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ABSTRACT

Foamed concrete, is classified as a light weight concrete, it is produced in this study by the mixing of Portland cement, sand,
water and preformed stable foam. The foam is produced with the use of a foam generator, using protein foaming agent.
Hardened foam concrete contains a lot of pore, which reduces the density and makes it lighter than conventional concrete
solid block. This paper investigates the dry density, water absorption and compressive strength test of Foamed Concrete Solid
Block (FCSB) by various cement-sand ratio of 1:2, 1:4, and 1:6, measured at ages of 7, 14 and 28 days, the consistency and
stability of fresh foamed concrete are also examined. The experimental results show that the optimum compressive strength
was achieved with cement-sand proportion of 1:2 at the age of 28 days with a value of 3.42 N/mn?. As for the cement-sand
ration of 1:6, at the age of 7 days, the compressive strength was 2.37 N/mm, while the strength is 3.31 N/mn? at 28 days age,
Both have satisfied the minimum compressive strength of 1.8 N/mm2 at age 7 days, and 2.5 N/mn? at the age of 28 days of
commonly used conventional hollow sandcrete block for building wall unit as allowed by Nigerian Industrial Sandard (N.1.S).
The result also shows an appreciable decrease in density of FCSB with 1185 kg/mm?®, as compared to dense concrete solid
block with average of 1,950 kg/mm®, which will significantly reduce the overall dead load of the building structure. The
consistency and stability fresh foam concrete in this study was affected by water-cement ratio, thus caused the internal
segregation of hardened foam concrete, FCSB also showed much improved water absorption capacity compared to Normal
concrete solid block.
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INTRODUCTION

Cement concrete blocks are versatile masonry nadderi
which can be used in a wide variety of applicatiohke
concrete blocks are generally made using concrbiehws a
mixture of Portland cement, sand and water in chffié
specified ratios. Blocks and bricks are widely used
Nigeria as walling units and over 90% of housedligeria
are being constructed of blocks, this makes blacksgery
important unit in building construction (John arahp2003).
Blocks have been manufactured to meet the needbeof
building industry; this was done without puttingtdn
consideration the strength and durability of thecks (Dhir
and Jones, 2009). In building construction, diffeérgpes of
bricks and blocks are used in Nigeria and also timero
countries. Structural performances are the mostoitapt
factors, when using these masonry blocks in coacttig
walls. However, due to the high cost of materitis, blocks

walls, externally and internally. This brings abdhé need
for a light weight concrete block that
accumulated loads on structural elements in budldamd
still fulfills an acceptable compressive strength.

Concrete block is a commonly used building consioac
material for many centuries. It is a compound makéhat is
essentially obtained by mixing the binder

Conventional normal weight concrete block is dermssed,
strong and durable. Dense aggregate blocks hagesity in
the range of 1800 to 2100 kgimwhile lightweight
aggregate blocks have a density in the range oft@3G00
kg/m’®. Aerated blocks have a density in the range 4@D6
kg/m® (Hamza and Yusuf, 2009).

Concrete blocks are generally defined as a mixtfirgand,

reduces the

(cement),
aggregate and water in a certain designed proportio

available in the market have fallen below accepgtabl
structural performances by the regulatory body; eNan
Industrial Standard (N.I.S), and by the minimumnetrd
recommended according BS6073- Part 1and BS6073- Part
2 for precast concrete masonry unftherefore, it is very
important to use innovative materials to reduce etdeast
in masonry blocks. Also light-weight materials &ezoming
much popular nowadays, because of its easy handling
low dead loads (Limet al, 2013). Light-weight masonry
blocks with sufficient compressive strength will 8emajor
benefit in building construction. Sand cement bkdke
extensively used in Nigeria, because the cemertkbhas
benefit in fast assembling the blocks into walhe$e blocks
are mainly constructed with the cement and fineeggte in

a standard composition.
extensively for both load bearing and non-load inggar
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cement and water formed in a block making moulde Th
blocks are supposed to have adequate compactiesypee
so that they can be confidently used in buildingvefls and
other structures at various levels during consioact
(Nambiar and Ramamurthy, 2008). Concrete blockst mus
satisfy building specification byelaws with respeot the
compressive strength. The thickness of the blockges
from 50 mm to 255 mm. British standard BS2028, B®i13
defines blocks as a walling unit with dimensionsager than
brick specified in BS3921 (Hamza and Yusuf, 200)e
British standard gives more of a performance sjuatibn

for block rather than detailed description of modé
manufacture (Curtingt al., 1992). The most popular size
recommended in accordance with the British Standard

