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Cost Modelling Of Mechanical and Electrical Services in
Institutional Building Projects in Lagos State of Nigeria
Using Selected Design Variables

*A. A, Shittu', A. D. Adamu? & M. A. Shehu®

e Z(Deparlmenl of Quantity Surveying, School of Envt. Tech., Federal University of
Technology, Minna, Nigeria)
"(Department of Bui lding Technology, School of Envi, Studies. The F. ederal
Polytechnic, Bida, Nigeria)

ABSTRACT: 7his research was carried out to study the problem of ineffective cost control technique in the process
of Jormulating predictive models for cost of Mechanical and Electrical (M&E) services due o inadequate
informotion resulting 1o cast overrun, The need for this research thus focused on the collection of suitable
information for the necessary analysis and modeling of M&E services cogy, This paper therefore examined the
relationship benveen Ma& g services and building forms (design variables) for institutional building projecis using
simple and mulnple regression analyses. One of the Sindings of the research was that the cost of M&E services of
any given institutional building praject can be accessed from the building form descriptars with 95% confidence
lmits. This provided o basis for de veloping several predictive madels for M&E services cosi of instiitionat butlding
projects. Recommendations Jrom the siudy included regular review of the models in the light of changing
environmental circumsiances by any user of the madels, for the models 1o Stand a test of time.

Keywords: Building Form, Cost Modeling, Design Variables, Instittional building, Mechanical/Electrical Services.

L INTRODUCTION

A client is very much concerned with quality, cost and time and wants the building 1o be soundly
constructed al a reasonable cost and within a specificd period of time. As s result of this it is incumbent upon the
Architect who may be supported by a Quantity Surveyor to exercisc a grear care and skill in designing the project
within desired cost checks,

According to Seeley "' (1993) and Ibironke ! (2004) the costs of buildings are influenced by a variety of
fuctors, some of which are inter-related, Among the factors that make up design variables which have influence on
the overall construction cost of the building project ure: size of building, plan shape, circulation space, storey height,
total building hcith. and perimeter to floor area ratio. ) .

Seeiey'"’ (1993) pointed out that costs related 10 Mechanical and Electrical (M&E) Services may represent
10-15% of the initial capital cost and a substantial amount of cosl in-use and in some buildings such as laboratories,
the services constitute above 50% of (he initial cost. Apart from comparisons of material costs, the most usual cost
studies were direcled towards comparing alternative methods of heating, ventilation, and air-conditioning and
involve different compromises between capital costs and running costs. 1t js Important o note that long thin
buildings make bath the provision of air-conditioning and its nuﬁnteuuncg chh more expensive,

Seeley "' (1993) added that the significant variable in plum_bmg installation is l_hc number and ype pf
sanitary appliances. The total costs of installation may vary up to 50% l_;cl'wcen low and high quality fitings. Lifi
costs are a critical tactor in the economic factar of some multi-storey bulldapgs 4 _storey§ — 1, 8 storeys — 2). Each
addivonal landing involves an extra wire repe, a sel ofropes and some wiring. \\:nlh‘nn Increase in the number 9!’
floors it may be necessary to increase the speed and capacity of the lift to deal with lncrcnscd. tmﬂ'u.: = which will
increase cost of this element. However, the cost of lifts is in no way pwptmmnql.tu lhe' height of the building,
Seeley!"' (1993 ) concluded that when the traffic neccssilnlcg the provision of an addmf.\nnl I»ﬁ. it may cause the cost
SFiia per floar to double, bul as further floors are added this cost will start to fall again until a third ﬂctor is added,
In some classes of buildings such as multi-storey low-rental Nats lift costs can amount 10 s much as |1 5% of the cost

of the Nat
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1.1 Classification of Buildings

L':;;}:f:'f'l\:\: ::‘;IOB":iII?UIId(L“g Code~|\l (2006) classified buildings in lo two major categorics — Building Design

wadlous arovas: Koe d‘mg -f;‘numc!lon Claésuﬁcutlun. Each of these classzs of buildings is sub-divided in to

hereafier erectec; ;I\ul'l "D"E to the Nauonal Building Code ! (2006) every building or structure whether existing or
harac N ¢ as classificd (under Duilding Design Classification) in the code according to its use or

g of its occupancy in to one of the following of the Use Groups listed below:

) Use Group A — Assembly (vii) Use Group G — Mercantile

(ff.“-“ Group B — Business and Professional (viii) Use Group H — Residential

l!u) Use Group C — Educalion (ix) Use Group | — Storage

(iv) LISc Proup D - lfaclory and Industries (x) Use Group | — Mixed Use and Occupancy

(V} Use Group E - ngﬁ Hazard (xi) Use Group K — Doubtful Use Classification

(vi) Use Group F = Institutional (xii) Lse Group L — Utility and Miscellaneous

The code added that all buildings and structures shall also be graded in accordance with the degree of fire hazard as
contained in Part |, Section 7 of the National Fire Code.

