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ABSTRACT

Sri Lankan Construction Industry is greatly concerned about Labour Productivity. Estimating
labour accurately has become predominantly a difficult task in the industry. Literature survey
was conducted to ascertain indices developed by other countries to measure labour productivity,

Factors affecting labour productivity etc..

Case Study research was carried out in Three buildings types Namely High Rise, Medium Rise
and Low Rise categories in relation to Cement Block Work, Plastering and Tiling trades. Hrs
per Unit Measurements together with Novel Tool Time Analysis Techniques were used in
conducting case studies. All parameters pertaining to the labour study were kept equal in all three
building types during the case study research, but the study carried our in open environment

where no controls have been introduced.

Research suggests that single labour rate is not meaningful for every eventuality in construction.
It was found that the Best Tool time in other words Best Productivity exists in Medium Rise
Buildings, and the Least Productivity recorded in High Rise Building projects. Average

Productivity was evident in Low Rise Buildings.

Keywords: Labour Productivity, Tool |Time, Construction Industry
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Accurate Estimating on Labour Productivity in Sri Lankan Construction Industry

INTRODUCTION

Labour productivity is studied in this report in extensive manner by way of case
studies in different perspectives focusing the attention on how the labour behaves in
different types of projects. Three types of building projects were selected and studied
the behavior pattern of very useful construction trades to find out a common
relationship of them with respect to the project type. Buildings are categorized into
High Rise, Medium Rise and Low Rise in the study and Hollow Cement block work,
Cement Plaster and Laying of tiles were studied in relation to labour productivity in

the three building types identified.

Hrs per unit measurement of the trades as identified has been studied for a period of
six months to devise the behavior pattern on skilled and unskilled labour. Further a
novel Tool ime analysis- techniquetoorhas;been Conducted in the three building
categories if;,,fhe sameCtradesito further strengthén thelrésearch findings of the Hrs
per unit meastrement 'if' any’-as 'an 'alternative methodology. Tool Time analysis

technique 1s extensively elaborated in this report in Chapter 4

Chapter One while deals with the definitions of the key areas of the study chapter
two will elaborate the studies carried out by various other researches on this subject.
Chapter Three will illustrate the Case Study elements, research limitations and their
characteristics. Organisation culture of which the case study was based on also
explained in this chapter. Chapter Four will focus on the two types of case studies
carried out and their results in explanative manner. Most of the results have been
illustrated in graphical form for easy understating. Research findings and further

research hints are explained in the last chapter.

Lalantha Amarasekera 1
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Accurate Estimating on Labour Productivity in Sri Lankan Construction Industry

CHAPTER ONE

1.1 BACKGROUND TO THE STUDY

Construction is a labour intensive business and which is still one of the most
unproductive sectors in any economy. In other words, in every construction business
onevof the largest expenses a construction company has is labour. It represents 20%
to 50% of the construction cost. Yet many contractors neglect to invest time and
effort necessary to learn exactly what encompasses true labour rate. They merely
hope that few extra rupees above what they are already paying their employees will
cover everything. They do not recognize the fact that many projects run into cost

overruns because the labour cost was not bid accurately.

Labour wage/€est cannot be changed ot reduced .in,a given context. However the
burden of lal;our canbe reducedr by ancreasing the productive time of labour and
thereby resulting a lower cost per hour of labour. It is not unusual a labour to be
productive only 60% of his time, however increasing this percentage by 15% will
dramatically and positively influence the labour cost and in return the bottom line of

the organization.

Human resource is the most focused factor in any business in the new millennium.
Similarly it is vital that a proper study is conducted into the labour in construction
industry to identify an accurate labour rate and strategies available to reduce the
labour cost and ultimately to increase the productivity of labour. Further workers are
not machines which behave similar in same conditions, therefore labour even under

apparently similar condition different productivity values could be expected.

Lalantha Amarasekera 2



Accurate Estimating on Labour Productivity in Sri Lankan Construction industry

Because of the diversity of the construction industry, a single index for the entire
industry is neither meaningful nor reliable. Data available in many documents
published in Sri Lanka has not been successful in providing a construction estimator
a proper guide to accurate estimating of labour. However resolving day today labour
issues in various nature is a more common phenomenon in construction industry.
Their issue and concerns are variable and situational. Not a single day passes in a
construction company not having exposed to a issue with respect to labour. Labour is
a subjective factor where no one is able to provide an universal answer to actual

labour rate and similarly to labour productivity.

The history of the construction is as old as human being. Every day every year some
improvements implemented to how to get a thing done in a more productive way.
Good project management in construction must vigorously pursue the efficient
utilization of labour, material and equipment. Improvement of labour productivity
should be a major and continual concern of those who are responsible for cost
control of gonstructed facilities. To date not a single activity is found to be 100%
productive, Befice the continual improvements are being taken place. It i1s common
that every tirhe a construction company finds out the best productive way of getting

a thing done only when the work is already completed.

Therefore it was felt important that a study on labour to be carried out more
extensively to identify and introduce accurate labour productivity norms to the

construction industry with specific relevance to the building type.

1.2 SIGNIFICANCE OF THE STUDY

It is evident that the success of any estimator is largely dependant upon the accurate

estimate of the labour in any competitive bid. Researching into such a important

Lalantha Amarasekera 3
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phenomena is further strengthen by the absence of a proper estimating guide in the
Sri Lankan industry on labour. Every researcher has to devise his or her own method
in arriving at an accurate labour productivity estimates. On the other hand some
companies think that their labour productivity data are company secrets. As
previously explained this is justified by that the 20% to 50% of a cost estimate
consists of labour. Keeping this limitation in mind, it was thought necessary to pay
emphasis to the subject area to find out what the other developed and developing
countries have done on this subject area and relate some of the studies to our context
and research and invent a proper guide to an accurate estimating of labour

productivity.

Cultural, Technological, Financial, Attitudes or even Supervision could lead to a
different labour productivity. Therefore study cannot be confined to one or two
situations. If do so the results will not be effective. Therefore it was felt important to
study the subject given the certain parameters so that the further use of the study
results could™be envisaged by modifying it to a given situation. Research and case
study will be;carried out..to.have a more logical approach to study labour behavior
and producfivity related issues in order to devise a framework which will
encompasses the decision making platform to improve labour productivity with the
given situation. The decision on an accurate labour rate with the given situation will
also be derivable through this framework. It was decided that non of these case
studies or researches will be done in close environment. They will be uninformed
and ad-hoc studies so that the respondents will not have a tendency to provide
abnormal results or in other words deviate from their normal behavior. Further the
Study environment will be well informed with the study enabling the user of the

information to adjust the results into his or her appropriate situation.

Lalantha Amarasekera 4
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1.3 WHAT IS MEANT BY LABOUR PRODUCTIVITY

Productivity in construction is often broadly defined as output per labour hour. Since
labour constitutes a large part of the construction cost and the quantity of labour
hours in performing a task in construction is more susceptible to the influence of
management than are materials or capital, this productivity measure is often referred
to as labor productivity. However, it is important to note that labour productivity is a
measure of the overall effectiveness of an operating system in utilizing labour,
equipment and capital to convert labour efforts into useful output, and is not a
measure of the capabilities of labour alone. For example, by investing in a piece of
new equipment to perform certain tasks in construction, output may be increased for
the same number of labour hours, thus resulting in higher labour productivity. (C.

Hendricksor}; 1998)

When creating job estimates. contractors generally use a true labour rate (including
non-productive time) and divide that rate by the hours the employee actually worked
that year. If owners haven't been tracking this information, a true labour rate can sull
be calculated. A normal work vear is 2.080 hours (40 hours per week x 52 weeks per
year). Although this hourly figure includes the usual 10 days of vacation. various
holidays. sick days and compensation days. it doesn't differentiate between

productive and non productive time.

If employees are only productive an average of six hours a day. this amounts to 10
hours per week. Excluding the two weeks of vacation. this is 500 hours (10 hours per
week x 50 weeks) that employers are paying for non-productive time. Therefore. the
true productive rate an owner should be using is 2,580 hours (2,080 work year hours

plus 500 unproductive hours). By using this rate when preparing job estimates. an

Lalantha Amarasekera 5
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owner will be better prepared if the job takes more time than anticipated. (Finman. R.

