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ABSTRACT

;th research was carried out to sludy the problem of ineffective cosl control technique in
€ process of fermulaling predictive models for cost of Mechanical and Electrical (M&E)
services due 1o the use of inadequale infarmation o estimate cost of M&E services during
the pre-contract stage of building projects which results in to cost overrun. The study also
examined the cost relationship between MAE services and design variables which make
up building forms, for residential and commercial building projects, Tre relationshio
between the variables in the datz collected was examined with the use of simple and
multiple regression analyses, correlalion analysis and descrptive Stalistics One of the
majer findings of Ihe research was that the cost of M&E services of any given residential
or commercial building projects can be accessed from the building form descrptors with
85% confidence limils. This also provided a basis for developing seversl predictive
regression models for MRE services cost for both residential and commercial building
projects Recommendations from the study included reguiar review of the models in the
light of changing environmental circumstances by any user of the medels, for the models
0 stand a test of time.

Keywords: Building Form, Cost Modelling, Design Variables, Mechanizal/Electrical
Services Residential/Commercial building.

Introduction
Background of the Study

The major concern of a clienl is aboul the quality, cost and lime a building project will take
and wants the bullding to be soundly construcled at a reasonable cost and within a
specified period of time, As a result of this It is incumbent upon the Architect who may be
supported by a Quanlity Surveyor to exercise a great care and skill in designing the
project within desired cosl checks.

Seeley (1983) pointed oul thal costs related to Mechanical and Electrical (M&E) Services
may represent 10-15% of the initial capital cost and a substantial amount of cos! in-use
and in some buildings such as laboralories, the services constitule above 50% of the
Initial cost Apart from compansons of malertal costs, the most usual cost sludies were
directed lowards comparing alternalive methods of heating, ventilation, and air-
conditioning and involve dilferent compromises belween capital costs and running costs.
it 15 important 1o nofe hal long thin bulldings make both the provision of alr-conditioning

and its maintenance much more expensive

Seeley (1983) added thal the significant variable in plumbing installation is the numbsr
an¢ type of santary appliances. The lotal cos!s of nstallation may vary up to 50%
betwe=n low and high qualily fittings. Lif cosis are a crilical factor in the economic factor
of some mulli-storey buildings (4 storeys — 1, B storeys — 2) Each additional landing
involves an extra wire rope, a sel of ropes and some wirlng, With an increase in the
number of floars it may be necessary 10 nciease the speed and capacity of the lift to deal
with increased traffic — which will increase cos! of this elemenl However, the cos! of lifts
is in N way proportional lo the heighl of the building Seeley (1983) concluded that when

Universt| Kebangsaan Malaysia S
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the traffic necessitates the provision of an additional lift, it may cause the cast of ift per
::00' o double. bul as further flcors are added this cost will start to fall again until a third

00r Is added. In some classes of buildings such as multi-storey lov-rental flats lift costs
can amount to as much as 15% of the cost of the flal.

Problem Statement and Need for the Study

IThh’S research was carried out lo study the prablem of ineffective cost control lechnigue n
€ Process of formulating predictive models for cost of Mechanical and Electrical (M&E)
‘s:rvuces due to the use of inadequate information to estimate cost of M&E services during
© Pre-contract stage of bullding projects which results in to cost overrun. The need for
this research thus focused on the collection of suitable information for the necessary
analysis and modeling of M&E services cosl.

Aim and Objectives

Ehe aim of the study is lo examine the cost relationships between Mechanical and
lectrical (M&E) Services and bullding forms in residential bullding projects, based on
existing models of Swaffield and Pasquire (1999,

In order to achieve the aim, the following are the objectives of the study:

i.  To determine the relationship between the total cost of buildings and the cost of
M&E Services of the buildings.
i.  Tocetermine the relationship between the forms of buildings and the cost of M&E
Services of the buildings.
i To determine the statistical difference which zxists in the cost of M&E services
between residential and commercial buildings.
iv To proffer recommendations with respect lo properly ascertaining cost of services

Scope and Limitation

This paper studied residential and commercial building projects of bungalow and storey
buildings. The study adopted the following building form descriptors: gress floor area,
wallfloor ratio, average slorey height, floor to floor height, plan/shape index, percentage
of glazed zrza and internal perimeler length, based on linear regression models. The
building projects used are of different designs ranging from two to four bed room
bungzlows and one lo four storey buildings.

