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ABSTRACT

Wood perforated wall panel with geometric pattesnai form of direct
piercing carved wood panel (DPCWP). It has beeeresttely used as decoration
element in Malay architecture especially in palagessques, public building and
some houses. The important aspect focused orDIPEWP is its ability to act as
sound absorber. The sound absorption coefficleAC) an, of wood perforated wall
panel with uniform and small geometric patterndlddz to 4kHz frequency band
shall be improved optimally through the contribati@f perforation ratio and
resonance frequencies. From previous findings, higpothesis is that wood
perforated wall panel with uniform small geometpatterns gives good sound
absorption performance at 1kHz to 4kHz frequengyore Two patterns of DPCWP
are designed using resonance frequency techniqué3abctave centre frequency
from 1.6kHz to 5kHz with perforation ratio in thange of 35% to 40% and have
been successfully investigated. Simulation prodsssarried out using BEASY
acoustics software, which is an established numlenwdelling tool for Boundary
Element Method (BEM) works. Numerical modellingsbd on BEM has been
widely used for engineering design and predictiétesults show that it has almost
the same trend with those in previous results. él@n, at frequency 1kHz to 4kHz,
an results show an increment to the highgecompared to the previous results which
are show smalk, values at the same frequencies. The high@henomena at high
frequencies shown by the best samples, S5 andeS@duar to resonance frequency
inside the air column in DPCWP apertures. Noisgucgon coefficients (NRC)
calculated in the region of 0.75 to 0.95 prove DBRCWP with uniform and small
geometric pattern able to act as good sound absoifdas finding allows DPCWP
to be used as sound absorber more effectively nessapud other enclosed rooms.
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ABSTRAK

Panel dinding kayu bertebuk dengan corak geome#iaa salah satu bentuk
panel ukiran kayu bertebuk terus (DPCWP) yang telgjunakan secara meluas
sebagai elemen hiasan dalam seni bina Melayu teautdi istana, masjid-masjid,
bangunan awam dan rumah-rumah. Aspek penting iglag ditumpukan kepada
DPCWRP ini adalah keupayaan untuk bertindak sebpgayerap bunyi. Pekali
penyerapan bunyi (SACy, bagi panel dinding kayu bertebuk dengan corak
geometri kecil seragam pada jalur frekuensi 1kHnga 4kHz boleh ditingkatkan
secara optimum melalui sumbangan nisbah penembdaanfrekuensi resonan.
Daripada hasil penyelidikan yang lepas, ia bolehipditesiskan bahawa panel
dinding kayu bertebuk dengan corak geometri yargl kian seragam mempunyai
prestasi penyerapan bunyi yang baik pada jaluuéeg&i 1kHz hingga 4kHz. Dua
corak DPCWP direka berdasarkan teknik frekuensiras pada frekuensi tengah
1/3 jalur oktaf daripada 1.6kHz hingga 5kHz dengesbah penembusan dalam
lingkungan 35% hingga 40% dan telah berjaya dikafroses simulasi telah
dilakukan menggunakan perisian akustik BEASY, pemispemodelan berangka
yang telah digunakan secara meluas bagi kerja-kegedah Unsur Sempadan
(BEM). Permodelan berangka berdasarkan BEM telghndkan secara meluas
untuk reka bentuk kejuruteraan dan ramalan. Hasilyelidikan menunjukkan
keputusan yang hampir sama dengan hasil penyatidiag lepas. Namun, pada
frekuensi 1kHz hingga 4kHz, nilai, telah meningkat kepada nilai yang lebih tinggi
berbanding hasil penyelidikan yang lepas di marai i, adalah rendah pada
frekuensi yang sama. Nilai, yang lebih tinggi ini ditunjukkan oleh sampel yang
terbaik, S5 dan S7 yang menunjukkan bahawa ia kwel#arana kesan frekuensi
resonan di dalam ruangan udara pada bentuk DPCR#Rali pengurangan bunyi
(NRC) yang dikira dalam lingkungan 0.75 hingga O0./®®mbuktikan bahawa
DPCWP dengan corak geometri yang seragam dan keoiipu untuk bertindak
sebagai penyerap bunyi yang baik. Penemuan ini bolinkan DPCWP boleh
digunakan sebagai penyerap bunyi yang lebih benkéaiam pembinaan masjid dan
ruang tertutup pada masa akan datang.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Problem

Wood perforated wall panel with geometric pattésna form of direct
piercing carved wood panel (DPCWP) which has begtensively used as
decoration element in Malay architecture especiallypalaces, mosques, public
building and some houses. In houses and mosquex] varving perforated panel
has been used mostly as part of the wall panelsksodon the upper part partition of
the doors and windows. In tropical country like IMaia, the wood carving
perforated wall panel is also used to help in achgethermal comfort and fresh air
circulation in rooms. In addition, the use of wamadving is also for natural lighting
during the day. But in early traditional housd® twood carving especially in the
main room serves not only as a decorative elemanélso reflects the social status
of the owner (Lim Jee Yuan, 1987). The importasgext of DPCWP is the ability
to act as sound absorber (Lai, 1991; Maekawa and, L1t994; Kutruff, 1979;
Creamer and Muler, 1982). This is the main isdubie research.