1.2 Classi.ﬁcntion of Building/Construction Cost
Construction cest embraces the tolal costs, direct and indirect, associated with transforming 3 design plan for
material and equipment in 1o a project ready for operation. Okafor ! (2003) classified Construction Cost in 10 Direct
Cos} and Indirect Cost. Okafor'* (2003) explained further thal direct costs are predominantly the cost of all plant
equipment as well as materials and labour involved in the actual installation and erection of the process plant and
indirect costs are associated with the support of direct construction required for an orderly completion of a project,
1.3 Mechanical and Electrical services in Residential Buildings
According to Fadamiro & Ogunsemi ' (1996), the starting point for the electrical system is the services entrance
and distribution board. This equipment may be of the circuit breaker or switch and fuse type. Chudley " (1999)
reported that a building receives the single phase electricity supply from an arca clectricity grid at a rating of 240
volts and @ frequency of S0 hertz. These electricity grid from which the electricity supply is taken consist of four
lines, three lines each carrying a 240 volts supply with the fourth serving as the common return or neutral. The line
usually connected to the earth at the trunsformer or sub-station for safety precautions in time of fault from any
electrical appliance. Each line or phas is tapped in turn together with the neutral to provide the single phase of 2400
supply.

Pﬂ:" & Greeno '™ (2003) divided Mechanical Services in Residential Buildings into the following categories:

i Cold Water Supply System
il Hot Water Supply System
il Heating System

iv. Ventilation System

v. Air — Conditioning

vi. Discharge and Waste System

Hall & Greeno ' (2003) explained further that cold water supply system is supplied as Direct and Indirect system.
In the direct system. pipework is minimal and the slorage cistern supplying the hot water c?-lnqd:t need only have
115 litres capacity with drinking water being made ovmlat')le al every dn;W-o.lT. point. The l_ndlrecl system of cold
water supply has only one drinking water outlet @ the sink ond it has a minimum capucity of 230 litres, for a
jon i roof space.
|0t&¥;znhl:ll:;m suppply system was also categorized os direct and indirect according to Hall & Greeno M (2003). In
the hot water direct system, the hot water from the boiler miaes direetly with the water in l.h: cylinder and the
system is not suited to hard waler, typically of those extricted from butcl}olcs in to chnlki or limestone strata Th'c
indirect hot water system is used in hard water areas 10 prevent scpllng or furring of the boiler and primary m‘n:'uu 1;
not drawn off through the taps and the sume water circulales continuously throughout the boiler, primary circuit an
coil i - torage cylinder. )
hc“:\:fr::i: \:)031::?.‘: ‘;&“g:ghmﬁ |"'{|989|, the main function of services in a building is to pmw:e cu;‘monl ufithﬁ
occupants. The ancient taught that man had seven senses, but it is no more than qumdedpcg that 1 coﬁ:n'.‘: ;:'
influences which affect humun comfurt are also seven in aumber — lemperature, humidity, ra jation, air v g
muv:mt-r;l':"u"l g;;")c;:l‘::I:’ur:‘::llllf;:‘conduit in mechanical installations funclions mainly to p.»rovidc protection to the
; !»oru ; |)hem thereby making the building occupants safe from hazards relating o elc_cmc_al faulu
c:'lb‘fﬁ JNW" ')“‘il c.mcd thut o supply of electricity 15 usually required on construction sites to provide lighting to
rhhu\d“.;.' u I\'Jr)uu"n'}ux:fcomn\odnlion and may also be needed 1o provide the power Lo drive small and large items of
¢ Various
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plant. Chudley '*! (1999) added that i
i pria I for efficiency of work on site, two sources of electrical supply to the site are
i. Portable Self-powered generator,

ii. Metered supply from the local area electrici
1.4 Cost Modeling —

Morenikeji ' (2006) defined a model as an abstraction
like the architect's model of @ dream house or as o m
complex situation. Willis & Ashworth ' (1987) dehi
forecasting the estimated cost of a proposed construct|

definition of cost modeling as the symbolic representat
of the factors which influence its cost,

from reality and can be expressed in the form of hardware
athematical equation or a theory, which helps to simplify
ned cost modeling as a modem technique to be used for
on project. Ferry & Brandon!'! (1991) gave a more detailed
ion of a system expressing the content of that system in terms

(8] A
" Jlﬁb':;tt ) (|9°§) re_poncd‘lhnl the application of udvanced cost modeling techniques depends on the utilization
°h a highly interactive simulation of actual situation with the aid of a computer program. Jagboro ") (1995) added
thal construction costs are practically derived from a number of variables which are either structural or economic in

nature Slqnclural variables are those that bear relationship to the structural design of the building and they include
the following:

(8) Cross floor area of the building
(b) Aren of suspended floor

(c) Number of floors

(d) Height of building

(e) Storey height

() Number of lifts

(2) Number of stair cases

(h) Perimeter of rypical floor

Economic variables, according to Jagboro ! (1995), comprise of factors which have economic bearing on the
construction; among these are:

(a) Wages of skilled and unskilled labourers

(b) Cost of basic material inputs such as cement, reinforcing bars, form work, aggregate etc.

