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ABSTRACT

Due to high cost of construction materials and technologies, it is a crucial challenge
to deliver a decent mass housing. Cost of construction will be reduced if locally
ready available raw materials are used at its optimum. Concrete needs to be
reinforced due to its weak in tension. Bamboo is the best alternative as reinforcing
material to replace steel as it is sustainable and low in cost. The objective of this
study is to determine the physical and mechanical properties of local bamboo,
Gigantochloa Scortechinii and its durability. It was found that after one year, the
strength of bamboo is almost the same and top section of the bamboo culm was
recorded as having the highest strength among other sections. Furthermore, the
structural lightweight concrete was designed with the use of natural perlite
aggregate and palm kernel shell (PKS) that provide an advantage of more
lightweight material and to obtain more economical concrete. It is possible to
produce 10 MPa compressive strength by using perlite and 16 MPa by using PKS.
This paper also assesses the development of affordable bamboocrete multi-purpose
panel. Bamboo is used to reinforce the lightweight concrete to form a load-bearing
multi-purpose panel. The panels axial load strength are more than 100kN (10 ton)
and ultimate bending load of between 32.51 to 35.20kN. The usage of bamboo as
the reinforcement in the concrete panel greatly contributed to its bending strength. It
showed its flexibility and ductility when the bamboocrete panel returned to its
original straight form after the load removal. Total cost of the panel can be reduced
by 14% when using bamboocrete panel with PKS as compared to the lightweight

PKS concrete reinforced with steel bar, and bamboocrete panel is 23% lighter.



ABSTRAK

Penyediaan perumahan yang cukup amat mencabar disebabkan kos bahan dan
teknologi yang tinggi. Kos pembinaan akan dikurangkan jika bahan mentah
tempatan sedia ada digunakan secara optimum. Konkrit bertetulang perlu untuk
memperkuatkan daya mampatan dan tegangan. Buluh adalah alternatif terbaik untuk
menggantikan keluli kerana ia adalah mampan dan kos rendah. Objektif kajian ini
adalah untuk menentukan sifat fizikal dan mekanikal buluh tempatan, Gigantochloa
Scortechinii dan ketahanannya. Selepas satu tahun, kekuatan buluh hampir sama
dan bahagian atas buluh direkodkan sebagai kekuatan tertinggi di kalangan
bahagian lain. Selain itu, konkrit berstruktur ringan direka dengan menggunakan
agregat perlite dan cengkerang kelapa sawit (PKS) yang memberikan kelebihan
bahan yang lebih ringan dan mendapatkan konkrit yang lebih ekonomik. Ia boleh
menghasilkan 10 MPa kekuatan mampatan dengan menggunakan perlite dan 16
MPa dengan menggunakan PKS. Kajian ini juga menilai reka bentuk panel pelbagai
guna, buluh-konkrit panel yang mampu milik. Buluh digunakan untuk
mengukuhkan konkrit ringan untuk membentuk panel pelbagai guna. Kekuatan
beban paksi mencapai melebihi 100kN (10 tan) dan kekuatan lentur di antara 32.51
to 35.20kN. Penggunaan buluh dalam panel konkrit menyumbang kepada kekuatan
lenturannya. Ia memperlihatkan fleksibiliti dan kemuluran apabila panel
bamboocrete kembali ke bentuk asal yang lurus selepas beban tidak dikenakan.
Jumlah kos panel boleh dikurangkan sehingga 14% apabila menggunakan buluh dan
PKS berbanding konkrit dengan bar keluli, panel bamboocrete juga 23% lebih

ringan.
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CHAPTER 1

INTRODUCTION

1.1 Background

In many developing countries, the governments are committed in providing
an adequate, affordable and a quality low-cost house to the low and middle income
group. Housing prices nowadays are too expensive and hike rapidly. The challenges
arise in providing the affordable houses to the B40 households when the building

materials and labour cost rise in price.

To reduce the escalation in housing prices, the construction projects have to
use suitable low-cost materials. Couple with do-it-yourself construction technology
will push housing price to an affordable level. The significant contributor to the
cost-effective construction projects is the materials and labours as materials

contribute higher amount than other inputs.

This research studies the properties of bamboo hybrid with concrete by
preparing the multi-purpose panel sample made from bamboo and concrete known
as bamboocrete. The prepared bamboocrete wall panel will contribute to affordable
and environmental-friendly materials, using bamboo as the reinforcement in the

1



lightweight concrete. Furthermore, lightweight concrete is produced from the

lightweight aggregate, perlite and palm kernel shell (PKS).

1.2 Problem Statement

B40 households face difficulty in accessing the housing market due to the
increasing prices of new houses, building materials and labour. High cost of
materials is a serious challenge to build and deliver a decent mass housing. Other
challenges arise when the existing housing developers insist to use the conventional

building materials and technologies.

Most widely used material in construction is concrete. Concrete needs to be
reinforced due to its weak tension carrying capacity. For the conventional building
structures, steel bars usually act as the reinforcing materials. But steel has various
disadvantages such as non-renewability, high in cost and is the major source of
greenhouse gas emission. Wide use of concrete has also led to high demand for
stone and aggregate resulting in the demolition of natural stone deposits. Massive
construction which requires concrete can cause a vital issue in ecological

imbalances.

