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Editorial
Welcome from the Editors

‘HOFRPH WR WKH VL[ WHHQWK LVVXH RI ODOD\VLDQ &RQVWU)>
LVVXH ZH DUH SOHDVHG WR LQFOXGH DQRWKHU VL[ SDSHU\
construction industry. The editorial team would like to express our sincere gratitude to all

FROQWULEXWLQJ DXWKRUV DQG UHYLHZHUV IRU WKHLU FRQW
,W LV KRSH WKDW UHDGHUV ZLOO ¢(QG LQIRUPDWLYH DUWLEF

Raza Ali Khan,et.a. SUHVHQW DQ HPSLULFDO H[DPLQDWLRQ RI
6HFWRU 0&6 WKURXJK WKH GHYHORSPHQW RI D WLPH VHU
FRUUHFWLRQ 9(& V\VWHP 7KH HVWLPDWHG PRGHO LV DE
IXQFWLRQV ,5)V IRU WKH SXUSRVH RI HIDPLQLQJ WKH EHKLEL
SRVLWLYH VKRFNV SURGXFHG LQ RWKHU PDMRU VHFWRUV R
VXJIJHVW WKDW WKH 0&6 LV UHODWLYHO\ VPDOO LQ VL]H D
VWURQJ FRUUHODWLRQ DQG ORQJ DQG VKRUW UXQ DVVRFLD

M. Waris, et.al. WKURXJK TXHVWLQRCHYDALIUID WXYYWKH FXUUHQ)
RQVLWH PHFKDQLVDWLRQ WKH DGYDQWDJHV LQ LWV DGRSW
application in Malaysian construction industry. The paper reveals that ihexregood
XQGHUVWDQGLQJ DQG DSSOLFDWLRQ RI PHFKDQLVHG SUDFW
PHGLXP DQG VPDOO VL]H FRQWUDFWRUV WKH LPSOHPHQWI
LQKLELWHG GXH WR EXGJHW FRQVWUDLQWY DV LW LV FRQVL

Mohd. Harris, etal HISORUH WKH H[SHFWDWLRQ RI WKH VWDNF
EXVLQHVY YDOXH RI %XLOGLQJ ,QIRUPDWLRQ ORGHOOLQJ ¢
DQG &RQVWUXFWLRQ $(& LQGXVWU\ WKURXJK TXDQWLWDW
WDNH XS %,0 LQWR WKHLU SURFHVV GHOLYHU\ WKH SURIHYV
DUH DZDUH RI WKH EHQH/; WYV DQG 5HWXUQ RQ ,QYHVWPHQW
7KH VWXG\ SURSRVHG LQ GHSWK UHVHDUFK ZLWK HPSLULFDC(
VWUDWHJILHYV IRU WHFKQRORJLFDO FRPSHWHQFLHY GHYHOR:

Mastura Jaafar, et. al. VWX G\ WKH OHYHO RI ZRPHQ SDUWLFLSDYV
LQGXVWU\ 7KH ¢QGLQJV EULQJ DQ LPSRUWDQW PHVVDJH WHEF
DQG FKDOOHQJHV IDFHG E\ ZRPHQ LQ WKLV VHFWRU ,W ZDV
ORZ ZRPHQ SDUWLFLSDWLRQ LQ FRQVWUXFWLRQ LQGXVWU
mistreatment by others in the industry, and the strict recruitment processes.

Gan Hock Beng,et. a. SURSRVH D QHZ KRXVLQJ GHVLJQ VWUDWt
UHFRQ¢JXUDWLRQ WR EH PDGH TXLFNO\ HFRQRPLFDOO\ DQC
VLWH ODERXU WLPH DQG FRVW DV FRPSDUHG WR WKH FXU
ULJLG VWUXFWXUH LQWHUORFNLQJ SODQ DQG SUHGHWHUP/|
VWUDWHJLHVY WKH\ DXWKRUV GHPRQVWUDWH WKH SRWHQW.
VWUDWHJ\ IRU WKH PRGHUQ XUEDQ PDVV KRXVLQJ 7KH SDS
ZLWK KLJK GHJUHH RI AH[LELOLW\ PD\ HQDEOH WKH LQWHJ



DIIRUGDELOLW\ DQG VXVWDLQDELOLW\ LQ PDVV KRXVLQJ V
country’s construction industry towards mechanisation, industrialisation, and standardisation.

Murnira Othman, et.al. SURYLGH DQ RYHUYLHZ RI FRQVWUXFWLR
DQG UHYLHZ WKH LPSRUWDQFH RI DSSO\LQJ /LIH &\FOH $VVH
:LGH DSSOLFDWLRQ RI /&$ LQ YDULRXYV W\A\SHV RI EXLOGLQJ D
WKDW WKLV WRRO LV LPSRUWDQW LQ HYDOXDWLQJ EXLOGLQ
LPSOHPHQWDWLRQ DQG DSSOLFDWLRQ RI /&% LQ WKH EXLOG
saving, emission reduction, and natural resource conservation.

Editorial Committee
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IMPULSE RESPONSE ANALYSIS FOR MALAYSIAN
CONSTRUCTION SECTOR BY VECTOR ERROR
CORRECTION MODEL

Raza Ali Khan, Mohd. Shahir Liew and Noor Amila Wan Abdullah Zawawi
Universiti Teknologi PETRONAS, Bandar Seri Iskandar, 31750 Tronoh, Perak Darul Ridzuan, Malaysia

Abstract

7KH 0ODOD\VLDQ FRQVWUXFWLRQ VHFWRU 0&6 LV D VLIQL¢{(FDQW VHF)
It plays a pivotal role in the social economic development. This study focusses on empirical

examination of MCS, and develops a time series model equation for MCS under vector error

correction (VEC) system. The estimated model is used to develop the impulse response

functions (IRFs) to examine the behavior and response of MCS against the positive shocks

produced in other major sectors of the economy and vice versa. The results suggest that the

MCS is relatively small in size and contribution to GDP; however, it has strong correlation and

long and short run association with all major sectors of the economy. The speed of adjustment of

MCS toward long run equilibrium is 30 %. It has positive response against the shock produced

in other sectors of the economy except manufacturing sector. The most sensitive sector for

MCS is mining and quarrying. The MCS economic activity is at peak in the third quarter of each

year. This study is useful for government of Malaysia, economic planning unit, construction

sUPV DQG RWKHU LOQOWHUHVWHG SDUWLHY RI WKH FRQVWUXFWLRQ VHF)

Keywords: Impulse response function; Vector error correction model; Cointegration.
INTRODUCTION

7KH ODOD\WLDQ HFRQRP\ LV WKH PRVW VXFFHVVIXO JURZL
WKH :RUOG (FRQRPLF )RUXP :() UDQNHG 0ODOD\VLD PRVW
148 countries, above than China and Korea. The high economic growth and development
Rl ODOD\VLD LV GXH WR LWV SHUIRUPDQFH VWUXFWXUH EF
WKH HQWLUH HFRQRP\ RI D FRXQWU\ 7KH ODOD\VLDQ HFRQR
QDPHO\ DJULFXOWXUH DQG IRUHVWU\ $*5) PDQXIDFWXUL(
0,14 VHUYLFH 6(59 DQG FRQVWUXFWLRQ &216

7KLV VWXG\ IRFXVHV RQ EHKDYLRU UHDFWLRQ DQG LQAXF
WKH 0DOD\VLDQ HFRQRP\ 7KH UHDVRQ IRU VHOHFWLQJ WKH
LQ VRFLRHFRQRPLF GHYHORSPHQW RI D VRFLHW\ 7KH LPDJH
FRXQWU\ FDQ EH PHDVXUHG RU MXGJH E\ WKH FRQVWUXFW|L
FRQVWUXFWLRQ VHFWRU LQ WKH VRFLDO HFRQRPLF DQG LQ
LW SURYLGHYV JUHDW VXSSRUW WR GHYHORS RWKHU VHFWR
DQG IRUZDUG OLQNDJHV

ODOD\VLDQ FRQVWUXFWLRQ VHFWRU LV D VLIQL¢FDQW SU
LQ WKH O0DOD\VLDQ HFRQRP\ ODOD\VLD UHDOL]J]HG WKH LPS
WKH HDUO\ \HDUV RI LWV LQGHSHQGHQFH QRW RQO\ IRU HFF
VWDQGDUG RI OLYLQJ DQG TXDOLW\ RI OLIH IRU WKHLU SH
EHIJDQ LQ WKH HDUO\ V MXVW DIWHU WKH LQWURGXFYV
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7TRGD\ WKH 0DOD\VLDQ FRQVWUXFWLRQ VHFWRU LV D V
ODOD\VLDQ HFRQRP\ ,W LV PRUH DGYDQFHG PRGHUQL]HG D
GHOLYHU FRPSOH[ KHDY\ LQIUDVWUXFWXUH DQG VN\VFUDSF
PHFKDQL]JHG WHFKQLTXHV 7KLV KDV UHVXOWHG LQ UDSLG }
commercial and industrial buildings, highways, expressways, bridges and tunnels, housing
schemes, schools and hospitals and sports and spa centers, monorail and mass rapid transit
rail system, and power plants. Now the Malaysian construction sector is considered as a
JUHDW VRXUFH RI HFRQRPLF GHYHORSPHQW DQG PLFUR DQG

7KH SXUSRVH RI WKLV VWXG\ LV WR GHYHORS LPSXOVH
FRQVWUXFWLRQ VHFWRU 0&6 E\ XVLQJ D YHFWRU HUURU
how the construction sector behaves and responses when positive shock is produced in other
VHFWRUV RI WKH HFRQRP\ 7KH VWXG\ DOVR H[DPLQHV WKH
VKRFN HPHUJHG IURP FRQVWUXFWLRQ VHFWRU

LITERATURE REVIEW

$IWHU WKH :RUOG :DU ,, WKH FRQVWUXFWLRQ VHFWRU KI
G\QDPLF VHFWRU DOO RYHU WKH ZRUOG ,W KDV EHFRPH DQ
RI LWV FRQWULEXWLRQ WR JURVV GRPHVWLF SURGXFWYV *'3
*)&) DQG HPSOR\PHQW JHQHUDWLRQ +LOOHEUDQGW
VHFWRU KDYH JUHDW VLJQL{FDQFH LQ WKH DFKLHYHPHQW
JRDOV LQ SURYLGLQJ LQIUDVWUXFWXUH LQFRPH JHQHUDW
ZLWK DOO HFRQRPLF DFWLYLWLHY GLUHFWHG WR WKH FUHD
DVVHWYV LQ WKH IRUP RI EXLOGLQJV ODQG LPSURYHPHQWYV
construction sector generates substantial employment and provides a growth impetus to other
VHFWRUV WKURXJK EDFNZDUG DQG IRUZDUG OLQNDJHYV

7TKHUHIRUH WKH FRQVWUXFWLRQ VHFWRU KDV EHFRPH D W
price stability, low unemployment, and balanced growth since variation in construction sector
DFWLYLW\ PD\ LQAXHQFH PDFURHFRQRPLF YDULDEOHV VHUL
FRQVWUXFWLRQ VHFWRU DFWLYLW\ DUH DIIHFWHG E\ WKH LI
2]JFHOHEL 9LUWXDOO\ WKHUH LV D VWURQJ OLQN DQG
activities and the aggregate economy.

7KH QXPEHU RI VWXGLHVY KDV EHHQ FRQGXFWHG RYHU WKH
economy, the relationship between construction sector and GDP and link between construction
DFWLYLWLHY DQG PDFURHFRQRPLF YDULDEOHV VXFK DV 7XL
construction sector in the national economy and concluded that there is a direct relationship
EHWZHHQ FRQVWUXFWLRQ RXWSXW DQG HFRQRPLF JURZWK
**3 ZKHQ WKH HFRQRP\ JURZ 3DUN FRQ{¢UPHG WKDW W
RQH RI WKH KLIKHVW PXOWLSOLHU HIITHFWV WKURXJK LWV H|
RWKHU VHFWRUV RI WKH HFRQRP\ 3DUN

This integration combined with high value added to output ratio indicates that construction
SURYLGHYVY D VXEVWDQWLYH VWLPXOXV WKURXJKRXW WKH HF
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DQG 2IRUL VWDWHG WKDW WKH FRQVWUXFWLRQ PDNHV
RXWSXW RI D FRXQWU\ LW JHQHUDWHYV HPSOR\PHQW DQG L
HITHFWV RI FKDQJHV LQ WKH FRQVWUXFWLRQ LQGXVWU\ LQ
YLUWXDOO\ DOO DVSHFWV RI OLIH &KHQ 5DPHH]GHHQD
FRQVWUXFWLRQ LQGXVWU\ SOD\V D VLIJQL{FDQW UROH ,W L
FRQVWUXFWLRQ VHFWRU ODUJHO\ GHSHQG RQ WKH KRXVLQ.
GHPDQG DQG VXSSO\ DUH VLIJQL;FDQW IDFWRUV LQ WKH AXF
DV LQADWLRQ DQG LQYHVWPHQW 7KHUHIRUH LW LV LPSRU
KRXVLQJ GHPDQG DQG KRXVLQJ VXSSO\ DUH PHDVXUHG ZLW
FRQGXFWHG E\ $SHUJLHV LQ *UHHFH IRU GHWHUPLQLC
LQAXHQFHYVY WKH KRXVLQJ SULFHV IURP WR E\ XVLQJ
This study concluded that the housing mortgage rate produced more variation in real housing
SULFHVY WKDQ HPSOR\PHQW DQG LQADWLRQ

, WLV DOVR REVHUYHG WKDW WKH FKDQJH LQ LQYHVWPHQ
VXSSO\ WKDW XOWLPDWHO\ FKDQJHV WKH YROXPH RI FRQV
OLWHUDWXUH WKHUH DUH VRPH VWXGLHV WKDW DQDO\]H
GHPDQG DQG KRXVLQJ VXSSO\ IDFWRUV VXFK DV D VWXG\ F
WR HYDOXDWH WKH G\QDPLF RI KRXVLQJ GHPDQG DQG VXS:
E\ XVLQJ DQ HUURU FRUUHFWLRQ PRGHO (&0 7KH VWXG\ F
building cost and nominal house prices determined the housing investment in both countries,
ZKHUHDV WKH KRXVLQJ GHPDQG LQAXHQFLQJ IDFWRUV ZHUF
HVWLPDWHG FRHI¢FLHQW LQ HDFK FRXQWU\ 2]FHOHEL

,Q VKRUW WKH FRQVWUXFWLRQ VHFWRU KDV EHFRPH DC
VRFLRHFRQRPLF GHYHORSPHQW DQG EHHQ SOD\LQJ D VLJQ
HFRQRP\ RI D FRXQWU\ 0DQ\ VWXGLHYV OLNH &KDUOHYV

DQG %RQ XVHV WKH VWURQJ GLUHFW DQG WRWDO
UROH RI WKH FRQVWUXFWLRQ VHFWRU LQ WKH QDWLRQDO H

METHODOLOGY

7KH SDUDGLJP RI UHVHDUFK RI WKLV VWXG\ LV TXDQWLW
VWDWLVWLFDO WHFKQLTXHY DUH XVHG WR DQDO\]H WKH DY
DOO PDMRU VHFWRUV RI WKH ODOD\VLDQ HFRQRP\ VXFK DV ¢
LQ YDOXH WHUP 50 PLOOLRQ DUH XVHG 7KH UHTXLUHG W
WR 4 DUH REWDLQHG IURP WKH SXEOLVKHG UHSRUW
*RYHUQPHQW RI 0ODOD\VLD 7KH SRSXODU DXJPHQWHG 'LFN
DUH FRQGXFWHG IRU HDFK YDULDEOH VHULHV LQ RUGHU W
IURP WKH GDWD VHULHYV 7KH 9(&0 HTXDWLRQ LV FRQVWUX
IXQFWLRQV ,5)V IRU 0&6 7KH 9(&0 LV YHU\ VHQVLWLYH WF
OHQJWK LV GHWHUPLQHG WKURXJK OLNHOLKRRG UDWLR /5
order to examine the long run association between variables Johansen co-integration test is
used. The Johansen rank trace test and maximum eigenvalue rank test are used to know the
QXPEHU RI FR LQWHJUDWLQJ HTXDWLRQV LQ WKH GDWD VH!
QRQ VWDWLRQDULW\ RI GDWD VHULHY DW WKH OHYHO DQG \
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YDULDEOH WKH 9(&0 HTXDWLRQ IRU 0&6 LV GHYHORSHG 7Kt
GHWHUPLQH WKH ORQJ UXQ DQG VKRUW UXQ FRHI{(FLHQWYV E

IXQFWLRQV )LQDOO\ LPSXOVH UHVSRQVH IXQFWLRQV DUH G
construction sector.

EMPIRICAL ANALYSIS AND DISCUSSION
Descriptive Statistical Analysis

7KH GHVFULSWLYH VWDWLVWLFDO DQDO\VLYV ZDV FRQGXF\
YDULDEOH 7KH UHVXOWV RI GHVFULSWLYH VWDWLVWLFV DL
LV WKH KLIJKHVW DYHUDJH TXDUWHUO\ RXWSXW FRQWULEXW
VHFRQG KLJKHVW FRQWULEXWRU LV PDQXIDFWXULQJ VHFW
FRQWULEXWLRQ RI WKH FRQVWUXFWLRQ VHFWRU LV VPDOO
PHDQ WKDW WKH 0&6 LV QRW VLIQL;FDQW EHFDXVH WKH VL.
WKH HFRQRP\ GRHVY QRW PHDVXUH WKURXJK WKH YROXPH DQ
WKH OLQNDJH VWUHQJWK RI WKH VHFWRU DQG SRWHQWLDO
economy. Three sectors CONS, MANF and MINQ data series are negatively skewed while
WKH WZR VHFWRUV $*5) DQG 6(59 DUH SRVLWLYHO\ VNHZHG

LV OHVV WKDQ ZKLFK LPSOLHG WKDW WKH DOO YDULDEOH\
distributions are platykurtic.

Table 1. Results of Descriptive Statistical analysis

Description CONS MANF MINQ AGRF SERV

Mean 3517 26032 9375 8289 46346
Median 3657 26391 9629 8056 44605
Maximum 4814 40328 11302 10831 84858
Minimum 1871 10603 6599 6422 18743
Std. Deviation 687 9152 1210 1133 18077
Skewness -0.608 -0.065 -0.844 0.467 0.378
Kurtosis 2.989 1.718 2.707 2.319 2.074

Correlation Test

7KH 3BHDUVRQ FRUUHODWLRQ WHVW ZDV FRQGXFWHG WR H
FROQVWUXFWLRQ VHFWRU DQG RWKHU PDMRU VHFWRUV RI W
VWURQJ FRUUHODWLRQV H[LVW EHWZHHQ 0&6 DQG RWKHU VI

FRUUHODWLRQ FRHI¢FLHQW LV JUHDWHU WKDQ IRU DOO V
Table 2. Correlation Test Result
CONS MANF MINQ AGRF SERV
CONS 1
MANF 0.746 1
MINQ 0.748 0.821 1
AGRF 0.557 0.819 0.512 1

SERV 0.737 0.960 0.738 0.850 1
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Output by Season

JLIXUH GHSLFWV WKH DYHUDJH RXWSXW OHYHO RI HDF
FRQVWUXFWLRQ DQG PDQXIDFWXULQJ VHFWRUV KDYH PRUH
RXWSXW OHYHOV JUDGXDOO\ LQFUHDVH DQG WKHQ FRQVWDC
LV D QHJDWLYH WUHQG EHWZHHQ 4 DQG 4 DQG WKHQ LQFUF
RI 0,14 $*5) TXDUWHUO\ RXWSXW JUDGXDOO\ LQFUHDVHV LQ
WKHQ GHFOLQH LQ 4 ZKHUHDV WKH VHUYLFH VHFWRU KDV
IURP 4 WR 4

cons by Season manf by Season
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Figure 1. Mean output by Season (Quarter)
Unit Root Test

ORVW RI WKH WLPH VHULHY KDYH D XQLW URRW VWDWLR
UHJUHVVLRQ UHVXOWY 7KH IXQGDPHQWDO UHTXLUHPHQW R
should be stationary. The unit root test is conducted to examine the stationary problem with
WKH VHULHV (TXDWLRQV W R DUH GHYHORSHG IRU HDFK Y
)XOOHU PRGHO HTXDWLRQ IRU XQLW URRW WHVW
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Construction Sector
ACONS; =g+ a1T + B1CONS;—1 + Y1 Vi ACONS 1 + ut (1)

Manufacturing Sector
AMANF; =xog+ ayT + B1MANF._1 + Y-, Vi AMANF._1 + i 2)

Agriculture Sector
AAGRF, =g+ a1T + B1AGRF—1 + Y- ViAAGRF—1 + 1t 3)

Mining and Quarrying Sector
AMINQ; =g+ a1 T + ByMINQ—1 + Y11 Vi AMINQe—1 + ¢ 4)

Services Sector
ASERV =xo+ ayT + B1SERV,_1 + X1~ ViASERV,_1 + ¢ %)

Where,§ LV FRQVGWDIQW WHUP DQG 7 LYV WKMHHWURQGVBIQE8 IRU \

7TKHVH HTXDWLRQV W R DUH XVHG WR WHVW WKH IROORZ
variable series.

Null hypothesis: it Series has a unit root problem, statica#y0
Alternate hypothesis: iNo unit root problem in the series, statisticallyM r

7KH FULWHULD IRU UHMHEM L QUVW KK I XYW KRsBGWHIGH YD @ X H
EH JUHDWHU WKDQ WKH ODF.LQQRQ FULWLFDO YDOXH DW FR
Rl $') DQG 33 WHVWYV IRU XQLW URRW DUH SUHVHQWHG LQ
YDULDEOHYVY KDYH D XQLW URRW VWDWLRQDU\ SUREOHP DW
QRQ VWDWLRQDU\ DW OHYHO +RZHYHU MXVW DW (UVW GLII
YDULDEOHV 7KH H¥W greaieWhaGthy icxl Maléelsuggested by Mackinon
DW WKH ¢UVW GLIIHUHQFH Rl WKH VHULHY +HQFH ZH VWDW
DOWHUQDWH 6HULHV KDV QRW XQLW URRW SUREOHP DW '
$QRWKHU LPSRUWDQW RXWFRPH RI WKLV WHVW LV DOO GD
7KLV LPSOLHVY WKHUH LV D SRVVLELOLW\ RI FR LQWHJUDWLI
a long run relationship.

Table 3. Unit Root Test Results
$') WHVW ¢ WBBWWHVW ‘-’Ugr\élerof

DF test at level

Variables Lag order with intercept diffe_rence) with diffe_rence) with integration
intercept intercept
CONS 4 -2.5901 -3.0777* 9.8436** 1(1)
MANF 4 -0.9901 -5.3748** 12.6824** 1(1)
AGRF 4 -2.2333 -3.5938** 9.6871** 1(1)
MINQ 4 -0.1020 -4.9525** 13.8359** 1(1)
SERV 4 -1.0530 20.9246** 73.2907** 1(1)
ODFNLQQRQ FULWLFDO YDOXH IRU WKH UHMHFWLRQ QXOO K\SRWKHVLV RI WKH O

LOQWHUFHSW LV GHQRWH UHMHFWLRQ RI WKH QXOO K\SRWKHVLVY DW WKH
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Optimal Lag Length

7KH 9(&0 LV YHU\ VHQVLWLYH WR WKH ODJ RUGHU 7KH YHU\"
behavior is not like white noise, and model parameters and their standard error will not be
GH¢{QHG ZHOO DQG DFFXUDWHO\ HVWLPDWHG $OWHUQDWLY
SRZHU RI WKH PRGHO GXH WR ORVV RI GHJUHH RI IUHHGRP
7KLV VWXG\ XVHV WKH /5 DQG +4 LQIRUPDWLRQ FULWHULD
developing the model, results are presented in Table 4. The optimal lag length suggested by
WKH ERWK /5 DQG +4 FULWHULD LV

Table 4. Optimal Lag Order

Lag order LR HQ
0 NA 103.33
1 711.40 93.99
2 119.09 93.44
3 91.79 93.18
4 73.63 93.08
5 68.62 93.03
6 62.26* 93.41*
7 50.94 93.15

Cointegration Test

7KH RUGHU RI LQWHJUDWLRQ LQ XQLW URRW WHVW KDV DOUL
EHWZHHQ WKH VWXGLHG YDULDEOHY 7KH H[LVWHQFH RI FR
that the variables have long-run association and long run causality exists between the variables

-RKDQVHQ 7KH -RKDQVHQ 5DQN 7UDFH DQG 5DQN ODJLI
WR H[DPLQH WKH FR LQWHJUDWLRQ DPRQJ WKH FRQFHUQHG
XVHG IRU WUDFH DQG PD[LPXP HLIJHQYDOXH WHVWV UHVSHF

Atrace () = —N Z?:r+1ln(1 - ;11) ) (6)
Amax(r,7+1) = =N Z?:r+1 (1 —Arsq1) (7

Where;, LV WKH HLJHQYDOXH HVWLPDWHG FKDUDFWHULVWLF |
run relationship matrtN LV WKH QXPEHU RI REVHUYDWLRQV WKDW FDC

7KH HPSLULFDO WHVW UHVXOWY DUH SUHVHQWHG LQ 7DEOF
PD[LPXP HLIJHQYDOXH FRQ¢{¢UPV WKH H[LVWHQFH RI FR LQW!
the Malaysian economy. Johansen co-integration, rank trace and maximum eigenvalue tests
VXJIJHVWHG WKDW WKHUH LV DW PRVW RQH FR LQWHJUDWLQ.
level.
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Table 5. Unrestricted Cointegration Rank Test (Trace)

Hypothesized number of

co-integrating equations Eigenvalue Trace Statistics 5% critical value Probability
None** 0.4912 90.7785 69.8188 0.0005
At most one 0.2369 41.4389 47.8561 0.1751

GHQRWHYV D UHMHFWLRQ RI WKH QXOO K\SRWKHVLVY DW WKH VLIQL{FDQFH OH)Y

Table 6. Unrestricted Cointegration Rank Test (Maximum eigenvalue)

Hypothesized number of co- . Trace 5% critical .
integrating equations Eigenvalue Statistics value Probability
None** 0.4912 49.3396 33.8768 0.0004
At most one 0.2369 19.7435 27.5843 0.3591

GHQRWHY D UHMHFWLRQ RI WKH QXOO K\SRWKHVLVY DW WKH VLIQL{FDQFH OH)Y

7KH PDWUL[ RI QRUPDOL]HG FR LQWHJUDWLQJ HTXDWLRQV
presented in Table 7.

Table 7. Normalized Cointegrating Equation

Cointegrating
equations

Coint-1 1.0000 0.1232 -0.7949 0.0279 0.0554

CONS MANF MINQ AGRF SERV

Vector Error Correction Model (VECM) for MCS

7KH HUURU FRUUHFWLRQ PRGHO (&0 LV WUDQVIRUPHG LQ
VHW RI FDXVDOLW\ HTXDWLRQV LV LQYROYHG LQ D V\VWHP
LQFRUSRUDWLQJ WKH FR LQWHJUDWLRQ LQIRUPDWLRQ RQ W
ORQJ UXQ HTXLOLEULXP DVVRFLDWLRQ DQG VKRUW UXQ DGM
WKURXJK WKH HVWLPDWHG SDUDPHWHUV 7KH PDWKHPDWLF
GHVFULEHG LQ (TXDWLRQ

AY, = Y, 4 + X% @AY, +TD; + e (8)

WhereY, LV D FROXPQ YHFWRU RI N REVHUYDEOH HQGRJHQRXYV
PDQXIDFWXULQJ PLQLQJ DQG TXDUU\LQJ DJULFXOWXUH DQ
GRPHVWLF SURGXFWKH'®#DWUL[ RI FR LQWHJUDWLQJ YHFWRU
7KH PDWUL[ PD\ EH IDFWRUHG DV . DQG ZKHUH . UHSUHVFE
ORQJ UXQ HTXLOLEULXP IRU VSHFL¢F YDULDEOHYVY ZKHQ WK
UHSUHVHQWY D PDWUL[ RI FRHI¢FLHQWY RI WKH HQGRJHQR
captures the long run impact over dependent variables and second term captures short run
DGMXVWPHQWYV 7KH 3P" LV WKH RSWLPDO QXBBEH&rmRI OHJ OH
RI D GHWHUPLQLVWLF WUHQG VXFK DV LQWHUFHSW WLPH
WKH PDWUL[ RI GHWH UstheQvedtondrrer. Whe HeQe®p&d@siimated model
HTXDWLRQ IRU 0&6 LV SUHVHQWHG LQ (TXDWLRQ
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D(CONS) = C(1)*( CONS(-1) + 0.12325944406*MANF(-1) - 0.794940209399*MINQ(-1) +
0.0279426995716*AGRF(-1) - 0.0554159338556*SERV(-1) + 3063.60113221 ) +
C(2)*D(CONS(-1)) + C(3)*D(MANF(-1)) + C(4)*D(MINQ(-1)) + C(5)*D(AGRF(-1)) +
C(6)*D(SERV(-1)) + C(7)*D(CONS(-2)) + C(8)*D(MANF(-2)) + C(9)*D(MINQ(-2)) +
C(10)*D(AGRF(-2)) + C(11)*D(SERV(-2)) + C(12)*D(CONS(-3)) + C(13)*D(MANF(-3)) +
C(14)*D(MINQ(-3)) + C(15)*D(AGRF(-3)) + C(16)*D(SERV(-3)) + C(17)*D(CONS(-4)) +
C(18)*D(MANF(-4)) + C(19)*D(MINQ(-4)) + C(20)*D(AGRF(-4)) + C(21)*D(SERV(-4)) +
C(22)*D(CONS(-5)) + C(23)*D(MANF(-5)) + C(24)*D(MINQ(-5)) + C(25)*D(AGRF(-5))
+ C(26)*D(SERV(-5)) + C(27)*D(CONS(-6)) + C(28)*D(MANF(-6)) + C(29)*D(MINQ(-6))

+ C(30)*D(AGRF(-6)) + C(31)*D(SERV(-6)) + C(32) (9)

7KH PRGHO HTXDWLRQ KDV RYHUDOO FRHI(GFLHQWYV )L
HTXDWLRQ FRHI¢FLHQWY VSHHG RI DGMXVWPHQW WRZDUG OF
& WR & DUH VKRUW UXQ FDXVDOLW\ FRHI¢FLHQWYV 7
change in the construction sector in the short run due to variation in the independent variable.

