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ABSTRACT

This paper reports the results of experimental works that have been performed to investigate the mechanical and
thermal properties of lightweight foamed concrete (LFC) with different additives. LFC with three different densities
of 600, 1000 and 1400 kg/m® were cast and tested. Fly ash, lime and polypropylene fiber were incorporated with the
LFC at different proportions. Compressive, flexural and drying shrinkage tests were carried out up to 180 days to
evaluate the mechanical properties. The Hot Disk Thermal Constants Analyzer was used to establish different
thermal conductivity values of LFC of different densities and additives. Scanning electron microscopy was used to
give a detail view on each of particles produced by the reaction of additives in hydration process. The addition of
additivesin LFC showed no contribution on compressive strength but improvement in the flexural and shrinkage test
results. LFC integrating various additives only contribute dlight increase for thermal properties. Experimental
results show that lower density LFC translates to lower thermal conductivity. The density of LFC is controlled by the
porosity where lower density LFC signifies greater porosity hence thermal conductivity changes notably with the
porosity of LFC because air isthe poorest conductor compared to solid and liquid due to its molecular structure

Keywords. Foamed concrete, mechanical properties; thermapepties; additives and hydration process;
microstructure

INTRODUCTION

Currently, the utilization and demand of LFC is twing privileged where this material has increaseahy folds in

modern years owing to its intrinsic economies bigmefzer conventional concrete in a range of stmadtand semi-
structural applications. LFC is a cementitious matehaving a minimum of 2& by volume of mechanically
entrained foam in the mortar slurry wherein airgolre entrapped in the matrix by means of an ppipte

foaming agent. With LFC, there is a reduced denmangdrimary aggregates thus enhancing sustainatglitgn that

no coarse aggregate is essential in its fabricatiahthe fine aggregate fraction can be partlyutly feplaced with

recycled or secondary materials, e.g. fly ash, fibies, rice hush ash as well as air itself. LF@Id be produced
anywhere in any shape or building unit size on alkstale, even at site level, and it is compaedyivrouble-free

to place and finish devoid of heavy or costly equént.

LFC has an outstanding thermal conductivity, lowf-aeight, high impact resistance and good freelzawt
resistance. Through proper control in amount ofrf@aand methods of fabrication, an extensive ranggeosities of
LFC could be formed thus providing flexibility fapplication such as structural elements, partitiosulating
materials and filling grades. On the other handClLiras a self-levelling and self-compacting natuingsgally
where it fills the smallest voids, cavities andresawithin the pouring area.

Earlier, strength was not the major subject whenguas it was normally used in void filling, highyeeinstatement
and other underground works. The typical strengilne for LFC of densities between 800 kjtm 1000 kg/m is

in the range of 1 N/mfto 8 N/mnf [1] which was sufficient for its purpose in undemgnd works. With a
minimum strength of 25 N/mimLFC has the potential to be used as a structedérial [2]. The compressive
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strength of LFC reduces with decreasing density.riiges with similar constituents, the density-stith relations
should be reasonably comparable. But, becauseatigittients in LFC mixtures can differ widely, digyss not
necessarily a dependable indicator of the compresstrength of LFC. The other main factors thatuigrfice the
strength of LFC are cement-sand ratio, water-cemaid, type of cement and content, pore size dstliloution,
type of foaming agents and curing regime [3].

The ratio of flexural strength to compressive giterof LFC is in the range of 0.06—0.10 and thisoravas also
found to reduce with increasing water-cement ratiod decreasing densities. The splitting tensitengths of LFC
mixes are higher for mixes with sand than thosén Wi ash. This is attributed to the improved sheapacity
between sand particles and the paste phase [4]e@iesand mixes had higher splitting tensile stlesgompared
to the cement-fly ash mixes [5]. This difference pisssibly due to the strength contributed by inigking

aggregates. The introduction of polypropylene fiber LFC mix has been reported to improve the tersnd

flexural strength of LFC, provided this does ndeeff the fresh concrete behavior and self-compad&p

The thermal conductivity of LFC typically is 5 t®% of that of normal weight concrete and range flmtween
0.1 and 0.7 W/mK for dry density values of 600 &0Q kg/ni respectively [1]. In practical terms normal weight
concrete would have to be 5 times thicker than Idf@s to achieve similar thermal insulation [7]. Tthermal
conductivity of LFC with 1000 kg/fdensity is reported to be one-sixth the valueypical cement-sand mortar [8].
Since LFC is produced by injecting air into a cetriased mixture, the density of LFC is directlyuadtion of the
air inside LFC. Expectedly, the density of LFC sldgpiay an important role in determining its thetpeoperties.

