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Abstract

Mubtrierons  activities in construction aod demolition (C&D) projects are generally
considered g5 cornplex and distant that may affect sucroumding environment and public
health. Construction, remodelling, repairing. refurbishing or demotion works of
buildings snd oiher infrastructures such as ronds generate huge amounts of hazardows
and non-hazardous materials. In the present work, an sfiempt has been mads Lo
highlight u munber of issues in C&IY wasie momagement i the Klang valley of
Malaysia and which then discusses the current rraditions of mansaging those materials in
Muolavsian perspeciives. The paper concledes with a nomber of recommendations thit
can help o improve CA D waste management in Malaysio notkonal perspectives.

Keywords: Construction and demolinon wasies, Waste managerment, Solid waste,
Klang valley of Malassia, national porspectives,

INTRODUCTION

Clenerally, waste 5 defined as a substance o object which is disposed ol or is
intended for disposal or is required to be disposed of by the provisions of laws.
Wastes are generaled n solid, howmd, slodge or gaseous form duning the
exlraction of raw materials, the processing of rawe materials into intermediate
and final products, the consumption of final products, and many other human
activities (Wang, 2010). Due 1o rapid urbanization and industrialization coupled
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with ever incréasing population growth have led 1o an increase in solid wastes
in most developing countries. The wastes generated from wvarious human
petivities, both industrial and domestie, can result in health heeands and have o
negative impact on the environment, In Peningular Malaysia, the amount of
solid waste genemated per duy increased from an estimated 23, 000 tonnes in
2000 1o 25, D00 tonnes in 2012, averaging about 009 kilogrmms per person per
day. Solid waste in Malaysia on average consists of 45.0 per cent food waste,
24.0 per cenl plastic, 7.0 per cent paper, 6.0 per cent iron, and 3.0 per cont plass
amd others {Ahimed, 2000,

Waste management 15 defined as the discipling associated with the
confrol of generation, recovering, processing and disposal of wasies in o manner
that 18 in concordance with the best principles of human health, economic,
engingening,  aesthetics,  and  other  eovironmental  considerations
{ Tchobanoglous, 1993/ 20037, It is an important part of the urban infrasinecture,
as 1t ensures and provides protecthion of the environment and human healih, In
order to ensure proper mansgement of waste, 1t 15 vital that the ypes of wasie
are identificd. Different wastes need different hamdling treatment and disposal,
According to Waolley (2000), reducing, reusing and recveling appear to be
profitable alterpatives that will increase the lifetime of landGlls and reduce
exploration of natural resources, In addition to that, some European countries’
wasle management practices are based on prevention (numimization), recovery
and restriction (reusing and recycling), Though consiruction s one of the vital
issues for national cconomic growth, however, the activities pertaining to
construction pose various kinds of hazards to the environment and puhlic health
(1D, 2009} Proper managerment of construction and demelivon (CaDh
wastes 15 a buming issue { European Commisaion, 20000, There is an urgent
need to ook for improvemenis Le e present CED waste management practices
sooas toensure good public heabth in an atmosphere that is environment
fremdly. All professionals have important roles in hetter management of C&ED
waste materials. The presest research 1 conducted with reference to Malaysiam
perspectives throwgh a case study on Klang Valley in peninsular Malaysin, The
main objectives of the present research are as follows:

i} To identify the commen types of wasic matenals generated at the
construction sifes and find out the common cawses of gencration;

i} To wentify the most common methods apphed in manacing C&D
wasles al constraction sites;

it} To recommend the ways through which the present C&1) management
practices can be improved in Malavsia,
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BACKGROUND OF KLANG VALLEY

Klang valley which is generally considered as a showcase of Malaysia consisis
of an area comprising Kuala Lumpur and its suburbs attached with adjoining
cities and towns in the state of Selangor. Geographically, it is delincated by the
Titiwangsa Mountains to the north and east and the Strait of Malacca 1o the
west, The conurbation of Klang Valley is known as the heartland of Malaysia's
industry and commerce and has a total population of about 6.6 million as of
2010 (Wikipedia, 2011) with 1.7% average growth rate. Klang valley is
comprised of the following district areas: Federal Territory of Kuala Lumpur;
Federal Territory of Putrajaya; Sclangor District of Petaling, Klang, Gombak,
Hulu Langat, Sepang, Kuala Longat, Kuala Selangor, Sebak Bernam and Hulu
Selangor. Principal cities/ towns in the Klang Valley are shown in Figure 1.

