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DITORIAL COMMENT

: = " ‘ [
The environment that surrounds us, and shapes our lives has its origin long before we were

¥ . 4 an evolving Yy
and will conunue 1o exist long after we die. The environment 15 therelare ar ,' | .«”
1 ‘ . > S
which one generation passes to another. Each generation changcs. the environiment il inher
order to make it safer, more comfortable and more convenient for itsell.

For over a decade now, JOES has continued to devote itself to the disseminabion of acades
rescarch findings on environmental issues These cover the theoretical and pr;u.‘m.u-l anpects of
built and natural environment, thereby also providing useful material for environmental
nauonal development. The present edition is therefore situated within this context. As an vl
heritage, timely circulation of the journal among members of the academic community and beyon
has also been a foremost prionity since 1998.

The late publication of this edition is highly regretted. In addition o some in house editor.
changes expenenced: social and political unrest that took place in November 2005 at Jon, adverse
affected production, 1nflicting major delays. This led to the merger of two editions of 200% 15 th
one volume. It is our desire to return back with two editions (June and December) in the year 20006
and on schedule!

Dr.Y.D.M.lzam
Editonal Secretary.
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ABSTRACT: This research was carried out 10 address the problem of inefiersie cost comers zms she
difficuiry of formulating cost of Mechanical and Elecirical (M&E) 1ervices & tne omzer of oufing prongine
which often led to project cost averrun. The research thus analy 124 approprame 2zaz e 22 oo v wyde s -
of M&E services cost. The paper also examined the cost relationihip betmzan MEE tem coi zmz = Fmy
forms for residential building projects. The relationship between the vanmsie; 7 ms gezz =2 ammaz o

examined by linearity tests and the use of simple and multiple resreision arayies comsimw cns = ang
descriptive statistics. One of the major findings of the research was thas the 2ot of MAZ (emize: 7 om roven
residential building project could be assessed from the building form cetermzermr o 2n 355 _izemos “ges
This also provided a basis for developing the several predictive regresium mocs's for MES omiior e +
residennal building projecis. A major recommendation from the siudy was the mess for rezucr roiew = e
models in the hight of changing environmental circumsiances.

INTRODUCTION
A client s very much concerned with quality, cost bulldines sch = lbommcs = erecs
and ume and wants the building to be soundly constituzz sbove M of B =o= tost
constructed a a reasonable cost and within a Sesiey (1993 forer poaead o 2w e
specified perod of time. As a result of this it is significant vanable = plemrer asnisoe s e
incumbent upon the Architect who may be number and type of samgan e The el
supported by a Quanutly Surveyor lo exercise a costs of installagos may VI = © 305 oerme
great care and skill in designing the project within low and high quolin Smmes [F coss =w 2
desired cost checks. According 1o Ibironke (2004) cntcal factor m e soomcems aowr of somx
and Secley (1993), the costs of buildings are multi-storey bulkdings (& swoeeys = 1. 8 oot -
influenced by a variety of factors, some of which 2), Each addincaa! Landms @mwoives 23 o wox
are inter-related. Among the factors that make up rope, a sct of rope aad wene wnaz W o=
design vanables which have influence on the increase m the sumber of fhoors 2 may ™
overall construction cost of the butlding project necTSsany o areass the spead st Sapansy F @
are: size of building, plan shape, circulation space, it 0 deal with mcreased waffic - whas i
Morey height, otal butlding height. and penmeter increase cost of thas cicment Momevor @ oost
0 Noar area rato. lifts 15 10 no way proporboaal W the Mo F B
Seeley (1993) pointed out that costs related building Seeley (19931 Jombmdod B when e
1o Mechamcal and Electrical (IM&E) Services may traffic necessitates the provissd of a8 alSEEE
fepresent 10-15% of the wibal capial cost and a LA it may casse the coss of et per e & el
substantial amount of cost in-use and 10 some but as further Mloors anc added thes cost e e &

hllagunn-uamx\uo.mnu b o
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lasars of udldings such as multi-storey low rentnl
flats 110 costs can amount (o as much as 15% of
the vl ol the N

Apart from compansons ol material
costs. the most usual cost studies on M&E servilfes
were directed  towards  companng alternative
methods  of  heaung, and  air-
conditionmg amd involve different compromises
between capital costs and running costs. Little also
appears 0 have been done to improve  the
predictability of M&E costs in Nigerian building
projects This is with the result that i most
contracts - M&E services were provisional sums
unempincally engimeered and often lending itself
1o abusc.