Out of the 45 different kinds ol projecls invesligated, only 30 were found useful because
some of these projects bills do nol have drawings and even those with drawings lack
some essential detalls of M&E services cost. Some of the governmenl parastatals
approached claimed |hal the needed Informalion was confidential and could not be fully

released
Literature Review
Classification of Bullding/Construction Cost

Construction cost embraces lhe total costs, direct and indirect, associated with
{ransforming a design plan for malerial and equipmenl in to a project ready for operation
(wesw answer.com) Okafor (2003) classified Conslruction Cost in to Direct Cost and
Indirac! Cost. Okafor (2003) explained further thal direct costs are predominantly the cost
of all plan! equipment as well as materials and labou” involved in the actual instaliation
and erection of the process plant and indirect costs are assocnaled with the support of
direct construction required for an orderly completion of a project.
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Mechzanical and Electrical Services in Buildings

Nature of Services Work
Jagboro (1995) classified services in to four calegories as thus.

I Environmental services: i
Tnese are services which are directly concerned with the control of physical environment,
heating, mechanical ventiiation lighting and |ift Installations.

1] Supply senrvices
These are concerned with providing physical matenals to meel the needs af building
users, hot and cold waler, electricity and telephone system.

1l Disposal services.
These cover the removal of wasts products, refuse, loul and surface waler drainage.

Iv.  Central plant services:
These are required to provide. generale or motivale the services described above.

Kolawolz (2002) in his own classfication considered services works Into two -
Mechkanical and Electrical Services He explained further that Mechanical
heatinz/zooling/refrigeration systemiventilation and air-conditioning system ara more
specialized forms of mechanical engineerning and are generally carried out by specially
trained tradesman. Electrical system on the olher hand, as described by Kolawole (2002),
IS designec by an eleclrical engineer to comprise a number of manufactured pieces of
equipments, outiel and fittings, all connected by givan sizes of electrical cable

Edmeads (1873) reported that most supply of services are linear in that they are
conducted through pipes, ducls, wires or cables and they can be broken down into the

following groups

I Supply or in-coming services
il Circulation or distribution services
i, Dispossl or oul-going services

Edmeads (1973) added that the mode of conducling and the lype of services must be
descrnbed in detail as thess form the basis of pricng The Standard Method of
Measurement for Bullding Works (S M.M.) separales services inlo groups relating 1o their
use or instzliation and whils! this is a convenlent grouping far information, | does no!
clarify any interrelation or peripheral problems The SMM groups are,

(S) Plumbing and Engineenng Installation
(T) Electncal Installation
(X) Drainage

Detaile such as cormmon service renches common chases, the conneclions between the
various services and the common builders work become individual decisions and

responsibilities

Oforeh (1997), in his own conlribution, reported nat cables are protected in electrical
installation with the use conduils and the common lypes in use in Nigeria are the

followirg

|, Heavy aauge welded solid drawn seamless lube.
i.  Heavy gauge welded solid drawn seam lube
Light gauge weldged solid drawn seam lube

1l .
V. UPVC (unplasticised polyvinyl chloride pipes), which may be rigid or flexible

wvers il Kepangsaan Maisysia ;
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Oforeh and Alufonal (1993) reported thal despite the fact thal the budge! cost of the
overall building may be determined usina single price rates based on spatial units such as
=N=/m", =N=/ m" or =N=/No, these units may nol be suitable for budgeting for the overall
electrical works element of especially big ime installations. The principal reasons, as
identified by Ofareh and Alufohai (1998), are.

I The fact thal the size and scope of the trunk (mains and power) design which
determines a significant aspecl of the cost of slectrical works in buildings, may
not depend on the overall fioor area of the enclosed space

. Some parts of the electrical installation may be localed outside the enclosed
£pace that s Lhe basis of the floor ares being used.

Howevezr while some aspects of the installation could sometimes be relably based on
cost/ m® such as final sub-circuits  other aspects such as mains, may have to be
bUdaﬂeq for on the basis ol cosUKVA whila incoming services and other externally
oriented installations such as lighting would be based on approximale eslimating methods.,

Advantages and Disadvantages of Mechanical and Electrical Services in Buildings

Billington and Roberts (1982) reported thal services in a bullding are Intended to provide
an environment which is both healthy and comfontable, and which allows people to carry
on ther activities (whether work or pleasure) without physiclogical siress. A successful
design requires first a specification of Ihe necessary envionment, and then an
enginesring system o provide it If the environmenl is 1o be specified, |f Is necessary to
state how warm. how light and how quiel it should be These are physiological needs; but
there are other facters, partiy physiological and partly psychological, which contribute to
the acceptability. Any quantitative assessmenl must be based on knowledge of human
physiology and human atlitudes.