Fligh=ay
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Source; ﬁ'ﬁh_n’dm [ RS
Figure 1: Principal daiesdowns in Kiang Yalley and the borders of stte af Selangor and Kuala Lumpar
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AN OVERVIEW OF MALAYSIAN POLICIES AND LEGISLATIONS IN
SOLID WASTE MANAGEMENT

The construction indusiry in Malaysia has experienced a wide range of
expansions during the past 20 vears. Today, most of the construction projects
undertaken are complex in nature, demand preater skills and SUPSTIOT
technologies, fast track and concurrent work practices, and are very competitive
mn terms of price. In order to promote enviconmentally sound and sustainable
development, combined with the aims of continued robust economy, the
Malaysian government has established a legal and institutional framework for
environmental protection regarding solid wastes. If the construction solid waste
15 not properly managed then it will affect the neighbourhood and consequently,
it will have negative impact on all kinds of planning activities. The
Environmental Quality Act (EQA) was enacted in 1974 for the prevention,
abatement und control of envirenmental pollution and to enhance the peneral
quality of the environment. The amendments were deemed necessary to
meorporate new developments and ssues in the control of the environment

The Local Government Act was adopted in 1976, This Act has provided
it better institutional and fegal framework for local authorities to carry out their
duties, The Act prohibits the deposition of waste in any stream, channel, drain
and river, The Act also provides power to local suthoritics o maintain
cleanliness in towns and put up sanitary menasures for the removal of waste in
thetr tespective operational area,  Further, Malaysia has developed a
comprehensive set ol legal provisions related to the management of
waste. The regulation is based on the “cradle to the grave” principle, A
facility which generates, stores, transports, treats or disposes scheduled
waste is subject to the following regulations:

o  Environmental OQuality  (Prescribed  Premises)  (Schedule  Waste
Treatment and Disposal Fagilities) Order 19%9;

e  Environmental Qualily (Prescribed  Premises) (Schedule  Wasee
Treatment and Disposal Fagilines) Regulations 1989
Environmental Quality (Prescribed Conveyanee) Order 2005
Environmental Chaality (Scheduled Waste) Regulations 2005,

Orwerall, the government’™s policy is 1o ensure;

= the clean, safe, heatthy and productive environment for present and
future pemerations;
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o the conservation of the country's unique, diverse cultural and natwral
heritage with effective participation by all sectors of the society; and
® asustainable lifestyle and pattern of consumption and production.

A BRIEF LITERATURE REVIEW ON C&D WASTE
Increased Generation of C&£D Waste

The materials gencrated from C & D waste activities are quite different, the
reason is related with construction activities make use of presently available
industrinlized processes amd materials while demolition sctivities often ramove
existing unusable or abandoned structures form the proposed construction site,
and consequence of different waste stream (Colin Jeffrey, 2011). Fishbein
(1998) stated that construction waste 15 one of the main contnbulors To serious
environmental problems in many developing countries. According to statistical
dats, Construetion and Demolition debris (C&D) recurrently makes up to 10-30
%% of the wastes received at any landfill sites all over the world. For example, in
Hong Kong an avernge of 7020 lonnes of C&D waste were disposed of at
landfills every day in 1998, representing about 42% of the tol wastes
{Environment Protection Department, 1999 20001, Approximately, 136 million
tonnes of C&D wastes were generated in the United States in 1996 (refer to
Table 1), of which 53% accounts from residential areas (Franklin Associates,
| E],

Table 1: Summary of CED Debris Gonerntion a US4 in 1M
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Figure 21 shows the classifications of solid wasies gonerators
Peninsular Malaysia: 1) Households, commerce, institutions  (33%); 2)
Industrial (25%): 3) Construction sector (41%0): 4) Public places (1%): and 3)
Special waste (9%, We observed that the construction industry has contributed
the highest percentage (41%) due fo rapid development followed by househalds,
comimerce and institutions (33%) and 25% generated from Industrial process.
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Figure 2: Sulid 'Waste Ceneration in Peninsslar Maksin yesr 2007

Form above description it obvious that due o increase the C&D waste
quantity, dearth of enough lendfills and  then long-term  unpleasant
environmental, economic and soctal mmpacts of the disposal of C&D waste,
where effective C&IDD waste management i5  indispensable 1w protect
neighbourheod environment (Muluken et af, 2012).

i'}pm‘ artd Componenrs of O D Wasies

Generally, wastes are divided into a nuimber of different calepories nocording to
their physical, chemioal and bological properties. Another classification iz
madc by their composition, Solid wasles are waste matenals that contain less
than 7% of water which includes materials such as housebold garbage, some
industrial wastes, some mining wastes, and ailfield wastes, eg., drill cutlings
(Chen and Li, 2006). Hurley (20031 affirmed that the main solid wastes present
in the construction are gravel, concrete, asphalt, bricks, tiles, plaster, musonry,
weood, metal, paper and plastics. Franklin Associates (199%) explained that
construction debris from building sites 1ypically consisis of 1nm scraps of
construchion materials, such as wod, sheetrock, masonry, amd roofing
materials,

