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Abstract

The research is about systematic measurement of labour productivity to indicate
whether construction labor productivity is low in the case of building projects in

Addis Ababa, and if it is; to assess productivity problems and their causes.

A review of other country studies, project reports and consultation with practitioners
were made to identify the productivity problem areas and process factors for inclusion
into the study instruments. A case study of seven projects on three construction trades,
namely concrete, steel reinforcement placing and masonry works, revealed that 11
front line factors are responsible for low productivity; the major ones in the order of
their rank are lack of materials, instruction delay, rework, change of workers, lack

of tools and less work load and congestion.

The research result showed that nearly all projects (except project 5) have a
productivity performance ability ratio (PAR) greater than one indicating that the
studied crews’ productivity performance was low. In addition opinion survey of
foremen on the amount of effective productive time of workers showed that on the

average the studied craftsmen spend only 56% of the total paid time.

An open system theory of management was applied to identify the major managerial
causes of productivity, which resulted in four factors contributory to low labor
productivity; these are: external precondition factors, technical management sub
system, managerial systems and organizational behavior factors. That is; The
causal problems for low productive performance was analyzed and it was found that
unfulfilled conditions from project site external bodies, lack of project management
systems, poor technical management in areas of developing productivity standards
and construction methods, average leadership efficiency and low project culture

towards workers satisfaction are responsible for low productivity performance.

Key words: process factors, open system theory, construction trades, performance

ability ratio (PAR)
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Summary

It is evident that the socioeconomic development of any country is highly dependent
on the amount of socioeconomic infrastructure. Construction industry being one of the
major sectors contributing for infrastructure development, the Ethiopian government,
main investor in developing countries allocates a considerable amount of budget.
Besides, the policy of free market economy the country follows makes the private
sector to participate in development works, which increases the flow of funds towards
construction. Hence, productivity improvement in this sector will undoubtedly
generate lots of benefits for all stakeholders of the country which can be considered

justification for this study.

Earlier studies by international consultants (SMEC, GTZ) had indicated that the
construction sector is low in productive performance. Investigation of a few
researches made on the sector revealed that there few studies that are made at macro
managerial level but studies at micro level are minimal. This has made the research to

focus on micro or project level.

The research title came from the problem statement that there is a need to enhance the
construction sector productivity. This in turn was streamlined into construction
projects labour productivity measurement because most of the constructions in
developing countries are labour intensive. Consequently, three research questions are
raised; these are: Is there really low performance in construction labour productivity?;
If there is, what are the productivity problems and their causes?; and How can we

improve this low labour productivity?

To respond for these questions a case study of seven projects emphasizing on three
construction trades, namely, concrete, steel reinforcement placing and masonry works
was made. Case study was chosen as a research strategy because the study involves in
depth assessment of the construction process with research questions “How?” and an
imbedded “What and why?” types; the control over the actual behavioral events are
minimal due to lack of data and associated attitudinal and consequential problems

with regard to project productivity evaluation and the novice ness of the study area
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and my self as a researcher. The selection of the three trades was due to constraint of
resources and time to conduct on all trades, their involvement in most construction

works and their use of larger proportion of labour.

The study was designed to contribute knowledge on:

Productivity performance management of construction operations; methods and
techniques of developing productivity standards, and methods and techniques of

viewing the causal productivity factors of construction operations as a system.

The case study was made using questioner, interview, observations and archival

documents as instruments.

Accordingly, the conditional research question showed that the productivity
performance of selected construction trades in the case study projects was low. That is
for nearly all projects (except project 5) the ratio of planned productivity to actual
productivity, or performance ability ratio (PAR) was found grater than one. In
addition another survey to estimate the productive time of the studied trades show that
an average craftsman spends only 56% of the total allotted time of the operation,
meaning 44% of the craftsmen time is wasted unproductively. The study has also
identified that the major frontline productivity problems are lack of materials,
instruction delay, rework, change of workers, lack of tools and less work load and

congestion.

The study has also investigated the causes of these frontline productivity problems.
Open system theory shows that the productivity of organizations is a function of
social, technical and managerial components. This idea was taken to systematically
view the cause of low productivity and hence the study classified the major causes of
project site productivity as external preconditions, technical system, managerial and

organizational behavior.

External Preconditions are factors which the external bodies lack to contribute their

share for the project site productivity improvement and the study indicate that the



timeliness and clarity of decisions and responses from the consultant were found to

hinder the productivity performance construction crews.

In the managerial subsystem it was found that little project management system exist
in the case study projects; in projects where there exist project management software
it was found that no data collection system was installed to support the soft wares and

the use of the project instruments so produced were found low.

Factors which affect productivity in the technical management subsystem were
analyzed and it was found that the case study projects lacks knowledge on the
importance of productivity standards. Hence, they were not used for crew productivity
management, even they are not known by most crew supervisors and craftsmen. In
addition, constructions methods management was left to lower level craftsmen with
little support given from the upper supervisory level (Superintendents and Foremen),

though lack blue collar training either to pass their knowledge or to control.

In the case of organizational behavior subsystem, the study had investigated factors
related to projects leadership and culture. It was found that the construction leadership
in the case study projects was only averagely efficient, near to Blake middle of the
road leadership and the project culture towards promoting important behavior to
productivity was found average except that the project culture to satisfy workers was

found low.

We can see from the above the causal factors are a combination of system and human
components. Thus the productivity of the construction industry can be improved from
the combined improvement of systems and human interventions. That is by
appropriately designing construction managerial systems in the area of schedule
management, productivity measurement and progress, quality and safety control
system, organizational and labour relations and resource management systems. In
additions problems encountered in leadership and culture can be improved by training

worker on soft and hard skills.
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Finally, I believe that this study will contribute a lot for practitioners to observe their
management style for new entrants to know the basics of project leadership. It also
gives clues for researchers interested to asses the construction industry progressively

and for me to further conceptualize the construction projects.
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Glossary/Explanations

Traditional management: It is the type of management which emphasize on handling
the process of a certain activity/work by observations of the method followed and
focusing on low performing workers. It handles the process part only in the input-

process-output model of a certain activity

Performance based management: It is the type of management which emphasize on
handling the process by integrating information obtained from the output and focusing on
best workers for continual learning. It mostly uses quantitative techniques to obtain hard

facts from outputs which are then used to investigate the methods followed.

Productivity standards: These are tools developed by measuring the productivity
performance of an average worker (often) and used as a benchmark to compare the
performance of any worker doing similar work for the purpose of analyzing any
differences observed and investigating the underlining cause. It is measured as the output

amount produced per unit of time.

Integration: Aligning people and tasks so as to unify and harmonize all activity and
effort towards objectives. It uses various instruments such as, schedule, control meeting,

reports, etc.

Open system: It is a system that is made up of interdependent elements, as such actions
which affect one element must affect others also, and actions of one cause reaction on
others. The recognition of such interactions and interdependencies both with in and out

side of project is the essence of open system theory.

Process factors: These are factors which affect the process part of any activity in the
input-process- output model of any activity. The type of management which handles such
factors is called process management. For example the process factors which affect

productivity are managerial system, technical and organizational factors.



Measurement of Labour Productivity in Construction Projects

Part I: rtesearch
Basic rrmation

Chapter roduction

M.Sc in Construction Management and Technology June 2006 1¢



Measurement of Labour Productivity in Construction Projects

Chapter 1.Introduction
1.1. The Study Overview

It is evident that the socio economic development of any country is highly dependent on
the amount of economic and social infrastructure, whether it is public or private.
One of the major sectors contributing for infrastructure growth is the construction

industry.

The construction industry is also highest recipient of government budget in terms of
government development programmes, for example from 1996/97 up to 2001/02 public
projects shared an average annual rate of 58.2% of the capital budget [17]. Hence a little
improvement in this sector will undoubtedly generate a lot of benefit. Despite this fact,
this sector embodies complex problems which made its contribution to the development

of itself and support other development works is not as expected.

The major problems that hinder the development of the industry are shortage of capital,
lack of conducive working environment and trained manpower especially in construction
management, among others [15].Some draft studies indicate that the contribution of the
industry to development is lower than sub Saharan countries average of 6% GDP.A study
made recently by SMEC international [Cited byl7] and German technical cooperation
(GTZ) [16] has indicated that the sector is poor in quality and expensive as compared to
sub Saharan countries. These rough studies show that thorough studies shall be conducted

to increase the productivity of the sector both the macro and micro level of management.

This research focuses on increasing the productivity of the sector at micro, more

specifically at project, level. This makes most of the factors to be controllable by the site
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management, and hence needs only the competence of the site management and external

bodies around it for its intervention.

The factors affecting productivity at the project level are many. Increment of productivity
at this level can be enhanced by increasing the productivity of hard factors such as
product, equipment, technology, materials and energy; and soft factors such as human
and system development [8].

The attention of this study is on increasing the productivity of soft factors, which includes
human beings and systems of working; this may be categorized under a generalized topic

of labour management.

Labour productivity management is chosen from others because productivity
improvement over labour and its working environment can be accomplished in a short
period of time and it is easily adaptable to a project site. The other reason is that the
desire to increase construction productivity must geared towards better control and
management of labour mainly because labour is the one resource that affects all other
resources and it is also most susceptible to improvement. Consultants via specifications
control material and plant productivity, and profit and overhead are generally controlled

by competition, then this leaves labour as one resource open to improvement.

A case study in this area revealed that, in regular building construction works where
standard practice is followed labour constitutes 15% to 23% of the total project cost [63].
This dose not include the cost that can be saved by the reduction of operational and
technical losses of resources due to the increased in productivity of workers, which I

believe is a significant amount if it can be traced by research.

According to studies made in most African countries and Canada, company called
Optima Engineers and Constructors, productive labour time accounts only up to half of
the total payroll time [52].Hence many man hours are being lost due to poor labour

management.

M.Sc in Construction Management and Technology June 2006 12
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Information on labour productivity is indispensable in the determination of cost and
duration of man controlled activities, thus it is important for subjects such as estimating,
cost monitoring, scheduling and resource management. But the most important
contribution of productivity data of labour is for continuous performance management.
Performance management system is the establishment of labour productivity
measurement system and benchmarking to guide and improve daily crew performance.

By regularly using this information, management will become more competitive.

There are no comprehensive documented studies made on labour productivity in
Ethiopia. Studies made by the former BaTCoDA are meant to establish productivity
standards only. There are no background studies, which pinpoint problem areas of
productivity in the sector. This standard is still being used by the sector despite the fact
that the standard methods that were envisaged in the study are now totally changed.
There was also a trial by the ministry of infrastructure in setting productivity standards
for the sector. However the method that was used for setting is data collection from
contractors, and simulating the data to produce the standard. This has limitation in that
the methods that are used for the setting of standards did not follow the scientific
principles for developing engineered standards. Hence two things are missing; one is the
development of standard by appropriate scientific methods and the other is continuous
updating of the standard with a change in method of construction and resource capability.
These practices have made the Ethiopian contactors devoid of benchmarks to which they
can compare their performance. Besides, there are no detailed studies which pinpoint

areas of poor labour productivity performance in the context of Ethiopia.

Studies in other African countries indicate many areas of poor labour productivity
performance in general and detailed studies on poor productive activities are being taking
place. Thus, it is time now for the Ethiopian construction industry to deal with these
problems to compete adequately with its neighboring African countries. This study tries
to contribute its share on labour productivity improvement on concreting trades by

manual methods, wall masonry construction, and reinforcement production and fixing.

M.Sc in Construction Management and Technology June 2006 13
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Due to the nature of the problem the study uses a case study on selected regular building
constructions as its research strategy; and deals with the above mentioned trades. The
activities mentioned above are selected because; these activities can represent other
trades in terms of problems; most of them are labour intensive, hence important areas for

labour productivity management.

The research process involves two steps. The first step is to check whether low
performances of these trades exist or not. After this hypothesis is confirmed, the causes
for these low performances are investigated qualitatively and improvement interventions

will be proposed as recommendations.

Investigation of causal relationships and improvement interventions will involve practical
learning and theoretical reviews. Hence, similar studies in other countries and local
experience were consulted besides; brainstorming among experienced engineers was

made.

Generally, desk studies, field survey to collect qualitative information by questionnaires
and work sampling study to collect quantitative labour lost hours and output; using case
study as a research strategy is being followed. The study can be categorized under a
larger issue of ‘‘performance management in projects’’. This study is therefore made
particular emphasis in contributing knowledge with regard to improving the productivity

of labour performance for construction projects.

1.2 The Research Motivations

The initiation for the study of this research is largely due to the researcher experience and
low performance of the construction projects in terms of both cost and time. These
include construction works both by the government and contractors. My first observation
is the variance in labor cost planned and actual by contractors and poor labour
management practices in construction site. It is common to see poorly laid out projects,
demotivated workers on whom work is a burden than elicited from them. Further while I

was reading some draft studies about FEthiopian construction industry by some
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international consultants stating the problems I was wondering what were the causes and
their remedial solutions. These sensations have pushed me to make a research on some

part of it.

1.3 The Research Problem, Questions and Objectives

The first and fundamental point in any research is to find the clear definition of the
research issue [17]. As it was stated above the research problem of the study comes from
my practical observations. Similar studies from internet and has reinforced my
motivation. The research problem is focused from the general area of project productivity

management (Box 1.1).

& M
Project performance management

l

Project productivity management

!

CPs Productivity Management

l

CPs Labour productivity management

l

Cps Labour productivity Measurement

Box 1.1. Streamlining the Research Problem
Further, to assess the objectives, beneficiaries and methodology of the research work the

final title is diagnosed by question and answer approach.

Question Answer

Why has the research been established? Most Cps in this country suffer cost and

time overruns.

What dose the research try to achieve? To contribute knowledge on problems of

M.Sc in Construction Management and Technology June 2006 15
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low LP and their causes.

What are the important issues for the

research framework?

Methodology and literature review

together with the case study of some

projects.

Who will benefit from or affected by this

research?

Construction industry leaders, project

owners, financers, regulatory bodies,

consultants and contractors, and my self.

How can the research be done?

Case study on selective trades in building

projects and literature survey.

Table 1.1.The Question and Answer Approach

The above questions and answer build confidence in me to pursue on this research title.

Finally, the problem statement of the research and its objectives leading to research

questions were developed.

The Research Problem

The Need for Measurement and Control of Labour Productivity in CPs

The research objectives

The research Questions

To asses theoretical status of LP concept

(Desk study)

1. Is there low LP in Cps? If there is
why?

To measure selected groups of selected

activities ( Work sampling)

What are the causes for these low LP

performances?

To prove the existence of low
productivity and then identify the

causative factors

How do these causes relate with low

productivity problems?

To propose interventions for improving

LP performance

2. How can we improve LP in

construction projects?

Table 1.2. The Research Problem, Its Objectives and Questions

1.4. Overview of the Research Process and Study

M.Sc in Construction Management and Technology

June 2006
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The final output of this research is to provide the causes influencing low productivity of
labour and the possible intervention mechanisms. Like most researches it has the
following broad categories.

Partl: The Research Basic Information

Part Il: The Research Methodology

Part I11: The Research conceptual Framework

Part IV: The Research Analysis and Discussions

Part V: The Research Conclusions and Recommendations

The total research process can be conceptually modeled by production control system'.

The function of the control process is to make the system operate true to the objectives

which the system was designed to achieve.

1. A production control system is a system that is designed to compare the actual accomplishment with the plan

objectives by using deviation analysis and taking corrective measures.

The control function includes measurement of output, the comparison of output with
some standard, and the adjustment, if necessary, of the inputs/or conversion process to

restore the system to its predetermined plan.

Inputs Processor Sensors

\ 4

\ 4

Effectors . Decision |, Comparer Analysis
Making

a2

Memory
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Figure 1.1. The Control Process System Modified by the Researcher [6]

The research can be seen as shown by the above control process model emphasizing
labour as an input. The study will measure the construction output and the process
quantitatively by activity sampling and qualitatively by questionnaires, observations and
archival documents. Theses actions by the researcher are the functions of the sensor as
depicted in the above system and then collected actual data is analyzed by appropriate
descriptive and inferential stastics to find the actual performance trend and causes of the

performance gap. This completes the control functions of analysis.

The development of standard by measuring was also very important for productivity
improvement, however for this study historical standard developed earlier by the sector
or planned accomplishment rate of the project are used. I believe that historical standards
have many limitations and might not be realistic to represent the actual. However they
can at least show the performance gaps, even though in some activities they might
emphasize the gap. Secondly their limitation will be taken into consideration during the
analysis phase. Similarly the standard process of construction of the selected activities is
known from the researcher’s practical knowledge. The measures of actual output and
process trapped by sensing and analyzed as required will be compared with the standard.

This completes the function of the researcher as comparer.

The deviation result obtained by comparing the actual performances with memories,
which is standard theory and productivity, helps some one to know the deficiency and
decide; completing the function of decision making. Finally the whole study and its
findings will be sent to different bodies and level of management to act either directly on
indirectly by different intervention strategies on the inputs and the process. This

completes the function of effectors in the above model.

The analysis of the research questions is not clearly shown in the above model, as the
model is of process type. The analysis of each research question can modeled as below

[17].
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Are performances low?

No

A

Improvement Intervention

Yes 1

A 4 \ 4

e

Figure 1.2. Study Model Using Research Questions [17]

Causal relationship

Un
clear

Further <
studies

Each of the above major categories will contain the following contents as stipulated

below.

Part I consists of a single chapter describing the research overview, its initiation and

purposes and how the research title is streamlined from the general title. It also

indicates the research problem, objectives and questions and finally how the research

process is conducted and the contents of the study dossier.

Part II covers the research methodology as one chapter. The methodological approach
consists of the overall research strategy, why case study is chosen as a research strategy;

the research design and the analysis of the data and writing of the research paper.

Part III covers the research conceptual framework. It is divided into three chapters
containing the concepts of construction performance, productivity, and measurement and

approaches of productivity improvement. It also shows how productivity measurement
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varies upon the user and managerial level, assumptions and techniques on site for labour

productivity measurement, and systematic approach to productivity improvement.

Part IV contains the discussion and analysis part .It is divided into two chapters

containing findings on productivity problems and their causal factors and finally;

Part IV containing the research conclusions and recommendations is presented as one
chapter. This will serve as an action guideline to different bodies and levels of

management.

The Rese ethodology

The Resear optual Review
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Chapter 2. The Research Methodology

2.1 The Study Approach

For the purpose of this thesis, research is defined as a methodological search or inquiry to
discover new facts or collate old facts by scientific study for the purpose of developing
existing theory or its application in a real problem. Some others define research as a
process of collecting, analyzing and interpreting information to provide solutions to
questions. This study approaches the problem from two perspectives that are from
empiricism (practical) and the rationalism (theoretical) point of views. It tries to search
practical productivity problems and integrate it to theoretical models to analyze the

problem.

The study has posed the following queries, which latter became research questions.
. How does Cps perform towards labour? How do we determine good and
poor labour productivity performance?

o What are the direct problems of low labour productivity?
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o What are the causes of low labour productivity?

o How can we improve low labour productivity?

These questions are viewed at trades’ operation level only, namely concreting work,
masonry work and steel fixing. However, this cannot entirely reveal all possible factors
but can intervene with all vertical and horizontal cross teams both internal and external to
the projects as an open socio technical system. In addition the effect of external bodies

such as designers, construction management consultants and company bosses.

The study being done at project level, the following are used as study populations. These
are:
1. Project managers and engineers (Project supervisors, level 1);
2. Project site engineers and superintendents (Project supervisors, level 2);
3. Crew foremen (Project supervisors, level 3); and

4. Craftsmen from the study trades (Project operatives, direct workers).

The study will use case study' as a strategy for inquiry but it has used mixed data
collection due to the scarcity of data and low perception of the construction workforce to

the management world.

The study sought:

e Both hard facts (measurements) of productivity and qualitative causal factors;

e Similar analysis was done both qualitatively and quantitatively,

This makes the research mixed type.

A survey in the form of structured letter questioners and interview guides were prepared
for the craftsmen and supervisors respectively to identify causal problems. In parallel
with this, activity sampling measurements was done on two project sites to measure the
productivity performance of the studied trades. On site observation of the administrative
and technical management of the project and the studied work teams was also the part of

the study.
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The research characteristics and type: The research is a practical problem developed
from on site observation of construction projects and the research questions are oriented
to investigate management related causal factors from the perspectives of system and

human components.

Due to limitation of time and budget the research is limited to three activities, with
reinforced concreting activity divided into steel fixing and concrete placing and masonry
constructions. The scope of the research was controlled by focusing on the most
important process management factors affecting productivity. The research activities
were done rigorously and systematically and similar research questions were asked to

enhance the validity and reliability of the research.

This research can be categorized as applied, exploratory, descriptive and co relational®

type.

1. The seven projects investigated are considered as one case study
2. The term co relational refers more to association, relations are not investigated analytically

It is applied and exploratory because the research was initiated from practical problems

and finds whether there is low labour productivity performance of the studied trades. It is
also descriptive and co relational because it tried to describe the actual labour
productivity performance of the surveyed projects and relates the managerial causal

problems with labour productivity performance.