This study was therefore established 1o
bridge this informatonal gap by examining the
cost  relatonships  beMween  Mechanical  and
Electncal (M&E) Services and building torms in
residennal building projects, based on existing
procedures developed by Swafficld and Pasquire
(1999) Speaifically, the study's major objecuves
are:

o To determine the relatonship berween
the total cost of buildings and the cost of
MA&E Services of the buildings

(i) To determine the relanonship between
the forms of buldings and the cost of
MXE Services of the buildings,

(i) To proffer recommendations with respect
to properly ascertaining cost of services

ventilation,

LITERATURE

Classification of Building

The Nigenan National Building Code  (2006)
classified buildings i 10 two magor categones -
Bullding  Design - classification  and  Building
Comuuction Classification. Each of these ¢lasses
of buildings 1 sub-divided n 10 vanous groups
According 0 the Navonal Building Code (2006
every building or structure whether existing or
hereafter erected shall be as classified | under

Buwlding Design Classification) i the code

socorthng o e o W R arted o W .
in Us one of the (ofiersng Viam £ mosugn

1) tiee Cprmp A Ataniily

(i) lse fwowp B [ .
Pridesiwmad

(i Use (e ¢ - Blmesrom

(iv) Use Crremap [7 - Factes | and [andiwmsion

(v) Use Groop E. - High Haswed

(vi) Use Group F - Insftutene

(vin) Use Cramp (5 Mereancie

(viily  Use Group H - Resdentid
(ix) Use Gromap | - Swmage
(x) Use Cromp | - Mited Use wd Crongmte.
(x1) Use Group K - Dot e
. Class catson
(xi) Use Growp L~ Uiy snd Musztianern

The code added thae all buiidmgs wnd wrschees
shall alse be graded in acoordance wilh Be e
of fire hazard as contanes m Par | Secien ~ o
the Natioral Fire Code.

Construction Cast
Construction cost embraces !e ot Zases, Shee
and indirect. associated with ramsdformeny 3 dessgs
plan for matenal and coupmen w3 peogess
ready tor operanos (www mswer ooms,  Cleafow
(2003) classificd Comstracsos Comz mie Dwrecr
Cost and Indirec: Cont Okador 2007 sxpimmed
further thar direct costs are predomsumels me cost
of all plant equpment 2 wefl = momerals st
labour mvolved m the ool msalleces =t
Indirect costs are msociaied wih B wpgon o
direct  constructhon  roquwed  for  am omfiers
completion of a progect

Mechamcal and Electrical services

Residential Buildings
According to Fadamero and Ogamsems < ol

sarting pomt for the checwcal wwiem 3 W
services emtrance and dunbutson bownt T
cquipment may be of the cocus demamer o wES
and fusc fype Chadiey 198 repomed B
building recerves e wngic ghaw seome®
supply irom an area clecocny grad & 1 aey ¥
40 vols amd 3 trequency of S0 wesm TS




clecsncny @i from whuch the elecincity sapply
o mhes comsest of fowr hmes wee fines each
carrveng & 240 volts supply with the fourth servmg
= the common fetern of newtral The fines are
gsualhy consecied 1o the carth &t the transformes or
st mEmow for safcTy precastoss i Ume of faslt
mpped ® tum wecther with the acatral 1© provide
the magie phase of 2400 suppiy