Conerete: Concrete is o material that congists of ceament, sggregate, water and a
number of other chemical admixtures. Generally, concrete is the most
commonly  wsed component for both  gubstructure and  superstructure of
buildimes and other infrastructures. Poon (2004) found that the material wastage
in construction is mamly due to the disparity between the quantity of concrete
ordered and that required, mostly in the case of ready mix conerete supply. It is
also due to poor planning by the contractors on the amount of concrete required
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for the construction, Further, project defays and inefficient material handling
processes also creale wastes on sife.

Reinforcement: Reinforcement bars are rezarded as an essential component of
reinfirced concrete and reinforced masonry structures in construction, It
provides better frictional strength to the comcrete. The main causes of its
wastage are careless cutting by the labourers and inaccuracy in estimated
dimension. Poon (2004) confirmed that damages durmg storage and rusting also
contribute to the volume of wastes.

Wood: According to the California Integrated Waste Management Board
{2008), the primary constituents of wood waste are used lumber, trim, shipping
pallets, and other kinds of wood debeis from construction and demelibon
activitics. Wood waste is, by far, the largest portion of the waste stréam
penerated from constrsction and demalition setivities. The main cause of wood
wastes is natural deterforation (Poon, 2004), especially in the demolition
activities,

Bricks and blocks: Bricks and blocks are mostly used to form the internal
walls, fixtures and partitionz of a building, Study conducted by Poon (2004)
shows that the generation of bricks or blocks during construction process beging
from the transportation 1o the site until its point of use.

Various Canses of C&D Wasres

There are two kinds of C&D wastes — direct and indirect. Direct waste is
defined as a loss of value of those materials due o damage and normally these
cannot be repaired’ used again (Mahanim er af., 2007). Some of the canses of
direct wastes are: Transportation, delivery and internal site movements
(Formoso er af., 1999); poor storage of materials (Skoyles, 1987); Problem in
fabrication (Mahanim et of, 2007); poor attitudes of construction workers
{Udayangani et af, 2006); design change/variation (Graham and Smither,
19496}, Om the other hand, indirect wastes oceur prineipally from replacement of
materinals,

INTEGRATED C&D WASTE MANAGEMENT
C&D Waste Management i3 @ part of & growing movement towards developing

i sustainable world, Sustainable or “green” management technigues are
designed to protect the environment, save resources, and comserve energy.
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Proper use of construction waste management fechniques has proven to have
economic bemefits for the comstruction industry {Simpson, 200060, No matter
whal the scale or complexity of the project be, from large new building offices
0 manufaciuring facilittes, waste management best practice strategies save
construction costs and dramatically redwce the impact on the environment,
Integristed Waste Management {IWM) is defined as the selection and
gpplication of suitable techniques. fechnologies and management programs o
chieve specific waste management objectives and goals (Techobanoglous,
2003). At the same time, the process takes mto conziderntion of technical,
legislative, economic, socio=cultural, institutional and environmental aspects of
wisle manggement. The authors of ths study beave  dentified four basic
management options for IWM: 1) source redection: 2) recvehng and
composting; 3 combustion! and 4) landfills.

The waste manpoement process consists of material reduction in the
design and planning stages, reducing serap and wasle at building site, reusing
materials on site, and recycling materials which cannot be reused.  All the
processes involved ore 1o be corried ool within existing legal, social and
environmental guidelines that proteet the public health amd the environment and
arg  economically  acceptable. For a  successfl  integrated C&D waste
management plan, il &5 essential that all the disciplines including administrative,
lepal, constructron protessional and workers, ete, communicate and micract with
cach other and maintain o positive imterdisciplinary relationship.

Reduction of C& D Wastes

Chadravantham (2006} azserts that in Malaysia, wastes are being generated at
an alarming rate, Despite the widespread acceplance of recveling as a formal
waste management method, bowever, i Malaysian national domestic recyeling
mte sl stay elose sround o mere five per cenl. According to Kiberl and
Languell (20040, the first pronty of C&D waste management should go to
reducing the amount of waste genersted. Next priortics should po to reusing.
recycling, compaosting. burming amnd land flling.

