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Abstract

This paper examined the analysis of labour prodifigtdata of block work activity from sixty one cstnuction
sites. The construction work composed of ongoingle story buildings in the study area Abuja mptigs.
Data used for the study were obtained using dadyhod of data collection which has the advantageafiiure
both quantity and time inputs. A total of 1127 ebstions were made for the blockwork activity. frthese
data, the study variables (cumulative productivligseline productivity, coefficient of variation daproject
waste index which is the performance) were computé&tle result showed that the coefficient of catieh
between coefficient of labour productivity variatyiland performance index was formed to be 0.630Hich is
significant at 0.01 confidence level. The coeféfiti of determination (R) was calculated to be 0.4¢his
showed that 44% variation in crew performance oanted for by variability in labour productivitylt was
recommended that construction project managerddiheduce variability by adjusting labour inputs site.
Key Words; Variability, Labour, Workflow, Performance, Prodivitly, Blockwork.

1.0 INTRODUCTION

Productivity is an index that measures output (goaad services) relative to the input (capitalplabmaterial,
energy, and their resources) used to produce tla&ori{Kuragu et al., 2010). Labour productivity has been
identified as an index for measuring efficiency dgse labour is acknowledged as the most imporéatoif of
production since it is one of the major factord treates value and sets the general level of gty (Ameh
and Odusami, 2002). Enshasst,al., 2007, identified labour productivity as the kegtfa contributing to the
inability of many indigenous construction contrastdo achieve their project goals which include tmos
importantly, the profit margin amongst others. Tleeyggested the need to investigate and understeniety
variables of labour productivity and to keep actaracords of productivity levels across projects.

1.1 Reduce Variability in Labour Productivity

Thomaset al. (2002) stated that different strategies for mamggionstruction variability emerge from lean
thinking. Some focus on reducing work flow vari@tgilwith the intention of improving project perfoemce by
increasing throughput, while others employ thetstra of capacity management that is, using fleiibiin
responding to variability which has the capacityniprove operation by permitting rapid changeseeded.

Thomas and Zavrski (1999b) concluded in their st the variability in daily labour productivifg highly
correlated to project performance. They also stated variability in productivity appears to be aod
determinant of good and poorly performing projddius the goal of lean construction as stated bymasoand
Zavrski should be to improve performance by redyaiariability in labour productivity. This variafiif in the
daily labour productivity should be computed usihg developed mathematical equations by Thomas and
Zavrski 1999a presented in note 1.

1.2 Variability in Construction

All construction works experienced variability drangeability at varying degrees. It is common eteea well
managed construction project. It is universallyidedd by researchers as an inhibitor of performance
“Variability can induce fluctuating and unexpectedndition making objectives unstable and obscutimg
means to achieve them” (Thometsal, 2002).
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Variability in the management of construction wadn be caused due to ineffective site supervisimhaher
factors affecting site productivity (Abdel Razek al., 2007). It is also believed that the nature of ajqut,
shortcoming of management to predict and establifgttive defensive actions could induce variougrees of
variability on a construction project.

Managing changeability on a construction project sgnificant aspect of lean production managenimmas
et al. (2002) believed in flexible capacity managementdasol to manage variability because of its esaknt
capability and receptiveness under varying situatio

Productive variability in construction project isjorly of two types, namely work flow variabilitynd labour
productivity variability. Both are seen by reseanchas impeding system performance Horman and iK&191@8
asserted that the ability to reduce cycle time liy application of capacity management will imprdiaav
reliability eliminate waste and simplify operatiomgich is the flexible approach to labour and tEse
management. In their research work of reducingatéity in concrete activity labour productivity improve
labour performance, Idiaket al., 2013, measured the effects of variability on penfance to be 37% which
confirmed the outcomes of previous works. Theretbig paper is aimed at determining the relatigmsiisting
between labour performance and variability in bleokk workflow and labour productivity.