Hai and Greeso (2003) divided
Mechanscal Services = Residential Buildmgs mto
e followmg categones: Cold Waer Sapply
Symeem Hot  Water  Sspply  Sysicm Hewtmg
Sysicm Vesslanon System Ax -
Consmomng Discharge and Wasie System Hall
ad Greeno (2003) cxpizined further thar cold
watser seppiy sysiem 5 suppbied 2s Direct and
Isfirec system. In the darect systom. pipework s
memmal and the siorage cistern suppiving the hot
waer Cyimder meed omiy bave |15 lires capacay
suR dnmions waer being made available & every
daw—oil posxt. The mdirex sysiem of cold waser
sepoiy has omly cme dnmicne water outiet ® the
sk and @ Bas 3 mememewn capacwy of 230 hres
for 2 locance @ the roof space. The hor waser
Sapply system was also cmegonzed as dwect and
mgees acooedieg o Hall aad Greeso (2003). I
e hot water darect system. the hot water from the
bosler munes directly with the water n the cylinder
nd e system o aot wmted © hard waser,
Dpally of Bose caracied from borcholes @ 1o
chalk or mesaone strama The indarect hot water
e 5 wsed @ hard water wess © prevest
*whd&“dmm
B 5% drvwwm off trough the ps and the ame
WEs Grcsimes  comtmucusly thoughout  the
Soner Prmary cwcus and hemt exchange codl
Wmade e siorage cvimder

According 10 Martn sad Oughuon ( 1989)
~-hmdm-.b-h-b
Mmﬁmmhm The anceems
S B man had seves seases. but # w0
~~m-hw-

which affect busae comfor: ax also wver =
sumber - temperaure. hrmaiiny . rafabowR. W
volume ar movemes: sr pars sad wesTEsm

Ofcech (1997) idecased e Jondus =
mechamcal msailatons foscoes  maeehy  w
provide progechioe 0 the cabies Srawn @ Them
there by maions the balidae occzpunss sz fom
bazards relaing w cecwical falts Chamdiey
(1999) parporied tha 3 supply of ooy =
esually regured ce comstractiom sigss 0 pyowalke
kghomz w0 the varows = of accossmodanos ad
=2y 2lso be necded © provide e powesr W dve
small and larpe sems of plase Challey 1999
added that for cfficency of sork cs sar Two
sources of electncal supply ©© the ate are possble
namely: porable selifpowesd smcrme ad
metered sepply from B ocal 2 shecmomy
company.
Ceost Modelling
Moremziken (2006) defined 2 =ndel = =
absractoe from ity md o be exoresssi m
the form of Exrdware B e wrohisect > ol oF
a dream a0ese O 35 3 EEthemancy aEIDOS OF 3
theory. which beips © s compicy scmcee
Willss aad Ashworsh (1987 acSaet ot moweime
as 2 modors wohaagee © be s for foccosome
the csomatad coit of 3 proposed cossracwm
project. Famy ad Brandoe (1991 zave 3 moee
detmled defiunoa of o mouchmy = @
symbolic represcntanon of 2 sysEem axpressmg Be
comtent of B sysom = krms of D¢ Iawo
which mflecace o5 cost

Jaghoro 1995 repored B e prbcEos
of advanced cost modehny ecdmagues Scoends M
the anbzancs of 3 heghiv mecractve somianw of
sl sEuabor ewxmh B ol of 2 ooEmgesey
program.  Jagboro (15 Ak B comsacsww
cosss “are pracncally &rved fom 4 e o
vanables whaoh e coider sTsEa OF SCTVRGSNENC
« amure

Strecoeral vanabics @t Do e e

riabcasiup & S rwnrs Josagn o B Seskleg
aad may mchate B Ddowmg Geos foor wes o
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e tuckding Area of suspended oo Number of
Plovwrs Heght of bankding Sty eaght, Number of
N Number  of  starcases Perimeter of - typical
Moo

Eeonomie vanables, acoonding o Jagbor
VIROS L compnve oF Tactors which have economic
bearmp on e construction, among  these wre;
Wages of skilled and unshitled Tabourers, Cost ol
basic matenal inputs such ax cement, inforcing
bars. form work. aggregate et Geographical
focation o the projevt, Level of interest e
peevarling v the natonal economy, Level of
milaton 0 the national economy which may be
assessed using the consumer prive mdex,

