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ABSTRACT: Today, energy takes the lead in topics that matter the most for all countries. The ever-increasing
world population together with growing industry has given way to an unstoppable energy consumption. Some
countries have already started working towards saving energy due to reasons such as increasing environmental
pollution, fast consumption of existing energy resources and high cost of energy production. Nowadays, to
achieve desired benefits by consuming less energy has brought about the issue of insulation and therefore
increased the importance given to insulation. In this study, by adding foam (water+foam agent+air) that will be
prepared in foam generator into the slurries (cement, water, silica fume, calcite and plasticizer mixture), foam
concrete with improved insulation performance has been produced. Bulk density of foam concrete is obtained
to be 250 kg/m3 and its heat conductivity to be 0,075 W/mK. The compressive strength of foam concrete is
found to be 0,75 MPa.
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1. Introduction

Foam concrete is a type of concrete whose bulk unit weight is reduced by keeping the air
voids within. Although foam concrete was first patented in 1923 (Valore, 1954), in the recent
years, it is observed that this material is preferred as a construction material produced with a
density ranging from 1600 to 400kg/m3 to be used in structural, partition walls and non
constructional components because of its distinct characteristics such as superfluidity, low
weight, containing minimum aggregate inside, controllable resistance and perfect insulation
performance (Ramamurthy and Kunhanandan, 2009). It is understood that the idea of
reducing the specific bulk density by making foams in order to create air voids inside the
concrete dates back to the 1900s.

The first elaborative compilation about the studies on foam concrete was conducted by Valore
in 1954, following that, Rudnai in 1963 and subsequently (Short and Kinniburgh, 1963)
presented the contents of foam concrete, its characteristics and areas of use without analysing
the methods for creating the air voids. Recently, Jones and McCarthy have published a study
on the history of foam concrete, the materials used, their characteristics and its use in
constructional applications around the world (Jones and McCarthy, 2005).

Thermal conductivity factor is the amount of heat that passes between two layers or surfaces

of 1m? in two perpendicular directions per time unit when the temperature difference is 1°C
and its unit is W/mK (Fig. 1).
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Fig. 1. Thermal conductivity factor

Heat transmission coefficient U (W/m2K) is the resistance towards heat transfer shown by a
construction component made up of different materials. U is dependent on thermal
conductivity coefficient (A) of the materials and the thickness in heat transfer direction. the
lower the U value, the lower the heat loss is.

However, having a low thermal conductivity coefficient is not a sufficient factor by itself to
show its “heat insulation” attributes Heat insulation material should have an adequate
thickness besides a low thermal conductivity value.

For heat insulation calculations, Thermal Resistance=R (m2.K/W) value (hence thermal
conductivity+thickness value) is used.

Heat Insulation = R = Thermal Resistance= Thickness d (m) / Thermal Conductivity
Coefficient [W/(m.K)]=d /A

Since the purpose of applying heat insulation is to prevent heat losses and heat gains, it is
therefore necessary that the resistance which heat insulation material shows against these
should be large. The largeness of this value depends upon the thickness of the insulation
material and small thermal conductivity coefficient. In insulation materials, thermal
resistance increases with the thickness.

According to 1SO and CEN Standards, materials that have a heat conductivity coefficient
lower than 0,065 W/mK are classified as heat insulation material and this feature is the most
determining factor when choosing heat insulation materials.

The materials are classified as follows regarding their non combustibility degree:
Al Non Combustible Materials

A2 Non Combustible Materials

B1 Difficult to ignite materials

B2 Normal combustibility materials

B3 Easily ignited materials

C Materials with limited contribution to fire

D Materials with acceptable contribution to fire

E Materials with acceptable reaction to fire

F Materials with indeterminate reaction to fire.

The degrees of fire resistance according to TS EN 13501-1+A1 are listed below.
In relation to their resistance duration;

F 30: Resistance duration between 30-59 minutes

F 60: Resistance duration between 60-89 minutes

F 90: Resistance duration between 90-119 minutes
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F 120: Resistance duration between 120-179 minutes
F 180: Resistance duration above 180 minutes for construction components.

In parallel to rising risk factor, materials with a longer resistance duration against fire should
be preferred in buildings. Mineral wool was the most preferred insulation material in 2014 in
Europe. Since they have a wide range of areas of use, mineral wool types such as rock wool
and glass wool make up 58% of the market. In the USA, the total size of the insulation market
for heat, sound and fire safety has been stated as 268 million metre cube. 84% of the American
insulation market is made up by mineral wools, 10% is represented by plastics and the 6% is
constituted by other insulation materials (Sen, 2006).

It can be seen that, especially in America and Europe, for insulation material they use non
flammable materials.

Having reduced the dependence on petroleum based materials, foam concrete was first mainly
used as an insulation material; however, in recent years it has been also used as a structural
component due to its lightweight and insulatory properties.

In past studies, they have mostly analysed topics such as foam agent, foam production,
compatibility between chemical additives and foam agent, use of fine coarse aggregate,
mixture of foam concrete, its transportation and how it is placed. According to ISO and CEN
Standards, materials that have a lower thermal conductivity coefficient than 0,065 W/mK are
considered heat insulation materials whereas other materials are classified as construction
materials.

