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COMPARISON OF MATERIAL WASTAGE BETWEEN CONVENTIONAL
AND CAST IN-SITU SYSTEM FORMWORK IN CONSTRUCTION
INDUSTRY

ABSTRACT

The construction by nature is not an environmeifigndly activity. It creates
serious environmental problems with deadly consecgs such as air pollution,
water pollution, landslides, flooding and many eshéMoreover, the construction
industry also reported generating unacceptablddesfematerial wastage. Building
materials are any materials which used for constm@urposes. It is an important
input into the site production process which wilfeat the construction projects
finish in the time specified with the required sfieation. Any attempt to quantify
the materials in terms of costs would come to #aization that they contribute a
significant proportion towards the total constranticosts. The material wastage
occurs at all stages of building process startirgnf the design stage until the
handover of the projects and there are many factongribute to the generation of
material wastage no matter direct or indirect wgesta'he factors which cause the
material wastage in a project were identified iarf;major sources such as in design,
procurement, material handling, and operationale Do the building materials
contribute a significant proportion towards theataonstruction costs and consist of
various types of material in different quantityushthe building materials must be
controlled and the material wastage must be prederirom the conclusion drawn
from the types of material wastage, causes of oectgin waste, effectiveness of
waste prevention methods and material wastagesl®etiveen conventional and cast
in-situ system formwork construction, it is provimat the use of cast in-situ system

formwork in construction industry will prevent theaterial wastage.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In the 9" Malaysia Plan, the construction sector was thg eattor that recorded a
positive growth during every quarter of 2009. Satthhe construction sector have
growth 5% in 2009, and subsequently 8.7% for tret §uarter of 2010 as against the
overall GDP growth of 10.1% during the first quarté 2010. (Shaziman, 2009) It
was within this scenario that the construction stdy act as the momentum to

economy, improve the standard of living and crgatteopportunity to the countries.

The construction industry in particular has beemvkm among the main
consumers of resources and energy. Neverthelessptistruction by nature is not a
friendly activity to the environment. It createsisas environmental problems with
deadly consequences such as air pollution, watkutiom, landslides, flooding and
many others. Moreover, the construction industrgoalreported generating
unacceptable levels of construction wastage. Antgpablished by the Institution of
Civil Engineers (ICE 1996) stated that almost evgenr are generated over 500
million tonnes of construction waste. The unacdaptaevels of construction
wastage make the landfill space is becoming scamndethe cost of tipping materials

is very high and rising. (Cooke & Williams, 2004)

Generally material wastage in the construction stigucan be divided into
on-site and off-site operational activities. Oresattivities which mean the activities

related to the construction works. It requires isight adjacent to the actual
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construction area on which to carry out the workiil/ off-site activities are the
activities out of the construction site includingmufacturing and transportation of

materials and components.

Interrelated to each other, both off-site and a@e-sictivities also produce
huge quantity of construction waste and cause s&mmvironmental consequences
to our environment. In some country they have astbgome strategies of wastage

deposition to manage such a huge quantity of coctsbtn waste.

Conventional construction encompasses traditiomah$ of construction for
structural load-bearing elements which fabricatedsite. It typically consists of
reinforced concrete, brickwork and or structurakst The conventional construction
has the advantages of easy transportation of wetrete. It is flexible in any shape
of design and on-site adjustment can be arrangedyeprovided carpenter is
available. The disadvantages of the conventionakttoction is it fabricated in an
‘unprotected’ environment, additional time is ragdi for the curing process, and it
requires more temporary works and space to steredhstruction materials such as

timber, steel, cement and many others.

Cast in-situ system formwork is a system which @ia®f the table form and
tunnel form construction method. These constructr@thods are technically to all
type of building construction and it can increasedpctivity and quality of work
through the use of better construction machinagyjmment, materials and extensive
pre-project planning. The objective of cast in-ssgstem formwork method is to
eliminate and reduce the traditional site-basediesalike traditional timber
formwork, brickwork, plastering and reduce labowuntent, in order to speedy

construction, low maintenance, durable structuxklaw cost.

In Malaysia, even through cast in-situ system foarkwconstruction is not
new and have many published on the subject. Neslegk, conventional
construction seems the main choice of the contraabathe construction industry. At
a time of financial difficulty when competition f&erce, any construction method
which can get better savings that can be achievest ilve the first choice of the

clients and contractors.



1.2 Rationale of Study

Some degree of waste of material is inevitable ha tonstruction process; all
Quantity Surveyors will allow wastage when pricadpill of quantities. Experience
shows, however, unless the management of contrtdriahis very strict, material

wastage can frequently exceed with a huge amount.

Generally in the conventional construction, thetcastors will make sure all
the construction activities are carry on fast antbathly to prevent any delay of
construction period and earning more profit in greject. Despite the contractors
need to speed up the construction progress, butdhenot lack of attention to the
material wastage on site. Whereas the cast insgitilem formwork, it has the
advantages over the conventional constructionititiide speedy construction, low
maintenance, reduce waste, high quality surfagehfés can be achieved and so on.

Since the trend of adopt the cast in-situ systermv@rk in Malaysia has
been growth, it is believed that this study willntdbute to various project
participants in the future. Besides that, this gtwdl help to reduce material wastage
in the construction industry and various methodswaiste prevention will be
discussed and it is suitable for them to refer ahdose a suitable construction

method to manage the material waste and achieesietle profit.

1.3 Aims and Objectives

The aim of this study is to investigate the cordtom wastage in construction
industry. In order to achieve the aim of the stuthere are three objectives

established as follows:

I. To determine the types of material wastage;
ii. To identify the causes of construction waste;
iii. To establish the waste prevention methods in coctsbn for

conventional and cast in-situ system formwork.



1.4 Scope of Study

Scope of research will determined to facilitate litexrature research, by focusing on

certain field in literature research and data otib® process. The research covers:

I. Research area involved in Kuala Lumpur and Selangor
ii. Collect data on the materials wastage generatedristruction building.
lii. Focus on materials waste between conventional astlin-situ system

formwork (Table formwork and Tunnel formwork).

1.5 Limitation

In generally, there are some of people are notlfamwith usage of the table form
and tunnel form system so that will consider thisa inew technology in construction
industry. Yet, they probably associate table formd &unnel form are only used for

limited sector of construction project such as isttrey building.

In addition, they also low of opinion about the ldems encountered by the
conventional building system. Due to the usageabletform and tunnel form system
is uncommon for local construction industry compat@ conventional construction,
the result from the questionnaire may affect theiacscenario. It is because they

lacked of awareness and knowledge in the table grdhtunnel form system.



1.6 Research Methodology

The research methodology is an essential parthrésearcher to know the ideal
methodologies in order to meet the aim and objestf this study. In this study, the
researcher will collect information from referenbeoks, and journal articles to
introduce some theories regarding to material vgasheetween conventional and cast
in-situ system formwork. Moreover, internet sour@so a part of the research
methodology for the researcher to get the latedatgal information of construction

waste issues.

In order for the researcher to get some practiofbrination from the
construction industry, the data collection can hdlected by using survey
guestionnaire. To strengthen the finding of thevsyrand to assist in providing more
information about building material wastage, theaslation was also conducted in
this research. The method and detail on this dallaction, location, and analysis
will be explained in more detail in chapter 3 andThe research methodology

flowchart is shown in Figure 1.1.
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Figure 1.1: Flowchart of Research Methodology



1.7 Chapter Outline

Chapter 1
Introduce the area being investigated for thisstddhese are the background of the

relevant material wastage level in constructiorustdy, rationale of study, aims and
objectives, scope of study, limitation and reseanethodology.

Chapter 2
Define the comparison between conventional anctiiym and tunnel form system

in term of definition of waste, types of waste nnigle causes of construction waste,
waste prevention methods in Malaysia and othersitcpumaterials wastage level

between conventional and cast in-situ system forrkwaad conclusion.

Chapter 3
Explains the method of research for this studyudetl the research strategy, method

of data collection, the technique to analysis théected data and conclusion.

Chapter 4
Discuss of the interpretation and analysis of tsults obtained from the survey

research and findings from the case study.

Chapter 5
States the conclusion and recommendation of theeestudy.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In generally, construction wastes are in the fofmbwlding debris, brick, concrete,
steel, timber and mixed site clearance materiales& construction wastes arise
from various construction activities, including thexcavation and formation, civil
and building construction, industrial constructiosite clearance, demolition

activities, and building renovation.