Pichtel (2003} matntaing (hal waste minimization mist be given high
priority in order to hmit any unfavoarable cnviconmental impacis, to hold down
disposil costs a8 well as minimizing future lialality, He also  asseris that
reducing C&ID waste requires commitment and attention from all parties
invelved.
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Reuse of CED Wastex

Many materials extracted from demolition or deconstruction can be reused or
stored for future potentinl use (Mahanim ef @, 2007). Tehobanoglous and Keith
{2002) underlined that, in any construction or demolition project, a broad
variety of reusable and unused items should be found which include lumber of
different sizes, plywood, asphalt shingles, insulation, heating ducts. elc.
Furthermore, wastes such as broken concrete, blocks and bricks con be used ina
number of applications.

n addition to the above, Munetional building or architectural
components can often be ressed for the next construction job, According to Pun
ef af, (2006), demolition waste reuse and recyeling play important roles in value
tramsformation for building matetial lifecyele, local economics, sustainable
environment and natural resource conservation,

Recyeling af CEI Wastes

Recycling 15 the process of collection, separation, clean-up and processing of
wasle materials to produce a marketable material or product and therefore
contributes 1o the economy, both m providing jobs and business opporunilies
[ William, 1998; Sherman, 19963, In 19946, il was estimated that an average of 20
te 30 per cent of the C&D debris generated were recycled (Southeast Regional
Environmental Finance Center, 1996).

The waste materials 1o be recyeled are determined on the basis of a
number of factors that mnclude thewr market value, their access to potential
markets, and the guantities in which they are available (Dolan er al,, 1999),
Tchobaneplous and Keith (2002} have shown that the principal materials that
are: now recovered from C&D waste for recycling include concrete, wood,
asphalt shingles, drywall, metal and sail,

Compaosting of CED Wastes

The present rescarchers asser thot composting, which is an element of an
integrated solid waste management strategy, can be applied to mix up municipal
solid waste as well as it ¢an contribute to the reduction of the amount of waste
produced. Accordingly, consiruction and demohfion debms, tree limbs, and
other fibrous organic materials may be grounded to produce wood chips,
mulches, and feedsiock for composting. If the gite layour provides an area 1o
store the compost, it may be kept and used for landscaping. The compost may
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b marketed to landscaping firms for commercial use. Compost can be nsed as a
sl treatment, nrificial topsoil, or growing medm amendment.

Comrbustion and Land-filling of C&D Wastes

It is also emphasized that burning should be one of the last altematives for C&D
weaste with the permission from necessary authonties. Coution must be taken
when burning takes place in order to prevent and avoid adverse health effects as
well os uncontrolled bums. A landfill, also known &5 a dump, is o site for the
disposal of waste materials by burial and is the oldest fomm of waste reatment
Historically, landfills have been the most common methods of organized waste
disposal and remain so until the modern era in many places around the world.

RESEARCH METHOD

To fulfil the objectives of the present research, a survey method was adopted,
The prospective respondents are decided o be mamly contraciors, engineers
and quantity surveys, The present survey is self-administered and the sample
size 18 32, After collecting all the respomses from the respondents, SPSS version
1900 has been wsed bo anabyse the dota. In particular descriptive stagistics,
analysis of variance (ANOWVA), multi-variate analysis of variance (MANOVA)
compoenents have been used. To conduet the present research, 4 questionnaire
covering all the salient aspects of C&D wastes was formed that consisted of the
Tollowing sections:

Scction A - Background of the Respondenis: The respondents were asked to
provide informmtion on  position/profession,  gender, age. and  working
cxperignee

Section B - Generation of C&D Waste; In the first two guestions, the
respondents were asked to articulate whether they are aware about construction
pnd demolition wastes and their level of agreement on the stalement
“Construction industry now-a-days gencrates the C&D waste which creates
substantial impacts on the environment and human health”™. Ferther, on a set of
factors perlaining to C&D waste, the respondents were asked to state their level
of knowledge ranging from very poor to excellent, Next, from among
construction, renovation, refurbish, remodel, repair and  demaolition, the
respondents were asked to tick the itemi(s) that contribute(s) largest amount of
wasles,
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Section © - Practice on C&D Waste Mansgement: In this section, the
respondents were asked 10 arGculate their level of awareness on C&D waste
management and eating of its practice in hisher Construction Company. They
were also asked to specify the waste manapement method [(Reduce, Reuse,
Reoyele, Composting, Buming, Land filling) that has been in use in his‘her
company in reference to a variety of waste materials.

Section D - Minimizing C&D Waste: Using the 1-5 Likert scale (where | =
minimally potential and 5 = maximally potential), the respondents were asked to
rate several strategies in order o minimize the C&D waste materials,

Altogether 50 questionnaires were distributed to the respondents that include
mainly contractors, enginecrs, and guantity surveyors in Klang valley arca.  All
the respondents were contacted personally. The questionnaire was pilot tested
through one quantity survevor, He recommended rewording some of the
questions which was done before communicating to the survey respondents.