2.2 The case study as a research strategy

The research being focused towards process management which involves detailed
analysis (raising how type questions) as indicated on the conceptual framework requires a
case study to conceptualize the research. In addition the study was designed
systematically in such a way to integrate the productivity results with the causative
factors necessitating case study. The other important factor which made me to select case
study was lack of information concerning the study, which requires multiple evidence
approach for data collection. Besides, the novice ness of the study area and my self

justifies the study to be done by case study.
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2.3 The study scope and limitation

The research problem was initiated from my practical experience and motivation coupled
with finding of international consultants about the construction industry in Ethiopia.
Accordingly, the study problem is streamlined from the general problem to specific

project level problem hence limiting the scope of the study (Box1.1 shows this process).

Moreover, the project scope is delimited by the various models presented in the
conceptual framework, the content of the research framework itself and stating the focus
of the research after concept explanations of literature. Various definitions are also

pinpointed to show the scope of the research.

The limitations of this research are unavailability of adequate documented information in
the field of the study, low management perception of the workforce and management to
audit their working environment and unwillingness and low education level of the

workforce.

2.4 The research design

The research was designed in a way that makes analysis easier. The research detailed
questions were grouped under one major factor to ease analysis and interpretation.
Besides, on site observations were made to judge there administrative and technical
management and counter check their responses to the questioner. It was said that due to
limitation of data for this particular study multiple evidences approach was used for data

collection. Hence the following table shows the instruments that were used for data

collection.
The Research Instruments
Secondary & primary archival source Primary sources
Monthly Project reports of projects Structured questioner for 18 craftsmen
Books on construction productivity Structured interview for 21 supervisors
Downloadable documents on construction productivity "5 "Gite observations
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Books on organizational management in construction On site activity sampling measurement

Yearly publication from ILO,BLS and Ethiopian LL Other countries studies

CM journals and personal reserves

Table 2.1 Data Collection Instruments of the Study
2.5 Data source and collection

The study has used the data sources to produce the following basic documents. These are
respondents’ documents, observations made on site and archival documents. The
respondents’ documents were collected using questioners and interview with the project
leaders and discussions with some interested practitioners. Observations made on site
have helped me to judge the capacity of the respondents to the management world.
Besides, it is used to countercheck the reliability of their response. Archival documents
were mostly project reports, which are used to identify the recurrent problems in the
Ethiopian building construction sector. In addition, they are used to judge the

management systems that are traditionally practiced by the industry.

The projects were selected taking the fact that they are conducted by large companies
because these are the ones where the introduction of productivity performance
management system is beneficial. All the studied projects are made to be constructed by

different companies.

Three field works are conducted to 11 project sites in Addis Ababa. These are:

Phase one: I introduced my self to the study population and collected some project
documents and reports.

Phase two: It includes data collection from primary sources using structured questioner,
interview, and on site observation.

Phase three: It includes data collection for some projects which reacted lately and

clarification of responses on some projects.

Item | Research Instrument | Field travell | Field travel 2 | Field travel 3
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1 Questionnaire 20% 30% 50%
2 Interview 40% 10% 50%
3 Observations 80% 20% -
4 Archival documents 60% 40% -

Table 2.2 Research Instrument Accomplishments in three Field Travels

Data collection and its processes for the three field travels are presented in the above
table. Data collection part of the research is the most tire some part of this project. It is
true that there is little data in my field of study but the most difficult one is the
respondents’ reluctance to react as per their promised schedule. The time schedule that
was allocated to the research and respondents reluctance not to respond quickly made the

research stressful for the period of data collection.

Questioner: out of the total 11 projects only 7 projects respond to the structured
questioner and interview which makes the response rate 63.6%.Scrutiny of the filled out
questioner revealed that only the 6 projects questioner was properly filled and used in the
analysis as the response from one project seems to be filled carelessly. The total number

of questioner for one project was 6 which make the total effective respondent number 36.

Interview: Interview was conducted with 5 project managers based on the structured
interview guideline and detailed descriptions to support it. The response they provide is
appropriately taken down as short notes. However, two of the project managers preferred
to give written responses and as such used in the analysis. Hence the responses of the
total of 7 projects were taken into consideration to trap information on management

systems and technical factors.

Observations and archival documents: Documents which are important for the study such
as project reports were referred .Besides, information on the standard productivity use,

their team management, their actual performance and communication for the three trades
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was observed on site. The researcher also observed the different schedules actually used

on site, their material management system and other administrative on site matters.

2.6. Research Processing

Analysis and processing of research involves examining, categorizing, tabulating, testing
or otherwise combining mixed evidences to address the initial problem statement. The
analysis of the data depends on the specific research problem and question. The research
instruments were designed properly to ease examining, categorizing and tabulating the
research responses. The research questions are given weightings for the different

responses both for interview and letter questioner.

No | Type of Instrument Weight of the Different Responses

Very often | Often | Sometimes | None

1 Letter Questioner 6 4 2 1
2 Structured Interview 6 4 2 1
3 Ranking questioner Not applicable
4 | Questions on hard facts Not applicable

Table 2.3 Weight used for the Different Instruments

Responses for similar questions are aggregated by the following formula considering the

above weightings (used in [23]).

MS=6(Vo,) + 4(0,) + 2(St,) + 1(Noy)
Vo,+ Oyt No,

Where; MS= Mean score; and Vo, = Number of respondents selecting very often
O, = Number of respondents selecting often
St, = Number of respondents selecting some times

No, = Number of respondents selecting none
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The mean score of responses obtained by the above method is again collected and
averaged to get the general opinion of respondents under a part of the questioner.
Responses obtained by the above method are again classified based on the following

criteria for interpretation.

Average score ranging: 0 <MAS <2; Poor performance
2<MAS<4; Low performance (Unsatisfactory)
4 <MAS <5; Satisfactory performance
5<MAS <6; Good performance

Where; MAS = Mean score value of the subtitle being analyzed in the discussion report

and the numbers are score values.

The following factors were taken while setting the above interpreting criteria.

e The perception of the construction workforce and management to the management
world.

e The gap that was observed from the face to face interview, observations, hard facts
and the questioners.

e The effect that people feel (Hawthorne effect) while judging their site top
management.

e The feeling by the site management that our reputation will be in danger.

e The education and motivation level of the taskforce and the management.

A simple descriptive stastics was used to show the characteristics of the projects and
workers developing the case study context which is included in the discussion part. No
inferential stastics was used during the analyses but while interpreting, the correlations
(association) of data collected for productivity results, processes and preconditions were

observed.

2.7. Writing of the Research
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The research contains three main parts. These are the research proposal (RP), the
literature review part, and the final research writing. The research proposal writing was
already taken place but later it was refined to produce the research basic information. The
literature review part took the longest period of the research during this different
documents collected were tested against the research objectives and relevant information
were taken. Finally all the notes take down are linked down to produce a document; the
differences in perceptions between authors being noted down. The final research part was
written after analyzing all primary and other support documents to test the actual existing

situation of the construction industry towards the research objectives.

The recommendation and conclusion part was written after analyzing the gap between the
conceptual framework and the research. The total report being a little bit large, I

classified the document into the following parts for final presentation.

PartI  The research basic information containing one introductory chapter
Part I The research methodology containing one chapter

Part III The research conceptual framework containing three chapters

Part IV The research analysis and discussion part containing two chapters

Part V. Recommendations and Conclusions containing one chapter
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Chapter 3. General Description of Performance

3.1 Construction Project Management

Before we directly enter into construction performance, it is better to understand what

construction project management mean. Construction management is a discipline that

deals with the management of construction projects' from their inception to their

completion with the aim of achieving projects within budget, time and quality. Besides

when the term construction management is used for project delivery system, it represents

the owner for managerial decisions related with the project. Construction work, like any

other work, involves the systematic integration of various resources such as human,

finance, physical resources, information and attributes that are used to achieve

transformations of input to output. The key to productive work is appropriate planning for

such transformations [2]. The construction work like any other work can be

conceptualized using Input — Output model as:

7
INPUT PROCESS r )
( N\ OUTPUT
Resources \
e Human '
° Financial Construction
e  Physical Management Facility
e Information
Attributes Regulatory
® Facilitation o .
works by perations Information
externals
G Y J
\. J \. J . )
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|
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] . n
'IIIIIIII[ Monitor N.......
\_

Box 3.1 The Construction Work Model (Modified From [32])

1. Project is some form of human activity that has a beginning, a productive middle phase and an end, created

something that has not previously existed [53].
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Unlike other works, construction works are often conducted by project shop
configurations. Due to a unique’ nature of such configuration management needs
additional competence to improve their productivity. Competent management
performance can be engineered just as we have learned to engineer the structures we
erect. Every construction project can be improved provided that management knows what

to improve and how to improve it [7].

The central concept for competent management is better information. To improve
performance, above all other things, contractors need to focus their attention on how they
collect, interpret, and act on jobsite information [7]. But good information does not just
pop out of a construction job. It requires a systematic effort to collect, analyze and make
sense out of it.

As this study deals with one of the dimensions of performance, productivity, it is
essential to deal a little deeper by what we mean performance and as related to

construction.

2. Projects are introduced wherever they are required, Subject to local conditions and environments, unique design,
different managerial style at different phases and usually produce a huge product which makes it unique from

industries that produce a large quantity of products having similar design.
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3.2 Construction Performance

Performance can be defined as a means to represent accomplishment through subject and
object relationships and metaphors [17]. Accordingly construction performance can be
defined as a means to represent accomplishment through activity or method relationship

and their output.

Others define performance as a concept that is very closely linked a company’s
competitiveness3 ) [54].

Alfeld (1988) defined construction performance as a ratio of accomplishment measured
in terms of their value and methods measured by their cost’ [7].This definition is similar
to the above except that performance is delimited by a qualifying criterion, cost’. For the

purpose of this thesis the definition given by Alfeld (1988) is modified as:

Construction performance is a ratio of accomplishment measured in terms of their

value and methods measured by their cost for a constant price recovery factor’.

Performance require the integration of methods and their accomplishments; that is,
worthy performance can be valued when their cost for methods do not exceed the value
of their accomplishments. In managing construction work, we look to maximize the
worth of the job. Competent individuals create worth by creating valuable
accomplishments while minimizing costly methods. Performance is directly proportional
to accomplishment and inversely proportional to the cost of methods; that is, performance
is not only dependent up on how much we put into the effort, but also on how much we

are able to accomplish.

3* Note that competitiveness, performance enhancement, can only be created by providing level ground for
competitors

3. Alfeld considers performance from the economic side of it only. This is not wrong from the stand point of business
management but for public projects performance may be assessed from political, social or technological perspectives.

4. Note that productivity is related with cost. The object of improving productivity is to minimize lost hours which
cause overburden cost on the project.

5. Price recovery factor is the ratio of output price to input price.
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Therefore there is a need to separate accomplishments from methods in job site
performance [7]. Contractors can improve performance either by raising the value of

output or reducing the cost of the method with out price recovery.

Performance must not be confused with business strategies' and decisions, which are
major factors in business success in their own. Performance is the ability of an
organization to implement a chosen strategy. However, with in the frame work of
business strategy, performance comprises many innovative, process level decisions and
choices and is much more extensive concept, thus provides many opportunities for
profitability. In summary it can be said that performance is one of the factor that

contributes to the profitability of a certain company.

3.2.1 Performance and Its Key Indicators

Monitoring company performance has traditionally been associated with accounting, and
the purpose has been to determine a company’s financial success. Success has been
judged via comparison to previous results using various key indicators such as return on
investment, turnover, gross margin and net profit. However, success in projects shall not
be measured only by financial performance; others® should be considered. This problem
leads to creation key performance indicators for organizations and their measurement,
hence performance measuring systems >(PMS).Essentially performance indicators are
designed to allow performance to be measured in the areas they cover and to facilitate

benchmarking for continual improvement.

Performance indicators may be classified based on areas and are called key performance

areas or by their scope from the level of the national economy down to individual [54].

1In this context business strategies means strategies connected with market strategies, which may include
Promotion works, pricing policy and others.

2 other areas of performance include product quality, customer satisfaction, employee satisfaction, process
performance and others.

3 PMS are often, in practice, group of key indicators that are used to monitor different areas of operations in

an organization.
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Pickrell et al (1999) had divided the construction key indicators into seven as follows

1. Time 3.Quality 5.Client changes 7.Safety & health

2. Cost 4.Client satisfaction ~ 6.Bussiness performance

Table 3.1. Construction Key Indicators by Pickrell [54].

Alfeld (1988) has classified performance indicators into three areas of quality, quantity

and cost. He further broke down the key factors in to detailed factors (Table 3.2).

No | Key Performance Indicators | Detailed Performance Indicators
1 Quality Accuracy
Workmanship'
2 Quantity Productivity”
Schedule
3 Cost Manpower
Materials, tools and equipment

Table 3.2 Performance Indicators by Alfeld (1988) [7]
The 2001 report of construction documentation of U.K has identified ten key

performance areas (Table 3.3).

Client satisfaction Product Time predictability
Client satisfaction service cost predictability
Defects Profitability
Construction cost Productivity
Construction time Safety & Health

Table 3.3 Performance Indicators [54]

The focus of this study is not on the measurement of the total performance of the

construction, but on one important dimension of performance, that is, productivity.

1.  Workmanship measures the capacity of craftsman to accomplish a task aesthetically
2. Productivity is one of the parameter of performance and it has relations with most performance indicators

such as schedule, quality, safety as included in this research instruments.
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These key performance provide us strategic areas for identifying detail performance
indicators to be measured and managed, hence paves the way to performance
management. Performance management is a preferred option for large contractors, who
manage a large amount of workforce and complex projects. In such projects management
do not have close contact with every job, hence lacks performance information to make

decision. This gap is filled by the collection of measured data.

performance management might not benefit contractors having small jobs ,few in number
consisting of unique installations (specialty contractors).Yet if the work is repetitive or
requires many man hour measurements may well help pin point opportunities for
improved performance. The focus of this research is on large contactors managing

relatively large construction projects and workforce.

3.2.2 Comparison of performance and Traditional Management
The productivity performance of construction workers can be shown graphically as below
where the vertical axis plots number of workers and the horizontal axis plots their

performance.
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Figure 3.1 Distribution of Productivity Performance of Workers
From the graph in the box it can be seen that some people will be at one end, some at the
other, most in the middle. This has led to two management approaches to increase the

performance of construction workers [7] .These are:
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a) The traditional management approach which focuses on lower productive

workers.

b) The performance management approach which focuses on the best workers for

benchmarking.

Traditional management approach: It is the usual approach to focus on the worst end
of workers in the traditional approach. Foreman often come down hard on workers and
crews which they fell to perform well. The effect of this kind of management is to push
the few worst end workers to the average hence increasing number of average workers

and crews but more average workers are not motivated to the best performers (Figure
3.2).

£ v D

Number of People

1

o, Worst Averasge Best

\\ Productivity performance scale J
Figure 3.2 Effect of Traditional Management on Productivity

Distribution Curve of Workers [7]

The performance management approach: It is a management approach by which the
performance of workers is measured and improvement is made by learning working
methods from the best workers (Benchmarking).Two things should be done for this
approach to be effective .These are accurate work measurement to identify exemplar
workers and crews and studying these workers to learn their working methods. The effect
of this management approach is to shift the majority average workers to the best, hence
producing positively skewed performance distribution curve. It has also the effect of

improving poorer performers to the average (Figure 3.3).
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Figure 3.3 Effect of Performance Management on Productivity
Distribution Curve of Workers [7]

The overall focus of this study is on the performance management approach which

includes performance measurement and benchmarking taking productivity as a parameter

to be studied.
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Chapter 4. Productivity and Its Measurement
4.1 General

One way of looking at productivity in any business organization including construction
firms is to think in terms production model on chapter 3.Essentially, productivity is a
performance indicator which measures the efficiency of construction firm to convert
input resources (labour, materials, equipment, etc) into outputs. Like performance,
productivity can be defined, measured, analyzed and interpreted according to the

objectives of the different level management.

At strategic' level the criteria for the measurement of productivity are profit margin,
market share, reputation, employee satisfaction and etc [32]. This kind of criteria is
related with effectiveness. At tactical level productivity is measured by using efficiency
as a criteria and hence defined as the ratio of the quantity of goods or services produced
and amount of resources employed in turning out these goods and services (Solomon)
[Cited by 2]. This kind of measure is developed to measure the efficiency of the whole

firm or organization.

At operations level productivity is measured by using efficiency as a criteria. The only
difference from the tactical level is that it measures the efficiency of certain operations or

activities in the firm.

The above analysis is based on the model on chapter 3 which is developed considering
the whole construction work at accompany level. But the focus of this study is on
construction project sites; hence another model applicable for this condition is necessary.
Fryer [Cited by 61] has developed a model of construction site, which can be used to

visualize the different productivity levels in the construction site.

1. The term came about to represent a planned framework for achieving a military mission. It is the art of planning
operations in the war, especially movement of armies in to favorable position for fighting. In business it is the
technique of fitting organizational objectives to the environment to utilize opportunities and threats in it. It may be

strategic fitting or stretching.
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EXTERNAL PRESSURE
Designers, consultants, suppliers &
headline managers of the company
etc
( SITE MANAGEMENT )
4 )
ADMINISTRATIVE MANAGEMENT
N Output
INPUTS idi
oH TECHNICAL MANAGEMENT * Building or
uman structure
e Physical o Profit for the
resources —> Directing manpower company
o Information : mp] o Waste
Controll
ATTRIBUTES ONIOTING Progress o Information
) Obtaining and allocating resources; coord
inating long term and short term plans. )
Liaising with the design team and client
Coping with unforeseen events
\. J
J

Box 4.1.System View of Management of a Construction Site (Fryer, 1990) [61]

The system provides a strong emphasis on the manager’s duty to deal with designers,
consultants, suppliers, clients and company line managers, which are similar to most
organizational behavior function in many system models. Fryer sees the outer
environment of the construction site as pressure from consultants, designers, clients, etc,

which is more limited than the outer environment of the company.

4.2 Measures of Construction Site Productivity
As the final aim of this study is to improve construction productivity, first we have to
know the magnitude and area of the problem existing in the site, this can best be done by

measurement. Measurement whether it is qualitative or quantitative reveals important
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information for management. In the context of organizations, measurement is a method of
knowing where an organization is now, to help it plan where it wants to go and to tell

when it has arrived there (Chang & young) [60].

We have said that the value of measurement is to produce information for the
management to act upon, hence first we have to know the purpose of the measurement
and secondly we have to identify the managerial level that is going to use the final
processed information. Thus the parameters of measurement vary with purpose and level

of management; the same is true for construction productivity.

Construction productivity measures can be divided into two depending on their purpose
[32]. These are:
a) System based productivity measures

b) Goal based productivity measures

System based productivity measures: These are measures which show the efficiency of
the total project in turning all inputs into output. Thus they provide a ratio between the
total outputs of the project to its inputs. System based productivity measures are good
indicators of the efficiency of organizations hence they can be readily applied for external

benchmarking. In addition it is easy to interpret such kind of values.

In system based measures, it is not possible to measure intangible inputs and outputs,
hence more practically; this term is also called multi factor productivity. Besides the data
requirement of such measures is enormous and hence it has a limited use as a measure of
efficiency. This leads to the application of other measures, which emphasis on certain
goals.

Goal based productivity measures: These are measures that are used to measure the
efficiency of a certain productivity factor comparatively. Deploying the different input
and output factors it is possible to create a variety of goal based measures. They are of
many kinds but the most usual goal based productivity measures are labour productivity

and capital productivity.
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The advantage of these kinds of measures is that it requires few input factors to be

measured, hence reduced cost and time for data collection and analysis.

Goal based measures dose not absolutely measure the productivity of the selected factor
hence needs standards to measure the productive efficiency of the factor comparatively,
hence interpretation of the results is relatively difficult as compared with system based.

As the title of this study is to measure the productivity of labour in construction site, goal

based measure, specifically; labour efficiency measures will be applied.

Area Total productivity | Labour productivity | Capital productivity

Level

Site management

Administrative management

Technical management

STUDY FOCUS
Table 4.1 Productivity Measurement Matrix

4.3 Labour Productivity and Its Measurement
Labour productivity is the measure of the efficiency of labour in turning input, being
expressed as man hours, to out put. That is:

Out put (in units)
Labour productivity [52,26] = Input(MH)  --------em-——- [Eq.1]

This definition is designed to measure productivity performance and improve efficiency
of workers in producing some output. Others define labour productivity as:

Output

Labour productivity [52] = Input cost (wages) ------------ [Eq.2]

Both these measures require a standard comparable to the actual conditions to measure
productivity efficiency but if the company has a sound costing system the second
alternative may be employed. Most other measures of productivity evaluates efficiency

directly rather than using standard and actual productivity to measure efficiency.

M.Sc in Construction Management and Technology June 2006 99



Measurement of Labour Productivity in Construction Projects

Labour productivity efficiency [9] =  Actual units produced

Standard units = ------——--- [Eq.3]
Or
Labour productivity efficiency [9, 26] = Clocked time worked

Standard time earned = ----------- [Eq.4]

Equations 2, 3 and 4 are designed for the purpose of controlling cost and work schedule.
As the final objective of this study is improvement of labour productivity at site level the

definition given by equation 1 is applied for this research.