Jagboro (1985), in his view, added thal various advantages have been attributed to highly
centralized air-conditioned system, among which are,

| Flexbility of lay out

i Increased polential for communication.
i, Greater adapation of space,

Iv. Grezter ulllization,

A primary problem of bullding desian, as reported by Jagboro (1985), concerns the lay
out and sizing of building services such as circulation corridors, stair ways. healing and
alr-conditioning ducts, plumbing, lighting and alectrical systems.

Hall and Greeno (2003) coniributed that bulding services are the dynamics in s static
struclure because they provide movement, communicalions, facilities and comfon As
they are unavodable. it is imperative thal Architects, Bullders, Eslate Surveyors, Quantity
Surveyors, Planners and all other buliding professionals have a knowledge and

appreciation of the subject,

Cost Modelling

kel fined a medel as an abstraction from reality and can be expressed in
!::r'e;;e;;’(igﬂrgagfe l;z the archilect's model of a dream house or as a ma!hem?ucal
equation or a theary. which helps to snmpluty complex situation Willis and Ashworth ( 987)
defined cos! modeling as a modern lechnique lo be used for lorecasling the eshm;!ed
cosl of a proposed constiuction project Farry and Brandon (1991 gave a more delailed
defintion of cosl modeling as the symbolic reprasentalion of a system expressing the
content of that system in terms of the faclors which influence its cost

| d cost modeling lechniques
( ) fded thal the application of advance 3
;:gzz:ic; J:\glghse urtelrzc;llon of a highly interactive simulation ol actual situation with the aid

—_— e ——————— e ———————
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of 3 compuler program, Ha added that censtruction cesls are practically derived from a
number of variables which are either structural or econamic in nature.

Methodology

The source of dala collection fer this research work was the secondary source of dala
collection, that is, from contract drawinge and priced/unpriced Bills of Quantibes of
previously executed projects handled by reputable construction firms, government
estatlishments/minisiries and specialist contractors in Abuja and Niger Stale, belween
2001 and 2005, Abuja was chosen because of the high rate at which construction
activities are going on there continuously, as il is the capital of Nigeria which could be
used as a basis for predicting the situation of construction activities in Nigeria. Niger Stale
was also chosen because of its proximity to Abuja which makes many workers in Abuja to
rent or Build houses o sellle their familes in Niger Stale, especially, in Minna and Suleja
towns As a resull of this, the rate of construclion sctivities in Niger Stale 1s on the
Increase on a regular basis

The relationshps belween the variables in the data collected were determned using both
Simple an# Muna?Ie Regression Analyses, the Correlation coefficent(R), coefficient of
determination (RY) ond the test of significance (F-test and P-test). The statistical
dlf‘e:rences betvyeen the variables were delermined with the use of T —tes! of significance
at 5% level of significance. The regression analyses are also used to farmulate predictive
models In variables (dependent and independent) are observed simullansously n relation
lo one ancther particular thing (i.e. Bivariale dala). This paper assumes 5% significance
lest as probabllity test of significance. Hence for any value of P from 0.00 to 0.05 there is
significance in the test but for values greater than 0,05 there is no significance In the lesl.

Data Presentation

The data used in statistical analysis are collecled from selected Eills of Quantities and
Centract Drawings of previously execuled projects in Abuja and Niger State, Nigeria and
the dats show the percentage of M&E services cosl out of tha lotal cost of each of the
residential building projects for the bungalow and storey buildings respectively and these
were 5 - 24% and 7 - 25% respeclively.6 - 22% and 5 - 25% respeclively

The percentage of M&E services cost out of the total cost of each of the commercial
bullding projects for the bungalow and storey buildings respectively and these were 6 -
22% and 5 - 25% respectively, as shown by Ihe dala collected