DATA ANALYSIS
Thiny two completed questionnaires were analysed. Table 2 provided the

category of respondents who completed the questionnaires. The profile of the
respomdents is shown in Table 3.

Tabie 22 Coaepary of reppanics.

Bespocdents Distributed | Respodded | Perveiitape ol meluii
Coniracing i [ [ fila

| Engmeers [k L] HTe
Clugminy Survepon [ 4 4 5%

Tistnl 50 32 | k)

On the question of awareness, 88% of the respondents (28 in mumber)
mentiened that they were aware on C&D wastes and the rest 2% werne not
aware about that. Figure 3 represents respondents’ agreement/disagraement on
the impacts of C&D wastes on environment and public health, As we observe,
7% of the respondents agree that C&D waste affects environment and public
health, with 12% of them strongly agreeing or remaining newtral on the 1ssue.
Only 4% disagreed,
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Table 4 presenis the respondents’ level of knowledge on various spects
of C&LY waste and its management, Last column shows the mean values of the
level of understanding. We ohserve that the respondents’ level of understanding
Below average on the follewing matters: Current percentage of C&D waste
products; Waste management hicrarchy; Malaysian policies and legislation in
C&D waste, Apart from the above three matters, the respondents possess above
average know ledge inoall other agpects, In fact they are most knowledgeable in
the following four matters {refer to Table 4% Definition of C&D waste: Types
of C&ED waste: Faclors contribuling 10 C&D waste; Benefits of O8I0 waste
mandgermnent,
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Does the respondents” demography {particularly, profession and extent
of experience in work) have any effect on their knowledge on various aspects of
C&D waste? One-way ANOVA has been performed for all the items shown in
Tahble 4 for both profession and number of years of working experience, In this
ANOVA analysis (also subsequent MANOY A analysis), independent variables
are ‘profession” and number of vears of working experience and dependent
variables are various aspects of O & D waste. Minimum p-values were found to
be 0,143 (F=2,094) and 0.122 (F=2.266) for profession and working expericnce,
respectively, Hence, respondents” profession and wears of working experience
do not have significant impact on the results. In other words, contractors,
engineers, and gquantity surveyors do not differ significantly n their opinion on
the knowledpge of CDW and its menagement. Same is the case for people having
different amount of working experience. Two-way ANOWVA (profession versus
working experience) afso confirms the findings. No mternction was found to be
significant for any item (minimum p-value = 0,168 was obzerved for ‘benefits
of COWM'). Since ANOVA considers only one dependent variable at a time,
both 1-way (profesiion and working experience, separately) amd 2-way
{profession and working expericnce together) MANOVA werc performed and
the resules are shown in Teble 5. None of the p-values was found to be
sigmfhicant, Therefore, considenng all the items together, the respondents
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opinions do not differ gsignificantly across variows types profession and the
number of years of working experience. J
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Figure 4 shows the respondents” opinion towards the types of projects
that contribwete Targest generation of O&D wastes, It is foumd that 75% of the
respondents” view 15 that residential construction projects generate maximum
amount of wastes and this is followed by non-residential demolition projects
[65%%)

by 0
Deaalitnon 9%

Rizpaar — 349,

o] | »ang = oar Residentinl Progeo
Itefiahish — e isidomdial Projoct
Kemenalion — 5§74
s  75%
[ 2155 aints 615 Hids

Flgwre 4: Bespondlents® opladon om 1ypes of projecis which caoses the iggest gereration of C&E waaie

According 1o the data obained, 73% of the respondents” view is that residential
construction projects gencrate maximum amount of wastes and this is followed
by non-residentinl demolition projects (69%). One of our ohjectives was (o
identity the comporents of construction matenals that contcibiate o the C&D
wastes. The respondents were asked (o rank the components provided from the
least contributor { 1) o the most contnbutor (5). Table 6 provides the results.

" For all the ANOVA and MANOVA tests of the present study, *Others” and ‘Na
experence” categorics under Profession and Working experience, vespeciively wese
omitted owing to smaller sample size,
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Tahle & Respomidents’ apinion en the composiibsn of C&D wesbes.