Up to now, mechanical and thermal properties haenlone of the most significant topics to be sulithiat there is
lack of research to look into the effect of addisvon the mechanical and thermal properties of LIB&ailed
investigation will be done to examine the mechdraca thermal properties of LFC. This paper repthrtsresults
of an experimental investigation on mechanical tiedmal properties of LFC with different densitasd additives.

MATERIALSAND METHODS

LFC was produced under controlled condition frormeat, water and a liquid chemical that is diluteithvwater
with a ratio of 1:33 by water volume and aeratetbton foaming agent.

2.1 Portland cement SEM 1 and fine sand

Portland Cement SEM1 was used for the experimamt. dement is classified as MS 522, as well as B3g6

The fine sand used was natural sand that was @tdiom a local riverbed. A sieve analysis wasiedrout to see
the suitability of the sand to be used and the grgege passing 5 mm sieve size. The sand fallome 8 in

accordance with British Standard BS 882: Part Z:31%Norizal (2000) mentioned that the appropridte sf fine

aggregate used should be between 0 to 2 mm. Ini@ud20% of the total quantity of sand used shaqrigferably
be of size less than 0.5 mm. Table 1 shows the tequality that was used in this study while Figlireshows the
particles sizes distribution of the river sand usethis study

Table 1. Properties of cement

ltem Clinker %[ Cement 9
Oxide composition
SiO, 21.04 19.98
Al,O3 5.24 5.17
FeO; 3.41 3.27
CaO 63.31 63.17
MgO 0.85 0.79
SO, 0.41 2.38
Total Alkalis 0.9 0.9
Insoluble residue 0 0.2
LOI 0.5 2.5
Modulus
Lime saturation factor 0.93 0.96
Silica modulus 2.39 2.37
Iron modulus 1.9 1.58
Mineral composition (%)
CsS 55.4 59.9
C,S 18.53 12.71
C:A 8.59 8.18
C.,AF 10.36 9.94
Free CaO (lime) 1.9 0
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Figure 1. Particles size distribution of sand
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2.2. Stable Foam

The stable foam used was protein-based (Norait&)Pa#factant with unit weight of between 70 tog@am/litre.

The foaming agent was diluted in water with a ratid.:33 by water volume. Flow ability times arealkalculated
as the time will be used as a reference to addetpeired amount of foam into the mix. The density-BC was

determined by the volume of foam added for cemaiixes. The stability of the foam is important igucing LFC.
A foaming generator will act as a medium to trantiie chemical into stable foam.

2.3. Additives
Fly ash (FA), lime and polypropylene fibre (PF) lwidifferent percentages has been used in this .sielails
properties and specifications of different ad@isiwsed is shown in the Table 2.

Table 2. Properties of material used

Fly ash Lime Polypropylene fibre
Size Sum to 10Qum - 19mm length
Specific gravity 2.3 1.9 0.90 kg/dm
Material Waste from electricity Form quarry or neng 100% virgin polypropylene
E- modulus - - 3900 N/mfn
SiG, Sio,
Al,O3 Al,O3
FeOs FeOs
Chemical composition CaO CaO E%"’;‘:,//Z
MgO MgO
SG; RO
Na0O LOI
Classification Class F -ASTM C618 -

2.4 Mixtureproportions

LFC with different densities and additives werepgamed. Table 3 gives details mix proportion of L&@t will be
used in this experiment. LFC samples of three diessof 600, 1000 and 1400 kg/mvere cast and tested for
mechanical and thermal properties test. Only ataohsement-sand ratio of 1:1.5 and water-cemditt cd 0.45
were used for all bathes of LFC. A constant of cetnbe sand ratio of 1: 1.5 was used for all batifds-C.