(c) Geographical location of the project

(d) Level of interest rate prevailing in the national economy

(e) Level of inflation in the national economy which may be assessed using the consumer price index.

1.5 Factors Affecting Building Design and Components
Seeley ' (1993) reported that as a general rule the simpler the shape of building, the lower will be its unit cost. As a
building becomes langer and narrower or its outline is made more complicated and irregular so the perimeter/floor
area ratio will increase, accompanied by a higher unit cost. Building shape has its major impact on the areas and
sizes of the vertical components such as walls, windows, partitions, etc., us well as the perimeter detailing such as
ground heams, fascias and eaves of roof and these have important effects on cost. Different plans can be compared
by examining the ratio of enclosing walls to floor area in square metres (known as wall/floor ratio). Seeley ' {1993)
further stated that the lower the wall/floor ratio, the more economical will be the proposal.

Ferry & Brandon " (1991) gave some simple example in measuring the cost efficiency of a building shape as
thus:
i. wall/floor ratio .
This is a very familiar method but it can only be used to compare buildings with a similar floor arca and does not
have an optimum reference point such as those below;
i length/Breadth index =p = V(p2 - 16u)/ p -V (p2 - 16a) (1)

Where P = Perimeter of bullding

a= Arez of building. .
In this index any right angled plan shape of building is reduced 1o a rectangle having the same area and penmeler s

the building. Curved angles can be dealt with by # weighting system. The advanlage here is that the rectangular
shape allows u quick mentul check for efficiency.
iii Plon/Shape index =g + ¥ (82 - 160)/g - Vg2 - 16r) 2)
Where g = sum of penimeters of each floor divided by the number of floors, and
r= gross floor area divided by the number of floors. '
This is 4 development of the previous (ndex lo allow for multi — storey construction, Therefore, the area and

perimeters are averaged out 1o give a guide as tol

he overall plun shape cfficiency.

www,ijesi.org 3 Page




Cost Modelling Of Mechanical And Electrical Services In Institutional

1.6 Aim and Objectives of the Study

The aim of the study is to examine the cost relationshi i
€ a . ' is 10 examin ships between Mechanical and Electrical (M&E) i
building forms in rcsu_dcnual building projects, based on existing models of Swaffield & quuir‘é"ﬁ(ﬁbgsmms -
In order 10 achieve the aim, the following are the objectives of the study: ¢

(i) To determine the relationsh ildi

L ionship between the total cost of buildings and the cost of M&E Services of the

ii‘(n" 'To determinc the relaliopship t?clwccn the forms of buildings and the cost of M&E Services of the buildirgs

1(_h|) o groﬂcr recommendztions with respect (o properly ascertaining cost of services in institutional buildings '
e following null hypotheses were postulated for this research work: .

l?:i II d i;l";l:rc is no significant relationship between the total cost of buildings and the cost of M&E Services of the

Ho2: There is no significant relationship be i ildi

p between the forms and funct
i el unctions (shape factors) of buildings and the cost
1.7 Scope and Limitation

Th‘ns paper studied nstitutional building projects of bungalow and siorey designs. The study adopted the follawing
pulldlng form descriptors: gross floor area, wall/floor ratio, average storey height, floor to floor height, plan/shape
lndex.‘ pﬁtfemage of glazed area and internal perimeter length, based on the existing model of Swaffield &
Pasquire!'* (1999). The building projects used are of different designs ranging from office blocks to
laboratories/classrooms in bungalows and one to four storey designs.

Out of the S0 different kinds of projects investigated, only 30 were found useful because some of these projects
bills do not have drawings and even those with drawings lack some essential details of M&E services cost. Some of
th'e gov:rnmenl parastatals approached claimed that the needed information was confidential and could not be fully
releaszd.

1. METHODOLOGY

The source of data collection for this research work was the secondary source of data collection, that is,
from contract drawings and priced/unpriced Bills of Quantities of previously executed projects handled by reputable
construction firms, government establishments/ministries and specialist contractors in Lagos State, between 2006
and 2011. Lagos Statz was chosen bzcause of the high rate at which construction activities are going on there
continuously, as it is the former capital of Nigeria and also the commercial capital of Nigeria which could be used as
a basis for predicting the situation of construction activities in Nigeria

The relationships between the variables in the date collected were determi.ned. using‘holh Simple and
Multiple Regression Analyses, Uie Correlation coefficient(R), coefficient of determination !R') and the test of
significance (F-test and P-test). The regression analyses are also used to formulate pred.lcllve madels with Ehe
variables (dependent and independent) tested which are obseer'd simullanc?us!)' in relation to one another (i.e.
bivariate data), This paper assures 5% significance test as probability test of significance. H_enc.: for any value of P
from 0.00 to 0.0 there is significance in the test but for values greater than 0.05 there is no significance in the test,

