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ABSTRACT: Improving labour productivity is one of the most significant areas that may result in competitive advan-
tage for construction companies. This requires continuous monitoring, documentation and measurement of factors like
quantity of work, site conditions, work conditions and crew characteristics. Time study is a systematic approach that
can be applied by the site management to achieve these goals. However, various numbers of tasks to be undertaken are
time/cost consuming and may seem to be a burden to the site management. Thus, a computer based system is a requisite
for the long term success of the applications.

Literature discusses the advantages and disadvantages of three widely used systems for documentation and monitoring
of labour productivity on site. This article introduces a novel computer based system for documentation and monitoring
of construction labour productivity. The system not only provides a user friendly environment for documentation and
monitoring of construction labour productivity but also undertakes various statistical analyses. The future work in-

cludes development of a neural network module.

KEYWORDS: construction labour productivity, time study, programming, documentation, monitoring.

1 INTRODUCTION

Continuous process improvement is an essential factor of
competitive advantage for the contemporary organisa-
tions. For construction works, one of the most significant
areas that continuous improvement can be achieved is the
minimisation of waste in terms of labour productivity. In
order to succeed, a structured and systematic approach to
collect and analyse labour (crew) productivity data is es-
sential. “What to measure’ and ‘how to measure’ are the
key questions to be answered. Use of computer based
systems that assist the site management in answering
these questions and collecting and analysing the related
data is thus a perquisite for time and cost effectiveness of
these implementations.

After Egan report in 1998, British construction companies
focused on implementing monitoring systems. The com-
panies utilised either their own systems or standard moni-
toring systems like Calibre, Activity Based Planning and
ImPACT (Cook, 1999). While literature shows no further
studies related with the development of standard monitor-
ing systems, the pros and cons of these three systems are
summarised as follows.
1.Calibre, developed by BRE, requires the use of Psion
palmtop computers and consultants’ observers to iden-
tify the work plans and how long different tasks take
(Cook, 1999). The observers monitor the work done
by each labour by categorising the work into four
main categories; value adding, statutory, support and
non value added work. Courtney (1999) states that it
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costs 100 pounds per observer per day and two ob-
servers for every 100 operatives are recommended on
site. Thus, although the developers of CALIBRE
claim to save up to 12% of costs, the operating costs
are expensive and CALIBRE is defined to be ‘bureau-
cratic’ and to be using ‘excessive amount of informa-
tion’.

2. Activity Based Planning, developed by Mace, is based
on proformas filled by subcontractors at the beginning
of each week and reported to be lacking detail. Mean-
while, it is reported to be much cheaper and simpler to
operate than CALIBRE, i.e. costs about 100 pounds
per month.

3.ImPACT is based on a traditional clipboard and stop-
watch time-and-motion study. It uses a large amount
of data during analysis and provides feed back for the
next project. It is reported to save 5% costs. However,
consultant costs are 500 pounds per day which is the
most important con of the system.

A concluding remark can be made from the above discus-
sion that it is not practical to spread the use of these moni-
toring systems to other countries like Turkey, mainly due
to high costs of consultants for operating the systems.
Literature supports this fact as there are no articles related
with the applications of these systems in any other coun-
tries. Thus, the aim of this research has been to develop a
user friendly computer based system which will not re-
quire any specialist expertise for documentation and
monitoring of construction labour productivity.



2 A SYSTEMATIC APPROACH TO MONITORING
LABOUR PRODUCTIVITY ON SITE

Construction productivity can be calculated in a number
of different ways like the ratio between output and work
hours or the ratio between work hours and output where;
the first one is more commonly used as called ‘production
rate’ (Sénmez and Rowings (1998)). When the site man-
agement decides to monitor labour productivity on site
there are a number of activities that have to be organised
as a ‘time study’. Time study includes:

1. Defining the work: The first step for undertaking a
systemised time study is to define the work. Definition
of the work should guide the site management on
when the labour will be observed and what will be
measured.