In this thesis, it is envisaged, DPCWP with umfosmall geometric pattern

shall be a better alternative to earlier invesedaDPCWP. This is considering



19

mosque walls design with uniforrand small geometric pattern DPCWP shall
function better acoustically at 1kHz to 4kHz fregag range. Besides that, this

DPCWP can possess unique ability not allowing bagjsecially to pass through.

1.2 Statement of the Problem

From previous research work was done on DPCWP gétimetric patterns
shows that sound absorption coefficiemt,at 250Hz to 500Hz frequency range is
very high and almost constant followed by a decagd at frequency region between
1kHz to 4kHz. While, earlier research work by MuwhiUla (2007) strongly suggest

that improvement ofa,, at high frequency is mainly due to resonance fegy
effect occurred inside the air column in WCPP aped. Extension to this study, a
research work done by Mohamad Ngasri Dimon (200@bfied that the shiftedr,

is foreseen to be caused by difference resonargeidncies which are 1kHz, 2kHz
and 4kHz for the respective WCPP designed samf@e.that, it is pertinent and
important to improve furthem, at high frequency through the contribution of

resonance frequencies technique on DPCWP with geerpatterns designs.

1.3  The Objectives of the Research

i.  To design uniform and small geometric pattern DPCWgkhg resonance

frequency technique &]/3 octave centre frequency from 1.6kHz to 5kHz.
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ii.  To numerically investigate normal incidence soutdoaption coefficient
(SAC), a, characteristics of DPCWP with uniform small geomneepatterns

set to resonate at 1.6kHz to 5kHz dué/fg octave centre frequency.

li.  To analyze the sound absorption performance of DPGW1kHz to 4kHz

frequency range based on resonance frequency tpehni

1.4  Scope of the Work

The research work involved boundary element me#inodilation of DPCWP
using Beasy Acoustics software. The basic of dmapdes created are based on
previous research by Mohamad Ngasri Dimon (2008d)the resonance frequency
technigue used is as suggested in previous resdgrdiunirul Ula (2007) and
Mohamad Ngasri Dimon (2009b). Eight DPCWPs areigtesising resonance
frequency technique ai‘t/3 octave centre frequency from 1.6kHz to 5kHz. The

DPCWP samples thickness is 20 mm and the perforeditio are vary within 35% to
40% depends on the frequency resonate to the debitne panels. Next, results

are compared with simulation and experimental tegtdm previous study.

1.5 Significance of the Study

Wood perforated wall panel with uniform small gednee patterns are
hypothesized will result in good sound absorpti@rfgrmance at 1kHz to 4kHz
frequency range. Therefore, this research on DP@XtP uniform small geometric
pattern shall be a better choice to earlier ingastid DPCWP. This is considering
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mosque walls design with uniforrand small geometric pattern DPCWP shall
function better acoustically and the findings sladibtw DPCWP to be used as sound
absorber more effectively in future mosques andlosed room construction.
Besides that, this DPCWP can possess unique abdityallowing birds, especially,
to pass through.

1.6 Contributions of the Thesis

i. Two patterns of DPCWP which were design using rasoe frequency
technique at 1/3 octave centre frequency from 1z6kH 5kHz with

perforation ratio in range of 35% to 40% have baarcessfully investigated.

il.  Sound absorption coefficient, of all eight DPCWP samples suggest higher
anas compare to previous DPCWR where the design was based on random

aperture design technique.

1.7 Research Outline

This thesis is divided into five chapters, whiclschiébe the entire process of

the research. The outline of the thesis is asv@lo

Chapter 1 highlights the background of the research problstatement of
the problem and objectives of the research. lofedl by research scope, significance

of the study, contribution of the thesis and thesidine.
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Chapter 2 overview on the Islamic pattern and followed bycdssion on
geometric pattern, description on two types of DRZWIth geometric patterns used
for this research and examples of perforated pamsedd in mosque. Then, it
continued with the description on the theory of theonance frequency technique,
perforated panel absorber and normal incidencedsahsorption coefficient. Next, it
followed by the literature review on earlier resdamworks and related research

works done by other researchers.