Results And Discusslons
Resulls of Residantial Bungalow Bulldings Analyses

Oul of the five building form descriptors (independent variables) only two were
significantly relaled with the cost of MBE Services (dependent variable), These are
Enclosing Wall Area and Gross Floor Area wilh coelficient of determination (R’) values of
8128% and 72 53%, F-calculaled values of 28.94 and 47.58 which were In each case
than the value of F-labulated of 4.41 and Probability values of C.00 each at 5%
level of significance respeclively These shaw a strong and slabistically significant
relaticnship in sach case and the null hypothesis which stales that thers is no significant
relalicnship belween cost o M&E services and building brms is rejected The resull of
this test implies that 61.28% variation in cost of M&E services s explainad by Enclosing
Wall Area and 72 55% varialion in cost of M&E services is accounted lor by Gross Floor

Area

greater

On the other hand the relalionships between cos! of M&E services and Wall/Floor Ratio,

Percentage of Glazed Wall Area and Perimeater Length were weak anc stafistically not
significant with R’ values of 13.18% for MAE services and WalllFloor Ratio, 2.73% for

M&E services and Percenlage of Glazed Wall Area and 3 53% for M&E services and

Universilh Kepangsasan Malaysia . .
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Penmeter Lengih. The values of F-calculated observed were 2.73 for MBE services and
WallFloor Ratio. 3.53 for ME services and Percentage of Glazed Wall Area and 5 80 for
MAE services ana Penimeter Length The Probabilily values observed wers 092, 0.08
and 0.03 respectively lur the relationships belween cos! of M&L services and WallFloor
Rallo, Percentage of Glazed Wall Area and Perimeter Length. The null hypothesis in
2ach of the cases was therefore accepled

A very strong relationship exists between Contract Sum and Cost of M&E Services with

value of 80 16%. This implies that 80.16% variation in contract sum Is accounted for by
cost of MEE services. The relationship is significan! because the value of F-calculated of
72.7 is greater thar F-tabulated value of 4.41 and the Probability value of 0.00 was less
than 0.C5. The null hypothesis was therelore rejected

‘sl'here exisis a very sirong and statistically significant relationship between Cost of M&E
ervices and Combination of all the Building Form Descriplors with a refatively high R
value of 73.9%, F-calculaled vaiue of 7.93 which is greater than the value of F-tabulated
(441) and a Probability value of 0.01 at §% leve! of significance. The null hypothesis
which slates that there is no significant relationship betwsen ccst of ME services and
bullding forms is therefore rejected. The resull of this multiple regression anzlysis implies
that 73.5% variation in cosl of M&E services is explained by the combined effects of the

Building Form Descriptors.

Results of Residential Storey Buildings Analyses

There exists = statistically sianificant relationship between only one of the Building Form
Descriptors (g = sum of permeter of floors divided by total number of fioors) and the Cost
of M&E Services with a relatively high R* value of 84 58%, F-calculated value of 43 87
which s greater than the value of F-labulated (5.32) and a Probability value of 0.002 at
5% level of significance. The null hypothesis is thersfore rejected. This implies thal
84.58% vanation in cost of M&E services is accounted lor by the independent variable (g).

The Relationship betwzen Cost of M&E Services and each of the other Building Form
Descnptars (@°. r, 18r, Plan/Shape Index, Average Stcrey Height, Floor to Floor Height
ang Percentage of Glazed Wall Area) is weak and nol significant with R?values of 0.23%,
38.57%, 386%, 7.55%, 15.35%. 49.94% and 21.5%, F-calculaled values of 0.02, 5.02,
5.03 085 145 7.98 and 2.19 and Probabilty values of 0.89, 0.06, 0.06, 0.44, 0.26. 0.02
and 018 at 5% level of significance respectively. The null hypothesis in each of these
cases is therefore accepled

The null hypothesis is rejected In the analysis of the relationship between tolal building
rost and cost of MAE services because the relalionship between the variables was strong
anc significant with a relatively high R’ value of 97.49%, F-calculated value of 310.8 and

Probability value of 000 at 5% level of signilicance
The research findings from the resulls discussed above and the regression models

(equations) are summanzed in Tables 1 and 2 below.