2007)

The productivity of the work force is expressed as the ratio of the actual unit man-
hours to those used in the target estimate. For example if an activity is estimated to
take 2000 man-hours to install 100 tons of steel, it is based on the unit rate of 20
man-hours per ton. If in reality, the same activity consisted of 120 tons of steel and
required 2280 man-hours to complete, then the unit rate actually achieved is 19 man-
hours per ton. The productivity of the work crew, in this case, is 19:20 = 0.95. This
methodology therefore measures the ‘macro’ productivity with reference to the target

estimate as its base.

Unit man-hours is usually defined as the man-hours needed to install unit quantity of
work such as a cubic meters of concrete) a tonvof striictural 'steel, a square meter of
insulation ete. These rates ‘are available from published data compiled from historical
project expefience. They represent average values compiled from a number of
previously completed projects. These unit rates tend to lump together the direct work
hours with the non productive indirect hours such as time spent on walking empty-
handed or with tools or materials, waiting for elevators, snack breaks etc. The
productivity measured using these unit rates does not therefore address quantitatively
the effect of the non-productive indirect work hours. Considering the example cited
above, the achieved productivity, although above par, would not give any clue about
the extent of indirect and/or wasted hours expended by the work force. As such, if
the actually achieved unit rate compares well with the target estimate, such
inefficiency may remain masked throughout the project execution unless a technique
of a different kind is employed to measure the productivity at the ‘micro’ level. (P+A

Innovators Corp, 2004)

[t is convenient to express labour productivity as functional units per labour hour for

each type of construction task. However, even for such specific purposes, different
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levels of measure may be used. For example, cubic meters of concrete placed per
hour is a lower level of measure than killometers of highway paved per hour. Lower-
level measures are more useful for monitoring individual activities, while higher-
level measures may be more convenient for developing industry-wide standards of

performance.

For this general type of productivity measure, it is more convenient to express labour
productivity as constant Rupee per labour hours since rupee values are more easily
aggregated from a large amount of data collected from different sources. The use of
constant rupee allows meaningful approximations of the changes in construction
output from one year to another when price deflators are applied to current rupees to
obtain the corresponding values in constant rupees. However, since most
construction price deflators are obtained from a combination of price indices for
material and labour inputs, they reflect only the change of price levels and do not
capture anyésavings arising from improvedlabour productivity. Such deflators tend
to overstatéﬁ__ iné redsds Cilt Ocorstiueten s cbsts) overfa long: period of time, and
consequently-understate ‘the ' physical' velime or value of construction work in years

subsequent to the base year for the indices.

———— A
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CHAPTER TWO

2.1 HISTORICAL PERSPECTIVE

The use of new equipment and innovative methods has made possible wholesale
changes in construction technologies in recent decades. Organizations which do not
recognize the impact of various innovations and have not adapted to changing
environments have justifiably been forced out of the mainstream of construction

activities.

Observing/he.  trends in construction technology presents a very mixed and
ambiguous picture. On theone_hand, many of the techniques and materials used for
construction are essentially unchanged since the introduction of mechanization in the

early part of the twentieth century.

In contrast to this view of one large project, one may also point to the continual
change and improvements occurring in traditional materials and techniques.

Bricklaying provides a good example of such changes:

Bricklaying...is said not to have changed in thousands of years; perhaps in the literal
placing of brick on brick it has not. But masonry technology has changed a great
deal. Motorized wheelbarrows and mortar mixers, sophisticated scaffolding systems,
and forklift trucks now assist the bricklayer. New epoxy mortars give stronger
adhesion between bricks. Mortar additives and cold-weather protection eliminate

winter shutdowns.

Lalantha Amarasekera 8
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Add to this list of existing innovations the possibility of robotic bricklaying;
automated prototypes for masonry construction already exist. Technical change is
certainly occurring in construction, although it may occur at a slower rate than in

other sectors of the economy.

With a strong technological base, there is no reason why the construction industry
cannot catch up and reassert itself to meet competition wherever it may be.
Individual design and/or construction firms must explore new ways to improve
productivity for the future. Of course, operational planning for construction projects
is still important, but such tactical planning has limitations and may soon reach the
point of diminishing return because much that can be wrung out of the existing
practices have already been tried. What is needed the most is strategic planning to
usher in a revolution which can improve productivity by an order of magnitude or
more. Strategic planning should look at opportunities and ask whether there are
potential options along;.which new goals may be spought;on,the basis of existing
resources. NQ. one can_belcertain labout thesuccess of wariods development options
for the design professions and 'thé  construction industry. However, with the
availability of today's high technology, some options have good potential of success
because of the social and economic necessity which will eventually push barriers

aside. Ultimately, decisions for action, not plans, will dictate future outcomes.

2.2 INDICES DEVELOPED BY OTHER COUNTRIES TO
MEASURE LABOUR PRODUCTIVITY

2.2.1 UNIT PRICE ANALYSIS DEVELOPED BY TURKEY

The construction unit price analyses (UPA) are published every year as a book. A
considerable modification does not become necessary from year to year; only a few

new work items are added and some old and unused ones are removed. All input

Lalantha Amarasekera 9
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prices, indirectly unit prices, changed as well. It is expected that man hours included
by UPA differ a little from those in site in normal conditions. But recently, it has
been discussed that there is a big difference between man hours in practice and in
UPA. Actually, shortening in man hour values is an expected development due to
technological improvements, change of construction types, increasing level of labour
education, etc. However, any shortening has not been reflected to UPA, and any
study has not been carried out related to what the change in quantity is and should be.
Recent times the UPA has become inaccurate to some extent.(Ulubeyli. S, Aynur. K,

2003)

2.2.2 TOTAL FACTOR PRODUCTIVITY (TFP) MEASUREMENT
IN SINGAPORE

Total factor -productivity (TFP) determires"iong-term €conomic growth and is a
comprehensive indusiry-level productivity measure. TFP growth is found down by
1.53% per annum over this period, indicating that the performance of TFP in the
construction industry lags behind the rest of economy. TFP growth is also found to
be fluctuating over time and tends to move in tandem with the construction business
cycle. As a monitor of progress towards TFP achievement, factors influencing TFP
growth in the construction industry of Singapore over 1984-1997 are identified.
Seven factors are found to be significantly related to TFP growth. Among them,
economies of scale, R&D by the industry, investment allowance granted and labour
unions are leading contributors to TFP growth; while foreign worker, construction
accidents and pre-cast are major hampers. (Ofori.G, Shi. M, 2003) The general
methodology presented in this study can be applied to other countries. Future studies

are required to find appropriate indicators for factors un-quantified.

Lalantha Amarasekera 10
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2.2.3 LABOUR ESTIMATE FACTOR

The method presented achieves this by utilising the productivity rates of contractors'
planning engineers for a 'typical' building type (in this instance, a concrete framed
high-rise structure is featured). The estimated labour resource requirements for such
a building constructed in France, Germany and the UK are calculated. Planned
productivity rates form the basis of the estimate, these being used to generate a
'Labour Estimate Factor'. This factor is defined as the man-hour requirements per
square meter of the building's gross floor area. Respective national all-in wage rates
are then applied to forecast estimated budget costs, for construction in each
international location. The calculations are based on a 'typical' design, hence, they
are applicable to other buildings of similar type and form. Armed with relevant data,
resource estimates could similarly be generated for alternative international
locations, and, for different classifications of  typicall building forms. The process
will be oft interest |to_(practitionerssandy clientsioustomers of the international

constructioniindustry’ (Olomblaiye. [P1 O,/ Rroverbs D. G,1999)

2.2.4 PRODUCTIVITY TOOL TIME DEVELOPED BY CANADA

“Top Ten Targets for Improving Construction Productivity” project investigates ten
strategic areas, including both soft and hard issues of productivity, to develop
innovative and sustainable solutions for the construction industry. The ten strategic
areas include motivation, supervision, integration, material management, tool time
optimization, work practices, communication, schedule optimization, change

prediction, and weather impact.(Ruwanpura. J, 2009)

