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Abstract . - ite is an important aspect of lean .
The: psatigentt of daily eboar proceiel vmaltjlih:y (:ll:xcsitr:; variabilitl; gives better labour pe(:'fotr“cnon
management thinking. The lean technique suggests that r¢ and variability in Isbour progy 0%
Therefore this paper examines the relationship between perf.'ormance buildings in Abuja e cliyi "
of block work activity from sixty one construction sites for single storeyTh o lg method of po polis, The o
M A A pmject§ ?sithm thi::rl\(figdat{;: .all b?ock v);ork activities ﬁ:":);;) ltile:tsl: HT“
in this research. A total of 1127 data points were o ‘

:?t:stegl:: an:lysis of the performance index (Project Wast‘e jndex -PWI) re.vealed tltxzt some the projects St
were poorly managed because the projects had low productivity rating. While few other prioj ects Perfonneq el
The PWI values computed for the project studied ranged from 0.117 to 0.808. The va ues‘for coefficiey;
variation in labour productivity range from 0.108 to 0.443. These values and Fhe performance m.dexes calculaeg
for all projects were tested for correlation analysis. The coefficient of correlation for the two V_a'nal?les was foug
to be 0.630**, which is significant at 0.01 confidence level. The result showed that the variability i

n daily laboy
productivity is more highly correlated to project performance which means that reducing variability in |ahoy
productivity appears to have a significant effect on performance. Also the performance gap value for block work
was found to be 0.374 man hrs/m?.

It was recommended that the site managers should determine to get more
output with a reduction in labour input.

Keywords: Variability, Labour, Management, Performance, Productivity, Input, Output.
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percentage of planned tasks (PPC) jg

the extent to which a larger PPC imp

;giizuric; ‘lotshow changes in plam:ling reliability. However, they argued
showing that productivity performance p S projec j performance. According to them, there is limited evidence
e oetow 50%. This st oo 1or crews with a PPC above 50% is 35% better than that of crews with a
001) bl e fci applicati:: ;l:lrs. Izldso while these techniques have proven useful, El Mashaleh et q/.
O ahment to firmare ancormplish st © methodology that could relate the activity and project level
Abdel — Razek et al. (2007) suggeste

variability and measuring benchmarking, Howe ‘ .

homogenous projects (Thomas and Zavrski 1999"_82 t:\(ile ;lle previous
Zavrski (19992) and (1999b) developed the framework
selected construction activities,

The appl;;a:z?nOf ﬂ1e§e benchmarks can lead to evaluating the labour productivity and identifying the best and
T:x: 5); gocons u%u Etri?:‘:lt:t.;oTul;emf—?rc’ from ?hese‘ serjes of inferences it could be said that the exploration of
;, egcmking and reducing va‘;; b")llimal'lce in Nx’ge‘:r.xa by applying some lean construction principles, namely

hodcEinks collestion: o ity is a poss1b111ty.. Therefore this paper covers review of related works,
::3 sy » determination of research variables, analysis of data and discussion, research findings

studies on benchmarking were done on non
Razgk et al., 2007; Enshassi et al., 2007). Thomas and
for international labour productivity benchmarks of

2. RESEARCH METHODS
2.1 Collection of Data

The data collection for on-site productivity stud
involved the engagement of ten research assis
observations in terms of input and output,

y was conducted on blockwork activity. The research procedures
tants, who were trained on how to observe the workmen and record

ser ot Da.ta collection covers concreting work in 61 live projects from
building contractors within the study area (Abuja). Daily visit method of observation of labour productivity was

adoptcd' throughout the study. This involved personal observation of labour activities on the selected work on
live projects. The strategy here was to visit the site daily and interact with the foreman and workers in order to
record the dates, number of workers, starting time, closing time and measurement of length/breadth of work done
(quantities) of each worker. Entries were made on research instrument collection sheet designed for this purpose.
The figures collected were analysed using lean benchmarking approach of calculating performance using
Thomas et al (1990) mathematical model.

2.2 Determination of Research Variables

Thomas and Zavrski (1999a), 1999b) expressed the projects attributes in the following forms.