In previous research, bamboo was cut into stripes to act as the reinforcement
in concrete. During samples preparation in cutting bamboo into stripes, bamboo
culm structure can be damaged, then crack propagation can occur and its tensile
strength may be affected. Further, bamboo need to be treated to enhance its

2



durability. Most of the journals report the performance of the immediate strength of
bamboo properties. The usage of whole bamboo in concrete has not been reported
yet even though it has the advantages of increasing the strength of concrete panel,
reducing the weight of concrete panel and reducing the use of steel, cement and

aggregate.

Based on the statements above, the research aims to solve the problem by
using suitable, low-cost and green materials in structural components. This can be
done by innovating the conventional method of construction technology through the
replacement of steel bar with bamboo in concrete since bamboo is a raw material
that grows fast and has great strength capability. Perlite and palm kernel shell (PKS)
can replace the conventional coarse aggregate to produce more lightweight

structural material and contribute to a sustainable construction.

1.3 Objectives

The objectives of this research are:

1. To determine the physical and mechanical properties of local bamboo,
Gigantochloa Scortechinii (Buluh Semantan) and its durability.

2. To develop the lightweight concrete using natural perlite aggregate and
palm kernel shell (PKS).

3. To develop the affordable composite bamboocrete panel.



1.4  Research Scope

The project consists of laboratory test to determine the physical and
mechanical properties of treated and untreated local bamboo. This study focuses
only on one type of matured bamboo age of 3 to 4 years, Gigantochloa Scortechinii,
called by locals as buluh semantan with size of 53 mm + 10 mm. The test included
moisture content, density, compression, shear and tensile strength. The same test for

durability was conducted after 1 year from the time the bamboo was harvested.

This study focuses on the bamboo hybrid with lightweight concrete as the
intention is to prepare the multi-purpose panel sample made of bamboo and
concrete known as bamboocrete. Lightweight concrete uses perlite and palm kernel

shell (PKS) as the partial replacement of coarse aggregate.

Whole solid bamboos, untreated and treated, were placed in the lightweight
concrete to act as the reinforcement. Bamboocrete panel undergoes axial load and
flexural test. Untreated bamboocrete undergoes immediate, three month, six month
and one year test on axial and flexural test for durability. Due to time and resource
constraints, durability test for treated bamboocrete was limited to immediate test

only.



1.5  Significant of Research

This study will help to evaluate and develop the best possible materials and
design to obtain an affordable housing system. Bamboo seems to have good strength
as building materials and may reduce the cost compared to similar products in the
market. Physical and mechanical properties of local bamboo, Gigantochloa
Scortechinii (Buluh Semantan) will be discovered to fit the design as the structural

component.

By partially replacing the coarse aggregate with the perlite and palm kernel
shell (PKS) in concrete, it will help to produce lightweight structural material and
also contribute to a sustainable construction. Lightweight concrete from perlite and
palm kernel shell (PKS) as additional materials is expected to give impact on
reducing the cost of labour and man-hour. With advanced and improved
construction technologies, construction time and cost will be reduced and affordable
houses can be constructed. By substituting perlite and PKS as a replacement for the
coarse aggregate, the use of natural resources can be reduced. Compared to normal
weight concrete, perlite and PKS concrete reduce the density and increase the

workability.

The increase in building cost is due to the cost of construction materials.
Therefore, the construction materials’ cost needs to be reduced by using the readily
available raw materials. Bamboocrete technology can help to reduce cost of
materials and enhance sustainability. The outcome of this research is the innovation
of multi-purpose panel with proven strength and durability that can be used as wall

5



panel, floor panel, pathway panel, and drain covers. The prepared bamboocrete
panel will contribute to affordable and environmental-friendly materials since
bamboo is one of the main materials. The housing strategy to construct low-cost
houses for lower income group can be implemented. This research will give impact
on higher selectivity to the bamboocrete panel towards the affordable construction

materials.



1.6 Thesis Outline

This thesis contains five chapters as follows:

Chapter 1 Introduction: The first chapter consists of background of the research and
problem statement. Next, the research objectives are presented followed by the
research scope. Significance of the research is also briefly outlined.

Chapter 2 Literature Review: This chapter provides a review on worldwide
affordable housing system. The concepts and provision of adequate affordable
housing are presented in detail. Gaps are identified where the affordable materials
must be used to obtain the aim in providing affordable houses. This chapter
discusses and fills in these gaps.

Chapter 3 Research Methodology: The chapter discusses about the strategy,
materials and methods used in this study. The experimental procedure and data
analysis techniques are also discussed in this chapter.

Chapter 4 Results and Discussion: This chapter describes the result obtained from
the experiment. Materials used, Perlite and Palm Kernel Shell (PKS) aggregates and
bamboo were evaluated according to their strength and overall cost in obtaining the
affordable housing concept.

Chapter 5 Conclusion and Recommendation: This final chapter discusses and
concludes the outcomes of the research. Outcomes were linked to the previous
studies in the literature and discussed in detail. Suggestion and recommendation for

future study are also presented in this chapter.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this chapter, the literature from all sources in the aspect of affordable
housing system provided worldwide and the usage of suitable and low-cost
materials were reviewed. It generally covers the definition and understanding of
affordable housing, worldwide housing policy and discusses the current provision of
affordable house. Furthermore, issues and challenges in provision of affordable

housing were also reviewed.

The properties and advantages that suit bamboo as the structural
construction materials were discussed. The study covers the properties of local
bamboo, Gigantochloa Scortechinii (Buluh Semantan), which is most widely used
as structural component in the construction industry. This chapter also covers how
perlite and palm kernel shell (PKS) replace the coarse aggregate in concrete mix to
achieve the aim in producing lightweight concrete. The substituent of bamboo in

concrete to act as the reinforcement is further discovered.



