient
temperature on DS is less pronounced
than the effect of RH [1].

DS is also influenced by the design and
construction of concrete members,
above all the type and duration of curing
and the shape and size of the concrete
member. It is generally accepted that the
optimal period of moist-curing is 7 days
[20]. Some experimental work even
showed that moist curing longer than 4
to 8 days may increase DS, while heat
and steam curing can significantly
reduce it [1]. Maximum values of DS
were found for curing times between 24
and 48 hours. The rate of DS is inversely
proportional to the size of the concrete
member, expressed through the

Bopna ancopboeaHa y JIA moxe
KOMMEH30BATU CMak€eHy YHyTpallky
penaTvBHY BNaXXHOCT Mnaaor 6eToHa n
TMMe cmawuTn CYC, anu ca pasBojem
npoueca o4yBpwhaBaka [Jonasu pJo
u3paxaja HWCKM MOAYyn €enacTu4HOCTU
J1A, 360r Kojer ce jaBrba yBehaHo CYC y
ogHocy Ha ©OeToHe ca arperaTtom
HopMarnHe TexwuHe [21].

LlemeHTM ca Manum KonuyMHama
cyndgara mory mmatm nosehaHo CYC,
OOK BWCOK cagpXaj anyMmuHUjyMCKnx
okcvpa Boau ka 6pxoj nojasu CYC [1].
beToHn ca uemeHTOM Benuvke duHohe
MnvBa mMMajy Behe CYC Hero oHu ca
rpybrbe mneBeHuM LiemeHTOM. Mako ce
cmaTpa Aa cagpxaj Basgyxa ucnog 8%
He yTuye Ha BenuumHy CYC 6eToHa ca
06uyHumM MopTtnana uemeHToM (OML)
[1], ncTpaxuBare koje cy cnposenu
Piasta n Sikora [22] noka3syje ga ce
aunatauuje CKynSbaka 3HayajHo
nosehaeajy ca nosehawem cagpxaja
yBy4YeHOr Basayxa, kako kog 6eToHa ca
Oru Tako u koa 6eToHa of LemMeHTa ca
MUWHepanHum gogaumuma.

Ycnosu cpeanHe Majy 3HadajaH yTuuaj
Ha CYC. BpsuHa n BennunHa CYC pacty
Ca CHMxaBabeM pernaTvBHE BIaXHOCTH
cpeavHe (RH). Behe CYC je npumeheHo
Kon OeToHCKUX y3opaka W3NOXKEeHUX
KOHCTaHTHOj RH Hero ko oHUX YyBaHUX
Ha npomeHrbMBOj RH wmcte npoceyHe
BpeAHOCTH. YTuuaj NOBULLIEHUX
Temnepatypa Ha CYC je mare nspaxeH
Hero yTuuaj RH [1].

Ha CYC Takohe yTu4y npojektoBare 1
n3sohewe OGETOHCKUX enemMeHaTa, npe
CBera HauuH v Tpajare Here 1 obnuk n
OvmMeHsvje  BeToHCKOr  enemMeHTa.
OnwrTe je npuxeaheHo Aa onTMManHo
Tpajatbe Here Braxewem U3HocU 7
AaHa [20]. Ucnutueara cy nokasana ga
Hera BriaxeweM gyxa og 4 oo 8 gaHa
MoXe 4Yak u ga noseha CYC, gok ra
3anapuBake 3HadajHo cmamwyje [1].
MakcumanHe BpegHocTn CYC ¢y
3abenexeHe npu He3n Yy Tpajawy
namehy 24 n 48 catn. NHteHsutet CYC
je 06pHYTO NponopLMoHanaH BENUYMHN
©GeToHCKOr enemMeHTa, koja ce uspaxasa
Kao OHOC 3arpeMvHe W MOBpLUUHE
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volume-to-drying surface area ratio

(V/S) and it is more pronounced in thin

concrete members (slabs and shells).