The construction wastes originate from various sesiin the whole process
of implementing a construction project. There aranynfactors contribute to the
generation of material wastage no matter direcindirect wastage. Any projects
which do not have a workable and efficient materr@nagement will face the
material wastage problems and that subsequentlyaffédct the construction costs

and may lower the profit margin.

Hence, waste prevention method is a most presssuginowadays. However,
data is not readily available on the current strreciof construction waste flows by
the source of generation, type of waste, interntedéand final disposal and the

amount of waste reduced at source, reused or extyai-site or off-site.



2.2 Definition of Waste

Under the United Kingdom’s Environmental Protectidect 1990 (EPA 90) Section

75 stated that waste includes any substance wiuoktitutes a scrap material, an
effluent or other unwanted surplus arising from aipelication of any process or any
substance or article which requires to be dispa$edhich has been broken, worn
out, contaminated or otherwise spoiled. It meaas tiiie construction waste consists

of unwanted material produced directly or inciddégthy the construction industry.

The wastage of construction materials can be ¢iedsnto two types, which
are direct and indirect material waste. Skoyles Skdyles (1987) defined direct
waste is a complete loss of those materials, wiiere damaged and could not be
repaired and subsequently used, or lost duringbthieling process. By contrast,
indirect waste normally occurs when the materiaésewnot lost physically and it

represented only a monetary loss.

In the other term, the definition of waste in LeBnoduction paradigm
described it as a concepts related to process p@rhton. Process refers to the flow
of activity form one worker to another worker; weas operation is an activity taken
by worker such as the worker transforms the rawenstto finished product or

walking to another location to get parts (Shing288).

Womack and Jones (1996) described waste are relatéde human and
industry activities which absorbs the time, researor place but works with no
value to the product, such as the process stepsatbanot needed, production of
items that completed but not comply with the instian, workers waiting for
instruction and so on. This represented waste lisctlly linked to the human

development and industrial development, both teldwically and socially.
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2.3 Types of Waste Material

In Malaysia, generation of construction waste cexamost every construction stage.
The sources of construction waste generation havenvestigate in four major
components of construction waste such as wood,ret#cmetal, brick and others
such as waste generated from finishing works, saghpackaging of materials,
ceramic tiles, and insulation. The common sourdesnstruction waste generation
identified were shown in Table 2.1. (Lau, Whytel.&v, 2008)

Table 2.1: Common Sources of Construction \Aste Generation

Waste Type  Descriptions Sources
Wood Dimensional Formwork, roof truss
Tumber
Plywood Formwork
Timber props False work
Sawn tumber Fornmwork, roof truss
Concrete  Substructure Footings. piling
Superstructure Beanrs, colunms,
floor slabs
Drains and gutters  Dramage works
Metal Reinforcement bar  Remnforcement fixing
Wire mesh Remforcement fixing
Roofing sheet Roof
Alummmum frames  Window, false cetling
Brick Clay brick Wall, fencing works,
gutters
Cement brick Wall, fencing works,
partition walling
Cinder block Wall, fencing works
Others Packaging Cement packaging,
plastics, cardboard,
timber pallets
Gypsum & cement  False ceiling
board
Plaster False cetling.
fimshing works
Ceranuc Roofing tiles, floor
tiles, wall tiles
PVC Pipe Plumbmg works
Concwit & winng  Electrical works
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A study was conducted by Lau, Whyte, and Law (2G08hvestigation the
composition and characteristics of residential tmeton waste in the City of Miri,
Sarawak. Through field observation and site momtpfor one of the study sites
were identified that the residential constructiomste as shown in Figure 2.1: Wood
Is 64.0%, Concrete is 20.7%, Brick is 9.1%, Me$a2 5% and Others is 3.7%.

Metal %tﬁff
25%

Brick
9.1%

Concrete
20.7%

Wood

Figure 2.1: Sample Composition of Residential Caresion Waste

2.3.1 Timber

Timber as describes wood which has been cut forassstructural material for
construction. The majority used of timber in couastion sites are in formworks
during casting the structural elements. Accordingaste Online (2006), timber
waste form construction is produced in large amalindver the world. In the UK, it
is estimated that each year up to 750,000 tonnesmder waste is produced by
construction and demolition.

Timber possesses many advantages that make itdapdyilding material.
It is relatively inexpensive, high load capacityddightweight material that is easy to
cut, shape and join by relatively cheap and sinmgled or power operated tools in
the production of structural elements or formworkéfie timber can be cut and
shaped to producing any unique and complex forntooérete structures. However,
the timber has the disadvantages of low durabdity reusability cause the timber
one of the high wastage material.
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2.3.2 Metal

Metals are the waste generated from ferrous andferoous materials, such as
reinforcement bars, pipes, steel, aluminium, copparass and others. The
reinforcement bars is very important used in recgéd concrete and reinforced
masonry structures in the construction to givirdges for better frictional adhesion
to the concrete. Concrete are strong in compredsibmeak in tension and contrary

the steel are strong in tension and weak in corsfmes

Metal was among the lowest waste generated fronotthers components of
construction waste. This is mainly due to the reddy high cost and high recycles
value in the local market. Off cuts of reinforcemevere usually collected and
placed properly for recycle or future use. Howetee, operative’s ability to measure
the lengths of steel to obtain the most economadt is very important and
condition of steel while storing must take into @oet to prevent serious rusting
because steel is relatively expensive comparedhier anaterials and the wastage of

steel material will cause a significant impact be project cost.

2.3.3 Concrete

Concrete is a building material composed of cenasntvell as other cementitious
material such as course aggregate, fine aggregater and chemical admixtures.
Concreting works is a major building process fobsttucture and superstructure,
and most of the works are made from ready-mixed&ia. However, the concrete
also one of the high wastage material caused lsydtisbuted to excessive material
ordering, overtime of concrete, broken formwork aadoing due to poor concrete

placement quality.
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2.3.4 Brick

Brick is a building material made from clay, caluwsilicate, and concrete. The
standard size of brick is 215mm x 102.5mm x 65muh thiere are so many types of
brick masonry such as common brick, facing brield angineering brick. Masonry
works is the building process to enclose and ptstaduilding or serves to divide
buildings into compartments or rooms. Brick masamnits may be solid, hollow, or
architectural terra cotta. All types can serve acstiral function, a decoration

function, or a combination of both.

Brick refers to waste resulting from clay brickpoent brick and cinder block
and others. However, the brick had always been @nenain components of
construction waste. The causes of brick waste gépewill be carelessness of off-
loading and handling, poor bricklaying workmanssijch as cut bricks, incremental
ordering problems on small jobs and so on. Due he bricks are fragile
characteristic of the material, it caused thatdaaghounts of bricks are broken and

have to be dumped in landfills or used as a bdckfiterial.

2.3.5 Others

Furthermore, packaging waste is also one of thé kwgstage materials generate
from construction sites such as cement packagilagtips, cardboard and timber
pallets. Much of this waste is unnecessary andfgignt amounts could be reused,

recycled or completely avoided, rather than setdridfill.