(118 DATA PRESENTATION e P .
i isti i i S | — 4 presented in the Appendix section.
data used in statistical analysis are given in TABLE i
T ABLEST;:ndad zlso presented in the Appendix section, show the percentage of M&E services cost out of lh:v(otsl
cc;st of each oflh;: building projects for the bungalow and slorey buildings respectively and these were § - 15% and

5 — 25% respectively.
v. RESULTS AND DISCUSSIONS

: Hdines Analyses - :
tastitutional Bungslow b ripl-‘;h (ilodgmnden! variables) three were significantly related wilh the

: iable e Enclosing Wall Area, Gross Floor Area und Perimeter Length
i “&E s (dcge:‘tliizf:‘l (\‘;”‘la:(l:il)xle?(‘)cf“éI‘l.rﬁ)c'::..ngll.f)%guud 24%, F-cnlculme'd values of 29.19, 48,441 and
i cogfﬁcwn' 3 d'ﬂ‘ct: ".1’"“ eater than the value of F-tabulated of 4.41 and Probability values of 0,000, 9.000 and
5.6R which were in €ac 'L":"Stni‘;:e respectively. These show a Srong and statistically significant r:?lauunshlp in cm:lhl
0.028 at 5% level of :lg':' ch -ngth :«luich shows weak relationship with cost of M & E Services) and the aull
case (excepl for Pcrlmc;erl mLcrE is no significant relationship between coslt ol M&E_ services and bulldmg'm'rs\fa‘ﬁ
h‘\'pulhcﬂ;':\'hlﬁh ls(u:fc:hli:alesl implies that 61 99, variation in cost of M&E services is explained by Enclosing
rejcd':d ¢ resu

4.1 Results of | B
Out of the five building form desc

wwawv ijesi.ong 41
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Area. 72.9% variation in cost of M&E s
of M&E services is accounted for by Pe

Ervices is uecount
: ed for by 4
rimeter Length. y Gross Floor Area and only 24% variation in cost

On the other hand th
- e relationships b
Glazed Wall Area were weak Ps between cost of M&E i $
eak Pt services and Wall/Floo .
Wall’/Floor Ratio and 14.3% 'Oflﬁ&?g“s“k{’“y not signiﬁcam with Rl values of |3.4°/: ’:_:‘:’ohﬁl‘;(épcmtinlﬂﬂf ol
services and Percentage of Glazed Wall Area. The values nfT':a':::In:::

observed were 2 784 for M&E i W F Percentage ed
services an 4 i
ey robabill oal ' d all/ lOOf Ratio and 3.001 for M&E services and reentapge of Gilaz

: ed .
MA&E services and Wall/Floor Ratio, and Pﬂ\:ete 0,112 a‘nd 0.100 respectively for the relationships between cost of
was therefore accepted. ) entage of Glazed Wall Area. The null hypothesis in each of the cases

A very stron i 3
Y g relationship exists between Contract Sum and Cost of M&E Services with R* value of 81%.

Ihis illlplits "li“ Sl Yo Vﬂ'ia on .“ on C n l r y cost 0' lvl
! ; “ in contra i i
; ) l : l X L sum is accoun‘ed ] b &E Services. l'lc |Cl‘li°"sllip i‘

value of 9‘. : 2 0 was ibar BB i nune:y:;’:i::tvzssﬂt;:; :lelar:j:;t:zuln(ed value of 4.41 and the Probability
i : A H .

Bontisdeion :;:]"Sllsh : E;"c“rl)fd.ﬂrcmg and statistically significant relnlionshi? between Cost of M&E Services and

syl ml ing Form Descriptors with a relatively high R* value of 74.3%, F-calculsted velue of

sgalficanie Thi scperl an lh_c value of F-tabulated (3.03) and # Probability value of 0.001 at 5% level of

e buildin. e 'i) pothesis whic!i states that there is no significant relationship between cost of M&E services

aatea g 5 was Ulcl'eful’l: YCJCCi'Gd The result of this multiple regression analysis implies that 74.3%
1ation in cost of -.\;I&E services is expluined by the combined effects of the Building Form Descriptors
The following regression equations were formulated from the analyses: .

Test la.

Y = -115086+4904.509X ..oocvrivnns (3) Y:=1328327431200X; (&)

Yy =2016987 - 1237683 Xy ccvvvncrinnnns (5% Yo = 3070483 - 346257 Xy ..o (6):
Ys = 13068.181 + 12281.016X,...c0vvinnnnncny (7): Ye=8521544 0355 X5 ooonniinninnnn (8)

Where Y, — Y, = Cost of M&E services (Melnsh); X, = Enclosing Wall Area (Ewalnsb); X, = Gross Floor Area
(Gfaresh); X, = Wall'Floor Ratio (Wfresb); X, = Percentage of Glazed Wall Area (Pgwalnsb); X: = Primeter Length
(Perilnsb); and X, = Cost per m-5q. (Cpmlnsb).