Jones and McCarthy (2005) stated that foam concrete with a dry density between 600-1600
kg/m3 has a thermal conductivity that varies between 0.1 and 0.7 W/mK; and when compared
to regular weight concrete, it has a 5 to 30% lower thermal conductivity.

Weigler and Karl (1980) has found that the lightweight aggregate foam concrete that is used
in structural component production experiences a decrease in thermal conductivity as its dry
density decreases: for every 100 kg/m3 reductioin in dry density, its thermal conductivity
drops 0.004 W/mK.

The effects of curing foam concrete with saturated Ca (OH)2 water solution have been studied
regarding the three methods: immersion in water, spraying water and curing with dry air. In
the study where the effects of different curing environments are analysed, it was found that
relative humidity significantly affects and increases the compressive strength of low density
concrete (Chi et al 2016).

In another study where the effects of curing the concrete with water, air and humidity are
investigated, the samples cured with humidity are shown to have the highest compressive
strength in 28 days (Alonge et al. 2015).

In some other study where the rheological features of foam concrete were examined
experimentally, the viscosity features of foam concrete were examined using viscometer and
Marsh cone. It is stated that the Marsh cone provides practical advantage when determining
the viscosity, and that the mixture has high viscosity if the flow duration exceeds 1 minute,
thereby negatively impacting the mechanical properties (Demir et al. 2017).
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In a study where fly as was used in foam concrete, it was found that fly ash has a positive
impact on compressive strength (Kilingarslan and Tuzlak, 2018).

The researchers have found that the density of foam concrete was reduced by 150 kg/m3 and
its thermal conductivity coefficient at 0,005 W/mK (Pan et al. 2014). Judging from this study
it can be said that foam concrete can be used as an insulation material as well

2. Material and Methods
2.1. Materials

In the production of foam concrete, cement, calcite, silica fume, polycarboxylate-based
plasticizer additives and water are used. For creating foam, foam generator is used.

2.1.1. Cement

The type of cement used in this study was CEM | 52.5 R. The chemical properties of cement
are shown in Table 1. The density of white cement is measured at 3,06 gr/cm?® and its surface
area is 4950 cm?/gr.

Table 1. Chemical properties of white cement
White Cement KK | SiO2 Al,Os | Fe20s | CaO | MgO | SO3 | Na2O | K20

(52,5R) 250 | 21.16 | 4.05 0.26 657 | 130 [3.30 |030 |[035

2.1.2. Chemical Additives

Polycarboxylate-based super plasticizer chemical additives were used in SCC. The physical
properties of polycarboxylate-based super plasticizer chemical additives used in the study are
shown in Table 2.

Table 2. The physical properties of the chemical additives

Properties Polycarboxylate
Density (g/cm?®) 1.06

pH 5.6

Solid matter (%) 25

The physical properties of foam additives are given in Table 3.

Table 3. Physical properties of foam additives

Density(gr/cm?®) Appearance pH
1.05 Light brown 6+2
2.1.3. Calcite

Calcite used in the study was sifted through a 75-micron subsieve. The density of calcite
corresponds to 2.72 g/cm3 and its specific surface area is 4160 cm2/g.
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Table 4. The chemical analysis of calcite

CA

SiO;

AlO3

Fe,0s

CaO

MgO

SO3

Na,O

K20

Total

43.34

0.01

0.07

0.05

53.94

1.93

0.01

0.06

0.13

99.53

13

The XRD (Fig. 2) and chemical (Table 4) analyses of calcite were performed, as a result of
which, the calcite type used within the scope of our study was determined to be 98% calcite.
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Fig. 2 The XRD diffractogram of calcite

2.1.4. Silica Fume

Silica fume has a density of 2.32 gr/cm? and silica fume’s residue on 45um sieving is at %4,8.
The surface area of silica fume is 15000 cm?/gr. The chemical properties of the silica fume
used in this study are given in Table 5.

Table 5. Chemical properties of silica fume

KK

SiO;

Al>0Os

Fe,O3

CaO

MgO

SOs

Na,O

K20

Silica Fume | 4.26

81.4

4.47

1.40

0.82

1.48

1.35

22.M

ethods

In the production of foam concrete, first the mixture (cement, calcite, silica fume, water and
polycarboxylate based additive) is prepared. Later, the foam made in foam generator is added
into the mixture.

The most important element in producing foam concrete is the foam that is added
subsequently into the mixture, which enables creating closed air voids within. The closed cell
air voids that are necessary for producing foam concrete are obtained via creating foam (water
+ foam additive + air) in foam generator. Thanks to this added foam, there emerge closed
cell air voids that are separate from each other within the solidified concrete, as a result the
unit weight of the concrete is reduced.
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2.2.1. Foam generation

Mixture ratio to be used in foam generation is of high significance. While producing the foam,
water and foam additives are added into the tank inside the foam generator. Foam
additive/water ratio is taken as 1/40. Then, the compressor located in the foam generator
provides the air needed to make foam. The important factor here is the amount of air to be
given into the water+additive mixture. An uncontrolled mixture ratio and giving air without
control will have adverse effects on the foam generated. For this reason, foam expansion ratio
is kept under control. Below is given the formula for foam expansion ratio. The amount of
air given in the expansion ratio of foam is checked in accordance with this formula and the
desired expansion ratio was achieved.

