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Foreword

Dear Colleagues, dear Friends,

On behalf of the Organizing Committee, it is my great pleasure to welcome you to the 14" OTMC,
International Conference and 7" IPMA Research Conference. This time we meet again to share new
knowledge in the field of organisation, technology and management in construction, but also on actual
topics in project management.

The five keynote lectures, given by distinguished authors, will lead us into actualities from the field of
the conference. During the parallel sessions we will have opportunity to hear and discuss presentations
of 81 peer reviewed papers authored by more than 200 researchers from 33 countries.

The conference will also provide numerous academic and other related activities. We need to specially
mention workshop on publishing in high impact factor journals, which is designed to help young
researchers in dissemination of their results. Also, we highlight IPMA Mega Project Special Interest
Group meeting with participation of top-class experts and open for all participants.

Beside scientific and academic content, the conference will host the discussion panel on good practices
in Croatian Construction Project Management Practice with participation of eminent professionals and
large clients.

We would like to express our thanks to the patrons of the conference. Furthermore, we thank to  the
sponsors and all of the partners for their generous support for making this conference successful.

We wish you all productive participation at the Conference, establishing many new contacts and having
a pleasant stay in Zagreb and Croatia.

Yours Sincerely,

Prof. lvica Zavrski, Ph.D.

Chair of the Organizing Committee
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Creating Trust in Mega Projects — Experiences from Two
Railway Mega Projects in Switzerland.

Peter Jedelhauser

Swiss Federal Railways, Director of the programme “Léman 2030, Switzerland

Abstract:

According to SBB predictions, between 2010 and 2030, the program will double transport
capacity from 50,000 to 100,000 passengers per day.

This 4 billion CHF megaproject is designed to substantially improve the offer, timetables
and capacity of rail transport (passenger and freight) along the Lausanne — Geneva corridor. It
includes, among others, the implementation of new rail traffic regimes in the Lausanne area,
the complete modernization / extension of the Lausanne and Renens railway stations as well as
the construction of a new underground station in Geneva.
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Building Customer Trust in Mega Projects — experiences from 5G
projects at HUAWEI

Johnson Yi

HUAWEI, Director of Project Management Center of Excellence

Abstract:

HUAWEI is the world's largest supplier of telecommunications network equipment and
second-biggest maker of smartphones. HUAWEI had won more than 25 commercial 5G
contracts and shipped more than 10,000 base stations for 5G. HUAWETI is winning the trust of
more and more customers through its 5G projects.
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Opportunities of Digital Transformation for Better Project
Management

Soonwook Kwon

Sungkyunkwan University, South Korea

Abstract:

As semiconductor and display fabrication (FAB) projects are becoming larger, more
complex, and more diversified. Conversion of current factories into smart factories using ICT
(Information & Communication Technology) has been a recent trend in the manufacturing
industry. To create a smart factory, shifting of methods and processes to various ICT
applications are required.

Amongst these ICT systems of Smart Factory, Digital Transformation is an essential
method that can manage the status of equipment and production lines based on digital models
that can interact with the physical environment of the real world. In this presentation, it is
proposed a strategy for utilizing information generated at the construction stage of FAB
facilities for Digital Transformation, and a strategical planning for prototyping of innovative
FAB lifecycle management process. The expected contribution of the presentation will be able
to simulate, predict and control data for lifecycle management of FAB facilities with Digital
Transformation method.
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Project Finance and Public-Private Partnership (P3) for
Transportation Infrastructure Mega Projects in the United States:
A Critical Assessment of Barriers and Enabling Mechanisms

Baabak Ashuri

School of Building Construction and the School of Civil & Environmental Engineering at Georgia Tech, USA

Abstract:

State Departments of Transportation (state DOTs) in the United States seek private
investments to leverage their shrinking financial resources and fulfill their growing funding
shortfalls. The private sector can provide innovative ideas through establishing effective public-
private partnership (P3) contracts for design, construction, and operations of major
transportation infrastructure assets in the U.S. Decisions to involve the private sector in
financing, developing, and operating transportation mega projects vary from state to state in
several aspects. This research talk aims to capture the underpinnings of P3 and private financing
as utilized by state DOTs in development of transportation mega projects.
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Planning and Scheduling Mega Projects: A Case Study of a
Nuclear Power Plant

Miklos Hajdu

Budapest University of Technology

Abstract:

According to one of the definitions among many others for mega projects ,,Megaprojects
are temporary endeavors (i.e. projects) characterized by: large investment commitment, vast
complexity (especially in organizational terms), and long-lasting impact on the economy, the
environment, and society”. Nuclear power plants, by all means, can be considered as mega
projects. Mega projects due to their complexities have a long record of poor delivery and
nuclear power plants are no exceptions. Consequences of poor delivery can have fatal and long-
lasting consequences for millions of lives therefore all the steps of the project — including
construction — must be carefully designed, executed and controlled. Construction of nuclear
power plants therefore are helped/controlled by international agencies by collecting and
evaluating events in other nuclear facilities, publishing safety guides and technical report,
sharing best practices, etc. in order to ensure safety above all. These safety guides are more
about the expectations and less about the ,,hows”. This paper presents the work that aims to
give clear directives about planning/scheduling and monitoring requirements of the
construction of nuclear power plants by avoiding being too specific but yet direct enough to
ensure maximal expectations regarding general safety.
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Invited lecture: The Future of Project Management in Rurality

and Trust in Sustainable Food Production in 2050

Jestis Martinez-Almela’

!International Project Management Association

Abstract:

Rural World, in each country and region, hold its own and legitimate rights, needs,
expectations and life projects toward its present and future. To be Smart implies the justice, the
intelligence and ethic awareness to recognize it. However, have we really a ‘competent system
conceived to promote that? What should be, indeed, the scope of Change and Transformation
in rural development projects? The biggest challenge faced by our current technologies is not
how to continue their linear —and often blind— march towards greater “inward” design
sophistication, but the greatest challenge will be to know how to lead this technologies
“outwards” that is, to aim them towards the creation and promotion of knowledge, expertise
and even sensitivity in order to contextualize them in a timely, systematic and progressive
manner within the scenarios of objectively important human needs —properly understood and
diagnosed. Technology does not really depend on its advanced design-function but in our
competences to implement, it is a crucial step to be able to learn, conceive, design and conduct
every technical-instrumental effort into the holistic view of human change and transformation.
Smart Project Management focus as alternative initiative capable of reconciling the potentials
of technological innovation with economic-social integration strategies for the improvement of
quality of life in rural populations, its actual participation and capabilities development, to fight
against poverty and the correlated environmental damage (indeed, the most intelligent “device”
in rural development). This uses various approaches, methods and technologies, which,
nevertheless, will continue to represent the challenge of constituting a specialized and flexible
arsenal. It should be capable of being shared and powered for the benefit of management,
formulation and evaluation of rural environment projects. These precedents are essential for
progressing towards the generation of international standards specializing in the management,
formulation and evaluation of rural development projects.

Keywords: smart, rural, international, standard, trust, project
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Contribution to Increasing the Cost Efficiency in the Exploitation
Phase of Public Education Facilities

Ksenija Tijani¢'; Diana Car-Pusi¢!; Sasa Marenjak®
'Faculty of Civil Engineering, University of Rijeka, Croatia;

’Faculty of Civil Engineering, Josip Juraj Strossmayer University of Osijek”

Abstract:

The paper provides an overview of the public educational facilities cost management in the
territory of the Republic of Croatia when it comes to facility maintenance and energy
consumption in the exploitation phase. Cost rationalization and appropriate measures regarding
facilities maintenance and energy consumption costs are in the focus of research interest.
Previous studies have shown that the costs of facilities maintenance during its lifecycle are
multiple in relation to construction costs, it is, therefore, important to influence the reduction
of these costs, even in the planning and design phase, thinking of the consequences in the
exploitation phase. As the educational facilities cost management cover the public sector,
reducing these costs and increasing their efficiency is of wider social interest. In this paper, by
reviewing the literature and analyzing the financial statements of several facilities, it has been
established that educational facilities cost management in the mentioned segments, is not
efficient enough, therefore, it is necessary to establish and carry research to provide concrete
and effective measures to rationalize these segments. A research proposal that would provide
such measures is given at the end of the work.

Keywords: public educational facilities; facility management cost; rationalization measures; cost efficiency

1. Introduction

Until a few decades ago all the attention of investors, architects and contractors has been
focused on reducing construction costs, and a few project participants paid attention to reducing
costs during the exploitation phase of the facility, i.e. the costs of maintenance and use of
facilities (Marenjak et al., 2002). Studies have shown that the cost of using and maintaining
during the lifecycle of the building is multiple compared to construction costs, hence the
importance of planning the maintenance and use of buildings is unquestionable. Planning
enables more rational management of existing buildings as well as a more rational approach to
designing new buildings with the possibility of reducing property costs in the service life of
buildings, i.e. the need for systematic prediction and spending of resources for maintenance and
use of buildings. Some authors (Krsti¢, 2011; Algahtani and Whyte, 2016) point out that the
area of use and maintenance of buildings is still in the initial stage of development and is not
supported by an appropriate knowledge base, development is not supported either on the
practical side. It is clear that more attention needs to be paid to planning and reducing the cost
of use and maintenance of buildings, particularly to buildings where costs in the exploitation
phase are covered by the public sector. Particularly great disadvantages have been observed in
educational buildings (State Audit Office, 2018; [1]) which are characterized by significant
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costs, both in the construction phase and in the stage of exploitation of the facilities. Reducing
costs during the exploitation phase of educational buildings is of wider social interest. Into
account should also be taken the special features of public facilities in relation to private sector
facilities, such as: zero discount rate reflecting the particularity of the public sector structure
that is viewed as both social and non-capital projects, longevity of projects, little or no revenue
over the life span (Krsti¢, 2011).

Some literature (State Audit Office, 2018; [1]) and practical experience have shown that at
the level of the Republic of Croatia, besides uneven standards and quality, there is also
unsatisfactory care about maintenance and management of school facilities (elementary and
high schools). Irrational energy (sources) consumption has also been established.

Considering the aforementioned problem of reduced cost efficiency during the phase of
maintenance and energy consumption, the aim of this paper is to evaluate precisely those
aspects in Croatian schools, to determine are the prescribed standards and quality in this area
achieved, to determine whether cost efficiency in the exploitation phase is really reduced and
to suggest research that would provide the most effective measures to increase and optimize
these costs.

With the Introduction the work is organized in the following way: the second chapter points
to the importance of educational facilities in human society; the third section presents the
current knowledge of the topic being discussed and the review of the status of elementary and
high schools in the Republic of Croatia; chapter 4 deals with the analysis of collected financial
data for the exploitation phase of selected schools, data are processed and interpreted; the last
chapter is the closing chapter in which a proposal for a future study and measures that should
be taken to increase the efficiency of educational facilities during the exploitation phase is
given.

2. The Importance of Educational Infrastructure Facilities

Educational buildings are important for transfer knowledge in everyday life (Ropi and
Tabassi, 2014). They receive inputs from the outside environment in the form of human and
material resources, handle them and release into the society as finished products and services.
They exist to serve the socio-economic and political needs of a society that is constantly
changing; therefore, they are in constant interaction with their external environment (Asiabaka,
2008). According to Palis and Misnan (2018), educational buildings act as an envelope, which
buffers external environments creating an internal atmosphere, which supports domestic needs.
Buildings, classrooms, laboratories, and equipment - educational infrastructure - are key
elements of learning environments in schools and at universities [2].

Educational facilities must meet the minimum infrastructure, financial and human
resources requirements for the achievement and development of activities and the same
conditions for uniform development of education (State Audit Office, 2018). There is strong
evidence that high-quality infrastructure facilitates better teaching, improves student outcomes,
and reduces school leaving rates, among other benefits [2].

The maintenance and operating of educational buildings, serving staff and students,
requires significant attention because effective maintenance and operating, protect capital
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investment, ensure child health and safety, and supports educational outcomes (Ropi and
Tabassi, 2014). Xaba (2012) claimed that well maintained and managed, educational facilities
provide conducive environments that translate into quality education. Well-maintained and
utilized educational facilities can realise substantial efficiency gains, also deepen national and
sector values of school community relationships and community ownership of schools (Xaba,
2012). A basic minimum package of educational infrastructure, which is accessible, durable,
functional, safe, hygienic and easily maintained, needs to be part of any strategy to meet every
education development strategy.

3. State of the art

Educational facilities cover a wide range, from kindergartens, small schools to major
universities. Within this range, it is most difficult to public bodies to manage elementary and
high schools due to their large number and scattered locations (Ahluwalia, 2008). Managing
and maintaining school buildings in good condition is very important because its conditions
directly affect the well-being and achievement of students (Akasah et al., 2010). There are
numerous examples in the literature that show that students learn better in an environment that
is comfortable, safe, and without conditions hazardous to health (Ahluwalia, 2008).

The life-cycle of the building could be compared to the life span of man, where the passage
of time causes aging, deterioration, and damage, at the same time, the most important factor in
maintaining the function and value of the building depends on the quality of construction, long
term maintenance and maintenance management (Chang Sian et al., 2010). After decades of
use, school buildings often experience deterioration of critical building components, such as
structural system, roofing, building envelope, floors, etc. (Alshamrani, 2012). Other
consequences of poor maintenance include an unsafe and unhealthy environment, lower quality
of teaching, lower quality of life, vandalism (Ahluwalia, 2008). Minimally or negligent
maintenance can cause early fail while proper maintenance will allow for long service life. A
school facility for many years should not fail if there is continuous proper maintenance and
dedication, diligence and professionalism in work and management (Alshamrani, 2012).

The poor state of school facilities, together with the backlogs of costs, makes managing the
maintenance of educational buildings a very complex and challenging task (Ahluwalia, 2008).
Overestimating or underestimating maintenance costs could have a negative impact on decision
making on the maintenance task hierarchy, as well as on the effective use of maintenance
budgets. Although there are different approaches to cost estimation, each method has its own
limitation given the different types of maintenance work. The overall maintenance plan must
include information on the allocation and prioritization of the required resources for
maintenance operations (Li et al., 2018). In order to optimize the available resources, it is
important to undertake good asset management practice and to make the best use of funds
(Ahluwalia, 2008). Many studies in the world indicate that school facilities are not well-
maintained (Akasah et al., 2010). Factors contributing to the maintenance "gap" include
planning failures, inadequate resources, inadequate understanding, poor management of funds,
poor estate management and provision, which does not correspond to educational needs
(Hinum, 1999).
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Poor maintenance also increases current costs such as energy costs. Part of the energy is
wasted due to the habits of users and equipment conditions and here is a great potential for
energy savings (Roslizar et al., 2014). The cost of energy, for example, can account for more
than one-third of the cost of the facility, so reducing energy consumption not only saves money
but also reduces carbon dioxide emissions and other forms of pollution (Ahluwalia, 2008).
Energy is controlled cost that can be reduced by the right type of investment and management.
Studies estimate that almost one-third of the energy consumed in an average school is lost. The
least energy-efficient school use nearly four times more energy per square meter than the
highest energy-efficient school. Schools that reduce their energy bills can channel that money
to their primary mission, which is education (Chang Sian et al., 2010).

By reducing the number of new construction projects, focus on existing buildings is a key
factor of energy costs in schools. By implementing a school's energy efficiency strategy,
significant savings in energy costs, as well as the lifetime and improvement of the overall
physical condition of school facilities can be achieved. Most energy efficiency measures should
be carried out on existing facilities to achieve significant energy and cost savings, but even the
most energy-efficient new schools have to implement good management practices during
exploitation to avoid energy consumption and unnecessary costs (U.S. Department of Energy,
2009). Improving energy efficiency in schools sometimes does not have to cost millions.
Schools can reduce their energy costs by 5 to 20% through efficient management in the
exploitation phase, and thus energy costs have the potential to be the main source of cost
savings. This is true regardless of the age of the school building (U.S. Department of Energy,
2008; Roslizar et al., 2014).

During new buildings or major renovations, schools and public bodies that finance them
need to consider the issue of maintenance and energy consumption already in the design phase.
Some research has shown that in the design phase it can affect 70% to 80% of maintenance and
usage costs as significant life-cycle costs for future buildings (Krsti¢, 2011; Krsti¢ and
Marenjak, 2012). Even the slightest negligence during the design phase can result in difficulties
in the exploitation phase and thus affect the whole life cost of the building. Therefore, it is very
important that the earlier decisions and initiatives are taken into consideration during the design
phase in order to ensure the proposed building design is maintenance-friendly and sustainable
throughout the whole life-cycle of a building (Al et al., 2013).

Educational institutions are essential for the development of people and, ultimately, for the
prosperity of the state economy. By increasing the cost of building and doing business, schools
need to be economically and efficiently built so that the building serves customers and is at the
same time a wise investment for the community (New Hampshire Department of Education
Concord, 2006). A key consideration for construction professionals is to achieve the goal of
economic efficiency, protection and renewal of ecological systems. More than ever, there is
public awareness of the impact of the building on the health and well-being of people because
they spend most of their time in them. People are beginning to strive to live and work in
comfortable, healthy buildings and buildings along with energy saving measures (Olaniyi,
2017).
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3.1. The state of educational facilities in the Republic of Croatia

In the last revision report from 2018 (State Audit Office, 2018) on Croatian schools and education, it has
been established that at the level of the Republic of Croatia there are 2521 school buildings, of which 2159 are
elementary (911 main, 1248 regional) and 362 are high schools. Most of these school buildings are older than 30,
and 25% of all schools in the Republic of Croatia are older than 70. Figure 1 shows the share of the number of
buildings of elementary schools, and high schools according to the years of construction.

= Schools built to 1945.

= Schools built from 1946. to 1990.
Schools built from 1991. to 2001.

= Schools built from 2002. to 2017.

= No data

Figure 1. Age of elementary and high schools in the Republic of Croatia (State Audit Office, 2018)

The Audit Office concluded that such a network of schools was not optimal. Also, there
are no data on the state and equipment of the schools. It is also concerned that asbestos was
found in as many as 120 schools, and for 407 schools there is no data on embedded health and
environmentally unacceptable materials. This is primarily the responsibility of municipalities,
cities and counties in whose schools are the competence (State Audit Office, 2018; [1]).

“The Framework program for the construction, extension and renovation of public
buildings according to the public-private partnership form of contract’” points out that at the
level of the Republic of Croatia there is a great need for investing in public infrastructure,
including schools. The current ways of investing in public buildings have resulted in uneven
standards, uneven quality and cost of construction and investment realization models in these
areas do not meet both the pace of investment realization and the quality and cost of projects,
which resulted in exceeding the planned funds and time and the deviations in the realization of
public buildings. As extremely unsatisfactory, project management has been shown in all
sectors as well as care about maintenance and management of built public buildings ([1]; Tijani¢
et al., 2019). In order to solve this problem, the Framework Program proposes that the needs
for construction, extension and reconstruction of public facilities be solved by applying public-
private partnerships. A positive example of public-private partnership implementation for
reconstruction and construction of school buildings is visible in the Varazdin County. The aim
of the Framework Program is, beside the construction, extension and reconstruction of public
buildings, to ensure quality conditions that the constructed buildings meet the prescribed
standards and quality during tens of years of use and that later generations of users of these
buildings have the same conditions that existed in the first years after the construction of these
buildings [1].

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 13



A number of schools in Croatia have also been renovated through projects financed from
European funds. The grant funds of the European Regional Development Fund are secured
based on a call from the Ministry of Construction and Physical Planning for Energy Renewal
of Buildings and the Use of Renewable Energy Sources in Public Institutions Performing
Education [3]. The purpose of this renewal is to ensure better working conditions in schools,
but also to achieve significant financial savings by increasing energy efficiency and reducing
energy consumption [4]. Due to high energy consumption in school buildings, taking measures
and realizing energy efficiency in such areas today become the priorities of modern architecture
and energy, but also lifestyles and sustainable development in general [5].

Despite positive examples, according to the Croatian Minister of Regional Development
and Funds of the European Union, the state of the school remains critical throughout Croatia,
and the biggest problems are in underdeveloped areas due to the lack of financial resources [6].
The poor state of schools is also witnessed by newspaper articles that almost daily point to the
disrepair of school buildings (Figure 2).

Figure 2. The neglected state of particular schools in the Republic of Croatia [7, 8, 9, 10]

Literature (State Audit Office, 2018; [1]) among others points out the following
shortcomings of the buildings of the Croatian education system:

e uneven standards and quality of construction,

e unsatisfactory care about maintenance and management,

e insufficient quality and rational management of energy consumption,

e prior to making a decision on investments, the costs of use and maintenance and sources
of funding are not estimated,
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e the existing planning system does not provide sufficient quality monitoring to achieve
the desired results and effects...

In the report on the conducted audit of the efficiency of capital investments in elementary
and high schools in the Republic of Croatia (State Audit Office, 2018) it is recommended to:

e estimate the costs of use and maintenance prior to making a decision on
investments, in order to avoid deviations, take measures and achieve the planned
values,

e make an analysis of investment outcomes in relation to planned use and
maintenance costs,

e take measures in cases where the investment outcome indicators deviate from the
planned goals, i.e. the purpose of the investment is not achieved.

4. Analysis of financial statements

In order to analyze the situation of Croatian schools in the exploitation phase, in terms of
current and investment maintenance and energy consumption, relevant data were collected.

Sixteen educational facilities were analyzed in four Croatian cities: Zagreb, Rijeka, Split
and Osijek. The analysis covers only finances from 2018 because of the availability of data.
The buildings were chosen by random selection and based on the existence of a 2018 financial
plan and financial statement at the end of the same year. The mentioned financial plan and
report are public documents that most schools publish on their web site.

The financial plan is drawn up for a three-year period. The planned costs in this paper are
taken from the financial plans where the planned costs for 2018 and the projections are planned
for 2019 and 2020. Mostly, for all three years, the same cost values are planned based on the
realized costs from previous periods. The financial statement includes all revenues and
expenditures of the observed public property from 1 January to 31 December of the analyzed
year and a comparison with the previous year. Each item of the financial report at the level of
the Republic of Croatia is marked with the same mark or code.

The cost data analyzed in this paper are presented in Table 1, and their marks from financial
documents are also written.

Table 1. Analyzed cost data for schools

Code Cost data

3 Operating expenses

3223 Energy

3224 + 3232 Materials, parts and services for current and investment maintenance

For each of the four cities, two elementary and two high schools are selected, which means
that at the level of the Republic of Croatia a total of eight high schools and eight elementary
schools have been analyzed. With the financial data for each school, the average number of
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students from each school was collected. This data for each school can be downloaded
individually from the application "SeR - Skolski e-Rudnik". Also, data were collected on the
year of construction of each school taken from state audits for capital investments in elementary
and high schools by counties (State Audit Office, 2018).

Collected financial data are presented in Table 2 where the cost value per student is shown.
Information on the names of observed objects is available from the authors of this paper.

