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ABSTRACT

Disaster is an incident that occurs in a sudden way, complicated in nature,
ensuing in the loss of lives, damages to belongings or the surroundings as well as
affecting the daily activities of the local people. Such incident requires the
managing of sources, equipment, frequency, and sizable manpower from diverse
corporations in addition to effective coordination and the opportunity of stressful
complex moves over a long period. Preparedness is one crucial interest of pre-
flood local authorities need to be cognizant of it because those activities are
designed to minimize the loss of life and damage. Besides, these disaster incidents
are defined to set up the roles and responsibilities of agencies. Preparedness is
one important activity of pre-flood local authorities need to focus on it because
these activities are designed to minimize loss of life and damage. Preparedness is
the main way of reducing the impact of disasters. During a flood any agency
needs to provide food and water, preventing disease and disability, repairing
vital services such as telecommunications and transport, providing temporary
shelter and emergency health care to the flood victim. Lastly is about post-flood
planning. Authorities and agencies need cooperation to recover that place.
Recovery activities include rebuilding infrastructure, health care and
rehabilitation. These should blend with development activities, such as building
human resources for health and developing policies and practices to avoid similar
situations in the future.

Keywords: Flood disaster, Preparedness planning, Pre-flood, During flood, Post-
flood
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1. Introduction

Disaster can be defined as a serious disruption of the functioning of a community or a
society involving widespread human, material, economic or environmental losses and
impacts that exceeds the ability of the affected community or society to cope using
their resources (WCPT, 2016; UNISDR, 2009). According to World Confederation for
Physical Therapy, (2007) there are four main types of disasters; natural,
environmental emergency, complex emergencies, and pandemic emergencies. The
first type is a natural disaster which including floods, hurricanes, earthquakes, and
volcano eruptions that have immediate impacts on human health and also causing
death and suffering for instance floods, landslides, fires, and tsunamis. The second
type of disaster is environmental emergencies including technological or industrial
accidents, usually involving the production, transportation of hazardous material, and
occurred when the materials are produced, used or transported. The third types of
disaster are complex emergencies involving a breakdown of authority, looting and
attacks on strategic installations, including conflict situations and war. Finally,
disaster types of pandemic emergencies involving a sudden onset of contagious
disease that affects health disrupt services and businesses and brings economic and
social costs. Jabatan Kebajikan Masyarakat (2014) defines that the Standard
Operating Procedure (SOP) for disaster is to give guidelines about the steps to be
considered by JKM about the disaster handling management started from preparation
phases until the recovery phase and help for disaster are the same with the Policy and
Mechanism of the Nation Disaster Management, so that the action to be taken will be
accomplished with efficiency, arrangeable, planned and effective. This study is aimed
to give awareness about the guidelines for disaster preparedness planning to minimize
loss of life and damage, especially for the affected areas.

2.0 Types of Flood
Floods are generally divided into three categories based on the utility’s ability to
prepare and respond (Maddox, 2014). These categories are storm surges, which occur
in coastal ocean areas, flash floods caused by local or regional unusually high rainfall
intensities and river flooding caused by significant periods of moisture coupled with
moderate to intense rainfalls over long durations.

       2.1 Storm Surges
Storm surges are a phenomenon of hurricanes that are a danger to coastal utilities.
These types of events often have several days of warning allowing the utility to
prepare. The extent of the surge is related to the position of the high tide at the time
of hurricane landfall. In this type of flooding the water surge is accompanied by very
strong winds, and the combination of wind and saltwater that inundates utility
facilities will like to destroy them completely. Physical protection of electrical
components is the best form of protection.
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       2.2 Flash Floods
Doppler radar is one of the instruments that The National Weather uses to predict
flash floods. Doppler radar is accurate to the street level. This ability allows the
Weather Service to provide more accurate flash flood warnings. Flash floods will
typically occur within a couple of hours and thus adequate response time will not be
available to a utility. Like any flood threat, the best approach is physical protective
measures.

       2.3 River Flooding
River flooding is predicted by establishing the likely peak elevation (flood crest)
reached by a river by the National Weather Service. Under normal conditions, river
flooding can be predicted several days in advance. Where antecedent moisture
conditions are high and localize rainfall is predicted to be heavy and continuous, river
flooding may quickly change to a flash flood.

3.0 Disaster Management
Disaster shall be handled according to the stages as follows:

    i. "Disaster Management Level I" is the management and control of the
occurrence of disasters occurring in the area and it can be dealt with effectively by
the agencies involved in disaster management at the district level either without
external assistance or with limited external assistance.

      ii. "Disaster Management Phase II" is the management and control of disaster
events that occurred in more than one area in the same country, which requires the
mobilization of resources at the state level with the help of the center limited.

      iii. "Disaster Management Phase III" is the management and control of disaster
events that occurred in more than one state or complex nature that require
coordination and mobilization of resources at the center Stage or with foreign aid.

Disaster management level is dependent on the assessment of the Disaster
Management Committee at the District level, State or Centre. The evaluation shall be
based on the following elements:
        i. The complexity and magnitude
       ii. The destruction and damage
      iii. The ability of financial resources, manpower and equipment
       iv. Expertise
        v. Aid
       vi. The duration of the reaction
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      3.1 Committee and Mechanisms for Disaster Management
To manage disasters in stages at the set, Disaster Management Committee shall be
established as follows:

          i. District Disaster Management Committee (DTCP) – for Disaster Level 1
DTCP is chaired by the District Officer / Mayor / Chairman of Perbadanan Labuan/
President of Putrajaya Corporation. While the police chief is the Disaster Operations
Commander and District Fire Officer is the deputy commander of disaster operations.
DTCP comprises all major rescue agencies, aid agencies, support agencies, and
voluntary bodies in charge of providing assistance and rehabilitation to victims of the
disaster. District Social Welfare Officer to the DTCP as the agency responsible for
providing relief and rehabilitation to the victims.
 
        ii. The State Disaster Management Committee (JPBN) – for Disaster Phase 2
Chaired by the Honorable JPBN State Secretary / Secretary General of Federal
Territories and Urban Wellbeing. State Police Chief Commander and Director of
Disaster Operations as Deputy Commander of the State Fire Disaster Operations.
JPBN comprises all major rescue agencies, aid agencies, support agencies, and
voluntary bodies in charge of providing assistance and rehabilitation to victims of the
disaster. Director of Social Welfare State / Federal Territory to JPBN as the agency
responsible for providing relief and rehabilitation to the victims.

         iii. National Disaster Committee (JPBP) – for Disaster Level 3
JPBP is chaired by the Minister appointed by the Prime Minister. Director of Internal
Security and Public Order of the Royal Malaysia Police (PDRM) as the Disaster
Operations Commander and Deputy Director of Operations Malaysian Fire and Rescue
Department (BOMBA) as Deputy Commander of disaster operations. JPBP comprises
all major rescue agencies, aid agencies and support agencies as well as voluntary
bodies in charge of providing assistance and rehabilitation to victims of the disaster.
Secretary-General of the Ministry of Women, Family and Community Development
and the Director of Social Welfare to JPBP.

4.0 Alert / Warning for Flood Occur
Alert/warning indicates the onset of a Flood for which a warning system is essential.
This system may be public announcement through radio, television, media social,
SMS for floods.

         i. Departments Authorized to Issue Warning
The district administration is the prime agency responsible for issuing the warning
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         ii. Flood warning
Malaysia Metrological Department, Central Water Commission and State Irrigation   
Department.

        iii. Important Elements of Warning
             a) All warning systems and technologies are maintained in working 
                 condition and checked regularly.
             b) Communities in Flood-prone areas are made aware of the warning 
                 systems.
             c) An alternate warning system must be kept in readiness in case of   
                 technical failure.
             d) Only the designated departments/officers will issue the warning.
             e) The warning should to the extent possible be clear about the severity, the 
                 time frame, area that may be affected. 
             f) Warning statements should be conveyed in a simple, direct and 
                 nontechnical language and incorporate day-to-day usage patterns.
             g) The do and don’ts should be communicated to the community to ensure 
                 appropriate responses.
             h) Warning statements should not evoke curiosity or panic behavior. This   
                 should be in a professional language devoid of emotions.
             i) Rumor control mechanisms should be activated.
             j) All relevant departments and organizations should be alerted.
             k) Once a warning is issued, it should be followed up by a subsequent 
                 warning to keep the people informed of the latest situations.

5.0 FLOOD DISASTER PREPAREDNESS PLANNING
      5.1 Pre-Flood Planning
Pre-flood activities include actions to identify flood-prone areas where utility
infrastructure is located and reducing the risk in the event of a flood disaster.
Planning and preparation to encounter the flood are vital to ensure the full
measurement has been taken when the event takes place.

F i g u r e  1 . 0 :  P r e - f l o o d  p l a n n i n g
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      5.2 During-Flood Planning
Flood victims need to check-in/ register their personal information to a person in
charge (PIC) at the safe shelter to make the Search and Rescue (S&R) mission much
easier for the team. The information is very useful to the S&R team to know the exact
location and condition of the affected area. During the flood period, meetings on
coordination of the various operations were held daily where the meeting is more on
arrangement for S&R, goods distribution, volunteer members, agencies and other
organization and at the meantime, this meeting also to give a latest updated on the
current situation at the flood area.

F i g u r e  2 . 0 :  C h e c k l i s t  f o r  A s s e s s i n g  P r e p a r e d n e s s  f o r  F l o o d
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      5.3 Recovery and Reconstruction after Floods
Most people’s goal in disaster recovery is to restore household, business, and
government activity to the “normal” patterns that existed before the disaster struck.
To do this, they typically assume they must restore the buildings and infrastructure
as they were before the disaster. Three relatively distinct types of social units should
be considered in disaster recovery: households, businesses, and government agencies.
Households and businesses focus primarily on their recovery but government
agencies must address the recovery needs of the entire community.

The recovery process involves both activities that were planned before disaster
impact and those that were improvised after disaster impact. Thus, it is more useful
to think of disaster recovery in terms of four aspects: disaster assessment, short-term
recovery, long-term reconstruction, and recovery management. The table below has
been simplified for easier understanding.

F i g u r e  3 . 0 :  D i s a s t e r  r e c o v e r y  a s p e c t
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5.0 Conclusion
In a conclusion, each organization needs to set up one Standard Operating Procedure
(SOP). Standard Operating Procedure (SOP) for flood is important because it is a
guideline for the people or community from various phases whether Local, District or
State. SOP for each category is different because they have a different mechanism.
SOP for each phase like Local, District, and the State also different because the
people focusing on it. As an example, flood is one natural disaster that always
happened at the East Coast of Peninsular Malaysia, so each local authority should
play their role to prepare the SOPs for pre-flood, during-flood and post-flood. So,
through the guideline of SOP people and authorities, whether from Local, District and
State know their role and know what to do when a disaster happens.
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ABSTRAK

Penanda keselamatan sementara adalah merupakan satu penanda yang
digunakan semasa membuat kerja-kerja selenggara di jalanraya dalam tempoh
yang ditetapkan. Selain kerja-kerja selenggara, penanda sementara atau
temporary signage ini juga digunakan dalam situasi kecemasan seperti
kemalangan dan bencana alam. Mengikut laporan kemalangan yang dikeluarkan
oleh Jabatan Forensik Jabatan Kerja Raya dan Polis Diraja Malaysia, bilangan
penyumbang kemalangan yang tertinggi adalah disebabkan oleh penanda (signing
and marking) tidak berfungsi dengan baik. Sehubungan dengan itu, kajian ini
bertujuan untuk menghasilkan satu penanda sementara di jalan raya atau Multi
Alert Function Device bagi membantu pengguna mengesan dengan lebih awal
tanda - tanda bahaya risiko kemalangan di jalan raya khususnya bagi jalan
berlubang. Penghasilan penanda menggunakan plastik jenis HDPE berukuran
0.45m (Tinggi) x 0.3m (Lebar) x 0.02m (Tebal). Kepingan plastik disambung
dengan menggunakan engsel bagi memudahkan kepingan plastik yang disambung
agar mudah dilipat apabila digunakan. Produk ini diuji dengan membuat ujian
jarak penglihatan pada laluan sepanjang 65km. Hasil kajian didapati bahawa
produk ini mudah dikesan oleh pengguna sepanjang laluan yang dikaji
berbanding dengan dengan jalan yang tiada penanda sementara disediakan.
Kajian ini disimpulkan bahawa penanda keselamatan sementara ini boleh
digunakan sebagai tanda amaran khususnya pada keadaan terdapatnya lubang di
jalanraya. Disamping itu, tanda jalan ini dapat digunakan bagi memaklumkan
pengguna sebagai memberi panduan bahawa terdapatnya potensi risiko bahaya
ke hadapan dan sekaligus mengelakkan kemalangan.

Kata kunci: penanda keselamatan sementara, MAD, mudah alih, jalan raya ,
pengguna
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1.0 Pengenalan
Keselamatan jalanraya adalah aspek terpenting kepada penguna jalanraya sebagai
medan pengangkutan utama di seluruh dunia. Kemajuan ekonomi dan pembangunan
yang sistematik beserta peningkatan populasi penduduk telah meningkatkan lagi
penggunaan jalanraya yang secara tidak langsungnya mengakibatkan kesesakan lalu
lintas dan kemalangan [1]. Terdapat pelbagai faktor yang menyumbang kepada
peningkatannya kadar kemalangan di jalanraya, antaranya adalah disebabkan oleh
faktor kecuaian sikap pemandu, keadaan persekitaraan (keadaan jalan)  dan
kenderaan. Daripada aspek keadaan jalanraya,faktor kurangnya papan tanda (signing
and marking) merupakan antara risiko yang berpotensi tinggi penyebab berlakunya
kemalangan [2]. Tanda jalanraya (highway signs) merupakan kaedah yang
mmbolehkan pihak utiliti menyampaikan peraturan, amaran, panduan dan maklumat
jalanraya yang diperlukan oleh pemandu untuk menavigasi jalan mereka [3]. Selain
itu bagi meningkatkan keselamatan jalanraya, antara pendekatan yang digunakan
termasuklah  aspek penyelenggaran jalan. Program ini melibatkan kerja-kerja kecil
seperti penurapan lubang, pemotongan rumput, penyelenggaraan perabot jalan dan
pembersihan saliran [1]. Bagi melaksanakan kerja-kerja selengaraan jalan, penanda
keselamatan sementara keselamatan sering digunakan.

Penanda keselamatan sementara atau temporary safety sign ini merupakan tanda
jalanraya yang digunakan semasa menjalankan kerja-kerja pengoperasian besar seperti
pembinaan dan penyelenggaraan jalan raya, kerosakan jalan dan laluan kecemasan
serta apabila berlakunya kemalangan [4]. Apabila sesuatu operasi dijalankan, penanda
keselamatan sementara yang digunakan perlu mudah dilihat atau mudah dikesan oleh
pengguna jalanraya yang melewati sesuatu laluan. Dalam erti kata lain, penanda
keselamatan sementara yang digunakan adalah untuk memaklumkan secara tidak
langsung kepada pengguna jalan raya akan risiko bahaya tertentu yang
berkemungkinan bakal dihadapi ketika operasi sedang dijalankan. Penanda
keselamatan sementara hendaklah diletakkan dalam kedudukan di mana ia akan
menyampaikan mesej (signal) yang paling berkesan dan peletakan itu mesti
disesuaikan dengan reka bentuk lebuh raya dan penjajaran (Alignment). Penanda
hendaklah ditempatkan dengan posisi tertentu supaya pengguna mempunyai masa
yang mencukupi untuk bertindak atau mengawal kenderaan dengan keadaan selamat.
Mengikut peraturan umum penanda perlu diletakkan di sebelah kiri leburaya. Reka
bentuk penanda keselamatan sementara mempunyai beberapa jenis seperti bentuk
bulat, bentuk segi empat tepat dan bentuk berlian. Warna oren atau merah yang
digunakan untuk latar belakang, warna hitam digunakan sebagai simbol dan mesej.
Penanda sementara perlu memasang retroreflective strip untuk membantu
memperlihatkan penanda pada waktu malam. Sebagai contohnya, penanda
keselamatan sementara seperti Advance Warning Sign yang di gunakan oleh pihak
lebuhraya untuk memberi amaran kepada pengguna bahawa kerja-kerja
penyelenggaraan sedang dijalankan. Penanda keselamatan sementara ini berukuran
1.2m x 0.8m supaya agar ia mudah dilihat. Keseluruhan reka bentuknya diperbuat
daripada bahan besi supaya ianya tahan lasak.
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Selain itu, penanda keselamatan sementara yang lain seperti kon lalu lintas (traffic
cone) juga sering digunakan oleh pihak lebuhraya untuk membahagi jalan-jalan
tertentu apabila berlaku proses penyelenggaraan lebuhraya atau kesesakan lalu lintas .
Kon ini berukuran minimum 0.45m x 0.23m dan maksima ketinggian 0.9m bertujuan
untuk memudahkan pengguna melihat kon tersebut. Kon ini diperbuat daripada
“Polyvinyl Chloride (PVC)” , supaya ia mudah di kendalikan dan tahan lasak. Di
samping itu, ada juga penanda sementara Red warning triangle sign yang digunakan
oleh pengguna apabila kenderaan mereka rosak di atas jalan raya . Penanda sementara
ini berbentuk segi tiga dan berukuran sekitar 0.4m . Penanda keselamatan sementara
ini mudah dibawa ke mana-mana kerana saiznya yang kecil . Penanda sementara ini
juga diperbuat dari pada “Polyvinyl Chloride (PVC)” ini supaya ia mudah di
kendalikan dan tahan lasak. Walaupun demikian, mengikut kajian lepas terdapat
beberapa masalah apabila menggunakan kon biasa sebagai penanda sementara seperti
mudah retak, cepat rosak, ketinggian kon yang tak sesuai dan ringan serta tak tahan
lama. Bagi menambahbaik penanda keselamatan sementara ini, satu kajian inovasi
telah dijalankan menggunakan gabungan bahan daripada kepingan besi dan plastik
tahan lasak (HDPE) bagi mengukuhkan kon penanda keselamatan sementara ini.
Kajian ini bertujuan untuk menggantikan kon lalu lintas sedia ada dengan kon versi
baru yang ditambahbaik bagi mengurangkan masalah kesesakan di jalan raya dan
mengurangkan risiko sedia ada di kawasan kerosakan jalan ataupun kemalangan.

2. Metodologi Kajian
     2.1 Lakaran konsepdan penghasilan peranti Multifunction Alert Device 
           (MAD)
Lakaran konsep peranti MAD dihasilkan sebelum alat prototaip dibangunkan. Dalam
mereka bentuk, saiz produk merupakan elemen sangat penting sebelum produk ini
dihasilkan . Saiz bagi produk ini ketika 0.45m (Tinggi) x 0.3m (Lebar) x 0.02m
(Tebal) . Lakaran menggunakan AutoCAD yang lengkap. Secara keseluruhan,
penghasilan produk penanda sementara ini menggunakan carta alir seperti ditunjukkan
dalam Rajah 1.

Rajah 1: Carta Penghasilan Produk
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     2.2 Penghasilan peranti MAD yang telah diubahsuai (Prototaip)
Komponen yang terdapat dalam MAD ialah plastik jenis HDPE , (Door Hinger) .
Pemilihan bahan yang terdapat pada penanda sementara MAD adalah berlainan
dengan penanda sementara sedia ada. Lakaran menggunakan AutoCAD yang lengkap
seperti dalam Rajah 1a. Penghasilan produk MAD ini adalah untuk menambahbaik
atau memperbaharui penanda sementara sedia ada dari segi penyimpanan , ketahanan
karat , berat , bahan yang digunakan dan keupayaan menutup lubang (Potholes) di
atas jalan raya. Berdasarkan penilaian yang dijalankan menunjukkan MAD
mempunyai pelbagai kelebihan berbanding penanda sementara yang sedia ada. Reka
bentuk MAD ini juga dapat mengurangkan penggunaan ruang yang dan boleh dibawa
kemana-mana sahaja kerana MAD ringan dan boleh dilipat.

     2.3 Ujian jarak penglihatan (Sight Distance Test)
Ujian jarak pengalihatan pengguna ini dilakukan bertujuan untuk mengetahui tahap
penglihatan pengguna tehadap penggunaan MAD . Ujian ini juga dilakukan bagi
mengetahui kebolehan MAD menutup lubang (Potholes) di jalan raya .Selain itu
ujian ini memerlukan perhatian yang berterusan ketika ujian dijalankan oleh kerana
rekod yang diambil hanya jumlah kenderaan melalui sesuatu lokasi ujian . Jadual 1
menunjukkan lokasi yang dilakukan dan tempoh masa yang tetapkan. Rekabentuk
kelajuan kenderaan adalah mengikut rujukan kepada Arahan Teknik Jalan
ditunjukkan pada Rajah 2.
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3. Keputusan dan Perbincangan
     3.1 Lakaran konsep multifuntion alert device (MAD)
Lakaran konsep MAD ditunjukkan pada Rajah 3a. Semasa membuat pemilhan bahan ,
komponen yang terdapat dalam penanda sementara MAD ialah plastik jenis HDPE  
dan engsel sepert dalam Rajah 3b dan Rajah 3c. Pemilihan bahan yang yang
digunakan untuk pembuatan MAD adalah berlainan dengan penanda sementara sedia
ada . Produk penanda sementara MAD boleh dilipat dengan kemas dan mudah
digunakan. Pemilihan bahan yang tepat akan membuat produk lebih kemas dan baik.

R A J A H  2 :  A R A H A N  T E K N I K  ( J )  1 0 - 8 6  A  G U I D E  T O  T H E  D E S I G N  O F  
C Y C L E  T R A C K  [ 5 ]

R A J A H  3 A :  L A K A R A N  
K O N S E P

R A J A H  3 B :  E N G S E L R A J A H  3 C :  P L A S T I K  
H D P E
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     3.2 Prototaip peranti multifunction alert device
Rajah 4 menunjukkan peranti amaran sedia ada yang digunakan di jalan raya. Peranti
tersebut terdiri daripada “ advance warning sign”, “ kon keselamatan” dan “ triangle
warning sign”. Fungsi ketiga-tiga peranti sedia ada ini digabungkan menjadi satu dan
gabungan fungsi tersebut ada pada peranti MAD sebagai penanda amaran,
keterlihatan, dan saiz yang ditetapkan. Peranti MAD yang telah dihasilkan adalah
seperti ditunjukkan pada Rajah 5.

R a j a h  4 :  P e n a n d a  s e m e n t a r a  s e d i a  a d a  y a n g  t e r d i r i  d a r i p a d a  a d v a n c e
w a r n i n g  s i g n ,  k o n  k e s e l a m a t a n  d a n  t r i a n g l e  w a r n i n g  s i g n

R a j a h  5 :  P e n a n d a  S e m e n t a r a  M A D  y a n g  m u d a h  d i a p l i k a s i k a n  d i  j a l a n r a y a

20



Perbandingan penanda sementara sedia ada dan penanda sementara MAD pada Jadual
2. Peranti sedia ada sememangnya memerlukan penambahbaikkan bagi memastikan
ianya dapat memberi keselesaan kepada pengguna.

Jadual 2. Perbandingan antara penanda sementara sedia ada dengan penanda
sementara MAD

Penanda sedia ada Penanda sementara MAD

1. Sukar dibawa Mudah dibawa dan disimpan

2. Sukar dilihat Mudah dilihat

3. Mudah pecah dan rosak Tahan lasak
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     3.3 Analisis data ujian jarak penglihatan
Rajah 6 menunjukkan ujian jarak penglihatan yang diuji kepada pengguna jalanraya.
Gambar (a) dan (b) menunjukkan kenderaan melalui jalan berlubang yang tidak
mempunyai tanda amaran seperti penanda sementara di Jalan. Pengguna jalanraya tidak
menyedari kemungkinan terdapat adanya kerosakan jalan seperti jalan lubang dan
sebagainya. Manakala pada gambar (b), jalan raya berlubang telah diletakkan penanda
sementara MAD. Secara tidak langsung, pengguna jalanraya akan menyedari risiko
bahaya tersebut dan berupaya untuk mengelakkan kemalngan. Dapatan dapat
ditunjukkan dalam Jadual 3 dan jadual 4. Hasil daripada ujian yang telah dijalankan
menunjukkan bahawa pengguna jalanraya dapat melihat peranti sementara MAD
dengan jelas pada jarak telah dikaji berdasarkan rujukan Arahan Teknik (J) 10-86 A
Guide To The Design Of Cycle Track . Hal ini bermakna keberkesan MAD memberi
amaran kepada pengguna akan AWAS LUBANG berjaya dikesan awal oleh pengguna
jalanraya di kawasan lokasi ujian.

a ) K e n d e r a a n   
   m e l a l u i  j a l a n    
   b e r l u b a n g

b ) K e n d e r a a n   
   m e l a l u i  j a l a n  
   b e r l u b a n g

c ) P e n a n d a  S e m e n t a r a   
   M A D  d i l e t a k k a n  
   b a g i  k a w a s a n  j a l a n   
   b e r l u b a n g

R a j a h  6  U j i a n  J a r a k  P e n g l i h a t a n  ( S i g h t  D i s t a n c e  T e s t )  m e n g i k u t  s i t u a s i  
              ( a ) ,  ( b )  d a n  ( c )

J a d u a l  3 :  U j i a n  j a r a k  p e n g l i h a t a n  d i  l o k a s i  1
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J a d u a l  4 :  U j i a n  j a r a k  p e n g l i h a t a n  d i  l o k a s i  2

S e l a i n  i t u ,  k e l e b i h a n  p e n a n d a  s e m e n t a r a  M A D  d e n g a n  p e n a n d a  s e m e n t a r a
y a n g  l a i n  d i t u n j u k k a n  p a d a  J a d u a l  5 .

J a d u a l  5 :  P e r b a n d i n g a n  P e n a n d a  S e m e n t a r a  M A D  d e n g a n  P e n a n d a  S e m e n t a r a
S e d i a  A d a  
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4 .  K e s i m p u l a n
K a j i a n  i n i  d a p a t  d i s i m p u l k a n  k e p a d a  b e b e r a p a  p e r k a r a  b e r i k u t ;
- P e n a n d a  k e s e l a m a t a n  s e m e n t a r a  M A D  i n i  d a p a t  b e r f u n g s i  s e b a g a i  p e n a n d a
a m a r a n  b a h a y a  k u r s u s n y a  k e p a d a  p e n g g u n a  j a l a n r a y a  y a n g  m e l a l u i
k a w a s a n  j a l a n r a y a  y a n g  m e m p u n y a i  k e r o s a k a n  j a l a n  b e r l u b a n g .
- P r o d u k  i n i  m u d a h  u n t u k  d i s i m p a n  d a n  m e n j i m a t k a n  r u a n g  p e n y i m p a n a n
y a n g  s e l a m a  i n i  t e l a h  m e n j a d i  m a s a l a h  p a d a  p e n a n d a  s e m e n t a r a  y a n g  s e d i a
a d a .

C i r i - c i r i  y a n g  t e r d a p a t  p a d a  p e n a n d a  k e s e l a m a t a n  s e m e n t a r a  M A D  i n i
a d a l a h  m e n j i m a t k a n  k o s  p e r b e l a n j a a n  ,  t e n a g a  d a n  m a s a  p e n g g u n a  d a r i p a d a
s e g i  p e n g a n g k u t a n ,  p e n y e l e n g g a r a a n  d a n  p e n y i m p a n a n  p r o d u k .

P e n g h a r g a a n

P e n u l i s  m e r a k a m k a n  p e n g h a r g a a n  k e p a d a  J a b a t a n  K e j u r u t e r a a n  A w a m ,
P o l i t e k n i k  S u l t a n  S a l a h u d d i n  A b d u l  A z i z  S h a h  a t a s  k e r j a s a m a  d a n
k e m u d a h a n  m a k m a l  s e r t a  b a n t u a n  t e k n i k a l  y a n g  d i b e r i k a n .
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A  R E V I E W  O F  M y C R E S T  A S  A  T O O L  F O R  B U I L D I N G
P E R F O R M A N C E  E V A L U A T I O N  

N o r e z a n  A s m a n g i ,  R a j a  N u r u l  W a h e e d a  R a j a  Z i l a n  a n d  S h a h i d a
S h a r u d d i n

D e p a r t m e n t  o f  C i v i l  E n g i n e e r i n g ,  P o l i t e k n i k  S u l t a n  S a l a h u d d i n  A b d u l
A z i z  S h a h

C o r r e s p o n d i n g  a u t h o r ;  r n w a h e e d a @ p s a . e d u . m y

A B S T R A C T

T h e  d e v e l o p m e n t  o f  n e w  b u i l d i n g  i s  i n c r e a s i n g  y e a r  b y  y e a r ;  t h e r e f o r e ,
i t  i s  i m p o r t a n t  t o  h a v e  a  p r o p e r  b u i l d i n g  p e r f o r m a n c e  h e n c e
m a i n t a i n i n g  t h e  b u i l d i n g  p e r f o r m a n c e  t o w a r d s  s u s t a i n a b i l i t y .  T h i s
p a p e r  d i s c u s s e d  a b o u t  M a l a y s i a n  C a r b o n  R e d u c t i o n  a n d  E n v i r o n m e n t a l
S u s t a i n a b i l i t y  T o o l  o r  M y C R E S T ,  o n e  o f  t h e  b u i l d i n g  p e r f o r m a n c e
e v a l u a t i o n s  t h a t  f o c u s  o n  i m p r o v i n g  a w a r e n e s s  o f  c o n s t r u c t i o n  c a r b o n
e m i s s i o n  a n d  r e d u c i n g  t h e  e m i s s i o n  a n d  e n v i r o n m e n t  i m p a c t  o f  a
p r o j e c t .  E v e n t  M y C R E S T  h a v e  e l e v e n  ( 1 1 )  m a i n  c r i t e r i a  o f  M y C R E S T
( p r e - d e s i g n ,  i n f r a s t r u c t u r e  a n d  s e q u e s t r a t i o n ,  e n e r g y  p e r f o r m a n c e
i m p a c t ,  o c c u p a n t  a n d  h e a l t h ,  l o w e r i n g  e m b o d i e d  c a r b o n ,  w a t e r
e f f i c i e n c y  f a c t o r ,  s o c i a l  a n d  c u l t u r a l  s u s t a i n a b i l i t y ,  d e m o l i t i o n  a n d
d i s p o s a l  f a c t o r ,  s u s t a i n a b l e  a n d  c a r b o n  i n i t i a t i v e ,  d e m o l i t i o n  a n d
d i s p o s a l  f a c t o r ,  w a s t e  m a n a g e m e n t  a n d  r e d u c t i o n  a n d  s u s t a i n a b l e
f a c i l i t y  m a n a g e m e n t ) ,  t h i s  p a p e r  o n l y  c r i t i c a l l y  d i s c u s s  i n  e n e r g y
p e r f o r m a n c e  i m p a c t  ( e n e r g y  m a n a g e m e n t ) ,  o c c u p a n t  h e a l t h  ( I E Q ) ,
s o c i a l  a n d  c u l t u r a l  s u s t a i n a b i l i t y  ( w o r k p l a c e  p r o d u c t i v i t y )  a n d
s u s t a i n a b l e  a n d  c a r b o n  i n i t i a t i v e  ( s u s t a i n a b l e  d e v e l o p m e n t ) .