Results of Commercial Bungalow Bulldings Analyses

Out of the five building form descriplors (independent variables) only three were
sigrificantly related with the cas! of M&E Services (dependent variable). These were
Enclosing Wall Area. Gross Floor Area and Internal Perimeler Length with coefficient of
determinalion (R’) values of 56.7%, 74% and 71 1%, F-calculated values of 23.6 52 and
44 2 which were in each cass grealer than the value of F-labulated of 441 and
Probabilily values of 0.00 each at 5% level of significance respectively These show a
strong and stalistically significant relalionship In each case and the null hypothesis which
< Ihal there is no significant relalionship between cosl of MAE services and bulding
I this test implies thal 56.7% variation in cost of M&E
% vanalion in cost of M&E services is

state
forms was rzjected The result 6
sarvices 1s explained by Enclosing Wall Area 725
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accounted for by Gross Flaor Area and 71.1% variation in cos! of MAE services is
accounted for by Internal Perimelar Length,

On the other hand the refationships between cost of M&E services and Wall/Floor Ralic;
and Percentage of Glazed Wall Area were weak and statistically not significant with R
values of 5.98% for M&E services and Wall/Floor Ratio, and 2.46% for M&E services and
Percentage of Glazed Wall Area. The values of F-calculated observed were 1.14 for M&E
services and WallFloor Ralio, 0.45 for M&E services and Percentage of Glazed Wall
Area. The Probabllity values observed were 0.3 and 0.91 respectively for the
relationships between cos| of MBE services and Wall/Floor Ratio and Percentage of
?cl:ze:iedwml Area respectively. The null hypothesis in each of the cases was therefore
ap

A very strong relationship exists between Contract Sum and Cost of M&E Services with
R*value of 85.01% This implies that 85.01% variation In contract sum is accounted for by
cost of MBE services, The relationship is significant because Ihe value of F-calculated of
102 06 is greater than F-labulated value of 4.41 and the Probability value of 0.00 was
less than 0.05. The nuil hypothesis was Iherefore rejected

There 2xists a very sirong ana stalistically significant relationship between Cost of MSE
Services and Combination of all the Building Form Descriptors with a relatively high R?
value of 76.3%, F-calculated value of 8.99 which was greater than the valus of F-
labulated of 4 41 observed and a Probability value of 0.001 at §% level of significance.
The null hypothesis which states fhal there is no significant relationship between cost of
M&E services ang building forms was therefore rejected. The result of this multiple
regression analysis implies thal 76.3% variation in cost of MAE services is explained by
the combinea effects of the Building Form Descriptors

Results of Commercial Storey Bulldings Analyses

There exists a statistically significant relationship between only one of the Building Form
Descriptors (Average Storey Height) and the Cost of M&E Services with & relatively high
R’ value of 63.7%, F-calculated value of 184 whizh is greater than the value of F-
tabulated of 5.32 and a Probability value of 0.003 3t 5% level of significance. The null
hypothesis is therefore rejected. This implies that 69.7% variation in cost of MAE services
is accounted for by the independent variable (Average Storay Height).

The Relationship between Cosl of MAE Services and sach of the other Building Form
Descriptors (g, g°. r. 16r. Pian/Shape Index, Floor lo Floor Height and Percentage of
Glazed Wall Area) was weak and not significant with R? values of 5.8%. 7.8% 393%,
4.04%, 5.13%, 0.11% and 16.66%, F-calculated values of 0.5, 0.65, 0.33, 0.34, 0 54 0.09
and 1,60 and Probability values of 0.5, 0.44, 0,58, 0.53, 0,48, 0.77 and 0.24 al 5% level of
significance respectively. The null hypolhesis in each of these cases was Iherefore

accepted

The null hypothesis was rejected in the analysis whera the relationship between tolal
building cost and cost of M&E services was delermined because !helrelauonsh-p belween
the variables was strong and significant with a relatively high R value of 54.2%. F-
calculated value of 9 46 and Probability value of 0.02 al 5% level of sianificance.

The relationship between Cosl ol M&E Sesvices and Combination of all l:le Building Form
Descriptors in commercial storey building projects shows a very high R’ value of 90.9%,
F-calculated value of 13.79 which is greater than the value of F-labulaled (5 32) and a
Prohability value of 0.06 at 5% lzvel of significance. The relationship Is therefare slrong
ana stalistically significent and the null hypothesis is rejecled The resull of this multiple
regression analysis Implies thal 90.9% variation in cosl of M&E services In commercial
storey buildng projects is explainad by the combined effects of the Buiding Form

Descriptors
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The research findings rom the resulls discussed above and the regression models
(equations) are summarized in Tables 3 and 4 below.

Results of T - Test Analyses

The fifth test (T - Tesl) revealed that the cosls of M&E services between residential and
commercial bungalow building projects do not differ significantly. This was also roticed
from the respective mean values of the variables which are 865781 9 and 696703.7. The
null hypothesis was rejected because the T calculated value {0.507) was less than the T
labulated value (2.093).