The dry mix (cement and sand) was blended with mwkéch had been fixed using a water-to-cemenbrati0.45.
The 0.45 water cement ratio was found acceptabbrhieve adequate workability [9]. A 1:1.5 cemeanté ratio
was chosen to achieve better compressive stremgtiDal5 water-cement ratio was found acceptablactoeve
adequate workability. It is important to achieversp in a range of 23 to 27mm [10]. From each LFQtune, tests
were conducted on the fresh concrete to deterniimaps The polypropylene fiber of the volumetricdtians 0.2
and 0.4% of the mixes were used in preparing mRE20-A, PF20-B, PF20-C, PF40-A, PF40-B and PF40-C
respectively. The 15 and 30% of lime and fly ashensdopted for the LFC mixtures, respectively.
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Table 3. Mix proportion of L FC with different density and additives

Mix ratio Composition of mixture

Sample Remark (cement: Cement| Sand Water Dryk d/i:]gs'ty Weli cj;r;sny Foam ‘éo'ume Slump
sand:water)|  (kg) (kg) (kg) (kg/mm) (kg/mm) (m) (mm)
600 kg/m
Normal
LEC NF-A 700 0.050 25
0.20% PF PF20-A 700 0.048 25
0.40% PF PF40-A 710 0.046 25
15% lime RLI5A 1:1.5:0.45 15.32 22.97 6.89 600 700 0.048 55
30% lime RL30-A 720 0.046 26
15% FA FA15-A 720 0.050 25
30% FA FA30-A 710 0.051 25
1000 kg/m®
0.20% PF NF-B 1105 0.037 23
0.40% PF PF20-B 1085 0.035 26
15% lime PF40-B 1070 0.032 25
30% lime RL15-B 1:1.5:0.45 25.15 37.73 11.32 1000 1100 0.033 25
15% FA RL30-B 1090 0.031 25
30% FA FA15-B 1120 0.037 23
0.20% PF FA30-B 1130 0.037 25
1400 kg/m®
0.20% PF NF-C 1500 0.029 25
0.40% PF PF20-C 1480 0.028 25
15% lime PF40-C 1510 0.029 25
30% lime RL15-C 1:1.5:0.45 42.49 63.73 19.12 1400 1500 0.025 25
15% FA RL30-C 1510 0.017 25
30% FA FA15-C 1530 0.030 25
0.20% PF FA30-C 1530 0.029 25

3. EXPERIMENTAL SETUP

3.1 Mechanical Properties

To investigate the compressive and flexural stiemdtLFC, a total of 21 mixes were tested in thgolatory. An

average of three samples was used for each migstothhe named parameters. The flow test for theesnixas

carried out according to ASTM C230 with a targesdgmp in a range of 23 to 27 mm. The slump tesiltesre

presented in Table 3. 100 mm cubic specimens vasEfor the determination of compressive strengtheaages of
7, 28, 60 and 180 days. The test of compressiemgtin was achieved according to BS EN 12390-3:2B&3m

with size of 100 x 100 x 500 mm was used for tharjooint flexural strength tests. The prismatic pa were

tested for the flexural strength test at 28 ddysuadng age according to BS 12390-5:2009. Thedpstimens were
left to stand for 24 hours, after which they wemmduld. After demolding, the specimens were imntkiaethe

water till the age of test.

3.2 Thermal Properties

Thermal properties of LFC were investigated by gdiot disk thermal constant analyzer. This maclsnene of

precise and convenient techniques to study themidleproperties by using Transient Plane Source Y TRShod.

Censor was used between the samples to deternairibaimal conductivity. The sensor is sandwichdd/éen two

samples. Size of sample is 25mm x 50mm with 10muhiokness. The sample needs to be dried in ovech@ve

dry state condition. The size of sample also néeds larger than the diameter of the hot disk @emsorder to

allow for not too short a transient recording. #ié required data such as probing depth, time ameéepused need
to be set until constant and allowable rate wagp@ted. All the data such as thermal conductivitin{ly, thermal

diffusivity (mm?s) and specific heat (MJATK) were recorded. In this experiment, the sampésted were
composite disks with a diameter, D of 6.4 cm ardiekness, x of 3.2 mm. Figure 2 shows the arrargeraf Hot

disk thermal constant analyzer for thermal conditgtiest.
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(a) Overview of test setup

il [] Hot disk senzor

d = sampla thickness * I ]

(b} Schematic view of test arrangement

Figure 2. Set-up of Hot disk thermal constant analyzer for thermal conductivity test

3.3 Measurement of Porosity

Porosity value of LFC was determined through theuudsn Saturation Apparatus for all densities considdor this
study. The measurements of porosity were condumteslices of 68mm diameter cores cut out from tnatre of
100mm cubes. The specimens were dried at 105°Caomistant weight had been attained and were thereg in a
desiccator under vacuum for at least 3 hours, afteéch the desiccator was filled with de-aired tilesd water. The
porosity was calculated using the following equatio

-W,
£= (Vvsat dry) XlOO
Woy ~Woa) (Eq. 1)

whereé is the porosity (%)W is the weight in air of saturated sampié,, is the weight in water of saturated
sample an®Vy, is the weight of oven-dried sample.