& LV D FRQVWDQW WHUP 7KH PRVW LPSRUWDQW WKLQJ I

LW PXVW EH QHJDWLYH DQG VLJQL,{FDQW IRU FRUUHFWQ
run causality between the dependent and independent variables. The sign, value, t-statistics
DQRG WKH SUREDELOLW\ RI WKHVH FRHI¢FLHQWY DUH GLVSOI

Table8. (VWLPDWHG FRHI¢FLHQW IRU 9(&0 0&6

& RHI¢ FLHQGWe!. Value Std. Error t -statistic Probability
C(1) -0.297893 0.095416 -3.122046 0.0033
C(2) 0.441334 0.149338 2.955277 0.0052
C(3) 0.013665 0.028346 0.482089 0.6323
C(4) -0.249449 0.075378 -3.309319 0.0020
C(5) -0.013450 0.072373 -0.185845 0.8535
C(6) -0.033623 0.025221 -1.333113 0.1899
C(7) 0.741741 0.171962 4.313392 0.0001
C(8) -0.065765 0.030465 -2.158712 0.0368
C(9) -0.012873 0.071544 -0.179934 0.8581
C(10) 0.096498 0.070501 1.368734 0.1785
C(11) 0.010496 0.029752 0.352763 0.7261
C(12) 0.115368 0.186167 0.619702 0.5389
C(13) 0.033956 0.028106 1.208165 0.2339
C(14) -0.042438 0.074066 -0.572974 0.5698
C(15) -0.149611 0.072930 -2.051442 0.0466
C(16) -0.038529 0.026418 -1.458450 0.1523
C(17) 0.261893 0.173394 1.510393 0.1386
C(18) 0.070845 0.028878 2.453242 0.0185

C(19) -0.128389 0.083585 -1.536029 0.1322
C(20) -0.065146 0.078818 -0.826541 0.4133
C(21) -0.051599 0.024100 -2.141010 0.0383
C(22) 0.203406 0.166222 1.223699 0.2281
C(23) 0.015789 0.024920 0.633605 0.5299
C(24) -0.139849 0.085118 -1.643004 0.1080

C(25) -0.172066 0.064521 -2.666835 0.0109
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C(26) -0.048681 0.025094 -1.939959 0.0593
C(27) 0.333307 0.179297 1.858963 0.0702
C(28) -0.000809 0.025862 -0.031274 0.9752
C(29) -0.119011 0.075153 -1.583584 0.1210
C(30) -0.104409 0.063229 -1.651283 0.1063
C(31) -0.074934 0.023030 -3.253796 0.0023
C(32) 167.9463 55.82580 3.008399 0.0045
7KH QHJDWLYH YDOXH RI & DQG LWV FRUUHVSRC(

WKDW 9(&0 (TXDWLRQ IRU 0&6 LV GHVLUDEOH DQG KDV QRW
ORQJ UXQ UHODWLRQVKLS EHWZHHQ WKH FRQVWUXFWLRQ V
HFRQRP\ 7KH FRHI(FLHQW YDOXH LQIRUPV WKDW WKH VS
HTXLOLEULXP LV FRUUHFWLRQ RI WKH GLVHTXLOLEULXF

Regression Results of VECM Equation 9

7KH HVWLPDWHG YDOXHV RI LPSRUWDQW SDUDPHWHUYV RI
LQ 7TDEOH EHORZ 7KH FRHI{FURQW RI GHWHKPDQDWY RY 8
HVWLPDWHG PRGHO KDV VWURQJ H[SODQDWRU\ SRZHU IRU
FORVHG WR WKDW LQGLFDWH WKH PRGHO KDV QRW DXWHF
RI WKH ) VWDWLVWLF LV VLIQL¢{¢FDQW 7KLV LPSOLHV WKDV
FRPELQHG HIIHFW RYHU 0&6 7KH HVWLPDWHG 9(&0 IRU FRQ\
DQG VXI¢FLHQW FRQGLWLRQV VR WKH HVWLPDWHG PRGHO (
HTXDWLRQ WKDW FDQ EH XVHG IRU GHYHORSLQJ LPSXOVH U

Table 9. Regression Results

Parameters Value
&RHI¢FLHQW Rl GHWHUPLQDW L RIB1®B
Adjusted R? 0.6747
F -statistics 5.8190
Probability of F-statistic 0.0000
Durbin Watson statistic 1.9486

Impulse Response Functions

7KH YHFWRU DXWR UHJUHVVLRQ 9%5 PHWKRGRORJ\ RIIHU
WKH UHVSRQVHV RI D VI\VWHPYVY YDULDEOH WR WKH LPSXOVt
7KH LPSXOVH UHVSRQVH IXQFWLRQ GH¢{¢QHV WKH UHDFWLRQ
XQGHU 9%5 VA\VWHP MQFVFXWHG WR WUDFN WKH UHVSRQVHYV
WKH LPSXOVHV RI WKH VA\VWHPupV VKRFNV

J)LIXUH $ WR , GHSLFWV WKH UHVSRQVH RI FRQVWUXFWLE
SRVLWLYH VKRFN SURGXFHG LQ RWKHU VHFWRUV RI WKH 0D
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Figure 2. Comparative Analysis of Responses between Construction and Other Sectors
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7KH UHVSRQVH RI FRQVWUXFWLRQ VHFWRU DJDLQVW WKH
WKH PDQXIDFWXULQJ VHFWRU LV WKURXJKRXW QHJDWLYH I
PDQXIDFWXULQJ VHFWRU KDV D SRVLWLYH UHDFWLRQ DJDLC
VHFWRU LQ ¢UVW TXDUWHU DQG WKHQ VOLJKWO\ QHJDWL
LQ SRVLWLYH UHJLRQ 7KLV LV GXH WR VWURQJ EDFNZDUG
PDQXIDFWXULQJ VHFWRU

JLIXUH & DQG ' VKRZ WKH UHVSRQVH RI FRQVWUXFWLRQ
DQG UHDFWLRQ RI PLQLQJ DQG TXDUU\LQJ LI VKRFN SURGXI
Both sectors have throughout positive reactions against the shock. It can be seen that the
PLQLQJ DQG TXDUU\LQJ VHFWRU LV PRUH VHQVLWLYH WKDQ F
PRUH SRZHUIXO WKDQ FRQVWUXFWLRQ VHFWRU 7KHUH LV D
VHFWRUV FRQVWUXFWLRQ DQG PLQLQJ DQG TXDUU\LQJ

7KH UHVSRQVH RI FRQVWUXFWLRQ VHFWRU DJDLQVW WKH
WRR VWURQJ QRU VHQVLWLYH ,W JLYHV SRVLWLYH UHVSRQ\
LOQWR WKH QHJDWLYH DUHD IRU D VKRUW SHULRG DQG WKHQC
TXDUWHUYV :KHUHDV WKH DJULFXOWXUH DQG IRUHVWU\ VH
SRVLWLYH VKRFN IURP FRQVWUXFWLRQ VHFWRU 7KLV LPSC
HILVWV EHWZHHQ FRQVWUXFWLRQ DQG DJULFXOWXUH DQG |

JLIXUHV * DQG + GHSLFW WKH UHVSRQVHV RI FRQVW
DQG UHVSRQVH RI VHUYLFH VHFWRU LI VKRFN LV SURGXFHG
LQ )LIXUH * WKDW WKH FRQVWUXFWLRQ VHFWRU UHVSRQ"
ZDON LQ SRVLWLYH UHJLRQ ZLWKRXW VR PXFK YDULDWLRQ
LW KDV PRYHPHQW LQ WKH QHJDWLYH UHJLRQ )LJXUH + 0\
LV SRVLWLYH LQ ¢UVW TXDUWHU DQG WKHQ QHJDWLYH
construction sector boost the service sector.

7KH FRQFOXVLRQ RI )LJXUH LV WKDW WKH FRQVWUXFWLF
DOO PDMRU VHFWRUV RI WKH ODOD\VLDQ HFRQRP\ DQG LQY
DIlTHFW WKH RWKHU VHFWRUYV DQG YLFH YHUVD

CONCLUSION

7KLV VWXG\ PDLQO\ IRFXVHV RQ WKH GHYHORSPHQW RI D
HPSLULFDOO\ HIDPLQH WKH ORQJ UXQ DQG VKRUW UXQ DVVF
RI WKH 0DOD\VLDQ HFRQRP\ ,W DOVR DQDO\VHV WKH UHVSF
produced in other sectors and vice versa.

7KH GHVFULSWLYH DQDO\VLV VXJJHVWV WKDW RYHU WKH
FRQWULEXWLRQ RI 0&46 WR *'3 ZDV 7KH DYHUDJH FRQWUL
VPDOO DV FRPSDUHG WR RWKHU NH\ VHFWRUV RI WKH 0DOD
FRUUHODWLRQ ZLWK PDMRU VHFWRUV RI WKH HFRQRP\ VLQ
JUHDWHU WKDQ IRU DOO PDMRU VHFWRUV 7KH VHD
FRQVWUXFWLRQ VHFWRU DFWLYLWLHY DUH DW SHDN LQ WKF
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7KH 9(&0 HTXDWLRQ IRU 0&6 ZDV VXFFHVVIXOO\ GHYHOR
DQG FRUUHFWQHVV RI WKH PRGHO ZDV H[DPLQHG E\ WKH
VDWLVIDFWRU\ 7KH PRGHO HTXDWLRQ VXJJHVWV WKDW WKI
ZLWK RWKHU VHFWRUV RI WKH HFRQRP\ DQG VSHHG RI ORQJ
7KH HVWLPDWHG ORQJ DQG VKRUW UXQ FRHI(FLHQWY DUH

7KH VHULHV Rl ,5)V VXFFHVVIXOO\ GHYHORSHG E\ WKH F
UHVSRQVH RI 0&6 DJDLQVW WKH RQH VWDQGDUG GHYLDWLR
UHDFWLRQ RI RWKHU VHFWRUV DJDLQVW WKH SRVLWLYH VKF
RI FRQVWUXFWLRQ VHFWRU DJDLQVW WKH SRVLWLYH VKRF!
QHIJDWLYH VLPLODUO\ WKH DJULFXOWXUH DQG IRUHVWU\ V
VKRFN SURGXFHG LQ WKH FRQVWUXFWLRQ VHFWRU ,W LV DC
LV KLJKO\ VHQVLWLYH DJDLQVW WKH VKRFN SURGXFHG LQ
shock was long lasting in this sector as compared to other sectors. The construction sector is
UHODWLYHO\ PRUH VHQVLWLYH DJDLQVW WKH VKRFN RI PLQ
sectors shock.

7KH UHVXOWV RI WKH VWXG\ DUH LQIRUPDWLYH DQG XVH
PDNHUV DQG SODQQHU 7KH\ FDQ XVH WKLV LQIRUPDWLRQ Lt
SODQ IRU WKH FRQVWUXFWLRQ VHFWRU DQG RWKHU VHFWRL
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Abstract

Onsite mechanisation in construction is characterized by the intensive deployment and usage of

equipment. It requires different types of heavy equipment, vehicles and machineries for carrying

out complex construction activities. The utilisation of heavy equipment increases construction

productivity as well as reduces the dependency on intensive labour. Apart from this, the

increasing trend of the Industrialised Building System (IBS) also needs greater mechanisation

for erection and installation of large IBS components. This paper aims to investigate the current

awareness of onsite mechanisation, the advantages in its adoption, and the barriers for the

Malaysian construction industry. A questionnaire survey was conducted among a group of

Construction Industry Development Board (CIDB) of Malaysia registered contractors. The

LPSRUWDQW ¢(QGLQJV IURP WKH VXUYH\ KDYH LQGLFDWHG WKDW WKF
application of mechanised practices among IBS contractors. It is further revealed that the need

for onsite mechanisation has mainly come about to meet the timelines with a high speed of

work and productivity. However, for medium and small size contractors, the implementation

of onsite mechanisation is largely inhibited due to budget constraints as it is considered an

H[WUD ¢(¢QDQFLDO EXUGHQ 7KH ¢QGLQJV RI WKLV VWXG\ ZLOO SURYLGH}
understanding to develop potential policies and regulations to encourage mechanised practices

for the Malaysian construction industry.

Keywords: Onsite mechanisation; Construction equipment; Onsite technology; Acquisition of onsite
machineries; Mechanised construction

INTRODUCTION

7KH WHUP pPHFKDQLVDWLRQY LQ FRQVWUXFWLRQ LV GH.
HTXLSPHQW DQG PDFKLQHULHV IRU FDUU\LQJ RXW FRQVWL
7KH JURZLQJ QHHG RI LQIUDVWUXFWXUH DQG LQGXVWULD
ZLWK WKRVH WKDW DUH PHFKDQLVHG DQG HTXLSPHQW EDVI
DQG FRPSOH[LWLHV RI GHVLIJQV VWDUWHG DIWHU WKH :RUC
GHYHORSPHQW LQ FRQVWUXFWLRQ WHFKQRORJ\ WRGD\YTV FI
DQG DUH EHFRPLQJ HYHQ PRUH VR HYHU\ GD\ ,GUR 7Kt
DUH EHLQJ LQFUHDVHG WR LPSURYH WKH SHUIRUPDQFH
HI¢FLHQF\ RI FRQWUDFWRUV 'D\ DQG %HQMDPLQ 7KHN\
PDFKLQHULHYVY WR FDWHU WR WKH QHHGV RI WKH FOLHQWYV D
,QGRULD ) XUWKHUPRUH WKH JURZLQJ LQGXVWULDOL
SUHIDEULFDWLRQ RI FRQFUHWH VWUXFWXUDO DQG ¢(QLVKHC
UDWKHU WKDQ SURGXFHG RQVLWH &RQVHTXHQWO\ SURGXI
FRQVWUXFWLRQ VLWH E\ HDUWK PRYLQJ WUDQVSRUWDWLF
6KDSLUD HW DO 7KH WA\SLFDO FRQVWUXFWLRQ VLWH Z
HTXLSPHQW W\SHV VXFK DV HDUWKPRYLQJ DQG WUDQVSF
FRQFUHWH SXPSV KRLVWV OLIW FUDQHV HWF $UGLWL HW LC
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DGRSWLRQ RI PHFKDQLVHG SUDFWLFHV VSHHGV XS WKH H[H
SURMHFW FRPSOHWLRQ WLPH DQG FRVW O0ODQ\ PDQXDO PHW
LQ LQGXVWULDOLVHG FRXQWULHV GXH WR H[SHQVLYH DQG
SUDVHUWUXQJUXDQJ DQG +DGLNXVXPR ,QGRULD

,Q WKH ODVW \HDUV DUFKLWHFWY DQG FLYLO HQJLQHH
around the globe. It can be stated without any doubt that such enormous achievements in
PRGHUQ FLYLOLVDWLRQ FDQQRW EH SRVVLEOH ZLWKRXW Wk
+RZHYHU WKHUH DUH LQDGHTXDWH UHIHUHQFHV DQG UHVHD
in Malaysian construction industry that can aid the relevant authorities to develop any potential
policies and regulations that encourage onsite mechanised practices. In order to provide
VRPH XVHIXO LQIRUPDWLRQ WR WKHVH SXUSRVHV WKLV SD
Malaysian contractors towards onsite mechanisation and its enablers and barriers.

NEED OF MODERN MECHANISED CONSTRUCTION AT THE POLICY LEVEL

7KH ODOD\VLDQ HFRQRP\ LV EDVHG RQ DJULFXOWXUH IRUI
construction and services sectors. In the last decade, the Malaysian construction industry has
SOD\HG DQ LPSRUWDQW UROH WRZDUGV WKH JURZWK RI WKI
DOPRVW RI WKH FRXQWU\YV *'3 LQ (38 7TKH LQC
RI SURYLGLQJ MRE RSSRUWXQLWLHVY WR WKH ORFDO DQG IF
ZRUNIRUFH ZDV LQYROYHG LQ FRQVWUXFWLRQ UHODWHG MR
RI WKH WRWDO VHFWRULDO GLVWULEXWLRQ RI SULYDW
KLIJKO\ DWWUDFWLYH IRU SULYDWH LQYHVWPHQW 7KH LQGX
ZKR DUH FODVVL¢{¢HG E\ WKH &,"% LQWR * * * * * x DQ
VPDOOHVW JURXS DPRQJ WKHVH FDWHJRULHY DQG DUH ORZ
* DUH WKH KLJK YROXPH FRQWUDFWRUV ZLWK QR OLPLW R
&,"% WKH WRWDO QXPEHUV RI UH JLDVYDVWHWHHWG RFFIR QW Z B B
7KLV VHFWRU LV IUDJPHQWHG LQ QDWXUH DQG LQYR
DV FRQVXOWDQWY GHYHORSHUV FOLHQWV JRYHUQPHQW
PDWHULDO DQG HTXLSPHQW VXSSOLHUV HWF 7KH JRYHUQT
DQG RWKHU GHSDUWPHQWY OLNH WKH 3XEOLF :RUNV "HSDU\
&HQWUH WKH %RDUG RI (QJLQHHUV %RDUG RI $UFKLWHFW
SOD\HUV DQG H[HUW LQAXHQFH $00 WKHVH RUJDQLVDWLRQ
DGYDQFHPHQW RI WKH ODOD\VLDQ FRQVWUXFWLRQ LQGXVWL

'XULQJ WKH HDUO\ \HDUV RI SRVW LQGHSHQGHQFH WKH 0
ORZ WHFK ODERXU LQWHQVLYH DQG FUDIW EDVHG LQGXVWU
Economic Policy in 1970 acted as a catalyst to speed-up the public sector development mainly
LQ SXEOLF LQIUDVWUXFWXUH 'XULQJ WKLV HUD D UDSLG J
LQFUHDVHG IURP SHUFHQW LQ WR LQ DQG
LQFUHDVH RI UHVLGHQWLDO FRPPHUFLDO DQG LQGXVWULDC
'LUHFW ,QYHVWPHQW )', LQ WKH V IXUWKHU H[SDQG WKF

W R SHUFHQW LQ $EGXOOODK HW DO "XH W
the mid-1980s, there was a noteworthy deceleration in overall construction activities which
OHG WR QHJDWLYH DQQXDO JURZWK UDWHV $IWHU WKH Ut
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LQGXVWULDOL]DWLRQ SURJUDP RI WKH FRXQWU\ KDG FKDQ
clients were demanding more complex architectural and civil engineering works with shorter

FRPSOHWLRQ WLPHOLQHYV $V D UHVXOW WKHUH ZDV D FRQ
WHFKQLTXHVY WRZDUGY PRGHUQ FRQVWUXFWLRQ DFWLYLWLE

7KH HPEDUNLQJ RI 9LVLRQ LQ SURSHOOHG WKH FRQ"
DQQXDO DYHUDJH UDWH RI SHUFHQW WLOO 'XULQJ WK
WHFKQLTXHYV ZHUH VHHQ LQ SURMHFWV VXFK DV WKH 3(75
, QWHUQDWLRQDO $LUSRUW ./,$ DQG 6HSDQJ )RUPXOD UL
7KH (DVW $VLDQ HFRQRPLF FULVLVY GUDVWLFDOO\ DIIH

LQGXVWU\ WR WKH ORZHVW OHYHO RI LQ DQG VORZHG
Although, the country’s economy resumed due to the government supporting initiatives
duringthe Pand @ ODOD\VLDQ 30DQ &,'% WKH LQGXVWU\ UHP

SUHVVXUH WR GHOLYHU DQG WR WDFNOH LVVXHV RQ SHUIR
LQIUDVWUXFWXUH 7KH DYDLODELOLW\ RI FKHDS DQG VNLO
LVVXH IRU WKH LQGXVWU\ &XUUHQWO\ WKH ORFDO FRQVWU
ODERXUV ZKLFK JHQHUDOO\ FUHDWH LPPLJUDWLRQ DQG OF
PRGHUQ PHWKRGV RI FRQVWUXFWLRQ VXFK DV ,%6 KDV DO\
RQVLWH PHFKDQLVDWLRQ DQG DXWRPDWLRQ WHFKQLTXHYV IF
LQ RUGHU WR RYHUFRPH WKHVH LVVXHV DQG IRVWHU WKH F
WKH ODOD\VLDQ JRYHUQPHQW KDV HPSKDVL]J]HG WKH DGRSW
URERWLFV LQ FRQVWUXFWLRQ SUDFWLFHV (38

ACQUISITION OF ONSITE MECHANISED EQUIPMENT

)W LV D FXVWRPDU\ SUDFWLFH WKDW DOO FRQWUDFWRUV
FRQVWUXFWLRQ HTXLSPHQW DV LW LV GLUHFWO\ FRQFHU
$GGLWLRQDOO\ LW KDV EHHQ REVHUYHG WKDW WKH FRQVWU
¢.QDQFLQJ PRGHV RSHUDWLRQDO DQG PDLQWHQDQFH VWUD
SURFHVV QHHGV WKDW DUH RI PDQGDWRU\ FRPSOLDQFH IRU
,Q PDQ\ VFHQDULRV WKHUH LV QR XQLTXH PHWKRG IRU WKH
WKLV WKH DFTXLVLWLRQ SUDFWLFHV LQFOXGH PDQ\ ¢QDQF

s8vXxboo\ WKHUH DUH WKUHH EDVLF PHWKRGY ZKLFK DUH
FROVWUXFWLRQ HTXLSPHQW 7KHVH PHWKRGY DUH EX\LQJ
DQG UHQWDO *UDQVEHUJ HW DO (DFK RI WKHVH PHW
OLPLWDWLRQV O0DQ\ ODUJH FRQWUDFWRUV DUH ZLOOLQJ W
the related depreciation, insurance, repairs, taxes and interest, which lowers their tax bills.
+RZHYHU ODUJH GRZQ SD\PHQWVY FDQ VWUDLQ WKHLU UHVR:
UHTXLUHVY RSHUDWLRQ PDLQWHQDQFH VWRUDJH DQG WUDC(
RZQHU PXVW GHDO ZLWK GLVSRVLQJ RI WKH HTXLSPHQW DIW
&XGZRUWK

,Q FRQWUDVW WR WKH DERYH VPDOOHU FRQVWUXFWLR(
HYHU\ SLHFH RI HTXLSPHQW WKH\ QHHG EXW WKH\ FDQYW D
DGYDQWDJH WR UHQWLQJ HTXLSPHQW LV WKDW D XVHU SD\
UHWXUQ WKH HTXLSPHQW WR WKH UHQWDO FRPSDQ\ LI EXVL
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(TXLSPHQW UHQWDO RIIHUV PDQ\ RI WKH VDPH EHQH{;WV DV
JLUVW UHQWDO FRQWUDFW SHULRGV SURYLGH WRWDO AHJ[L
RI WLPH 2 IRU H[DPSOH IURP RQH GD\ WR DV ORQJ DV RQH \F
LQFOXGHY PDLQWHQDQFH SURYLVLRQV $QG WKLUG LI XVH
DIWHU DFWXDOO\ XVLQJ LW WKH\ FDQ UHWXUQ WKH LWHP
long-term commitment with the supplier. Renting also gives convenient access to the newest

DQG EHVW HTXLSPHQW 5HQWDO FRPSDQLHYV W\SLFDOO\ XSJl
provide specialized mechanics to keep their pieces in top condition. A larger rental company

PD\ HYHQ EH DEOH WR GLVSDWFK D PHFKDQLF WR D SURMHI
UHSODFHPHQW SLHFH RI HTXLSPHQW

ObDQ\ FRQWUDFWRUYV OHDVH WKHLU HTXLSPHQW WR FRQV
(TXLSPHQW OHDVLQJ LV HVVHQWLDOO\ D ORDQ 7KH OHQGH
OHDVHV LW DW D ADW PRQWKO\ UDWH IRU D VHW QXPEHU RI
WKH RSWLRQ WR SXUFKDVH WKH HTXLSPHQW UHWXUQ LW R
WKDW PDQ\ OHDVLQJ ¢UPV RIIHU AH[LEOH SD\PHQWYV PRGHYV
¢cUPV WR EHWWHU PDQDJH WKHLU SD\PHQWY GXULQJ WKH KH
slow periods. Most leases are structured so that payments are made with operating rather than
FDSLWDO IXQGVY ZKLFK FDQ HOLPLQDWH RU UHGXFH FDSLWI
D FRQWUDFWRU FDQ JHQHUDOO\ GHGXFW PRQWKO\ SD\PHQW

ADVANTAGES OF ONSITE MECHANISATION

7KH OHVVRQ OHD NM&aydsmnIRIarR mdldakesithat the construction sector did
QRW JURZ DW SHU \HDU GXULQJ WKH \HDU SODQ SHULRG
WKLV VORZ JURZWK UDWH WKH PRVW QRWDEOH LV GXH WR
DQG QRQ UHVLGHQWLDO VXE VHEWRWD\VIDQ 30D'AULQItWKI
WKH JRYHUQPHQW KDV DOORFDWHG 50 ELOOLRQ IRU WKH
'XULQJ WKLV SHULRG PHJD SURMHFWY DUH EHLQJ WDNH X
SRZHU VWDWLRQV GRXEOH WUDFN WUDLQ SURMHFW /57 H
.XDOD /XPSXU HWF (38 7KH WLPHO\ DQG VXFFHVVIXC
UHTXLUHY HQKDQFHG SURGXFWLYLW\ TXDOLW\ HI(FLHQF\ C
WKH LPSOHPHQWDWLRQ RI WKB Q% 6VD DKQ33ID K QBEIHUR VDKH G V
DQG VDIHW\ WR PHHW WKH ORFDO DQG JOREDO VWDQGDUGV

In order to achieve these goals and optimize cost, the local construction industry needs
WR DGRSW PHFKDQLVDWLRQ DXWRPDWLRQ DQG URERWLFV
HTXLSPHQW LV GLUHFWO\ FRUUHODWHG WR WKH PHIDSURMEF
RI PHFKDQLVDWLRQ DQG 1 NaaysaVwahst@ianvdeasot R@ew aKoH
RXWORRN VHPLQDU KLIJKOLJKWYV WKH VXFFHVVIXO H[HFXWLR
RI WKH FRQVWUXFWLRQ LQGXVWU\ WKURXJK WKH HQKDQFHF
this in view, the government has initiated new policies on embracing new technologies and
PHFKDQLVDWLRQ LQ WKH FRQVWUXFWLRQ VHFWRU 7KH JR®
QHFHVVDU\ PHDVXUHY DQG SURYLGH VXSSRUW WKURXJK LW
WKH DGRSWLRQ RI PHFKDQLVDWLRQ LQ WKH LQGXVWU\ (38
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ARZ Rl ZRUNHUV ZLWKLQ WKH $6($1 FRXQWULHV E\ ZLOO |
MRE PDUNHW RI WKH FRXQWU\ ORUHRYHU WKH JRYHUQPHC
I[UHH PDUNHW VWUDWHJLHYVY WKURXJK OLEHUDOLVLQJ UHJLR
DQG UHIRUPV LW LV QRW SRVVLEOH IRU WKH FRQVWUXFWL
ODERXUV 7KH GHSHQGHQF\ RI IRUHLJQ VNLOOHG ODERXU D
the construction sector during the" @M DOD\VLDQ 30DQ SHULRG $FFRUGLQJ
“Labour intensive industries such as the construction industry must shed their traditional
dependency on labour and focus on alternative production inputs that can boost productivity”

$ UHSRUW SXEOLVKHG E\ ([SHULDQ LQ WKH FRQWH[W RI
industry has also supported this statement. According to this report, specialised and intelligent
RQVLWH PHFKDQLVHG HTXLSPHQW DQG YHKLFOHV ZLOO UHC
7KXV LW ZLOO SRVLWLYHO\ DIIHFW VDIHW\ DQG GHFUHDVH F
RI RQVLWH PHFKDQLVDWLRQ LV WR UHGXFH WKH VFDIIROGL
scenario, mechanisation and other technological methods must be encouraged in order to
DFKLHYH WKH PD[LPXP \LHOG RI WKH FRQVWUXFWLRQ ZRUNF

BARRIERS FOR THE ADOPTION OF ONSITE MECHANISATION

5HVHDUFKHUV KDYH FODVVL{HG WKH KHDY\ HTXLSPHQV
procurement, operation, maintenance and disposal sts&ggD VHUWU X QJUXDQJ DQG +D
6RPHKRZ WKH EDUULHUV RI RQVLWH PHFKDQLVHG SUI
WKHVH SKDVHV )LUVWO\ WKH SURFXUHPHQW RI KHDY\ FRQ)
LQWHQVLYH IRU FRQVWUXFWLRQ ¢UPV ,W LV DOVR FRQVL
the construction phase besides other expenditures. The past research has shown that the
DFTXLVLWLRQ RI KHDY\ HTXLSPHQW FRQVWLWXWHYV SHUFH
KLJK ULVN DQG XQFHUWDLQWLHV IRU WKH RZQHUV <HR DQG
LQGLFDWHG WKDW FRQVWUXFWLRQ HTXLSPHQW LV ZRU)
$FFRUGLQJ WR %DKDPDQ WKH FXUUHQW LPSRUW GXWLF
PDFKLQHU\ DQG VSDUH SDUWYV DUH DOVR KLQGHULQJ ORFDC
PHFKDQLVDWLRQ %HVLGH WKLV FRQWUDFWRUV KDYH WR |
KHDY\ PDFKLQHU\ DQG LPSRUW WKH KHDY\ PDFKLQHU\ IURP
GXW\ ZKLFK LQFUHDVHV WKH FRVW RI FRQVWUXFWLRQ 7K1
VLQFH WKH UR ®Madysiaw Plar.Un Wik ddenario, local dealers that import heavy
PDFKLQHU\ IURP RWKHU FRXQWULHY DUH DOVR IDFLQJ GHW!
WR LQFUHDVH WKHLU SULFHVY GXH WR WKH LPSRUW GXWLHV
WKH VXSSOLHUV DQG WKH FRQWUDFWRUV $ VLPLODU UHVHI
WKDW FRVW DQG WKH (QDQFLDO FRPPLWPHQWY LQ DFTXLUL
PDLQ EDUULHUVY WRZDUGV WKH LPSOHPHQWDWLRQ RI DXWRP

During the operation phase, it has been observed that the problems associated with
PDFKLQH EUHDNGRZQV DQG DFFLGHQWV GXH WR WKH LPSU

DIIHFWHG WKH ARZ Rl ZRUN 6WHZDUW (GZDUG DQG +F
,Q PRVW RI WKH FDVHV LW ZDV PDLQO\ GXH WR WKH LF
WKH XQVNLOOHG ODERXUHUV *DQQ DQG 6HQNDU 7KH

LPSOLHYVY WKH QHHG IRU QHZ VNLOOV DQG DELOLWLHV IURP V
WKH PRGHUQ WHFKQLTXHY DQG WHUPLQRORJLHYVY 7KLV ZLOC(
VLWH SHUVRQQHO WR GR WKHLU MREV LQ D VDIH DQG HI¢FL
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7KH HTXLSPHQW PDLQWHQDQFH SKDVH QHHGV D ORW RI
LWV XWLOL]DWLRQ ,W QRW RQO\ HQKDQFHV WKH ZRUNLQJ
PDFKLQHYY DYDLODELOLW\ 7DYDNROL HW DO 6KHQR\
SURSHU PDLQWHQDQFH WKH FRQWUDFWRU KDV WR VSHQG I
WHUPV RI HLWKHU FRUUHFWLYH PDLQWHQDQFH SUHYHQWL
*RSDODNULVKQDQ DQG %DQHUML 6XWWRQ 7KH
HW DO KDV KLIJIKOLJKWHG WKH SURPLQHQW IHDWXUH)
,%6 SURMHFWY LQ 0ODOD\VLD 7KHLU UHVHDUFK ZRUN KDV U
VXFK DV FDSLWDO PDLQWHQDQFH DQG RSHUDWLRQDO FRV\
DUUDQJHPHQWYV XSJUDGLQJ FRVW RI PDFKLQHYVY RU HTXLSPF
PDUNHW ORFDWLRQ RI VLWH WUDLQLQJ FRVW RI RSHUDWR
VLWH $00 RI WKHVH IDFWRUV FDQ EH WDNHQ DV WKH LPSO
the construction industry.

