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JNIAKOAIPErATH BETOHU APMUPAHU BITAKHUMA

Ivana Pergi¢*
Danica Goles 2
Ljiliana Kozari¢ 3
Arpad Ceh*

Summary: Because of the increasing
use of lightweight aggregate concrete
as a construction material, the paper
gives its classification, as well as a brief
summary of its advantages and
disadvantages in relation to a normal
weight concrete. The addition of fibers
has proved efficient at improving the
properties of lightweight aggregate
concrete, especially in terms of
correcting its brittle behavior in tension
and bending. Based on the literature
review, the influence of the type and
amount of fibers on the properties of
fresh and hardened lightweight
aggregate concrete is presented.
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1. INTRODUCTION

Thanks to its good mechanical
properties, easy application and
reasonable price, concrete is the most
used construction material. One of the
significant shortcomings of structures
made of normal weight concrete (NWC)
is the large share of its self-weight in
the total load of the structure. This is
the reason of the increased use of
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Pe3snme: 36or cBe 4ewhe npumeHe
nakoarperaTHux 6eToHa Kao
KOHCTpYKUMjCKOr MaTepwujana, y pagy je
Aarta mwuxoBa knacudwukaumja, Kao u
KpaTak pe3vMe HMXOBMX NpegHoCTU n
HegocTaTtaka y opgHocy Ha 6eToHe
HopManHe TexuvHe. [logaBawe BrakaHa
ce nokasano kao edwukacaH HayMH 3a
yHanpehene cBojcTaBa
nakoarperatHux 6eToHa, HapouuTo Yy
norneay Kopekuuje HWXOBOr  KpTor
noHallarwa npu 3atesaky U caBujamby.
Ha ocHoBy npernega nuTtepartype
npukasaH je ytuuaj BpCcTe U KONUYMHE
BMlakaHa Ha CBOjCTBA CBexer U
o4Bpcnor nakoarperatHor 6eToHa.

KrbyuHe peuwm: JlakoarperaTHu GeTOH,

Knacudpvkauuja, GeToH apMmupaH
BMnakHuWMa, cBojcTBa 6eToHa

1. yBO[q

3axBarbyjyhm  gobpyM  MexaHWYKUM

CBOjCTBMMA, jeOHOCTaBHOj NPUMEHU W
NpuXxBaTIbuBOj LeHU, OETOH je HajBuLe
kopuwheH rpaheBuHCKM MaTepwujan.
JegaH o 3HauajHMx HepocTaTaka
KOHCTpyKUMja u3BegeHux op 6GeToHa
HopmanHe TexuHe (BHT) je Benukn
YAEO COMCTBEHE TEXWHE Yy YKYNHOM
onTepehery KOHCTpyKUuMje. 360r oBora
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lightweight aggregate concrete
(LWAC), which can achieve the
required load-bearing capacity with
significantly lower self-weigh, i.e.
smaller dimensions of members and
lower material consumption compared
to NWC members. If the NWC, whose
density is about 2400 kg/m?, is replaced
by a constructive LWAC, density of
which is between 1400 and 2000 kg/m?,
a reduction in the structure self-weight
by 15-40% can be achieved.

The main disadvantages of concrete as
a construction material - extremely low
tensile strength and low toughness, are
more pronounced in lightweight than in
normal weight concrete. One method to
correct these shortcomings is the
addition of fibers of different origins to
the fresh concrete mix.

Structural LWAC is nowadays used in
buildings, for large span bridges [1, 2,
3], tunnels, oil platforms, etc. So far, a
large  number of reinforced or
prestressed LWAC structures have
been built around the world [4, 5].

2. LIGHTWEIGHT AGGREGATE
CONCRETE CLASSIFICATION

Lightweight aggregates are divided by
origin into natural and artificial
(expanded) - Table 1. Aggregates
originating from recycled materials or
from plant waste are also increasingly
used.

Unlike NWC, which is classified

according to the  characteristic
compressive  strength, lightweight
concrete is additionally classified

according to the density. EN 206-1 [6]
and fib Model Code 2010 (MC 2010) [7]
classify lightweight concrete based on
its density in the fully dry state (Table
2).

ce cBe BULLE npumemsyjy
nakoarperatin 6etoHn (JTAB), «koju
notpebHy HocmBOCT Mory noctuhu ca
3HaTHO MarOM COMNCTBEHOM TEXWHOM,
OOHOCHO MaH1Mm AvMeH3njama
eneMeHaTa u yTpOLUKOM martepujana y
ofHocy Ha enemeHTe of BHT. Ako ce
BHT, uvja 3anpemuHcka maca M3HOCU
OKO 2400 kg/m3, 3aMeHu
KOHCTpYKTMBHUM JIAB  3anpemuHcke
mace uamehy 1400 1 2000 kg/m3, moxe
ce noctvhn cmawewe ComncTBeHe
TEXMHEe KOHCTpyKuuje 3a 15-40%.
OcHoBHM HepocTauu 6GeToHa Kao
KOHCTpPYKUMjCKOr MaTepujana -
M3y3eTHO  HucKa  4yBpcToha  npu
3aresany " mana XWnaBocT,
U3paXKeHuju Cy KOA NnaKkmx Hero Kog
OeToHa HOpMmarnHe TexuHe. JegaH o
HauyvHa Ja ce OBM HegocTauu Kopuryjy
je [HOopaBake BnakaHa pasnuyuTor
ropekna y cBexy 6eTOHCKY MeLlaBuHY.
KOHCTPYKTUBHU NAB ce JaHac
npuMetbyjy y 3rpagapcTay, 3a MOCTOBE
Benukux pacnoHa [1, 2, 3], TyHene,
HadTHe nnaTtdopme uta. [o capa je
wmpomMm ceeTa uarpaheH Benukn 6poj
objekaTa on apmupaHor unu
npegHanpernyTor JIAB [4, 5].

2. KNACUDPUKALIMJA
JIAKOAIPErATHUX BETOHA

Jlakn arperatu ce no nopekny gene Ha
NpvpoaHe 1 BeluTayke (ekcnaHavpaHe)
- Tabena 1. Cee yewwhe cy y npumeHun un
arperaTv NOpekrioM of PeLMKIMpaHnx
maTepujana wnum og OurbHor oTtnaga
nopekna.

