T?e management of daily labour
(o)

. productivity variability on site is an j ‘
construction management thinki ty $ an important aspect

15| ¢ ing. The lean technique suggests that reducin
vanabEhty gives better labour performance, Therefore this paper examines thi

concrete activity. The data use
study area. The daily metho
of 778 data points were o
analysis of the performan

d were collected from sixty one live projects within the
d of data collection was adopted in this research. A total
bserved for all concrete activities from these sites. The
ce index that is Project Waste index (PWI) revealed that
some the projects studied were poorly managed because the projects had low
productivity rating. While some other projects performed well. The PWI values
computed for the project studied ranged from 0.12 to 0.67. It was observed that low
outputs were accomplished with high labour inputs. The values for coefficient of
variation in labour productivity range from 0.09 to 0.48. These values and the
performance indexes calculated for all projects were tested for correlation analysis.
The coefficient of correlation for the two variables was found to be 0.601**, which is
significant at 0.01 confidence level. The result showed that the variability in daily
labour productivity is more highly correlated to project performance than workflow
output variability which means that reducing variability in labour productivity appears
to have a significant effect on performance. Also the performance gap value for
concrete work was found to be 3.62 man hrs/m®. It was recommended that the site
managers should determine to get more output with a reduction in input.

Key Words; variability, labour, management, performance, productivity, input,
output.

INTRODUCTION:

ivi identi i for measuring efficiency because
' ductivity has been identified as an index g cfficiency

{:ll)lc))(l)ll;r isrgckl;owlglged as the most important factor of productf{on s(xlnce. it is (o:; oltl"

level of productivity e
j t creates value and sets the general y (As
th(:i nggizgafr.?lcito;so(t)ga) Enshassi, Mohammed, Mustafa and Mayerf(2007) 1g§nt1ﬁed
G ’ . : ibuti inability of many indigenous
ivi factor contributing to the ina

B e key' i j Is which include most importantly,
i actors to achieve their project goals ' .

:l(l): Sgruocftilto%c:rlgn amongst others. They suggested the need to investigate and
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understand the key variables of labour productivi
productivity levels across projects. g Ivity and to keep accurate records of

Andersen and Petterson (1995) suggested the applicati
( _ pplication of b
to accelerate change in attitude and behaviour in an organisatie;nnc i

that it is a mechanism for “improvement it wi
tis . and change”, it will further help an
organisation to search for industry best practices that will bring about suprf):rior

performance and Practices of other firms. Therefore to

king technique
In view of the fact

concept .lik‘e reducing variability to increase labour performance in the local industry
in Nigeria is very sparse. In this research work, with the a

‘ pplication the lean technique
concept, l‘abour productivity data was obtained from concrete activity on a number of
projects sites to test relati

onships between output variability and performance.
Therefore this paper covers review

determination of research variables,
and conclusion.

of related works, method of data collection,
analysis of data and discussion, research findings

Review of Literature

A survey of the literature revealed several primary contributions to the theory and
practice of lean production principles. Some of the research works provided support
for this study. In construction the application of lean production model stems from the
discussion of koskela’s research work (1992), which emphasized the importance of
the production processes flow, as well as aspects related to converting inputs into
finished products as an important element to the creation of value over the life of the
project. Many other researchers (Ballard and Howell, 1998; Alarcon and Calderon
2003; Bertelsen 2004; Salem et al., 2005) have expanded this concept and provided
evidence of it applicability in the construction industry. The pi(.)ne.ering work of
koskela opened up streams of researches into lean construction principles. The core
lean concepts were identified and translated from the manufacturing production
management into construction language (Shingo 1984; Koskela 19-92,.1993; Ballard
and Howell 1994a). To operate these core concepts in the construction industry a new
set of management techniques were developefi (Paez el al., 2005). The last planner
system of production control was introduced in 1992 but developed l?y Ballard, and
Howell (Ballard and 1994b). In the applicanop .of these tools, previous resc:larcllles
revealed substantial improvement in productivity for th.ose vyho unproveth pl :::
reliability to the 70% level, Howell and Ballard (1994) Tb:helr s(;udzfiozn : ainin .
planner technique showed that the use of formal and flexible produc p