3.4 M easurement of Void Size

In sequence to examine the effect of pore sizehermtal conductivity of LFC, it is necessary to bfith the void
size for each density. Mixtures from this studyrdi contain any coarse aggregate but consist ¢f &igounts of
air (foam). All specimens were vacuum-impregnatéith wlow-setting epoxy. To ensure consistency Bults, all
the specimens were prepared using similar techsigueler the same environmental conditions. Forentbst
specimens of 45 x 45 mm size with a minimum thigdenef 15 mm were cut from the centre of two rangoml
selected 100 mm cubes using a diamond cutter. &be 6f the specimen was cut perpendicular to tsénca
direction. Sized specimens were saturated in aeetmistop further hydration reaction before dryatdl05 °C. To
ensure the stability of the air-pore walls durirgighing, the dried and cooled specimens were vacmpregnated
with slow-setting epoxy. The impregnated specimesese polished as per ASTM C 457. After polishingd an
cleaning, the specimens were dried at room temperdbr 1 day. At last, an effective size 40 x 4@hnwas
considered for void size measurement.

RESULTSAND DISCUSSION

The properties of LFC can be influenced by the iigasd type of additives used. The densities &ected by the
volumes of foam, water and filler used. Based as statement, those factors could give differesults that will

affect the microstructure of LFC. Below are detigtudies on the investigation of LFC with differelensities and
various types of additives.

4.1 Compressive strength
Table 4 shows the results of compressive strengtih aifferent densities. The compressive strengtbtst were
carried out up to 180 days.
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(a) 600 kg/m® (b) 1000 kg/m®
Figure 3. Different formations of voidswith different densitiesof LFC

Table 4. Compressive strength of LFC with different densities and additives

Compressive strength (N/min .
7 days | 28days | 60 days | 180 days Porosity(%)
600 kg/n"’

NF-A 0.4 0.5 0.5 0.6 69
FA15-A 0.2 0.5 0.7 0.6 69
FA30-A 0.1 0.3 0.7 0.6 70
RL15-A 0.3 0.4 0.7 0.6 72
RL30-A 0.5 0.5 0.7 0.6 70
PF20-A 0.3 0.5 0.7 0.6 70
PF40-A 0.4 0.6 0.8 0.7 71

1000 kg/m

NF-B 2.6 2.9 3.1 4.5 49
FA15-B 2.2 3.2 3.3 3.8 50
FA30-B 1.6 2.8 3.8 4.6 51
RL15-B 1.9 2.8 3.1 4.0 56
RL30-B 2.0 2.9 3.1 3.6 55
PF20-B 1.8 2.2 24 3.0 54
PF40-B 1.6 2.1 2.5 2.7 55

1400 kg/m

NF-C 6.3 8.1 10.1 10.1 36
FA15-C 8.2 11.4 11.8 12.2 35
FA30-C 7.9 11.8 12.1 13.2 35
RL15-C 7.5 9.5 11.2 11.1 36
RL30-C 6.9 10.3 10.9 11.2 37
PF20-C 5.4 8.3 8.3 8.6 36
PF40-C 6.7 8.3 8.3 9.7 35