Concrete blocks are use®8S2028, BS1364 and Nigeria Industrial Standard (NS

450 mm x 225 mm and are available in thickness5ofm,
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100 mm, 150 mm, 200 mm and 225 mm. BS2028 and

BS1364 also allows the size of 150 mm x 450 mm, 200

These foam concrete materials basically consifarfland

X 450 mm, 300 mm x 450 mm, 200 mm x 600 mm and 225%ement, fine aggregate, water and stable foam. dging

mm X 600 mm blocks (John and Ban, 2003). The raige
strength for concrete blocks specified by N.I.S1846 is
between 1.8 N/mfrto 2.5 N/mni as the minimum strength.

The blocks can cope in a wide range of thermalraoiture
conditions, and the problem of algae growth onftwe of
block work during construction is unlikely to affethe
strength of the block (Edward, 1995). The compkessi
strength of concrete block increases by addingrmopti
quantity of water, which will also have an impaottbe mix
and workability. This means that there is a linit &an
increase of water in the mixture during which ferth
increase in water percentage will result to de@easthe
strength (George, 2000). Also considering the thresn
forms of concrete blocks (i.e solid, cellular araldw) the
hollow sandcrete block is more economical in terafs
weight, density and compressive strength and isnconty
used in construction works. Curtigt,al. (1992) showed that
the compressive strength in concrete block incieabkarply
with the increase in the ratio of cement conterd anthe
size of the fine aggregate.

Light weight foamed concrete has been used arobed t
world since 1920 with the compressive strengthanitical
but limited application (Nayak and Jain, 2012)islteferred
to a premixed cement paste or mortar containindgranmm
volume of 20% air voids entrapped by using appedpri
foaming agent (Awangt al., 2012). Light weight foamed
concrete has its advantages in high workabilityy kself-
weight, minimal consumption of aggregate, self-caotn,
controlled strength and excellent thermal insufatio
properties (Ramamurthyet al., 2009). The density of
lightweight foamed concrete is governed by the tjtiaof
pre-formed foam. With proper control in amount tdlde
foam and methods of fabrication, a wide range ofsdies
of light weight foamed concrete could be formed aedce
providing load bearing and non-load bearing masamajt
units in building construction. Furthermore, lighteight
foamed concrete also facilitates the benefits fleeelling,
where compaction or vibration is not required dgrime
concrete casting work.

materials such as stable foam, small cells orabkes form
inside the concrete and makes it lighter (Létmal, 2013).
The entrapped air bubbles increase the volume laerdy
reduce the densities of the concrete (Dhir and sla2@09).
The density of foam concrete is determined by theunt of
foam and water that is added to the mixture.

MATERIAL AND METHODS

Materials

The following materials were used in producing the
lightweight foam concrete solid block used in thésearch
work:

Cement

Ordinary Portland cement (OPC) — Dangote Portland
Cement brands which conformed to NIS 444 — 1. 2863
evidenced by the certification mark ISO 9001: 2668&he
product bags were used. The cement is class ®Ribh is
applicable where a high initial strength is notuiegd and
with construction of standard thickness (<50 mm).

Water

Portable water which is free from suspended pasgijctalts
and oil contamination were used throughout thislystas
specified by (Nayak and Jain, 2012).

Foam

Stable foam was produced by using liquid pre-foamed
method (Dhir and Jones, 2009). The foaming agerg wa
diluted with water in a ratio by weight of 1:30, dan
thoroughly mix with machine operated stirrer to iagh a
stable foam. The amount of added foam in the martiar
depended on the designated density of foamed dencre

Sand

Clean sand was used as fine aggregate, free fratewtone
and impurities. The sand was taken directly from bulk
condition, which was exposed to natural weatherkigure
1 shows the particle size distribution gradingarfic used in
this study.