.Identifying the duration of the observations: In manu-
facturing industry duration of the time study observa-
tions may even be in minutes. However, for construc-
tion works, as time and cost schedules or overruns are
mainly calculated on daily basis, a daily basis obser-
vation would quite be satisfactory. (Thomas and Daily
(1983))
2.1dentifying required number of observations through a
pilot study: After defining the work and the duration
of the observations, it is time to observe the productiv-
ity of the crew. At this point, an important question

about the required number of observations arises. A

pilot study of between 5 to 10 observations then have

to be carried out in order to determine the statistically

valid number of observations required (Equation 1).
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N’: Required number of observations within 95% confi-
dence interval.

N: Number of observations during the pilot study.

X;: Unit output of the related labour (crew) during the
i.th observation.

3.0bserving the labour crew and measuring the quantity
of the work: Once the work is defined clearly and bro-
ken down into components it is straightforward for the
site management to collect data about the amount of
time spent by the labour crew on the related work and
the quantity of work completed. However, additional
information on factors affecting the labour productiv-
ity during the observation time should also be re-
corded in order to arrive at realistic results.

4.0Observing the factors affecting the labour productiv-
ity: Various authors like Sonmez and Rowings (1998),
Assem (2000), Moselhi et al. (2005), Thomas and Na-
politan (1995), Akindele (2003), Jonsson (1996),
Winch and Carr (2001) discuss the factors influencing
construction labour productivity. These can be
grouped as labour related, work related and site man-
agement related factors. Labour related factors are
age, education, experience, working hours, payment
method, absenteeism and crew size. Work related fac-
tors are location of the site, location of the work on
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site, the type and the size of the material used and the
weather conditions. Site management factors are site
congestion, transport distances, and, availability of
the; crew, machinery, materials, equipments and site
management.

3 THE DEVELOPMENT OF THE COMPUTER
BASED SYSTEM

3.1 The content perspective

Monitoring and documentation of the labour productivity
on site, as discussed in Section 2, requires various tasks to
be undertaken by the site management, which can be per-
ceived as time and cost consuming and may not be effec-
tively implemented unless a user friendly documentation
system is applied.

Turkish construction industry, like most of construction
industries in other developing countries, is dominated by
reinforced concrete high rise building construction works.
Thus, presenting the work items of reinforced concrete
construction in a monitoring and documentation system
would address the need of about 90% of construction
companies (Paksoy, 2005). Therefore, the aim of the cur-
rent study has been to develop a user friendly system that
can easily be used by the site management in reinforced
concrete building works . 45 time studies were carried out
for concrete work, formwork, steelwork and masonry
work on a reinforced concrete office building project con-
structed by a large scaled Turkish construction company
between the years 2004-2006. During this period, details
of both the monitoring and the documentation of labour
productivity data/information have been revised continu-
ously with the site engineers. It was first identified that
definition of the work should be in the form of dividing
the work items into sub activities (Table 1). Otherwise,
different measurements were carried out by different or
even the same observers. The definition of some of the
work items included within the developed model is pre-
sented in Table 1. (Scaffolding, painting, plastering and
slab covering are the other work items that have been
included in the model.)

Table 1. Definition of the work items.

Definition of the work item

Pump from the transmixer

Vibrate the concrete

Level the concrete

Protect the concrete from hot/cold
Water the concrete

Take samples for the quality control of the concrete
Carry the scaffolding

Erect the scaffolding

Grease the formwork

Dismantle the formwork

Clean the formwork

Dismantle the scaffolding

Unload the steel from the trucks
Carry the steel within the site

Cut the steel

Bend the steel

Lay down the steel

Carry the wall elements vertically/horizontally
Prepare the mortar

Build the wall

Water the wall

Ready
mixed
concrete
work

Timber
Formwork

Steelwork

Wall ele-
ments




During the site studies, it has been observed that while
some labour work for 8 hours, some labour work more /
less due to the reasons like carrying the material before
hand, leaving work earlier, watering the surface after the
8 hrs work and so on. From these findings, it has been
concluded that, for the observations to be realistic, docu-
mentation should provide the working duration of each
labour separately. ‘Daily observation’ sheets are thus de-
signed in order to record the amount of material used,
quantity of the work done and the amount of the time
spent by each labour on each work item except formwork
and steelwork items . A ‘daily observation’ sheet for ma-
sonry work is given in Figure 1 as an example.