Lesel of contribagion
Conmnpaonizs L1 Lk dodamie Ml wlicwt Blean
contrib | comribulor oomariainr paniribuler coniriegsr
wior (1] (21 (3 i) (5}
| Woed 1l iy a1 Ihial) K |14} ETEE 3,73
Cumnereli 010 5 (16} A1) 14 {44} Tia2) 371
Bricks LN 516k i {3d) B (25} K {243 359
Plastics Bl 34 | 1&430) EXEET) +{131 744
KT il {1} b {E%) N FEG 340
Bin forced i) (143 17 {33) B [25) LN 135
| Correts
Paper' Cardbonmds 1% 413 e 10301 S8 1.0
Rubble 143} 4125 12 (15} 5018 [ER 132
Metals 1} e 753} EEED 2 i .06
Reiloreeimen 2 (&) 4013) | () L3 (L1 WD ERE TN
Drywall 143} (6] 23 (%) & (10 i3 | *i3
Raoating NET & (24 13141 E (29} 1 (6 1406
Hithhiz 216 T{12} LH (503 'E_Ihil J il 241 it
Glass L CRET) FXE k{25 &R F T

It iz nededl here thit the sotal sample size i 32

It is clear that wood, conerete, bricks, and plastics constitute the bulk of
C&D waste materials. From the whole table, the single highest percentoge (69)
of respondents said that drywalls constitute moderately to C&D wastes,
Generally speaking, most of the respondents held the view that the compaonents
either constitute moderately or more than moderately to the C&D wastes (this is
evident from the columns “Moderate contmbutor” and “More contributor™). We
also observe that rabber and glass comprise the least amount o CED wastes,
From the mean velues, we can also conclude that moderate contributors are
reinforced conerete, drywall, metals, rubble, and paper/cardboards, In addition
to the above findings, with one way ANOVA, one & two way MANOWVA has
also been performed, In this repard, the independent variables are profession
and working experience and dependent variables are various composition of C
& [ waste, One-way ANOVA test shows that respondents’ profession does not
have significant impact on their opinion except the component *Roofing”. On
this component, quantity surveyors (M=3.778) and contractors (M=2.417} differ
significantly (F=8.539, p=0.0{1). With regards to working experience, |-way
ANOV A reveals that *Jess than § years' (M=3.000) differ significamtly from the
“5-14 yeurs” (M= 3.636) (F=3.815, p=0.034). However, they do not differ on the
remaining components. One-way as well as two-way MANOVA tests confirm
the findings as shown in Table 7.
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Table 75 Ly mnd Zovuy MANDGYA besty rosulis onoihe compssition e C 0V,

Typa ol I sk panlent Wilk?s 4 F P Parfial 1y syl
AN A Varighle - o e
B-way Profienslom LT 2376 o3l 1475 i 17
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2wy Profision ALALEHKI .55 [XEE T TA17
Fx puerbenuee QKK BRI [INER (e 031
Prodession * i FTT ] 014 0659 ETA)
Exjermtice

A 3= 3 factorial ANDVA was employed 1o determine the effects of
profession and working experience on the respondents’ apinion on the ranking
of construction materials,. The main effect of profession F(2.20)=5.449,
p=0.013, n'= 0.353 and mteraction  F{4,20)=3.674, p=0.021, 7*~0424 were
found significant for ‘Reinforced concrete’. Owverall, quantity swrvevers
(M=3.067) consider that reinforced concrete contribute more (o the production
of CDW compared to contractors (M=<2.917). No other significant difference
wiis observed in this factorial design experiment. Respondents were also asked
lo provide their opinion on the extent they agree/ disagree on o number of
factors that generate C&D wastes. Table 8 shows the summary results,

Tahle & Respunddents' oplaton om faciars fial generate ©& 0w
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Mast of the respondents are of the opinion that wastes depend on the nature of
demalition/renovation of buildings. They also concur that following are three
major reasons for generation of waste:

¢ Poor storage of construciion materials;
»  Carelessness on the part of workers in handling matenals;
»  Waste due to design changesvariations

However, the following thres items were not found as significant in terms of
generation of C&D wasies:

»  Waste due to poor design specifications;
e Carelessmess during quantity analysis and measurement;
o Substitution {materials delivered 1o the site are used for other purposes)

One-way AMOWVA results show that respondeniz on the basis of
profession differ on their opinion about “Substitition”. Quantity surveyors
{M=3333) opined that substilution generates more wasies compared to
contractors (M=2.333) (F=4.205, p=<0.026). Tukey HSD post hoc lest also
confirms the findings (p=0.041). With regrds to working experience,
respondents having expenence “less than 5 years” (M=3.200) and *3-14 years’
{M=3.273) consider that substitution generates more wastes compared to the
respondents  having experience ‘15 years or more’ (M=2.000) (F=K.197,
p=0.002}, Tukevy HSD homogeneous subseis are shown in Table 9.

Talde 9t Tiikes WS hoaogenosis sighseis for *Subaifodion”.