In the case of ceramic tiles, waste is mainly cduse sawing that becomes
necessary when insufficient attention is paid ® dimensions of the available tiles
and breakage during transport and so on. Besideswthstes of packaging of
materials and ceramic tiles, other raisings usuedher to waste generated from
finishing works such as insulation, PVC pipe, ligktures, nails, electrical conduit

and wiring, paints and others.
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2.4 Causes of Construction Waste

In generally, waste will occurs on site for a numbkreasons, it resulting from all
stages of building process starting from the desigige until the handover of the
projects. There are many factors contribute togireeration of material wastage no
matter direct or indirect wastage. The factors Whtause the material wastage in a

project were identified in four major sources aeveh in Table 2.2: (1) design, (2)

procurement, (3) material handling, and (4) opersti. (Ekanayake & Ofori, 2000)

Table 2.2: Sources and Causes of Construction &8te

Design

Procurement

Material handling

Operational

* Lack of attention paid to
dimensional coordination of

at commencement of project
* Selection of low quality products

*Ordering errors
(eg., ordering

*Damages during
transportation

*Errors by tradespersons
or laborers

products significantly *Inappropriate *Accidents due to

* Changes made to the design more or less) storage leading to | negligence

while construction is in progress *Lack of damage or *Damage to work done

* Designer's inexperience in possibilities to deterioration caused by subsequent
method and sequence of order small *Materials trades

construction quantities supplied in loose *Use of incorrect material,
* Lack of attention paid to *Purchased form thus requiring

standard sizes available on the products that do | *Use of whatever replacement

market not comply with | material which are | *Required quantity

* Designer's unfamiliarity with specification close to working unclear due to improper

alternative products place planning

* Complexity of detailing in the *Unfriendly *Delays in passing of
drawings attitudes of information to the

* Lack of information in the project team and contractor on types and
drawings laborers sizes of products to be
* Errors in contract documents *Theft used

* Incomplete contract documents *Equipment

malfunctioning
*Inclement weather

2.4.1 Design

During the design stage of a construction projéoe material wastage can be
subjected to occur in the future. The most ofteimsea occur during the design stage
are the designers pay less attention to the dimealcoordination of products and
the standard sizes available in the market. It neaylted the standard sizes available
in the market cannot fit with the designed sized #rme workers have to cut the
materials to suit the designed sizes. Followingseauhappened in the construction

project is the changes of the design made by tlamtchnd the designer while
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construction. These may caused the previous warke thias to be aborted and also
resulted huge of material wastage in that project.

Moreover, the complexity of detailing in the dragsnand specification are
usually make the project participates confused iamgtoper planning. Due to the
complicated of the assembly process stated in pleeifsccation and the lack of
knowledge and experience by the workers may ledthdamaterial wastage in the

construction project.

2.4.2 Procurement

The material wastage of a construction projectraduprocurement is involved to
both of materials suppliers and the contractor abcentractor. During the
procurement stage the most often causes are ictdaking-off and scheduling of
materials, material ordering errors, suppliersoerand others. According to
lllingworth (2000), such situations generally stavith incorrect taking-off of

materials. If material over measure, where the tjes have been ordering is
delivered, it will cause huge of material waste.uifder ordering, waste can be
created by delay to the contract. This shows th@irrect requisitioning and ordering
of materials will lead to the material wastage emstruction industry.

Incorrect requisition and ordering of materialscaivill lead to the material
wastage. According to Forster (1989), if the rejois and ordering of materials are
made prematurely by the purchasing department &blenthe most competitive
prices or the suppliers tend to deliver the matetiathe site earlier, those materials
which delivered to site too earlier before they exquired will lead to loss / and
damage. For example, if the marble tiles delivacedite before the finishing works
start, it may cause a serious loss/ and damagedmadt result an unnecessary
wastage to the materials.
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2.4.3 Material Handling

During the handling of the materials, the matenaktage can be subjected to occur
due to the unfriendly attitudes of the project teand labourers. The building
material were damage or broken during transportalee of poor packing or
insufficient protection during loading. Especiaflyr the fragile materials such as
roof tiles, floor and wall tiles, glass, it may #a®e damage or broken, if exposed to

dropping or bumping during transportation.

Moreover, inappropriate storage material by the gérsonnel also will leads
to damage or deterioration of the materials. Actwydo Forster (198), if the care of
selection of suitable storage points was not eged;i the material wastage can
increase substantially. So that, pre-planning t® gpace required for storage of
materials is essential, it may consideration onvér@us delivered materials is to be

placed for safe keeping and avoiding loss, vanaiesiad thief.

2.4.4 Operational

The material wastage of a construction project dumperation is related to the
errors made by tradespersons or labourers; acsidkm to negligence; damage to
work done caused by subsequent trades; use ofré@otomaterial, thus requiring
replacement; equipment malfunctioning and so om. dinors made by tradespersons
or labourers such as fails to comply with the cacttrdrawings or fails to comply
with instruction given will cause the material waggt in the construction project. If
the contractor fails to comply with the contracawings, it will cause the contractor

to redo the works.

The malfunction of equipment also will cause thatenal wastage in the
construction projects. If the mobile crane or tloeket vibrators malfunction while
concreting the upper floor slab, these will calmedelay time of concrete and forced

to dispose the concrete.
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25 Waste Prevention Methods

In fact, unacceptable levels of material wastageaoinstruction projects will creates
serious environmental problems with deadly consecg® and increase the project
cost meanwhile lowering the contractor’ s profit rgia. Due to the building
materials contribute a significant proportion todsathe total construction costs and
consist of various type of material in differentagtity, thus the building materials
must be controlled and the material wastage mugiréeented. In order to reduce
the material wastage in construction projects atenvaste prevention methods need
to be adopted at all stage of building procesdistafrom the inception stage until

the handover of the projects.

2.5.1 Good Attitudes of Project Participants

Hussey and Skoyles (2004) stated that a chandieiattitudes of project participants
including clients, designers, contractors and cootbn workers towards the
practice of sustainable construction waste managemeay be more efficient than
changes in construction technology. The clients rtake the lead to wish the
construction waste can be minimised during the ttoason period. Following by
the changes of designer’s attitude to reduce tinstoaction waste in a construction
project including reduce the changes of design evbhdnstruction is in progress;
reduce the complexity of detailing in the drawiragsl specification; and pay more
attention to the dimensional coordination of newducts and the standard sizes

available in the market.

The changes of contractors and his workers’ ditun reducing the
construction waste are important because they gceugritical position in the
construction waste generation chain and theiruaitis have a direct and immediate

impact upon the efficiency of construction wastenagement.
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2.5.2 Material Procurement and Handling

An improvement in material procurement system melp ko reduce the construction
waste in a construction project. To reduce theramgeerror, sufficient information is

vital to mitigate the effect of those delays to thdire project progress. In order,
communication between the each party for respomdiblthe material procurement
are necessary, such as quality control personnecharge of the areas of
specifications, contracts, scheduling, purchasimd) tock control. Often there is no
established pattern for issuing information on pinegress of delivery of materials.
Thus panic situation are often occur at every dedsylting from late arrivals. To

reduce these problems, Hira (1984) had sugges#tdria large company it is need
to provide a purchase functions are carried by antef material procurement

personnel whose duties are as outlined in Figite 2.

Figure 2.2: Duties of a Team of Material Procuretri&rsonnel

2.5.3 Material Storage Management (MSM)

Nowadays, Material Storage Management (MSM) is ieag concern in many
countries. It is no longer a new and hot issue alaysia construction trend, but still
have most of local construction company are nobhgishis kind of management
system. Some of the construction company still fatly appreciate that material

waste means financial loss and will direct incregeproduction price.
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In fact, effective Material Storage Management (MS8/essential to suit the
current trend. The concept of Material Storage Manzent includes the planning,
inventory control, purchasing, receiving and stpreaterial handling and physical
distribution. It effective for company to reducestage, maximise profits, establish

needed controls and reduce costs. (Ping et al9)200

2.5.4 Design to Minimize Material Wastage

During the design stage of a construction projeetailed in the drawings and
specifications, and dimensional coordination ofdueis and the sizes available in
the market should be taken into account by thegdesito avoid significant amount
of waste. Generally, the design of a building iesely oriented to the building
process. The more complex of design in a building,more complicated detailing in

the drawings and specifications, thus the moreifgignt in construction waste.

Although changes of design while construction neayéquired, the design
should be flexible enough to accommodate changésouti causing any material
wastage. In the US, some of the company have adldpésign for Environment
(DFE) to minimize the environment impact such astean the construction process,
in order without sacrificing function and qualiesign for Environment (DFE) will
identify the concept, scheme and detail design amwah cause the waste and adopt
a waste reduction approach to solve each causdleofvastage in construction
industry. (Keys, Baldwin, & Austin, 2011)
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2.5.5 Recycling Material

Recycling involves processing used materials ortevago new products or usable
raw material in order to prevent the waste of piadig useful materials, reduce the
demand on finite natural resources, save energyaduction and transportation, and
reduces the risks of pollution. Some materialsadten of better quality and purity

and have a better potential for recycling.

United States Environmental Protection Agency [UBAE(1998) found that
the recycling rate for steel from construction atemolition (C&D) is about 85%
(18.2 out of 21.4 million tons generated). Theggiries include not only scrap steel
form building but also from roads and bridges. Doighe recycling rates of metal
among the materials recovered from C&D sites agldst, so it has the good market

in existence especially for ferrous metals sucbogper and brass.

