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INTRODUCTION

Significantgerler'Ulc.n
the environment Waste is defined as ...."_~r~'rhll£'tc< gelleratea
renovation and delnolition "'r<,rITot",ln,,..oc<

[1]. With the demands in ImlJlelnellt1nlg
commercial building and nOllsulg 1~ea!eVt~101)ln!ent
waste has been produced. hI11rt-har1'1r"\A1"'O

management and low awareness of the
implementing waste minimization.

Existing works have various
proactive community involvement in waste m,lna,gemt~nt,

consensus in public building to control waste and nlltlg,ate
environment. Coffey [3] pointed out that construction solid waste Inalna]gernellt
as a low priority when financial constraints and su~~ge~ste~C1

reduction can be achieved ifwaste is ImlPlelnentt~a
functions. He further that whilst the choice ofthe An1-'1rr"\11rr"\

should be determined by the cost any oract1(;es"
reduction, should be The and ortll£,.,,1"l~rr

as effective approaches in Imple~mt~ntlng



the tmJ)JernenltatJlon.

be effective with from top management [4]. In fact,
rOr\A1""l"ari that waste has received less attention from senior

business management COlnpare:Q with construction cost and time [5]. The cost for implementing
malna:gernellt is often than benefits that the organization

ofbuilding materials ended up as waste on
to these Table 1 highlights some

EXclmi>les of Building Waste on Site [12,18,6, 19]

Examples
of waste management plan

sel1~rej.;~ate~C1 from

aUet is not used to protect cement bags
frOlTI ground water

offormwork
fomlwork, wet trade

becomes waste
rotection to the materials

from forklift
Lack of records materials

1nrtll£,1'"r'l r there are many possibilities
re(~VCl1nQto incineration and landfilling.

the Waste Reduction Framework
be in the first place, for example,

not be used unless Waste minimization: if waste production
"'f~l~A.I,"I.,".I..... tJ should be nlinilnized. Essential for example, should

materials Waste recovery, and reuse: the
of suitable waste materials should be maximized; for example,

nrr\rlll£'or reSPOllslt)Ilrtv schelne waste for (4) Waste bulk
nAiC'Clihl~ to recover, or reuse the waste materials, the volume of

reduced before this involves incineration or
QISpo~)aJ: U.lhPTP'UPT nA,"£'11..... lo the residue left after bulk reduction

reclamation in to dumped in the

deal with material
nr£,,\hlon".£' of current n¥.,' .....1'"1 ...... 0£"

f'Ar\ct"rll£'t"1An pOJIJU1JOIIS at the malnaJgernetlt
hlgtlJlgJltea tnCI1Lldlntg: i)

and construction

to create it in the first place [8, 9]. Table 2
the recommended measures for controlling

OplerattonaJ levels. Four management measures
and iv)feedback and two operational

also be considered.
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In recent years, waste reusing and recycling have been promoted to reduce waste generation
and protect the environment. However, the effectiveness of the applications has been largely
limited because of insufficient support is applying in these approaches [10]. These include
proper site location and equipment for sorting waste, good experience in waste recycling
operations, trained supervisors and employees, knowledge of secondary materials markets
and knowledge of environmental and safety regulations.

In recent years, prefabricating building components has been promoted for waste minimization
in construction. This paper explores major efficient approaches in adopting prefabrication.
The objectives of the paper are: i) examining waste management strategies in construction
organizations; ii) investigating existing prefabrication practices; and iii) developing an efficient
approach in adopting prefabrication for various types of projects including general projects,
public housing, and private residential and commercial projects.

WASTE MANAGEMENT STRATEGY

Uncollected construction solid waste has becoming a major health hazard [II]. Construction
waste contributed almost 40% to all types of solid waste in landfill areas [12]. Three main
landfills areas are now being used in Hong Kong, namely, South East New Territories (SENT),
North East New Territories (NENT) and West New Territories (WENT) (see Figure 1).
However, it is expected that these landfill sites will be full in capacity within 10 to 15 years
[7] (see Table 3 and Table 4).

Figure 1 Location of existing strategic landfilles [16]

Table 3 Landfill void space consumption [13]

Landfills

SENT

NENT

WENT

Void space consumption (end 2000)
Design capacity Percentage consumption

43.1 Mm) 34%

35.0Mm) 20%

61.9 Mm) 15%

Remaining capacity

28.6 Mm)

28.1 Mm)

52.8 Mm)
Notes:
South East New Territories - SENT;
North East New Territories - NENT; and
West New Territories - WENT
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Worst scenario

Waste growth

Achieve waste reduction targets

Sufficient public fill outlets

SENT

NENT

South East New Territories
North East N€l1J - NENT;
West New Territories

Low
./

2016

Recently en'Vlr()nnnerltal-tnlenoiy
large panel <:::V<:::TPITl <:::

trade [14]. However, of these 111""·\.1.1""UVIV~'lvJ

project management functions and should
designing specific and education progralns
effective employee participation with gerlUlTle
survey indicated that waste malnagernetat
the business than company
waste management is
gain from the implementation

RESEARCH SURVEY

To examine an efficient in t:lrl£"\r\1'1Inrr ..... 'I"t::ll+nl!"'\'I"~i""ni-·Ir'\.....