General recommendations to minimize

drying shrinkage include [20, 23, 24]:

— Use of cement Types |, Il (European
N, S) or V (expansive hydraulic
cement) and avoidance or careful use
of Type Il (R) because of its high rate
of heat generation;

— Use of shrinkage-compensating
concrete. The expansion of this
concrete during curing compensates
the shrinkage that occurs once it is
exposed to drying, so that the net
shrinkage is negligible;

— Incorporation of shrinkage reducing
admixtures (SRA). Some of the
reported side-effects are reductions in
the degree of hydration of the cement
and reduction in the strength
development of concrete, reductions
in early age mechanical strength and
delays in setting times [24, 25]. On the
other hand, introduction of expansive
agents (EA) leads to a mechanical
strength increase. Recent studies of
the simultaneous use of SRA and EA
have shown that, even though a
significant strength reduction at 28
days was observed, partial strength
recovery was achieved due to the
presence of the EA [25];

— Use of well graded, well shaped
aggregates with minimum amounts of
dirt. Preference should be given to
aggregate types with a higher
modulus of elasticity, as well as
concrete mixtures with a higher
aggregate content;

— Minimal paste content in the concrete
mixture, which can be accomplished
by utilizing of the largest practical
maximum size of aggregate and the
lowest practical sand and water
content;

— Addition of steel or polymer fibers to
the concrete mixture in order to
control DS cracking [26];

— Adequate curing method and curing
duration - e.g. water curing (wet mat
curing, water spray, ponding, or

nsnoxexe cyweny (V/S), n sehu je kog

TaHkuMX GETOHCKMX enemeHara (nnova u

TbYCKM).

OnwTte npenopyke 3a CMakeHe

CKynrbamwa ycnea cylewa YKIbyyyjy

[20, 23, 24]:

—Ynotpeby uemeHta Tumna I, |l
(eBponcku N, S) nnun V (ekcnaH3vBHM
XUApaynuyku LeMeHT) u nsberaBame
unu onpesHy ynotpeby tuna Il (R)
360r Benukor pa3eoja TONMoTe;

—MpumeHy 6GeToHa Koju KOMMEH3yje
ckynrbane. EkcnaHsnja oBor 6eTtoHa
TOKOM Here KOMMEH3yje CKynibake
Koje ce jaBrba HaKOH wu3narawa
cyllemy;

— Kopuwherwe popataka 3a cMmamene
ckynrbana (OCC), npu yemy ce mory
jaBUTK 1 HeXerbeHn eekTn, Kao WTo
Cy CMatbere CcTeneHa xuapatauuje
LueMeHTa 1 pa3Boja YBpcTohe 6eToHa,
peaykuvja paHux MeXaHUYKNX
yBpcTtoha M OANOXEHO Be3vBake U
ouspwhaBarwe [24, 25]. YBohewe
ekcnaHauBHux areHaca (EA), ¢ gpyre
cTpaHe, JonpuHocu nosehakwy
MeXxaHu4Ke yBpcTohe 6eToHa.
HepaBHa ucTpaxuBaka CcUMynTaHe
npumere [ICC n EA nokasyjy aa, nako
je npu crapoctu o 28 paHa
npumeheH 3HadvajaH nag uBpcTohe,
3axBarbyjyhm npucyctea EA moxe ce
noctuhu HeH AenvMuyaH ornopasBak
[25];

—Ynotpeby pobpo rpaHynucaHor u
ob6nmkoBaHor arperaTta ca
MUHVMMAanHUM cagpxajem HeudmcTohe.
MpepHocT Tpeba paTtm arperaty ca
BMLLUMM MOZYITOM €MaCTUYHOCTU, Kao n
6eToHCkMM MellaBuHama ca Behum
cagpxajem arperara;

—MuHumanaH cagpxaj nacte |y
MellaBuHM GETOHa, KOjU ce MOCTMXKE
KopuwheweMm Hajpehe npakTuyHe
MakcumarnHe BenvymnHe 3pHa arperaTa
W  HajMake nNpaKkTU4He KONUYUHE
necka u Boge;

— HopaBane YyenuyHmnx unm
nonMMepHUX BnakaHa Yy OeTOHCKy
MeLlUaBnHy paan KOHTpOme npcrivHa
ycnien CYC [26];
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membrane curing) or form curing, for
at least 7 days.

5. CARBONATION SHRINKAGE

Carbonation shrinkage (CS) is the
irreversible volume change of hardened
concrete due to chemical reactions
between hydrated cement and carbon
dioxide (CO2) from the atmosphere, in
the presence of moisture [1, 27].
Carbonation of the cement matrix can
be subdivided into [27]:

— Portlandite (CH) carbonation - the
reaction of carbon dioxide with
dissolved calcium hydroxide, which
leads to the formation of calcium
carbonate:

— AfekBaTaH MeToq W Tpajare Here -
HMpP. BNaXekeM (NMOKpPUBaH€ MOKPUM
nokpuBaumMma, npckake, notaname,
unu npumeHa membpaHa) unm Herom
npeko onnaTe, y Tpajaky Of Hajmare
7 naHa.