A specification can be amended in construction stiuto regulate the use of
recycled materials as hardcore in foundations, mde in road pavement and
concrete in less technically demanding works. Tlaeeemany different materials can
be recycled with a different technique. For examplencrete aggregate collected
form demolition sites are put through a crushingimae, often along with bricks,
dirt and rocks. Smaller pieces of concrete are wsedravel for new construction
projects. Crushed recycled concrete can also e aselry aggregate for brand new

concrete if it is free of contaminants.

Moreover, most of the packaging that constructiamrkngenerates not only
can dump in landfill, it also can be sending toyoded. Even some of the packaging
will contain hazardous substances and it may regapecial handling, but the
packaging still can be successfully recycled. Alifo most of materials can be
recycled, but the effective recycling is that oftmly can produced low levels of
materials.But in fact, the construction waste recycling, motly has enormous
economic benefits for construction field, will alpooduce tremendous benefits for

environment.
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2.5.6 Use of Cast In-situ System Formwork Method

Cast in-situ system formwork construction is techily to all type of building
construction and it can increase productivity andlity of work through the use of
better construction machinery, equipment, materiatgl extensive pre-project
planning. The objective of the cast in-situ systErmwork is to eliminate and
reduce materials and labours content in constnugtiocess, so it is considered as an

effective and efficient method for waste minimipati

2.5.7 Justin Time (JIT) System

According to Griffith and Watson (2006), Just inmB (JIT) philosophy has been
used in the manufacturing for a number of yeaisislan approach to manufacturing
which can improve a company’s performance. The ephis based on making the

process more customers orientated, simple anddioated.

Just in Time (JIT) system is focused on improvihg productivity of the
industry and eliminate the waste of non-value-agldintivities which impacting by
materials and plants. It provide the most efficiant effective way for a company
by eliminating any waste, in order to ensure thedpct is produce at a lower cost,

faster and at a high quality level, while usingiaimum amount of resources.
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2.6 Comparison Material Wastage Between Conventional ahTable Form

and Tunnel Form Construction

Robert et al. (2006) stated that usage of castunsgstem formwork greatly reduces
conventional formworks and falseworks in the cangton process. Compared to
conventional construction, cast in-situ system foork generally has the benefit in

achieving cost savings through considerable savimgsection and dismantling time.

The cast in-situ system formwork as well as tabkenfand tunnel form have
the advantage for reuse of formwork in numerougsiraxample for tunnel form, it
can usually be reused for 500 to 1,000 times. Aalthily, table form and tunnel
form using appropriate quality control to achievermooth, high quality concrete
surface finish and dimensional accuracy elimindir@shing works like plastering.
Since these system can reduces the required figishorks, thus providing another

cost savings and speeding up the entire construptiocess.
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2.7 Conclusion

As a conclusion, construction waste can be cl&skifito two types, which are direct
waste and indirect waste. Direct waste is a corapless of materials which is
damage or theft from site. Whereas indirect wastea imonetary loss and the
materials were not physically.

The materials waste occurs at all stages of mglgirocess starting from the
design stage until the handover of the projecterd@lare many factors contribute to
the generation of material wastage no matter dimeehdirect wastage. The factors
which cause the material wastage in a project wdsetified in four major sources

such as in design, procurement, material handimbogperation stage.

Each type of waste prevention methods has their effectiveness of waste
reduction for applicable in construction industHence, certain waste prevention
methods need to be adopted at all stages of bgifaiacess starting from the design
stage until the handover of the projects to redneematerial wastage in construction
projects.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Introduction

The research methodology is an essential parthrésearcher to know the ideal
methodologies in order to meet the aim and objestiof the study. Malaysia
Nuclear Agency [MNA] (2007) stated that the teresearchis often described an
entire collection of information about a particutabject, and is usually related to a
problem that needs to be solved. An organised aitdlde research methodology

will ensure the effectiveness and smoothness afethearch process.

There are certain research methodologies and puoegdare used by the
researcher to identify the causes of constructi@stev and the waste prevention
methods, and to differentiate the material wastagels between conventional and
cast in-situ system formwork construction in ortteachieve the aim and objectives

of the study.
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3.2 Research Strategy

Research method is defined as the way in whichréisearch objectives can be
questioned. It can be classified into two distityptes which is quantitative research

and qualitative research. (Richardson et al., 2005)

3.2.1 Quantitative Research

In quantitative research, the information obtaifredn the respondents is expressed
in numerical form, which the quantities of thingsde measured such as number of
items recalled, reaction times, percentage of itegesl, etc. Quantitative data can be
collected by using a structured questionnaire toatains closed-ended questions.
The advantage of quantitative research is les®iedand easy to understand when
analyzing quantitative data. Moreover, when theveyrinvolves a convenience

sample, the data can be collected and analyséy daiickly.

3.2.2 Qualitative Research

In qualitative research, the information obtainexhf respondents is not expressed in
numerical form, which cannot be measured quantébti Qualitative data can
collect by using the method of interview, case gtuhd observational study. This
research can focuses on lifestyle, culture of nedpots or behaviour of respondents
to other people and environment and so on. Here,qualitative research can
explore topics in more depth and detail than qtetnte research.
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3.3 Data Collection

In generally, the data can be classified into printiata and secondary data. Primary
data is the data which are collected from the figider the control and supervision
of an investigator. This type of data is generatlected for the first time by direct
observation. In order for the researchers to getespractical information from the
construction industry, there are several methodsdafa collection such as
observation method, personal interview, telepharierview, case study and malil

survey can be used by the researchers to collegrtmary information.

However, the secondary data is obtained from iegjsecords, publications,
etc. This means that the secondary data are aadleitom sources which have
already been created or the purpose of first tisee and future use. The secondary
data can be obtained from internal sources andre{teources. The internal sources
of secondary data for marketing applications atesseecords, marketing activity,
cost information, distributor reports and custorfedback. Where the sources for
external sources are from government publicatigosrnals, books, magazines,

newspapers, annual reports, etc. (Panneerselvd@f) 20

In this research study, the researcher will use sasdy and questionnaire to
get some practical information from the project anger and the site personnel in the
construction site. There are few reasons why tlseareher will choose the case

study and questionnaire to collect the primaryiimfation in this research study.
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3.3.1 Questionnaire

The main source of information obtain for data gsial in this research is use the
guestionnaires method. A success of survey mettsodspends on the strength of
the questionnaire used. Normally, the questionnawasists of a set of well-

formulated questions to probe and obtain respoinsesrespondents. There are pros

and cons of the questionnaire in the primary infation. (Panneerselvam, 2009)

Table 3.1: Pros and Cons of Questionnaire Method

Pros Cons
Less cost of data collection The identity of the respondents is not
Less time of data collection known to the interviewers.

Wider coverage of population The questionnaire may be filled in by
Better accuracy of data the assistant.

Absence of interviewer’s bias Source respondents may not return
filled in questionnaire.

Delay in returning the filled in

guestionnaires by respondents.

In addition, there are two primary forms of quessiawill conducted in this
questionnaire survey which is closed ended questard open ended questions.
Closed ended questions will make the respondentsver are limited to a fixed set
of responses. Most scales are closed ended. Tikee flatm of questions is does not
give respondents answers to choose from, but raéiher phrased so that the
respondents are encouraged to explain their ansmerseactions to the question. So,
the respondents can supplies their own answer utitheing constrained by a fixed

set of possible responses. (Richard & Anita, 2008)



28

The survey guestionnaire will be set by the redesarm order to achieve the
objectives, which stated in Chapterl.3. The questoe designed for this research

is divided into five parts as following:

Part I: Respondent Profile

Respondents were required to indicate their petsamfarmation for further

reference but this section is optional for therfiltan.

Part Il: Project Information

Determine the type of project was currently undestaby the respondent’s company
and total number of projects which has involved tie past 5 years in the

respondent’s company.

Part lll: Types of Material Wastage

The respondents were required to indicate the ptage of material wastage
normally allowed in a construction project and whigpe of material is the highest

material waste in the construction site.

Part IV: Causes of Construction Wastage

Investigate the causes contributing material wastagcurred frequently on
respondent company projects. This question wasl faben “strongly agree” (1) to

“strongly disagree” (5) by using five-point ratisgale.

