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Abstract: The Malaysian construction industry is undergaintgransitional change from an industry
employing conventional technology to a more systermand mechanized system. This new system is
now known as the Industrialized Building System§)BThis new method of construction can increase
productivity and quality of work through the use bétter construction machinery, equipment,
materials and extensive pre-project planning. Bhisly becomes very necessary since there is yet no
organized body, which can provide the necessaogymmdtion on the building cost comparison between
the conventional system and industrialized buildéygtem in Malaysia's construction industry. This
study also addresses the building cost comparidothe conventional system and industrialized
building system of formwork system. It provides tetails building cost between the conventional
system and the formwork system and indicates whfcthe two is cheaper. The data were collected
through questionnaire survey and case study, wtieisisting of institutional buildings. Through the
statistical test ‘t-test’ it is shown that theraisignificant difference in cost saving for theveentional
system as compared to the formwork system (induigieid building system).
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INTRODUCTION will more than compensate for a 10% material inseea
More importantly, there is saving in time. Also, If
The Malaysian construction industry is undergoingproperly designed and executed, pre-cast can lead t
a transitional change from an industry employingmuch better quality of work. The overall cost impat
conventional technologies to a more systematic angre-cast has therefore to take all these factots in
mechanized system employing the latest computer ancbnsideration. With the rising costs of labor aedsl
communication technologies. This is vital for theure  assurance of dependable skilled manpower, the isend
health of the industry, given the trend towardsbglo that pre-cast construction will become increasingly
competition and the advent of the k-economy. competitive compared to cast-in-place constru€tion
The Industrialized Building System (IBS) has been
introduced in Malaysia since the 60’s by the uspref  Classification of Industrialized Building System:
cast concrete beam-column elements. Since the demahndustrialization: The Oxford English Dictionary
of building construction has increased rapidly,ist (1991) defines industrialization as “the process of
necessary to innovate a construction method, whicindustrializing or fact of being industrialized;sal the
speeds up the building construction process. Abtull conversion of an organization into an industry”.
et al M has listed the various types of building systemsHowever, industrialization in this study means
currently available in Malaysia. Few definitions of industrial methods employed, referring to espegiall
industrialized building system are also given byiciads ~ prefabrication, mechanization and standardizatidre
author§’. To sum-up, in general, the IBS is ameaning of prefabricated, according to the same
methodology whereby a local construction indussy i dictionary, is, “to manufacture sections of a bimtplor
driven towards the adoption of an integrated andsimilar structure, in a factory or yard prior toeth
encouraging key player in the construction industry assembly on a site”. However, Prefabrication irs thi
produce and utilize pre-fabricated and mass préaluct study is the assembly of buildings or their compuse
of the building on their work sites. This will hetp  at a location other than the building site.
enhance the efficiency of a construction process, The types of construction methods range from a
allowing a higher productivity, quality, time anést conventional construction method to fully prefabted
saving. construction method. Generally, the construction
The construction cost of a building using pre-castmethods are classified here into four categories:
components should be assessed in its overall dontex
The traditional method of costing by material qitseg  * Conventional construction method
with a fixed factor for labor cost can lead to imrest * Cast-in-situ
estimation. For example, if labor usage is haltbds * Composite method
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*  Fully pre-fabricated method. elements such as floor slabs, in filled walls, badims,
staircases, etc. Into place for incorporation ithe
Conventional Construction Method: Conventional main unit, columns and beams. This method of
building method is defined as components of theconstruction has reduced the amount of site labor
building that are pre-fabricated on site througle th involved in building operations and increased the
processes or timber or plywood formwork installatio productivity of the industry. Pre-cast building ®ras
steel reinforcement and cast in-situ. Conventionatan reduce the duration of a project if certainditions
building is, mostly built of reinforced concrete are mef.
frame&”. The traditional construction method usesThe last three construction methods are consideved
wooden formwork. It is much more costly for conventional construction methods. These types of
construction, which includes labor, raw material,construction are specifically aimed to increase
transportation and low speed of construction fime productivity and quality of work through the use of
better construction machinery, equipment, technolog
Cast-in-situ Construction Method: This system is and materials. The main important point to consider
suitable for a country where unskilled labor isitad.  here is the particular construction method mogabig
There is no heavy machinery or high technologyfor a particular projeéd.
involved. The system is technically applicable lfnast
all types of building. Formwork is used as a mold,Method of Cost Comparison in Construction
where wet concrete, is poured into a temporaryesyst Industry: During the past decade a large number of
The temporary system also acts as a temporary suppauch studies has been carried out and publishettheln
for the structures. The objective of in-situ methedo  existing studies three principal approaches for
eliminate and to reduce the traditional site basades comparing costs of building projects among coustrie
like traditional timber formwork, brickwork, plasteg  can be distinguish&d:
and to reduce labor content. A carefully plannediin
work can maximize the productivity, speed and* Comparison of standardized identical buildings
accuracy of prefabricated construction. Cast in-sit * Comparison of standard buildings with local
method uses lightweight prefabricated formwork made  modifications
of steel/fiberglass/aluminum that is easily erecéedd * Comparison of functional similar buildings
dismantled. The steel reinforcement is placed withe
framework as they are being erected and concrete Somparison of Standardized Identical Buildings:
poured into the mold. When the concrete is selyjth the first method exactly the same building ki
according to the required strength the mold 'Spriced on the basis of the same drawings and

