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ABSTRACT

Curing is a process aimed at keeping concrete saturated or nearly saturated, so as to ensure
complete hydration process of cement. For curing to be done properly, the temperature, duration
and condition remain key factors. The rate of hydration is usually controlled by the quality and
quantities of the cementitious materials present in the mix as well as the moisture availability and
environmental temperature. Lightweight foamed concrete is regarded as a sustainable
construction material in the construction industry. Some well known major setbacks such as low
tensile and compressive strength, low flexural strength, fractural toughness and increase
shrinkage as the ages grows, have been reported with this type of concrete. This work is directed
at potential ways of increasing the compressive strength of this material by varying the curing
method. Therefore, observing the effects of these variables on the eventual compressive strength
of the samples in the early-ages of the concrete. The study was conducted using foamed concrete
of 1200kg/m3— 1600kg/m3density and at the water cement ratio of 0.45. No additives or admixtures
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were used in this study. The samples were cured using three methods i. e. Water, air and
moisture. At the end of the study, the compressive strength of the samples was analysed and the
result shows that the samples cured by moisture has the highest compressive strength at 28 days.

Keywords: Sustainable construction materials; lightweight foamed concrete; curing method, early-age

compressive strength.
1. INTRODUCTION

Sustainable building materials can be defined as
materials that has an overall superior
performance in terms of some specified criteria
such as locally produced and sourced materials,
transportation costs and environmental impact,
thermal efficiency, health consideration and
occupant needs, financial viability, recyclability,
waste and pollution, energy efficiency and
maintenance cost. The well known global
warming has placed an insatiable demand in the
construction industry relative to sustainable
materials and energy savings. The sustainable
principle covers four areas which are social,
economic, technical and biophysical. According
to Hossain and |Inoue [1], sustainable
construction has emerged as a paradigm to
create a new kind of built environment: “one that
meets the needs of humans in the present
without limiting the ability of future generations to
meet their own needs”. In the word of Mohamad
et al. [2], sustainability is the enablement to
maintain a state or nature as it is now in the
present and without any negative effect or
hazard to the unborn generation potentials.The
main aim of sustainability is to minimize the
environmental and ecological impacts, caused by
man on earth's surface resulting in cordial
interrelationship of environment, economy and
society. This practice has given rise to green
buildings and hence green materials from which
they are made.

Curing can best be described as the process of
maintaining a satisfactory moisture content and
temperature suitable for complete early hydration
process in concrete. This is vital for the concrete
strength development. It also has strong effects
on properties such as durability, abrasion
resistance, volume stability, strength, resistance
to freeze and thaws as well as water tightness.
When the temperature and moisture content are
favourable, relatively rapid hydration is normally
recorded within the first few days after placement
of the fresh concrete. This is contrary to
hydration process that may arise as a result of
the evaporation process. Hence, curing regime
can be referred to as the period of subjecting

concrete surface for special treatment of
continuous wetting or comfortable temperature
and moisture contents. It can have a dominant
effect on the strength, quality control and
comparative purpose of foamed concrete. It is
essential to established a clear cut curing regime
for foamed concrete, a subject area that Brady et
al. [3] considered as deserving further studies.
This curing system has been adjudged to be a
source of strength gain through research studies.

Foamed concrete can be considered as a free
flowing, self compacting and versatile material
that consist of foam produced under pressure
from surfactants, fine aggregates as filler or
some other cementitious materials and cement
with water for proper hydration process. It is
classified as a lightweight material in which air
void are entrapped in cement sand mortar.
Foamed concrete production can be done in two
ways, it can either be by prefoaming method or
mixed foaming method. The preform method
involves the process of preparing a stable foam
solution separately and then blends with base
mix that has been prepared separately. While the
process of mixed foaming method involves the
mixing of the foaming agent along the base mix
constituents till there is proper mixing and then
resulted in cellular concrete structure [3].

The dry density of foamed concrete is usually
between 400 and 1600 kg/m® and its
compressive strength, which varies with density,
can typically range between 1 N/mm® and
25N/mm? at 28 days [3]. Foam concrete has a
satisfactory resistance to freeze/thaw effect and
sulphate attack.

Many research works have been carried out on
the physical, mechanical and chemical properties
of foamed concrete. Mechanical properties was
dealt with by Kearsley [4], Liang and Chen [5],
Chen [6], Visagie and Kearsely [7] and Jones
and McCarthy [8]. Durability properties by Brady
et al. [3], Nambiar and Ramamurthy [9],
Kearsley and Wainwright [10], Giannakou and
Jones [11] and Davalos et al [12]. Functional
properties has been studied by Jones et al. [13],
Bottcher and Lange [14], Serrano-Perez et al.