Part V: Waste Prevention Methods

This section is attempted to find out the most aife waste prevention method
which the respondent’s company used to solve themahwastage problems in the
current project. Simultaneously to figure out wiegthhe respondent’'s company

adopt the table form and tunnel form constructiathud in the construction site.
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3.4 Data Analysis

After data are collected, there are several teclasidhave been used to analyze the

survey data as shows in the followings:-

3.4.1 Descriptive Statistics Method

The descriptive statistics method will be used bgearcher to classification and
analysis of data. The purpose of using the desegitatistics method is to have a
general overview of the results obtained from cwms$ion industry. Therefore,
survey questionnaireill be analysis by using percentage and presebyedsing a

bar chart, pie chart or graph according to the deliacted.

3.4.2 Conversion of Qualitative Data to Quantitative Data

The survey question 1 in Part IV, respondents wgsested to indicate the degree of
agrees to the causes of material waste by usinditaepoint rating scale (from
“strongly agree” to “strongly disagree”). For resdeer to analysis this question, the
qualitative data can be converted to quantitatata tby using the following formula:

5\l§+4N4_1+3 N§+2 NZ+Nl

Conversion formula = BE+N4+N3+N2+N;j)

where:

Ns= Number of respondent strongly agree
Ns,= Number of respondent agree

Ns= Number of neutral respondent

N>= Number of respondent disagree

N:i= Number of respondent strongly disagree
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3.4.3 Spearman’s Rho Correlation Coefficient

The coefficient of correlation between the ranksaisneasure of the association
between two variables which is determined from ridueks of observations of the
variables. The Spearman’s coefficient of rank dati@n, r is calculated by using the
following formula: (Thomas & Grubb, 1986)

. 6 di?
Rank correlation; _ 1- ————
= n(n2-1)
where:
di2 = sum of the squares of the differences

n = number of data points

Ther-value can be further interpreted in term of stthraf relationship between

the variables, which the number varies will betwekand +1.

A correlation coefficient of +1 means perfect pesitcorrelation.
A correlation coefficient close to 0 means no datren.

A correlation coefficient of -1 means perfect négatorrelation.

35 Conclusion

As a conclusion, raw data will be collected by gssurvey questionnaire and the
methods of analyzing the raw data will be desargstatistics method, conversion
of qualitative data to quantitative data and spearmcoefficient of rank correlation.

Sending out the questionnaire will be the nextestagfore analyses the results from
the respondents. Furthermore, the material waséagé of conventional and cast in-
situ system formwork construction will be evaluatedl analysed as a result in this

research study.
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CHAPTER 4

DATA ANALYSIS

4.1 Introduction

Data analysis will mainly focus on the analysistlué questionnaire survey results
from the construction industry. The total of 50sset questionnaires were handed
over to the respondents by approached them direc¢tipally, 33 sets of

questionnaire had been collected successfully.

Numbers of questionnaire survey were conducted thighdeveloper firms,
consultancy firms, contractor firms in the constit industry in order to achieve
the aim and objectives of the research which i®rdghe the types of material
wastage, identify the causes of construction waste,establish the waste prevention
methods between conventional and cast in-situ syd@mwork constructions.
Based on their opinions and experience towardstaai®n management, it will be

reliable for the purpose of the research.
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4.2 Analysis of the Results
Data analysis on survey questionnaire collectethfrespondents for this research
was classified into five parts as 1) respondentilpr@) project information, 3) type

of material waste, 4) causes of construction wastd,5) waste prevention methods.

The detail data analysis and discussion are eltdgbes follows:-

4.2.1 Respondents’ Profile

Site Project
Project Supervisor Manager
Executive 6% 9%
129, \ Engineer
N 15%

B Project Manager

B Engineer

= Quantity Surveyor
Project Executive

SiteSupervisor

Figure 4.1 Position of Respondents

Based on 33 returned questionnaires, most of g@orelents are quantity surveyor
which is 58%. Followed by 15% of the respondents engineer, 12% of the
respondents are project executive, 9% of the redgrus are project manager and 6%

of the respondents are site supervisor.

As the result shows in the above, the majoritthefrespondents are quantity
surveyor and minority of the respondents are com ftop management levels, as

theses may affect the accuracy of the result.
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Figure 4.2 Years of Working Experience

As shown in Figure 4.2, the majority of the respemtd have the working experience
in the construction industry are not more than &argewhich is 75.8% of the
respondents. Followed by 18.2% of the respondeat® b5 years to 10 years of
working experience in the construction industry.eThemaining 6% of the
respondents have more than 10 years of working rexpe in the construction

industry.

Obviously, the more extensive of working experieimcéhe construction field
which the respondents have, the reliability of apus of respondents are further

enhance, these due to the accumulation of knowladdeskill.
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Engineering Developer Sub-
12% 18%

Contractor
9%

Quantity
Surveying
21%

H Developer

W Sub-Contractor

H Contractor
Quantity Surveying

Engineering

Figure 4.3 Respondent’s Nature of Business

As illustrated in Figure 4.3, most of the respondeare working for contractor firm
which is 39%. Following respondents are come framsaltancy firms where 21%
of the respondents are working for quantity sumgyifirm, and 18% of the
respondents are working for developer firm. Follogviespondents are working for
engineering firm which is 18% and 9% of the resmoid are come from sub-

contractor firm.

As the result of analyse shows above, the respusdee equally who come
from the contractor firms and consultant firms tlasses may provide accurate data
analyse due to the equally opinion from both partie
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4.2.2 Project Information

Training School
KTM double track
Haspital

Shop Lots
Terrace House
Bungalow
Factory

High Rise Building 21%

0% 5% 10% 15% 20% 25% 30%

Figure 4.4 Type of Projects are Currently Underigki

From the questionnaire survey results gathered fiteenconstruction industry, the
majority type of projects are currently undertakibg respondents is bungalow
which is 28%. Following by 26% of the respondemtsairrently handled the terrace
houses project, 24% of the respondents currenthdled the high-rise buildings
projects, and 10% of the respondents currently lednthe shop lots projects.
Following by 4% of the respondents currently haddlee hospital projects, 4% of
the respondents currently handled the factory oreln@use projects, 2% of the
respondents currently handled the training schogjept. The remaining 2% of the

respondents are currently handled the KTM doulalektprojects.



36

36.4%

40.0%
32.0% 1 573%
30.0% -

2s.0% 47
20.0% -
15.0% -
10.0% -
5.0% -
0.0% -+ . . . .

<5 nos 5-10nos 11-25nos > 25 nos

18.2% 18.2%

P

Figure 4.5 Number of Projects have been Involendtieé Past 5 Years

In Figure 4.5 shows that the total number of pigjelsave been involved by
respondents’ company from year 2005 until 2010mFtbe questionnaire survey
results gathered from the construction industry4%6of the respondents’ have the
opinions that their respective company have beeolwved more than 25 numbers of
projects in the past 5 years. Following by 27.3%espondents’ have the opinions
that their respective company in the past 5 yeave fbeen involved not more than 5
numbers of projects. Following by 18.2% of respantgiehave the opinions that their
respective company in the past 5 years have bemived 5 to 10 numbers of
projects. Lastly, the 18.2% of respondents’ hawe dpinions that their respective

company have been involved 11 to 25 numbers oept®jin the past 5 years.
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4.2.3 Type of Material Wastage

M Yes
No

Figure 4.6 Level of Seriousness of Material Wastage

The aim of this question is to get the respondeopshions about the reasons of
seriousness of material wastage problems in theteartion industry. From the
guestionnaire survey results gathered from thetoaetgon industry, 93.9% of the
respondents have the opinions that the materialagagroblems are serious in the
construction industry. The results gathered from ¢bnstruction industry are same
with the information stated in the literature reviechapter because of the
inexperience of contractors in construction managenand irresponsibility by the
contractors creates a lot of rubbish. On the otlaed, 6.1% of the respondents have
the opinions that the material wastage problemsiarao serious in the construction
industry. These category of respondents have thisans that because of the new
construction methods and better practice in coostmu had apply and new
innovation of products had invented to solve thetemi@ wastage problems in
construction industry.
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Figure 4.7 Percentage allowed for Material Wastage

