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G COST ESTIMATES FOR EARTHWORKS

Ff“*mnsgiﬁﬁgggmr:rzmNG PROJECTS IN NIGERIA
IN

'Cchukwuemeka Patrick Ogbu and *Chinedu Chimdi Adindu
Chu -

cment of Quantity Surveying, University of Benin, Edo State, Nigeria.
Y o : . _
e ‘Department of Project Management Technology,

Federal University of Technology, Minna, Niger State, Nigeria.

::mf‘jnmpm‘m?” of the Nigerian grn'w:}mif‘m"ﬂi expenditure on cupfrluf_ F‘??jf){; l{fﬁjﬁv:;rj-'.rin}oj'lk';i ;‘;:{f
.:'ng.-'.r‘a'f':'rfng works, with greater emphasis on roadworks to create access for the con u_c K .u. ;
activities by citizens. Most of the works of this scope awarded to mrﬁgc‘:mm‘ contractors rm_u."t_e‘ large
volumes of cut and fill earthworks. Accurately estimating the cost of earthworks _for: most md!gr.*nlous
contractors is an arduous task owing to the stochastic nature of the input variables. This paper, there ore,
seeks to identify key factors affecting the accuracy of earthwork cost estimates in civil engineering
projects in Nigeria and o determine the effecrs of the factors on the F_'_-'n'.f of accuracy of the estimates. :-"’h,g
methodology of study involved a structured questionnaire surey of 78 indigenous contractors operating
in the nation's South-East and South-South geopolitical zones. Five (5) major Jactors affecting the
accuracy of earthwork cost estimates (contract reguirements and equipment, estimator-related.
microeconomic, nature of site and site-level management) were obtained by factor analy
rotation. However, based on ANOVA test of difference, the vtudy found that the
of earthwork cost estimates are caused by contract requirements and equip
microeconomic factors, Thus, the consideration of these three factors leads
carthwork cost estimates in civil works. The study recommends that indigenous contractors' earthwork
cost estimators for civil works should give more

: attention to contract requirements and equipment,
estimator-related, and micro economic factors for improved accuracy of their estimates.

SIS using varimax
differing levels of accuracy
ment, estimator-related and
1o higher levels of aceuracy of

Keywords: Cost estimates, civil engineering, earthworks, indigenous contraciors.

INTRODUCTION
Itis widel

15 y held that estimates for earthworks in
civil engineering projects are hardly accurate
(Hola & Schabowicz, 2010). De Lima, et al.
53131 and Contreras, Aracena, and Chung

12) also noted that earthwork is among the
mOstexpensive work items in road construction.
tu.-ﬁ[tﬂ?blf?ms of earthwork cost estimates are
by irstly, the earthworks quantities are

. ot Y IT“Precllsely measured. Secondly, its
5lﬂthaslg? 'fm dlﬂ'!cull 10 estimate due the
vt IC nature Ul. fleet productivities during

work operations (Rashidi, Nejad &

Maghiar, 2014; Hola & Schabowicz. 2010:
Simon, et al., 2000) This second problem makes
equipment planning and selection critical and
imperative since delays in the earthworks will
not only affect the cost of the earthworks
negatively, but will also delay the
commencement of other succeeding
construction activities (Morley, Lu & AbouRizk.
2013).