Table 2. Collected school data

2018 High schools Elementary schools
Num. 3 3223 3224+3232 3 3223 3224+3232
(kn)
Zagreb
| Planned 18,611.71 2,104.12 199.57 19,325.55 686.81 312.55
Actual 20,994.28 2,019.63 2,116.41 20,012.87 561.92 95.45
) Planned  20,944.69 1,197.41 83.50 17,610.43 993.92 127.66
Actual 21,449.74 1,278.75 313.41 17,850.29 1,306.95 1,018.91
Rijeka
| Planned  13,327.95 413.75 80.10 12,945.77 312.61 116.72
Actual 14,074.82 429.43 279.40 15,456.72 326.69 103.68
) Planned  20,260.34 463.92 150.75 18,609.42 510.93 220.77
Actual 21,281.94 467.85 285.33 17,540.24 507.00 141.57
Split
| Plaanned 13,715.02 418.68 157.81 15,611.55 531.19 210.88
Actual 19,148.59 465.19 181.11 17,190.96 636.59 219.38
) Planned  20,909.87 370.47 263.39 11,451.20 249.01 67.77
Actual 21,251.20 373.66 508.41 13,196.55 250.63 191.00
Osijek
| Planned  15,861.83 0.82 115.99 18,703.09 1,032.17 85.60
Actual 16,098.09 0.96 195.46 19,065.14 946.01 217.97
) Planned  18,872.13 1,255.17 140.52 15,906.71 667.76 79.69
Actual 22,440.82 1,133.61 271.57 20,638.25 737.20 222.35

Table 3 shows the average number of students in 2018 of each school individually.

Table 3. Number of students per school

City Zagreb Rijeka Split Osijek Total
Type of school 1 2 1 2 1 2 1 2

High schools 461 618 618 291 621 570 613 580 4372
Elementary schools 364 658 579 366 394 865 368 458 4052

Table 4 shows the year of construction of each school.

Table 4. Year of construction of schools

City Zagreb Rijeka Split Osijek

Type of school 1 2 1 2 1 2 1 2
High schools 1956. 1948. 1896. 1912. 1983. 1982. 1978. 1960.
Elementary 1935. 1967. 1987. 1976. 1950. 1958. 1978. 1976.
schools
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The paper below summarizes the results of collected data for high and elementary schools
in the Republic of Croatia.

4.1.Results

Observed schools are on average 60.1 years old. The average age of schools trough cities
is shown in Figure 3.
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Elementary Schools 68 37.5 36.5 50

Figure 3. Average schools age

Elementary schools are the oldest in the city of Zagreb, while high schools are the oldest
in Rijeka where one of the schools is protected as a cultural good.

The total operating expenses for the observed schools are shown in the graph in Figure 4.
There is a visible difference between the initially planned cost values and the actual realized,
and in percent, it is 10% in favor of the real values. Total operating expenses in 2018 for
observed high schools are 84,713,852.00 kn (19,376.45 kn/student), while for elementary
schools are 69,055,886.00 kn (17,055.05 kn/student). The observed difference can be attributed
to the fact that elementary schools receive children of smaller ages who have fewer space
requirements (6.5 m?, versus 8.1 m? for high school students), the number of students at the
country level in elementary schools is lower than in high schools, they work more often in one

shift and are less equipped in the sense of laboratories, cabinets, halls, etc. (State Audit Office,
2018).

155,000,000.00 kn
150,000,000.00 kn
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S 140,000,000.00 kn

135,000,000.00 kn

130,000,000.00 kn
Planned value Real value

H Operating expanses 139,914,100.70 kn 153,769,738.00 kn

Figure 4. Planned and actual operating expenses
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The same applies to the costs of exploitation (energy, current and investment maintenance).
The costs of exploitation separately for high and elementary schools per student are shown in
Figure 5. Analyzed high schools spend on average on these expenditures 1.3 times more per
student than analyzed elementary schools.

= High Schools = Elementary Schools

Figure 5. Energy and maintenance costs per student

Looking at the cost overruns of energy and maintenance, planned energy costs exceeded at
11 schools, while the 5 managed to stay within the planned budget. The maximum overrun
amounted to 31%. The costs of materials and services for current and investment maintenance
overrun at 13 schools. These overruns are mostly fairly high, and the largest amounts are almost
1000%. The total overruns of the costs of exploitation for high and elementary schools are
shown in the graph in Figure 6.
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Figure 6. Overruns of exploitation costs

The reasons for the frequent overruns of energy and maintenance costs can be partly
attributed to the factor of uncertainty in their planning. It is very difficult to foresee the energy
consumption that may vary from the strength and length of winter for heating, or cooling
consumption depending on the length and strength of the summer, and the like, as it is very
difficult to foresee possible failures and damage that mostly affect the maintenance costs. Other
reasons lie in what has been determined by reviewing the literature (State Audit Office, 2018;
[1]; Alibegovi¢ and Blazevi¢, 2010), which is that at the level of the Republic of Croatia in
public facilities of social standard, among which are schools, big problems are unsatisfactory
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care about maintenance and management and insufficient quality and rational management of
energy consumption.

With the analysis of observed schools, it was determined that there were no signs that
indicate exploitation expenses being influenced in any way and then reduced although the
literature is showing great potential in that field (Danielski, 2016). It should be noted that the
cost of exploitation for public schools is fully covered by the public sector (counties and cities)
irrespective of their amount, which could be one of the reasons for irrational cost concerns.

What is certainly needed in the future is to influence the awareness of public bodies and
schools and in particular their predecessors, take certain steps and influence spending on energy
and maintenance and transfer money to other educational purposes. It is necessary to recognize
the disadvantages of running educational facilities and to propose efficient measures to
rationalize exploitation costs and redirect them.

The limitation of this study is that data on the physical characteristics of objects, such as
surface, volume, materials, heating/cooling mode, etc, were not collected for the observed
objects. Each of these features has an impact on maintenance costs and energy costs and should
be taken into account in future research. It is also necessary to recognize other
characteristics/factors that have an impact on energy consumption and maintenance. Authors
(El-Haram and Horner, 2002; Danielski, 2016) point out that identifying such factors can help
minimize and optimize exploitation costs.

5. Conclusion

At the level of the Republic of Croatia, there is a decreased cost efficiency of educational
facilities during the exploitation phase, primary, energy consumption and current and
investment maintenance. This problem confirmed the review of the relevant literature and the
analysis of the financial statements of the schools from the four Croatian cities. Although some
schools in Croatia have been restored, the problems of poor maintenance and waste of energy
can be repeated if they are not properly managed.

According to some authors controlling costs of exploitation can best help identify factors
that affect it. According to El-Haram and Horner (2002), identification of significant factors
and linkages between factors that influence maintenance costs can be used to control factors
and optimize maintenance costs. Also, identifying such factors is of great help to maintenance
managers in minimizing maintenance costs by gaining control of some critical factors. Factors
affecting maintenance costs can be divided into four groups: building characteristics, tenant
factors, maintenance factors, political factors and vandalism (El-Haram and Horner, 2002). As
far as energy costs are concerned, Danielski (2016) point out that it is also very important to
identify key factors that affect energy consumption in buildings to reduce total energy
consumption in an efficient and effective way. These key factors would then be used to reduce
energy consumption in buildings when designing new buildings and improving existing ones,
and thus mitigating energy inefficiencies.

These allegations should be the cornerstone of future research where the factors affecting
the cost of exploitation should be studied to control the costs of educational facilities in the
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Republic of Croatia. The identification and ranking of these factors in Croatia has never been
carried out, nor has their direct impact on the cost of exploitation been evaluated. The first step
in the research would be to identify the most important factors that have an impact on the cost
of maintaining and energy of educational facilities. On the basis of them would be through
questionnaires, interviews, and direct observation on the field collected the relevant data.
Processing, analysis and interpretation of results would lead to the development of the model
(frame) for more efficient maintenance and use of energy in educational facilities. The model
would contain concrete measures to improve the performance indicators of educational
facilities, primarily in the area of energy savings and maintenance costs.

Also, as schools across the Republic of Croatia are not in equal condition, i.e. in them are
not currently ruling the same level of standards and quality, the developed model should take
into account that fact as well. Within the model, therefore, should develop a decision support
system that would be of assistance to decision-makers in determining the importance, i.e. the
priority of certain school facilities when it comes to implementing measures to improve the
exploitation phase, and would be based on rating the facility state through established weight
criteria. High-priority buildings would certainly be older, neglected public educational
facilities, which should first be restored, and then applied to them, as well as newer facilities,
standards and best management practices during the exploitation phase. Also, great attention
has to be paid to the design phase of educational facilities, as previous research has shown that
at this phase, it can largely affect the costs of exploitation. It is important to achieve in all project
stages the affect of efficient financial resources spending so that all possible surpluses would
be redirected to the primary purpose of school, which is education. The ultimate goal of the
research is to achieve uniform standards and quality of school facilities and equal working
conditions for all students nationwide.

This research would be important in terms of contributing to knowledge and theory, as well
as good maintenance and energy consumption practices in educational facilities in the Republic
of Croatia. The research would also enable the parties involved to better understand the
exploitation phase before deciding to do any work on the school building.

References

Ahluwalia, S. S. (2008) "A Framework for Efficient Condition Assessment of the Building Infrastructure",
Doctoral dissertation, University of Waterloo, UK

Ali, A. S., Keong, K. C., Zakaria, N., Zolkafli, U., Akashah, F. (2013) "The effect of Design on Maintenance
for School Buildings in Penang, Malaysia", Structural Survey, Vol. 31 No. 3, pp. 194-201.

Algahtani, A., Whyte, A. (2016) "Evaluation of Non-cost Factors Affecting the Life Cycle Cost: An
Exploratory Study", Journal of Engineering, Design and Technology, Vol. 14 No. 4, pp. 818-834.

Alshamrani, O. S. D. (2012) "Evaluation of School Buildings Using Sustainability Measures and Life-Cycle
Costing Technique", Doctoral dissertation, Concordia University, Canada

Akasah, Z. A., Amirudin, R., Alias, M. (2010) "Maintenance Management Process Model for School
Buildings: An Application of IDEFO Modelling Methodology", Australian Journal of Civil Engineering, Vol. 8
No. 1, pp. 1-12.

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 20



Asiabaka, 1. P. (2008) "The Need for Effective Facility Management in Schools in Nigeria", New York
Science Journal, Vol. 1 No. 2, pp. 10-21.

Chang Sian, L., Pei Jia, C., Sy Jye, G. (2010) "Application of Back-Propagation Artificial Neural Network
to Predict Maintenance Costs and Budget for University Buildings", in 2010 Sixth International Conference on
Natural Computation in Yantai, Shandong, China, 2010, Institute of Electrical and Electronics Engineers, pp.
1546-1551.

Danielski, I. (2016) "Energy Performance of Residential Buildings - Projecting, Monitoring and Evaluating”,
Doctoral dissertation, Mid Sweden University, Faculty of Science, Technology and Media, Sweden

Haram, M. A., Horner, M. W. (2002) "Factors Affecting Housing Maintenance Cost", Journal of Quality in
Maintenance Engineering, Vol. 8 No. 2, pp. 115-123.

Hinum, M. (1999) "Strategies for Managing Educational Facilities Infrastructure", BMUK (Federal Ministry
of Education and Cultural Affairs), Austria, Track 3

Jurlina Alibegovié, D., Blazevié, Lj. (2010) "Indicators of Sustainability and Local Development: Example
of the Fund for Reconstruction and Development of the Vukovar City", Ekonomski pregled, Vol. 61 No. 11, pp.
631-665.

Krsti¢, H. (2011) "Maintenance and Operation Cost’s Prediction Model Based on the Facilities of the
University of Josip Juraj Strossmayer in Osijek", Doctoral dissertation, Faculty of Civil Engineering Osijek,
University of Josip Juraj Strossmayer in Osijek, Croatia

Krsti¢, H., Marenjak, S. (2012) "Analysis of Buildings Operation and Maintenance Costs", Gradevinar, Vol.
64 No. 4, pp. 293-303.

Le, A. T. H., Domingo, N., Rasheed, E., Park, K. S. (2018) "Building Maintenance Cost Planning and
Estimating: A Literature Review", In 34th Proceeding of the Annual ARCOM Conference, Belfast, UK, 2018,
Association of Researchers in Construction Management, pp. 707-716.

Marenjak, S., Mohamed, A., El-Haram, R., Horner, M. W. (2002) "Analysis of Overall Project Costs for the
Building Industry", Gradevinar, Vol. 54 No. 7, pp. 393-401.

New Hampshire Department of Education Concord (2006) "Manual for Planning and Construction of School
Buildings 2006"

Olaniyi, O. O. (2017) "Development of a Facilities Management Framework for Sustainable Building
Practices in Nigeria", Doctoral dissertation, University of Central Lancashire, UK

Palis, P., Misnan, M. S. (2018) "A Review of Key Factors That Affect University Building Maintenance
Costs", International Journal of Engineering & Technology, Vol. 7 No. 3.25, pp. 32-34.

Ropi, M. R., Tabassi, A. A. (2014) "Study on Maintenance Practices for School Buildings in Terengganu and
Kedah, Malaysia", MATEC Web of Conferences, Vol. 10, pp. 03003.

Roslizar, A., Algouhl, M. A., Bakhtyar, B., Asim, N., Sopian, K. (2014) "Annual Energy Usage Reduction
and Cost Savings of a School: End-Use Energy Analysis", The Scientific World Journal, Vol. 2014, pp. 1-8.

State Audit Office (2018) "Review of an Effective Audit of the Effectiveness of Capital Investments in the
Elementary and High Schools in the Area of the Republic of Croatia", Zagreb, May 2018

Tijani¢, K., Car-Pusi¢, D., Culo, K. (2019) "Impact of Funding on Cost-time Aspects of Public and Social
Buildings", Gradevinar, Vol. 71 No. 1, pp. 21-32.

U.S. Department of Energy (2009) "Guide to Operating and Maintaining EnergySmart Schools"

U.S. Department of Energy (2008) "Reduce Operating Costs with an EnergySmart School Project"

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 21



Xaba, M. L. (2012) "A Qualitative Analysis of Facilities Maintenance — A School Governance Function in
South Africa", South African Journal of Education, Vol. 32, pp. 215-226.

Electronic sources:
[1] https://www.hrt.hr/fileadmin/video/vlada_jpp.pdf, accessed 29 April 2019

[2] http://blogs.worldbank.org/education/why-education-infrastructure-matters-learning, accessed 29 April
2019

[3] https://djurdjevac.hr/gradska-uprava/radovi-na-energetskoj-obnovi-skole-i-dogradnji-novih-ucionica-se-
nastavljaju-radovi-ne-ometaju-nastavu/, accessed 29 April 2019

[4] https://www slideserve.com/stormy/pove-anje-energetske-efikasnosti-u-tehni-koj-koli-pula, accessed 29
April 2019

[5] https://mgipu.gov.hr/vijesti/energetska-obnova-skola-bespovratnim-sredstvima-eu/8950), accessed 29
April 2019

[6] https://www.nacional.hr/gdje-su-u-hrvatskoj-skole-u-najgorem-stanju-zalac-kriticno-je-u-cijeloj-zemlji/,
accessed 29 April 2019

[7] https://dnevnik.hr/vijesti/hrvatska/alarmantno-stanje-skola-u-hrvatskoj-ucenici-stalno-izlozeni-
opasnosti-a-obnove-kasne---546404.html, accessed 29 April 2019

[8] https://vijesti.rtl.hr/foto/2699101/fotografije-iz-hrvatske-skole-djeca-svaki-dan-uce-u-ovim-
uvjetima/?slika=3044891, accessed 29 April 2019

[9] https://hrvatska-danas.com/2018/08/24/dogovorena-gradnja-nove-zgrade-srednje-skole-donji-miholjac/,
accessed 29 April 2019

[10] https://www kigo.hr/sramotno-stanje-osnovne-skole-belvedere-u-rijeci/, accessed 29 April 2019

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 22


https://www.hrt.hr/fileadmin/video/vlada_jpp.pdf
http://blogs.worldbank.org/education/why-education-infrastructure-matters-learning
https://djurdjevac.hr/gradska-uprava/radovi-na-energetskoj-obnovi-skole-i-dogradnji-novih-ucionica-se-nastavljaju-radovi-ne-ometaju-nastavu/
https://djurdjevac.hr/gradska-uprava/radovi-na-energetskoj-obnovi-skole-i-dogradnji-novih-ucionica-se-nastavljaju-radovi-ne-ometaju-nastavu/
https://www.slideserve.com/stormy/pove-anje-energetske-efikasnosti-u-tehni-koj-koli-pula
https://mgipu.gov.hr/vijesti/energetska-obnova-skola-bespovratnim-sredstvima-eu/8950
https://www.nacional.hr/gdje-su-u-hrvatskoj-skole-u-najgorem-stanju-zalac-kriticno-je-u-cijeloj-zemlji/
https://dnevnik.hr/vijesti/hrvatska/alarmantno-stanje-skola-u-hrvatskoj-ucenici-stalno-izlozeni-opasnosti-a-obnove-kasne---546404.html
https://dnevnik.hr/vijesti/hrvatska/alarmantno-stanje-skola-u-hrvatskoj-ucenici-stalno-izlozeni-opasnosti-a-obnove-kasne---546404.html
https://vijesti.rtl.hr/foto/2699101/fotografije-iz-hrvatske-skole-djeca-svaki-dan-uce-u-ovim-uvjetima/?slika=3044891
https://vijesti.rtl.hr/foto/2699101/fotografije-iz-hrvatske-skole-djeca-svaki-dan-uce-u-ovim-uvjetima/?slika=3044891
https://hrvatska-danas.com/2018/08/24/dogovorena-gradnja-nove-zgrade-srednje-skole-donji-miholjac/
https://www.kigo.hr/sramotno-stanje-osnovne-skole-belvedere-u-rijeci/

Risk and Opportunities of Taking Different Procurement Routes
in Construction Projects in Croatia

Martina Sopié¢'; Mladen Vukomanovié?; Diana Car-Pusi¢?
"University of Rijeka, Faculty of Civil Engineering, Croatia

2University of Zagreb, Faculty of Civil Engineering, Croatia

Abstract:

Project Procurement Management is a key success factor for managing complex and
challenging process of delivering construction projects. One of the important areas of Project
Procurement Management is determining which project delivery method is best suited for a
specific project. The selection of project delivery method may affect the overall time, cost,
quality and success of the project. It is influenced by the complexity, importance and size of
the project, owner’s management skills or contractor’s management capability, financial
resources, time constraint, quality, resources, project roles and responsibilities, and by the
impact of risk and uncertainty. Traditional approach is today’s name for Design—Bid—Build
(DBB) project delivery method. The DBB method (or traditional approach) implies the
sequence of separate activities (design, bid, build) and selection of the contractor only after the
design phase has been completed. In Croatia, the traditional approach has been so far the most
widely used project delivery method, mainly due to legal constraints. Therefore, this paper
delineates project roles and responsibilities, as well as risks and opportunities, comparing the
DBB method with the integrated project delivery and turnkey approaches, such as Construction
Manager-At-Risk (CMR) and Design-Build (DB) methods. The aim of this paper is to highlight
the potential ambiguities in Croatian legislation for the greater application of contemporary
project delivery methods.

Keywords: project delivery methods; project roles and responsibilities,; Croatian legislation

1. Introduction

A key success factor for managing complex and challenging process of delivering
construction projects is Project Procurement Management. Project Procurement Management
presents additional considerations for planning, executing, monitoring and controlling, and
closing procurement on construction projects (PMI, 2016). One of the important areas of Project
Procurement Management is determining which project delivery method is best suited for a
specific project. The selection of project delivery method may affect the overall time, cost,
quality and success of the project. It is influenced by the complexity, importance and size of
the project, owner’s management skills or contractor’s management capability, financial
supports, time constraint, quality, resources, project roles and responsibilities, and by the impact
of risk and uncertainty. Most delivery methods used today are variations of three methods:
Design-Bid-Build (DBB), Construction Manager-at-Risk (CMR), and Design-Build (DB)
(CMAA, 2012; CII, 1997). Traditional approach is today’s name for Design—Bid—Build (DBB)
project delivery method. The DBB method (or traditional approach) implies the sequence of
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separate activities (design, bid, build) and selection of the contractor only after the design phase
has been completed. Non-traditional forms are considered as integrated project delivery and
turnkey approaches. Construction Manager-at-Risk (CMR) and Design-Build (DB) are the two
most common forms of integrated project delivery and turnkey approach (Koch et al., 2010).
Integrated and turnkey project delivery methods combine the expert knowledge and skills of
participants for all phases of design, fabrication, and construction with the intention to optimize
efficiency in project cost and schedule (PMI, 2016). In both, CMR and DB project delivery
methods, the owner selects the contractor at a point in time before the design is complete and
seeks to involve that contractor in the design process through the use of formal design reviews
that seek to enhance constructability, expedite the schedule, and maintain budget (Koch et al.,
2010). The DBB method involves less contractor input to the design than the CMR or DB
methods (Touran et al., 2009). Thus, one of the greatest advantages of CMR and DB project
delivery methods is possibility to optimize construction execution through contractor’s input to
the design. Constructability is a concept, defined as the optimum use of construction knowledge
and expertise in planning, design, procurement, and field operations to achieve overall project
objectives (CII, 1986). Contractor’s input to the design, by reviewing design drawings and
forthcoming construction process, may detect possible risks, problems and project defects that
could cause delays on site, poor performance, costs overruns and other similar failure.
Consequently, the purpose of constructability review is to ensure optimum efficiency, high
quality, shorter schedules and safe execution of construction, and to reduce claims and changes
in orders, as well as project uncertainties and risks.

Constructability still hasn’t reached significant impact in construction practice in Croatia
(Gali¢ et al., 2013). Furthermore, in Croatia, the DBB method has been so far the most widely
used project delivery method, mainly due to legal constraints. In the DBB method,
constructability reviews are not usually welcomed by the project designers because they are
perceived to be criticism rather than assistance. (Koch et al., 2010). Phase separation, especially
between the design phase and construction phase, often results in problems in performance, but,
it can quite realistically be expected that the inclusion of the contractor during the earlier project
stages, especially during the design phase, could result in better design solutions and definitely
decrease the number of problems occurring during the construction (Turina, et al., 2013).

Therefore, this paper delineates project roles and responsibilities, as well as risks and
opportunities, comparing the DBB method with the integrated project delivery and turnkey
approaches, such as Construction Manager-At-Risk (CMR) and Design-Build (DB) methods.
The aim of this paper is to highlight the potential ambiguities in Croatian legislation for the
greater application of contemporary project delivery methods.