METHODOLOGY

7KLV UHVHDUFK ZDV FRQGXFWHG E\ XVLQJ ERWK WKH T
PHWKRGV 7KH TXDOLWDWLYH UHVHDUFK DSSURDFK ZDV UH"
EDFNJURXQG NQRZOHGJH DERXW WKH PHFKDQLVDWLRQ DQG
FRQVWUXFWLRQ LQGXVWU\ 7KH SULPDU\ GDWD UHTXLUHG
TXHVWLRQQDLUH VXUYH\ 7KLV PHWKRGRORJ\ KDV EHHQ FRC
LQ RUGHU WR DFKLHYH EHWWHU UHVXOWY LQ D VKRUWHU GX
UHVSRQVHV IURP WKH WDUJHWHG UHVSRQGHQWY DUH SRVWI
ZRUN D ZHE EDVHG VXUYH\ WRRO ZDV XVHG HIIHFWLYHO\ IRU
7KLV KDV KHOSHG WKH UHVHDUFK WHDP D ORW LQ DFKLHYL!
VXUYH\ SDUWLFLSDQWY )RU WKH SXUSRVH RI DFKLHYLQJ W
RU FORVH HQGHG TXHVWLRQQDLUH ZDV GHVLJQHG WR JDLQ
$ WRWDO QXPEHU RI *UDGH * FLYLO FRQWUDFWRUV ..
ZHUH UDQGRPO\ VHOHFWHG IURP WKH &,"% GDWDEDVH *UDG
HQJDJHG LQ KHDY\ DQG FRPSOH[ FRQVWUXFWLRQ DFWLYLWL
SKHQRPHQRQ RI PHFKDQLVDWLRQ %HIRUH VHQGLQJ WKH TX
assured that all the targeted respondents were doing construction business and engage in civil
DQG LQIUDVWUXFWXUH ZRUNV 7KLV LV GXH WKH IDFW WKD
FRQWUDFWRUV LQ ODOD\VLD RQO\ ZHUH DFWXDOO\ UXQQ|

RESULTS AND ANALYSIS

$ WRWDO RI FRPSOHWHG TXHVWLRQQDLUHY ZHUH UHFI
R 7KLY UHVSRQVH UDWH ZDV ZHOO DFFHSWDEOH LQ YLH
'XODPL 7KH ¢QGLQJV RI WKH VXUYH\ DUH DV IROORZV
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Respondents Background and Experience

J)LIXUH VKRZV WKH SLH FKDUW GLVWULEXWLRQV RI WKH
WKDW WKH IHHGEDFN IURP SURMHFW PDQDJHUV ZHUH UHOL
RWKHU FDWHJRULHY RI UHVSRQGHQWYV

Equipment
Manager, 1%
. Project Manager,
Quantity 3500
Surveyor, 19%
Engineer, 11%

Manager, 27% Construction

Manager, 7%

Figure 1. Distribution of respondents’ primary job function

J)LIXUH VKRZV WKH LQYROYHPHQW RI FRQVWUXFWLRQ ¢U
, W KDV EHHQ REVHUYHG WKDW WKH PDMRULW\ RI WKH UHV!
URDGY DQG KLJKZD\ SURMHFWY W LV WR EH QRWHG WKDW
RSWLRQ WR VHOHFW LQ WKLV TXHVWLRQ RI WKH VXUYH\
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Figure 2. Respondents’ participation in infrastructure projects
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7KH UHVSRQGHQWVY H[SHULHQFH LQ FRQVWUXFWLRQ SUF
IRXQG WKDW RI WKH UHVSRQGHQWY KDG ZRUNLQJ H[SH
\HDUV :KHUHDYV KDG PRUH WKDQ \HDUV Rl ¢HOG H[SH
WKDW WKH TXHVWLRQQDLUHYV ZHUH PRVWO\ (OOHG E\ WKH
LQ FRQVWUXFWLRQ SURMHFWYV

Table 1. Distribution of respondents’ construction experience

S.No. Construction Experience Frequency Percentage
1 Less than 5 years 30 24.3%
2 6 to 10 years 25 20.3%
3 11 to 20 years 38 30.8%
4 More than 20 years 30 24.3%
Total 123 100%

Understanding of the Mechanisation in Construction Projects

7KH UHVSRQVH RI WKH TXHVWLRQQDLUH VXUYH\ LQGLFDW
FRQWUDFWRUV WRZDUGY PHFKDQLVHG FRQVWUXFWLRQ SUDF
awareness with the mechanisation is shown in Figure 3 as pie-chart distribution. It shows that

RI WKH UHVSRQGHQWY KDG KLJK OHYHO RI DFTXDLQWDQF
KDG PRGHUDWH XQGHUVWDQGLQJ ZLWK WKLV SKHQRPHQRQ
ZHUH uyVRPHZKDW DZDUHYT ZLWK WKH PHFKDQLVDWLRQ

Notat all
509

Slightly aware
T0h Highly aware

230

Somewhat
aware
20%

Moderately
aware
45%

Figure 3. Understanding of mechanisation in the Malaysian construction industry

7KH UHVXOWY RI WKH VXUYH\ DOVR GHSLFWHG WKDW W
Malaysia were more inclined towards mechanisation as compared to those who were still
XVLQJ FRQYHQWLRQDO FRQVWUXFWLRQ WHFKQLTXHV $ WR
FRPSRQHQWY DQG KDG DOVR DGRSWHG PHFKDQLVHG SUDF
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UHVSRQGHQWY LQFOXGLQJ , %6 DGRSWHG ¢(UPV ZHUH XVLC
VLWH +HQFH WKHUH LV D FRUUHODWLRQ EHWZHHQ WKH XV
XVDJH RI ;%96 WKH KLJKHU ZLOO EH WKH UDWH RI WKH PHFK

Mechanisation of Onsite Activities

7KH DERYH VXUYH\ UHVXOW VKRZV WKDW RI WKH FRC
DGRSWLQJ PHFKDQLVDWLRQ IRU RQVLWH DFWLYLWLHV +RZF
XVDJH LV E\ ORRNLQJ DW DUHDV ZLWKLQ ZKLFK WKH PDFKLC
PHDVXUHPHQW RI XVDJH LV DQDO\VHG YLD WKH /LNHUW VFD
VRPHWLPHYV UHJXODUO\ DQG KLIJKO\ 7KH UHOLDEL
GHWHUPLQHG E\ XVLQJ &URQEDFKTVY DOSKD FRHI¢(¢FLHQWYV | (
D UHOLDEOH VFDOH VKRXOG EH JUHDWHU WKDQ $ UHOLL
DFWLYLWLHV DV VKRZQ LQ 7DEOH ZDV FRQGXFWHG E\ XVLQ
LQGLFDWLQJ WKDW WKH GDWD FROOHFWHG IRU WKH DQ

Table 2. Mean score and ranking of onsite mechanised construction activities

Heavy Construction Activities Ove;ilgmean Rank
Excavation, earthworks and pilling work 4.05 1
Structural works 4.03 2
Demolition, site clearance and alterations 3.72 3
Concreting and formwork 3.59 4
Assembly and installation works 3.55 5
5RDG PDNLQJ ARRULQJ DQG SDYHPHQ®54 6
Plumbing and drainage 3.17 7
Brickwork and masonry 2.88 8

5HIHU WR WKH 7DEOH HLJKW PDLQ RQVLWH FRQVWUXFWL
DUHDV IRU WKH DSSOLFDWLRQ Rl PHFKDQLVHG HTXLSPHQW
PHDQ VFRUH DQG WKH FRUUHVSRQGLQJ UDQNLQJ EDVHG RQ
FRPSDULVRQ Rl WKH OHDQ ,QGH[ ZLWK WKH $YHUDJH ,QGH] ¢
LQGLFDWHG WKH PHFKDQLVDWLRQ DVVHVVPHQW RI HDFK ¥

Table 3. Average index assessment scale

Scale Assessment
1.00 -1.80 Very Low
1.81-2.60 Low
2.61-3.40 Average
3.41-4.20 High

>4.20 Very High
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7TDEOH VKRZV WKH GHWDLOV RI WKH PHFKDQLVDWLRQ D\
2XW RI WKHVH HLIKW RQVLWH FRQVWUXFWLRQ DFWLYLWLH\
YDOXHV KHQFH LW ZDV IRXQG WKDW WKHVH DFWLYLWLHV KL
HTXLSPHQW $FWLYLWLHV 1R DQG KDG DYHUDJH XWLOLV)

Table 4. Comparison between the mean index and average index scale

Heavy Construction Activities Mean Index Average Index Indicator
Excavation, earthworks and pilling work 4.05 High
Structural works 4.03 High
Demolition, site clearance and alterations 3.72 High
Concreting and formwork 3.59 High
Assembly and installation works 3.55 High
5RDG PDNLQJ ARRULQJ DQG SDYHPHG® High
Plumbing and drainage 3.17 Average
Brickwork and masonry 2.88 Average

Enablers of Onsite Mechanisation

7KH SULPDU\ GDWD FROOHFWHG IRU WKH HQDEOHUV RI
IURP WKH SHUVSHFWLYH RI WKH FRQWUDFWRUV 7KH UHOD
IRU GHWHUPLQLQJ WKH UHODWLYH LPSRUWDQFH RI YDULRX'
5,, LV D QRQ SDUDPHWULF WHFKQLTXH ZLGHO\ XVHG E\ FF
UHVHDUFKHUV IRU DQDO\WLQJ VWUXFWXUHG TXHVWLRQQDL
PHDVXUHPHQW RI DWWLWXGHY .RPHWD HW DO JRU WK
/[LNHUW VFDOH ZLWK VWURQJO\ GLVDJUHH GLVDJUHH
DJUHH zZzDV DGRSWHG DQG WKH UHODWLYH LPSRUWDQFH LC
FDOFXODWHG E\ XVLQJ (TXDWLRQ

- S w =5n5+4n4+3n3+2n2+1n1

Ax N SxN

Wherew showed the weighting that is assigned to each variable by the respdnident,
the highest weight and LV WKH WRWDO QXPEHU Rl UHVSRQGHQWV 7
W R ZLWK QRW LQFOXVLYH ,W VKRZHG WKDW WKH KLJKHL
HQDEOHU RI WKH RQVLWH PHFKDQLVDWLRQ 7DEOH VKRZV
HQDEOHUV WKDW ZHUH LGHQWL¢{HG IURP WKH UHVSRQGHQW
based on the RII values.

Table 5. Overall ranking of enablers

Enablers of Onsite Mechanisation RII Rank

Large quantity of materials can be handled 0.968 1
Work can be done speedily 0.876 2
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Increase productivity 0.849 3
Work can be done in time 0.834 4
Magnitude and complexity of work 0.830 5
High quality standards can be obtained 0.819 6
Labour reduction 0.812 7
Optimum use of material 0.779 8
6DWLVI\ FOLHQW VSHFL{FDWLRQV 0.789 9
Increased safety 0.768 10
Cost effectiveness 0.749 11

5HIHU WR WKH 7DEOH WKH UDQNLQJ DVVLJQHG WR HDF
LGHQWL¢HG WKH PRVW LPSRUWDQW DGYDQWDJHV ZKLFK ZH
RQ WKH UDQNLQJ WKH ¢YH PRVW LPSRUWDQW HQDEOHUV Z
KDQGOHG 5,, ZRUN FDQ EH GRQH VSHHGLO\ 5,,

5,, ZRUN FDQ EH GRQH LQ WLPH 5,, DQG

RI ZRUN 5,,

Barriers of Onsite Mechanisation

7KH EDUULHUV RI RQVLWH PHFKDQLVDWLRQ ZHUH DOVR D
the RIl and overall ranking.

Table 6. Overall ranking of barriers of onsite mechanisation

Barriers of Onsite Mechanisation RII Rank
B, %XGJHW FRQVWUDLQWYV IRU VPDOO DQG PHGLXP OU42H ¢ UPV
B,: Government import duties and sales taxes on construction machinery 0.814 2

B, OHFKDQLVDWLRQ LV H[SHQVLYH DQG H[WUD (QDQ@BLDO EXUGHQ
B,: Availability of skilled operators 0.772 4
B Inadequate information about mechanisation techniques 0.757 5
B,: Proper maintenance of equipment 0.753 6

B, (TXLSPHQW DUH GLI¢FXOW WR DFTXLUH ORFDOOW.751 7
B,: High training needs for operators 0.751 7
B,: Low technology literacy of staff and workers 0.745 8
B,,-High delivery time which may affect project deadline 0.717 9
B,,: Low equipment utilization by operators 0.661 10
B,,: High equipment accidents and breakdown 0.657 11

%DVHG RQ WKH DERYH WDEOH WKH LPSRUWDQW EDUULH
WKH UHVSRQGHQWYV ZHUH EXGJHW FRQVWUDLQWY IRU VPD
JRYHUQPHQW LPSRUW GXWLHV DQG VDOHV WD[HV RQ FRQVW
DQG DQ H[WUD ¢(¢QDQFLDO EXUGHQ 5,, DYDLODELOLW)
LODGHTXDWH LQIRUPDWLRQ 5,,
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The barriers to onsite mechanisation were also analysed through correlation analysis by
XVLQJ 6SHDUPDQYY FRUUHODWLRQ WHVW W LV D QRQ SDUD
RI DVVRFLDWLRQ WKDW H[LVWV EHWZHHQ WZR YDULDEOHYV
denoted by the symbo] RU WKH *UH BN ROIRWWWQIHEHG UKR $V VKRZQ LC
independent variables, Bo B LH EDUULHUV RI RQVLWH PHFKDQLVDW
UHODWHG WR HDFK RWKHU DQG KDYH KLJK GHJUHH RI FRUUL

Table 7. Spearman’s rho correlation test for onsite mechanisation barriers

B, B, B, B, B, B, B, B, B, B, B, B,
B, 1000 .590** .494* .305* .379** .190**  .169 .225 .205 178 132 175
B, .590* 1.000 .691** .385* .505* .372* .295*  .341* 353** 238 235 .334*
B, 494 691* 1.000 .560** .517** .556** .266** .332* 354** .363** .381** .332**
B, .375* .385* .560** 1.000 .665** .564** .344** 501** .311**  .443* .485** .398**
B, .379* 505**  .517* .665** 1.000 .625* .286** .449* .388** .319** .487* .360**
B, 190 .372** 556**  .564** .625** 1.000 .438** .536** .513* .496** .557** 531**
B, 169 .295%%  266**  .344*  .286** .438* 1.000 .578* . 514**  343*  430** .481**
B, .225%* .341* .332** .501** .449* 536** .578** 1.000 .520** 477 .524**  A74%*
B, .205* .353* .354* 311* .388** .513* .514* .520** 1.000 .582** .610**  .542**
B, 178 .238*  .363**  .443*  319**  496** .343* 477+ 582** 1.000 .654** .513*
B, 132 .235%  .381**  .485**  .487*  557**  430* .524** 610 .654** 1.000 .701*
B, 175 .334** 332 .398* .360** .531*  .481** .474** 542** 513" .701** 1.000
&RUUHODWLRQ LV VLIQL¢FDQW DW WKH OHYHO WDLOHG
&RUUHODWLRQ LV VLIQL,FDQW DW WKH OHYHO WDLOHG
DISCUSSION

The previous sections have discussed about the onsite mechanised practices and its
associated enablers and barriers. Their respective ranking and correlation analysis make it
SRVVLEOH WR FDWHJRUL]H WKHP IRU IXUWKHU LQYHVWLJDW.L
as:

] XThe data analysis showed that excavation, earthworks, pilling and structural works
ZHUH WKH KLJK UDQNLQJ DFWLYLWLHYV ZKHUH PDFKLQHL
by the contractors. As these activities are intensive in magnitude and complexity, so
WKH WHFKQRORJ\ GULYHQ DSSURDFK LV D PRUH YLDEOH
WKHUH LV URRP WR LQFUHDVH WKH OHYHO RI PHFKDQLVI
ODOD\WLD WKH DYDLODELOLW\ DQG DEXQGDQFH RI FKHI
IRU WKH FRQWUDFWRUYV DQG LW VXUSDVVHV WKH XVH |
WKLV SKHQRPHQRQ WKDW $FWLYLWLHYV IURP VHULDO 1R
ORZ DYHUDJH LQGH[ LQGLFDWRU YDOXHVY LQ WHUPV RI P
SOXPELQJ GUDLQDJH EULFN ZRUN DQG PDVRQU\ KDG Ol

JIYWHFKDQLVDWLRQ LV WKH VHFRQG OHYHO RI LQGXVWULDC(
WKH FRQYHQWLRQDO FRQVWUXFWLRQ SURFHVV LWK UF



An Exploratory Study on Enablers and Barriers for Onsite Mechanisation in
The Malaysian Construction Industry

RI' WKH HQWLUH SURFHVV FRXOG EH DFKLHYHG E\ XW
HTXLSPHQW $V SUHIDEULFDWHG FRPSRQHQWY DUH PDV
VSHFLDOLVHG HTXLSPHQW IRU WUDQVSRUWDWLRQ HUF
DO 7KH FXUUHQW UHVHDUFK KDV KLJKOLJKWHG W
LQ KDQGOLQJ ODUJH TXDQWLW\ RI PDWHULDO ZLWK KLJ
increase productivity. Hence, work can be completed in a scheduled time and

DV ZHOO DV LW ZLOO KHOS LQ GRLQJ KLJK PDJQLWXGH

111% QXPEHU RI EDUULHUV PD\ DIIHFW WKH FRQWUDFWRUYV
SHUIRUPLQJ FRQVWUXFWLRQ DFWLYLWLHV 7KLV VWXG\
WKDW LQKLELWHG WKH XVH RI PHFKDQLVHG HTXLSPHC
WHFKQRORJ\ GULYHQ DSSURDFK LV TXLWH H[SHQVLYH D
IRU WKH FRQWUDFWRU ODKEXE 7KH VXUYH\ UHVXC
FRQVWUDLQW LV D KLJK UDQNLQJ FRQFHUQ IRU WKH VPI
LQAXHQFH WKH SXUFKDVLQJ RU UHQWLQJ GHFLVLRQ ,W
PRUH ZLOOLQJ IRU UHQWLQJ DQG OHDVLQJ RSWLRQV UD)
6LPLODUO\ YLFH YHUVD LV WKH FDVH IRU ODUJH VL]H ¢
HTXLSPHQW GXH WR WKHLU ¢QDQFLDO FDSDELOLW\ %H\
VDOHVY WD[HV RQ FRQVWUXFWLRQ PDFKLQHU\ LV WKH VH
the respondents. In comparison to other ASEAN countries, its ratio is high in Malaysia
.DPDU 'XH WR WKHVH FRQWUDFWRUV DUH UHOXFW
RI PHFKDQLVHG FRQVWUXFWLRQ

FUTURE SUGGESTIONS

7KH VXUYH\ UHVXOWV UHYHDO WKH LQFOLQDWLRQ RI F
LPSOHPHQWLQJ RQVLWH PHFKDQLVDWLRQ ODMRULW\ RI WK
D JRRG NQRZOHGJH Rl PHFKDQLVHG FRQVWUXFWLRQ SUDFW
WKH VWXGLHG SKHQRPHQRQ LW FDQ EH DQWLFLSDWHG W}
FRXOG SURYLGH D SUDFWLFDO RSWLRQ WR GR WKH VFKHGX
WUDFNLQJY WHFKQLTXHV FXUUHQWO\ XVHG LQ FRQVWUXFW
7KH VXEVHTXHQW GHSOR\PHQW RI VXLWDEOH PDFKLQHV DQC
SURFHVV DQG VKRUWHQ WKH SURMHFW WLPHOLQHV %HVLG
FRQVWUXFWLRQ LQGXVWU\ RQ IRUHLJQ ODERXU LV FRQVLGH
DQG H[SDQVLRQ :LWK WKH HQKDQFHPHQW RI PHFKDQLVDWL
LOOHJDO IRUHLJQ ODERXU LVVXH FRXOG EH DGGUHVVHG

IHYHUWKHOHVV PHFKDQLVDWLRQ LV VWLOO D ¢(QDQFLDO
FDSLWDO LQYHVWPHQW UHTXLUH IRU SURFXULQJ DQG PDLQW
to overcome this barrier, it is proposed that the government could devise techno-economic
SROLF\ WKDW ZLOO HQFRXUDJH ORFDO FRQWUDFWRUV IURI
PHFKDQLVDWLRQ LQ WKHLU H[LVWLQJ SUDFWLFHV 7KLV FD
LQFHQWLYHY LQ WHUPV RI ORZHULQJ WD[HV OHYLHV DQG L
ORUHRYHU JRYHUQPHQW ERGLHV VXFK DV &,'"% &RQVWUXF
&5($0 DORQJ ZLWK ODVWHU %XLOGHU $VVRFLDWLRQ RI 0DO
E\ GHYHORSLQJ QHZ ZRUNLQJ VWDQGDUGY DQG JXLGHOLQHYV
construction. These autonomous entities in collaboration with technical colleges and institutes
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FRXOG DOVR SURSRVH WUDLQLQJ SURJUDPV IRU LQFUHDVLQ
VLWH VWDII DQG ZRUNHUYV

$ERYH DOO WKH IXWXUH RI PHFKDQLVDWLRQ LQ ODOD\VLD
RI JRYHUQPHQW DQG SULYDWH VHFWRU WKDW OHG WKH FRQ
industrialization.
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Abstract

Building Information Modelling (BIM) has been embraced by the Architecture, Engineering and
&RQVWUXFWLRQ $(& LQGXVWU\ WR FDSLWDOLVH RQ WKH EHQH WV LV
way of leveraging the business, augmented with the use of technology as a means to provide

DQ RSSRUWXQLW\ WR FDUU\ RXW SURMHFWY PRUH HI¢FLHQWO\ ,QGHH
DWWUDFWLYH WR WKH FOLHQWY DQG PRUH SUR{WDEOH WR SDUWLFLSD
UHOHYDQW SUDFWLFH WR HYDOXDWH WKH H[SHFWHG EHQH:/ WV RI %,0
The purpose of this study is to explore the expectation of the stakeholders over the potential

business value of Building Information Modelling (BIM) in the AEC industry. This research

method consists of quantitative data analysis gathered from surveys conducted among 27

respondents, draw from the Construction Industry Development Board (CIDB) through a series

RI ZRUNVKRS 7KH ¢QGLQJV RI WKLY UHVHDUFK GHPRQVWUDWH WKDW
$(& LQGXVWU\ DUH DZDUH WKDW WKH\ ZLOO JDLQ EHQH{WV DQG 52, IUR
besides this awareness, the AEC industry are still reluctant to take up BIM into their process

delivery. The study also revealed that a majority of respondents agree that the staff capabilities

DQG FRPSHWHQFLHV WR RSHUDWH %,0 ZLOO LQAXHQFH WKH GHFLVLRQ
study proposed in-depth research with empirical study over Return on Investment (Rol) for BIM

projects and the strategies for technological competencies development for a BIM user should

be conducted.

Keywords: Business Value; Building Information Modelling; BIM; Malaysia; Return on Investment
(ROI)

INTRODUCTION

AEC organizations have aggressively embraced new technology to remain competitive
LQ WKH FXUUHQW PDUNHW $OVKDZL HW DO 'LIJLWDO
EHFRPLQJ LQFUHDVLQJO\ GLI¢FXOW WR LIJIQRUH WKLV HPHUJ
LPSDFW LQ WKH FRQVWUXFWLRQ LQGXVWU\ %XLOGLQJ ,QIR
in the Industry and is considered to be an innovate idea and benchmarking technology in
WKH JOREDO FRQVWUXFWLRQ LQGXVWU\ /LX HW DO
UHYROXWLRQDU\ LQ WKH ZzD\ LW WUDQVIRUPV DUFKLWHFWXU
IRXQGDWLRQ IRU UHSUHVHQWLQJ GHVLJQ DQG DLGLQJ FRPI
based on 3D digital models.

BIM is evolving rapidly and leading construction industry in stimulating an unprecedented
FRQVWUXFWLRQ UHYROXWLRQ 5HFHQW UHVHDUFK VKRZV WK
LWVHOI =KX HW DO LQGHHG %,0 LV PRUH WKDQ D WEH
WHFKQRORJ\ SURYLGHV D SODWIRUP WR LOOXVWUDWH ERWE¥
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WKH EXLOGLQJ SURMHFWY GXULQJ LWV OLIH F\FOH 6KHQ H
will create competitive advantages through increased delivery speed, better coordination,

GHFUHDVHG ODERXU FRVWYV JUHDWHU LQWHUFRQQHFWHG S|
PRVW LPSRUWDQW %,0 FUHDWH QHZ UHYHQXH DQG EXVLQHV

%,0 LV EHFRPLQJ SHUYDVLYH LQ WKH LQGXVWU\ VHYHUD
DGRSWLRQ LQ WKH $(& LQGXVWU\ VWLOO VHHPV DW pLQIDC
GLIITHUHQW SKDVHV RI D SURMHFWYIV OLIHF\FOH $V WKH ,QG
DUH DW GLIIHUHQW DGRSWLRQ DQG H[SHULHQFH OHYHOV
LPSOHPHQWLQJ %,0 DQG FRXOG EULQJ EHQH¢{¢WV WR WKH RU
WHFKQRORJ\ LV YLWDO WR HQVXUH LWV VXSSRUW WR WKH R
EH YLHZHG VLPSO\ DV DSSOLFDWLRQ RI VRIWZDUH EXW LW
DSSOLFDWLRQ WKDW XOWLPDWHO\ LQGXFHV EURDG SURFH'
However, there are still many challenges in adopting BIM in the traditional work processes,
HVSHFLDOO\ IRU WKRVH VPDOOHU SOD\HUV LQ WKH $(& LQ
DUH UHOXFWDQW WR HPEUDFH QHZ WHFKQRORJ\ &KXD
VWUHWFKHG EHWZHHQ DGYRFDWHY DQG RSSRQHQWV RI WKH
FDQ DIIRUG WR LQYHVW LQ %,0 DQG WKRVH ZKR FDQQRW +H
%,0 EDVHG FKDQJH PDQDJHPHQW V\VWHPV IRU HIIHFWLYH
PRGHOV WKURXJKRXW WKH G\QDPLF SURFHVV RI EXLOGLQJ
6WDXE )UHQFK

,PSOLFLWO\ LQ ODOD\VLD WKH 1DWLRQDO %,0 6WHHULC
Modelling technology and associated set of processes to produce, communicate and analyse
digital information models for construction life-cycléhe private sectors primarily drive
%,0fV DGRSWLRQ LQ ODOD\VLD VLQFH &,'"% +DUR
SDUWLFLSDWLRQ EHJLQV WKURXJK WKH ¢UVW JRYHUQPHQW
ZKLFK LV WKH 1DWLRQDO &DQFHU ,QVWLWXWH 6HSDQJ &,'%
FRPSOHPHQWLQJ WKH HIIRUWYVY RI WKH %,0 LPSOHPHQWDWLR
ZKHUH %,0 ZLOO VXUYLYH DQG WKULYH &,'%

7KLV SDSHU LV VSHFL¢{(FDOO\ GHVLJQHG WR H[SORUH WKH
SRWHQWLDO RI EXVLQHVYV YDOXH RI %,0 LQ ODOD\VLD $(& L¢
ZKDW RUJDQL]DWLRQ H[SHFWDWLRQV RI WKH PRQHWDU\ UH
RI WKH RUJDQL]DWLRQYVY GHFLVLRQ PDNHU WR DFFHSW %,0
KDYH IRFXVHG RQ WZR VHWYV RI WKH YDULDEOHYVY UHWXUQ R
VKRXOG EH QRWHG WKDW WKLY SDSHU LV EDVHG RQ WKH SU
GHYHORSPHQW RI PRGHO RQ EXVLQHVY YDOXH RI %,0 LQ 0D

PHILOSOPHY OF BUILDING INFORMATION MODELLING (BIM)

%,0 LV D QHZ ZD\ Rl DSSURDFKLQJ WKH LQIRUPDWLRQ LQ
EXLOGLQJ SURMHFWYV %,0 PRGHOV ZHUH ¢UVW GHYHORSHG L
'"HVFULSWLRQ 6\WWHP" Rl &KXFN (DVWPDQ WKH 3 IDWKHU " RI
WKHQ WKH GH¢QLWLRQV RI %XLOGLQJ ,QIRUPDWLRQ ORGH
RUJDQLVDWLRQV DQG SURIHVVLRQV +DURQ
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)XQGDPHQWDOO\ %,0 LV QRW VLPSO\ D WKLQJ RU D W\SH F
EHWZHHQ KXPDQ DFWLYLW\ DQG WKH UHOHYDQW VRIWZDUF
FKDQJH LQ FRQVWUXFWLRQ (DVWPDQ ,Q D %,0 ZRUNAF
RI SK\WLFDO DQG IXQFWLRQDO FKDUDFWHULVWLFV RI D EXL
IRU LQIRUPDWLRQ IRUPLQJ D UHOLDEOH EDVLV IRU GHFLV
FRQFHSWLRQ WR GHPROLWLRQ &3,& W LV DOVR GH¢C
EXLOGLQJ E\ 1,%6 +RZHYHU %,0 FDQ H[LVW HLWKHU LC
LVRODWLRQ GHSHQGLQJ RQ WKH REMHFWLYHV RI WKH RUJD
YDULHW\ RI WKH GH;QLWLRQV Rl %,0 LOOXVWUDWH WKH FRQC
SXWWLQJ LW LQ WHUPV RI SRWHQWLDO EHQH WV UDWKHU \

6X0OOLYDQ +LWKHUWR %,0 KDG EHHQ GH¢QHG GLIIHU
SHUFHSWLRQV EDFNJURXQG DQG H[SHULHQFHV .KRVURZVK
GH¢;QLWLRQV LW LV QRWHZRUWK\ WKDW WKH RULJLQDO FR
XQFKDQJHG ZKLFK LV WKH PHWKRGRORJ\ Rl SUDFWLFH WKTE
RQ WKH DYDLODELOLW)\ RI LQIRUPDWLRQ DERXW EXLOGLQJ
WR VXSSRUW LWV OLIHF\FOH SURFHVVHV B5REHUWYV 7K
WHFKQRORJ\ IURP WKH ' &$' ZLWK OLQHV DQG DOSKDQXPHU
HOHPHQWDO LQIRUPDWLRQ DQG D UHODWLRQVKLS GDWDEDV

$V WKH %,0 FRQFHSWV FRQWLQXHV WR JURZ WKH WHUP
%,0 11 ZDV FRLQHG LQ WR GLVWLQJXLVK WKH QH[W JHC
,7 DQG &RPSXWHU $LGHG 'HVLJQ &$%$' IRU EXLOGLQJV IURF
$LGHG 'UDIWLQJ DQG 'HVLJQ ZKLFK IRFXVHG RQ GUDZLQJ
%,0 +DQGERRN SURYLGHV D WKUHH SDUW FKDUDFWHULVWLI
DQG FRQVWUXFWLRQ SURFHVV WKDW UHVXOWY LQ EHWWHU
SURMHFW GXUDWLRQ D PRGHO WKDW 3FRQWDLQV SUHFL\
FROQVWUXFWLRQ IDEULFDWLRQ DQG SURFXUHPHQW DFWLYL
DQG SDFFRPPRGDWHY PDQ\ RI WKH IXQFWLRQV QHHGHG W
SURYLGLQJ WKH EDVLV IRU QHZ GHVLJQ DQG FRQVWUXFWLR
UHODWLRQVKLSY DPRQJ D SURMHFW WHDP"~ (DVWPDQ HW DC

7TKURXJK %,0 PHWKRGRORJ\ LW LV SRVVLEOH WR LPSURYH
DFFXUDF\ UHGXFHV ZDVWH DQG HQDEOHV EHWWHU LQIRUI
PHWKRGRORJLHV WKDW DUH XVHG WR FUHDWH FRQVWUXF
,QIRUPDWLRQ ORGHOOLQJ KDV JUHDW SRWHQWLDO WR IDFLO
DPRQJ SURMHFW SDUWLFLSDQWYV , W KDV HPHUJHG DV D Y|
FUHDWH YLVXDO VLPXODWLRQ RI D SURMHFW DQG SURYLGF
construction. Structured approaches have been utilized in most advanced countries to ensure
WKDW WKHLU LQGXVWU\ SOD\HUV V\VWHPDWLFDOO\ DGRSW
SURMHFWY WKDW DUH SODQQHG GHVLJQHG DQG FRQVWUXI
WR IXOO\ PHHW WKH FOLHQWfV UHTXLUHPHQW LQ WHUPV F
WHFKQRORJ\ FDQ DOVR SURYLGH D PRUH VWUHDPOLQHG E:
VLWH PDQDJHPHQW PHWKRGRORJLHVY LQFOXGLQJ FRPSOHW
GXULQJ WKH IXOO OLIHF\FOH RI D EXLOGLQJ SURMHFW $UD\
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,Q D GLVWULEXWHG WHDP HQYLURQPHQW WKH UHVXOW IU
WKDW WKH ,QGXVWU\ XVH Rl %,0 LV FXUUHQWO\ IRFXVHG PF
WKHP LQWHUDFW ZLWK RWKHU SOD\HUV %HUQVWHLQ DQG

WKH VXUYH\ E\ OF*UDZ +LOO ZKHUH WKH ¢(¢QGLQJV VKR
FRPPXQLFDWLRQ LV QR ORQJHU IDYRXUDEOH E\ FRQWUDFW
WKH \HDU 7KH IDFWRUV WKDW QRZ WDNH SUHFHGHQFH

LPSURYLQJ SURGXFWLYLW\ LQFUHDVLQJ SUHIDEULFDWLRQ
using it as collaborating tools.