<
L i /&Y :
One of the criteria among above as studied in University of Calgary,;~Canada is
3

Productivity Tool Time. This measures the actual time spent by a wc“)‘;{\cer to do a

Lalantha Amarasekera 11
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certain task and it will be compared against the time loss by the worker due to non
productive time. So that the necessary changes to the system introduced to reduce the
non productive time. Eg. 1. Time taken for waiting for tools and materials to be
reduced, Eg.2 Time taken for waiting for instructions to be reduced. So that They
measure the improvement in productive time over a period of time. It could be
considered as a global measure in all trades or can also be considered as an

individual unit rate. This measure is further elaborated in the Chapter 4

2.3 FACTORS AFFECTING LABOUR PRODUCTIVITY AS
PERCEIVED BY DIFFERENT COUNTRIES

US industry, The results indicate that cost control, scheduling, design practices,
labour training, and quality control are the functions that consistently over the years
are perceived as having considerable room for productivity improvement, whereas
materials packaging and ~foreign developments: in  construction technologies are
perceived éé:rlsistently as functions that do not have much effect on improving

construction productivity.(Arditi. D,Mochtar. K, 2000)

Nigeria, Comparative analysis of sites with and without incentives showed that non-
financial incentive schemes significantly improved bricklayers' productive time and
these schemes accounted for 6% to 26% of the variations in output between the two
sets of sites on block laying and concreting activities measured.(Fagbenle. O,

Adesanya. D. A, 2004)

Many studies point to the high rates of labour and total factor productivity growth in
Japan during the early post-War period as the principle cause of the rise of the

Japanese economy. (Bosworth. D, Nakayama. M, 2005)

Lalantha Amarasekera 12
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Study of building projects at Gaza Strip: The analysis of 45 factors considered in a
survey indicates that the main factors negatively affecting labour productivity are:
material shortage, lack of labour experience, lack of labour surveillance,
misunderstandings between labour and superintendent, and drawings and

specification alteration during execution.(Enshassi. A, Mayer. P.E,2007)

UK, developed linear regression models show that the concept of multiskilling
obeys the 'law of diminishing returns'. That is, a weak relation was found between
construction output and a three or more combination of manpower attributes. An

optimization model is prescribed for traditional trades. (Ejohwomu. O. A,
Olomolaiye, 2008)

Turkey, The results show that monetary factors remain pre-eminent in influencing
productivityys but thatsecig:psychological, factors, ;appear. to be of increasing

importancg§nsthis developing ecohomydUlubeyls S;rAynun K, 2003)

Owners pay employees for eight hours of work per day. but do they actually do a full
day's work for a full day’s pay? In some cases, employees might be only 75 percent
productive, which computes to six hours of work per day. even though the employee

is being paid for eight hours.

Similarly. although some employees may be working the full eight hours per day.
their productivity may not be as high as the output of other employees. Therefore.
true labour costs need to include unproductive hours or activities. or other personnel

inefficiencies.

Research in Singapore reveals that difficulty in the recruitment of supervisors,

difficulty in the recruitment of workers, and a high rate of labour turnover, language

Lalantha Amarasekera 13
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barrier of foreign workers, and not significantly the stop-work orders issued because
of infringement of government regulations, and work stoppage resulting from

disputes with owners/consultants affecting their productivity.( Lim E. C, 1992)

Cultural differences cause productivity ups and down, It can be illustrated by the

following example.

French contractors planned to deploy the smallest site management team and labour
workforce; which was mainly skilled and directly employed. Their operatives were
allocated longer official periods of relaxation and required to work fewer hours.
German contractors, while using more managerial staff than French firms, intended
to employ the largest workforce, this being predominantly skilled and also directly
employed. Working a maximum of five days each week, German firms planned
longer working hours, which when considered on a weekly basis were in excess of
what is considered [(optimally). produetive, . UK practice included the utilisation of
additional - managerial -staff, (cortipared- o' France and | Germany), combined with
subcontract;“faainly'sémisskilled labour. Planned weekly working schedules were in
excess of those elsewhere, and consequently different productivity levels are

envisaged. (C. Hendrickson, 1998)

Job-site productivity is influenced by many factors which can be characterized either

as labour characteristics, project work conditions or as non-productive activities.

The labor characteristics include:

o Age, skill and experience of workforce

o Lleadership and motivation of workforce

The project work conditions include among other factors:

» Job size and complexity.

Lalantha Amarasekera 14
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o Job site accessibility.

o Labour availability.

o Equipment utilization.

o Contractual agreements.
e Local climate.

e Local cultural characteristics, particularly in foreign operations.

The non-productive activities associated with a project may or may not be paid by
the owner, but they nevertheless take up potential labour resources which can
otherwise be directed to the project. The non-productive activities include among

other factors:

¢ Indirect labour required to maintain the progress of the project

o Rework for correcting unsatisfactory work

o Temporary work stoppage due to inclement weather or material shortage
o Tim€mts for,union activities

. Abséﬁtee time, including late start.and early quits

e Non-working holidays

o Strikes

2.4 EFFECTS ON JOB SIZE IN PRODUCTIVITY

For very large construction projects, the labour productivity index tends to decrease
as the project size and/or complexity increase because of logistic problems and the
"learning" that the work force must undergo before adjusting to the new

environment.
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Accurate Estimating on Labour Productivity in Sri Lankan Construction Industry

A contractor has established that under a set of "standard" work conditions for
building construction, a job requiring 500,000 labor hours is considered standard in
determining the base labour productivity. All other factors being the same, the labour
productivity index will increase to 1.1 or 110% for a job requiring only 400,000
labour-hours. Assuming that a linear relation exists for the range between jobs
requiring 300,000 to 700,000 labor hours as shown in Figure 2.1, determine the
labour productivity index for a new job requiring 650,000 labour hours under

otherwise the same set of work conditions. (C. Hendrickson, 1998)

Universityl of Moratuwa, Sri Lanka
‘ Electronic| Theses & Dissertations
o ('3 mw-ziib.nzm. ac.1K

6
Job Size (in 100,000 Labor Hours)

Figure 2-1: Illustrative Relationship between Productivity Index and Job

size

e The labor productivity index I for the new job can be obtained by linear
interpolation of the available data as follows:

[ =1.0+(1.1-1,0)[ 300,000 ~650,000) _
500,000 - 400,000

e This implies that labour is 15% less productive on the large job than on the
standard project.

Lalantha Amarasekera o 15



Accurate Estimating on Labour Productivity in Sri Lankan Construction Industry

2.4.1 PRODUCTIVE LABOUR YIELD

In the construction of an off-shore oil drilling platform, the potential labour hours
were found to be L = 7.5 million hours. Of this total, the non-productive activities

expressed in thousand labour hours were as follows:

A =417 for holidays and strikes

o« B =1,415 for absentees (i.e. vacation, sick time, etc.)

e C = 1,141 for temporary stoppage (i.e. weather, waiting, union
activities, etc.)

e« D = 1,431 for indirect labor (i.e. building temporary facilities,

cleaning up the site, rework to correct errors, etc.)

Determine the productive labour yield after the above factors are taken into

consideration:

The percentages of time allocated to various non-productive activities, A, B, C and D

are:

A M7 g, B-18D g,
L 7,500 : L 7500
9:1’1&1:15%, 2:.1&:19%
L 7,500 L 7,500

45
. .\ . 22 Gl : -
y=4 BLC D - 6% +19% +15% +19% = 59% b%
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The productive labour yield, Y, when the given factors for A, B, C and D are

considered, is as follows:

_L-A-B-C-D
L

Y =100% - 6% —19% —15% —-19% = 41%

As a result, only 41% of the budgeted labour time was devoted directly to work on
the facility. (C. Hendrickson, 1998)

The non-productive activities associated with a project should also be examined in
order to examine the productive labor yield, which is defined as the ratio of direct
labour hours devoted to the completion of a project to the potential labour hours. For
example, insthie repaving of highway surface, the flagmen required to divert traffic
represent ind_;irect labour which _does not contribute to the labour efficiency of the
paving crew if the highway is closed to the traffic. Similarly, for large projects in
remote areas, indirect labour may be used to provide housing and infrastructure for
the workers hired to supply the direct labour for a project. The labour hours spent on
rework to correct unsatisfactory original work represent extra time taken away from
potential labour hours. The labour hours related to such activities must be deducted
from the potential labour hours in order to obtain the actual productive labour yield.