Mortar
Mortar | 324 | 406 | 46.2] 44.9 | -

The amount of foam will result in different structuand formation of pore, void and matrix that irgéated with
microstructure formation. Investigation in thisdyushows that density of LFC influences the medterproperties
due to the production of pores. The pores prodwaé each density differ in term of amount and sidepores.
More pore and voids were produced with low densftyFC as more foam was added into the mix. It barseen
that more and large size of pores were producel 630 kg/ni density compared to density of 1000kg(Figure
3). Based on Table 4, it can be concluded thatiyeosLFC is governed by the porosity or amountaaf content
inside the material. Lower density of LFC indicalager porosity value or greater amount of airtaored (larger
pore size). The pores merge with each other theatiog large size of pores. This will lead to weal structure
between pores and matrix as there was insuffigarface area that connects the pore and matriva fesult, the
compressive strength of LFC was also reduced. Tty silso shown that, fly ash as a cement replanegiees the
highest compressive strength results comparedatiitér additives. The early development strengtflyodish was
low due to the slow reaction of pozzolanic. Basedtlte data gathered shown in Table 4, 15% fly digiftly
increased compressive strength after 28 days. Vibevath 30% fly ash, the strength increased &@edays. It can
be concluded that fly ash as a cement replacenss=atsna longer curing period as more fly ash is @dddet, it was
noticed that, there is a tendency for the stretgtbe reduced at 180 days. Fly ash that have sadikcle of size
will react as filler and gives compact compositadrstructure thus providing additional strengths&@ on Figure 4,
fly ash that reacts as filler also will produce maniform distribution of pores and prevents bubbitem merging
with each other. A study done by Narayanan and rRamuthy [11] shows that, pozzolanic reaction betwee
cementitious material of fly ash and calcium hyddexwill form calcium silicate hydrate. The reactioesult in
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small pore produce as the reaction complete. Higdrgirocess of fly ash required longer curing pebrio react
completely. Hydration process transform complextipler from different size and shape to another fomith
different phase. Different phase of hydration & tbason that affects the properties of LFC fogéarperiod. Figure
5 shows phase transformation of particle by fly ashction as cement replacement. Encapsulatiorploéres
happens due to the hydration products of cementpttezipitated on the surface of some of the padiof fly ash
[11]. This rough texture of sphere particles shaged size that occurred in hydration process iebedl to affect
the early strength [12]. Narayanan and RamamuttBy ¢laims that reaction of fly ash in hydratiomgueted after
150 days. The sphere particle is then transformedme prismatic members with semi crystalline gel.

¥

* = ) ™ 5
(a) fly ash as cement replacement

(b) normal LFC

Figure 4. Different formations of pore and voids with different additives

Figure5. Transfor mation of complex particle by reaction of fly ash in hydration process

Lime as a sand replacement is a good binder big doecontribute to the strength of the concreahld 4 shows
that lime only contributes to strength in the eaabe of LFC. Quicklime’s release of heat during kiyelration
process is the reason why the lime contributeti¢oetarly developmental strength of LFC. The usknué did not
contribute more to strength as only a slight insechappens later in the age of LFC. Lime gives gesdlts in the
early development of strength and this is consisiéth a study done by Barbhuiya et al. [14]. Fig@(c) shows
the microstructure formation with prismatic form rdéedles which cause low strength of LFC. Obseymatione
using SEM shows that there was prismatic form @fdhes in hydration process that did not completefict. This
happens due to insufficient hydration agent totraaanost of it reacts quickly early in the proceskydration

T s =X
(c) microstr reformation by reaction of

lime

(&) normal LFC (b) lime as aggregate replacement

Figure 6, Different for mations of voids

The present of fibres does not contribute to thengtth development of the LFC at higher densityseBlaon the
results, polypropylene fibre gives good results dompressive strength for low density of LFC. Adding
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polypropylene fiber to the LFC of lower densiti&®Q kg/nf) gives good results in compressive strength coetbar
to the higher densities (1000 kg/mnd 1400 kg/fhrespectively). The compressive strength of LFQsitg of 600
kg/m?®) with 0.2% and 0.4% fibre has increased by 17%328% respectively at 28 days. The compressive giinen
continuously increased by 44% and 54% at 60 ddtes, @hich there is a tendency for the strengtbeéaeduced at
180 days. On the other hand, at the higher dessftires do not contribute to the strength of LFC.

The compressive strength obtained has been obseovatbcrease by 15-25%, due to the characteristics
polypropylene fibre as hydrophobic material, whietains water. Water that has been retained imilkewill affect
the strength as it will create more voids. Amouhfileer will obstruct the voids which will cause wale bonding
between the matrix. More addition of fiber will hease porosity and voids thus lowered the dens$ityQ slightly.
Figure 7 shows microstructure formation of LFC wdifferent percentage of fibre. It can be obserhed pore and
cavities surround the area of fibre that cause vibeakl thus affect the strength of LFC.