120.0

0.10

Sieve Size (mm)

1.00 10.00

Figure 1: Particle size distribution grading of darsed
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M ethods

Mixing

In this study, the mixing was done by electric eped

concrete mixer, for uniform and thorough mixing. heT
cement and sand were mixed in a dry form andemeas

added in moderate proportions to allow the cement
hydrate and excess of water was avoided that wdasle

caused shrinkage and distortion of block on dyyin

Experimental Study and Test on Lightweight Foamed Concrete Solid Block

foamed concrete in accordance with BS EN 1235048020
(Bristish Standard Institution, 2010). After mixingf the
mortar with stable foam, the produced lightweigbarhed
concrete was filled into the inverted slump flowneo
without compaction and vibration. The cone is rdisad
allowed the foamed concrete to spread freely. Tpreasl
diameter values were measured with a measuring itape
orthogonal direction. An average value was takecontrol

prepared stable foam was added, to achieve a wlerkabthe fluidity consistency of the fresh mixed lightglet

concrete.

Curing

Curing was employed to maintain satisfactory maoestu
content and allow proper hydration and hardeninghef
foamed concrete solid blocks. The blocks were ctoethe
whole period of the 28 days during which they wexsted at
interval of 7days, 14 days and 28 days for theinp@ssive
strengths.

Test specimens

The test specimens were investigated, three differe
cement-sand ratio for light weight foamed concretdid
block, i.e. 1:2, 1:4 and 1:6 (designated as FCI214~and
FC16 respectively) were prepared. Lightweight fodme
concrete base mix proportion detail was obtainadally
with the preparation of mortar as base mix, folldway
foam preparation and finally mixing the foam withet
mortar base mix. Prior to the introduction of foathe
density of mortar was determined to ensure accunateunt

foamed concrete. Foamed concrete was measuredsfor i
bulk density by pouring the foamed concrete intknawn
volume container and weighed to determine the temdi
fresh foamed concrete. The design of variety mopprtion
and method of curing is done in this project toadbtthe
Compressive Strength test, whereas this will shbw t
development of high strength of foam concrete sblatk.
According to (Gambhir, 2013), flow table test igfpemed

to check the consistency of freshly made concrete,
meanwhile the Compressive Strength Test is meastared
determine the strength of hardened foam concreliel so
block. The strength of foam concrete will be aféetby the
ages of curing process, cement content, water deraéo
and the properties of the sand (Khaw, 2010). High
compressive strength is generally achieved by usiigh
cement content with a low water cement ratio amdisa

Compressive strength
The compressive strength test was performed inrdaoce
to BS EN 12390-3 (Bristish Standard Institution02p by

of foam that need to be added. Flow table test wasising a universal compression test machine withsteon

performed to check the workability of the base mmartar.
Base mix with low water content will be too dryusing the
burst out of the bubble in foamed concrete and éexfifect
the density and strength of the lightweight foarsedcrete
(Gambhir, 2013).

The required amount of foam was then measured lighive
and added into the base mix mortar. Afterwards rhe

were blended uniformly, and the foamed concrete was
measured for its bulk density by pouring the foamed

concrete into a known volume container and weigh'éden
the lightweight foamed concrete has
designated density, it was poured into mould withecsize
of 125 x 200 x 400 mm for compressive test specéanéhe
casting work for each set of different cement-seat was
carried out in the same batch to ensure the honsityeior
both compressive strength test and water
capacity. The fresh lightweight foamed concrete wen

reached to the

loading rate. 125 x 200 x 400 mm dimension wereetes
The compressive strength was obtained based cavdrage
of three crush FCSB specimens. The Compressivagsire
tests were carried out at 7, 14, and 28 days ofldmayithe
foamed concrete solid blocks (FCSB) using ELE2006D k
compressive testing machine. The tests were caou¢dat

the Concrete Laboratory of the Moshood Abiola
Polytechnic, Abeokuta, Nigeria.
. 2 Load
Compressiv e Srength (N/mm<) = @
Area

* (The average for 3units)

Water absorption test
The test specimens were completely immersed inrvatte
room temperature for 24 hours. The soak aggregatzs

absorptiotaken out from the water and wiped it. The sampbs w

allowed for surface drying and the weight was mesu

left to set for 24 hours before de-moulding, and al The same sample was placed inside an oven undédofi€
specimens proceed to water curing process until thef temperature for not less than 24 hours and untd

respective testing ages of 7 days, 14 days ana&® d

Testing method

All the experiment tests were conducted in accardamith
the methods describe in the methodology, and therdlow
table test for stability and consistency of fresbam
concrete. Water absorption test and Compressivenin
Test were carried out for hardened foamed concselie
block samples.