FER: Vtoam / Vsolution

FER (Foam expansion ratio)
Vfoam: Volume of foam to be generated (Air + solution volume)
Vsolution: Foam solution volume (water + foam additive)

Fig. 3. Foam with foam bubbles of differing sizes

As seen in Fig. 3, the foam created does not have homogeneous diameters. The foam concrete
that is produced using this form does not have homogeneous density nor do the bubbles inside
have homogeneous sizes.

Fig. 4. Foam with homogeneous foam bubbles
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Fig. 4 shows the foam generated with foam bubbles that are very homogeneous. When this
foam is added into concrete, the air voids within the concrete ended up being more
homogeneous as well, and the density of the foam created was measured as 85 gr/litre.

T

Fig. 5. Making of foam using foam generator

Producing foam made of foam additive and water using foam generator can be seen in Fig.
5. This obtained foam is then added to the prepared mixtures at pre-calculated volume rate.

Table 6. Calculation for foam volume to be added for 1 m® foam concrete

: =
) o Py . .
[ >
s =] ® € | Foam mixture ratios Desired unit
Q 3 1S = weight (dry)
- N st 5 e
§ |5 |2 s |2 |5 |z
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20|85 |11 |2 15 |10 |gg7 |Mire ~ foam 40 - Litre | 55y 0
additive water
1 litre i
160 |60 |08 |3 10 |10 |873 (A0 Lt 500 kgim?
foam additive | water

In Table 6, materials used for 200 and 300 kg/m? foam concrete production and the added
foam volume values are given. To decrease the unit volume weight in foam concrete, the
volume of foam to be added increases as seen.

2.2.2. Preparation of Slurry

In this helix shaped mixer, slurry is prepared by mixing cement, silica fume, calcite, water
and super plasticizer additive. At first stage, water, cement and plasticizer additive elements
are mixed approximately for 45 seconds. Later, silica fume and calcite are added to be mixed
for another 45 seconds. In total, at the end of 90 minutes, slurry is obtained at the desired
consistency.
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Fig. 6. Helix shaped mixer

For the preparation of slurry, helix shaped mixers are used (Fig. 6).
2.2.3. Adding Foam into Slurry

Foam is added at a pre calculated volume into the prepared surry. The foam added into slurry
and the slurry are mixed until they become homogeneous. The mixture is culminated when
the added foam is completely encapsulated by the concrete. In order to prevent the added
foam from fading or shattering during the mixing stage, the speed of the mixer is adjusted to
be 30-40 revolutions per minute.

To place the fresh concrete into molds, a laboratory type concrete pump is used. The operating
mechanism of this concrete pump is enabled by materials thrusting each other. By this way,
any possible volume loss is prevented before it can happen during pumping. It has been
observed in our initial studies that when the pumping is performed with compressed air, there
are volume losses in concrete. Foam concrete pumping machine is given in Fig. 7.

e /
Jirs

Fig. 7. aoratory.t‘"ype foam concrete pump

The fresh foam concrete that is prepared is transferred into molds and then left to wait in
room temperatures (£21°C).
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3. Results and Discussion

Compressive strength of foam concrete is found to be 0.75 MPa according to the average
calculated from the three samples of 15x15x15 cm in size (TS EN 1354, 2007).

Specific bulk density of foam concrete is measured as 294 kg/m3 when fresh. After 28 days,
the specific bulk density of the hardened concrete is measured as 250 kg/m3. Thermal
conductivity value of foam concrete is identified as 0,075 W/mK (Table 7).

Table 7. Test analysis of fresh and hardened foam concrete

Fresh specific bulk | Hardened specific I:r?(;rl?c?tlivity Compressive
H 3 H 3

density (Kg/m®) bulk density (Kg/m*) coefficient (W/mK) strength (MPa)

294 250 0,075 0,75

In constructions, foam concrete is attempted to be produced in levelling concrete with
insulation screed and partially in the form of structural blocks. The production technology
can also be made by the local industry.

4. Conclusion

Foam concrete production is an economical construction material due to its ease of
application, use of local resources and its lightweight. In this study, the specific bulk density
of foam concrete was reduced to 250 kg/m3. Compressive strength of foam concrete was
measured as 0,75 MPa and its thermal conductivity coefficient as 0,075 W/mK. Provided that
the specific bulk density of foam concrete is reduced under 250 kg/m3 and that the obtained
air voids are closed cells, then the thermal conductivity coefficient could be reduced under
0,065 W/mK, thereby allowing it to be used as insulation material. Since the raw materials
used in the production of foam concrete are not flammable, it would not show any
combustible properties during a fire.
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