Labour is defined as a task that requires the exertion of body and mind or both [21].
Labour is an important source in productions management system including construction
because it is the one that combines all the other resources namely materials, plant,
equipment, and finance in order to produce the various construction products. The
endeavor to control costs particularly in these hard economic times, must be geared
towards better control and management of labour mainly because labour is the one
resource that affects all other resources and it is most susceptible to improvement.
Consultants via specifications, control material and plant costs; and profit and overhead
are generally controlled by competition, then this leaves labour as one resource open to

improvement [21].

Knowledge of the value of labour productivity is important for the front line supervisor to
improve the productivity of its crew; the administrator manager in controlling costs and
schedules and the site manager for managerial decisions in his environment. Labour
productivity is also very important for the head company for many decision involving
alternatives between labour and machine and to estimate competitive bid. However
unlike other resources the determination of accurate labour productivity is highly
uncertain if it is not supported with a continuous work measurement system. A work
measurement system is a management system designed to analyze the touch labour

content of operations, establish labour standards for that operation, measure and analyze
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variances from those standards and continuously improve both the operation and labour

standards used in that operation.

To introduce a work measurement system a construction company shall prepare a system
plan for implementing, operating, and maintaining work measurement in its operation. As
a minimum the plan should provide guidance on establishing and maintaining standard
accuracy, conducting engineering value analysis to improve operations, revisiting
standards and related system data and using labour productivity standards as an input to

budgeting, estimating, production planning, and performance evaluation.

4.3.1 Labour Productivity Performance Parameters (Benchmarks)

It is important to note that labour productivity is the 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. Hence labour
productivity can show the efficiency of labour if it is used comparatively, not absolutely.
We have seen also that productivity measurement informations required also varies with
managerial level (Table 4.1).Hence there is a need to establish benchmarks for lower
level measures to monitor single activities and higher level measures to gauge project and

industry wide performance.

For continual assessment and improvement of labour productivity at any managerial
level, it is advisable to establish bench marks for the purpose of comparisons.
Benchmarking is defined as “a systematic and continuous measurement process; a
process of continuously measuring and comparing an organization business process
against business leaders anywhere in the world to gain information which will help the
organization to improve its performance” (Koskela, Osman & Abdel-Razek, Madigan,
and Olomolaiye) [cited by 42].Benchmarking can be internal, external, classic,
traditional, process, performance, functional, strategic or a combination. The idea behind
each is the same; to identify measure, compare, perform gap analysis, adapt and

implement new ideas [42].
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In construction there are two commonly used benchmarks that use labour productivity as
a major input. These are:
a) Project level labour productivity benchmarks

b) Work team (Crew) level labour productivity benchmarks

Project level labour productivity benchmarks: These are labour productivity
benchmarks that are designed to compare the efficiency of one project with another.
Essentially, the benchmarks are external to the project and can be used to compare the
efficiency of any two projects working over comparable conditions, often projects under
the same corporate management.

The commonly used model in project level labour productivity benchmarks is the site
based model of Thomas and Zavrski [cited by 42]. This model was an analytical
approach to compare labour productivity in one project to that of another. The elements

of the model are:

4 ) 4 D
Determine Project Project Benchmarks
Attributes ® Disruption Index (DI)
® Total work hours ® Performance Ratio (PR)
- - ® Total quantities ® Project Management
Single Pr(_)J ect » ® Cumulative productivity > Index (PMI)
Evaluation ® Base line productivity
® Number of abnormal
delays
\ J \, V.

Box 4.2 Single Project Evaluation Model (Thomas) [cited by 42]
Unlike others Thomas has defined productivity as the ratio between work hours and

output. That is:

Labour productivity = Working hours [Eq.5]
Output

In addition he made his investigation based on project resources and factors that inhibit

construction progress such as congestion, sequencing, weather and rework. Thomas
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established benchmarks on disruption, total labour performance and management

contribution and he defined his benchmarks as below.

Disruption index (DI): This is an index which measures the amount of lost work days in
the construction life of a project or activity. It is calculated as:

Disruption1 Index = Number of abnormal (Disrupted) Work days -------- [Eq.6]
Total number of work days

Performance Ratio (PR): This is an index that helps to measure the productivity of the
exemplar performance. The lower the value, the more productive the exemplar

performance. It is calculated as:

PR=_ Cumulative productivity [Eq.7]
Expected baseline” productivity

Project management Index (PMI): This is a dimensionless parameter that reflects the
contribution of project management to the cumulative labour performance on the project.
The lower the PMI, the better was the project management’s influence on overall

performance. It is calculated as:

PMI= Cumulative Productivity-Baseline Productivity = ------- [Eq.8]
Expected baseline Productivity

Work team (Crew) level labour productivity benchmarks: These are labour
productivity benchmarks that are designed to show the efficiency of a work team or trade
by comparing the with the best work performance through its past activity life.
Essentially, these kinds of bench marks are internal and can be used to evaluate the
productivity performance of a work team against its best achievement in the past. These
are also benchmarks that this study uses. Alfeld has used these measures to evaluate crew

performance and for continual productivity improvement.

1. Disruption is temporary stoppages of works due to bad weather, poor work sequencing, congestion or lack of
resources in which the total productive time during the cause is only 50% of the normal productive time.
2. Baseline productivity is the best performance that a contractor can achieve for a particular design. It is a productivity

of labour when resources are available and disruptions are practically minimal.
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4 N\ 4 N
Determine trade Trade Benchmarks

Attributes
} e Total work hours e Performance ability

Ratio (PAR)

b 4

® Total quantities

Single trade
Evaluation

® Actual productivity

® Baseline productivity
(Exemplar)

Box 4.3 Work team Performance Evaluation Model

This model unlike the above (Box 4.2) defines labour productivity as stipulated in
equation No.l in section 4.3 and it is used to asses the productivity of the studied trades

for this study. That is:

Performance ability ratio (PAR) = Standard performance =~ ----------- [Eq.9]

Actual performance

The higher the value of PAR; there is high potential for a work team to improve its
performance where as the lower value shows that the trade work is performed efficiently.
A PAR value less than 1 show that the actual performance is grater than the exemplar
hence this actual performance will be the next exemplar for future works. But to apply
the above concept for productivity improvement we must make the working practices of
the trade under consideration be comparable. This can be made by establishing standard
working practice and standard productivity for the trade under consideration. Hence the
following section discusses how we determine trade attributes particularly standard
productivity before the introduction of performance based measurement and on site

actual productivity rates.

4.3.2. Labour Work Methods Development
Productivity standards are essential components to determine the performance ability
ratio of trades. However, before the project management establishes productivity

standards it must decide what work methods will be used in the production process [56].
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Development of standards work methods needs revisiting the existing production
methods to identify and describe the existing methods to minimize unnecessary motion
which significantly reduce workers’ productive time. Past experience and
experimentation have provided a general classification system for method analysis, which
greatly facilitates formulation of workable solutions. The first phase of method analysis is
to study the work being performed at a single work station or interrelationships among
several work stations [56].

According to their scope method analysis is divided in to two. These are:

a) Intra work station method study

b) Inter work station method study

Intra work station method study: This is a method study which studies the movement
of man and machines at a single work stations [57].Here the analysis is highly detailed
and concerned with the minutest aspects of the task. In the description and analysis of
intra work station tasks, the work methods are often divided in to three general

categories:

1. Single operator, using only hand tools

2. Single operator, using a single machine

3. More than one operator or more than one machine
For each of these categories there is a separate approach, but all three approaches are
actually variations on the same theme. All provide a means for delineating the sequence
in which elements of work are accomplished by each significant work performer under
study. In the case of the single operator using hand tools, the significant work performers
are his two hands and hence a standard chart called operator chart or left and right hand
chart are used [56].

In the case of the second intra work station tasks involving machines, the significant
work performers are the operator himself and the machine .Accordingly the man machine

chart is used for method description and study [56].
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In the case of the third intra work station tasks involving a combined effort of man and
machines a chart shall be prepared for each man and machine to describe and study the

task; such kind of chart is called multiple activity analysis chart.

Inter work station method study: This is a methodology which studies the movement,
flow, of a material or semi processed product from one work station to another [56].Here
the analyst approaches the existing work by taking bird’s eye view, or “big picture”
perspective of the production process.

The most appropriate descriptive form for this kind of conceptual method study is the
process chart [56],[57].This chart presents the overall picture of the production process,
each step of the production process being divided into operation, transportation, storage,

inspection and delay [56].

This study dose not research the work methods of the production trades in detail how
ever it stresses the fact that for effective performance management the productivity
standards shall be developed by applying efficient and consistent procedural methods or
standard practice, which are the basis for establishing labour productivity standards.
More over it should be known that development of standard and new work methods

improve productivity by reducing unnecessary motion and energy.

4.3.3 Labour productivity standard development

It is mentioned that work measurement is one approach that leads the way to good
performance management. Work measurement involves the use of productivity standards
to measure and control the time required to perform a particular task or a group of tasks.
Productivity labour standards are measures time it should take for a qualified worker to

produce a fixed quantity of a particular operation [3].

With out reliable and accurate productivity estimates, it would be impossible to improve
existing operations and management or effectively plan new ones, decide on layout and
routing considerations; or design new work methods. In addition without appropriate

productivity data, the efficiency of work and resource scheduling would be in doubt.
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These data are also some times used as a basis for product design, work sequencing and
workplace design. But it should be recognized that the form of labour productivity
standards varies with the purpose of the measurement. Accordingly labour productivity

standard forms can be displayed as shown below:

No

Forms of Labour Productivity
Standards

Purpose of Labour Productivity Standards

1 | Expected (average) labour | Used primarily to judge efficient work
productivity standards Methods and work area layouts
2 | 95 ™ percentile labour productivity | Used primarily to balance a paced production
standards by labour; production equipment where
material shortage is improbable
3 | Expected (average) labour | Used primarily for labour cost estimation,

productivity Standards plus some

allowance for non-working time

delivery time quotations, scheduling and as

an initial productivity improvement standard.

Table 4.2 Forms and Use of Labour Productivity Standards [6]

Besides, according to their development labour productivity standards could be divided
into two. These are:
a) Engineered productivity standards

b) Non-Engineered productivity standards

Engineered productivity standards: These are standards that are developed using
recognized principles of engineering and work measurement [6].The standards developed
define the time necessary for a qualified worker, working at a normal pace', under
capable supervision, and experiencing normal fatigue and delays, to a defined amount of

work of a specified quality when following the prescribed method [2].

An engineered standard contains two basic elements; these are normal time, which is the
timed cycle time of the job for a normal worker; a personal, fatigue and delay (PF&D)

allowance. Its standard development consists of three stages; these are analysis phase in
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which the job is divided into convenient, discrete components, commonly known as
elements; measurement phase in which the specific measurement technique is used to
establish the time required to complete each element of work and a synthesis phase, in
which the various elemental times are added, together with appropriate allowance, to
construct the standard time for the job. For the purpose of developing standard
productivity the amount of task accomplished during the measurement period shall be
known as well, which will yield the standard productivity when divided by the standard

time.

There are three commonly used methods to develop engineered standards; these are direct

time study, predetermined data, and work sampling [6].

Direct time study: Direct time study is the approach most frequently employed to set
labour output standards by observing the work of a single operative for short timed cycle
tasks. The rationale for using direct time study rests on the assumption that a valid output
standard can be estimated by observing a single worker performing a particular task
provided of course that he has sufficient skill to perform the task and that he works

according to the standard method developed by method study.

That is:
N Time per task for a
Sample data from observation Through direct . normal worker
of a single worker Time study process using normal effort
and skill

Figure 4.1 The Essence of Direct Time Study [57]

Determination of labour productivity standards by direct time study involves the

following steps, as discussed in the order below.

Data collection: The first step in preparing direct time study standard is to record the

work conditions associated with the task. This information usually consists of a sketch of
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the work place layout and detailed description of work method being used, including all
tools, fixtures and materials. The description of how and what conditions a task is

performed is called a standard practice.

Determination of task elements: Once standard practice is recorded, the task must be
analyzed into units of motions involved in the work performance; these units are
commonly called elements. Task performance analysis is required in order to identify the

component parts for timing purposes.

Determination of sample size: we know that it is clearly impossible to determine the task
performance rate of an average worker by training an entire labour force to do a
particular job, timing them at normal pace, and then computing the mean performance
rate from the data so derived. What is needed is a method of estimating normal
performance with only a modest expenditure of time and money; hence this is possible by
the application of sampling techniques. Thus methods shall be developed to increase the
accuracy of data so to be collected. This is possible by increasing number of observations
by optimizing the amount of energy and expenditure required to collect the data.
Accordingly earlier practices have developed two methods of determining sample size of
observations. These are:

a) Stastical methods approach

b) Standard practices approach

A stastical method approach: In an attempt to eliminate the need for judgment in this
phase of the time study procedure, a stastical approach has been proposed for use in the
determination of the number of work cycles to be studied. The reasoning which justifies
this approach is that an operator who is performing a given element of work at a fairly
constant pace will not always complete that element in exactly the same length of time.
This is because their will be chances variations in the operator’s motion pattern and pace
and in the position of materials and tools which the operator works. As a result in the

long run, the operator will generate distribution of elapsed times for the element under
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consideration. Accordingly the number of observations required for a certain level of

confidence is calculated as:

N’= |ZVmEXi*- (ZX;) 2 ]2
D =X;

Where Z= constant which reflects the probability requirement
D=maximum percentage deviation from the population mean which

is acceptable and reflects an established accuracy requirement

For a 95% level of confidence, we have:

N'= Em N T X2 (2X)) ]2
e

———————————— [Eq.11]

Where X; is the i observation for a particular element, N is the number of cycles
observed up to this point; XX; is the sum of all N of the X; measures, and N’is the

required number of cycles that should be observed.

A standard practice approach: The other method that is commonly applied to determine
the size of observation required is the empirical method that is developed by different
practitioners. These practitioners use number of cycles per year and cycle durations as
variables which determine the number of observations .Different companies have
recommended their empirical methods but the most notably one is the one that is

recommended Ronald press company in America [ cited by 6].

Determination of select time: Following the determination of elemental tasks and in
parallel with deciding number of observations the analyst shall determine the time
required by a normal operator to accomplish each elemental task by decimal stop watch.
After each elemental task has been timed for the selected number of observations, then
the analyst should decide on the representative cycle time. To do this he simply computes
arithmetic mean of the times recorded for each element .However before calculating the
average cycle time the data connected should be evaluated for its consistency. The
average observed time for each element is then recomputed with out these

unrepresentative times, and the new mean is called the select time. The select time for an
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entire task may then be computed by finding the sum of the select times for all elements

of the task.

Rating the operator performance: Rating the performance means determining the
efficiency of the operator at the workplace. The efficiency of any operator to do a certain
task depends on the skill; effort and difficulty of a work. There are number of rating
systems that are developed in different practices. However the most commonly used
rating systems are [57]:

1. Tempo rating

2. Objective rating

3. Westinghouse system
Tempo rating: This is a type of rating system in which the analyst concentrates on the rate
of movement of the operator to determine his efficiency. It can be used bas a basis for
ascertaining the efficiency at which something is being done because of the relationship
which exists between tempo and efficiency. The nature of this relationship is that when
an operator is being timed while following prescribed method, the elapsed time for a
given element of work will be inversely proportional to the operator’s rate of movement,
tempo. However, before he can react to the tempo he observes, the analyst must know
what a normal tempo mean. Normal tempo will not be the same for every job, because it

is affected by the difficulty of the task.

Objective rating: This is a system of rating that is similar to tempo rating except that
documented standards are developed from long term experience. The rating is based on
two factors; one is observed pace, and the other is job difficulty. In so far as job difficulty
is concerned, the system requires that the analyst describe each element of the job being
studied in terms of six categories of job characteristics. These are: amount of body used,
foot pedals, bimanualness, eye hand coordination, handling requirements and weight
[57].The most commonly used one is the one that was developed by Marvin E.Mundel
[58].

The Westinghouse system: This system calls for taking four factors into consideration.

They are (1) the skill with which the operator performs an activity, (2) the effort which
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the operator expends, (3) the condition under which the study is being made, and (4) the
consistency of the operator’s elapsed times [57]. Skill is defined as the proficiency at
following a prescribed method; effort, as the will to work; conditions, as the environment
in which the operator is working while being studied, as compared with what the
environment usually is; and consistency, as the degree of uniformity in the elapsed times

for a given activity.

For a number of reasons, there is no certainty that this system of performance rating will
yield accurate results. However, it is just as important to realize that the thousands of
organization s which have used these methods to develop millions of time standard have
found that with relatively few exceptions, the resultant standards have been sufficiently

accurate to satisfy their needs and demands of their employees for reasonable standards.

Determine normal time: Having timed the operator and estimated the operator’s
efficiency, the analyst can now go on to calculate the normal time for the task.

If elemental rating approach was employed, each elemental average elapsed time is then
multiplied by the corresponding performance rating factor to obtain the elemental normal
time, and the elemental normal times are added to obtain the total normal time for the
task where as if the overall rating factor are employed, the total normal time calculated by
multiplying the sum of the elemental average elapsed time by the overall performance

rating factor.

Determine the allowance time: Normal time is a fair measure of production output
provided all external factors are ok. But for the actual operations, there are factors which
affect the productivity of workers external to the job; these external factors must be
handled by means of “allowances”. Delays that are caused by these external factors are
nor controllable by the worker being studied and are called unavoidable delay. There are
two methods of estimating allowance times for standard development. These are:

1. A production study

2. Work sampling
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No Unavoidable Delay Type Examples Of Causes Study Method
1 | Delay which the operator Equipment break down, Production
cannot control Waiting for instruction, study,
Waiting for materials Work sampling

& supplies, returning unn

cessary materials, etc.

2 | Irregular work elements Preparing work place, reci Production
eving and giving instruction | study,

etc. Work sampling

3 | Contractually  allowed  rest | Tea breaks, personal time | Production
periods ,ete study,
Work sampling

Table 4.3 Table of unavoidable Delay types and their Causes

A production study: This is a method of estimating the amount of allowance time of an
operator by continuously studying the operator for a period of eight hours. For this study,
the job can be divided into only three elements. These are (1) unavoidable delay (2)
avoidable delay, and (3) normal activity, which is any activity accounted for by the
normal time. The amount of allowance to be added is calculated by the following
relationship:

Allowance factor = 1+ Unavoidable delay hours = ---------- [Eq.12]

Normal activity hours

Work Sampling: This is similar to production study except that discrete observations are
made on the operator to determine the proportion, and then the time lost due to
unavoidable delay. For this purpose the analyst needs to prepare an observation sheet and
then makes a series of random, intermittent visits to work stations at which the task is

being performed. Allowance factor calculation is similar to the production study method.
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Determination of sample size: The approach used for determination of sample size is
similar to the one recommended under sample size determination for time study.
Applying the method of stastics the number of observations can be estimated by trial and
error as:
N=(Z/Dp’)’[p" (1-p)] o [Eq.13]

Where Z is a constant for a certain level of confidence obtained from table, D maximum
percentage of deviation from the population proportion and p’ is assumed population
proportion of normal activities. For a probability of 90% and sample proportion within
15%, the appropriate equation will be:

N=(1.645/0.15p’)* [p” (1-p")] ——————————— [Eq.14]
Determine the standard time: After determining the amount of time lost due to
unavoidable delay, then the standard time is a calculated as a sum of normal time and
allowance time.
Determine standard labour productivity: At the end of the time study the amount of task
that is accomplished during the study shall be measured; the ratio of this quantity to the
standard time determined above is the standard labour productivity. The standard labour
productivity is the baseline by which we compare with the actual productivity to judge

our productivity performance.

Predetermined data: This method of standard development is used when a large number
of true estimates are needed for reoccurring work involving many similar elements [6].
Individual time studies and work studies are expensive and time consuming for such
activities. Such method is also advantages as it dose not interfere with normal works as it
shall be conducted in experiential laboratory. More over the standard so developed is
available before the work hence can be used as an input for any managerial decision

problems.

The fundamental principle of predetermined time studies is that all manual work can be

subdivided into basic motion units [57].

1. The formulas in the standard development are presented to explain concepts of standard creation which are the most
important tools of measuring productivity (to create full and continuous flow of productivity concept); though the

standard development is not researched in this thesis due to lack of resources and time
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These elements are much smaller than elements in time study and are called therblings'.
There are two types of predetermined data. These are:
a) Microscopic data

b) Macroscopic data

Microscopic data: This method of standard development views manual work as a series
of elementary motions such as reaching, grasping, positioning, etc [57]. Charts are
available which list the time it takes for an average worker to complete various
elementary motions. Since almost any physical task can be broken down in to appropriate
listings of micro motions, these charts of micro data allow organizations to compute time
estimates for tasks before they are actually performed. The time to accomplish each
elementary motion is corrected for pace hence such kind of times requires correction for
job difficulty and allowance factors only. Microscopic data is composed of small
motions, hence building of the total activity times will need a catalog of these block
times. Thus determination of the order and number of this block times need fixed speed
movie. The film frame applicable to each movement could then be counted in to activity
time. Then the activity time obtained will be corrected for job difficulty and allowance to

produce the standard time.

Macroscopic data: This method is used when there is a large number of different short
cycled jobs involving many similar activities, macro data often provide a useful method
of organizing time estimation data. Macroscopic methods assume that, as between jobs
done on the same machine or similar machines, certain elements are constant irrespective
of the specific operation. If certain elements are variable, then systems will be developed
to estimate the time of the job elements in a predictable way. This method is commonly
used in synthesizing times for many types of work, cleaning and maintenance activities.
Other area of application includes office and secretarial work, warehousing work, and

data processing.