2. Project delivery methods
2.1 Design-Bid-Build, DBB

Design-Bid-Build (DBB), or traditional approach, is considered as construction project
delivery method in which the designer and contractor separately carry out project work through
separate contract with the client (i.e. project owner, investor or representative of the aforesaid
in this paper). The DBB method, in principle, implies, first, the design phase, and then the
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selection of contractor by competitive tendering and bidding (see Figure 1). Typically used with
the DBB method is lump sum contract, which is suitable if the scope and schedule of the project
are sufficiently defined to allow the estimation of the project costs (Kubba, 2017). The designer
is not involved in lump sum contract between the client and contractor. The client and designer
form separate contract usually based on a negotiated professional fee. Since the DBB method
implies a choice of contractor only after the completion of the design phase, there are great risks
for the possible problem formations and needs for project modification during the construction
phase. Subsequent modifications in the project documentation, i.e. modifications in design, are
then complex, costly and time-consuming. The DBB method, therefore, involves the sequence
of separate activities (design, bid, build) and thus, compared to other methods, like Construction
Manager-at-Risk (CMR) and Design-Build (DB), results in the longest duration for project
delivery.

Figure 1. An example of structure of Design-Bid-Build (DBB) project delivery method with
connections

In addition to the aforementioned drawbacks, other disadvantage of the DBB project
delivery method is unknown cost of construction works until the bids are received, furthermore,
costs of construction works may be too high and impossible to afford for the client, which (as
well as defects in design detected during the construction) cause project re-designing, as well
as project delays and additional costs. Disadvantages also includes designing without
contractor’s feedback about it, the choice of the contractor is primarily based on price proposal,
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not on qualifications and references, and also, the client should have significant expertise and
involvement in project progress. In the DBB method, the client is in the inconvenient role of
“the middleman” between the designer and contractor, so there are, as well, possibilities of
tense relationships between the designer and contractor, and any project errors may result with
“finger-pointing” and with conflicts between the designer and contractor. Some highlighted
advantages of the DBB project delivery method are client controls over the design and
construction phase, linear and straight-forward structure of project delivery method (i.e. easy
to understand), and the existence of maximum competition among contractors during the bids.

2.2 Construction Manager/General Contractor (CM/GC) or Construction Manager at Risk
(CMR)

Construction Manager/General Contractor (CM/GC) project delivery method is also
known/termed as Construction Manager at Risk (CMR) (Borowiec et al., 2016). The CMR
method implies separate contracts between the designer and contractor with the client. Like in
the DBB method, the client and designer form separate contract, usually based on a negotiated
professional fee. But, unlike in the DBB method, the client searches for the contractor at the
early stage of design (in about 30 % progress of the design phase) (see Figure 2). Selection of
the contractor is based on contractor’s professional qualifications, experience and competence.
A contract with the contractor has two parts: pre-construction services and construction
(Gransberg et al., 2013). Therefore, contractor’s work scope, apart from construction
performance, also include performing activities and obligations during the design phase (i.e.
pre-construction services) like feasibility study, constructability reviews, cost and time
estimations for construction, etc. In order to meet the contractual requirements, the contractor
must communicate with the designer. The stated responsibilities and activities of the contractor
are aimed at managing constructability and reducing risks, uncertainties and failures during the
construction phase of a project. Once the design reaches about 60 % (or more) progress of the
design phase, negotiations, between the client and contractor, on construction part of contract
are initiated. Up to (maximum) 90 % progress of the design phase and on the basis of defined
scope, time of completion, and total construction cost, a construction part of contract is
negotiated, most often in the form of Guaranteed Maximum Price type of contract, (GMP). A
guaranteed maximum price (GMP) should be established at a point where the design is
sufficient advanced and the contractor can furnish a price with a minimal contingency for
possible increases in scope (Gransberg et al., 2013).

Some highlighted advantages of CMR project delivery method are selection of the
contractor primarily based on contractor’s professional qualifications and references (not on
lowest construction bid price), and the contractor’s obligations to provide preconstruction
services (through contractor’s input to design) for the purpose of managing constructability and
reducing project uncertainties and risks. Some highlighted disadvantages of CMR method are
non-competitive price offer for construction, potential risks if the guaranteed maximum price
(GMP) is established in the stage of insufficient progress of the design, and also, potential risks
of contractual “expectation” (with possibility of ineffectiveness or slow progressions) for
communication and coordination between the designer and contractor.
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Figure 2. An example of structure of Construction Manager-at-Risk (CMR) project delivery
method with connections

2.3. Design-Build, DB

In Design-Build (DB) project delivery method, the responsibility for designing and
constructing is taken over by a separate design-build organization (or business entity). This
organization may refer to a specially formed association and co-operation between the designer
and contractor involved in the project. Both, design and construction are covered by a single
contract with the client (see Figure 3). The design-build organization represents a single point
of contact with the client so the client does not have to be a link, or the “middleman”, between
the designer and contractor. A single point of contact has been proven to foster better
communication, lessen confrontation roles between design and construction, and accelerate
project delivery which is perhaps its biggest advantage (Kubba, 2017). Lump Sum contract is
the most common contract type between the client and the design-build organization (Bogus et
al., 2010). Second one is Guaranteed Maximum Price (GMP) type of contract (Chen et al.,
2016). All the subcontractors and suppliers are subsequently solicited and retained by the
design-build organization. The formed design-build organization manages all the subcontracts
and orders forms with the subcontractors, suppliers and resources providers.

In design-build organization, clear communication and effective collaboration play an
important role in managing project progress and success. Co-operation between the designer
and contractor enables optimization and coordination of design and construction phases. The
role of the client is to provide a feedback to the design-build organization for project
development proposals. Some highlighted advantages of the DB method are high potentials for
rapid project delivery and costs savings because of possibility to overlap the design and
construction phases of a project, efficient form of synthesis between the designer and
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contractor, team-oriented project delivery approach, team members working under the same
contract, solutions based on common collaboration and efforts, risk reduction of construction
delays because of the less possibility of mismatches between the design and construction and,
consequently, necessary corrections. For the client, the primary benefit includes the simplicity
of having one party responsible for the development of the project and the time saving as a
result of overlapping design and construction phases (Al-Reshaid and Kartam, 2005). Some
highlighted disadvantages of the DB project delivery method are the risks of higher final costs
than initial assessment, possible problems if the design-build organization is inexperience with
DB project delivery method and potential risks due to self-willed engagement of the client.

Figure 3. An example of structure of Design-Build (DB) project delivery method with
connections

3. DBB, DB and CMR comparison regarding literature review

Design-Bid-Build (DBB) project delivery method implies obtaining permits and selection
of the contractor only after the design phase has completed. Commonly in the DBB method,
the selection of the contractor is happening after obtaining permits. The Construction Manager-
at-Risk (CMR) method implies obtaining permits, approximately, between 90 to 100 %
progress of the design phase. In the CMR method, the contractor is selected at the early progress
of the design phase (in about 30 % progress of the design phase). Because of the selection of
the contractor at the early progress of the design phase, and obtaining permits before the end of
the design phase, CMR method, compared to DBB method, results with faster project delivery
method.

In the CMR method, once the design reaches about 60 % (or more) progress of the design
phase, negotiations, between the client and the contractor, on construction part of contract are
initiated. If than happens that the offer (GMP), provided by the contractor, is too high (to the
client), the client may decide to reject the given offer and continue with the DBB project
delivery method.
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Design-Build method provides opportunities for speed and innovation because design and
construction activities are overlapped (Tran et al., 2013). In the DB method, permits are
obtained within the Final Design process. Preliminary Design (Preliminary Design, according
to Croatian laws translated into English, is considered as conceptual design) involves site
investigations, making of architectural, civil, mechanical and technical engineering design
concepts, producing sufficient number of drawings with necessary structural and installation
components, initial estimations of construction operating cost and schedule, project revisions,
and other preliminary design needs depending on the project size and complexity. Final Design
(Final Design, according to Croatian laws translated into English, is considered as main design)
involves final decisions and solutions of design problems, making of architectural, civil,
mechanical and technical engineering detailed drawings, accurate estimations of construction
operating cost and schedule, final selection of the construction materials, equipment and
machinery, verification of the economically viable of the project, and other necessary final
design decisions. After obtaining permits, construction may start. In the DB method,
construction may start within the duration of the Final Design phase of the project. Due to the
selection of design-build organization at the very beginning of the project and possibility to
obtain permits within the Final Design phase, the DB method, compared to DBB and CMR
methods, can result with fastest project delivery method (see Figure 4).

Figure 4. DBB, DB and CMAR comparison (adapted from Robertson et al., 2017)

Although in the DBB method the client may select the contractor with the lowest cost offer
for construction, it should be noted that the lowest construction cost doesn’t have to meet the
requirements for the highest or required construction quality. In the DBB method, until the bids
are received, the construction cost is unknown, which can result in favorable or in excessive
and unaffordable construction costs. Therefore, during the design phase of the DBB method,
there is great uncertainty for construction cost and, as well, poor cost control. Also, in the DBB
method, during the construction phase, there are great risks for project re-designing need,
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especially for large and complex projects, causing delays and additionally increasing project
delivery cost. Due to all above-mentioned limitations and risks, the DBB method, compared to
the CMR and DB method, can result with the highest project delivery cost, especially for large
and complex projects (see Figure 4).

The DB method implies the start of project cost estimations at Preliminary Design of the
project design phase. Cost estimating for a DB project delivery method can be difficult say
when design documents are preliminary and liable to change over the course of the project.
(Kubba, 2017). Because of the possibility of (too) early project delivery cost establishment,
there are risks of higher final project cost than initial estimation. To address this situation,
contracts are often written to allow for unexpected situations without penalizing either the
design-build organization or the client (Kubba, 2017).

In the CMR method, construction cost is established in about 60 % to 90 % progress of the
design phase. Due to possibility and recommendation for establishing the construction price
(GMP) at a point where the project design is sufficient advanced, the CMR method from the
aspect of construction cost control, and compared to the DBB and DB method, can result with
the lowest project delivery cost and highest cost control (see Figure 4).

By following the aforementioned characteristics of project delivery methods from the
aspects of project schedule and cost, Schedule-Cost diagram (see Figure 4) shows that the DBB
method can be project delivery method with the longest schedule and highest cost. Furthermore,
the DB method can be the fastest project delivery method, and finally, the CMR method can be
project delivery method with the lowest cost and highest cost control.

Risk allocation for project control and schedule, between the client and contractor, is
different in the DBB, CMR and DB methods. In considering risk allocation, the client should
strive to assign risks to those parties that can best exercise control over those aspects (CMAA,
2012). In the DBB method, client has the main responsibility for project control and schedule.
Contractors bid the project exactly as it designed with the lowest responsible, responsive bidder
awarded the work (Kubba, 2017). Unlike the DBB method, in the DB method, client can
allocate risk for project control and schedule to the design-build organization. This type of risk
allocation minimizes the project risk for the client. In the CMR method, contractor collaborates
together with the client and designer. Hiring a contractor during the design phase, allows the
contractor to work directly with the designer and circumvent any potential design issues
(Kubba, 2017). Figure 5 shows the approximate risk allocation for project control and schedule,
between the client and contractor. The DBB method implies allocation of the highest risk for
project control and schedule to the client, but the DB method implies highest risk to the design-
build organization. The CMR method implies approximately equal risk allocation for project
control and schedule, between the client and contractor.
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Figure 5. The approximate risk allocation for project control and schedule (adapted and modified from:
Gransberg and Shane, 2010)

The client is person responsible for determining the type of contract to be used on a
particular project (Kubba, 2017). Contracting and compensation methods for professional
services and construction services will generally fall into one of three categories: Fixed Price
or Lump Sum (LS), Guaranteed Maximum Price (GMP) and Reimbursable type of contracts
(CMAA, 2012). These contract types are not exclusively defined only for one project delivery
method and can be used vary.

Fixed Price or Lump Sum types of contracts are suitable for projects that are sufficiently
defined, which allows for an estimate of the total project cost (PMI, 2016). This Contract type
places the maximum risk and full responsibility for all cost and resulting profit or loss upon the
contractor (Kubba, 2017).

GMP type of contract will typically include a base cost along with several allowances and
contingencies that, depending on their ultimate use, may result in a final cost below the stated
guaranteed maximum price (GMP). With this type of contract, the contractor is reimbursed for
actual costs incurred for labor, materials, equipment, subcontractors, overhead, and profit up
(Kubba, 2017). Any “savings” may fall to the client or may be shared with the entity providing
the GMP (CMAA, 2012). The GMP format allows owners to minimize risk when proceeding
with work ahead of final drawings e.g. when a design is less than 100 % complete (Kubba,
2017).

Reimbursable contracts come in a variety of forms, and sometimes coupled with a not-to-
exceed maximum price (CMAA, 2012). In Reimbursable type of contract payment can be based
on a fixed amount for each wunit of work (Unit Price), on actual cost plus
fixed/percentage/incentive/award fee (Cost Plus) or on actual hours spent and resources
expended on the work performed. According to Kubba (2017):
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e In Unit Price form of reimbursable contract, the contractor is paid as the contract
proceeds by requiring that the actual quantities of work completed is measured, and
these quantities multiplied by the pre-agreed per-unit price. For the contractor, this
removes some of the risk in the bidding process because payment is based on actual
quantities and not lump sum. The contractor’s unit price must cover both direct and
indirect costs, overheads, contingencies, and profit. For this reason, the owner
usually provides fixed quantities for contractors to use as the basis of their unit price
costing.

e In the Cost Plus form of reimbursable contract, the client reimburses the contractor
for all costs associated with the contract in addition to a fee covering the
contractor’s profit and non-reimbursable overhead costs. This is the most beneficial
contract for the contractor, since any additional costs will be covered, thus
guaranteeing them a profit regardless of project cost. The various types of
additional costs should be discussed with the contractor at the time the bid is being
reviewed. This type of contract is usually used for projects where the scope of the
work is indeterminate or very uncertain and the kinds of labor, material, and
equipment needed are also very difficult to ascertain.

Figure 6 shows risk scale relative to the client and contractor associated with the contract
type. Fixed Price or Lump Sum type of contract takes the maximum risk and full responsibility
for all cost and resulting profit or loss upon the contractor. Unlike the Fixed Price or Lump
Sum, Cost Plus is the most beneficial contract for the contractor, because the client reimburses
all costs associated with the contract in addition to a fee covering the contractor’s profit and
non-reimbursable overhead costs.

Figure 6. Risk scale by the client or contractor depending on the selection of contract type (adapted from CII:
https://www.construction-institute.org/topic-summaries/rt-201-300/reimbursable-contracts)

Selection an appropriate method for project delivery can be also considered from the
aspects of project type and complexity. DBB method is most suited for less complicated
projects that are budget sensitive but not necessarily schedule sensitive and not subject to
change (Kubba, 2017). CMR greatly facilitates phased construction when that is a requirement
for a given project (Touran et al., 2009). DB is best suited to conventional projects for which
project requirements can be clearly defined and for which expertise is widely available (CMAA,
2012). According to Molenaar ef al., (2014):

e DBB is useful for projects that can be designed to or near 100 % complete. Typical
and common projects will benefit the most from the use of DBB as the delivery
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method. Projects that involve high risk and many unknowns as well as projects that
have a limited amount of time to complete the project will not achieve the benefits
of DBB and another delivery method might be a better choice.

The CMR delivery method is most advantageous on project where the design is
complex, difficult to define, subject to change and there are several design options,
and when the project is sequence or schedule sensitive. The CMR method is less
suitable for straight-forward projects, projects with easily defined scope and low
risk, and projects that lack schedule sensitivity.

The DB method is not suited for every project. This method works best for project
that require acceleration, projects that have unique opportunities to appropriately
transfer risk to the design-build organization, and on projects with opportunities for
innovation. This method has been used successfully on projects for which
(California DOT, 2008): a compressed schedule was needed, schedule certainty
was needed, early costs certainty was required, project scope could be adequately
defined without 100 % complete plans and/or specifications and/or estimates,
project quality could defined through minimum design, and where minimal third
party risks existed or could be mitigated.

1-3 provide an overview of the highlighted disadvantages and advantages for each

project delivery method with the best suited project type regarding literature review. Because
each of the three main delivery methods (DBB, CMR and DB) can be applied to project of all
size, it seems clear that project size needs to be considered in combination with other issues,
such as schedule, risk management, and staffing in order to determinate an appropriate project
delivery method (Touran ef al., 2009).

Table 1. Highlighted disadvantages and advantages with the best suited project type for the DBB method

Design-Bid-Build (DBB)

Highlighted

disadvantages:

Designing without contractor’s feedback about it, and selecting a contractor only after the
completion of the design, which may cause possible problem formations and needs for
project modification during the construction phase,

Unknown cost of construction works until the bids are received,

The choice of contractor is primarily based on price proposals, not on qualifications and
references,

The client/owner/investor should have significant expertise and involvement in project
progress and can be in the inconvenient role of “the middleman” between the designer and
contractor,

Project errors may results with conflicts and tense relationships between the designer and
contractor.

Highlighted
advantages:

Client/owner/investors control over the design and construction phase,
Structure of the DBB method is linear and straight-forward (i.e. easy to understand),
The existence of maximum competition among contractors during the bids.

Less complicated projects,

DBB project | Typical and common projects,
delivery method | Budget sensitive projects,
works best for: Projects that are not subject to change in design.
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Table 2. Highlighted disadvantages and advantages with the best suited project type for the

CMR method
Construction Manager-at-Risk (CMR)
The client/owner/investor searches for the contractor (based on contractor’s professional
_— qualifications, experience and competence) at the early stage of design, which (later) cause
Highlighted % . .
disadvantages: non-competitive price offer for construction.
' Potential risk if the establishment of a price offer for construction is in the stage of
insufficient progress of design.
Selection of the contractor is primarily based on contractor’s professional qualifications and
R references (not on lowest construction bid price),
Highlighted h s oblicati . . . h h ,
advantages: The contractor’s obligations to prov1fie preconstruction services (t rough contractor’s input
‘ to design) for the purpose of managing constructability and reducing project uncertainties
and risks.
Projects with complex design,
CMR project Projects with several design options,

delivery method
works best for:

Projects with difficult to define design,
Schedule sensitive projects,

Projects that are subject to change in design,
Phased construction.

Table 3. Highlighted disadvantages and advantages with the best suited project type for the

DB method

Design-Build (DB)

Highlighted
disadvantages:

Risks of higher final costs than initial assessment,

Possible problems if the design-build organization/business entity is inexperienced with the
DB project delivery method,

Potential risks due to self-willed engagement of the client/owner/investor.

Highlighted
advantages:

High potentials for rapid project delivery and costs savings because of possibility to overlap
the design and construction phases of a project,

Efficient form of synthesis between the designer and contractor,

Team-oriented project delivery approach,

Team members working under the same contract,

Solutions based on common collaboration and efforts,

Risk reduction of construction delays because of the less possibility of mismatches between
the design and construction and, consequently, necessary corrections.

DB project
delivery method
works best for:

Conventional project,

Projects where project requirements can be clearly defined without 100 % complete of the
design,

Projects that require acceleration or where compressed schedule is needed,

Projects with early costs certainty,

Expertise of design-build organization/business entity is widely available.

4. Analysis of Croatian legislation in relation to the project delivery methods

4.1. Characteristics of Croatian legislation in relation to the project delivery methods

Design-Bid-Build has been the most widely used construction delivery method and also
the one with which most clients are familiar (Kubba, 2017). In Croatia, the DBB method has
been also so far the most widely used project delivery method, because of, as previously stated,
it is the most familiar and common method, but the other reasons were legal constraints in
Croatia. For example, in the initial form of Statute of Croatian Chamber of Architects (article
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72., paragraph 13., Official Gazette, No. 131/2010) (in Croatian: clanak 72., stavka 13., Statut
Hrvatske komore arhitekata, Narodne novine, broj 131/2010) it was stated that the lighter
violation of architect’s duty is performing offer to the client for, both, designing and
construction works. Another example of imposed conditions for applying the DBB method was
the restriction in the Physical Planning and Building Act (article 179., paragraph 3., Olfficial
Gazette, No. 76/2007) (in Croatian: clanak 179., stavka 3., Zakon o prostornom uredenju i
gradnji, NN 76/2007) by which a designer cannot be an employee of a contractor on the same
building. Today’s current Building Act (Official Gazette, No. 153/13, 20/17 and 39/19) (in
Croatian: Zakon o gradnji, NN 153/13, 20/17, 39/19) and Statute of Croatian Chamber of
Architects (Official Gazette, No. 140/2015, 43/2017) doesn’t have those legal restrictions.

Legislation relating to construction projects in Croatia is mainly written in the shape that
follows structure of the DBB project delivery method, separating the designer and design
process from the contractor and construction process. For example, a building permit, that
legally allows the start of construction works, can be obtained only after the main design has
completed. Conceptual design (Preliminary Design) together with the main design (Final
Design) and detailed design (Working Design) can form the design phase of the project.
Previously stated does not apply in the case of simple and other construction works and related
works, where, in certain cases, construction is allowed without main design and building permit.
Conditions for simple and other construction works and related works are prescribed in
Rulebook of simple and other construction works and related works (Official Gazette, No.
112/17) (in Croatian: Pravilnik o jednostavnim i drugim gradevinama i radovima, NN 112/17).
This kind of simple construction works is not covered by this paper.

In Croatia, for most private projects, the main design is the end result of the design phase.
The main design is a set of aligned designs, which provides the technical solution of a
construction work and attests the compliance with the essential requirements for the
construction work (articles 68.- 73., Building Act, Official Gazette, No. 153/13, 20/17 and
39/19). Also, as previously stated, the main design is an inevitable condition for obtaining
building permit. There is only one case in which the main design, is not completely finished,
but meets the conditions for issuing a building permit, and that is in case when the main design
is not providing the technical solution of the finishing of floors, walls and ceilings, partition
non-bearing walls and the installation distribution within the construction work (for “Rohbau”
construction work). Beside the main design, more developed main design is the detailed design.
The detailed design develops the technical solution laid down by main design (article 74.,
Building Act, Official Gazette, No. 153/13, 20/17 and 39/19). Detailed design has to be
developed for the construction works planned by the State plan of Croatia for spatial
development or in the cases where the client and contractor have agreed so in a building
contract. Unlike the main design, the detailed design may be adapted to the dynamics of
construction works (article 34., Rulebook on compulsory content of documentation of
construction projects, Official Gazette, No. 64/14, 41/15, 105/15, 61/16 and 20/17) (in
Croatian: clanak 34., Pravilnik o obveznom sadrZaju i opremanju projekata gradevina, NN
64/14, 41/15, 105/15, 61/16, 20/17).
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According to the Building Act (article 53, Official Gazette, No. 153/13, 20/17 and 39/19)
the contactor is a person who constructs or carries out certain works on the construction work.
In this case, the law (obviously) mostly limits the scope of the contractor’s work only to the
works on the construction site. Pre-construction services of the contractor during the design
phase (like constructability review), does not appear in any law, related rulebook or other
regulations, relating to construction projects in Croatia. In the Civil Obligations Act (article
630, paragraph 1, Offical Gazette, No. 35/05, 41/08, 125/11, 78/15, 29/18) (in Croatian: ¢lanak
630, stavka 1, Zakon o obveznim odnosima, Narodne novine, broj 35/05, 41/08, 125/11, 78/15,
29/18) it is stated that, where the construction contract contains a “turn-the-key” provision or
some other similar provision, the contractor undertakes to carry out independently all the work
needed for construction and use of the construction. Construction contract with a turn-the-key”
provision, or some other similar provision, may also include designing (article 630, paragraph
1, Civil Obligations Act, Offical Gazette, No. 35/05, 41/08, 125/11, 78/15, 29/18). The
aforementioned legal regulations may be used to deliver a single contract for designing and
construction works with the client. However, it is still necessary to respect the sequence of
separate activities, for example first making the main design, afterward, obtain permits and
finally, performing construction works, i.e. following the provisions of the Building Act
(Official Gazette, No. 153/13, 20/17 and 39/19). With the existing legislation relating to
construction projects in Croatia, overlapping of the design and construction phases of a project,
which is characteristic for the Design-Build method, is questionable to achieve.