Ways to improve the accuracy of
construction cost estimates, particularly, for
earthworks have been of concern to numerous
researchers (Skitmore, 1988; Al-Khaldi, 1990,
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Akimove, 2006 Hablola & Adesanys, 2K
DhiTereist uﬁumtlu:-s e estimnimy canbiwork
costs includig expert padpenient, mass-haul
diagrams.  deserminstic methods, sanalnion
linear maeger programaring  oodels, arifivial
newral wetwork, md GPS omachone puidinee
syssemy, have been sugpested (Javaw ardane and
Price, 1994 Hola & Schabowigr, b6
Jonasson, Dunsten, Alnncd & Hansslien, 2002
I reiral superioe o h i berms of sy
oyel withnown, Molably, mest o these
wpprosches are computer-driven and fegquine
vonsiderahle knowledge of specanfised
soltware computer programming and
camstrichion equpment o e The capacily of
developing coomnmics o cope o doaby
comskdersig the low ebl ol compeer awaneness
e the prepondermmee of analugue svatem of
warking i most idigenous constrcion finms
Citvem thes scenario, if is important W clandy e
lactprs. atlecting the accuracy of enmhwark cust
exlimates fisr crvil engiveering proyects eo ad the
esdiinaimg practce of mdigemous Coormg o,
Faciars affecting socuticy of constructon gosi
erliimaies have heen |1re1.m|.:aiJ_L simifred
(kennare, 1958 ALKhaldi, 1990, Akintove,
I Taceqsuig Habloln and Adesany i, (200%]
whach investigated the factors affectng the
accuracy of estimales for electrical services,
these studies were pia specifia o any [ld-ﬂlL'Iﬂlﬂ'
constnacisnn cost dem, Chenernlly, therefore, !ml
muh s known of e faciors thar aflect
wdiadunl cos estimaies of constructen work
Hems

wcimal comet —empimared =92 06 )
st s

#rror (W] =

Extimated construction eosts are hardly the came
e e actual costs due 10 g pember of faciors.
These factors are ohservably mons pronouised
Borcival engineenng carihworks cosl estimation
Skimmre asd My (2003) repardedd the
ey of @ gomstructon ces) eslimiale 86
largely depesieni on the gstimatar's gpenence.
cmpetnce o i interprehing
v ailahde comatructom informateon. Thus, certsin
Tacsors affecting the svcumcy of canbworks cosl
walimaies arc esnmalor-reksed . For mskance, &0
et espenenoe snd ability o use mudern
techmgues of estmsiing can prove vieal 1o tha

—

23 Farctiors Affowiineg Cornt dxnumntes o Bartbworks b Cnaf Eosoneerime Sageer i _—

Earthworks  comsitute a3
portson ol the cost o mest erial ﬁlﬂw
works (Mahamod, 20005 s indens b

L=
lewds 1y @ boss or o sueiifican) diwp m
contractons profin Such an event will ety
undermme e contractof's sipyival fend !
propect abandonment or  condracal dhispup
(Bphu, XKL Fsteindiors of ndigeso
conermctors m Mgetia vl ety benelid om
the knowbedpe of key 1200 alfecting dhey
estumiies for cohwork: o ool empineenrs
projects. Suppested factor ol lecimy acevmcy o
carthworks extimates i ol enpineening
prupeces are  anorpamisel, and  seaflered i
dillerent studies (Skinmore, Siradling, Tuoly &
Miweralanba, 196 Raslidi, Nejnd &
Majrlar, 20021, Most of these sfudies are non
Nigerian, i iy not refloet el realities in the
eountey. A research pap exists foesdentifving and
clanbvang the lactors thayy wlTer) enrhworks cosl
extimiles i Nigerian gl crigineenng project
1o aadd estimatens of indigenous contruciars. THIS
study therefore, seeku s imvesiigate the facrrs
affcting accuraey of esftbwarks cost csiimaies
by Migerian comracters wiily g yiew. 10
IR ARE ACEURICY of the edtiriafes

Concepl of Aecuracy in
Earthworks Cost Estimages Wil Enginecring
Acrurncy ol @ conmstructian s :
extent 1o which the estimyge I:’FLT:II!H:::I I:.‘\:"!:I\T
the petal ool Epandang [1979) explarned
estimsling secussCy 3 fhe absence of s in
esfumnte. Thus, on accies. Eitinafe P
wipwedl as 2 sl where Ty

Eputan |

socuracy of hisstmate. Cheng ang i,
compared 20 M: ‘.JL: ""J'“'“l'!irslk:.?nlr;:
(anrm of earibworks quan ey,
:mlﬂ‘:c wse of 3 iedels ke, l'l'nlilw"d-
compic ils guantitics. Cheng ang Lu"“!‘:-;- o
and Cantreras et al 120120 viewed 1he, = 13)
end-aren method uzing 20 "'““*snhb:"k'\'
e sectrate when the misrval bery . ‘\ s
soctions is less ihan Mo I pracigy, dlnm"
cromssectims el aill seguie "um‘hm
(lben nmanwal e Ilh:l emil "’-‘Iﬁln”"'h
crvore Comtreras ot 08 120120 S g the g
ol h:gh—mtnlm-m ilrgital elevanig mml.;:el