Total work hours = z Daily work hours (1.1)

Total quantities = E Daily quantities (1.2)
L. Total work done (whr) an

Cumulative Productivity = Total quantity (m2) )

- . s e is 1 : am rformance a contractor can get from a
Definiti f B Productivity: This is defined as the par ount performan .
B 'Cul:rn H?Odela:ilglces : r Ty comt;'ute the baseline productivity values certain laid fiown steps were app}xed to
the daily productivity ﬁg es for each project (Abel Hamid ef al., 2004 and Enshassi et al., 2007).Establish the

. o rorkdays studied.
figures for workdays that consist.10% of the ‘;bove s};lould be rounded off to the next highest odd number which

ished in one . ) . . .
1. The numbe; eftabltlzilz (5) five. This number, n, explains the size of the bésclme dxylsmn. _
, 'srht:mld ntot t:O?th ¢ baseline division are the n workdays that have the highest daily production or
. e conten
output. :on of th k hours and quantities for these n workdays
. ummation of the wor o
| 3 F_g]le x:)ext iitflp - todzzgl‘z‘:;e::; snow ;el expressed as the ratio of work hours and the quantities
: e baseline pro

ined in the baseline division. o N
Project Mana;:rri::::eii(;zx (;MJ) or Project Waste lgdgx (PV\LISZ ;czszgﬁlg “t:: Abdel-Hami
et al. (2004); Thomas and Zavrski, (19992); 1999b) it 1s expr

Cumula Fendalh (1.4)
. = ———————— B line Produc
S il P Ex};:fg\t/?guga:mdics as a useful tool to measure performance

tive Productivity-Baseline Productivity

Project Waste Index (PWI) has been identified in
Thomas and Zavrski 1998, 1999)-
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v 3 = eline P
| Coefficient of productivity variatior (cPy (Bas‘:\lternatjvely it can be computed as a ryy; of

projecty the

o iation for
Where CPV; = coefficient of productivity var jation

standard deviation to the mean. que

Techlli : bu
2.3 Population of the Study and Sampling handling
s 4 drawn from conﬁgctors Cities <uch

ilding projects in the study g,
as mass housing projects of p,

€
. n
meet the objectives of the SludgaloW

The population of the study was tion ac
builders were involved in different types of ‘zj"l}sg::wctures. In order to buildings for the Y, th
category, storey building housing projects R tructing single storeY jon si PutPose

Eo s from contractors constru (61) construction sites, random)] dra !

ixty one
ot data from SiX ;
lle7 data points were obtaine

observed that most of th

research samples were drawn
homogeneity. The research team was able to co
from the available list of builders. A total of 112
these sites. At the time of data gathering, it was
various levels of completion.

2.3 Data Analysis and Evaluation
2. Inferential Statistics Normality tes

d for all block work activitje frWn
e firms were executing projectso
at

: :stical tools: 1. Descriptive Statie:
ing the follow1ng statistica . 2t
wta§ cr?dl::ctl}l::rt;:ﬁlgln I%Iodcl by Thomas éf al (1990; 1991)

3. ANALYSIS AND DISCUSSION OF RESULTS Layin
3.1 Normality Test for Productivity Data for Block Laying be slightly ©ormally distributed. The oy

ivi found to i SHELD
uctivity data was for the study is shown in Figure 1. A sample

The test for normality of labour prod lock Lasifi e d
probability plot of labour productivity data for b 0‘; dcql).,latg but a data set of 1127 was used for the study. The

i size of 518 was earlier tested and computed to be found to be 1I9 whe /o2
] i curacy. The mean of the sample was foun 19 whr /m’ g4
i purpose for large data set gathering was for ac ys e wund that e meant o e ot Hishier e

i rmin .09 whr /m’. It wa - .
the median was dete! ed to be 1.09 whr/m is not symnl etrical. An observation of the line of fit sraph

median. This indicates that the frequency distribution 1 ¢ : i
in Figure 4.2 does not show any clear fit to the normal distribution. It is a skewed distribution. The analysis

I further indicates that the distribution is positively skewed having a skewness value of 0.425 and standard

deviation of 0.419.

,E The distribution of the sampled variable was insignificantly pormal in distribution (Figure 1), while the measure

of variability was determined from the normal probability statistics computed. The range was found to be 2.214

which is the difference between the highest and the lowest scores in the distribution. The coefficient of variation

for all the projects investigated for block work, which is the measure of the standard deviation and the mean, was

calculated as 35.21%.