K e y w o r d s :  M y C R E S T ,  b u i l d i n g  p e r f o r m a n c e  e v a l u a t i o n ,  s u s t a i n a b i l i t y ,
g r e e n  b u i l d i n g s ,  o p e r a t i o n  a n d  m a i n t e n a n c e  
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1 . 0  I n t r o d u c t i o n

C l i m a t e  c h a n g e  c o m m o n l y  k n o w n  a s  g l o b a l  w a r m i n g  i s  t h e  t e r m  u s e d  f o r
t h e  c h a n g e s  r e c o r d e d  i n  t h e  t e m p e r a t u r e  o n  a n d  w i t h i n  t h e  e a r t h ’ s
a t m o s p h e r e  ( c a r b o n f o o t p r i n t ,  2 0 1 8 ) .   A c c o r d i n g  t o  ( U N D P ,  2 0 0 7 )  M a l a y s i a
i s  a m o n g  t h e  t o p  3 0  c a r b o n  d i o x i d e  e m i t t e r s  i n  t h e  w o r l d  a n d  h a s  b e e n
a m o n g  t h e  o t h e r  c o n t r i b u t o r s  t o w a r d s  t h e  u l t i m a t e  c l i m a t e  c h a n g e .  T h e
i m p a c t  o f  c l i m a t e  c h a n g e  i s  n o t  l i m i t e d  t o  a  c e r t a i n  r e g i o n  b u t  t o  t h e  e n t i r e
e a r t h  w h i c h  w i l l  c a u s e  t h e  s h i f t  o f  w e a t h e r  p a t t e r n .  T h e r e  a r e  s o m e  n a t u r a l
i n d i c a t o r s  t h a t  s h o w s  t h a t  o u r  e a r t h  i s  u n d e r g o i n g  g l o b a l  w a r m i n g ,  f o r
i n s t a n c e  t h e  r i s e  o f  a i r  t e m p e r a t u r e  o v e r  l a n d  a n d  o c e a n s ,  t h e  d e c r e a s e  i n
l e v e l  o f  A r t i c  S e a  i c e ,  d i s a p p e a r a n c e  o f  g l a c i e r  i c e  a n d  r i s e  i n  t h e  s e a
l e v e l .  T h e  g r e e n h o u s e  e f f e c t  i s  s h o w n  i n  F i g u r e  1 .

I n t e r g o v e r n m e n t a l  P a n e l  o n  C l i m a t e  C h a n g e  ( I P C C )  h i g h l i g h t e d  t h a t
b u i l d i n g  s e c t o r  a s  t h e  s e g m e n t  w i t h  t h e  l a r g e s t  m i t i g a t i o n  p o t e n t i a l .  I t  i s
a s s e s s e d  t h a t  b o t h  e x i s t i n g  a n d  n e w  b u i l d i n g s  h a v e  t h e  p o t e n t i a l  t o
d i m i n i s h  e n e r g y  c o n s u m p t i o n  a n d  c a r b o n  o u t f l o w  t o  a  c r i t i c a l  l e v e l  u s i n g
c u r r e n t  t e c h n o l o g i e s ,  e q u i p m e n t ,  a d m i n i s t r a t i o n  f r a m e w o r k s  a n d
a r r a n g e m e n t s .  A c c o r d i n g  t o  ( C I D B ,  2 0 1 8 )  t h e  b u i l d i n g  s e c t o r ’ s  e n e r g y
c o n s u m p t i o n  i s  e s t i m a t e d  t o  g r o w  b y  6 0 %  t o  9 0 %  f r o m  t h e  y e a r  2 0 0 5  t o
2 0 5 0 .  T h e r e f o r e ,  b y  i n t e g r a t i n g  s u s t a i n a b l e  a n d  e n v i r o n m e n t a l  m a n a g e m e n t
w i l l  h e l p  i n  c o n t r o l l i n g  t h e  c a r b o n  e m i s s i o n  a n d  e n e r g y  c o n s u m p t i o n .  T h i s
p a p e r  w i l l  r e v i e w  a b o u t  M y C R E S T ,  o n e  o f  t h e  b u i l d i n g  p e r f o r m a n c e
e v a l u a t i o n  t h a t  f o c u s  o n  i m p r o v i n g  a w a r e n e s s  o f  c o n s t r u c t i o n  c a r b o n
e m i s s i o n  a n d  r e d u c i n g  t h e  e m i s s i o n  a n d  e n v i r o n m e n t  i m p a c t  o f  a  p r o j e c t .

F i g u r e  1 :  G r e e n h o u s e  E f f e c t  ( A u s t r a l i a n  D e p a r t m e n t  o f  t h e  E n v i r o n m e n t  a n d
E n e r g y  ( 2 0 1 8 ) )
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2 . 0  M y C R E S T  v s  T r a d i t i o n a l  P r o j e c t  A p p r o a c h

T h e r e  a r e  d i f f e r e n t  d e f i n i t i o n s  a m o n g  t h e  w o r l d  a b o u t  t h e  c a r b o n  f o o t p r i n t
a n d  c a r b o n  i m p a c t  o f  b u i l d i n g s ,  p r o d u c t s  a n d  s e r v i c e s .  W i d e l y ,  t h e
o b j e c t i v e  i s  a p p r o a c h i n g  a  m o r e  c o m p r e h e n s i v e  a p p r a i s a l  t o w a r d s  t h e
c a r b o n  i m p a c t  o f  b u i l d i n g s .  M y C R E S T  c r e a t e s  i t s  o w n  p r i n c i p l e s ,
p r i m a r i l y  c r i t e r i a  a n d  d e f i n i t i o n s  p r o m o t e d  b y  t h e  C a r b o n  T r u s t  U n i t e d
K i n g d o m ,  P A S  2 0 5 0  s t a n d a r d s ,  B u i l d i n g  R e s e a r c h  E s t a b l i s h m e n t  U K  a n d
a s  f a r  a s  p o s s i b l e ,  l e s s o n s  l e a r n t  f r o m  i n t e r n a t i o n a l  g r e e n  b u i l d i n g s
s t a n d a r d s  s u c h  a s  L E E D  a n d  B R E E A M  ( C I D B ,  2 0 1 6 ) .  T h i s  c o n v e r s i o n  i n
a c c e n t u a t i o n  i s  r e f l e c t e d  i n  t h e  c r i t e r i a  i n  M y C R E S T ,  w h i c h  v a r y  f r o m  t o
t h e  o r d i n a r y  d e s i g n ,  c o n s t r u c t i o n  a n d  o p e r a t i o n  p r o c e s s e s  a n d  t o  a  f e w
d e g r e e s ,  a  d i v e r s e  a c c e n t u a t i o n  o n  t h e  t y p i c a l  g r e e n  b u i l d i n g  r a t i n g
s y s t e m s  f o u n d .  T h e s e  c a n  b e  o u t l i n e d  a s  T a b l e  1  b e l o w :

T a b l e  1 :  T r a d i t i o n a l  v s  M y C R E S T  P r o j e c t  A p p r o a c h  ( C I D B ,  2 0 1 6 )
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3 . 0  M y C R E S T  A w a r d  a n d  R a t i n g  C l a s s i f i c a t i o n

M y C R E S T  a i m s  t o  i m p r o v e  t h e  l i v e s  o f  M a l a y s i a n s  b y  p r o m o t i n g ,
d e v e l o p i n g  a n d  i m p l e m e n t i n g  s u s t a i n a b l e  c o n s t r u c t i o n  s y s t e m  i n  t h e
i n d u s t r y  ( C I D B ,  2 0 1 7 ) .  M y C R E S T  r a t i n g  f r a m e w o r k  s y m b o l i z e s  a  f i v e -
t i e r  f r a m e w o r k  b e g i n n i n g  f r o m  o n e  s t a r  t o  m o s t  5 - s t a r  r a t i n g  t h a t  c a n  b e
a c c o m p l i s h e d .  T a b l e  2  b e l o w  s h o w  b e t w e e n  p e r c e n t a g e  s c o r e  a n d
M y C R E S T  s t a r  r a t i n g .

T a b l e  3 :  T r a d i t i o n a l  v s  M y C R E S T  P r o j e c t  A p p r o a c h  ( C I D B ,  2 0 1 6 )

T a b l e  2 :  M y C R E S T  S t a r  R a t i n g  ( C I D B ,  2 0 1 6 )  

T h e r e  a r e  t h r e e  s o r t s  o f  c e r t i f i c a t i o n  g r a n t  a t  e a c h  s t a g e  w h i c h  a r e
D e s i g n ,  C o n s t r u c t i o n  a n d  O p e r a t i o n  a n d  M a i n t e n a n c e .  P r o j e c t  t h a t  p a s s e s
a l l  t h r e e  c e r t i f i c a t i o n s  c a n  q u a l i f y  t o  b e  g r a n t e d  w i t h  t h e  C a r b o n - r e d u c e d
A w a r d  L a b e l .  I f  o n e  o f  t h e  t h r e e  c e r t i f i c a t i o n s  i s  l e f t  o u t ,  t h e  p r o j e c t
s h o u l d  o n l y  g e t  t h e  i n d e p e n d e n t  c e r t i f i c a t i o n .  O n  t h e  o f f  c h a n c e  t h a t  o n e
o f  t h e  t h r e e  c e r t i f i c a t i o n s  i s  c l e a r e d  o u t ,  t h e  v e n t u r e  o u g h t  t o  a s  i t  w e r e
g e t t i n g  t h e  a u t o n o m o u s  c e r t i f i c a t i o n .  A s  i t  w e r e  v e n t u r e s  t h a t  p a s s  a l l
t h r e e  c e r t i f i c a t i o n s  c a n  q u a l i f y  f o r  t h e  C a r b o n - r e d u c e d  A w a r d  L a b e l .

    3 . 1  M y C R E S T  A w a r d  a n d  R a t i n g  C l a s s i f i c a t i o n

T a b l e  3  a s  i n d i c a t e d  b e l o w  i s  t h e  c a l c u l a t i o n  f o r  t h e  f i n a l  s c o r e  i n  d e s i g n
s t a g e .

29



F o r  h e a l t h c a r e  p r o j e c t ,  t h e  c a l c u l a t i o n  m u s t  i n c l u d e  a s  s h o w  i n  T a b l e  4 .

T a b l e  4 :  C a l c u l a t i o n  f o r  t h e  F i n a l  S c o r e  i n  D e s i g n  S t a g e  a t  H e a l t h c a r e
P r o j e c t  ( C I D B ,  2 0 1 6 )

3 . 2  C o n s t r u c t i o n  A w a r d

T a b l e  5  b e l o w  i s  t h e  c a l c u l a t i o n  f o r  t h e  f i n a l  s c o r e  i n  c o n s t r u c t i o n  s t a g e .

T a b l e  5 :  C a l c u l a t i o n  f o r  t h e  F i n a l  S c o r e  i n  C o n s t r u c t i o n  S t a g e  ( C I D B ,
2 0 1 6 )
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3 . 3  O p e r a t i o n  a n d  M a i n t e n a n c e  A w a r d

T a b l e  6  s h o w n  t h e  c a l c u l a t i o n  f o r  t h e  f i n a l  s c o r e  i n  o p e r a t i o n  a n d
m a i n t e n a n c e  s t a g e .

T a b l e  6 :  C a l c u l a t i o n  f o r  t h e  F i n a l  S c o r e  i n  O p e r a t i o n  a n d  M a i n t e n a n c e
S t a g e  ( C I D B ,  2 0 1 6 )

E a c h  e l e m e n t  i n  t h e  t o o l  h a s  b e e n  d e s i g n e d  t o  b e  a  c a r b o n - b a s e d  r a t i n g .
C a r b o n  R e d u c t i o n  ‘ C r ’  p o i n t s  a r e  t h o s e  t h a t  e m i t  c a r b o n  a n d  a r e
r e p r e s e n t e d  b y  c a l c u l a t o r .  I t  a i m s  t o  q u a n t i f y  t h e  c o n s u m p t i o n  o f
c a r b o n .  I t  i s  v e r y  v a l u a b l e  f o r  c a r b o n  e m i s s i o n  i n v e s t i g a t i o n .  C a r b o n
I m p a c t  ‘ C i ’  p o i n t s  a r e  f o c u s e s  t h a t  w i l l  a f f e c t  c a r b o n  e m i s s i o n  b u t  m a y
n o t  b e  c a l c u l a t e d  w h i l e  S u s t a i n a b l e  ‘ S ’  c o u l d  b e  a  p o i n t  t h a t  d o e s  n o t
r e l a t e  t o  c a r b o n  e m i s s i o n  a n d  l e s s e n i n g  b u t  h a s  a f f e c t e d  o n  o t h e r
s u s t a i n a b i l i t y  m a t t e r s  a s  s h o w n  i n  F i g u r e  2  b e l o w .

F i g u r e  2 :  C a r b o n - b a s e d  I d e n t i f i c a t i o n  ( C I D B ,  2 0 1 6 )

4 . 0  M y C R E S T  T o o l s

M y C R E S T  c o m b i n e d  t h r e e  t o o l s  t o  c o n s t r u c t  a  s c o r i n g  m e t h o d  t o
e v a l u a t e  a  b u i l d i n g  c e r t i f i c a t i o n  a s  s h o w n  i n  F i g u r e  3 .  M y C R E S T  t o o l s
a r e  i l l u s t r a t i n g  o n  h o w  M y C R E S T  a p p r a i s a l ,  i d e n t i f i c a t i o n  a n d  g r a n t  i s
g i v e n  i n d e p e n d e n t l y  t o  e a c h  o r g a n i z a t i o n  o f  b u i l d i n g  l i f e c y c l e  w h i c h
i s  i n  p r e - d e s i g n  s t a g e ,  c o n s t r u c t i o n  s t a g e  a n d  o p e r a t i o n a l  s t a g e
( M A M P A N ,  2 0 1 7 ) .  M y C R E S T  g r a n t s  d i s t i n c t i v e  s t a r  r a t i n g  t o  t h e
d i v e r s e  s t a g e  o f  t h e  v e n t u r e  a n d  w i l l  g r a n t  a  g e n e r a l l y  s t a r  r a t i n g .
T h u s ,  a l l  s t a g e  o f  b u i l d i n g  c y c l e  w i l l  b e  e v a l u a t e d  a n d  a c c e s s e d  t o
e n s u r e  t h e  s u s t a i n a b i l i t y  o f  t h e  b u i l d i n g .
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F i g u r e  3 :  M y C R E S T  T o o l s  ( C I D B ,  2 0 1 6 )

    4 . 1  M y C R E S T  A s s e s s m e n t  C r i t e r i a

M y C R E S T  i s  c r e a t e d  t o  b e  a  v e r y  v e r s a t i l e  s c o r e c a r d  w h i c h  c o n s i s t s  o f
t h r e e  ( 3 )  t o o l s ;  d e s i g n ,  c o n s t r u c t i o n ,  o p e r a t i o n  a n d  m a i n t e n a n c e .  T h e
M y C R E S T  a s s e s s m e n t  c r i t e r i a  i s  u s e d  t o  m e a s u r e  b u i l d i n g ’ s  p e r f o r m a n c e
s t a r t i n g  w i t h  p r e - d e s i g n  t o  s u s t a i n a b l e  f a c i l i t y  m a n a g e m e n t  s o  t h a t  t h e
b u i l d i n g  c o n t i n u o u s l y  s u s t a i n s .  T h e  a s s e s s m e n t  c r i t e r i a  a r e  d i v i d e d  i n t o
e l e v e n  ( 1 1 )  s u b  t o o l s  a s  s h o w n  i n  F i g u r e  4  b e l o w .  

F i g u r e  4 :  A s s e s s m e n t  C r i t e r i a  o f  M y C R E S T  ( C I D B ,  2 0 1 7 )
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5 . 0  C o n c l u s i o n

B a s e d  o n  t h e  t h e o r e t i c a l  s t u d y  c o n d u c t e d  o n  M y C R E S T ,  t h e r e  i s  r o o m  f o r
i m p r o v e m e n t  i n  o r d e r  t o  g e t  m o r e  i n v e s t o r s  a n d  s t a k e h o l d e r s  t o  v e n t u r e
i n t o  g e t t i n g  M y C R E S T  c e r t i f i c a t i o n .  F i r s t l y ,  t h e  i n f l u e n c e  f r o m  t h e
g o v e r n m e n t  a n d  r e l e v a n t  m i n i s t r y  i s  e s s e n t i a l  i n  p r o m o t i n g  t h e  b e n e f i t s  o f
M y C R E S T  a n d  e x e r c i s e  o f  t a x  i n c e n t i v e s .  C o m p a r i n g  w i t h  t h e  o t h e r
a v a i l a b l e  b u i l d i n g  p e r f o r m a n c e  e v a l u a t i o n  t o o l ,  M y C R E S T  i s  a  m u c h  m o r e
c o m p r e h e n s i v e  t o o l  w h i c h  c o m p r i s e s  o f  1 1  c r i t e r i a  i n  c o m p a r i n g  t o  o t h e r
t o o l s  s u c h  a s  G r e e n m a r k  w h i c h  o n l y  f o c u s e s  o n  5  m a i n  c r i t e r i a ’ s ,  t h i s
c o m p r e h e n s i v e n e s s  w i l l  m a k e  i n v e s t o r s  a n d  c o n s u l t a n t s  t o  w o n d e r  o n  h o w
t o  a c h i e v e  t h e  r e q u i r e m e n t  o f  t h e  c o m p l e x  t o o l .  B e s i d e s  t h a t ,  i n v e s t o r s
i n c e n t i v e s  s h o u l d  b e  t h e  o t h e r  p o i n t  o f  c o n s i d e r a t i o n  f o r  C I D B  a n d  P W D
t o  a t t r a c t  m o r e  i n v e s t o r s  o r  s t a k e h o l d e r s  t o  t e n d e r  f o r  M y C R E S T
c e r t i f i c a t i o n ,  e x a m p l e  C I D B  a n d  P W D  s h o u l d  c o m e  u p  w i t h  a  p r o j e c t i o n
b a s e d  o n  t h e i r  p r e v i o u s  c e r t i f i e d  p r o j e c t s  t o  s h o w  t h e  s a v i n g s  a t t a i n e d
d u r i n g  t h e  o p e r a t i o n  o f  t h e  b u i l d i n g .  T h i s  w i l l  h e l p  s t a k e h o l d e r s  t o  f u r t h e r
u n d e r s t a n d  t h a t  d e s p i t e  t h e  i n i t i a l  c o s t  o f  t h e  c o n s t r u c t i o n  i s  h i g h e r
c o m p a r e d  t o  a  c o m m o n  b u i l d i n g  b u t  t h e  s a v i n g  a t t a i n e d  d u r i n g  t h e
o p e r a t i o n  o f  t h e  b u i l d i n g  a n d  t h e  e m i s s i o n  o f  c a r b o n  f o o t p r i n t  w i l l  b e  a b l e
t o  c o n v i n c e  t h e m .

A c k n o w l e d g e m e n t

T h e  a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  t h e  f a c i l i t i e s  m a n a g e m e n t ’ s  c o m p a n y
a n d  p r a c t i t i o n e r s  f o r  v a l u a b l e  i n p u t  a n d  f e e d b a c k  a n d  a l s o  h i g h l y
a p p r e c i a t e d  f o r  P o l i t e k n i k  S u l t a n  S a l a h u d d i n  A b d u l  A z i z  S h a h  f o r  t h i s
o p p o r t u n i t y  t o  p u b l i s h  t h i s  p a p e r .  
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S h a h ,  S h a h  A l a m ,  S e l a n g o r

A B S T R A C T

P e n g g u n a a n  s i n k i  i n i  s u d a h  t i d a k  a s i n g  l a g i  p a d a  m a s a  k i n i  k e r a n a  i a
m e r u p a k a n  k e m u d a h a n  a l i r a n  a i r  t i d a k  b e r s i h  p a d a  b a n g u n a n  s e p e r t i
r e s t o r e n ,  h o t e l ,  r u m a h  a p a r t m e n t  d a n  l a i n - l a i n .  S i n k i  m e m p u n y a i
p e l b a g a i  k e g u n a a n  d a n  t u j u a n .  S e b a g a i  c o n t o h ,  s i n k i  y a n g  d i l e t a k k a n
d i  d a l a m  b i l i k  a i r  a d a l a h  s i n k i  u n t u k  k e g u n a a n  p e r s o n e l  s e p e r t i
a k t i v i t i  m e m b e r s i h k a n  m u k a  m a n a k a l a  s i n k i  y a n g  b e r a d a  d i  d a p u r
a d a l a h  b e r t u j u a n  u n t u k  k e g u n a a n  a k t i v i t i  m e m a s a k  d a n  m e m b a s u h
p i n g g a n .  S i n k i  y a n g  t e r s u m b a t  d a n  r o s a k  m e n d a t a n g k a n  m a s a l a h
k e p a d a  p e n g g u n a  s e p e r t i  a i r  b e r t a k u n g  d a n  b e r b a u  s e r t a  m e n y e b a b k a n
a k t i v i t i  k e b e r s i h a n  t e r g e n d a l a  s e h i n g g a  m e n d a t a n g k a n  k e m u d a r a t a n
k e p a d a  k e s i h a t a n  m a n u s i a .  S e h u b u n g a n  d e n g a n  i t u ,  s a t u  k a j i a n  p r o d u k
b e r u p a  s e j e n i s  p e n a p i s  d i p e r k e n a l k a n  b a g i  m e n y e l e n g g a r a  m a s a l a h
s i n k i  t e r s u m b a t .  R e k a  b e n t u k  p e n a p i s  i n i  d i a p l i k a s i k a n  p a d a  s i n k i
d a p u r  s e b u a h  r u m a h  k e d i a m a n  b a g i  m e n g e l a k  p e r a n g k a p  s i n g k i
d a r i p a d a  t e r s u m b a t  d a n  b e r b a u .  T u j u a n  k a j i a n  i n i  a d a l a h  u n t u k
m e n g h a s i l k a n  p e n a p i s  y a n g  b e r f u n g s i  m e n a p i s  s i s a  m a k a n a n  d a n  a i r
s i s a  b u a n g a n   d a n  d a p a t  m e n e n t u k a n  k a d a r  k e k e r u h a n  d a n  b a u  a i r .
P e n a p i s  i n i  d i p e r b u a t  d a r i p a d a  a c r y l i c  i a i t u  s e j e n i s  b a h a n  p l a s t i k  y a n g
m e n y e r u p a i  k a c a .  I a  j u g a  t i d a k  c a l a r  d a n  m u d a h  u n t u k  d i c u c i
s e k i r a n y a  t e r k e n a  s i s a  m i n y a k  d a n  s e b a g a i n y a .  B a h a n  t a p i s a n  y a n g
d i g u n a k a n  d a l a m  r a w a t a n  a i r  k o t o r  a d a l a h  b a h a n  o r g a n i k  s e p e r t i  s e r a t
b a t a n g  p a s a n g  d a n  s a b u t  k e l a p a .  K e l e b i h a n  b a h a n - b a h a n  o r g a n i k  i n i
a d a l a h  m a m p u  m e m e r a n g k a p  m i n y a k  p a d a  s a l u r a n  s i n k i  d a n  m u d a h
u n t u k  d i c u c i .  U j i a n  k e k e r u h a n  a i r  j u g a  d i u j i  d e n g a n  m e n g g u n a k a n
u j i a n  k e j e r n i h a n  a i r .  H a s i l  u j i a n  d i d a p a t i  b a h a w a  a i r  y a n g  s e b e l u m
d i t a p i s  a d a l a h  l e b i h  k o t o r  b e r b a n d i n g  d e n g a n  a i r  y a n g  t e l a h  d i t a p i s .
I n i  d i b u k t i k a n  d e n g a n  k e k e r u h a n  a i r  a d a l a h  l e b i h  j e r n i h  b e r b a n d i n g
d e n g a n  a i r  s e b e l u m  d i t a p i s  b e r w a r n a  k e p e r a n g a n .

K e y w o r d s :  S i n k i ,  P e n a p i s ,  A c r y l i c ,  B a h a n  O r g a n i k ,  U j i a n  k e k e r u h a n
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1 .  P e n g e n a l a n

S i n k i  a d a l a h  b e k a s  y a n g  d i g u n a k a n  s e b a g a i  t e m p a t  u n t u k  m e m b a s u h  t a n g a n
a t a u  p i n g g a n  m a n g k u k .  S e b u a h  s i n k i  m e m p u n y a i  p i l i  a i r  y a n g  m e n g a l i r k a n
a i r  s e j u k  a t a u  p a n a s  y a n g  k a d a n g k a l a  d i s e r t a k a n  d e n g a n  c i r i  s e m b u r a n
u n t u k  m e n c e p a t k a n  k a d a r  a l i r a n  a i r .  S e b u a h  s i n k i  j u g a  m e m i l i k i  a l u r  y a n g
m e m b e n a r k a n  a i r  k e l u a r  d a n  k a d a n g k a l a  m e m i l i k i  t e m p a t  p e n y i m p a n  s a b u n .
N a m u n ,  p e n g g u n a a n  y a n g  m e n i n g k a t  m e n y e b a b k a n  m a s a l a h  s i n k i  t e r s u m b a t
d a n  i a n y a  s e r i n g  t e r j a d i  d i  k a l a n g a n  p e n g g u n a .  H a l  i n i  k e r a n a  s i s a - s i s a
m a k a n a n  d a n  m i n y a k  t e r p e r a n g k a p  d a l a m  s i n k i  t e l a h  m e y e b a b k a n  s a l u r a n
p a i p  t e r s u m b a t .  S e l a i n  i t u ,  m a s a l a h  r e k a b e n t u k  p a i p  d i b a w a h  s i n k i  t u r u t
m e n y u m b a n g  k e r j a - k e r j a  p e n y e l e n g g a r a a n  s e m a k i n  s u k a r  u n t u k
d i l a k s a n a k a n  ( F r e d ,  2 0 1 0 ) .

M a s a l a h  y a n g  d i p e r o l e h i  d a r i p a d a  k a j i a n  a w a l  i n i  i a l a h  s i n k i  d a p u r  s e r i n g
b e r l a k u  m a s a l a h  k a d a r  a l i r  a i r  y a n g  d i s e b a b k a n  o l e h  s i s a - s i s a  m a k a n a n
y a n g  t e r l a l u  b a n y a k  t e r k u m p u l .  I n i  m e n y e b a b k a n  s i n k i  t e r s e b u t  m e n j a d i
t e r s u m b a t  d a n  m e n g e l u a r k a n  b a u  y a n g  t i d a k  m e n y e n a n g k a n .  S e l a i n  i t u ,
s i n k i  y a n g  t e r s u m b a t  j u g a  a k a n  m e n g g a n g u  k e r j a - k e r j a  d i  d a p u r  s e p e r t i
m e n c u c i  p i n g g a n ,  m e m b e r s i h k a n  i k a n  y a n g  d i s i a n g  &  p e r k a r a - p e r k a r a  l a i n
y a n g  b e r k a i t a n  d e n g a n  p e n g g u n a a n  s i n k i .  O l e h  i t u ,  k a j i a n  i n i  b e r t u j u a n
u n t u k  m e r e k a b e n t u k  s a t u  p r o d u k  p e n a p i s  y a n g  d a p a t  m e n a p i s  a i r  s i s a
b u a n g a n  d a r i p a d a  s i n k i  a g a r  d a p a t  m e n g u r a n g k a n  k a d a r  k e k e r u h a n  a i r
t e r s e b u t  s e k a l i g u s  m e n g u r a n g k a n  m a s a l a h  s i n k i  t e r s u m b a t  y a n g  d i s e b a b k a n
o l e h  m i n y a k .  S k o p  k a j i a n  u n t u k  p r o j e k  i n i  a d a l a h  s i n k i  y a n g  a d a  p a d a
b a n g u n a n  r u m a h  j e n i s  p a n g s a p u r i .  H a l  i n i  k e r a n a  r u m a h - r u m a h  p a n g s a p u r i
m a s i h  l a g i  k e k a l  m e n g g u n a k a n  s i n k i  j e n i s  m a n g k u k  ‘ s ’ .

S e c a r a  a m n y a ,  p e n g g u n a a n  s i n k i  a m a t l a h  p e n t i n g  d i  s e t i a p  r u m a h  k e d i a m a n
k e r a n a  i a  m e r u p a k a n  k e p e r l u a n  u n t u k  m e m b u a n g  s i s a  y a n g  t e l a h  d i g u n a k a n
u n t u k  m e m a s t i k a n  k e b e r s i h a n  d i  k a w a s a n  d a p u r  l e b i h  b e r s i h  d a n  s e l e s a .
K e b a n y a k a n  m a s a l a h  s i n k i  t e r s u m b a t  a k i b a t  d a r i p a d a  p e m b u a n g a n  s i s a
m a k a n a n  d a n  m i n y a k  s e c a r a  t e r u s  k e  d a l a m  s i n k i  d a n  m e n y e b a b k a n  p a i p
t e r s u m b a t .  H a l  i n i  k e r a n a  s i s a - s i s a  m a k a n a n  d a n  m i n y a k  t e r s e b u t  a k a n
t e r s u m b a t  d i  d a l a m  “ g u l l y  t r a p ”  s e r t a  a k a n  m e n y e b a b k a n  b a u  y a n g  t i d a k
m e n y e n a n g k a n  k e p a d a  p e n g h u n i  r u m a h  t e r s e b u t  a k i b a t  s i s a  m a k a n a n
t e r s e b u t  t i m b u l  k e  p e r m u k a a n  s i n k i  b e r s a m a  a i r  y a n g  b e r c a m p u r  d e n g a n
m i n y a k .  “ G u l l y  t r a p ”  d i s e d i a k a n  u n t u k  m e n g e l a k k a n  b a u  b u s u k  m e m a s u k i
b a n g u n a n  .  P e r a n g k a p  “ g u l l y  t r a p ”  j u g a  d i s e d i a k a n  d i  l u a r  b a n g u n a n
s e b e l u m  m e n y a m b u n g  k e  s a l u r a n  p e m b e n t o n g  l u a r  ( R o g e r , 2 0 1 1 ) .
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2 .  M e t o d o l o g i

    2 . 1  C a r t a  a l i r  p r o j e k
C a r t a  a l i r  k e r j a / p r o j e k  p e n g h a s i l a n  p r o j e k  a d a l a h  s e p e r t i  d i t u n j u k k a n
d a l a m  R a j a h  1 .  R a n g k a  k e r j a  d i s u s u n  d e n g a n  l e b i h  s i s t e m a t i k  a g a r  m u d a h
d i c a p a i  p a d a  t e m p o h  m a s a  y a n g  d i t e t a p k a n .