1. Therblings is the inverse of the name Gilbreth, which is given to memorize the inventor of this method Gilbreth.
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Work sampling: This method is commonly used to estimate the amount of unavoidable
delay; however with a little modification it can be used to develop standard time for
labour intensive operations. The expense of using time study to develop time estimates
for long cycle or infrequently of irregularly occurring activities is often prohibitive. For
such activities, there is a formal, direct observation method of measurement that avoids
the need for continuously observing and timing the activities of one worker by utilizing
sampling techniques. This approach of work measurement is also called ratio delay study,
involves randomly taking a series of instantaneous observations over a prolonged period

from which activity time are then inferred.

The basic principle of this method is that the time spent on each activity is directly
proportional to the number of observations provided observations are done in a random
order [57].This method is also universally accepted as a good method of measuring

labour productivity for long and intermittent activities such as construction [23].

It has the following advantages over direct time study.
e It is most economical as it involves discrete observations.
e It can be conducted with less competent analyst; moreover, the process of data
collection will not disturb the operator as the direct time study.
e [t is possible to reduce the duration of the study by increasing the number of
observations in a work sampling method where as with direct time study the
duration required to produce a data comparable in accuracy with work sampling is

highly prohibitive

The following steps as elaborated sequentially shall be followed to establish work

standards by activity sampling.

Definition of work: This is the action of defining the work of operator being studied so
that the analyst could differentiate type of work conducted by the operator. Business
round table has classified work types as direct work, supportive work and delay (Table

4.4).
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No | Work types Operations

1 | Direct work | Productive actions, picking up tools in the work area,measurement,

holding materials, inspecting for fit, all clean up, etc.

2 | Supportive Supervision, instruction giving, carrying materials or tools,
work walking empty handed to get materials or tools, etc
3 | Delay Waiting for another trade, material or tools, standing, sitting non

action, personal time, late start and early quit, etc

Table 4.4 Classification of Work Types and Operations for Work Sampling Study
[23]

Determine sample size of observations: The accuracy of work sampling depends on the
number of observations. It is axiomatic that the accuracy of the sampling process will
increase in direct proportion to the size of the sample taken. The practical problem is to
decide how large a sample should be taken to yield the required accuracy. The number of
observations also depends on the percent of total working time occupied by the activity
being observed. If the activity is more frequent, observations will be less and vice versa.
The number of observations can be determined by [Eq.7] of section on determining

allowance time on direct time study.

Making observations by designing appropriate formats: appropriate formats containing
desirable classifications of works and definitions shall be prepared and presented to data

collectors, after enough elaborations.

Determine the observed time from the data collected: The proportion of direct time can
be obtained by taking the proportion of direct work observations to the total work. Hence

Observed time= (Study Duration) X (Proportion of Direct Work)

Determine normal and standard time respectively: After selecting the appropriate rating
and allowance time determining method, determine the efficiency of the operator and the
amount of allowance time as discussed on the section of direct time study. Then,

Normal time= (Observed time) X (worker’s efficiency)

Standard time= Normal time +Allowance time
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Determine standard labour productivity: At the end of the time study the amount of task
that is accomplished during the study shall be measured; the ratio of this quantity to the
standard time determined above is the standard labour productivity.

It is not the focus of this research to develop standards for labour productivity of various
trades but the researcher recognizes the fact that for proper productivity performance
management it is mandatory to establish realistic labour productivity standards which can

be used as a basis for exemplar performance standards.

Non-engineered productivity standards: These are standards that are developed by
simulating, estimating and analyzing past data and experience of the works [6]. Despite
their inaccuracy these methods are commonly used by most construction industries of
developing countries, because their development requires less time and expense and the
productivity data can be obtained before entering into construction hence can be used for
labour budgeting and pricing. More over some cost engineers believe that the
productivity standard develop by this method is quite sufficient in accuracy for
construction where there are so many assumptions. The common non engineered methods

of work measurement are technical estimates, historical standards and staffing patterns.

Technical estimate: This is a method of standard development by which productivity of
a worker to do a certain task is estimated from historical reports, standard data, and rough
time studies in combination with the estimator judgment to produce the standard. It is
usually done by experienced supervisors [6]. Standard developed by this method is

commonly used for scheduling, controlling, priority ranking and costing.

Historical standards: This is a method of standard development by which productivity
of a certain operative is estimated by collecting facts data of inputs and outputs and
correlating them [6]. The data shall be collected for a sufficiently long period of time to
represent the real trend, and the likely trend of the data for a certain future period is
forecasted by applying simulation methods. The data then obtained is analyzed by

applying descriptive stastics to determine the mean productivity of the operator. It is
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. .. . .1
usually used for warehousing and administrative purposes but some countries do also

use this method to develop labour productivity standards.

Staffing pattern estimates: These are estimates that are used to asses the amount of
indirect labour required for a certain construction team doing direct productive work [6].
It is based on assessing the ratio of indirect to direct personnel of past similar activities. It
is commonly used for administrative purposes.

For the purpose of this research historical standard as listed in the project plan is used to
determine the performance ability ratio (PAR) of masonry, concreting and steel bending

trades.

4.3.4 Labour Productivity Accounting

For proper productivity management a contracting firm needs to establish a labour
productivity accounting system. This involves measuring the amount of time a crew
spends on a jobsite and its accomplishments. In general the amount of effective and lost

working hours in a fixed paid time can be represented by the figure below.
L.T: Lost time

W.T: Work time

Figure 4.2 Amount of Work and Lost Time [7]
Clearly a contractor who can reduce the fraction of lost time each week will add hours to
work time, there by accomplishing more for the same number of paid hours. Thus for a
proper productivity management contractors shall account and manage the amount of lost
time and the quantity of work accomplished. There are three methods of measuring lost

time [7]. These are foreman delay survey, crew’s time sheet and work sampling survey.

Foreman delay survey form: This is a form which tabulates the causes of delay and the
amount of time lost. Often most frequent causes of work delay are printed on the form,

with spaces left for foreman to add additional items.

1. The unapproved published productivity standard that was developed by the ministry of infrastructure
used this method (Listed in bibliography list 14).
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The form contains common causes of delay and others item for the foreman to fill up on
and for each cause the foreman is expected to estimate the number of hours lost due to
delay and the craftsmen involved. At the end of each week the survey forms are collected
and tabulated. By correlating the reported lost time with the cause of delay, project

management can take action to resolve the problem and eliminate delays (Box 4.4).

Crew’s daily time sheet: Foreman reports the hours worked everyday by each individual
in the crew. These hours are charged with specific work items. The total hours charged to
each work item are summed, and then broken into work hours and lost hours. When ever
foreman records lost hours for a work item, they also add a note to identify the cause of

lost time.

Foreman Delay survey
Datee Foreman:
Number in Crew:

Problems causing Delay
Problems Number of hours X Number of men = Man hours

Rework for design change X =

Rework for field error

Rework for damage

Waiting for materials

Waiting for tools

Waiting for equipment

Waiting for directions

Waiting for other trades

e e
[l

Comments:

Box 4.4 a Foreman Delay Survey Form [7]
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Work sampling: It offers a method to gather information about the amount of non
productive man hours worked on a large construction project. The method uses random
sampling techniques to determine the time the craftsmen spends at various activities
through out the day. This method measures only the amount of time lost in a day only
hence it shall be supplemented with craftsmen questioner to identify the full problem of
low productivity.

For the purpose of this study work sampling method in conjunction with questioner is
used to calculate the amount of lost time and their causes as it can be accomplished with
in a short period of time; and as there was no experience in accounting lost time in
Ethiopian building construction industry it is impossible to apply the above two

techniques for this study.

The accounting method used by any of the above methods gives only the amount of lost
time and their primary causes hence it is of little help for productivity improvement. For
proper productivity management the root on site causes of low productivity should be
known so that the management can easily intervene. The following chapter shows how
management can identify the root causes of low productivity for continuous

improvement.
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Chapter 5. Productivity Improvement
5.1 General

Productivity improvement is not just doing things better; more importantly, it is doing the
right things better. This section aims to identify the major factors or the right things,

which should be the primary concern of any productivity improvement study.

The production process is a complex, adaptive on going social system. The
interrelationships between labour, capital and the socio-organizational environment are
important in the way they are balanced. Productivity improvement is how we
successfully identify and use the main factors of the socio-production system. In
connection with this we can identify three main productivity factor groups. These are job
related, resource related and environment related [8]. This study focuses on the job

related, labour related' and environmental related factors.

Any productivity improvement programme has a certain level influence for its
application. Hence for managerial purposes the above factors may be classified as
internal and external. For example, this study focuses on the above factors at operation

level, more specifically project level.

In any of the production works the internal factors for production can be modeled as
shown below (Figure 5.1). These internal factors can be classified as hard and soft
factors, meaning, those which are difficult to change in the short period of time and those
which can be changed within a short period of time. Construction works like any other

production works also contains these factors to a different degree in different levels.

The focus of this study is the improvement of those factors which can be changed easily
(soft), by applying the knowledge of management science and organizational

management, more specifically performance based management.

1. Sometimes it is usually difficult to delineate the improvement of one factor of production from another because

production work is by itself interrelated more over some factors are drivers of others hence the word related.
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Internal Factors

Hard Factors Soft Factors

Plant and
Equipment

Technology
Materials and Management
Energy

Figure 5.1.Production Factors Model at Organization Level [8]

As this study focuses on soft factors, it is essential to describe how we can improve the
productivity of each factor.

People: as the principal source and the central factor in productivity improvement drives,
the people in the organization all have a role to play as workers, engineers, managers, etc.
The role of a person has two aspects: application and effectiveness application is the
degree to which people are willing to apply labour to their work. This is explained by the
law of behavior. Motivation of a person decreases if it is either satisfied or blocked from
satisfaction. In order to stimulate and maintain motivation, the following should be done:
A set of values conducive to higher productivity should be developed in order to bring
about changes in the attitude of managers, engineers and workers. Motivation is basic to

all human behavior and to efforts in productivity improvement. Workers’ success in
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increasing productivity should be reinforced immediately not only in the form of money
but also in providing recognition, respect involvement, learning opportunities and

elimination of negative rewards.

Standards of performance play an important role in productivity. It should be set at a high
but achievable level. If the standard set is too high, then the will to work decreases. The
second factor in productivity improvement is effectiveness, is the extent to which the
application of human effort brings the desired results in output and quality. It is a
function of method, technique, personal skill, knowledge, attitude and aptitude the
“ability to do”. This can be improved through training and development, promotion, and

career planning.

Hence the approaches that should be employed to improve labour productivity are: wages
and salaries, training and education, social society, rewards, participation, attitude to

work, supervision, cooperation, attendance, turn over and job security.

Organization and system: one area for improvement of productivity is the organization
and system. The main reason for low productivity of firms is because of their rigidity.
Systems are always designed for certain situations but things will not be the same for
ever, all procedures designed should likewise change. Hence dynamism and flexibility

should be incorporated into the system design in order to maximize productivity.

Work methods: improving work methods are very important in sectors such as building
construction where much of the activities are labour intensive or intermediate. Work
methods aim to make manual work more productive by improving the way the work is
done, movements performed, tools used, the workplace laid out, the materials handled
and equipments employed. Work methods are systematically improved by analyzing
present methods, eliminating unnecessary work and performing necessary work
efficiently.

Management style: much of the contributions in improving productivity are gained from

improved management, because management is responsible for the effective use all
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resources under its control. However, there is no perfect management style for all

contexts, but effectiveness depends on when, how and to whom the manager applies the

style.

5.2 Construction Labour Productivity Improvement

In chapter 4 we have defined labour productivity as the amount of out put produced per

man hour hence it is better to see labour productivity in terms of work time model shown

below (Table 5.1). From this model we can learn that productivity in construction can be

improved by reducing wastage of time in the different time breakdown of operations. The

model also shows possible productivity improvement mechanisms by external bodies

besides the construction project site considered in this study.

Breakdown Of Work Method Improvement Experts Duration
Operation Time Strategies
Basic work Improve basic process LT
Content of product or by research & Researchers
service development [ ]
Work content added Simplify product & Designers MT
Defects in design & Reduce variety
Specification
4 D
Work content added Provide new plant, System
By inefficient method equipment & experts ST
of operation machinery; improve or
existing methods & Efficiency
procedures experts
\ J
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Ineffective time due Improve the planning ST
Poor management of work & manpower Managers
Ineffective time due Improve the overall Managers
poor attitude of effectiveness of & ST
workers workers Workers
] The Study Focus ST: Short term
MT: Medium term
LT: Long term

Table 5.1 Work Time Model, Improvement Method and Responsible Experts [8],
[24], [32]

This being the productivity model in terms of time, how can we apply this to individual
human being is something to be thought about. N.F.R.Maier (1973) in his book
psychology in industrial organization and E.E.Lawer.III (1973) in his book Motivation in

work organization summarize determinants of task performance as follows [Cited by 31]:

Performance= Ability X Motivation (Effort)
Ability= Aptitude X Training X Resources
Motivation = Desire X Commitment

The multiplication sign in this model signifies that all of the components are essential.
Aptitude refers to the skills and abilities an employee brings to the job. Training can
enhance most inherent abilities and can improve employee performance. In addition
employees must be given technical, information and personnel resources to effectively
perform assigned tasks. Motivation is an employee’s desire and commitment and is
manifested as effort. The above model is quite similar to the methods engineering model
of Alfeld (1988).Alfeld has conceptually kept the construction performance of craftsmen
is influenced by two factors, according to him environmental elements and behavioral

elements. He again subdivided these elements as shown below:
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No | 1% Level Performance Elements | 2" Level Performance Elements

1 Environmental Elements Information

Resources

Incentives

2 Behavioral Elements Skills

Capability'

Motives

Table 5.2 a Model for Engineering Construction Performance [7]

Using this model it is possible to think about deficiencies in performance in actual site
operations. However there are many problems in construction site, hence there is a need
to identify the major problem by applying cause and effect tree and prioritization. But
first initial pilot studies or other alternatives should be sought before designing the

research meter.

In this study, previous studies in other countries are consulted [20], [21], [23], [24], [25],
[26], [29], [50] and [52].How ever most of the efficiency problems that are collected are
empirical hence it is very difficult to tie it with rational studies of management. That is
each problem shall be categorized in the general theoretical model of management so that
it will be possible to have the systematic view of the problem. This fact will be
considered in this study. More over these studies do not consider problems related with
leadership and organization, which are thought as most important factors to affect
craftsmen productivity. In order to have a systematic view of all productivity problems,
model for the whole construction site is necessary. Naoum S.G (2001) has proposed such
a model (Figure 5.2). The model includes the various process factors which affect
productivity but it dose not include technical factors which affect productivity such as

production methods and facilities layout.

1. Capability is a term which measures man in terms of physique and mentality. The usual indicator more man’s

physique is health where as his state of mentality is intelligence.
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Figure 5.2 Process Model of Motivation and Productivity on a Construction Site [55]

These factors determine the amount of movement and energy expended to accomplish a

task; in Ethiopia site layout of the total construction project is not usually done hence it is

included as one parameter to be investigated.

The above model is a process type hence it is not suitable to develop meter and it shall be

arranged as input- out put model. Looking at input-output model of Fryer (Box 4.1) we
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can see that factors affecting project productivity performance may be external; that is
influence from consultants, company head quarters or designers which the researcher
calls it as preconditions and the others are internal. For the purpose of this study the
internal factors are divided in to three. These are technical factors; management/control
systems and organizational behaviors. Each of these factors are managed by scientific
management method, traditional management method and human relations theory
respectively. Hence in terms of input- output model the study can be systematically

1dealized as follows.

Client/Consultant Technical Managerial
Designers System System
Company Bosse

Methods process

Preconditions

Organizational
Behavior

Figure 5.3 Systematic Views of Study Areas

Preconditions: As it is shown on the Fryer’s model (Box 4.1), the productivity of a
project site is influenced by decisions of the consultant/Client, designers and company
heads. The magnitude of influence is dependent on the contractual arrangement of the
contractor with various groups. Hence the role of consultants and designers is slightly
different based on the above cause .How ever for practical reason we may take the

traditional project delivery method to identify the role and duties of all parties as it is the
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most common method in Ethiopia. This fact is taken into consideration to produce the

questioner for preconditions.

Managerial system: These are methods or systems that are used in planning and
controlling of projects. There are many checklists management that are developed by
construction quality auditors measure the performance of a project for productivity. For
this particular study the auditing tool that is developed by Optima Engineers to improve
the productivity of Alberta construction is used after little modifications [52].The
checklist contains the following components.

e Schedule management

e Work planning

e Progress and productivity

¢ Quality management

e Organization

e Labour relations

e Materials management and

e Tools management

Technical system: These are systems that are laid down to economize motion and energy
of workers. It involves the creation of good working methods, efficient construction
facilities lay out and developing realistic work standard. This study dose not focus on
work methods but it will measure contractors experience on the practice of creating

effiecient construction facilities lay out and developing work team productivity standards.

Organizational Behavior: These are a system that refers to the social environment. It
basically contains two sub systems. That is the workers social environment which
comprises the attitude and behavior of workers towards their project; and the other is the
leader’s leadership style as it is seen from employees. These two subsystems affect the
motivation of workers towards their work which is one of the most important

determinants of operator’s productivity.
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Leadership: It is the most important parameter which affects organizational culture which
in turn affects the peoples attitude and behavior; hence motivation to work. There are as
many definitions as authors on leadership. For example Luthans (1998, pp.380) defined
leadership as “When you boil it down, contemporary leadership seems to be a matter of
aligning people towards common goals and empowering them to take actions needed to
reach them’” (Sherman 1995). Fidler (1967) defined leadership with in the context of
contingency theory. He stated leadership depends as much on the organization as the
leader’s own attributes. Except perhaps for the unusual case, it is simply not meaningful
to speak of an effective leader and an ineffective leader; we can only speak of a leader

who tends to be effective in one situation and ineffective in another [55].

There are three theories developed to explain leadership effectiveness [55] .These are:
trait theory, style theory and contingency theory. The first theory considers a leader as
having a set of trait or attributes which are not possessed by others. These traits are also
called characteristics or qualities such as intelligence, confidence and decisiveness. The
premise of trait theory is whether a leader is born with characteristics or made for them.
The second theory looked into leadership style and studied whether the leader approaches
the job to be done, or the people, or both. The third leadership theory looked into
contingency factors which determined the best type of leadership towards success. In
other words, is there a best way to lead a work force. It is important to note here that the
three theories do not complement each other rather the general theory of leadership is

integrates these theories.

This study used on one famous style of leadership that is the style theory of Blake and
Mutton hence deserves discussion. This style leadership theory put leadership concern for
people and production in to a scale of nine each (Box 5.1).How ever this theory needs
establishing a significant relationship between leadership behavior and successful
performance thus, contingency model, which is adopted from the model of organizations

(Noaum, pp.271) is used in the study (Figure 5.4).

M.Sc in Construction Management and Technology June 2006 g1



Measurement of Labour Productivity in Construction Projects

High 9

C.Pp

Low 1

1, 9 Management

Thoughtful attention to needs

of people for satisfying relation-
ship leads to a comfortable frien-
dly organization atmosphere and
Work tempo

5, 5 Management
Adequate organization performance
Is possible through balancing the nece-
essity to get out work with maintaing
morale of people at a satisfactory level

1, 1 Management

Exertion of minimum effort to

get required work done is appropriate
to sustain organizational membership

9, 9 management
work accomplishment is from com-
mited people; interdependence thro-
ugh a common stake in organization
purpose leads to relationships of tru-
st and respect

9, 1 management
Efficiency in operation results from
arranging conditions of work in su-
ch a way that human elements inter-
fere to a minimum degree

1 2 3 4

Low

5

Concern for production or task

6 7 8 9
High

Box 5.1 Blake and Mutton Managerial Grid [55]

( . N)
, ~ Leadership
Client Characteristics Style
¢ Client business N\ e Task oriented
e Client experience Contractual arrangement e People oriented
e Client type e Level of subcontracting ¢ 5,5 management
\ J Involved on the different ¢ 9.9 management
7 N Type of procurements ¢ 1,9 management
Project Characteristics » o |,1 management
e Project type Stage of the contract e Various
e Size of the project e Design Combinations
e Nature of task e Construction
¢ Project complexity ° Task problem y
e Subordinates’ character
\ / \ )
Figure 5.4 Leadership Model of Construction Projects used in the Study
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Worker behavior: This is one of the parameter that affects the performance of individuals

due to cultural influence of the organization; hence organizations must ensure that the

organization environment is suitable for competitiveness. Many studies show that the

effects of organizational values to productivity are significant. For culture to contribute a

lot for increment of productivity the culture must fit to the external environment and be

strong. Cameron and Quinn (1999) have developed good values to increase

organizational competitiveness, productivity [59].

-

Innovation (Adhocracy)

Organization

|

Flexibility
Support (team)
People
Respect for
Rules (Hierarchy)
Control

(Goal orientation
(Firm)

~

J

Figure 5.5 Competing Values of Organizations used for the Study
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Chapter 6. Projects Context and Productivity Performance

6.1 Characteristics of Projects

Seven medium to high rise building sites in Addis Ababa (Considered as a case study in
this research) are investigated for the study. The projects consisted of one commercial,
two housing, two school and one religious buildings. The projects are conducted by

different construction companies.