3a pasnuky oa BHT, «koju ce
Knacudukyjy npema KapakTepucTU4HO]
BpeOHOCTU u4BpcTOohe mnpu NPUTUCKY,
nakun 6eToHM ce fodaTHO Aerne v npema
3anpemuHckoj macu. EN 206-1 [6] u fib
Model Code 2010 (MC 2010) [7]
knacudwkyjy nake 6eToHe Ha OCHOBY
HMXOBE 3anpeMUHCKe Mace y NoTnyHO
CyBOM cTaky (Tabena 2).
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Tabena 1 — Bpcte nakux arperata
Table 1 — Types of lightweight aggregate

Mopekrno/ npenCTaBHV_”"'”/ Kapaktepuctuke/Characteristics
Source Representatives
e Benuke nope/large pores
anaTtomut/diatomite ® BENUKO ynujare u ckynrsawe/high
nnosyhau/pumice absorption and shrinkage
MpupopnaH/ BYnKaHcku neneo/ e Mana npuMMeHa Kof, KOHCTPYKTUBHUX
Natural volcanic ash naknx 6etoHal/low application in structural
BYynkaHcku Tyd/volcanic lightweight concrete
tuff e peTKO ce NpoHanase y npupoau/rarely
found in nature
eKcnaHanpaHu « 337BO
peHa cTpykTypa/closed
nonumepu/expanded structure
polymers e Mana 3anpemuHcka TexuHal/low bulk
ekcnaHgupaHe rnuHe/ .
Bewwtayku/ density
gy expanded clay
Artificial rmanop/liapor e Mory ce noctuhu uspctohe 6eToHa og 8
excnanampani no 80 MPa/concrete strengths of 8 to 80
nepnut/expanded perlite MPa can be achieved

Tabena 2 — Knaca 3anpemMuHcke mace 1 ogroapajyhe npopayyHcke 3anpeMuHcke mace
nakor 6etoHa (J1AB) y cknagy ca EN 206-1
Table 2 — Density classes and corresponding design densities of LWAC according to EN

206-1
Knaca 3anpemuHcke mace/Density class 1.0 1.2 1.4 1.6 1.8 2.0
3anpemMuHcka Maca nakor 801- | 1001- | 1201- | 1401- | 1601- | 1801-
6eToHa/Density [kg/m?) 1000 | 1200 | 1400 1600 1800 2000
Mpopauyncka | Heapuvpan 6eTow/ | oy | 1550 | 1450 | 1650 | 1850 | 2050
3anpemMuHcKa Plain concrete

maca/Design A 6 /
value of density PMApani OETOR" I 1150 | 1350 | 1550 | 1750 | 1850 | 2150

3 Reinforced concrete

[kg/m?]

According to ACI 213R-14 [4], a Mpema ACI 213R-14 [4] KOHCTPYKTMBHU
structural LWAC should have a JIAB mopa ga uma uBpctohy unnuHapa

minimum compressive cylinder strength
of 17 MPa, and a density between 1120
and 1920 kg/m3.

For the design purposes, the
characteristic values of compressive
strength of concrete given in EC 1992
[8] and MC 2010 can be adopted. The
lowest strength class of LWAC
according to MC 2010 is LC8, and
according to Eurocode 2 LC12 (Table
3). fick is the characteristic compressive
cylinder strength, and fick.cube represents

npu nputUcKy Hajmawe 17 MPa, u
3anpemMmnHCKy TexuHy mamehy 1120 n
1920 kg/ms3.

3a notpebe npopavyHa Mmory ce
YCBOjUTU KapaKTepUCTUYHE BPEAHOCTU
yBpcTohe GeToHa Npu NPUTUCKY AaTte y
EC 1992 [8] u MC 2010. Hajmara
knaca yspctohe JIAB npema MC 2010
je LC8, a npema Espokogy 2 LC12
(Tabena 3). fick npeacraserba
KapaKTepucTU4Hy BpeaHoCT uyBpcTohe
JNNIAB yunuHdpa npy NPUTUCKY, a fick.cube
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the characteristic compressive cube
strength of LWAC. Both values refer to
samples of age 28 days.

KapaKkTepUCTUYHY BpeaHoCT 4BpcTohe
npu nputucky JIAB kouke. O6e
BpPeAHOCTM Ce OJHOCe Ha Y30pke
cTapocTtu 28 gaHa.

Tabena 3 — Knace u kapaktepuctuiHe BpegHoctu uBpctohe JIAB npu nputucky [7]
Table 3 — Classes and characteristic compressive strength values for LWAC [7]

(lggi?:?e??c(l);:s/. Lcs | Lc12 | Lcie | Lc2o | Lezs | Leso | Less
fiox [MPa] 12 16 20 25 30 35
fiek cube [MPa] 13 18 22 28 33 38

(K;’;?]‘;fe?:g’::s/ LC40 | Lc45 | Lcso | Less | Lceo | Lc7o | Lcso
fiox [MPa] 40 45 50 55 60 70 80
fiek cube [MPa] 44 50 55 60 66 77 88

3. ADVANTAGES AND
DISANDVANTAGES OF LWAC

When choosing a construction material,
it is necessary to know its
characteristics, but also their changes
over time.

Main properties, advantages and
disadvantages of lightweight aggregate
concrete are shown in Table 4.

So far, several analyzes of the cost-
effectiveness of LWAC versus NWC
have been conducted. One example is
the Raftsundet bridge in Norway, with a
span of 300 m, where LC60 concrete
was used. The analysis showed that
the application of LWAC achieves
savings of 15% in relation to the price
of the facility constructed of NWC [2].
Besides the price, which is usually the
main criterion when choosing the type
of aggregate, emphasis is increasingly
placed on environmental protection,
reduction of carbon dioxide emissions
and problems with waste disposal, in
which lightweight aggregate concrete
has performed better than normal
weight concrete.

3. NPEQHOCTU U HEAOCTALIU
JIAKOATPEFATHOI BETOHA

Mpunukom opabupa KOHCTPYKLMjCKOr
MaTepujana HEONxO4HO je Mo3HaBaTu
HEeroBe  KapakTepucTuke, anm U
HMXOBE NMPOMEHE Yy TOKY BPEMEHA.
ButHa cBojcTBa, Kao U npegHoOCTU U
HefocTauM nakoarperatHor 6eToHa cy
npvkasaHu y Tabenmu 4.