Test 1b—1d
Y_=211962.2~ 1464 X .oieeereenn (900 Y =190877+ 0.651 Xjovvvrrnnnnnns (10);
Y. = 1598887.10 + 7.02 X, ..ovvunnrnvenis (1)

Where Y_ = Cost of Wall (Cwallnsb); Y= Cost of Floor (Cflinsb); Y. = Contract Sum (Cslnsb) and X, - X, = Cost
of M&E services (Melnsb).

Test le.

Y = 972356 + 992.54 4 - 4912.7) xi ¥ 3839.17 xui - 637852 x5 - 26537.7 xy woveen sidsvonss (12)

Where Y = Cost of M&E services (Merinsb), Xi = Gross Floor Arcu (Gfalnsb); Xii = Primeter Length (Perilnsb);
Xiii = Enclosing Wall Area (Ewalnsb); Xiv = Wall/Floor Ratio (wflnsb); XS5 = Percentage of Glazed Wall Area

(Pgwalnsh)

4.2 Results of Institutional Storey Bulldings Annlyses o .
There exists a statistically significant relationship between only two of the Building Form Descriptors (g =

sum of perimeter of floars divided by totsl number of flours and Floor to Floor Height) and the Cost of M&E
Services with strong 17 volues of 84.6% nnd S0%, Focaleulnted yalue of 43,872 and 7 08: which are greater (hun‘ t\hc
value of F-tabulated (5.32) and Probability values ol 0000 und 0 (i.'l'.’.rcspf:clwcly ut 5;'/? lcv?'l 9f Sl_gnllacnncc, I'he
null hypothesis was therefore rejected in each of the two cases. This implics that B4.6% variotion in cosf u( M&E
services 15 accounted for by the independent varinble (g) nnd 50% variation in the cost of M&E services s
cC [ loor height '

&-‘-UUNCJT::' :iI:l':;:‘s:\?p}L‘:‘:wecngCnsl of M&E Services and cach of lh:: other Bl’i‘iding.Fonn Dcscri!uom W
16r. Plan/Shape Index, Average Srorey Height and Percentogt of Glozed Wall Arca) 1s s:cnk and nn; sugnl‘.ﬂcunl wn:;
'S \'mluus of 0.2%, 38.6%, 1K.6%, 7.6%, 15.3% and 21.5%, r-allcululc’d values 91 0"(:.._.‘5,02. 5.0.: 065, Ir:S nn”
2 19 und Probability values of 0.89, 0.06,0 06, 0.44, 0.26 and 0,18 at 545, level of significance respectively. The nu

hypothesis in ¢ach of these cases was therefore ucccplqd‘ f
' The null hypothesis 1 rejected in the anlysis o
ationship between the vur|u§|es wis sir:
alue of 337,371 and Probability vilue of

the relationship between total building cost and cost of
\ ong and significant with a relatively high R

M&E services h;cuu;c :hlL Jc\ 0,000 a1 5% level of significance
value of 97.7%, F-calculnic - ! 7
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The relationship betw 2 S
e Pbc “\:c:“(_osl of M&E Services and Combination of all the Building Form Descriptors
Y strong and statistically significant with a relatively high R* value of 99.9%, F-

Cﬂl&‘ulﬂled value of '43 4 75 Whl(h is T er th P e of 0 007 at
R 2 cul Vi F- i |y valu
% fev | of si i . i }4 “‘ I than ‘he al“e °|' lﬂbb’lllid (1935) and a fobﬂbl" | o E

T'he following regression equations were formulated from the analyses:

Test 2a.

= 6230472
2 -~ 52“;“’ ) :2?122_}’;-)( ---------- (13); Y3~ 4259401 + 78.503 Xy ...evvorrrvves (14);
e L el o B g (1S); Yo = -1522653 + B82.833 Xy covvvvnrrincnes (16);
00000 AOTO00R (17); Y= 3327648 SAOSEONE K et biiatrvaiiiass (VN
Vi = TII0608 4 38T ) o R R X

\'\g:r‘es:rl :us-S ‘\)'.Q;Sc:s; lor M&E services (MerlnsSt); X1 = g (GInsSt); X2 = g-sq. (G2InsSt); X3 = R (RinsSt); X4 =
1 t = Percentage of Glazed Wall A ; = =

i e g2 all Area (PgwalnsSt); and X9 = Cost per m-sq. (CpminsSt)

Y. = 1748770 + 0,461 Xw; Y, =- 1865200 + 2.004 X, Y. = 4382940 + 4.619 X ovovvmniersieineee (22)

Where Y. = Cost of Wall (CwallnsSt); Y= Cost of Floor (CfllnsSt); Y. = Contract Sum (CslnsSt) and Xy, - X. =
Cost of M&E services (MelnsSt).

Test 2e¢.