Fresh concrete properties
According to (Gambhir, 2013), The flow table testsw
conducted to determine the consistency of the fyesiade
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successive weighing at intervals of two hours shamv
increments of loss not greater than 0.2 percertheflast
previously determined mass of the specimen.

Fireresistance

Lightweight foamed concrete solid blockis a typeickhis

resistant to heat and can reduce risk fire. It uslding

component that produced by process aeration amtlaue
to produce high quality products, lightweight, sgth,

waterproof, fireproof, and soundproof. AccordingAeenti

(2016), the fire resistance is put at 6 hours mimmand can
resist heat up to 1200°C in accordance with BS 1364
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RESULTSAND DISCUSSION

Consistency and Stability

The consistency and stability check are neededatkersure
the mixed was considered stable, where the deratitywas
kept nearly to unity (Ramamurthgt al., 2009). Table 1
shows the result of consistency and stability based8-day
concrete cube.

A-B

WaterAbsorption(%) = x100

2)
Where

A =Wetmassof unitin kg

B = Dry massof unitin kg

(Resultsasthe averagdor the 3 units)

MeasuredFreshConcreteDensity
DesignatedDensiry(1200kg/m®)

Consistency = (3)

MeasuredFreshConcreteDensity

Stability = -
MeasuredHardened ConcreteDensity

(4)

28-daysCompressigStrength
Unit Density (1000kg/m?)

®)

Performanelndex=
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Table 1: Mix proportion and summargrivdetails at an average fresh

concrete density unit at 1200 k§/m

gg::?men Consistency Stability I(:rLor\T/1v)table spread Performance I ndex
FC12 0.98 0.84 430 5.14
FC14 0.93 0.97 525 4.76
FC16 0.96 0.89 485 4.44

For consistency mix, the produced fresh densitjoamed
concrete are supposed to be *
corresponding to designated density, the consigtisnio the

range of 0.97 to 1.03 (Jones and McCarthy, 200®mRhe

result shown in Table 1, the consistency was atlohe

margin, especially for sample FC14 as the additimfa
foam was too much during mix into the mortar. Hoerv
sample FC14 exhibit the stability nearest to uaityong the
samples. The low stability of sample FC12 and F€did

be due to the mixture is a bit dry as compared@d4; as
the inverted slump cone flow table spread valuenisch

lower than FC14. FC12 had the lowest value for ritece
slump cone flow table spread value.

Dry mixture caused burst out of the bubble inside light

weight foamed concrete during the hardened prodeakso
caused the highest amount of foam added into tlkeami

21

shown in Table 1, in order to control the consisteim the

100 kg/m3 differenceange of 0.97 to 1.03. The burst out made the edacr

denser after hardening and hence influence itsilisgab
Besides that, the sand taken from bulk without esievay

leads to large variation size of sand. Large semgation of

fine aggregate, could cause burst out of the bubbtable

foam. Furthermore, non-uniform size of aggregataildio
entrap large amount of foam bubble, which lateratre
larger void in the lightweight foamed concrete.

Dry Density

The average dry density at 28 day of FCSB with ivarynix
ratio is shown in Table 2. The results shows apabde
decrease in weight as compared with conventionatrete
solid block which gives 2000 kg/mm3. FC12 has hestvi
density of 1292 kg/mm3, while FC16 has lowest dgnsi
with 1185 kg/mm.