Searrmiel o) € el aoud B ol Syatenns SrgsceT g LINREN

Farties Affe

the Light detectiom and
jechnology :i"mfhr
ark guamtines, Habaloia
‘"mwtlc:1.slggf:;r;';ﬂnglq that an estimating
el -‘-ﬂ':"l“':m’id e apeick i eperation and 2asy 1:;
qyalelf et i Enprove flye specd and ease (
s In -‘t csqmatingt 6 eivil nsmuﬂnﬂ
Egrlvers ok (2002) advocated the wse «
Hagjar and AbetS B (named

moudel g ApProdc
3 simubioft BEC e civil enpneening

.Sdﬂﬁn:l:.;} I;.I:nllal‘l)- Montaser, €t ?|_ 20020
<ot Iﬂ!‘ fiow ke productiaty of a fleei ol
M.-:;:T:: equipment_ can b d*"ﬂ"“"“']_ '*“j
::Himmd n near-real nme The I"!'-:I‘;'ﬂ
raties this st of glohal positioning s>

:;’:dewlu the wirthworks equipmcnl, ""“""'ml‘l':;

C sprepclsherts 0 execinng
:::,I.:.:;..::, |T:| s argued haere that h!Jl the

« ol the exnmator and s chosen
il Jhect the accuracy of
sechnbopy fog estamaling Afect A
his espimales.

Earthworks  estrmotion
engiseenng 1 also heshailid hy difficulties in
Sesermimimg the oofpots and - opfimia flewt
composition Tor ihe on. Cpnsederable
differenpes exist. as posited by Rashidi, et al
(3014} and ¥ oand Lo 20070 Bepween the
productivities of construgtim equipment staled
by the equipment manufsciurers and the actual
values ‘aehieved on site. Nigeran indigpenous

derved fnn
(AR

imoeestl

seniisness ol
e the accuracy of earthw !
Nigeran civil engimgenng projecls. Fignre

F“W“’\m“""ﬂ Sevuraes of Famthwork Cost
Faimares g Ll Frpgincering Propecis

| Estimator-rnelaped

2 Coteucs ufumation & cquEpmcal
L[ ——
4 Maturg ol e

5 Bile fug) diayemig

g 4 ar Fanmates For Evrtliaarks I Coal Emgimeering Progecry fa -

corstructors nonnally hire equmpment for gl
EREINCETnE CONSIRCen. In most cases,
therefore, their estmmators are llpesanioned w
kmova the speed of the equipmen o ihe abilines
of thew operntons.

Habaloln and Adesanva 12008)

eiberstified other frctars alfecting the sccuracy of
estumptes 10 melude project technicahiny,
weoomee and conirac requarements. Practically,
the occarney of an emmaie will inprove with
increase in the exachiude with which these
reguirements are known the time ol
extimating. Fstimatimg socunscy s relaied o the
yuality of informmation o0 the sommct available
at the tme of estimating (4 hou, 2009 In mony
pecasions, project informatkm afc scanty &l 1l_n=
fie of estmaing Someliaes, the sae of o
proposed  sne ln
sopography and gua
e of estinaling A Projeey execuion In
practice, it 15 frequent |y observed that ihe
uwpr;inhu‘ul survey  dotn
earthwiotk quanties Were
match the stoe of the sie &l
pommencemient ol the  proge
rescarch atention hos so far been gven

terms 6l serl profile.
Mity ) changes between the

ased om which
vmpused do ol
the e of

I nalequnte
1 the
the impacts ol sl goCurTences
k vosl esrnoses M

Hiustrates fhe conceptunl mixdelof this study.