Experence | Suhset tor nlphs =10,1015
| | ]
Less than 5 years | ¥ = AHH1 |
F-14 yanm 11 1.3
| 5 wonrd oF Ak L1 117
i I LHH ] ]

When profession nnd experience were considered  jointly, 2-way
ANOVA  experimental  design test  confirms that  both (Profession:
F(2,20p3926, p=0.036, n'=0282; Experience: F(220)=1.968, p=0.035,
n'=0.284) differ significantly on 'Problem during fabrication’, Contractors
(M=3.583) and gquantity surveyors (M=3.556) held the view that ‘Problem
during fabrication” contributes in generating CDW more than engineers
(M=2.875). On the other hand, respondents having working experience 5 to 14
vears' (M=3.818) consider that “Problem dunng fabrication® conmbutes more
towards CDW compared to ‘less then 5 vems' (M=3.2000 and "5 vears or
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more” (M=3 200 However, their interaction was not found significant (
Fi4,20)=1_206, p=0.334, 1'|J=l.'l.1‘}4‘,|. One-way and two-way MANOVA tests
results are presented in Table 10, which indicate that respondents do not differ
significantly on the items when they are considered together.

Tabde 10z T=way amd 2-way MANOY A pests resells an che Tacters that genermee CDW,

| Toypz ol Ideperakeil Wilk'sk F [ Eartial i’ Dhserved

Pl A Varinhle Fu O GT

| -way Profiesgar nAsE 1,168 m31Ls [T NS5 ]
[aperisace _Base | Lk | OZFF .3%5 [

Joumy Profiession 15 | 634 1315 554 LR )
F.lp;rinﬁl.'u LR = | 452 LIS [FRTT itk
Professicon [ETRET 1.653 (LT 3 540 G20
|".l.|;l,.'r|:-.'|.'

Mext, the results of a number of Yes/ No type of questions are prosented
{refer to Table 11} R 1= surprising to find that more than 50% of the
respondents are 2ither oot famuliar o they are not sure about C&D waste
management, Further, almost 50% of the respondents are either not familiar or
not sure about 3R principles of waste management. Again less than 50046 of the
respondents’ companies practice “Reuse” to lessen the barden of C&D wasic
matcrials.

Table 10 Familisridy with UK D wasie munspemeni

pesd iH ¥ es Py Pl Higeg
Ao i Eaied D with O B T wnsie ll'|-llll-ll.!|'l'll:1'l7 13434 RIN L] 1444
Are oy malinr with Reduee, Bouse eond Rooycle 1 {56} 4413 14310
(L], comsarting, hurmmp aid Gid Ol options
Incerder b0 grenveent Larger omount of geseration of 134410} T2y 12§35
O D o, choes. YOur ot lion compuny pricice
réuznp al corinicikm malcnals’

Figure 5 provides the reselts on ratings (1 = Very poor, 5 = Excellent) of C&D
waste management i the respondents’ companies construction sites. Clearly,
in mast of the companies, the level of CED management is average

Very Poar ;
m Imcallem
i 255 & oo
AN L
Chond 8% = Poar
Excelienl ] h'gr}l oo
s 15% e 45% [ Ti%

Fipure 5; Baring Leavl of C& I wasie managemenl an consiriciien déo
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C&D) waste managemeni is a part of a growing movemen! towards
developing a sustainable world, It is important to identify the most common
methods heing wsed at the construction sites in order to protect the environment
as well a5 to save resources, and conserve energy cither directly or mdirectly.
Figure 6 shows the percentage of usage of vanous waste management methods
that include reduce, reuse, recycle, composting, buming or land filling. The
listing has been done for materials: wood, concrete products, remnforced
concrete, reinforcement, drywall, metal products, plastics products, roofing,
rubhle, bricks, glass products, rabber, paper or cardboards and others,

Commen wasle md nagenent
{1HP%

Bi%

| 56%

AT |
tu'_i. i fs [ |

T |,
|m| ||H‘I: TR |
fffﬁffﬁ#fﬁf

55

.
el

& Redupe = Ha=e o Recycle o Coan podting ® Hurming = Landiilled

Figure o: Extent of applicatuns of varias C&D waste manxgemest methods

Frorn the figune, we note the following poims:

s According to 47% of the respondents, reuse 15 the most common
method to handle wood waste

» The most common method for dealing with concrete, reinforced
concrete, drywall, rubble waste, roofing, and bricks is lend {illing,; the
reason could be that land filling 15 a cheaper option.

s  Metals, plastics, papers/ cardbosrds are mainly recyeled

» Rubbers are recycled.
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Table 11 provides the summary of the most commaonly used methods 1o deal
with vaneties of C8 0 wasic materials.