The aim of this question is to find out the peregetallowed for material wastage in
a construction project. From the questionnaire eyrwesults gathered from the
construction industry, 54.5% of the respondentsehdlve opinions that their
respective company were allowed 5% to 10% of matenastage for every
construction project. According to the respondeb@®)p of material wastage is more
than enough for their currently projects. Following21.2% of the respondents have
the opinions that their respective company willoakd below 5% of material
wastage for every construction project. Accordiaghe respondents, below 5% of
material wastage is enough for small and mediunjept®. Another 21.2% of the
respondents have the opinion that their respecorapany were allowed 11% to
20% of material wastage for every construction gobj The remaining 3.1% of the
respondents have the opinions that their respectwgpany will allowed more than
20% of material wastage for every construction gobj According to the
respondents, the percentage allowed for materiatage in a construction project is
depends on the site condition and the complexitythef design. The more the
percentage allowed for material wastage, the Idheprofit margin and the attitude

of workers towards reducing the material wastadkebeiaffected.
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Figure 4.8 Material Wastage Levels between 6 Tybes

Construction Material

The aim of this question is to find out the materiahich the material level is the
highest in the construction site. From the quesiiine survey results gathered from
the construction industry, 41% of the respondeaigetthe opinions that the timber
was the highest material wastage in constructitmlscause of the nature of timber
which easily warp and defective when exposed tothaza Secondly is 31% of the
respondents have the opinions that the steel wasotie of the major material
wastage in construction site because of the natuséeel which easily corroded and
improper cutting of steel bars causes wastageowoilh by 18% of the respondents
have the opinions that the concrete was anotherobmeajor material wastage in
construction site because of the excessive orddringiexperience site personnel
and poor workmanship during concreting. Following336 of the respondents have
the opinions that the brick was the one of the magaterial wastage in construction
site because of the nature of brick which easibkbn when exposed to weather and
improper storage. The following 2.5% the responsldrdgve the opinions that the
pipe was the one of material wastage in constrncite, where the remaining 2.5%
of the tile waste was also one of waste streamesomstruction site. The results
gathered from the construction industry are sligldifferent with the information
stated in the literature review chapter which awodavis 64%, concrete is 20.7%,
brick is 9.1% , metal is 2.5% and others is 3.7%esk differences may be caused by

the different location of construction site.
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4.2.4 Causes of Construction Waste

Table 4.1: Causes of Material Véstage in Construction Site

Important
Causes 1l 2 34| 5 Rank
Index
I. | Faulty Workmanship 6 186 | 3| O 0.7636 1
ii. | Design changes 6 2410 2 | 1 0.7333 2
iii. | Inappropriate storage 8 1310 4 | 1 0.6909 3
iv. | Communication Problems 8 158 | 5| 2 0.6727 4

Unfriendly attitudes of project
V. o 115|111 6| O 0.6667 5
participants

vi. | Lack of information in the drawingg 8 137 | 8 | 2 0.6424 6
vii. | Poor quality of material 2 9 111(0 0.6121 7
viii. | Damage during Transportation 1 8 B |1 0.6121 7
iX. | Weather Problems 1 7 176 | 2 0.5939 9
X. | Ordering errors 5 2 1pi15| 1 0.5697 10

Note: 1-Strongly Agree, 2-Agree, 3-Neutral, 4-Disg and 5-Strongly Disagree

As shown in Table 4.1, the majority of respondemise the opinion that faulty
workmanship was rank as the most critical causashwhill affecting the material
wastage in the construction site. According to ftiterature review, faulty

workmanshipoccurs frequently in the construction site duantexperience of the
workers during carry out the works and human mestaluring reading the

construction drawings.

Following by design changesre rank as the second highest of causes to
affecting the material wastage which occurs fre¢gjyeim the construction site.
During the design stage, many people are involvaed the possibilities of
miscommunication between the design consultanthigite and the possibilities of

miss out in design will also increase.
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Following byinappropriate storageare rank as the next causes for affecting
the material wastage in the construction site. fEsellt shows that the inappropriate
storage occurs frequently in the construction gitie to raw materials stored in
unsuitable places with high moisture, on soft aoidl other conditions which causes
deterioration of materials. Next, the respondeatgelthe opinion that the causes for
affecting the material wastage occur frequently tire construction site are
communication problems, unfriendly attitudes of jgco participantsand lack of

information in the drawings.

Furthermore, the respondents have the opiniongbat quality of material
and damage during transportatiomre rank as the next causes for affecting the
material wastage in the construction site. Accaydimthe literature review, damage
during transportation occurs frequently in the ¢ardion site due to improper
planning during unloading of materials and causgbteohandling of materials.

Following byweather problemare rank as the next causes for affecting the
material wastage in the construction site. LasHythe ordering errors occurs
frequently in the construction site due to excessivdering of material causes
surplus of material. The results gathered from dbestruction industry are almost

the same with the information stated in the liter@atreview chapter.



Table 4.2: Frequency of Causes of Material Wastaga Different

Nature of Business
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Causes Developelf Consultanf Contractof Sub-Con
i. | Faulty Workmanship 7.5 1 2 5.5
ii. | Design changes 7.5 8 7.5 5.5
iii. | Inappropriate storage 5.5 3 6 10
iv. | Communication Problems 3.5 10 10 9
Unfriendly attitudes of project
V. o 35 9 9 55
participants
| Lack of information in the
Vi. ) 1 55 45 25
drawings
vii. | Poor quality of material 55 55 3 55
viii. | Damage during Transportation 2 2 1 2.5
iXx. | Weather Problems 7.5 4 4.5 1
X.| Ordering errors 10 7 7.5 2.5

As indicated in Table 4.2, the result on frequentyauses of material wastage in

different nature of business from respondents, saghhe developer, consultant,

contractor and sub-contractor. Each natures ofnkagsi were rank from 1 to 10

according to the frequency of causes of materiadtage in construction industry.

The table shows that different natures of busimes® have different rankings on the

causes of material wastage in construction industry




Table 4.3: Causes of Material Wastage of Develop&ompared to

Consultant Firm
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Ldi

Causes Developer| Consultan di
i. | Faulty Workmanship 7.5 1 6.5 42.25
ii. | Design changes 7.5 8 -0.5| 0.25
iii. | Inappropriate storage 55 3 2.5 6.25
iv. | Communication Problems 3.5 10 -6.5| 42.25
v. | Unfriendly attitudes of project participants 3.5 9 -5.5| 30.25
vi. | Lack of information in the drawings 1 5.5 -4.5( 20.25
vii. | Poor quality of material 5.5 5.5 0 0
viii. | Damage during Transportation 2 2 0 0
ix. | Weather Problems 7.5 4 3.5 12.25
X. | Ordering errors 10 7 3 9
Total di 162.75
Rank correlationy _ 1- 6 dif = 976.5
= n(nz-1) 990
= 0.0136

The data on causes of the material wastage indhstrction site will be

further analysed by Spearman’s coefficient of raokrelation (Richard, & Anita,
2008). As the result shows in the above, the caticel coefficient of 0.0136 is

positive correlation. In the frequency of causesntHterial wastage of developer

compared to consultant firm, there is a weak cati@h between the two variables.



Table 4.4: Causes of Material Wastage of Develop&ompared to

Contractor Firm
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Causes Developert Contractorf di di
I. | Faulty Workmanship 7.5 2 5.4 30.25
ii. | Design changes 7.5 7.5 d 0
iii. | Inappropriate storage 5.5 6 -05 0.2b
iv. | Communication Problems 3.5 10 -6.5 42.p5
v. | Unfriendly attitudes of project participants 3.5 9 -5.5| 30.25
vi. | Lack of information in the drawings 1 4.5 35 122
vii. | Poor quality of material 5.5 3 2. 6.2¢
viii. | Damage during Transportation 2 1 1
iX. | Weather Problems 7.5 4.5 3 9
X. | Ordering errors 10 7.5 2.5 6.25
Total di 137.75
Rank correlation; _ 1- 6 di = 1. 8265
= n(nz-1) 990
= 0.1652

The result as above shows that the correlationficaeft of 0.1652 is positive

correlation. In the frequency of causes of mateviastage of developer compared to

contractor firm, there is a moderate correlatiotmeen the two variables.