Hong Kong construction, a structured survey
projects are i)
commercial projects. Six
drainage and underground
and vi) building services.

Two hundred rll1tloc'tlnn"nt:llrAC

governmental departments, rlA'lJAlnnArc

Seventy responses had been and rA'tl1rrlAri

around 35 percent. However, six of the rtlIAct1Al',n
r
11rt::llC

sixty-four questionnaires were valid for the ~n'SlI"<:::l<:::

Six interview discussions were also conducted to and
the questionnaire survey results. The intervie\vees were froln one go'vernnlenttal -._II'-' .... A "'A A.L_A A,,,,.,

one developer, two consultants, one main contractor and one sub-contractor.



THE EXISTING PREFABRICATION PRACTICES

M(lntl1a~:turlngtt~Chno"lo12Jes to the construction 1nrillC''tr-tl have been applied for many years
'U'~F~U~~jlL...U.~~'U'~~tJ remain global economy which is a basic

t-"" ..''' ......JA''~''''....... J,..,'''' of building components, is critical to
t-"A. "'''''''''JA. A.''''''''''JI",A.A tecnniOlClgH~Sdeliver a better product

of construction conventional, semi-prefabrication,
COlmpretlenlSl,'e n'rA:tnk1'·11'r,f'1rl.n and volumetric off-site fabrication were summarized and are

and pre-finished
COlmOlretlenlSl\1e prefabrication

EFFICIENT PREFABRICATION

III "'I"-'''-'L,',)~ it found that about 100% and 96.3% ofthe respondents suggested
conventional methods for construction foundation and basement respectively (see

the main contractors that foundation and basement
non-standardized and may be to to the underground

difficult if or predicted it beforehand. Therefore,
C011Vt~ntlon:al construction method for substructure.

resooI10ents su~~ge~ste~o 'tl-\A "t"'\1'"A1't:lk11'"1 I"l't1 1'1," method for drainage and underground
1'"AC'nA1'\r1t:l."t'C' SU1~ge:ste:o adopting conventional

manhc)les "t"t=&cnAr'tr\lAI" In the interview discussions,
oralln,lge and underground services are different

1~'-'IJLd,~~;;;;;" standard is unsuitable for most ofthe
be more convenient and suitable in adopting cast in-situ installation rather
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Table 5 Respondents on the effectiveness
Building Sub~elements Conventional
elements

Volumetric

Substructure

Drainage

and
underground
services
Structural

frame

External
works

Internal
works

Building
services

Foundation

Basement

Manhole

Piling
Plant and equipment
Colmnn
Beam
Bearing wall

Lift shaft

Stairs

Slab

External wall
Roof

Partition wall

Plastering

Tiling
Washroom

Kitchen
Distribution ductwork
Plant room
Lift

Escalator

Non~

formwork structural
Structural Pre~

finished
Modular
building

term.

On the structural the n"\I')"A1>"11'"

construction methods of about 48.
bearing walls, lift and stairs and slabs formwork
the second recommended construction method for structural fraITIeS with
and 30% on columns and lift and and
One of the interviewed go'vernnlerltal rfP1t"V:H7l"YlIPntC' e]t1cc)un;:un:~C1 r:lliA't"','t1nn

for structural frames to enhance the np1"'tA1M"Y\~:u'\r'p n1'OA/'41'£"'t1']"'t,,

suggested compulsory control in the U,,",,'JVl..1VJ,J,

as one of the specification re(lUIJrennerlts. l-I n~''lrt;)",t:)1'0

project nature.