Y =072356 + 992.54 Xi -4912.71 Xii +3839.17 Xiii - 637852 Xiv=26537T7 XV ooovvveinnnens . 123)

Where Y = Cost of M&E services (MerlnsSt); Xi = g (GlnsSt); Xii = g-sq. (G2res); Xiii = 16R (SrinsSt) Xiv =
Enclosing Wall Area (EwalnsSt); Xv = Plan Shape Index (PsilnsSt); Xvi = Average Storey Height; Xvii = Floor to
Height (FfhlnsSt); and Xviii = Percentage of Glazes Wall Area (PgwalnsSt).

The research findings from the results discussed above and the regression models (equations) are summarized in
TABLES 5 and 6 which are presented in the Appendix section,

V. CONCLUSIONS

It can be concluded from the research findings that there is a significant and positive correlation between
the cost of M&E services and the building form descriptors in institutional building projects. The lincar relationship
shows that the cost of M&E <ervices of any given institutional building project can be accessed from the building
form descriptors with 95% confidence limits using multiple regression .mudc!s and this ';_rovided a t?as_is _f“"
developing several regression models for the institutional builcﬁng projects in L?gos State of Nigeria. This is in line
with the findings of Shittu &t 31" (2008) and Shittu & 1zam"'® (2011) wherz il was discovered that cost of .M&E
services of any given residential and commereial building projects can be rgpeclwi':ly nuces.sed from the bu}ldmg
form descriptors with 95% confidence limits using multiple r.egrcssio.n models in f\bu;.u nqd Niger State, Nigeria.

This study contributes 10 knowledge by offering ml‘on'nu!uon on cost implication of a‘rchu_ccl'ura.l dgsign
parameters (based on the building form descriptors) on the prediction (')l'lh.e cost of M&E services in institutional
building projects in Nigeria, 1o clients especially the government which is the largest initiator and financier of

building and construction works in Nigerio.

V. RECOMMENDATIONSl ' — P
i nds that consultants should consider all the building forms adopted by this resear
% Lo re‘;tm‘mu':l cost of building during the pre-contract stage in order to get a more accurute forecast

/ imating 1ol p : i
:':f::: ::::)v‘;mgd from the study that the combination of the huilding form descriptors are better descriptors

2 ghl:ig‘::i::::c: ;:?lding should incorporate u floor and walling type which will suitably accommodte

s nol (o couse increase in lobour effort during services installation because there exist

Sullding services, ilhup between the cost of M&E services and wall and Noor costs from the rescarch

a mgnificant relations

; rTe‘::l:: - recommends @ review of the models formulated in this study at regular intervals in the

light of changing environmental circumstances hy any user of the models for the models to stand the test of

time.
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APPENDIN
abile ' . . i
R:'; cbbmc&ébg‘f}ﬁm"m‘ 'A \:‘“" W Cost of M&E for Bustitotionnl Building Pr ulr('l\ with Shupe Factors

o SUMEY N FLOORT  M&E wWALL RN (N ﬁ{“’« WALL ?vﬁi'

RO ARLA SERVICES Ny (N) LENGT  AMEA (0] TLO

< ) IN) I omy UK

k ; i £l oo SRR : [ N ’ e i RATI

e i S il it i e o It i O i

| SIS0 o, 3N N0 W 40,000 Bl 02342000 PRI 45 ) Ko [

1 oSIkU24 40 WS03300 o IR A LOAGU DL Tad uKd A0 13 ¥ N
3 ___4dnited 30,857 20 H 218,700.00 i), S0, (1) 593,782.40 [} 183 [
4 401929760 37, 448.30 110 365,040,600 1002407 b0 306,134.40 4 15 XY S S
$ 4460400 00 35, 448.00 130 00, 100,00 ER RN 30%, 001,00 [0 36 [N
CI—CH 2K ) 24,076 80 150 §76, 00040 A5G0, 000 219, 000.08 S0 [ [
T 348071640 26,368 .80 131 36000000 115,628.40 243,276,00 47 157 [NV
3 173803680 20,208 (0 104 270,000,080 247, 440,20 194,561.00 A0 108 )04 0
Y Su21 35440 20,2928 264 WARIUR) 1038 600 0o us;u.w 164 442 1467 s
10 133853720 16,162,850 175 294,462.00 459,000.00 W 13 305 174 4%
1" 200,000, 00 20,0982 09 720,984.00 66, 090.00 159 885000 SK 120 0.8 L)
17 13.036.048 80 (1959080 10y 736,656.00 3,243,200.00 1,529 V6K A0 s 138 a1
13 13,036,038 00 R 109 736,656.00 1017,768.00 1,702,590.00 5] 124 17§
14 146937600 3417130 %) 94,278.00 37198300 122.400.00 7 i [N
15 1,777 8180 A1 34480 4 INIK N Touta NG (D 12040000 7 At 1.07 L}
16 1), 7201200 1989120 175 3.267 903,60 TATT02LH0 1,625 ,559.10 3) 240 [
17 &°3)3320 2031200 TR 391,600.00 NX1.056.40 79171050 1) 208 [
15 775605000 20,749.20 181 1,0 24,0408.00 LION 02 R0 H49,926.00 A6 174 0.62 o
19 42485320160 33T 1,497 1,694,400 00 N.604,200,40 3,680 954 40 60 [ [
20 633738000 16.944.00 135 83,200,100 1.542,7H0.00 470,976.00 50 140 104§