(a) 0.40% fi
Figure 7. Addition of fiber which resultsin production of poreand cavitiesthat surround area of fiber

4.2 Flexural strength

Table5. Flexural strength of LFC with different densitiesand additives

Mix Flexural strength (N/mf
7days| 28dayd 60days 180 ddys
1000 kg/m
NF-B 0.70 0.72 0.75 0.74
FA15-B 0.69 0.78 0.80 0.86
FA30-B 0.62 0.81 0.99 1.13
RL15-B 0.65 0.71 0.89 0.90
RL30-B 0.67 0.77 0.91 0.97
PF20-B 0.80 0.85 0.90 0.89
PF40-B 0.90 0.95 1.00 0.97
1400 kg/m
NF-C 1.82 2.00 2.13 2.17
FA15-C 2.12 2.31 2.49 2.61
FA30-C 2.06 2.60 3.11 3.29
RL15-C 2.23 2.51 2.79 2.90
RL30-C 2.35 2.75 3.01 3.18
PF20-C 2.09 2.19 2.30 2.36
PF40-C 2.30 2.49 2.68 2.71

Table 5 shows the flexural strength developmennfoay-7 to day-180 for all the mixes having deasitbf 1000
kg/m® and 1400 kg/fh It is observed that the results have similar dref development with the compressive
strength result for most mixes. Flexural streng#tg indicated that the fibres were capable tstrésinding stress,
which was influenced by inter-particle bonding &weristics in the microstructures. Table 5 shovisemthat
ultimate flexural strength is obtained in the vigjrof 0.7 MPa to 3.29 MPa

4.3 Thermal Properties

4.3.1 Effect of density on thermal properties

LFC can be produce with a wide range of densitghEdensity gives different effect on the propertiéd FC.
Density of LFC influenced by the amount of foam ediéhto the mix. In this study, different denstaf LFC were
cast and tested. The results show that the thesaraluctivity of all LFC samples is positively praponate with
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the density (Table 6). For instance, the thermaldaativity for LFC reduced from 0.59 to 0.43W/mKdafurther
reduced to 0.19W/mK for corresponding densitie$40, 1000 and 600 kgfnrespectively.

This happened due to formation and size of poredbasist inside LFC. The thermal conductivity give better

result as the density decrease. This is due terdiit formations and size of pores on the microgire formation
of LFC.

Table 6. Thermal propertiesof control LFC of different densities

Density Thermal conductivity Thermal diffusivity Specific heat Percentage of ;/I 0|sture2§ontent gy(;’)

(kg/nr) (W/mK) (mm?/s) (MJ/m® K) porosity (%) days | days | days
600 0.19 0.35 0.54 69 15.3 14. 133
1000 0.43 0.54 0.81 49 12.8 8.3 11p
1400 0.59 0.60 0.98 36 11.4 10.1 101

Mortar 1.40 0.96 1.47 - - - -

As been shown in Figure 3, it can be seen that modelarge size of pores were produced with 60énkgensity.
Taking mortar as a reference, all the sample ptiessivere calculated. Based from Table 6, it candreluded that
density of LFC is governed by the porosity or antoohair content inside the material. Lower densifyLFC
indicates larger porosity value or greater amodtitirocontained (larger pore size). As a resukrtimal conductivity
changes significantly with the porosity of LFC besa air is the poorest conductor compared to swiitlliquid due
to its molecular structure. It should be pointed that moisture is another factor that will infleenthe thermal
properties of LFC. In this experimental study,sgdecimens were tested under dry state conditionstite content
in each sample with different ages in the hydraponcess was shown in Table 6. Moisture contens@ kg/ni
density gives higher percentage of moisture contpwaith other densities. Based on the literatureistnoe content
changes the thermal conductivity. As LFC classifas] porous material and characterized as hygrosctipe
thermal conductivity cannot be measured with speaibisture content. In this study, LFC with 600rkg density
contributes to thermal properties even with highmisture content. Hygroscopic characterization eftarial is
important to study as it will explain the behavidmporous material for thermal properties.

