37634

UNIVERSITI TEKNOLOGI MARA

FRACTURE CHARACTERISTICS OF BETONG
BAMBOO CULM LOADED IN COMPRESSION,
BENDING AND SHEAR

MOHD NAZARUDIN BIN ZAKARIA

Thesis submitted in fulfillment of the requirements
for the degree of
Master of Sciences

Faculty of Applied Sciences

July 2005



ACKNOWLEDGEMENTS

Praise is only to Allah S. W. T. for His bounty and blessing upon us. It is with
the deepest sense of gratitude to Allah who has given the strength and ability to
complete this project and the thesis as it is today. I wish to convey sincere thanks to
Assoc. Prof. Dr. Mansur Ahmad, my advisor and mentor who always give me
guidance and support in carrying out my study. Without his keen interest in this
research, it is impossible for me to complete this study. A million thanks go to the
co-advisor, En. Kamarulzaman b. Nordin for giving a valuable input and comment
throughout the course of study. Sincere appreciation is due to the Institute of
Research, Development and Commercialization for providing fund in this study. This
study would not have been possible without this financial support.

I wish to express my gratitude to officers of Non-wood Forest Products
Department (FRIM) in Kepong especially ex-officer, Assoc. Prof. Dr. Razak Wahab
for his generous comments and teachings and giving a permission in using the
equipment in bamboo workshop and Assoc. Prof. Dr. Ashari Abd. Jalil, Head of
Furniture Programme (UiTM). Appreciation is also extended to all the staff, students
in Furniture Department, Rubber and Polymer Department and all parties that were
involved directly and indirectly in this study.

I owe a special thanks to Assoc. Prof. Dr. Rashimah Aripin, Head of Strategic
Planning Center, UiTM for time spent in providing assistance in data analyses. Also,
the completion of this study was lightened by help rendered by Prof. Dr. Walter
Liese and Prof. Dr. Ir. J.J.A. Janssen with his valuable input, idea, suggestions and
information on bamboo. Special appreciations also extended to all my friends Nana,
Shahril Anuar b. Bahari, Azharizan b. Mohd Norizan, and all my clique at room 409
for giving a moral support and helping me to get through the difficult times in
completion of this thesis. Lastly and most importantly I wish to thanks to my late
father, Zakaria b. Ismail, mother Norbehah bt. Alang Shariff, brother Mohd.
Natarudin b. Zakaria and all my family in giving me a continuous support,
confidence, encouragement in completing this study.

it



TABLE OF CONTENTS

TITLE PAGE
ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF ABBREVIATIONS
ABSTRACT

CHAPTER ONE: INTRODUCTION
1.1  Introduction
1.2 Justification and Significance

1.3 Objective

CHAPTER TWO: LITERATURE REVIEW
2.1  Bamboo
2.2 Habitat,ﬁ Resources and Distribution
2.3  Buluh Betong (Dendrocalamus Asper)
24  Properties of Bamboo
24.1 Culm Characteristics
2.4.2 Anatomical Characteristics
2.4.3 Physical Properties
2.4.3.1 Moisture Content
2.4.3.2 Specific Gravity
2.4.3.3 Dimensional stability
2.4.4 Mechanical Properties
2.5  Failure Mode on Wood
2.6  Failure Mode on Bamboo

2.7 Microscopic failure

il
iii

Vi

xii
xiii

XV

iii



CHAPTER THREE: MATERIALS AND METHODS

3.1  Materials
3.2 Determination of Physical Properties
3.2.1 Methods

3.2.2 Moisture Content
3.2.3 Specific gravity
3.3  Determination of Mechanical Properties
3.3.1 Methods
3.3.2 Compression
3.3.3 Bending
3.3.4 Shear
3.4  Macroscopic and Microscopic Examination
3.5  Statistical Analysis

CHAPTER FOUR: RESULTS AND DISCUSSION

4.1  Mode of Failure in compression
4.1.1 Analysis of Failure Modes at Internode Part
4.1.2 Analysis of Failure Modes at Node Part
4.1.13 Microscopic Failures

4.2  Mode of Failure in Bending
4.2.1 Analysis of Failure Modes
4.2.2 Microscopic Failures

4.3  Mode of Failure in Shear
4.3.1 Analysis of Failure Modes at Internode Part
4.3.2 Analysis of Failure Modes at Node Part

4.3.3 Microscopic Failures

CHAPTER FIVE: GENERAL DISCUSSION

CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

52 Recommendations

18

19
19
20

22
22
23
25
26
27

30
33
39
46
48
51
58
60
61
62
64

66

69
69

iv



ABSTRACT

Bamboos, being a common resource (plant) in the Asian region provide an
interesting alternative raw material other than timber. The study was conducted to
determine the fracture characteristic and microscopic failure of round bamboo and
their relationship to the strength properties of bamboo loaded in compression,
bending and shear. “Buloh Betong” (Dendrocalamus asper) aged 3 years old was
used in this study. Specimens were taken from internode and node of bottom, middle
and top portion. All the specimens were tested at 12% of MC. Generally, the fracture
characteristics from three different tests shown variety of failure mode on each test.
In compression parallel to grain there are three mode of failure generated along the
culm height and between internode and node. Meanwhile in bending, four mode of
failure was observed from bottom, middle and top portion. However in shear test,
only one mode of failure was found from internode and node part of bottom to top
portion. Each classified failure mode from respective test was affected by grain and
fiber orientation within the bamboo culm which differ from bottom to the top and
between internode and node. The variety of strength properties was found between
classified failure modes on each test. Generally the failure mode occurred at top
portion and at internode part posses significantly greater strength properties
compared to same or different failure mode from bottom, middle and node part. A
slight variation was observed in microscopic failure from all classified failure mode
of each test where the crushing occurred mostly at parenchyma cells as compared to
vascular bundles with minimum crushing effect.
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