For the elements of external about
comprehensive prefabrication on external walls
One interviewed consultant highlighted that U,,",,'JVl..Ul;;;"

popular prefabrication method for external
of the building outlook and reduces waste ;;;""".lll"-'J,UI"J,VJ,J,

The survey results recommended U"""'JI./l.lJ,J,,j;;,,. conventional construction method
in internal works such as washroom and with about
43.30/0 and 40.7% of In the interview alS~CUSSlon:s..
strongly encouraged the fundamental internal works with n1'Ot::):tr)lh1'O,~nr)'t'An

which can be economical in the

In the current construction practice, esc:alators, and distribution ductworks
offsite for site installation. Ho'we'ver_ n"\t),'Al'·lt" ofthe reS0011C1e:nts su~~ge:ste:C1

construction method with about and



distribution ductworks construction One ofthe interviewed main contractors
oe(~011111nlga norm ofdistribution ductwork, plant rooms, escalators

conventional constructions shall refer to site installation of the prefabricated

the compares the efficiency in adopting
residential and commercial projects. Many construction

nouslug to the problems of current housing issues.
become the new trends in the changing

construction and demolition activities, public
nrt"ltp.{'TC contribute to amount of the total

':l£1t"-U"\T'lnrr 1"'\1"~:'T':lII"\1"1,f'':lt1£\n for these three types of projects

recommended construction tuethods for housing, private residential
conventional construction method is nearly

ba~;enr1erlt construction in substructures for all
OlS.CUSSlon:s, nltPl'\11,:::'UliPP<;;: nl~~nllgnteOthat for unexpected circumstances

suitable to adopt conventional construction

SUSl~ge5aeO for the development of
responses ofabout 50%,33.3%,500/0

and slabs respectively and
(see Table 6). On

0%

00/0

66.70/0
66.70/0
66.70/0
66.70/0

0.00/0
25.00/0
25.0%

25.00/0
25.00/0

0.00/0
66.70/0

33.30/0
50.00/0
33.30/0
50.0%

0.00/0
0.00/0

66.70/0

66.7%

66.70/0

Modular
building

Volumetric

0%

00/0

0.00/0

33.30/0
0.0%

50.00/0
50.00/0
25.00/0

25.00/0
25.00/0

50.00/0
33.30/0

0.00/0

0.0%

33.30/0

33.30/0
25.00/0
33.3%
50.00/0

50.00/0
33.3%

0.00/0

0.00/0
0.0%

0.00/0

0.00/0
0.00/0
0.00/0

50.00/0
0.00/0

25.00/0

50.00/0
25.00/0

Comprehensive
prefabrication

Structural Pre-
finished

pretabnc:aUC)ll for public housing

0.0%

0.00/0

0.00/0

0.00/0
0.00/0
0.0%

0.00/0
0.00/0

0.00/0

0.00/0
0.00/0

Building
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Trade

Table 7 Respondents on the ettectlvene:ss

Elements Conventional Volumetric

Substructure

Drainage and

underground

services

Structural
frame

External
works
Internal
works

Building
services

formwork

Foundation

Basement

Manhole

Piling

Plant and equipment

Column
Beam
Bearing wall
Lift shaft

Stairs
Slab

External wall
Roof
Partition wall
Plastering

Tiling

Washroom

Kitchen

Distribution ductwork
Plant room
Lift
Escalator

Non@
structural

Structural Pre·
finished

Modular
building

Table 8 Respondents on the ettectlvene:ss

Distribution ductwork

Plant room
Lift

Escalator

Trade

Substructure

Drainage and
underground
services
Structural
frame

External
works
Internal
works

Building
services

Elements

Foundation

Basement
Manhole
Piling
Plant and equipment

Column

Beam

Bearing wall

Lift shaft
Stairs
Slab
External wall
Roof

Partition wall
Plastering

Tiling

Washroom
Kitchen

Conventional Semi-prefabrication Volumetric



conventional construction methods for un-standardized
rec:orrlmlen(leO for in residential and commercial projects.

layouts were

J.~"~~'-''''''~~~ conventional construction methods adopted in the construction of housing and
oe,/eIC)prnerlts, r:t£'I""Ar,rln1,O' to the survey, building services on commercial projects

aO()ptlng sernl-prt~tal)r1(;at]lOn and prefabrication of 400/0
for distribution ductwork, plant rooms, and

of the interviewed developers pointed out
"U\JIJ"l1J~ similar-sized building services for

modular prefabrication for washrooms in
sat]ISn(~S the characteristics ofprefabrication

five major building elements
r:tl1r~nt'1InO' fJA '-'A........."A A ...' ..........' ..... building components

Cla1oolng; iii) prefabricated concrete
wall Since most of the

11rrlhfTIJA1.~ht' prefabrication should
t'rr:tnC'1',\Al"'tr:tt'1An in construction.

...,A ..... ..."A A'_ ......... ....,AA for various types of projects

Conventional;

Prefabrication for Various Project Types

ma,naigernel1t is an important issue in construction and
waste on site activities. The paper

nrlr""",f'1Inrr "",rcli"nl"r1,"ot"1An for projects, public housing, private
five major building elements have been shown

: i) steel structural frame; ii)
"",r.::J.t'r:lt',r1r·r:lt'.::J.11 concrete comprehensive prefabricated

For work on this study, a case study approach in
bULlalljlg elements will be provided in a separate publication.
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