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ABSTRACT

Utilization of palm oil fuel ash (POFA) which is an abundantly generated
waste by Malaysian palm oil industry in producing a new construction material is
seen as one of the ways to reduce the quantity of this by-product disposed at landfill.
This thesis presents an experimental study on the engineering properties and
durability of aerated concrete consisting of POFA as partial cement replacement,
known as POFA cement based aerated concrete. Two types of mixes are prepared.
One consists of a control mix whereas another one consists of 20 percent of POFA.
The latter has been found to give the highest strength as compared to any other
replacements. More than one thousand specimens comprising cubes (70.6 x 70.6 x
70.6 mm), panels (540 x 250 x 25 mm), mortar bars (25 x 25 x 250 mm) and prisms
(40 x 40 x 160 mm), (40 x 40 x 50 mm) and (225 x 225 x 25 mm), plates (650 x 100-
x 25 mm) and (885 x 270 x 25 mm) have been tested in this study. The influences of
POFA with numerous replacement level and mixing constituents on compressive
strength of aerated concrete have been investigated. The effects of curing methods
on the compressive and flexural strengths of the specimens up to one year are also
studied. Studies on the durability aspect of the mix are conducted to investigate its
acid resistance, sulphate resistance, performance in sea water, carbonation,
dimensional stability, as well as fire resistance. POFA aerated concrete is then used
to produce panels for the investigation of their compressive strength. The
experiments reveal that continuous water curing is the best method in assisting
POFA aerated concrete for a higher strength than the ordinary Portland cement
(OPC). A constant presence of moisture is significant for the strength development
of POFA aerated concrete since pozzolanic reaction can only take place at the later
age, after calcium hydroxide is available from the hydration. Utilization of POFA in
aerated concrete improves the durability of the lightweight concrete when exposed to
aggressive environment, such as acid, sulphate and sea water. The weight loss for
OPC specimen is 3.94% from its original weight as compared to POFA aerated
concrete which lost only 0.9% when immersed in hydrochloric acid solution for 1800
hours. Upon exposure to 10% sodium sulphate solution, OPC mortar bar exhibit
map cracks and expand as much as 14 times higher than POFA specimen. Besides
that, POFA specimens also demonstrate higher durability to sea water when it
exhibits lower strength reduction compared to' plain aerated concrete after an
exposure to marine environment for one year. The non combustible characteristic of
this product and a very low influence on fire growth fulfills the requirement of the
highest Class 0 under Clause 204A in Building By-Law (1984). Finally, the study
shows that POFA aerated concrete mix can be used to produce panels with adequate
strength as non load-bearing element in construction.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Research towards producing a new concrete material stems out from two
factors presented by two different industries in Malaysia that is by-product of palm
oil industry and the growing need of construction trade. Firstly, the steadily growing
palm oil industry has led to generation of the palm oil mill by-product known as
palm oil fuel ash (POFA) in higher volume being dumped in the landfill. Malaysia
being the largest producer and exporter of palm oil in. the world, accounting for 52%
of the total world oils and fats exports in year 2006 (Sumathi et al, 2008) is predicted
to maintain its lead position over the next one and a half decade (Basiron and Simeh,
2005). Therefore, it is anticipated that bigger quantity of POFA will be discarded as
environmental polluting waste in future unless this material is processed for other
applications. Innovation of a new product through integration of this freely available
waste would be one of the solutions to convert this environmentally polluting by-

product into beneficial material for the development of human civilization.

Secondly, the popularly utilized lightweight concrete material known as
aerated concrete in European countries construction industry owing to its lightness

and versatility, offers application of new alternative building material for the



improvement of Malaysian building technology. This lightweight material which is
capable of contributing towards the reduction of building dead load and resulting in
more economic structural design (Short and Kinniburgh, 1978; Narayanan and
Ramamurthy, 2000b) would benefit the local contractor. Success in producing
modified aerated concrete integrating palm oil fuel ash not only could reduce the
amount of ashes ending up as waste but also able to introduce new agro based

cement aerated concrete suitable for the use in tropical countries.