It was observed from the sixth lest, on the other hand, thal there exists @ statistically
significant aifference belween Ihe cost of MAE sasrvices for the residential and
commercial storey building projects. The T calculated value was regative (-1.288) and
was less than the T tabulated value (2 282)

The research findings from the results discussed above are summarized in Table 5 below.
Conclusion

This study concludes, based on findings from the research that there 15 a significant and
positive correlation between the cost of M&E services and the building form descriptors in
both residential and commercial building projects The linear relationship shows that the
cost of M&E services of any given residential or commercial bullding oroject can be
assess=d from the building form descriptors with 85% confidence limits using mulliple
regrassion models and this provided a basis for developing several regression models for
the commercial building projects

Analysis of Variance (1.e from the regression analysis) established that the difference
petween the cost of MEE services of both residential and commercial building projects
and the building form descriptors is highly significant at 95% confidence imil. It was also
discovered from the T - test that cost of M&E differs significantly between residential and
commercial storey buildings bul does not between residential and commercial bungalow
bulldings As a result of this, the findings will offer information on cost implicaton of
arcnitectural design parametars (based on the tullding form descriplors) on the prediction
of the cost of M&E services in residential and commercial building projects in Nigena The
results of this research will also be useful lo clients especially the government which is
the lergsst initiator and financier of building and construction works in Nigeria to have a
belter knowledge of the iImportance of the use of specialists during the estimate aclivities
at the pre<ontracl slage of a building projecl This work, however, represents a
contribution to knowledge in Ihese important areas,

Recommendations

Due tc the facl that the resulls of the research shows that the combination of the building
form descriptors (design variables) are beller descriplors of M&E services cost, this paper
therefara recommends that consultants should consider all the building forms adopted by
this research when estimating total cost of building during the pre conlract stage in order
to gel a more accurale lorecas!

The research also recommends a review of the models formulated In this study at regular
Intervals in the light of changng environmental circumstances by any user of the models

for the models to stand the test of time

Govemmenl and non-government organizations should set up a lzam of professionals to
carry oul further research on building cost in erder to regularly updale findings of previous
research works. in order lo come up with uniform slandards on cost estimating of building
projects. and Quaniily Surveyors and Builders should be par of the team of profess.onals
1o be 32t up to embark on cos! research and regular review of past research works

pa— - e ————
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Appendix

Table 1. Summary of Results for Residential Bungalow Building Projecls Expzriments

Variables Observations Interences
Test
No. Type.of Strength
Model '
1 R 3 P of Re Action On
X Y Regression Equation It Fet  Fun v Relations m Hyp
hip
o Meres Yi= 44 ] S 85 L
i :-;u Metes L incar -1Z527H TH+4125 28X LT O vong Rejeet Ho
. Glare  Meres poc V2= BITT7 00+ 2622 4 X2 246 75 4an 000 Strung SS Rejeet Ho
Lincar sk
» sh b ¥
N Mer : Yo = 170K 97 - 132 pE A I N | 012 Very Weak NS Accept H
L f.‘ - b U Linear 1034305 1% X y cept Ho
2 9 - 158 "
Pews  Meres . Yo = 268484790 10 441 008 Very Wenk NS Aceept H
b vtli: ‘ A Linear 312062 691 X4 ) cepl Ho
Penre  Meres Vo= MR AN 0 oy g 003 Weuk N§ Aceept Ho
v car X3
sb b
Vi Cpmr  Mares Uinens Vi = 692000 57 -047 Xe on 000 dal 09 Very Wenk NS Accept Ho
=1] b
y ) £33 M0 L ) 16 441 0o Str SS Reject 14
s Mere Covale Linekt NVu=211511T70= 1 41 X " 1 » ong @pect Ho
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- . c gt H
e, Je 21 Lincar Yi= 178995 74 + 064 X M2 517 &4l 000 Strang 88 Reject |
[
o R P Lincar ‘o= 1SOBKST 104 702X B02 727 441 000 Strong ss Rejoct Ho
0
)
Glare 793
b i)
Penre
b Vo= 8361808
i * IV N
le Ewor :""’ Linear <3842.36 X + 3391 63 X N 441 0001 Sirong ss Reject Ho
esh ; tmuliiple} 250037 X,
{iv) <2240 9N,
Wires
o)
Pgwa
(esh
Source. Author's Field Work (2009)
Key S8 = Statistically Significant
NS = Nol Significant
Table 2: Results Summary for Residential Storey Building Projects Experiments
Variables Observations Inferences
Test
~:' Type of
’ Model Strength
2 : RY of Action On
x n ’
Y Regression Equatio % Fea  Fie Pralue Relations Rem Hyp
hip
Vi .
(ap Gres Meres  Lincar SS193060 05 + 10076909 X1 LER 4929 n 0002 Suvong ss Repect Ho
" Glr=s  Mermt  Lincw Y2 =3549501 16-6542X2 023 oD 532 089 Very Weah NS accept Ho
" Ries  Mes  Linew TR NAN e sm s 00 wea NS Accept Ho
Y4 = .1 266R77T 24 50 3
" Sres  Meer  Liear 718 89 %4 6 o5 ooe weak NS Accept Ho
Y5 = U4551M2 40~ .
. Psues  Meres  Linear ST 03 XS 756 nes 12 044 Wenk NS Aceept Ho
Ash Yo« J7THIM DT 4 B )
‘\u . Sheres  Libeat s ;.4. i [ERE 14y S0 020 Weah NS§ Aceept Ho
V7w 10T 14T 6N Shightly
il :m‘ Meres  Linew !lllluhl-‘l ol KT 99 ™Sk a0 \\":.L Na Actept Ho
" N o= 20280670 16 A N
it ,';'\“ Meres  Linen ,}_,,m S MY 210 S 018 Weak NS Acoept Ho
» P Meres  Lineat YO =269017064 ¢ N26XY 12 ol AR 010 Very Weak NS Acempl Ho
[ 3]
;i Mare  Cwale Litiont Y [ 446850 05 ¢ 046 Xw 1520 4nd A N2 00| Strong S8 Reject Mo
e
Mo Liness YI=- 1554138 14« 2000 X1 RLR) (A0 2 0w Strong S Repor 4
™
MET  Cums Linew Ye= 130160720 « 5 6b Xe 1% 1y in ns Weak NS