[o capa je cnpoBefeHo BuLLE aHanu3a
€KOHOMMYHOCTM npumeHe JIAB
Hacnpam BHT. JegaH og npumepa je
moct  Raftsundet 'y  HopseLukoj,
pacrnoHa 300 m, KOf Kora je NnpuMereH
je ©OetoH knace LC60. Ananusa je
nokasana pga ce npumeHom JIAL
noctmxe ywtega og 15% y ogHocy Ha
ueHy objekta nssegeHor og BHT [2].
Mopen ueHe, koja je Hajyewhe rnaBHU

KpuTepujym  npu  u3bopy  BpcTe
arperata, cBe 4Yewhe ce cTaBmba
akueHaTt Ha 3aluTuTy XNBOTHE

cpeavHe, CMakeHe eMUcuje YribeH-
avokcuga u npobneme ca oanarakem
oTnaga, y 4emy cy ce nakoarperatHu
6eToHM nokasanu b6orbe Hero 6eTOHU
HOpMarHe TeXUHe.
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Tabena 4 — MNpegHocT 1 HegocTaum nakoarperatHor 6eToHa
Table 4 — Advantages and disadvantages of lightweight aggregate concrete

MpepnHocTU/Pros

HepocTtaun/Cons

e Marba 3anpemuHcka TexunHa/Lower
bulk density

¢ Man-e ontepehere Ha KOHCTPYKUNjY
ycnen conctBeHe TexuHe/Less load on
the structure due to its own weight

e Mare gumeHsuje enemeHaTa 1
Temerba/Smaller dimensions of
members and foundations

e borbe TepmonsonaLmoHe
KapakTepucTuke y ogHocy Ha BHT/
Better thermal insulation
characteristics compared to NWC

e [lobpa 0TNOPHOCT NpY BUCOKUM
Temnepatypama/Good resistance to
high temperatures

e ExonoLuku je npuxsaTtrsusuju/More
environmentally friendly

e Beha ueHa nakor arperata/Higher
price of lightweight aggregate

e Mana xwunaBocTt/Low toughness

e Beha onacHocT of nojase kpTor
noma y ogHocy Ha BHT/Greater risk
of brittle fracture compared to NWC

e Husak mogyn enactnyHocTu/Small
modulus of elasticity

¢ Beha nopo3HoCT y ogHocy Ha
BHT/Higher porosity compared to
NWC

¢ Behe ckynrbarbe y ogHocy Ha
BHT/Higher shrinkage compared to
NWC

The aggregate used in NWC is of
natural origin and is not a renewable
resource, which is why some countries
limit its exploitation. On the other hand,
lightweight aggregates can be obtained
from recycled material, or as a product
of plant waste, which makes them far
more environmentally friendly.

The trend of using plant waste as a
lightweight aggregate is especially
increased in South Asia, where the
palm husk is mostly used.

By using the aggregate of a plant waste
origin, concretes of lower density can
be obtained, which can compete with
NWCs in terms of mechanical
characteristics. In Malaysia, using the
oil palm husk as a lightweight
aggregate, LWAC of density between
1870 and 1990 kg/m® was obtained,
whose compressive strength reached
values from 43 to 48 MPa [9].

Recycled materials, such as glass,
plastic, recycled concrete from old
buildings  demolishing, etc., are
increasingly used as aggregate, solving
the problem of construction waste
disposal.

ArperaT koju ce npumensyje kog BHT je
NpuUpOAHOr Mopekna u He cnaga y
obHoBbMBE  pecypce, 36or yera
nojeAuHe 3emMrbe orpaHu4aBajy HeroBy
ekcnnoatauujy. Ca apyre cTpaHe, naku
arperatTm  ce Mory gobutm of
peuMknupaHor Matepuvjana, wnuM Kao
NpoAaykT BurbHOr oTnaga, WTo UX YWMHU
€KOINOLLKV Janeko NpuUxsaTibUBUUM.
TpeHa npumeHe OurbHOr oTnaga kao
nakor arperata Hapo4uTo je nosehaH y
noapyujy jyxHe Asuje, rae ce Hajuewhe
KOPWCTY Fbycka nanwve.

MNpumeHom  GurbHor oTnaga  kao
arperata, Mory ce pobutn 6eToHu
Mare 3anpeMuHcke Mace Koju Mo
MEeXaHWYKMM KapakTepucTukama mory
napupatm BHT. Y Manesvjn je,
NPUMEHOM JbyCKe Of yrbaHe nanve kao
nakor arperaTa, nobujeH JIAB
3anpeMmuHcke Mmace usmehly 1870 wu
1990 kg/m3, umja je uspcToha npm
NPUTUCKY AOCTM3ana BpegHocTu of 43
no 48 MPa [9].

Kao arperat ce cBe 4yewhe npumetyjy
peuvknMpaHn MaTepujanu, Kao LWTO cy
CTakno, nracTuka, peumknupaHn 6eToH
HacTao pylieweM cTtapux objekata u
ap., 4YumMe ce pewasa npobrem
ognarawa rpaheBuHCKor otnaga.
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Tests on self-compacting concrete
samples, in which 10, 15, 20 and 30%
of sand was replaced by recycled
plastic showed that replacing 15% of
sand with recycled plastic increases the
compressive strength by 15%
compared to the control sample without
recycled plastic [10].

One of the important properties of
structural concrete is its behavior in
conditions of high temperature and fire.
The fire resistance of concrete depends
on the type of aggregate used. In most
heretofore studies, LWAC has shown
higher fire resistance than NWC [4].
Good fire resistance makes LWAC
suitable for use in multi-story buildings.
Due to its composition, LWAC has a
lower thermal conductivity and a lower
coefficient of thermal expansion than
NWC [11], which is why the energy
savings can be achieved by its use.

The magnitude of the seismic force is
directly proportional to the mass of the
facility. Due to its lower mass, the
seismic forces in a structure made of
LWAC can be significantly lower than in
a structure of NWC, which makes
LWAC suitable for application in
seismically active areas [12].
Vandanapu and Krishnamurthy [12]
investigated the models of structure
made of LWAC and NWC on seismic
actions. The test results showed that in
the case of LWAC structure the
bending moments are lower by 15%,
and the shear forces by 20% in relation
to the NWC structure, and that the
application of LWAC reduces the steel
consumption by 10%.