BUILDING INFORMATION MODELING: ACCEPTANCE AND BUSINESS VALUE

7KH DFFHSWDQFH RI DQ\ QHZ WHFKQRORJ\ UHTXLUHV D VW
EDVHG PDQDJHULDO SUDFWLFH UHTXLULQJ D FOHDU DVVHYV

DFWLRQV DQG FRQGXFWYVY =DNDULD W LQYROYHV D C
VXSSRUWHUY DQG RSSRQHQWYV LQ WKH RUJDQLVDWLRQ HDI
DFFHSW WKH WHFKQRORJ\ 20LYHLUD DQG ODUWLQ 7K

%,0 WKH QHHG WR XQGHUVWDQG WKH EHQH; WYV DQG YDOXH

'LWK DOO RI WKHVH %,0 HQDEOHG RSSRUWXQLWLHYVY WKH
ZLWK WKH WKHRU\ WKDW DQ RUJDQLVDWLRQ FRXOG EH EHV
UHODWLRQVKLSY +HQFH HDFK UHODWLRQVKLS RI WKH QHW
RYHUDOO RUJDQLVDWLRQDO SHUIRUPDQFH LQ LPSOHPHQWL
LV WKH GHYHORSPHQW RI FHQWUDOL]HG SURMHFW GDWDED))
QHWZRUN RI SURMHFW WHDP &RQWUDFWRU FDQ XWLOL]H W
SODQQALQJ DQG ORJLVWLFV VXFK DV ORFDWLRQ RI PDFKLQHL
HW DO ,W LV DOVR XVHG WR VLPXODWH DQG DQDO\V|
UHGXFH SURMHFW WLPH XS WR $]KDU HW DO OHDQZK
LQGLFDWHG WKDW DSSUR[LPDWHO\ FRVW VDYLQJ DUH DF
(YHQ WKRXJK LW VHHPV DV VPDOO LW LV VWLOO VXEVWDQW

'LWK WKLV JURZWK LQ XVH DQG LQWHUHVW RI %,0 &ROQ\
REWDLQ WKH YDOXH RI %,0 LQ WKHLU RUJDQLVDWLRQ DQG E
KDV OHDSIURJJHG WKH DUFKLWHFW E\ OF*UDZ +LOO
LOQOGLFDWHG WKDW %,0 FRXOG JHQHUDWH VWURQJ EHQH¢{WYV
DQG RPLVVLRQV LQ GRFXPHQWDWLRQ SHUKDSV WKRVH EHQ
%,0 WKURXJKRXW WKH LQGXVWU\ %HUQVWHLQ DQG -RQHYV
VXJIHVWHG WKDW FRQWUDFWRUY DUH ¢QGLQJ ZD\V WR LQFF
PRUH WKDQ XVLQJ LW WR UHYROXWLRQL]H WKHLU EXVLQHV\
ODOD\VLDYV $(& LQGXVWU\ ZLWKLQ WKH QH[W IHZ \HDUV

7KH EXVLQHVVY YDOXH RI DQ\ QHZ WHFKQRORJ\ FRPSULV
RXWFRPHV %DUOLVK 6X0O0OLYDQ TKHUHIRUH EXVLQH)
QRW LQVXUPRXQWDEOH )URP WKH LPSOHPHQWDWLRQ RI %,
JDLQ DQG WKH HQWLUH VHFWRU ZLOO SURJUHVVLYHO\ UH?
IDFLOLWDWH LPSURYHPHQWY LQ PDQ\ EXVLQHVV SUDFWLFH
-R %,0 WHFKQRORJ\ KDV EHHQ LGHQWL¢HG DV D ERXC



Business Value of BIM in Malaysia’s Industry : Preliminary FindingS5

LQWHUDFWLRQV EHWZHHQ FRQVWUXFWLRQ SURIHVVLRQDOV
JRUJXHV HW DO 5DWKHU WKDQ WU\LQJ WR HPEDUN RQ
%,0 FDQ EH DSSOLHG ZLWKRXW UDGLFDO FKDQJHV WR WKH L
V\VWHPV RU WR WKH EXVLQHVYVY RUJDQL]DWLRQV 2UJDQLVDYV
DGRSW UHODWLYHO\ VLPSOH ZRUNLQJ PHWKRGYV ZLWK EDVLF
any radical change to their ICT systems or putting their business organizations at stakes.

7KH %,0 DV D pWUXO\ JDPH FKDQJLQJ WHFKQRORJ\Y HOLPLQ
LQFUHDVHYVY WKH SURGXFWLYLW\ RI VWDII 7KDW LQ WXUQ F
KHOSIXO WR WKH ELOOLQJ F\FOH RI VPDOO ¢UPV 8OWLPDW
ZLOO EULQJ KLIJKHU EXVLQHVYVY YDOXH WR DOO W\SHV RI $(&
risks.

PROBLEM STATEMENT

‘KHUH WKH UHPDUNDEOH VXFFHVV VWRU\ Rl %,0 H[LVW \
FRQWLQJHQW RI $(& RUJDQLVDWLRQ WKDW DUH QRW JHWW
RI %,0 $(& LQGXVWULHV VWLOO UHODWLYHO\ FRQVHUYDWL
%,0 DQG DXJPHQWLQJ VORZ SURJUHVV $OVKDZL HW DO
%HUQVWHLQ DQG -RQHV 7KH SUREOHP KRZHYHU 'DYL

YLVFKHU DUJXHG WKDW SHUIRUPDQFH RI SURMHFW Z
EHFDXVH WKH WHFKQRORJ\ LV GLI(FXOW WR OHDUQ WDNHQ
WKH HVWDEOLVKHG ZRUNARZ LQ WKH SURMHFW :KLOH WKI
FRQVWUXFWLRQ SURMHFW FRXOG VXIIHU SURMHFW SHUIRUP
29&RQQRU

7KH IXOO SRWHQWLDO RI %,0 KDV QRW EHHQ UHDOL]HG DV
DQG RZQHUYYVY H[SHFWDWLRQV ZKLOH LPSOHPHQWLQJ %,0 Ot
RI WKH YLIRURXYV UHDVRQV IRU WKLY SUHGLFDPHQW FRXOG
%,0 VRIWZDUH DQG WKH DGRSWLRQ LQFXU DGGLWLRQDO FR
with any revolution, though, there will always be some workers who are not resistant to new
ZD\V RI ZRUNLQJ +HQFH WKLV SDSHU VHHNV WR LQYHVWLJ
RQ WKH UHWXUQ RQ LQYHVWPHQW 52, HLWKHU LQ HFRQRF
measured in monetary terms.

RESEARCH METHODOLOGY

7KLV VWXG\ ZDV FRQGXFWHG E\ &8RQVWUXFWLRQ ,QGXVWU\
VHULHYV RI ZRUNVKRS 7KH UHVSRQGHQWY FRQVLVW RI YDULF
LQ FRQVWUXFWLRQ LQGXVWU\ $ WRWDO RI WDUJHWHG UH
SULRU WR DQVZHULQJ D VHPL VWUXFWXUHG TXHVWLRQQDL
EULH{QJ VHVVLRQ $ FRPSUHKHQVLYH OLWHUDWXUH UHYLH
WKLV VWXG\ DQG WR VXSSRUW WKH VXUYH\ TXHVWLRQQDLUI
TXHVWLRQ ZDV XVHG IRU VWUDWLI\LQJ WKH UHVSRQVHYV DQC
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THE FINDINGS

7KLV SUHOLPLQDU\ VWXG\ FRQVLVWYV RI

DQVZHUHG DOO TXHVWLRQV OHDQZKLOH

WKHUHIRUH WKHLU UHVSRQVH LV H[FOXGHG
QXPEHUV RI UHVSRQGHQW IRU SLORW VWXG\ LV

UHVSRQGHQW\
¢YH UHVSRQGHQV
IURP WKH DQ

+HQ

VXI¢FH IRU WKLV VWXG\ 7DEOH SUHVHQWY WKH GLVWULEX

to the age, organisation, experiences and industry background.

Tablel. 3UR¢,OH RI 5GHVSRQGHQWYV

Variables Frequency %
Gender
Male 19 70.4
Female 8 29.6
Years of Experience
Less 5 years 8 29.6
5to 10 years 3 11.1
11 to 15 years 6 22.2
Above 15 years 10 37.1
Organisation
Government Bodies 3 11.1
Architecture Firms 4 14.8
Engineering Consultant 9 33.3
Quantity Surveyor Firms 4 14.8
Contractors 6 22.2
Academician 1 3.8

7KH KLIKHVW UHVSRQGHQW LV
JROORZHG E\ WKH FRQWUDFWRUYV

WKH VDPSOH
UHSUHVHQWYV

WKHLU ZRUN ZKLOH

in Figure 1.

IURP WKH HQJLQHHULQJ F

$UFKI

HDFK UHSUHVHQWY E\ JRYHUQPHQW
OHDQZKLOH WKH UHVSRQGHQWY DUH WDUJHWHG ZHOO

Respondent's BIM Experience

15%
]
\ H Experienced BIM
M Learning Stage

Introductory Level

Figure 1. Respondent’s Experience of BIM

DUH DW WKH OHDUQLQJ VWDJH DQG
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Table 2. The Organisation Expectations of the ROI period

ROI Expectation (year) Percentage Remarks

General expectation of ROl across all

1to 2 years 70 o
organisations

3105 years 22 6RPH $UFKLWHFW ¢U_PV (QJLQHHULQJ
consultants and Government bodies

More than 5 years 8 Government bodies and Academician

TOTAL 100

7TDEOH VKRZV WKH RUJDQLVDWLRQ H[SHFWDWLRQV RI D F

DQG WUDLQLQJ LQYHVWPHQW )JURP WKH UHVXOWYV RI WKH V
EHOLHYHG WKDW WKH\ ZRXOG JDLQ UHRWRWUWQDQ R]® W KRIQLVQ K H:
WKDW 52, WR EH JDLQ ZLWKLQ * \HDUV SHULRG DUH =z
OHDQZKLOH WKH JRYHUQPHQW ERGLHV DQG DFDGHPLFLDQ

investment on BIM with the ROI exceeding 5 years.

W VKRZV WKDW HYHQ WKRXJK WKH UHVLVWDQFH PD\ FRP|
%,0 DV VWLSXODWHG E\ 7DNLP HW DO WKH LQGXVWU\
ZLOO JDLQ EHQH¢WV DQG 52, IURP WKH LQYHVWPHQW 8QIRL
EHQH,;WV DQG SRWHQWLDO UHWXUQV $(& LQGXVWULHV VWL

.KRVURZVKDKL DQG $UD\LFL +RZHYHU EDVHG RQ W
SUHGHWHUPLQLQJ IDFWRU IRU %,0 DFFHSWDQFH

Table 3. Critical Expectation of the Organisation’s Decision Makers

ORGANISATION
QUESTIONS EXPECTATION ACTUAL

Scores Results

Do you agree that your current staff capability and o
FRPSHWHQF\ ZLOO LQAXHQFH \RXU PkREFH WRFEFHsW %0

How long can you allow for your staff to be away for Tools A: 3 to 5 days

S 61% 1to 3 days Tools B: 5 to 10 days
?

BIM training? Tools C: 3 to 5 days
Do you expects your staff able to immediately
implement BIM upon completion of the training 63% Yes No
Do you expect full BIM advantages can be utilized
immediately after completion of the training 63% Yes No
If your staffs require further practice prior to
implementation, how long can you allow your staff 2 to 3 months and for
to continue practicing (on the job) and be ready to 76% Upto1week some tasks, will take up
optimized full BIM potential? to 6 months

7TDEOH DERYH GHVFULEHG WKH FULWLFDO H[SHFWDWLRQ
DFFHSW %,0 DQG WR ZLWKGUDZ WKH DGYDQWDJHV IURP %,0
RQ WKH IDFWRUV RI GHFLVLRQ WR LPSOHPHQW %,0 LQWR W
RI WKH UHVSRQGHQWY DJUHH WKDW WKH VWDII FDSDEL



38 Mohd Harris, et. al.

ZLOO LQAXHQFH WKH GHFLVLRQ DQG FKRLFH IRU LWV DGRSV
DQG FRPSHWHQF\ GHYHORSPHQW SULRU WR DFFHSWDQFH RI

Meanwhile, comparison is established on the BIM competency development, between
WKH RUJDQLVDWLRQYY DOORZDQFHYVY RYHU WKH SHULRG WR
E\ WKH PDMRU %,09V VRIWZDUH SURYLGHUV QDPHO\ LQ WKL\
7KH UHVXOWYV VKRZV WKDW RI WKH RUJDQL]DWLRQ DOOR
PD[LPXP RI RQO\ GD\V ZKLOH 7RROV $DQG 7RROV & ZLOO U
WKH EDVLF IXQFWLRQ DQG WDNLQJ DQRWKHU WR GD\V IR
OHDVW WR GD\V WR FRPSOHWH OHDUQLQJ WKH DYDLODEO
RWKHU KDQG RI WKH RUJDQL]DWLRQ H[SHFWV WKH WUDL
%,0 DQG DFKLHYH LWV IXO0O SRWHQWLDO XSRQ FRPSOHWLR
VWLSXODWHG WKDW WKH WUDLQHH ZLOO UHTXLUH IXUWKHU
RUGHU WR EH VNLOIXO DQG DFKLHYH IX0O0 %,0MV SRWHQWLD

2Q WKLV DFFRXQW WKH VXUYH\ IXUWKHU HQTXLUHV WKH C
IRU WKH VWDIIl WR SUDFWLFH WKH %,0 VRIWZDUH IXUWKHU L

WKDW DV KLJK DV RI WKH RUJDQL]DWLRQ DEOH WR JLYH
WR SUDFWLFH SULRU WR H[SHFWLQJ IXO0O DGYDQWDJH RI
LPSOHPHQWDWLRQ OHDQZKLOH +DURQ DQG &,'% Vv

IRU WKH RQ MRE SUDFWLFH FRXOG EH ZLWKLQ WR PRQWEK
WKH WDVNV QHHGHG E\ WKH RUJDQLVDWLRQV EHIRUH DQ\ E
DUH RQH RI WKH PDMRU JDSV LGHQWL{HG GXULQJ WKH VXUY
%,0 IRU LWV ZLGHU DFFHSWDQFH E\ WKH GHFLVLRQ PDNHUYV
DQG WKH DFWXDO VRIWZDUH FDSDELOLW\ RITHUHG E\ WKH U

CONCLUSION

2QH Rl WKH PRVW SURPLQHQW IXQFWLRQV RI %,0 LV WR (
WKH EHQH¢{¢WV WR %,0 DSSHDU REYLRXVO\ DQG %,0MV IXWXlL
LQGXVWU\ 2QH RI WKH PRVW VLIJQL{FDQW ¢(QGLQJV WR HPH!
SURIHVVLRQDO LV FRJQLVDQW WKDW %,0 ZLOO SURYLGH EX
JOREDO $(& LQGXVWU\ 7KH UHVXOWY RI WKH DERYH VWXG\
FRPPHUFLDO LVVXHV DQG HQIROG VLIJQL¢,{¢FDQW JDSV EHWZH
RITHU RI WHFKQRORJ\ LQ WKH IRUP RI LPSOHPHQWDWLRQ RI
DOO ORRNV D ELW GLI¢FXOW +RZHYHU ZLWK WKLV ODQGVC
RITHUHG E\ %,0 LW LV QRW VXUSULVLQJ WR VHH PRUH RUJEL
WR DXJPHQW WKHLU EXVLQHVY YDOXH 7R WKH YHU\ QDWXU
XQSUHGLFWDEOH LQGXVWU\ %,0 FRQWLQXHV WR VXEVWD(
VWUDWHI\ IRU FRQVWUXFWLRQ EXVLQHVV QRW RQO\ IRU RL
WKHP VXFFHVV ZLWKLQ FRPSHWLWLYH $(& LQGXVWU\ 7KH Gt
SRWHQWLDO LV HQRUPRXV ,W LV WKXV VXJJHVWHG WKDW I
EXVLQHVYVY VWUDWHI\ DQG WDNLQJ DGYDQWDJH ZLWK WHFKQ
the best option.
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RECOMMENDATION

7KHUH LV D QHHG IRU D UHOHYDQW PHWKRGRORJ\ WR HYI
DQ\ SURMHFW I|IURP D EXVLQHVYV SHUVSHFWLYH LQ FRQMXQI
$V D SUHFXUVRU WR IXWXUH UHVHDUFK LQ WKLV DUHD IXW
HISHFWDWLRQ GXULQJ WKH WUDLQLQJ LQ WHUPV RI HDVH RI
application available in the market.
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WOMEN'’'S CONSULTANT PARTICIPATION IN THE
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3XODX 3LQDQJ

Abstract

It has been over a decade that the number of women entering construction related programmes

in Malaysian higher education has outhumbered men. However their numbers of involvement

in the industry is very much lower compared to men and has not been extensively documented.

The aim of this paper is to establish the level of women’s participation in the construction industry

and to identify the barriers and challenges faced by women in this sector. A questionnaire

VXUYH\ KDV EHHQ DGPLQLVWHUHG WR ZRPHQ ZRUNLQJ LQ FRQVXOW
industry through simple random sampling. Majority of the respondents were in the category

of having 1-10 years of industry experience. Their decision to enter the industry has been

LQAXHQFHG HLWKHU E\ SDUHQWY WKHPVHOYHV RU IULHQGYV DQG PRWI
FDUHHU RSSRUWXQLWLHY 7KH PDLQ EDUULHU WR UHPDLQ LQ WKH FR
working hours and the most challenging factors faced are mistreatment by others in the industry

DQG VWULFW UHFUXLWPHQW SURFHVVHV 7KH ¢QGLQJV EULQJ DQ LPS|
organizations, to continue their support on this cohort, especially those with family obligations,

E\ GHYHORSLQJ AH[LEOH ZRUN VFKHGXOHYV DQG ORRNLQJ DW FDVHYV

anticipation of the industry recruiting higher number of women workers in the future, it is thus

timely that the industry should formally acknowledge their existence and contribution. Adopting

AH[LEOH ZRUNLQJ DUUDQJHPHQWY ZRXOG JUHDWO\ IDFLOLWDWH LQ WK
this potentially important asset to sustain in the industry.

Keywords: Barriers; Challenges; Women'’s participation; Construction industry and Malaysia

INTRODUCTION

,Q UHDOLW\ IHPDOH UHSUHVHQWDWLRQ LQ WKH ZRUNSOD
GHFDGHV LQ PRVW GHYHORSHG FRXQWULHY IXUWKHUPRUH
PDOH GRPLQEQDWHG MREV RZLQJ WR HFRQRPLF UHDVRQV DQ
VHWWLQJV /LQ HW DO ,Q WKH 86 ZRPHQ PDNH XS D.
ZRUNIRUFH 8 6 'HSDUWPHQW RI /DERU JHPDOH HPSC
dnching closer to men’s employment rates all the time’L HW DO ODOD\VLD
RWKHU KDQG zZDV UHSRUWHG WR KDYH WKH ORZHVW ZRPHQ
JRUFH DQG 6RFLDO 7UHQGV LQ $VHDQ &RPSDUHG WR
ODOD\VLDQ ZRPHQ SDUWLFLSDWLRQ VWRRG DW FRPSDUH(
DQG 6LQJDSRUH

7KH FRQVWUXFWLRQ LQGXVWU\ LV RQH Rl WKH PRVW PDOF

D PDOH UHSUHVHQWDWLRQ UDWH RI PRUH WKDQ JLHOGHC

IRU ZRPHQ LQ WKH FRQVWUXFWLRQ LQGXVWU\ DSSHDU WR

OLPLWHG )LHOGHQ HW DO $FFRUGLQJ WR WKH &RQVW

ZRPHQ RQO\ DFFRXQW IRU RI WKH FRQVWUXFWLRQ ZR

D VLIQL¢(¢FDQW QXPEHU RI EDUULHUV LQFOXGLQJ GLI¢FXOW!

JDLQLQJ WKH PRVW VHQLRU SRVLWLRQV LQ WKH RUJDQL]DW

IRU ZRPHQ LQ WKH LQGXVWU\ WR EHWWHU QHJRWLDWH DQG
HW DO
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,Q ODOD\VLD DOWKRXJK WKH SDUWLFLSDWLRQ RI ZRPHQ L
VHFWRU LV VWLOO ORZ WKH SHUFHQWDJH KDV LQFUHDVHG
ORUWRQ ,W LV DOVR SUHGLFWHG WKDW WKH SHUFHQW
KLIKHU HQUROPHQW RI ZRPHQ FRPSDUHG WR PHQ LQ SXEOLE
GHFDGHV PD\ OHDG WR WKH IXWXUH SKHQRPHQD ZKHUH D |
ZRPHQ EHFRPHV D UHDOLW\ 'HSDUWPHQW RI 6WDWLVWLFV 0
RI 6WDWLVWLFV 0DOD\VLD WKH UDWH RI IHPDOH HPS(

LQ FRPSDUHG ZLWK LQ SHQLQVXODU 0DOD\V
HYHU LQFUHDVLQJ IHPDOH HPSOR\PHQW SRSXODWLRQ LQ WK
WKRXJK LW LV VWLOO ORZHU WKDQ WKDW RI WKH PDOH SRS

7KHUH DUH VRPH EDUULHUVY WKDW SUHYHQW ZRPHQ IURP S
WKH ELJJHVW EHLQJ WKRVH UHODWHG WR HOQWU\ GHYHORSF
Moreover, women also encounter physical barriers, such as on-site environmental hurdles and
SHUFHLYHG HPRWLRQDO VXSSRUW EDUULHUV WKDW FDQ HYH
HQYLURQPHQW *HHUWVHPD ,Q 0DOD\VLD VDIHW\ DQG |
LOGXVWU\ FUHDWH IXUWKHU EDUULHUY WR ZRPHQ HQWHULC
7KH ZRUNLQJ HQYLURQPHQW LV JHQHUDOO\ QRW FRQGXFLY'
DQG PRWKHUV 7KH 2FFXSDWLRQDO 6DIHW\ DQG +HDOWK $GF
LQ D RQH \HDU SHULRG Rl IHPDOH FRQVWUXFWLRQ ZRUN
DQG UHSRUWHG VH[XDO KDUDVVPHQW

BUHYLRXV VWXGLHV RQ ZRPHQYYVY SDUWLFLSDWLRQ LQ WKI
EDUULHUV WKDW SUHYHQWHG ZRPHQ IURP DFKLHYLQJ PDQI
DO *UHHG DQG KDYH DOO EHHQ FRQGXFWHG LQ :F
6RPPHUYLOOH HW DO JXUWKHUPRUH DFFRUGLQJ WR )
LQGXVWU\ LWVHOI KDV QRW XQWLO UHFHQWO\ IRUPDOO\ L
RI ZRPHQ LV DQ LPSRUWDQW LVVXH %HVLGHV FRQVWUXFW
the construction industry have been covered on women consultants such as Lingard and Lin

/IRRVHPRUH DQG *DOHD DQG (QVKDVVL HW DO
VWXG\ FRQGXFWHG FRYHULQJ SURIHVVLRQDO ZRPHQYV SDU
VXFK DV TXDQWLW\ VXUYH\RUV HQJLQHHUV DUFKLWHFWYV D!
JRFXVLQJ RQ SURIHVVLRQDO ZRPHQ LQ WKH LQGXVWU\ WKL
RI ZRPHQYYVY SDUWLFLSDWLRQ LQ WKH FRQVWUXFWLRQ LQGX)\
encountered by them.

7KH QH[W VHFWLRQ FRQWDLQV D UHYLHZ RI OLWHUDWXU
LQGXVWU\ 7KH OLWHUDWXUH UHYLHZ LV IROORZHG E\ D GH\
WKH UHVHDUFK ¢QGLQJY UHSRUWHG LQ WKH QH[W VHFWLRQ
RQ SDUWLFLSDWLRQ EDUULHUV DQG FKDOOHQJHV PHW E\ S
WKH FRQFOXVLRQ LGHQWL¢{¢HYV LPSOLFDWLRQV RI WKH ¢(QGL(
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LITERATURE REVIEW
Women in the construction industry
7KH LVVXH RI ZRPHQTYVY XQGHUUHSUHVHQWDWLRQ LQ WKH

concern since the early 1980’s. Women in this industry are perceived as the wrong gender to
EHLQ FRQVWUXFWLRQ RFFXSDWLRQV WKDW UHTXLUH PDQXEC

-LQJPRQG $ UHFHQW VXUYH\ RI IHPDOH FRQVWUXFWL
WKH 8. IRXQG WKDW EHOLHYHG WKDW WKH\ ZHUH WUH
JHQGHU DQG UHSRUWHG WKDW EXOO\LQJ DQG KDUDVYV

&RQVWUXFWLRQ ,QGH]

$FFRUGLQJ WR WKH 1DWLRQDO :RPHQYV /DZ &HQWHU 1:/&
JHQHUDOO\ HPSOR\V OHVV WKDQ RI lHPDOH LQ WKH ZRUN
VSHFL¢F FUDIWYV DQG WUDGHV 0DQ\ RI WKH (XURSHDQ 8QLR(
LQ VNLOOHG ODERU EXW SURMHFW EDVHG FRPSDQLHYVY DUH F
VXFK DV LPPLJUDQW ZRUNIRUFHV LQVWHDG RI ORRNLQJ DW
FRYHU WKH LQFUHDVLQJ GHPDQG &ODUNH HW DO ,Q U
WKDW WKH LQGXVWU\ GRHVY QRW JXDUDQWHH KLJK SD\LQJ |
HW DO DUJXHG WKDW ZRPHQ ZRXOG UDWKHU FKRRVH
UDWKHU WKDQ JDLQ HPSOR\PHQW LQ WKH FRQVWUXFWLRQ L
new construction sites and working long hours.

Barriers against women'’s entry to the construction industry
Image of the industry

The construction industry is typically portrayed as promoting adversarial business
relationships, poor working practices and environmental insensitivity, and has a reputation
IRU XQGHU SHUIRUPDQFH &,7% 7KH SUHGRPLQDQW LQ
GRPLQDWHG UHTXLULQJ EUXWH VWUHQJWK DQG D JRRG WR
ZHDWKHU DQG IRXO ODQJXDJHYV

One assumption on which some arguments are based states that a woman is physically
QRW VWURQJ HQRXJK WR HQGXUH WKH VWUHQXRXV WDVNYV
VHIJUHIJDWHG RFFXSDWLRQV ZRPHQ PXVW SURYH WKHLU FRF
HI[SHULHQFHY &ODUNH HW DO 'DLQW\N HW DO IR
LQ WKH LQGXVWU\ DIWHU FRPSOHWLQJ D UHODWHG GHJUHH
portrayed by recent recruitment initiatives.