549



Richard and Ramli; AIR, 3(6): 548-557, 2015; Article no.AIR.2015.050

[15], Kearsley and Mostert [16] and Ramamurthy
etal. [17].

In these past studies, the issue of low
compressive strength of lightweight foamed
concrete was essentially mentioned and curing
effects was analysed but in all, the effect of
curing regime at the early ages of foamed
concrete produced without any additives or
admixtures was very handy hence this research
study.

There are some handful research studies on the
curing methods of foamed concrete at maturity
age. Kearsley [4], in his study, concluded that
water-cured specimens gave low strengths due
to the build-up of pore water pressure in the
saturated microstructure of the foamed concrete.
In another research study [18], it was found that
air-cured specimens at 40°C had higher
strengths than those cured in water.

Arif et al. [19] in their study, concluded that
specimens cured in air had a higher strength
than those sealed-cured, but stated that the
differences was specifically marked by the
content of PC and PFA mixes. Liang and Cheng
[5] concluded that autoclaving increases the
compressive strength and declared that, the
compressive strength of water-cured foamed
concrete is higher than that of air cured
specimens. All these studies were carried out at
mature ages of concrete while this present study
focuses on the early ages of foamed concrete
and also without addition of any admixtures or
additives.

Compressive strength of concrete can be
described as the ability of the concrete to resist
any axially directed stress or forces. The
compressive strength of foamed concrete at 28
days is believed to be as a result of its air void
content, which is the foam, their composition is
the base mix and density. Some studies revealed
that there are some other parameters that
determines the compressive strength of foamed
concrete. [5,6], mentioned, in their studies, that
cement-sand and water-cement ratios, curing
regime, type and particle size distribution of sand
and type of foaming agent used, determined
compressive strength of foamed concrete.

1.1 Significance of Study

Although, lightweight foamed concrete cannot be
said to be relatively new, it has not been
generally accepted for structural applications in
most buildings and civil construction works.This,

perhaps, is as a result of its low compressive
strength development of both early and maturity
ages in comparison with conventional concrete.
For instance, in building, the strength, load
carrying capacity and fire resistance are most
important features to be considered. For effective
prediction of the performance of foamed concrete
under certain load and ambient temperature,
there must be a determination of the
compressive strength at the early-age without
any material strength aids like the addition of
admixtures under  different  atmospheric
temperature to be depicted by curing method.
The findings may give room for the determination
of effective or appropriate admixture that can
best suit the material.

2. MATERIALS AND METHODS
2.1 Materials

The constituent materials used in the production
of the lightweight foamed concrete, used for this
study comprises of Ordinary Portland Cement,
fine aggregates, portable water and stable foam
from a protein based surfactant. The summary of
the materials is given in table 1 and 2. The
research was aimed at determining the effects of
curing method on the early-age of foamed
concrete so as to determine or predict the
ambient temperature that produces the highest
compressive strength for probable use in
structural applications. The cement-sand ratio
was kept at ratio 1:2 while the water cement ratio
was kept at 0.45 throughout the experiment. The
reason for chosing high cement-water ratio was
to be able to achieve a better strength since
there is no addition of any admixtures. This was
also found acceptable in order to achieve
adequate workability as established in previous
study [20]. Figs. 1a and 1b shows the portafoam
TM2 Foam generator and samples of materials
used in the study.

Lightweight foamed concrete of density ranging
between 1200kg/m® to 1600kg/m® was used.
This is because the variance from lower grades
to structural grades cadre will gives better result
and considerations that varies for analysis. This
can be recommended for structural analysis too.

2.2 Mix proportioning and curing

Table 3 presents the mix designs for all the
samples except for the density that varies. The
sand, cement ratio used, was 1:2 and
the  water cement ratio  was 0.45.
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Table 1. Materials constituents used

Constituents Details
Cement Ordinary Portland Cement type 1[21]
Fine aggregates Local fine sands, sieved to eliminate particles. Sizes that pass

through sieve s

ize 2.3mm.

Foam Noraite PA-1. Mix in the ratio of 1:30 of water to surfactant and
produced a foam of 80kg/m’ Density.

Table 2. Chemical and mechanical properties of OPC type 1. (as provided by the manufacturer)

Chemical composition (%)

CaOo 64.01
Sio2 20.01
AlLO; 5.28
F9203 3.65
MgO 1.21
SO, 2.47
Cl 0.033
Na,O/K,0 0.25/0.81
Loss on ignition 2.27
Insoluble residue (max) 0.32
Specific gravity (g/cm®) 3.14
Blaine fineness (cm?/g) 3570
Setting time Initial- 145
Final- 180
Mechanical properties in NNmm? (as provided by the manufacturer)
Days Flexural strength Compressive strength
7 days 6.3 33.9
28 days 9.3 50.1

Fig.1a

Fig. 1b

Fig. 1. a) Portafoam TM2 Foam generating machine and b) the materials

This same mixing procedure was followed in the
mixing and production of the foamed concrete,
only that the density was different according to
each target. Stable foamed was generated from
Portafoam TM2 System, which was acquired
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concrete ranging from 600kg/m® to 1600kg/m®
[22].