The modulus of elasticity of LWAC is 50
to 75% lower than the modulus of
elasticity of NWC of the same strength
class [13, 4]. For this reason, the risk of
brittle fracture of LWAC is even higher
than of NWC.

WcnutuBara y3opaka camoyrpagusor
6eToHa, kog kojer je 10, 15, 20 n 30%
necka 3amMeHeHo peunknpaHom
nnacTukoM Ccy nMokasana pfa ce
3ameHoMm 15% necka peuuknMpaHom
nnacTukom nocTmxe nosehare
yBpcTohe npu nputucky 3a 15% vy
OLHOCY Ha KOHTpPOmNHWM Yy3opak 6e3
peuuvknupaHe nnactuke [10].

JegHo oa OUTHUX cBojcTaBa
KOHCTPYKTMBHOr 6GeToHa je Heroso
noHawawe Yy YyCrnoBMMa  BUCOKe
Temnepatype W npu AejcTBY noxapa.
OTnopHocT 6eToHa Ha AejcTBO noxapa
3aBUCUM O  BpCTE  MPUMEHEHOT
arperata. Y BehuMHM [pocagallkwbunx
uctpaxusarwa JIAB je nokasao Behy
BaTpo-oTnopHocT Hero BHT [4]. Oo6pa
OTMOPHOCT Ha noxap uyuHu JIAB
NorogHUM 3a NnpuMeHy y
BMLLECNPATHUM O6jekTuma.

36or cBor cactaBa, JIAB uma Huxy
TOMMOTHY NPOBOASBUBOCT U HUXM
KoeULUjeHT TEPMUYKOT LUMPEHa HEero
BHT [11], 36or 4era ce HeroBom
npUMMEHOM MoOXe nocTuhu ywTena vy

eHeprujn.
BenuuvHa  ceumsamuuke  cune  je
OVPEKTHO  nporopuuoHanHa  macwu

obGjekta. 3axBarbyjyhu wmaw0j macwy,
censmuuke cune ko objekTa
nssegeHor o JNNIAB mory 6utn 3HaTHO
Mare BenuuuHe Hero kog objekTa Koju
je ussegeH on BHT, wto JIAB 4uHM
NOAECHNM 3a MPUMEHY Y CEeU3MUYKU
akTMBHUM nogpyyjuma [12]. Vandanapu
n Krishnamurthy [12] cy wucnutuBanu
mMopene koHcTpykuuje o JIAB u BHT
Ha ceusmudka pfejctBa. Pesyntatu
ucnuTMBawa Cy Mokasanu ga cy Kopg
KOoHCTpykumje op  JIAB  MOMeHTu
caBujaba mMawum 3a 15%, a cmnuyhe
cune 3a 20% y ogHOCY Ha KOHCTPYKLMjY
oa BHT, te pma ce npumeHom JIAB
MOCTWXE CMatbeHse YTPOoLLKa Yernuka 3a
10%.

Moayn enactnyHoctn JIAB je 50 po
75% HwxM og mMoayrna enactudHoOCTU
BHT ucte knace uspctohe [13, 4]. U3
TOr pasfniora je onacHOCT of mnojaBe
KpTor noma jow Beha ko J1IAB.

Y paHoj casm ouyspwhapara 6GeToHa
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Drying shrinkage occurs in the early
phase of concrete hardening. Due to
the higher porosity of lightweight
aggregates, this phenomenon is more
pronounced in the lightweight than in
the normal weight concrete [14, 5, 4].

4. LIGHTWEIGHT AGGREGATE
FIBER REINFORCED
CONCRETE

The low toughness of lightweight
concrete can be corrected by the
addition of fibers, which has a positive
effect on the mechanical and dynamic
properties of concrete, as well as on its
impact behavior.

Metalic, glass, synthetic and fibers of
plant origin are used. Because of their
wide availability, steel fibers are most
often used, but due to the rising price of
construction steel and its poor corrosion
resistance, alternative solutions are
increasingly being chosen, such as
glass and synthetic fibers, e.g.
polypropylene (PP), polyvinyl alcohol
(PVA), polyethylene (PE), basalt, etc.
Fibers of plant origin are most often
from hemp, cotton, cellulose, etc. Their
mechanical properties often vary within
wide limits, which makes it difficult to
design a concrete mixture of the
required properties.

In order to achieve satisfactory physical
and mechanical properties of concrete,
several different types of fibers can be
combined in one concrete mix.

jaBrba ce ckynrbawe ycnen Cyllena.
36or Behe Nopo3HOCTM nakux arperaTa
OBa MojaBa je um3paxeHwja Kog nakux
6eToHa y ogHocy Ha 6eToHe HopmarnHe
TexuHe [14, 5, 4].

4. JNAKOAIPErATHM BETOHM
APMWPAHU BITAKHUMA

Hucka »>wunasoct nakor 6eToHa ce
MOXe KopurosatTu AoAaTkoOM BrakaHa,
YMme ce NoCTWKe No3nTNBaH edekat u
Ha MexaHu4yka M AMHamMuyka cBojcTBa
6eToHa, Kao M Ha HEroBO MOHalLaHe
npwv yaapy.

Y ynotpebn cy meTanHa, CTakreHa,
CUMHTETUYKa M BNakHa GurbHor nopekna.
BaxBarbyjyhm  nakoj  [QOCTYnHOCTW,
Hajuewhe ce npuMekyjy YenuyHa
BMakHa, anu ce 36or pacta ueHe
rpaheBMHCKOr Yenuka u weroee crnabe
OTNOPHOCTM Ha Kopo3ujy cBe Yelhe
6upajy anTepHaTMBHa peluewa, Kao
LUTO Cy CTakneHa n CMHTeTU4Ka BnakHa,
04 Kojux ce Hajuewhe npumemyjy
nonunponuneHcka (MM), nonueuHUN-
ankoxonHa (MBA), nonuetuneHcka
(ME), 6asanTtHa u ap.