R a j a h  1 :  C a r t a  a l i r  p e n g h a s i l a n  p r o j e k

    2 . 2   B a h a n  p e n a p i s
B a h a n  o r g a n i k  y a n g  d i g u n a k a n  a d a l a h  t e r d i r i  d a r i p a d a  m e d i u m - m e d i u m  p e n a p i s a n
s e p e r t i  b e r i k u t ;
 
          2 . 1 . 1  S a b u t  k e l a p a  -  S a b u t  k e l a p a  d i g u n a k a n  s e b a g a i  m e d i u m  p e n a p i s a n  y a n g
b e r f u n g s i  m e n y i n g k i r k a n  p e p e j a l  t e r a m p a i  d i  d a l a m  a i r .  B a h a n  t e r c e m a r  a k a n
d i s e r a p  s e m a s a  p r o s e s  r a w a t a n .
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R a j a h  3 :  B a t a n g  p i s a n g  y a n g  t e l a h  k e r i n g

    2 . 3  P r o t o t a i p  p e n a p i s
P e n a p i s  t e l a h  d i r e k a b e n t u k  s e p e r t i  y a n g  d i t u n j u k k a n  p a d a  R a j a h  4  d a n
R a j a h  5 .  P e n a p i s  m e n g g u n a k a n  b a h a n  a c r y l i c  b a g i  m e n g u r a n g k a n  m a s a l a h
m i n y a k  m e l e k a t  p a d a  p e n a p i s .  P e n a p i s  d i p a s a n g  d e n g a n  g a b u n g a n  j a r i n g
d a n  k a c a  a k r i l i k  b a g i  m e m b i n a  k o m p o n e n  p e n a p i s  y a n g  d i r e k a b e n t u k .

R a j a h  2 :  S a b u t  k e l a p a

      2 . 1 . 2  B a t a n g  p i s a n g  -  B a t a n g  p i s a n g  y a n g  t e l a h  d i k e r i n g k a n
m e r u p a k a n  s a l a h  s a t u  b a h a n  y a n g  d i g u n a k a n  s e b a g a i  b a h a n  s e r a t  y a n g
b e r u p a y a  m e n y e r a p  m i n y a k  a p a b i l a  t e r k a n d u n g  d i a t a s  p e r m u k a a n  a i r
t e r m a s u k l a h  a i r  d a r i  s i s a  d o m e s t i k .

R a j a h  4 :  P a n d a n g a n  l a k a r a n  d a r i p a d a  a t a s
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R a j a h  5 :  P a n d a n g a n  l a k a r a n  d a r i p a d a  s i s i

    2 . 4  U j i a n  k e k e r u h a n
A i r  s i s a  y a n g  t e l a h  d i t a p i s  d i u j i  d e n g a n  m e n g g u n a k a n  p e n d e k a t a n  s e p e r t i
d i t u n j u k k a n  p a d a  R a j a h  6 .  S e l a i n  i t u ,  p e n e l i t i a n  t e n t a n g  k e b e r k e s a n a a n
p e n g u r a n g a n  k e k e r u h a n  a i r  s i s a  j u g a  d i l a k u k a n  b a g i  m e m a s t i k a n  a i r  y a n g
d i l e p a s k a n  d a r i  s i n k i  t i d a k  t e r l a l u  k o t o r  s e r t a  b e r m i n y a k .  D e n g a n  k a e d a h
i n i  a i r  s i s a  a k a n  k u r a n g  k o t o r  s e b e l u m  k e  s a l u r a n  p a i p  s e t e r u s n y a .

a )  K e k e r u h a n  a i r  s i s a  m e n g a n d u n g i  s i s a  m a k a n a n

b )  K e k e r u h a n  a i r  s i s a  m e n g a n d u n g i  m i n y a k

c )  K e k e r u h a n  a i r  s i s a  m e n g a n d u n g i  s i s a  m a k a n a n
b e r s a m a  c a m p u r a n  s i s a  d a n  m i n y a k

R a j a h  6 :  K e a d a a n  a i r  s i s a  y a n g  d i u j i
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3 .  P e r b i n c a n g a n
P r o d u k  “ F o o d  S c r a p  C o l l e c t o r ”  t e l a h  m e n j a l a n i  p r o s e s  u j i  k a j i  d e n g a n
m e n a p i s  s i s a  b u a n g a n  m a k a n a n ,  l e m a k  d a n  m i n y a k .  U j i l a r i  p r o d u k  i n i
d i j a l a n k a n  d i  p e r u m a h a n  p a n g s a p u r i  i l h a m .  P r o d u k  a d a l a h  s t a b i l  d a n
s e i m b a n g  a p a b i l a  p r o s e s  p e n a p i s a n  d i j a l a n k a n .  S e l a i n  i t u ,  m a s a  y a n g
d i a m b i l  u n t u k  p r o s e s  p e n u r u n a n  a i r  s i s a  b u a n g a n  b e r s e s u a i a n  m e n g i k u t
j a n g k a a n  s e m a s a  d i j a l a n k a n .  A n t a r a  m a s a l a h  y a n g  d i h a d a p i  o l e h  p a r a
p e n g g u n a  d a p u r  b e r d a s a r k a n  b o r a n g  s o a l  s e l i d i k  y a n g  t e l a h  d i e d a r k a n ,
k a m i  d a p a t i  m e r e k a  k e b a n y a k k a n  p e n g h u n i  r u m a h / p e n g g u n a  d a p u r  k u r a n g
p e n g e t a h u a n  m e n g e n a i  c a r a  m e n g a t a s i  m a s a l a h  s i n k i  t e r s u m b a t .  D e n g a n
i t u ,  p r o d u k  i n i  d a p a t  m e m b a n t u  u n t u k  m e n g u r a n g k a n  m a s a l a h  s i n k i
t e r s u m b a t .

R a j a h  7 :  S o a l a n  a k h i r  s e m a s a  s o a l  s e l i d i k  d i j a l a n k a n  p a d a  2 5  o r a n g  r e s p o n d e n

B e r d a s a r k a n  c a r t a  p a i  d i  a t a s ,  h a s i l  a n a l i s i s  m e n u n j u k k a n  s e b a n y a k  8 0 %
s a n g a t  s e t u j u  p r o d u k  i n i  p e r l u  a d a  s i  d a p u r  r u m a h  a n d a  d a n  b a g i  r e s p o n d e n
y a n g  t i d a k  s e t u j u  2 0 %

4 .  K e s i m p u l a n
O b j e k t i f  u t a m a  b a g i  k a j i a n  i n i  i a l a h  m e r e k a b e n t u k  s a t u  a l a t a n  y a n g  d a p a t
m e n a p i s  s i s a  m a k a n a n  d a n  j u g a  m e n g u r a n g k a n  m i n y a k  d a n  l e m a k  s e b e l u m
t e r u s  k e  p e r a n g k a p  d i  b a h a g i a n  s i n k i .  S e t e l a h  u j i k a j i  d i l a k u k a n ,  a i r  s i s a
b u a n g a n  d a r i p a d a  s i n k i  d i d a p a t i  l e b i h  k u r a n g  b e r m i n y a k  d a n  k o t o r .  M a s a
y a n g  d i a m b i l  u n t u k  m e n a p i s  s i s a  b u a n g a n  s e k i t a r  1 5  k e  2 0  s a a t  s a h a j a .   
H a s i l  u j i a n  j u g a  d a p a t  m e n g u r a n g k a n  k e k o t o r a n  a i r  s i s a  b u a n g a n  s e k a l i g u s
d a p a t  m e n g u r a n g k a n  m a s a l a h  s i n k i  t e r s u m b a t .  S e c a r a  k e s e l u r u h a n n y a ,
d e n g a n  a d a n y a  ‘ F o o d  S c r a p  C o l l e c t o r ’  i n i  i a n y a  d a p a t  m e n g u r a n g k a n  s i n k i
t e r s u m b a t  y a n g  b e r p u n c a  d i  d a p u r  r u m a h .  S e l a i n  i t u ,  p r o d u k  i n i  d a p a t
d i g u n a k a n  p a d a  d i  s e t i a p  r u m a h  d e n g a n  m u d a h  d a n  s e l e s a .
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P e n g h a r g a a n

P e n u l i s  m e r a k a m k a n  p e n g h a r g a a n  k e p a d a  J a b a t a n  K e j u r u t e r a a n  A w a m ,
P o l i t e k n i k  S u l t a n  S a l a h u d d i n  A b d u l  A z i z  S h a h  a t a s  k e m u d a h a n  m a k m a l
y a n g  d i s e d i a k a n .
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n c o r p o r a t i n g  C u r r e n t  B u i l d i n g &   C o n s t r u c t i o n   R e g u l a t i o n s . U K :   P e a r s o n -
L o n g m a n .   

41



F O P D T  M o d e l l i n g  T r a n s f e r  F u n c t i o n  f o r  A S W F  W a t e r  F i l t e r
A h m a d  A f t a s  B i n  A z m a n ;  

J a b a t a n  M a t e m a t i k  S a i n s  d a n  K o m p u t e r ,  
a f t a s @ p s a . e d u . m y

A B S T R A C T

F l o o d s  a r e  a  n a t u r a l  p h e n o m e n o n  t h a t  f r e q u e n t l y  o c c u r s  i n  M a l a y s i a .
F l o o d i n g  w i l l  c a u s e  w a t e r  t o  b e c o m e  c l o u d y  o r  t u r b i d .  I n  t h i s  s i t u a t i o n ,
t h e  s u p p l y  o f  c l e a n  d r i n k i n g  w a t e r  i s  t h e  m o s t  a f f e c t e d  c o m p o n e n t .
T h e r e f o r e ,  m a n y  r e s e a r c h e r s  h a v e  d e s i g n e d  a  w a t e r  f i l t e r  s y s t e m  t o
o v e r c o m e  t h e s e  p r o b l e m s .  O n e  o f  t h e m  i s  u s e d  c h e m i c a l  a s  a  p u r i f y i n g
a g e n t ,  o r  k n o w n  a s  c o a g u l a n t  a n d  f l o c c u l a t i o n  p r o c e s s .  I n  t h i s  s t u d y ,
t h e  r e s e a r c h e r  u s e d  A l u m i n i u m  S u l p h a t e  a s  a  c o a g u l a n t  a g e n t  a n d  a n
a l u m i n i u m  s u l p h a t e  w a t e r  f i l t e r  ( A S W F )  p i l o t  p l a n  a s  a  f l o c c u l a t i o n
p r o c e s s .  T h u s ,  t h e  A S W F  p i l o t  p l a n  w i l l  b e  c o n t r o l l e d  b y  a n  o p e n - l o o p
c o n t r o l l e r  a n d  a  d i s c r e t e  p l a n  m o d e l l i n g  t r a n s f e r  f u n c t i o n  b e  d e v e l o p e d
i n  l i g h t  o f ,  t h e  o p e n - l o o p  c o n t r o l l e r  o u t p u t .  S u b s e q u e n t l y ,  t h i s
m o d e l l i n g  t r a n s f e r  f u n c t i o n  c a n  b e  u s e d  t o  r e p l a c e  t h e  a c t u a l  p l a n t .
C o n c l u s i v e l y ,  A S W F ,  t r a n s f e r  f u n c t i o n  m o d e l  t o  b e  c o u p l e d  w i t h
c o n t r o l l e r s  s u c h  a s  P I ,  P I D ,  M P C ,  F U Z Z Y  e t c .  f o r  e x p e r i m e n t a l
p u r p o s e s .  F u r t h e r m o r e ,  t h e  r e s u l t  w i l l  b e  e v a l u a t e d  t h e  r o b u s t n e s s  a n d
e f f i c i e n c i e s  o f  c o n t r o l l e r s  t o  b e  t h e  b e s t  t u n i n g  c o n t r o l l e r s  t h a t  w i l l  b e
a d o p t e d  i n  r e a l - t i m e  p r o c e s s  c o n t r o l  f o r  f u r t h e r  i n v e s t i g a t i o n .

K e y w o r d s :  M o d e l l i n g ,  T u r b i d i t y ,  W a t e r  F i l t e r ,  C o n t r o l l e r ,  a n d  C o a g u l a n t
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1 .  I n t r o d u c t i o n

M a l a y s i a  i s  a  c o u n t r y  t h a t  o f t e n  f a c e s  t h e  p r o b l e m  o f  f l o o d i n g  ( Z a k a r i a  e t
a l .  2 0 1 7 ) .  T h i s  i s  d u e  t o  t h e  a v e r a g e  a n n u a l  r a i n f a l l  e x p e r i e n c e d  b y
P e n i n s u l a r  M a l a y s i a  t h e  a v e r a g e  r a i n f a l l  i s  a r o u n d  2 5 0 0  m m  p e r  y e a r  a s
r e c o r d e d  b y  t h e  M a l a y s i a n  M e t e o r o l o g i c a l  D e p a r t m e n t  ( M o h a m m e d ,
E d w a r d s ,  a n d  G a l e  n . d . ) .  T h e  h i s t o r y  o f  m a j o r  f l o o d s  i n  2 0 1 4  e s p e c i a l l y  o n
t h e  e a s t  c o a s t  o f  t h e  p e n i n s u l a ,  l e f t  a  p r o f o u n d  i m p a c t  o n  a l l  M a l a y s i a n s
( A k a s a h  a n d  D o r a i s a m y  2 0 1 5 ) .  I n  a d d i t i o n ,  t h e  d e v e l o p m e n t  o f  h u m a n
c i v i l i z a t i o n  o f t e n  o c c u r r e d  a l o n g  t h e  b a n k s  o f  r i v e r s  a d j a c e n t  t o  w a t e r
s o u r c e s  f o r  i r r i g a t i o n  a n d  d o m e s t i c  u s e r s .  F u r t h e r m o r e ,  l a n d - u s e  e f f e c t s
c a n  c a u s e  s i g n i f i c a n t  c h a n g e s  i n  t h e  h y d r o l o g i c a l  r e g i m e  o f  r i v e r  b a s i n s
( A l - M a m u n  e t  a l .  2 0 1 6 ) .  

H e a v y  r a i n s  c o u p l e d  w i t h  i n e f f i c i e n t  d r a i n a g e  s y s t e m s  a r e  a l s o  b e l i e v e d  t o
b e  t h e  c a u s e  o f  f l o o d s ,  w h i c h  c a n  c a u s e  s p e c i f i c  p o l l u t i o n  t o  d r i n k i n g
w a t e r  s y s t e m s ,  a s  f l o o d w a t e r  c a r r i e s  h a r m f u l  c o n t a m i n a n t s  t o  c o n s u m e r s
( N a y a n  e t  a l .  2 0 1 8 ) .  F l o o d s  c o n t a m i n a t e  d r i n k i n g  w a t e r  t h r o u g h  s u r f a c e
w a t e r  s o u r c e s ,  g r o u n d w a t e r  s o u r c e s ,  a n d  d i s t r i b u t i o n  s y s t e m s  ( O l y a e i ,
K a r a m o u z ,  a n d  F a r m a n i  2 0 1 8 ) .  T h e  W o r l d  H e a l t h  O r g a n i z a t i o n  ( W H O )
p r o d u c e s  g u i d e l i n e s  o n  d r i n k i n g  w a t e r  q u a l i t y  f o r  p u b l i c  h e a l t h  p r o t e c t i o n
t o  e n s u r e  t h a t  w a t e r  s a f e t y  p l a n s  a r e  i m p l e m e n t e d  e f f e c t i v e l y  ( G u i d e l i n e s
f o r  d r i n k i n g - w a t e r  q u a l i t y  1 9 9 7 ) .  O n e  o f  t h e  p r o b l e m s  f a c e d  b y  f l o o d
v i c t i m s  i s  o b t a i n i n g  a  c l e a n  w a t e r  s u p p l y  f o r  h o u s e h o l d  n e e d s  ( J i a n g
2 0 1 1 ) .  
T h e r e  a r e  s e v e r a l  t y p e s  o f  w a t e r  f i l t r a t i o n  s y s t e m s  t h a t  c a n  b e  u s e d  t o
t r e a t  s e d i m e n t a t i o n  a n d  t u r b i d i t y  p r o b l e m s .  B a s e d  o n  p r e v i o u s  r e s e a r c h ,
v a r i o u s  a p p r o a c h e s  o f  w a t e r  f i l t r a t i o n  m e t h o d s  h a v e  b e e n  u s e d  t o
o v e r c o m e  t h e  p r o b l e m  o f  c l e a n  w a t e r  s u p p l y .  F o r  e x a m p l e ,  t h e r e  a r e  m a n y
f o r m s  o f  w a t e r  f i l t e r  e l e m e n t s  n o w a d a y s ,  n a m e l y  c l o t h  ( M o n d a l ,  S e t h ,  a n d
B i s w a s  2 0 0 7 ) ,  c e r a m i c  ( S i m o n i s  a n d  B a s s o n  2 0 1 1 ) ,  c a r b o n  ( L o u  e t  a l .
2 0 1 4 ) ,  a n d  s a n d  ( A s l a n  a n d  C a k i c i  2 0 0 7 ) .  H o w e v e r ,  t h e  e x i s t i n g  s e t  o f
w a t e r  f i l t e r s  o f t e n  u s e d  i s  t o  u s e  f i l t e r i n g  m a t e r i a l s  s u c h  a s  s t o n e ,  s a n d ,
a n d  c l o t h ,  w h i c h  n e e d  t o  b e  b a c k w a s h i n g  r a p i d l y  w h e n  d i r t y .  T o  o v e r c o m e
t h i s  p r o b l e m ,  r e s e a r c h e r s  u s e  t h e  c h e m i c a l  A l u m i n u m  S u l p h a t e  a s  a
f i l t e r i n g  a g e n t  t o  t r e a t  w a t e r  t u r b i d i t y  ( H u a n g  e t  a l .  2 0 1 5 ) .

I n  s o m e  c a s e s ,  f l o o d  w a t e r  i s  t r e a t e d  b y  u s i n g  a  c h e m i c a l  m e t h o d  k n o w n  a s
a  c o a g u l a n t  a n d  f l o c c u l a n t s  p r o c e s s .  P r o v i d e d  t h a t ,  t h i s  p r o c e s s  i s
a c c o m p l i s h e d  b y  u s i n g  a  s m a l l  p a c k e t  o f  p o w d e r e d  f e r r o u s  s u l f a t e  o r
a l u m i n u m  s u l f a t e .  A l t h o u g h  t h i s  i s  a  f a c t ,  t o  t r e a t i n g  t h e  f l o o d w a t e r ,  t o  b e  

43



u s e d  a s  p o r t a b l e  w a t e r  w h i c h  i s  b y  u s i n g  c h e m i c a l s  a s  a  f i l t r a t i o n  a g e n t .
H o w e v e r ,  t h i s  p r o c e s s  t a k e s  a  c e r t a i n  t i m e  d e p e n d i n g  o n  t h e  l e v e l  o f
t u r b i d i t y  a n d  a l s o  t h e  q u a n t i t y  o f  t h e  f l o o d  w a t e r  t o  b e  f i l t e r e d .  S i n c e  t h e
w a t e r  f i l t r a t i o n  f r o m  t h e  f l o o d  w a t e r  i s  t i m e - c o n s u m i n g  f o r  t h e  w h o l e
p r o c e s s ,  d u e  t o  p r o l o n g  c o a g u l a t i o n  a n d  f l o c c u l a t i o n  p r o c e s s  t i m e  ( B e l l o ,
H a m a m ,  a n d  D j o u a n i  2 0 1 4 ) .  I f  t h e  c h e m i c a l  d o s a g e  i s  l o w ,  t h e  l o n g e r  t i m e
n e e d e d  t o  t r e a t  t h e  w a t e r .  O n  t h e  o t h e r  h a n d ,  w i t h  a  h i g h e r  a m o u n t  o f
c h e m i c a l s ,  t h e  t r e a t m e n t  p r o c e s s  w i l l  b e  f a s t e r  b u t  i t  m a y  c a u s e  h e a l t h
c o n c e r n s  t o  c o n s u m e r s  ( A l u m i n i u m  i n  D r i n k i n g - w a t e r :  B a c k g r o u n d
d o c u m e n t  f o r  d e v e l o p m e n t  o f  W H O  G u i d e l i n e s  f o r  D r i n k i n g - w a t e r  Q u a l i t y
1 9 9 8 ) .  

W i t h  a t t e n t i o n  t o  c o n t r o l  t h e  c o a g u l a n t  a n d  f l o c c u l a n t s  p r o c e s s ,  c e r t a i n l y
r e q u i r e s  a  s u i t a b l e  c o n t r o l l e r  o v e r  t h e  p r o c e s s  ( d e  P a u l a  e t  a l .  2 0 1 8 ) .
E x t e n s i v e  r e s e a r c h  h a s  s h o w n  t h a t  t h e r e  a r e  v a r i o u s  c o n t r o l  m e t h o d s  h a v e
b e e n  p r o p o s e d  b y  t h e  r e s e a r c h e r s  t o  t r e a t  t h e  f l o o d w a t e r  u s i n g  c o a g u l a n t
a n d  f l o c c u l a n t s  p r o c e s s  ( L u  a n d  P e n g  2 0 1 0 ) ,  h o w e v e r ,  w a t e r  f i l t e r  w i t h
O n / O f f  c o n t r o l l e r  i s  t h e  m o s t  p o p u l a r  m e t h o d  u s e d .  T h e  p a s t  d e c a d e  h a s
s e e n  t h e  r a p i d  d e v e l o p m e n t  t h a t ,  r e s e a r c h e r s  h a v e  s h o w n  a n  i n c r e a s e d
i n t e r e s t  i n  t h e  w a t e r  t r e a t m e n t  p r o c e s s .  T h e  l i t e r a t u r e  f o u n d  t h a t  t h e
r e s e a r c h  w o r k  o n  w a t e r  t r e a t m e n t  i s  f o c u s i n g  o n  w a t e r  t r e a t m e n t  p l a n t
i t s e l f ,  h o w e v e r ,  t h e r e  a r e  s e v e r a l  r e s e a r c h e r s  i s  f o c u s i n g  o n  c o a g u l a n t
c o n t r o l  b y  u s i n g  a  c e r t a i n  c o n t r o l l e r  s u c h  a s  a  P I ,  P I D ,  F u z z y ,  N e u r a l
N e t w o r k ,  S V M  a n d  M P C  c o n t r o l  t e c h n i q u e  t o  c o n t r o l  o p t i m u m  c h e m i c a l
d o s a g e  ( O n a t  a n d  D o g r u e l  2 0 0 4 ) .  H o w e v e r ,  b e f o r e  y o u  c a n  i m p l e m e n t  t h e
c o n t r o l  s y s t e m  i n  t h e  p l a n t ,  i t  i s  n e c e s s a r y  t o  m o d e l  t h e  p l a n t  i n  a d v a n c e
t o  m i m i c  t h e  b e h a v i o r  o f  t h e  p l a n t .  I n  t h i s  s t u d y ,  r e s e a r c h e r s  a r e  u s i n g
M a t l a b  s o f t w a r e  a s  a  s i m u l a t i o n  t o  m o d e l  t h e  p l a n t  t r a n s f e r  f u n c t i o n  o f
A S W F .

2 .  M e t h o d o l o g y
     2 . 1    P l a n t  D e s c r i p t i o n

A S W F  c o n s i s t s  o f  i n p u t  a n d  o u t p u t  c o m p o n e n t s ,  i n  w h i c h  t h e  t u r b i d i t y
s e n s o r  m o d u l e  a c t s  a s  a n  i n p u t  a n d  p r o p o r t i o n a l  s o l e n o i d  v a l v e  a n d  w a t e r
p u m p  a s  t h e  o u t p u t .  T h e s e  c o m p o n e n t s  a r e  c o n n e c t e d  t o  A r d u i n o  m e g a
b o a r d  c o n t r o l l e d  b y  t h e  c o m p u t e r  a s  s h o w n  i n  F i g u r e  1 .  M A T L A B  s o f t w a r e
i s  t o  m o n i t o r  a n d  a n a l y z e  t h e  i n p u t  a n d  o u t p u t  c o m p o n e n t s .  T h e  d a t a
a c q u i s i t i o n  m o d u l e s  a r e  r e q u i r e d  w h e r e  A r d u i n o  m e g a  c a r d  i s  u s e d  a s  t h e
d a t a  a c q u i s i t i o n  m o d u l e .  N e p h e l o m e t r i c  T u r b i d i t y  U n i t  ( N T U )  l e v e l  o f
w a t e r  i s  m e a s u r e d  b y  t u r b i d i t y  s e n s o r  a t  t h e  o u t p u t  s t a g e .  T o  c o n t r o l  t h e
a m o u n t  o f  a l u m i n u m  s u l p h a t e  i n  t h e  c o a g u l a t i o n  p r o c e s s ,  a  p r o p o r t i o n a l
s o l e n o i d  v a l v e  i s  u s e d  t o  c o n t r o l  t h e  l i q u i d  f o r m  o f  a l u m i n u m  s u l f a t e ,  t h a t  
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i s  m i x e d  w i t h  a r t i f i c i a l  c l a y  w a t e r  ( a c t i n g  a s  t u r b i d  w a t e r ) .  I n  t h e
f l o c c u l a t i o n  p r o c e s s ,  t h e  w a t e r  p u m p  i s  u s e d  t o  r e g u l a t e  t h e  r e t e n t i o n  t i m e .  

F i g u r e  2  s h o w s  t h e  p l a n t  f o r  A S W F ,  t h e  p u r p o s e  o f  t h i s  p l a n t  s e r v e s  a s  a
t u r b i d  w a t e r  p u r i f i e r .  I n  a d d i t i o n ,  t h e  A S W F  i s  d e s i g n e d  i n  t w o  ( 2 )  c o n t r o l
m o d e s ,  w h i c h  a l l o w  t h e  s y s t e m  t o  c o n t r o l  m a n u a l l y  o r  a u t o m a t i c a l l y .

F i g u r e  1 :  B l o c k  D i a g r a m  A S W F

F i g u r e  2 :  A S W F  P i l o t  P l a n t
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    2 . 2  P l a n t  O p e r a t i o n

F l o o d w a t e r  i s  p r o n e  t o  c o n t a m i n a t i o n  a n d  n e e d s  t o  b e  t r e a t e d  i f  i t  i s  t o  b e
u s e d  a s  c l e a n  w a t e r .  O n e  m e t h o d  o f  t r e a t m e n t  i s  b y  u s i n g  c h e m i c a l  d o s i n g ,
i . e .  t h e  c o a g u l a n t  p r o c e s s  i n  w a t e r  f i l t e r  t r e a t m e n t .  F o r  e x a m p l e ,  i n o r g a n i c
c o a g u l a n t s  ( e . g . ,  a l u m i n u m  a n d  i r o n  s a l t s )  a r e  u s e d  t o  r e m o v e  d e b r i s  a n d
s u s p e n d e d  s o l i d s  i n  t u r b i d  w a t e r .  I n  t h i s  s t u d y ,  t h e  r e s e a r c h e r  u s e d
a l u m i n u m  s u l f a t e  a s  a  c o a g u l a t i o n  a g e n t .  I n  a d d i t i o n ,  t h e  u s e  o f  a l u m i n u m
s u l f a t e  w i l l  e f f e c t i v e l y  r e d u c e  t h e  l e v e l  o f  t u r b i d i t y  ( A n t o v ,  Š ć i b a n ,  a n d
P r o d a n o v i ć  2 0 1 2 ) .  F i g u r e  3  s h o w s  t h e  f l o w  o f  t h e  s t u d y  A S W F  w a t e r
p u r i f i c a t i o n  o p e r a t i o n .  T u r b i d  w a t e r  i s  c h a n n e l e d  i n t o  a  m i x i n g  t a n k  a n d
a l u m i n u m  s u l f a t e  i s  a d d e d  a c c o r d i n g l y ,  t h i s  p r o c e s s  i s  c a l l e d  t h e  c o a g u l a n t
p r o c e s s .  T h e n ,  m i x e d  l i q u i d  i s  p u m p e d  t o  t h e  m i x i n g  t a n k  f o r  t h e
f l o c c u l a t i o n  p r o c e s s  b y  a l u m i n u m  s t a g e  f i l t r a t i o n .  I n  a l u m i n u m  s t a g i n g
f i l t r a t i o n ,  P o l y v i n y l  c h l o r i d e  ( P V C )  p i p e  m e a s u r i n g  i n  d i a m e t e r  o f  5 0 m m  x
4  f e e t  i s  u s e d .  A l u m i n u m  s t a g e d  f i l t r a t i o n  p i p e s  a r e  s t a c k e d  v e r t i c a l l y  a n d
c o n n e c t e d  b y  f i v e  ( 5 )  c y l i n d r i c a l  t u b e s .  T h e  f u n c t i o n  o f  t h i s  c y l i n d e r  i s  t o
t r a p  t h e  s o l i d  p a r t i c l e s  s u s p e n d e d  a t  t h e  b o t t o m  o f  t h e  t u b e ,  s e p a r a t e  t h e
s u s p e n d e d  p a r t i c l e s  a n d  d i s s o l v e  t h e m  f r o m  t h e  t u r b i d  w a t e r  b y  a
f l o c c u l a t i o n  p r o c e s s .  A f t e r  c o m p l e t i n g  t h e  f i v e  s t a g i n g  t u b e s ,  t h e  w a t e r
w a s  p u r i f i e d  a s  c l e a n  w a t e r .  F i n a l l y ,  t h e  t u r b i d i t y  s e n s o r  m e a s u r e s  t h e
l e v e l  o f  w a t e r  c l a r i t y  i n  t h e  N T U  u n i t .