The mixing was done using a laboratory size
incline rotating drum mixer of 7cubic meter
capacity according to mix proportioning guideline
of ASTM C796 [23]. Based mixed was produced
by mixing the fine sand and cement thoroughly,
conducting the density test and workability by
slump test. The target slump of 22cm was
targeted for the experiment. Thereafter, the
preformed foam was introduced into the base
mix as per calculated volume per seconds taken
by a stop watch and the flow rate of the portal
foam nozzle. The density of the produced
foamed density was then taken after the foam
has been allowed to mix thoroughly with the base
mix for some few minutes without any agitations
that can result to the breaking of the bubbles.
This was then cast immediately into already
prepared 100mm x 100mm square size cubes
and 100mm x 100mm x 500mm prisms. This
procedure was repeated for all the samples. Fig.
2 shows the mixing procedure. All the experiment
was conducted under a measured relative
humidity ranging from 57.30% and 72.80% and a
temperature of 30.5°C and 34.4°C. After casting,
the specimens were always covered with black
polyethylene plastic to prevent evaporation and
after 24hours they were all demoulded. The
hardened density determined and transferred to
the curing system selected for this study, air,
water and moisture cured. The specimens for
moisture cure were wrapped in wet transparent
polyethylene plastic and kept on a curing shelve
under a controlled room temperature.

All specimens were left in theses various curing
condition till the test dates. It should be noted
that this experimental work concentrates on the
early ages of the specimens and pure foamed
concrete without any admixtures. After this, the
specimens were tested at each targeted age of 7
days, 14 days and 28 days.

Table 3. Mix proportion

Samples Cement Aggregate wic (by
(by (by weight)
weight) weight)

1200-1600Kg/m® 1 2 0.45

2.3 Specimen Preparation and Testing
Methods

During mixing, the consistency and fresh density
of the foamed concrete were tested in

compliance with BS EN 12350 part 6. The slump
of the based mix was measure in compliance
with BS EN 12350 part 1. The Compressive
strength and flexural strength were determined at
ages of 7, 14 and 28 days after exposure to three
different curing methods. The Compressive
strength test was carried out on three samples of
sizes 100mm x 100mm per each day and per
each curing, making a total of nine samples for
each density targeted according to ASTM [24].
The prism samples of sizes 100mm x 100mm x
500mm were used for the flexural test in
accordance with ASTM [25]. Fresh properties,
compressive strength and flexural strength at
early ages were majorly focused in this
experiment, hence each specimen was removed
from their curing locations and tested for flexural
and compressive strength. Water cured and
moisture cured specimens were removed 24 hrs
before the test and stored in an oven at a
temperature of 105+2°C. This is done so as to
reduce build-up of pore water pressure in the
saturated microstructure of the foamed concrete
as earlier study has shown. A modern

compressive ELLE machine was used for the
compressive strength testing in the Concrete and
Structure laboratory of University of Science,
Malaysia, where the experiment was conducted.
Figs. 2a, 2b and 2c¢ shows the set up of the tests.

Fig. 2. Mixing procedure of the foamed
concrete

3. RESULTS AND DISCUSSION
3.1 Fresh Properties

The results of the fresh properties of the foamed
concrete in terms of the consistency reveal that
the consistency of the fresh mixed foamed
concrete, which was represented by a measure
of fresh density to the designed density ratio was
kept to near unity, that is 1. This was achieved by
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eliminating segregation and bleeding during
mixing. Table 4 shows the consistency, stability
and slump value of the samples.

The slump value clearly shows that the fluidity of
the lightweight foamed concrete depends on the
amount of water in the mix and the closeness in
values reveal that the same water binder ratio
was used for all the samples during mixing. The
more the cementitious material, the lower the
slump value. This goes to prove that water
absorbed by the cementitious material,
metakaolin particles did not contribute to the
flowability of the foamed concrete but rather
reduced their flowability. Metakaolin gave a lower
level of water absorption and the value increased
with an increase in the content. The pore
structures could likely be the reason for this as
metakaolin gives homogenous distribution of
pore structures. The closely packed cell structure
between each particle will resist the movement of
water inside the foamed concrete and resulted in
lower water absorption. This result also
complements the studies done by Nambiar and
Ramamurthy [11], whereby it was established
that the flowability and self compatibility of
foamed concrete are evaluated in terms of
stability and consistency and these two
properties are basically affected by the water
content of the base mix and amount of foam

g

Fig. 2a. Slump test

added along with the solid ingredients in the mix.
In another study by Ramamurthy et al. [17], it
was established that consistency and rheology is
attributed to differences in particles shape and
size of fine aggregates.