The table below offers a tabulated description of each project. For example project 1 is a

commercial building, with a contract sum of 8.6 million birr, contract duration of 12

months and actual completion of 24%.

Progj Type o Procurem: Cost (Bir Durati Stal
I building method 0
(mont Col
leti
Proj Commerc EPC 8,600,00( 12 24
1
building
Proj Housing EPC 16,849,459 18 80
2 project
Proj Public Other 47,000,00 36 76
3
buildin
Proj School EPC 36,320,245 33 90
4
Proj Religioy CM 15,287,051 24 16
) building
Proj School CM 12,000,00 24 95
6
Proj Housing EPC 15,000,00 14 10.]
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7 Project

EPC, traditional engineering procurement and construction; CM, construction management and 1USD= 8.60 Eth.Birr

Table 6.1 Characteristics of Projects Surveyed

The questioner designed in English was translated in to Amharic to serve the local
craftsmen which has lack of understanding clearly if conducted in English language. The
questioner was prepared centering on identifying the major labour productivity problems
and magnitude of lost productive time. In addition possible managerial causes were
presented for craftsmen for their opinions. Another questioner targeting project managers,
engineers and superintendents was prepared to judge the capability of their managerial

system to control productivity.

Over all, 18 craftsmen out of masonry, concreting and steel fixing trades were surveyed
using structured questionesr,7 project managers and 14 supervisors consisting of site
engineers and foremen were interviewed to asses their project management systems. The
foreman questioner besides includes questions related with productivity problems and

their magnitude.

6.2 Characteristics of Workers

78% of craftsmen surveyed were employed under main contractor, 11%under sub

contractor and the remaining 11% as subcontractor labour only (Table 6.2).

Worked under Number of Building Operatives
Masonry Concrete Steel Total
Mason Mason fixer

Sub contractor labour 0 0 2 2
only 100% 11%

Sub contractor 0 0 2 2
100% 11%

Main contractor 6 7 1 14
43% 50% 7% 78%

Table 6.2 Type of Employer
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This shows that most operatives are employees of contractors and hence contractors need
to have leadership skills to increase their productivity. It is also interesting to see that
some contractors outsource their work to labour contractors that is 11% of the operatives

in this survey are labour contractors.

On the average, most craftsmen that are about 44% had worked with their present
employers for less than two years (Table 6.3).This shows the slightly unstable pattern of
employment in the Ethiopian construction industry. The most unfavorable one is with

masons, 54%.This might be that mason have greater opportunity to change their work.

Worked under Number of Building Operatives

present

Boss/Employer Masonry Concrete Steel Total
(years) Mason Mason fixer

0-2 3 4 1 8

2-5 1 0 1 2

5-10 1 1 2 4

10-20 1 2 0 3

>20) 0 0 0 0

Table 6.3 Length of Stay with the Employer

The majority of craftsmen had worked their present sites for up to 12 months (Table 6.4)
The seven projects studied had been running for an average of 14 months at the time the
surveys were carried out. It would be reasonable to assume that most of the craftsmen had

been on site since project inception and would therefore be conversant with production

problems.

Worked under Number of Building Operatives

present

Project ( months) Masonry Concrete Steel Total
Mason Mason fixer

0-3 0 0 0 0

3-6 3 3 0 6

6-12 0 2 2 4

>12 3 2 3 8
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Table 6.4 Length of Stay with the Present Project

The survey indicates that 94% of the craftsmen were aged below 40 which shows that
construction craftsmanship is a young man’s trade and hence if attention is given by the

concerned body it can absorb a large amount of unemployed (Table 6.5).

The survey indicates that 83% do have experience from 5 up to 20 years, this shows that
the Ethiopian craftsman do have longer practical experience thus if it is supplemented by

appropriate training the potential of improvement would have been high (Table 6.6).

Age groups Number of Building Operatives
(years)
Masonry Concrete Steel Total
Mason Mason fixer
15-20 0 0 0 0
20-30 3 2 2 7
30-40 3 5 2 10
40-50 0 0 1
>50 0 0 0

Table 6.5 Ages of Construction Operatives

Experience Number of Building Operatives
(years)
Masonry Concrete Steel Total
Mason Mason fixer

0-2 0 0 1 1

2-5 0 1 0 1

5-10 4 3 0 7

10-20 2 3 3 8

>20) 0 0 1 1

Table 6.6 Experience of Construction Operatives

The survey indicates that as the craftsmen experience is greater than 5 years they are

highly needed for building projects of the government and commerce because these are
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relatively large and complicated ( Table 6.7). Moreover the high numbers of operatives
with experience from 2 to 5 years in housing projects shows that a relatively many

housing projects are undertaken in the country, as the projects are taken randomly.

The survey indicates that 78% were trained on site, learning from their seniors (Table
6.8). This is because in the majority of cases in developing countries construction work
gangs and operatives consisted of neighbors and relatives of one village .Craftsmanship

is acknowledged to be maintained through one generation passing skills on to the next in

such a way.
Type of Number of Building Operatives
Building
Masonry Concrete Steel Total
Mason Mason fixer
Housing

<2 years 2 1 0 3
2-5 years 2 10
> 5 years 1 1 0 2

Public utility
<2 years 2 1 0 3
2-5 years 2 2 1 5
> 5 years 2 3 3 8

Commercial
<2 years 2 2 1 5
2-5 years 3 2 2 7
> 5 years 1 1 1 3

Table 6.7 Experience of Building Operatives by Building Type

Type of training Number of Building Operatives

Masonry Concrete Steel Total
Mason Mason fixer

Apprenticeship 0 1 0 1

Formal trade school 1 1 1 3

On site trained 5 5 4 14

Government 0 0 0

Workshop
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Table 6.8 Types of Training/Education Background

The fact that only 17% have been formally trained in school, confirmed little attention
being paid by the Education system' so far to proper skilled based education and training
It would also seem that main contractors are not aware of the importance of formal skill

acquisition programme for craftsmen.

1. It is only now the education system has started to train tradesmen from TVET and higher level technicians from

technical colleges.

6.3 Productivity Performance and Problems

6.3.1 Productivity Performance

The craftsmen questioner survey was conducted to judge the productivity performance of
the concreting trade including steel fixing and masonry trade. During the survey it was
found that the team size to accomplish the same task is different for each project; hence
the team size for this survey can be taken averagely as indicated under table 6.9.

The survey indicated that the performance of all trades is below the standard' (Table
6.9).For example in project 1 the concrete and masonry trades produced only half of their
standard (PAR=2). This shows that the site management should do a lot to detect the
cause of such a low performance. However, from interview with the project supervisors it
was learned that there is no experience in measuring crew performance; hence the
problem was not known. This shows one of the deficiencies of traditional management

which focuses on spying the tempo of workers solely, not on measuring their output.

Project I1d Concreting Trade Masonry Trade Steel fixing Trade
Actual | Planned | PAR® | Actual | Planned | PAR | Actual | Planned | PAR
(M3) | (M3) (M2) | (M2) (Kg) (Kg)
Project 1 12.5 25 2 1.75" 3.5" 2 - - -
Project 2 - - - - - - - -
Project 3 22 24 1.09 9 10 1.11 86 101 1.17
Project 4 25 35 1.4 8 10 125 | 100 100 1.0
Project 5 | 19.44 20 1.03 | 1.94 157 1077 | 576" 500" | 0.87
Project 6 20 30 1.5 8 10 1.25 | 375" 500" | 1.33
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Concreting team: 2 mason+27 DL+2 carp. + Imixer+ SDL+2vibrator
Masonry team: Imason+1helper+4DL+1 mixer + 5SDL

Steel fixing team: 1 bar bender + 2DL
Table 6.9 Table of Planned and Actual Productivity

In project 5, the amount of planned standard was low; this is due to the fact that there is
less experience in setting standards and measurement. Another finding which supports
the above statement is the percentage of craftsmen who could fill their planned and actual

estimates are only 24% (Appendix A2, question No 1 & 2, pp. XXVII, XXIXV).

1. These are planned out put values that are used during planning; they are transferred historically from their past
experience. Surprisingly, these values are not known by most crew foreman and craftsmen.

During an interview with one of the projects manager it was learnt that productivity
standards are used during the preparation of their main schedule but I believe that, it is
meaningless if the information used during planning is not transferred to the crew by
planning. From the above finding we can understand that the project management
objectives are not appropriately transferred down to their crews showing that
coordination that could have been obtained by this is lost.

The survey also tried to asses the magnitude of the productivity problems in terms of
lost time for the different possible causes. It was found that only 20% of the craftsmen
and foremen dare to estimate the amount of lost time by each cause (Appendix A2,
question No 3, pp. XXVII) .This shows that there is no experience in labour productivity
accounting for the case study construction projects. According to the data collected and
my observations the amount of productive time lost for the surveyed projects range from
3 to 4 hours, which means a craftsman in the case study Cps spends only 56 % of the total
paid time due to administrative, technical and motivational caused delays (The result of

the survey on appendix A2, Question No 3, pp. XXVIL, XXIXV).

6.3.2 Labour on Site Productivity Problems
The survey also tried to rank productivity problems of each of the studied trades for

supervisor to manage them by exception (Table 6.10).

No | Problem List Concreting Masonry work Bar
work bending
Rank of MR Rank of MR Rank of MR | OMR
productivity | (*) | productivity | (*) | productivity | (*) (*)
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Problems Problems Problems
P4 | P5 P4 P5 P3| P4 ] P5

1 Lack of 1 1 1 1 1 1 1|1 (1 1 1
materials (1) (1) (1) (1)
2 | Lack of tools 3 5 4 6 5 5516|5553 4.9
3) 4 1 G
3 Accident 5 9 7 8 9 851 -1 719 8 7.8
() @) @1 O
4 Rework 2 8 5 5 2 3512 (6|7 5 4.5
(©) 2) @ G
5 Change of 5 6 5.5 4 3 3515|1416 5 4.7
workers (6) (2) (4) (4)
6 Interference 4 7 5.5 7 4 S51 73| 8 6 5.7
(6) 4 © | @
7 | Absenteeism 6 11 8.5 8 10 9 3 - 11| 7 8.2
®) ®) ® | (10)
8 Instruction 3 4 3.5 2 6 4 712|443 3.9
delay 2) 3) Al @
9 Change of 4 10 7 3 11 7 316 |10] 6.3 6.8
supervisor (7) (5) (7) €3]
10 Less work 7 2 4.5 8 7 7515 | -1 3|27 4.9
load “4) 6 @ &
11 | Congestion 4 3 3.5 6 8 7 4 | 7|2 |43 | 493
2 ©) O

Table 6.10 Rank of Productivity Problems for the Studied Trades

Definition of abbreviations on table 6.10
MR; means mean rank of each problem; and OMR means overall mean rank of the problems in the studied projects
P3, P4, and P5 refers to the projects identification number

(*) rank of mean ranks and overall mean rank

The above table shows that the main productivity problems for concreting trade are lack
of material, instruction delay and congestion, lack of tools, less work load, rework and
change of workers and to masonry trades are lack of materials, rework and change of
workers, instruction delay, lack of tools, change of supervisors and congestion. Whereas
the problems for the steel fixing trade are lack of materials, instruction delay, rework

change of workers, lack of tools, less work load and congestion.

Lack of materials: Over all this ranked first problem for all trades. This is

understandable in that work cannot be done with out the necessary materials. The average
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productive time lost by this problem as estimated by the craftsmen ranges from 45 to 60
minutes per day (See appendix Al, pp.IX). On interview with the supervisors the causes
that contribute to this problem are poor administrative practices in project ware houses,

poor

This foot note refers to Table 6.9

+ The activity is masonry construction using stone hence the measurement is in cubic meters

# The numbers of teams involved for this activity in these projects are five times greater than number of teams in other
projects.

1 PAR is the abbreviation for performance ability ratio and it is the ratio of standard productivity to actual. The term

is mostly used in performance management in the sense that the standard used is the actual best.

inventory management, poor material scheduling and most importantly out right shortage
of certain materials. This was traced due to cash flow problems experienced by the
contractors. It is common to see projects being disrupted temporarily due to shortage of

materials.

Instruction delay: This problem is identified as the second overall productivity problem.
The average unproductive time lost by this cause as estimated by the craftsmen ranges
from 10 to 40 minutes per day. On interview with the project engineers the causes that
contribute to this problem is lack of proper planning at the crew level, low skill of
foreman as it is common in Ethiopian construction to assign their relatives as supervisors

of their job, and the existence of demotivated crew supervisors.

Rework: This problem is identified as the third overall productivity problem. The
average unproductive time lost by this problem as estimated by the craftsmen ranges
from 20 to 45 minutes per day. In this study rework is a major problem for masonry and
steel fixing trade. On interview with supervisors the main causes for this problem are
technical faults in both human and materials and changes of design after construction to

mention a few.

Change of workers: This problem ranked as the fourth overall problem. The amount of
productive time lost due to this cause ranges from 15 to 30 minutes per day .This problem
is more frequent on bar bending and masonry work. The causes might be due to

absenteeism or quit of job by workers or intentional workers change by foreman. It is

M.Sc in Construction Management and Technology June 2006 72



Measurement of Labour Productivity in Construction Projects

known that as the crew member change frequently it takes a longer time for the team to
reach the performing stage' because of cultural confrontation between the new comer and
the existing members. The poor understanding by foremen about this problem made them

to change the crew member to solve other problems in other work teams.

Lack of tools: This problem ranked as the fifth overall problem. The amount of lost time

due to this cause ranges from 13 to 30 minutes per day.

1. This is a stage when the work team attains the maximum cohesion to move as a unit
During my observation on some sites I learnt that concreting operations often stopped

due to failure of vibrators and some of the tools used by the craftsmen need maintenance.
As a whole the Ethiopian construction is poor in using power tools which are often used

by other countries.

Less Workload: This problem ranked equally with lack of tools. The amount of time lost
due to this cause ranges from 10 to 25 minutes per day (see appendix A1).The main cause
of this problem is poor human power planning which is basically depends on labour
productivity data. The quality of productivity data depends on the frequency of output
measurement in the project. For example if the data underestimates the productivity of
the working team then the team size will be large causing less workload on the
established team. Most literatures have shown the relationship between over manning and
productivity’. Percent of increase in manpower above the optimum is linearly related

with a proportional decrease in productivity.

Congestion: This problem has ranked the sixth main productivity problem. The amount
of productive time lost due to this case as per the judgment of the surveyed operatives is
between 10 and 20 minutes per day. As all the survey was conducted in Addis and the
city being old and unplanned, this problem is apparent. Project owners being interested in
using their land effectively, reserve places for support shop areas and movement routes
are often restricted. This indicates that manpower planners should consider not only

workload but also availability of place in determining their crew size’.
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This section focused only on the major labour productivity problems; there are of course
so many problems which are not included in this survey. The causes for all these
problems are similarly enormous .Hence, the following chapter approaches these causes

systematically to link them to the theoretical managerial studies for ease of intervention.

2. U.S army corps of engineers has produced a typical curve for American conditions.
3. U.S corps of engineers has produced a curve which shows the relation between percent of crowding

, which causes over manning due to space narrowness, and percent of labour loss.

Chapter 7. Productivity Problems Causal Factors
7.1 General

On section 5.2 of the conceptual framework productivity causal factors are shown
systematically on figure 5.3.According to that model project labour productivity is
affected from the perspective of two phases. That is from the input phase which is
depicted in the model as preconditions and the process phase which includes three main
subsystems. These are managerial subsystems, technical subsystem and organizational

subsystem.

The subsystems are large by themselves for example managerial subsystem contains 54
productivity factors categorized into five major categories which are interdependent to
each other and organizational factors contains 42 factors that are grouped into six
categories in which two of them are classified under leadership category and four of them
under workers behavior (These factors are taken from other countries experience and
theory ;and adopted for this research after considered the Ethiopian construction industry

context).

It is necessary to reiterate and define causal factors of productivity so as to create
continuity for discussion and analysis.

1. Preconditions involve activities that are done by external bodies outside the

contractor’s project environment. It includes the action of consultants, designers

and company bosses on the project internal environment. The effect of these
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bodies on the productivity of the whole site is significant. Some project managers
claim that the effect of these external bodies on productivity of the whole site is

more than the project management team.

2. Managerial subsystems are the conventional tools that are usually taught in most
universities to manage project objectives of time, cost, quality and resource
productivity. They are commonly called project management tools or standards. It
involves the creation of schedules, cost standards, productivity standards and their
control systems. The practical application of these factors in Ethiopian
construction industry is questionable.

3. Technical subsystem are components related with the proper management of
design implementation and construction methods, the development of standards
and management of temporary facilities from their design up to their construction.
Problems related with technical management may cause inefficiencies in the total
working system and rework. This activity is not continually adopted in the
Ethiopian construction industry.

4. Organization behavior subsystem contains components related with behavior and
values of workers towards their project, and leadership degree of emphasis to
wards production and people. This part is not usually known by engineers
practicing project management in Ethiopia. But studies in developed countries
show that the effect of this subsystem on productivity is significant.

I Preconditions

1. Client characteristics and support
2. Consultant behavior and support
3. Company head quarters support

1. Managerial Subsystem
1. Schedule management
2. Construction work planning
3. Progress and Productivity
4. Quality management
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IV. Organizational behavior subsystem
1. Leadership focus on production
2. Leadership focus on people
3. Innovativeness and growth
4. Effectiveness and clarity of goal
5. Community spirit

6. Communication

Box 7.1 Managerial Causal Factors of Low Productivity

7.2 Preconditions

Preconditions are factors which affect the productivity of a construction site by the action
of external bodies. They are not controllable by the project management; however, the
consultant project manager can control them to some extent by applying integration

management.

Client: These are one of the most important bodies which influence the productivity of
the project site by changing their requirement; the project scope. This action causes
change and additional design to be produced causing temporary shortage of design

information to the contractor unless prior design revision and engineering control is done
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in before the execution of works. Studies made in other countries shows that percentage
of change orders is directly proportional to loss of productivity'. At other time clients may
limit the project completion time but providing design changes in such a case the
contractor may be forced to use overtime works which has also similar effect in reducing

productivity®.

1. This is the study made in Canada and published in Canadian journal of civil engineering, Volume 18, 1991
[Cited by 26]
2. Standard Graphs are produced by U.S army corps of engineers | cited by 26]

The survey of projects shows that the change in the requirement of the client scores a
value of 2.92(Appendix A2, Interview question A.1, A.2 and A.3, pp XIII) meaning there
is no as such much change in requirement of the client this might be caused due to the
fact that most projects are procured by EPC and the designer is also the one who manages
the project this might make the designer to make prior revision of drawings before
implementation. But projects 4 and 5 show high instability in the client requirement;
these projects are procured by the CM hence errors detected by the consultant are sent to
the designer for revision causing delay; moreover the client being in contact with two
bodies may initiate a change in scope. The survey also shows that there is no usual

practice to review the building design by the owner for buildability.

Consultant/Designer: These are among the most important parties affecting the overall
productivity of the construction site. It is known that design information in the form of
drawings and specifications are one of the most important inputs of the construction
process. Unless the engineering information is appropriately scheduled and controlled

like other resources it will cause loss of productive time of workers.

The survey indicates that timeliness and clarity of decisions and acceptance by the
consultant is low (Score 2.6) which demands the client for a different project delivery
system. The client can reduce the problem related to this by using design and build

system whereby early integration between the contractor and the consultant be facilitated.
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Company head quarter: These also affect the productivity of the site as they are the
providers of most resources to the construction project. Poor scheduling and
communication between the project office and the head quarter contribute a lot besides

cash flow problems in causing disruption of projects temporarily.

The survey indicates that the companies’ effort in providing good project organization,

resources and general support is adequate (Score 4.38).

Productivity causal factors such as preconditions, managerial system and technical system are assessed by interview,
which is attached in appendix A2 targeting the different level of managers (i.e., Appendix A2, pp XIII-XVI, XIX-XXI
and XXIV-XXVI).

7.3 Managerial Subsystem

Schedule management: One of the most important tools that are used to control
productive time is a schedule as a project plan shows how and when the project to be
executed. Analysis of structured interview of opinions collected from supervisors results
a score of 3.6 for schedule management which shows that the practice of schedule
management in the surveyed projects was not satisfactory (Interview Q., A1-8,pp.XIV).
On interview with the supervisors it was learnt that the construction schedule is prepared
independently without integrating with procurement and engineering schedules and at the
same time the prepared schedules are not sent to appropriate personnel for administrative
purposes. Hence, schedule management is left only for the project team where as
construction schedule is affected by procurements in the head office which shows that

there is no lateral coordination among participants for schedule management.

The interview also indicates that the practice of preparing successive schedules down the
management hierarchy is not satisfactory. This statement supports the finding that upon
questioning the craftsmen to fill their planned and actual production only 24% responded
actively (Appendix A2, question No 1 & 2, pp. XXVII, XXIXV). This shows that the
project management team objectives are not transferred properly to lower management
hence there is low hierarchal coordination between the different management levels.
Some project managers prepare schedule successively down the hierarchy but the
preparation of the schedule by each managerial level is inconsistent with the project

master schedule hence no coordination by this practice as well.