BnakHa GurbHor nopekna cy Hajuelwhe
o4 KOHoMSbe, mamyka, Lenynose u ap.
HonxoBe MexaHuWyke KapaKkTepucTuke
4YeCcTO Bapupajy Yy LUMPOKUM rpaHuuama,
LITO OTexaBa NnpojekToBare OeTOHCKe
MelLaBMHE 3axTeBaHMX CBOjCTaBa.

Kako 6u ce nocturna 3agoBorbaBajyha
du3nyka KU MexaHudka  CBOjCTBa
6eToHa, y jeaHoj 6eTOHCKO] MeluaBuHN
ce MoXe KOoMbBVHOBaTU BULLIE
pasnuyMTMX TUNOBA BriakaHa.
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Yenuk/Steel

MonnenHun ankoxon/
Polyvinyl Alcohol (PVA)

baszant/Basalt

MonunoneduH/Polyolefin

Monunponuner/
Polypropylene

KoHonrba/Hemp

Cnwuka 1 — BpcTe BnakaHa

Figure 1 — Fibre type

In addition to mechanical properties
(Table 5), the choice of fibers is also
influenced by their resistance to high
temperatures, chemical stability, as well
as behavior in the presence of moisture
(Table 6).

Steel, basalt and carbon fibers retain
their mechanical properties even at
high temperatures. They slow down the
spread of microcracks and increase the
toughness of concrete, which provides
longer fire resistance of the structure
[27].

Low melting point fibers include PP,
PVA and PET fibers. By heating above
the melting point, these fibers
decompose, which forms channels for
the passage of water vapor. This
reduces the internal pressure and
increases the resistance of concrete to
high temperatures [17].

The choice of fibers is also influenced
by their chemical stability. Steel fibers

[Mopea MexaHWYKMX KapakTepucTuka
(Tabena 5) Ha ogabup BNakaHa yTu4de u
HbMXOBa  OTMOPHOCT  Ha  BUCOKe
TemnepaTtype, Xemujcka CTabunHocrT,
Kao M MoHallawe Yy MpuCycTBy Brare
(Tabena 6).

YenuyHa, 6GasantHa wu kapboHcka
BMakHa 3ajpaBajy CBOje MexaHuuke
KapaKkTepucTMKe 4Yak W Mpu BUCOKUM
Temnepatypama. Ona  ycnopaBajy
LuMpere MuKponpcrnvHa u nosehasajy
XunasocT 6eToHa, Ynme ce 06e3behyje
AyXa OTMNOPHOCT KOHCTpyKUuMje npwu
AaejcTBy noxapa [17].

Y BnakHa ca HWCKOM TayKOM TOMbeka
ce y6pajajy MM, NBA u MNET BnakHa.
3arpeBareM M3HaQ Tayke TOMrbexa
Jonasu Oo HUXOBOT pacnagarba, Yvime
ce dopmupajy kaHanu 3a nponas
BofeHe nape. Ha oBaj HaumH ce
cMatyje yHyTpawmu nputucak u
noeehaBa OTNOpHOCT GeToHa Ha
BUCOKe TemnepaType [17].
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are sensitive to corrosion, fibers of plant
origin to moisture, which can lead to
their decomposition, and glass fibers to
alkalis.

Ha wn3bop BnakaHa yTuye u HUXoBa
XeMujcka ctabunHocT. YennyHa BnakHa
Cy OcCeT/bMBa Ha Kopo3ujy, BRakHa
OurbHOr nopekna Ha Bnary, 36or yera
Moxe aohu 4O HUXOBOr pacnagawa, a
CTaKneHa BMnakHa Ha ankanuje.

Tabena 5 — CeojcTBa BnakaHa [15, 16, 17, 18, 19, 20, 21, 22]
Table 5 — Properties of fibers [15, 16, 17, 18, 19, 20, 21, 22]

CaojcTtBa/Properties
fis [MPa] Ec [GPa] | p [g/cm?d] € [%]
Bpcta BnakaHa/Fibre typ€e
MetanHa/ Yenmk/Steel 200 - 3000 |195-210/7.50-7.85| 0.5-5.0
Metallic
Cunuka craknof 1700 - 4600 | 72-89 [2.60-2.70| 2.0-3.5
Silica glass
CTg'I‘gss“a/ BasanT/Basalt 1800 - 4800 | 72 - 110 |2.55-2.80 | 2.0-3.5
E crakno/E glass 2000 - 4000 72 2.54 3.0-438
AR ctakno/ AR glass] 1500 - 3700 80 2.70 25-36
Monunponuner/ 60-760 | 1.5-15/0.90-0.95|5.0-25.0
Polypropylene (PP)
MNonueBnHUN-
ankoxon/Polyvinyl- 850-1620 | 23-41 1.30 5.0-8.0
Alcohol (PVA)
Hajrion/Nylon 300-950 |[3.0-5.4[1.13-1.15(10.0 - 20.0
CunTeTnukal flonveTnnen/ 80 — 690 50 [0.92-0.98]12.0-100
Synthetic Polyethylene (PE)
MonuakpunonuTpwn/
Polyacrilonitrile (PAN) 800 >10 1.20 L0
Kap6oH/Carbon 1500 - 7000 | 30 - 800 |1.40-1.90| 0.5-2.5
Monmectep/Polyester 55,1500 | 10-20 |1.32-1.40|10.0 - 50.0
(PET)
Apamua/Aramid 2000 - 3600 | 62 - 143 |1.40-1.50 | 2.0- 4.6
KoHonrsa/Hemp 270-900 |23.5-90 1.50 1.0-35
nNat“ra'/ Mamyk/Cotton 287-800 |40-50| 150 |3.0-100
pvpoaHa
Llenynosa/Cellulose 200-500 |5.5-40]1.20-1.50( 3.0-10.0

fis — YspcToha npu 3atesawy/Tensile strength; Ec — Mopgyn enactudHocTu/Elastic
modulus; p — CneunduyHa maca/Specific gravity; € — Usgyxerwe npu kmaawy/Ultimate

elongation
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Tabena 6 — KapaktepucTuke BnakaHa [17, 20, 23, 21]
Table 6 — Properties of fibers [17, 20, 23, 21]