Factors Affecting Building Design and
Compaonents
Seeley (19931 reported that as a general rule the

simpler the shape of building, the lower will be its
unit cost. As a building becomes longer and
namower or 1ts outhine 1s made more complicated
and irregular so the penmeter/floor area ratio will
increase. accompanied by o higher unit cost
Building shape has its major impact on the areas
and sizes of the verucal components such as walls,
windows. parunons. etc.. as well as the penmeter
detashing such o ground beams; fascias and eaves
of ol and these have important effects on cost.
Different plans can be compared by examining the
ratio of enclosing walls 10 floor area in square
metres (known as wall/floor ratio) Seeley (1993)
further stated tha the lower the wall/floor ratio,
the more econamical will be the proposal

Ferry and Brandon (1991) gave some simple
example 1 measuring the cost efficiency of o
building shape as thus
i Wall/Floor rauo
This 1s a very familiar method but it can only be
used 1o compare buildings with a similar floor area
and does not have an optimum reference point
such as those below
Length/Breadth index (D Banks)
p.\v.p:-lNVr‘-va—IM) (n
Where p = Penmeter of building
a= Area of building

Aa

In this index any right-angled  plan  shape
building is reduced 1 rectangle having the
aren and pernmeter as the butlding Curved gy,
can be dealt with by a weighting systen |y,
advantage here is that the rectangular shape sl
i quick mental check for elficiency
it lan/Shape index (D Bank)
g+\((32-lbr)/g~\)(g2 16r). ... 2
Whete g = sum ol penimeters of cach floor dividey
by the number of floors. and
r = gross Noor area divided by the
number of foors.
This is o development of the previous index
allow for multi — storey construction. Therefore,
the arca und perimeters are averaged out 1o give a
guide s to the overall plan shape efficiency.

METHODOLOGY

Cost daw for this research work was sourced from
contract drawings and priced/unpnced Bills of
Quantitics of previously executed projects handled
by reputable construction firms, governmem
establishments/ministnes and specialist contructors
in Abuja and Niger State, between 2001 and 2005,
Abuja was chosen because of the high intensity of
construction activities being the capital of Nigena;
Niger Sute was also chosen because of its
proximity to Abuja in terms of vanety and
mnlensity of construction activities. Both locations
reflect the common practices in the, Nigerian
Building industry.

This study concentrated on data  from
residential - projects  of bungalow and storey
buildings The  swdy adopted  the  tollowmng
building  form  descriptors,  gross  floor  arca.
wallflloor rato, average storey height. floor w
floor  height. plaw'shape index, percentage of
glazed arca and intemal perimeter length. based o
the exising model of Swaftield and Pasquire
(1999) The butlding projects used are of different
designy  ranging  from 1wo (0 four  bedroem
bungalows and one 10 four storey buskchngs Out of
the 45 differont kinds of projects 1 vestigated, valy




M) were Tound wseful because some of the projecty
do not have drawings and oven  (hose with
drawings lack some cssentinl details o MAR
vervices cost. Sume of the government puristaialy
.ppmuchrd clatmed that the necded nlformation
was confidential and could nut be releaved

The hetween  the

vanables 10 the data collected were detenmined
using both Simple and  Multiple Regression
Analyses.  the  Comelation  coefficient  (R),
coeffictent of determination (R?) and the test of
significance (F-test and P-test). The TCgressinns
analyses were also used 1o formulate prediclive
models  of  the  vanables (dependent  and
independent) simultancously abserved in relation
to one another

relationships

Generally, the following null hypotheses
were tested at the 95% confidence level in order to

promote the achievement of the ohjectives of the
study

H,: There is no significant relationship between the
total cost of buildings and the cost of M&E
Services of the buildings.

H;: There 15 no significant relationship between the
forms and functions of buildings and the cost
of M&E Services of the buildings.