Source: Authors’ Field Work (2012)

Table 2 Contract Sum and Cost nL\I&l' for Institutional Storey Building Projects with Shape Factors
TRACT =T GO T ~COST G T C0ST ™ 0P EOST™ Of T ¢ 7 = T FLANE STO ™ £
n !

™~ MAE WALL FLOO m () (m) (@) NSHTREY. ORY T OF TN O
SERVICES |\ ) APE HEl TO GLA

Ny INO CHT FLO JED O

N (81 Wal ¥

Here L F

» (W1 AKE L
S g T A ‘ll.

1 19800 I €323, S425AT40 2300 o 2N 2N 0.8 Suile MU el 2) o i 3 2

3 TERIAN U 3EATU 4101 EUU 3ST0144.00 e 2SLDUGG VB NOBd by Netw o4 9 ) v 3

3 20,000,000 10 65,500 S25000000  GUIUITAAG 77306000 6T 4480 7 82 141 12 18 b 1
) 25 (80,00 1) 14224 & 460 U 6, 314,012.00 LR NN 125 15028 Yox 18488 121 12 R ) 4 |

s 6,775 34880 10526 LORIAAGOU L ISKGU0.00  $3S 71600 94 KRN S a0 1S e E s 1

[6* 9,644,624, 13,452 LASAIGO0  G1GAG0 DG 161,60 il 47 Mo O LIS S ) 12 1
7 TI0GT0R95.00 43,080 BRATGARLILO 1) ANIAWAD 440400 B0 s 854 e 112 8T % 10 3 |
"i-—_dj,im]—u,sm JAUTHNLGN  2MT7,002 M0 (ERENAL [ ) e LRl AL o J 1 2
v 14236 0ANN _ $),924 V022400 SN UGG BASNAD b0 dee 130 IS0 138 6 3 [ ‘_i

0 13840, 120,80 907 0 (A0 a2 1 7029000 “ 1704 "o 1700 131 o ) s 3

Sowrce: Authur' Fleld Work (2012)
REY

g = sum of perimeter of Nours divided by number of foors

r = Gross Floor Aren divided by number of flour
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Table 3: M&E us o l'crn-uni;_:f_u‘l“l utul Coxt for l.milulm-mlwnluw Hullding Projects
~ CONTRACTITCOST O™ Percent
SUNM [N) M&E M&E

SERVICES  from Tot

it (N) . Coai Co

. 5,221,080.00 SHU000.al 10%

2 0,518,02440 36832800 6%

3 4,317.116.40 218,700.00 5%

4 4,119297.60 365,040.00 9%

5 4,4006,400.00 600,000.00 13%
b
7
8
9

3,650,523.00 576,000.00 16%
3.480.7106.40 360,000.00 10%
2,725,030.80 276,000.00 10%
5,621,354.40 T81,4406.00 14%

10 2,828,527.20 294,462.00 10%
11 4,200,000.00 720,954.00 17%
12 13,036,048.80  736,656.00 6%
13 13,036,048.00  736,656.00 6%
14 1,469,376.00 94,278.00 6%
15 1,777.810.80 112,818.00 6%
16 13,720,122.00  3267903.60  24%
17 §,756,155.20 291,600.00 5%
18 7.756,680.00 1,124,046.00  15%
19 42,483.201.60  4,694,400.00 11%
20 6,337 380.00 583,200.00 9%

Source: Authors' Field Waork (2012)

Table 4: M&E a5 4 Percentape of Total Cost for Institutionsl Storey Building Projects
CONTRACT W COST OF MEE™ Percenta
SUM SERVICES (IN)  M&E

from To

1 19, 800,000.00 222587000 1%
2 25,826,400.00 4,132.224.00 16%%
3 21,000,000.00  5250,000.00  25%
4 25,080,000.00  S616,000.00  20%
s 678 3ANB0 1021 446,00 15%
6 Y,648,624.00  1,509,8106.00 16%
7 1IO670K9K.00 22,570,863.60  17%
[ 13,720,122.00 3,267,905 1%
Y 14,23648.60 100202400 7%
10 13,843,120.80  976,650.00 1%

Source: Authors' Fleld Work (2012)
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FABLE S Summury of Hesults Tor tnstitutionn! Bun