I The labour productivity values gotten were used to compute the cumulative productivity. The cumulative

‘ productivity is a measure of the overall effort required to accomplish a task. It is a major component in assessing

il crew performance from project management index perspective. Statistical analysis of data showed that the mean

I and standard deviation of cumulative productivity were found to be 1.10 whr / m? and of 0.207 respectively

! ;._2 ) Iﬁzriab:'gty in Daily Labour Productivity for Block Work Activities . ° .

| 1gur (o : .

| « e o levls of capociy Benibly, I vascomputed o g aciity for project 33 which provids
from input (the number of man hous) fo output ( tge z g az:i:iach of the projects §xam1:ned. It was detgrmined

variability in labour productivity for all studied project aue hes produced) relationship. The coefficients of

shown in appendix 1. The computed values of

‘ coefficient of variation for block work trade ran ;
i deviation divided by the mean of the estimate. g from 0.108 its 0.443. This is the product of the sande

" daily labour productivity, baseline days and a
t ’l;;ncl;;na;’(k}ng procedures as described Previously in equations | 1
‘ e block laying task monitored | ; ns l.l1to 1.5,
red for project 33 wag done for nineteen days. The total ; Joyed t0
work men with j to : et 0
i e : tal work hours + indicates
a . of 1008hrs. This 1ndic&’
;laroductwmgs rgnggdlﬁom 0.427 1o 2.00whr/m? Tchleve approximately 6.992m? of block k. The daily
-144whr/m” This indicates that labour i iyl he block laying work ock work. 1€ %
Days“ 2, 5,10, 11 and 14 were identified gs bWas_l . as a cumulative prOducnwt)"
| considered tzo define the baseline syps Rseline d
f’ ‘ 0.427whr/m2) represents the baseline productivi
| 0.485whr/m". The block laying task for thi Clivity or benchmark
{ The project waste index which provid

site worker to

worst project waste index (pwi) of alels

|
| rf
[ performance to a baseline Criterion

8 measure of laboyr perfo

]Pt::Jec_ts investigateq Ti,: ™mance was found to be 0.808 which i the
higher  the pWi f S 1ndex facilitates the comparison of o

1
gure the poorer the labour performﬂﬂce'
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— a}ti'()n of‘Figure 2 showed some level o
productivity which was found to be 42.10% coe
for improvement. The closer the values of daj]

ﬂ{gﬂp betwetien-daily labour productivities and the baseline
lxcnent of vanapon. This level of variation shows ample room
Iabour performance, this is evidenced wity ro'y ﬂbOl_Jr productivity to the baseline productivity the better the
computed o be 0.688whr/m?. project 49 in Figure 3. The baseline productivity for the project was
Also it was observed that the pa ;
 oefficient of variation of 10,3 é E/h?e}:ween the daily productivities and the baseline productivity provided a
lean thecey of niproving pe rf:ormancecbyp::::c'ed. a bgtte‘r labour performance (pwi) of 0.117. This supports the
1.3 Performance Improvement Gap cing variability in labour productivity.

The normal distribution graph in Figure 4 defines the

baseline productivity and present mean
TP = EMP - PMP

The larger the dispgrity between PMP and EMP the bigger the value oA

group of variables that mainly influen indi i i
e e ce the performance indicator. Therefore reducing this performance gap

e o o0 Llmprovement in performance, profit and productivity for builders and contractors.
ngoﬁst?:?rggf‘:a?ﬁ;w is achieved by measuring the variations in daily labour productivity rates over the
perioc projects. S assessment has been carried out in this research work. Considering the results of
individual projects for all 61 sites (Table 1) for all the selected site activities i i i
he:anxlysis demonsiratsd varions d Al tue select vities _m_vmtxgated, it was observed that

‘abili ous degrees of variability in daily labour productivity.

The mean‘van ty fOF the site activity under review namely block laying was found to be 35.21%. This result
competes favourably with that of previous study which was discovered to be 34%, block laying. Although the
result for concrete exhibited large disparity in variability compared to block laying activity from the previous
research, it was .Judged that th_e data range used for concrete activity was too wide. Which is the difference
between the minimum and maximum values of data. This to a large extent affected the level of variability.
The level of Vvariations in daily productivities of all site activities examined showed ample rooms for labour
performance improvement. This means that the extent of gaps between the daily productivities and the baseline
productivity were dependent on the level of the coefficient of variability. It was also found out that the closer the
values of daily labour productivity to the baseline productivity the better the labour performance this is
evidenced with some of the projects that performed well which have low pwi values. This implies that reducing
variability improves labour performance. This supports the lean theory of improving performance by reducing
variability in labour productivity. The following important observations are hence note worthy.

(1) Correlation result shows that there are strong associations between dependent variables project waste index
(performance) and coefficient of variability for labour productivity which is the independent variables. The
analysis yielded R value of 0.630**; Therefore, the ix.ld.epc?ndcnt' variable is thus found to be significant
predictor of performance of site labour crew for the activity investigated. S

(2) It was found that 42.10% variation in crew performance in block laying is accounted for by variability in

labour productivity.
(3) Labour productivity gap which w
present mean productivity for block

as measured by the differential in expscted mean productivity and the
activity was found to 0.374 man hrs/m".