Accuracy of
Earthwurks Cost Estmate

Frgure | Conceptual Framework of the Study

Var
e 4ffeg
o et I:“_lf the aceurney of exmhworks
) i ﬂ:r\“me‘"‘m“ﬂphum- were
E::h‘k! ety b lermture reyicw. The
"""""1! Mud:: I;I;lﬂ-“!.lrl\-:lw_. ohixined
Hhever ihey were

Reseqre
tab b -"‘|l-‘|fu|n

coliapsed o ihe headimgs 1} equapement

Operator-reloted  factors. 1) rs-!umt-v-#ﬂl‘lﬁ’
factors, 1) informaton-relaied faciors md, &
project-related factors which Coaehy Rlloas the
suggrestion of Skitmare, et al (1901 Yarables
under thess beadings were ranked by nadigemous
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o4 Facters Affectimg Cosr Extipnites Far Ertincewis Iy Civit Engincerig Projects jn )
. 0 Nigerg

contractors' estimaters  South-South and
Suu__:h-Eam Migerin using the scale demonstrated
i Figure 2 below, The scale measures the impact
of each of the identified varisbles on the securaey
of cost estimates for eanhworks by the
eslimators, It ranges Between O and 10, pod
ma_k:s it easy for the respondents to indicate their
opiians up o oone place of decimal, This
uppmladl helped t0 measure the responses on 4
near-aniervil scnli.

Site datw on the sccurey of eanlwarks
ot estimales are difficalt to oblain from (he
genre of firms i this sy Poor gije record
keeping reriains & challenge i the pruject
mansgerment skills of indirenous. comrmcioe in

nggrln. 11 was found more helpfial g g
professionals iy indicate ihe percentage

the accuracy of their eanbworks m’::!l
stating the cxtent 1o which the initiaf g
was exceedod  Thos, the acouracy of g
estimsles wor caregnrised ino | lnrﬁ-awii
2) exceeded [y [ - 20% (3) exceeded b 32
0% (4) exceeded by 41— 60% (5) excedally
61 — 0% (1) excecded by 81 — %A
exceeded hy abwve 100 (Tabke 1) Usnga
ranpe of necuracios reduces the Lrge o nur
social desirability biased figures, Estmatiy o
Both an an and a seience, and an estimaterso
estmate is hoth a function of ohjecrive di o
his subjective assecaments.

LlllilIIIiIIIIilIIIiIHlLIH IHJHHLIHLHJ

Frgwe 2 Seordng wale for Impaed ol varh
vervielies o ihe accargy aF,
aervthiwined s cong expimies

Table 1: Accuracy of Estimates

Group  Accumcy of Estmale  Roio o———

usnber of
1 Initial estimate not exceadel ——Bopddens
Il estimate exceeded by E
2 1= 20%
3 21 -l 4
4 al-aon 33
5 6l -%0% F
i} Bl — ity 5
7 abuve 1002 Ej
Tenal 78
T ——

Cinsiraction ¢t estimuting 15 nol restriceed 10
Ay one profession in the indusiny: As o nesul, the
questiarmaite instrument for the stedy was
puapsavely yven b pers el of ssuh contractor
that s respansible for cost extimaling. Far this

study, it was thought -

aurvey fo firms |hurhu1m‘:;g$ r":’mfin"m the

ennEting prujrcis |C|'|'Dh'i.n~a Enn;:r.”“I

previously. A panel datn having 1he n.muutks

indigenoas confractors of dis king ““n of
Ny

Hevvservir] oof Covad cond Ensvanessental $ysenis Enpirrenng - UNIREN
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crs. /s a result, the study
found bY 5 L?::n;:d.dg”.,.md or sent through
dﬂﬁ”‘:'“mi:,'digumus comtrclors’ _gmmalmc:;
m‘rhs’lt?mh and South-East Nigend. t-:'rthF If.hr
Soath- saires sent oul, 78 questionnaires hi he
question re returned. Dt abtained for th
{hie analyses W Cronbach’s