procedures is the first step to keep the production envir.onme:: stabh;;o’illm(e ;;::;ﬂ:;nde
i i duction plans, constrains analyses, _
e e pl-oleted items. Thomas ef al. (2002) asserted that, with

of planned and comp . it
gf:c lea[:tai?annilr)lg technique, the percentage of planned tasks t(ll:’PC’)(t(;s;l tn:(e)asv\l[l}:?ch z
show changes in planning reliability. However, they argued the e

i is limited
larger PPC improves project performance. According to ime?ﬁptge;oi'se lSI(I)I;A: -
evidence showing that productivity performance for c;ewms remains unclear. Also
35% better than that of crews with a PPC below 06 P8, I Gl that their
while these techniques have proven useful, El Mashaleh et ai.,
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application has no methodolo
; gy that could re| ivi
accomplishment to firm"s accomplishmert ate the activity and project level

Abdel - Razek ef ql. (2007) suggest
o ) suggested that better labour ang cost performance can be

achieved by reducing variabil;
: k and m i :
previous studies on benchma:kintyg easuring benchmarking, However, all the

and Zavrski 1999; Abde] —

Zavrski (1999a),1999b) developed the frr.
benchmarks of s R on e

performance in Nigeria by apply
benchmarking and reducing variabil

RESEARCH METHODS
Collection of Data

ity is a possibility.

Th(? <.iata collection for on-site productivity study was conducted on concrete building
activity. The research procedures involved the engagement of ten research assistants,
who were trained on how to observe the workmen and record observations in terms of
input and output. Data 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 adopted. 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.

Determination of Research Variables

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

Total work hours = 2 Daily work hours (L1

Total quantities = z Daily quantities (12

) Total work done (wh) (13
Cumulative Pmducavﬂy = Total q‘uaﬂ.t it}’ ('nz)

i formance a contractor can
i .vitve This is defined as the paramount perior! ntr
o Pro:r;l'czrz:rtymgd;l or design. To compute the .bzfselme proc:‘uctlv::tlz' vrf‘l;ii
b fToT '?i ]c)lov:ri steps were applied to the daily productivity figures for each pro)
certain lai

(Abel Hamid ef al., 2004 and Enshassi ef al., 2007). ey s
ist 10% of the wo :
i kdays that consist 10
Establish the figures for wor
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The number established in one above s

number which should not be Jess than (5
baseline division,

hould be rounded off to the next

) five. This numb highest odd

CT, 0, explains the sjze of the

The contents of the b
production or output,

seline diviel
line division are the n workdays that have the highest daily

The next step is to com

pute the summat; ' i
s workdgys hation of the work hours and quantities for these

The baseline pProductivity ¢
a; \ an now be expressed as the rati
Quantities contained in the baseline division, s i

Project Mana

ke gement index (PMI) or Project Waste Index (PWI) According to Abdel-

et al. (2004); Thomas and Zavrski, 1999a), 1999b) it is expressed as follows:
Project Waste I dex (P = Cumulative Productivity-Baseline Productivity (19
Expected Baseline Productiviyy

Project Waste Index (PWI) has been identified in previous studies as a useful too| to
measure performance (Thomas and Zavrski 1998, 1999).

PV; x 100
(Baseline Pmducﬁviry] )

Coefficient of productivity variation (CPYV) ;= (15)

Where CPV; = coefficient of productivity variation for project;. Alternatively it can be
computed as a ratio of the standard deviation to the mean.

Population of the Study and Sampling Technique

The population of the study was drawn from contractors handling building projects in
the study area. The builders were involved in different types of construction activities
such as mass housing projects of bungalow category, storey building housing projects
and infrastructures. In order to meet the objectives of the study, the research samples
were drawn from contractors constructing single storey buildings for the purpose of
homogeneity. The research tcam was able to collect data from sixty one (61)
construction sites, randomly drawn from the available list of builders. A total pf 778
data points were obtained for all concrete activities from these sites. At the time of
data gathering, it was observed that most of the firms were executing projects at

various levels of completion.