Tabke 112 Application of C& I wasiy managemont medds
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Reuse

Wil Mg el imethal

it b
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Rulder

jj{:—fll'.'anlhnwda

Ll

All possible measures need 1o be taken to minimize the construction
wastes. Respondents were osked to provide their opinion on the eiTectiveness of
@ tumber of westes minimization strategies. Table 12 provides the summary

resulis,
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According to the respondents, the most preferred swrategies are the following:

Appropriate locaton For storage

Appropriste cutting and handling of materials

Dresipn standardization and fexibility in design

Ensure appropriate dimensions and quality of materials
Proper implementation of materials management plan

surprisingly, respondents’ profession and extent of working experiencge
do not have significant effect on the findings on the waste minimization
strategies. [n the relevant |-way ANOVA. the minimum p-value amd the
corresponding F-value were found to be 0.166 and 1926, respectively
{profession); the corresponding values for working experience are 0.083 and
2712, respectively. Same i the observation even considering all the strategies
together a5 it is noted from Tabte 13,

Table 13: 1-nuy gail 2-way NMANOVA lests recuits om the waste minimiestion struteglee

Type nf Iclependos Wik e & F il Promial Cbsiervial

BANDYA ‘Varinhle poeer

I-way [To - [VFT] 11,047 1574 1,17 0.5

u Lapierienie [EETE! 1.237 ERET 345K ILARE

2iyay Prodeszian [EERE! IS QUEsl [y 0.ZED
Expericnce DIsE | OEM | 05el | 0401 | 043
Prodizssion * nlis (1L LB LT n417 LT
Expericnic

However, the 3 = 3 ANOVA experimental results show significant
interaction on two  strategies, namely, “Standardization® (F(4,200=4.892,
P 006, 7=0495) and ‘Unused containers’ (Fi4.201=3.151, p=0.037,
:'|}=[b,ﬂ-H'.f}, With regards to main effect, experience (F(2,200=4.773, p=0.020.
r7=0,323) has significant impact on 'Purchase plan’. Contractors (M=4.000)
consider that this stratcgy has more potential to minimize CDW at construction
sites compared to  quanbtity  surveyors (M=3300). Al the end of the
questiennaire, the respondents were asked to provide more recommendations
which they feel appropriate in order to redwee C&D waste materials and
improving efficiency of waste management af e constiuction sites, The
following recommendations are provided herewith that possess  higher
frequencics;

o Implement the Industrialized Building Sysiem (IBS);

s  Control the purchasing activities systematically in order to prevent
surplus materials;
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Mlan appropnately at the early stage for the whole construction project;
o [Jse recycled matenals for the future construction in order 1o reduce the
amsount of wastes senerated;
* Enforce mles and regulations on proper site management and control
with strict monitoring and supervision,

Since the sample size of the present research (i.e. 32) is rather small
cauhon should be exercised w reneraliee the forgoing Mmdings.

Tabl 14: Difforencys im respasindend”s opiniom sonss profesden, and oypericnces
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CAP RS CINY companed 1o contracions wien working
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i Profssssan Factors thal peneraie ety Survipors aeo of I epinion £hal
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R AT,
T¥ron s oo i) Faciurs thal generbs Contmeiors snd guanisty surveyors consend Sal
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The summary of the signifcant differences im0 opimon  belween
professional experiences are provided i Table 14.

CONCLUSHINS AND RECOMMENDATIONS

Owver the vears, SWM has attracted considerable attentions from the researchers.
Since solid wastes are bemng gencrated at an mercasingly higher mate all over the
world, improvements in SWM technigues are in genuine need. In the present
work, an atternpt has been made o highlight & number of issues in 8WM,
particularly C&D waste management in the Klang Valley of Malaysia. First, we
have observed that the main wastes gepecated are: woml, concrele, bricks,
plastics, and reinforced concrete. The two main cawses of the generation of
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excessive amount of wastes are poor storage of comstruction materials and
carelessness in handling and cutting of materials. Therefore, in order to reduce
waste, appropriate actions are fo look for better storage and i the provision of
an adequate amount of traimimg of the construction workers, especially how 1o
reduce the amount of wastes, We anticipate high retum on investment of
training o the ground level construction workers.

The following recommendations are also put forward towards improving C&D
waste management in Klang Valley:
¢ The utilization of Industrialized Building System (1BS) to reduce waste,
a5 suggested by some respondents;
¢ In order io minimize C & D wastes, awareness among various parties
invalved is absolutely essential;
* Hire personnel with higher professional skills and those who have
srealer sense of respongibility and accountability at the prass root level
of construction sites,

Caution needs 10 be exercised o generalize the findings as the sample

size of the present study was rather small. Especially, the respondents’
demographic effects on the Andings could be ditferent sample size is incroased.
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