5. KAPBOHU3ALMUOHO
CKYNMIbAHKE

Kap6oHusaumoHo ckynibawe (KC) je

HenoBpaTHa MpoMeHa  3anpemMuHe

oyBpcrnior GeToHa ycnen XemujcKux

peakumja namehy xugpaTtncaHor ueme-

HTa n yrrbeH — aumokcmpa (CO2) u3

aTmocdepe, y npucycTsy enare [1, 27].

KapboHu3auuvja LemMeHTHOr MaTpukca

ce MoXe noaenuTu Ha [27]:

— Kap6oHusauujy noptnanguta (CH) -
peakunja CO2 ca pacTBOPEHUM
Kanuujym-XnapokcmaoMm, Koja [oBoam
[0 cTBapara kanuujym-kapboHara:

Ca(OH), +CO, — CaCO3 +H,0 @)

— Calcium-silicate-hydrate (C-S-H)
carbonation - the reaction that results
in the formation of calcium carbonate
and amorphous silica gel [27, 28]:

— KapboHusauvjy  kanumjym-cunukat-
xugpata (C-S-H) - peakuuja npu kojoj
ce chopmupajy kanuujym-kapboHat u
amopdHu cunukatHu ren [27, 28]:

(Cao), (Si0,), (Hz0), +XCO, — XCaCOy +YSiO, (H;0), +(z=yt)H0,  (2)

— Carbonation of the unhydrated
cement constituents - reactions of
tricalcium silicate (CsS) and dicalcium
silicate (C2S) with COz:

— Kap6oHnusauujy HexvapaTncaHux
cacTojaka LUeMeHTa - peakuuje
TpUKanuujym-cunukata (CsS) wm
ankanumjym-cunukata (C2S) ca COz:

3Ca0 - Si0, +3C0, +NH,0 — 3CaCO; + SiO, +nH,0, ®)
2Ca0-Si0, +2C0O, +nNH,0 — 2CaCO5 + Si0, +nH,0 . (4)

These two constituents have a small
influence on total carbonation in
comparison to CH and C-S-H
carbonation, especially at the late
stage of hydration [29]. Therefore this
component of carbonation is usually
neglected.

Mocneawe ABe peakuuwje nmajy manm
yTMUaj Ha YKynHy kapboHusauujy y
nopehewy ca CH wun C-S-H
KapboHM3aumjoM, HapouMTO Yy KaCHO]
dasu xugpartauuje [29], 36or vera ce
oBa KOMMOHeHTa  kapboHusauuje
Hajuelhe 3aHemapyje.
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The mechanisms of CS are still under
debate. A detailed review of CS
mechanism proposals is given in the
literature [27].

Similar to DS, the magnitude of CS
depends on the relative humidity,
ambient temperature, curing conditions
and member size, but also on CO:
concentration and partial pressure.
Carbonation reaches its highest rate at
RH between 50 and 70%, and rapid
carbonation is observed in more porous
mixes at high RH. Cyclic CO2 exposure
(i.e. periodically stopping and resuming
the COz2 influx) results in a significantly
higher degree of carbonation than in
continuous carbonation conditions. CO2
concentration influences both the
magnitude and the mechanism of
carbonation. Carbonation is more
pronounced at a higher CO:2
concentration [27].

Although the carbonation of the cement
matrix may cause shrinkage of the
concrete and lowering of its alkalinity,
which may lead to generalized corrosion
of embedded reinforcement, it also may
cause changes in porosity of the cement
paste (a decrease at early age in case
of OPC and an increase in case of BPC
[30) and an improvement of
compressive and tensile strength of
Portland cement and concrete.

6. CONCLUSION

The main cause of concrete shrinkage is
the lowering of water content, which
may be caused by evaporation from the
surface of a member, suction by sub-
base or formwork, or by hydration within
the cement matrix. The carbonation
shrinkage of hardened concrete, which
is a consequence of the chemical
reactions of hydrated cement with
carbon dioxide from the atmosphere, is
of minor importance in most cases and
thus usually neglected, or treated
together with drying shrinkage.

From the structural designer's point of
view, plastic shrinkage can be easily

Ouckycnja o mexaHmsmmma KC je wu
Jarbe aktyenHa. [etarbaH nperneg
npeanora mexaHusama KC pat je vy
nutepatypm [27].