F i g u r e  3 :  A S W F  S c h e m a t i c  D i a g r a m
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    2 . 3   F O P D T  M o d e l  

F O P D T  m o d e l s  a r e  s t i l l  c o n s i d e r e d  a  p r a c t i c a l  a n d  a p p r o p r i a t e  m o d e l  i n
i n d u s t r i a l  p r o c e s s e s  a l t h o u g h  t h e r e  a r e  v a r i o u s  t e c h n i q u e s  f o r  m o d e l i n g  a
p r o c e s s  s u c h  a s  a  s y s t e m  i d e n t i f i c a t i o n  a p p l i c a t i o n .  M o r e o v e r ,  t h e  F O P D T
m o d e l  o f f e r s  a  s i m p l e  m o d e l  s t r u c t u r e  t h a t  m a k e s  p o p u l a r  a t t e n t i o n  a m o n g
r e s e a r c h e r s .  T h e  s i m p l i c i t y  o f  t h e  F O P D T  m o d e l ' s  s t r u c t u r e  i s  s u i t a b l e
s i n c e  i t  h a s  a  l o w e r  o r d e r  c o m p a r e d  t o  h i g h  o r d e r  a n d  m a k e s  t h e  t u n i n g  o f
t h e  c o n t r o l l e r  m e t h o d  c a n  b e  c a r r i e d  o u t  i n  a  w e l l - o r g a n i z e d  m a n n e r
( P r u s t y  e t  a l .  2 0 1 5 ) .  T h r e e  p a r a m e t e r s  i n v o l v e  i n  t h e  F O P D T  m o d e l  a r e
g a i n ,  t i m e  d e l a y ,  a n d  t i m e  c o n s t a n t .  F O P D T  c a n  b e  r e p r e s e n t e d  a n d
d e r i v e d  a s  a  m o d e l  s t r u c t u r e  d e p e n d i n g  o n  t h e  i n p u t  a n d  o u t p u t  d a t a  o f  t h e
m e a s u r i n g  s y s t e m  ( Y a n g  a n d  S e e s t e d  2 0 1 3 ) .  M o r e o v e r ,  t h e  F O P D T  m o d e l
i s  g e n e r a t e d  t h r o u g h  a  r e a c t i o n  c u r v e  p r o c e s s  w h e r e  i t s  p a r a m e t e r s  a r e
e a s i l y  d e t e r m i n e d  f r o m  t h i s  t e c h n i q u e .  T h e  i m p l e m e n t a t i o n  o f  t h e  F O P D T
a p p r o x i m a t i o n  i s  t h e  r e a s o n  w h y  t h e  m o d e l  i s  p o p u l a r  i n  s o m e  a p p l i c a t i o n s
( R a s h i d  e t  a l .  2 0 1 7 ) .  T h e r e f o r e ,  i t  s h o w s  t h a t  t h e  F O P D T  m o d e l  a s  a  l i n e a r
m o d e l  i s  e f f i c i e n t  t o  b e  m o d e l e d  t o  r e p r e s e n t  t h e  b e h a v i o r  o f  t h e  s y s t e m
a n d  c a n  b e  a p p l i e d  f o r  f u r t h e r  a n a l y s i s  i n  c o n t r o l l e r  d e s i g n .

T h e  p a r a m e t e r  s u c h  a s  g a i n  ( K ) ,  d e a d  t i m e  ( θ ) ,  a n d  t i m e  c o n s t a n t  ( τ )  i s
u s e d  t o  d e v e l o p  t h e  F O P D T  m o d e l .  A l t h o u g h  t h i s  m o d e l  d o e s  n o t  f u l l y
c a p t u r e  t h e  o v e r a l l  f e a t u r e s  o f  s o m e  h i g h e r - o r d e r  p r o c e s s e s ,  h o w e v e r ,  i t  i s
o f t e n  r e a s o n a b l e  t o  d e s c r i b e  t h o s e  p a r a m e t e r s  o f  s u c h  p r o c e s s e s .  S e v e r a l ,
t h e  F O P D T  a p p r o a c h  w a s  d o n e  b y  A s t r o m  a n d  H a g g l u n d  ( A s t r o m  a n d
H a g g l u n d  1 9 9 5 )  i n  t h e  t u n i n g  o f  t h e  P I D  c o n t r o l l e r  a n d  o t h e r  r e s e a r c h e r s
u s e d  F O P D T  i n  d e s i g n i n g  t h e  a d v a n c e d  c o n t r o l l e r  s u c h  a s  M P C ,  S e l f -
t u n i n g  F u z z y P I D  ( S F T P I D )  a n d  o t h e r s  c o n t r o l l e r ( Z h o u  e t  a l .  2 0 1 8 ) .  I n
a d d i t i o n ,  p e r f o r m i n g  a  d y n a m i c  t e s t  w i t h  a n  o p e n - l o o p  e x p e r i m e n t  a t  t h e
a c t u a l  p l a n t  w i l l  d e t e r m i n e  t h e  p r o c e s s  p a r a m e t e r  o f  t h e  F O P D T  m o d e l .
M o r e o v e r ,  t h e  F O P D T  m o d e l  i s  u s e d  i n  o b t a i n i n g  t h e  i n i t i a l  c o n t r o l l e r
t u n i n g  c o n s t a n t s .  T h e  p a r a m e t e r s  o f  F O P D T  a r e  s h o w n  i n  t h e  e q u a t i o n
b e l o w :

W h e r e  Y ( s )  i s  t h e  o u t p u t  p r o c e s s ,  X ( s )  i s  t h e  i n p u t ,  K  i s  t h e  g a i n  o f  a
s y s t e m ,  θ  i s  t h e  d e a d  t i m e  a n d  τ  i s  t h e  t i m e  c o n s t a n t .
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          2 . 3 . 1   O p e n  L o o p  C o n t r o l

N o t a b l y ,  t h e  o p e n  - l o o p  c o n t r o l l e r  d o e s  n o t  a f f e c t  t h e  i n p u t  s i g n a l
a s s o c i a t e d  w i t h  t h e  c o n t r o l  a c t i o n ,  d u e  t o  n o t  g e t t i n g  a n y  s i g n a l  t o  c o n t r o l
t h e  i n p u t  s y s t e m .  T h e r e f o r e ,  a n  o p e n  - l o o p  s y s t e m  i s  n o t  d e t e r m i n e d  b y  t h e
o u t p u t  s i g n a l  o r  t h e  m e a s u r e d  c o n d i t i o n  o r  “ f e e d b a c k ”  f o r  c o m p a r i s o n  w i t h
t h e  s y s t e m  s e t p o i n t .  A l t h o u g h  t h e r e  i s  l o a d  i n t e r f e r e n c e  o n  t h e  s y s t e m ,  i t
i s  b e y o n d  t h e  c o n t r o l  o f  t h e  o p e n - l o o p  c o n t r o l l e r  i n  d e t e r m i n i n g  h o w  t h e
p r o c e s s  r e s p o n d s  t o  i n t e r f e r e n c e ,  s o  c o n t r o l l e r  t u n i n g  i s  i r r e l e v a n t  w h e n
f e e d b a c k  i s  d i s a b l e d  ( Y a u n  e t  a l .  2 0 1 5 ) . T h e  o p e n - l o o p  c o n t r o l  f o r  A S W F
a s  s h o w n  i n  F i g u r e  4  p r o d u c e s  t h e  r e a c t i o n  o u t p u t  c u r v e s  a n d  s u b s e q u e n t l y
r e p r e s e n t s  t h e  m o d e l i n g  p r o c e s s  a s  s h o w n  i n  F i g u r e  6 .  T h e  r e a c t i o n  o u t p u t
c u r v e s  a r e  p r o b a b l y  t h e  m o s t  p o p u l a r  o u t p u t  r e p r e s e n t a t i o n  i n  i d e n t i f y i n g
t h e  d y n a m i c  m o d e l .

          2 . 3 . 2  R e a c t i o n  C u r v e s

T h r e e  ( 3 )  m a i n  d y n a m i c s  o f  s y s t e m  c o m p o n e n t s  s u c h  a s  d e a d  t i m e  ( θ ) ,  g a i n
( k )  a n d  t i m e  c o n s t a n t  ( τ )  c a n  b e  i d e n t i f i e d  u s i n g  t h e  p r o c e s s  r e a c t i o n
c u r v e .  T h e r e  a r e  t w o  c o m m o n l y  u s e d  t e c h n i q u e s  i n  p r o c e s s  r e a c t i o n
c u r v e s .  T h e  f i r s t  m e t h o d  w a s  a d a p t e d  f r o m  Z i e g l e r - N i c h o l s  ( 1 9 4 2 )  i n
( Z i e g l e r  a n d  N i c h o l s  1 9 9 5 ) ,  w h i c h  d e t e r m i n e d  p r o c e s s  c h a r a c t e r i s t i c s
b a s e d  o n  t h e  m a x i m u m  s l o p e  o f  t h e  o u t p u t  r e s p o n s e  r e l a t i v e  t o  t h e  t i m e
p l o t .  T h e  s e c o n d  m e t h o d  i s  b a s e d  o n  g r a p h i c a l  c a l c u l a t i o n s  a s  s h o w n  i n
F i g u r e  5 .  M a r l i n  s u g g e s t s  t h a t  t h e  s e c o n d  m e t h o d  i s  p r e f e r r e d  b e c a u s e  o f
t h e  d i f f i c u l t y  i n  a s s e s s i n g  t h e  m a x i m u m  s l o p e  a n d  t h e  u s u a l l y  l a r g e r  e r r o r s
t h a t  o c c u r  i n  e s t i m a t i n g  p a r a m e t e r s  s u c h  a s  k ,  τ  a n d  θ  ( M a r l i n  2 0 1 5 ) .  T h e
s e c o n d  m e t h o d  g i v e s  m u c h  b e t t e r  p e r f o r m a n c e  t h a n  t h e  f i r s t  m e t h o d ,  w h e r e
t h e  s e c o n d  m e t h o d  i n v o l v e s  t w o  i n t e r s e c t i o n  p o i n t s  ( t 2 8  a n d  t 6 3 )  i n  t h e
p r o c e s s  r e a c t i o n  c u r v e ,  u n l i k e  o n e  i n t e r s e c t i o n  p o i n t  o n  t h e  f i r s t  m e t h o d .

F i g .  4 :  A S W F  S i m u l i n k  O p e n - l o o p  C o n t r o l
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         2 . 3 . 3  S i m u l a t i o n  t e s t

H e n c e f o r t h ,  s t e p  t e s t i n g  i s  p e r f o r m e d  b y  s e t t i n g  s p e c i f i c  v a l u e s  o f  t h e  u n i t
s t e p  f u n c t i o n  a s  i n p u t  i n t o  t h e  s y s t e m  ( M o h a m m a d  e t  a l .  2 0 1 7 ) .  I n
p a r t i c u l a r ,  t h r e e  t y p e s  o f  t e s t i n g  t e c h n i q u e s  f o r  c a p t u r i n g  t r a n s i e n t
r e s p o n s e  p e r f o r m a n c e ,  n a m e l y  s t e p  t e s t i n g ,  s e t p o i n t  c h a n g e ,  a n d  l o a d
d i s t u r b a n c e  t e s t i n g .  H o w e v e r ,  i n  t h i s  s t u d y ,  t h i s  t e s t  h a s  n o t  b e e n
i m p l e m e n t e d  t o  e v a l u a t e  t h e  d u r a b i l i t y  o f  t h e  c o n t r o l l e r  p e r f o r m a n c e ,  b u t
o n l y  t o  d e s i g n  F O P D T  m o d e l i n g  f o r  A S W F  t h a t  c a n  b e  i m p l e m e n t e d  f o r
f u t u r e  s i m u l a t i o n  t e s t s .

     3 . 1   R e s u l t s  a n d  D i s c u s s i o n s

P a r t i c u l a r l y  i n  t h i s  s t u d y ,  w e  s e t  a  1 0 2 3  b y t e  a s  a  s e t p o i n t  v a l u e ;  i n d e e d
t h i s  i s  e q u i v a l e n t  t o  5 V  t h a t  g i v e s  f u l l  p o w e r  f o r  t h e  w a t e r  p u m p  a n d
p r o p o r t i o n a l  s o l e n o i d  v a l v e  i n  a n  o p e n - l o o p  t e s t  t o  b e  o p e r a t e .
A d d i t i o n a l l y ,  t h e  t u r b i d i t y  s e n s o r  c o l l e c t s  t h e  d a t a  a n d  s e n d s  t h e m  a s  a n
o u t p u t  r e s u l t  f o r  a  r e a c t i o n  c u r v e .

    3 . 2   R e a c t i o n  C u r v e s

A s  a  r e s u l t ,  t h e  r e a c t i o n  c u r v e s  h a v e  b e e n  g e n e r a t e d  f r o m  t h e  o p e n  l o o p
c o n t r o l l e r  o u t p u t  a s  s h o w n  i n  F i g u r e  6 .  U s i n g  t h e  g r a p h i c a l  c a l c u l a t i o n
e x t r a c t e d  f r o m  A S W F  r e a c t i o n  c u r v e s ;  t h e  p a r a m e t e r s  o f  ∆y ,  0 . 6 3∆ ,
t 6 3 % ,  0 . 2 8∆ ,  t 2 8 %  h a v e  b e e n  d e t e r m i n e d  a s  f o l l o w s ;

∆y  =  1 0 2 3  –  8 8 0  =  1 4 3  b y t e
0 . 6 3∆  = 9 0 . 0 9  +  8 8 0  =  9 7 0 . 0 9  b y t e
∴  t 6 3 %  =  2 3 1 9  s e c

F i g u r e  5 :  R e a c t i o n  C u r v e s  2 n d  M e t h o d
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0 . 2 8∆  =  4 0 . 0 4  +  8 8 0  =  9 2 0 . 0 4  b y t e
∴  t 2 8 %  =  3 9 4  s e c

T h e  t i m e  c o n s t a n t  ( τ ) ,  d e a d  t i m e  ( θ ) ;  a n d  p r o p o r t i o n a l  g a i n  K p  a r e
c a l c u l a t e d  a s  s h o w n  i n  T a b l e  1  r e s p e c t i v e l y :

T a b l e  1 :  V a l u e s  f o r  c o n s t a n t  ( τ ) ,  d e a d  t i m e  ( θ ) ;  a n d  p r o p o r t i o n a l  g a i n  K p
f r o m  t h e  r e a c t i o n  c u r v e s

F i g u r e  6 :  A S W F  R e a c t i o n  C u r v e s

    3 . 3   F i r s t  O r d e r  P l u s  D e a d  T i m e  ( F O P D T )  M o d e l l i n g

A  c o m m o n  e m p i r i c a l  d e s c r i p t i o n  o f  m a n y  s t a b l e  d y n a m i c  p r o c e s s e s  i s  a
f i r s t - o r d e r  l i n e a r  s y s t e m  w i t h  t i m e  d e l a y .  T h e  F O P D T  m o d e l  i s  u s e d  t o
o b t a i n  i n i t i a l  c o n t r o l l e r  t u n i n g  c o n s t a n t s .  T h e  e f f e c t  o f  t h e  t h r e e
a d j u s t a b l e  p a r a m e t e r s  o f  F O P D T  i s  s h o w n  i n  t h e  e q u a t i o n  b e l o w .  W h e r e
t h e  f o l l o w i n g  p a r a m e t e r s  a r e  o b t a i n e d  f r o m  t h e  r e a c t i o n  c u r v e s  s h o w n  i n
T a b l e  1 .
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K p  =  0 . 5 5 8 5 ,  θ  =  5 6 8 . 5 ,  τ  =  2 8 8 7 . 5

T h e  t i m e  c o n s t a n t  ( τ ) ,  d e a d  t i m e  ( θ ) ;  a n d  p r o p o r t i o n a l  g a i n  K p  a r e
c a l c u l a t e d  a s  s h o w n  i n  T a b l e  1  r e s p e c t i v e l y :

T a b l e  1 :  V a l u e s  f o r  c o n s t a n t  ( τ ) ,  d e a d  t i m e  ( θ ) ;  a n d  p r o p o r t i o n a l  g a i n  K p
f r o m  t h e  r e a c t i o n  c u r v e s

T h i s  m o d e l  i s  u s e d  i n  M a t l a b  s i m u l a t i o n  f o r  v a r i o u s  t y p e s  o f  c o n t r o l l e r s
w h i c h  r e p r e s e n t  t h e  p r o c e s s  p l a n t .   F u r t h e r m o r e ,  f r o m  t h e  F O P D T
m o d e l i n g  p r o c e s s  o f  t h e  A S W F  p i l o t  p l a n ,  t h e  c o n t r o l l e r s ’  s i m u l a t i o n s  c a n
b e  m o n i t o r e d  a n d  e v a l u a t e d  r e s p e c t i v e l y .  

4 .  C o n c l u s i o n

T h e  A S W F  i s  s u c c e s s f u l l y  m o d e l e d  u s i n g  t h e  F O P D T  t r a n s f e r  f u n c t i o n
m o d e l  b a s e d  o n  t h e  o p e n - l o o p  c o n t r o l  t e c h n i q u e ;  i n d e e d  t h e  p e r f o r m a n c e  i s
b a s e d  o n  t r a n s i e n t  r e s p o n s e s  a n a l y s i s  f o r  A S W F .  T h i s  m o d e l  w i l l  b e
e x p a n d e d  i n  d e s i g n i n g  t h e  c o n t r o l l e r s  t h a t  r e p r e s e n t i n g  a  s i m u l a t i o n  o f
A S W F .  F u r t h e r m o r e ,  t h i s  F O P D T  t r a n s f e r  f u n c t i o n  m o d e l  c a n  b e  e v a l u a t e d
t h e  p e r f o r m a n c e s  a m o n g  t h e  c o n t r o l l e r s  o f  P I ,  P I D ,  F U Z Z Y ,  N e u r a l
N e t w o r k ,  M P C  e t c .  f o r  r o b u s t n e s s  t e s t ,  i n c l u d i n g  t h e  c o m p a r a t i v e  a n a l y s i s
o f  s t e p ,  s e t p o i n t  c h a n g e  a n d  l o a d  d i s t u r b a n c e  t e s t  f o r  f u t u r e  s t u d y .
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R e f e r e n c e s

A k a s a h ,  Z a i n a l  A b i d i n ,  a n d  S u n i t h a  V .  D o r a i s a m y .  2 0 1 5 .  “ 2 0 1 4  M a l a y s i a
F l o o d :  I m p a c t s  &  F a c t o r s  C o n t r i b u t i n g  t o w a r d s  t h e  R e s t o r a t i o n  o f
D a m a g e s . ”  J o u r n a l  o f  S c i e n t i f i c  R e s e a r c h  a n d  D e v e l o p m e n t  2  2 ( 1 4 ) :  5 3 –
5 9 .  f i l e : / / / C : / U s e r s / U S E R / D r o p b o x / P h D  J o u r n e y / D i s a s t e r  M a n a g e m e n t
A r t i c l e / 2 0 1 4 % 5 C n z a i n a l  a b i d i n  e t  a l % 5 C n 2 0 1 4  m a l a y s i a  f l o o d .  i m p a c t s  &
f a c t o r s  c o n t r i b u t i n g  t o w a r d s  r e s t o r a t i o n  o f  d a m a g e s . p d f .

A l - M a m u n ,  A b d u l l a h  e t  a l .  2 0 1 6 .  “ I m p a c t  o f  I m p r o p e r  L a n d u s e  C h a n g e s  o n
F l a s h  F l o o d  a n d  R i v e r  S y s t e m - A  C a s e  o f  S g  P u s u . ”  A R P N  J o u r n a l  o f
E n g i n e e r i n g  a n d  A p p l i e d  S c i e n c e s  1 1 ( 8 ) :  5 3 7 2 – 7 9 .

“ A l u m i n i u m  i n  D r i n k i n g - W a t e r :  B a c k g r o u n d  D o c u m e n t  f o r  D e v e l o p m e n t  o f
W H O  G u i d e l i n e s  f o r  D r i n k i n g - W a t e r  Q u a l i t y . ”  1 9 9 8 .  W o r l d  H e a l t h
O r g a n i z a t i o n  2 :  1 – 1 4 .
h t t p : / / w w w . w h o . i n t / w a t e r _ s a n i t a t i o n _ h e a l t h / d w q / c h e m i c a l s / e n / a l u m i n i u m .
p d f .

A n t o v ,  M i r j a n a  G . ,  M a r i n a  B .  Š ć i b a n ,  a n d  J e l e n a  M .  P r o d a n o v i ć .  2 0 1 2 .
“ E v a l u a t i o n  o f  t h e  E f f i c i e n c y  o f  N a t u r a l  C o a g u l a n t  O b t a i n e d  b y
U l t r a f i l t r a t i o n  o f  C o m m o n  B e a n  S e e d  E x t r a c t  i n  W a t e r  T u r b i d i t y
R e m o v a l . ”  E c o l o g i c a l  E n g i n e e r i n g  4 9 :  4 8 – 5 2 .

A s l a n ,  S u k r u ,  a n d  H a t i c e  C a k i c i .  2 0 0 7 .  “ B i o l o g i c a l  D e n i t r i f i c a t i o n  o f
D r i n k i n g  W a t e r  i n  a  S l o w  S a n d  F i l t e r . ”  J o u r n a l  o f  H a z a r d o u s  M a t e r i a l s
1 4 8 ( 1 – 2 ) :  2 5 3 – 5 8 .

A s t r o m ,  K a r l  J . ,  a n d  T o r e  H a g g l u n d .  1 9 9 5 .  I n s t r u m e n t  S o c i e t y  o f  A m e r i c a
P I D  C o n t r o l l e r s :  T h e o r y ,  D e s i g n  a n d  T u n i n g .  2  n d  E d .  T r i a n g l e  P a r k ,  N C :
I n t e r n a t i o n a l  S o c i e t y  o f  A u t o m a t i o n .  h t t p : / / c i . n i i . a c . j p / n a i d / 1 0 0 1 3 3 9 1 1 6 5 / .

B e l l o ,  O l a d i p u p o ,  Y s k a n d a r  H a m a m ,  a n d  K a r i m  D j o u a n i .  2 0 1 4 .
“ C o a g u l a t i o n  P r o c e s s  C o n t r o l  i n  W a t e r  T r e a t m e n t  P l a n t s  U s i n g  M u l t i p l e
M o d e l  P r e d i c t i v e  C o n t r o l . ”  A l e x a n d r i a  E n g i n e e r i n g  J o u r n a l  5 3 ( 4 ) :  9 3 9 – 4 8 .
h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . a e j . 2 0 1 4 . 0 8 . 0 0 2 .

“ G u i d e l i n e s  f o r  D r i n k i n g - W a t e r  Q u a l i t y . ”  1 9 9 7 .  W o r l d  H e a l t h
O r g a n i z a t i o n  W H O  G e n e v a  3 .
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H u a n g ,  Y u k  F e n g ,  S h i n  Y i n g  A n g ,  K h i a  M i n  L e e ,  a n d  T e a n g  S h u i  L e e .
2 0 1 5 .  “ Q u a l i t y  o f  W a t e r  R e s o u r c e s  i n  M a l a y s i a . ”  I n  R e s e a r c h  a n d
P r a c t i c e s  i n  W a t e r  Q u a l i t y ,  I n T e c h  o p e n .
h t t p : / / w w w . i n t e c h o p e n . c o m / b o o k s / r e s e a r c h - a n d - p r a c t i c e s - i n - w a t e r -
q u a l i t y / q u a l i t y - o f - w a t e r - r e s o u r c e s - i n - m a l a y s i a  ( M a r c h  1 3 ,  2 0 1 7 ) .

i a n g ,  X u  D o n g .  2 0 1 1 .  “ W a t e r  R e u s e  P r a c t i c e s  a n d  D e v e l o p m e n t  i n  C h i n a :
A  R e v i e w . ”  2 0 1 1  I n t e r n a t i o n a l  C o n f e r e n c e  o n  E l e c t r i c  T e c h n o l o g y  a n d
C i v i l  E n g i n e e r i n g ,  I C E T C E  2 0 1 1  -  P r o c e e d i n g s  1 1 :  6 3 9 2 – 9 5 .

L o u ,  J i e  C h u n g  e t  a l .  2 0 1 4 .  “ A n a l y s i s  a n d  R e m o v a l  o f  A s s i m i l a b l e  O r g a n i c
C a r b o n  ( A O C )  f r o m  T r e a t e d  D r i n k i n g  W a t e r  U s i n g  a  B i o l o g i c a l  A c t i v a t e d
C a r b o n  F i l t e r  S y s t e m . ”  J o u r n a l  o f  E n v i r o n m e n t a l  C h e m i c a l  E n g i n e e r i n g
2 ( 3 ) :  1 6 8 4 – 9 0 .

L u ,  M ,  a n d  F  P e n g .  2 0 1 0 .  “ C o r r e l a t i o n  A n a l y s i s  o f  F l o c c u l a t i o n  D e t e c t i o n
a n d  C o n t r o l  P a r a m e t e r s  B a s e d  o n  M u l t i - T a r g e t  T r a c k i n g . ”  2 0 1 0  S e c o n d
W R I  G l o b a l  C o n g r e s s  o n  I n t e l l i g e n t  S y s t e m s :  3 8 9 – 9 3 .
h t t p : / / i e e e x p l o r e . i e e e . o r g / l p d o c s / e p i c 0 3 / w r a p p e r . h t m ? a r n u m b e r = 5 7 0 8 7 8 4 .

M a r l i n ,  T .  2 0 1 5 .  P r o c e s s  C o n t r o l .  2 n d  e d .  M c G r a w - H i l l .

M o h a m m a d ,  N u r u l  N a d i a  e t  a l .  2 0 1 7 .  “ E v a l u a t i o n  o f  E n e r g y  C o n s u m p t i o n
i n  S m a l l  S c a l e  D i s t i l l a t i o n  P o t  B a s e d  o n  I n t e g r a l  C o n t r o l  S i g n a l  f o r  R e a l
T i m e  I m p l e m e n t a t i o n . ”  I N T E R N A T I O N A L  J O U R N A L  O F  E L E C T R I C A L
A N D  E L E C T R O N I C  S Y S T E M S  R E S E A R C H .

M o h a m m e d ,  N u r a s h i k i n ,  R o d g e r  E d w a r d s ,  a n d  A n d r e w  G a l e .  “ O p t i m i s a t i o n
o f  F l o o d i n g  R e c o v e r y  f o r  M a l a y s i a n  U n i v e r s i t i e s . ”  I n  P r o c e d i a
E n g i n e e r i n g  2 1 2 ,  B a n g k o k ,  T h a i l a n d :  S c i e n c e D i r e c t ,  3 5 6 – 6 2 ,  2 0 1 8 .
h t t p s : / / w w w . s c i e n c e d i r e c t . c o m / s c i e n c e / a r t i c l e / p i i / S 1 8 7 7 7 0 5 8 1 8 3 0 0 5 9 6 .

M o n d a l ,  P  K ,  R  S e t h ,  a n d  N  B i s w a s .  2 0 0 7 .  “ P e r f o r m a n c e  E v a l u a t i o n  o f
F a b r i c  A i d e d  S l o w  S a n d  F i l t e r  i n  D r i n k i n g  W a t e r  T r e a t m e n t . ”  J o u r n a l  o f
E n v i r o n m e n t a l  E n g i n e e r i n g  a n d  S c i e n c e  6 ( 6 ) :  7 0 3 – 1 2 .

N a y a n ,  N  e t  a l .  2 0 1 8 .  “ E f f e c t  o f  M o n s o o n  F l o o d  t o  G r o u n d w a t e r  Q u a l i t y  i n
E f f e c t  o f  M o n s o o n  F l o o d  t o  G r o u n d w a t e r  Q u a l i t y  i n  K u a l a . ”  I O P  C o n f .
S e r i e s :  E a r t h  a n d  E n v i r o n m e n t a l  S c i e n c e  1 4 5 .
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O l y a e i ,  M o h a m m a d  A l i ,  M o h a m m a d  K a r a m o u z ,  a n d  R a z i y e h  F a r m a n i .
2 0 1 8 .  “ F r a m e w o r k  f o r  A s s e s s i n g  F l o o d  R e l i a b i l i t y  a n d  R e s i l i e n c e  o f
W a s t e w a t e r  T r e a t m e n t  P l a n t s . ”  J o u r n a l  o f  E n v i r o n m e n t a l  E n g i n e e r i n g
1 4 4 ( 9 ) .

O n a t ,  M u s t a f a ,  a n d  M u r a t  D o g r u e l .  2 0 0 4 .  “ F u z z y  P l u s  I n t e g r a l  C o n t r o l  o f
t h e  E f f l u e n t  T u r b i d i t y  i n  D i r e c t  F i l t r a t i o n . ”  I E E E  T r a n s a c t i o n s  o n  C o n t r o l
S y s t e m s  T e c h n o l o g y  1 2 ( 1 ) :  6 5 – 7 4 .

d e  P a u l a ,  H e b e r  M . ,  M a r i n a  S a n g o i  d e  O l i v e i r a  I l h a ,  A n t o v e r  P .  S a r m e n t o ,
a n d  L e o n a r d o  S .  A n d r a d e .  2 0 1 8 .  “ D o s a g e  O p t i m i z a t i o n  o f  M o r i n g a
O l e i f e r a  S e e d  a n d  T r a d i t i o n a l  C h e m i c a l  C o a g u l a n t s  S o l u t i o n s  f o r  C o n c r e t e
P l a n t  W a s t e w a t e r  T r e a t m e n t . ”  J o u r n a l  o f  C l e a n e r  P r o d u c t i o n  1 7 4 :  1 2 3 – 3 2 .
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j . j c l e p r o . 2 0 1 7 . 1 0 . 3 1 1 .

P r u s t y ,  S a n k a t a  B . ,  S u b h r a n s u  P a d h e e ,  U m e s h  C .  P a t i ,  a n d  K a m a l a  K .
M a h a p a t r a .  2 0 1 5 .  “ C o m p a r a t i v e  P e r f o r m a n c e  A n a l y s i s  o f  V a r i o u s  T u n i n g
M e t h o d s  i n  t h e  D e s i g n  o f  P I D  C o n t r o l l e r . ”  I E T  C o n f e r e n c e  P u b l i c a t i o n s
2 0 1 5 ( C P 6 8 3 ) :  4 3 – 4 8 .

R a s h i d ,  A b d u l  R a z a k  M o h a m e d ,  P e e r  M o h a m e d  S i d d i k h a n ,  C h i n n a p p a n
S e l v a k u m a r ,  a n d  M a r u t h a i  S u r e s h .  2 0 1 7 .  “ T h e  P e r f o r m a n c e  A n a l y s i s  o f
P I D  C o n t r o l l e r  w i t h  S e t p o i n t  F i l t e r  a n d  A n t i  I n t e g r a l  W i n d u p  f o r  a  F O P D T
T h e r m a l  P r o c e s s . ”  P r o c e e d i n g s  o f  2 0 1 7  3 r d  I E E E  I n t e r n a t i o n a l  C o n f e r e n c e
o n  S e n s i n g ,  S i g n a l  P r o c e s s i n g  a n d  S e c u r i t y ,  I C S S S  2 0 1 7  ( 2 ) :  4 4 0 – 4 3 .