Chapter 3 discusses the details on the research processngtasith
dimension and calculation for creation of Direciereing Carved Wood Panel
(DPCWP) due to resonance frequency, followed byditails on designed process
using AutoCAD software and continued with the maudgland simulation process
using BEASY Acoustic software

Chapter 4 discusses the analysis of sound absorption cosffici, and
NRC for each sample and continued with comparisoth® results with previous
research. Finally, this chapter discusses thefgignt test for all simulation results.

Chapter 5 concludes the research work and gives the suggeftiofuture

development of the related research project.



98

REFERENCES

Abas, S. J., and Salman, A. S. (199%ymmetries of Islamic Geometrical Patterns

Singapore: World Scientific Publishing C.Pte.Ltd.

Cowan, J. (2000)Architectural Acoustics — Design Guiddc Graw Hill, New York.
pp. 23-25.

Cremer, L., and Muller, H. A. (1982rinciples and Application of Room Acoustics.

Vol. 1. Applied Science Publishers London. pp 139-1

Department of Islamic Art (2001§eometric Patterns in Islamic Arin: Heilbrunn

Timeline of Art HistoryNew York: The Metropolitan Museum of art

Fahy, F. J. (2001)}-oundation of Engineering Acoustigdcademia Press. London.
Pp 211-288.

Kang, J., and Brocklesby, M. W. (2004pesign of acoustic windows with
microperforated absorbers8" International Congress on Acoustics. April,
04 2004. Kyoto, Japan: Science Council of Japann@pwf Publication,
CD-ROM pp.

Kuttruff, H. (1979). Room Acoustics2nd Edition. London: Applied Science
Publishers Ltd. Pp 132-134.

Lai, J. C. S., and Burgess, M. (1991). Applicat@inSound Intensity Technique to
Measure of Field Sound Transmission La§splied Acoustic34: pp77-87

Lee, Y. Y., Sun, H. Y., and Guo, X. (2005). Effe@$ The Panel And Helmholtz
Resonances On A Micro-Perforated AbsorfB@&chnical Notelnt. J. of Appl.
Math and Mech. Vol 4: 49-54



99

Lim Jee Yuan. (1987)The Malay House Rediscovering Malaysian’s Indigenou
Shelter Systeninstitut Masyarakat, Pulau Pinang. Pp 68-69

Maa, D. Y. (1998). Potential of Microperforated paAbsorbersJournal Acoustics
Society of Americal04 (5): 2861-2866

Maekawa, Z., and Lord, P. (1994knvironmental and Architectural Acoustics
London: E & FN. SPON. pp 11.

Merriam Webster. (2011An Encyclopedia Britannica CompanRetrieved Ogos,
23 2011. unpublished

Mohamad Ngasri Dimon (2009&)ormal Incidence Sound Absorption Coefficient of
Direct Piercing Carved Wood Panels (DPCWP) with fetric Pattern.
Universiti Teknologi Malaysia: ESCIENCE Vot No 781

Mohamad Ngasri Dimon (2009b)lheoretical Modelling of Normal Incidence
Sounds Absorption Coefficient of Wood Circular Beafed Panel Due to
Resonance Frequendyniversiti Teknologi Malaysia: FRGS Vot No 78028

Muhammad Abdul Jabbar (1981Fine Arts In Islamic Civilization.Kuala
Lumpur,Malaysia: The University of Malaya PressntaaValley

Munirul Ula (2007). Normal Incidence Sound Absorption Coefficient ofoWo
Circular Perforated Panel using Boundary Element tivdel. Universiti

Teknologi Malaysia: Master Thesis

Onen, O., and Caliskan, M. (2009). Design of alsimgyer micro-perforated sound
absorber by finite element analygiaplied Acoustics/1: 79-85.

Oxford University Press (2001foncise Oxford English Dictionaryn: CD-ROM
2001 Version 1.110". ed. UK.



100

Sakagami, K., Morimoto, M., Yairi, M., and Minemuyra. (2008). A pilot study on
improving the absorptivity of a thick microperfoedtpanel absorbefpplied
Acoustics69: 179-182.

Zulkarnain Ali Leman, Rozli Zulkifli, and Mohd Jamhi Mohd Nor (2010).
Experimental Study Effect Of Perforation Ratio Aktble Diameter Of
Perforated Plate Backing With Coconut Fib&F. Regional Conference on
Noise, Vibration and Comfort (NVC ) 201Iun 28-30. Putrajaya, Malaysia:
UKM