fﬂf WAASOINRY ATy AOBSES

ATIONSHEETS B[]
Obss e Dot Dimerions of the wall elemert (o o)
B U O I N e e VI (7

Type of wall slement

CrewCode: MASEDT

Location of the werk Type of Martar
Height  Thickness

2 2[Foxr ¥ Ouewal [3 =][20
0 =[Floor | Innerwal [§ 2|0

[ Fabricated brick [~ “Ytong

I~ Lightweight brick
I Lightweight blacks
W Harzantaly Holow [~ Werticaly Hollow

I Delivered by the supplier

b | [4b

I Prepared on the site

The Labour Skiled!  Unskilec2

Honlondatulbor 13 53 [ 13 3 i3 3 53 3 fE Fa
wotked oday

Carted the materisis ﬂ ﬂ ﬂ ﬂ IM Iﬂ ’H ﬂ ﬂ ﬂ ﬂ
Pregared the moran yﬂ ;& ,ﬂ ,ﬂ ,ﬂ Iﬂ £ ’l ’ﬂ ’ﬂ ’ﬂ
Build the wall é é ﬁ ﬁ Iﬂ Iﬂ ﬁ ﬂ ﬁ ﬁ ﬁ

Water the wall

1
1
1
1
=
A
1
i
1
1
1

Diher r r r r r r r r r r r
Quantity of work done |32 m2
Factors Affecting the Productivity
Dualion I~ Ton many labours on sie

I~ Equipment was late 0 = I Ton many materilsfequipment an site
[~ Equipment mas bioken 0= I~ Long Travel distances of materials used
I~ Material was late: o= I Long travel distancefrom plant

= I It wias too hot
I~ Pciec! delais were late ] I Itwas toa cald

I It was too windy
I Itwas too humid
I Itwas toa rainy
I Other

I Site managemen orders wers late

[~ Crew workers were late

——

CANCEL

Figure 1. ‘Daily observation’ sheet for masonry work.
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The site experience for formwork and steelwork has
shown that it usually is not practically possible to measure
the quantity of work done or quantity of materials used
during ‘one day’ observations. Duration of an observation
has to be calculated when the measured amount of mate-
rial (i.e. formwork, steel) is completely used. These re-
quired two different sheets to be produced for document-
ing productivity data (see Figure 2 and Figure 3). ‘Daily
activities’ sheet is used to document both the working
hours and the work done by each crew member during
each day of work for formwork and steelwork items. ‘Ob-
servation’ sheet is additionally presented for the input of
total amount of material used, total quantity of the work
done and total amount of the time spent on the work by
the crew.

Work and site management related factors affecting the
labour productivity are also presented on ‘daily observa-
tion” and ‘observation’ sheets (see Figure 1, Figure 3 and
Table 2).
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Table 2. Work related productivity factors included in the
model.

Work item Work related productivity factors

The location of the work, weather conditions, the
capacity and the number of the transmixers used, the
transportation system of the ready mixed con-
crete(dry/wet), the power of the pump or the capac-
ity of the crane buckets, the distance between the
concrete plant and the construction site

Concrete
pouring

The location of the work, weather conditions ,the
type of the foundation or the type of the slab, the

slab area or the floor height, the type of the form-
work (plywood/timber/steel), the type of the scaf-
folding (steel/timber)

Formwork

The location of the work, weather conditions, the
type of the foundation or the type of the slab, the
form of the steel when it arrived to the site
(cut/uncut/bent), the size of the steel used, the type
of the equipment used ( bending machine/cutting
machine)

Steel work

The location of the work, weather conditions, the
thickness and the height of the wall, the type of the
wall elements (brick/block/lightweight block), the
size of the wall elements

Masonry
work
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Figure 2. ‘Daily activities’ sheet for formwork.
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Figure 3. ‘Observation’ sheet for formwork.