dismantled. The workers can be trained easily éxter specifications. This is possible onlv in theorvaky as
the molds and set the steel reinforcement. ItSP ' P y yoety

advantages over the traditional construction metireq & result of national (or even regional) differenagsch
its low skill requirement, can be quickly constedt €Xist in architecture, standards, availability ebgucts,
maintenance is low, the structure is durable angt co etc. The building and the costs will be comparabi,
can be les¥. they are not necessarily representative.

Composite Construction Method: The objectives of Comparison of Standard Buildings with Local
the composite construction method (partially Modifications: Better representative can be achieved
prefabricated) are to improve quality, reduce aosi  when modifications for local circumstances, like
shorten construction time. The concept of partialbuilding codes, standards, specification levels,taken
industrialized is derived from the composite natafe into account.
full industrialization and is used to describe a
manufacturing or production strategy that seletyive Comparison of Functionally Similar Buildings: With
uses some industrializing aspects, while avoiding othe third approach, typical, functionally similar
postponing the use of others. The prefabricateduildings are compared: this means building types,
construction method is combined in such a manrer thwhich are representative. Not only locally divergen
features applied could be prominently demonstratedircumstances and quality-levels are taken intmait
especially composing various works such as temgorarbut also various performances and aesthetic aiteri
facilities, building frames, building finishes and which reflect typical client requirements or tenant
equipments’. expectations for a building in that sector. Thedings
and the costs are representative, but not neclyssari
Fully Prefabricated Construction Method: In this  comparable. Arguably ‘apples’ are being compared
method of construction, all elements that can bewith ‘oranges™?. A meaningful comparison must take
standardized are prefabricated in the factory. Ndlym  into account all relevant (time-dependent and dtyant
this method would involve the assembly of pre-castdependant) cost components, classified as folfdws
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*  Labour; Composite
Direct Construction
Indirect Method
* Materials 25% Conventional
* Construction
Investment i
*  General expenses (site and plant) 42%
*  Transportation (for system construction only) F.refab”cate'
*

Overhead Construction

Method

As for this study the method of cost comparison 12% Formwork

used standardized identical buildings and functlgna v
similar buildings while the unit is cost per grd&sor
area.

Research Methodology: Data was collected by using Fig. 1: Building Cost Saving

mail questionnaire. To strengthen the finding oé th

survey and to assist in providing the informatidrouat According to the reasons given by the respondents,
the building cost comparison study, a case study wathe conventional system is more cost saving as
also conducted. However the major approach was usembmpared to formwork system was because of better
questionnaires, considering such factors on sasipe  negotiations and chances to get the most competitiv
time, cost and efforts. Questionnaire method wadender price appropriate to the developer's budget.
chosen as the appropriate approach for this studylhere is also flexibility in choosing alternativailoling
Questionnaire can reach a large number of resptsmdermaterials at a lower cost. Therefore, building aest

in different locations of the country at a relativéow  be reduced. As for the IBS, there are limited tews
cost, shorter time and less effort as comparedtiero Mmanufacturers or  specialized contractors.  This
data collection methods. The questionnaires wené secontributed to the high cost of building due toHeg

to the general manager, project manager, technicdicensing cost and they tend to be monopolizedhey t
executive, managing director and project directore  higher price of the building panel or other builglin
questionnaires were mailed to the respondentsSomponents.

accompanied by a covering letter, self addressed an

stamped envelope. The case study was conducted orf @ MWork System  Case Study: The selected
building cost comparison of 1 unit 4-storey of saho industrialized bwldmg system <_:ase_study is based
building project carried out by the Public Works formwork system. This system is suitable for a ¢pun

department, Malaysia, which uses conventional syste Where unskilled labor is limited. There is no heavy
and formwork system. Data gathered at a buildirg co Machinery or high technology involved. The system i

of building systems in Malaysia were processed an(ﬁeCth"""y applicable to almost all types of binigs.