In cases of project delivery with an costs estimate for procurement of goods and services
higher than 200 000 HRK (Croatian Kuna) and/or an costs estimate for works higher than 500
000 HRK it is compulsory to apply the Law on Public Procurement (article 12, paragraph 1,
Official Gazette, No. 120/16) (in Croatian: Zakon o javnoj nabavi, NN 120/16) and to fulfill
the conditions of a public or sectoral (or other entity) contracting authority. According to the
Law on Public Procurement (article 3, paragraph 32, Official Gazette, No. 120/16) the public
procurement contract is a contract between one or more business entities and one or more
contracting authority for the purpose of performing works, delivery of goods or providing a
service. Furthermore, the public procurement contract of works in construction presents a
contract whose object can be construction works or design and construction works (article 3,
paragraph 33, Law on Public Procurement, Official Gazette, No. 120/16). The public or
sectoral contracting authority determines the procurement object in a way that represents a
technical, technological, design, functional or other objectively determinable whole. The
description of the procurement object contains the technical specification, which, if necessary,
is completed with drafts, project documentation, drawings, models and samples, and similar. In
cases of mixed contracts, whose procurement objects are: partially services and partially goods,
or, partially services and partially social and other special services, the main object is the one,
which has higher estimated value. If the various parts of mixed contracts are objectively
detachable, the contracting authority may decide to award separate contracts for separate parts
or to award a single contract. Experience of investing public funds for meeting public needs, so
far, has at times, shown inadequate knowledge and even insufficient effort to rationally and
conscientiously manage public funds (Car-Pusi¢, 2014). The public procurement of works in
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construction is a complex procedure and requires high level of knowledge of legal laws,
regulations and obligations of involved parties in construction activities.

The DBB method generally and commonly doesn’t require a contract-regulated
cooperation and coordination of works between the designer and contractor. Therefore in
conditions that require mutual collaboration, for example making the detailed design (which
may be adapted to the dynamics of construction works), there is a high level of risk of
ineffective and conflict collaboration due to (adverse) considerations it’s a part of the job, from
the aspect of the designer, within contractor’s obligations, i.e., from the aspect of the contractor,
within designer area of work. According to the Turina (2008) research, related problem to the
previous mentioned limitation is that the main design is usually not developed sufficiently well
because of the short time in which permits wants to be obtain. Shortcomings of the main project
are later attempted to be corrected in detailed design causing project delays and tense
relationships between the contractor and designer. Furthermore, if design problems occur
during the construction works, the client has no coercion instrument towards the designer,
therefore the client force the contractor to solve the problem (Turina, 2008). The above-
mentioned possible scenarios of the DBB method are particularly difficult to solve for a
complex type of project.

For the purpose of overcoming of some disadvantages of the DBB method and fulfilling
the constructability goals, the contractors can be non-formal involved in the design phase. In
Turina (2008) research, this aforementioned method has got the following name: traditional
model with elements of a novated design&build model. In the novated DB, the client novates
its design team to the successful bidder to carry out the detailed design as the contractor’s
consultant (Xia ef al., 2012). As a consequence of novation, the design team's obligation to the
client gets transferred to the contractor who becomes responsible for carrying out the detailed
design work at a later stage of project life cycle (Doloi, 2008). However, in Turina (2008)
research it is stated that the constructability goals in a traditional model with the elements of a
novated design&build model are still minimally achieved.

5. Discussion

In Croatia, the DBB method has been so far the most widely used project delivery method.
Also, constructability still hasn’t reached significant impact in construction practice in Croatia.
Constructability is defined as the optimum use of construction knowledge and expertise in
planning, design, procurement, and field operations to achieve overall project objectives (CII,
1986). In comparison with the Construction Manager-at-Risk (CMR) and Design-Build (DB)
methods, the contractor in the DBB method has less input to the design. The CMR and DB
methods imply inclusion of the contractor in the design process, exactly because of the intention
to manage constructability and reduce project uncertainties and risks. Building Act (Official
Gazette, No. 153/13, 20/17 and 39/19) limits the scope of the contractor’s work only to the
performing works on the construction site. Pre-construction services of the contractor during
the design phase (like constructability review), does not appear in any law, related rulebook or
other regulations, relating to construction projects in Croatia. To overcome this limitation, it
seems that the contractor should be forced to perform any other activities that are beyond
constructing or carrying out certain works on site. But, is the contractor willing to accept this,
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because it is not within contractor obligation (and knowledge) under the Building Act (Official
Gazette, No. 153/13, 20/17 and 39/19)? Problem of lack of constructability in construction
practice in Croatia, should be first appropriately resolved by legislation that more clearly
permits the application of integrated project delivery and turnkey approaches (such as CMR
and DB), and then should be working to raise the awareness of it.

One of the DB method characteristics is overlapping of the design and construction phases
of a project. The DB method is best suited for conventional project with clearly defined
requirements and for which design-build organization has widely experience. In Croatia,
overlapping of the design and construction phases, in order to accelerate project delivery, is
questionable to achieve. Generally, the DB method implies obtaining permits within the
duration of the Final Design (i.e. main design). But in Croatia, according to the Building Act
(Official Gazette, No. 153/13, 20/17 and 39/19), it is necessary to respect the sequence of
separate activities, for example, first making the main design, afterward, obtain permits and
finally, performing construction works. There is only one case in which the main design, is not
completely finished, but meets the conditions for issuing a building permit, and that is in case
when the main design is not providing the technical solution of the finishing of floors, walls
and ceilings, partition non-bearing walls and the installation distribution within the construction
work (for “Rohbau” construction work). But this exception in scope of the main design just
represents one legal aspect of fulfilling the conditions for issuing a building permit, not the
overlapping of the Final Design phase (i.e. making the main design) and construction works.
Therefore, with this kind of regulation in Croatia, it is questionable to meet the appropriate
conditions for compressed schedule, i.e. overlapping of the design and construction phase of a
project.

6. Conclusion

The Design-Bid-Build (DBB) project delivery method (or traditional approach) is most
suited for less complicated, typical and common projects that are budget sensitive and not
subject to change in design. For complex design projects, or projects that involves high risks
and many uncertainties, or projects that are schedule sensitive and require acceleration,
achieving overall project objectives and project success may not be possible to realize with the
application of the DBB method. Non-traditional forms are considered as integrated project
delivery and turnkey approaches, where the two most common forms are Construction
Manager-at-Risk (CMR) and Design-Build (DB) project delivery methods.

This paper gives models of structure of project delivery methods in relation to the activities
of design and construction phases, with contractual relationship between participants (Figures
1-3). Tables 1-3 provide an overview of the highlighted disadvantages and advantages for each
project delivery method with the best suited project type. But, selection of the appropriate
project delivery method should be also considered in combination with other issues such as
client’s management skills or contractor’s management capability, financial resources, time
constraint, quality, resources, project roles and responsibilities, and by the impact of risk and
uncertainty. For the DBB method, one of the highlighted disadvantages is designing without
contractor’s feedback about it, while one of the highlighted advantages is the existence of
maximum competitions among contractors during the bids. Furthermore, for the CMR method
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one of the highlighted disadvantages is non-competitive price offer for construction, while one
of the highlighted advantages is the contractor’s obligations to provide preconstruction services
(through contractor’s input to design) for the purpose of managing constructability and reducing
project uncertainties and risks. Finally, for the DB method, one of the highlighted disadvantages
are possible problems if the design-build organization/business entity is inexperienced with the
DB project delivery method, while some of the highlighted advantages are single point of
contact (i.e. single contract) with the client, and high potentials for rapid project delivery and
costs because of possibility to overlap the design and construction phases of a project. In both
CMR and DB project delivery methods, the contractor is involved in the design process through
constructability reviews to ensure optimum efficiency, high quality, shorter schedules, safe
execution of construction, and to reduce claims and changes in orders, as well as project
uncertainties and risks. Comparison of project delivery methods served as a platform for the
analysis of the application of considered models in the context of Croatian legislation.

Legislation relating to construction projects in Croatia is mainly written in the shape that
follows structure of the DBB project delivery method, separating the designer and design
process from the contractor and construction process. In Croatia, the DBB method has been so
far the most widely used project delivery method because, it is the most familiar and common
method, but the other reasons were legal constraints in Croatia. In today’s Croatian legislation
those legal constraints were removed. Croatian legislation no longer expressly forbids the
applications of integrated project delivery and turnkey approach. However, there are some
potential ambiguities for managing those project delivery methods, such as managing the CMR
and DB methods. One of the potential ambiguities in Croatian laws, regulations and obligations,
relating to construction projects, arises in the areas for pre-construction services (like
constructability review) and overlapping of the design and construction phases (for example,
making the main design and start of construction works) of a project. Respectively, Croatian
legislation does not specify any contractor’s obligation for contractor’s input to the design, by
reviewing the design drawings and forthcoming construction process, in order to manage
constructability. Also, Croatian legislation does not specify how to meet the appropriate
conditions for compressed schedule (i.e. overlapping of the design and construction phase of a
project), specific characteristic of the DB method. It is of great importance to more clearly
resolve these issues. Legislation should not have any ambiguities or obstacles that prevent any
kind of development and prosperity. Future research (after a clearer resolution of mentioned
issues in Croatian legislation) can be based on the realization of the CMR and DB methods in
Croatia, in the context of Croatian legislation, project type and complexity, client’s
management skills or contractor’s management capability, financial resources, time constraint,
quality, resources, project roles and responsibilities, and by the identified limitations in
implementation.
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Abstract:

The construction industry has consistently proven itself to be one of the most challenging
and dynamic fields of professional practice. General business activities and risk are inseparable;
therefore, risk management has grown as a function and component of standard business
operations. Insurance is an agreement where losses that are incurred by a few parties are shared
with many others who may be susceptible to similar risks. This study is aimed at appraising the
efficiency of insurance schemes as a risk management tool in the South African construction
industry. To achieve this, a quantitative research method was used, and a structured
questionnaire was designed to gather primary data for the study. The target population was
contractors, government construction officials, consultants, and insurance organisations. The
choice of these respondents was premised on the fact that insurance administration is a
subjective task that is not part of the industry’s core functions, therefore only selected
individuals in the industry get the opportunity to be involved directly. Statistical tools such as
Descriptive statistics, Mean Item score, and Kruskal-Wallis non-parametric test was used in
analysing retrieved data. It was observed from the findings that insurance use in the construction
industry is efficient in managing external risks, financial challenges, and health & safety. It was
concluded that insurance can be used as a risk management tool for managing external risks,
financial challenges, and health & safety risks.

Keywords: construction industry; insurance, risk management, risk mitigation

1. Introduction

All over the world, the construction industry has consistently proven itself to be one of the
most challenging and dynamic fields of professional practice (Zou, Zhang, & Wang, 2007). It
has therefore gained notoriety as a sector that harbours the most potential for extreme risk by
various means of evaluation (Babu & Kanchana, 2014). Ghahramanzadeh (2013) argues that
the capacity of risk in this industry invariably out-weighs the potential carried by many other
business sectors; therefore, it is paramount to introduce and continue to improve methods of
dealing with risk. Often, risk prevention fails, which brings about the need for Insurance -
among other methods of risk mitigation (Bunni, 2003). Much research has been conducted in
order to identify and assess risks within the construction sector and as a result better
understanding of these factors has been realised (Keci & Mustafaraj, 2013; Rezakhani, 2012;
Zou et al., 2007). The same, however, cannot be said for insurance, which is where this study
derives relevance by seeking a deeper understanding and to further highlight what is
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contextually relevant to the South African Construction Industry (SACI), while considering any
other related knowledge gaps that may exist. While the knowledge gathered on construction
project risks is valid, most of what is known failed to earnestly discuss the specific part that
insurance plays within construction projects. Although, the account of risk and its factors are
by no means exhaustive, it is undeniable that high levels of risk mitigation are necessitated
(Ke¢i & Mustafaraj, 2013; Rezakhani, 2012). One of such risk mitigation strategy is insurance.

The most notably comprehensive insurance cover policy is referred to as Contractor’s All
Risks insurance (CAR) (Musundire & Aigbavboa, 2015), and due to its far-reaching nature, this
body of work is largely based on it. Workers Compensation Insurance (WCI) is a version of
insurance that protects lost wages and medical treatment for all work-related illnesses or
injuries. Risks and disputes are part and parcel of business, however, the construction industry
itself presents increasingly complex challenges, due to the processes and magnitude of
contemporary projects. Great losses can be incurred due to risks, and the traditional method of
self-insuring is no longer perceived to be practical from an economic standpoint. Other methods
of dispute resolution, such as court proceedings are also no longer popular, not only because
they are costly, but they are also thoroughly time-consuming (Song, Pefia-Mora, Menassa, &
Arboleda, 2011).

2. Literature Review

Insurance is described as a means by which casualties incurred by a smaller party are
compensated through funds gathered from those who are mutually insured. Financial loss that
has resulted from an insured risk, is reimbursed by the insurer (Kikwasi, 2011). Insurance is,
therefore, a protection against the uncertain. In principle, insurance is an agreement where
losses that are incurred by a few parties are shared with many others who may be susceptible
to similar risks (Anderson & Brown, 2005). The insurer is the company that offers insurance
protection, while the insured is the party that buys it. Those parties who have the intention to
obtain protection against particular risks pay a relatively low amount of money, often in regular
premiums, to an insurance facilitating organisation in return for the insurance cover (Anderson
& Brown, 2005).

2.1. Risks Associated with the South African Construction Industry

According to (Dey, 2002), risk is a situation that involves exposure to the probability of
financial or economic danger, gain or loss, injury or damage due to uncertainties. General
business activities and risk are inseparable; therefore, risk management has grown as a function
and component of standard business operations (Apostolik, Donohue, & Went, 2009). Risk
management involves the different processes involved in limiting, controlling and sharing of
risk instead of simply transferring the effects to another party. It is therefore, a typically
structured process that facilitates the decisions to reduce both the effects and likelihood of
associated risk (Broome, 2009; Bunni, 2003; Liu, City, Li, & Byrd, 2004). Systematic
identification of where uncertainties originate, assessment of effects and probability of
occurrence are carried out in order to realise a plausible balance between risk and more
favourable positions (Harrington & Niehaus, 1999). Kerzner (2001) opined that formal methods
of risk management include identification, analysis, planning, assessment, monitoring, and
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handling. The standard process structure begins with identifying types and sources of risk,
which is followed by a classification of risk by types of hazard and its effects. Next up is the
evaluation of outcomes through various assessment techniques, which is followed by that
specific organisation’s decision regarding risk handling and finally, the actual response on how
to manage the risk at hand. The risk response can either be to transfer it, to retain it, reduce it
or even to avoid it. Insurance is one of three sub-components of the ‘risk transfer’ category.
Construction companies deal with risk transfer in three different ways. These official avenues
for risk transfer are the use of insurance, contract modifications and subcontracting. Insurance
remains the most widely used method, thanks to its efficiency and reduced likelihood of
creating additional problems, although this is not to say it is without its own faults (Odeyinka,
2000).

Key project risks have direct influence over insurance usage or have indirect influence
through impacting overall profitability. Overall profitability can determine an organisation’s
ability and willingness to implement risk management strategies which bring about the need
for a considered account of the risks that are of significant consequence in the construction
sector (Bunni, 2003). Today, the function of insurance goes beyond assisting in risk mitigation
for contractors. Insurers in the construction industry are also burdened with helping clients
through risk identification, analysis and providing advice on how to reduce the likelihood of
these risks. This improved efficiency of insurance in risk mitigation can, unfortunately, lead to
complacency as some industry participants advocate transferring the entire risk management
component to insurers. It is therefore paramount to discourage people from adopting this notion
as it is terribly ill-informed. Insurance should not even be considered as an alternative to any
safety program as it does not directly address hazards but can only be a last resort in response
to loss occurrence. It is not the role of insurance to eliminate risk or moderate unsafe work
practices, which are incidentally the major sources of losses (Liu et al., 2004).

According to Riddel (2017), risks in the SACI includes: Change in legislation; Physical
risks; Environmental factors; Designing; Logistics; Financial; Construction Issues/ overruns.
Ultimately, risk management is a collective effort by different parties to realise a common goal
which is to reduce overall project risk. The main reason for this is to maintain control of projects
objectives, which are to successfully complete projects without exceeding the prescribed
budgetary parameters (Dey, 2002).

3. Research Methodology

A quantitative approach to data collection took precedence as it is an effective way to
achieve the aim and objective of this research work. Both primary and secondary sources of
data were used albeit differently. The main primary source of data is the use of a well-structured
questionnaire, while secondary information has been obtained largely from reviewing existing
related literature and other relevant articles. The population used for this research study include
construction industry professionals such as Architects, Engineers, and Quantity Surveyors,
however, with prioritization for senior-level managers as they are more likely to know about
insurance. Insurance industry employees such as agents and managers were also part of the
population for the study provided that they have some construction related experience, with
prioritization of individuals who have worked with CAR insurance. This inclusion of diverse
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professionals is key to getting a truer reflection of results since the industry itself is comprised
of diverse participants. A total of 65 copies were distributed, with 47 responses retrieved and
found suitable for analysis. The questionnaire was designed using closed-ended questions to
retrieved respondents’ opinion on the efficiency of insurance as a risk management tool in the
South African construction industry. The questions adopted 5-point Likert scale for ranking the
variables. The scope of the research is limited to Johannesburg with most of the respondents
(approximately 94%) accessed in Gauteng province. Purposive sampling was used as insurance
administration is a subjective task that is not part of the industry’s core functions, therefore only
selected individuals in the industry get the opportunity to be involved directly. Statistical tools
such as Descriptive statistics, Mean Item score, and Kruskal-Wallis non-parametric test was
used in analysing retrieved data.

4. Findings and Discussions

Figure 1. Category of respondent’s organisation

From figure 1 above, the study shows that 31% of the respondents either work for or work
as contractors with government workers constituting 11% of the respondent’s population and
various construction industry consultants made up 32% of the collective. People who work with
the construction industry from the insurance organisation end made up the remaining 26% of
the total group of respondents.
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Figure 2. Years of experience of respondent’s

Figure 2 indicated that 50% of the respondents have construction-related work experience
that ranges from 1 to 5 years, while 34.8% of the same group have work experience ranging
between 6 to 10 years. Only 5.0% of the population had between 11 to 15 years of experience,
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while 10.0% of the respondents had worked in the construction industry for at least 16 years or
even longer.
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Figure 3. Number of projects respondents have been involved in

From figure 3 above, only 10.9% of the respondents have the limited experience of working
on 2 projects or less, while 13.0% of those people have worked in the region of 3 to 5 projects
in total. 23.9% of the group have participated in about 6 to 9 projects, while 15.2% of
respondents have participated in between 10 to 14 projects. 37.0% of the respondents have been
able to get involved in about 15 or more construction projects. With the background information
of the respondents, it is obvious they have the required expertise to provide a reliable opinion
about the efficiency of insurance as a risk management tool in the South African construction
industry.

Table 1 shows the efficiency of insurance as a risk management tool according to the
rankings of the respondents. The Kruskal-Wallis Asymp. Sig. values are all above 0.05
indicating that there are no statistically significant differences in the opinions of the different
category of respondents on the efficiencies of insurance as a risk management tool. The higher
the Kruskal-Wallis Asymp. Sig. value, the smaller the difference in the opinion of each category
of respondents to the other. Respondents are of the opinion that construction insurance is best
useful at helping mitigate external risks. Such risks include losses that cannot typically be
controlled by people or organisations such as damage caused by natural disasters. At first rank,
the mean stands at 3.80, which is slightly short of scoring ‘high’ according to the 5-point Likert
scale measure. This indicated that when adequate insurance cover is made for a construction
project and external risks arise, the construction project can still be completed without
encountering deviation from the set project objectives and budget.
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Table 1. Efficiency of Insurance as a risk management tool

Chi-Square
Efficiency of Insurance MIS Value Asymp. Sig. Rank
Efficiency at managing External Risks 3.80 1.77 0.62 1
Efficiency at managing Financial Challenges 3.50 7.08 0.07 2
Efficiency at managing Health & Safety 3.36 5.14 0.16 3
Efficiency at managing Overruns 2.93 2.36 0.50 4
Efficiency at managing transgressing Legislation 2.93 3.07 0.38 4
Efficiency at managing Design issues 291 0.47 0.93 6
Efficiency at managing Logistic problems 2.80 3.82 0.28 7

This findings agrees with the submission of Musundire and Aigbavboa (2015) indicating
that CAR insurance is efficient in protecting the client and contractor’s interest on construction
projects. With a mean score of 3.50, insurance is considered to be efficient at mitigating
financial challenges such that construction projects can be executed successfully even if the
client/contractor encounter financial challenges during the execution of the project as long as
there is an insurance cover for the construction project. This factor also has the lowest Kruskal-
Wallis Asymp. Sig. value of 0.07 showing a high consensus of the respondent categories and
also agrees with the findings of Musundire and Aigbavboa (2015). Respondents are of the
opinion that insurance has the ability to mitigate health and safety risks on construction site
having ranked it third with a mean item score of 3.36. Health and safety of workers on site is
one of the major insurance cover clauses included in construction projects to ensure life of
workers are secured. This is in tandem with the research work of Liu ef al., (2004) who opined
that insurance covers for employer’s liability/workmen’s compensation and helps in health and
safety management. A mean score of 2.93 places efficiency of insurance to manage both time
and cost overruns on a construction site at joint fourth place with efficiency at managing
organisation’s legislative transgression. The MIS is slightly below the average value of 3.00
which is an indication that insurance cannot adequately manage these risks if encountered on a
construction project. The efficiency of insurance at managing design issues ranked sixth
according to the respondents which confirm that insurance is not very good at managing such
risks. The Kruskal-Wallis Asymp. Sig. value of 0.93 is the highest among the seven factors
which indicates a high conflicting view from the different categories of respondents on this
opinion. Respondents also share the opinion that insurance fails the most at helping to manage
logistic problems on construction projects.