RESULTS AND DISCUSSIONS

The data used in staustical analysis are given in
tables | - 4. Tables 3 and 4 show the percentage of
M&E services cost out of the total cost of cach of
the building projects for the bungalow and storey
buildings respectively and these were 5 - 15% and
5 - 25% respectively

Residential Bungalow Buildings
Out of the five building form  descriptors

(independent  variables)  only  two  were
significanily related with the cost of M&E
Services (dependent variable). These are Enclosing
Wall Area and Gross Floor Area with coefficient
of determunation (R?) values of 6128% and
72.55%, F-calculated values of 2894 and 47.58
which were in cach case greater than the value of

45

Fotnhilnted of 4 A1 wnd probosbnbiny vuloes of 00
onth at 5% dewel o signifi ance  eeapes Tl
These show o wtermg and starstically s b wm

relutionship in each case and the null hypothes

which  wates  that  there 0t ol am

relationnhip hetween cost of M&EE servaces and
huilding Torm i rejected The result of this e
implies than 61 20% varimsan an cost ol M&I
wervices is explnined by Paclosing Wall Arci and
T255% varinon oot o M&E services
aceounted for by Cross Floor Area

On the other hand the relatinnships between
cost of ME&E wervices and Wall/Floor

Percentage of Glazed Wall Arca and Penimeter

Ratin

Lenpth were weak und statistically ot sigmificant
with R values of 13 14% for M&E services and
WallfFlour Rutio, 2.7%% lor M&LE services and
Percentage of Glazed Wall Arca and 3 5%% for
M&E services and Perimeter Length. The values
of F-calculated observed were 273 for M&E
services and Wall/Floor Ratio, 3.53 for M&E
services and Percentage of Glazed Wall Arca and
5.80 for M&E services and Perimeter Length. The
probability values observed were 092 0.08 and
0.03 respectively for the relationships between
cost of M&E services and Wull/Floor Rauo,
Percentage of Glazed Wall Area and Penimeter
Length. The null hypothesis in cach of the cases
was therefore accepted. A very strong relationship
exists between Contract Sum and Cost of M&E
Services with R value of K0 16%. This implies
that KO 16% varauon in contract sum 1s accounted
for by cost of M&E services. The relationship is
significant because the value of F-calculated of
727 is greater than F-tabulated value of .41 and
the pmhnhuhl; value of 0.00 was less than 0.05.
The null hypothesis was therefore rejected

There exists o very strong and staustically
significant relationship between Cost of M&E
Services and Combination of all the Building
Form Descriptors with a relatively high R* value
of 73.9%, F-calculated value of 7.93 which 1s
greater than the value of F-tabulated (4.41) and 4
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Probability  value of 001 o 5% level of
sgmibicance. The null hypothesis which states thit
there 1s no significant relationship between cost of
M&E services and building forms was therelore
rejected. The result of this multuple regression
analysis ymplies that 73.9% vanation in cost of
M&E services is explained by the combined
effects of the Bullding Form Descriptors.

The following regression equations were
formulated from the analyses:

1!!! 40.

Yi=- 12527878 + 4125 28X 10 ivvininieniinn 3)
Y2=B3777.64 + 2622.94X: ..oiviiiiiiinins (1)
Y= 173684097 - 1034305 38X0. .0 vvvvnnnnnns (5)
Ya= 2688344799 - 312062.69X4....cooiiiiniinnns (6)
Yo=-24153224 10429.06Xs oooivininiinnnn Y))
Yo =692061.67 -047X6 ...cocvninrnenrenianna. (B)

Where Y- Y= Cost of M&E services (Meresb);
X = Enclosmg Wall Area (Ewaresh);

X: = Gross Floor Arca (Gfaresh);
Xo = WallFloor Rauo (wiresh);
X: = Percentage of Glazed Wall Area
(Pgwaresb):
X: = Primeter Length (Penresb); and
X» = Cost per m-5q. (Cpmiresb).
Test 1b—1d
Yu=23153370+ LA3XW oo 9
Yr=17%899 74 + 0 64Xr, ROk SRy § () ))
Yo= |S9BBET 10+ TO2XE ooovnimneinnns )
Where Yw = Cost of Wall (Cwalresb),
¥t = Cost of Floor (Cliresb),

Y. = Contract Sum (Csresh) and
Xw  Xec= Cost of M&E services

(Meresh)