Eul-m Bullding Projects Experiments

:.:‘ Variables :‘_\::]eﬂof Observations Inferences
I
\ Y Regression Equation ‘l:' Fa Fu  Pugw  Strength  Rem  Action
) of urk On
Relations Hypothes
= hip i
(@i Ewaln Mel Linear Yi= 61.9 4.41 0.00 Strong SS Reject Ho
; sh ush =115086+4904.509X1 28,
t 19
|k Gfalns  Mel  Linear Y2 = 1328327 +3121.1 72,9 441 0,00 Strong SS Reject Ho
l b nsb X2 48,
| 441
Lk, Wfrlos  Mel  Linear Y3 = 2016987 - 134 441 011 Weak NS Accept
, b nsh 1237683X3 2.7 2 Ho ‘
84 |
v, Pgwul  Mel  Linear Y4 = 3070483 - 143 441 010  Weak NS Accept |
nsh nsb 346257 N4 3.0 0 Ho
11
‘ v, Perilos Mel Linear YS = 13068.181 + 24 441 002 Weak SS Reject Ho I
| b osb 12281.016XS 5.6 8 |
i 8
| Vi Cpmin  Mel Lincar Y6 = 83521344 - 0,355 0.0 441 096 Weak NS Accept
sh nsh X6 0.0 6 Ho
02
1b. Melas Cwa Linear Yw =2119622 + 1,464 78.1 441 0,00 Strong SS Reject Ho
f b llos Xw G4,
b 25 . |
e Melns  Cfll Linear  YI=190877 + 0,651 Xf 745 441 0,00 Srrong SsS Reject Ho
b nsb 52,
628
| 1d. Melns  Csl Linear  Yc=1598887.10 +7.02 81 4.41  0.00 Strong SS Reject Ho o
b osb Xe 76. |
877
[ 1e (1 Mel  Lineur Y =972356 43 303 0,00 Strong SS Reject Ho
! Gfalns  nsb  (multip  +992.54 X 1
. b (i) le) 491271 Xl
Perilns + 383017 Xl
b () ~6ITES2 Xiv
Ewaln -26537.7 Xv
sb (iv) 9.6
Wires |
b (v)
| Pgwal
B nsh B = y [ i
Source: Authors” Analysls of Dita (2012)
Key:

SS = Statistically Significant

NS = Not Significant
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TABLE 0 Results Summury for Residentint Storey Building Projects Experiments

Test Vurlahles Type  of | Obserntions Inferences o
e 2| Mudel
\ [y Wegression Equation W [ Fur Pocte Strength of | Remn [ Action O
o) Relatinnship [ Hypathesia |
(. l?lm Meln | Linear Vi= o iAn 0.000 Strong Ss | Wejert lln—\
bl S 6230472 « 1209109 X} 43872 i |
i, Galos | Meln | Linear N2 = 4259401 + 75,503 X2 0.20 532 0494 | Wesk NS Accept M
M ] 0,019 |
ik Rime | Meln | Linear Y3 = 1521031 ¢ 14122670 | K6 [¥}] 0055 | Weak NS Aceept Hy ]
St St \J s4122 |
i Srins | Meln | Linear Vi o= 15220680 80 532 U055 | Wenk NS Accepl Ha
St >t + SN2000 N S.028
. Pailns | Meln | Linewr NE o 00N — S495648 | 1.6 5§32 0442 | Weak NS Accept Ho
St aSi A 0,654
Vi Ashi Meln | Linesr Yo = 2327048 +10S6036 N6 | 15 5.31 0263 | Weak NS Arcept Hu
R 1.48 |
Vii. File | Melo | Linear YT - obobobe - | s 5§37 | 0022 | Strong ss Reject Hu
St S ADUDIUOINT 7.8
Viik Pgws | Melo | Linear NS = 3514408 +) IYSKNT XK | 218 . 0 Wesk NS Actept Ho
InsSt | o8t 2191
™ Cpml | Melo | Linear AW« 2230608 « IXTIIXY 1.2 531 | 0764 | Weak NS Accept Ho
asSt | S U
b1 Meln | Cwal I Linear Yw = | T48770 « 0461 Xw 850 s 0000 | Strung ss Rejeet Ho
a5t |usSt 46.527
% \Melo | CNln | Linear V= 1865200 + 2.004 Xf 98.9 532 0000 | Strong ss Reject Ho
St 51 146,79
5
2. Melo | Colas | Linesr Vo= A3K2040 - 4619 Ne 9.7 31 | 0uoo | Strong sS Reject Ho
St St ‘ RN R
1
e ) Mels | Linear Y- TTYINN 9.9 1935 | 0.007 | Strong Ss Hepect Ha
Clas | & (mulupte) | = 35664.576 Ni
St (i) ~1691.068 Nil
Gllas ~1498 182 Niii
St SRSSIINGY
(i) 6326708 Ny
Srlas 1214013 \vi
St (ivy +315836.2 Xvii
Pailns
Sty 143,47
Ashl 5
S
(vi)
Fuln
o
(wii)
Pgwa
InsSt

Source: Authors' Analyshs of Data (2012)
Key:
SS = Statistically Significant
NS = Not Significant
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