5. Conclusion and Recommendation

It is concluded from the findings of this study that insurance can be used effectively and
efficiently as a risk management tool for managing external risks, financial challenges, and
health & safety risks. This will give contractors and the client rest of mind when it comes to
managing risks on construction projects. This study, therefore, recommends that risks

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 48



associated with a construction project must be adequately evaluated before the final budget is
made. This will give room for making necessary insurance cover for the construction project.
Construction organisations are also advised to see the need to make use of insurance as a risk
management tool. A further study can be carried out to investigate the extent to which insurance
is used on construction projects within the South African Construction Industry.
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Abstract:

This paper presents the result of a preliminary study conducted to investigate the
stakeholder management (SM) practices being adopted within the South African construction
industry (SACI) and the possible measures needed for proper SM. This was done with a view
towards achieving better stakeholder satisfaction on construction projects delivered within the
SACI. A survey design was adopted with the questionnaire used to solicit quantitative data from
construction professionals practicing in Gauteng province. In analysing the data gathered,
percentage, mean item score, standard deviation, and one-sample t-test were adopted. The
findings of the study revealed that in terms of the approach towards managing stakeholders,
more emphasis is placed on monitoring and engagement of stakeholders than their
identification. This approach can impact negatively on the proper management of stakeholders
within the SACI as there is the need to adequately identify stakeholders from the onset of a
project. Thus, to improve SM within the SACI there is the need to explore the needs and
limitations of the stakeholders in a project and understand what interest them. It is equally
important to define the project mission and formulate appropriate project delivery strategies.
Although the result presented in this paper is the preliminary findings of a much larger research,
it adds significantly to existing knowledge in terms of the important measures needed for proper
SM and the attainment of stakeholders’ satisfaction within the SACI.

Keywords: construction professionals; drivers; stakeholder management, project success

1. Introduction

All over the world, the construction industry has been termed as a challenging industry due
to its complex and dynamic nature. This dynamic nature of the industry is believed to be the
aftermath of uncertainties in technology, budgets, and development processes. However,
despite these challenges, the industry still plays a major role in the development and
achievement of the goals of society (Chan et al., 2004; Navon, 2005). The complex nature of
the construction industry has been associated with the fact that the industry contains many
parties who are regarded as stakeholders (Enshassi et al., 2009). According to Hammad (2013),
the obvious importance of the industry to other sectors of the economy has brought about the
presence of different stakeholders in the delivery of construction projects. These stakeholder’s
interest varies and therefore needs to be managed accordingly.

In the past, project success was evaluated using the trio of time, cost and quality. However,
in recent times, other performance measurement yardstick has evolved. Measures such as
stakeholders' satisfaction, customers benefit, and the likes have been observed over time.
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Atkinson et al. (1997) noted the importance of incorporating the success of the stakeholders,
evaluating their contributions and understanding their expectations in determining project
success. Oliver and Rowlinson (2010) further solidified these assertions by stating that as
project objectives differ so does the factors influencing their success. Similarly, the perception
of the project stakeholders differs in terms of what constitutes success. Olander (2007) has
earlier described a stakeholder as “a person or group of people with a vested interest in the
success of a project and the environment within which the project operates”. Therefore, creating
a way to effectively manage the relationship between the project and its stakeholders is crucial
if success in a construction project is to be well defined (Yu and Shen, 2005).

There is no gainsaying that many stakeholders within a construction project is bound to
bring with it some amount of disagreement among participants. This disagreement will most
likely affect the project adversely. According to Hammad (2013), these disagreements among
stakeholders are often because of poor identification and management of the different
stakeholders involved in a project. Thus, identifying and recognising the stakeholders’
influence on successful project delivery is important to plan and execute sufficiently rigorous
stakeholder management (SM) process (Olander and Landin 2005). Although the importance
of SM in construction projects has been reiterated by several researchers (Newcombe, 2003;
Olander and Landin, 2005), poor record of SM is still evident within the construction industry
of most developing countries around the world, and the South African Construction Industry
(SACI) is no exception. This unhealthy situation is evident in the poor and unsatisfactory
project delivery being experienced in the country (Emuze and Smallwood, 2011). Thus, if a
successful project is to be achieved through effective stakeholder’s management, identifying
the stakeholders to a project is imperative. It is also important to ascertain their requirements
and expectation and manage their influence in relation to the determined requirements (Othman
and Abdellatif, 2011). It is based on this knowledge that this study, assessed SM approaches
used within the SACI and the possible measures needed for proper SM. This was done with a
view towards improving SM within the country’s construction industry and by so doing
increasing the delivery of successful projects that meet stakeholder’s specifications. The
subsequent parts of this paper show the review of existing literature, the methodology uses, the
findings and conclusions drawn from the findings. Based on the conclusion, recommendations
were made.

2. Stakeholder Management in Construction

Freeman (1984) defined the term ‘stakeholder’ as “any group or individual who can affect
or be affected by the achievement of an organisation’s objectives”. Following this definition,
Newcombe (2003) defined a stakeholder with respect to the construction project as those
individuals with a keen interest in the success of a project. Olander (2007) further affirmed this
by stating that a project stakeholder is any person or group of persons with a significant interest
in the successful completion of a project and subsequent development of the environment
wherein the project is being carried out. Newcombe (2003) gave examples of these stakeholders
in relation to a construction project to include “clients, project managers, designers,
subcontractors, suppliers, funding bodies, users and the community at large”. Thus, it can be
said that construction project stakeholders can affect the accomplishment of a project or be
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affected by it (Freeman, 1984), therefore, satisfying their needs is a key factor in determining
project success (Turner, 1999; Smith et al.,, 2001). Olander (2002) have also earlier noted that
construction stakeholders include a large set of individuals or groups as they occur both within
the industry and the project environment. These set of individuals are affected either positively
or negatively by the project. These effects can range from effective communication among
stakeholders and a better standard of living for people within the project environment to
negative construction impact on the physical environment such as deterioration and depletion
of the environment’s resources.

In classifying project stakeholders, Atkin and Skitmore (2008) posited that project
stakeholders can be related to a project wither from within or outside the organisation. Those
from within have a direct influence on the decision-making process within the organisation,
while those from outside are affected by the organisation’s decisions. Similarly, Carroll and
Buchholtz (2006) have earlier grouped stakeholders as contracted and uncontracted
stakeholders. The contracted stakeholders have a contractual relationship and according to
Savage et al. (1991) can make a claim based on the contractual relationships. The uncontracted
stakeholders, on the other hand, can either influence the project or be affected by it even with
the absence of a contractual relationship. Chinyio and Akintoye (2008) classified project
stakeholders based on decision-making. It was stated that stakeholders can either be
“supportive, neutral, or anti-supportive”. Construction stakeholders according to Harris (2010)
and Siriwardena et al. (2010) can be grouped as: clients, consultants, contractors, funding
body/donor; non-governmental organisations, government, beneficiaries’/end users, the public,
and local landowners/neighbourhood. Considering these large arrays of stakeholders, managing
them effectively with a view towards attaining successful project becomes important. While
management of stakeholder can be defined in varied forms, the key components are in most
case the same. They are the key stakeholder management activities that need to be in place for
effective stakeholder management. These are; stakeholders’ identification, getting the right
information on stakeholders, analysing their influence, communication, and developing
strategies (Bourne and Walker, 2006; Karlsen, 2002). Therefore, stakeholder management is
“the process of identification, analysis, communication, decision making and all other kinds of
activities in terms of managing stakeholders” (Yang et al., 2011).

According to Bourne and Weaver (2010), stakeholder management practices refers to the
methods for selecting and managing the right stakeholders. These include: identifying;
prioritising; visualising or mapping; engaging and; monitoring or managing. Identifying
stakeholders is the starting point of stakeholder selection and it focuses or helps on defining
different stakeholders to a project. Olander and Landin (2005) have earlier noted the importance
of stakeholder identification from the onset of the project. Through this identification, the effect
these stakeholders can have on the project (positive or negative) can be determined and these
can be managed through effective communication. Ibrahim (2014), therefore, submitted that
stakeholder identification involves knowing the different participants of a project whose role is
geared towards successful completion of the project. Since not all stakeholders are the same,
nor are they all affected by the project in the same way, prioritising stakeholders is therefore
important. Nash and Chinyio (2010) stated that since most times it is difficult to satisfy the wish
of all stakeholders, prioritisation helps in making the best possible decision in each situation.
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Kolk and Pinkse (2007) noted that organisations can prioritise some stakeholders at the expense
of others, thereby allowing the organisation to concentrate on a significant number of
stakeholders at a time.

After prioritising stakeholders, it is important to develop a list that shows the different
characteristics of the stakeholders. The list is geared towards helping the organisation in making
a strategic decision regarding the management of the project stakeholders (Bourne and Weaver,
2010). This process of assessing the stakeholders base on their key characteristics is known as
visualising or mapping of stakeholders. Common key characteristics which are looked out for
are the power of the stakeholders, their support, influence, interest, attitude, and predictability.
Next step is to engage these stakeholders in a bid to identify the key area of focus for the scarce
available resources of the organisation and in attaining maximum project outcome. This process
of engaging stakeholders is considered important if effective use of organisations resources is
to be achieved (Bourne, 2010). Low and Cowton (2004) identified two (2) steps for engaging
stakeholders. The first step involves meeting with the stakeholders to assess their view about
the project while at the same time understanding that their level of influence on the corporate
decision-making of the project at this stage is minimal. Secondly, a more inclusive stakeholder
management approach is taken, thereby creating avenues for stakeholders to be involved in
decision-making and integrating. The last step is monitoring stakeholders which involves
managing the influence of the identified stakeholders on the project outcome. Since different
stakeholders abound on every given project, there is the possibility of conflicts arising between
them and this may be detrimental to the outcome of the project. Monitoring them will, therefore,
help in predicting these conflicts before they occur and solving them early. This is mostly done
through effective communication. It is necessary to have a specific communication strategy that
1s designed for the project stakeholder community (Bourne, 2010).

3. Research Methodology

This study assessed the management of stakeholders within the SACI through a preliminary
evaluation of the SM approaches being adopted within the industry as well as the possible
measures needed for their proper adoption. A survey design was adopted for the study and
quantitative data was gathered from construction professionals (Architects, Engineers, Quantity
Surveyors, and Construction managers) practising in Gauteng province using a structured
questionnaire. A total of 58 construction professionals participated in the study. The
questionnaire used was designed based on the findings from the review of existing literature on
the subject under study. The choice of using a questionnaire was because the questionnaire has
been adjudged to be easiest and most widely used research instrument in most social researches
and it has the ability to cover a wide range of respondents (Blaxter ez al., 2001; Tan, 2011). The
questionnaire was designed in sections with the first section designed to gather information on
the respondent’s background. The second section gathered information regarding the SM
approaches being adopted and the possible drivers needed for their proper adoption. A 5-point
Likert scale was employed with 5 being very high adoption/significance, and 1 being very low
adoption /significance. The average was set at 3. Data analyses were done using percentage for
data on the background information of the respondents. Mean Item score (MIS) and standard
deviation (SD) were used to rank the identified variables based on their rating with the highest
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mean value ranking first. However, where two variables have the same mean value the one with
the lowest standard deviation was ranked first as suggested by Field (2005). Furthermore, a
one-sample t-test was further used to identify the level of significance attached to the identified
variables. The reliability of the questions in this second section was also tested using
Cronbach’s alpha test which gave an alpha value of 0.933 and 0.937 for both the adoption of
SM approaches and the drivers. This implies that the questionnaire used was reliable.

4. Findings and Discussions

4.1 Background information

Analysis of respondent’s background information revealed that 16% were architects, 24%
were engineers, 32% were quantity surveyors, and 28% were construction managers. Majority
of these respondents (71%) have above 5 years working experience within the built
environment, while only 29% have below 5 years of working experience. The average years of
working experience of the respondents are calculated as 10.1 years which shows that the
respondents for the study have significant experience within the built environment to give
reasonable answers to the question of the research. Also, the respondents for the study are
considered educated enough as the majority of them have a Bachelor’s degree (44%), while
28%, 20%, and 8% have a National Diploma, Master Degree, and a Higher Certificate
respectively.

4.2 Stakeholder Management Practices adopted in the South African Construction Industry

The result in Table 1 shows the different SM practices assessed, their mean value and
standard deviation, as well as their t-value and significant p-value derived from one-sample t-
test conducted. From the table, it is evident that all the assessed SM practices are being adopted
as they all have a mean value of the above average of 3.0. Similarly, one-sample t-test revealed
that the respondents consider these identified SM practices significant as a significant p-value
of less than 0.05 was derived for all assessed variables. From the table the most adopted SM
practices are monitoring stakeholders (mean = 3.84, sig. = 0.000), engaging stakeholders (mean
= 3.78, sig. = 0.000), and prioritising stakeholder (mean = 3.55, sig. = 0.000). Lesser
consideration is placed on the identification of stakeholders as it was ranked the least with a
mean value of 3.34 and a significant p-value of 0.007.

From the above result it can be concluded that base on construction professionals’
perspectives, adequate attention is given to the monitoring, engaging and prioritising of
stakeholders within the SACI. However, the first major practice towards effective management
of stakeholders which is their identification is given less attention. Othman and Abdellatif
(2011) have earlier mentioned that for a project to be adjudged successful specifically with
relation to stakeholder’s satisfaction, the project team must identify the stakeholders of the
project and sufficiently define their expectations. Only after identifying these stakeholders can
other practices such as prioritising them, mapping them, engaging them and then monitoring or
managing them as observed by Bourne and Walker (2006) be achieved. Findings of this study
are in line with the submission of Ibrahim (2014) which shows that not all the stakeholder
management activities are taken into consideration is stakeholder management of most
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construction projects. Thus, if effective project delivery is to be achieved through stakeholder
management, then thorough consideration must be given to the whole stakeholder management
practices. Seeing the stakeholder management approach as a holistic management approach
rather than piecemeal help the delivery of a successful project achieved through proper
stakeholder management.

Table 1: Stakeholders management practices adopted in the SACI

One-sample t-test

SM Approaches Mean SD Rank t Sig. (1-tailed)
Monitoring 3.84 1.225 1 5.250 0.000
stakeholders

Engaging stakeholders 3.78 1.257 2 4.700  0.000
Prioritising 3.55 1.111 3 3.782  0.000
stakeholders

Mapping of 3.48 1.080 4 3.404 0.000
stakeholders

Identification of 3.34 1.035 5 2.536  0.007
stakeholders

4.3 Measures for Improving Stakeholder Management in the South African Construction
Industry

The result in Table 2 shows the ranking of the possible measures for SM improvement as
rated by the respondents. Based on the review of related literature, some measures were
identified, and respondents were asked to rate these measures based on their level of
significance using a 5-point scale. The table shows the mean value of the different identified
measures, their standard deviation, t-value and significant p-value derived from one-sample t-
test conducted. A cursory look at the table shows that all the assessed measures have a mean
value of above average of 3.0. This implies that to a considerable extent these measures if
implemented can help ensure proper SM within the SACI. Similarly, one-sample t-test revealed
that the respondents consider these identified measures to be significant to the proper adoption
of SM as a significant p-value of less than 0.05 was derived for all assessed variables. Chief of
these measures are exploring stakeholders’ needs and constraints in projects (mean = 4.38, sig.
= (.000), understanding the area of stakeholders’ interests (mean = 4.10, sig. = 0.000), defining
project missions (mean = 4.1, sig. = 0.000), formulating appropriate strategies for the delivery
of the project (mean = 4.09, sig. = 0.000), and assessing stakeholder’s behaviour (mean = 4.05,
sig. = 0.000), and assessing stakeholders attributes (mean = 4.02, sig. = 0.000).

From the findings, it is evident that for SM to improve within the SACI, there is the need
to properly explore stakeholders needs and understand their area of interest. By so doing, the
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right approach towards satisfying the needs and interest of these stakeholders can be adopted
as observed by Smith et al. (2001) and Tuner (1999). This is in line with Yang et al., (2009)
submission which stated that one of the key ways of attaining success in the management of
stakeholder is through identifying stakeholders properly, the understanding area of
stakeholders’ interests, as well as exploring stakeholders’ needs and constraints to the project.
From the result, it is also evident that there is a need to adequately define the mission of the
project and formulate appropriate strategies that will aid the attainment of the defined mission
of the project. This is a vital role for the project manager whose role in the successful
management of stakeholders have been observed in past studies (Newcombe, 2003; Olander
and Landin, 2005; Chinyio and Akintoye, 2008; Ibrahim, 2014). It is also important for the
project manager or the project team to carefully assess the behaviour and attributes of the
identified stakeholders as this might influence the outcome of the project positively or
negatively. A similar observation was made by Hammad (2013). This finding also corroborates
Savage et al., (1991) submission that the capacity and willingness of stakeholders to threaten
or cooperate with project teams should be measured during the stakeholder management
process. This is because, stakeholders may have negative or positive impacts on projects, hence
the need to determine objectors and supporters.

Table 2: Measures for improving stakeholder management in the SACI

One-sample t-test

Ra Sig. (1-
Measures Mean SD nk t tailed)
Explore stakeholders’ needs 4.38 0.895 1 11.737  0.000
Understand stakeholders’ interests 4.10 0.986 2 8.526 0.000
Define project missions 4.10 1.224 3 6.866 0.000
Formulate required strategies 4.09 1.159 4 7.137 0.000
Assess stakeholder’s behaviour 4.05 1.042 5 7.624 0.000
Assess stakeholder’s attributes 4.02 1.110 6 6.922 0.000
Predict stakeholders’ reactions 3.97 1.256 7 5.587 0.000
Manage conflicts effectively 3.95 1.248 8 5.785 0.000
Analyse conflicts and coalitions among stakeholders 3.90 1.224 9 5.579 0.000
Undertake cooperate social responsibilities 3.88 0.880 10 7.609 0.000
Predict stakeholder’s influence 3.84 1.152 11 5.854 0.000
Ensure effective communication 3.78 1.185 12 4.985 0.000
Analyse stakeholder’s changes 3.59 1.229 13 3.633 0.000
Promote good relationship 343 1.110 14 2957 0.003
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5. Conclusion

This study through a preliminary study assessed SM practices used within the SACI and
the possible measures needed for proper SM. Information was gathered from construction
professionals and based on the findings from the analyses conducted, the following conclusions
were drawn. The most common approaches used in managing stakeholders are monitoring
stakeholders, engaging stakeholders and prioritising stakeholder with lesser consideration given
to the identification of stakeholders. This neglect of stakeholders’ identification can impact
negatively on the proper management of stakeholders within the SACI as there is the need to
adequately identify stakeholders from the onset of a project. Therefore, for improved SM to be
attained within the SACI, certain measures need to be put in place. These include: exploring
stakeholders’ needs and constraints in projects, understanding the area of stakeholders’
interests, defining project missions, formulating appropriate strategies for the delivery of the
project, and assessing stakeholder’s behaviour and attributes. Although these findings are the
preliminary findings of a much larger research, it contributes to the body of knowledge as it
brings to light some important measures needed for proper SM and the attainment of
stakeholders’ satisfaction within the SACI. However, care must be taken in generalising the
result of the study as the study was limited to a single province within the country. There is a
need for further studies in other provinces within the country, to compare results.
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Abstract:

Recently 99% of projects are scheduled with traditional Precedence Diagramming Method
(PDM) in order to calculate the project duration and the early and late starts/finishes of
activities. During the decades the modelling capabilities of the method have not been improved:
activities were handled as linear and continuous and the four precedence relationships (FS, SS,
FF and SF) were used to describe the logic between activities. Recently, new developments
were added to the original model to extend the modeling capabilities of the PDM such as point-
to-point and continuous precedence relationships and relationships with AND/OR Boolean
operators or bi-directional relationships. Among these relationships, calculations with AND/OR
Boolean operators are extremely demanding and the application of them soon can lead to the
so-called combinatorial explosion. Time analysis with bi-directional relationships leads to the
same problem since they are replaced by two OR relationships when preparing for time
analysis. The main goal of this research is to check if existing algorithms for relationships with
Boolean operators and bi-directional relationships can be used in real life construction projects.
A logic that contains 9! different scenarios in one project dataset were developed and tested for
running speed.

Results show that the running time of the algorithm depends more on the number of
scenarios (i.e. the number of OR and bi-directional relationships) than the size of the network.
Therefore, above a certain size of scenarios the running time dramatically increases and there
is a need for faster algorithms or heuristics.

Keywords: critical path method; precedence diagramming method; and/or boolean relationships, bi-directional
relationships;

1. Introduction

Finding the optimal project duration in repetitive projects is a well-known, but not deeply
investigated problem due to the limitations of the existing project planning techniques like
Linear Scheduling Method (LSM) and different network scheduling techniques. The problem
can easily be understood based on the following simple, artificially created problem.

There are two pipelines to build in two adjacent parallel streets (street #1, street #2).
Activities are the same in each street, but durations are different due to the different geometrical
and soil conditions. This is summarized in Table 1.

Table 1. Duration of activities on both streets in days
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Street #1 Street #2

Asphalt removal 1 day 1 day
Excavation 4 days 1 days
Pipe-laying 3 days 3 days

For the sake of simplicity let us assume that pipe laying (act C) follows earthwork (B) by
three days safety distance and the same logic exist between earthwork (B) and asphalt removal
(A). The three days safety distance prescribes that at least three days must elapse after the
predecessor activity leaves a certain section of the street before the successor arrives to the same
section. This could be modeled: a) in LSM techniques using a three-day time buffer between
activities A and B and between activities B and C; b) in traditional Precedence Diagraming
Method (PDM) as the combination of SS3days and FF3days precedence relationships between
activities A and B, and between activities B and C; or ¢) defining the recently developed
continuous relationships of PDM by using 3days lags between act A and B and between B and
C. The logic expressed by these three methods for street #1 can be seen on Fig 1.

Figure 1. Interpreting the logic between activities on street #1

The application of continuous relationships is quite new in network planning, they can be
interpreted as the network planning equivalents of the buffers of LSM therefore they can be
applied for non-linear activities too. (Hajdu 2015a), (Hajdu 2016).

Let us assume that there are specialized teams for all activities, one for asphalt removal
(team A), one for earthwork (team B) and one for pipe laying (team C). This means that similar
activities cannot be executed at a same time in different streets. A possible LSM representation
and its PDM network technique representation using continuous precedence relationships can
be seen on Fig 2.
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Figure 2. LSM and PDM representation of the sample project, Sequence of streets: street #1 — street #2

The project duration is 13 days and all teams can work continuously without interruption.
However, we come to another solution if the work starts on street #2 for each types of activities.
The LSM and PDM interpretation of this solution can be followed on Fig 3.

This sequence provides a shorter project duration by one day therefore this must be
selected. Following this line of thought in case of three streets there are six possible cases to
examine (1-2-3; 1-3-2; 2-1-3; 2-3-1; 3-1-2; 3-2-1) and in case of n streets there are n! possible
arrangements among the streets. Computation effort of producing all the possible sequences
very soon leads to the so-called combinatorial explosion as the number of streets increases.
Assuming 15 streets in a project and a computer that can check one million possible sequences
in a second the computation time would be 15 days.