“ S a f e  D r i n k i n g  W a t e r  I s  E s s e n t i a l . ”  2 0 0 7 .  G l o b a l  H e a l t h  a n d  E d u c a t i o n
F o u n d a t i o n ,  N a t i o n a l  A c a d e m y  O f  S c i e n c e s .  w w w . k o s h l a n d - s c i e n c e -
m u s e u m . o r g / w a t e r / h t m l / e n / T r e a t m e n t / C o a g u l a t i o n - F l o c c u l a t i o n -
t e c h n o l o g i e s . h t m l .

S i m o n i s ,  J e a n  J a c q u e s ,  a n d  A l b e r t u s  K o e t z e e  B a s s o n .  2 0 1 1 .  “ E v a l u a t i o n  o f
a  L o w - C o s t  C e r a m i c  M i c r o - P o r o u s  F i l t e r  f o r  E l i m i n a t i o n  o f  C o m m o n
D i s e a s e  M i c r o o r g a n i s m s . ”  P h y s i c s  a n d  C h e m i s t r y  o f  t h e  E a r t h  3 6 ( 1 4 – 1 5 ) :
1 1 2 9 – 3 4 .

Y a n g ,  Z h e n y u ,  a n d  G l e n  T .  S e e s t e d .  2 0 1 3 .  “ T i m e - D e l a y  S y s t e m
I d e n t i f i c a t i o n  U s i n g  G e n e t i c  A l g o r i t h m  -  P a r t  T w o :  F O P D T / S O P D T  M o d e l
A p p r o x i m a t i o n . ”  I F A C  P r o c e e d i n g s  V o l u m e s  ( I F A C - P a p e r s O n l i n e )  3 ( P A R T
1 ) :  5 6 8 – 7 3 .  h t t p : / / d x . d o i . o r g / 1 0 . 3 1 8 2 / 2 0 1 3 0 9 0 2 - 3 - C N - 3 0 2 0 . 0 0 1 1 7 .
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Y a u n ,  X i a o m i n g  e t  a l .  2 0 1 5 .  “ S i m u l a t i o n  R e s e a r c h  o f  H y d r a u l i c  T u r b i n e
G e n e r a t o r  u n d e r  F u z z y  P I D  C o n t r o l  w i t h  L o a d  D i s t u r b a n c e  a n d  1 0 0 %  L o a d
R e j e c t i o n . ”  I n  P r o c e e d i n g s  o f  2 0 1 5  I n t e r n a t i o n a l  C o n f e r e n c e  o n  F l u i d
P o w e r  a n d  M e c h a t r o n i c s ,  F P M  2 0 1 5 ,  ,  1 0 2 8 – 3 3 .

Z a k a r i a ,  S i t i  F a i r u s  e t  a l .  2 0 1 7 .  “ T h e  D e v e l o p m e n t  o f  F l o o d  M a p  i n
M a l a y s i a . ”  I n  P r o c e e d i n g s  o f  t h e  3 r d  I n t e r n a t i o n a l  C o n f e r e n c e  o n
C o n s t r u c t i o n  a n d  B u i l d i n g  E n g i n e e r i n g  ( I C O N B U I L D ) ,  A I P  P u b l i s h i n g .

Z h o u ,  Y a n g ,  B o j i n  Q i ,  S h u y u  H u a n g ,  a n d  Z h o n g z h e n  J i a .  2 0 1 8 .  “ F u z z y  P I D
C o n t r o l l e r  f o r  F O P D T  S y s t e m  B a s e d  o n  a  H a r d w a r e - i n - t h e - L o o p
S i m u l a t i o n . ”  I n  2 0 1 8  3 7 t h  C h i n e s e  C o n t r o l  C o n f e r e n c e  ( C C C ) ,  I E E E ,
3 3 8 2 – 8 7 .  h t t p s : / / i e e e x p l o r e . i e e e . o r g / d o c u m e n t / 8 4 8 2 6 3 2 /  ( A p r i l  7 ,  2 0 1 9 ) .

Z i e g l e r ,  J .  G . ,  a n d  N .  B .  N i c h o l s .  1 9 9 5 .  “ O p t i m u m  S e t t i n g s  f o r  A u t o m a t i c
C o n t r o l l e r s . ”  I n T e c h  4 2 ( 6 ) :  9 4 – 1 0 0 .
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P E R F O R M A N C E  O F  F L Y  A S H  A S  G E O P O L Y M E R  B A S E D  M O R T A R
I N  S T R E N G T H  P R O P E R T I E S

D e p a r t m e n t  o f  C i v i l  E n g i n e e r i n g ,  P o l i t e k n i k  S u l t a n  S a l a h u d d i n  A b d u l
A z i z  S h a h ,  P e r s i a r a n  U s a h a w a n ,  S e k s y e n  U 1 ,  4 0 1 5 0  S h a h  A l a m ,

S e l a n g o r .
a i n u l h a e z a h @ y a h o o . c o m

A B S T R A C T

G e o p o l y m e r  c o n c r e t e / m o r t a r  i s  t h e  t y p i c a l  m a t e r i a l  u s e d  i n  b u i l d i n g
c o n s t r u c t i o n  a n d  c e m e n t  i s  r e p l a c e d  b y  p o z z o l a n i c  m a t e r i a l  l i k e  f l y  a s h
a n d  a c t i v a t e d  b y  a l k a l i n e  s o l u t i o n .  T h e  s t u d y  a i m s  t o  i n v e s t i g a t e  t h e
p o t e n t i a l  o f  u s i n g  f l y  a s h  a s  g e o p o l y m e r  m o r t a r  i n  f r e s h  a n d  h a r d e n e d
s t a t e  p r o p e r t i e s .  T h e  p e r f o r m a n c e  o f  g e o p o l y m e r  m o r t a r  w a s  c o m p a r e d
w i t h  t h e  c o n t r o l  m o r t a r  a t  c u r i n g  a g e s  o f  2 8  a n d  5 6  d a y s .  T h e  t e s t s
i n c l u d e  t h e  d e t e r m i n a t i o n  o f  t h e  c h e m i c a l  c o m p o s i t i o n  o f  c e m e n t  a n d
f l y  a s h  u s i n g  t h e  E D X R F  t e c h n i q u e ,  s e t t i n g  t i m e ,  s t r e n g t h  a c t i v i t y
i n d e x ,  c o m p r e s s i v e  s t r e n g t h  a s  w e l l  a s  w a t e r  a b s o r p t i o n .  T h e  r e s u l t s
s h o w e d  t h a t  t h e  f l y  a s h  g e o p o l y m e r  m o r t a r  p r o v i d e d  b e t t e r
p e r f o r m a n c e  i n  s t r e n g t h  a n d  d u r a b i l i t y  p r o p e r t i e s  w h e n  c u r e d  i n  o v e n
h e a t i n g .  H o w e v e r ,  g e o p o l y m e r  m o r t a r  s h o w e d  l e s s e r  r e t a r d a t i o n  o f
h y d r a t i o n  a c t i v i t y  c o m p a r e d  t o  t h e  c o n t r o l  s a m p l e  i n  s e t t i n g  t i m e  a t
r o o m  t e m p e r a t u r e .  I t  i s  c o n c l u d e d  t h a t  t h e  u t i l i z a t i o n  o f  f l y  a s h  i s  a
p r o m i s i n g  c o n s t r u c t i o n  p r o d u c t  t o  b e  u s e d  a s  a  s u s t a i n a b l e  g r e e n
m a t e r i a l  f o r  l o n g - t e r m  p e r f o r m a n c e s .

K e y w o r d s :  G e o p o l y m e r ,  f l y  a s h ,  c o m p r e s s i v e  s t r e n g t h ,  w a t e r  a b s o r p t i o n ,
E D X R F
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1 .  I n t r o d u c t i o n

C o n c r e t e  m a k i n g  m a t e r i a l  e s p e c i a l l y  t h e  a p p l i c a t i o n  o f  c e m e n t  a s  t h e  m a i n
c o m p o n e n t  o f  b u i l d i n g  c o n s t r u c t i o n  h a s  b e c o m e  m a n - m a d e  m a t e r i a l  i n  t h e
w o r l d .  D u e  t o  t h e  i n c r e a s e  i n  w o r l d w i d e  c e m e n t  p r o d u c t i o n ,  t h e  e m i s s i o n
o f  g r e e n h o u s e  g a s e s ,  m a i n l y  c a r b o n  d i o x i d e  ( C O 2 ) ,  a f f e c t s  c l i m a t e  c h a n g e
g l o b a l l y .  I t  w a s  e s t i m a t e d  t h a t  t h e  g l o b a l  c e m e n t  p r o d u c t i o n  g r e w  o v e r
7 3 %  b e t w e e n  2 0 0 5  a n d  2 0 1 3  f r o m  2 , 3 1 0  m e t r i c  t o n s  t o  4 , 0 0 0  m e t r i c  t o n s
w h i c h  a l s o  i n c r e a s e d  t h e  a m o u n t  o f  C O 2  e m i s s i o n s  s u b s e q u e n t l y
( M i k u l č i ć ,  K l e m e š ,  V u j a n o v i ć ,  e t  a l . ,  2 0 1 6 ) .  S e v e r a l  e f f o r t s  h a v e  b e e n
d o n e  t o  a d d r e s s  g l o b a l  w a r m i n g  i s s u e s  b y  r e d u c i n g  t h e  u t i l i z a t i o n  o f
c e m e n t  w i t h  t h e  a p p l i c a t i o n  o f  s u p p l e m e n t a r y  c e m e n t i n g  m a t e r i a l s  k n o w n
a s  g e o p o l y m e r .  T h e s e  i n c l u d e  t h e  a p p l i c a t i o n  o f  f l y  a s h ,  p a l m  o i l  f u e l  a s h ,
r i c e  h u s k  a s h ,  g r a n u l a t e d  b l a s t  f u r n a c e  s l a g ,  a n d  m e t a k a o l i n ,  a s  w e l l  a s  t h e
d e v e l o p m e n t  o f  a l t e r n a t i v e  b i n d e r s  t o  P o r t l a n d  c e m e n t .

T h e  g e o p o l y m e r  c o n c r e t e / m o r t a r  w a s  i n t r o d u c e d  t o  r e d u c e  e n v i r o n m e n t a l
i m p a c t s ,  s p e c i f i c a l l y  g r e e n h o u s e  e m i s s i o n s .  G e o p o l y m e r  i s  k n o w n  a s  t h e
r e a c t i o n  o f  s o l i d  a l u m i n o s i l i c a t e  w i t h  h i g h l y  c o n c e n t r a t e d  a l k a l i  h y d r o x i d e
o r  s i l i c a t e  s o l u t i o n  t o  p r o d u c e  s y n t h e t i c  a l k a l i  a l u m i n o s i l i c a t e  m a t e r i a l
w h i c h  p r o v i d e s  a  s o l u t i o n  t o  p r o d u c e  g r e e n e r  c o n s t r u c t i o n  m a t e r i a l  f o r
s u s t a i n a b l e  d e v e l o p m e n t  ( D a v i d o v i t s ,  1 9 9 1 ) .  T h e  p r o p e r t i e s  o f  g e o p o l y m e r
d e p e n d  o n  t h e  r a w  m a t e r i a l  s e l e c t i o n  a n d  p r o c e s s i n g  c o n d i t i o n s ,  w h e r e a s  i t
c a n  e x h i b i t  a  w i d e  v a r i e t y  o f  p r o p e r t i e s  i n c l u d i n g  h i g h  c o m p r e s s i v e
s t r e n g t h ,  l o w  s h r i n k a g e ,  c h e m i c a l  r e s i s t a n c e ,  f i r e  r e s i s t a n c e  a n d  l o w
t h e r m a l  c o n d u c t i v i t y  ( D u x s o n ,  F e r n á n d e z - J i m é n e z ,  P r o v i s ,  e t  a l . ,  2 0 0 7 ) .
G e o p o l y m e r  w i t h  t h e  a p p l i c a t i o n  o f  s u p p l e m e n t a r y  c e m e n t i t i o u s  m a t e r i a l
a s  c e m e n t  r e p l a c e m e n t  d u e  t o  t h e i r  c h a r a c t e r i s t i c s  o f  p o z z o l a n i c  p r o p e r t i e s
i m p r o v e s  t h e  p r o p e r t i e s  o f  c o n c r e t e / m o r t a r  a t  l o n g - t e r m  d u r a b i l i t y
( P a n e s a r ,  2 0 1 9 ) .  M a j o r  i n d u s t r i a l  w a s t e  i n c l u d i n g  f l y  a s h  r i c h  i n  s i l i c o n
a n d  a l u m i n i u m  i n  i t s  c o m p o n e n t s  h a s  b e e n  t h e  s u b j e c t  o f  m a n y  r e s e a r c h e r s
s i n c e  a  f e w  d e c a d e s  a g o .  F l y  a s h  i s  a  b y - p r o d u c t  o f  p u l v e r i z e d  c o a l  b l o w n
i n t o  t h e  f i r e  f u r n a c e  o f  t h e  e l e c t r i c i t y - g e n e r a t i n g  t h e r m a l  p o w e r  p l a n t .  I t
w a s  e s t i m a t e d  t h a t  t h e  t o t a l  f l y  a s h  p r o d u c t i o n  i n  t h e  w o r l d  w a s  a b o u t  7 0 0
m i l l i o n  t o n s  p e r  y e a r  b u t  t h e  u t i l i z a t i o n  w a s  o n l y  a b o u t  1 7 - 2 0 %  ( H a r d j i t o ,
W a l l a h ,  S u m a j o u w ,  e t  a l . ,  2 0 0 4 ) .  B e s i d e s ,  t h e  g e n e r a t i o n  o f  f l y  a s h  i n
t h e r m a l  p o w e r  p l a n t s  a l s o  c o n t r i b u t e s  t o  s i g n i f i c a n t  e n v i r o n m e n t a l  d e f e c t s
s u c h  a s  a i r  a n d  w a t e r  p o l l u t i o n .  U p o n  t h i s  m a t t e r ,  a  l a r g e  n u m b e r  o f
i n n o v a t i v e  b u i l d i n g  m a t e r i a l s  a n d  l o w - c o s t  c o n s t r u c t i o n  t e c h n i q u e s  h a v e
b e e n  d e v e l o p e d  a n d  t o  b e  a p p l i e d  a s  c o n s t r u c t i o n  p r o d u c t s  ( J a i n ,  a n d
D w i v e d i ,  2 0 1 4 ) .  E v e n  t h o u g h  t h e  u s a g e  o f  g e o p o l y m e r  i s  s t i l l  d e v e l o p i n g
i n  t h e  e a r l i e r  s t a g e ,  m a n y  a p p l i c a t i o n  p r o d u c t s  h a v e  b e e n  s u c c e s s f u l l y
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c o n s t r u c t e d  u t i l i z i n g  g e o p o l y m e r  c o n c r e t e / m o r t a r  ( H a s s a n ,  A r i f ,  a n d
S h a r i q ,  2 0 2 0 ) .

R e c e n t l y ,  t h e  a p p l i c a t i o n  o f  f l y  a s h - b a s e d  g e o p o l y m e r  h a s  b e e n  s t u d i e d  i n
p e r f o r m a n c e s  o f  s t r e n g t h  a n d  d u r a b i l i t y  p r o p e r t i e s  ( P a t a n k a r ,  G h u g a l ,  a n d
J a m k a r ,  2 0 1 4 ;  W a t t i m e n a ,  A n t o n i ,  a n d  H a r d j i t o ,  2 0 1 7 ;  Z h u a n g ,  C h e n ,
K o m a r n e n i ,  e t  a l . ,  2 0 1 6 ) .  H o w e v e r ,  t h e r e  i s  l e s s  i n f o r m a t i o n  o n  t h e  e f f e c t
o f  c o n c e n t r a t i o n  o f  s o d i u m  h y d r o x i d e  i n  t e r m s  o f  m o l a r i t y  a t  t h e  s o l u t i o n
t o  f l y  a s h  r a t i o  o f  0 . 4 4  o n  c o m p r e s s i v e  s t r e n g t h  a f t e r  a  s p e c i f i e d  p e r i o d  o f
h e a t  c u r i n g  o f  f l y - a s h  b a s e d  g e o p o l y m e r  m o r t a r .  T h i s  r e s e a r c h  t h u s  a i m s  t o
i n v e s t i g a t e  t h e  p e r f o r m a n c e  o f  f l y  a s h - b a s e d  g e o p o l y m e r  m o r t a r  i n  h i g h
s t r e n g t h  p r o p e r t i e s .

2 . 0  E x p e r i m e n t a l  P r o g r a m  
     2 . 1  R a w  M a t e r i a l  U s e d
          2 . 1 . 1  F l y  A s h

F l y  a s h ,  a  b y - p r o d u c t  o f  b u r n i n g  p u l v e r i s e d  c o a l  i n  a  t h e r m a l  p o w e r  p l a n t
o b t a i n e d  f r o m  K a p a r ,  S e l a n g o r ,  w a s  u s e d  a s  t h e  s o u r c e  m a t e r i a l .  A s  a n
a t t e m p t  t o  b e  u s e d  a s  t h e  b i n d e r  m a t e r i a l ,  t h e  f l y  a s h  w a s  s i e v e d  b y  t h e
s i z e  o f  7 5  µ m  f o r  f i n e n e s s .  

          2 . 1 . 2  A l k a l i n e  A c t i v a t o r
T h e  s o l u t i o n s  o f  s o d i u m  h y d r o x i d e  ( N a O H )  a n d  s o d i u m  s i l i c a t e  ( N a S i O 3 )
w e r e  u s e d  a s  a c t i v a t o r s  i n  m i x i n g  m a t e r i a l s .  B o t h  s o l u t i o n s  h a d  1 2  m o l a r
c o n c e n t r a t i o n s  a n d  w e r e  r e a d i l y  o b t a i n e d  f r o m  t h e  l a b o r a t o r y  s u p p l i e r .
S o d i u m  h y d r o x i d e  i s  i m p o r t a n t  i n  a l k a l i n e  s o l u t i o n s  a s  i t  p l a y s  t h e  m a i n
r o l e  i n  g e o p o l y m e r i z a t i o n .  

          2 . 1 . 3  O r d i n a r y  P o r t l a n d  C e m e n t  ( O P C )
O P C  c o m p l y i n g  B S  E N  1 9 7 - 1 :  2 0 0 1  w a s  u s e d  t h r o u g h o u t  t h e  e x p e r i m e n t .
T h e  c h a r a c t e r i z a t i o n  o f  e l e m e n t s  p r e s e n t  i n  P o r t l a n d  c e m e n t  w a s  m e a s u r e d
b y  u s i n g  a n  E p s i l o n 3 - X L  E D X R F  s p e c t r o m e t e r .  T h e  a p p l i c a t i o n  o f  t h e
E D X R F  t e c h n i q u e  i s  f a s t ,  e c o n o m i c a l  a n d  f u l l y  s u i t a b l e  f o r  t h e
d e t e r m i n a t i o n  o f  m a n y  m a t r i x  e l e m e n t s  ( B u d a k ,  K a r a b u l u t ,  D o g a n ,  e t  a l . ,
1 9 9 9 ;  D o g a n ,  a n d  K o b y a ,  2 0 0 6 ;  E s e r ,  K a h r a m a n ,  a n d  D e m i r a y ,  2 0 1 4 ) .  T h e
c h e m i c a l  c o m p o s i t i o n  o f  c e m e n t  w a s  a n a l y z e d  a n d  c o m p a r e d  w i t h  f l y  a s h
s a m p l e s  a s  s h o w n  i n  T a b l e  1 .

          2 . 1 . 4  F i n e  A g g r e g a t e
N a t u r a l  r i v e r - w a s h e d  s a n d  c o m p l y i n g  B S  8 8 2 : 1 9 9 2  w a s  u s e d  a s  f i l l e r
m a t e r i a l .  T h e  s i z e  o f  t h e  s a n d  w a s  p a s s i n g  2 . 3 6  m m  a n d  i t s  f i n e n e s s
m o d u l u s  w a s  1 . 9 2 .
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          2 . 1 . 5  W a t e r
T h e  t a p  w a t e r  w a s  u s e d  f o r  m i x i n g  t h e  c e m e n t  m o r t a r .  T h e  w / c  r a t i o  u s e d
w a s  0 . 4 5 .

     3 . 2  M i x  P r o p o r t i o n s
T h e  s a m p l e  w a s  p r e p a r e d  i n  t w o  s e t s ,  w h i c h  a r e  f l y  a s h  g e o p o l y m e r  m o r t a r
a n d  n o r m a l  c e m e n t  m o r t a r  a s  t h e  c o n t r o l  s a m p l e .  T h e  s i z e  o f  t h e  c u b e  u s e d
i n  t h e  s t u d y  w a s  5 0  m m  x  5 0  m m  x  5 0  m m  a n d  1 2  s a m p l e s  w e r e  p r e p a r e d .
T h e  m i x  p r o p o r t i o n  i s  s h o w n  i n  T a b l e  2 .  T h e  d e s i g n  m i x e s  a r e  a d d e d  w i t h
a  s u p e r p l a s t i c i z e r  ( S p . )  t o  i m p r o v e  t h e  w o r k a b i l i t y  o f  g e o p o l y m e r  m o r t a r .

    3 . 3  P r e p a r a t i o n  o f  G e o p o l y m e r  M o r t a r
T h e  g e o p o l y m e r  m o r t a r  w a s  c a s t  w i t h  m i x e d  p r o p o r t i o n s  o f  s o d i u m
s i l i c a t e ,  s o d i u m  h y d r o x i d e ,  s a n d ,  f l y  a s h  a n d  s u p e r p l a s t i c i z e r .  T h e  f i n e
a g g r e g a t e s  a n d  t h e  f l y  a s h  w e r e  m i x e d  d r i e s  i n  a  p a n  m i x e r  f o r  3  m i n u t e s .
T h e  a l k a l i n e  s o l u t i o n s  a n d  t h e  s u p e r p l a s t i c i z e r  w e r e  m i x e d ,  t h e n  a d d e d  t o
t h e  s o l i d  p a r t i c l e  a n d  m i x e d  f o r  a n o t h e r  3  m i n u t e s .  T h e  f r e s h  f l y  a s h
g e o p o l y m e r  m o r t a r  h a d  a  s t i f f  c o n s i s t e n c y ,  d a r k  i n  c o l o r ,  a n d  w a s  g l o s s y
i n  a p p e a r a n c e .  A f t e r  m i x i n g ,  f r e s h  g e o p o l y m e r  m o r t a r  w a s  p l a c e d  i n  a
m o l d  a n d  w e l l  c o m p a c t e d .  T h e  g e o p o l y m e r  w a s  c u r e d  i n  a n  o v e n  b y  s e t t i n g
t h e  t e m p e r a t u r e  o f  7 0  ° C  u n t i l  t h e  t e s t i n g  d a y s .

     3 . 4  S t r e n g t h  A c t i v i t y  I n d e x
T h e  f l y  a s h  s a m p l e  w a s  i n v e s t i g a t e d  f o r  i t s  i n f l u e n c e s  o n  t h e  s t r e n g t h
a c t i v i t y  i n d e x  a f t e r  b e i n g  m i x e d  w i t h  c e m e n t .  T h e  s t r e n g t h  a c t i v i t y  i n d e x
w a s  c a l c u l a t e d  t o  d e t e r m i n e  t h e  p o z z o l a n i c  p r o p e r t i e s  i n  a  c e m e n t i t i o u s
f r a m e w o r k  b a s e d  o n  A S T M  C  3 1 1 .  T h e  m o r t a r  c u b e  w a s  p r e p a r e d  u s i n g  1 : 3
p r o p o r t i o n  o f  f l y  a s h  a n d  s a n d  f o l l o w i n g  A S T M  C 1 0 9 .  A b o u t  2 0 %
r e p l a c e m e n t  o f  c e m e n t  w i t h  f l y  a s h  b y  w e i g h t  o f  c e m e n t  w a s  u s e d  i n  t h e
t e s t  s a m p l e .  T h e  d a t a  w a s  r e c o r d e d  a s  a  s t r e n g t h  a c t i v i t y  i n d e x  p e r c e n t a g e .
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     3 . 5  S e t t i n g  T i m e
T h e  i n i t i a l  s e t t i n g  t i m e  w a s  c o n d u c t e d  f o r  b o t h  c e m e n t  a n d  g e o p o l y m e r
p a s t e  f o l l o w i n g  A S T M  C  1 9 1  s t a n d a r d .  E a c h  o f  t h e  s a m p l e s  u s e d  V i c a t
a p p a r a t u s  a n d  t h e  p e n e t r a t i o n  v a l u e  w a s  d e t e r m i n e d  u s i n g  t h e  1  m m  n e e d l e
a f t e r  4 5  m i n u t e s  a n d  t h e  i n i t i a l  s e t t i n g  t i m e  w a s  o b t a i n e d .

     3 . 6  C o m p r e s s i v e  S t r e n g t h  
T h e  s a m p l e  o f  m o r t a r  f o r  b o t h  t y p e s  w a s  t e s t e d  i n  a  c o m p r e s s i v e  s t r e n g t h
m a c h i n e  t o  d e t e r m i n e  t h e  c o m p r e s s i v e  s t r e n g t h  a t  2 8  d a y s  a n d  5 6  d a y s  o f
c u r i n g  a g e ,  r e s p e c t i v e l y .  T h e  t e s t  c o m p l i e d  w i t h  B S  E N  1 2 3 9 0 - 3 : 2 0 0 9 .  T h e
a v e r a g e  o f  t h r e e  v a l u e s  w a s  t a k e n  a s  t h e  s t r e n g t h  v a l u e  f o r  a l l  b a t c h e s .

     3 . 7  W a t e r  A b s o r p t i o n
T h i s  t e s t  w a s  c o n d u c t e d  t o  d e t e r m i n e  t h e  p e r c e n t a g e  o f  m o i s t u r e  c o n t e n t  i n
t h e  s a m p l e s .  W a t e r  a b s o r p t i o n  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  a c c o r d i n g  t o
A S T M  C 1 4 0 - 0 3 .  T h e  p e r c e n t a g e  a b s o r p t i o n  w a s  c a l c u l a t e d  u s i n g  t h e
e q u a t i o n :  A b s o r p t i o n  ( % )  =  [ ( W 2  –  W 1 ) /  W 1 ]  × 1 0 0 ,  w h e r e  W 1  =  w e i g h t  o f
s p e c i m e n  a f t e r  c o m p l e t e  d r y i n g  a t  1 0 5 ° C ,  W 2  =  f i n a l  w e i g h t  o f  t h e  d r y
s u r f a c e  s a m p l e  a f t e r  i m m e r s i o n  i n  w a t e r  f o r  a t  l e a s t  2 4  h o u r s .

3 . 0  R e s u l t s  a n d  D i s c u s s i o n s
     3 . 1  C h a r a c t e r i z a t i o n  o f  E l e m e n t a l  C o n c e n t r a t i o n

E l e m e n t a l  c o n c e n t r a t i o n s  i n  P o r t l a n d  c e m e n t  a n d  f l y  a s h  s a m p l e s  a r e
s h o w n  i n  T a b l e  1 .  T h e  d e t e r m i n a t i o n  o f  m a j o r  a n d  t r a c e  e l e m e n t s  p r e s e n t
i n  c e m e n t - b a s e d  c o m p o s i t e s  f o l l o w e d  t h e  v a l i d a t i o n  o f  t h e  E D X R F
p r o c e d u r e  b y  M i j a t o v i ć ,  T e r z i ć ,  P e z o ,  e t  a l .  ( 2 0 1 9 ) .  I t  w a s  o b s e r v e d  t h a t
h i g h  p e r c e n t a g e s  o f  C a  i n  c e m e n t  s a m p l e s  w e r e  d u e  t o  t h e  p r e s e n c e  o f
l i m e s t o n e  ( C a C O 3 )  u s e d  a s  r a w  m a t e r i a l  i n  c e m e n t  p r o d u c t i o n .
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A s  f o r  t h e  f l y  a s h  s a m p l e s ,  i t  w a s  f o u n d  t h a t  l a r g e  a m o u n t s  o f  S i
c o n c e n t r a t i o n  w e r e  d e t e r m i n e d ,  f o l l o w e d  b y  A l ,  F e ,  a n d  C a  i n  c h e m i c a l
a n a l y s i s .  S i l i c a  w a s  t h e  m a i n  c o n s t i t u e n t  o f  t h e  s t r u c t u r a l  s k e l e t o n  o f  t h e
r e a c t i o n  p r o d u c t  o f  g e o p o l y m e r  e s p e c i a l l y  i n  t h e  a l k a l i n e  a c t i v a t i o n  o f  t h e
a s h e s .  H i g h  r e a c t i v e  s i l i c a  c o n t e n t  w a s  i n v o l v e d  i n  t h e  f o r m a t i o n  o f  h i g h
a m o u n t  o f  a l k a l i n e  a l u m i n o s i l i c a t e  g e l  t h a t  d e v e l o p e d  h i g h  m e c h a n i c a l
s t r e n g t h  i n  g e o p o l y m e r  p r o d u c t s .  B e s i d e s  S i ,  s i l i c a  i o n ,  A l  w a s  a l s o
c o n s i d e r e d  i m p o r t a n t .  T h e  m a i n  p r o d u c t  o f  t h e  g e o p o l y m e r  w a s  a
p o l y m e r i c  c h a i n  c o n s i s t i n g  o f  s i l i c a  a n d  a l u m i n a  w h i c h  s h a r e d  t h e  o x y g e n
i o n  b o n d  a n d  u s u a l l y  e x p r e s s e d  a s  S i / A l  r a t i o .  T h e  h i g h  a m o u n t  o f  S i / A l
r a t i o  i n c r e a s e d  t h e  c o m p r e s s i v e  s t r e n g t h  o f  g e o p o l y m e r  p r o d u c t
( C h i n d a p r a s i r t ,  D e  S i l v a ,  S a g o e - C r e n t s i l ,  e t  a l . ,  2 0 1 2 ;  F e r n á n d e z - J i m é n e z ,  
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a n d  P a l o m o ,  2 0 0 3 ;  W a t t i m e n a  e t  a l . ,  2 0 1 7 ) .  M e a n w h i l e ,  t h e  r e l a t i v e
e l e m e n t a l  a b u n d a n c e  i n  f l y  a s h  w a s  f o u n d  t o  b e  i n  t h e  o r d e r  o f  N i  >  C r  >
C u  >  Z n  >  P b .  T h e s e  c o n c e n t r a t i o n s  w e r e  t h e  r e s u l t s  o f  p r o d u c t  r e s i d u e
d e p e n d i n g  o n  t h e  t y p e s  a n d  c o m p o s i t i o n  o f  c o a l ,  c o m b u s t i o n  p r o c e s s  a n d
e f f i c i e n c y  o f  e m i s s i o n  o f  c o n t r o l  d e v i c e  ( D o g a n ,  a n d  K o b y a ,  2 0 0 6 ) .