A separate sheet called ‘crew information ’ is also avail-
able to record labour related factors like the age, the edu-
cation, the experience, the working/non working hours,



the payment method, the absenteeism , the crew size, the
extent of supervision on the site and the travelling dis-
tance between the residence of the crew members and the
construction site. Figure 4 presents a typical ‘crew infor-
mation’ sheet.
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Figure 4. A typical ‘crew information’ sheet.

3.2 The programming perspective

The developed system can be divided into two main sec-
tions; ‘Data Acquisition’ and ‘Data Analysis’ (see Figure
5). Data Acquisition section employs a dynamic form
generator. Dynamic form generator is responsible for cre-
ating user friendly sheets for the work items. A typical
‘crew information’ sheet (Figure 4) has a standard layout
for any work item. The sheet is facilitated with list boxes,
spin edits, radio buttons and check boxes to avoid typing
as much as possible. A unique identification tag is at-
tached to each ‘crew information’ sheet for the associa-
tion of the same crew’s daily observations and activities
data. ‘Daily observation’, ‘daily activities’ and ‘observa-
tion’ sheets are the other three types of forms that their
layouts differ for each work item. Each crew may have
more than one set of observation and activity sheets. Each
of these activity and observation sheet sets are identified
with a work number and strongly linked to its crew in-
formation form. All of the forms produced by Dynamic
Form Generator can be edited or destroyed at any time by
the user. In the case of multiple observations or activities
of a crew, the crew information is not duplicated, instead
the crew code is inserted into the observation and activi-
ties sheet. This behaviour provides great flexibility for the
management of data.

Data Analysis Section, on the other hand, is responsible
for ; identifying the required number of observations,
identifying production rates, undertaking correlation and
regression analysis between productivity rates and differ-
ent site/work/labour related conditions. The work items
and the sheets that contain input data for the analyses
should be identified before processing the statistical
analysis. Data Merger and Extractor Module is employed
for combining the work items from various types of
sheets for each crew as well as whole data set. Individual
work items can be marked on the dummy sheets for filter-
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ing out the necessary information from the sheets. The
user is, then, prompted for selecting the sheets that should
be included in the analyses. The user may select either a
directory or a collection of individual sheets. The output
of the Data Merger and Extractor Module is comma sepa-
rated text file that is a common format for many statistical
software packages. Development of two different types of
neural networks; Self Organizing Maps for the grouping
of the input data and Back Propagation Error for the esti-
mation of some items under various conditions, are
planned for the future. The output of the neural network
module will be supported and compared to those statisti-
cal findings of Statistical Analysis Module to generate the
final report.

N
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mE p WORK ITEMS
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Figure 5. The programming structure of the model.

4 CONCLUSIONS

Substantial productivity changes can be achieved by con-
tinuous monitoring and documentation of labour produc-
tivity on site. Time study is a systematic approach to
monitor labour productivity on site. However it may be an
extra burden for the site management if a user friendly
documentation system is not utilised. Literature shows
three monitoring systems that have been used especially
by British construction companies on site. A common
disadvantage of these systems is the requirement of con-
sultant(s) during the applications, which makes the sys-
tems expensive to operate. The aim of the current re-
search, thus, has been to develop a user friendly monitor-
ing and documentation system. The content of the system
focused on reinforced concrete construction work and
included the work items of ready mixed concrete, form-
work, steelwork, scaffolding, painting, plastering and slab
covering. While the structured and well defined content of
the system may seem to be a disadvantage during imple-
mentations by the users looking for more flexibility, such
a structured approach provides uniformity for analysis of
the data from various observations.

Delphi programming language has been used to provide a
user friendly interface. The system does not only have the
data acquisition module for documentation purposes but
also have data analysis module for statistical analysis. The
future work will focus on development of the neural net-
work module. Palm top applications of the system will
also be investigated in order to provide direct data collec-
tion on construction site.
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