(C. Hendrickson, 1998)

2.4.2 UTILIZATION OF ON-SITE WORKER'S TIME

An example illustrating the effects of indirect labour requirements which limit
productive labour by a typical craftsman on the job site was given by R. Tucker,1998

with the following percentages of time allocation.
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Table 2.1 Percentage of time Allocation Labour

Productive time 40%

Unproductive time

Administrative delays 20%
Inefficient work methods 20%
Labor jurisdictions and other work restrictions 15%
Personal time 5%

[n this estimate, as much time is spent on productive work as on delays due to

management and inefficiencies due to antiquated work methods.

Job-site accessibility often may reduce the labour productivity index if the workers

must perfoi@Ptheir jobs in round about ways,

Labour availability in the local market is another factor. Shortage of local labour will
force the contractor to bring in non-local labour or schedule overtime work or both.
In either case, the labour efficiency will be reduced in addition to incurring

additional expenses.

The degree of equipment utilization and mechanization of a construction project

clearly will have direct bearing on job-site labour productivity. (C. Hendrickson,

1998)

DEPARTMENT OF BUILDMRIG ECOROMICS
Facuity of Architeciure
UNIV?.RS‘.T? OF MORATUWE
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2.5 LABOUR PRODUCTIVITY STUDY IN HIGH RISE
BUILDING PROJECTS

Study carried our by D G Proverbs*, G D Holt and P O Olomolaiye School of

Engineering and the Built Environment, University of Wolverhampton, Wulfruna

Street, Wolverhampton WV1 1SB, UK in 1999 reveals following results. They have

researched into firms in German France and UK having following turnover capacity.

Table 2.2 Categorisation of Contractors in each country

Number and percentage of Contractors

Annual Turover

Sterling UK Erance Germany
No Yo No % No %

Less than 58"Million 8 258 5 35.7 1 10

50 milliom to 450

million 14 45.2 5 35.7 2 20

Above 450 million 9 29 4 28.6 7 70

Totals 31 100 14 100 10 100

Contractor population in each country also given in following table

Lalantha Amarasekera

20



Accurate Estimating on Labour Productivity in Sri Lankan Construction Industry

Table 2.3 — Contractor Population in Each Country

Number of

Contrcators
Number of
Employees UK France Germany
<50 193540 275400 55274
>50>200 765 1400 3310
>200 352 193 120
Totals 194657 276993 58704

Their analysis have been based on following four headings

Analysis one: site managerial personnel
Analysis two: daily working times and break times

Analysis (three: 'working days perweek-and'total

working hours

Analysis four: operative employment and utilisation Study reveals significant

differences between UK, German and France operative systems.

2.5.1 SITE MANAGEMENT

UK contractors assigned the highest number of site based managers/supervisors for
the model project, some 40 and 20% higher than those in France and Germany
respectively. The Business Round Table reported that the number of managerial and
supervisory levels employed on continental sites was far less than on a typical UK
site. Over staffing at the work place can result in serious cost implications and
provide increased opportunities for unnecessary worker interference. Over staffing
can also be a disruptive condition that can impair construction productivity. The

motivation of UK site supervisors may not be what it should due to constraints in
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work involvement and career dévelopment. Researches revealed that the supervisor
morale and motivation levels can impact the productivity of construction firms. In
Europe, and particularly in France, an engineering education is considered
intellectually prestigious and a foundation for a variety of careers. By adopting the
continental strategy of providing site management with a broader educational
structure, their roles could be enhanced with greater personal responsibility for
projects. This could lead to a reduction in managerial and supervisory levels on site.
UK contractors tend to employ a larger proportion of semi-skilled workers than do
French and German firms (who employ more skilled workers), and hence for the
former there may be a need to employ a greater level of supervision. Furthermore,
the common practice in the UK to employ subcontract labour could also impact
supervision requirements. Clearly, before it is possible to suggest which supervisory
practice (i.e. UK, German or French) is to be preferred, a wider appreciation of the

industry, and the factors which impact such strategies is needed. (C. Hendrickson,

1998)

2.5.2 WORKING'SCHEDULES

Generally it was found that construction workers in the UK, worked longer hours
each week, and had less time allocated for official breaks. In the UK and Germany,
actual working time per week was in excess of 45hrs (mean value), while in France,
there is a statutory regulation which imposes a limit on working time (French
attitudes are also more 'militant’; none of the responding companies planned to work
more than 43 (hrs per week). However, on a daily basis, German companies intended
to work the longest hours (over 10 hrs), the sum total of which was comparabie to a
UK working week. The harmful effects that excessive working schedules can have
on construction productivity have been well researched and documented. Work
schedules that extend beyond 40 hrs per week reduce labour productivity and create
excessive inflation of construction labour costs, without material beneﬁt\ to the
completion schedule research reported that a 12% reduction in efﬁcie%§§\ can be

expected for every 10 hrs of overtime worked. Indeed, one investigation;ré’ported that
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an extension of working time from 40 to 60 hrs per week over a period of 6 weeks,
resulted in the project being no further advanced than had a 40 hrs week been
adhered to. Evidence provided in the survey suggests the working schedules of UK
and German contractors may be  excessive, and could impact production
performance. French contractors achieve higher levels of productivity and efficiency
through an acceptable national standard working time, which when deductions for
break allowances are considered, result in an average of 40 hrs, based on a 5 day
weekly schedule. Whilst UK and German workers regularly endure grueling weekly
schedules, the French appear to benefit from a far shorter week, allowing operatives

greater recovery time and a more relaxed working culture. (C. Hendrickson, 1998)

2.5.3 WORKFORCE CHARACTERISTICS

Labour character and:cattitudes | wiltkchave lancefféctiionsthe productivity. The
performance ~#analysis’ is.'a ' .common “tool for assessing worker quality and

contribution. Factors that might be evaluaied include:

Quality of Work - caliber of work produced or accomplished

e Quantity of Work - volume of acceptable work

e Job Knowledge - demonstrated knowledge of requirements, methods,
techniques and skills involved in doing the job and in applying these to

increase productivity.

« Related Work Knowledge - knowledge of effects of work upon other areas

and knowledge of related areas which have influence on assigned work.

e Judgment - soundness of conclusions, decisions and actions.
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o Initiative - ability to take effective action without being told.

e Resource Utilization - ability to delineate project needs and locate, plan and

effectively use all resources available.

e Dependability - reliability in assuming and carrying out commitments and

obligations.

o Analytical Ability - effectiveness in thinking through a problem and reaching

sound conclusions.

o Communpicative CIAbility | -1Ceffectivenesstlinlllusing oral and written
communications and in Keeping: stibordinates, associates, superiors and others

adequately informed.

o Interpersonal Skills - effectiveness in relating in an appropriate and

productive manner to others.

e Ability to Work Under Pressure - ability to meet tight deadlines and adapt to

changes.

e Security Sensitivity - ability to handle confidential information appropriately

and to exercise care in safeguarding sensitive information.
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o Safety Consciousness - has knowledge of good safety practices and

demonstrates awareness of own personal safety and the safety of others.

« Profit and Cost Sensitivity - ability to seek out, generate and implement

profit-making ideas.

« Planning Effectiveness - ability to anticipate needs, forecast conditions, set

goals and standards, plan and schedule work and measure results.

¢ Leadership - ability to develop in others the willingness and desire to work

towards common objectives.

o Delegating -'effectiveness'in delegating work appropriately.

o Development People - ability to select, train and appraise personnel, set

standards of performance, and provide motivation to grow in their capacity.

e Diversity (Equal Employment Opportunity) - ability to be sensitive to the
needs of minorities, females and other protected groups and to demonstrate

affirmative action in responding to these needs.