Y = B56189.80 + B4% 92X - 3949.26X0
+ 3393 65 Xin - 603922 Xiv - 22446 9Xy (12)

Where Y= Costof M&E services (Meresh),
X: = Gross Floor Area (Gfaresh);
Xl = Primeter Length (Periresh),
Xiir = Enclosing Wall Arca (Ewaresh),
Xiv = Wall/Floor Ratio (wiresh),
X. = Percentage of Glazed Wall Area

(Pgwaresh)

Residential Storey Buildings Analyses
There 15 o significant relationship belween o,

the Bullding Form Descnptors (g = sum
perimeter of floors divided hy total numer
floors) and the Cost of M&E Services wuy,
relatively high R? value of 84 58%, F-calomu.
value of 43.87 which is greater than the value of 1.
tabulated (5.32) and a probability value of U007
5% level of significance. The null hypothess
therefore rejected. This implies  that k2 S
vanation in cost of M&E services 1s accounted fi
by the independent variable (g). The Relationshy
between Cost of M&E Services and each of the
other Building Form Descriptors lgz. o l6r
Plan/Shape Index. Average Storey Height, Floor 1o
Floor Height and Percentage of Glazed Wall Areal
is weak and not significant with R? values of
0.23%, 38.57%, 38.6%. 7.56%. 1535%. 40.46
and 21.5%, F-calculated values of 0.02, 5.02, 3.03
0.65, 1.45, 7.98 and 2.19 and probability value o!
089, 006, 0,06, 0.44, 0.26. 0.02 and 018 &t 55
level of significance respecuvely The null
hypothesis in each of these cases is therefur
accepted. The null hypothesis is rejected in the
analysis of the relatonship between total building
cost and cost of M&E services because Uk
relationship between the variables was strong and
significant with a relatively high R* value o
97 49%. F-calculated  value  of 309 and
Probability  value of 0.00 at 5% level o
significance.

The following regression equations wert
formulated from the analyses:

Lest 2a,

Y= - $192060.05 + 100759 09X, . ... (1Y
Yi= 3549501 16 + 65 42X, avaveserie (10
Yo = - 126752583 + 1 176K 90X, (3
Yi=- 126887724 + 715 69X, p e
Y1 = 90551 K2 40 - 4579707 03X, . (o

Yo=- 2770M0 23 + KBOTTYRSX, . . e

Y= 100713137 68 - 1301 9867X:
Y= - 292867336 + 99072 31X, x>




Y, = 2692177.64 + 32.26Xs. Lo21)
Where Y- Yu= Cost of M&E services (Merex);
X =g (Ures)
X1 = g-5q (G2res);
X1 =R (Rres),
X = 16R (Srres)
Xs = Plan Shape Index (Psires);
X = Average Storey Height (Ashres):
X1 = Floor to Floor Height (Fihres);
X» = Percentage of Glozed Wall Arca

(Pgwares); and

Xo = Cost per m-sq (Cpmres).
Text 2b-2d.
Yo = 144685985 + 0.46X 0. .rvveeerenns .. (22)
Yr=- 155433314 + 2000X. . .oovovvnninnnn (23)
Ye= 139161720 + 566X, ... ..cooivaniinins (24)

Where Yw= Cost of Wall (Cwalres),
Yt = Cost of Floor (Cfires);
Y: = Contract Sum (Csres) and
Xw-X:= Cost of M&E services (Meres),

Tesi2e
Y = -6498273 + 29720.48Xi - 1409.22Xi

+ 1245 99X - 727928Xiv +
527267 3Xv + 10116787Xwi
+ 262946 9Xii
Where Y = Cost of M&E services (Meres);
Xi = g (Gres),
Xii = g-5q. (G2res),
Xiii = | 6R (Srres)Enclosing Wall Area
(Ewaresb);
Xiv = Plun Shape Index (Psires),
X.= Average Storey Height; Xvi = Floor
to Height (Ffhres), and
Xwu= Percentage of Glazes Wall Area
(Pgwares)
The summary of findings from the results
discussed above and the regression models are
shown in tables $ and 6,