analyzed using Statistical Package for Social ®een Formwo.rk is used as a mold, where wet concrete, is
(SPSS) poured into a temporary system. The temporary syste

also acts as a temporary support for the structiias
In-situ method is to eliminate and reduce the trawil
site based trades like traditional timber formwork,
brickwork, plastering and to reduce labor content.
Figure 1 shows building cost-saving in term of carefully planned in-situ work can maximize the
percentage. Forty two percent of the respondeme®dg productivity, speed and accuracy of prefabricated
that the conventional construction method is m@st ¢ constructioff!. The main objective of this case study is
saving, 25% agreed that composite construction adeth to study the cost comparison of school buildingt @ds
are most cost saving, 21% agreed that formworlesyst 1 unit 4-Storey (academic block) project carried oy
are most cost saving. Last but not least only 12%he Public Works Department, Malaysia, which uses a
agreed that prefabricated construction method istmo conventional / traditional system and formwork eyst
cost saving. The conventional and formwork system building dest
The previous study showed clearly the advantagesased on analysis of the Elemental Cost Analysis
of using formwork system (cast in-situ). These wereECA) form. The formwork system is based on the
spared, quality and economiésHowever, the results combination of pre-fabrication and in-situ conventl
of the analysis revealed that the conventionakonstruction, which features the utilization of
construction method is more cost saving compared tpermanent concrete form elements instead of
the IBS method. conventional timber formwork.
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Table 1: Mean Difference between 1 Unit Four St@ekiool Building of Conventional and Formwork Syst@BS)

Paired Samples Statistics

Mean N SD Mean SE
Pair CONV 432.3940 20 73.4217 16.4176
1 IBS 544.4355 20 69.8597 15.6211

Table 2: Significant of Difference between 1 UniiF Storey School Building of Conventional Systemd é8S (Formwork System)

Paired Samples Test

Paired difference

Mean SD Mean SE 95% confidence interval t df Ritafled)
of the difference
Lower Upper
Pair1 CONV-IBS  -112.0415 79.8209 17.8485 -1498398  -74.6842 -6.277 19.000

Building Cost Information: The main objective of this confirms that cost of building using formwork syste
case study is to study the cost comparison of Alegto method is expensive compared to the conventional
school buildings, which used conventional/traditibn method. The mean difference is RM 112 per square
system and formwork system. The conventional systermeter shows that formwork system is more expensive
building and the formwork system cost is based orcompared to conventional system. The highest mgldi
elemental cost analysis form from the Public Workcost difference per square meter is RM 149 and the
Department, Malaysi4'. lowest difference is RM 75 per square meter.
This analysis, which was carried out was based on

Cost Comparison: Table 1 shows the main difference Elemental Cost Analysis Form (ECA) from the Public
between 1 wunit four storey school building of Works Department, Malaysia shows 1 unit 4-storey
conventional and formwork system for 20 numbers ofschool building cost using conventional system and
data. The mean cost of conventional systems is B*M 4 formwork system. The cost provided using the same
per square meter whereby the formwork system is RMype of contract.
544 per square meter. The difference is RM 112 per With reference to Table 1, the mean cost of
square meter. Although the difference is RM112 peiconventional systems is RM 432 per square meter,
square meter the total of the square meter foritldun whereas the formwork system is RM 544 per square
storey school building is about 2000 square meteraneter. The difference is RM 112 per square metenfr
This shows that there is a wide difference betw®&3 20 numbers of data. The results showed that the
and Conventional. In layman’s terms the IBS is verydifference is significant with a 100% confidencede
expensive. For example, if the government wishes td herefore, the conventional cost is cheaper, coatpar
build 20 school buildings of the same IBS, this neea to formwork system. This finding is in coherencehwi
the cost will be very high. Therefore, all effontsist be the results already obtained in an earlier survey
made to reduce this so as to ensure the futurefu8s  analysis.
method is feasible.

The t-test analysis is a statistical analysiest the CONCLUSION
difference between two variables. The purpose is to
show the significance level of the building cost According to the reasons given by the respondents,
comparison between 1 unit four storey school bngdi the conventional system is more cost saving as
using conventional system and formwork system. compared to formwork system (IBS) since it provides

The present study used a two-tailed test .Théetter negotiation chances so as to obtain the most
underlying reason for application of the two-taiedt = competitive tender price appropriate to the develap
over one-tailed test is to ensure that the reduthined  budget. There is also flexibility in choosing altative
is compatible. If only one-tailed test is used,nttbe  building materials at lower cost. Therefore, builgli
result obtained might not be the same with thatof cost can be reduced. As for the IBS, there arddiinio
two-tailed test. If the result shows the differencea few manufacturers or specialized contractorss Thi
between conventional and formwork system is noftcontributes to the higher cost of building for gher
significant then, the study cannot conclude thaticensing cost is levied on the IBS panel and ttend
formwork system is more expensive than conventionato be monopolized by the higher price of the buidi
system. Perhaps, the formwork system is onlypanel or other building components.
expensive for certain numbers of buildings base@®n From the results of the case study, it can be
numbers of data available. concluded that the conventional construction system

Table 2 shows the result of the t-test conductednore cost saving as compared to the formwork system
using IBS (formwork system) and conventional (IBS). The case study results are also in cohereiiite
methods. It has been found that there is a 0.08¢ (I the result of the survey analysis. Most of the oized
column) or 100% confidence level. This therefore,body in the construction industry thought that the
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building cost of IBS is more cost saving compared t 8.

conventional system. However, the present study
proved the results was opposite to what was thougH.
earlier.
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