The characteristics of the workforce also provided significant levels of discordance.
Findings indicated that UK practice was to employ a predominantly subcontract,
semi-skilled labour force. French and German contractors preferred to utilise directly
employed workers with the emphasis on skilled persons. French companies planned
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to employ the smallest workforce, whilst German firms had the largest, although on

average just 5% of the German workforce were unskilled operatives.

This ‘externalization of labour force' strategy results in firms abnegating
responsibility for operative training. UK operatives expect tighter supervision, (as
reflected in the managerial numbers reported earlier), and are likely to be semi-
skilled, rather than in France and Germany where they are skilled. Subcontracting
culture in France is similar to that of the UK, but due to French law structures
(subcontractors may bring an action directly against the client in the event of the
main contractor not honouring payment), it is not widely used. In contrast, French
firms are pursuing new labour strategies, based on ‘internalisation’, and aimed at
developing a multi-skilled and autonomous labour force. Research has found that
direct labour within construction can be empowered to take full responsibility for
their own processes. This seems to be the situation in France, where generally
workers are expected to demonstrate the ability to organise, oversee and to control
the construgtion, process. The benefits from such labour strategies appear to facilitate
the utilisation of a smaller, but.more accomplished work force, demanding less
supervision,‘ émd which succeed in out-performing UK and German companies. In
Germany, about a quarter of skilled operatives are over 50 years old and it is
estimated that by the turn of the century, about two thirds of the present labour force
will have reached, or have passed retirement age. Nevertheless the major employers'
associations have introduced new vocational training policies aimed at enhancing
recruitment of apprentices, and attempted to upgrade further training schemes to
facilitate efficient utilisation of ever more expensive equipment. The major strength
of the German construction industry is the quality of the work it produces, which is
reliant upon the employment of predominantly skilled operatives. The current
employment practices of UK firms manifests skills shortages and inadequate
training. A model similar to the French system could provide the basis for ‘European

best practice' recommendations. (C. Hendrickson, 1998)
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Above research study found that the comparison of construction practices is onerous
and problematical since like-for-like building projects do not exist. Further
difficulties were encountered with international comparisons. However the research

concluded that following areas has a greater effect on the labour productivity.

e site managerial personnel;

daily working times;

break times (relaxation allowances);

e working days per week;

¢ total working hours;

e . skill levels of workers;

o Sizeof workforce;

e Modes of employment.
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CHAPTER THREE

3.1 INTRODUCTION TO RESEARCH METHODOLOGY

Labour productivity is an area extensively studied all over the world in different
angles. Literature survey revealed that no research has been able to give a panacea
for the all the problems encountered in labour productivity. In this study emphasis
were made to identify the relationship of the labour productivity with respect to the
quantity of work involved and type of building. It is a general belief that the labour
rate for a given item of work is constant in any context. Researches too, have not
specifically focus on’ labour ‘proeductivity related ‘issues m“different quantum of work

and different fypes of buildings.

It was decided to deploy a case study research in order to observe the relationships of
different building trades with respect to quantum of work and the type of the
buildings. Two types of case studies were carried out in selected building projects in

order to have a detailed understanding on the subject area.

It was decided to carry out above all studies in open environment where no control
has been introduced. Workers were not made to be aware that there was a study
being done on their productivity. It was our belief that the workers tend to work slow
if they were made to understand that there is a study being carried out to find our
actual labour involvement in their trades. They expect a rate hike based on the study.
Supervisors of the trades were well informed that the study is purely to find out a

practical labour rate for implementation. Research personnel were kept separated
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from the site personnel and they were to directly report to the Contract Manager at

the head office so that there will not be any influence by the site personnel.

It is important to reveal the culture of the organization before the study. This
organization which came under the research has a good control over it’s labour
issues. There are fixed labour rates for each and every item where site personnel have
no jurisdiction to increase on their own. It has to be referred to the Contract Manager
for his evaluation before any rate revision. Site personnel are of the view that the
control is too much and it ahould not have such control on labour rates because it is
minor in nature with respect to the material and other factors. Further they claim that

due to this control there are productivity losses and scarcity of labour etc. in sites.

Organisation came under study largely dependant on labour sub contractors and not
on direct work force. But study reveals that the subcontractors who generally work in
the organization were long standing personnel much attached to the culture of the
organizatior.l.;Sub Contractors, were treated well in the organization where one of the
sub culture Being a annual evaluation of all subcontractors as per their trades and
reward them for their outstanding performance. Sub Contract worker training too
were extensively practiced. Payments were made to these subcontractors on well
informed predetermined dates. Assistance provided in the event a subcontractor need
financial assistance for buying new piece of equipments etc.. Due to this scenario
although the organization largely dependant on sub contractors it is less evident that

the organization faces quality issues, and manpower shortages frequently.

3.2 CASE STUDY RESEARCH ELEMENTS

These data were colleted in three different building trades. They are namely.

e Masonry Block work
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e Plastering

e Tiling

3.2.1 MASONRY BLOCK WORK

Masonry block work study was limited to 200 mm thick hollow block work which is
used as a partition work for framed construction of buildings. Masonry blocks were
of 200mm x 400mm x 200mm in size and approximately 25kg in weight. The walls
were erected by bonding these block in cement mortar 1:5 mix. Cement mortar is
centrally mixed and provided by a separate gang and the masonry block work
erection does not carry the cost of mixing mortar. Cement blocks were provided in a
central position in sites and it is the responsibility of the workers to bring them to the
work locatioh. In Case ofta high rise building they were provided with hoists to lift
the material=In/a sedttéred’ Horizontally spread’ building ‘project these blocks were
deployed in-close proximity to work site on request by the contractors. Cement
mortar too will be distributed to close proximity in such sites so that the masonry

subcontractor hauls them using a wheel barrow to the required location.

Scaffolding where if necessary will be erected by a separate gang which can be used
by the masonry contractor free of charge. Internal transport of block and mortar are
paid separately and this study will not cover them. Therefore this study covers only

the following items of work in this masonry block work trade.
e Transporting of blocks and mortar from a 20 meter distance.
e Waiting for instructions
e QGetting the lines and levels from a supervisor
e Erecting block work in Cement mortar, including necessary cutting of blocks.

o Make the chases and reveals etc..
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e Erecting stiffener columns and beams in required intervals
e Providing for openings if any
e Making good both sides of wall

e C(Cleaning the area after erection.

3.2.2 PLASTERING

Plastering is done with cement mortar 1:5 with mixing an adhesive called feb mix
instead of lime. All plastering will be done in rough nature whether it is internal or
external and the smoothing of internal surfaces will be done by the painter using wall
putty. Therefore the study only will be limited to rough plastering of surfaces of
block or cQﬁcrete surfaces.s Here |againl the \irortad Iwill I'be’ centrally mixed and
delivered \fg-elose proximity through Hoist ‘or tractors as the case may be. Limited
haulage of aﬁproximately 20m distance maximum will be done by the subcontractor
by his own labour which shall include in the purview of study. This study of

plastering will be therefore limited to

e Transporting of mortar from 20 meter distance

e Waiting for instructions

e Making lines and levels correctly under supervision

e Rough plastering approximately to a thickness of 12-20mm

¢ Smoothening by a trowel

¢ Fixing chicken mesh in block work and concrete intersections

e Cleaning the area after work.
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3.2.3 TILING

This trade includes cement screed bedding and laying of tiles with necessary cutting
including applying of tile grout. Similar to the above two trades here too, the mortar
for screed bedding will be centrally mixed and supplied to close proximities. Cement
bags, tiles and tile grout too will be supplied to close proximity. Subcontractor’s
scope covers to transport of these items approximately of 20m. In this trade
supervision and quality control is comparatively strict and much emphasis were
given to minimize the tile waste. In this connection there will be tile shop drawing
drawn and issued to site by the project manager so that the tiller has to adopt the
given design on which the tile order has been based on. This work item is different in
nature to other two items. Because, the time you lay the screed bed, laying of tile and
the applying grout is donedandghree different oceasions; Therefore the researches were
advised to take the complete picture! by observing each activity in isolation and then
integrating at last for the area of tile {aying achieved. In this connection the same
area comes under survey in three different occasions. But it was always assured that
the same contractor is doing the all three operation although it is done in three
occasions. Due to the nature of this tiling operation there could be idling of labour
while interfacing. Research study were only based on projects which carries larger
amount of tiling operation so that the same tiller can do multi operations on then
same occasion. In other words, the tiller who lays the screed bed in one location
today will do the tiling in another location in the same building and do the grouting
in some other location in the same building. So that he will not have any interfacing
problems coupled with his productivity. We believe that therefore this study results
cannot be implemented in isolated projects which has comparatively low tiling areas.