CONCLUSIONS
It can be concluded from the study that there
15 a positive predicuve relutionship beiween the
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cost of MEE services and the bunlding oy,
descriptons in residentinl bulding projects Ty
lincar relationship shows that the cost ol MAE
services ol uny given residentinl huilding project
can be assessed from the huilding torm descripiin
within the 95% conlidence limins

Analysis of Varnance cstablished that the
difference between the cost of M&E services of
residential building projects and the building form
descriptors s highly significant at 95% conhdence
limit. As o result of this, the findings will offer
information on cost implication of architectural
design parameters (hased on the building form
descriptors) on the prediction of the cost of M&E
services in residential building projects in Nigena.
The results of this research will also be useful 0
clients especially the government which 15 the
largest initiator and financier of bulding and
construction works in Nigena.

RECOMMENDATIONS

1. Since the research results shows that the
combination of the building form descnptors are
better descriptors of M&E services cost. this paper
recommends that consultams should consider all
the building forms adopted by this rescarch when <
esumating total cost of bwlding dunng the pre
contract stage in order (0 gel @ more accurale
forecast.

2. The design of a building should incorporate a
floor und  walling type  which  will  suitubly
uccommodate building services so as not o cause
ncrease i labour  effort  dunng  services
installuton  because  there  exist o sigmificant
relationship between the cost of M&E services and
both wall and Noor costs from the research results
1. The research also recommends a modification
of the models formulated i this study ai regulin
intervals within the context of the constructor’s
changing environmental circumstances




Table 1: Contract Sum and Cest of M&E for Residential Building Projects with Shape Factors

“ OF
GROSS | COST OF WALL __o;“u
FLOOR | MAE COST OF | COST OF PERIMETER | ENCLOSING | TO WALL
CONTRACT | COST/m' | AREA | SERVICES | WALL FLOOR LENGTH WALL FLOOR | AREA
SNO. | SUM(N) N) (m") (N) (N) (N) (m) AREA (m’) | RATIO | (%)
1 T,Nm:mo 33,120 | 135 368.000 | 1,285,650 | 392,480 |50 140 104 |8
> [ 35402668 | 23,649 | 1,497 | 3,912,000 | 7,170,167 | 3,049,962 160 860 058 |4
3 6.463.900 | 22,921 | 282 936.705 | 923,469 | 741,605 | 146 174 062 |6
3 3,796,796 | 17,010 | 282 243,000 | 735,047 | 659,759 |68 205 072 |8
= 11433435 | 41,576 | 275 2723.253 | 2,397,519 | 1,354,966 | 63 240 087 |7
6 1.481,509 | 34,454 |43 94,015 £38.400 | 107,000 |27 46 107 |8
7 1.224,4B0 | 28,476 |43 78,565 392,820 | 102,000 |27 48 117 |7
8 10.535.935 | 95,660 | 109 613.880 | 1,348,140 | 1,419,075 | 43 128 1.17 |5
3 10,863,374 | 99.664 | 109 613,880 | 2,736,000 | 1,274,974 | 45 135 124 |7
10 | 3,500,000 | 16,746 | 209 600795 | 530,580 | 133,238 |58 120 058 |8
31 | 2,357,106 | 13.469 [ 175 245385 | 383,000 | 186,410 | 136 305 174 |5
12 | 4684462 | 17,744 | 264 651205 | 865500 | 346430 | 164 242 167 |5
13 | 2.271,364 | 21,840 | 104 230,000 | 239,536 | 162,135 | 40 108 104 |6
14 2,500,597 21,974 132 300,000 346,357 202,730 47 157 1.19 5
15 | 3,047,110 | 20,314 | 150 480,000 | 288,000 | 182,500 |50 81 054 |6
16 | 3.722,000 | 29.540 | 126 500,000 | 398400 |257.500 |45 136 108 |7
(17 | 3.432.748 | 31,207 | 110 304,200 | 835673 | 255112 |42 125 114 |6
8 | 3537,597 | 17.131 | 210 182.250 | 551,255 |494.819 |61 183 087 |7
M9 5431237 [90528 |60 906.940 | 1,368,000 | 637.487 |25 80 133 |8
20 4350 70 | 21574 | 198 450,000 | 519,535 | 304,095 |45 170 08 |6
Samrce: Sathor § Field Work (2004
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Table 3: M&E as o Percentage of Total Cost for Residentinl Bungalow Building Projects