The incorporation of palm oil fuel ash (POFA) as partial cement replacement
material in the lightweight concrete mix would decrease the amount of cement used
as compared to ordinary aerated concrete hence reduce the high dependency on
cement. This approach has been suggested by previous researchers Zakaria (1997)
and Abdul Awal (1998) who highlighted that the usage of new cement substitutes
from industrial or agricultural waste as the solution towards high dependency of
building towards cement supply. This is because the shortage of cement supply
which occurred during last century not only caused hardship in obtaining cement but
has shot the prices of cement up causing the cost of all building materials made of
cement increase as well (Zakaria and Hussin, 1996a). Therefore, the creation of a
new material is not only expected to offer an extra incoming profit for palm oil
industry and reducing ash ending at landfill but also able to contribute towards

improvement of Malaysian construction technology.

1.2 Problem Statement

Aerated concrete that has been introduced in the Malaysian construction
market is the product that has been produced and used in the countries with different
climate. In this case, the imported product would be expensive due to the cost of
production and transportation. Therefore, the current research concentrates mainly

on the problem of producing and studying the performance of aerated concrete



consisting POFA as partial cement replacement. The availability of this agro based
cement material in Malaysia is expected to be: an alternative for the contractors in
this country to buy locally made lightweight concrete easily rather than purchasing it
from oversea. This approach would assist the contractors to cut down cost of
construction project that usually increase due to the higher price paid for the
imported lightweight products and transportation cost of the material as well.
Furthermore, the last part of the study also ventured into the possibility of using the
POFA cement based aerated concrete mix in producing the aerated concrete panel.
Production of a new lightweight panel is expected to be an alternative building

material for sustainable construction.

1.3  Aim and Objectives

The main aim of this research is to study the engineering properties of the
POFA cement based aerated concrete. The related objectives of the present research

are as follows:

i.  To study the effect of POFA content as partial cement replacement on the
compressive strength of aerated concrete

ii.  To study the effect of different curing regimes on compressive strength and
flexural strength of POFA cement based aerated concrete

ili. To study the performance of POFA cement based aerated concrete towards
drying shrinkage and carbonation after subjected to different curing regimé

iv.  To examine the durability of POFA cement based aerated concrete when
exposed to aggressive condition namely acid, sulphate, and sea water
environment.

v.  To investigate the engineering properties of POFA cement based aerated

concrete panel as well as the fire resistance properties.



1.4  Research Hypothesis

Palm oil fuel ash (POFA) can be integrated as a partial cement replacement in
aerated concrete to enhance the strength and durability properties of this lightweight
concrete. The strength of aerated concrete with POFA is comparable with plain

aerated concrete and it also can be used for non load-bearing application.

1.5  Scope of Study

This research is a continuation of the studies on POFA usage in concrete
production that have been conducted by other researchers in Faculty of Civil
Engineering, Universiti Teknologi Malaysia. The present research is an attempt to
incorporate POFA in the production of lightweight concrete specifically known as
aerated concrete. On overall, this study is fully experimental in nature whereby the
investigation is focused on the development of a new concrete material called as
POFA cement based aerated concrete. Basically, the research is aimed to investigate
the engineering properties and durability aspect of this agro based cement aerated
concrete material. Not only that, the same mix is also used to produce non load-
bearing panel for the purpose of studying its engineering properties besides

subjecting it to fire resistance test.

In the first stage of the laboratory work, a mix proportion for POFA cement
based aerated concrete was developed as well as producing a normal aerated concrete
that was used as control subject. Two sets of trial mix each for OPC aerated concrete
and POFA cement based aerated concrete was carried out with various level
combinations of raw materials. Based on the results obtained, a mix was chosen

based on the density as well as the compressive strength for each type of concrete.
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