Data Analysis and Evaluation was conducted using the following statistical tools;
1. Descriptive Statistics

2. Inferential Statistics

Box and Whisker analysis

Regression analysis

Mathematical Model by Thomas et al (1990; 1991)

Conversion Factor for Concrete Elements

Illele are certain ele W ite i [ transporting,
i [ : te ork on site In terms of
factors that affect concr A l
plaC'[]g and compacting. This means that productlwty rates.for each COi nlcrete e eiment
will ldlﬂ from one another depending on where the concrete element is ocated in the
IIICT 1ITO
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ANALYSIS AND DISCUSSION OF RESULTS

Concreting: The concrete work labour
was found to be slightly normally distri
for the labour productivity data for co
deviation from the straight line of fi
adequate but a data set of 778 was us
gathering was for improvement of re
13.326 whr /m’ and the median was d
that the mean of the estimate was less

productivity data was tested for normality and
buted for concrete. The normal probability plot
nerete activity is shown in figure 1, with slight
t. A sample size of 353 was computed to be
ed for the study. The purpose for large data set
sults. The mean of the sample was found to be

etermined to be 13.807 whr /m>. It was observed
than the median. This

Normal Q-Q Plot of Labour Productivity for Concrete Work

Expected Normal

i) =

L
1'° 15 20 25
Observed Value

o
ne

Fig 1. Line of Fit Probability Plot of Labour Productivity Data for Concrete Activity

indicates that the frequency distribution is not symmet}:ical. Als?e:rb;irtvoagf:nzﬁ:;i
i 1 does not show any ¢ .
i h for concrete work in figure : o tiousal
:;D: olf f;litoiraplt is a skewed distribution as shown in figure 2.d Altso ;I::ddngggiit:;n ; :
‘ nt' uely 'skewed having a skewness value of - 0.247 and stan
negativ

3.776.

i 13
' med to be slightly normal
istributi the sample variable was assu bability
T'he .dlsmbl'lltionm(::isure of variability was determined from ttl;]e g?fgzlng;obetween
dlSt."b.uted' : d. The range was found to be 15.7 l_ which is the ot o
e compl:jteth.e Jlowest scores in the distribution. The average
the highest an
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variation for all the projects which is a function of the standard deviati
mean was calculated as 28.26%. €viation and the

e productivity were found to be 13.326 whr /
m’ and of 3.776 respectively. "
!-‘rigl:lre 2. Normal Distribution Curve of Labour Productivity Data for Concreting
rade
Box and Whisker’s Test

The Qroductivity data were tested for any extreme outliers. The box and whiskers
technique was adopted to examine the level of possible extreme outliers present in the
data. Extreme outliers were found and dealt with which made the data for the concrete
site activities to be free from extreme outliers, Figure 3 shows the box and whisker’s
plot for concrete work. A graphical observation of the plot for concrete activity points
out that the line of symmetry in the box was tilted towards the upper arm. This reveals
that the data were not symmetrical hence the skewness. The plot shows that the

concrete work data set was negatively skewed to the left. The large range value would
have been responsible for the negative skewness.

25 00—

T

15.00-

10.00—

4
S$.00 -1

T
Labow Pyoductiviy for Concrete VVork

Fig 3. Box and Whisker’s Test for Concrete Activity Labour Productivity Data.

VARIABILITY IN DAILY LABOUR PRODUCTIVITY FOR THE
SELECTED SITE CONCRETE ACTIVITY

i ivi i iability in daily labour productivity of
Concreting activity: Figure 4 shows the variability in
concrete tfsk for project 28. The variability computation was done for each of the
projects examined. It was determined from input .and output relationship. The
computed values of coefficient of variation for concreting activity range from 0.09 to

0.48. These values are the products of the standard deviation divided by the mean of
the estimate.

The instrument used illustrates the days observed for concreting activity, the gang

size, work hours, daily quantity, daily labour productivity, baseline days and abnormal
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rved in the project was done for twenty days. The total

t 203 metre cube of concrete work was 327 work men

This indicates that the construction firm use_d .o'ne
ductivities

ly 0.621m’ of concrete. The daily pro it
a cumulative productivity
fairly normal since this
10, 12, and 13

st productivity

concreting task obse
i truc

team S1Z€ employed to cons

with a total work hours of 2818hrs.