Table 7. Thermal propertiesof L FC with different densitiesand additives

Mix Thermal conductivity Thermal diffusivity Specific heat Percentage of porosity ;\A 0|sturezgontent gg))
(W/mK) (mmn?/s) (MJ/m® K) (%) d
ays days days
600 kg/m
NF-A 0.19 0.35 0.54 69 15.4 14.9 13.3
FA15-A 0.17 0.38 0.46 69 14.Q 124 11.7
FA30-A 0.16 0.39 0.42 70 13.9 12.5 11.5
RL15-A 0.16 0.34 0.49 72 16.6 16.4 15.%5
RL30-A 0.20 0.48 0.48 70 17.2 16.4 15.8
PF20-A 0.18 0.32 0.56 70 14.2 13. 12.p
PF40-A 0.18 0.30 0.59 71 16.4 14.2 134
1000 kg/m
NF-B 0.43 0.54 0.81 49 12.9 8.3 11.2
FA15-B 0.38 0.49 0.79 50 14.7 10.9 12.6
FA30-B 0.36 0.52 0.69 51 13.1 12.1 12.0
RL15-B 0.31 0.46 0.67 56 12.4 14.9 14.4
RL30-B 0.31 0.44 0.71 55 11.8 15.9 15.b
PF20-B 0.31 0.43 0.73 54 13.4 12.0 126
PF40-B 0.32 0.42 0.75 55 14.1 14.8 131
1400 kg/mi
NF-C 0.59 0.60 0.98 36 11.4 10.1 10.1
FA15-C 0.58 0.62 0.95 35 12.4 11.1 10.8
FA30-C 0.61 0.65 0.93 35 11.8 10.] 9.3
RL15-C 0.59 0.60 0.99 36 13.4 11. 11.0
RL30-C 0.53 0.54 0.99 37 15.9 14.] 14.p
PF20-C 0.60 0.66 0.91 36 13.4 10.9 1011
PF40-C 0.56 0.64 0.89 35 12.2 10.9 9.9
Mortar
Mortar | 1.4 | 0.97 [ 1.47 [ - [ - ] -]

4.3.2 Effect of additiveson thermal properties

Fly ash, lime and polypropylene fiber were usedwlifferent densities and percentages. Table 7 shbresult of
thermal properties of LFC with different additivésgures 8, 9 and 10 show the effect of differeshinixtures on
thermal conductivity for 600 kg/fm 1000 kg/m and 1400 kg/rhdensity respectively. Fly ash and lime were used a
cement and aggregate replacement. Both additivebealassified as fillers. Fly ash and lime rezwtmically in
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the hydration process. There is some complex parficoduced that will have an effect on the mianasture
formation of LFC. This will result in different theal properties. Polypropylene fiber used as aritiaddto the mix
will affect the formation and size of pores and slaet react chemically. Lime as additives givegtep results on
thermal properties of LFC compared with other adel# Principally, each additive used will givefdient reaction
and result in different thermal value. This happkdae to several factors, which will be investigbsad explain in

the next sections.

Fly ash as cement replacement can improve the grepef LFC. For this study, class F fly ash bageth ASTM
C618 was used. Fly ash characterized as pozzolteriadamproves the strength with a longer curirgipd. The
utilization of fly ash also will reduce green housmission effects that are produced by the cemegdtakion
process. Fly ash will react as filler which willstdt in compact microstructure and also will progel@cgood binder.
Due to compact composition of microstructure, afibsell structure was deformed. Addition of fly ashil reduce

the heat created as the hydration process goes on.

0.257

0.20+

0.157

0.107

Thermal Conductivity (W/mK)

0.057

0.007
NF-A

FA15-A

FA30-A

RL15-A

RL30-A

PF20-A

PF40-A

0 Conductivity]  0.19

0.17

0.16

0.16

0.20

0.18

0.18

Figure 8. Effect of different admixtureson LFC thermal conductivity for 600 kg/m® density

Thermal Conductivity (W/mK)

NF-A

FA15-A

FA30-A

RL15-A

RL30-A

PF20-A

PF40-A
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0.38

0.36

0.31

0.31

0.31
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Figure 9. Effect of different admixtureson LFC thermal conductivity for 1000 kg/m® density
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0.62

0.601

0.58

0.56

0.54

0.527

Thermal Conductivity (W/mK)

0.507

0.48q
NF-A | FA15-A | FA30-A | RL15-A | RL30-A| PF20-A| PF40-A

‘El Conductiviy| 0.59 0.58 0.61 0.59 0.53 0.60 0.56

Figure 10. Effect of different admixtureson L FC thermal conductivity for 1400 kg/m® density