CnunyHo CYC, BenunymHa KC 3aBucu o
penaTvBHe BRaXHOCTW U TemnepaType
OKOINUHE, ycrnoBa Here W Benu4YuHe
enemeHTa, anv u of KoHUeHTpauuje n
napuwmjanHor npuTncka COa.
KapboHu3aumja je HajuHTEeH3MBHUja Npu
RH wu3svefly 50 u 70%, a 6psa
kapboHusaumja ce npumehyje y nopo-
3HMjUM MeLluaBrMHama npu Bucokum RH.
LivknnyHo wmanarawe gejctey CO:2 (Tj.
nepuoavyaH npekug v HactaBak npu-
nuea CO2) poBoau OO0 3HATHO BuLUEr
cteneHa kapOoHusaumje Hero npwu
KOHTWHyanHWM ycrioBMMa Mpunuea.
KoHueHTpaumnja CO2 yTuye kako Ha
MexaHM3aM Tako W Ha BENUYUHY
kapboHu3aumje, Koja je uspaxeHuja npu
Behoj koHUeHTpauuju CO2[27].

Mako kapOoHu3auuja UEeMeHTHe mart-
pvLie MOXe MPOY3pOKOBaTW CKyMibake
6eToHa 1 nag HeroBe ankanHocTu, Koju
MOXe [LOBECTU OO reHepanu3oBaHe Ko-
po3vje apmaTtype, OHa Takohe Moxe
AOBECTM [0 [MPOMeHe MOpPO3HOCTH
LeMeHTHe nacTe (Cmakere y mManvum
crapoctuma kop OlL, n noeehawe y
crnyyajy UeMeHTa ca MWHeparnHum
popaummva [30]) n noBehawa NpuTUCHe
1 3aTe3He yBpcTohe NopTnaHa LueMeHTa
n 6eToHa.

6. 3AKIbYYAK

naBHM y3pOK CcKynibawa OeToHa je
CHWXaBame cagpxaja Boge, Koje Moxe
6utn nocrnegvua wucnapaeBaka ca
NnoBpLUIMHE enemeHTa, Yynujawa of
CTpaHe nognore wnu onnate, uNu
Xvapataumje yHyTap LUeMeHTHe wmar-
pude. KapboHuzaumoHO  cKynrbawe
ouspcnor 6eToHa, Koje je nocneguua
XeMUjCKNX peakuuja xuapatucaHor ue-
MeHTa ca YribeH-ANOKCUAOM 13 aTMOC-
depe, je y BehunHu cnyyvajeBa o Mmamer
3Havaja, na ce 06MYHO 3aHemapyje unu
TpeTupa 3ajeHo ca CKynrbaweM ycnes
cywetsa. Ca craHOBMLITA MpojekTaHTa
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dealt with and thus has minor
significance on hardened concrete in a
structure. On the other hand, strains due
to autogenous and drying shrinkage of
hardened concrete lead to a reduction of
prestress force and also may cause the
occurrence of cracks which may
accelerate the corrosion of
reinfforcement and decrease the
durability of a member. For these
reasons, measures have to be taken to
reduce the total shrinkage to an
acceptable level.

The main parts of the total shrinkage of
hardened concrete are the autogenous
and drying shrinkage, but they are of
different importance in NSC and HPC. In
case of NSC, autogenous shrinkage is,
in comparison to drying shrinkage, very
small and almost negligible, but in HPC
it may constitute the main part of total
shrinkage.

While the main influencing factors and
mechanisms of autogenous and drying
shrinkage and separate measures for
reducing the shrinkage strains and
cracks are well known, one of the issues
concerning the reduction of the
consequences of shrinkage is that some
influencing factors decrease one, but
simultaneously increase another type of
shrinkage, e.g. addition of alkalis may
cause expansion due to carbonation,
but also leads to an increase of drying
shrinkage. Decrease of drying shrinkage
may be accomplished by lowering the
w/c ratio, and/or by the addition of
superplasticizers, but simultaneously an
increase in autogenous shrinkage will
be induced.