CsojctBa/Properties OceTrbUBOCT
Trel U [%] /Sensitivity
Bpcra BnakaHal/Fibre type
MeTanna/ Kopoawja/
Metallic Henu/Steel 1370 i Corrosion
BasanT/Basalt 1450 - 1700 0 Ornopha/
CrakneHa/ Resistant
Glass Ankanwvje/
Crakno/Glass 860 0 Alkalis
Monunponunen/ . OTtnopHa/
Polypropylene (PP) 160 - 170 0 Resistant
MonoBuHun-ankoxon/ OTtnopHa/
Polyvinyl-Alcohol (PvA) | 220240 | 01-10 | pogiciant
Hajnor/Nylon 231-252 | 25-5.0 gT"F’p“a/
esistant
MonneTtunex/ OTtnopHa/
Polyethylene (PE) 100-130 0 Resistant
CuHTteTnuka/
Synthetic |_|OJ'IVIal.(pVIJ.'I0.HVITpVIJ'I/ 245 i OTnppHa/
Polyacrilonitrile (PAN) Resistant
Kap6oH/Carbon > 3000 0 ngppHa/
esistant
OTnopHa/
Monwnectep/Polyester (PET) 160 0.2-0.6 Resistant
. Ankanwvje/
Apamumg/Aramid 200 - 500 1.2-4.0 Alkalis
MpupopgHal ) ) Bnara/
Natural KoHonrmsa/Hemp 85 - 105 Moisture

T — Tauka Tonreewa/Melting point; U — Ynujarwe Boge/Water absorption

5. MECHANICAL PROPERTIES OF
LIGHTWEIGHT CONCRETE
WITH FIBERS

Fibers have a significant influence on
the mechanical properties of concrete.
Depending on the type, length and
amount, fibers can have a positive
influence on the behavior of concrete
under dynamic loads, its tensile
strength and increased toughness. The
influence of the type and amount of
fibers on the mechanical properties of
lightweight aggregate fiber reinforced
concrete (LWAFRC) is shown in Table
7.

5. MEXAHWUYKA CBOJCTBA
JNIAKMX BETOHA CA BJIAKHUMA

BrnakHa wmajy 3HauvajaH yTuuaj Ha
MexaHu4Ke KapakTtepucTtuke GeToHa. Y

3aBWCHOCTM Of TWNa, AOYXWHE U
KONMWYMHe, BnakHa Mory  umaTu
no3WTMBaH yTWLaj Ha MoHallawe
6eToHa npu OVHAMUYKUM

onTepehewnma, Herosy 4YBpcTohy npu
3aTesatby M rnoBehare XWUNaBOCTU.
YTuuaj BpcTe M KOMUYMHE BrakaHa Ha
MexaHW4ka CBOjCTBa rakoarperaTHor
6eToHa apmupaHor BnakHuMa (JIABAB)
npukasaH je y Tabenu 7.
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Tabena 7 — YTuuaj BnakaHa Ha MexaHunyke kapaktepuctuke JIABAB
Table 7 — Influence of fibers on mechanical properties of LWAFRC

fc p BpcTa BnakaHa/ Afclfc | AEJEc | Afsiffst
[MPa] | fg/m?) Fibre type VIROL | Toap | ey | [ PRI
0.5 +6 +10 +40
[25] | 34.5 | 1850 Yenuk/Steel 0.75 -3 -9 + 46 -
1.0 -7 -13 + 77
0.3 +3 +0 +26 | +35
Yenuk/Steel 0.6 +6 +1.5 +46 | +43
0.9 +12 0 +61 | +46
[26] | 76.7 | 1871 0.3 -5 +4 +13 +5
Kap6oH/Carbon 0.6 -6 +7 +20 | +53
0.9 +12 -10 +55 | +67
[27] 30 - Basant/Basalt 0.25 +0 +19% | +90 | +17
0.5 +6 +10 | +27
Basant/Basalt 1.0 +12 - +21 | +41
1.5 +14 +28 | +50
[21] | 31.4 | 1808
0.5 +1 +8 + 17
Monwnakpunoxnutpun/ 10 +5 ) +15 | +31
Polyacrilonitrile 15 +9 +23 | +a1
+0.3
MonunonedunH/ 28 : é +04
[28] 37 1800 Polyolefin 1'5 +4 - - +6.0
20 | -3 +10
Makpo-Mu1Kpo 0.2/0.02 +0 -5 +0
[29] 40 1805 |nonuonecwuH/Macro-|0.4/0.02| +5 -8 +21 -
micro polyolefin  ]0.6/0.02| +15 -18 +50
0.125 +1 +2 +9 +9
MonosuHun-ankoxon/| 0.250 | +6 +7 +11 | +26
[30] | 42.9 | 1939 Polyvinyl-Alcohol 0.375 +9 +7 +20 | +28
0.500 | +13 + 10 +30 | +32

fc — UYspctoha npu nputucky/Compressive strength; p — Maca y3opka y cyBoM
ctawy/Oven dry density; Vi — 3anpemuHa BnakaHa/Volume of fiber; Ec — Mogyn
enacTtnyHocTu/Elastic modulus; fst — YspcTtoha npu 3aTesamwy Lenawem/Splitting tensile
strength; fi — YUspcToha Ha casujarse/Flexural strength

So far, many experimental tests have Oo
been performed on the contribution of

caga je  ypaheHo MHOro
eKCnepuMeHTanHunx ncnnuTnBata

different fibers to the compressive
strength of concrete. In most of these
tests, it was concluded that the
contribution of fibers is small and that,
in some cases, there is even a
decrease in strength. On the other

OOMpUHOCA pPasnNUUMTUX BrakaHa Ha
yBpcTohy 6eToHa mnpu npuTUCKy. Y
BehrMHM TUX ucnuTnBawa ce AOLMo A0
3aKkrbyyka fda je [AOonpuHOC BrakaHa
Manu 1 Aa, y HekuM criyyajeBuMma, 4vak
gonasm n go cmakewa uspctohe. C
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hand, fibers have a big influence on the
flexural strength, as well as on the
splitting tensile strength. The
contribution of fibers to flexural and
shear strength is greater in lightweight
aggregate concrete compared to the
contribution of fibers in normal weight
concrete [24].