M.Sc in Construction Management and Technology June 2006 78



Measurement of Labour Productivity in Construction Projects

The survey investigated the practice of preparing construction progress curve resulting a
score of 3.4 which shows that this activity was not often done hence the management
team did not have a tool to monitor the progress of the work and rectify problems
occurred.

Interview was made to investigate the practice of preparing manpower histogram; the
survey indicates a score of 3.09 meaning the practice is below satisfactory. This shows
that human resource was not given proper attention and its effect on the overall project
cost and efficiency is not understood.

Another important parameter that was investigated is the practice of having project key
dates and milestone schedule which scored 3.0 meaning the practice is below satisfactory.
During an interview with the project leaders, even though there was no planned schedule
on this matter, the practice of having control meetings among project participants was
common. The researcher believes that the existence of such schedule is very important as
it can act a leading indicator for performance so that subsequent correction could be

made.

Last but not least in the schedule management is updating of the existing schedules and
communicating the progress of the schedules to the appropriate management hierarchy.
Investigations made on these matters shows a score of 4 for both activities. But during an
interview with project managers the practice of preparing, updating and communicating
schedule performance are done as contractual or formal obligations not as a tool of

internal control.

Construction work planning: When the project enters into the construction phase short
range detailed planning commences. Planning at the crew level involves the identification
of complete resource requirements for each task, the verification of the availability of
those resources when needed. The survey to investigate construction phase planning
indicates a score of 4 for this managerial activity which indicates that it was done

satisfactorily (Interview Q B9-16, pp.XIV).
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However, during the interview it was learnt that defining the scope of work packages was
seldom done in the surveyed projects and construction personnel usually enters
construction without a clear understanding of work. This supports the statement the
finding that instruction delay is the second most important cause of delay in Ethiopian

construction.

The survey also made investigations on identifying and providing work package
prerequisites resources. It is found that prerequisite of work packages are not provided
satisfactorily (Score3.6). It was learnt that full and complete designs, tools, materials and
specifications are seldom found. This is in support of the finding that lack of materials,

tools and instruction delay are major productivity problems.

Though the opinion survey shows satisfactory, it was found during the interview that
there is no as such proper plan for the execution of work packages. The planning is
seldom done on papers and it is not hierarchically coordinated with the project master

plan.

Progress and productivity: The purpose of a construction progress monitoring system is
to provide a consistent method of measuring the physical percent complete of
construction activities and to identify adverse trends in progress and productivity. The
survey to investigate the practice of productivity measurement indicates a value of 3.6
which indicated the performance is below satisfactory (Interview Q C 17-22, pp XV).
During interview with most project managers it was learnt that work measurement is
conducted for the purpose of preparing payment certificate and monthly reporting hence
no productivity measurement in the front line workers. In addition it was confirmed that

no project has installed work measurement system to control productivity.

As the practice of work measurement, for productivity control is non existent in
Ethiopian construction industry; no forecast of required manpower is made hence there is

no base to accurately replan construction schedules.
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In the craftsmen questioner to identify the amount of lost time due to the effect of
different factors, it was only 20% of the craftsmen and foreman who dare to estimate the
amount of lost time for each cause (Appendix A2, question No 3, pp. XXVII). This shows

that there is no experience of measuring actual expended man hours.

Quality management: Project quality influences the success of the project at hand as
well as the long term success of the contractor. Quality involves completing the task
correctly to meet the governing specifications. If quality can not be achieved in once time
then there will be high possibility of rework which mean high wasted man hour hence
productivity. The survey to investigate the practice of quality management in the projects
shows that their performance to wards this activity was satisfactory (Score 4.22)
(Interview Q D 23-28,pp XV).But contrary to the above finding, interview with craftsmen
shows that the third major productivity problem of the surveyed projects is rework, which

is most often related with quality.

Interview with some managers, shows that there was no as such a plan to employ
qualified workers, deploy quality materials and properly maintained tools especially in
public projects. This is due to the fact that public project owners usually give highest
attention in reducing cost than quality. In addition due to macro level managerial
problems in contractor procurement policy, most projects try to finish the project with

poor human and technical resources.

Interview about material quality control system shows that bulk procurements are usually
done without approval of the consultant on samples of the materials. It is a frequent
phenomenon to send back materials once purchased due to failure to pass the preliminary
material control tests. At other times revisions of design will be made on the existing

material at the expense of the contractor.

In the case of manpower, only 17% of the craftsmen are trained in formal trade school or

apprenticeship which shows that contractors are not committed to enhance the quality of
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their workers (Table 6.8). Enhancing the competency of workers could be easily made by

appropriate on site practical and theoretical training.

During interview with project supervisors, I have learnt that no support is given by the
upper management to increase pride in quality either in the form of quality control

manual or financial incentives.

Safety management: Every one connected with a construction project should be
concerned with the level of safety that is maintained on it. Job site safety influences
productivity and morale which in turn can determine whether the project will be
completed successfully or not. As a minimum, the level of safety on a project must
comply with certain legislated criteria. Beyond these minimum requirements many real
and often monetary benefits can be realized by promoting a safe working environment.
There are many factors that contribute to a safe project. The survey finding to judge the
level of safety management indicates a value of 3.5 for the surveyed projects meaning
that the practice of safety management was below satisfactory (Interview Q E29-33, pp
XV). In an interview with supervisors I have learnt that the no project has safety officer
.The reason that was forwarded by supervisors was that accident rates in most building
construction projects are minimal hence no attention is given. They also said that even
though there are contractual provisions to make the work environment safe; there is less
forward control to safety. The practice of keeping records of accident for along time is

not satisfactory.

Organization: The success of any construction project is highly dependent on the quality
of people who are managing the job. Ensuring that the right people are in place at the
right time is important. The investigation had shown that the on site practice of work
organizations of the surveyed projects score 3.28 meaning it is below satisfactory
(Interview Q E 34-38,pp XV) During interview with project managers recruitment of
workers in Ethiopian construction was not conducted objectively. The most often practice
is to employ personnel based on recommendations from personnel inside the project. This

may result employment of personnel based on relatives and friendship. It is true that

M.Sc in Construction Management and Technology June 2006 g2



Measurement of Labour Productivity in Construction Projects

curriculum vitae evaluation may not result the correct personnel but the researcher

believes that recommendations should be appropriately integrated with curriculum vitae.

Some supervisors believe that, most construction companies employ their relatives
mostly because their management style is traditional which is based on spying the tempo
of workers and management hence the shift towards objective recruitment could takes
place in parallel with a change of labour management. The current practice shows that
there is little involvement of production personnel on the employment of personnel

planned to work with them.

The survey indicates that the site structure of projects is highly designed to reduce the
amount of administrative personnel required to do the work. Most functions are done by
single personnel integrally. This is support of the finding that the appropriateness of the

structure of the project to productivity was below satisfactory.

Survey was conducted to judge the practice of preparing staff requirement plan and de
staffing plan it was found that preparation of this plans is not common. However, some
managers said that they prepare staffing plan though not supported by appropriate polices

and procedures.

The survey that was conducted to judge the amount of crew supervisors who are trained
in formal trade school is 17% including the craftsmen which shows that training
programme of first line supervisors was not done. This is in support of the finding that
the surveyed projects scored a value of 2.07 for this activity meaning almost no attention

is given to increase the competence of supervisors.

Labour relations: on all construction projects, both union and non-union, construction
labour relations are an important aspect of the job. In order to maximize the owner’s
value for his money, it is important that every one connected with the project be working
to the same set of objectives. Developing good working relations with the trades’ people

who are working on the job can best assure that every one’s objectives are being met. The
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investigation has shown a value of 3.7 for the surveyed projects meaning the practice is
not satisfactory (Interview Q E 39-41, pp XV). The survey repeatedly confirmed that
human resource planning in the surveyed projects is minimal (Score3.46).This shows that
costs related with labour force were not properly managed. A similar finding was
obtained for the practice of training of crafts in the surveyed projects (Score3) .This is in

support of the finding that only 17% of the lower work force is formally trained.

During an interview with the crafts and laborers (not a formal part of the study) they were
complaining a lot about their job. This shows that there was no mechanism established in
the project to handle such cases. On interview with the project managers it was said that
there is no documented site polices and practices in place to recurrently answer workers’
grievances. This is in support of the finding that a score of 3 was obtained for the

projects.

The projects were surveyed for the existence of labour relations coordinator it was found
that most projects have personnel department to offer this service. How ever, its activity

is often reactive not proactive hence capacity building of this department shall be made.

Resource management: This part refers to the management of materials and tools which
are essential to influence the effort to be exerted by the craft to accomplish his task. From
problems survey it was found that lack of materials is the first problem of the surveyed
projects this is caused not only by outright shortage but also due to poor planning
materials .The survey has also showed 45 up to 60 minutes per day on average are lost
due to material shortage .Lack of tools is also the fifth problem of productivity which
causes a loss of about 13 to 30 minutes per day. These findings show that there is a
deficiency of resource management in the surveyed projects. This supports the finding in

this survey scoring a value of 3.8 for resource management (Interview Q 42-48, pp.XVI).

During interview with the project managers, it was found that there was no optimized

material and tool control issuing procedure in all projects .The procedure being used is
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too long and dose not take into considerations the cost that will be incurred due to loss of

productive time of operatives.

Material resources are planned based on rough standard plans which are found some
where. That is material usage standards are not properly developed for each company and
hence some times more materials are purchased and in some other less causing material
outright shortage. Similar findings is obtained for tools, no attention is given by
management about tools and most often the appropriate tool is lacking, especially the use
of power tools is limited; it is only on two surveyed projects that availability of power

saw is rightly checked.

Interview also confirmed that a large time gap between purchase order and delivery of
materials is common mainly caused by non reputable suppliers and poor contractual
relations between the contractor and supplier. Hence project material managers should
provide long lead time for purchase and confirm the existence of penalty or incentive

clause in bidding documents.

Investigations made to asses the inventory management and system capability of projects
shows that the use of bin cards to know the level of inventory at any time was minimal
In addition; no means is created to know the amount of materials out of warehouse.
Almost all projects surveyed do not have material and tools accounting system hence

little information available on materials and tools out of warchouse.

Hence, the case study projects shall establish material and tool control system containing
information on purchase order status, quantities of materials and tools required, inventory
levels and location of all materials and tools both inside and outside of the warehouse. In
addition the construction site shall be gridded and coded to know the location of materials

dumped out house.

7.4 Technical Subsystem
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Temporary facilities management: Temporary facilities are facilities that are required
for the completion or maintenance of projects but are subsequently removed because
these facilities do not form part of the permanent facilities. In most cases the contractor
designs the temporary facilities and is responsible for their maintenance and
management. The survey made on this case show an average score of 4.25 which means
satisfactory. But contrary to this on interview with some project managers revealed that
temporary facilities are not planned consciously. No project could show on paper site
layout design of temporary facilities and their bases. My observations on all projects
showed that there could be different alternatives of placing temporary facilities such that
the amount of lost time for tool checkout, material check out and other movement time
can be reduced. Thus temporary facilities shall be designed by optimizing their cost with
energy and productive time of workers. In connection with this the other most interesting
problem observed was that all on site labour routes are full of scrap hence reducing the
movement of workers and safety thus these scraps shall be collected timely and placed in
the appropriate place. Some contractors remove these scraps at the end of most works this
has left the advantage that could have been obtained earlier by reducing hindrances to

workers, hence increasing labour productivity.

During my observation on some projects it was found that project office location in most
projects was excellent. That is they are located in a place where any worker must pass
through to get into the work hence simplifying communication between administrative

and site staff.

Another important observation that was made is that in some projects prefabrication and
shop areas are not appropriately located. For example rebar areas are located far from
steel fixing areas requiring more travel by workers for installation. The reinforcement bar

is not appropriately stacked to ease screening and avoid unnecessary cleaning.

In general, the researcher is not satisfied with the layout of temporary facilities, project
offices and shop areas in the surveyed projects. On site observation by the researcher

confirms that these components are not laid out properly so as to increase the productivity
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of workers. Contrary to my observation project managers opinion shows satisfaction

which might be caused due to lack of knowledge about principles of motion economy'.

Work methods management: This involves the follow up of the on site implementation
of design drawings and specifications by engineers’; and checking of the construction
methods® followed by the craftsmen. The first part is done by both the consultant staff
and the contractor engineers. Observation and interview with project managers shows

that this is sufficiently done by all projects.

1. The principle of motion economy states sets of laws that are established for human body, workplace and tool
and equipment so as to economize human energy and time.
2. Engineers are concerned about what is implemented or installed on site and

3. Technicians and craftsmen supervisors are concerned about how to install it; that is about the process.

Engineers of both the contractor and consultant devote much of their time in these
activities. The second one, checking construction methods, is not sufficiently done. This
is because of low level of knowledge in construction starting from engineers and
craftsmen and unavailability of construction standards to be followed. Most engineers
claim that this is highly technical and shall be left to lower supervisors; similarly the
supervisors claim that this is highly technical and shall be left to the craftsmen and this
left the craftsmen as the only responsible body for construction methods. This is one of
the reasons why craftsmanship transferred from generation to generation with its all
inefficiencies in Ethiopia. Unlike other countries, project structures in most projects do
not place a separate trained staff for construction methods supervision. The practice is to
assign this responsibility to highly experienced but untrained superintendents and

foremen.

Upon examining the actual site operations, it was found that most crew supervisors are
less in capacity and skill than craftsmen hence construction methods supervision was not
satisfactory. This might be the cause for earlier findings that instruction delay and rework

are major problems of the surveyed construction projects.
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Work standards: This involves the establishment of the amount of work that is to be
done by any of its craftsmen in a given working hour or day. Motivations of workers do
not come only by appropriate leadership but also realizable standard. Realizable
standards make workers to strive to attain them and accurate evaluation of workers would
be possible which increases the motivation of workers. In addition introducing
engineered working standards in any construction firm is productivity improvement
because standard development involves elimination unnecessary activities which add no

value to the work.

Examination of the actual site operations in surveyed projects shows that only 24% of
craftsmen and supervisors know their standard and actual productivity. This shows that
the necessary tool to maintain motivation of craftsmen was not installed. It is true that
there is no standard construction method laid out in the form of process chart for
Ethiopian construction works; however using actual site operations it is possible to
establish productivity standards which are better than nothing. All the above issues
indicate that the Ethiopian construction management like most other fields is traditional;

it is not supported by measurements to reveal at least certain facts.

7.5 Organizational Behavior Subsystem

Leadership: any organization or project is founded to perform specific tasks through
people. Construction people need a leader to direct and guide people, influence their
thoughts and behavior, motivate them and control them to work towards goals that are
regarded by the people. Productivity problems related with change of workers and
supervisors and absenteeism are caused mostly by leadership and its related behavioral
deficiencies. For the purpose of this study the Blake and Mutton leadership style theory
in combination with the contingency model discussed in the conceptual framework is

used for analysis.

Focus on production: Analysis of the survey on leadership focus towards production
shows a score of 4.38 (equivalent to 6.57 on Blake scale) meaning satisfactory. However,

from the questioner it was found that leadership focus, to organize its workers so as to
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foster production was unsatisfactory. The survey indicates that the focus towards

production in all projects is near average from Blake best, which is 9.

Focus on people: Analysis of the survey on leadership focus towards people shows a
score of 3.91 (equivalent to 5.86 on Blake scale) meaning unsatisfactory according to the
measurement scale of this study. The survey shows that less attention was given to hear
workers problems and support given by management to involve workers in plan

preparation was minimal.

But observation of the characteristics of the client shows that most of the project owners,
71%, are public making accountability towards budget is important hence leadership shall
make emphasis on cost less on time requiring more people oriented type of leadership.
The survey further indicates that almost all buildings are standard types containing
commercial, housing and public projects with a project cost more than 15 million
requiring people oriented type of leadership. The above preconditions show that the

construction leadership of the surveyed projects gave little emphasis towards people.

Focus Blake Ideal Management
on Style
People

Surveyed Projects
Management Style

50%
44.5% /

v

50% Focus
on
Production

Figure 7.1 Graph of Ideal Management of Blake and Surveyed Projects
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From the graph, it can be seen that the Ethiopian construction give a little bit higher
emphasis to production this is reasonable as construction projects are unique and

technical than other organizations on which Blake made study.

According to this investigation the surveyed projects, construction leadership show an
average Blake scale of (6.57, 5.86)> which is near to Blake middle of the road leadership.
Even though the best type of management style depends on the situation the survey
indicates that as the leadership increases its concern of production and people, production
increased. For example, project three accomplished more with leadership scale of (6.28,
5.82) than project one with Blake scale of (5.98, 5.65).This shows that the construction
leadership of the surveyed projects lacks capacity of knowledge or otherwise to raise
productivity even though the degree of emphasis towards production and people is

acceptable.

Work behavior: productivity of any employee in an organization is affected by the
values and attitudes of workers or the organizational culture. The organizational culture
affects the internal working environment which in turn affects the attitude of people
inside, then their motivation and effectiveness, which is one of the determinants of
productivity. Organizational culture is the ways things are done within the internal
environment of the workplace. In order for the organization to survive the external
pressure of the environment, they need to continuously change their culture to fit into the
environment in which they operate and create a new strong culture. Productivity
problems such as change of workers and supervisors, absenteeism and accidents may be
caused by social component of the organizational culture. The frame work of Cameron

and Quinn' is used to analyze the projects as shown in the conceptual framework.

Innovativeness and satisfaction: This is a culture that creates conducive environment for
employees to design and implement new methods that increases productivity. The survey
shows a value 3.98 meaning unsatisfactory. This shows that the surveyed projects
management shall create a suitable environment to tap workers will to work efficiently

and adopt new work methods.
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Effectiveness and clarity of goals: This is a culture that helps each employee to see the
objective of his work and its contribution to the goal of the organization. This is based on
the assumption that if workers clearly know the objective of their work then their
motivation will increase, hence productivity. The survey of the projects shows a value of
4.3 meaning satisfactory. However, the survey indicates there was interruption of work

and lacks of information, which sometimes reduce the clarity of the goals.

Community spirit: This is a culture which shows whether the project employees move as
a unit for a common objective or not. The survey shows a value of 4.02 meaning
satisfactory. But the survey shows that collaboration between different group workers is

minimal.

1. This theory is equally applicable for large organization; including a country
Survey of project one and three shows an equal communication score of 3.99 but three

has a relatively high score of community spirit hence producing more than one.

Communication: This is a culture which shows the level of integration of workers
laterally and hierarchically based on factual information. The survey shows a value of
4.45 meaning satisfactory; contrary to this during the interview it was said that feedback
information on work accomplished by work teams; from the management was minimal

causing loss of will to work.

M.Sc in Construction Management and Technology June 2006 91



Part |V. Recor

n-and Conclusion




II

Chapter 8.Recommendations and Conclusions
The aim of this chapter was to present the study findings and their practical implications by employing project objectives and findings
and their relationships. It contains three sections titled, research findings and conclusions, research practical implications and the study

limitation and further recommendations.

8.1 The Research Findings and Conclusions

Productivity Performance: Unlike developed countries the construction projects management in Ethiopia is traditional; there is no
experience in measuring at least certain performances to reveal certain facts. It was confirmed during the survey that no project had
installed labour productivity measurement for the purpose of management. The basis of human resource planning and schedule

preparation was based on non engineered standards developed at national level.
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The study made productivity measurement of three trades, namely concreting trade, masonry trade and steel fixing trade and showed
that except one project for masonry and steel fixing trade all projects had performance ability ratio (PAR) greater than one (Table 6.9)
meaning the productivity performance was low. The analysis was made based on the planned standard that was used for schedule
preparation, which most of the crew foremen did not have the prior knowledge about it. Additionally, the use and development of

productivity standards as a tool for management was not known by the project management it self.

Another survey in the study to determine the amount of productive time of the target trades revealed that on the average a trade
craftsman spends only 56% of the total paid time productively the remaining being wasted due to various administrative, technical and
motivational caused delays. The main productivity problems identified in the study as per their degree of influence are lack of
materials, instruction delay, rework ,change of workers, lack of tools and less work load and congestion (Table 6.10).The average
amount of productive time lost by each problem as judged by the craftsmen and foremen is shown in the appendix (appendix Al).

Productivity Problems Causative Factors: an open system view of the productivity problems of the studied trades had showed that
there are four significant causative factors for low productivity. These are preconditions, managerial subsystem, technical subsystem

and organizational behavior subsystem (Figure 5.3) and (Box 7.1).

Preconditions: the level of instability in client requirement for the surveyed projects are low but clients applying the method of
construction management as a project delivery system had showed instability in requirements than applying traditional methods.
Additionally timeliness and clarity of decisions, and acceptance by the project consultants was low; the understanding by the

consultant that information is one of the most important inputs for construction is low.
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The construction companies’ effort in providing appropriate project organization, resources and general support is adequate but the

supply of construction materials as per the scheduled set was low due to low financial capacity and constraints of cash flow.

Managerial subsystems: findings related with this subsystem are many hence they are presented under various topics.

Schedule management: the general practice of schedule management in the surveyed projects was low. It is true that this system was
laid out by most projects but they were not done properly and with qualified data besides they were seldom used for internal control
purposes. There was no practice observed to integrate the construction schedule with procurement and engineering schedules, though
the later’ schedules were not often produced. Though, schedules were prepared at top management level; successive and consistent
schedules that can be used as operational control tools at work package and crew level were not produced. Even at higher levels the
practice of preparing construction progress curves and manpower histogram was minimal. The study also revealed that the practice of
producing milestone schedule for integrating different participants was low where as preparation, updating and communicating
schedule performance are satisfactory though they are done as formal obligation than for the purpose of schedule management.