«te worker to achieve approximate
i:meged from 6.838 to 19.200whr/m3. The concrete work has

10.33whr/m>. This  indicates that labour input was
glfxmulative productivity s less than unity. The following days 7, '8,
were identified as baseline days for concreting task. These are the highe el
scores that were considered to define the baseline subset aSnd the average of these 1!
figures (6.897, 6.838, 7.742, 8.496 and 7176whr/m’) represents the ba3se Tl;:B
productivity or benchmark for the project which is calculated to be 7.430whr/m™. 1he

concrete task witnessed no abnormal days.

days. The

The project waste index which provides a measure of labour performance was‘fjound
gated. This index facilitates

to be 0.666 which is the worst pwi of all projects investi - _ .
the comparison of labour performance to a baseline criterion. The higher the pwi

figure the poorer the labour performance. An examination of figure 4 ShOVYCd some
level of gap between daily labour productivities and the baseline productivity which
was found to be 36.50% coefficient of variation. This level of variation shows some
level of opportunity for improving labour performance. The wider the values of daily
labour productivity are from the baseline productivity the poorer the labour
performance. Project 60 in figure 5 for concreting activity shows a better performance
with daily productivity closer to the baseline productivity value. The baseline
productivity for the project was computed to be 13.113whr/m3. Also it was observed
that the gap between the daily productivities and the baseline productivity provided a
coefficient of variation of 9.2% which produced a better labour performance (pwi)
index of 0.160 compared to 0.666 obtained for project 28. To achieve greater
per'fon'n'ance, the same output is maintained with fewer inputs to reduce output
vanabllfty. This supports the theory that states reducing variability in labour
productivity improves labour performance on site.

_. 25000 -

£

°

2 20000 -

&

E Baseline Productivity = 7.430whr/mn3
> 15000 - Project Waste Index=0.666 '
% Coefficient of Variation = 36.5%

3

? 10000
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z A :

®  5.000

L :
=
‘®

a :

0.000 -

1
2 3 456 7 8 9 10 11 12 13 14 15 16 17
Work Days

18 19 20

Figure 4. Variation in Dai
. n Daily Labour P ivi :
the Worst Project Waste Index Valus roductivity for Project 28 Concrete work with
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e 18.000 - Baseline Productivity =13.113whr/m?

. § Project Waste Index= 0.160
£ 16.000 Coefficient of Variation =9 34y
3 | i
£ 14.000 - "‘ a a " -
.E. 12.000 _x f Baseline 3 1 3 | ;
£ 10000 -
k- |
= 8.000 -
3 |
= 6.000 -
3
i 4.000
>
= 2.000
] 'z

0.000 -

Work Days

Figure 5. Variation in Daily Labour Productivity for Project 60 Concrete work with
the Least Project Waste Index Value

Performance Gap for Concrete Work
Normal, StDev=3.766

9.71 1333
0.12 Mean
- 971
- s 13306
0.10 1

0 5 10 15 20 25
Mean Labour Productivity

Fig 6. Performance Gap for Concrete Site Works.
Performance Improvement Gap in Labour Productivity

The target performance improvement gap of the site activity under examination in this
study is shown in figures 6 for block laying activity. The distributions define the
productivity variability which provides opportunity for improvement.

The performance gap, which is as a result of variability is assessed or quar_ltiﬁt_:d by
determining the different between expected mean productivity (EMP) (vyhjch is the
mean baseline productivity) and present mean productivity (PMP). The wider the gap
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between PMP and EMP, the bi .
improvement. Igger the opportunity for labour performance

The performance im

¢ provement gap value for concrete
hrs/m”. Th

work was found to be 3.62 man

. achieved by adjusting the group
y influence the performance indicator. Therefi i i
performance gap value could mean a signifi i et

> 8 cant improvement in performance, profit
and productivity for builders and contractors. P P

THE RELATIONSHIP BETWEEN COEFFICIENT OF
VARIABILITY AND PERFORMANCE (PWI)

Construction Output

The values of coefficient of variation fo

r construction output are shown in appendix 1.
These values and that of perform

A ] ance (PWI) were tested for any significant
relationship. The correlation between the two variables was computed as -0.229 which

was not significant. The implication of this analysis with this coefficient of variation is
that. the variability in daily construction output has no correlation relationship with the
project performance. Therefore the correlation coefficient obtained from this analysis
confirms the earlier study that daily construction output and performance have
minimal or no relationship. Furthermore, it appears from the test result that reducing

variability in production output in order to improve performance has an insignificant
or no effect on performance.