6. TOUGHNESS OF LWAFRC

Lightweight concretes, due to lower
weight, can be widely used in
seismically active areas, but there are
limitations due to their low toughness
and the risk of brittle fracture.
Toughness is the ability of a material to
plastically deform before its fracture
occurs. In order to increase the
toughness, fibers are added to the
concrete, which has been justified in
most previous tests. Al-Naimi and
Abbas [31] confirmed that the addition
of steel fibers contributes to increased
toughness in the post-crack phase. A
similar effect was observed with the use
of basalt [27, 32] and polypropylene
fibers [33, 34]. It has been observed
that steel fibers more significantly
contribute to increasing the toughness
of concrete than PP fibers [34].

7. SHRINKAGE AND CREEP OF
LWAFRC

Time dependent deformations caused
by shrinkage and creep of concrete are
an important factor in the durability of
concrete structure. Previous tests have
shown that the shrinkage of concrete is
higher in LWC than in NWC. The rate of
shrinkage is inversely proportional to
the modulus of elasticity of aggregate,
thus the shrinkage of concrete with
aggregate of lower modulus of elasticity
is higher. Shrinkage leads to the
appearance of microcracks in the early
phase of concrete hardening, which can
affect the durability of the structure in
service. In many studies so far, the

apyre cTpaHe, BfakHa WMajy Benuiku
yTuuaj Ha 4BpcTohy Npu casujamy, Kao
M Ha 4BpcTohy npu  3aTesamwy
uenawem. [onpuvHOC BnakaHa Ha
YBpCTONY MpU casujakby M CMULAKY je
Behn kopg nakoarperatHux 6eToHa y
OOHOCY Ha [JOMPUHOC BriakaHa Kopg
6eToHa HopmarnHe TexwvHe [24].

6. XUINABOCT JIABAB

Jlakn GeToHM 360r cBoje Mawe mace
MOry uMaTu Benuky MpuUMeHy Y
CEeN3MUYKN aKTUBHUM Noapyyjuma, anv
ce nMojaBrbyjy orpaHudewa  360r
HMXOBE Marne XWNaBoCT! U ONacHOCTU
of kpTor noma. XKnnasocT npeacTasba
cnocobHocT  MaTepujana ga  ce
nnacTuyHo gedopmMuiLLe Npe Hero LTo
HacTynn HeroB nom. [fa 6u ce
nosehana »xwvnasocT, 6eToHy ce goaajy
BMakKHa, WITO Ce nokasano onpasAaHuM
y BehuHM pocagalbux mcnuTmBaksa.
Al-Naimi n Abbas [31] cy noTBpannu ga
AofaTak YenuyHuUX BnakaHa JonpuHocH
nosehawy XunnaBocTn y @a3n HakoH
nojase npcnvHa. CrnuvyaH ecdpekaT je
npumeheH koa npumeHe 6GasanTHUX
[27, 32] n nonvnponuneHckux BrnakaHa
[33, 34]. MpumeheHo je ga 4YenuyHa
BNakHa 3HavajHuje gonpuHoce
nosehaty xunnasoctn 6eToHa Hero M1
BnakHa [34].

7. CKYNIbAHE n TEYEHWE
NABAB
BpemeHckn 3aBucHe gedopmaumje

HacTane ycrneg ckynrbawa U Teuvera
OeToHa npeacTaBrbajy BaxaH dakTop
TPajHOCTU  BGETOHCKE  KOHCTpyKUMuje.
Jocapawra ncnutneama cy nokasana
Aa je ckynrbarwe 6etoHa Behe kog JIAB
Hero kof BHT. BenuunHa ckynrbama je
06pHYTO MpOMoOpLUMOHanHa BeNUYMHA
MoAyna enacTtMyHocTM arperaTta, na
OeToHN ca arperatoM Hwxer mogyna
ernacTnyHocT nmajy Behe ckynrbamse.
Ckynrbamwe gosoau 0o nojase
MUKpOMpCrnHa y paHoj dasun
oyBpwhaBarka 6GeTOoHa, LWTO Ce MOoXe
OApPa3nTU Ha TPajHOCT KOHCTPYKUuje Yy
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fibers have shown a positive effect on
the strength in the early stages of
concrete hardening, which can reduce
cracks caused by shrinkage.

It has been observed that PP fibers
decelerate the spread of cracks caused
by shrinkage of concrete [35]. Similar
behavior was observed in concrete
reinforced with plastic fibers. The best
effects were obtained by using a
combination of plastic and steel fibers
or steel and PP fibers [36]. Similar
observations were made by Zheng et
al. [37], who tested lightweight concrete
with 0.5, 1 and 2% steel fibers. Less
shrinkage was observed in concrete
containing fibers compared to plain
concrete.

8. WORKABILITY OF LWAFRC

The addition of fibers adversely affects

the workability of fresh concrete. The

properties of fresh concrete with the

addition of fiber are influenced by many

factors, such as:

e characteristics of the aggregate,

¢ water-to-cement ratio (w/c),

o type of fibers,

¢ fiber length,

e length-to-diameter ratio of fibers,

e amount of fiber,

e the amount of water absorbed by the
fibers.

Tests of concrete with recycled

lightweight aggregate and the addition

of steel fibers in the amount of 1 and

2% of the total weight of concrete

showed a decrease in workability

compared to plain concrete [32]. Similar

observations were made by Yew et al.

[31] by testing lightweight concretes

with the addition of PVA fibers in the

amount of 0, 0.125, 0.25, 0.375 and

0.5% of the total weight of concrete.

Fiber reinforced concretes had 5, 7.5,

22,5 and 40%, respectively, lower

workability than plain concretes.

ekcnnoatauujn. BnakHa cy y MHOrMm
pocapallbum ucnuTnBamuma
nokasana no3uTMBaH  yTuUa] Ha
yBpcTONyY MpuW 3aTesawy y paHoj asn
oyBpwhaBarwa 6eToHa, Ynme ce mory
CMawuUTU MpCnuHe HacTane ycneq
CKynrbaka.