Culture and environment

‘RPHQ RIWHQ FKRRVH D FDUHHU LQ WKH FRQVWUXFWLRQ
FKDOOHQJLQJ SURYLGHV JRRG ZRUNLQJ FRQGLWLRQV DQG IFf
ORVW ZRPHQ ZKR MRLQ WKH FRQVWUXFWLRQ LQGXVWU\ |

and are motivated to adapt to the environment, and by taking on construction roles, such as



Mastura Jaafar, et. al.

being an environmental consultant, while seen as a greater good, is still dependent upon an
LQGLYLGXDOTV GHFLVLRQ :LOOLDPYV

The construction industry has a macho culture where relationships are characterized
E\ DUJXPHQW FRQALFW DQG FULVLV *DOH &RQVHTXH
¢ QG WKDW WKH\ DUH H[SRVHG WR DQ H[WUHPHO\ KRVWLOH
workplace has been described as amongst the most chauvinistic, with an extremely macho
FXOWXUH WKDW LV KRVWLOH DQG GLVFULPLQDWRU\ WRZDUC
JHQGHU GLIIHUHQWLDWHG FDUHHU RSSRUWXQLWLHV OHDGL
WXUQRYHU RI ZRPHQ LQ FRQVWUXFWLRQ FRPSDQLHV $PDUD

$FFRUGLQJ WR OLFKDHO 5RPDQV SDVW SUHVLGHQW RI Wk
construction industry is characterized“ayboy’s own culture,” ZKLFK LV RYHUWO\ IRVW
ODQJXDJH DQG EHKDYLRU $PDUDWXQJD HW DO S '
male values are the norm in the construction industry. These include long working hours,
FRPSHWLWLRQ LQGHSHQGHQFH IXO0O WLPH ZRUN DQG KLJ
DGYDQFHPHQW ,QYDULDEO\ VXFK PDOH GRPLQDQW FXOW)>
ZRPHQTV HQWU\ WR WKH LQGXVWU\ DQG WKHLU VXEVHTXHQV

Health and safety

$ KRVWLOH ZRUNSODFH SUHVHQWY KHDOWK DQG VDIHW\ F
D ODFN RI WUDLQLQJ DQG VDIHW\ LQIRUPDWLRQ WR SK\VLFD
$GPLQLVWUDWLRQ >26+3$@ 'LVWUDFWLRQV ZKLOH ZRUN
RI SUHFDXWLRQV WKDW LQ WXUQ OHDG WR RQ VLWH LQMX!
UHAHFWHG LQ DFXWH DQG FKURQLF VWUHVV UHDFWLRQV 26
E\ 26+$% RQ ZRPHQ LQ WKH LQGXVWU\ UHVSRQGHG W
E\ FR ZRUNHUV RU VXSHUYLVRUV EHFDXVH WKH\ ZHUH IHP
KDUDVVPHQW E\ FR ZRUNHUV RU VXSHUYLVRUV VHUYHG DV
LQFUHDVHG SV\FKRORJLFDO DQG SK\VLRORJLFDO GLVWUHVYV
IUDXJKW ZLWK REYLRXV GDQJHUV WKLV VHUYHV RQO\ WR H]

Sexual harassment

6H[XDO KDUDVVPHQW LV D VHULRXV SUREOHP IRU IHPDO}

D 86%$ 7TRGD\ DQDO\VLV RI WKH 8 6 (TXDO (PSOR\PHQW 2
%XUHDX RI /DERU 6WDWLVWLFVY GDWD IHPDOH FRQVWUXFW
Rl VH[XDO KDUDVVPHQW FRPSODLQWYV SHU HPSOR\HG :

ODZV SURKLELWLQJ VH[ GLVFULPLQDWLRQ LQ HPSOR\PHQW
WKDW VH[XDO KDUDVVPHQW DW D PLQLPXP LV D VWUHVV L(
SRVH D GDQJHU DV D UHVXOW RI GLVWUDFWLRQ IHDU DQG L
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Marital status

It is hypothesized that women do not reach the top echelons in the construction industry
PDQDJHPHQW VWUXFWXUH EHFDXVH WKHLU DFWLYH FDUHHU'
REOLIJDWLRQVY DQG PRWKHUKRRG DV ZHOO DV WKH ODFN R
GHFOLQLQJ QXPEHU RI ZRPHQ UHVLJQ IURP WKHLU ZRUN IR
FKLOGUHQ )RU WKRVH ZKR FKRRVH WR OHDYH D PDMRULW\
RI VFKRRO JRLQJ DJH $]JL] DQG ODUULVRQ

‘RPHQ EHLQJ FKLOG EHDUHUV KDYH WR DGGUHVV LVVXF
WKH UHTXLUHPHQW WR WDNH OHDYH |0 Bf th&kldamiers,iQ IDFW +
employing women is the assumption by society and industry that they will leave and have
children” +DUULHW S JRU VRPH ZRPHQ KRZHYHU WKLYV
choice, some women can decide not to have children or may be physiologically unable to do
VR .HOOHUPDQ DQG 5KRGH 6RPHWLPHYV HPSOR\HUV DL
KDYH EDELHV WKLV SKHQRPHQRQ LV QRW SDUWLFXODU RQ
RWKHU LQGXVWULHYVY .HQ\D 6'1 JDFWRUV VXFK DV UHW)?
KRXUV DQG FRQ¢({GHQFH DUH DOO SDUW RI WKH PL[ ZKLFK

Level of Education

‘RPHQ DUH PRUH OLNHO\ WR IDFH PRUH FRPSOH[ FDUHHU FI
WHQG WR PRYH WKURXJK SKDVHV ZKHQ RWKHU DVSHFWV RI
WKHUH LV D ODUJH SRRO RI ZRPHQ HPSOR\HHV ZKR ODI
construction industry because they have opted out so early in their lives.

*ORYHU DQG )LHOGLQJ UHSRUWHG WKDW DOWKRXJK V
in science, engineering and technology has doubled in the last 15 years, the proportion that
XVHG WKHLU TXDOL{FDWLRQV SURIHVVLRQDOO\ KDV QRW L
RI VFLHQFH RIITHU LQVLJKWY DV WR KRZ VFLHQWL¢{F LQYHVW
FRPPXQLW\ GLVFULPLQDWH DJDLQVW IHPDOHYV GLVFULPL
UHSUHVHQWDWLRQ LQ WKH FRQVWUXFWLRQ ¢HOG %HQQHW)

7KH DYHUDJH SHUFHQWDJH RI IHPDOHYV VWXG\LQJ GHJUHH
LQ 6RXWK $IULFD LV VWLOO ORZ FRPSDUHG ZLWK WKDW RI V
5RII I ZRPHQ GR QRW IXUWKHU WKHLU HGXFDWLRQ LQ \
WR DFTXLUH WHFKQLFDO H[SHUWLVH DQG PHFKDQLFDO FRPS
ODFN RI WHFKQLFDO DELOLW\ RU RWKHU PHDQV E\ ZKLFK WHF

Challenges faced by women in the construction industry
Compensation
2Q0H RI WKH FKDOOHQJHYVY RI WKH FRQVWUXFWLRQ LQGXVW

'LVFULPLQDWLRQ LQ WHUPV RI FRPSHQVDWLRQ LV ZLGHVS
OXUUD\YV FHQVXV LQ 6RXWK $IULFD VKRZHG WKDW C(



48 Mastura Jaafar, et. al.

LQ WKH FRQVWUXFWLRQ LQGXVWU\ HDUQHG RYHU 5 DQ:
RI DV ORZ DV 5 SHU PRQWK RU OHVV 1HHGOHVV WR VD\
UHFHLYHG E\ PDOH ZRUNHUV 6LPLODUO\ BKUXP DQG *HLVO|
VDPH ZRUN DV PHQ HDUQHG VLJQL:FDQWO\ OHVV $ VXUYH\
RSHQ LQHTXDOLW\ LQ SD\ ZLWK ZRPHQ HDUQLQJ W R OF
"HOOV

Recruitment

:KHQ DSSO\LQJ IRU SRVLWLRQV LQ WKH LQGXVWU\ PDQ\ Z
WR XQDFFHSWDEOH FRPPHQWY GXULQJ LQWHUYLHZV $]JL] DC
DQG .XVDNDEH WKH FKDOOHQJHYV LGHQWL{HG E\ ZRP#t
Thailand and Bangladesh were all related to the recruitment process.

Patriarchal behavior among colleagues

,Q VWULYLQJ IRU VHOI LPSURYHPHQW LW LV XVXDO WR O
FDQ EH GLI{(FXOW LQ WKH FRQVWUXFWLRQ VHFWRU LI D ZR
WR $XOLQ DQG -LQJPRQG 7KH ODFN RI UROH PRGHO
recruitment literature, peer pressure and poor educational experiences have all been cited as
IDFWRUV WKDW SUHYHQW ZRPHQTV HQWU\ WR WKH LQGXVWL
FDUHHU DVSLUDWLRQVY DQG GHYHORSPHQW RI ZRPHQ LQ WK

Promotion and recognition

Restricted promotional opportunities within the organizations occur within divisions
WKDW SUHYHQW ODWHUDO VWDII PRELOLW\ DPRQJ RSHUDYV
HQYLURQPHQWY WKDW UHVWULFWYVY RSSRUWXQLWLHV IRU ZR|
SUDFWLFHV 'DLQW\ HW DO :RPHQ DUH DOVR FRQVLGH
RSSRUWXQLWLHY DYDLODEOH ZLWKLQ WKH RUJDQL]DWLRQV

7KH SURPRWLRQ RI IHPDOH HQJLQHHUV IRU H[DPSOH KD
GHFDGHV IURP OHVV WKDQ WR PRUH WKDQ IHYHUWEK
HGXFDWLRQDO TXDOL¢{(FDWLRQV GXUDWLRQ RI HPSOR\PHQ\
less likely than men to achieve high-status positions or move towards a career in management
/IDXHU

RESEARCH METHODOLOGY
Sample and data collection

$ VDPSOH VXUYH\ ZDV WKH W\SH XWLOL]J]HG LQ WKLV UHVHLEL
GDWD FROOHFWLRQ IURP VHOHFW SDUWLFLSDQWYV ZLWKLQ |
UHVHDUFK WKH TXHVWLRQQDLUH ZDV WKH VROH LQVWUXP
6LPSOH UDQGRP VDPSOLQJ PHWKRG ZDV DSSOLHG JLYHQ WK
FKDQFH RI EHLQJ VHOHFWHG $ERXW TXHVWLRQQDLUHYV Z
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email. Personal emails were also sent to all women consultant working in the construction
LQGXVWU\ 21 WKHVH UHVSRQGHQWY VHQW EDFN WKH IRU

7KH VDPSOH VL]H PXVW EH RI WKH WRWDO SRSXODWLR
+RLQYLOOH DQG -RZHOO +RZHYHU LQ VRPH VWXGLHYV
%ODFN DQG &KDPSLRQ ,Q WKLV VWXG\ IHPDOH DUFK
D VDPSOLQJ RI DUFKLWHFWYV IHPDOH TXDQWLW\ VXUY]I
VDPSOLQJ RI TXDQWLW\ VXUYH\RUV IHPDOH HQJLQHH
VDPSOLQJ RI HQJLQHHUV DQG SURMHFW PDQDJHUV ZHUH

SURMHFW PDQDJHUV $00 WKH SHUVRQDO FRQWDFW QXPEI
IURP VDPSOHY ZHUH REWDLQHG IURP WKH OLVW RI UHJLVWH

%DVHG RQ SUHYLRXV VWXGLHV *HHUWVHPD +DWLSNLE
'DYLGVRQ D WRWDO RI' LWHPV ZHUH XVHG WR GHWHUF
LQ WKH FRQVWUXFWLRQ LQGXVWU\ D WRWDO RI LWHPV UH
FRQVWUXFWLRQ LQGXVWU\ DQG LWHPV UHJDUGLQJ FKDOO
industry.

Reliability
&URQEDFKTV DOSKD LV WKH PRVW FRPPRQ PHDVXUH RI LQ

LV PRVW FRPPRQO\ XVHG LQ VWXGLHV WKDW HPSOR\ /LNHU\
D VXUYH\ TXHVWLRQQDLUH 7KH &URQEDFK{fV DOSKD YDOXH

FROVWUXFWLRQ LQGXVWU\ LV ZKLOH WKDW RI WKH FKLEL
QRWHG WKDW FXW RIlI SRLQW RI LV PRUH VXLWDEOH

are deleted.

ANALYSIS

Demographic data

7KH PDMRULW\ RI WKH UHVSRQGHQWY ZHUH IURP WR

XQGHU \HDUV IURP WR \HDUV I[URP WR
\HDUV ROG DQG DERYH ORVW RI WKH UHVSRQGHQWYV ZH!I
DQG RQO\ ZHUH ZLGRZHG ODMRULW\ RI WKH UHVSRQGH
IROORZHG E\ JUDGXDWH SRVW JUDGXDWH GHJUHH KROGHUV
HTXDO DPRXQW RI SHUFHQWDJH JRU WKH VDODU\ UDQ
DUH EHORZ 50 ZKLOH DQG UHSRUWH

WR 50 EHWZHHQ 50 WR 50 DQG PRUH WKDQ

Participation of women in the construction industry

JRU ZRUN GXUDWLRQ PRVW RI WKH UHVSRQGHQWYV I
\HDUV ZRUNHG IRU WR \HDUV ZRUNHG IRU W F
IRU \HDUV RU PRUH 7KLV LQGLFDWHG WKDW DOPRVW
LQGXVWU\N KDYH OHVV WKDQ \HDUV RI H[SHULHQFH $FFRL
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PDLQ UHDVRQV ZK\ WKH\ FKRVH FDUHHUV LQ WKH FRQVWUX
KDYLQJ D JRRG FDUHHU ZLWK ERWK IDFWRUV UHFRUGLQJ V
E\ RWKHU IDFWRUV WKDW LQFOXGHG SDVVLRQ RU LQWHUHV!
DQG ZRUN HQYLURQPHQW ORVW RI WKH UHVSRQGHQW
HQWHU WKH FRQVWUXFWLRQ LQGXVWU\ PDGH WKF
WKHPVHOYHYV DQG EDVHG WKHLU GHFLVLRQV RQ WKHLU

6LQFH WKH TXHVWLRQQDLUHY ZHUH GLVWULEXWHG WR DO
WKH MRE WLWOHV ZHUH GLIITHUHQW 7KXV Rl WKH UHVS
SURMHFW PDQDJHUYV DUFKLWHFWYV HQJLQHHUV
DGPLQLVWUDWLYH VWDII LQ WKH FRQVWUXFWLRQ LQGXVWU\

$OPRVW DOO RI WKH UHVSRQGHQWYV DQVZHUHG LQ V
WKH\ LQWHQGHG WR VWD\ ORQJHU LQ WKH FRQVWUXFWLRQ
QHIJDWLYH )RU WKH HPSOR\PHQW VWDWXV ZHUH SHUP
HPSOR\HHV DQG VHOI HPSOR\HG WKH\ RZQ WKH FRPSDQ'
PRVW RI WKH UHVSRQGHQWYV VWD\HG LQ WKH RI¢FH IR

VWD\HG LQ WKH RI¢FH IRU OHVV WKDQ KDOI D GD\ DQG
and at the construction sites.

Barriers against women'’s entry to the construction industry
JURP WKH GHVFULSWLYH DQDO\WVLY WKH PDMRU EDUULHL

FRQVWUXFWLRQ LQGXVWU\ ZDV LQAH[LEOH ZRUNLQJ KRXU
IROORZHG E\ XQVXLWDEOH ZRUNLQJ FRQGLWLRQV P

P 6' IRUFHG WR DFW OLNH PHQ P 6' KDY
6' ODFN RI HGXFDWLRQ DQG SUDFWLFDO VNLOOV P

FXOWXUH P 6' PDOH GRPLQDQFH LQ WKH LQGXVWU\
P 6' 7KHUH DUH RQO\ WZR IDFWRUV WKDW HOLFLW

QDPHO\ KRVWLOH DQG GLVFULPLQDWRU\ HQYLURQPHQW P
P 6'
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Table 1. Item Statistics for Barriers against Women'’s Entry to the Construction Industry

Mean Std. Deviation Ranking No
LQAH[LEOH ZRUNLQJ KRXUV 4.0222 0.94120 1
unsuitable working conditions 3.8667 0.91949 2
family commitments 3.7778 0.99747 3
women must act like men 3.6889 1.25811 4
child-bearing responsibility 3.6667 0.95346 5
macho culture 3.6444 0.93312 6
lack of education and practical skills 3.6444 1.11101 6
male-dominated industry 3.6222 0.93636 7
Mindset 3.5556 1.11916 8
hostile and discriminatory 3.4667 0.99087 9
sexual harassment 3.3333 1.18705 10

Scale: >1.49= strongly disagree; 1.5 to 2.49 = disagree; 2.5 to 3.49 = neutral;
3.510 4.49 = agree; 4.5 to 5.0 = strongly agree

Challenges faced by women in the construction industry

JURP WKH GHVFULSWLYH DQDO\VLV WKH PRVW FKDOOHC
WKH FRQVWUXFWLRQ LQGXVWU\ ZDV EHLQJ PLVWUHDWHG F
UHFUXLWPHQW P 6' DQG XQGHUUHSUHVHQWDWLRQ |
OHDQZKLOH WKHLU RSLQLRQV UHJDUGLQJ RWKHU IDFWRUYV
OLPLWHG SURPRWLRQ RSSRUWXQLW\ P 6’ LOQHTXDO
YXOQHUDELOLW\ P 6’ ORZ FRPSHQVDWLRQ P 6
VLWXDWLRQ P 6'

Table 2. Item Statistics for Challenges Faced by Women in the Construction Industry

Mean Std. Deviation Ranking No
mistreatment 3.6889 1.0622 1
strict recruitment 3.6000 1.1361 2
underrepresentation and unfair treatment 3.5778 0.9412 3
inequality 3.4667 0.9908 4
limited promotion opportunities 3.4667 0.9438 4
Vulnerability 3.4444 1.1976 5
low compensation 3.3111 1.0185 6
uncomfortable conditions 3.2667 1.1751 7

Scale: >1.49 = strongly disagree; 1.5 to 2.49 = disagree; 2.5 to 3.49 = neutral,
3.5t0 4.49 = agree; 4.5 to 5.0 = strongly agree

DISCUSSION

7KH FXUUHQW SDSHU H[SORUHV ZRPHQ SURIHVVLRQDO FR
LQGXVWU\ RI ODOD\VLD &RQVXOWDQW ¢(UPV DUH FRQVLGHU
research due to their operational characteristics which almost mirrors conventional
construction organizations. These parties need to cooperate in realizing and implementing
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SURMHFWY DQG WKHLU LQYROYHPHQW IRFXVHV RQ VLPLODU
W LV LQWHUHVWLQJ WR QRWH WKDW PDMRULW\ RI ZRPHQ
LOQGXVWU\ ZHUH LQ WKH PLGGOH DJH FDWHJRU\ ZLWK OHVYV
HQWHUHG WKH LQGXVWU\ EHFDXVH RI ¢QDQFLDO UHZDUGV
LOQGXVwWU\ :RPHQ VHHPHG WR EH PRUH LQGHSHQGHQW LQ P/
career. For examplee HHUWVHPD PHQWLRQHG WKDW SHRSOH RI\
FROQVWUXFWLRQ LQGXVWU\ LI LW SURYLGHV JRRG ZRUNLQJ
D VHW RI ZRUWKZKLOH FKDOOHQJHVY :RPHQ DOVR IHOW WKL
VKRXOG WUDQVODWH LQWR HFRQRPLF IUHHGRP DV UHAHFWH
EX\ D KRXVH (QVKDVVL HW DO

)DPLO\ DOVR SOD\V D VLIQL,FDQW UROH LQ D ZRPDQTYV FL
LQYROYHPHQW LV VWURQJO\ VXSSRUWHG E\ WKHLU IDPLO\ F
WKDW WKH IDPLO\TV LQAXHQFH ZDGCbnkt@ddhHBECtdr ESURGAI WD QW ||
>&6&@ 7KH VWXG\ DOVR VXSSRUWHG (QVKDVVL HW D
most women engineers’ decision to study civil engineering and architecture was supported
E\ WKHLU IDPLO\ IXUWKHU UHLQIRUFLQJ WKHLU SHUVRQDO
RI FRQVWUXFWLRQ %HVLGHV WKDW UHVSRQGHQWV ZKR Z¥}
willingness to stay longer in the industry due to their interest, congruent with Enshassi et al.’s
¢QGLQJIV 7KHY IRXQG WKDW PDMRULW\ RI ZRPHQ UHIXVF
WKHLU HQJLQHHULQJ FDUHHUV GHVSLWH WKH GLI¢{¢FXOWLH)
VLWHV $V IRU WLPH VSHQW LQ WKH RI¢FH PRVW RI WKH Ul
ZRUNLQJ KRXUV LQ WKH RI¢FH DQG WKH EDODQFH RQ WKH F
HITHFWLYHO\ FRQWULEXWH WR WKH UHDVRQ ZK\ UHVSRQGH
LW ZRXOG EH IDLU DVVXPSWLRQ IRU ZRPHQ FRQVXOWDQWYV
WKDQ EH H[SRVHG WR WKH GLI¢FXOW FRQGLWLRQV H[SHULH
GLITHUHQW ZLWK ZRPHQ LQ FRQVWUXFWLRQ RUJDQL]DWLRQ
commitment to do on-site work.

Barriers against women'’s entry to the construction industry

,QAH[LEOH ZRUNLQJ KRXUV LV WKH PDLQ EDUULHU SUH
FRQVWUXFWLRQ LQGXVWU\ ODUULDJH DQG WDNLQJ RQ WK
ELJJHU UHVSRQVLELOLW\ LQ WDNLQJ FDUH RI D IDPLO\ FRPS
ZRUNLQJ KRXUV FDQ WKHUHIRUH OHDG WR XQSURGXFWLYH
7KH SUREOHPY LQFUHDVH DV WKH IDPLO\ QXPEHUV JURZ RYF
IRU IDPLO\ DQG OHLVXUH SXUVXLWV 5DLVLQJ D IDPLO\ WKl
IRU VRPH ZRPHQ DQG WKH SURVSHFWV RI ORQJ DQG LQAH]I
XQDWWUDFWLYH %DVHG RQ D VWXG\ E\ 7DOHQW &RUS DQC
$FFRXQWDQW LQ JHQHUDO O0DOD\VLDQ ZRPHQ VWURQJO\ G
DFFRPPRGDWH IDPLO\ FRPPLWPHQWY VXSSRUW PDWHUQD¢
DQG HTXDO RSSRUWXQLWLHYVY DQG UHZDUGYVY 1HZ 6WUDLWYV 7
ZRPHQ DUH UHTXLUHG WR (W LQWR PHQTV FXOWXUH EXW *|
LV SK\VLRORJLFDOO\ ZHDNHU WKDQ PDQ WKH\ PD\ IHHO PRU
capacity as her male counterparts.
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8QVXLWDEOH ZRUNLQJ FRQGLWLRQV IRUP D VHFRQG EDL
LOGXVWU\ ,ODGHTXDWH LQIRUPDWLRQ DQG WKH ODFN RI HG
KHDOWK DQG VDIHW\ DUH PDMRU FRQFHUQV DPRQJ ZRPHQ .
FROVWUXFWLRQ ZRUNHUYV VXSHUYLVRUV DQG FRPSDQLHV U
ULVN WDNLQJ DQG XQVDIH ZRUN SUDFWLFHYVY SDVVLQJ 2EDG
WR DQRWKHU 5HVHDUFK FRQGXFWHG LQ WKH 86% E\ 5RELQV
HITHFWV RI ZRUNLQJ FRQGLWLRQV RQ WKH KHDOWK Rl ZRPH
HOHYDWHG PRUWDOLW\ SHUFHQWDJH IRU VSHFL¢{F FDQFHUYV
construction trades.

)DPLO\ FRPPLWPHQW DQG WKH UHVSRQVLELOLW\ RI EHLQJ
ZRPHQTV HQWU\ WR WKH FRQVWUXFWLRQ LQGXVWU\ 7KH FR(
H[SHULHQFHG E\ PDQ\ FRQVWUXFWLRQ SURIHVVLRQDOV LV P
PHQ DQG ZRPHQ ERWK QHHG WR EDODQFH WKH GHPDQGYV RI
WKH SULPDU\ UHVSRQVLELOLW\ IRU PDQDJLQJ GRPHVWLF GX
DO $00 RI WKHVH DUH UHODWHG WR D ZRPDQYV FKLO
ELUWK WDNLQJ FDUH RI WKH FKLOGUHQ DQG VR RQ

7KH ODFN RI HGXFDWLRQ DQG SUDFWLFH DOVR VHUYHV D
DUH QRW EHLQJ H[SRVHG WR WKH FRQVWUXFWLRQ HQYLURQ
SUDFWLFDO DVSHFWV RI FRQVWUXFWLRQ 3DUHQWV WHDFKI
FRQVWUXFWLRQ LQGXVWU\ DUH OLPLWHG WR EULFNOD\LQJ
students, undergraduates and graduates also perceive career teachers and careers’ advisor
DV EHLQJ XQDEOH WR SURYLGH DFFXUDWH DQG DGHTXDWH
$PDUDWXQJD HW DO

The macho culture that prevails in the male-dominated industry also results in the
GHYHORSPHQW RI D YXOQHUDEOH PLQGVHW DPRQJ ZRPHQ L
WKH VHQVH RI YXOQHUDELOLW\ DQG WKDW RI EHLQJ D YLFW|
UDWHV 7KLV FRXOG EH GXH WR WKH IDFW WKDW ZRPHQ DUH
KLJKHU OHYHOV RI FRQ{GHQFH ORUHRYHU ZRPHQ ZKR GR
SURIHVVLRQDO FDSDFLWLHVY WHQG WR (00 WHFKQLFDO VSH|
SRVWV 1:/&

)LQDOO\ WKH SURVSHFWV RI UHORFDWLRQ DQG ZRUNLQJ
HVSHFLDOO\ ZKHQ UHTXLUHG WR ZRUN ORQJ KRXUV DQG I
FRPSOHWHG RU LI WKH\ DUH UHTXLUHG WR WUDYHO ORQJ G
construction industry makes extreme demands and expects commitment on time, due to its
KLIJKO\ FRPSHWLWLYH QDWXUH 7KH SUDFWLFH RI VHTXHQFL
ZRPHQ EHFDXVH WKH\ RIWHQ ORVH WKHLU MREV RU DUH UHSES

Challenges faced by women in the construction industry

$V PHQWLRQHG WKH PDMRU IDFWRUV IDFHG E\ ZRPHQ |
IROORZHG E\ VWULFW UHFUXLWPHQW XQGHUUHSUHVHQWDW
RSSRUWXQLWLHY LQHTXDOLW\ YXOQHUDELOLW\ ORZ FRP
Women have always been mistreated by male co-workers in the construction industry. Given
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WKDW PLVWUHDWPHQW LV D VLIQ RI GLVUHVSHFW VXFK DI
VKRZQ E\ PDOH FROOHDJXHV IRU WKHLU IHPDOH FRZRUNHUYV
>81'3@ 7KDW DSDUW ZRPHQ DOVR IDFH WKH SUREOHF
DWWHPSW WR DFKLHYH D JUHDWHU GHJUHH RI HTXDOLW\ LQ
SUREOHPV VXFK DV WKH WHQGHQF\ RI SHRSOH WR HYDOXD
HGXFDWLRQDO OHYHO LQFRPH DQG SRVLWLRQ %DNVK

2ZWKHU FKDOOHQJHV IRU ZRPHQ LQFOXGH XQGHUUHSUHVH
LOQOGLFDWHG WKDW ZRPHQ DUH RIIHUHG IHZHU RSSRUWXQL\
PHQ $PDUDWXQJD HW DO $OWKRXJIK LQFUHDVLQJ QX
HGXFDWLRQDO TXDOL¢{(FDWLRQV WKH SHUFHSWLRQ WKDW Z|
IRU VHQLRU PDQDJHPHQW SRVLWLRQV VWLOO H[LVWYV

‘RPHQ DOVR VXIIHU [ URP OLPLWHG SURPRWLRQDO RSSRUW
'RPHQ ZKR KDYH EHHQ LQ WKH LQGXVWU\ IRU D OHQJWK RI
FRUSRUDWH ODGGHU EXW PRVW DUH XQDEQGtekééng, QG HQR X

DQG UHFHLYH ORZHU FRPSHQVDWLRQ WKDQ PHQ 2XU U
UDWH IRU WKLYV LWHP +RZHYHU JLYHQ WKHLU ORZHU TXD
TXDOL,FDWLRQ GLFWDWHYVY FRPSHQVDWLRQ RU WKH H[SHFWI

CONCLUSION AND RECOMMENDATIONS FOR FUTURE RESEARCH

7TKH FRQVWUXFWLRQ LQGXVWU\ LV XQLTXH LQ WKH 0DOCL
data showed that Malaysian women have progressed at a slower rate in the industry while
FRQIURQWLQJ PDQ\ EDUULHUY DQG FKDOOHQJHV 7KH SURM
FRQVXOWDQWY VXFK DV DUFKLWHFWY HQJLQHHUV TXDQW
involved in the industry. Actual practice allows consultants to prepare documents or drawings
LQ WKH RI¢FH ZKLOH SURJUHVVLYHO\ SDUWLFLSDWLQJ ZLV
VWDJH 8QOLNH ZRUNLQJ LQ FRQVWUXFWLRQ RUJDQL]JDWLRQ
EDODQFHG LQYROYHPHQW EHWZHHQ RI¢FH DQG VLWH ZRUN
VWXG\ FDQ EH YHU\ XVHIXO WR YDULRXV SDUWLHY LQYROY}
DV ZHOO DV IXWXUH UHVHDUFKHUV ZKR ZLVK WR GHHSO\ H]
FKDOOHQJHV IDFHG E\ WKLV PLQRULW\ JHQGHU LQ WKH LQG:

It is suggested that women consultants in the construction industry will enter the industry
DIWHU JUDGXDWLRQ EXW PRVW OLNHO\ OHDYH DIWHU DWYV
VFHQDULR ZKHUH IUHVK JUDGXDWHYV IHHO HDJHU WR ZRUN
interests stimulated by knowledge gained during studies. However, various barriers such
DV LQAH[LEOH ZRUNLQJ KRXUV XQVXLWDEOH ZRUNLQJ FRQ
RI FKDOOHQJHV VXFK DV PLVWUHDWPHQW VWULFW UHFUXL
WUHDWPHQW SRVH PDMRU REVWDFOHV IRU WKHP VWD\LQJ L!
GHYHORSPHQW SXUVXLWV RIIHU PDQ\ FKDQQHOV IRU ZRPHC(
ZLWK AH[LEOH ZRUNLQJ KRXUV HQFRXUDJHPHQW WRZDUGYV
DFDGHPLF VHFWRU RU YHQWXUH LQWR (UPV HVSRXVLQJ ZR
NQRZOHGJH JDLQHG WKURXJKRXW WKHLU FDUHHU \HDUV LQ
WKH FRPSDQLHV 7KXV DIWHU VHFXULQJ D FDUHHU LQ WKt
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PXVW FRQWLQXH WR VXSSRUW WKH VXVWDLQDELOLW)\ RI WK
LQGXVWU\ 0DQDJLQJ DQG PDLQWDLQLQJ WKH WDOHQW RI W}
RI RUJDQL]DWLRQV LQ WKH FRQVWUXFWLRQ LQGXVWU\ 7KL
HQVXULQJ WKDW ZRPHQfV LQYROYHPHQW LQ WKH LQGXVWU\
RYHU WKH FRPLQJ \HDUV JLYHQ WKH FRPSDUDWLYHO\ KLJK

7KLV SDSHU DOVR FDOO IRU YDULRXV SDUWLHV LQ WKH
strategic plans special suggestions and initiatives on how to retain women in the industry,
VSHFL¢;FDOO\ WKRVH SURYHQ FDSDEOH ZLWK JRRG DQG |
REOLJDWLRQV SHUKDSV E\ GHYHORSLQJ AH[LEOH ZRUN VFK
DGGUHVVLQJ LVVXHV RI JHQGHU PLVWUHDWPHQW LQ WKH ZF
XQGHVLUDEOH HOHPHQWY RI VH[XDO FKDXYLQLVP KDUDVVPF
EH SURDFWLYH DQG PDNH WKH ¢UVW PRYH E\ FUHDWLQJ D |
DUH WUHDWHG ZLWK GXH UHVSHFW DQG IXO0O\ HQFRXUDJHG
ZRUN IURP KRPH DUH JRRG ZRUNDEOH RSWLRQV DOORZLQJ |
FRQWULEXWH WKHLU H[SHUWLVH ZKLOVW DW WKH VDPH WLF
WKH LPSOHPHQWDWLRQ RI WKLV SURJUDPPH VKRXOG EH GR
agreed by both individuals and organizations.