2.0 RESEARCH METHODS

2.1 Collection of Data

The data collection for on-site productivity studsas conducted on blockwork activity, using ten rteai
research assistants, who were instructed on hosbserve the workmen and record observations insterin
input and output . Data collection covers conceetiork in 61 live projects from building contractowithin the
study area (Abuja). Daily visit method of obsergatof labour productivity was adopted. This invalygersonal
observation of labour activities on the selectedkwan live projects. The strategy here was to st site daily
and interact with the foreman and workers in otderecord the dates, number of workers, startimg ticlosing
time and measurement of length/breadth of work d@nentities) of each worker. Entries were made on
research instrument collection sheet designedhisrgurpose. The figures collected were analyséayusan
benchmarking approach of calculating performanéegushomaset al (1990) mathematical model.

2.2 Research Technique

The population of the study was drawn from contiecthandling building projects in the study arehe T
builders were involved in different types of comstion activities such as mass housing projectsunigalow
category, storey building housing projects andaistiructures. In order to meet the objectives ofstiely, the
research samples were drawn from contractors eatstg single storey buildings for the purpose of
homogeneity. The research team was able to calbget from sixty one (61) construction sites, raniyognawn
from the available list of builders. A total of I12ata points were obtained for all block work éti#s from
these sites. At the time of data gathering, it alaserved that the firms were at various levelsoofigletion.

Data Analysis and Evaluationwas conducted using the following statistical tpdlsDescriptive Statistics 2.
Inferential Statistics (i) Box and Whisker analy§iy Regression analysis 3. Mathematical ModelTimpmaset
al (1990 and 1991)

3.0 PRESENTATION AND DISCUSSION OF RESULTS

3.1 Project Waste Index (PWI)

The PWI is a dimensionless number that is normdla®sout the expected baseline productivity. The PWI
figures for the sixty one projects sampled are shiowthe Table 1. This is presented in cumulatiggrithution
form as shown in Figure 2. The median PWI valughisut 0.332The distribution of PWI figures gives a
reliable way to differentiate good and poorly masthgrojects (Thomaet al.,2002). Projects with low PWI
values are good performing projects while projedth high PWI values had performed poorly.
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3.2 The Relationship between Coefficient of Variality and Performance (PWI)

The normality test for labour productivity data waand to be slightly normally distributed as shomrfFigure

1. The distribution was slightly skewed with a skess value of 0.425 and standard deviation of 0.419
Statistical tests were further conducted to astera measure the effect of construction output &imbur
productivity variability on performance for blockyling.

3.2.1 Construction workflow Output

The values of coefficient of variation for constioa output are shown in Table 1. These values thatl of
performance (PWI) were tested for any significalationship. The correlation between the two vdeslwas
computed as 0.278 which was highly significant.@tlconfidence level. The implication of this arsdywith a
coefficient of variation of 0.278 is that the vdailgty in daily construction output has a weak owlcorrelation
relationship with the project performance. Therefthe correlation coefficient obtained from thisalgsis
confirms the earlier study that daily constructiontput and performance have minimal relationship.
Furthermore, it appears from the test result thdticing variability in production output in order improve
performance has an insignificant or no effect oriqggeance.

3.2.2 Labour Productivity (Input)

The figures calculated for coefficient of variatifor labour productivity are shown in Table 1. TWedues for
coefficient of variation in labour productivity rga from 0.108 to 0.443. These values and the padoce
indexes calculated for all projects were testeccforelation analysis. The coefficient of corredatifor the two
variables was found to b@630**, which is significant at 0.01 confidence level.eTimplication of this test
result is that the variability in daily labour praativity is more highly correlated to project parfance than
construction output earlier determined. Furthermte result of the analysis shows that reducirrgaladity in
labour productivity appears to have a critical efffen performance.