. MMENDATIONS o .
;1! hiogffgifgglzrﬂ tﬁcrgemh work that variability exist in daily labour productivity of cement based

: i i ith the findings of previous researchers. This

s e N e h a magnitude that 15 con51'ste1-1t. wi nding; _
“:”zl;sizsessnttie l;(liqlieen:;fzcstzcof 1abogl::l productivity variability on the job site performance. Using labour
tveshiga K layi various parameters of output and input variability were tested agamst
productivity data from block ‘ayIng, led sites activity namely block laying, was slightly

Sonetcogtion, pesfirmapes. . 9 g;thered ﬁ\z:rletz‘:e:;?[:han zero but less than one. This showed the level of :
skewed positively. All values of skewness

reliability of data used in the analysis.
The correlation between labour prod

selected site activities therefore it is sugges

svity varia A .
emphasis should be placed on labQUIi gr‘l’ﬁ‘;:::;gﬁ:l,ﬁy were compared with the project performance (PW1) it
variability. The values of variability in 1200

un ivi iabili e performance. Also the
w ductivity variability the poorer th Als |
as ‘ lues of 1200 P\r:‘ w mpared with the mean labour productivities. \
: aself;(:‘e ;'ggt:tt;wa%}el: ::;gml:)e:tct:}clf f:)l: all selected activiies ere comp etd lThis is an indicatiol:x of opportunity

u .
It was discovered that performance gap

, {nhily sigi all
. formance was discovered to be highly significant for
ety agdthr:rin measuring the impacts of variability on performance,
te bility instead of work flow or construction output

exists for the activity investiga
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_Table 1 Computation of Research Varjgpeq ISt
Project code C(W\
S/N b thcient  of ¢ .
number Variation Qty OemFlent of  Average dai Cumulative
e - ariation Lp ge daily
1 Project | 0.729 output m* Productivity Baseline Project waste
Project 2 0.344 whr/m? Productivity inde
3 rojec 0.709 - 129 1036 0.805
4 Project 4 0.903 8.354 Hy .0-235 0.693 0.571 8'3123
5 Project 5 0.461 375 89.625 intt i 0.288
6 Project 6 0.616 0.381 5925 1.031 0.671 0.441
7 Project 7 0.544 0.299 60.572 1.125 0.764 0.442
g Project 8 0.267 0.342 84 1.458 0.936 0.640
j 250
9 Project 9 0.425 0.304 61.200 e el 0.540
10 Project 10 0.477 0.246 25316 i 0,895 0.683
" Project 11 0 0.328 1.347 0.940 0.500
J 842 03 99.600 1.217
12 Project 12 0.472 s 66.067 116 o 0.462
13 Project 13 0.576 0.204 85.053 i i 0.454
14 Project 14 0.363 0.242 91.300 e gl 0.349
is  Projectls 0223 0254 59.706 it e 0520
16 Project 16 0.845 hioil 55.842 pid e 0.323
Project 17 : 0.371 6 1.205 0.795 0.502
17 jec 0.451 02 4.857 1.067 0.750
18 Project 18 248 42.900 : 0.388
i 0.755 1.063
Proj 0.436 4 0.727 0413
19 roject 19 0.876 e 1417 0.999 0.728 0.332
% Project 20 097 P 70.167 1.023 0.691 0.408
21 Project 21 0.033 0.123 70412 1.276 1.046 0.282
2 Project 22 059 . 76.850 1.005 0.863 0.174
23 Project 23 0.354 : 66.692 1.588 1323 0.325
! 0.259 79.214 y
24 Project 24 0.482 0.442 ' LEE 1,409 0.252
25 Project 25 0315 0248 S350 1.055 0.775 0.343
% Pt ol ot 8.650 1.010 0.806 0.250
% Protect DR 75.167 1.142 0.855 0.352
j 0.418 0.149 66.421
29 Project 29 : 1.566 1.352 0263
rojec 0.576 0.431 80.550 1.011
- P oion P : . 0.652 0.439
j 421 0.137 81.400 0.597
j : . 0.491 0.130
31 Project 31 0377 0.139 48.579 1.049 0.892
j : i ! 0.192
32 Project 32 0.303 0.112 81.895 0.999 0.884 0.141
33 Project 33 0.684 0.421 46.421 1.144 0.485 0.808
34 Project 34 0.397 0.229 42350 1152 0.846 0.376
35 Project 35 0.300 0.158 70.737 1.108 0.925 0.224
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