Figure 3. LSM and PDM representation of the sample project. Sequence of streets: street #2 — street #1

Unfortunately checking all the sequences of streets and selecting the one with the least
project duration does not necessarily provides the optimal solution. Fig. 4 shows a situation that
supports this statement. The reader must observe that in this case buffers are not the same.
Sequence street #1 - street #2 leads to 13 days of project duration, sequence street #2- street #1
leads to 11 days of project duration, however the project duration is only 10 days if A2 is
executed after A1, but B2 and C2 are executed before B1 and C1.
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This leads to a conclusion that in case of two streets with three activities there are 6
possibilities, in case of three streets there are 6*6*6=216, and in case of n streets and m different
similar activities (with just one specialized team for each activity type) the number of possible
arrangements is (n/)". Finding the shortest project duration by making a complete enumeration
using the above mentioned computer and algorithm the computational time would be 34 days
in case of five streets and six similar activities which is shockingly long for such a seemingly
small project.

Figure 4. LSM and PDM representation of the sample project. Teams work in different sequence

There are many repetitive projects especially linear projects in the construction industry
where considerations finding the optimal sequence would be useful. Although potentials for
saving time in these types of repetitive projects are huge, planners usually do not apply any
techniques in order to find the optimal sequence. There could be many reasons for this but
probably the static nature of the existing planning techniques plays the major role in this. Under
the term of ‘static nature’ we understand that these models can handle only one possible logical
system of a project and every new sequence requires a creation of a new version of the project
logic through some tiresome modifications. Creating such a huge number of different project
versions is beyond the work that one can expect from any project planner.

Recently developed bi-directional relationships and relationships with Boolean OR and
AND operators (Hajdu 2018) can help in modeling the different logic in one logical plan.
According to Hajdu a bi-directional e.g. FSO relationship between activity A and activity B can
be interpreted as either B follows A or A follows B, but they cannot overlap. The logic that
shows all the 6 possibilities for the sample project by using bi-directional FSO relationships can
be seen on Fig 5.
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Figure 5. Modeling al the possible sequences with bi-directional relationships

The algorithm given by Hajdu (Hajdu 2018) converts all bi-directional relationships into
two relationships with OR Boolean operators, from now on called as relationships with OR
switches. After converting it systematically detects and performs time analysis for all the
possible arrangements to find the sequence with the least project duration. This algorithm soon
can lead to a combinatorial explosion. Hajdu has tested his algorithms only on small size
networks and there is no experience with real life networks. The goal of this paper is to examine
if real life networks can be solved by using Hajdu’s algorithm or not.

2. Literature review

History of network techniques has started with the development of Critical Path Method
(CPM) (Kelley & Walker 1959) (Kelley 1961) and with the development of Program
Evaluation and Review Technique (PERT) (Malcolm et al 1959). Both developments have
taken place in 1957. The former provided an optimal solution to the problem of finding the
smallest direct cost solution to a given project duration also known today as the time-cost-trade-
off problem, the later defined a stochastic problem with the goal of defining the distribution of
the project duration assuming that the distribution of the duration of the activities are defined
by the use of the so called PERT-Beta distribution. Both techniques were represented by
activity-on arrow (AOA) graphs with one start and one finish nodes, where the arrows of the
graphs represented the activities and the nodes represented the so-called events and the logic
among the activities succeeding and preceding the events. This kind of logic can be defined
based on PDM technique if only Finish-to-Start-zero-day relationships (FS0) were allowed both
in CPM and PERT. The much more flexible PDM technique was developed in 1964 (IBM
1964). This technique was an activity-on-node (AON) network using the earlier results of
Fondahl (Fondahl 1961) and defined an extended capability for modeling the logic between
activities namely the Start-to-Start-z (SSz), the Finish-to-Start-z (FSz), and the Finish-to-
Finish-z (FFz) precedence relationships. However, the developers failed to define the Start-to-
Finish-z (SFz) relationship. The reason for this can be found in the original definition of the
relationships.

According to the original work (IBM 1964) SSz was defined as that at least z day work on
the predecessor must be finished before the start of the successor, and FFz was defined as at
least z days of work must remain on the successor before the predecessor finishes (IBM 1964).
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Following this logic, one would have difficulties how to divide the z relationship duration
between the predecessor and the successor when defining a SFz relationship and this is the
reason that only three precedence relationships were defined, and the developers have not
defined SF relationships.

Today another interpretation is used for interpreting precedence relationships. According
to this a SSz or FFz or SFz or FSz can be defined that at least z time has to elapse between the
selected points (Start or Finish points) of the activities. During planning both interpretations of
SSz and FFz lead to the same results in the course of time analysis, so vast majority of the
planners do not know about these two different interpretations. However, they must be handled
in different ways in the course of tracking. Let us imagine two activities (act. A and B) and an
SS3 relationship between them. Let us assume that activity A started on the first day and after
the second day it stopped. According to the original interpretation B cannot start as 3 days of
work on A has to be finished before the start of B. If A does not start for a week then B cannot
start either. According to the second interpretation B can start on the third day as the
relationships tells that there must be at least three between the starts.

Parallel with these work a similar technique was developed in Europe by Roy (Roy 1959)
the so called Metra Potential Method (MPM). Roy’s technique was portrayed as an AoN
network and were connected by minSSz and maxSSz relationships. (Maximal SSz relationships
can be interpreted as maximum z time can be between the start of the predecessor and the start
of the successor.)

The next important development regarding the fundamentals of the PDM technique was
the development of the so-called Point-to-Point (PtP) relationships (Francis & Miresco 2000)
(Francis & Miresco 2002). Point-to-point relationships define the minimum distance between
any points of the activities. To define a point-to-point relationship, one must define the two
internal points of the connected activities (one in each) and the necessary minimal lag between
them. This can help to describe both the original and the recently used interpretations of SS and
FF relationships. The original interpretation of SS3 can be modelled as a [three-day point, 0
day point , 0 day] or [three-day point, Start point, 0 day] relationship which tells that the two
connected points are the three-day point on the predecessor and the start point of the successor,
and the lag between them is zero day. The new interpretation can be defined using [0 day point,
0 day point, 3 days]. This can be seen on Fig. 6.

A SS 3 days N B A 3d,5,0day B
Sdays | (0d,0d, 3 days) 5 days 5 days (3d,0d,0day) ” | 5days
3 days 0 day
(I I
a) Recent interpretation b) Original interpretation

Figure 6. The original and the recent interpretations of the SS relationships using PtP relationships

The maximal type of the PtP relationships and the algorithm for time analysis was defined
by Hajdu (Hajdu 2015b). Also, Hajdu used the Point-to-Point expression first (Hajdu 2015c) to
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emphasize that these relationships connect one point of the predecessor with one point of the
successor, meanwhile the continuous relationships define the same lag between all the
corresponding points of the related activities. Continuous relationships that were used in the
sample project to prescribe the safety distance between all the corresponding points like the
buffers in LSM are the result of Hajdu (Hajdu 2015a) (Hajdu 2016). Interpretation of
continuous relationships with time lag and work lag can be seen on Fig 7. The huge advantage
of continuous relationships is that they can perfectly model the logic between overlapping
activities. This makes the recalculation of the network based on monitoring data flawless.
Another advantage of continuous relationships is that and they can be used in case of non-linear
activities as well.

Bi-directional relationships and relationships with Boolean logical operators such as AND
or OR are the results of Hajdu (2018). Hajdu has pointed to the fact that a bi-directional
relationship can be substituted by two relationships with OR Boolean switch, which referring
to the sample project can be interpreted as either A on street #1 follows A on street #2, or A on
street #2 follows A on street one. This type of conditional logic can be used to model different
scenarios of the project in one model.

3. Goals and limitations

It has been mentioned earlier that the time analysis in case of bi-directional relationships
or relationships with OR switches is based on the time analysis for all the possible arrangements
and this soon can lead to a combinatorial explosion.

The primary goal of this paper is to define whether the algorithm proposed by Hajdu is
suitable for real life projects or not.

For the sake of simplicity calendars were eliminated from the project, resources were
assumed to be unlimited, splitting and stretching of activities were not allowed for easier
interpretation of results.

4. Methodology

One real life project has been used for the purpose of this study. MS Project has been used
for planning the original project therefore restrictions of MS Project had to be accepted. These
were the followings:

e only minimal endpoint PtP relationships (i.e. SS, FF, SF and FS with time lag) can be
used to define the logic between activities

e maximal precedence relationships are not allowed

e only one precedence relationship is allowed between two activities

e continuous relationships are not allowed

For the sake of simplicity calendars, constraints, resources were removed from the project
file. It was found that in all the cases constraints were used to substitute some logic therefore
these constraints have been replaced by relationships. Before adding the bi-directional
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relationships modeling different sequences the project file included 895 activities. 675 of them
were leaves of the WBS the rest of them were summary activities including the activity
representing the project. The project was about to build nine new sewage pipes by leading them
into the existing collector. The streets were divided into 50 meters sections due to the shoring
capacity for trench protection. It was assumed that once the work on a street has been started at
one end of the street the work must continue till the other end of the street. Shifts to non-
consecutive sections or to different streets were not allowed before finishing the work on the
given street.

New bi-directional FSO relationships within the similar activities of the streets were used
to model the conditional logic.

The algorithm has been written in C++ using MS Visual Studio and was run on a Lenovo
2.5MHZ laptop with SMB RAM.

5. Results

9! that is 362880 different arrangements for nine streets were checked by the algorithm. It
was assumed that all teams work after the same sequence pattern. The computational time was
less than two seconds on an average laptop. The smallest project duration was 234 days the
largest was 284 days, which means that there is almost two moths difference between the
possible shortest and longest project duration.

The project was given to three experienced scheduler and they were asked to prepare a
feasible plan under the same circumstances. WBS activity durations, logic within the street has
been provided in an MS Project file. Their task was to describe the logic enforced by the fact
that specialized teams must be used for similar activities, that is to add FSO relationships among
similar activities on different streets. Two out of three have built the network according to the
most trivial sequence that is street #1- street #2- .....- street #9, which has resulted in a project
duration of 262 days. One of them realized that different sequences of streets probably would
have resulted in different project duration but realizing this took too much time and within the
five-hour time limit he was not able to deliver a feasible solution.

6. Conclusions and further research

This one example is not enough to draw general conclusions about the benefits of using bi-
directional and conditional logic. However, early results show that there are possible huge
potentials in building different scenarios into a project dataset and letting the computer select
the optimal i.e. the shortest project duration. However, in case of more streets or allowing
different sequences for teams the method that systematically checks all the possible
arrangements tends to be time consuming and there is a need for new methods in order to handle
larger problems.
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Abstract:

Construction projects require a budget plan that would sponsor the entire project and
unforeseen circumstances that comes with the project. Cost contingency is a certain amount
added to the actual contract amount to cater for the risks and uncertainties of the project’s
objectives. Aim of this study is to evaluate the method used in deriving the cost contingencies
for construction projects and assess the factors affecting cost contingency plans for construction
projects. Quantitative research method was adopted with questionnaire used as the research
instrument for gathering information from Quantity Surveyors, Construction Managers, and
Project Managers within Gauteng province, South Africa. Descriptive statistics, Mean Item
Score, and Kruskal-Wallis H-test was used in analysing the data retrieved. The findings
revealed that most construction project professionals use the deterministic method for deciding
cost contingencies which are derived using a percentage of the base cost estimate of the
construction project. It was also revealed that poor planning, poor estimates and lack of
experience are the major factors affecting the efficacy of cost contingency plans for
construction projects. The study concluded that proper planning and adequately prepared
estimates based on sound experience of the project team will assist in making precise cost
contingency planning for construction projects.

Keywords: contingency, cost,; project planning; risks; uncertainties

1. Introduction

In construction, there is a need to have a budget plan in order to set the sponsor’s financial
commitment. This budget plan serves as the basis for measurements of cost performance and
gives necessary information for cost control on the construction projects. The project sponsor’s
key success criterion for construction projects is cost performance. Similarly, the key
component of the project budget is cost contingency (Creedy, Skitmore, & Wong, 2010). Cost
contingency according to Godfrey (1996) is a certain percentage of the project’s cost added to
the project total value to represent the commitment of a client for an unforeseen event that may
arise during the construction phase of the project. In this way, the calculation of the percentage
of cost contingencies is of critical significance to the project as well as its ultimate adequacy.
Construction projects consist of three kinds of contingencies i.e. money in the budget, float in
the schedule and tolerance in the specification. Although, contingencies are mostly
misinterpreted, misunderstood, and misapplied in the execution of the projects (Patrascu, 1988).
However, Project Management Institute (2013) defined contingency as the certain allowance in
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the contract sum that is acceptable by the organization added to the actual project amount to
cater for the risks and uncertainties within the project’s objectives. By the reason of having cost
contingency as part of the budget to reduce uncertainties and risks of overruns on the project, it
may or may not include the reservation of management which cater for the non-planned but
required changes in the scope of the project. During the construction process, changing factors
and unexpected variables influence the process resulting from different sources which include
external conditions, the performance of construction parties, managerial issues, financial issues
and resource unavailability (Mahamid & Dmaidi, 2013).

It was revealed in literature (Buertey, Abeere-inga, & Kumi, 2012; Enshassi & Ayyash,
2014; Nawar, Hosny, & Nassar, 2018; Polat & Duzcan, 2010; Smith & Bohn, 1999) that
inadequate contingency allowances in the bid process may result in loss of tendering, unrealistic
outcomes and/or significant overruns and losses at later stages of the project. However, the
significant losses and/or uncontrollable impacts including financial aspects may arise from
ignoring the possibility of uncertainties earlier and their impact on the project. With this
phenomenon being a major drawback in the construction industry according to the submissions
of Bello & Odusami (2009) and Eldosouky, Ibrahim, & Mohammed (2014), there is a need to
take a careful look into the factors affecting it. This study, therefore, seeks to assess the
impediments of Cost contingency planning on construction projects in the South Africa
construction industry.

2. Literature Review

Cost Contingency plans in a construction project, in general, allows for flexibility and
effective responses to change orders and unforeseen risks (Bello & Odusami, 2009). In a
construction project cost contingency planning, the size of the project must be the first
consideration before looking at other factors. This will help the project team in establishing
baselines for uncertainties within the project by defining both external and internal risks thereby
providing appropriate measures (Johnson, 2018). Polat and Duzcan (2010) added that it will
provide good structures to quantify, put risks first, identify and set the programme for the
project while allocating resources. Polat and Duzcan (2010) further stressed that good
contingency planning always has clear triggers for uncertainties in which triggers can be
estimations and budget assumptions that are proven to be pointers. With the triggers in place,
the project team can get the accurate and fast read on changing orders by closely keeping an
eye on those factors linked to the triggers. Moreover, a good contingency plan requires the
project team defining specific actions to fulfill bound conditions in a project (Spacey, 2017).
Buertey et al., (2012) added that a contingency sum may not necessarily prevent the
construction project from experiencing overrun in the case of unpredictable changes. This will
warrant adjustments on costs or scope of the construction project. Below are some of the factors
that affect the efficiency of cost contingency planning on construction projects:

2.1.Poor planning

Before the project commences, the undertaking construction manager must guarantee that
the project work is legally understood and agreed to by the management as well as key project
sponsors (Skoyles & Skoyles, 1987). Polat and Duzcan (2010) added that the construction
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manager together with the other project team need to work hand in hand to ensure that there is
a proper plan which presents the completion period of the project, the total cost to be expended,
steps in which the project will be carried out, possible advantages that will be available and an
individual organisation that will be involved in executing significant parts of the construction
project. Furthermore, the planning process and definition of scope must be completed before
commencing the construction of project prerequisites. Inability to do so is termed poor planning
(Polat & Duzcan, 2010).

2.2 Poor estimates

Typically, the projects need a cost contingency plan together with deadlines. In most cases,
when the definitions and planning are not completed earlier, the project team starts with
deficient materials which are not mostly noticed until when the work has progressed. Most
projects which can be regarded as effective at the planning phase end up being viewed as
downcast when they spend more than expected with the due dates and financial plans. The
above situation is often the result of the estimator estimating the quantities lower than required
(Polat & Duzcan, 2010).

2.3 Adverse weather conditions

Delay in construction projects can be baffling and expensive. Chen, Okudan, & Riley
(2010) asserted that “some delays can result in extra buys not initially represented, for example,
included material or machine or equipment”. In any case, it is conceivable to plan for
unforeseen delays so they won't be hindering to the project, or its course of events but inclement
weather conditions can influence a construction project course of events thereby extending the
completion date beyond necessary. The more it takes to finish a project, the additional cost it
attracts and incurs (Chen et al., 2010).

2.4 Poor managerial capabilities

Poor management skills convey dependable impacts and may affect a whole project. The
consequences of harmful, misinformed authority reach far and wide on a construction project
which can result in cost and time overrun on the project beyond the initial budget (Shen, Wu,
& Ng, 2001).

2.5 Poor motivation of the employees

The management should be aware of workers motivation as they are the mainstays of the
project. Motivation of workers have the capacity to influence their productivity on the
construction site. Poor motivation of the labourers will defer the project and the completion
date will be surpassed thereby prompting penalties (Polat & Duzcan, 2010).

Other factors are Poor Health and Safety conditions; Poor scope definition and control,
Material wastage; lack of experience; design complexity, strict contract conditions; market
instability (Nawar et al., 2018; Polat & Duzcan, 2010; Shen et al., 2001; Smith & Bohn, 1999)
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3. Research Methodology

For this study, a quantitative research design was adopted to collect the necessary data and
find answers to the research question. Creswell (2014) submitted that quantitative research
design utilises an organised survey of questionnaires unlike qualitative design where semi-
organized and open questionnaires are utilised. The primary source of data employed therefore
is the use of a well-structured questionnaire, designed with questions to extract respondent’s
demographic information and the factors affecting cost contingency plans which are to be
ranked using a 5-point Likert scale. The target population for this research study was
construction industry professionals working for the government and private sector who are
involved in cost contingency planning of construction projects such as Quantity Surveyors,
Construction Managers, and Project Managers. The research scope was limited to Gauteng
province in South Africa due to time and financial constraints. Purposive sampling was adopted
in reaching out to the professionals and the questionnaire was therefore distributed through the
use of google form. 86% questionnaire response was recorded as a total of 50 responses was
received out of the expected 58. Statistical tools such as Descriptive statistics, Mean Item Score
and Kruskal-Wallis H-test was used in analysing retrieved data.

4. Findings and Discussions

= Quantity Surveyor = Construction Manager Project Manager

Figure 1. Respondent’s Profession

From figure 1 above, the study shows that 50.0% of the respondents are Quantity
Surveyors, 26.0% of the respondents are Construction Managers, 24.0% of the respondents are
Project Managers.
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Figure 2. Years of experience of respondents

Figure 2 indicated the years of experience of the respondents with 58.0% of the respondents
having between 1-5 years of experience, 24.0% have between 6-10 years of experience, 11.0%
have between 11-15 years of experience, 2.0% of the respondents have experience of more than
20 years and none of the respondents had between 16-20 years working experience.
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Figure 3. Highest qualification of respondents

Figure 3 above shows the respondent’s highest educational qualification. It was revealed
that 62.0% of the respondents had Honours certificate, 18.0% of the respondents had bachelor’s
degree and 20.0% had National Diploma. None of the respondents had both master’s degree or
doctoral degree. Based on the demographic information of the respondents, it can be concluded
that they have the required experience to give reliable advice on the impediments of cost
contingency plans for construction projects in the South African construction industry.
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Figure 4. Methods of preparing cost contingency plan

Figure 4 shows the methods of preparing cost contingency plans frequently used in the
construction industry. 56.0% of the respondents use deterministic method (cost-based estimate),
16.0% uses probabilistic method, while 28.0% used both methods in preparing cost contingency
plans.

Based on the reviewed literature, various factors affecting cost contingency plans for
construction projects were identified and respondents were told to rank their agreement with
these factors using a 5-point Likert scale. The analysis of the responses is shown in table 1.
Kruskal-Wallis H-test from the table shows that the Asymp. Sig. values are all above 0.05
except for variable ranked second (poor estimates). This, therefore, is an indication that there
are no statistically significant differences in the views across the group of respondents on the
variables. The lower the Kruskal-Wallis Asymp. Sig. value, the bigger the difference in the
views across the group of respondents. It was also revealed from table 1 that all the variables
ranked above 3.00 which is the average value for the 5-point Likert scale used. This can be
interpreted thus; all the factors contribute largely to the inaccuracy of cost contingency for
construction projects.

Table 1. Accuracy of Cost contingency plans

Factors Affecting the Efficacy of Cost Contingency Chi-Square

Plans MIS Value Asymp. Sig. Rank
Poor planning 4.44 2.49 0.87 1
Poor estimates 4.34 10.45 0.05 2
Lack of experience 4.22 2.98 0.25 3
Poor scope definition and control 4.18 5.67 0.09 4
Design complexity 4.16 9.48 0.39 5
Adverse weather conditions 4.12 3.59 0.16 6
Material wastage 3.96 5.23 0.73 7
Poor managerial capabilities 3.96 8.31 0.16 7
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Strict Contract Conditions 3.96 0.48 0.78 7

Market instability 3.76 1.62 0.03 10
Short bidding time frame 3.72 6.27 0.43 11
Schedule accuracy 3.72 6.99 0.30 11
Poor motivation of the employees 3.66 8.64 0.13 13
Differing site conditions 3.62 0.47 0.79 14
Unavailability of qualified workforce 3.58 3.23 0.99 15
Poor health and safety conditions 3.55 3.78 0.10 16

*MIS = Mean Item Score, Asymp. Sig = Kruskal-Wallis Asymptotic Significant value

Poor planning ranked highest among the factors that affect the accuracy of cost contingency
planning in the construction industry followed by poor estimates and lack of experience in
second and third positions respectively. This shows that when the project planning phase is not
done accurately such that poor estimates are generated based on the lack of experience of the
project team, the cost contingency allowance made for the construction project will not be
accurate thereby leading to overrun on the construction project. This agrees with the findings
of Polat and Duzcan (2010) and Nawar et al., (2018) who found out that planning done by the
project team gives proper insight into the project needs and how they are to be met. Poor
definition of scope and control of scope during execution of project ranked fourth with Design
complexity ranking fifth. When there is difficulty in understanding the construction project
design, it creates a problem such that the scope of the project might not be adequately defined.
This will eventually lead to changes in the scope during the construction phase of the project
and expose the project to overrun which the approved cost contingency might not be able to
cater for completely. The findings of the study are in tandem with the findings of (Buertey et
al., (2012); Enshassi and Ayyash, (2014) Nawar et al., (2018); Polat and Duzcan (2010); Smith
and Bohn (1999) who examined the factors affecting the accuracy of cost contingency in
different countries. Enshassi and Ayyash (2014) further classified these factors into 12
categories which are owner/consultant, environmental, political, economic, related to bidding,
related to construction, related to project, related to contractor, related to design, related to
resources, technical/managerial, and legal factors.