3.2 Flexural Strength

The result of the flexural strength which was
determined in compliance with BS 1881: Part
118: 1983 revealed that the samples cured using
water and moisture had an increase of between
0.9 to 1.6 MPa and the ratio of flexural to
compression strength ranges from 0.19 to 0.21
for these specimens. Fig. 3 shows the line graph
of the 28days flexural strength. Specimen cured
by water has the highest strength with 1.6 and
closely followed by moisture cured specimens. In
all the specimens, air cured specimens have the
lowest value. ASTM C869-91 recommends that
foamed concrete should have a minimum tensile
strength of 0.17N/mm? when it is subjected to
bending load. The low strength value recorded
by the specimen RTM1200-NF-0.45 and RTM
1300-NF-0.45 may likely be due to the lower
density of the samples as foamed concrete of
low density tends to reduce with increasing water
cement ratio.

Fig. 2c. The flexural test setup
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3.3 Compressive Strength

The result of the compressive strength at each
age is presented in Figs. 4-6 below. In this
result, the 7 days compressive strength for
samples cured by moisture were having the
highest strength of 10.3N/mm? followed by that of
water cured with 9.7N/mm? and that of Air cured
was the least. All these were achieved by the
samples with the highest density of 1600kg/m®.
While the lower and lowest density samples have
lower compressive strengths, ranges between
the ranges of 3.0 to 7.2 MPa.

For 14days, it shows that moisture cured
specimens achieved higher strength more than
that of water cured, this may be due to the effect
of higher density and more presence of
microstructure particles. It is almost 10%
difference. At 28 days, it was obvious that
Moisture cured specimens recorded more
strengths than that of other specimens cured by
other means. This signifies that as the ages
grows, foamed concrete cured by moisture, gains
more strength than those cured by water,
although the range depends on the density of the

specimens, and this may be probably due to
consistent saturation of the microstructure as
against that of water cured which may attain a
permanent value at a certain age when all the
microstructure have been duly saturated to the
optimum. This also goes to reveal that with
moisture cured, higher compressive strength can
be attained at the age of 28days hence the more
the ages, the higher the compressive strength of
foamed concrete cured by moisture. In all, the
specimens cured by moisture has a significant
value over other specimens cured by other
means.

Also, judging from the percentage of strength
developed at 7 days compared to 28 days, it is
revealed through the result that at 7days, the
strength achieved is 87%, using moisture cured
specimen as parameter, this signifies that the
higher the density, the higher the compressive
strength attained at an early age and with
minimal increase as the ages grows. This can be
compared to the normal weight concrete, which
is generally believed to have achieved 70% to
80% of 28 days strength in the first 7 days.

Table 4. Properties of the fresh concrete

Sample Code Consistency Stability Slump value(mm)
RTM1600-A 1.02 1.00 200
RTM1600-W 1.02 1.00 200
RTM1600-M 1.02 1.00 200
1.8
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Fig. 3. Flexural strength of the specimens at 28 days RTM-Research trial mix; WC-Water
cured; Mc—Moisture cured; Ac—Air cured
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Fig. 4. Compressive strengths of the samples at different curing regime for 7days
RTM-Research trial mix; WC-Water cured; Mc—Moisture cured; Ac-Air cured
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Fig. 5. Compressive strengths of the samples at different curing regime for 14 days
RTM-Research trial mix; WC-Water cured; Mc—Moisture cured; Ac—Air cured
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Fig. 6. Compressive strengths of the samples at different curing regime for 28days
RTM-Research trial mix; WC-Water cured; Mc—Moisture cured; Ac—Air cured

4. CONCLUSION AND
RECOMMENDATIONS

The paper presented the results of an
experimental study of the effects of curing
method on the compressive strength of foamed
concrete without admixtures. The result revealed
that the specimens cured under moisture achieve
higher strength at 28 days than all others curing
methods considered. This revealed that moisture
curing has a significant effect on the compressive
strength of foamed concrete at early stage better
than those cured by water and air. This can be a
good means of achieving higher strength at an
early stage in the production of lightweight
foamed concrete.

The researcher hereby recommends a further
study on the effects of curing method on the
lightweight foamed concrete with admixtures at
an early age, so, as to determine the effect of
curing regime on the foamed concrete produce
with admixture and in extension the interaction
between the curing methods and the admixtures
relative to compressive strength.
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