myOr Aniaysin
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Gres
) 144
Glres
iy
Srres Y = 6495273
(v * 2972038 X
Pares 4 140932 Xy
Ze ) N Inea +124599 X1
Ashee feres (multsplc) 2337928 Xiv 993 532 0001 Strong SS Reject Ho
. ~527267 ) Xv
v ~1D11675 Xvi
Fihire +162546 9 Nviy
s
(vin
Pewa
fus
—_—Tt 0
Source: Author's Field Work (2009)
Key
SS = Siatistically Significant
NS = Not Significant
Table 3: Results Summary for Commercial Bungalow Bullding Projects Expenments
a2 Varlables Observations Inferences
es
Type of
e Model Strength
! X Y Rogression Equati . Fe F P of Rem ActionOn
quation (] <l b v pelations Hyp
hip
Ewne  Meco Mecomb= X "
@k gmp oy Linear 42896 11- 3138 99Ewacomp ©07 236 441 0001 Svony S5 Rejectta
Glaco  Meco Mecomb = 174942 92 +
" pets A Lirenr 1838 03Glscomb ez 52 441 om0 Strong, SS Reject 1o
wa  Meco Mecomb = 643619 70 +
Wi, :“m’ pig Lincur 27092 $4Pgwicomb 246 04s 44l 05) Very Wesk NS Accept Ho
. Cpme  Meco Mecomb = 1118306 64 - o8 A
3t omb nb Linear 15 97Cpmeomb 564 441 03 Very Weak NS Accept Ho
Wieo Meco . Mecomb = [dRaN06 « . \ ) "
v mb  mb  Linear 613599 S8Wfcomb 39 Lle 44l 03 VeryWeak NS Accept Ho
vi. Pene  Meco £ Mecamb < - 10811946 90 + . i
amb mh Lincar 29781 79¥encumb nl A uoa Strong S§ Reject Ho
Mo Cwal Cuwvaleomb = 4u8065 64 + o 0,02 y ;
ib. mh comb Lincar 1 23Mecaomb 2644 647 4l 0 Weak NS Accept Ho
Meeo  Clire Clircomby = GRIE4Y 1) + s ' " 0028 .
o mb amb Linewr 0 28Mecamhb 230 802 | Weak NS Aceept Ho
Meco  Csto i Cscomb = 2510173 20 « K5OI 12 441 000 Syor ss
. mt mb Linear 1 54Mecomb . 6 tong Reject Ho
Universiti Kebangsaan Malaysia
Poge S0