Further this case study is limited to
e Transporting of Tiles and Mortar from 20 meter distance.
e Waiting for instructions

e Making the levels and line under supervision
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o Lay Cement sand Screed bedding

e Necessary cutting and grinding of tiles

e Mixing cement paste

e Laying tiles by applying cement paste as per the tile design
e Applying tile grout etc and complete the job

¢ C(Cleaning the area after completion.

To carryout above three case studies we have devised a data sheet to be used by the
research officers in each site. We have used a computer generated data sheet for this
purpose and observe some time to identify the problems which would arise to fine
tune the format. With the results we have fine tuned the format and devised a data
sheet book to be given to each research officer. Theses data sheets were requested to
send duly ﬁ‘l;l-ed monthly" or ‘preferably'fortnightly to'head 'office for evaluation. As
you would h”se.e in the appendix following “items are ‘tequired to be filled by the

research officer in the data sheet.

e Project Name

e Research Officer’s name

e Month of the study

e Work item

e Achievement in quantity during the period

e Total Skilled Labour hours

e Total Unskilled Labour Hours

e Total Over time Hours of Skilled and Unskilled

e Any Remarks.

I R s e e e o
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Based on the data sheets received above three trades were studied in three different
projects in the same organization. They are namely high Rise Residential Building,
Medium Rise Hospital Building and Low Rise, horizontally spread housing complex

in the view of obtaining the behavior of these trades based on the project type.

Each research officer was advised in site level how to do the study. Environment
conditions, nature of operation, level of supervision have been kept equal as much as
possible. Research officers were advised to maintain the research norms
(prerequisites) in tact in their research items. As mentioned earlier research officers
were allowed to study the project operation for two moths before starting the case
study, and then on site advices has been provided to each and every problem they
encountered. They were given enough freedom to choose the activity most relevant
to the study. They were given liberty to discard or discontinue any activity while

studying if they were found to be not normal.

Following*ar&the three huilding categories came under study

3.2.4 HIGH RISE RESIDENTIAL BUILDING

This building is more than 30 storey high, residential building with two basement
located in central Colombo having a gross floor area of more than 300,000 sqft. The
building construction took place in 30 months for a value of over 2.5 Billion rupees.
At the peak of operation there were two tower cranes, one passenger lift and one
goods hoist were installed. There were around 600 workers with 60 officers, working
in the project at the peak of it’s operation. All the attributes relevant to the above
three studies were existed in this project, such as centrally operated mortar mixing,
Hoisting facilities, and strict quality control measures. Three research officers were
deployed in the project to study the trades concern and the study for each activity is
carried out for minimum of six months. Some results came abnormal in two stages

G S = S g S S U e S U U
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due to unnecessary idling time incurred due to stoppage of work being at a high
security zone. Therefore the research study has to be extended to eight months in

order to get results for six months.

3.2.5 MEDIUM RISE BUILDING

This building is only S storey high constructed in Colombo suburb to a private
hospital operator having a gross floor area of 50,000 Sqft. Construction took place in
14 months excluding piling works. Extensive areas of block work, plastering and
tiling available in the building to be researched. Other attributes considered as
prerequisites to the research too were available on the project. Total work force of
around 180 and 26 officers were in operation at peak in this project. There was a one
tower crane and one passenger hoist deployed in this project. Due to the project
being a Colombo suburb it has not encountered any adverse conditions for work.
Workers wergiavailable in adequate numbers and project ran smoothly without any

hindrance.

3.2.6 LOW RISE HOUSING COMPLEX

Our third research entity was a condominium housing complex situated in hill
country having more than 320 individual housing units in a 60 acre land with
extensively uneven ground surfaces. Housing units are single and two storey made
out of concrete frame construction with hollow block infill, plastered and painted
with tiled floors. Each house contains a gross floor area of 1500 to 2300 sqft. Nature
of the project is such that the substructure work of each building has a huge variation
due to ground condition being uneven. Our research items only confined to
superstructure and therefore they can be considered and as an ordinary housing
complex. At peak there were 800 work force with 50 over officers in operation.

Cement mortar is centrally batched and distributed using tractors to work sites.
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Cement block, cement, tiles too are distributed to different location by tractors.
Subcontractor had to haul them to maximum of 20m using wheel barrow to his work
place. Therefore it can also be considered as similar working environment to other
two buildings. Scaffoldings are erected by a separate gang without cost burden to the
subcontractor. Heavy quality control measures were existed in the project while two
storey house in this project to be completed in maximum of 8 months. There were

three research officers deployed in this project to carry out this study.
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CHAPTER FOUR

4.1 CASE STUDY ONE- MONITORING OF HRS PER UNIT ON
TRADES

This case study research is design in such a manner that the research teams were
given a data sheet to be filled monthly basis or if possible in fortnight and sent to
head office for evaluation. Data so received are carefully short listed to find out the
data which involve considerable quantity under study as revealed in table 4.1. As
ahown in the table data have been gathered with respect to trades and types of

building designed according to the research design.

4.1.1 RESEARCH RESULTS -CASE STUDY ONE

Data obtained from each of above trades in three different projects were tabulated to
find out the relationship of each in relation to the project type. Raw results obtained
through case study are tabulated in Table 4.1. Quantity involve too have been
gathered in order to make sure that there have been some uniformity in the quantity

studied and to make sure very small quantities were not subjected this study.

Data gathered by the research officers were number of labour hours consumed in
skilled and unskilled basis for an amount of quantity identified. Indirect labour
involvements were not taken into account. Total hrs recorded include not only the
effective working time of the labour and it include total time the labourer is on at

site. In other words total time labour is considered for payment of his wage is taken

S oaair me el v B mEE G TR SUWRE TATR L vTELET a2 o e cae famewm i s [

Lalantha Amarasekera 37



Accurate Estimating on Labour Productivity in Sri Lankan Construction Industry

into consideration. Time to time supervision made by the Sub Contractor ( Gang

leader) not considered for the time records.

Table 4.1 — Quantity and Hrs per Unit Measurement Results

Legend
M1
Sk Unsk
Qty in Sgm

200 Thick
Block work

High Rise 60 110 52 121 82 95

& University ol Moratuwa o Lanka,
Plaster($69F) Electronic Theses & Dlssertatlons

=y ;f" %M% L ETARTIN

Tiling
High Rise 246 20 265 215 90 65

By just looking at the above results one could not sense the relationship of each trade

in the project type. Therefore each trade has been graphed in the light of different
building type in order to visualize the relationships. Therefore skilled labour in one

graph and unskilled labour in another graph is plotted as in figure 4.1 to 4.6
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Block Work Productivity Monitoring Sk Labour
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Figure 4.1 — Skilled Labour Hrs/Unit Block Work

University of Moratuwa, Sri Lanka.
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Figure 4.2 — Un Skilled Labour Hrs/Unit Block Work
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Plaster Work Productivity monitoring Sk Labour
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Figure 4.3 — Skilled Labour Hrs/Unit Plaster Work

University of Moratuwa, Sri Lanka.
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Figure 4.4 — Un Skilled Labour Hrs/Unit Plaster Work
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Tiling Work Productivity Monitoring Sk Labour
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Figure 4.5 — Skilled Labour Hrs/Unit Tiling Work
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Figure 4.6 — Un Skilled Labour Hrs/Unit Tiling Work

It appears that similar performance levels are not seen both in Skilled and Unskilled
categories in trades. While skilled and unskilled were showing lowest labour hours
per unit in Block work, Skilled worker shown low and equal labour hrs per unit in

plaster with other trades where unskilled perform badly in high rise than in medium
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rise. Quite uniquely tiling skilled and unskilled results were shown opposite results in
each building type where in high rise building, skilled consume low number of hrs
per unit and unskilled consumed high number of hrs compared to other two building

types.