3 . 2  E f f e c t  o f  F l y  A s h  o n  S t r e n g t h  a c t i v i t y  i n d e x
F i g u r e  1  s h o w s  t h e  c o m p r e s s i v e  s t r e n g t h  a t  7  d a y s .  I t  w a s  o b s e r v e d  t h a t
t h e  s t r e n g t h  a c t i v i t y  i n d e x  f o r  f l y  a s h  m o r t a r  w a s  9 8 . 1  % .  T h i s  w a s  d u e  t o
t h e  f i n e n e s s  o f  f l y  a s h  t h a t  c o n t r i b u t e d  t o  t h e  s i g n i f i c a n c e  o f  p o z z o l a n i c
a c t i v i t y  t h a t  a f f e c t e d  t h e  m o r t a r  a t  e a r l y  s t r e n g t h .  

F i g u r e  1 :  C o m p a r i s o n  o f  s t r e n g t h  a c t i v i t y  i n d e x  b e t w e e n  O P C  a n d  f l y  a s h
m o r t a r

    3 . 2  E f f e c t  o f  F l y  A s h  G e o p o l y m e r  M o r t a r  i n  I n i t i a l  S e t t i n g  T i m e
 
T h e  g r a p h  o f  t h e  i n i t i a l  s e t t i n g  t i m e  i s  s h o w n  i n  F i g u r e  2 .  I t  w a s  o b s e r v e d
t h a t  t h e  f l y  a s h  p a s t e  s a m p l e  h a d  t h e  h i g h e s t  v a l u e  o f  p e n e t r a t i o n  o f  2 4
m m  c o m p a r e d  t o  c e m e n t  p a s t e  w h i c h  w a s  1 1  m m  a t  r o o m  t e m p e r a t u r e .
S e t t i n g  t i m e  b e h a v i o r  m o s t l y  d e p e n d e d  o n  t h e  c h e m i c a l  c o m p o u n d  o f  f l y
a s h  p a r t i c u l a r l y  t h e  c o n t e n t  o f  c a l c i u m  o x i d e  ( C a O ) .  C o m p a r e d  t o  t h e
c e m e n t ,  c a l c i u m  c o n t e n t  p e r c e n t a g e  w a s  m u c h  l o w e r  i n  f l y  a s h  s a m p l e s ,
r e s u l t e d  i n  s l o w  h y d r a t i o n  r a t e .  A c c o r d i n g  t o  W a t t i m e n a  e t  a l .  ( 2 0 1 7 ) ,  f l y
a s h  g e o p o l y m e r  w h i c h  c o n t a i n s  s o m e  a m o u n t  o f  C a O  d o e s  n o t  n e e d  a n y
h e a t  t o  s t a r t  t h e  h y d r a t i o n  r e a c t i o n .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  b y
p r e v i o u s  r e s e a r c h  w h i c h  s h o w e d  t h a t  f r e s h  f l y  a s h  g e o p o l y m e r  p a s t e  d i d
n o t  h a r d e n  a t  r o o m  t e m p e r a t u r e  f o r  a t  l e a s t  o n e  d a y  ( H a r d j i t o ,  C h e a k ,  a n d  
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L e e  I n g ,  2 0 0 8 ) .  T h i s  a t t r i b u t e d  t h a t  f r e s h  f l y  a s h  g e o p o l y m e r  p a s t e  h a d  a
s l o w  h y d r a t i o n  p r o c e s s  w i t h o u t  e x p o s u r e  t o  t h e r m a l  t e m p e r a t u r e .

F i g u r e  2 :  C o m p a r i s o n  o f  i n i t i a l  s e t t i n g  t i m e  b e t w e e n  c e m e n t  a n d  f l y  a s h
g e o p o l y m e r  p a s t e

    3 . 3  E f f e c t  o f  F l y  A s h  G e o p o l y m e r  M o r t a r  i n  C o m p r e s s i v e  S t r e n g t h

T h e  c o m p r e s s i v e  s t r e n g t h  t e s t s  o f  b o t h  t y p e s  o f  s a m p l e s  w e r e  p e r f o r m e d  a t
2 8  a n d  5 6  d a y s  a s  s h o w n  i n  F i g u r e  3 .  T h e  h i g h e s t  c o m p r e s s i v e  s t r e n g t h s  o f
4 8 . 7 5  M P a  a n d  7 0 . 5 5  M P a  w e r e  p r o d u c e d  f r o m  t h e  f l y  a s h  g e o p o l y m e r
m o r t a r  a t  2 8  a n d  5 6  d a y s ,  r e s p e c t i v e l y .  I t  w a s  a l s o  o b s e r v e d  t h a t  t h e
c o m p r e s s i v e  s t r e n g t h  o f  g e o p o l y m e r  m o r t a r  i n c r e a s e d  w i t h  i n c r e a s e  i n  t h e
t e s t  p e r i o d  u p  t o  5 6  d a y s .  T h e  g e o p o l y m e r  m o r t a r  i n c r e a s e d  t h e  r a t e  o f
g a i n  o f  s t r e n g t h  b y  a p p r o x i m a t e l y  4 5 %  a t  5 6  d a y s  d u e  t o  t h e  e f f e c t s  o f
t e m p e r a t u r e  c u r i n g  c o n d i t i o n s  o n  t h e  s a m p l e s .  A c c o r d i n g  t o  P a t a n k a r  e t  a l .
( 2 0 1 4 ) ,  t h e  s u i t a b l e  t e m p e r a t u r e  f o r  m a k i n g  g e o p o l y m e r  m o r t a r  i s  b e t w e e n
6 0  ° C  a n d  9 0  ° C .  H o w e v e r ,  t h e  c u r i n g  r e g i m e  o f  o v e r  1 2 0  ° C  h e a t i n g
t e m p e r a t u r e s  w o u l d  d e v e l o p  a  c r a c k  o n  t h e  g e o p o l y m e r  s u r f a c e  w h i c h
s u b s e q u e n t l y  p r o d u c e s  a  s i g n i f i c a n t  l o s s  i n  s t r e n g t h .  I n  t h i s  t e s t ,  i t  w a s
c o n c l u d e d  t h a t  o v e n  h e a t i n g  a t  7 0  ° C  w a s  s u f f i c i e n t  e n o u g h  t o  a c h i e v e
s t r e n g t h  f o r  t h e  g e o p o l y m e r  m o r t a r  s a m p l e .
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F i g u r e  3 :  R e s u l t s  o f  c o m p r e s s i v e  s t r e n g t h  o f  g e o p o l y m e r  m o r t a r  a t  2 8
a n d  5 6  d a y s

   3 . 4  E f f e c t  o f  F l y  A s h  G e o p o l y m e r  M o r t a r  i n  W a t e r  A b s o r p t i o n

F i g u r e  4  s h o w s  t h e  r e s u l t s  o f  w a t e r  a b s o r p t i o n  f o r  b o t h  s p e c i m e n s .  I t  w a s
o b s e r v e d  t h a t  t h e  r e s u l t  o f  t h e  w a t e r  a b s o r p t i o n  t e s t  f o r  g e o p o l y m e r  f l y
a s h  w a s  0 . 4 4 % .  T h i s  w a s  d u e  t o  p o s s i b l e  p o l y m e r i z a t i o n  r e s u l t s - p r o d u c i n g
g e o p o l y m e r  m o r t a r  w h i c h  w a s  l e s s  p o r o u s  a n d  h a d  a  p e r m e a b l e
m a t r i x . W a t e r  a b s o r p t i o n  w a s  i m p o r t a n t  t o  i n d i c a t e  t h e  p e r m e a b i l i t y  a n d
t h e  d e g r e e  o f  r e a c t i o n  f o r  g e o p o l y m e r  m o r t a r .  T h e  l o w e r  t h e  w a t e r
a b s o r p t i o n  t h e  h i g h e r  t h e  r e s i s t a n c e  t o  w a t e r  i n f i l t r a t i o n  a n d  t o w a r d s
e n v i r o n m e n t a l  d a m a g e  ( A h m a r i ,  a n d  Z h a n g ,  2 0 1 2 ;  M o s t a f a ,  2 0 1 0 ) .
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T h e  f i n e n e s s  o f  f l y  a s h  c o n t r i b u t e s  t o  t h e  s t r e n g t h  a c t i v i t y  i n d e x  u p  t o
9 8 . 1 %  w h e n  m i x e d  w i t h  c e m e n t .
T h e  r e d u c t i o n  i n  r a t e  o f  h y d r a t i o n  r e a c t i v i t y  i n  f l y  a s h  g e o p o l y m e r
p a s t e  o c c u r s  a t  r o o m  t e m p e r a t u r e .
T h e  f l y  a s h  g e o p o l y m e r  s h o w s  h i g h  s t r e n g t h  p r o p e r t i e s  i n  o v e n  h e a t i n g
c u r i n g .
T h e  f l y  a s h  g e o p o l y m e r  m o r t a r  s h o w s  l o w e r  w a t e r  a b s o r p t i o n  c o m p a r e d
c o m m o n  c e m e n t  m o r t a r .

4 . 0  C o n c l u s i o n

B a s e d  o n  t h e  r e s u l t s  o b t a i n e d  i n  t h e  e x p e r i m e n t a l  i n v e s t i g a t i o n ,  t h e
f o l l o w i n g  c o n c l u s i o n s  a r e  d r a w n :

1 .

2 .

3 .

4 .

C o n f l i c t  o f  I n t e r e s t s

T h e  a u t h o r s  d e c l a r e  t h a t  t h e r e  i s  n o  c o n f l i c t  o f  i n t e r e s t  r e g a r d i n g  t h e
p u b l i c a t i o n  o f  t h i s  p a p e r .
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I k h w a n  M d  Y u s o f
D e p a r t m e n t  o f  C i v i l  E n g i n e e r i n g  P o l y t h e c n i c  S u l t a n  S a l a h u d d i n  A b d u l

A z i z  S h a h ,  4 0 1 5 0  S h a h  A l a m  S e l a n g o r ,  M A L A Y S I A  ‘
z u r e n a @ p s a . e d u . m y

A B S T R A C T

K e b a n y a k a n  k e m a l a n g a n  y a n g  b e r l a k u  d i  d a l a m  r u m a h  a d a l a h
d i s e b a b k a n  k e b a k a r a n .  D i  a k h b a r  a t a u  b e r i t a  d i  t e l e v i s y e n  k e b a n y a k a n
k e s  k e m a t i a n  y a n g  b e r p u n c a  d a r i  k e b a k a r a n  a d a l a h  k e r a n a  m a n g s a
t e r p e r a n g k a p  d i  d a l a m  b a n g u n a n .  I n i  k e r a n a  k e b a n y a k a n  p e m i l i k
b a n g u n a n  m e m a s a n g  p e n g h a d a n g  p a d a  t i n g k a p .  P e n g h a d a n g  y a n g
d i p a s a n g  m e n y e b a b k a n  t i n g k a p  t i d a k  b o l e h  d i j a d i k a n  s e b a g a i  l a l u a n
k e c e m a s a n .  D a l a m  k a j i a n  k a m i ,  a s a p  m e n j a d i  p u n c a  k e m a t i a n ,  t i a d a
l a l u a n  a l t e r n a t i v e  l a i n  s e l a i n  p i n t u .  T u j u a n  p e n g h a s i l a n  p r o d u k  i n i
a d a l a h  m e n y e d i a k a n  b u k a a n  p a d a  b a n g u n a n  s u p a y a  a s a p  d i k u r a n g k a n .
S e t e r u s n y a ,  t i n g k a p  d i j a d i k a n  l a l u a n  k e l u a r  k e t i k a  k e b a k a r a n  d a n
m e n g e s a n  k e h a d i r a n  a s a p / g a s  d e n g a n  l e b i h  c e p a t .  P e n g u m p u l a n  d a t a
m e l a l u i  k a e d a h  k u a n t i t a t i f  d a p a t  d i k u m p u l  d e n g a n  m e n g g u n a k a n
p l a t f o r m  G o o g l e  F o r m .  M e l a l u i  k a e d a h  k u a l i t a t i f  p u l a ,  d a t a  d a p a t
d i d a p a t i  m e l a l u i  k a e d a h  k a j i a n  l a p a n g a n  i a i t u  t e m u b u a l  p e g a w a i
b o m b a  d a n  k a j i a n  p e r p u s t a k a a n  i a i t u  p e n y e l i d i k a n  b a h a n - b a h a n
b e r c e t a k .  H a s i l  k a j i a n  p r o j e k  i n i  d i d a p a t i  b a h a w a  s m a r t  w i n d o w  d a p a t
m e n g u r a n g k a n  m a s a l a h  k e b a k a r a n  d e n g a n  c e k a p .  I n i  t e r b u k t i  d e n g a n
5 0 . 4  %  r e s p o n d e n  s a n g a t  s e t u j u  t e r h a d a p  p r o d u k  p e r l u  d i a p l i k a s i k a n
p a d a  s e t i a p  r u m a h .  K e s i m p u l a n n y a ,  p r o d u k  i n i  b e r p o t e n s i  u n t u k
m e n g u r a n g k a n  m a s a l a h  t e r p e r a n g k a p  s e m a s a  k e b a k a r a n  d a n  b o l e h
m e n g u r a n g k a n  k a d a r  k e m a l a n g a n .  A n t a r a  p e n a m b a h b a i k a n  p r o j e k
y a n g  b o l e h  d i l a k u k a n  a d a l a h  p e n i n g k a t a n  k e p e k a a n  s e n s o r  u n t u k
m e n g e s a n  k e h a d i r a n  g a s  a t a u  a s a p .  S e t e r u s n y a ,  m e n i n g k a t k a n  k e l a j u a n
m o t o r  y a n g  m a m p u  m e m b e r i k a n  d a y a  y a n g  t i n g g i  t e r h a d a p  p e r g e r a k a n
t i n g k a p . [ 1 ]  P e n u l i s a n  a b s t r a k  y a n g  r i n g k a s  d a n  p a d a t

K a t a  k u n c i :  K e m a l a n g a n ,  b u k a a n ,  k e c e m a s a n ,  l a l u a n  a l t e r n a t i v e ,  s e n s o r
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1 .  P e n g e n a l a n

S m a r t  W i n d o w  d i c i p t a  u n t u k  m e n g u r a n g k a n  j u m l a h  a s a p  y a n g  t e r p e r a n g k a p
d i d a l a m  b a n g u n a n .  D e n g a n  w u j u d n y a  t e k n o l o g i  i n i ,  m a s a  y a n g  d i a m b i l
o l e h  a s a p  u n t u k  m e m e n u h i  r u a n g  d i  d a l a m  b a n g u n a n  a d a l a h  s e c a r a  d r a s t i k .
S m a r t  W i n d o w  d i d a t a n g k a n  d e n g a n  s e n s o r  a s a p  y a n g  b e r f u n g s i  u n t u k
m e m b u k a  t i n g k a p  s e c a r a  a u t o m a t i k  a p a b i l a  a s a p  d i k e s a n .  H a l  i n i  a k a n
m e n y e b a b k a n  a s a p  d a p a t  k e l u a r  d a r i  b a n g u n a n  d a n  s e c a r a  t i d a k  l a n g s u n g
k a d a r  a s a p  d i d a l a m  b a n g u n a n  d a p a t  d i k u r a n g k a n .  O b j e k t i f  k a j i a n  i n i  i a l a h
m e n g e s a n  k e h a d i r a n  a s a p  d e n g a n  l e b i h  c e p a t  d e n g a n  m e n g g u n a k a n  s e n s o r
y a n g  e f e k t i f .  S k o p  k a j i a n  i a l a h  t e r t u m p u  p a d a  s e b u a h  b a n g u n a n  s a t u
t i n g k a t  b e r u k u r a n  1 2 0 0  k a k i  p e r s e g i  y a n g  m e n g u n a k a n  t i n g k a p  j e n i s  s w i n g
w i n d o w  y a n g  b e r u k u r a n  9 0 c m  x  6 0 c m .  D e n g a n  t e r h a s i l n y a  p r o d u k  i n o v a s i
s m a r t  w i n d o w  i n i ,  d a p a t  m e n g u r a n g k a n  m a s a l a h  k e m a t i a n  d i s e b a b k a n  a s a p
s e m a s a  k e b a k a r a n .  

2 . 0  M e t o d o l o g i

P e r a n c a n g a n  k e r j a  m e n g e n a i  m e t o d o l o g i  y a n g  i n g i n  d i a p l i k a s i k a n  k e  a t a s
s i s t e m  y a n g  t e l a h  d i b a n g u n k a n ,  k e p e r l u a n  p e r k a k a s a n  d a n  p e r i s i a n ,
p e n d e k a t a n  t e r h a d a p  r e k a b e n t u k  d a l a m  m e m b a n g u n k a n  s i s t e m  d a n
j u s t i f i k a s i  k e p a d a  m e t o d o l o g i  y a n g  d i p i l i h  s e r t a  p e r a n c a n g a n  k e r j a  b a g i
t u j u a n  p e r l a k s a n a a n  s i s t e m .  K e s e m u a  p e r k a r a  t e r s e b u t  a d a l a h  p e n t i n g
k e t i k a  m e l a k u k a n  k a j i a n  b a g i  m e m a s t i k a n  k e b e r k e s a n a n  p r o j e k .

    2 . 1  K o m p o n e n
K o m p o n e n  i n i  d i b a h a g i k a n  k e p a d a  d u a  b a h a g i a n  i a i t u  b a h a n  l e k a p a n
t i n g k a p  d a n  k o m p o n e n  e l e k t r o n i k .  B a g i  b a h a g i a n  l e k a p a n  t i n g a p ,
p e m a s a n g a n  b i n g k a i  t i n g k a p  m e m e r l u k a n  p r o s e s  f a b r i k a s i ,  p e n c a n a i a n  d a n
p e m o t o n g a n  b e s i .  B a g i  b a h a g i a n  e l e k r o n i k  p u l a ,  p e n y a m b u n g a n  l i t a r
e l e k t r o n i k  b a g i  S m a r t  W i n d o w  m e m e r l u k a n  p r o s e s  s i s t e m  p r o g r a m m i n g  d a n
k e m a h i r a n  y a n g  t i n g g i  o l e h  r a k a n  k o l a b o r a s i .

         i )  B a h a g i a n  L e k a p a n  T i n g k a p
             -  T i n g k a p  b e r e n g s e l
             -  B e s i  h o l l o w  
             -  S p r a y  

        i i )  B a h a g i a n  E l e k t r o n i k
             -  L i n e a r  A c t u a t o r  1 2 v  7 5 0 N  7 0 0 m m
             -  A r d u i n o  U n o  R 3
             -  S i n g l e  C h a n n e l  1 2 v  R e l a y  B r e a k o u t  B o a r d
             -  R C S w i t c h 1 0 - R C  C o n t r o l l e d  R e l a y  S w i t c h
             -  M Q - 2  S m o k e  D e t e c t i o n  S e n s o r
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     2 . 2  P r o s e s  f a b r i k a s i  p r o j e k
P e l a k s a n a a n  p r o j e k  S m a r t  W i n d o w  i n i  d i f a b r i k a s i k a n  d e n g a n  b e b e r a p a
p e l a k s a n a a n  u n t u k  m e m b e n t u k  d a n  m e n g h a s i l k a n  a p a  y a n g  t e l a h  d i d r a f k a n
p a d a  c a r t a  a l i r  p r o s e s  r e k a  b e n t u k .  A n t a r a  l a n g k a h - l a n g k a h  b a g i
m e n g h a s i l k a n  p r o j e k  i n i  i a l a h :

          i )   M e r a n g k a  r e k a b e n t u k  b i n g k a i  b a g i  t i n g k a p  y a n g  t e l a h  t e r s e d i a .
        i i )   M e n g u k u r  d i m e n s i  t i n g k a p  u n t u k  m e n g h a s i l k a n  b i n g k a i  t i n g k a p
y a n g  s e m p u r n a .
       i i i )  P e m i l i h a n  j e n i s  b e s i  y a n g  k u k u h  y a n g  d a p a t  m e n a m p u n g  b e r a t
t i n g k a p  t e r s e b u t .
       i v )   S e t e l a h  m e m b u a t  p e n g u k u r a n  d a n  p e m i l i h a n  b e s i ,  k e r j a  k e r j a -
p e m o t o n g a n  b e s i  d i l a k u k a n  m e n g g u n a k a n  m e s i n  p e m o t o n g  b e s i
     v )   S e t e l a h  s e l e s a i ,  b e s i  y a n g  t e l a h  d i p o t o n g  m e m p u n y a i  k e s a n
p e m o t o n g a n  b e s i  a t a u  l e b i h a n  b e s i .   M e s i n  p e n c a n a i  d i g u n a k a n  u n t u k
m e n a n g g a l k a n  k e s a n  s e r p i h a n  y a n g  t e r t i n g g a l  p a d a  b e s i  y a n g  t e l a h
d i p o t o n g  b a g i  k e l i h a t a n  k e m a s .
     v i )  S e t e r u s n y a ,  b e s i - b e s i  y a n g  t e l a h  d i p o t o n g  t a d i  d i c a n t u m k a n
m e n g g u n a k a n  m e s i n  k i m p a l a n  M I G  m e n g i k u t  b e n t u k  y a n g  t e l a h  d i r a n c a n g
d a n  d i r e k a
     v i i )  M e s i n  g r i n d e r  t a n g a n  d i g u n a k a n  b a g i  m e l i c i n k a n  a t a u
m e n c a n t i k k a n  l a g i  b a h a g i a n  p e r m u k a a n  y a n g  t e l a h  d i k i m p a l .  A k h i r  s e k a l i ,
s e t e l a h  k e s e m u a n y a  s e l e s a i ,  p r o s e s  p e n g u j i a n  d i j a l a n k a n  b a g i  m e n d a p a t k a n
d a t a  y a n g  l e n g k a p

R a j a h  1 :  U j i l a r i  p r o j e k  y a n g  t e l a h  d i p a s a n g  d e n g a n  k o m p e n e n  e l e k t r o n i k
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L a t a r b e l a k a n g  d e m o g r a f i  r e s p o n d e n
P e n d a p a t  r e s p o n d e n
D a p a t a n

    2 . 3  I n s t r u m e n  s o a l  s e l i d i k
T u j u a n  s o a l  s e l i d i k  d i h a s i l k a n  b a g i  m e n g e t a h u i  t i n j a u a n  t a h a p  k e p u a s a n
p e n g g u n a  t e r h a d a p  p e n g h a s i l a n  p r o d u k  s m a r t  w i n d o w  i n i .  T e k n i k
p e n s a m p e l a n  a d a l a h  m e n g g u n a k a n  t e k n i k  p e n s a m p e l a n  k e b e t u l a n .  T e k n i k
i n i  m u d a h  d i g u n a k a n  d a n  r e s p o n d e n  d i d a p a t i  s e c a r a  s u k a r e l a  ( K a m a r u l
S u k r i ,  2 0 1 5 ) .  S e b a n y a k  7  s o a l a n  t e l a h  d i k e m u k a k a n  d a n  d i u k u r  d e n g a n
m e n g g u u n a k a n  s k a l a  l i k e r t  d e n g a n  p e c a h a n  s o a l a n  s e p e r t i  b e r i k u t ;

1 .
2 .
3 .

3 . 0   A n a l i s i s  D a t a

A n a l i s i s  y a n g  d i l a k u k a n  i n i  a d a l a h  b e r k a i t a n  d e n g a n  d a p a t a n  k a j i a n  y a n g
d i p e r o l e h i  i a i t u  m e n g a n d u n g i  i n t e r p r e t a s i  y a n g  m e r a n g k u m i  k e s e l u r u h a n
r u a n g  l i n g k u p  m e n g e n a i  o b j e k t i f  k a j i a n  y a n g  t e l a h  d i k e m u k a k a n .
S e h u b u n g a n  d e n g a n  i t u ,  p e r b i n c a n g a n  d a l a m  a n a l i s i s  i n i  a k a n  m e n u m p u k a n
k e p a d a  m e n j a w a b  k e s e m u a  p e r s o a l a n  k a j i a n  y a n g  t e l a h  d i k e m u k a k a n  d i
d a l a m  M e t a d o l o g i  K a j i a n  y a n g  m e l i b a t k a n  s o a l  s e l i d i k  r e s p o n d e n  d a n  t e m u
b u a l .  D a p a t a n  s o a l  s e l i d i k  i n i  d i b a h a g i k a n  k e p a d a  d u a  b a h a g i a n  i a i t u
m e n g e n a i  l a t a r b e l a k a n g  r e s p o n d e n  d a n  p e n d a p a t  r e s p o n d e n  t e r h a d a p
p e n g h a s i l a n  s m a r t  w i n d o w .  B o r a n g  s o a l  s e l i d i k  i n i  d i a g i h k a n  k h u s u s n y a
k e p a d a  p e n g h u n i  k a w a s a n  k e j i r a n a n  T T D I  J a y a  d a n  s a m p e l  s a i z  a d a l a h
s e r a m a i  1 2 3  o r a n g .

R a j a h  2 :  D a t a  r e s p o n d e n  h a s i l  d a r i p a d a  s o a l  s e l i d i k  p r o d u k  s m a r t  w i n d o w
y a n g  t e l a h  d i e d a r k a n
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H a s i l  d a r i p a d a  p e r l a k s a n a a n  p e n g a g i h a n  b o r a n g  s o a l  s e l i d i k  d a n
p e n g u m p u l a n  d a t a  a n a l i s i s  y a n g  t e l a h  d i b u a t ,  s e c a r a  p u r a t a  9 8 %  r e s p o n d e n
a m a t l a h  m e n y o k o n g  p e n g h a s i l a n  p r o j e k  S m a r t  W i n d o w  i n i .  K a j i a n  i n i
m e n c a p a i  o b j e k t i f  d a n  s a s a r a n n y a .
 
4 . 0  P e r b i n c a n g a n

B a g i  p r o j e k  S m a r t  W i n d o w ,  u j i l a r i  p r o j e k  y a n g  t e l a h  d i p a s a n g  d e n g a n
k o m p e n e n  e l e k t r o n i k t e l a h  d i l a k u k a n  m e n g i k u t  k e p e k a a n  s e n s o r  p e n g e s a n
a s a p / g a s .  T i n g k a p  i n i  j u g a  b o l e h  t e r b u k a  s e c a r a  a u t o m a t i k  j i k a  s e n s o r
k e b a k a r a n  m e n g e s a n  k e h a d i r a n  g a s  a t a u  a s a p  s e h i n g g a  A Q I  ( A i r  Q u a l i t y
I n d e x )  m e n u n j u k k a n  b a c a a n  l e b i h  d a r i  1 5 0 .  B a g i  m e n u t u p  s e m u l a  t i n g k a p ,
s u i z  m a n u a l  a t a u  a p l i k a s i  ‘ B L Y N K ’  b o l e h  d i g u n a k a n .  S e t e r u s n y a ,  S m a r t
W i n d o w  j u g a  b o l e h  d i k a w a l  s e c a r a  m a n u a l  i a i t u  d e n g a n  m e n g g u n a k a n  s u i s .
K e b e r k e s a n a n  p r o j e k  i n i  j u g a  d a p a t  d i l i h a t  m e l a l u i  b u k a a n  t i g k a p  y a n g
t e r b u k a  s e l e p a s  m e n g e s a n  k e h a d i r a n  g a s / a s a p .  M a s a  y a n g  d i a m b i l  b a g i
t i n g k a p  i n i  t e r b u k a  i a l a h  5 0  s a a t  d e n g a n  k a p a s i t i  1 5 0 0 N ,  p a n j a n g  s t r o k e
2 0 0 m m  d a n  v o l t a n  a d a l a h  s e b a n y a k  1 2 V D C .  M e l a l u i  k e s e m u a  s p e s i f i k a s i
b e r i k u t  t i n g k a p  i n i  m a m p u  t e r b u k a  s e l u a s  9 0 o .

5 . 0  K e s i m p u l a n

H a s i l  k a j i a n  d a p a t  d i s i m p u l k a n  b a h a w a  S m a r t  W i n d o w  d a p a t  m e n g u r a n g k a n
j u m l a h  a s a p  y a n g  t e r k u m p u l  d i  d a l a m  r u m a h  k e t i k a  b e r l a k u n y a  k e b a k a r a n .
P r o d u k  i n i  d a p a t  m e n g e s a n  k e h a d i r a n  a s a p / g a s  d e n g a n  c e k a p  d a n  b o l e h
d i j a d i k a n  s e b a g a i  l a l u a n  k e c e m a s a n  a l t e r n a t i f  s e l a i n  d a r i p a d a p i n t u  u t a m a .  

P e n g h a r g a a n

P e n u l i s  m e r a k a m k a n  p e n g h a r g a a n  k e p a d a  J a b a t a n  K e j u r u t e r a a n  A w a m ,
P o l i t e k n i k  S u l t a n  S a l a h u d d i n  A b d u l  A z i z  S h a h  a t a s  k e m u d a h a n  m a k m a l
y a n g  d i s e d i a k a n .
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R u j u k a n

K a m a r u l  S u k r i  M a t  T h e  ( 2 0 1 5 ) .  K a e d a h  P e n s a m p e l a n .  D i c a p a i  s e c a r a
o n l i n e  p a d a  2 6  J u l a i  2 0 2 0  d i
h t t p s : / / w w w . s l i d e s h a r e . n e t / w m k f i r d a u s / p e n s a m p e l a n

S t a n d a r t  I n d u s t r i  P e m b i n a a n  ( C I S ) ,  C I S  2 :  1 9 9 8  S t a n d a r t  P e r u m a h a n
K e b a n g s a a n  b a g i  P e r u m a h a n  K o s  R e n d a h  R u m a h  P a n g s a ,  K e m a s a n  d a n
l e k a p a n  y a n g  m i n i m u m ,  3 1 .