Table 4.5: Causes of Material Wastage of Develop&ompared to

Sub-Contractor Firm
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Causes Developer;  Sub-Con di| di
I. | Faulty Workmanship 7.5 5.5 2 4
ii. | Design changes 7.5 5.5 2 4
iii. | Inappropriate storage 5.5 10 -45  20.25
iv. | Communication Problems 3.5 9 -55 30.25
v. | Unfriendly attitudes of project participants 3.5 5.5 -2 4
vi. | Lack of information in the drawings 1 2.5 15 2.26
vii. | Poor quality of material 5.5 5.5 0 0
viii. | Damage during Transportation 2 2.5 -0.5 0.25
iX. | Weather Problems 7.5 1 6.5 42.25
X. | Ordering errors 10 2.5 7% 56.26
Total di 163.5
Rank correlation; _ 1- 6 di - q. 98l
= n(n2-1) 990
= 0.0091

As the result shows in the above, the correlatioeffecient of 0.0091 is positive

correlation. In the frequency of causes of mateviastage of developer compared to

sub-contractor firm, there is a very weak correlatbetween the two variables.
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Table 4.6: Causes of Material Wastage of Consultarf@ompared to
Contractor Firm

Causes Consultant| Contractor| di di
I. | Faulty Workmanship 1 2 -1 1
ii. | Design changes 8 7.5 05 0.25
iii. | Inappropriate storage 3 6 -3 9
iv. | Communication Problems 10 10 ( d
v. | Unfriendly attitudes of project participants 9 9 0 0
vi. | Lack of information in the drawings 5.5 4.5 | 1
vii. | Poor quality of material 5.5 3 25 6.25
viii. | Damage during Transportation 2 1 L
iX. | Weather Problems 4 4.5 -0[5 0.25
X. | Ordering errors 7 7.5 -0.b 0.26
Total di 19
Rank correlationt _  1- _6 d* = 1- 114
= n(n2-1) 990
= 0.8848

The result as above shows that the correlationficaeft of 0.8848 is positive

correlation. In the frequency of causes of matevastage of consultant compared to

contractor firm, there is a very strong correlat@tween the two variables.



a7

Table 4.7: Causes of Material Wastage of Consultar@ompared to
Sub-Contractor Firm

Causes Consultanf Sub-Con | di di
I. | Faulty Workmanship 1 5.5 46 20.26
ii. | Design changes 8 5.5 2.5 6.2b
iii. | Inappropriate storage 3 10 -Y 49
iv. | Communication Problems 10 9 1 1
v. | Unfriendly attitudes of project participants 9 5.5 3.5 12.25
vi. | Lack of information in the drawings 5.5 2.5 3 9
vii. | Poor quality of material 5.5 5.5 0 0
viii. | Damage during Transportation 2 2.5 -0.5 0.25
iX. | Weather Problems 4 1 3 9
X. | Ordering errors 7 2.5 4% 20.2b
Total di 127.25
Rank correlation; _ 1- 6 di = 1. 1033
= n(nz-1) 990
= 0.2288

As the result shows in the above, the correlatioeffecient of 0.2288 is positive
correlation. In the frequency of causes of matevastage of consultant compared to

sub-contractor firm, there is a moderate corretlabietween the two variables.



Table 4.8: Causes of Material Wastage of Contracto€ompared to

Sub-Contractor Firm
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Causes Contractor| Sub-Con | di di

I. | Faulty Workmanship 2 5.5 -3.p 12.2
ii. | Design changes 7.5 5.5 y. 4
iii. | Inappropriate storage 6 10 -4 16
iv. | Communication Problems 10 9 1 1
v. | Unfriendly attitudes of project participants 9 5.5 3.5 12.25
vi. | Lack of information in the drawings 4.5 2.5 2 4
vii. | Poor quality of material 3 5.5 25 6.2¢
viii. | Damage during Transportation 1 2.5 -15 2.7
iX. | Weather Problems 4.5 1 35 127
X. | Ordering errors 7.5 2.5 5 25
Total di 95.25

Rank correlation; _ 1- 6 di L

= n(nz-1) 990

= 04227

The result as above shows that the correlationficaeft of 0.4227 is positive

correlation. In the frequency of causes of mateviatage of contractor compared to

sub-contractor firm, there is a strong correlatietween the two variables.
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425 Waste Prevention Methods

Good attitudes by project participants 19.0%

I~

Proper planning in material management B.8%

Improve procurement system 12.8%
Recycling Mzterials 15.9%
Design to minimize material wastage 15.9%

Use of cast in-situ system formwork 6.3%

Justin Time (JIT) System 6.3%

0.0% 5.0% 10.0% 15.0% 20.0% 25.0%

Figure 4.9 Effectiveness of Waste Prevention Method

The aim of this question is to find out the modeetive waste prevention method
which the respondents’ respective company usedobee sthe material wastage

problems in the construction site. From the questire survey results gathered
from the construction industry, 23.8% of the respems have the opinions that
proper planning in material management will solie material wastage problems
effectively in the construction site. Following B9% of the respondents have the
opinions that formation of good attitudes by projgarticipants will solve the

material wastage problems effectively in the camgion site. Formation of good

attitudes by project participants of good attitutdgsproject participants is the next
effective waste prevention method which can redbeematerial wastage due to the

construction workers do not cherish the materiatsiged.

Following by 15.9% of the respondents have the iops that recycling
materials and design to minimize material wastage solve the material wastage
problems effectively in the construction site. [@sio minimize material wastage is
the next effective waste prevention method which eauce the material wastage
due to practical waste, design changes and inatkegufarmation in specifications

during the construction period. Following by 12.8%the respondents have the
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opinions that improve procurement system can sthleematerial wastage problems
effectively in the construction site. According tbe literature review, improve
procurement system can reduce the material waslageto excess ordering of
materials, improper planning during unloading oftenials, and causes double

handling of materials.

Lastly is 6.3% of the respondents have the opinibas use of cast in-situ
system formwork and Just in Time system can sdheenhaterial waste problems
effectively in the construction site. Choosing moponstruction method which plan
the sequence of works properly based on the siiditon and the complexity of the
design can save up time and cost and reduce uciabi events during
construction period hence solve the material wastagblems in the construction
site; and adapting Just in Time system which théenas to be used within the
shortest period after delivered to site can redbheematerial wastage due to theft,

storage problems and vandalism in the construsiiten

Table Form
27.9%

m Conventional
B Tunneal Form

Table Form

Figure 4.10 Type of Structural Building System

As illustrated in Figure 4.10, the aim of this qu@s is to find out which
types of structural building system are the respoigl respective company used in
the construction site. From the questionnaire surkesults gathered from the
construction industry, 51.1% of the respondentslthe opinions that his respective

company has used the conventional constructioham building projects. Following
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by 27.9% of the respondents’ respective compang tlsetable form construction in
the previous and current projects. Lastly, 21%hef tespondents have the opinions
that his respective company has used the tunnal éonstruction in the construction
site. According to the respondents, the cast insjstem formwork construction is
normally used in the projects with similar desigrdaneed to be completed within
the shortest period to prevent losses.

55.2%

40.0% - 31.0%

6.5% 6.9%

o -7

OO% T T T 1
<5% 5%-10% 11%-20% >20%

Figure 4.11 Percentage of Material Wastage PreddntéApplying

Table Form Construction

As shown in Figure 4.11, the aim of this quest®ioifind out the percentage
of material wastage can be prevented by usingdble form construction. From the
questionnaire survey results gathered from thetoartgon industry, 55.2% of the
respondents have the opinions that the percentdgmaterial wastage can be
prevented not more than 5% if using the table foomstruction. Following by 31%
of the respondents have the opinions that if usiegtable form construction, the
material wastage can be prevented 5% to 10% foryewenstruction project.
Following by 6.9% of the respondents have the apirthat material wastage can be
prevented 11% to 20% and more than 20% of matesastage for every
construction project if using the table form couwstion. According to the
respondents, if the percentage is merely calcaatthe material wastage, there will
definitely save up more; if the percentage is daleuon the overall construction cost,

there will not save up more.
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70.0% - 62.1%