To prevent excessive shrinkage of
concrete, not only a choice of proper
measures has to be made, but also the
consequences of their simultaneous
application have to be experimentally
examined. In doing so, experimental
research should be conscientious,
profound and based on standardised
procedures, and the results should be
coherent, clear and shown in detail.
Particular attention should be paid to the
interpretation and processing of the

KOHCTpYKUWje, MNacTUYHO CKyMnibake ce
MOXe Mako KOHTponucatu u 3aTo uma
Manu 3Hayaj 3a ouBpcnuM 6eToH y
KOHCTpyKumjn. MeRyTtnm, pgunatauvje
Koje cy nocrneguua ayToreHor CcKyn-
rbarba UK CKymrbawa ycnes cyluewa
ouspcnor 6eToHa JoBoAe A0 Naja cune
npegHanpesaka a Takofe  mory
u3aseaTtu rnojaBy MpCMMHa, Koje Mory
ybp3aTn kopo3unjy apmaType 1 cmakuTu
TpajHOCT enemeHTa. V13 oBux pasnora ce
MOpajy npeny3etn mepe 3a cBohewe
YKYMHOT CKynibaka Ha npuxeaTibuBy
mepy.

[MmaBHe KOMMOHEHTE YKYMHOr CKyn-
rbara ouspcnor 6eToHa cy ayToreHo u
CKynrbawe ycnef Cyllewa, anu OHe
nMmajy pas3nunuut 3Hayaj kog bHY n BBI1-
a. AytoreHo ckynmbawe BHY je, vy
nopehewy ca CKymrbakeMm ycneg
cywewa, BeomMa Marno W [oTOBO
3aHemaprbuBo, anu kog bBBIl-a oHo
MOXe uYuMHWTM Behu [eo  ykymHor
CKynrbama.

Nako cy Aobpo nosHaTu rnaBHU yTu-
LajHU pakTopu U MEXaHU3Mm ayToreHor
CKynrbawa W CKynrbawa ycrneq cy-
LeHa, Kao 1 NojeanHavyHe Mepe Kojuma
ce penykyjy HuxoBe nocrneguue
(ounatauuje ¥ npcrvHe), noTpebHo je
NaXsbMBO pasmoTpuTn MoryhHocT ga
nojeavHu yTuuajHn aktopu gonpu-
HOCe CMameny jedHe, anv WucTo-
BpeMeHO nosehaBajy Apyry Kommno-
HEHTY CKynrbawa. Tako ce Hnp. lNose-
hatbem cagpxaja ankanuja Moxe
noctuhn ekcnaH3vja ycnen KapboHu-
3aumje, anu ce nctospemeHo nosehasa
N CKynrbake ycnep cyliera.
Cmamene ckynrbawa ycrnen cylewa
nocTKe ce CHuKaBareM w/c dakTopa
W godaTkoMm  cynepnnactudmkaTopa,
anu no ueHy ncrospemeHor noseharwa
ayToreHor cKkynrbara.

[a 6u ce cnpeymno NpekoMepHO CKyr-
mpare 6eToHa Huje [OBOMbLHO Camo
opabpatn ogroapajyhe mepe, Hero je
noTpebHO ekcnepyMeHTanHo ucnuTaTu
nocneguue HUXOBE NCTOBPEMEHE MNpu-
meHe. [lpn ToMe ekcnepumeHTanHa
ucTpaxuBamwa Mopajy 6utu caBecHa,
TemMerbHa W 3acHOBaHa Ha cTaHgap-
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measurement data, in particular the
extrapolation of short-term
measurement data over a longer period
of time.

Dealing with concrete shrinkage and the
reduction of its consequences is a
complex issue which gains on
complexity alongside the constant
introduction of new constituent materials
and additives, for which reliable data
concerning their long-term effects on the
properties and behavior of concrete are
missing.

AM30BaHMM MOCTynuMma, a pesynTtaTtu
KOXEPEHTHO, jacHO W [JeTarbHO npu-
kaszaHn. [locebHy naxwy Tpeba
nocBeTUTU MHTepnpeTaumju n obpagu
MepeHux nogaTaka, Hapo4MTo eKkcTpa-
nonaumuju  KpaTKoOpoOYHWX Mepera Ha
AYXN BPEMEHCKMN Nepuoa.

Ckynrbawe ©6eToHa W cMambewe
HEroBMx nocreguua je crioxeHa tema
Koja gogaTtHo Jobwja Ha CroXeHocTu
cTanHum yBofheweMm y cactaB 6eToHa
HOBUX MaTepwjana W agutuea, uuju
yTuLaj Ha CBOjCTBa M NoHalLawe 6eToHa

y  [OOBO/bHO  [YTOM  BPEMEHCKOM
nepuoay Huje noysnaHo YCTaHOBIbEH.
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