Linear analysis of the two variables showed a ddiefit of determination of 0.40, which means thage4
variation in crew performance is accounted for byiability in labour productivity. The linear eqiat is

Pwi = 0.08424 + 0.9732x (1.2)
The equation has a model probability value (P-Jetu@.001

From the linear model shown in Figure 3 the gragd dn intercept of 0.08424 and for every incredsm®e unit

of variability in labour productivity there is andrease of abou.9732in performance. Further analysis was
carried out to ascertain the best predictive cditvéor the model and it was found out that the et order
polynomial gave an improved coefficient of deteration R? of 0.44with an equation model

Pwi = -0.1267 + 2.803x - 3.404x (1.2)
The equation has a model probability value (P-Jetu@.001

From the equation model in Figure 4, the interaapty axis is-0.1267and for every increase of one unit of
variability in labour productivity there is an imase of abou?.803in performance. However it was observed
that for every unit increase in variability in labigoroductivity raised to the power of two, theseaidecrease of
about -3.404 in performance. The model revealed that most efdhta points fell within the 95%
prediction interval point.

3.2.3 Multiple variables effect of work flow and ldour productivity
The independent variables (work flow and labourdpiadivity) were entered against the dependent blrito

determine the effect of the two variables on penfamce. The coefficient of determinatid®?) was calculated to
be0.401,which was significant at 0.001 with an equation elaaf,

Pwi = 0.99 — 0.64covquant + 1.034covlp (1.3)
Where: covquant = Coefficient of Variability for mstruction output

Covlp = Coefficient of Variability for labour prodtivity
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The observation here is that the value of the @mefft of determination obtained from the multipégression is
the same with that of linear regression analysiglaoted earlier for the two variables. The impimatof this is
that either of the two equation models could beduse predict the behaviour of crew performance. But
polynomial best curve fit analysis conducted showadtgher relationship with a coefficient of det@ration of
0.44.The multiple regression analysis was found to hel@wer significant effect on performance compared
the single variable, polynomial best curve fit gsé&d, of labour productivity variability thus simgpolynomial
variable effect is proposed for the assessmenability effect on performance.

3.3 Variation in Average Daily Quantities for All Projects

Figure 5 shows the average daily output for eaofept investigated. It reveals the different levalvariability
in cumulative daily construction output for all theojects examined, which is another source ofalmlity in
project management. Projects 36 and 60 have ttesigind lowest average daily quantities of 1%8nd 18
respectively.

The level of variability shown in the above graptaimeasure of work flow variability which is measiin this
study by daily construction output. Variations ionstruction output provide a measure of levels ofkwflow
variability. From the analysis the following impant observation are hence noteworthy.

(1) Correlation between project waste index (penomce) and coefficient of variability for constrioct
output for the tested building activity; block work0.278%;

(2) Correlation between project waste index (@antince) and coefficient of variability for labqunoductivity
for the tested trade; block work = 0.630*; Themefothe independent variable is thus found to be
significant
predictor of performance of site labour crew fag tHock work activity investigated.
(3) The coefficient of determination computed fdodk work activity showed that the effect of vaiildip in
labour productivity on performance is 44% whichitis level of variation in crew performance for cagte
work accounted for by variability in labour prodivity.

4.0 CONCLUSION

It has been discovered in this research work thabkility exist in daily labour productivity of cgent based
works on site in Nigeria to such a magnitude tsatdnsistent with that of other developing coustri€his
research work investigated the effects of workflaawiability and labour productivity variability otfie job site
performance. Using labour productivity data frorodi laying on multiple projects, two parametersoafput
and input variability were tested against constamctperformance. The labour workflow productivitytd
analyzed were found to be slightly skewed. The ealfiskewness was greater than zero but less tanTdis
showed the level of reliability of data used in gmalysis.

The correlation relationship between work flow adility and performance was found to be low fordilo
laying. Similarly, the correlation between labouoguctivity and performance was discovered to lghllyi

significant for all selected site activities. Thiare, it is suggested that, in measuring the inpattvariability

on performance, emphasis should be placed on lapoadluctivity variability instead of work flow or
construction output variability. The values of \adnility in labour productivity were compared withet project

performance (PWI) it was found out that the higther values of labour productivity variability theqrer the

performance. Also the baseline productivities coragdor all selected activities were compared wlith mean
labour productivities.