ﬁ:riﬂiﬂhﬂi'y us]_ns &
study were sted L0 fidence interval which

Awﬂgmisfltﬂ 0, Henee the data was
showed a=0-91! e

: A eful for the analyses.
Mu@ﬂin!mh]:andus o i identily i

sample t-1esl wis us !
$m¢ \-f::nhres with significantly negatve

inean differences from the damm set. Thus,
variables with means that are significantly lowee
iian & were adjudped as having incoisequential
sffects on the accwrscy of carthwork  cost
eqtimates, Eleven (113 such variables were
identified and eliminated foom further analyses.
Factor annlysis was carmad oul to reduce the
demensimality of the vanables and identify the
major factors that affect the sccuracy of the
eshmabes. Kaiser-Meyer- Ok (K MO) measure
of ‘smnpling sdequacy and Banlen's wst of
samaling spherivity yielded acceptable vulues:
g&f“?d,;-[:- 4245.527 ydf = 15986, p < 0.000).
e and Liu (1997) and Field {2005) posited
s is 05 epLowable value for the KMO
L6, while Bortletts 1est of SPhI:nL:i!_','
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should be significant ot 005 (p " 005 for o good

fit Factor analysis. Using the vanmag rotation in

Stanisticol Package for Social Scrences (3PSS)
version 20, the factors realised through this
process were suved for use in further anabvsis.
Based on the saved faciors, an analyss of
variance (ANOWVA) was carmied out to test for
differences in each of the earlier identified
factors for the seven {7) estimate accuracy

proupsin Table &

Results
The result of the factor analysis is shown in Table

1. Based on the obtained scree plot (Figure 3,
S_faetor solution was determined for the
analysis, The 5 fectors cumulsively explam
£4.05% of the vanance in the variable set
shown in Toble 3. Each of the factors was namex
following the main variables from which 1 wa
derived. Factor | was named “contrac
requirements and equipment” on zecount of th
high loadings of projoct cquipment an
infonmation varsbles under the factor. Simla
reasons were adopted in naming the rest of 1h
factors: factor 2 (esimator-related), fpcior
(microeconomic), factor 4 (site nature) an
factor 5 {site-level management).
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Dhiscussian of Findings

Factor 1: Contract Requirements amd
Fequipment
Cotistrulion conimschs are. e eraben i
Fach propect comes witll s dun pecslanlies
Firbrgs from thes stualy shows hat the
sttt comssder the (vpe ol prscanement
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e accuravy of therr eviimates with level of
i gt o operanaes G08TEL L apacty o
dump truchs 1) 8924, capas it of eguiprient i
excat it doders. et L1 893 amd ape s of
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J0877) Dhis result matches eather finsdnge b
Hahabioka and Addesaiva i R85 w bt studiesd 1he
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Conclusions
In view of the challenging nature of eanbwork
costsestimating in civil engineering projects. this
stuehy examined the factors affecting socurney of
the estimates among mdipenous contracios in
Migenia. Fove such factors were identified using
the factor analvses dath reduction rechnigue.
They are: conimct Iﬂplinm:l:nls and equipment,
estimator related faciors, mscroeconomic fecior,
nature of site. and site-level manspenient. 11 was
further revealed thar the estimators” perception of
mmpacts of nawre of site and site level
management on the securney of earthwork cost
estimale is similar, imespective of the estimatar’s
differing levels of estimaling accuracy.
Consequently, there is no stgnificant difference in
the effects of natre of s and site level
management on level of accumey cost estimates
for earibworks i ocivil engimeering privecis,
whereas, for the other fnetors, there is
Oine major impheation of this swdy 35
thai faciors affecting securacy of constrctin
coat estimiates differ for different cost items. Mosi
previous studies tesded 10 1ake wholisne vigws of
eonstruction cost estimates, which impaired their
spplicabilily, Futuee smidies om sceurscy of
consiruction cosl estimpes should, rather than
focus on all construction cosis 8t once,
specifically focus on individual cost ek,
Estimators of civil engineening earthwork costz
in Migena should give attention 1o the all the
faclors dentified in this sudy nseead of
considering only a nammawer st of foctors during
estimating, It will further benefit the rescarch
community o repeat this fype of study usng o
eqse smudyethnographic approach rather than o
questionmaire survey [ arder 1o further validate
the findings of this study erimpreve on them
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