MpumeheHo je pga [N BnakaHa
ycrnopagsajy Lwmpere npcnvHa
HacTanux ycnepn ckynrbawa 6eToHa
[35]. CnnyHo noHawwawe je npumeheHo
kog 6eToHa apMupaHux MnacTUYHUM
BnakHuma. Hajborenm edektn  cy
pobujeHn  npumeHoMm  KoMOGuHauwuje
NNacTUYHUX U YENMUYHUX BrakaHa wunu
yenuyHux u MMM BnakaHa [36]. CnuyHa
3anaxara cy umanu Zheng u octanm
[37], koju cy BpwwnuM wcnuTMBaHa
nakmx 6etoHa ca 0.5, 1 n 2% yennuHmnx
BMnakaHa. YOYeHO je Mare CKynibahe
OeToHa Koju cagpke BriakHa y ofHocy
Ha 6eToHe 6e3 Hux.

8. YIPAUbMBOCT JIABAB

Jdopatak BrakaHa HEMOBOSbLHO YyTuye
Ha yrpagrbmBoCcT cBexer OeToHa. Ha
CBOjCTBa cBexer 6eToHa ca AoAdaTKoM
BMnakaHa yTude MHoOro aktopa, kao
LITO Cy:

e KapakTepuCTUKe arperaTa,

e BOZOLEMEHTHU chakTop (w/C),

e TVN BrakaHa,

e y)XKMHA BMNakaHa,

e OJHOC OY>XUHE W NPeYHMKa BrakaHa,
e KONMU4YMHAa BnakaHa,

e KONMMYMHA BOAE KOjy BrnakHa ynujy.
UcnutuBawba ©OeToHa ca  nakum
peunknMpaHMMm arperatom M 0oOaTKOM
YenuYHUX BrnakaHa y KonuymHu of 1 m
2% ykynHe mace 6eToHa cy nokasana
nag yrpaarsuBocTu y ofHocy Ha 6eToH
6e3 BnakaHa [31]. o cnuyHmx
3anaxaka cy gownu Yew u ocTtanu
[30] wcnutyjyhm nake ©GeToHe ca
popatkom NBA BnakaHa y usHocy of O,
0.125, 0.25, 0.375 1 0.5% ykynHe mace
6eToHa. bBeToHn ca BnakHuma cy
mvmanm 3a 5, 7.5, 225 wn 40%,
PECNEKTUBHO, HUXY YrpafrbMBOCT HEro
6eToH 6e3 BnakaHa.

Cmarsere yrpaarsuBoctu OeToHcke
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Arisoy and Wy [38] have also observed
a decrease in the workability of
concrete mixes containing PVA fibers.
The workability of LWAFRC can be
improved by adding more water or
additives. In addition to workability
problems, segregation is also
pronounced in these concretes, which
can occur during the vibrating of
concrete [38]. Therefore, the vibrating
of the lightweight aggregate fiber
reinforced concrete is not
recommended [38].

9. CONCLUSION

Lightweight structural concretes cannot
completely replace NWC, but they can
be a better solution for the production of
certain structural members, due to their
many advantages, primarily lower
density. In  addition, increasing
emphasis is placed on environmental
protection and reduction of carbon

dioxide emissions, which makes
lightweight  concretes  increasingly
attractive.

Adequate selection of aggregates can
achieve concrete properties similar to
those of NWC. Although the price of
LWC is higher than the price of NWC,
structures made  of  lightweight
aggregate concrete, by choosing the
right composition of concrete, can be
made more economical compared to
the same structure made of NWC.
Some physical and mechanical
concrete  properties, primarily its
behavior after reaching the ultimate
tensile strength, can be improved by
fibers addition. Fibers can increase
toughness and reduce the risk of brittle
fracture.

The invention and development of
many types of fibers with different
mechanical  characteristics, whose
application produces concretes of
appropriate properties, enable more
economical construction of buildings of
the requested performance.

MellaBuMHe koja cagpxu [BA BnakHa
npumeTunu cy un Arisoy n Wy [38].
Yrpagremsoct  JIABAB  ce  moxe
nonpasutn goaasakem Behe KonmunHe
Boge wnu aguTuea. lMopen npobnema
ca yrpagremsouuhy, kog osux 6eToHa je
uspaxeHa u cerperaumja, 4o Koje Moxe
pohu npu Bubpupawy OGetoHa [38].
36or Tora ce BUGpVpare
nakoarperatHux 6eToHa apMupaHux
BNakHMma He npenopy4yje [38].

9. 3AKIbYYAK

Jlakn KOHCTPYKTMBHM BETOHM HEe MOry y
notnyHoctn 3ameHutn BHT, ann 3a
u3pagy nojedvHuNx ernemeHaTa Mory
npeacTaesrbatn Gorbe pelene 360r
CBOjUX MHOro6pojHUxX npegHocTu,
NPBEHCTBEHO  Make  3arMpeMUHCKe
TexuHe. [lopen Tora, cse ce Behu
akueHaT CcTaBrba Ha 3alUTUTY XKMBOTHE
cpeaovHe N CMakere emucuje yribeH-
avokecuaa, 36or yera cy naku 6eToHu
CBe aTpaKkTUBHUjM.

ApgekBaTHUM M30opom arperata Mory
ce noctuhu cBojcTBa GeToHa crnyHa
oHuma kog BHT. WNako je ueHa JIAB
Beha Hero ueHa BHT, koHcTpykuuje
n3BefeHe ca nakoarperatHuM 6eToHOM
ce, npasunHum u3bopom cacTtaea
6eToHa, MOry YYMHUTWM EKOHOMWYHUjUM
Yy OOHOCY Ha WCTYy KOHCTPYKUMjy
n3seneHy og BHT.

Heke dusnyke " MeXxaHun4ke
KapakTepucTuke 6eToHa, NpPBEHCTBEHO
HEroBO MOHAalLAaHke HaKOH J0CTU3ara
rpaHn4yHe 4BpcTohe npu 3aTesamwy, ce
Mory nodorbLwiatn [OoaaBatkemM
BnakaHa. BrnakHa wmory nosehatu
XWUMaBOCT M CMakMTU OnacHoCT of
rnojaBe KPTOr JloMa KOHCTPYyKUMje.
MojaBa 1 pa3Boj MHOrobPOjHUX TUMNOBa
BMakaHa pasnuuuTux  MeXaHWYKUX
KapakTepucTuka, 4vMjoM ce NpUMEHOM
nobujajy 6eToHn ogrosapajyhux
cBojcTtaBa, omoryhaBajy ekoHOMWYHuje
n3sohewe objekarta 3axTeBaHUX
nepdopmaHcu.
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