It was discovered that performance gap exist fockhork activity. This is an indication of opporttynfor
performance improvement in labour utilization ftvetsite activity investigated. The effect of vaiiip on
jobsite performance was determined using regresaiaiysis. The level of effect was establishedttier block
laying activity to be 44%. This suggests that rédgicvariability will bring about improvement in labr
performance.

5.0 RECOMMENDATIONS

1 The correlation relationship between work flowiahility and performance was found to be low féwdi
laying therefore it is recommended that in meaguthe impacts of variability on performance, emjhas
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should be placed on labour productivity variabiiitgtead of work flow or construction output vaildip
and that labour productivity variability be usedteasure the impacts of variability on performance.

2 The variations in crew performance in all ati@s investigated were found to be as a resulaagtions in
labour productivity therefore it is suggested thetere there is growth and the output increasderféisan
input; the increase in input should be fairly prafmmately less than the increase in output througthhe
period of operation.

3 Multiple variables effect of work flow and laboproductivity variability on labour performance wasind
to have no significant effect on performance coragao the single variable effect of labour produitti
variability thus single variable effect is propogedthe assessment of variability effect on perfance.
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Note 1

Determination of Research Variables
Thomas and Zavrski (1999a), 1999b) expressed thjeqis attributes in the following forms.

Total work hours = E Deily work hours id.1)

Total quantities = z Daily quentilics 1.2
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i Prod Total work done (wk) 12
Cumunlative ucHvilty = .
v Total quantity {fmi} (3)

Baseline Productivity: This is defined as the paramount performance d@racor can get from a particular
model or design. To compute the baseline produgtialues certain laid down steps were appliecheodaily
productivity figures for each project (Abel Hamgtlal.,2004 and Enshasst al.,2007).

1. Establish the figures for workdays that consist 1df%the workdays studied.

2. The number established in one above should be eslioff to the next highest odd humber which
should not be less than (5) five. This number xplains the size of the baseline division.

3. The contents of the baseline division are the nkdays that have the highest daily production or
output.

4, The next step is to compute the summation of thek\wours and quantities for these n workdays

5. The baseline productivity can now be expressedhasratio of work hours and the quantities

contained in the baseline division.
Project Management index (PMI) or Project Wastein@PWI) According to Abdel-Hamid
et al. (2004); Thomas and Zavrski, (1999a), 1999b) éxigressed as follows:

Cumnlative Producttvity-Baseline Productivity

Project Waste Index (PFFI)= 1.4
e e fndex (PFD) Expected Baseline Productivily (1.4

Project Waste Index (PWI) has been identified evjus studies as a useful tool to measure perfucena

(Thomas and Zavrski 1998, 1999).
P[f'_, ® 100

{ Baseline Productivi!}ll}
Where CPY= coefficient of productivity variation for projgcAlternatively it can be computed as a ratio @ th
standard deviation to the mean.

Cocfficient of producivily variation (CPV) ;= {13
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Figure 1 Normal DistributiorCurve of Labour Productivity Data for Block work Ac tivity
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Appendix 3 Computation of Research Variables

Project Coeffineniof Coefficieni  Average Cumulative Baseline  Project

S code Variation ofVariaton dailyowpun Produchvity Produch wazte
number Qiy LFP m’ whe/m® vity index