60.0%

50.0%

40.0%
30.0% - 20.7%

20.0% A 10.3%

6.5%
oo 17 B M

0.0% T T | T
< 5% 5%-10%  11%- 20% >20%

Figure 4.12 Percentage of Material Wastage PreddntéApplying

Tunnel Form Construction

The aim of this question is to find out the pereget of material wastage can
be prevented by using the table form constructfmom the questionnaire survey
results gathered from the construction industry,l82 of the respondents have the
opinions that the percentage of material wastagebeaprevented not more than 5%
if using the tunnel form construction. Following B9.7% of the respondents have
the opinions that if using the table form constiact the material wastage can be
prevented 5% to 10% for every construction projéallowing by 10.3% of the
respondents have the opinion that material wastagebe prevented 11% to 20% of
material wastage for every construction projectsihg the tunnel form construction.
The remaining 6.9% of the respondents have theasrthat material wastage can
be prevented more than 20% if using the tunnel foomstruction. According to the
respondents, if the percentage is merely calcaatthe material wastage, there will
definitely save up more; if the percentage is daleuon the overall construction cost,

there will not save up more.
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No
6.5%

M Yes
No

Figure 4.13 Ability of Table Form Construction Selihe

Material Wastage Problems

The aim of this question is to get the respondemp#ions about the ability
of table form construction to solve the materiakt@ge problems in the construction
industry. From the questionnaire survey resultsheyatd from the construction
industry, 93.5% of the respondents have the opsibat the table form construction
able to solve the material wastage problems irctimstruction industry. On the other
hand, 6.5% of the respondents have the opiniorstiieatable form construction
unable to solve the material wastage problems @ dbnstruction industry. The
results gathered from the construction industrysame with the information stated
in the literature review chapter which is the tafdem construction will be able to
solve the material wastage problems in the construadustry.
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No
6.5%

M Yes
No

Figure 4.14 Ability of Tunnel Form Construction $elthe
Material Wastage Problems

The aim of this question is to get the respondemp#ions about the ability
of tunnel form construction to solve the materiahstage problems in the
construction industry. From the questionnaire survesults gathered from the
construction industry, 93.5% of the respondentsehidne opinions that the tunnel
form construction able to solve the material wastpgoblems in the construction
industry. On the other hand, 6.5% of the resporsd@atve the opinions that the
tunnel form construction unable to solve the matewastage problems in the
construction industry. The results gathered froe ¢bnstruction industry are same
with the information stated in the literature raviehapter which is the tunnel form

construction will be able to solve the material tage problems in the construction
industry.
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4.3 Conclusion

As a summary of the research findings, 58% of &spondents’ position are quantity
surveyor. On average, years of working experienciae construction field that the
respondents had was not more than 5 years. Mdbeakspondents are working for
contractor firm which is 39%. Obviously, the mordemsive of working experience
in the construction field which the respondentsejahe reliability of opinions of

respondents are further enhancing.

From the questionnaire survey results gathered frentonstruction industry,
36.4% of the respondents’ have the opinions tlet tespective company have been
involved more than 25 numbers of projects from 2205 until 2010. The majority

type of projects are currently undertaking by resfemts is bungalow which is 28%.

According to the respondents, 93.9% of the respaisdeave the opinions
that the material wastage problems are seriousarconstruction industry. 54.5% of
the respondents have the opinions that their réspecompany were allowed 5% to
10% of material wastage for every construction gobj From the questionnaire
survey results gathered from the construction itrggud1% of the respondents have

the opinions that the timber was the highest materastage in construction site.

The majority of respondents have the opinion tlaalty workmanship was
rank as the most critical causes to affecting tlagenmal wastage in the construction
site. According to the literature review, faulty lkmanship occurs frequently in the
construction site due to inexperience of the waglauring carry out the works and

human mistake during reading the construction drgsi

As the result of analyse shows, 23.8% of the redgots agreed that proper
planning in material management will solve the matewastage problems
effectively in the construction site. 51.1% of tlespondents have the opinions that
his respective company were used the conventiomastauction method in their
building projects. On the other hand, some of g#gpondents have the opinions that
his respective company were used cast in-situ noct&in in their building projects

where the table foam system with 27.9% and tunoehfsystem with 21%. This
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shows that the usage of cast in-situ constructiaas wuite parallel with the

conventional construction.

Regarding the data of percentage of material wastag be prevented in the
table form and tunnel form construction, some @f thspondents do not provide the
information of percentage of material wastage carpfevented, because some of
respondents’ respective company are not adoptingsethmethods in their
construction project and they do not have any egpee with those particular

construction methods.

Furthermore, 93.5% of the respondents have thea@rthat the table form
and tunnel form construction able to solve the ntevastage problems in the
construction industry. In the same time, they dekat the percentage of material
wastage can be prevented in their building projeese not more than 5% if using

these kinds of construction methods.

It can be concluded that the most of the respostesgpective company are
willing to accept the new technologies where talidem and tunnel form
construction in their future projects. Besides, maisthe respondents agreed that
these system construction methods are able to Hudvmaterial wastage problems in
the construction industry. Nevertheless, this dogsmean that the respondents are
familiar on the construction methods, so may leadpondents deem that the
percentage of material wastage can be preventdteinbuilding projects were not

more than 5%.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Conclusion

After the data analysis which has been shown iptehndour, it is found that all the
three objectives have been achieved. The conclusinrbe drawn from this research

study are as follows:-

5.1.1 To Determine the Types of Material Wastage

The types of material wastage have been successfidhtified. The types of
material wastage determined are shown accordinthgotop three frequency of
material wastage:

I. Timber, (41%) — Can be easily cut and shaped bat ifo durability and
reusability, easily warp and defective when expdsedeather;

ii. Steel, (31%) — Easily corroded and improper cuttihgteel bars;

iii. Concrete, (18%) — Excessive ordering by inexpegesite personnel and

poor workmanship during concreting.



5.1.2 To Identify the Causes of Construction Waste

The causes of construction waste have been suattgssintified. The causes of
construction waste identified are shown accordioghe top three frequency of

material wastage:

I. Faulty Workmanship, (Index: 0.7636) — Inexperient¢he workers during
carry out the works and human mistake during repdive construction
drawing;

ii. Design Changes, (Index: 0.7333) — Possibilities nmscommunication
between the design consultants cause miss outsigrdeChanges of the
design made by client and the designer while coostm period may
caused the previous work done has to be abortedilandresulted huge of
material wastage;

iii. Inappropriate Storage, (Index: 0.6909) — Raw malteistored in unsuitable
places with high moisture, on soft soil and othenditions which causes

deterioration of materials.

5.1.3 To Establish the Waste Prevention Methods in Constiction

The waste prevention methods have been successfgligblishes. The waste
prevention methods established are shown accorttinthe top three effective

methods in the construction site:

I. Proper Planning in Material Storage Management83$— Proper choosing
and adopting the suitable and right management adethn minimize the
unnecessary waste;

ii. Good attitudes by project participants, (19.0%)mprove the knowledge of
projects participants in waste management and aserethe awareness
regarding environmental issue;

iii. Recycling materials, (15.9%) — Some of waste malteigan be recycled as

the brand new materials for other purpose used,;



Iv. Design to minimize material wastage, (15.9%) — Dedainformation of
materials taken into account and optimize mateus¢ with minimum

material wastage.

5.1.4 To Distinct the Material Wastage Levels between Corentional and

Cast In-situ System Formwork

From the data analysis shown in chapter four, fitumd that the usage of cast in-situ
construction (48.9%) was quite parallel with thenaentional construction (51.1%)

in nowadays. Cast in-situ system formwork constomcis normally used in the

projects with similar design and need to be conepletithin the shortest period to
prevent losses.

It can be concluded that the cast in-situ systemmf@rk construction able to
solve the material wastage problems in the construdndustry. 93.5% of the
respondents have the opinions that the table ferantannel form construction able
to solve the material wastage problems in the coatsbn industry. By using that the
cast in-situ system formwork construction, the ¢amtion cost can be save up

100% for bricklaying, plastering and screeding.



52 Recommendation

There are several difficulties and obstacles fabedughout the preparation of this
research study. The problems encountered had dntite extent of this study and

affected the progress of research study.

The respondents briefly give the answer to theaeher without in-depth
thinking due to most of the questionnaire survegssent by email, and not face to
face giving the questionnaire questions. Therefdhe, quality of information
gathered is affected. Hence, the method for catlgatata may change to other types
of survey such as interview to the project partiag; this may gather more detailed

and accurate information.

Due to time and resource constraint, there arteguoly questionnaire survey
had been conducted. Therefore, the results of sisalgr this research study cannot
be considered as very accurate because it magfettrthe fact. It is recommended

that more surveys and observations should be daotieto get more accurate results.
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