Progress and productivity: the study finds that progress and productivity follow up and measurement was not done satisfactorily. It
was found that measurements conducted in the surveyed projects were for the purpose of preparing payment certificate and reports.
There was no measurement done to estimate productivity of any particular crew hence many of planning functions in the projects were
done with poor quality data collected from somewhere. In general, the study concludes that there was no any productivity measuring

system installed in any of the projects.

Quality: the study finds from the workers opinion that the quality performance of the projects was satisfactory; however rework was

found as the third major productivity problem. In most projects systems are not installed to control quality of materials before bulk



purchase and delivery was made to the projects. It is common to see in some projects materials dumped in bulk but failed the primilary
tests. Another problem that was seen in connection with this was only 17% of the surveyed project lower supervisors and craftsmen
were trained. In general, it can be concluded that no quality control system was installed in any of the projects in the form of manuals

or otherwise.

Safety: the level of safety management in the surveyed projects was not satisfactory as the accident rates these contractors experienced

were minimal. The experience of enforcing safety problems on site by supervisors and regulatory bodies was not satisfactory.

Organization: the practice of site organization of the surveyed projects was not satisfactory. The major problem lies in employment
practice where by recommendation from early employee was given more weight; creating a more subjective method of employment,
hence avoiding the chance of obtaining competitive personnel by open tendering. The other finding related with this topic was that
most projects tried to reduce administrative personnel hence assigning too much activities on few individuals the will cause some of

the administrative works not to be done properly.

Labour relations: the practice of functions of on site labour relations was not satisfactory. Due to lack of appropriate data and
awareness to labour related costs human resource planning was not sufficiently done on site. There was huge gap between the so
called “human resource plan’’ and actual workers on site. Site observations indicate that there was a lot of grievance by workers but
there was no system installed to entertain the case. The function of the human relations officer in projects was seen more reactive than

proactive.
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Materials and tools management: the practice of tools and materials management in the surveyed projects was not satisfactory. It was
not possible to see paper on site systems to control tools and materials out of the ware house. There was no established manual or
other wise which provides material usage standards for major activities. It was also confirmed that craftsmen were not provided with

well maintained and appropriate tools besides the observation that few sites use power tools.

In general, the above findings show that the surveyed projects do not have systems that can be used to manage the projects. Some of
the project management system that were laid out are not supported with recurrent and reliable information. Some of the reasons for
the non existent of project management systems are: lack of knowledge on open system theory hence the importance of these system
to productivity are not understood, lack of commitment by the management to collect on site data, low practice in the use of project

management software, bad project culture which undermine administrative works and the additional cost incurred.

Technical subsystem: findings related with this subsystem are presented in two subtopics.

Work methods management: the research had found that the follow up and checking to confirm the implementation of design drawings
and specifications was done sufficiently on site. Most engineers both from the contractor and the consultant devote much of their time
on this activity. But the management of construction methods that was followed by the craftsmen was not done satisfactorily. Higher
supervisory staffs claim that this is highly technical and shall be left for the craftsmen; leaving the latter as the only method experts. It
was learnt that higher construction experts are not formally trained in trade schools and hence lacks capacity in transferring and
controlling their knowledge to the craftsmen. It was also confirmed that no project has established construction methods manual to be

used by site craftsmen.
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Standard development: The study had found that no standard was used for management though all projects need productivity
standards for the purpose of scheduling. The productivity standard that was used in the schedule was not transferred down to the
crews. Of course, the standards that were used in the schedule were estimates collected from some where and should not be considered

as realistic physical targets.

In general, the above findings show that construction methods management were not done in a scientific way as demands due to lack
of trained manpower in construction methods in the projects ;and standards were used only for planning purposes at higher level;

hence could not be used for controlling crew performances.

Organizational behavior subsystems: findings related with this subsystem are presented in to two topics even though both sometimes

integrate each other.

Leadership: the study has found that the focus of leadership to production was adequate but it was found that leadership effort to
organize workers to foster production was minimal; whereas the attention towards people was found low especially on matters to hear
workers problem and involvement of them in plan preparation. The survey had found that the leadership capability and emphasis can
be put in Blake scale as (6.57, 5.86) (Figure 7.1).This means the surveyed projects leadership is near to the middle of the road
leadership. When this type of leadership is compared to the ideal management of Blake, that is (9, 9) management style, the project

leaders lacks capacity or otherwise to increase their emphasis towards people and production.



VIII

Work Behavior: the study has found that except one culture, which is innovativeness and satisfaction, all other important cultures of
productivity were satisfactorily done by the surveyed projects. How ever it should be understood that these cultures should be

developed into strong cultures to contribute a lot for productivity.

In general, the contribution of organizational behavior to productivity is high; therefore engineering management practitioners should
develop their knowledge of project management systems by integrating with knowledge of organizational behavior to enhance

productivity.

8.2. The Research Theoretical Implications and Conclusion

The researcher has observed that labour productivity is a wide concept influenced by a multitude of factors and bodies. Hence,
productivity improvement needs integration of these bodies outside the project environment (Box 8.1) and effective communication
internally within the formal structure. The researcher believes that the effect of preconditions on the project labour productivity can be

improved by appropriate integration management using schedule, control meetings and reports.

f Integration by Communication Integration of instruments
4 A N\ 4 D
External Project Inputs Construction
bodies management Schedule Schedule
e Client e Project e Material e Work
¢ Consultant Manager o Engineering Packages
Or Designer e Client Schedule
e Company e Administ- Services
Head bosses rative
Managers
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Box 8.1 Integration of Participants and Instruments for Effective Productivity Improvement
Another thing that was observed was that management of projects needs knowledge of systematically viewing construction operations
so as to manage every part within the perspectives of the whole; this is system thinking. Most practicing engineers thought that
knowledge of project management systems was sufficient to manage construction projects but this study indicates that the effect of

work behavior and leadership to workers productivity is also significant.

8.3 The Research Practical Recommendations
Government: the construction industry leaders should reinforce construction techniques universities opened, technical and vocational
schools and colleges with human and technical resources. Representatives of the private construction sector shall be involved in the

design of curriculum and other issues which are deemed important.

Clients: Clients can influence the productivity of their site by applying appropriate project procurement system so as to foster earlier
integration between external bodies. For example by applying design and build method clients can integrate the effects of designers

and contractors into one body hence reducing efforts required for communication.

Consultants: Consultants can contribute a lot in enhancing site productivity by applying the concepts of open systems theory and

integration management.



Contractors: Contractors shall try to install comprehensive project management information systems to their projects integrated with
properly designed on site data collection system; especial emphasis should be given to materials and productivity management

systems.

Contractors and regulatory bodies shall establish current and engineered productivity standards that can be used for the purpose of

internal management and regulatory work.

Contractors shall understand the effect of tools and simple machines in improving productivity hence they give emphasis to introduce

these to the domestic industry so as to be competitive as other countries.

Contractors should not be discouraged in introducing measurement systems for certain performances seeing the immediate cost

incurred. The implementation of it has high leverage in reducing costs related with labour inefficiencies.

Contractors shall encourage their project leaders in introducing competitive values through their working environment.

Project managers: Practicing project managing engineers should understand that management of projects will not require only
knowledge of project management systems but also construction techniques and organizational behavior. Hence they shall reinforce

their knowledge of systems with construction techniques and organizational behavior.

Project managers shall introduce productivity measurement system at crew level so as to have reliable planning and controlling system

to manage their work.
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Project managers should not continue to lead projects subconsciously as practiced to day they shall understand the basic theories and

their implementation in construction site.

Lower level supervisors and foreman: These personnel lack not only blue collar training in techniques but also knowledge of
organizations. Hence contractors and industry leaders should try to enhance the capacity supervisors by providing appropriate training

in techniques and some knowledge of organizational behavior.

8.4. The Research Limitations and Recommendations

One of the serious problems found was scarcity of data related with productivity of crews and their problem. This made the researcher
to make certain surveys to reveal certain facts besides aligning the study strategy as case study. But after preparing the research
instruments it was found that contractors were not cooperative to respond their views with adequate willingness due to lack of trust
and inclination to mystify everything thus the researcher tried to curb this problem by creating relational network with company
leaders and project managers.

During the data collection and interview it was found that the construction work force and management were low in education and

motivation to perceive the management world hence close contact and revisit was made to minimize the problem.

The research could be made better by focusing on one factor affecting productivity problem but any researcher or reader should not
lose sight of the perspective of the whole while studying only one part'. Alternatively one could get better result by studying the
projects closely up to the end of the project duration so as to judge the project by himself than involving project participants having

little knowledge to perceive the management world.
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The following titles are recommended to be assessed in detail to curb the existing productivity problems in the Ethiopian construction
industry;

The relation between each factor of labour productivity identified in the study and productivity by creating control projects if

possible;

The effect of project culture on construction labour productivity;

Assessing the method of construction being implemented on certain trades and their improvement;

The effect of project procurement system on project site productivity;

Assessing and introducing material management system for the local construction industry;

Assessing and introducing crew level productivity measurement system for the local construction industry;

Developing computerized productivity data processing system for management.

1. This was made partly intentional as most project managers lack in viewing projects systematically; it also gives clues for those researchers who want to do detailed studies on

some factors as there are few books written on the full system components of construction. Most project management books emphasize only management systems, not on others.
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Raw Response Data Summary Sheet

X1V

Target group

Rated scaled Questions; Vo= very often, O= often, St= sometimes, No=None ; Scale Vo: O: St: No= 6:4:2:1

Q1 Q2]Q3]Q4[Q5[Q6][Q7|Q8[Q9[Q10[QIl[QI2]QI3| Q14 | Ql5 | Q16 | Q17| QI8

Project Manager Preconditions & Management and Technical factors

Project 1 2 2 [na]| 4 2 4 6 4 4 2 2 2 2 2 2 1 4 2
Project 2 4 16 | 6| 4|6 |2 2 12 ]2 6 6 6 6 6 4 4 6 6
Project 3 2 1 1 6 1 2 2 12 ]2 6 6 6 4 4 4 4 4 4
Project 4 1 2 | 4 6 | 414141414 6 4 6 4 4 6 6 6 4
Project 5 4 | 6 1 2 | 2|2 2 |2 | 4 6 4 6 6 6 6 4 6 4
Project 6 2 1 1 4 |2 1 1 1 2 2 4 4 2 1 4 2 2 2

Others 4 141212 |2 ]2 2 [ 2 ]2 2 4 2 2 2 2 1 2 1

Site engineers Management and Technical factors

Project 1
Project 2 4 4 6 4 2 4
Project 3
Project 4
Project 5

Others
Foreman Management and Technical factors
Project 1 4 4 1 4 2 1
Project 2 6 4 6 4 2 4
Project 3 4 2 4 4 2 2
Project 4 6 6 6 4 4 6
Project 5

Others 6 4 4 2 2 2




Target group

Rated scaled Questions; Vo= very often, O= often, St= sometimes, No=None ; Scale Vo: O: St: No= 6:4:2:1

Q19 [ Q20 [ Q21 [ Q22 [ Q23 | Q24 [ Q25 | Q26 | Q27 [ Q28 | Q29 | Q30 | Q31 | Q32 | Q33

Project manager

Management and Technical factors

Project 1 2 4 2 2 2 2 2 1 2 2 4 4 4 2 2
Project 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Project 3 6 6 4 4 4 4 4 4 4 6 6 6 4 4 4
Project 4 6 6 4 4 4 6 6 6 6 4 4 6 6 6 6
Project 5 6 6 4 4 6 6 6 6 6 6 6 6 4 4 4
Project 6 4 4 2 4 2 4 4 4 2 4 6 6 2 2 2

Others 2 2 2 2 2 2 2 2 4 4 4 2 2 2 2

Site engineers

Management and Technical factors

Project 1

Project 2

Project 3

Project 4

Project 5

Others

Foreman

Management and Technical factors

Project 1

Project 2

Project 3

Project 4
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Target group | Rated scaled Questions; Vo= very often, O= often, St= sometimes, No=None ; Scale Vo: O: St: No= 6:4:2:1
Q34 [ Q35 [ Q36 [ Q37 [ Q38 [ Q39 [ Q40 [ Q41 [ Q42 [ Q43 [ Q44 [ Q45 [ Q46 | Q47 | Q48
Project manager Management and Technical factors
Project 1 1 4 4 2 2 2 4 2 2 2 1 4 2 2 4
Project 2 6 6 6 6 6 6 6 6 4 4 4 4 6 6 6
Project 3 4 6 1 6 2 4 4 6 6 6 6 6 6 4 6
Project 4 4 6 4 6 4 6 6 4 4 4 4 6 6 6 4
Project 5 4 6 4 4 4 4 6 2 6 4 4 6 4 4 6
Project 6 1 6 4 6 6 4 4 1 2 2 2 1 2 1 1
Others 2 4 4 2 2 4 4 1 1 1 1 2 1 1 2
Site engineers Management and Technical factors
Project 1
Project 2 6 6 4 4 4 4 6 1 2 2 4 4 4 4 4
Project 3
Project 4
Project 5
Others
Foreman Management and Technical factors
Project 1 1 2 4 4 4 2 2 4 6 4 4 4 4 4 4
Project 2 6 6 4 4 4 6 6 1 2 2 4 1 4 2 4
Project 3 2 4 4 4 4 4 4 4 4 4 2 2 4 2 2
Project 4 4 4 6 6 6 6 6 6 6 6 4 6 6 6 6
Project 5
Others 4 4 6 4 6 2 4 1 4 4 2 2 2 2 4
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Target group Rated scaled Questions; Vo= very often, O= often, St= sometimes, No=None ; Scale Vo: O: St: No= 6:4:2:1
Q49 (050 [0Q51 Q52 [Q53 |54 [Q55  [Qs6  [0Q57  [Qs58 | Q59
Project manager Management and Technical factors
Project 1 4 1 4 2 1 4 2 2 4 4 4
Project 2 6 4 4 6 6 6 6 6 6 6 6
Project 3 4 1 4 2 4 4 4 4 6 4 6
Project 4 6 4 4 4 4 4 4 4 6 4 4
Project 5 6 2 2 4 4 4 4 4 6 6 4
Project 6 2 1 2 2 2 2 4 4 2 1 4
Others 2 1 2 2 2 4 2 4 2 2 4
Site engineers Management and Technical factors
Project 1
Project 2 4 1 4 2 1 4 4 4 4 2 4
Project 3
Project 4
Project 5
Others
Foreman Management and Technical factors
Project 1 2 1 6 4 4 4 2 4 4 1 4
Project 2 4 1 4 4 2 6 4 6 4 4 6
Project 3 4 2 1 2 4 4 2 4 4 2 4
Project 4 6 6 6 6 6 6 6 6 6 6 4
Project 5
Others 4 2 2 2 4 6 6 4 6 6 2
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Target group | Rated scaled Questions; Vo= very often, O= often, St= sometimes, No=None ; Scale Vo: O: St: No= 6:4:2:1
Q60 |06l [Q62 [Q63 Q64 [Q65 Q66 [ Q67 |Q68 [ Q69 | Q70
Project manager Management and Technical factors
Project 1 2 4 4 4 4 4
Project 2 6 6 6 6 6 6
Project 3 6 6 6 4 6 6
Project 4 4 4 6 6 6 6
Project 5 6 6 6 6 6 6
Project 6 4 2 2 2 2 2
Others 2 2 2 1 2 2
Site engineers Management and Technical factors
Project 1
Project 2 4 4 4 4 4 4
Project 3
Project 4
Project 5
Others
Foreman Management and Technical factors
Project 1 1 2 4 4 4 4
Project 2 4 4 6 6 6 6
Project 3 4 2 4 4 4 4
Project 4 4 4 4 6 4 6
Project 5
Others 2 6 6 4 2 4
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Target group Rated scaled Questions; Vo= very often, O= often, St= sometimes, No=None ; Scale Vo: O: St: No= 6:4:2:1
Q1 [Q2[Q3[Q4[Q5[Q6[Q7[Q8[Q9[Ql0] Qi1 [QI2][Q13[Ql4]QI5]Ql6]Ql7]QIs
Craftsmen Leadership and work behavior factors
Project 1
Concrete work craftsman | 6 4 4 4 6 6 4 2 4 6 6 6 4 2 4 6 6
Masonry work craftsman 4 6 4 6 1 6 4 4 4 2 4 2 6 4 2 4 2
Bar bender 1 2 6 1 6 1 2 6 1 6 6 2 2 2 1 6 1 4
Project 2
Concrete work craftsman | 6 6 6 6 6 4 2 4 1 2 2 6 6 2 4 4 6 4
Masonry work craftsman | 6 6 6 4 6 4 2 4 6 4 2 4 4 4 4 2 6 4
Bar bender 4 4 4 4 6 6 6 6 6 6 6 4 6 6 4 4 6 6
Project 3
Concrete work craftsman 6 2 4 4 4 2 4 1 1 2 2 4 2 4 2 1 2 4
Masonry work craftsman | 4 2 4 4 4 1 1 4 4 6 2 6 6 4 2 4
Bar bender 6 6 6 6 6 6 6 6 6 4 6 4 4 6 4 4 4 4
Project 4
Concrete work craftsman | 6 6 6 6 6 2 6 4 4 4 4 6 6 6 6 4 6 6
Masonry work craftsman | 6 6 6 6 6 2 6 4 4 4 4 6 6 6 6 4 6 6
Bar bender 4 6 4 4 6 4 6 4 2 2 4 4 6 6 4 2 6 4
Project 5
Concrete work craftsman | 4 4 6 4 - 4 4 6 4 4 4 6 6 6 6 6 6 4
Masonry work craftsman | 6 4 4 4 6 4 - 4 - 4 4 6 6 6 6 6 6
Bar bender 4 6 6 2 6 1 4 2 - 4 - 4 4 4 4 1 6 6

Project 6

Concrete work craftsman 2 6 2 6 2 1 6 2 1 2 4 1 1 1 6 2 6 1

Masonry work craftsman | 6 4 6 6 4 1 2 2 2 2 2 6 4 4 2 4 1 4

Bar bender
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Target group Rated scaled Questions; Vo= very often, O= often, St= sometimes, No=None ; Scale Vo: O: St: No= 6:4:2:1
Q19 | Q20 [ Q21 [ Q22 | Q23 | Q24 | Q25 | Q26 | Q27 | Q28 | ©29 | Q30 | Q31 | Q32 | Q33
Craftsmen Leadership and work behavior factors
Project 1
Concrete work craftsman 6 1 4 6 6 2 6 6 4 6 1 6 4 2 6
Masonry work craftsman 1 2 4 6 1 4 4 6 4 6 6 4 4 4
Bar bender 2 1 2 2 6 2 2 1 2 2 4 2 2 2 2
Project 2
Concrete work craftsman 6 6 6 6 4 4 6 6 4 6 1 4 6 4 6
Masonry work craftsman 4 1 6 6 4 4 6 2 4 4 1 4 6 4 6
Bar bender 4 4 4 4 4 4 6 6 6 6 6 6 6 4 4
Project 3
Concrete work craftsman 2 4 4 2 2 2 4 1 2 2 4 2 4 2 4
Masonry work craftsman 4 2 4 2 2 2 4 4 2 4 1 2 4 2 4
Bar bender 4 4 4 4 2 4 6 4 6 6 2 6 6 4 4
Project 4
Concrete work craftsman 4 2 2 6 4 4 6 6 6 6 2 6 6 2 4
Masonry work craftsman 4 2 2 6 4 4 6 6 6 6 2 6 6 2 4
Bar bender 2 2 2 6 2 2 4 6 6 6 2 4 6 2 6
Project 5
Concrete work craftsman 2 4 4 6 2 1 4 6 4 4 6 6 4 6 2
Masonry work craftsman 2 4 6 6 2 1 4 2 6 6 6 4 4 6
Bar bender 2 6 6 6 2 2 4 1 4 6 4 2 6 1 4
Project 6
Concrete work craftsman 6 2 6 6 2 4 6 1 1 4 2 4 4 6 6
Masonry work craftsman - 2 2 6 2 1 6 6 6 6 1 4 6 6 4
Bar bender




Q34 [ Q35 |Q36 [ Q37 [Q38 [Q39 [ Q40 | Q41 [ Q42 | Q43 [ Q44 | Q45 | Q46 | Q47 | Q48

Craftsmen Leadership and work behavior factors
Project 1
Concrete work craftsman 6 6 6 4 6 4 6 4 4
Masonry work craftsman 4 2 2 6 4 6 6 6 4
Bar bender 2 1 1 2 2 2 2 2 2
Project 2
Concrete work craftsman 6 6 6 6 6 6 6 2 6
Masonry work craftsman 6 6 4 6 6 6 6 4 6

Bar bender

Project 3

Concrete work craftsman

N
N
n
n
N
N
n
[\
\®)

Masonry work craftsman

N
N
N
)
N
N
\®)
\®)
N

Bar bender 4 4 4 4 4 6 6 6 6
Project 4
Concrete work craftsman 6 6 4 2 6 6 6 6 6
Masonry work craftsman 6 6 4 2 6 6 6 6 6
Bar bender 4 6 4 2 6 6 6 6 6
Project 5
Concrete work craftsman 6 4 4 1 2 4 4 4 4
Masonry work craftsman 4 4 4 1 4 6 6 - -
Bar bender 6 4 2 2 4 6 4 4 4
Project 6
Concrete work craftsman 6 6 6 6 6 6 6 1 2
Masonry work craftsman 6 2 2 2 4 4 2 4 4

Bar bender

XXI
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Response Data of Productive Time Loss Due To

No. | Problem Concreting Work Masonry Work Bar Bending
List
Productive time loss | Productive time loss | Productive time loss | T.Avg.
by Projects by Projects by Projects los
PL|P2|P3|P4|P5|P1|P2|P3|P4|P5|P1|P2|P3 P4|P5|(min)
1 Lack of 45 50 60 45 | 60 4590
materials
2 Lack of 20 30 20 13 |20 1380
tools
3 Accident - 20 10 - 10 100
4 | Rework 20 45 25 50 | 15 2050
5 Change of | 30 40 30 15 |25 1580
workers
6 Interference | - 25 15 10 | 30 100
7 Absenteeism | - 15 10 30 | - 100
8 Instruction 30 45 50 25 140 2560
delay
9 Change of - 30 45 30 | 15 1545
supervisor
10 | Less work 25 10 10 30 | - 105
load
11 | Congestion | 20 25 20 25 110 100
12 | Others 30 - - 30 | - <3
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May, 2006

Dear sir/Madam

Re: Thesis, Msc in Construction management and Technology

I am currently undertaking a Master of Science degree in construction
Management and Technology at Addis Ababa University. In fulfillment of
this thesis I am required to research a topic area and produce a thesis. The
topic I have chosen is measurement of labour productivity in construction
projects, emphasizing on three construction trades, and I am investigating the

following issues:

1. Direct problem areas causing a loss in productive time of labour in
construction projects.
2. The managerial causes for low labour productivity in construction

projects and their improvement mechanisms.
I would be grateful if you could complete the attached questionnaire.
Needless to say, the information provided will be treated with strict
confidence and individual projects or companies will not be identified.
Equally, a copy of the summary report can be availed, if requested.