The Inolitution of Surveyors Malaysla




EER Ko o = _F

. e e e sl e e

()

Journal of Butdng Prronrance

g i

ISSM. 2180-2°06

Bl LU T ERY |

N

Volume 2 lsswe 1 2011

—— pinoes

el

Ewac
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HIN
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comb Mocamb = . 641841
3 ity M - 214Y 94E wacomb
€ Wreo ev  Linear - 22784 6Pgwacuimby X
mh mb (multiple) 4+ 103674 | Wicomb 7.3 441 0001 Stronp sS Reject Ho
(v) + 8251 SU3Pencomb
Perie 4 AR2E 4G homb
mb
)
Glaco
mb
Source Author's Analysis of Field Work Dala (2009)
Key.  SS = Stalistically Significant
NS = Naot Significant
Table 4: Resulls Summary for Commercial Sterey Bullding Projects Experiments
ik Variables Observations Interences
T of
": o Mode! - Strangth
X Y Re Pun of Action
gression Equation ) Feot Fian . Relation Rem On Hyp
ship
. Mecoms=
(a)i. _°°"”‘ :,‘“’ Linear 12544862 08 - 9 05 $32 08 Very Weak NS aceept Ho
37471 190coms
. 2o Meco : Mecottis = [UVUE6) 30 -
il s e Lincar iK1 60G2eoms 146 056 332 LEL Very Weak NS accept Ho
Reom  Meco Mccoms = 10361686 81 - Very Wenk NS Accept Ho
118 3 e Lincar 2196 1 TKeoms 19 a3l in 058 cry Wenl pt
R Srco Mo Mecoms = 1397819 59 234 08 Very Weak NS Accept Ho
v ms ms Linear « 139 468rcoms M o e e P
Psico  Meso Mecoms = 1413893138 - 532 049 VeryWesk NS Accept Ho
v me ms Linewr 7061412 07Ps1coms L K4 o
Mec Mecoms = -287H317.99 ¢ $31 0003  Swon s Reject Ho
v :‘\"n:c m: ? Linewr 1818962 71 Asbicoms 6.7 184 & e
0 M Mecoms = 33153098 15 - Q) poy §32 o7 Very Wenk NS Accept Ho
vii  Pheo MO Linesr  ygsiw s Ficoms ' N
a  Meoo Mecoms = 1134245261 = 166t 1¢ i 0 Very Wenk NS Accept Ho
Vin :&:: m:u Linear 604142 9] Pgwacoms ;
Maco : Mecams = Y4RVNS1 23 - 1O ooy 32 0 Very Wezk NS Avsept Ho
I S,:": ns Lincar 32 WO pmcoms
VI o Cywalcums = 105890633 ¢y gul 532 09 Very Weuk NS Accept ko
db Msco Cwal Lincar [ l))‘ltMcunm
ms cams y ®
- Y - 412 . ' Accept
Mecw  Cllee e (‘nl;:um. : 1120656 57 6y 162 312 oA Weak NS s i
de " oms 01 1SMecoma
Cico Cacom = 1747016763 + 542 o 2 om Sirmng SS Reject Ho
Meed 9 | inear > 30Meie
4d e ma < A
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Ream = 7345352 IFiheoms

e
r;‘.c.: 920629 15Ppwacons

"
vy
Ashe
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(8D
Fihea
ms
()
Pgwa

Source: Author's Analysis of Field Work Dala (2009)

Key.  SS = Statistically Significant
NS = Not Significant

Table 5. Summary of T - Test Analyses

p— Variables Observations Inferences
No.
X1 X2 i Rt Strength
(Mean (Mean of Action
Value)  Value) o ™ Teu . s :"""m' ROm ontyp
MERES  MECOM o
B B 0507 ; A
S esmL (everes. 93 086 2097 0697 VeyWeak NSD P
7 7)
MERES  MFCOM
s S -1.288 ) ; Reject
6 9592 S3a4m2 359 95 2262 0309 Very Weak 58D O
6) 5)
Source Author's Field Work (2009)
Key

SSD = Statstically Significant Difference
Residental Bungalow Buildings

NSO = No Significan! Difference
Resldential Storey Buildings

MERESB = Ccst of M&E Services in

MERESS = Cost of M&E Services in

MECOMB = Cost of M&E Services in Commercial Bungalow Bulldings
MECCMS = Cost of M&E Services in Commercial Storey Buildings
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