7KH EDVLF ¢QGLQJV RI WKH VWXG\ RIITHU VRPH SRVVLEOH
7KLV UHVHDUFK PLJKW RIITHU PRUH LQWHUHVWLQJ (QGLQJV |
WKHLU DFWXDO UHVSRQVH RQ HDFK EDUULHUY DQG FKDOOH
IRFXVLQJ RQ ZRPHQ SHUFHSWLRQV IURP PHQ ZRXOG EH DQ
ZHOO IRU HI[DPSOH WKH VWXG\ RQ HVWDEOLVKLQJ ZRPHQTV
7KH FRPSDULVRQV EHWZHHQ PDOH DQG IHPDOH SHUFHSWLR
WR GHYHORS DQ DJHQGD RQ IXWXUH ZRPHQTV LQYROYHPHQ!
UHVHDUFK FRXOG DOVR EH FRQGXFWHG XVLQJ D PRUH VSHFI
UHVHDUFK ZDV WKDW WKH VWXG\ RQO\ UDQGRPO\ IRFXVHG R
GLG QRW FRYHU VSHFL¢{(F JURXSYV VXFK DV DJH H[SHUWLVH |
ZHUH WKXV DEOH WR RIIHU RQO\ JHQHUDO FRQFOXVLRQV R
construction industry, as it ignored the above segmentation.
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UNLEASHING THE POTENTIAL OF TRADITIONAL
CONSTRUCTION TECHNIQUE IN THE DEVELOPMENT
OF MODERN URBAN MASS HOUSING

Gan Hock Beng !, Zuhairi Abd. Hamid 2and Foo Chee Hung ?
1 G&A Architect, 10A, Jalan Perda Barat, 1st Floor Bandar Perda, 14000, Bukit Mertajam, Pulau

Pinang

2&8RQVWUXFWLRQ 5HVHDUFK ,QVWLWXWH RI ODOD\VLD &5($0 ODNPDO .HU

BHUVHNXWXDQ VW J)ORRU %ORFN ( /RW -DODQ &KDQ 6RZ /LQ .XDC
Abstract

The provision of adequate quality housing for the mass population has always been the major

challenge for a rapidly developing country like Malaysia. As the country heads towards higher

level of urbanization, it is expected to face accelerated demand on housing and the associated
HQYLURQPHQWDO LPSDFWV 2QO\ E\ HQFRXUDJLQJ WKH GHYHORSPHQV
through implementing a holistic construction approach that addressed right from the onset of the

design stage, harmful environmental impact to the surroundings can be mitigated. This paper

KLIKOLIJKWY WKH SRWHQWLDO RI DSSO\LQJ AH[LELOLW\ + D GHVLJQ DSS
in the traditional construction — as an inherent design strategy for the modern urban mass

KRXVLQJ 7KH SURSRVHG GHVLJQ VWUDWHJ\ HQWDLOV RSHQ SODQ WKD\
to be made quickly, economically, and repeatedly, without involving excessive site labour, time,

and cost; as compared to the currently adopted design strategy which is associated with rigid

structure, interlocking plan, and predetermined function. It makes possible the creation of

dwellings which may grow old yet without becoming obsolete; incorporating the latest design

ideas and technologies, yet have a sense of history on the Malaysian housing design (the

rumah kampung design); allowing the communities to live for generations, yet incorporating the

potential of adaptation. By examining the background research and the fundamental design

SULQFLSOHV WKH SDSHU VXJJHVWV WKDW RQO\ GZHOOLQJV ZLWK KL.
the integration of dual aims and principles of affordability and sustainability in mass housing,

thereby facilitating the movement of the country’s construction industry towards mechanization,

industrialization, and standardization.

Keywords: 'LYHUJHQW GZHOOLQJ GHLJQ VXVWDLQDEOH DIIRUGDEOH KRX

INTRODUCTION

+RXVLQJ LQGXVWU\ WRGD\ DUH RYHUVKDGRZHG E\ WZR

RI DGHTXDWH KRXVLQJ WR PDVV SRSXODWLRQ DV D UHV)>
LL VLIQL¢;FDQWO\ Féngseiod,Ldavsed LnQtJonly By &cBvities during the
FRQVWUXFWLRQ SHULRG EXW DOVR DIWHU KRXVLQJ LV FRP.
WRZDUGV KLJKHU OHYHO RI XUEDQL]J]DWLRQ ODOD\VLD LV F
SUREOHPV WKDW UHTXLUH D VROXWLRQ ZLWK WKH LQWHJUD
and sustainability. Keen architects, urban planners, and engineers might have achieved
DGYDQFHV LQ JHQHUDWLQJ VLQJOH PHDQLQJIXO EXLOGLQJ\
HITHFWLYH VXVWDLQDEOH PDVV KRXVLQJ GHVLJQ ZKHQ GHD(
*DQ $PRQJ WKH LGHQWL¢{¢HG PDMRU LPSHGLPHQWYV DU
RI VXVWDLQDEOH PDVV KRXVLQJ DQG WKH FKDOOHQJHV RI |
WKH IDVW ULVLQJ FRQVWUXFWLRQ FRVW 2 =DAGVDBQGR QU WKIHF
5HDO (VWDWH DQG +RXVLQJ '"HYHORSHUVYT $VVRFLDWLRQYV !
IULHQGO\ KRXVH LV DERXW KLIKHU WKDQ WKH FRQYHQW
WKH SUR¢{¢W KRYHUV DURXQG WR FRXSOHG ZLWK WKH (
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LV UDWKHU FRPSHWLWLYH DQG ZLWK H[WUHPHO\ KLJK ULVN
LQWR PDVV KRXVLQJ GHYHORSPHQW LV WKRXJKWHRIFBV QRW
VXVWDLQDELOLW\ IHDWXUHYV ZHUH UDUHO\ VHHQ DV D PHDQ
towards embracing the green caukd) SURPRWLQJ D ZLGHU QRWLRQ RI VX
KRXVLQJ LV QRW LQ WKH SUHIHUDEOH PRGH RI KRXVLQJ Gt
WKH DGRSWLRQ RI DQ XQIDPLOLDU VA\VWHP RU GHVLJQ SULC
existing housing construction process.

$V WKH HUD RI VXVWDLQDELOLW\ LV WDNLQJ LWV VWDQG
EXLOGLQJ LQGXVWU\ DUH JHWWLQJ LQFUHDVLQJ DWWHQWLI
as excessive energy and electricity consumption, consuming more raw materials than other
LQGXVWULDO VHFWRU JHQHUDWLQJ ODUJH DPRXQWYV Rl ZD\
DQG WHDU GLVUXSWLRQ WR QDWXUH HWF KDYH EHFRPH WK]|
arise whether mass population is being accommodated in suitable dwellings, and are homes
QRZ EHLQJ GHYHORSHG FDSDEOH RI DGDSWLQJ WR RFFXSDQ
VKRZ WKDW UHVLGHQWYV RI PDVV KRXVLQJ LQ 0ODOD\VLD DUH
FRQGLWLRQV LQ WHUPV RI FRQVWUXFWLRQ DFWLYLWLHV P
.DULP ,VQLQ HW DO ORVW RI WKHP HQG XS UHQR
QHHGV EHIRUH RFFXSDQF\ 5RVWDP HW DO 1XUGDOLO
LV ODUJHO\ GXH WR WKH QDWXUH RI WKH FXUUHQW PDVV
FRQYHUJHQW GHVLJQ V\VWHP )LJXUH ZKLFK LV D 3RQH ¢V
LV OLNHO\ WR EH GHVLJQHG DURXQG WKH FDSDELOLW\ RI D
XVHU 7KXV KRXVHV GHVLJQHG IRU WKH DYHUDJH IDPLO\ DU
VXVWDLQDELOLW\ REMHFWLYHY DV WKH\ DUH OHDGLQJ WR I

4
SLEEPING ! SLEEPING SLEEPING VSLEEPING

LIVING / 1 LIVING /
DINING DINING

= 8 g A
1 DG LEEPIN __ LEEPI Ij
gl o

LIVING / LIVING /
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4 4
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Figure 1. Typical layout of convergent design system

Besides, convergent design system implies to extreme compartmentalization and
GLVVRFLDWLRQ RI LQWHUQDO HOHPHQWY ZKHUH VHUYLFH V
LQWHUQDOO\ E\ LQWHUORFNLQJ ZLWK VSDFH PDNLQJ WKH V
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+RXVHV GHVLJQHG DQG EXLOW ZLWK WKLV V\VWHP DUH VR(
KRXVLQJ WKDW RQO\ PHDVXUH DIIRUGDELOLW\ LJQRULQJ W
WKDW RIIHUV VRFLDO DQG@KH GHYRQAHAWW X UHN/QHR Y \VEH FK
ULJLG VWUXFWXUH LQWHUORFNLQJ SODQ DQG SUHGHWHUF
RSHQ SODQ WKDW HQDEOH UHWUR¢{ ;W DQG UHFRQ¢{JIJXUDWLF
UHSHDWHGO\ *DQ (YHQ WKRXJK WKH FRQYHUJHQW G.:
DOWHUQDWLYH RI KRXVLQJ QHHGV IRU WKH JHQHUDO SRSX(
SK\WVLFDO GHYHORSPHQW RI KRXVLQJ UDWKHU WKDQ RQ WK
WR QHIJDWH LWVHOI IURP ORFNLQJ LQ IRU DQ XQVXVWDLQDE
disregards environmental issues, a housing design approach that can create greater impact

RI VXVWDLQDELOLW\ WR WKH GZHOOHUV ZKLOH LPSURYLQJ
HVVHQWLDOO\ QHHGHG $V VXFK KRZ ZLOO WKH GZHOOLQJ
OLIHF\FOH DQG KRZ FDQ LW DGDSW WR VXLW GLIIHUHQW KF
SK\VLFDO FRQWH[W EHFRPHV D WRXJK FKDOOHQJH ZDLWLQJ

,Q WKLV SDSHU WKH SRWHQWLDO RI DSSO\LQJ AH[LELOL
ZLGHO\ DGRSWHG LQ WKH YHUQDFXODU DUFKLWHFWXUH * L
IRU WKH PRGHUQ XUEDQ PDVV KRXVLQJ 7KH DLP RI WKLV
DUFKLWHFWXUH JUDQW LQVLJKWV WR SURGXFH AH[LEOH P
FKDQJLQJ GHPDQGV RI WKH XVHUV GXULQJ RFFXSDQF\ :LWK
RQ WKH IROORZLQJ WRSLFV RI GLVFXVVLRQ L ZKDW DUH
YHUQDFXODU DUFKLWHFWXUH LL ZKDW LV WKH VFRSH RI /
GRHV WKH SURSRVHG GHVLJQ V\VWHP DGGUHVYV WKH LVVXH)
WKH FRQWH[W RI PRGHUQ PDVV KRXVLQJ"

DESIGN FOR FLEXIBILITY — INSIGHT FROM THE VERNACULAR
ARCHITECTURE

JOH[LELOLW\ UHIHUV WR WKH LGHD RI DFFRPPRGDWLQJ FK
W LV DQ LQQRYDWLYH DSSURDFK WR DUFKLWHFWXUDO G
TXLFENO\ HFRQRPLFDOO\ DQG UHSHDWHGO\ 7KH FRQFHSW R
WKH RI¢FH DQG FRPPHUFLDO VSDFHV GHVLIJQ ,Q OLQH ZLW
GHVLJQ WKH FRQFHSW RI AH[LELOLW\ LV IXUWKHU LQWHQVI
WKH SUHVHQW GD\ UHTXLUHG WR FRQVLGHU QRW RQO\ DERX
RYHU WKHLU OLIHF\FOH EXW DOVR DOORZLQJ QHZ UHVLGH
RU WR DOORZ D VXLWDEOH PL[ RI GZHOOLQJ H[LVWV LQ DQ
LQ WKH FRQWH[W RI KRXVLQJ UHSUHVHQWY D FRPSUHKHQV
FROQWH[W EHJLQQLQJ IURP WKH HDUO\ WZHQWLHWK FHQWXU
WR 6FKQHLGHU DQG 7LOO ZKR LQWURGXFH 3AH[LEOH k
WKH FXUUHQW FRQGLWLRQ RI KRXVLQJ LQ WKH 8. KRXVLQJ
UHODWHG WR WKH FXUUHQW DQG IXWXUH QHHGV RI WKH XV
OD\RXW RI WKH XQLWYV LL LQFOXGHV DGMXVWDELOLW\ DQC
LLL DOORZV EXLOGLQJV WR DFFRPPRGDWH QHZ IXQFWLRQV

,Q ODOD\VLD WKH LGHD RI AH[LELOLW\ KDV ORQJ EHHQ WK
DUFKLWHFWXUH 7KLV LV ZHOO UHAHFWHG LQ WKH WUDGL
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HQYLURQPHQW LV QRW RQO\ GHVLJQHG WR UHVSRQG WR WK
LQWHJUDWHG ZLWK WKH WURSLFDO FOLPDWH DQG WKH XVH'
Malay house is constructed by employing sophisticated architectural processes that has been
SURYHQ WR EH KDUPRQ\ DQG VXFFHVVIXOO\ PDLQWDLQLQJ \
&KH $PDW HW DO 1RUGLQ HW DO , WV GHVLJQ DSES
WKH DFFXPXODWHG ORFDO NQRZOHGJH ZD\ RI OLIH FXOWX!
HQYLURQPHQW $SDUW IURP EHLQJ WKH ULFKHVW FRPSRQF
traditional Malay house is also recognized as the most sustainable building in the past, even
XQWLO WRGD\ GXH WR LWV GHVLJQ DQG FRQVWUXFWLRQ SU|I
LQGRRU HQYLURQPHQWDO TXDOLWLHV VXVWDLQDEOH VLWH
UHVRXUFHV 7\SLFDO H[DPSOH FDQ EH VHHQ IURP WKH KRXV
QRW RQO\ HQFRXUDJHV VWDFN HIIHFW IXQFWLRQ EXW DOVR
Besides, building on stilts allows cross-ventilating breezes beneath the dwelling to cool the
KRXVH ZKLOVW DOVR PLWLJDWLQJ WKH HIIHFWV RI RFFDVLF
SRVVLEOH DWWDFN E\ ZLOG DQLPDOV $PDG HW DO 30
PRUH QDWXUDO OLJKWLQJ ZKLOH FDSWXULQJ KLJK YHORFLW
IHDWXUHYVY KDYH EHHQ SURYHQ WR EH WKH PRVW HIIHFWLYH
LW LQFUHDVHV WKH RYHUDOO EXLOGLQJTV WKHUPDO FRPIR!
ODOD\ KRXVHYV IHDWXUHV LQWR WKH GHVLJQ RI ORZ HQHUJ'
RI (QHUJ\ *UHHQ 7HFKQRORJ\ :DWHU 0(*7: %XLOGLQJ ZK
EH UH DGDSWHG DUH VXFK DV WKH FRQVLGHUDWLRQ RI EXL
DSSOLFDWLRQ RI QDWXUDO OLJKWLQJ VI\VWHP QDWXUDO DL
LQWHULRU VSDFHV 5DPOL
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(Source: Lim, 1991)
Figure 2. Climatic design of the traditional Malay house

,Q WHUPV RI FRQVWUXFWLRQ WKH ODOD\ WUDGLWLRQDO
FRPSRQHQWY SUHIDEULFDWLRQ ZKLFK KDV SHUPLWWHG AH
IRUP $00 WKH FRPSRQHQWYV WKDW PDNH XS WKH VWUXFWXL
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ARRU SDQHOV DQG URRI VXUIDFHV DUH PDGH EHIRUH HUHF
6WUXFWXUDO IUDPHZRtlany VEHKDENW FRIOKXRQGE DddlegirH D P

SULPDU\ URRrg Rt DQG VHFRQG DaandperiRiéekEHDHP DVVHPEOHG
RQ VLWH WR IRUP WKH SULPDU\ IUDPHZRUN 7KURXJK WKLV
WKH WUDGLWLRQDO 0DOD\ KRXVH LV FDSDEOH RI H[SDQGLQJ
DIIRUGDELOLW\ OHYHO DQG GHPRJUDSKUWwmak @ FIRW@V :LWK
WKH pFRUH KRXVHY WKH KRXVH VL]H LV FKDQJHDEOH DORQ
"KHQHYHU DGGLWLRQDO ¢QDQFH LV DYDLODEOH RU DV WKH |
HYROYH QRW RQO\ LQ WHUPV RI FRQ¢{¢JXUDWLRQ DQG DSSHI
QHHG WKURXJK DFFRPPRGDWLQJ D ZLGH GLYHUVLW\ RI XVHL

Common Addition Sequences

e

/';\f —— > ,'\1?\ —— 4
LY N

L'}

Rumah ibu Serambi ganiung

Rumah ibu Serambi gantung Courtyard and Dapur
rumah tengah

(Source: Lim, 1991)
Figure 3. 3RVVLELOLW\ Rl H[SDQVLRQ # WKH AH[LELOLW\ Rl WUDGLW!|

SCOPE OF FLEXIBILITY IN RESIDENTIAL HOUSING

7RGD\YVY 0DOD\VLDQ UHVLGHQWLDO KRXVLQJ GRHV QRW L«
LWV GHVLJQ 7KH SUHVHQW PDVV KRXVLQJ GHVLJQ LV VDLG
RI UDLQIRUHVW DQG WURSLFDO ODQGVFDSH 7KLV LV ODUJH
construction system, which adopt planning laws, building codes, and regulations borrowed
IURP WKH :HVW WKDW SURPRWLQJ KHDY\ ZHLJKW FRQVWUXF\
DV WKH PDLQ PDWHULDOV KDV IRUELGGHQ KRXVLQJ GHYH
+DVVDQ %HVLGHV WKH SUDFWLFLQJ KRXVLQJ FRQVWUXFWL
VI\VWHP XVHG VLQFH V WKH SHULRG RI ,QGXVWULDO 5H?
unlikely taking environmental concern as a primary consideration. What makes the condition
even worse is that almost all housing programmes that initially aimed to tackle the country’s
KRXVLQJ VKRUWDJH LV VLPSO\ WR DXJPHQW WKH KRXVLQJ \
WUDGLWLRQ LVVXHV +DVVDQ JRU H[DPSOH WKH KRXV|
OHDVW DIIRUGDEOH KRXVLQJ XQLWYV SHU \HDU RU X
RI' ODOD\VLD 3HRSOHYV +RXVLQJ 6FKHPH 35 0% 4XHVWLRQ
SURJUDPPHV KDYH VXFFHHGHG LQ SURYLGLQJ SK\WLFDO DQ
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considering the country’s current housing design strategies are unable to cope with the
incredible demands on such massive scale in sustainable manner.

JRU PDVV KRXVLQJ WR EH DQ DWWUDFWLYH RSWLRQ IRU
DUFKLWHFWXUDO AH[LELOLW\ LV HVVHQWLDO 6LQJK HW DO
VWUXFWXUH WKDW ZRXOG FRQWULEXWH WR WKH TXDOLW\ R
URRW FDXVHV OHDGLQJ WR KRXVLQJ TXDOLW\ SUREOHP DUH
and design, surrounding environment, maintenance, location, amenities, and building material
ALYNRYLUO DQG -RYDQRYLUQ U H AAHHF WEH® LBW P K RKX G/ BHR V V|
DOO DVSHFWV RI WKH KRXVLQJ W\SH $FFRUGLQJ WR )ULHG
FRQVLGHUHG IRU D AH[LEOH KRXVLQJ VKRXOG LQFOXGH L
ZLWKLQ WKH VLQJOH VWUXFWXUH LL WKH FKRLFH RI FRPSF
WR PDNH IXWXUH PRGL¢FDWLR QM afhevWKrdB, le€xh &2iind l@FRQ Y H QL
VKRXOG EH GHVLIJQHG LQ VXFK D ZD\ WKDW LW LV HFRQRPL
WR WKH FRQWH[W RI FRQWHPSRUDU\ WHFKQRORJ\ WURSLFI
NH\ GHVLJQ HOHPHQW LV WKH UHDOL]DWLRQ WKDW OLIHVW\
SHRSOHVY OLYHV DV FLWL]HQV FRQVXPHUV DQG KRXVHKRO
ZLWK D G\QDPLF OLIHF\FOH SURFHVV $ KRPH WKDW FDQ EH C
DW D WLPH RI FKDQJH LQ WKH OLYHV RI LWV RZQHUV ZKHWK
UHDUUDQJHPHQW RI IXUQLWXUH LQ D QRQ UHVWULFWLYH VS¢S
VXFK DV WKH UHORFDWLRQ RI OLYLQJ RU VWRUDJH VSDFHYV
RI LWV KRXVHKROG UDWKHU WKDQ EHFRPLQJ ULJLGO\ REVRC
DQG .UDZLW]

DIVERGENT DWELLING DESIGN (D3) — PROPOSED MASS HOUSING SYSTEM
FOR TODAY AND TOMORROW

7KH SURSRVHG PDVV KRXVLQJ GHVLJQ V\WWHP * 'LYHUJH
LOKHUHQW GHVLJQ VWUDWHJI\ RI VXVWDLQDEOH GHYHORSPEL
,W LV LOQVSLUHG E\ WKH WUDGLWLRQDO 0DOD\ KRXVH GHVLJ!
FKDQJH Rl SUHIHUHQFH HYHQ DIWHU WK HMaAWhiXdapMIKUH LV E?
serambi, anjungH W F FRPELQHY GLYHUJHQWO\ WR UHGXFH WKH LTI
SKHOQRPHQRQ WR VLPSOH FRQVWDQW XQLWY DQG EULQJ DE
GZHOOLQJ V\VWBymavingibheame models, structures, and constructions, D3
FDQ SURGXFH PLOOLRQV RI FRPELQDWLRQV ZKHUH HDFK RI
DQG IXQFWLRQ LQ DUFKLWHFWXUDO RUJDQL]DWLRQ ZLWK V
PRGL,{FDWLRQ UHQHZDO DQG UHGHVLJQ )LJXUH
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In layman terms, D3 is an architecture where service spaces are attached externally to
IRUP GZHOOLQJ Rl ZKLFK WKH VHUYLFH VSDFHV FDQ EH FKDC
ZLWK PLQLPXP RU QR GLVWXUEDQFH WR WKH FRUH VWUXF'
VLPLODU WR WKH RWKHU H[LVWLQJ IDFLOLWLHY LQ PRGHUQ
DSSOLDQFHV IXUQLWXUH HWF ZKHUH HDFK LQGLYLGXDO
WKH &25 WR VHUYH GLIIHUHQW RFFXSDQWVY UHTXLUHPHQW
LQGHSHQGHQW IXQFWLRQDO XQLW RI WKH GZHOOLQJ DQG D
7KH VXVWDLQDELOLW\ IRFXVHVY RQ SURYLGLQJ VSDFHV WR E
EH LW WKH FKDQJHV RI KRXVHKROG GHPRJUDSK\ RU WKH FK
6LQFH WKLV NLQG RI IXQFWLRQDO FKDQJH FDQ EH GRQH E\
XQLWV ZLWKLQ WKH FRQ¢{¢JXUDWLRQ WKURXJK D VLPSOH SL
FDQ EH FXOWLYDWHG DQG DGDSWHG WR WKH RFFXSDQWTV C
UHVLGHQWLDO VSDFH FDQ EH FRQYHUWHG LQWR D FDIp E\ M
WRLOHWY D ODERUDWRU\ RU SOD\URRP RU FRPSXWHU URRP
FDQ EH XVHG DV DQ HGXFDWLRQDO LQVWLWXWLRQ 6R VLPLC(
FDQ FKDQJH LWV IXQFWLRQ IURP UHVLGHQWLDO WR FRPPHL
EDVLF XQLW $V VXFK ' V\VWHP PDNHV SRVVLEOH WKH FUL
ROG \HW ZLWKRXW EHFRPLQJ REVROHWH LQFRUSRUDWLQJ
\HW KDYH D VHQVH RI KLVWRU\ RQ Wurtdh @ PSS HOY QIRR XVLQ
DOORZLQJ WKH FRPPXQLWLHYV WR OLYH IRU JHQHUDWLRQV \

$QRWKHU IHDWXUH RI ' LV WKDW WKH V\VWHP XWLOL]I
LQGXVWULDOL]DWLRQ LQ WKH IRUPDWLRQ RI D XQLW )RU H
DUH ¢([HG IRU PDVV SURGXFWLRQ 7KH RFFXSDQW KDV ZLGF
products in the market. Since each unit is independently constructed by machine production,
WKH GHYHORSPHQW HQWDLOV WKH XVH RI WHFKQRORJ\ DQ¢¢
excessive site labour, time, and cost. In this sense, divergent design concept comprehends
WKH DGYDQFHV RI VFLHQFH DQG WHFKQRORJ\ RYHU WLPH \
HFRQRPLFDO UDWHYVY ORUH FUXFLDOO\ LW KHOSV WR ERRV\
DQ DVVXUDQFH RI D JURZLQJ DQG LQWHUHVWHG KRXVLQJ PC
VI\VWHP LV LQ WDQGHP ZLWK VHULDO SURGXFWLRQ DQG VWD
GHYHORSPHQW RI VXVWDLQDEOH FRPPXQLW\ )LJXUH W L
+ MXVW OLNH WKH DXWRPRELOH DQG WHOHFRPPXQLFDWLRQ
LQ WHFKQRORJLFDO LQQRYDWLRQV WKDW KDYH EHQH{WHG |

Figure 6. The concept of Divergent Dwelling Design (D3)
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Figure 7. The application and evolution of Divergent Dwelling Design (D3) system

DESIGN PRINCIPLES OF D3

' GLUHFWO\ UHVSRQGV WR WKH IXQGDPHQWDO GHPRJUD S
UHFHQWO\ KHLJKWHQHG WKH QHHG IRU D QHZ KRXVLQJ DC
DIIRUGDELOLW\ DQG VXVWDLQDELOLW\ 7R HQVXUH PDVV KR}
ZLWK DIIRUGDEOH SULFH DIIRUGDELOLW\ LV GHVLJQHG LQ D
OD\RXW 7KLV LV WR DYRLG WKH XVH RI XQQHFHVVDU\ WHFK
WKDW WKH KRXVH LV HDV\ IRU PDLQWHQDQFH LQ WKH IXWXU
WR KRXVLQJ ZLWKLQ WKH DPELW RI VXVWDLQDELOLW\ EURD
HQYLURQPHQWDO SHUVSHFWLYHV 7KH HOHPHQW RI VXVWDL
GHVLJQ SURWRW\SH WKDW VXLWV WR WKH FOLPDWLF FRQGL
PHWKRG FRQWULEXWH WR WKH VXVWDLQDEOH GHYHORSPH¢
SHRSOH GHPDQG IURP D KRXVH DQG WKDW WKH\ FDQ OLYH

LQWR DFFRXQW L WKH VSDWLDO DQG IXQFWLRQDO DUUDQJ
LQFUHDVHG RFFXSDQWYV XVDJH LLL PD[LPL]LQJ QDWXUDO

RI WKH WUDGLWLRQDO KRXVLQJ FRQFHSWV LQWR D PRGHUQ
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,Q JHQHUDO ' V\VWHP XWLOL]JHV IRXU OHYHO RI KRXVLQ
XQLW SODQ LL WKH GHVLJQ RI XQLW FRQ¢JIXUDWLRQV LL
LY WKH GHVLJQ RI VWUXFWXUH DQG FRQVWUXFWLRQ

The Design of Unit Plan

In D3 system, the unit plan is designed to respond toGH¢PD QG IRU PRUH VSDFF
WKH FKDQJLQJ FLUFXPVWDWHAHYOREZ W KK IR ARXSBEQWIMV\ LQ IF
XQLW FRQ¢{JIJXUDWLRQ ZKLFK WKHQ UHVSRQGY WR WKH QDW
LPSURYHPHQW RI OLYLQJ HQYLURQPHQW TXDOLW\ )LJXUH
WR WKH UHTXLUHPHQW RI WKH XVHU WKURXJK DGRSWLQJ DC
FKRRVH WKH LQWHULRU FRPSRQHQWYV WR WDLORU WKH GHYV
DQG FDQ HDVLO\ PRGLI\ WKHVH LQLWLDO SDUDPHWHUYV DV V
WR EH DGDSWHG WR WKH IXWXUH XVHUV DQG WKH FKDQJLC
VDLG WR WDNH LQWR DFFRXQW GLIIHUHQW IDPLO\ W\SHV |
PRUH FKLOGUHQ LQ IXWXUH DQG LV WKXV UHTXLUHV D KLJ
FRQWLQXRXVO\ FKDQJLQJ DQG LQFUHDVLQJ QHHGV LL VWL
PRUH FKLOGUHQ HLWKHU WKH FKLOGUHQ KDYH OHIW KRPH
UHTXLUHVY D UHODWLYHO\ ORZHU GHJUHH RI VSDFH AH[LELO
WR OLYH LQ WKH VDPH GZHOOLQJ IRU D ORQJ WLPH DQG W
IURP AH[LEOH EXLOGLQJ HOHPHQWV ZKLFK SURYLGHV IRU ¢
'LWK GZHOOLQJ XQLW EXLOW DFFRUGLQJ WR WKLV AH[LEOH
WKH FKDQFH WR FKRRVH WKH ARRU SODQ WKH\ ZDQW WR O
DFKLHYH KDUPRQ\ EHWZHHQ WKH EDVLF VWUXFWXUH DQG W
WHUP LQ DFFRUGDQFH ZLWK ULVLQJ VSDFH VWDQGDUGYV DQ
WKH IXWXUH

Figure 8. The design unit plan with D3 system
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8QLW &RQ¢JXUDWLRQV 'HVLJIQ

$FFRUGLQJ WR WKH &RQVWUXFWLRQ ,QGXVWU\ ODVWHU 3
construction industry encompasses more than contractors alone. Architects and engineers may
KDYH WR EH LQYROYHG DV ZHOO VLQFH WKH\ DUH WKH FRQYV
IDXOWYV FRQVWUXFWLRQ IDXOWV DQG GHVLJQ IDXOWYV ZK
GHVLJQ IDXOWYV ZKLOH WKH UHPDLQLQJ DQG DUH GX
IDXOWY UHVSHFWLYHO\ 6LQFH WKH IRUPXODWLRQ RI WKH
Rl DGHTXDWH DIIRUGDEOH DQG TXDOLW\ KRXVLQJ IRU DO
HQYLURQPHQWDO FODXVH LQ HYHU\ SURMHFW GHYHORSPHC
DQG SUHYHQWLYH PHDVXUHV $ AH[LEOH GHVLJQ FDQ UHVSF
XQSUHGLFWDEOH zZzD\V 2Q D PXFK ODUJHU VFDOH WKHUH L'
EXLOW HQYLURQPHQW IRU FOLPDWH FKDQJH %HFDXVH WKH
LV XQSUHGLFWDEOH GHVLJQ IRU DGDSWDWLRQ LV EHVW DI
ZLOO DOORZ IXWXUH GHFLVLRQ PDNHUV WR UHVSRQG DSSUR
WKDW DFWXDOO\ RFFXUV ' ZLOO VXUH WR SXW VXVWDLQDE
VFLHQFH WHFKQRORJ\ DQG LQGXVWULDOL]DWLRQ DQG IDFL
GHYHORSPHQW WKDW HYHQWXDOO\ FUHDWLQJ VXVWDLQDEO
country.