Yours faithfully, Advisor

Tewodros Alemu Wubishet Jekale (Dr.Ing.)

[The attached questionnaire is prepared for respondents of group consisting

Project manager or Project engineer only]
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Instruction

This interview questioner contains three titles. These are general project information,

productivity preconditions; and managerial and technical systems.

1. Tick one of the four alternatives for questions under the title general project
information and fill with hard facts information in the blank space.
2. Judge the level of practice of each of the questions under the title productivity
preconditions, managerial and technical systems. In addition get prepared to measure
each question and allocate some time for interview.
3. Select one of the alternatives under listed here in conjunction with practitioners
who come to your office.

Vo=veryoften 6

O= often 4

St= Sometimes 2

No=None 1

Remark: The titles in this attached questioner is divided according to the managerial
and technical capabilities of the target groups thus all titles may not be available at the

same time in one target group.

Productivity Methods measurement by Written Questioner

General Information

1. In what supervisory management level are you working?



2. What is the purpose of this building project?
] School [] Office [ Apartment [] Shopping
[ Multi-purpose [ Others
3. Which procurement method was used by your Client?
[1 Design and Build [ Traditional Method
[] Construction Management Method [ Others, please Specify --------

4. What is the contract duration of the project? Months.

5. What is the total contract cost of the building? ------------------- Birr.

6. How many percent of the work is done now? %

7. By how many percent the project is ahead or lags from the expected time ----- %

Measurement of Productivity Preconditions by Interview

48

Ehange in completion time of the project SCaIFe

Client procurements

CHugbe RROsABEESRRWIrRaterials or services agreed to be
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delivered by the client

Cooperation by the client

General support for the smooth functioning of the project team

Review the construction design for buildability

Consultant

ol @ v & ® >

Decisions and acceptances have been received quickly from

the consultant

The consultant decision have been unambiguous

The site has received design on time

The construction designer has taken the site suggestions into account

10

Willingness to asses alternatives in case of design changes

11

General support to the contractor

Company head quarters

12

Providing appropriate site organization

13

Provision of adequate resources

14

Responsiveness for the project supplier procurement questions

15

Support in compiling subcontracts

16

General support and motivation

Legend: Vo = very often O = Often St = Some times
Scale: Vo: O: St: No = 6:4:2:1

No = none

Management Systems &Technical factors Measurement by Interview

Schedule management Scale

based on CPM

Integrating engineering, procurement and construction Schedule | Vo

No

Producing successive levels of construction schedules consistent

with project master schedule

Producing weekly construction work plan

Producing construction progress curve

Producing Construction manpower histogram

Having project key dates & milestones schedule

N N | B~ W

Schedule updated & progresses at regular intervals
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Schedule weekly and monthly reports

B | Work planning
Defining the scope of work packages to be executed

10 | Work packages prerequisites identified and completed

11 | Planning work packages with safety considerations

12 | Work plans consistent with the project construction schedule

13 | Use of effective and efficient construction methods

14 | Define resource requirements for work packages

15 | Identification of who is responsible for a work packages

16 | Checking work progress while identifying and
solving unforeseen problems

C | Progress and quantity

17 | Accurate measurement of physical percent complete of
construction activities

18 | Regular progress and actual work measurement

19 | Forecast of final construction man hours

20 | Calculate productivity ratio by comparing actual &
earned man hours

21 | Regular progress and worker productivity
review &reports to construction management

22 | Accurate measurement of expended man hours per construction
activity

D | Quality management

23 | Material quality control

24 | Enhancing competency of workers and supervisors

25 | Management support

26 | Enhancing pride in workmanship

27 | Non conformance reporting & inspection

28 | Quality inspection

E | Safety, Organizations & labour relations

29 | Training of workers & supervisors

30 | Planning for methodology & hazards

31 | Preparation of Safety programme
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32

Management support

33

Emergency preparedness

34

Records & stastics

35

Control of Personnel selection methods

36

Organization &reporting structure

37

Staffing and destaffing plans and procedures

38

Training programme for supervisors

39

Work force planning

40

Apprenticeship &training programme for craftsmen

41

Grievance handling

42 | Work force requirement
43 | Labour relations coordinator
F Resource management
44 | Materials planning
45 | Purchasing
46 | Receiving & issuing
47 | Inventory management
48 | Materials management system
49 | Contents of tool kits issued to craftsman
50 | Assignment of tools not included in kits
51 | Control of theft, loss &breakage
G | Construction site layout &Facilities
52 | Site planning of temporary facilities
53 | Site planning of project offices
54 | Layout of lay down areas
55 | Site planning of water, power &sanitary facilities
56 | Construction camp planning
Legend: Vo = very often O = Often St = Some times No = none

Scale: Vo: O: St: No=6:4:2:1
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May, 2006

Dear sir/Madam

Re: Thesis, Msc in Construction management and Technology

I am currently undertaking a Master of Science degree in construction
Management and Technology at Addis Ababa University. In fulfillment of
this thesis I am required to research a topic area and produce a thesis. The
topic I have chosen is measurement of labour productivity in construction
projects, emphasizing on three construction trades, and I am investigating the

following issues:

1. Direct problem areas causing a loss in productive time of labour in
construction projects.
2. The managerial causes for low labour productivity in construction

projects and their improvement mechanisms.

I would be grateful if you could complete the attached questionnaire.
Needless to say, the information provided will be treated with strict

confidence and individual projects or companies will not be identified.
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Equally, a copy of the summary report can be availed, if requested.

Yours faithfully, Advisor

Tewodros Alemu Whubishet Jekale (Dr.Ing.)

[The attached questionnaire is prepared for respondents of group consisting

site engineer or superintendent only]

Instruction

This interview questioner contains three titles. These are general project information,

productivity preconditions; and managerial and technical systems.

1. Tick one of the four alternatives for questions under the title general project
information and fill with hard facts information in the blank space.
2. Judge the level of practice of each of the questions under the title productivity
preconditions, managerial and technical systems. In addition get prepared to measure
each question and allocate some time for interview.
3. Select one of the alternatives under listed here in conjunction with practitioners
who come to your office.

Vo=very often 6

O= often 4

St= Sometimes 2

No=None 1

Remark: The titles in this attached questioner is divided according to the managerial
and technical capabilities of the target groups thus all titles may not be available at the

same time in one target group.



Management Systems &Technical factors Measurement

Interview
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by

Schedule management

Scale

Integrating engineering, procurement and construction Schedule

based on CPM

Vo

St

No

Producing successive levels of construction schedules consistent

with project master schedule

Producing weekly construction work plan

Producing construction progress curve

Producing Construction manpower histogram

Having project key dates & milestones schedule

Schedule updated & progresses at regular intervals

Schedule weekly and monthly reports

Work planning

| m| oo 2| o »| K| w

Defining the scope of work packages to be executed

—_
=]

Work packages prerequisites identified and completed

—
—_

Planning work packages with safety considerations

—_
[\

Work plans consistent with the project construction schedule

—_
W

Use of effective and efficient construction methods

._
N

Define resource requirements for work packages

—_
()]

Identification of who is responsible for a work packages

—_
(o)

Checking work progress while identifying and solving

unforeseen problems

Progress and quantity
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17 | Accurate measurement of physical percent complete of
construction activities

18 | Regular progress and actual work measurement

19 | Forecast of final construction man hours

20 | Calculate productivity ratio by comparing actual & earned
man hours

21 | Regular progress and worker productivity review &reports to
construction management

22 | Accurate measurement of expended man hours per construction
activity

D Quality management

23 | Material quality control

24 | Enhancing competency of workers and supervisors

25 Management support

26 | Enhancing pride in workmanship

27 | Non conformance reporting & inspection

28 | Quality inspection

E Safety, Organizations & labour relations

29 | Training of workers & supervisors

30 | Planning for methodology & hazards

31 | Preparation of Safety programme

32 | Management support

33 | Emergency preparedness

34 | Records & stastics

35 | Control of Personnel selection methods

36 | Organization &reporting structure

37 | Staffing and destaffing plans and procedures

38 | Training programme for supervisors

39 | Work force planning

40 | Apprenticeship &training programme for craftsmen

41 Grievance handling

42 | Work force requirement
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43 | Labour relations coordinator
F Resource management
44 | Materials planning
45 | Purchasing
46 | Receiving & issuing
47 Inventory management
48 | Materials management system
49 | Contents of tool kits issued to craftsman
50 | Assignment of tools not included in kits
51 Control of theft, loss &breakage
G Construction site layout &Facilities
52 | Site planning of temporary facilities
53 | Site planning of project offices
54 | Layout of lay down areas
55 | Site planning of water, power &sanitary facilities
56 | Construction camp planning
Legend: Vo = very often O = Often St = Some times No = none

Scale: Vo: O: St: No = 6:4:2:1
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May, 2006

Dear sir/Madam

Re: Thesis, Msc in Construction management and Technology

I am currently undertaking a Master of Science degree in construction
Management and Technology at Addis Ababa University. In fulfillment of
this thesis I am required to research a topic area and produce a thesis. The
topic I have chosen is measurement of labour productivity in construction
projects, emphasizing on three construction trades, and I am investigating the

following issues:

1. Direct problem areas causing a loss in productive time of labour in
construction projects.
2. The managerial causes for low labour productivity in construction

projects and their improvement mechanisms.
I would be grateful if you could complete the attached questionnaire.
Needless to say, the information provided will be treated with strict
confidence and individual projects or companies will not be identified.
Equally, a copy of the summary report can be availed, if requested.

Yours faithfully, Advisor

Tewodros Alemu Wubishet Jekale (Dr.Ing.)

[The attached questionnaire is prepared for respondents of group Forman

only]
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Instruction

This interview questioner contains three titles. These are general project information,

productivity preconditions; and managerial and technical systems.

1. Tick one of the four alternatives for questions under the title general project
information and fill with hard facts information in the blank space.
2. Judge the level of practice of each of the questions under the title productivity
preconditions, managerial and technical systems. In addition get prepared to measure
each question and allocate some time for interview.
3. Select one of the alternatives under listed here in conjunction with practitioners
who come to your office.

Vo=very often 6

O= often 4

St= Sometimes 2

No=None 1

Remark: The titles in this attached questioner is divided according to the managerial
and technical capabilities of the target groups thus all titles may not be available at the

same time in one target group.
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Management Systems &Technical factors Measurement by

Interview

A Schedule management Scale

1 Integrating engineering, procurement and construction Vo |O |St|No
Schedule based on CPM

2 Producing successive levels of construction schedules
consistent with project master schedule

3 Producing weekly construction work plan

4 Producing construction progress curve

5 Producing Construction manpower histogram

6 Having project key dates & milestones schedule

7 Schedule updated & progresses at regular intervals

8 Schedule weekly and monthly reports

B Work planning

9 Defining the scope of work packages to be executed

10 | Work packages prerequisites identified and completed

11 Planning work packages with safety considerations

12 | Work plans consistent with the project construction schedule

13 | Use of effective and efficient construction methods

14 | Define resource requirements for work packages

15 | Identification of who is responsible for a work packages

16 | Checking work progress while identifying and solving
unforeseen problems

C Progress and quantity

17 | Accurate measurement of physical percent complete of
construction activities

18 | Regular progress and actual work measurement

19 | Forecast of final construction man hours

20 | Calculate productivity ratio by comparing actual &
earned man hours

21 | Regular progress and worker productivity review &reports to

construction management
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22 | Accurate measurement of expended man hours per
construction activity

D Quality management

23 | Material quality control

24 | Enhancing competency of workers and supervisors

25 Management support

26 | Enhancing pride in workmanship

27 | Non conformance reporting & inspection

28 | Quality inspection

E Safety, Organizations & labour relations

29 | Training of workers & supervisors

30 | Planning for methodology & hazards

31 | Preparation of Safety programme

32 | Management support

33 | Emergency preparedness

34 | Records & stastics

35 | Control of Personnel selection methods

36 | Organization &reporting structure

37 | Staffing and destaffing plans and procedures

38 | Training programme for supervisors

39 | Work force planning

40 | Apprenticeship &training programme for craftsmen

41 Grievance handling

42 | Work force requirement

43 | Labour relations coordinator

F Resource management

44 | Materials planning

45 | Purchasing

46 | Receiving & issuing

47 | Inventory management

48 | Materials management system

49

Contents of tool kits issued to craftsman




50 | Assignment of tools not included in kits

51 Control of theft, loss &breakage

G Construction site layout &Facilities

52 | Site planning of temporary facilities

53 | Site planning of project offices

54 | Layout of lay down areas

55 Site planning of water, power &sanitary facilities

56 | Construction camp planning

Legend: Vo = very often O = Often St = Some times No = none
Scale: Vo: O: St: No = 6:4:2:1

Productivity Results Measurement by Written Questioner

1. What is the average daily targeted output of your trade per unit of man hour?

[] Steel bar bender and fixer: kg/hour

] Mason doing masonry wall: M?/hour
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[ Concreting work: M?>/hour
2. What is the average daily actual output of your trade per unit of man hour?
[] Steel bar bender and fixer: kg/hour
[0 Mason doing masonry wall: M?/hour
] Concreting work: M?/hour

3. Which of the following are direct causes for the loss of productive time are
applicable to your site, if they are, please specify the amount of labour hours lost

and rank them according to their frequency?

Problem Hours lost frequency

Lack of materials

Lack of tools

Accident

Rework

Changing of workers

Interference

Absenteeism

Supervision Delay

Changing of foreman

Too much work

Over crowded

Others, Please specify

May, 2006

Dear sir/Madam

Re: Thesis, Msc in Construction management and Technology

I am currently undertaking a Master of Science degree in construction
Management and Technology at Addis Ababa University. In fulfillment of

this thesis I am required to research a topic area and produce a thesis. The
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topic I have chosen is measurement of labour productivity in construction
projects, emphasizing on three construction trades, and I am investigating the

following issues:

1. Direct problem areas causing a loss in productive time of labour in
construction projects.
2. The managerial causes for low labour productivity in construction

projects and their improvement mechanisms.

I would be grateful if you could complete the attached questionnaire.
Needless to say, the information provided will be treated with strict
confidence and individual projects or companies will not be identified.

Equally, a copy of the summary report can be availed, if requested.

Yours faithfully, Advisor

Tewodros Alemu Wubishet Jekale (Dr.Ing.)

[The attached questionnaire is prepared for respondents of group craftsmen
only representing concrete placing, reinforcement bar placing and masonry

work trades]

Instruction

The questioner contains three titles. These are general information, social system and

productivity measurement questioner.

1. Tick one of the alternatives for each of the questions under the general information.
2. Select one of the alternatives under listed here by analyzing their weight;

Vo=very often 6

O= often 4

St= Sometimes 2

No=None 1
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3. Fill your planned and actual productivity under productivity measurement title. In
addition make a guess of the average annual daily productive time loss for each

problem in the table.

Remark: The titles in this attached questioner is divided according to the managerial
and technical capabilities of the target groups thus all titles may not be available at the

same time in one target group.

Productivity methods measurement written Questioner

General Information

1. What is your trade profession?
2. What is the status of your employer in this project?
(] Subcontractor labour only [J Subcontractor [J Main contractor

3. For how much length of time have you been with the present employer?

1 Oupto?2years [0 2uptoS5 years (1 5up to 10 years

1 10 up to 20 years [1 Greater than 20 years
4. For how much length of time have you been with this project?

] 0up to 3 months [] 3 upto 6 months [] 6 upto 12 months

LI Greater than 12 months
5. How old are you?

0 15 up to 20 years ] 20 up to 30 years 130 up to 40 years
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L1 40 up to 50 years L] Greater than 50 years

6. How many years of experience do you have with this trade work?
] 0 up to 2 years J 2 up to 5 years [ 5 up to 10 years
0110 up to 20 years [] Greater than 20 years

7. How many years of experience do you have for each of the following types of
buildings?
1. Housing: [ Less than 2 years [] 2upto 5 years [] Greater than 5 years
2. Public: [] Less than 2 years [1 2upto 5years [ Greater than 5 years
3. Commercial:[] Less than 2 years [ 2 upto 5years [ Greater than 5 years

8. In which of the following ways have you attended your trade profession?
[] Apprenticeship ] Formal trade schools (TVET)

[] On site trained ] Government workshop

Social Factors written Questioner

A Leadership Scale
Al Focus on production Vo | Of | St | No
1 Clear division of responsibility is followed in

decision making

2 The site has clear rules of operation
3 Work goals are clear
4 Compliance with work specification and quality

requirements is monitored

5 Division of tasks and duties is clear

6 People comply with the assigned division of

work and duties

7 People follow the methods and rules set for the

operation

8 Plans are followed accurately
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9 The workers are organized well

10 Work results are respected

A2 Focus on people

11 The foreman listens to workers

12 The foreman encourages workers to participate in
planning

13 The foreman understands worker’s problem

14 The foreman is willing to try out workers’ ideas

15 I am satisfied with my foreman

16 The foreman treats workers equally

17 The foreman motivates workers

18 The foreman explains work methods enough

19 The foreman reaction to mistakes is justified

20 The foreman gives feedback on good performance

21 The foreman supports worker’s effort to
develop themselves

22 Sharing information with the foreman is useful

B Work group size, behavior & Culture

B.1 Group size and composition

23 Group size is in congruent with the number of
supervisors

24 There is good team composition in terms of role

25 Supervisors maintain long team life

26 Supervisor changes group members

B.2 Group Behavior and culture

B.2.1 Satisfaction and growth

27 There are enough new and challenging duties

28 Work gives satisfaction

29 Opportunities to develop professionally are good

30 Workers have enough influence in decision making

31 Autonomous operation is supported

32 Work endurance is good
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33 Applying new work methods is encouraged

B.2.2 Effectiveness and clarity of tasks

34 Work and operating instructions are consistent

35 The operation process is clear

36 Lack of information concerning work is not hindrance

37 Decision making is fast

38 Work conditions are good

39 The amount of work is steady

40 Work tool is appropriate

41 Problems are solved quickly

B.2.3 Community spirit

42 Community spirit among the nearest co-workers
is good

43 Community spirit on the whole site is good

44 It is easy to get help from workers

45 Conlflict are dealt with and resolved

B.2.4 Communication

47 Enough information is given

48 Information is given openly

49 Information is given on the results achieved

50 Information is reliable

Legend: Vo = very often O = Often St = Some times No = none

Scale:

Vo: O: St: No =6:4:2:1




Productivity Results Measurement written Questioner

1. What is the average daily targeted output of your trade per unit of man hour?

[0 Steel bar bender and fixer: kg/hour

1 Mason doing masonry wall: M?*/hour

L1 Concreting work:

M°/hour
2. What is the average daily actual output of your trade per unit of man hour?

[] Steel bar bender and fixer:

kg/hour
[1 Mason doing masonry wall: M?*hour
] Concreting work: M?3/hour

Which of the following are direct causes for the loss of productive time are

applicable to your site, if they are, please specify the amount of labour hours

lost and rank them according to their frequency?
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Problem Hours lost frequency

Lack of materials

Lack of tools

Accident

Rework

Changing of workers

Interference

Absenteeism

Supervision Delay

Changing of foreman

Too much work

Over crowded

Others, Please specify
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