Although charts in figure 4.1 to 4.6 shows some relationship of how each trade
perform in different project type, it was felt important to find out this relationship as
a one unit without differentiating into skilled labour and unskilled labour. Therefore
these results researched through the case studies were converted to a unit rate using
following daily wages. Skilled labour hour is taken as Rs 93.75 and unskilled labour
hour taken as 56.25. This is not an accepted practice in a research because these
labour rates are time driven and it can escalate or diminish with time. But in order to
observe this relationship clearly this exercise has been performed. Graphs were

developed based on above scenario shows in figure 4.7 to 4.9.

University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk

Block Work
300.00
250.00
200.00 - righ
—a— Medium
150.00 Low

100.00

Labour Rate

50.00

0.00

M1 M2 M3 M4 M5 M6
Month

Figure 4.7 — Labour Rate Analysis Block Work
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Plastering Work
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Figure 4.8 — Labour Rate Analysis Plaster Work

University QIfIM RSP Sri Lanka.
Electronic Thesés & Dissertations
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Figure 4.9 — Labour Rate Analysis Tiling Work

Above graphs revealed that in most cases high rise building requires a higher labour
hours to do one unit than in low rise. Exceptionally some results show different
opinion. In the block work exercise it is clearly evident that low rise performs higher

productivity of labour than the high rise. But in other two trades they are somewhat
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similar except for one or two results. Further it is evident from the results that the

medium rise performs average in productivity in every case.

4.2 CASE STUDY TWO — MEASURING TOOL TIME IN
BUILDING TRADES

4.2.1 INTRODUCTION TO TOOL TIME

Measurement of Tool Time technique was firstly introduced by Prof. Janaka
Ruwanpura Associate professor University of Calgary Canada. This technique was
used to measure the productive time as a percentage of total time in projects. It is
therefore necessary to identify what could be considered as Tool Time and what
could be cor_}Sidered as) Non Tlaol (Time inbuilding trades: I Therefore following were
identified' as: Non Teol-Time 'inr any Yaboutr trade: ‘Fhey 'have been categories under

three headings 1n relation to Sri Lankan Construction Industry as follows.

4.2.1.1 Supportive Non Tool Time

e Measurement

e Checking of drawings

e Interruptions to work due to quality issues etc..
e House Keeping

e Discussions related to work

e Inspections
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4.2.1.2 Non Supportive Non Tool Time

e Waiting or search materials
e Waiting or search equipments
e Watching others works

e Waiting for Instructions

e Traveling within the site

4.2.1.3 Non Tool Time Due To Idling

e Tea Breaks/ Lunch Breaks
e Answering calls

e Socialising

e Leave

e Wash room

¢ Interruption of work other than quality issues

Same projects considered in the case study one have been considered for this study
as well. We have conducted this study for ten months and the period which the study
one was conducted falls within these ten months. Therefore the environmental

conditions prevails in the projects can be considered similar for both the studies.

For the purpose of the research total productive time of the worker day is calculated
by reducing the main three rest time of the worker, i.e Lunch hour and two tea
breaks. This is 1.5 hrs out of total labour day. Other factors affect this productive
time is considered as non tool time. Following example will elaborate how the case

study was carried out to obtain the tool time percentage as tabulated in the Table 4.2

e e L E . A me SLe 2 e Aa sl cmoosim o mmme o oseigrm oo mess—oii L G o3 s . -
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Eg.  Worker Start Time = 8 hr
Worker finish time = 18 hr
Total Worker hours = 18 hr-8 hr =10 hrs
Total standard Non Productive time of the worker
Tea Break= 10 hr-10.15 hr=0.25 hrs
Lunch Hour = 12 hrs- 13 hrs= 1.0 hrs

Tea Break = 15.00 hr- 15.15 hr=0.25 hrs

Total Standard non Productive time = 1hrs +0.25 hrs +0.25 hrs= 1.50 hrs
Therefore Total Standard productive time = 10hrs- 1.5 hrs= 8.5hrs

[f the worker’s productive time is affected by following per day

Waiting = 23 minutes
Inspection = 17 minutes
Calls = 3 minutes
Wash room =17 minutes
Socialising = 6 minutes
Traveling = 22 minutes

Total Non Productive time = 88 minutes = 1.47 hrs
Therefore His productive time = 8.5 hrs — 1.47 hrs = 7.03hrs

Therefore his tool time would be 7.03/8.5 x 100 = 82.71%
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Overtime too is considered in calculating the total labour hours. Total of day’s results
were observed over a month and average month results received at head office for
evaluation. However the studying personnel were kept free in identifying the type of
non tool time they encountered without restricting to a standard schedule of non tool

time.

Project Management introduced some improvements time to time to enhance the
productivity of the labour by observing the results in all three building projects.
Therefore the results have seen improvement towards the end. Following are the

results obtained thorough the Tool Time study in each building type.
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4.2.2 RESEARCH RESULTS- CASE STUDY TYPE TWO

Table 4.2- Tool time Results

Tock h}‘ﬁixl'ef‘éﬂv of lMﬂ JltUWE Ngr{ Eﬂﬂ”kﬁ l '

i % ‘Eﬁl@ttr@ﬁlcvwheseé &‘Dls*sértaﬂbn@‘"“ | o

High Work
60.07% 1 -
Rise | Plastering 628 20% | 58.00% hl 68.00% hgi 67.00% | 57.00% | 58.00% | 61.20% | 62.00%
Tillin, K =) '\K{»WV\ k 68.50% | 70.00% | 72.00% | 69.00% | 71.00%
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Tool Time Results- Block Work
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Figure 4.11 — Tool Time Results Plaster Work
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Tool Time Results- Tiling
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Results tabulated in table 4.2 is presented in graphical form in figure no 4.10-4.12.

When analyzing block work item in the high rise building shows a very low tool
time. The reason behind this was that at the time of study, the block work item was
only confined to internal cladding of toilet and bed rooms where only minor quantity
of work is involved at a given time. Therefore it has much waiting time coupled with
stiffeners in close proximity. Therefore the results of the block work study in high

rise need to be considered in isolation.

In average among three categories of buildings studied, the best tool time recorded in
medium rise buildings. Next is the Low rise and then the high rise. Due to various
reasons high rise building recorded a very low Tool Time. Similar to the case study
One it shows that high rise building works involves higher labour hrs per unit than
the others. In other words it shows a low productivity. Case study Two also reveals

the similar results by showing higher Tool Time in high rise buildings.
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Due to the above found low periodicity issue in high rise, some emphasis has been
made to identify the reasons for high rise buildings to show low productivity.
Following are some of them as identified by observing the nature of work in the high

rise building studied.

¢ Limited availability of hoisting equipments
e Traveling delays of workers to required levels

¢ Limited availability of canteen and sanitary facilities to workers in different

levels
e Limited store facilities in other levels than the lowest level

e Interruption due to interfacing issues.
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CHAPTER FIVE

5.1 FINAL RESEARCH FINDINGS

Two case study types were carried out in three different projects to study the labour
productivity relationship in different types of buildings. As shown, two types of
study namely Hrs per Unit measurement and Tool Time study reveals similar results
with minor deviations. Since these exercise were carried out in open environment
these kinds of miner exceptions are unavoidable. Therefore research findings must be
generalised in this instance. While generalizing these results it is important to
highlight thartrdue to environmental ‘factors these resulfs could have a variation.
Therefore th'é' project environment has been initially elaborated to the reader to get
and idea aboﬁt the culture of the organization on which the above results were based

upon. Following can be summarized as the final research findings.

e One cannot have a single labour rate for a trade to suit every

environment.