U n i f o r m  B u i l d i n g  B y - L a w  ( U B B L )  1 9 8 4 ,  B y  L a w  3 9 ,  N a t u r a l  L i g h t i n g  a n d
V e n t i l a t i o n  ,  2 8
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R O L L I N G  M A T  M A C H I N E
R o s l a n  B i n  K a m a r u d d i n ,  T a u f e k  b i n  O m a r ,  N a z r a t u l h u d a  H a s h i m ,  

r o s l a n k 7 4 @ g m a i l . c o m , t a u f e k @ p s a . e d u . m y ,
n a z r a t u l h u d a @ g m a i l . c o m

C o n t a c t :  + 6 0 1 9 - 2 8 0 2 7 0 7 ,  + 6 0 1 7 - 6 2 7 5 9 0 9 ,  + 6 0 1 2 - 5 2 2 8 5 3 5 .

J a b a t a n  K e j u r u t e r a a n  M e k a n i k a l ,
P o l i t e k n i k  S u l t a n  S a l a h u d d i n  A b d u l  A z i z  S h a h

A B S T R A C T

M a l a y s i a  i s  a  c o u n t r y  w h e r e  t h e  m a j o r i t i e s  a r e  M u s l i m s .  T h e r e f o r e ,
t h e y  n e e d  t o  t a k e  t h e  r e s p o n s i b i l i t y  t o  e n s u r e  t h e  c o m f o r t ,  c l e a n l i n e s s ,
a n d  s a f e t y  o f  t h e  c o n g r e g a t i o n  b y  a d d i n g  p r a y e r  r o o m s  u s i n g  r o l l  m a t s .
D u r i n g  t h e  f a s t i n g  m o n t h ,  p r a y e r  m a t s  a r e  i n  h i g h  d e m a n d  b e c a u s e
M u s l i m s  c o m e  t o  t h e  m o s q u e  t o  p r a y .  T h e  p r o b l e m  f a c e d  i s  t o  r e p a c k
t h e  m a t  a f t e r  t h e  c e r e m o n y  o r  p r a y e r  b e c a u s e  t h e  m a t s  a r e  n u m e r o u s .
I f  b a r e h a n d e d ,  m a n y  t a s k s  a r e  e n c o u n t e r e d ,  s u c h  a s  b e n d i n g  w h e n
r o l l i n g ,  u n t i d y  r o l l s ,  a n d  t a k i n g  t i m e  t o  c o m p l e t e  o n e  r o l l .  H e n c e ,  o u r
p r o j e c t ' s  i n v e n t i o n  r e d u c e s  t h e  r i s k  o f  b a c k  p a i n ,  s a v e s  t i m e ,  a n d  t h e
m a t  r o l l s '  n e a t n e s s .  T h i s  r o l l i n g  m a t  m a c h i n e ' s  i n n o v a t i o n  f a c i l i t a t e s
m o s q u e s  a n d  s c h o o l s '  w o r k  b e c a u s e  o f  t h a t  w i t h  l i t t l e  e f f o r t .  F i r s t ,
i n s e r t  t h e  m a t  i n t o  t h e  i r o n  c h o p s t i c k s  a n d  s w i t c h  o n  t h e  e l e c t r i c
m o t o r .  O n c e  t h e  m a t  i s  r o l l e d  u p ,  o p e n  t h e  d o o r  c o n n e c t e d  t o  t h e  m a t
c h o p s t i c k s  t o  b r i n g  t h e  m a t  r o l l  o u t  o f  t h e  i r o n  c h o p s t i c k s .  F i n a l l y ,  w e
g e t  a  n e a t  a n d  t i d y  m a t  r o l l  e f f o r t l e s s l y .  T h e  s c h o o l  a g r e e d  t h a t  t h e
p r o j e c t  c o u l d  r e d u c e  s t u d e n t s '  t i m e  w h e n  r e p a c k i n g  t h e  m a t  a f t e r  t h e
c e r e m o n y .  A n  e n h a n c e m e n t  f o r  o u r  p r o j e c t  i s  t h e  t y p e  o f  m o t o r  t h a t  i s
s u i t a b l e  f o r  u s e .  I n i t i a l l y ,  w e  p l a n n e d  t o  u s e  a  f a n  m o t o r ,  b u t  i t  f a i l e d
t o  a c t i v a t e  t h e  r o l l e r  c h a i n  b e c a u s e  i t s  v o l t a g e  w a s  t o o  l o w .  T h u s ,  w e
t r e a s u r e  a  h i g h e r  v o l t a g e  m o t o r  l i k e  m y 1 0 1 6 z  m o t o r .

K e y w o r d :  A u t o m a t i c  R o l l i n g  M a t  M a c h i n e
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1 . 0  I n t r o d u c t i o n

M a l a y s i a  i s  a  m u l t i c u l t u r a l  a n d  m u l t i c o n f e s s i o n a l  c o u n t r y  w h o s e  o f f i c i a l
r e l i g i o n  i s  I s l a m .  A s  o f  t h e  2 0 1 0  P o p u l a t i o n  a n d  H o u s i n g  C e n s u s ,  6 1 . 3
p e r c e n t  o f  t h e  p o p u l a t i o n  p r a c t i c e s  I s l a m ;  1 9 . 8  p e r c e n t  B u d d h i s m ;  9 . 2
p e r c e n t  C h r i s t i a n i t y ;  6 . 3  p e r c e n t  H i n d u i s m ;  a n d  3 . 4  p e r c e n t  t r a d i t i o n a l
C h i n e s e  r e l i g i o n s .  T h e  u s e s  o f  m a t s  i n  m o s q u e s  o r  s c h o o l s  a r e  v e r y  h i g h
b e c a u s e  m o s t  M u s l i m s  u s e  m a t s  i n  m o s q u e s  t o  p e r f o r m  w o r s h i p .  A s  o f
F r i d a y ,  t h e  u s e  o f  m a t s  i n t e n s e l y  i n c r e a s e d  b e c a u s e  i t  i s  t h e  d a y  f o r
M u s l i m s  t o  p e r f o r m  p r a y e r s .  S c h o o l s  a l s o  u s e d  m a t s  a s  a  w a y  t o  a v o i d  d i r t
f r o m  s t u d e n t ' s  c l o t h e s .  T h e  r e a s o n  i s ,  s t u d e n t s  a r e  s i t t i n g  o n  t h e  w a l k i n g
p a t h .  I n  s c h o o l s ,  m a n y  m a t s  a r e  u s e d  b e c a u s e  t h e  n u m b e r  o f  s t u d e n t s  a n d
a c t i v i t i e s  a t  t h e  s c h o o l  a r e  m o r e  t h a n  i n  t h e  m o s q u e .  I n  t h i s  g r o w i n g  a g e ,
w e  h a v e  b e e n  i n s p i r e d  t o  s i m p l i f y  m a t s '  w o r k  b y  c r e a t i n g  a  m a t  r o l l e r
m a c h i n e .  B u t  t h e  c r e a t i o n  o f  t h e s e  m a t t r e s s e s  h a s  c o m e  t o  f r u i t i o n  w h e n
l o o k i n g  a t  m o s q u e  o r  p r a y e r  r o o m  u s e r s  w h o  f i n d  i t  c h a l l e n g i n g  t o  r o l l
m a t s .  B e s i d e s ,  w e  a l s o  w a n t  t o  r e d u c e  t h e  d a m a g e  r a t e  t o  t h e  m a t s  t h a t  a r e
n o t  r o l l e d  u p  n e a t l y  a n d  a r e  l e f t  u n t i d y .  
           A s  w e  k n o w ,  t h e  p r o c e s s  o f  r o l l i n g  m a t s  m i g h t  t a k e  t i m e  a n d
e n e r g y ,  e s p e c i a l l y  a t  t h e  w a i s t .  T h e s e  w o r k s  a r e  o f t e n  d o n e  b y  y o u n g
p e o p l e  b e c a u s e  t h e  o l d e r  c a n n o t  e n d u r e  t h e  p a i n  i n  t h e  w a i s t  d u e  t o  a g e
f a c t o r s .  W o m e n  a l s o  f e e l  a  b i t  b u r d e n  w h e n  d o i n g  t h i s  w o r k .  T h e  m a t t r e s s
r o l l  i s  a l s o  a  l i t t l e  m e s s y  b e c a u s e  t h e  m a t s  a r e  n o t  a s  h e a v y  a s  t h e  c a r p e t .
T h e  m a s s  o f  t h e  m a t  i s  l i g h t e r  t h a n  t h e  c a r p e t .  T h e r e f o r e ,  t h i s  p r o j e c t ' s
p r i m a r y  p u r p o s e  i s  t o  r e d u c e  l a b o r ,  s a v e  t i m e ,  s p e e d  u p  t h e  w o r k  p r o c e s s ,
a n d  h a v e  a  g o o d  a n d  o r g a n i z e d  m a t t r e s s  r o l l .  B y  c r e a t i n g  a  r o l l i n g  m a t
m a c h i n e ,  a l l  o f  t h e  p r o b l e m s  t h a t  w e  f a c e d  c a n  b e  s o l v e .  A n  e n h a n c e m e n t
f o r  o u r  p r o j e c t  i s  t h e  t y p e  o f  m o t o r  t h a t  i s  s u i t a b l e  f o r  u s e .  I n i t i a l l y ,  w e
p l a n  t o  u s e  a  f a n  m o t o r ,  b u t  i t  f a i l e d  t o  a c t i v a t e  t h e  r o l l e r  c h a i n  b e c a u s e
i t s  v o l t a g e  w a s  t o o  l o w .  T h u s ,  w e  t r e a s u r e  a  h i g h e r  v o l t a g e  m o t o r  l i k e
m y 1 0 1 6 z  m o t o r .

2 . 0  M e t h o d o l o g y

T h e  r o l l i n g  m a t  m a c h i n e  e m p l o y e d  p r o j e c t  m e t h o d o l o g y ,  a s  i l l u s t r a t e d  i n
F i g u r e  3 . 1 .  B e f o r e  s t a r t i n g  w i t h  t h e  p r o j e c t  d e s i g n ,  w e  c o l l e c t e d  d a t a  b y
s u r v e y  f r o m  t h e  P o l y t e c h n i c  S u l t a n  A b d u l  A z i z  S h a h  ( P S A )  s t u d e n t s .  T h e
r e s e a r c h  i s  c o n d u c t e d  u s i n g  t h e  G o o g l e  F o r m  m e t h o d .  T h e  d a t a  o b t a i n e d
a r e  u s e d  t o  i m p r o v e  t h e  d e s i g n  a n d  f u n c t i o n .  T h e  q u e s t i o n n a i r e  u s e d
c o n s i s t e d  o f  a  5 - p o i n t  t y p e  f o r m a t  ( 1  =  s t r o n g l y  d i s a g r e e  t o  5 =  s t r o n g l y
a g r e e )  d i v i d e d  i n t o  3  s e c t i o n s .  T h e  f i r s t  p a r t  e x a m i n e s  t h e  p e r s o n a l
i n f o r m a t i o n  t h a t  w a s  g e n d e r ,  a g e ,  a n d  p o s i t i o n s .
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I n  t h e  s u r v e y ,  w e  c o n d u c t e d  t h a t  o n  5 0  p e r s o n s  t h a t  w e r e  3 5  m a l e s  a n d  1 5
f e m a l e s .  T h e n ,  t h e r e  w a s  t h e  m a j o r i t y  o f  1 8 - 2 5  a g e s '  r e s p o n s e  t h e
r e s e a r c h .  T h e  p o s i t i o n s  w e r e  i n c l u d i n g  t h e  s t u d e n t s  a n d  t h e  M u s l i m s  a n d
p r a y e r s .  T h e  s e c o n d  p a r t  i s  a b o u t  t h e  d e s i g n  a c c e p t a n c e  o f  o u r  p r o d u c t .
F r o m  t h e  r e s u l t ,  t h e y  s t r o n g l y  a g r e e  t h a t  o u r  p r o d u c t  m u s t  b e  l i g h t e r  s o  i t
c a n  b e  s u i t a b l e  f o r  a l l  o f  u s ,  e v e n  t h e  a g e s  a n d  g e n d e r s .  N e x t ,  t h e y  a r e
a l s o  s t r o n g l y  a g r e e i n g  t h a t  o u r  p r o d u c t  c a n  h e l p  t o  l o w e r  t h e  r i s k  o f
i n j u r i e s .  T h e  t h i r d  p a r t  i s  a b o u t  o v e r a l l  o p i n i o n s ,  d e s i g n  i m p r o v e m e n t
s u g g e s t i o n s .  T h e y  h a v e  g i v e n  s o m e  o p i n i o n s  t h a t  w e  c a n  i n n o v a t e  i t  t o
b e c o m e  a u t o m a t i c ,  t h a t  n e e d  t o  u s e  t h e  a p p a r a t u s  i s  m o t o r  t o  s a v e  t h e  t i m e
a n d  e n e r g y .  T h e  d a t a  c o l l e c t e d  a n d  a n a l y z e d  s o  t h a t  w e  c a n  g e t  i d e a s  o n
t h e  p r o d u c t .  T h e  d a t a  c o l l e c t e d  w e r e  u s e d  t o  i m p r o v e  o u r  p r o d u c t  a n d
m a k e  a  l i t t l e  c h a n g e .

F i g u r e  3 . 1
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3 . 0  R e s u l t  &  A n a l y s i s

T h e  p r o j e c t  r o l l i n g  m a t  m a c h i n e  w a s  d e s i g n e d  t o  s a v e  t i m e  a n d  e n e r g y  a n d
s p e e d  u p  t h e  w o r k  p r o c e s s .  T h i s  p r o j e c t ' s  o b j e c t i v e  i s  t o  r e d u c e  t h e  r i s k  o f
b a c k  p a i n  a n d  h a v e  a  g o o d  a n d  o r g a n i z e d  m a t t r e s s  r o l l .  I n  t h e  b e g i n n i n g ,
w e  p l a n n e d  t o  u s e  a  h a n d - a d j u s t e d  r o l l e r  m a t ,  b u t  i t  t o o k  a  v e r y  l o n g  t i m e
t o  w i n d  u p  t h e  m a t .  W e  c h a n g e d  o u r  p l a n s  u s i n g  m y 1 0 1 6 z  m o t o r .  T h i s
m o t o r  c a n  m a k e  o u r  p r o d u c t  b e c o m e  a u t o m a t i c  a n d  c a n  s a v e  e n e r g y ,
w o r k f o r c e  a n d  t i m e .  T i m e  i s  s i g n i f i c a n t  t o  a l l  o f  u s .  I f  w e  u s e  t h e  m a c h i n e
w i t h  m a n u a l ,  m a y b e  w e  n e e d  t o  t a k e  5  m i n u t e s  t o  c o l l e c t  a l l  t h e  m a t e s ,  b u t
i f  w e  i n n o v a t e  i t  t o  t h e  a u t o m a t i c ,  t h e  w o r k  c o u l d  b e  d o n e  i n  1  m i n u t e .
T h i s  m o t o r  g i v e s  a  v e r y  h i g h  s p e e d .  T h i s  m e t h o d  a l l o w s  t h e  w i n d i n g  o f
m a t s  t o  b e  d o n e  v e r y  f a s t .  P r o j e c t  D e s i g n  w a s  s u c c e s s f u l l y  p r o p o s e d  a n d
f a b r i c a t e d  a c c o r d i n g  t o  t h e  d e s i g n e d  m a t e r i a l  a n d  f a b r i c a t i o n  m e t h o d ,  a s
s h o w n  i n  F i g u r e  4  ( a )  a n d  F i g u r e  ( b ) .

F i g u r e  3 . 1

F i g u r e  4  ( a )  P r o d u c t  D e s i g n
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P r o d u c t  t e s t i n g ,  

O n  t h e  o t h e r  h a n d ,  o n  t h e  f i r s t  a t t e m p t ,  w h i l e  u s i n g  a n  8 0 w  p o w e r e d
m o t o r ,  t h e  s p i n  m o v e m e n t  w a s  p r o l o n g e d .  T h e  m o t o r  t a k e s  3  m i n u t e s  t o
c o m p l e t e  a  m a t  r o l l .  O n  t h e  s e c o n d  a t t e m p t ,  w e  t r i e d  t o  u s e  a  2 4 0 w
p o w e r f u l  m o t o r .  T h e  s p i n  m o v e m e n t  o f  t h e  m o t o r  t a k e s  1 m i n u t e  2 8
s e c o n d s .  B u t  t h e  t i m e  r e s u l t  s t i l l  d o e s  n o t  s a t i s f y  o u r  n e e d s .   F o r  t h e  l a s t
e x p e r i m e n t ,  w e  u s e d  a  p o w e r f u l  7 5 0 w  m o t o r .  T h e  l a s t  r e s u l t s  a r e  v e r y
s a t i s f y i n g  f o r  o u r  w i l l .  I t  o n l y  t a k e s  1  m i n u t e  t o  c o m p l e t e  o n e  r o l l  o f  m a t s .

M o r e o v e r ,  t h i s  p r o d u c t  i s  v e r y  d u r a b l e  a n d  a n t i r u s t .  I t  c a n  m o v e  s m o o t h l y .   
N e v e r t h e l e s s ,  t h i s  p r o d u c t  c a n  c a r r y  a t  l e a s t  3 k g  o f  r o l l  m a t .   F i n a l l y ,  i t
c a n  b e  c o n c l u d e d  t h a t  t h e  s t a t e d  o b j e c t i v e s  w e r e  a c h i e v e d  a n d
i m p l e m e n t e d  e f f e c t i v e l y .  F i g u r e  5  e x h i b i t s  t h e  f i n i s h e d  p r o d u c t  a c h i e v e d
d e s i g n  o b j e c t i v e s

F i g u r e  5 :  F i n i s h  p r o d u c t  d e v e l o p m e n t

F i g u r e  4 ( b )  P r o d u c t  F a b r i c a t i o n
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4 . 0  C o n c l u s i o n

T h r o u g h  t h i s  p r o j e c t ,  i t  h e l p s  t o  s p e e d  u p  t i m e  a s  w e l l  a s  w o r k  t o  r o l l
m a t s .  T h e  i s s u e  f o r  u s  t o  c r e a t e  t h i s  p r o j e c t  i s  t o  h e l p  m o s q u e  w o r k e r s  o r
s t u d e n t s  f r o m  s c h o o l  b e c a u s e  s o m e t i m e s  t h e  m o s q u e  o r  s c h o o l  w i l l  h a v e  a n
e v e n t  t h a t  t a k e s  a b o u t  a  w e e k ,  s o  i t  t a k e s  a  l o t  o f  e n e r g y  a n d  t i m e  t o  m a k e
t h e  p r o g r a m  a  s u c c e s s .  W e  d e c i d e d  t o  c r e a t e  a  r o l l i n g  m a t  m a c h i n e  t o  c u t
f r o m  u s i n g  a  l o t  o f  t i m e  a n d  e n e r g y .  O u r  p r o d u c t  a l s o  m a k e s  s u r e  t h e
c o n s u m e r ' s  h e a l t h  i s  g u a r a n t e e d .  O t h e r  t h a n  t h a t ,  t o  c r e a t e  a  s a f e r
e n v i r o n m e n t ,  c h o o s i n g  a  b a t t e r y  i n s t e a d  o f  o i l  i s  a n  e c o - f r i e n d l y
e n v i r o n m e n t .

A c k n o w l e d g m e n t

T h e  a u t h o r s  w o u l d  l i k e  t o  t h a n k  t h e  M i n i s t r y  o f  H i g h e r  E d u c a t i o n ,
M a l a y s i a ,  f o r  f u n d i n g  t h i s  r e s e a r c h  u n d e r  t h e  T V E T  A p p l i e d  R e s e a r c h
G r a n t  S c h e m e  ( T - A R G S )  -  K P T . J P P . P P P P . 7 0 0 - 1  J l d  2 2  ( 6 6 )
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K A J I A N  D A N  A N A L I S I S  P A S A R A N  P R O G R A M  S I J I L  R E K A B E N T U K
D A L A M A N  2 0 1 3 - 2 0 2 0

A m i r u d d i n  M a t ,  M u h a p i s  A  H a k i m ,  M d  A l i m i  Y a s i n a n , R a m l i  M o h a m e d
d a n  H a r y a t y  S u a  L i y a  S u k i m i n

a m i r u d d i n @ k k s a . e d u . m y ,  m u h a p i s @ k k s a . e d u . m y ,  a l i m i @ k k s a . e d u . m y ,
r a m l i @ k k s a . e d u . m y ,  h a r y a t y . s u a l i y a @ k k s a . e d u . m y ,

U n i t  R e k a  B e n t u k  D a l a m a n
K o l e j  K o m u n i t i  S h a h  A l a m

A B S T R A K

S e b a g a i  s a l a h  s a t u  p e m a i n  u t a m a  d a l a m  p e n a w a r a n  p r o g r a m  S i j i l
R e k a b e n t u k  D a l a m a n  ( S R D )  s e j a k  t a h u n  2 0 1 0 ,  K o l e j  K o m u n i t i  S h a h
A l a m  ( K K S A )  t e l a h  m e l a h i r k a n  1 6 9  g r a d u a n  b i d a n g  i n i .  K o l e j
K o m u n i t i  S h a h  A l a m  p e r l u  m e n g a n a l i s i s  p a s a r a n  k e r j a  o l e h  a l u m n i
y a n g  t e l a h  t a m a t  u n t u k  m e l i h a t  k e b e r h a s i l a n  p r o g r a m  y a n g
d i t a w a r k a n .  K a j i a n  i n i  s e c a r a  k h u s u s  m e m f o k u s k a n  h a s i l  p e m b e l a j a r a n
p r o g r a m  S i j i l  R e k a b e n t u k  D a l a m a n  d i  K K S A .  R e s p o n d e n  t e r d i r i
d a r i p a d a  m a j i k a n  a l u m n i  K K S A  y a n g  s e d a n g  b e k e r j a  d i  s y a r i k a t
m e r e k a .  A n a l i s i s  d a t a  a d a l a h  b e r b e n t u k  d e s k r i p t i f  d e n g a n  m e n g a n a l i s i s
m e n g g u n a k a n  p e r a t u s .  H a s i l  m e n u n j u k k a n  8 3  %  m e n y a t a k a n
k a n d u n g a n  d a n  k e s e s u a i a n  p r o g r a m  d e n g a n  k e p e r l u a n  o r g a n i s a s i ,
s e p a r u h  d a r i p a d a  r e s p o n d e n  b e r p e n d a p a t  a l u m n i  i n i  s e s u a i  d i b e r i k a n
g a j i  s e b a n y a k  R M 1 0 0 0  h i n g g a  R M 1 5 0 0  s e b u l a n  s e l a r a s  d e n g a n  t a h a p
k e m a h i r a n  m e r e k a ,  s e m u a  r e s p o n d e n  b e r p e n d a p a t  p r o g r a m  p e n g a j i a n
S R D  d i  K K S A  s e s u a i  u n t u k  d i n a i k t a r a f  k e  p e r i n g k a t  l e b i h  t i n g g i ,
k a k i t a n g a n  m a j i k a n  t e r s e b u t  w a j a r  m e n d a p a t  s k i m  g a l a k a n  b a g i
m e n g i k u t i  p r o g r a m  p e n g a j i a n  S R D  d a n  b e r p e n d a p a t  p r o g r a m  S R D  i n i
d a p a t  m e n g h a s i l k a n  g r a d u a n  y a n g  d i i n g i n k a n  o l e h  m a j i k a n  d i  d a l a m
b i d a n g .

K a t a k u n c i :  s i j i l  r e k a  b e n t u k  d a l a m a n ,  a n a l i s i s  p a s a r a n ,  k e r j a y a
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1 . 0  P e n g e n a l a n

K o l e j  K o m u n i t i  K e m e n t e r i a n  P e n g a j i a n  T i n g g i  M a l a y s i a  ( K P T )  m e r u p a k a n
s e b u a h  i n s t i t u s i  p e n d i d i k a n  t i n g g i  y a n g  m e m a i n k a n  p e r a n a n  b a g i
m e n g h a s i l k a n  g r a d u a n  b e r i l m u  d a n  b e r k e m a h i r a n  t i n g g i .  S e b a g a i  p e n y e d i a
P e n d i d i k a n  d a n  L a t i h a n  T e k n i k a l  d a n  V o k a s i o n a l  ( T V E T )  y a n g  u t a m a  d i
M a l a y s i a ,  K o l e j  K o m u n i t i  t u r u t  d i s a s a r k a n  m e n j a d i  s e b u a h  i n s t i t u s i
T V E T t e r s o h o r  d i  r a n t a u  A S E A N  d e n g a n  m e l a k s a n a k a n  p e n d i d i k a n  d a n
l a t i h a n  b e r p a n d u k a n  k e p e r l u a n  p i h a k  i n d u s t r i  d a n  k o m u n i t i .  P r o g r a m  S i j i l
R e k a  B e n t u k  D a l a m a n  y a n g  m u l a  d i t a w a r k a n  p a d a  t a h u n  2 0 1 0 .  T u j u a n
k a j i a n  p a s a r a n  i n i  d i l a k u k a n  b a g i  m e m a s t i k a n  p r o g r a m  y a n g  s e d a n g
d i t a w a r k a n  k e k a l  r e l e v a n  d e n g a n  k e h e n d a k  g u n a  t e n a g a  n e g a r a ,  k a j i a n  d a n
a n a l i s i s  p a s a r a n  p r o g r a m  p e n g a j i a n  t e l a h  d i l a k s a n a k a n  p a d a  t a h u n  i n i
s e l a r a s  d e n g a n  R a n c a n g a n  M a l a y s i a  K e d u a  B e l a s  ( R M K - 1 2 )  ( 2 0 2 1 – 2 0 2 5 ) .
K a j i a n  i n i  d i l a k s a n a k a n  s e c a r a  d a l a m  t a l i a n  b a g i  m e m a k s i m u m k a n  j u m l a h
r e s p o n d e n  d i  s a m p i n g  m e m u d a h k a n  p r o s e s  a n a l i s i s  d a p a t a n  k a j i a n .  
           P r o g r a m  S i j i l  R e k a b e n t u k  D a l a m a n  i n i  m e m f o k u s k a n  k e p a d a
r e k a b e n t u k  d a n  p e r s e k i t a r a n  d a l a m a n  b a g i  s e m u a  a s p e k  s t r u k t u r ,  r u a n g  d a n
s u s u n  a t u r  b a h a n .  P e l a j a r  a k a n  m e m p e l a j a r i  k o n s e p  r e k a b e n t u k  d a l a m a n
b e r d a s a r k a n  k o n t e k s  f i z i k a l ,  b u d a y a ,  a l a m  s e k i t a r  d a n  s e j a r a h  r e k a b e n t u k
s e n i b i n a  d a l a m a n  d i  s a m p i n g  m e m b a n g u n k a n  r e k a b e n t u k  d a l a m a n  y a n g
k r e a t i f  d a n  b e r d a y a  c i p t a  s a m a d a  b a g i  r u a n g  a w a m  a t a u  p e r i b a d i .