JLIXUH VKRZV VRPH SRVVLEOH IRUPDWLRQV WKDW FDQ
combining each and every sustainable individual dwelling, a greater sustainable community
RU WRZQVKLS LV IRUPHG 1R SDUW RI LW QHHGY HYHU EH R
LQ DGYDQFH WKH RYHUDOO PDNHXS RI WKH JURXS RI XQLW
cultivated or generated in a naturally evolving manner. This programmable dwelling pattern
ZLOO HQDEOH D YDULHW\ RI GZHOOLQJY WR EH SURFHVVHC
WR LQGXVWULDOL]DWLRQ DQG ZLWK UDWLRQDO UHDUUDQJ
LQFRUSRUDWLRQ RI PDFKLQH SURGXFWLRQ UHVXOWLQJ LQ V
QR UHGHYHORSPHQW LV QHFHVVDU\ )YXQGDPHQWDOO\ WKH I
WKDW KRXVLQJ WR EH GHVLJQHG WR HYROYH QRW RQO\ LQ F
+ UHVSRQGY WR DQ H[SOLFLW QHHG WR DFFRPPRGDWH D ZL(

Types of Formation \Description

Linear Formation

Like a straight line that stretches from one point to another,
SRVLWLYH DQG QHIJDWLYH &25 XQLWV DUH FRQ¢JXU
single path to form a straight row of units.

Branching Formation

In each unit there are four possible corners that can have
connection. The combination of positive and negative units
can stretch in any or all of the four directions.
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Ring Formation
When the arrangement of units stretches to eventually be

joined back to the original unit it started from the combination
produces an overall “closed” structure.

Cellular Formation
Except for the peripheral units in a network combination, each
unit is joined on every one of its four corners by other units.

Figure 9. Types of formation in D3 system

Sustainable Strategies Design

,Q ' VI\WWHP AH[LELOLW\ DQG DGDSWDELOLW\ DUH NH\ V
XVH RI FRQFUHWH FRQVWUXFWLRQ HQVXUHYVY PDQ\ RI WKH
GHVLIJQ &RQFUHWH LV DQ LQHUW PDWHULDO ZLWK QR KDUF
VWUXFWXUDO IRUP FRQFUHWH LV WKH FRQVWUXFWLRQ PDW
designed with enhanced natural ventilation and daylighting. Concrete construction presents
JUHDW RSSRUWXQLWLHV WR PHHW WKH QHHGV RI WKH XVHU
DQG ZKROH OLIH SHUIRUPDQFH RI WKH KRXVH :LWK LWV KL
FDQ UHGXFH HQHUJ\ UHTXLUHPHQWY GXULQJ WKH RSHUDWL
GHPDQGV LQ FRROLQJ DQG EHDWLQJ EXLOGLQJV WKHUHE\
EXLOGLQJ %HVLGHV FRQFUHWH FRQWULEXWHV WR WKH UD
VXFK DV LWV SURYHQ LQWHJUDO ¢(¢UH UHVLVWDQFH KLJK OH
7TKURXJK LWV YHU\ QDWXUH FRQFUHWH SURYLGHV UREXVW
VRI¢WV DQG FODGGLQJ WKDW DUH HDVLO\ VHDOHG DQG IUFL
. QDOO\ OHDG WR WKH ORZHU PDLQWHQDQFH FRVWV RI WKH
FRVW HIIHFWLYH DQG SUDFWLFDO PHWKRG IRU VROYLQJ KR
urban areas.

7KH XVH Rl D UHLQIRUFHG FRQFUHWH VNHOHWRQ VWUXF
SsObQV WKDW DUH YDULDEOH WR DFFRPPRGDWH GLIIHUHQ
constant improvement in structural design and technology supported by the incorporation
RI OLIKWZHLJKW GXUDEOH VPRRWK HGJHG VSDFH HI¢FLHC
HQVXUH WKDW PDVV KRXVLQJVY UHPDLQ DIIRUGDEOH DQG VX
UHVXOW RXWFRPH RI WKH VXVWDLQDEOH VWUDWHJILHV GHVL
XQLWYV HQFRXUDJH PD[LPXP FURVV YHQWLODWLRQ PLQLPL]
WHFKQRORJ\ LQVWDOODWLRQ DQG SURPRWLQJ JUHHQ DUFK
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Sustainable Living System E‘)escription

Cross Ventilation
Open plan allows easy passage of air and good ventilation.

Heat Island Effect
Reduction of 85% heat island effect on wall surfaces

Sustainable/Green Technology Installation
Photovoltaic panels and rain harvesting can be incorporated

easily.

View and Vegetation
Vegetation helps to cool down overall environmental
temperature.

Figure 10. Achievable sustainable living system through D3 sustainable strategies

Structure and Construction Design

7TKHUH LV XVXDOO\ D FRVW ZLWK WKH SURYLVLRQ RI D VV
DQG DGDSWDELOLW\ +RZHYHU ZLWK HDUO\ FRQVLGHUDWLR
WKH GHVLJQ SKDVH AH[LELOLW\ RI WKH GZHOOLQJ FDQ EH |
LV EHFDXVH WKH XVH Rl FRQFUHWH LV FRPSDWLEOH ZLWK II
HDV\ PRELOLVDWLRQ DW WKH VWDUW RI D SURMHFW ,Q D GI
GHVLJQ ' V\VWHP JHQHUDWHYV D EHWWHU DQG FKHDSHU KIL
existing science, technology and machine production capability. By incorporating IBS and
industrialization into the construction process, a compressed construction schedule is not only
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FRVW VDYLQJ LQ DQG RI LWVHOI JHWWLQJ WKH EXLOGLQJ
¢QDQFH SHULRGV EXW HVSHFLDOO\ LQ WLPHV RI VLJIJQL¢F
VFKHGXOHY VDYH DGGLWLRQDO VLIJQL{FDQW VXPV W LV

FRQVWUXFWLRQ LQFOXGLQJ VRSKLVWLFDWHG IRUPZRUN V\
RXW UHLQIRUFHPHQW DQG SUHFDVW HOHPHQWY FDQ DOO VL

,Q ' VI\VWHP PRGXODU FRQVWUXFWLRQ FRQFHSW LV ZLC
elements or existing structures are used as the basic structure while additional natural materials
DUH XVHG WR DGG LQVXODWLRQ RUWR DGMXVW WKH DHVWK
EXLOGLQJ W\SHV EH LW WKH ORZ ULVH ORZ GHQVLW\ FRQ¢J
ULVH KLJK GHQVLW\ S\UDPLG FRQ¢{(JXUDWLRQ RU WKH KLJK
6KRUW WHUP AH[LELOLW\ FDQ EH DFKLHYHG E\ PRYDEC
EHWZHHQ WKH GZHOOLQJ XQLWY DUH QRQ ORDG EHDULQJ Z
DUUDQJHG LQGHSHQGHQW IURP ERXQGDULHV WKHUHE\ SUF
RI OLYLQJ URRP DQG ZHW URRP ORFDWLRQV LQ WKH SODQ C
HQDEOLQJ AH[LEOH SODQQLQJ ZLOO HQFRPSDVV WKH IROOF
SURGXFHG LQ VWDQGDUGL]HG GLPHQVLRQV DQG QRW UHTXL
OHIW E\ GHPRXQWHG SDUWLWLRQ HOHPHQWY RQ WKH DGMR
ZDOOV DQG ¢([HG SDUWLWLRQ ZDOOV DQG LY SRVVLEOH W
FKDQJH FRORXU DQG WH[WXUH RI WKHLU VXUIDFHV LQ DFFR
DQG WKH LQGLYLGXDO WDVWH RI WKH XVHUYV

,Q WKH ORQJHU WHUP DGDSWDELOLW\ LV QHHGHG RYHU W
ZDOOV WR EH PRYHG WR FKDQJH WKH VL]H RU XVH RI VSDFt}
LV DFKLHYHG WKURXJK ERWK WKH DUUDQJHPHQW RI FROXPQ
FOHDU VSDQ 6WHHO RU SUH VWUHVVHG UHLQIRUFHG FRQFU
REWDLQ PD[LPXP FOHDU VSDFH LQ WKH SODQ OD\RXW 7KH F
KLGGHQ LQ WKH H[WHULRU ZDOO D[HV RU ¢([HG LQ¢sOO ZDOO
WKH HI[WHULRU RI WKH OD\RXW WR DOORZ IRU XQOLPLWHG
DUUDQJHG RYHU WKH OLIH RI WKH GZHOOLQJ XQLW

7KHUH LV DOVR WKH ERQXV RI D JDLQ LQ AH[LELOLW\ LQ W
spaces. Architects and planners have more time to work with clients, medical consultants,
DQG RWKHUV WR SODQ WKHVH VSDFHV PRUH HIIHFWLYHO\ $¢
WKH QXPEHU RI FRQWUDFWRUV ZKR FDQ ELG RQ D VLQJOH 1|
MREV 6PDOOHU PRUH FRPSHWLWLYH ¢UPV ZKRVH ERQG O
XQGHUWDNLQJ D SURMHFW DV FRVWO\ DV DQ HQWLUH KRV
SURMHFW + VD\ WKH 0O ( FRUH DORQH
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Figure 11. Possible building types with D3 system

CONCLUSION

$IIRUGDEOH KRXVLQJ LQ WKH SDVW KDV QHYHU EHHQ GH\
D VKRUW WHUP VROXWLRQ = PD[LPXP QXPEHU RI KRXVHV LC
WKH XUJHQW KRXVLQJ GHPDQG DV LI SRYHUW\ DQG ODFN
SUREOHP $OWKRXJK LW LV D JRYHUQPHQW HIIRUW LQ SURYI
WKH JHQHUDO SRSXODWLRQ WKH QHZ FRQWHPSRUDU\ KRXV
QHHGYVY LQ WKHLU FRQVLGHUDWLRQ RI IXWXUH KRXVLQJ SUR\
LQ WKH UHDOP RI WKH FXUUHQW DUFKLWHFWXUH DQG XUED
LV DFTXLUHG WR ODVW LQWR WKH IXWXUH ZLWKRXW EHFRPL
embedded into building regulations and is no longer perceived as a novel idea pertinent
WR RQO\ FHUWDLQ ORFDWLRQV SRSXODWLRQV RU EXLOGL
HQHUJ\ DQG UHVRXUFH FRQVXPSWLRQ IRU FRQVWUXFWLQJ D
ORQJHU IHDVLEOH WR FRQWLQXH HQYLURQPHQWDOO\ RU HFF
housing that is intrinsically sustainable becomes the most essential. Many people think that
sustainability is about planting more trees. Yet even more people believe that sustainability is
DERXW SURGXFLQJ JUHHQ HQHUJ\ ZLWK PRUH VRODU SDQHO
LV DOO DERXW HQVXULQJ G\QDPLF EDODQFH RI HQYLURQPH
divergent design process.

7KLV SDSHU VXJJHVWV WKDW WKH LQFRUSRUDWLRQ RI AH
GHVLJQ RI DIIRUGDEOH KRXVLQJ WKDW LV HQYLURQPHQWDO
'+ D QHZ GHVLIJQ DSSURDFK WR WKH VXVWDLQDEOH OLYLQ

YHUQDFXODU DUFKLWHFWXUH * KDV ORWV WR RIIHU WRZDU
GHYHORSPHQW RI DIIRUGDEOH KRXVLQJ DV LW LV QRW RQO
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DQG UXQQLQJ H[SHQVHV RI KRXVLQJ FRQVWUXFWLRQ EXW I
adaptability in designing sustainable solutions that are resistant to obsolescence. Due to its
consideration in addressing the shortcomings in the current housing development, as well as
WDNLQJ LQWR DFFRXQW WKH EHJLQQLQJ RI WKH GHVLJQ SUF
SURFHVV DQG WKH AH[LELOLW\ LQ IXWXUH GHYHORSPHQW
DV DGDSWDEOH DQG UHVLOLHQW DQG VKRZV SURPLVH IRU
HFRQRPLFDOO\ VXVWDLQDEOH DUFKLWHFWXUH DQG LQIUDVYV

Malaysian demographics are changing rapidly, with average households becoming smaller
DV DQ LQFUHDVLQJ QXPEHU RI SHRSOH OLYH LQGHSHQGHQ
DQG PRGXODU FRQVWUXFWLRQ DUH EHOLHYHG WR EH WKH
WKH YDVW QXPEHU RI GHPDQGYVY LQ XUEDQ DUHDV <HW DV
XQUHVSRQVLYH WR ORFDO FOLPDWHY DQG FRQGLWLRQV ZLYV
WKDW ODOD\VLDQ SUHIDE KRXVLQJ LQGXVWU\ GRHV QRW SH
-DSDQ PD\ OLNHO\ EH GXH WR WKH ODFN RI YDULDELOLW\ D
MXQFWXUH KRZ SUHIDE KRXVLQJ GHVLJQ FDQ EH HYROYHG
WR PDVV FXVWRPL]DWLRQ OHYHO WKDW DFFRXQW IRU AH[L
to be explored. D3 system discussed in this paper is deemed to bring improvement to the
FRXQWU\YV SUHIDE KRXVLQJ LQGXVWU\ ZLWK UHVSHFW WR \
RI DGDSWDELOLW\ RI LQGLYLGXDO UHVLGHQWLDO XQLWV W
VXUURXQGLQJ VLWH 2Q D PXFK ODUJHU VFDOH WKHUH LV F
HQYLURQPHQW IRU FOLPDWH FKDQJH %HFDXVH WKH UDWH
XQSUHGLFWDEOH GHVLJQ IRU DGDSWDWLRQ LV EHVW DFKL!
DOORZ IXWXUH GHFLVLRQ PDNHUV WR UHVSRQG DSSURSULI
WKDW DFWXDOO\ RFFXUV ' ZLOO VXUH WR SXW VXVWDLQD
E\ VFLHQFH WHFKQRORJ\ DQG LQGXVWULDOL]DWLRQ DQG
KRXVLQJ GHYHORSPHQW WKDW HYHQWXDOO\ FUHDWLQJ VXV\
in the country.
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Abstract

%XLOGLQJ VHFWRU FRQWULEXWHY WR D VLIQL¢{¢FDQW DPRXQW RI FDUER
environmental materials and energy. The assessment on all phase of building life cycle can be

applied as a robust approach in reducing impact from building industries. Embodied energy and

carbon emission are the most targeted parameters in order to implement sustainable building.

Thus life cycle assessment (LCA) tool application in building sector becomes an important

approach in evaluating building performance. This review attempts to investigate the application

of LCA in building construction process in order to promote low environmental impact and

sustainable building. Wide application of LCA in many types of buildings and countries suggest

WKH HI(FLHQF\ RI WKLY WRRO LQ HYDOXDWLQJ EXLOGLQJ SHUIRUPDQ
Thus, implementation and application of this approach in building sector is well recommended

towards energy saving and emission reduction as well as natural resource conservation.

Keywords : Sustainable building, life cycle assessment, embodied energgnai€sion, construction,
Malaysia

INTRODUCTION

*OREDO ZDUPLQJ DQG FOLPDWH FKDQJH DUH VLJQL;FDQW
GXH WR SHUYDVLYH XVH RI IRVVLO IXHOV 0ODQ\ UHVHDUFKH
UDSLGO\ DQG ZLOO FRQWLQXH ZLWK WLPH &DEH]D HW DO
*+* WUDSV KHDW IURP HDUWK VXUIDFH ZKLFK LQ WXUQV LQF
HPLVVLRQ ZKLFK LV RQH RI *+*V LV WKH PRVW LPSRUWDQW JI
ubwH ODUJHVW DWPRVSKHULF FRQFHQWUDWLRQ DQG ORQJ

2WKHU WKDQ HQY L U BoRdemirgtidnRIEb ¢aR SaDde \darbénation to the

FRQFUHWH VWUXFWXUH WKDW FDQ UHGXFH WKH VWUHQJWK
.XPDU DQG ,PDP 0 R UHRY H @missibrMrRMAlaySRaxpadrfiddlarRyl & 2
UHODWHYV ZLWK HQHUJ\ LQGXVWULHY GXH WR IXHO XVHG IR
DQG QDWXUDO JDV WUDQVIRUPDWLRQ IROORZHG E\ WUDQ\
LOQFOXGLQJ FRQVWUXFWLRQ 15¢( 7TKHUH LV DOVR VHYHL
RXU ZRUOG WKDW FDQ HQGDQJHU WKH FXUUHQW DQG IXWXU|!
the environmental problems that associated to anthropogenic activities in order to conserve

RXU ZRUOG 6KDUPD HW DO &DEH]D HW DO

As industry, transportation and building construction are the world primary economic
VHFWRUV 3$0 KRPRXG ODOD\VLD KDV WKH WUHPHQGR X
LV VXSSRUWHG E\ HIIHFWLYH ODOD\VLD HFRQRPLF SODQ %
LQGXVWU\ LQ ODOD\VLD LV RQH RI WKH UDSLG GHYHORSPHC
DFWLYLW\ LQ ODOD\VLD LV FRQFHQWUDWHG DW WKH FHQWU
.XDOD /XPSXU DQG 3XWUDMD\D '26 7KH GHYHORSPHQW
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RQ WKH HFRQRPLF DFWLYLWLHV WKDW FUXFLDOO\ UHTXLUH
DV RI¢FH KRXVLQJ DQG IDFWRULHV +LJK HQHUJ\ FRQVXPSW
UHODWHY WR EXLOGLQJY DUH UHVSRQVLPBMGURDQGRTRHID K

*XVWDYVVRQ HW DO ORQDKDQ DQG 3RZHOO 6 KI

%XLOGLQJ VHFWRU FRQVXPHV KLJK DPRXQW RI HQHUJ\
PDOQXIDFWXULQJ SURFHVVHV RI EXLOGLQJ PDWHULDOV XOQ!

DO &DEH]D HW DO %HFDXVH RI JUHDW HQHUJ\ FF
UHVSRQVLEOH WR DOPRVWPLVVLRQ JBREDO &2&KDX HW DO

HW DO ,EQ ORKDPPHG HW DO $FFRUGLQJ WR +DUL
%\UG HQHUJ\ GHPDQGV RI D EXLOGLQJ LV EDVHG RQ V

and operation processes such as heating, cooling and lighting. Moreover, building operational
HQHUJ\ LV DOzZD\V WKH PDLQ SULRULW\ DV RSHUDWLRQDO H
RI WRWDO HQHUJ\ XVH 7KRUPDUN 'LPRXGL DQG 7RPSD
HW DO DOVR UHSRUWHG WKDW HQHUJ\ XVH LQ EXLOGLQ
D EXLOGLQJ DQG DOVR EXLOGLQJ HPERGLHG HQHUJ\ LV WK
LPSDFW RI EXLOGLQJ VHFWRU WR WKH HQYLURQPHQW (PE
WKDW LV UHTXLUHG LQ SURFHVVLQJ WKH EXLOGLQJ PDWHU
transportation method to deliver the materials to the construction site and assembly processes
7UHORDU HW DO )D\ HW DO &KDQJ HW DO ,EQ

&ULVLVY RQ HQHUJ\ UHODWHV WR WKH DELOLW\ WR VXSSR
WKH LPSDFW RI IRVVLO IXHO FRQVXPSWLRQ ZKLFK KDV DOZ
on natural environment creates sustainability indicator that includes social, economic and
environment which in turn draws an attention to the construction industry in both developed
DQG GHYHORSLQJ FRXQWULHV 2UWL] HW DO D &DEH]D HYV
SULQFLSOHYVY DURVH ZLWK DQ REMHFWLYH WR FRQVHUYH WHK
UHSUHVHQW KHDOWK EXLOW HQYLURQPHQW %HUDUGL
LQWURGXFHG VXFK DV WKH FRQVWUXFWLRQ RI EXLOGLQJV Z
WR PLQLPL]H WKH HQYLURQPHQWDO LPSDFWV DQG WR HYD
ORUHRYHU ZLWK DLPV WR UHGXFH HQHUJ\ FRQVXPSWLRQ RI
energy building have been proposed while providing so called criteria in improving building
SHUIRUPDQFH 7KHUH DUH VHYHUDO PHDVXUHPHQW WRROV D
IURP EXLOGLQJ DQG WR RYHUFRPH WKH ZRUOG SUREOHPV R
GHJUDGDWLRQ RQH RI LW LV OLIH F\FOH DVVHVVPHQW &R

SHXSRUWLHU HW DO

/LIH FA\AFOH DVVHVVPHQW /&$ ZDV GHVLJQ SXUSRVHO\ WR
HQYLURQPHQWDO LPSDFWYV DUH JHQHUDWHG RI D SURGXFW
%OHQJLQL DQG 'L &DUOR SHXSRUWLHU HW DO OR
PHDVXUHPHQW WRRO GXH WR LWV FRPSOHWHQHVYV LQ HPSE
IURP UDZ PDWHULDO H[WUDFWLRQ XQWLO WKH HQG RI OLIH
JUDYH DSSURDFK 7KH DSSOLFDWLRQ RI /&% IRU HQYLURQPHC
GHYHORSPHQW SURFHVV LV YHU\ ZLGH EXW LQ WKH EXLOGL
6LQJK HW DO % X\OH HW DO &DEH]D HW DO 7
RI EXLOGLQJ VHFWRU LV D SUDFWLFDO PDQDJHPHQW DSSUR
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WKURXJK SURFHVV RI GHVLJQ EXLOGLQJ PDWHULDO H[WUD
EXLOGLQJ RSHUDWLRQ DQG GLVSRVDO PDQDJHPHQW &KDQJ
LPSRUWDQW WRRO LQ FRQVWUXFWLRQ PDQDJHPHQW LQ 0DC
on building construction impact to the environment. This paper aims to provide an overview

RI FRQVWUXFWLRQ DFWLYLWLHY LQ ODOD\VLD DQG UHYLHZL
EXLOGLQJ FRQVWUXFWLRQ 7KXV WKH HPERGLHG HQHUJ\ ZD
on building materials and comparison to other studies.

CONSTRUCTION INDUSTRY IN MALAYSIA

,QGXVWULDO VHFWRU LQ ODOD\VLD LV GRPLQDWHG E\ VHU

DJULFXOWXUH FRQVWUXFWLRQ DQG PLQLQJ UHVSHFWLYHO
FRQVWUXFWLRQ LQGXVWU\ LQ ODOD\VLD LV FUXFLDO

VR WKH IXQFWLRQ RI WKLV LQGXVWU\ FDQQRW EH XQGHUH\
to Malaysia’'s economy, construction industry plays important role in providing excellent
VHUYLFHV WR PHHW WKH QHHGV RI WKH SHRSOH ,Q \HDU
ODOD\VLDYV FRQVWUXFWLRQ LQGXVWU\ EHFDXVH RI UDSLG
EXLOGLQJ DQG UHWDLO EXLOGLQJ HVSHFLDOO\ LQ .ODQJ 9D«
DUH FLYLO HQJLQHHULQJ UHVLGHQWLDO DQG VSHFLDO WU
HVSHFLDOO\ ZLWK KLJK HQFRXUDJHPHQW IURP WKH JRYHUQF
VXE VHFWRU LQ FRQVWUXFWLRQ VHFWRU LQ \HDU

Figure 1. Share of sub-sector in Malaysia construction industry in year 2010

7KH JUHHQ EXLOGLQJ FHUWL¢({FDWLRQ VFKHPHYV KDV EHHQ
DQG SURIHVVLRQDO UHSUHVHQWDWLYH VLQFH \HDU 1v 3

WKLV WHUP LV VWLOO QHZ DQG ZDV ODXQFKHG LQ \HDU

role in supporting and encouraging private sector in developing green building as the rating
WRROV KDG EHLQJ LOQWURGXFHG LQ DVVHVVLQJ WKH SHUIR
WKH JUHHQ EXLOGLQJ LQ ODOD\VLD LQFOXGHV 0OLQLVWU\ RI
EXLOGLQJ FDOOHG /RZ (QHUJ\ 21¢FH ODOD\VLD *UHHQ 7HFKC
21¢FH (QHUJ\ &RPPLVVLRQ 'LDPRQG %XLOGLQJ DQG VHYHUD
WKH LPSOHPHQWDWLRQ RI JUHHQ EXLOGLQJ DSSURDF|
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incentives such as tax rate reduction and low-interest loan in order to trigger the supply and
GHPDQGV IRU ZLGHVSUHDG GHYHORSPHQW RI HQYLURQPHQV
EHHQ WDNHQ E\ ODOD\VLD JRYHUQPHQW LQ HQFRXUDJLQJ G
HIHPSWLRQ IRU WKH RZQHU RI WKH EXLOGLQJ DQG LQWURC
6FKHPH LQ \HDU WR DFFHOHUDWH WKH GHYHORSPHQW R
,Q RWKHU KDQG WKH GHYHORSPHQW RI JUHHQ EXLOGLQJ LV
E\ KLJK LQFRPH FRPSDQ\ DQG KLJK H[SHUWLVH LV UHTXLUHC
FRXQWU\ 7KH REVWDFOH RI JUHHQ EXLOGLQJ HVSHFLDOO\ L
QRW VHULRXVO\ WDNH LQWR DFFRXQW RQ WKH FRRUGLQDWL
FRQVLVWHQF\ &KDQ HW DO =XR HW DO

%XLOGLQJ VHFWRU VFHQDULR LQ ODOD\VLD FXUUHQWO\ '
SHUIRUPDQFH RI EXLOGLQJ E\ UHGXFLQJ WKH FRQVWUXFWLF
WKH FDELQHW DJUHHG ZLWK WKH LPSOHPHQWDWLRQ RI QDW
%XLOGLQJ 6\VWHP IRU WKH LQWURGXFWLRQ RI ,QGX
, %6 LV WKH FRQVWUXFWLRQ SURFHVVHV ZKLFK LQYROYHYV
LOVWDOODWLRQ ZLWK REMHFWLYH WR LPSURYH FRQVWUXFYV
DFFHOHUDWH FRQVWUXFWLRQ WLPH DQG UHGXFLQJ WKH GH
02) 7KH DSSOLFDWLRQ RI ,%6 LQ ODOD\VLD VWDUWHG L
(XURSHDQ FRXQWULHYV DIWHU UHSUHVHQWDWLYHV IURP OLQ
YLVLWHG VHYHUDO EXLOGLQJ ZLWK ,%6 V\VWHP $EG +DPLG

SURMHFWYVY ZLWK YDOXHG 50 ELOOLRQ EXLOW XVLQJ ,%
DOVR RWKHU WHUPLQRORJLHVY WR GHVFULEH WKH XVH RI ,%
DUH PRUH FRPIRUWDEOH XVLQJ SUHIDEULFDWHG DQG PRGH
WKRXJK WKHUH DUH VHYHUDO WHUPVY DQG ZRUGYV DYDLODEC
SURPRWHYV VXVWDLQDEOH FRQVWUXFWLRQ DQG SHUVLVWHQ
HW DO SUHIDEULFDWHG EXLOGLQJ HOHPHQWY UHSODF
FHPHQWY UHGXFLQJ WKH FHPHQW SURGXFWLRQ HQHUJ\ )
EXLOGLQJ KHOSV LQ UHGXFLQJ FRQVWUXFWLRQ ZDVWH XS \
VRPHZKDW HQKDQFH WKH HQHUJ\ WLPH DQG FRVW VDYLQJ
$\H HW DO

CO, EMISSION FROM CONSTRUCTION INDUSTRY

%XLOGLQJ FRQVWUXFWLRQ LV RBHVEMHW KW KDRW G G RAEDXUFHV
RI ZRUOEGPLZVLRQ -HRQJ HW DO /L HW DO =KDQJ +
*RQ]IiOH] DQG 1DYDUUR @missibA pduBe @ \&IMhéR phases
RI EXLOGLQJ OLIH F\FOH LQFOXGHV WKH SURGXFWLRQ RI PL
building, site setting and exploitation, renovation and until demolition. Building sector is
UHVSRQVLEOH IRU KIHRLPPRRQVEHADXYH RI KLIJK FRQVXPSW
QDWXUDO UHVRXUFHV ZLWK VLIQL;FDQW DOWHUDWLRQ WR
ir]dustriesconsumés RI WKH IUHVK ZDWHU ¢, R KDUAVHHIYMD @ R RO B QH3
ARZV *RWWIULHG 5RGPDQ DQG /HQVVHQ &KDQ HW
DURXQG WKH ZRUOG DUH GRPLQDWHG E\ UHVLGHQWLDO EXLC(
CO HPLVVLRQ IURP UHVLGHQWLDO DUH YHU\ VLIQL,{FDQW /L
VHFWRU DQG PDQXIDFWXULQJ LQGXVWULHV LQ 0ODOD\VLD L
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HPLVVLRQ ZLWK ZKLOH FRPPHUFLDO DQG UHVLGHQWLDO
HPLVVLRQ )LJXUH Z K L O \by/ comikéicidd Brid\fasidén@al Bactd& 2vas

UDSLGO\ LQFUHDVHG \HDU E\ \HDU )LJXUH ORUHRYHU W
FROQOWULEXWHG WR RI WRWDO FDUERQ IRRWSULQW LQ \HD

QDWLRQDO SRSXODWLRQ LQFUHDVHV +HUWZLFK DQG 3HWHL

(Source: NRE, 2010)
Figure 2. Percentage of CO, emission by sectors in Malaysia in year 2000

(Source: IEA, 2014)
Figure 3. CO, emission trend from year 1971-2010 contributed by commercial and
residential sector in Malaysia

%HFDXVH Rl WKH HQHUJ\ FULVLV WKDW KLW WKH ZRUOG ¢
WKH HQHUJ\ FRQVXPSWLRQ RI EXLOGLQJY EHFRPH PRUH HPS
RI WKH EXLOGLQJV LQ PDQ\ FRXQWULHY SURSRVHG HQHUJ\ F
RSHUDWLRQDO SKDVH %XLOGLQJV KDV D OLIH WLPH DERX\
ORQJHVW SHULRG WKDW PDNHV RSHUDWLRQDO SKDVH DV W
EXLOGLQJ &KDQJ HW DO OHTXLJQRQ HW DO 5HG X
HI¢FLHQF\ LQ HQHUJ\ VXSSO\ FKDLQ DQG DSSOLFDWLRQ RI