Single labour rate is given in every instances for anyone uses the BSR or
standard norms available in the industry. Due to various reasons this is not
possible and it has to be subjective and decided on the type of building you

are estimating.

e Higher productivity can be obtained in medium Rise Buildings;

One cannot imagine how far this is truth. But both the research case study

reveals that the maximum productivity can be obtained in medium rise
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buildings. Second is the Low rise building or horizontally scattered buildings.
It should be noted that this particular low rise building category studied was a

major housing complex consisting of more than 300 housing units.

e Least productivity is recorded in High Rise Buildings.

Due to the various reasons identified in this research the lowest periodicity
has been recorded in high rise buildings. These are ways and means of
improving this productivity. Towards the end of the tool time records, it is
observed that the tool time of the high rise building project has been
increased. But it has not managed to reach the level of medium rise. This
improvement was achieved by the project team by introducing various means
of reducing non productive time or tool time of workers. However it was
evident that this is not possible to have a higher productivity than a medium

rise or low rise building projects.

e Accurate labour rate ¢an be dévised Based in Tool Time results

Assume one knows the average labour rate of a trade, and if the estimator
knows how this average labour rate is arrived. He could increase or decrease
the labour rate to adjust the type of project based on the tool time results. This
is a simple exercise to work out the most appropriate labour rate for a project.

Thus, it must stop believing the BSR norms any further blindly.

e Best Worker performance analysis could be obtained through Tool Time

records

Since Tool time study reveals the draw back of the existing operating system
by way of non productive time one can find ways and means of improving
the system to have improved tool time and thereby improved productivity.
Just analysis of Hrs per Unit as conducted in the case study no One has not

revealed reasons for the low or high productivity. Although it is not the
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preview of the Tool time analysis of this research, the data obtained could be
further analysed to advice project on drivers to improve productivity.
Similarly  with the start of the Tool Time analysis the high rise building
came under this case study introduced an additional passenger hoist in light
of low productivity encountered by the Tool time analysis of the first three

months.

5.2 FURTHER RESEARCH

More rates needs to be analysed based on tool time technique to devise industry
wide data base for the tool time factor in each building. So that statistical model can
be developed to devise labour rates for different types of buildings with a base rate to

be used by the construction industry.

Tool time analysis can be further used to asses the factors affecting the improved
productivity. With the limited time available in the research study this tool was only
utilised to analyse the tool time of activities. But this was felt as a very important tool
to analyse the productivity looses in work methods and address them to improve.
Sometime the non tool time activities when analysed shows the corrective action

straight away so that the improvement could be easily identified.

During the research it was found that the interfacing of trades becomes an important
productivity hamper in every building. That can be illustrated by this example.
Interfacing time is the time lap between start of paint after the completion of plaster
work. Generally in Sub Contracts, these two trades were done by two different Sub
Contractors. There is always a time lap for the painter to start after the block layer
finishes his work for many reasons. This is a very important area to be researched

and find out methods of overcoming delays due to interfacing.
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Entire research case study in this report has been piled up based on open
environment. It would be advisable to do the same case study on close environment
which will control the effects of external factors and environmental issues. This will
enable to find out the productivity changes by controlling external factors time to
time. Of course this is a difficult study to do in a project environment because this
kind of study will need to be separately handled with controls disturbing the natural
flow of the progress.

5.3 CONCLUSIONS

The study conducted in this research was a very successful and fruitful exercise both
for the individuals involve in estimating construction works and also to the
construction industry as a whole. Study reveals valuable information as explained in

the relevant ehapters.

Now we can conclude that industry wide single labour rate is neither possible nor
meaningful in this context. They are correlated and subject to various factors at all
the time. Two case studies conducted showed evidence that labour behaves quite
differently in three building types studied. It is also important to highlight the fact
that these researches were carried out in open environment and therefore the results
of the study is not uniformed to have a firm belief on any of the findings identified in
this report. But Since the two sets of case studies focus on the same labour
productivity in two different angles the general opinion was emerged on certain
research findings comparing the two study results. They can be considered as

concrete findings which can be further implemented undoubtedly.

|[Findings Suggest that the highest productivity on labour could be obtained in
medium rise buildings, and the least productivity could be found in High Rise

buildings. Average productivity is observed in Low rise horizontally scattered

e — L E e mh ome . e s rzimeoais nom EmR CTEE an T b mro s oo e MO tmmaiiive sometoans oo
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buildings. Please refer the definitions of the these three building categories in chapter
3. Hrs per unit measurements revealed in this research could also be considered firm

and could be used by estimators confidently.

= - P < P

Lalantha Amarasekera Sé



Accurate Estimating on Labour Productivity in Sri Lankan Construction Industry

REFERENCES

e Alinaitwe H. M, Hansson B, (2007)Factors affecting the productivity of

building craftsman, Studies , Journal of Civil Engineering, Uganda.

e Arditi. D, Mochtar. K,2000) Trends in Productivity Improvement,

Construction Industry Construction Management and Economics, USA

e Bosworth. D, Nayakama. M. (2005), Quality change and Productivity

Improvement in Japanese Economy, Japan and the Works Economy, Japan.

e Cook. J, Ellis. B, P+A Innovators Corp, (2004 ), International Conference
Orange County Convention 2" Dec 2004. Orlando

e Ejohwomu O. A, Olomolaiye. P, (2008) The impact of multi skilling

Cong#siiction manpower -proceeding of Institution of civil Engineering, UK

e Enshassi. A Mayer. P. E,; (2007}, Factors Affecting Labour Productivity in

Building Projects in Gaza Strip, Journai of Civil Engineering.

e Fagbenle O. I , Adesanya D. A. (2004) The impact of non financial
incentives on bricklayers productivity, Magazine of Construction

Management, Nigeria
¢ Finman. R (2007, April) Construction Today
¢ Fineman. R. (2007),Cost of Labour, Construction Today, USA

e Kenneth P. (2007), Gain Sharing for productivity and Profit, Manufacturing
Today,

e Lim E. C, Alum J. (1995), Construction productivity; Issue encountered by
Contrcator in Singapore, International Journal of Project Management,

Nanyang Technological University, Singapore

Lalantha Amarasekera 57




Accurate Estimating on Labour Productivity in Sri Lankan Construction Industry

¢ Olomolai P. O, Proverbs D. G.(1999) A method for estimating labour
requirements and cost for international construction project Management,

USA

e  Ofori. G, Zhi.M ( 2003), Total Factor Productivity Growth Accounting in

the Construction Industry of Singapore, Construction Management.

e Proverbs D. G, Holt G. D, Olomolaiye, (1999) Productivity Rates and
Construction Methods for High Rise Concrete Construction, Construction

Management and economics, Volume 17

e Rojas E. M.(2003), Labour productivity Drivers and Oppertunities in the

Construction Industry, Journal of Management and Engineering, Volume 19

e Ruwanpura. J (2009 May), Time is Money; Tech Tools in Productivity

Toolbox to improve Construction Performance, Canada

e Ruwanpura, J, Hewage. N (2006), Carpentry workers issues and
efﬁci.éncies related to construction productivity in ¢omthercial construction
projééié in Alberta, Canada

. Uiubéyli S, Aynur K.(2003 August), A Different Approach to Construction
Labour in Turkey; Comparative productivity Analysis, Building and

Environment, Turkey.

Lalantha Amarasekera 58




APPENDICES



Appendix One

Data Sheet used to obtain Results for Case Study One
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Appendix Two

Data Sheet used to obtain Results for Case Study Two
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Tool Time Observation Sheet

Observer ... ACHVItY. ..o, Sl

Date of Observe: ... ( 1st Date)

NON PRODUCTIVE TIME MINUTES
Non Tool Time Catogary AM AM AM AM AM/PM PM PM PM PM PM
.8-9 .8-10 10-11 A1-12 .12-01 .01-02 .02-03 .03-04 .04-05 .05-06

Total Non Productive Time

Total Work Time = (Number of workers involved to the activity X 8 )
Productive Time = (Total Work Time - Total Non productive Time )

Productive Time

100
Total Work Time X
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