2 . 0  O b j e k t i f  K a j i a n

K a j i a n  i n i  a d a l a h  u n t u k  m e n g a n a l i s i s  p a s a r a n  m a j i k a n  t e r h a d a p  g r a d u a n
K K S A  m e r a n g k u m i  t i g a  ( 3 )  a s p e k  u t a m a  i a i t u :
a ) p r o g r a m  p e n g a j i a n  y a n g  s e d a n g  d i t a w a r k a n ,  
b ) p e l u a n g  k e r j a y a  s e l e p a s  m e n a m a t k a n  p e n g a j i a n  d a n  
p e l u a n g  k e r j a y a  d a n  p r o f e s i o n a l  a l u m n i  s e l e p a s  t a m a t  p e n g a j i a n

3 . 0  S o r o t a n  K a j i a n

P a d a  e r a  g l o b a l i s a s i  i n i ,  k e p e r l u a n  t e n a g a  k e r j a  y a n g  b e r k e m a h i r a n  t i n g g i
a m a t  d i p e r l u k a n  b a g i  m e m e n u h i  p e r m i n t a a n  d i  s e k t o r  a w a m  d a n  s w a s t a .
K e m a m p u a n  g r a d u a n  u n t u k  m e m e n u h i  k e h e n d a k  p e k e r j a a n  b e r g a n t u n g
k e p a d a  p e l b a g a i  f a k t o r  m e l i p u t i  k e m a h i r a n ,  p e n g e t a h u a n  d a n  k e m a h i r a n
i n s a n i a h .  S u m b e r  d a t a  d a r i p a d a  a g e n s i - a g e n s i  b e r i k u t  t e l a h  d i p e r o l e h i
d a l a m  m e m a s t i k a n  p r o g r a m  y a n g  d i t a w a r k a n  m e m e n u h i  k e h e n d a k  p a s a r a n
t e n a g a  k e r j a  n e g a r a .
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           W a l a u p u n  a d a  p e k e r j a a n  y a n g  d i t a w a r k a n ,  n a m u n  g r a d u a n  i n i
m a s i h  t i d a k  m e n c a p a i  a p a  y a n g  s e h a r u s n y a  m e r e k a  d a p a t  d a l a m  p e k e r j a a n
m e r e k a .  J u s t e r u  a d a l a h  d i h a r a p k a n  a g a r  i n s t i t u s i  p e n d i d i k a n  d a p a t
m e m b e k a l  d a n  m e n y e d i a k a n  p e l a j a r  a p a  y a n g  d i p e r l u k a n  d a l a m  d u n i a
p e k e r j a a n  s e b e n a r  ( M c C o y ,  1 9 9 1  d a l a m  G u r v i n d e r  &  S h a r a n ,  2 0 0 8 ) .
         H a k i k a t n y a ,  i s u  k e b o l e h p a s a r a n  d a l a m  k a l a n g a n  g r a d u a n  t e l a h
s e k i a n  l a m a  d i b i n c a n g k a n  s e c a r a  g l o b a l  d i  p e r s a d a  d u n i a .  D a n  s e h i n g g a
k i n i ,  i s u  i n i  m a s i h  m e n j a d i  t u m p u a n  t a j u k  p e r b i n c a n g a n  m a s y a r a k a t  d u n i a
d a r i  p e l b a g a i  s u d u t .  S u s i m a  ( 2 0 0 9 ) ,  d a l a m  k a j i a n n y a ,  m e n g a k u i  b a h a w a  i s u
k e b o l e h p a s a r a n  s i s w a z a h  i n i  b u k a n l a h  s u a t u  i s u  y a n g  b a h a r u .  K a j i a n
t e r s e b u t  m e n y a t a k a n  b a h a w a  p i h a k  p e m e r i n t a h  a t a u  k e r a j a a n  s e n t i a s a
b e r u s a h a  m e l a k s a n a k a n  p e l b a g a i  p e r a n c a n g a n  u n t u k  m e n i n g k a t k a n  t a h a p
k e b o l e h p a s a r a n  g r a d u a n  a g a r  m e n e p a t i  k e h e n d a k  p a s a r a n  m a s a  k i n i .  S e c a r a
g l o b a l n y a ,  k e h e n d a k  p a s a r a n  k e r j a  d a n  p e r m i n t a a n  m a j i k a n  t e r h a d a p
k e m a h i r a n  s i s w a z a h  d i l i h a t  b e r b e z a  a n t a r a  s a t u  n e g a r a  d e n g a n  n e g a r a  y a n g
l a i n .
      P e r u b a h a n  d e m i  p e r u b a h a n  d a l a m  b i d a n g  p e r d a g a n g a n  p u l a
m e n e k a n k a n  k e p e n t i n g a n  p e n a w a r a n  p e n d i d i k a n  u n t u k  m e m e n u h i  k e p e r l u a n
k e b o l e h p a s a r a n ,  b u k a n  h a n y a  s e t a k a t  m e m f o k u s k a n  k e p a d a  k e m a h i r a n
s e m a t a - m a t a  t e t a p i  j u g a  k e p e r l u a n  p e n g a l a m a n  p r a k t i k a l  d a l a m  k a l a n g a n
g r a d u a n .  K e p e r l u a n  a t a u  k e h e n d a k  m a j i k a n  d a n  k e u p a y a a n  m a h a s i s w a
u n t u k  m e n i n g k a t k a n  k e m a h i r a n  m e r e k a  p e r l u  d i a m b i l  p e r h a t i a n .  J u s t e r u ,
d e m i  m e n i n g k a t k a n  k e b o l e h p a s a r a n  d a l a m  k a l a n g a n  g r a d u a n  s e r t a
k e m a m p u a n  m e r e k a  u n t u k  b e r s a i n g  d a l a m  p a s a r a n  k e r j a  y a n g  m e n c a b a r ,
p e l a j a r  u n i v e r s i t i  h a r u s  t e r u s  b e r u s a h a  u n t u k  m e m p e r t i n g k a t k a n  k e m a h i r a n
s e r t a  p e n g a l a m a n  y a n g  d i p e r l u k a n  d i  s a m p i n g  m e n d a l a m i  i l m u  p e n g e t a h u a n
d a l a m  b i d a n g  p e k e r j a a n  y a n g  b a k a l  d i c e b u r i  ( S u s i m a ,  2 0 0 9 ) .  M e n u r u t
P e r e r a ,  E . R . K  &  P e r e r a ,  A . N . F  ( 2 0 0 9 )  k e s e s u a i a n  d a n  k u a l i t i  p r o g r a m
p e n g a j i a n  p e r l u  d i t a m b a h  b a i k  m e l a l u i  p e n i l a i a n  k u r i k u l u m  y a n g  m e n j u r u s
k e p a d a  m e n i n g k a t k a n  k e m a h i r a n  g e n e r i k  s e r t a  k e m a h i r a n  p r o f e s i o n a l
m a h a s i s w a  d a n  s a m p i n g  m e m p e r k u k u h  h u b u n g a n  a n t a r a  i n s t i t u s i  p e n g a j i a n
d e n g a n  p i h a k  i n d u s t r i .
           K a j i a n  t e r k i n i  y a n g  d i l a k u k a n  o l e h  K e s a t u a n  S e k e r j a  S e d u n i a
( I L O - I n t e r n a t i o n a l  L a b o u r  O r g a n i z a t i o n )  m e m p e r l i h a t k a n  p e n i n g k a t a n
k a d a r  p e n g a n g g u r a n  y a n g  a m a t  k e t a r a  d a l a m  k a l a n g a n  p e m u d a  y a n g
s e b a h a g i a n  b e s a r n y a  m e r u p a k a n  l e p a s a n  s i s w a z a h .  K a j i a n  y a n g  d i l a k u k a n
s e h i n g g a  h u j u n g  t a h u n  2 0 1 6  m e n y e b u t  b a h a w a  h a m p i r  7 1  j u t a  g o l o n g a n
m u d a  d i  s e l u r u h  d u n i a  m e n j a d i  p e n g a n g g u r  d a n  k a d a r  t e r s e b u t  m e m b e r i k a n
c o r a k  k o n s i s t e n  d a l a m  p e n i n g k a t a n  k a d a r  p e n g a n g g u r a n  s a b a n  t a h u n .
N i s b a h  p e r a t u s a n  p e n g a n g g u r a n  y a n g  d i c a t a t k a n  p a d a  t a h u n  2 0 1 5  a d a l a h
p a d a  k a d a r  1 2 . 9 %  d a n  m e n i n g k a t  k e p a d a  1 3 . 1 %  p a d a  t a h u n  2 0 1 6 .  S i t u a s i  
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i n i  d i j a n g k a  m e n i n g k a t  p a d a  t a h u n  2 0 1 7  d a n  t a h u n - t a h u n  s e t e r u s n y a
m e n u r u t  l a p o r a n  b e r t a j u k  “ P e k e r j a a n  d a n  I s u - i s u  M a s y a r a k a t  d i  D u n i a  :
M a s a  d e p a n  G o l o n g a n  M u d a ”  y a n g  d i t e r b i t k a n  o l e h  K e s a t u a n  t e r s e b u t
( E v a ,  2 0 1 6 ) .
         K a j i a n  y a n g  d i l a k u k a n  o l e h  O d e y  &  G i m b a  ( 2 0 1 5 )  t u r u t
m e n u n j u k k a n  b a h a w a  i s u  k e b o l e h p a s a r a n  i n i  m e n j a d i  t a j u k  u t a m a
p e r b i n c a n g a n  d i  n e g a r a - n e g a r a  A f r i k a  k h u s u s n y a  N i g e r i a  y a n g  s a b a n  t a h u n
d i d a p a t i  m e n g h a d a p i  m a s a l a h  p e n g a n g g u r a n ,  s e k a l i g u s  m e n j a d i  s a t u
c a b a r a n  g e t i r  k e p a d a  p e m i m p i n  d a n  m a s y a r a k a t  d i  n e g a r a  t e r s e b u t .  K a d a r
p e n g a n g g u r a n  d i d a p a t i  m e n i n g k a t  d a r i p a d a  2 1 %  p a d a  2 0 1 0  k e p a d a  2 3 . 9 %
p a d a  2 0 1 1  w a l a u p u n  p e r t u m b u h a n  e k o n o m i  b e r a d a  p a d a  t a h a p  y a n g
m e m b e r a n g s a n g k a n .  H a l  i n i  d i s e b a b k a n  o l e h  k u r a n g n y a  t e n a g a  k e r j a  y a n g
b e r k e m a h i r a n  t i n g g i  d a l a m  m e m e n u h i  k e k o s o n g a n  j a w a t a n  y a n g  a d a  d i
n e g a r a  t e r s e b u t  ( A b d u l  F a r o u k ,  2 0 0 9 ) .  P e m i l i h a n  b i d a n g  a k a d e m i k  y a n g
s e s u a i  d i l i h a t  l e b i h  m e m a i n k a n  p e r a n a n  d a l a m  m e n e n t u k a n  t a h a p
k e b o l e h p a s a r a n  b e r b a n d i n g  d e n g a n  p e n c a p a i a n  a k a d e m i k  s e s e o r a n g
g r a d u a n .  B a g i  t u j u a n  m e n a n g a n i  m a s a l a h  i n i ,  O d e y  &  n G i m b a  ( 2 0 1 5 )
m e n c a d a n g k a n  a g a r  k u r i k u l u m  d i  i n s t i t u s i  p e n g a j i a n  t i n g g i  d i p e r b a h a r u i
s u p a y a  l e b i h  b e r s i f a t  u n i v e r s a l  k h u s u s n y a  d a l a m  m e m p e r s i a p k a n  g r a d u a n
d e n g a n  k r i t e r i a  y a n g  m e m e n u h i  k e p e r l u a n  s e m a s a  p a s a r a n  k e r j a .
             D a l a m  e r a  g l o b a l i s a s i  m a s a  k i n i ,  p e l b a g a i  p e n a n d a  a r a s
d i l e t a k k a n  b a g i  m e n g u k u r  k u a l i t i  i n s t i t u s i  p e n g a j i a n  t i n g g i .  S a l a h  s a t u
p e n a n d a  a r a s  y a n g  p e n t i n g  u n t u k  m e n g u k u r  k u a l i t i  s e s e b u a h  i n s t i t u s i
p e n g a j i a n  t i n g g i  d i  p e r i n g k a t  g l o b a l  i a l a h  k e b o l e h p a s a r a n  g r a d u a n n y a  s e r t a
k e m a m p u a n n y a  d a l a m  m e m e n u h i  k e h e n d a k  p a s a r a n  k e r j a  ( S h u m i l o v a  &
C a i ,  2 0 1 1 ) .  J u s t e r u ,  d i d a p a t i  b a h a w a  t a j u k  u t a m a  p e r b i n c a n g a n  d a l a m
k a j i a n  s e c a r a  g l o b a l n y a  l e b i h  t e r t u m p u  k e p a d a  p e r b a h a s a n  b e r k a i t a n  f a k t o r
y a n g  m e n j a d i  p e n y u m b a n g  k e p a d a  i s u  k e b o l e h p a s a r a n  i n i  s e r t a  f a k t o r  y a n g
m e n j a d i  p e m a n g k i n  k e p a d a  k e b o l e h p a s a r a n  g r a d u a n  d a l a m  u s a h a  u n t u k
m e n d e p a n i  i s u  i n i  ( S h u m i l o v a  &  C a i ,  2 0 1 1 ;  A d e y e m o  e t  a l ,  2 0 1 0 ;  N a u t a  e t
a l ,  2 0 0 9 ;  P e r e r a ,  E . R . K  &  P e r e r a ,  A . N . F ,  2 0 0 9 ) .  D i  M a l a y s i a ,  k a j i a n
s e u m p a m a  i n i  t u r u t  m e n d a p a t  p e r h a t i a n  d a n  i a  d i j a l a n k a n  s e b a g a i  l a n g k a h
u n t u k  m e n c a r i  j a l a n  p e n y e l e s a i a n  b a g i  m e n i n g k a t k a n  t a h a p  k e b o l e h p a s a r a n
g r a d u a n  a t a u  s i s w a z a h .

4 . 0  M e t o d o l o g i  K a j i a n

B a h a g i a n  y a n g  u t a m a  d a l a m  m e n e n t u k a n  m e t o d o l o g i  k a j i a n  a d a l a h
m e n g e n a l  p a s t i  r e k a  b e n t u k  k a j i a n .  R e k a  b e n t u k  k a j i a n  m e r u p a k a n  p a n d u a n
t e n t a n g  p e n d e k a t a n  k a e d a h  y a n g  s e s u a i  d i g u n a k a n  b a g i  s e s u a t u  k a j i a n
( O t h m a n ,  2 0 0 1 ) .  R e k a  b e n t u k  k a j i a n  d a p a t  d i t e t a p k a n  s e k i r a n y a  p e r n y a t a a n  
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m a s a l a h ,  t u j u a n  k a j i a n  s e r t a  p e r s o a l a n  k a j i a n  t e l a h  d i k e n a l  p a s t i . K a j i a n
y a n g  d i l a k u k a n  a d a l a h  b e r b e n t u k  d e s k r i p t i f  y a n g  m e n g g u n a k a n  s e p e n u h n y a
b o r a n g  s o a l  s e l i d i k .  M e n u r u t  M o h d .  M a j i d  ( 1 9 9 0 ) ,  s o a l  s e l i d i k  l e b i h
p r a k t i k a l  d a n  b e r k e s a n  d i g u n a k a n  k e r a n a  p e n g g u n a a n n y a  d a p a t
m e n i n g k a t k a n  k e t e p a t a n  d a n  k e b e n a r a n  g e r a k  b a l a s  y a n g  d i b e r i k a n  o l e h
r e s p o n d e n .  S e l a i n  i t u ,  i n s t r u m e n  s o a l  s e l i d i k  j u g a  m e r u p a k a n  s a t u
m e k a n i s m e  b a g i  m e m p e r o l e h  d a t a  u n t u k  t u j u a n  m e n g h u r a i  s i k a p ,
p a n d a n g a n ,  k e p e r c a y a a n ,  p e r a s a a n  d a n  t i n g k a h  l a k u  ( C h u a ,  2 0 1 3 ) .  
I n s t r u m e n  y a n g  d i g u n a k a n  d i  d a l a m  k a j i a n  i n i  a d a l a h  s o a l  s e l i d i k  y a n g
d i a d a p t a s i  d a r i  F r a n c h a k  d a n  S m i l e y  ( 1 9 8 1 ) ,  J o n e s  ( 1 9 8 1 )  d a n  N A I T
E m p l o y e r  S a t i s f a c t i o n  S u r v e y  ( 2 0 0 0 ) .  B a h a s a  d a n  s u s u n a n  i t e m  w a l a u
b a g a i m a n a p u n  t e l a h  d i u b a h s u a i  b e r a s a s k a n  k e s e s u a i a n  p e r s e k i t a r a n
t e m p a t a n .  I t e m  b a h a r u  t e l a h  d i m u r n i k a n  k e r a n a  i n s t r u m e n  k a j i a n  t e r d a h u l u
d i d a p a t i  t i d a k  m e n y e l u r u h  d a l a m  a s p e k  p e n g u k u r a n  i t e m .

     4 . 1    P o p u l a s i  d a n  P e r s a m p e l a n  k a j i a n

P e r s a m p e l a n  m e r u p a k a n  s a t u  s t r a t e g i  p e n y e l i d i k a n  i a i t u  p e n g k a j i  b o l e h
m e n d a p a t k a n  m a k l u m a t  t e n t a n g  s e s u a t u  p o p u l a s i  d a r i p a d a  s e b a h a g i a n
i n d i v i d u  y a n g  m e n g a n g g o t a i  p o p u l a s i  t e r s e b u t .  P r i n s i p  u t a m a  p e r s a m p e l a n
a d a l a h  u n t u k  m e n d a p a t k a n  s a m p e l  y a n g  b e n a r - b e n a r  m e w a k i l i  p o p u l a s i .
P e r s a m p e l a n  b a g i  k a j i a n  i n i  m e n g g u n a k a n  p e r s a m p e l a n  j e n i s  r a w a k  m u d a h .
R a w a k  j e n i s  i n i  m e m b e r i k a n  p e l u a n g  y a n g  s a m a  k e p a d a  k e p a d a  s e t i a p
i n d i v i d u  u n t u k  m e w a k i l i  p o p u l a s i  ( M o h d .  N a j i b ,  2 0 0 3 ) .  B e r d a s a r k a n  j a d u a l
K r e j c i e ,  R . V  d a n  M o r g a n ,  D . W  d a l a m  A z i z i  e t  a l .  ( 2 0 0 6 ) ,  n i l a i  m i n i m u m
b a g i  p o p u l a s i  1 0 0  o r a n g  a d a l a h  8 2  o r a n g .

D i  d a l a m  k a j i a n  i n i ,  s e r a m a i  3 0  m a j i k a n  y a n g  s e d a n g  m e n g g a j i k a n  a l u m n i
K K S A  d i a m b i l  s e b a g a i  r e s p o n d e n  u n t u k  m e n j a w a b  s e m u a  i n s t r u m e n  y a n g
d i k e m u k a k a n .  S a m p e l  i n i  d i p e r o l e h i  m e l a l u i  s e n a r a i  n a m a  m a j i k a n  y a n g
t e r d a p a t  d i  d a l a m  r e k o d  U n i t  P e r h u b u n g a n  I n d u s t r i  d a n  A l u m n i  K K S A .
K e s e m u a  m a j i k a n  i n i  k e m u d i a n  d i h u b u n g i  s e c a r a  e m e l  b a g i  m e n y a t a k a n
n i a t  k a j i a n  d a n  s e t e r u s n y a  d i m o h o n  m e n j a w a b  i n s t r u m e n  y a n g  d i b e k a l k a n
b e r s a m a .  T e m p o h  d i b e r i k a n  k e p a d a  s e m u a  r e s p o n d e n  a d a l a h  s e l a m a  3 0  h a r i
d a n  m a k l u m b a l a s  j u g a  d i h a n t a r  s e m u l a  o l e h  r e s p o n d e n  m e l a l u i  e m e l .

     4 . 2  S k o p  K a j i a n  

M a j i k a n  y a n g  t e r l i b a t  d a l a m  k a j i a n  i n i  m e r u p a k a n  s y a r i k a t  y a n g  t e l a h
m e n g g a j i  g r a d u a n  K K S A  b e k e r j a  d e n g a n  m e r e k a  m e l i p u t i  g r a d u a n  K K S A
y a n g  b e r g r a d u a t  p a d a  t a h u n  2 0 1 3  h i n g g a  2 0 2 0 .
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     4 . 3  I n s t r u m e n  K a j i a n

B o r a n g  s o a l  s e l i d i k  y a n g  d i g u n a k a n  u n t u k  k a j i a n  i n i  m e n g a n d u n g i  t i g a  ( 3 )
b a h a g i a n  u t a m a  i a i t u  B a h a g i a n  I :  K a n d u n g a n  p r o g r a m  d a n  k e s e s u a i a n ,
B a h a g i a n  I I :  P e l u a n g  k e r j a y a  d a n  B a h a g i a n  I I I  :  L a i n - l a i n .

          S o a l  s e l i d i k  i n i  t e l a h  d i t e r j e m a h k a n  s e c a r a  a t a s  t a l i a n  m e n g g u n a k a n
p l a t f o r m  g o o g l e  f o r m s .  M a k l u m a n  k e p a d a  p i h a k  m a j i k a n  b e r k a i t a n  s o a l
s e l i d i k  j u g a  t e l a h  d i b u a t  m e n g g u n a k a n  e m a i l  b e s e r t a  s u r a t  i r i n g a n  y a n g
m e n g a n d u n g i  k e n y a t a a n  m e n y a t a k a n  k e p e n t i n g a n  k a j i a n  d a n  j a m i n a n
k e r a h s i a a n  k e  a t a s  m a k l u m a t  y a n g  d i b e r i  s u p a y a  w u j u d n y a  k e p e r c a y a a n
a n t a r a  r e s p o n d e n  d a n  p e n y e l i d i k .  
 
       S k a l a  L i k e r t  5  p o i n  d i g u n a k a n  d a l a m  s o a l  s e l i d i k  i n i .  P o i n  y a n g
t e r t i n g g i  a d a l a h  5  s e m e n t a r a  y a n g  p a l i n g  r e n d a h  a d a l a h  1 .  P o i n  i n i
d i k e l a s k a n  s e p e r t i  b e r i k u t :

J a d u a l  1 :  S k a l a  L i k e r t

U n t u k  k a j i a n  i n i ,  i n s t r u m e n  k a j i a n  d i b a n g u n k a n  s e b a g a i  m e n j a w a b
p e r s o a l a n  k a j i a n  u n t u k  m e n g e t a h u i  k a n d u n g a n  d a n  k e s e s u a i a n  p r o g r a m ,
p e l u a n g  k e r j a y a  s e l e p a s  m e n a m a t k a n  p e n g a j i a n  d a n  p e l u a n g  a l u m n i  s e l e p a s
t a m a t  p e n g a j i a n .  

     4 . 4  K a e d a h  A n a l i s i s  D a t a  

D a t a  d a r i p a d a  s o a l  s e l i d i k  y a n g  d i p e r o l e h  d i a n a l i s i s  m e n g g u n a k a n  p e r i s i a n
M i c r o s o f t  E x c e l .  D a t a  y a n g  d i p e r o l e h i  d i t u n j u k k a n  d a l a m  b e n t u k  f r e k u e n s i
( p e r a t u s ) .  B a g i  m e n e r a n g k a n  d a t a  d e n g a n  l e b i h  j e l a s  p e n y e l i d i k
m e m a p a r k a n  d a t a  m e l a l u i  k a e d a h  j a d u a l  d a n  g r a f .  T a f s i r a n  s k o r  m i n
d a p a t a n  k a j i a n  b a g i  m e n g u k u r  t a h a p  k e p u a s a n  m a j i k a n  a d a l a h  s e p e r t i
J a d u a l  3 .  

5 . 0   A n a l i s i s  d a t a  d a n  K e p u t u s a n

H a s i l  d a p a t a n  k a j i a n  y a n g  t e l a h  d i n y a t a k a n  d i  b a h a g i a n  i n i  m e l a l u i  t i g a
b a h a g i a n  i a t u  K a n d u n g a n  P r o g r a m  d a n  K e s e s u a i a n  d e n g a n  K e p e r l u a n
O r g a n i s a s i ;  P e l u a n g  K e r j a y a ;  d a n  L a i n - l a i n .  H a s i l  d a p a t a n  i n i  d i p e r o l e h i
s e l e p a s  m e n g a n a l i s i s  s e m u a  i n s t r u m e n  y a n g  d i k e m u k a k a n  k e p a d a  p a r a
r e s p o n d e n .
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     5 . 1  B a h a g i a n  I :  K a n d u n g a n  d a n  K e s e s u a i a n  P r o g r a m  d e n g a n    
           K e p e r l u a n  O r g a n i s a s i

A d a k a h  a n d a  b e r p e n d a p a t  p r o g r a m  y a n g  d i c a d a n g k a n  i n i  m e n c u k u p i  d a r i
s e g i :

J a d u a l  2 :  K e s e s u a i a n  t e m p o h  p e n g a j i a n  d a n  l a t i h a n  i n d u s t r i  p r o g r a m  
p e n g a j i a n  S R D

G r a f  1 :  K e s e s u a i a n  t e m p o h  p e n g a j i a n  d a n  l a t i h a n  i n d u s t r i  p r o g r a m
p e n g a j i a n  S R D

H a m p i r  k e s e m u a  r e s p o n d e n  i a i t u  8 3  %  b e r p e n d a p a t  t e m p o h  p e n g a j i a n
a d a l a h  m e n c u k u p i  b a g i  S i j i l  R e k a b e n t u k  D a l a m a n .  b e g i t u  j u g a  d e n g a n
t e m p o h  l a t i h a n  i n d u s t r i  d i  m a n a  8 3 %  r e s p o n d e n  j u g a  b e r p e n d a p a t  i a n y a
a d a l a h  m e n c u k u p i .  I n i  b e r m a k n a  t e m p o h  d u a  t a h u n  b a g i  t e m p o h
k e s e l u r u h a n  p e n g a j i a n  s i j i l  i n i  a d a l a h  m e m a d a i  b a g i  p e l a j a r  S R D  u n t u k
m e m p e l a j a r i  i l m u - i l m u  p e r l u  d a n  p e n t i n g  s e b e l u m  m e m a s u k i  a l a m
p e k e r j a a n .
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M e n g i k u t  p a n d a n g a n  r e s p o n d e n ,  t e m p o h  2  t a h u n  y a n g  d i p e r u n t u k k a n  u n t u k
p e n g a j i a n  p e r i n g k a t  s i j i l  i n i  a d a l a h  b e r p a t u t a n  d a n  t i d a k  t e r l a l u  l a m a  a t a u
t e r l a l u  s i n g k a t .  B e g i t u  j u g a  d e n g a n  t e m p o h  l a t i h a n  i n d u s t r i  y a n g  w a j i b
d i i k u t i  o l e h  p e l a j a r  d i  f i r m a ,  i a n y a  s e s u a i  d e n g a n  m a t l a m a t  l a t i h a n  i n d u s t r i
i a i t u  s e b a g a i  p e n g e n a l a n  s u a s a n a  b e k e r j a  s e b e n a r  k e p a d a  b a k a l  g r a d u a n
S R D .

      5 . 2   B a h a g i a n  I :  K a n d u n g a n  d a n  K e s e s u a i a n  P r o g r a m  d e n g a n  
                 K e p e r l u a n  O r g a n i s a s i

A p a k a h  p e n d a p a t a n  y a n g  s e s u a i  d i t a w a r k a n  k e p a d a  g r a d u a n  i n i ?

J a d u a l  3 :  J u l a t  p e n d a p a t a n  y a n g  s e s u a i  b a g i  a l u m n i  S R D

G r a f  2 :  J u l a t  p e n d a p a t a n  y a n g  s e s u a i  b a g i  a l u m n i  S R D
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D a r i  s e g i  p e n d a p a t a n  y a n g  s e s u a i  d i b e r i k a n  k e p a d a  a l u m n i  S R D ,  l e b i h
s e p a r u h  d a r i p a d a  r e s p o n d e n  b e r p e n d a p a t  a l u m n i  i n i  s e s u a i  d i b e r i k a n  g a j i
s e b a n y a k  R M 1 0 0 0  h i n g g a  R M 1 5 0 0  s e b u l a n  s e l a r a s  d e n g a n  t a h a p  k e m a h i r a n
m e r e k a . T i a d a  r e s p o n d e n  b e r p e n d a p a t  a l u m n i  S R D  i n i  l a y a k  d i b e r i k a n
p e n d a p a t a n  b u l a n a n  k u r a n g  d a r i p a d a  R M 1 0 0 0 .  I n i  m e n u n j u k k a n  a l u m n i
S R D  k h u s u s n y a ,  a l u m n i  K o l e j  K o m u n i t i  a m n y a  m e m p u n y a i  n i l a i
k e b o l e h p a s a r a n  y a n g  t i n g g i  d i  m a t a  m a j i k a n .  
I n i  m e r u p a k a n  s a t u  t i t i k  k e j a y a a n  b a g i  K K S A  d a l a m  m e n g h a s i l k a n  a l u m n i
y a n g  b e r p e n d a p a t a n  t i n g g i  b e r b e k a l k a n  s i j i l  k e m a h i r a n  d a n  s e t a r a f  d e n g a n
l u l u s a n  p e m e g a n g  k e l a y a k a n  a k a d e m i k  l a i n  y a n g  l e b i h  t i n g g i .  

     5 . 3  B a h a g i a n  3 :  L a i n - l a i n

J a d u a l  4 :  P e l u a n g  p e n i n g k a t a n  k e r j a y a  d a n  p r o f e s i o n a l  b a g i  a l u m n i  S R D
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G r a f  3 :  P e l u a n g  p e n i n g k a t a n  k e r j a y a  d a n  p r o f e s i o n a l  b a g i  a l u m n i  S R D

D i  d a l a m  m a n a - m a n a  b i d a n g  p e n g a j i a n ,  p e n i n g k a t a n  k e r j a y a  d a n  t a h a p
p r o f e s i o n a l  a d a l a h  i m p i a n  k e b a n y a k a n  a l u m n i  d a n  k a k i t a n g a n .  H a m p i r
s e m u a  r e s p o n d e n  b e r p e n d a p a t  p r o g r a m  p e n g a j i a n  S R D  d i  K K S A  s e s u a i
u n t u k  d i n a i k t a r a f  k e  p e r i n g k a t  l e b i h  t i n g g i .  B e g i t u  j u g a  d e n g a n
p e n i n g k a t a n  k e r j a y a  d a n  k e m a h i r a n  d i  k a l a n g a n  k a k i t a n g a n  r e s p o n d e n ,  d i
m a n a  r e s p o n d e n  b e r p e n d a p a t  k a k i t a n g a n  t e r s e b u t  w a j a r  m e n d a p a t  s k i m
g a l a k a n  b a g i  m e n g i k u t i  p r o g r a m  p e n g a j i a n  S R D .  I n i  d a p a t  m e m a n t a p k a n
l a g i  k e m a h i r a n  k a k i t a n g a n  t e r s e b u t  s e k i r a n y a  m e r e k a  t i a d a  s e b a r a n g
i k h t i s a s  a k a d e m i k  s e k u r a n g - k u r a n g n y a  p e r i n g k a t  s i j i l  k e m a h i r a n .  L e b i h
d a r i  i t u  k e b a n y a k a n  r e s p o n d e n  j u g a  b e r p e n d a p a t  p r o g r a m  S R D  i n i  d a p a t
m e n g h a s i l k a n  g r a d u a n  y a n g  d i i n g i n k a n  o l e h  m a j i k a n  d i  d a l a m  b i d a n g .

6 . 0  K e s i m p u l a n

S e c a r a  a m n y a ,  k a j i a n  d a n  a n a l i s i s  p a s a r a n  b a g i  p r o g r a m  S i j i l  R e k a  B e n t u k
D a l a m a n  i n i  t e l a h  m e n c a p a i  o b j e k t i f  y a n g  d i h a r a p k a n  d i  m a n a  a n a l i s i s
s u m b e r  d a t a  d a n  a n a l i s i s  k a j i a n  p a s a r a n  d a r i  i n d u s t r i / m a j i k a n  m e n u n j u k k a n
p r o g r a m  i n i  m e m p u n y a i  p e r m i n t a a n  i n d u s t r i  d a n  m e m e n u h i  k e p e r l u a n
p a s a r a n  g u n a  t e n a g a  k e r j a  n e g a r a .
       H a s i l  d a p a t a n  k a j i a n  a d a l a h  i n p u t  b e r h a r g a  b a g i  p e n a m b a h b a i k a n
p e n y a m p a i a n  p e r k h i d m a t a n  p e n d i d i k a n  d a n  l a t i h a n  t e k n i k a l  d a n
v o k a s i o n a l .  M a k l u m b a l a s  d a r i p a d a  p i h a k  m a j i k a n  a m a t  p e n t i n g  d a l a m
m e r a n g k a  p o l i s i  d a n  s t r a t e g i  b a g i  m e n g h a s i l k a n  g r a d u a n  T V E T  y a n g
b e r k u a l i t i  s e k a l i g u s  d a p a t  m e m b a n t u  m e n a m b a h  b a i k  k e p e r l u a n  P d P , t e n a g a
p e n g a j a r ,  i n f r a s t r u k t u r  d a n  f a s i l i t i , k u r i k u l u m  d a n  l o k a s i  s e i r i n g  d e n g a n
k e h e n d a k  i n d u s t r i .
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P E N G H A R G A A N

P e n y e l i d i k  m e n g u c a p k a n  r i b u a n  t e r i m a  k a s i h  a t a s  k e r j a s a m a  p i h a k  m a j i k a n
m e m b e r i  m a k l u m  b a l a s  d a l a m  k a j i a n  i n i .  P i h a k  k a m i  j u g a  i n g i n
m e n g u c a p k a n  j u t a a n  t e r i m a  k a s i h  k e p a d a  p i h a k  m a j i k a n  k e r a n a  m e m b e r i
p e l u a n g  k e p a d a  g r a d u a n  K K S A  u n t u k  b e k e r j a  d i  s y a r i k a t  d a n  m e n i m b a
p e n g a l a m a n  b e r g u n a  s e p a n j a n g  a l a m  p e k e r j a a n  m e r e k a .
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