Labour Productivity

The figures calculated for coefficient of variation for labour productivity are shown in
appendix 1. The values for coefficient of variation in labour productivity range from
0.09 to 0.48. These values and the performance indexes calculated for all projects
were tested for correlation analysis. The coefficient of correlation for the two
variables was found to be 0.601**, which is significant at 0.01 confidence level. The
inference from this test result is that the variability in daily labour productivity is more
highly correlated to project performance than

961
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Coefficient of determination R? = 0.37
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L Coefficientof Varlation

Figure 7. Linear Model for Concreting Activity Performance

construction output earlier determined. In addition, the result of the analysis shows
that reducing variability in labour productivity appears to have a significant effect on
performance. Linear regression analysis of the two variables showed a coefficient of
determination for a linear relationship of about 0.37 which means that 37% variation
in crew performance is accounted for by variability in labour productivity.

The linear equation is
Pwi = 0.08424 + 0.9732x (1.6)
The equation has a model probability value (P-value) = 0.02

From the linear model shown in figure 7 it has an intercept of 0.08148 and for every
increase of one unit of variability in labour productivity there is an increase of about “
0.6802 in performance.

Polynomial regression analysis was carried out to ascertain the best predictive curve
fit for the model, it was found out that the second order polynomial gave an improved
coefficient of determination R2 of 0.40 with an equation model

Pwi =-0.081 + 2.096x — 2.578x2 (1.7
The equation has a model probability value (P-value) = 0.001
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+2.096x -2.578x%)
°°y e 95% C!I
T & T
- o
°%] <7 e 0’ — — - 95% Prediction interval

ect_waste_Index
o
w

! 0.2
3
a 01 I
S -
0 ’ 7 Pwi = -0.081 + 2.096x — 2.578x”
7
Vd
0.1 P Coefficient of determination R” = 0.40
0.2 ' . : , :
0 0.1 0.2 0.3 0.4 0.5 %
Coefficientof Variation B

Figure 8. Best Curve Fit Polynomial Model for Concreting Activity Performance

From the equation model in figure 8, the intercept on Y axis is -0.081 and for every
increase of one unit of variability in labour productivity there is an increase of about
2.096 in Performance. But it was observed that for every unit increase in variability in
labour productivity raised to the power of two, there is a decrease of about — 2.578 in
Performance. The model revealed that most of the data points fell within the 95%

prediction interval point.

FINDINGS
(1) Correlation between project waste index (performance) and coefficient of
variability for construction output for concrete work = 0.229

(2)  Correlation results show that there are strong associations between project
waste index (performance) and coefficient of variability for labour productivity of

concrete work = 0.60]1**
3) It was found that 40% variation in crew performance in concrete activity is

accounted for
by variability in labour productivity.

(4)  The effect of labour productivity variability alone on performance was
observed to be  greater than the combined effects of construction outputs and labour

productivity variability on performance for the activity under consideration.
(5)  Labour productivity gap of 3.62 man hrs/m’ was observed for concreting.

CONCLUSION

This re.se.arch vyork investigated the effects of workflow variability and labour
productivity variability on the job site performance. Using productivity data from
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i .vities on multiple projects, various parameters of output variability
concrte:stt‘egd chl::i]:sl: ionstructio‘rz per:fojrmance. The labour workflow productivity data
werle sed were found to be slightly skewed. Data from concrete work was skewed
ﬂg;a)t/ively perhaps due to large range of values encountered from the data. All values
gf skewness were greater than zero but less than one. This showed the level of
reliability of data used in the analysis.

The correlation relationship between work flow variability anc'i performance was
found to be low for concrete activities. Similarly, the correlation between labc?ur
productivity and performance was discovered to be highly significant for t!le .St.UdIEd
site activities therefore it is suggested that in measuring the impacts of van.ablhty on
performance, emphasis should be placed on labour productivity variability l_nstead of
work flow or construction output variability. The values of variability in labour
productivity were compared with the project performance (PWI) it was found out that
the higher the values of labour productivity variability the poorer the performance.
Also the baseline productivity computed for the studied activity was compared with
the mean labour productivity.