1 Project 1 0.719 0.344 B8.188 L.056 0.805 0.308
2 Project 2 0.434 0.342 129.TaE 0.623 0.571 0.149
3 Project 3 0.709 0.354 £1.053 0.954 0.719 0.288
4 Project 4 0.903 0375 89.625 1.031 0.671 0.441
£ Project & 0.4a1 0.381 £0.197 1125 0.T64 0.442
[ Project & 0.616 0.299 60,572 1.458 0.936 0.640
T Project 7 0.544 0.342 84.250 1.243 0.802 0.540
8 Project § 0.2a7 0.304 61.200 1.452 0.8%% 0.683
9 Project 2 0.425 0.246 25316 1.347 0.240 0.500
10 Project 10 0.477 0.328 929,500 1.217 0.840 0.452
11 Project 11 0.842 0.323 66,067 1.165 0.724 0.454
12 Project 12 0.472 0.204 BE.0E3 1.084 0.729 0.349
13 Project 13 0.576 0.242 21300 1.066 0.723 0.420
14 Project 14 0.383 0.254 £0.706 1.181 0.91% 0.323
1= Project 15 0.213 0.311 £E. 847 1205 0.795 0.502
la Project 16 0.845 0.371 64857 1.067 0.750 0.388
17 Project 17 0.451 0.248 41,200 1.063 0.727 0.413
1% Project 18 0.T55 0.436 41.417 0.999 0.728 0.332
12 Project 19 0.376 0.336 T0.167 1.023 0.621 0.408
20 Project 20 0.973 0.235 T0.412 1.I76 1.046 0.282
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21 Project 21 0.033 0.113 To. 50 1.00% 0.863 0.174
22 Project 22 0.372 0.202 66,607 1.58% 1.323 0325
23 Project 23 0.354 0.159 T9.214 1.33% 1.119 0.153
24 Project 24 0.483 0.442 61.350 LOsS 0.7Ts 0.343
25 Project 25 0.315 0.244 T8.203 1.314 0.854 0.564
26 Project 26 0.579 0.251 TE.650 1.010 0.806 0.250
7 Project 27 0.T26 0307 75187 1.142 0855 0353
28 Project 28 0.418 0.142 06,421 1.560 1.352 0.263
19 Project 19 0.5Ta 0.431 80.550 1.011 0.652 0.439
30 Project 30 0.421 0.137 81.400 0.597 0.491 0.130
31 Project 31 0.377 0.13% 48,570 1.04% 0.892 0.191
32 Project 32 0.303 0.112 81.80% 0.29% 0.884 0.141
33 Project 33 0.684 0.421 46,421 1.144 0.485 0.308
34 Project 34 0.397 03319 421,350 1.152 0.844 0.376
35 Project 35 0.300 0.158 T0LTIT 1.108 0925 0.124
3o Project 36 0.341 0.342 130.205 1.220 0.832 0.467
K Project 37 0.605 0.193 61.950 1.421 1.17T% 0.198
38 Project 38 0.495 0.244 49,789 1385 0.240 0.510
39 Project 39 0.417 0.289 $9.100 1.283 0.841 0.541
40 Project 40 0.401 0.203 69,571 1.09% 0.215 0.124
41 Project 41 0.502 0.261 T9.TakE 1.142 0.260 0.116
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42 Project 42 0.314 0.139 98.000 1.095 0.821 0.250

43 Project 43 0375 0.157 120.650 0.774 0.632 0.174

44 Project 44 0.404 0.112 115952 0.844 0.735 0.134

45 Project 45 0.249 0.114 117.750 0.8a0 0.71a 0.177

40 Project 46 0.503 0.3a1 26,550 1.1311 0.802 0.403

47 Project 47 0.408 0.321 T9.TED 1.024 0.723 0.309

48 Project 48 0.474 0.443 ER.350 0.972 0.678 0.3a1

49 Project 49 0.253 0.108 108.100 0.783 0.688 0.117

£0 Project S0 0.471 0.383 E£5.000 1.146 0.770 0.4a1

£1 Project £1 0.266 0.109 100.253 0.816 0.702 0.140

£2 Project 52 0554 0375 66,295 1.123 0.742 0.486

£3 Project 53 0.483 0.149 65205 0.931 0.771 0.1%5

£4 Project 54 0,295 0.112 45,143 1.768 1.073 0.240

£E Project 55 0.484 0.1%7 £1.TIT L.02= 0.230 0.117

£o Project 56 0.488 0.210 06,400 1.298 0.208 0.478

T Project 57 0.462 0.443 106.286 1.145 0.635 0.625

g Project 58 0.300 0.174 98.381 0.7l 0.629 0.1a2

£o Project 59 0.412 0.129 136.550 0.736 0.622 0.139

11 Project ol 0.540 0.348 26,389 0.958 0.694 0.324

6l Project 61 0.442 0.268 26000 0.812 0.686 0.155
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