[ Project | Total Cost/Contract Sum Cost of M&E Services : Percentage M&E from
iINn. (=N=) (=N=) Total Cast
1 5,281,150 468,000 9%
2 35,402,668 3,912,000 1%
3 6,463,900 936,705 I 5%
a 4,796,796 243,000 5%
5 11,433,435 2,723,253 24%
6 1,481,500 94,015 6%
7 1,224,480 78,565 6%
8 10,535,935 613,880 6%
9 10,863,374 713,880 6%
10 3,500,000 600,795 17%
1" 2,357,106 245,385 10%
12 4,684,462 651,205 14%
13 2.271.364 230,000 10%
14 2,900,597 300,000 10%
15 3,047,110 480,000 16%
16 3,722,000 500,000 13%
17 3.432,748 304,200 9%
18 3,537,597 182,250 5%
19 5,431 687 306,940 6%
20 4,350,900 450,000 10%
Source: Author's Field Work (2008)

Table 4: M&E us a Percentage of Total Cost for Residential Storey Building Projects

Project | Total Cost/Contract Sum Cost of M&E Services | Percentage M&E from
S/No. (=N=) (=N=) Total Cost
1 11,535,934 813,880 1%
2 11,863,374 835,270 7%
3 11,433,435 2,723,253 335
4 110,670,898 18,814,053 17%
5 8,040,520 1,258,180 6%
6 5,684,462 851,205 15%
7 23,400,000 4,680,000 0%
a 17,500,000 4,375,000 35%
9 21,522,000 3,443,520 6%
10 716,500,000 1,854,895 &
Source: Author's Field Work (2008)
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TABLE § Summary of Results for Residential Bungalow Building Projects Experiments

— )
y ariables Observations Inferences
ol ] Type of Strength
lo. Modcl RX 2
of Action
> |y Regression Equation Fa | F P Rem
X 9 = ol | Tk | st | pelation On Hyp
ship
—p v
Ewar | MOS0 ) near =
= 6 12527K THed 128 28X 613 K9 | 4 000 Strong SS Reject Ho
Meres .
f“ . Lincar YisOTe. 60204 X: | 726 (475 (4410 | 000 | Strong SS Reject Ho
#
Wins | Meres Y = ITMes4097 -
N .
A p Linear 108430538 X5 n? i |4 012 Very Weak | NS Accept Ho
Prea | Menes Ye = 26884470 - )
1 !
- |b Lincar 313062 699 Xe 164 R Y 008 Very Weak | NS Accept Ho
Perve ] Meres Y = 2415322 - 1042906 |
234 44 n w N
3 s Linear Xs 58 0 eak S Accept Ho
Cpmr | Mo 3y . !
75 & Linear Yo = 692061 67 -047 X» 0o 000 | 44 096 Very Weak | NS Accept Ho
Mere | C
- - Linear Ye=23153170= 147 X« 762 576 | 43| 0.00 Steng SS Rejza Ho
3
Mee | CF |
e || Limear Yi= 17899574 + 0,64 Xs 242|517 [441 |00 | Swong SS | Reject Ha
| 9
Me-
P bc"' Lincar Vo= 1S98887.10+702X | 802 | 727 [441 000 | Swong ss Reject Ho
0
)
Glare 79
b (u)
Pesue
Ky Yoo %0im
2:1 s | Lisowe .»:. '1'::‘ 1WA X ne an
- M .
b (muluple) don 0001 | Swrong §S Reject Ho
=h LWL X
fiv) “LIAM 9 Xy
Wires o
b v
Pwa
reat

Source: Authur's Ficld Work ( 2008)

Kev:

SS = Stanstically Sigmficant

NS = Not Significant
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