It was discovered that a level of performance gap exist for the concrete site work. This
is an indication of improvement opportunity for performance in labour utilization for
the activity investigated. The present productivity distribution was higher than the
expected productivity distribution, this represents a gap in performance.

The effect of variability on jobsite performance was determined using regression

analysis. A level of effect was established for the concrete site activity which is 40%.
This suggests that reducing variability will bring about improvement in labour

performance.

RECOMMENDATIONS ON PERFORMANCE IMPROVEMENT
STRATEGIES TO BE ADOPTED BY SITE MANAGERS AND

OPERATIVES.

1 The correlation relationship between work flow variability and performance
was found to be low for concrete activities therefore it is recommended that in
measuring the impacts of variability on performance, emphasis should be placed on
labour productivity variability instead of work flow or construction output variability.

2 The correlation between labour productivity and performance was discovered
to be highly significant for all measured site activities therefore it is suggested that
labour productivity variability be used to measure the impacts of variability on
performance.

3 The variations in crew performance in the activity investigated was found to
be as a result of variations in labour productivity therefore the following are
suggested,

4 Multiple variables effect of work flow and labour productivity variability on
labzur ;_)e_rformance was found to be lower than the single variable effect of labour
productivity variability thus single variable effect is proposed fo

variability effect on performance. Prop S8 SSeme ot

5 It is proposed that site mana

. - gers should close up performance gaps in roject
execution by reducing the disparity in values between baseline produ%ti‘\)rity arr)ld‘lthe
Mean labour productivity for the project.
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Appendix 1 Computation of Research Variables
Project Sfoel'ﬁment F:;fﬁcaen Total Average Cumulative Biskiln Project
SN code - : Work daily Productivity . waste
number X:ynunon X;:n ation gpyg outputm’  whr/m’ l:{:;,dum index
1 Project 1 0.64 0.43 10 155 9.77 6.70 032
2 Project2 030 0.40 12 171 12,59 8.05 0.47
3 Project3 038 0.42 19 214 11.57 6.81 0.49
4 Project4  0.55 0.37 13 219 12,05 2.7 0.4
5 Project5 037 0.19 19 237 15.18 1214 031
6 Project 6  0.84 0.32 14 363 1033 833 021
7 Project7 108 041 10 231 10.08 7.43 027
8 Pro%ect 8 066 048 9 103 9.10 6.77 0.24
:)0 PPro_‘)ocl ?0 057 0.17 10 69 13.10 1176  0.14
ct
! P::Je ' 2.60 0.42 1 74 10.00 6.73 0.34
{ec .83 0.44 11 84 9.84 6.50 034
12 Project 12 1.01 0.46 9 7
_ 1 9.02 6.66 0.24
13 Project]3 098 0.41 ¥ 79 10.12 7 '
14 Project14 039 0.38 1 ‘ - 0%
) - 66 12.65 1717 0.50
IS Project1s 057 0.37 11 ' '
: , 70 11.88 8.20
16 Project 16  0.44 0.19 10 53 ‘ 038
17 Project17 057 038 10 6 . il
18 Project 18  0.48 0.27 1 o 11.39 8.00 0.35
19 Project19 0.8 032 10 200 e sl
0 Poject20 070 0.16 12 S "2 0w
o 178 13.08
roject21 047 0.29 13 219 11.72 0.14
22 Project22 0,58 9.27 7.07 0
0.38 12 105 23
23 Project23 053 en 1.99
0.37 14 179 0.44
24 Project24 047 0.14 0 12.55 743 053
25 Pro ' 90 15 '
oject25 078 0.26 9 5 48 442 g5
26 Project 26 (.53 0.28 " 11.28 9.79 0.15
27 Project27 08 0.38 10 - 8.33 6.99 0.14
B Poject2s 07 n 11.32 '
Project29 .03 203 13.89 '
031 13 13 743 0.67
30 Project30 | 107 A 021
. 47 0.34 15 154
Prot
——_Tect60 068 0.09 I o S -
2
14.67 13.11
_ 13 11.47
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