IXHO DUH WKH DOWHUQDWLYH LQ UH G ¥Rikspd b$ buildmyU\ HQHU.
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VHFWRU *XVWDYVVRQ HW DO TXGIGL QCREDO LZDIU IR B QV VH
creates sustainability awareness and commitments by many countries to reduce the use

RI HQHUJ\ 5HGXFLQJ HQHUJ\ FRQVXPSWLRQ LQ EXLOGLQJV
less CO HPLVVLRQV DQG JRRG PDQDJHPHQW RI HQHUJ\ XVHG
DQ LPSRUWDQW DVSHFW RI VXVWDLQDEOH GHYHORSPHQW
*RQ]IiOH] DQG 1DYDUUR VKR ZV eMssiDiNcal 162 PeRINCRd in RI &2
FRQVWUXFWLRQ SKDVH E\ ZLVH VHOHFWLRQ RI ORZ HQYLU]
PDWHULDO VHOHFWLRQ GXULQJ GHVLJQ VWDJémiSSIorEXLOGLQ
and energy reduction. The embodied energy and carbon can be used in determining the most

VXVWDLQDEOH DQG HQYLURQPHQWDO IULHQGO\ PDWHULDO"
VWRUHG LQ EXLOGLQJ PDWHULDOV DQG HPLVVLRQ RI FDUEF
REVHUYH WKH HIIHFW RI EXLOGLQJ WRZDUGYV JOREDO FDUER

EMBODIED ENERGY IN BUILDING

(QHUJ\ HVWLPDWLRQ IRU D EXLOGLQJ LQFOXGHYV RSHUD)
ZKHUH RSHUDWLRQDO HQHUJ\ VWDQGYV IRU HQHUJ\ WR IXO¢
FRPIRUWDEOH LQGRRU HQYLURQPHQW ZKLOH HPERGLHG HQH
'DNZDOH DQG 5DOHJDRQNDU &KDQJ HW DO (YHC
KROG WKH ODUJHVW VKDUH LQ EXLOGLQJ OLIH F\FOH WKH
EXLOGLQJ VKLIWHG WR LQFOXGH HPERGLHG HQHUJ\ LQ EXL
HW DO *HQHUDOO\ HPERGLHG HQHUJ\ FDQ EH GHVFULL
LQGLUHFWO\ GXULQJ DOO VWDJHV RI EXLOGLQJ PDWHULDO
WUDQVSRUWDWLRQ WR WKH VLWH DQG RQ VLWH FRQVWUXFV
DO &KDQJ HW DO <XQJ HW DO 7KH DQDO\VLYV |
helps in improving building energy consumption and also provides detailed energy analysis
in producing construction materials. Thus, comparison between construction materials with
the lowest energy and emission can assist the designer in developing the most sustainable
EXLOGLQJ DQG SURPRWHYVY HQHUJ\ FRQVHUYDWLRQ ,Q IDFW
RI PDWHULDOV XVDJH LV DOVR DFKLHYHG GXH WR WKH DSSO
DO ODQ\ FRXQWULHYVY DQG RUJDQL]DWLRQV VWDUWHG W
HQHUJ\ IRU FRQVWUXFWLRQ PDWHULDOV EDVHG RQ LQ GHS\
building materials production. Moreover, embodied energy analysis is not only crucial in
EXLOGLQJ PDWHULDOV EXW DOVR XVHG LQ GHWHUPLQLQJ HC
DQ HFRQRP\ /HQ]JHQ DQG 'H\

$FFRUGLQJ /HQ]HQ DQG 'H\ 7UHORDU HW DO 6 X k
DQG 'L[LW HW DO HPERGLHG HQHUJ\ FDQ EH GHWHUPLC
RXWSXW DQDO\VLV DQG K\EULG DQDO\VLYV $00 WKHVH DQDC
DVVHVVLQJ HQYLURQPHQWDO LPSDFW RI SURGXFW RU V\VWH
LV RQH Rl WKH PDQ\ FRPSRQHQWYV LQ /&$ LQ DVVHVVLQJ D PI
6WXGLHV E\ 'LDV DQG 3RROL\DGGD SWDPD DQG *KHHZELC

DQG 8WDPD HW DO KDG VXFFHVVIXOO\ GHWHUPLQ
PDWHULDOV XVLQJ SURFHVV DQDO\VLVY HYHQ WKRXJK LW UF
OHDQZKLOH LQSXW RXWSXW DQDO\VLV ZKLFK LV WKH PRVW
XVHG WR GHWHUPLQH HPERGLHG HQHUJ\ IRU YDULRXV W\SH\
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"H\ 1RUPDQ HW DO 1DVVHQ HW DO .RIRZRU|
$\H HW DO DQG -HRQJ HW DO 7KH GHULYDWLYH R
analysis was then developed and called hybrid analysis in order to provide more accurate data

ZKLFK KDG EHHQ SHUIRUPHG E\ 7TUHORDU 7TUHORDU HW

Embodied energy analysis research and application in Malaysia currently is scarcely
GRQH DQG KDV QHYHU EHHQ SXEOLVKHG ORUHRYHU WKH C
RQO\ OLPLWHG WR RSHUDWLRQDO HQHUJ\ DQG IXUWKHU OL
RI EXLOGLQJY 0ODQ\ UHVHDUFKHUV WHQG WR LQYHVWLJDWH
product rather than evaluate its impact to the environment. Moreover, limited study on
embodied energy and emission is due to obstacles in data collection that relates to unavailable
GDWD ODFN RI FRRSHUDWLRQ IURP PDQXIDFWXUHU DQG UH\
(YHQ WKRXJK WKHUH LV DQ LQSXW RXWSXW DQDO\VLV WHFK
,QSXW 2XWSXW 7DEOH WKLV DQDO\VLVY UHTXLUHY ORWYV RI G
DUH UHVWULFWHG WR IHZ PDWHULDOV RQO\ 6R LW LV YHU\ K
WR WKH HQYLURQPHQW LQ WHUPV RI ODOD\VLD FXUUHQW V
CO HPLVVLRQ ZHUH QRW FRQVLGHUHG GXULQJ WKH GHVLJQ
RI D EXLOGLQJ WKXV WKH PDQDJHPHQW RI D EXLOGLQJ XU
KDYH JRRG PDQDJHPHQW RI EXLOGLQJ WRZDUGY HQHUJ\ ZDV

HPERGLHG HQHUJ\ RI D SURGXFW RU V\VWHP GHSHQGV
PDQXIDFWXULQJ SURFHVVHYVY UHF\FOH FRQWHQW HQHUJ\ VR
DQG :RQJ XVLQJ SURFHVV ZLWK K\EULG DQDO\VLV DQG
analysis in Singapore and Indonesia respectively prove that research on embodied energy is
an important aspect in many countries such as Southeast Asia.

LCA APPLICATION IN BUILDING

Development and protecting natural resources are usually contradicting actions. These
issues are widely discussed and each party has their own reason to support the side they are on.
In order to have rapid construction development at the same time protecting the environment,
our industry must be prepared with good alternative options such as using reuse, reduce and
UHF\FOH DSSURDFK 7KH DVVHVVPHQW RI HQYLURQPHQWDO ¢
FRXQWULHY DQG GLVFLSOLQHY HVSHFLDOO\ LQ PDQXIDFWX!
DO 7KHUH DUH DOVR VHYHUDO WRROV GHYHORSHG WR
SHUIRUPDQFH IURP GLIIHUHQW SRLQWYV RI YLHZ IRU H[DPS(
(,$ 6\WWHP RI (FRQRPLF DQG (QYLURQPHQWDO $FFRXQWLQ.
DQG ODWHULDO )ORZ $QDO\VLV 0)$ %X\OH HW DO (G
(QYLURQPHQWDO ODQDJHPHQW $FFRXQWLQJ (FR ODEHOOLQ
EHLQJ WKH PRVW FRPSOHWH WRRO $VGUXEDOL HW DO

/&$ LV GH;QHG DV D WHFKQLTXH LQ HYDOXDWLQJ D SURGX
LPSDFWV E\ FRPSLOLQJ DQ LQYHQWRU\ RI LQSXW DQG RXWS
SRWHQWLDO HQYLURQPHQWDO LPSDFW DQG LQWHUSUHWLQ.
VWXG\ ,62 1HEHO DQG :KLWH 2UWL] HW DO E -
RI /&% XVXDOO\ LQYROYHV FUDGOH WR JDWH PDQXIDFWXU'}
RI WKH SURGXFW ZLWK WKH TXDQWL:,FDWLRQ LQFOXGHV D¢
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DQG RXWSXW HPLVVLRQ HIAXHQFH ZDVWH &DONLQV
WKH LQSXW DQG RXWSXW SDUDPHWHUV LQ OLIH F\FOH VWD.
HVVHQWLDO SUDFWLFH WKDW FDQ EH DSSOLHG DW HYHU\ S
OLIH F\FOH DSSURDFK LV WKH PDLQ LQWHUHVW RI /&$ /LIH |
\HDU V DQG V ZKLFK WKHQ IRFXVHV RQ WKH TXDQWL¢{FDW
ZDVWH SURGXFHG WKURXJKRXW WKH OLIH F\FOH 6KDUPD H\
IRXU VWDJHV RI DQDO\VLV FRPSULVHG RI JRDO DQG VFRSH
assessment and interpretation, LCA aims to provide a holistic assessment that catches interests

RI UHVHDUFKHUV DQG DOVR LQGXVWULDO SDUWLHV .LEHU\
6KDUPD HW DO =KDQJ HW DO $V /&% DQDO\VLV L\
E\ , QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ
ZLGHO\ DVVHVVHG )XUWKHUPRUH WKHUH DUH WKUHH W\SH
BURFHVV /&% ,QSXW 2XWSXW /&% DQG +\EULG /&% 6KDUPD HV
RI PHWKRG FRXOG DOVR XVHG LQ HPERGLHG HQHUJ\ DQDO\V
WKRXJK VFLHQWL¢{(F EDVH PHWKRG LV UHODWHG WR /&% WKL
VHFWRUYV HVSHFLDOO\ EXLOGLQJ LQGXVWULHV %OHQJLQL D

7KH DSSOLFDWLRQ RI /&% LQ EXLOGLQJ DQG LQIUDVWUXF
JDLQ EHQH¢{;W ZLWK WKH LPSOHPHQWDWLRQ RI SURFHVV G
PDWHULDOV SURFHVVLQJ FRQVWUXFWLRQ EXLOGLQJ RSHU
DO JXUWKHUPRUH UHVHDUFK LV DLPHG WR LGHQWLI\ S
HQYLURQPHQWDO LPSDFW IURP PDWHULDOV DQG SURGXFW
WR DVVHVV WKH HPLVVLRQ RI FDUERQ IURP EXLOGLQJV ZK
LQYHVWLIJDWHG ZKLFK DUH EXLOGLQJ PDWHULDOV PDQXID
FRQVWUXFWLRQ RSHUDWLRQDO DQG PDLQWHQDQFH GHPRO
=XR HW DO ZKLFK PDNHV /&% DV D FUXFLDO WRRO LQ
SHUIRUPDQFH $V UHSRUWHG E\ 5RK HW DO DVVHVVPH:(¢
RI FRQVWUXFWLRQ KHOSV LQ HVWLPDWLQJ WKH LPSDFW RI
with low energy consumption and emission can be built. Thus, LCA can helps in decision
PDNLQJ WRZDUGYV VXVWDLQDEOH DQG HQYLURQPHQWDO IUL
studies on LCA application in building sector listed in Table 1.

1DVVHQ HW DO FRPSDUHG WKH PDJQLWwsSieh RI SULPL
IURP 6ZHGLVK EXLOGLQJ VHFWRU EHWZHHQ WRS GRZQ LQSX
XS SURFHVV DQDO\VLY VWXGLHYVY 7KLV VWXG\ DLPHG WR DFK
EXLOGLQJ SURGXFWLRQ DQG SURYLGHV PXFK LQIRUPDWLRQ
EXLOGLQJ DVVHVVPHQW 7KH DXWKRUV UHYHDOHG WKDW LQ¢
HQHUJ\ XVHG RI D EXLOGLQJ FRPSDUHG WR SURFHVYV DQDO\\
VHYHUDO VHFWRUV VXFK DV WUDQVSRUW FRQVWUXFWLRQ L
VHFWRU ZKHUH KLJK DPRXQW RI HQHUJ\ ZHUH UHFRUGHG E\
DXWKRUV DOVR IRXQG WKDW WKH SURGXFMehstyQdUR OEXLOGLQ
high energy consumption.
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(Source: Crawford, 2011)

Figure 4. Input and output for a product’s life cycle

Table 1. Comparison on LCA application in building sector

Building type Parameter Type of analysis Location
Nassen et al, 2007 No building Prlmary.en_ergy use and Input-output LCA Sweden
CO, emission
;Jé%r;a and Gheewala, Single house Embodied energy Process LCA Indonesia
Kofoworola and 21 FH Energy assessment Economic input-output Thailand
Gheewala, 2009 ¢ 9 and process LCA
Blengini and Di Carlo, Low energy .
2010 house Energy saving Inventory based LCA Italy
Monahan and Powell, Embodied carbor_l n United
House three types of building Process LCA .
2011 . Kingdom
materials
Ramesh et al, 2012 Residential Energy performance Inventory based LCA India
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Thiers and Peuportier, Hé?fr:)fmngﬁi Enerav assessment LCA and available France
2012 p oy database
house
Commercial CO,, CH,, N,O, SO,
Zhang et al, 2013 buildin CO, NOx, NMVOC, PM Inventory based LCA Hong Kong
9 emission
S8WDPD DQG *KHHZDOD HVWLPDWHG WKH HPERGLHG H(

materials that are clay bricks and concrete blocks using process based LCA in Semarang,
,QGRQHVLD 7KLV VWXG\ LV OLPLWHG WR VHYHUDO SKDVHV R
RI EXLOGLQJ PDWHULDOV WR WKH FRQVWUXFWLRQ VLWH F
UHVXOW IURP WKLV VWXG\ VKRZ WKDW FOD\ EDVHG EULFNYV
WR FRQFUHWH EORFNV EHFDXVH RI ORZ HI¢{¢FLHQF\ RI EXUC
IDPLO\ RSHUDWLRQ DQG VPDOO VL]IH RI EULFNV WKDW HQEK
WLPH QHHGHG IRU EXUQLQJ SURFHVV ORUHRYHU ORZ IRVVL
FRQFUHWH EORFN +RZHYHU LQ WHUPV RI OLIH F\FOH HQH!
raw materials extraction, material production, transportation and operational phase, clay brick
EXLOGLQJ PDWHULDOV UHFRUGHG EHWWHU SHUIRUPDQFH V
HOHFWULFLW\ FRQVXPSWLRQ DQG RFFXSDWLRQDO EHKDYLR
DOVR VXJJHVWY DSSO\LQJ OLIJKWZHLJKW HQFORVXUH PDWHL
house.

.RIRZRUROD DQG *KHHZDOD FDUULHG RXW D OLIH F\FO
ORFDWHG DW %DQJNRN 7KDLODQG 7KH REMHFWLYH RI WK
HQHUJ\ FRHI{(FLHQW RI EXLOGLQJ PDWHULDOV DSSOLHG LQ 7
WKURXJKRXW EXLOGLQJ OLIH F\FOH DQG WR LGHQWLI\ WKH
RI WKH EXLOGLQJ 7KH UHVXOW DWWULEXWHG IURP WKH VW
KDG EHHQ SURGXFHG DQG RQO\ KDV VOLJKW YDULDWLRQ IU
contributed as highest energy consumption period especially in applying lighting and HVAC
VI\VWHP KHDWLQJ YHQWLODWLRQ DQG DLU FRQGLWLRQLQJ
ZHUH WKH PRVW VLJQL¢{FDQW HOHPHQW LQ EXLOGLQJ OLIH F
UHGXFH WKH FRQVXPSWLRQ RI HQHUJ\ GXULQJ RSHUDWLRQD
Rl LQGRRU HQY pQ)mragtRiHgIoAd SHélding, using appropriate window size and
DSSO\LQJ JOD]LQJ , QLWLDO HPERGLHG HQHUJ\ RI WKH EXL
EXLOGLQJ PDWHULDOV XS WR WKXV QDWXUDO UHVRXUF
SHUIRUPDQFH RI WKH EXLOGLQJ

%OHQJLQL DQG 'L &DUOR KDG XVHG /&% LQ GHWHUPLC
HQHUJ\ VLQJOH IDPLO\ KRXVH LQ 1IRUWKHUQ ,WDO\ 7KH UHVE
KDV HPHUJHG DQG HI[WHQG RYHU \HDUV ZKLOH PDLQWHQD
ORUHRYHU WKH DXWKRU VXJJHVWHG SHUIRUPLQJ ¢HOG PHD
ZLWK VLPXODWHG GDWD DIWHU D IHZ \HDUV (YHU\ OLIH F\F
LQ GHWHUPLQLQJ WKH LPSDFW RI WKH EXLOGLQJ HYHQ WKR
concern. The low energy building showed outstanding energy saving and high environmental
SHUIRUPDQFH IXO0O¢,00LQJ WKH REMHFWLYH LQ VKRZLQJ HQH
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ORQDKDQ DQG 3RZHOO FRQGXFWHG D SURFHVV EDVH
FDUERQ LQ D ORZ HQHUJ\ DIIRUGDEOH KRXVH FRQVWUXFWHG
OHWKRG Rl &RQVWUXFWLRQ 00& WLPEHU IUDPH V\VWHP ZL'
FRQYHQWLRQDO PDVRQU\ FDYLW\ ZDOO LQ 1RUIRUN 8QLW!|
FRQVWUXFWLRQ IRFXVHG RQ 00& FRQVWUXFWLRQ HOHPHQW
and waste output can be reduced compared with on-site construction. The result shows that a
KRXVH EXLOW E\ WUDGLWLRQDO FRQYHQWLRQDO PDVRQU\ F
FDUERQ FRPSDUHG WR D 00& WLPEHU IUDPH V\VWHP DV EXLC
DOVR DPRQJ WKH PRVW VLIJQL{FDQW PDWHULDOV ZKLFK LV
WR HPERGLHG FDUERQ 7KH DXWKRUV DOVR VXJJHVWHG LQ X
FRQVLGHUDWLRQ RI PDWHULDOV VHOHFWLRQ RI VXVWDLQDE
DQG WKH LPSRUWDQFH RI RQ VLWH ZDVWH PLQLPL]DWLRQ V\

5DPHVK HW DO SUHVHQWHG DQ DQDO\VLV RI HQHUJ\ R
LQ ,QGLD 7KH UHVLGHQWLDO KRXVHV FRQVLVWY RI RQH VW
ZLWK VHYHUDO HQHUJ\ IHDWXUHV ZKLFK DUH WKHUPDO LQV
JODVV IRU ZLQGRZ 6HYHUDO LQYHQWRULHV RI GDWD WDNHC
VHYHUDO VRIWZDUHYV ZHUH XVHG LQ DVVHVVLQJ HQHUJ\ SH
main results conclude that single storey house has higher energy demands compared to two
VWRUH\ DQG DSDUWPHQW W\SH RI UHVLGHQWLDO KRXVH U}L
SHU XVDEOH ARRU DUHD WKDW FRQWULEXWH WR KLJKHU HP
FRROLQJ DQG KHDWLQJ 7KH HQHUJ\ GHPDQG RI D EXLOGLQJ
WKH LQVWDOODWLRQ RI LQVXODWLRQ RI ZDOO DQG URRI DO
DXWKRUV FRPPHQW WKDW WKH UHVXOWY IURP WKLV VWXG\
EXLOGLQJYV DQG VXJIJHVWHG DQ DSSOLFDWLRQ RI HQHUJ\ HI
UHGXFHG OLIH F\FOH HQHUJ\ FRQVXPSWLRQ

7KLHUV DQG 3HXSRUWLHU VWXGLHG WKH FRQWULEX
HQHUJ\ SHUIRUPDQFH EXLOGLQJ LQ 1RUWK )J)UDQFH E\ XVLQ.
EXLOGLQJV LQ WKLV VWXG\ FRQVLVW RI WZR DWWDFKHG SD
KRXVLQJ EXLOGLQJ 7KH ¢QGLQJV IRXQG WKDW HQHUJ\ QHH
EH ORZ ZLWK DSSOLFDWLRQ RI VRODU SDQHO PRGXOH LQ F
LV LQAXHQFHG E\ WKHUPDO HQYHORSH DQG HTXLSPHQW 7
SHUIRUPDQFH FRPSDUHG WR UHQRYDWHG FROOHFWLYH VRF
solar panel in generating energy. As collective social housing is a renovated building, it is hard
WR UHDFK D YHU\ KLJK HI{(FLHQF\ FRPSDUHG WR QHZ EXLOGI
QRW YHU\ RSWLPDO EHFDXVH RI EDG VRODU H[SRVXUH DQG

=KDQJ HW DO TXDQWL{HG WKH VHGPHRWKHD® D L & +H P L\
QLWURXV R[L\GHOSIKXU GLHDLGEHR®2PRQR[LGH &2 QLWURJIHC
QRQ PHWKDQH YRODWLOH RUJDQLF FRPSRXQG 1092& DQG
FRPPHUFLDO EXLOGLQJV LQ +RQJ .RQJ E\ XVLQJ /&% $FFRUG
HPLVVLRQ GXULQJ WKH UDZ PDWHULDOV PDQXIDFWXULQJ VW
DQG VXUIDFH FRDWLQJ YRODWLOL]DWLRQ ZKLOH RWKHU EXL
RI EXLOGLQJ PDWHULDOV FRQVWUXFWLRQ RSHUDWLRQ DQ
IRVVLO IXHO FRPEXVWLRQ DQG HOHFWULFLW\ XVHG 2YHUD
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EXLOGLQJ OLIH F\FOH DUH UHVSRQVLEOH IRU PRVYW HPLVVI
NO,SO 12 DQG 1092& RFFXS\ RQO\ D VPDOO SURSRUWLRQ DW
OLIH F\FOH 7KH DSSOLFDWLRQ RI WKLY DSSURDFK FDQ KH(
FKRRVLQJ EXLOGLQJ PDWHULDOV FRQVWUXFWLRQ PHWKRG
PLQLPL]LQJ WKH TXDQWLW\ RI DLU HPLVVLRQ DV UHFRPPHQC

From the previous literature, there are extensive studies on building with application
Rl /&% WKDW UHODWHG WR PDQ\ W\SHV RI EXLOGLQJ IRU HIJI

6X]XNL DQG 2ND ,LQJ HW DO &KDX HW DO UHV
7TUHORDU HW DO 2UWL] HW DO D 8WDPD DQG *KHHZL

&XpOODU )UDQFD DQG $]DSDJLF /IHH HW DO 3H>
6FKHXHU HW DO HGXFDWLRQDO EXLOGLQJ $UHQD DQ
DQG FRPPHUFLDO .XD DQG :RQJ +DQ HW DO I[URP

VWXG\ KDV WKHLU RZQ REMHFWLYHY DQG SDUDPHWHU WR EFt
DSSOLFDWLRQ Rl /&% LQ EXLOGLQJ LQGXVWULHV +RZHYHU
EXLOGLQJ SURMHFW HVSHFLDOO\ GXULQJ GHVLJQ VWDJHV L

WKH FRPSOH[LW\ LQ LQ SHUIRUPLQJ /&% LQ HDUO\ VWD
XWLOL]DWLRQ LV WLPH FRQVXPLQJ DQG QHHGV KLJK HIIRUW
FRPSRQHQW DQG KLJK SURFHVV RI GHFLVLRQ PDNLQJ <HW W
construction materials and building which makes the analysis works much easier such as
$7+(1%$ DQG %((6 WKHUH DUH DOVR /&% EDVHG SURJUDP GHY\
DO 7KH GHWDLOV RQ $17+(1$ DQG %((6 WRROV VKRZHG
DOVR VRIWZDUH DYDLODEOH LQ RUGHU WR SHUIRUP /&% EXW
IRU H[DPSOH *D%, DQG 6LPD3UR

Table 2. Notes on LCA based tools in building industry

Name of tools Description Country
ANTHENA % $VVHVVLQJI LQGXVWULDO LQVWLWXWLR@imada RI¢FH DQG UHVLC
Impact Estimator type building

% The analysis includes all phase of building life cycle

% Wide range of impact categories such as global warming,
DFLGL{¢FDWLRQ KXPDQ KHDOWK

% Comprehensive databases regionally for each materials

% Provide comparison to alternative design

BEES % Provide a rational, systematic technique for selecting United States
Building for environmental and cost effective building product

Environmental and

Economic Sustainability % Analyse all the phases in product life cycle

% Measure the economic performance of building product
using American Society for Testing and Materials (ASTM)

% Integration of LCA with computer-aided design (CAD)
tools

% Complete analysis can be produced through inbuilt
database of environmental impact from the target product

Source: Calkins, 2009; Crawford, 2011
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CASE STUDY OF EMBODIED ENERGY COEFFICIENT

,QSXW RXWSXW /&% PHWKRG ZDV XVHG LQ GHWHUPLQLQJ H
construction materials in Malaysia. Basically, the Malaysia Input-Output Table containing
VHFWRUY DQG WKH GDWD RQ EXLOGLQJ PDWHULDOV zZDV
DG VWHHO DUH WKH DYDLODEOH GDWD WKDW FDQ EH H[WU
7KH FDOFXODWLRQ RI HPERGLHG HQHUJ\ RI VHOHFWHG E
DV GHVFULEHG E\ 7TUHORDU HW DO DQG .RIRZRUROD DQ(
WR SURGXFH WKH SURGXFW ZHUH REWDLQHG IURP WKH H[W
FRPELQHG ZLWK HQHUJ\ LOWHQVLW\ IDFWRU E\ IXHO W\SHV
WKH SURGXFWLRQ RI WKH SURGXFW WKH HQHUJ\ LQWHQVLW
7KH HPERGLHG HQHUJ\ FRHI{(FLHQW ZDV WKHQ FDOFXODWHG
7KH GDWD IRU EXLOGLQJ PDWHULDOV SULFH ZDV REWDLQHG
%RDUG 0ODOD\VLD &,'% DQG HQHUJ\ WDULII ZDV SURYLGHG |

7KH HPERGLHG HQHUJ\ FRHI¢(¢FLHQW UHVXOW ZDV VKRZQ |
previous studies listed in Table 3. Overall, steel showed high embodied energy content with
YDOXH RI 0-.J 2WKHU EXLOGLQJ PDWHULDO UHFRUGHG |
0- .J WR 0-.J 7KH HPERGLHG HQHUJ\ FRHI{(FLHQW REWDI
TXLWH OHVYV YDULDWLRQ FRPSDUHG WR WKLV FDVH VWXG\
FRPSDUHG WR RWKHU VWXGLHG PDWHULDOV FRQVLVWHQW
+DPPRQG DQG -RQHV &DONLQV DQG $\H HW DO
DO VKRZHG ORZHU HPERGLHG HQHUJ\ FRHI{(FLHQW RI V)
GXH WR VWHHO PDWHULDO LQ 1HZ =HDODQG SURGXFHG IUR
FRQVXPSWLRQ $\H HW DO SHUIRUPHG DQ HPERGLHG HCQ
DQG FRQFUHWH ZLWK WKH UHVXOW UHFRUGHG KLJK YDOXF
FRPSDUHG WR RWKHU VWXGLHYVY 7KH DXWKRU DOVR FRPPHQ
KDV KLJKHU HPERGLHG HQHUJ\ EXW WKH HQYLURQPHQWDO E
KDYH SRWHQWLDO WR EH UHXVH DQG ORQJ PDWHULDO OLIH
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Figure 5. Embodied energy of selected building materials

Table3. 6 XPPDU\ RI VHOHFWHG HPERGLHG HQHUJ\ FRHI¢FLHQW LQ PDWHUL

Embodied energy

References (MI/Kg) Plywood Glass Cement Concrete Steel
Baird et al, 1997 Embodied energy 10.4 15.9 7.8 0.94 10.1
Alcorn and Wood, Embodied energy nd nd 9.0 1.4 35.9
1998
Hammond and .
Jones, 2008 Embodied energy 15 15 4.6 0.95 35.3
Calkins, 2009 Embodied energy 16.5 nd 5.7 1.1 21.7
Kofoworola and .
Gheewala, 2009 Embodied energy 8.5 171 0.2 1.3 11.1
. 7.44 54.6
Aye et al, 2012 Embodied energy (wall) (wall)
This study Embodied energy 5.10 1.85 3.56 0.35 8.78
nd: no data
CONCLUSION

%XLOGLQJ VHFWRU VLIQL,;FDQWO\ FRQWULEXWHG WR HQR
FRQVXPSWLRQ &XW GRZQ RI HQHHPILVNRRYXIFRRPLERLDGGQA.
LPSRUWDQW DQG LQ OLQH RI JRYHUQ PIHQd&r tv ¥widomé QDEOH (
this issue, proper planning and execution needs to be taken. LCA approach that advocated
ZLWK GHWDLO DQDO\WVLYVY WKURXJKRXW WKH ZKROH OLIH F\FO
EHVW VROXWLRQ RI VXVWDLQDEOH EXLOGLQJ ORUHRYHU W
OLIH HVSHFLDOO\ GXULQJ GHVLJQ VWDJH FDQ SURYLGH YDL
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HQHUJ\ WKXV PDWHULDO VHOHFWLRQ IRU WKH PRVW HQYLUT
FDQ EH VXJJHVW ORUHRYHU HQHUJ\ DQDO\VLV WKDW HPSK
LQ RUGHU WR SHUIRUP GHWDLOHG /&% DQDO\VLV 7KH DSSC
SUHIDEULFDWHG DQG ,%6 WHUPV RI ODOD\VLD VLWXDWLRQ
UHGXFWLRQ DQG SOD\V VLIQL,{FDQW UROH WRZDUGV VXVW
ZLWK KLJK DZDUHQHVV RI HQHUJ\ FRQVXPSWLRQ DQG HQYL!
PRUH UHVHDUFK LV QHHGHG IRU RSWLPDO LPSOHPHQWDWL
WKH UHDO FRQGLWLRQ RI RXU EXLOGLQJ SHUIRUPDQFH WR;
other countries race towards producing sustainable building, our countries decision maker
QHHGC WR SURYLGH PRUH LQFHQWLYH DQG HQFRXUDJHPHQ'
developer and all parties involved. Moreover, reducing energy and emission and impact to

the environment will also give advantages not only to the mother’s nature but also economy
growth.
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Figure 8. Computed attic temperature with sealed and ventilated attic
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Table 1. Recommended/Acceptable Physical water quality criteria

Parameter Raw Water Quality Drinking Water Quality
Total coliform (MPN/100ml) 500 0

Turbidity (NTU) 1000 5

Color (Hazen) 300 15

pH 5.5-9.0 6.5-9.0

(Source: Twort et al. 1985;MWA,1994)
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