5. Conclusion and Recommendation

This research study showed that a good contingency planning will always have clear
triggers for uncertainties in which triggers can be estimations and budget assumptions that are
proven to be pointers. With the triggers in place, the project team can get the accurate and fast
read on changing orders by closely keeping an eye on those factors linked to the triggers. It can
be concluded that proper planning and adequately prepared estimates based on sound
experience of the project team will assist in making precise cost contingency planning for
construction projects. This will give more credibility to the allowance made in the contract sum
for contingency. This study, therefore, recommends that possible risks must be identified and
evaluated before the construction project is embarked upon. This will inform the value of cost
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contingency to be added to the project cost to cater for uncertainties that may occur during the
construction phase. This study was limited to Gauteng province of South Africa, for a broader
contribution to the body of knowledge, the study can be extended to other provinces while
further study can be carried out on the excessive use of contingency on construction project for
corrupt practices.
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EPC 4.0 - The Quest of Reducing CAPEX in EPC Projects
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Abstract:

Engineering, Procurement and Construction (EPC) Business in Europa is increasingly
under pressure. Lack of productivity, low or negative profit margins for investors as well as the
lack of adopting necessary innovations and digitalisation - from engineering activities through
operations & maintenance to decommissioning - has caused significant deprivation of business
and competitiveness compared to emerging providers in Asia. The quest of reducing CAPEX
in EPC Projects is intensifying.

In May 2018, a research project was started to analyse situation and key trends through
desk research, to research how the challenges of the business could be tackled and to derive
practical guidance for EPC Contractors as well as for investors, owners and operators (O/O).
The aim of the project was to propose innovative ways of improving the EPC Business model
in order to reach the next level (“EPC 4.0”). In doing so, lessons learned from automotive and
aviation industry were considered.

Key objective of the research project was to challenge statements of international EPC
experts to cut capital expenditures (CAPEX) by 40% to 50% in EPC projects. With these
statements in mind, the research focused on identifying measures with potential in six areas: 1.)
Digitalisation, 2.) Partnering, 3.) Flat Supply-Chains, 4.) Flexible organisations, 5.) Core
competences and 6.) the Human Factor. Summarizing the findings in these areas, the EPC 4.0
project came to a savings potential of up to 50% of the total budgeted project costs.

Keywords: EPC; CAPEX; competitiveness, productivity, digitalization; partnering; human factor

1. Introduction

The financial crisis in 2008 and the oil price crash in 2014 severely hit the profitability of
operations in the oil and gas, chemical, energy, and other associated industries, and
consequently the engineering, procurement and construction (EPC) business that is built on the
investments in these industry sectors. Low commodity prices in recent years have continued to
discourage investors from financing industrial production. The industry is still suffering even
after a full decade, but not only because of this crisis. Low productivity growth, low degree of
digitalization, low investment in R&D has disconnected this industry from the positive
evolution that other industries have experienced over the last ten to 20 years — the stock market
is celebrating successes elsewhere. While the Dow Jones Industrial Average increased in the
ten years from 2008 to 2018 by more than 80%, the Dow Jones Construction Index fell by 30%
in the same period.

However, there is still significant demand for industrial plants. The world population is
growing; production output will continue to grow on global scale, and the need to build new
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production facilities will do, too. The backlog of ten lost years for EPC industry is immense.
Brownfield investments to revamp existing facilities add to this huge market. The engine of
EPC business has started up again. But nothing will be the same as before 2008. Because the
traditional business model in EPC has no future.

Prominent voices are calling on the industry to cut its CAPEX by 40 to 50%. This doesn’t
just mean fine tuning of performance; this ambitious target necessitates radical changes. Within
the entire value chain from CAPEX to OPEX, from the EPC of industrial plants to their
operation and maintenance, money is wasted as a result of disastrous project planning and
execution, and inefficient operations. Money is spent that does not add any value to basic
business objectives. The CII (Construction Industry Institute, Texas) determined that 40% of
project costs are just transactional costs — imagine the potential of cutting these down! A radical
business transformation that would put the EPC business on par with the efficiency of the
automotive or aviation industry would unleash money from investors. There is no lack of
money. The EPC sector is simply not effective enough to attract it!

In May 2018, a German think-tank kicked off an innovation initiative to develop practical
guidance for EPC contractors as well as for investors, owners and operators on how to approach
innovative business models for industrial projects and operations, from EPC to O&M. The
research focused on qualitative methodology rather than on quantitative figures to capture the
nuances of practice and provide insights from practitioners for practitioners. Wherever
quantitative figures are referred to, they are intended to provide an indication of the ‘hidden
potential’ and should not be misunderstood as statistic values.

Based on practical experience, an in-depth analysis of the present situation, key trends for
the business and the need for change was done, scanning a multitude of reports, articles,
conference proceedings, and literature. Ideas how business could improve were developed and
validated during in-depth interviews with twenty industry representatives. During conferences
and intensive workshops potential solutions were discussed and refined, before an online survey
captured the magnitude of cost reductions in each area. Case studies were identified for each
improvement area, highlighting the realization of improvements in practice and discussing
advantages together with disadvantages.

This article summarizes the actual situation and key trends, highlights the potentials for
improving the EPC Business with targets for CAPEX savings and concludes on the results.

2. Situation of the EPC Business

The term “EPC” refers to a particular form of contracting arrangement used in some
industries where an EPC Contractor is made accountable for a multitude of activities - from
design, procurement, construction, to commissioning and handover of the deliverables to the
owner or operator. EPC projects are typically large and complex. They can be found in many
industry segments, including but not limited to industrial plants, oil and gas, mining, power
generation or large infrastructure (Wagner, 2018).

15. September 2008 is a historical milestone that marks a turning point for the EPC
industry. The day Leman Brothers collapsed and stock exchanges around the world lost billions
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of Dollars was the starting point for one lost decade in EPC business. The price of crude oil is
the most prominent indicator determining overall economy performance. The World Bank
publishes its outlook (Worldbank, 2018) of commodity prices quarterly, and owners/operators
of industrial plants producing commodities carefully plan their investments in step with this
prognosis.

The oil price had climbed to an unprecedented spike in 2008, driven by the rapidly
increasing demand in the emerging economies, but also production cuts by the Organization of
the Petroleum Exporting Countries (OPEC), before it collapsed as a consequence of the global
recession triggered by the financial crisis in 2008.

Figure 1: Commodity Markets Outlook, April 2018 (Worldbank, 2018)

Economic recovery sent back the oil prices to levels above 100 to 125 USD between 2010
and 2014, before it suffered another steep drop in 2014. This second drop was caused by the
same economies that fuelled the oil price with their massive demand the years before, and then
struggled to maintain their growth, above all China, followed by India, Russia and Brazil. The
high oil prices in 2010 to 2014 triggered North America to expand its own capabilities to extract
the black gold from their oil sands, further contributing to the negative effect of low demand.
Last but not least Saudi Arabia continued to exploit its resources with high production levels.
All 1n all, the oil price collapsed to levels down to 40 USD and has not recovered since. The
World Bank forecast has been corrected to lower levels in recent years, and the pressure remains
on all investors to plan their business based on continuously low commodity prices, putting
high pressure on CAPEX as well as OPEX.

As a consequence of the collapse not only of the oil price, but also of the price of other
commodities such as natural gas, owners put their investments on hold. The result was a
dramatic decline in order intake for those companies that were relying on orders from industrial
plant operators, EPC Contractors, the supply chain of manufacturers, but also service providers
in all fields, including operation and maintenance.
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The strong decline in order intake hit developed economies such as Germany especially
hard. The VDMA (Germany's Mechanical Engineering Industry Association) determined that
the order intake for the large EPC projects by German companies dropped from 33 billion Euros
in 2008 down to 19 billion Euros in 2016 (VDMA, 2017). Companies with low capital assets
collapsed, others were forced to merge, and yet others were subject to acquisition by healthier
competition, often based in Asia.

Figure 2: Order intake for large EPC Projects in Germany 2008-2016 (VDMA, 2017)

The rise of China is another game-changing factor for the global economy, and specifically
in the EPC Business. While western economies are lacking long-term strategies, western
governments acting from one election to the next, and western companies acting from one
quarterly report to the next, China’s strength is long-term planning. China is investing where
the Return-On-Investment (ROI) may pay back not before five, ten or even twenty years, while
western companies are struggling with the massive decline in their business and consequently
cannot release the cash to invest.

Global competition has always been strong, and companies have their strategies to face this
competition. Competition from China, however, is felt as the toughest-ever threat to European
companies. There is only one way out: European companies have to remember their strengths
and have to invest in the fields of their strengths and have to defend — or regain — their leading
position. Without investment into long-term strategies this contest will be lost by European
companies. The good news is: After a lost decade for the EPC Business, after a decade of low
demand for industrial production facilities, this market is starting up again. The backlog of one
decade is immense, and the growing world population will guarantee a continuous demand for
new capital projects. The market is big enough for it to require all available engineering
resources in this world.

There is no precise definition of “EPC Industry”, consequently there are no reliable reports
that determine the size of the global EPC Market. Many reports refer to the global construction
market, which is estimated to be a 10-trillion-USD market today and is expected to grow to 15
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trillion USD by 2030 [Global Construction, 2015]. Growth is driven primarily by the economies
in China, India, the US and South-East-Asian economies such as Indonesia, while the traditional
players Europe or Japan may recover but will not surpass the levels prior to the financial crisis
in 2008. Construction industry includes real estate and infrastructure, which make up the largest
part of the market, but it can be assumed — depending on the definition of EPC Industry — that
EPC Business has a share of 6 to 10% of this market.

Figure 3: Forecast of the Global Construction Market 2030 (Global Construction, 2015)

A global market size for EPC projects of 600 to 1000 billion USD per year, and a market
growth of 50% over the next 15 years requires all players in this market to organize themselves
more effectively to be in position to execute all these projects. Considering that we are currently
executing projects with an average cost overspend of more than 30%, there are huge
opportunities in this market that would justify massive investments into the companies that
execute these projects. However, as long as there is a poor performance of the EPC Industry
compared to other industries, investors are reluctant to invest in this business.

Investors are driven by the leading financial indicators. The Dow Jones Industrial Average
(DJIA) dropped dramatically with the financial crisis in 2008, however, it managed to recover
to previous heights within five years. Within one decade (01/2008 to 01/2018), the DJIA
increased by 86% -attractive for those who invested their money in this market. The Dow Jones
US Heavy Construction Index (DJCI) is a leading indicator for the construction industry in
general, and (to a certain extent) can be taken as an indicator for the EPC Industry. The DJCI
suffered a dramatic drop in 2008 as well, but even after five years it still remained 30% below
its pre-crisis level. Another five years later, its performance had still not improved. While
investors celebrated the record heights of the DJIA, those investing in the market represented
by the DJCI suffered 30% losses after one lost decade.

There a several reasons for the massive underperformance of this sector, and there is a
wealth of studies and reports by all major business consultants that come to very similar results.
From all these studies, three major factors are highlighted here:
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e Poor performance in the execution of capital projects

Studies, for example by McKinsey (McKinsey, 2017a), conclude that capital projects are
completed with an average of 37% cost overspend and 53% schedule overrun. The magnitude
varies from sector to sector, but the oil & gas downstream business seems to hold the record
with an average of 53% cost overspend.

Figure 4: Performance of megaprojects (McKinsey, 2017a)

The reasons for these massive losses have been analysed and the conclusions are the
following (McKinsey, 2017a): “The failures in the core processes of project under-performance
are well understood: post project reviews generally audit the systems, process, and project
management root causes for overruns. However, the disruptive influence of failures in project
leadership, ineffective culture of the project organisation, failed mechanisms of collaboration
between multiple parties involved - and their increasing importance as the scale and complexity
of projects increase - are typically not examined to the same extent.”

The report for the World Economic Forum in May 2016 prepared in collaboration with
Boston Consulting Group (BCG, 2016), refers to these reasons for failure:

- Lack of innovation and delayed adoption

- Informal processes or insufficient rigor and consistency in process execution
- Insufficient knowledge transfer from project to project

- Weak project monitoring

- Little cross-functional cooperation

- Little collaboration with suppliers

- Conservative company culture

- Shortage of young talent and people development
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e Poor productivity growth compared to other sectors

Productivity has grown continuously over the last few decades, between 50 to 70% for the
overall economy within the past twenty years. Manufacturing has been leading productivity
growth, almost doubling its real gross added value per hour worked by person employed
between 1995 and 2015 (McKinsey, 2017a). Productivity in construction registered minor
growth during the same period.

Figure 5: Productivity in Construction (McKinsey, 2017a)

o Low level of digitalization

Another explanation for the massive productivity gap of our business in comparison to
other industrial sectors is the low level of digitalization. Again, we can refer to several analyses
performed by major business consultancies, in this case the TOP 500 Study 2014 by Accenture
(Accenture, 2014).
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Source: TOP 500 Study 2014/ Accenture

Figure 6: Digitalization by Industry Sectors (Accenture, 2014)
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While the elimination of the deficiencies that lead to massive under-performances in the
execution of projects is an obvious measure to be taken by all companies in this sector, the
players shall focus on the opportunities expected from closing the gap in the industry ranking
(first) in digitalization, resulting (second) in the productivity growth that this industry needs to
compete successfully for the investors” money in the global market.

3. Key trends for the EPC Business

The starting point of this ‘EPC 4.0’ initiative was a white paper ‘Time for Change — A
vision for EPC 4.0’ issued by ProjectTeam in November 2017 [ProjectTeam, 2017]. From the
variety of studies and reports that analyse the situation in the EPC sector, and from the variety
of issues that are addressed by speakers at conferences held over the globe, we have identified
some megatrends that we have used as the initial project charter for our own analysis:

e Collaboration between O/0O and EPC Contractor

The traditional approach in EPC business to execute a project based on a lump-sum turn-
key (LSTK) contract between the owner/operator and EPC Contractor is adverse to the idea of
joint collaboration. The LSTK contract causes each contractual party to focus on its claims
against the other party and adds additional contingencies to budgets and schedules to protect
against claims and to deal with uncertainties.

There is a trend for investors to think about strategies on how to marry CAPEX and OPEX
and form one integrated project team with the key players for the execution of the CAPEX
project. Project Alliance Contracts are one model in which each party is incentivized to
optimize both the CAPEX and the OPEX of the plant. Uncertainties and the consequential
contingency costs are reduced owing to open books. Sustainable long-term-goals should prevail
before short-term deadlines.

e Collaboration with the Supply Chain

The traditional approach contracting the work from top (O/O) to bottom through several
levels to the EPC contractor, subcontractors and their sub-suppliers in a contractual hierarchy
generates losses of 40% of project costs as transactional costs. Relational contracting rather
than roll-up contracts will flatten the supply chain, replacing the contracting hierarchy with a
network.

Modularization and standardization are good measures to improve the integration of the
supply chain into the plant design, but standardization to cut CAPEX should not compromise
any optimization of OPEX. Many components, however, are over-specified, and costs can be
saved by eliminating these over-specifications. Scalable and agile platform strategies such as
in automotive design permit standardization without eliminating necessary variances.

The traditional approach is to buy and own the equipment. A different approach is to lease
equipment over a period of time, which levels CAPEX costs. Alternatively, equipment may be
paid-per-use, with the equipment supplier remaining the owner and maintaining the equipment
over the life-time. This option could be attractive for suppliers of complex machinery, not only
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because of the profit generated in service contracts, but also because of the opportunity to feed
experience from operation and maintenance back into design improvements.

o Flexible resourcing and agile EPC Collaboration

Labour markets in high-cost countries do not provide sufficient qualified resources, with
the consequence of further increasing labour costs. Companies with global hubs are shifting
qualified work to low-cost countries. Fluctuations of staff (e.g. job-hopping), as experienced in
Asia, will become common in high-cost countries, too. Highly qualified staff is not willing to
accept cuts but moves on to where the work seems more attractive.

Companies are taking the approach of replacing hierarchies with network organizations
that develop the flexibility to upscale and downscale their capacities to accommodate the huge
upturn and downturn cycles in EPC Business.

e Digitalization and Industry 4.0/data and knowledge sharing

Potential new players might position themselves as providers of EPCaaS (EPC as a
Service) and/ or Project Management Consultancy (PMC). They would offer a software-based
solution and apply Building Information Modelling (BIM) to manage the development and
construction of a capital project.

The opportunities of digitalization and industry 4.0 will require the EPC Contractor and
the owner/ operator to build a partnership over the asset life cycle. The real value can be
generated when the technology provider shares his engineering data with the operator, and the
operator shares his O&M data with the technology provider. The analysis of big data from
multiple plants leads to plant and process improvements that both technology provider and
operator benefit from.

e Project Management and Competencies

Projects fail because the established and known project management methods and tools are
not applied. This is not about innovation; this is about bridging the gap between theory and
reality, between knowing what’s wrong and doing what’s right. The problem is not that
processes or tools must be invented; the problem is the change of mindset in the organizations
and their people, and how to manage a culture of change.

Agile project management methods are successfully applied in other industries, especially
in innovation-driven businesses, such as software development. There may be a conflict
between the necessity to digitalize the project management processes with controlled data
workflows that may lack flexibility and the trend to agile project management methods. This
conflict needs to be addressed and resolved.
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4. Hidden potential of the EPC Business

Today, industries are under permanent pressure to change and adapt. Innovative
technologies, products and services brought to market by companies in global competition
create a race for leadership in all sectors of the economy. European companies in the EPC
Business cannot escape this pressure and aspire to catch up in this global race. However, much
remains to be done, as the EPC Business in Europe has fallen far behind in recent years and
must now make even greater efforts.

In recent years, studies have repeatedly revealed the gaps in European EPC Business in
terms of innovation, productivity, profitability and business agility. European companies in the
automotive, aerospace, mechanical and electrical engineering as well as automation industries
have worked continuously to improve their performance in recent years and are now among the
global champions. It is essential for the European EPC Business to catch up and improve
performance significantly. This is not a question of a marginal improvement, but a quantum
leap.

Prominent voices in the European EPC Business are calling for significant changes, for
example the Global EPC Manager of Shell, Paul van Weert, who advocated during the ECI
Annual Conference "18 (ECI, 2018) in Amsterdam: “We need to halve the cost of capital
projects to enable them to do twice as many projects with the same allocated budget, not through
putting more cost pressure on supply chains, but through fundamentally rethinking the delivery
model.”

In summary, a step change in the way projects are executed is needed to secure
improvement of up to 50% in cost as well as 30% in schedule. That won’t be achieved by
squeezing the margins of suppliers, but calls for much deeper collaboration, more rigour in
scoping projects, relying more on what the industry has on offer, standardization, less
prescriptive standards from the client and using digital twins more effectively from design
through construction to the operation phase.

Stephen Mulva, Director of the Construction Industry Institute (CII), paints a dramatic
picture of the situation and argues that the transactional costs are too high (CII, 2018): “For the
past several decades, our industry has emphasized the planning, technical, managerial, and work
process dimensions of our projects — at the expense of the numbers and the assets keeping us in
business. Forty percent (40%) of the cost of creating a new asset is currently wasted on
transactional costs. It’s not a sustainable model. We have to employ the best business, financial,
and accounting concepts and we’ve got to do it now.”

Transactional costs may be defined as costs associated with the exchange of goods or
services, including payments to banks and brokers, search fees as well as service fees to process
these transactions. In EPC Business, transactional costs may also include financial fees, legal
fees, dispute resolution costs along with logistics and communications costs. It also includes
foundational work such as the cost of sourcing quotes, cost and schedule benchmarking,
assurance reviews and so on and so forth. Unfortunately, in EPC Projects, transactional costs
thrive owing to both lack of integration, and to contractual and operational frictions between
the multitude of stakeholders involved during the project lifecycle.
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Mulva advocates a new approach, the “Operation System 2.0” [CURT, 2018]. This vision
is a multi-industry, collaborative, research-supported effort that aims to reorganize industry
procedures and standards and replace them with a standardized, technology-enabled platform
that accommodates future changes and makes capital projects more financially viable and
sustainable.

In an interview with d1gltal AGENDA (dA, 2018), he points out the impact: “The existing
business model is essentially like a pyramid: At the top you have the owner, followed by the
EPC, a series of subcontractors, a series of suppliers, and they are working on the contract, both
upwards and downwards. This model is very slow and expensive. With computers and Al, we
are able to put basically everybody on what we call the Thin Platform OS 2.0. Impact can reach
up to 35% cost reduction, 50% cycle time reduction, 57% better ROCE and 250% more
projects.”

In 2017, an in-depth report of McKinsey experts examined the role of technology in
shaping modern industries (McKinsey, 2017b). The authors conclude that digitization is driving
a “radical reordering of traditional industry boundaries,” leaving whole sectors ripe for
disruption. “The mobile Internet, the data-crunching power of advanced analytics, and the
maturation of artificial intelligence (Al) have led consumers to expect fully personalized
solutions, delivered in milliseconds. Ecosystem orchestrators use data to connect the dots - by,
for example, linking all possible producers with all possible customers, and, increasingly, by
predicting the needs of customers before they are articulated. The more a company knows about
its customers, the better able it is to offer a truly integrated, end-to-end digital experience and
the more services in its ecosystem it can connect to those customers, learning ever more in the
process.”

In another McKinsey report concerning “The art of project leadership: Delivering the
world’s largest projects” (McKinsey, 2017a) it is stated that “troublingly, large capital projects
that are completed on schedule and within budget are the exception, not the rule. We reviewed
a dataset of more than 500 global projects above US $1 billion in resource industries and
infrastructure and found that only 5 percent of projects were completed within their original
budget and schedule. In completed projects, the average cost overrun was 37 percent and
average schedule overrun was 53 percent.” It is pointed out that the disruptive influence of
failures in project leadership, ineffective culture of the project organization, failed mechanisms
of collaboration between multiple parties involved are some of the levers for improving the
performance of large projects, especially as scale and complexity of projects are increasing.

Last but not least, it is essential that the productivity gap in the EPC business is dealt with.
Reports (McKinsey, 2017c) point to the fact that in the construction industry the annual
productivity growth during the last two decades has been only 1%, that the industry is lagging
behind overall economy productivity by 50% and that in total a boost in productivity of
approximately 50-60% could be achieved, which amounts to $ 1.6 trillion additional value:

“Construction is among the most fragmented industries in the world, the contracting
structures governing projects are rife with mismatched risk allocation, and owners and buyers,
who are often inexperienced, must navigate a challenging and opaque marketplace. The results
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are operational failures within firms, including inefficient design with limited standardization;
insufficient time spent on planning and implementing the latest thinking on project management
and execution; and a low-skilled workforce. In addition, the construction industry is highly
volatile and has bottom-quartile profit margins compared with other sectors, constraining
investment in the technology and digitization that would help raise productivity.*

Summing all the findings up, there is a real potential for the EPC business to improve its
overall performance. All reports show measures for drastically reducing costs as well as
scheduled times, for improving the overall productivity by learning from good practices and
other industries, performing systematic organizational change and by using modern
technologies to the best extent.

5. Results and conclusions

After studying a multitude of reports, discussing the matters with about a hundred experts
and analysing more than a dozen case studies we are able to conclude that it’s possible to save
more up to 50 % of CAPEX in EPC projects! However, unleashing the potential depends on a
number of factors that need to come together.

First of all, the EPC Business is complex, and every business, every project is special.
There is no standard solution that fits all. Solutions that may work in one business case might
fail in the other, as ownership structures, regional aspects, technical conditions or the markets
are completely different. This is why our research had to consider a multitude of perspectives.