High amount of fly ash will reduce the usage of eafrthus reduce the heat. The result shows thatpgegcentage
of fly ash results in good thermal conductivityfgsash reduces and controls the heat of temperattly ash as
additives also reduces the amount and size of pbigsash as filler prevents the bubbles from meggiith each
other and gives uniform distribution of pore. A®beshown in Figure 4, it can be noticeably seemfboth figures
that incorporating fly ash in LFC mix reduced theesand amount of pore. This will influence the rthel
properties of LFC as well. It should be pointed gt there are some particles produced in theatigdr process as
shown in Figure 5. The particle produced is anothetor to be considered in determining the therpnaperties of
LFC as it changed the microstructure formation.u8yng fly ash, it could be assumed that it onlytdbntes in
slender enhancement of thermal properties of LA®. Aeat and temperature control is the main reabansssist
LFC performing better thermally. Detail investigation the complete formation of microstructure V&fd to better
perceptive on how thermal properties were affebtgddding fly ash. On the other hand, lime was alsed as an
aggregate replacement for this investigation. ktléssified as filler due to its finer size, andéacts chemically
during the hydration process. Lime also will cdmiite to closed-cell structure formation of LFC. dittbn of lime
causes a decrease in porosity (Barbhuiya et. @9)20igure 6 proved that the pore size decreasgared with
normal LFC. This will reduce the effectivenesstodrimal conductivity for LFC as well. Figures 11,drd 13 show
the effect of different admixtures on thermal cortikity for 600 kg/mi, 1000 kg/mi and 1400 kg/rh density
correspondingly. It can be seen from these figtinas lime as aggregate replacement gives a higheeptage of
porosity compared with other additives.

727

707

681

Por osity (%)

64

621
NF-A | FA15-A | FA30-A | RL15-A| RL30-A| PF20-A| PF40-A

O Porosity 69 69 70 72 70 70 71

Figure 11. Effect of different admixtureson LFC porosity for 600 kg/m? density
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54+

521
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Porosity (%)

481

46

441
NF-A | FA15-A | FA30-A | RL15-A | RL30-A| PF20-A| PF40-A

O Porosit 49 50 51 56 55 54 55

Figure 12. Effect of different admixtureson LFC porosity for 1000 kg/m® density
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w
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Por osity (%)

w
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30

281
NF-A | FA15-A | FA30-A | RL15-A| RL30-A| PF20-A| PF40-A

O Porosity 36 35 35 36 37 36 35

Figure 13. Effect of different admixtureson LFC porosity for 1000 kg/m® density

As been mentioned earlier, polypropylene fibershvili®mm long were also employed at a 0.20% and 0.89%
volume in this study. Polypropylene fiber charazest as hydrophobic will retain water. Air will lvetained during
mixing process leading to more voids and high porok this experimental investigation, higher &itoh of fiber
results in higher percentage of porosity. The tefsam Table 7 clearly shown that LFC with 0.40 qent of fiber
gives better thermal properties compared with LH@ W.20 percent of fiber. Therefore, higher aduditiof fiber
will create more pores thus lead to better therpmaperties. Even though the moisture content ghily higher
compared with normal LFC, it still gives betterrimal conductivity value.

CONCLUSION

Both mechanical and thermal properties of LFC wevestigated in this experimental study. It canshenmarized
that formation of microstructure plays an importasie in determining the mechanical and thermalpprties of

LFC. Some complex particles produced will affe@ thicrostructure formations that are interrelatétth wore, void

and matrix. Weak connection between pore, void ewadrix cause low mechanical strength. Fly ash asece

replacement contributes most for mechanical progeef LFC. Based on discussion, below are cormhgsion

mechanical and thermal properties of LFC integgatiarious additives.

1)Different densities give different mechanical prdjgs of LFC. Low density of LFC gives low mechaalic
properties but good in thermal as it was influenogdhe production of pores. Large size and nurob@ores cause
weak bonding of matrixes thus affect the mechampoaperties of LFC at low density

2)Fly ash as cement replacement contributes to thehamécal properties of LFC. Both compressive aeddfial

strength increased with longer curing period asvgbmzzolanic reaction takes place. Fly ash helpproducing
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small size and uniform distribution of pore. Thiglaid to provide better strength as each pore aid are well
connected.

3)Lime as aggregate replacement did not contributehman mechanical but good in thermal. Acceleratidn
pozzolanic reaction in the presence of hydratee liauses good early development strength for LIR€.prismatic
form of needle produced in hydration process caleds interlocking between each microstructure @etrthus
affects the mechanical properties.

4) Polypropylene fibre produces more pore and asdt has hydrophobic characterization. Higheritaid of

polypropylene fiber in the mix produced more porEsis will affect the compressive strength as mpoee and
void are created. The present of fibres does notribmite to the strength development of the LF@igher density
but gives good results in compressive strengttoferdensity of LFC.
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