M.O. Popoola, O. A. Apampa and G. M. Amusan Experimental Study and Test on Lightweight Foamed Concrete Solid Block

Table 2: Average dry density of test specimen

Specimen M ass of Block Volume %f Dry Der;sity Averfage Dry .
(kg) Block (m®) (kg/mm>) Density (kg/mm®)
13.41 0.01 1341
FC12 12.5¢ 0.01 125: 1292
12.82 0.01 1282
12.2¢ 0.01 122¢
FC14 13.21 0.01 1321 1274
12.71 0.01 1277
11.8: 0.01 118:
FC16 11.78 0.01 1178 1185
11.9¢ 0.01 119/

*125 mm x 200 mm x 400 mm =0.02°m

Compressive Strength Although compressive strength of FCSB of mix 1:6avé
The average compressive strength of 7, 14 and 28fla lower value when considering the compressive stteng
FCSB with varying cement-sand mix ratio is shown in results of control samples, they have fulfilled th@imum
Table 3. Figure 2 shows the variation of average requirement value of 2. N/nfimAddition of stable foam in
compressive strength of FCSB with varying cemendsa  FCSB lead to the fluctuation and inconsistencyhef 7-day
mix proportion. The optimum compressive strengthswa compressive strength as shown in Figure 1. Lessufiion

obtained at cement sand ratio of 1:2 and it coraphéh after 14 days, while 28-day compressive strength of
the minimum standard value of 2.5 N/mmccording. lightweight foamed concrete is more consistent, #&d
These values falls within the specified minimum increasing with the increment of cement contenigher
compressive strength of 2.0 N/rirand 3.45 N/mrh for cement content in foamed concrete, resulted praguaif
sandcrete blocks prescribed by NIS 87: 2000 fodloa more C-S-H (Calcium-Silicate-Hydrate) gel that can
bearing and non-load bearing walls for the 28sdagult. imposed to additional load bearing.
3-5 325 334 S 338 45
3 2.97
272 268
g 25 2.37
E
£
e 2
S
5 =FC12
& = FC14
2 5 5 FC16
A
o
g— 1
]
o
0.5
0
7 days 14 days 28 days

Curing Age (Days)

Figure 2: Result of compressive strength test vapective cement=sand mix proportion

Table 3: Average compressiversith of test specimen

Time Foamed Concrete Solid Block Average Conventional Concrete Block

(Days) Compressive Strength (N/nim Compressive Strength (N/nijn
FC1Z FC1¢< FC1¢€ Cl1z C14 C1€

7 3.05 2.72 2.67

14 3.11 2.7¢ 2.82 3.42 3.27 3.19

28 3.39 3.04 2.91
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Water Absorption 5628: Part 1: 2005. The variation of water absorptivith
The average water absorption of FCSB manufacturigd w varying cement content is shown in Figure 3. It banseen
varying mix proportion is shown in Table 4. It che seen that the water absorption is also maximum at FCRZ
from Table 4 that the water absorption decreasedh wi there wasn't significant difference with other viay cement
increase in cement content. However, all varyingk mi content. With the increasing of cement content, wager
proportion of FCSB which were considered for thedgthas  absorption decreases.

acceptable value of 12% for masonry blocks accorthrBS

12

10

< 8
c
S
2
2

S 6
Q0
<
2
©

E

2

0

FC12 FC14 FC16

Cement-Sand mix ratio

Figure 3: Average percentage diewabsorption of FCSB

Table 4. Water absinptat varying mix proportion of FCSB

Mix proportion Average water absorption (%)

FC12 9.7

FC14 10.1

FC16 11.2
CONCLUSIONS by water cement ratio and amount of cement, thusezhthe
The compressive strength of light weight foamedceete  internal segregation of hardened foam concrete.
with various cement-sand. Several conclusions eadrwn - Lightweight foamed concrete solid block (FCSB)thwi
from the experimental study: density of less than 1200 kgirwvas achieved with FC16,

- Lightweight foamed concrete with cement-sandoraif ~ and the compressive strength fall between 2.5 N/ranu
1:2, 1:4 and 1:6 are investigated. The 28-day cesgive 3.45 N/mni as recommended by Nigerian Industrial
strength increases in-line with the cement-sando.rat Standard (NIS).

Highest compressive strength occurred at sampldb wi - Lightweight foamed concrete solid block (FCSB)thwi
cement-sand ratio of 1:2 and thus it is taken asofftimum  density of less than 1200 kg/iwas achieved and minimum

design within the scope of study. water absorption capacity of 12% as recommended by
- Varying amount of materials used influence theNigerian Industrial Standard (NIS).
performance of foamed concrete solid block. Thevftable - As the curing age increased, there were increasése

test result of fresh foam concrete in this studyp wéfected compressive strength of the FCSB.
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