Second, no individual player within the value chain will accomplish this target on their
own. CAPEX is the total of capital expenditures, including the costs of project development,
the costs of engineering/procurement/construction, the cost of project management and project
governance. Such a radical reduction may only be feasible if developed along the entire value
chain, and here the first link in the chain is the investor. The investor defines the strategy for
project development, and decides between the traditional ‘LSTK’ approach or an innovative
partnership approach that takes on board the experience and competence of all parties involved
from the very first moment. The next in the chain, the EPC Contractor, is also not able to realize
50% cost savings if sub-suppliers do not contribute to this, and if all sub-suppliers had not
passed these savings on to their respective customers in form of reduced prices on their scope
of supply and services. Finally, one of the levers is to reduce supplier tiers from five or more to
three or less by applying cooperation agreements.

There are success factors and reasons for failure that follow a larger pattern, and the goal
of our research was to capture and evaluate these factors, and to give structure to the overall
pattern in a holistic approach. The model we used is a holistic model for business transformation
covering four success-critical dimensions, ‘People’, ‘Organization’, ‘Processes & Methods’,
and ‘Technology’.

The basic principle of this model is the experience that any business transformation needs
to happen balanced across all four dimensions. Initiatives that limit the effort to cover one or
two of these dimensions will fail if the other dimensions are neglected. Therefore,
recommendations are assembled in the format symbolized by a ‘temple’, with digitalization as
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the leading (and potentially disruptive) technology foundation. On this foundation we define
four pillars of organizational and process/methods-related changes, covered by the roof of
human behavioural changes — the people dimension and ultimately the most challenging part
of all.

Digitalization is the foundation. Ten years ago, most experts would have agreed to the
thesis that we should first define the processes, and then select and define the corresponding IT
solutions. In the age of Industry 4.0, we recognize that IT is developing new solutions and new
opportunities at a speed that our business processes are hardly capable of following. We are too
slow in evolving our business processes to give them the lead; digitalization is the driver that
imposes changes, sometimes disruption on traditional business models. In other industries this
is already reality, and we should not exclude the same happening in future in the EPC of
industrial plants. The title of the initiative “EPC 4.0” references Industry 4.0 as a ‘fourth’
industrial revolution driven by (software) releases.

We have identified four major fields of action to address changes in organization and in
processes and methods, which are all linked to each other:

Collaboration by Partnership makes reference to the public infrastructure sector,
suggesting specifically that investors/owners/operators consider contractual models different to
the traditional EPC LSTK approach, such as alliance contracts or Lean Integrated Project
Delivery (IPD) models (AIA, 2007).

Flat supply chain references examples of supply chain integration from the aviation and
automotive industry, suggesting partnerships with strategic suppliers that go beyond the capital
project horizon and into the field of operation and maintenance.

Flexible organization advocates standardization of project management, engineering,
procurement and construction processes as well as standardization in qualifications to enable
the EPC Business to adjust flexibly to business cycles with organization structures scalable to
market needs.

Focus on core competences finally suggests that all participants share work scope and
associated risks with the party who is best capable and competent of managing these. This focus
releases resources for urgently required innovations: Innovations in plant technology, such as
modularization, innovation in state-of-the-art information technology to increase productivity
and reduce non-conformance and underperformance costs.

The Human Factor. All these changes will not be successful without the support of the
people working in our industry. The magnitude of changes triggered by Industry 4.0, in
organizations, in processes and methods, requires a transformation programme driving a
cultural change in the behaviour of our human resources. There are well-established tools and
methods to guide organizations, companies, or project teams to work towards a change in
attitude and mindset.

A reduction of up to 50 % of CAPEX? What at first glance may look like utopia may not
be impossible if broken down into smaller elements where we are wasting money in our capital
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projects today. Planned CAPEX and the as-built CAPEX in reality differ significantly — the
cost overspend in megaprojects ranges between 30 to 50 % on average!

But even when we analyse the planned CAPEX: The cost of lost productivity, transaction
costs that do not add value, such as the costs of mark-up fees, the cost of duplicating project
organizations for project governance, the cost of bidding, the cost of claiming and penalties, the
cost of risk contingencies in CAPEX... All in all, we come to the conclusion that up to 50% of
the money we spend on capital projects is avoidable and does not contribute to the value of the
assets we build.

The following example is not aimed at proving the feasibility of saving up to 50% CAPEX.
The savings potential is limited by the nature of the business case, market conditions, owner’s
structure, region of project execution and operation and many other factors that impact the cost
breakdown of CAPEX. However, it invites investors, owners and contractors to explore the
savings potential for their specific business cases if the measures described in this report are
implemented successfully.

With the random example a CAPEX cost breakdown is provided, with a 13% share of the
owner’s costs, and a 87% share of what in a LSTK set-up would be the EPC contractor’s share.
We are aware that some projects come with owner’s costs as low as 10%, while in others the
owner s costs make up a share up to 30%. Costs of engineering can vary in a range from as low
as 5% to as high as 30%, depending on the degree of engineering re-use and depending on the
location of the engineering team in a high- or low-salary region. The share of construction costs,
specifically construction labour, may be significantly higher if the project is executed in a high-
cost region, e.g. the US or Northern Europe. The share of equipment and (bulk) material costs
depends on the technology of the plant. Consequently, the figures below are not representative
for “EPC projects” in general, as they can illustrate one dedicated example only.

In the calculation presented below, the cost breakdown can be read as absolute figures,
representing a project with a total budget of 100 Mio EUR, or as a percentage. The individual
savings are multiplied to determine the total saving, and it is important to understand that the
levers in each saving category must be different and independent from each other. In this
example we have identified four major (and independent) levers to achieve savings: Team
integration, productivity, transaction costs and schedule acceleration.
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Owner 13 50% 30% 20% 72% 4
Project Management 6 50% 30% 20% 72% 2
Construction & Start-Up Management 8 50% 30% 10% 20% 73% 2
Engineering 14 30% 20% 44% 8
Equipment 21 30% 10% 37% 13
Bulk Materials 11 10% 10% 10
Construction Labor 12 30% 10% 20% 50% 6
Other Construction Costs (e.g. site logist.) 2 10% 20% 28% 1
Contingency 6 50% 50% 3
Special Costs (Legal, Travel etc) 7 80% 80% 1
100 50

Table 1: Example of the cost breakdown for an EPC Project with potential savings

Team integration: The total number of personnel involved in the management, supervision
and governance of the project, traditionally (more than) duplicated in parallel project
organizations for the owner, for the EPC contractor, for the construction company and lower

tier subcontractors may be halved just by forming integrated teams based on contractual
schemes supporting partnership.

Productivity: Exploiting the full potential of digitalization, such as BIM or automation in
construction management, the reduction of claims and claims defense, the integration of
suppliers and the early involvement of all parties may lead to a significant increase of the
productivity of owner’s management, project management and construction and start-up
management up to 30%. Possible productivity gains in engineering, in the manufacture of
equipment and in construction (labour productivity) in the range of up to 30% may be achieved
through reduction of waiting times, reduction of changes and higher professionalism in
coordination and supervision. These savings are still conservative compared to the overall
productivity gap between construction industry and other sectors of 30 to 80%.

Transaction costs: Reducing transaction costs (that according to CII may sum up to 40%
of the project costs) is a significant lever. We point to the fact that duplication of project
organizations for governance or reduction of claims are also transactional costs, but not
considered here. In the example an additional reduction of up to 10% may be achieved by
flattening the contracting pyramid, eliminating double mark-ups in equipment supply and in
construction (management, labour, bulk material and site logistics). Another major factor is the
reduction of (double) risk contingencies by a half across all levels of tier organizations from a
total of up to 7 to 8% down to a range of 3 to 4%.
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Finally, the category ‘special costs’ includes positions such as travelling, but to a
significant share also legal costs (in some projects up to 10%!) or other costs that are associated
with defending contractual positions which do not add value to the overall project. Applying
the partnership approach in contracting may eliminate up to 80% of these special costs.

Schedule acceleration: McKinsey [McKinsey, 2017-1] determined an average of 53%
schedule overrun on megaprojects, and the executing contractors consider this experience to
certain degree in their project schedules. While this research highlights the potential saving in
terms of cost (CAPEX) the same levers (such as digitalization, collaboration, productivity gains

etc.) will also translate into shorter project execution times. A reduction of 20% in overall
project duration and in construction duration, as considered in the example, will directly reduce
the time-dependent cost positions, for example owner, project management, engineering and
construction costs (management, labour, site logistics).

The example shall illustrate the potential impact of the different levers identified and
described in this research to a sample cost breakdown. In this specific example, if we consider
a CAPEX of 100 Mio EUR before savings, the aggregation of all potential savings will drive
CAPEX down to 50 Mio EUR after savings, a reduction by 50%!

Overall the saving potential in CAPEX may be in a range of 30 to 50% of the planned
costs, and this potential does not include the elimination of non-conformance costs, as these
costs never enter a budget, but only will result in cost overspend. Just to recall: McKinsey
[McKinsey, 2017-1] determined an average of 37% cost overrun on megaprojects.

Finally, it must be mentioned that the recommendations given in this research, such as
supplier integration, operations readiness or predictive maintenance, shall also help to drive
OPEX down. Finally, the improvements in CAPEX and OPEX will result in a significant better
financial model for the business case, leading to better financing conditions, higher margins
and finally an attractiveness for investors that can compete with other industries.

Now it’s up to the decision makers of the EPC Industry to simply start changing the
business. The ones who succeed will be the leaders of tomorrow in EPC Business. A faster way
of improving the business is to analyse what other industries, sectors and firms are doing and
to apply lessons learned. There is no “silver bullet” to tackle the situation in EPC Business.
However, it’s insightful to see how EPC is applied in other sectors and how industries such as
Automotive and Aerospace are improving productivity, applying new (digital) technologies and
performing agile and collaborative practices.

References

Accenture  (2014), “TOP 500 Studie Digitalisierungsgrad nach Branchen”, available at:
https://www.accenture.com/ acnmedia/Accenture/Conversion-Assets/DotCom/Documents/Local/de-
de/PDF_3/Accenture-Deutschlands-Top500.pdf (accessed 13 March 2019)

AIA (2007), “The American Institute of Architects - Integrated Project Delivery: A Guide. Version 17,
available at: http://content.aia.org/sites/default/files/2017-02/Integrated%20Project%20Delivery%20Guide.pdf
(accessed 13 March 2019)

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 94


https://www.accenture.com/_acnmedia/Accenture/Conversion-Assets/DotCom/Documents/Local/de-de/PDF_3/Accenture-Deutschlands-Top500.pdf
https://www.accenture.com/_acnmedia/Accenture/Conversion-Assets/DotCom/Documents/Local/de-de/PDF_3/Accenture-Deutschlands-Top500.pdf
http://content.aia.org/sites/default/files/2017-02/Integrated%20Project%20Delivery%20Guide.pdf

BCG (2016), “Shaping the Future of Construction - A Breakthrough in Mindset and Technology”, available
at: https://www.bcg.com/de-de/publications/2016/shaping-the-future-of-construction.aspx (accessed 13 March
2019)

CII (2018), “Finance and Accounting Isn't for Cavemen”, available at: https://www.construction-
institute.org/blog/2018/february-2018/finance-and-accounting-isn-t-for-cavemen (accessed 13 March 2019)

CURT (2018), “Operating System 2.0 Summary Brochure”, available at: https://www.curt.org/wp-
content/uploads/2018/02/0S2-Summary-Brochure.pdf (accessed 13 March 2019)

dlgltal AGENDA (2018), “Rethinking how capital programmes can be delivered”, available at:
https://www.economic-
plant.com/issuebrowser/d1gltal agenda capital projects 2018 3/html5/index.html?&locale=DEU&pn=>5
(accessed 13 March 2019)

ECI (2018), “Rethinking how capital programmes are delivered”, available at: http://www.eci-
online.org/news/rethinking-how-capital-programmes-are-delivered-report-of-the-eci-conference-on-3rd-october-
2018/ (accessed 13 March 2019)

Global Construction (2015), “Report “Global Construction 2030 - Global Construction Perspectives”,
available at: https://www.globalconstruction2030.com/ (accessed 13 March 2019)

McKinsey (2017a), “The art of project leadership: Delivering the world’s largest projects”, available at:
https://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-insights/the-art-of-project-
leadership-delivering-the-worlds-largest-projects (accessed 13 March 2019)

McKinsey (2017b), “Competing in a world of sectors without borders”, available at
https://www.mckinsey.com/business-functions/mckinsey-analytics/our-insights/competing-in-a-world-of-
sectors-without-borders?reload (accessed 13 March 2019)

McKinsey (2017c), “Reinventing Construction: A route to higher Productivity”, available at
https://www.mckinsey.com/~/media/mckinsey/industries/capital%20projects%20and%20infrastructure/our%?20i
nsights/reinventing%?20construction%?20through%?20a%?20productivity%20revolution/mgi-reinventing-
construction-executive-summary.ashx (accessed 13 March 2019)

ProjectTeam (2017), “Time for Change - A vision for EPC 4.0”, working paper, ProjectTeam, Diisseldorf, 6
November.

VDMA (2017), Proceedings of the VDMA Arbeitsgemeinschaft GroBanlagenbau, Engineering Summit in
Mannheim, Germany, 2017, VDMA, Frankfurt

Wagner, R. (2019), "EPC-Projects, a class of its own", available at: https://www.ipma.world/epc-projects-
class/ (accessed 13 March 2019)

Worldbank (2018), “Commodity Markets Outlook™, available at: https://www.worldbank.org/commodities
(accessed 13 March 2019)

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 95


https://www.bcg.com/de-de/publications/2016/shaping-the-future-of-construction.aspx
https://www.construction-institute.org/blog/2018/february-2018/finance-and-accounting-isn-t-for-cavemen
https://www.construction-institute.org/blog/2018/february-2018/finance-and-accounting-isn-t-for-cavemen
https://www.curt.org/wp-content/uploads/2018/02/OS2-Summary-Brochure.pdf
https://www.curt.org/wp-content/uploads/2018/02/OS2-Summary-Brochure.pdf
https://www.economic-plant.com/issuebrowser/d1g1tal_agenda_capital_projects_2018_3/html5/index.html?&locale=DEU&pn=5
https://www.economic-plant.com/issuebrowser/d1g1tal_agenda_capital_projects_2018_3/html5/index.html?&locale=DEU&pn=5
http://www.eci-online.org/news/rethinking-how-capital-programmes-are-delivered-report-of-the-eci-conference-on-3rd-october-2018/
http://www.eci-online.org/news/rethinking-how-capital-programmes-are-delivered-report-of-the-eci-conference-on-3rd-october-2018/
http://www.eci-online.org/news/rethinking-how-capital-programmes-are-delivered-report-of-the-eci-conference-on-3rd-october-2018/
https://www.globalconstruction2030.com/
https://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-insights/the-art-of-project-leadership-delivering-the-worlds-largest-projects
https://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-insights/the-art-of-project-leadership-delivering-the-worlds-largest-projects
https://www.mckinsey.com/business-functions/mckinsey-analytics/our-insights/competing-in-a-world-of-sectors-without-borders?reload
https://www.mckinsey.com/business-functions/mckinsey-analytics/our-insights/competing-in-a-world-of-sectors-without-borders?reload
https://www.mckinsey.com/~/media/mckinsey/industries/capital%20projects%20and%20infrastructure/our%20insights/reinventing%20construction%20through%20a%20productivity%20revolution/mgi-reinventing-construction-executive-summary.ashx
https://www.mckinsey.com/~/media/mckinsey/industries/capital%20projects%20and%20infrastructure/our%20insights/reinventing%20construction%20through%20a%20productivity%20revolution/mgi-reinventing-construction-executive-summary.ashx
https://www.mckinsey.com/~/media/mckinsey/industries/capital%20projects%20and%20infrastructure/our%20insights/reinventing%20construction%20through%20a%20productivity%20revolution/mgi-reinventing-construction-executive-summary.ashx
https://www.ipma.world/epc-projects-class/
https://www.ipma.world/epc-projects-class/
https://www.worldbank.org/commodities

Determining Measures to Increase the Productivity of Contractors
in Construction Projects
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Abstract:

Long-standing problems with the productivity of the construction industry around the
world require organizational changes in construction companies. The human work still has a
dominant share in the cost of realization, therefore the increase in labor productivity is of
essential importance. Possible measures are classified according to a number of criteria -
towards whoever should take them, according to what they relate to, by the extent, by the time,
by their action and with other characteristics.

This paper analyzes barriers to increase construction productivity and shows the algorithm
for finding appropriate corrective measures. The methodology for improving the productivity
of contractors is primarily focused on increasing labour productivity and is cyclically
implemented. It is always necessary to measure the realized size of productivity, comparison
with the reference size and the examination of a number of factors affecting it. After analyzing
influential factors, appropriate measures can be taken, which is specific to each company and
project.

In addition, the article provides an overview of the factors that have the greatest impact on
the labour productivity in construction industry according to the results of the previous research
and the list of measures that are in line with these proposed. There is in conclusion, a critical
review of the situation and possibilities of such measures including contractors in Croatia. It
emphasizes the need for state and clients contributed to the contractor's productivity from which
everyone benefits.

Keywords: factors affecting productivity, delays; measuring, improvement measures

1. Introduction

Productivity is an efficient transformation of resources into market products, so its
improvement is primarily for any profit-oriented organization. The productivity of contractors
can significantly affect timeframe and realization costs and it is important for clients, indirectly
for a variety of other industries and for the economy of the whole state.

Despite technological advances, the labor force is the dominant production resource for
construction work and therefore the productivity of contractors is mostly dependent on the
performance of workers (Ghate and Minde, 2016), ie labor productivity.

The problem of low productivity in construction (with regard to other industries and long-
lasting weak growth) is also in the most developed countries and numerous experts have tried
to find practical solutions for its improvement. A lot of articles in the journals, conference
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proceedings and a series of master theses and doctoral dissertations have been published, but
there is no simple or universal answer to who, what to do and how to do it. But it is clear that
access to productivity improvement for contractors and the realization of certain projects must
be an individual, flexible and holistic, based on realization data.

2. Methodology for improving the productivity of construction contractors

After seeing the need to improve the business/performance of contractors and the idea of
achieving this by increasing productivity, the initial step is to get acquainted with productivity
issues (background). It is also necessary to define an appropriate subsystem for monitoring
productivity in the company. It can be a problem that employees dealing with data collection
have other duties that are usually more important (Poirier et al., 2015). Therefore, it is
recommended to introduce the function responsible for improving productivity in the company
(construction productivity improvement officer) (Shinde and Hedaoo, 2017).

Continuous monitoring of the productivity of certain types of work and the parameters of
the overall project realization (Performance ratio, Project management index, etc.) is important
to timely insight into losses and determine the need and possibilities of its improvement. Adrian
(2008) recommends job site record keeping and defect analysis and Horner and Duff (2001), as
well as Shehata and El-Gohary (2011), warn that a very important choice of a suitable method
of productivity measurement. (There may be different techniques such as Activity sampling,
Field surveys, Wireless Real-time Productivity Measurement, Time study, Group timing, etc.)

Productivity management is based on the collection, availability, and use of information
during building (de Araujo et al., 2013). It is sometimes possible to apply productivity
improvement measures to the realization of a current project, and will sometimes use the
acquired knowledge to plan and manage the realization of future projects (for example a risk
checklist, a model for productivity estimation, internal time norms). That is why it is important
to create a database that provides baseline productivity data and predicting the impact on
productivity. Also, in some cases, regular records can provide a basis for possibly seeking
compensation for losses from those responsible for adverse impacts (Vidakovi¢ et al., 2018).

The decision to take measures to increase productivity is based on a comparison of specific
reference productivity (according to time norms, baseline productivity or selected
competition/good practice examples). In that, the conditions which in this case affect the
performance must be taken into account. If the productivity level is unsatisfactory, the optimal
way to improve it should be chosen. The basis for making decisions about this is when
measuring the observed delays and detected factors that affect productivity. It is necessary to
clearly identify and analyze the causes of loss of work time/productivity and which really limits
the productivity increase. When deciding on appropriate measures to eliminate or reduce
negative impacts on productivity, it should be kept in mind:

« the significance of the detected effects on productivity (certain weight and frequency
of influence),

+ linkage to the effect of some influential factors,

* costs for implementing certain measures,

 the time to take measures,
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+ the time when measures can begin to contribute to increased productivity,
 savings that bring the planned increase in productivity,

* the duration of the positive effect of the measures on productivity,

* a common effect of the measures planned,

* the required resources and their availability in the company.

It makes no sense to choose measures for which there are no financial resources or adequate
staff. Measures should be realistically applicable and cost-effective with the realistic
expectation of their performance, ie increasing productivity (eg. it is not profitable to invest in
the procurement of some equipment if there is not enough contracted work to which its
productivity will be paid). The described methodology for finding optimal measures for
improving productivity is shown in Figure 1.

Productivity background Setting up a system for monitoring
(problem-solving - study of =¥ productivity (choice of measurement
literature) techniques, executives, information)
| |
v v
Datahase — Measuring productivity Detection of delays - loss of time
(definition of basic productivity (at several levels of detail) and productivity
and weight of work conditions * *
influence) - X
Comparison with standard Detection of causes of loss
productivity / with selected /waste and significance
) examples from practive ¢

Defining measures to

improve productivity
Satisfies the (action on avoidable / reduced
criteria? losses)
v
Continuous working without Analysis of possible
< change (with further measures to increase
performance monitoring) productivity (costs, time,

resources available and effect)

Y

Choice of measures of action

Y

Implementation selected measures
(with further performance monitoring)

¢

Figure 1. The methodology of cyclic improvement of productivity

It is important that at all levels of management of the contractor company there is a
commitment to productivity improvement. Selected measures should be clarified by those who
need to implement them (at all levels) and after their application continues to measure
productivity and identify any further negative impacts. The achieved performance needs to be
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analyzed and cyclically, in the same order, productivity improvement is continued to a
satisfactory level. (We should always strive for better in realistic frameworks.)

3. Factors affecting construction productivity

3.1.Barriers to Increasing Productivity

In order to increase productivity in construction, a better understanding of what is hindering
productivity growth is needed (Green, 2016). Progress is possible but problems that hinder a
significant increase in productivity in the construction industry and in contractors are deeply
rooted, sometimes linked to culture (Horner and Duff, 2001). The specific characteristics of the
construction industry, which is why productivity is always lower than that of industrial
production, is the uniqueness of the construction projects (the impossibility of serial
production), the need for workers, equipment and machines during the work to frequently
change the workplace on the site (impossibility of chain production, sequencing), outdoor work
(exposed to weather conditions) and many different types of work with different quantities
(require different occupations workers and unequal loads) and numerous suppliers and
subcontractors. Table 1 lists some other important obstacles that make it difficult to increase
the productivity of contractors, recognized in foreign research studies and the reasons that stand
out in Croatia today (according to the mentioned sources, data presented in public media and
interviews with experienced experts in building practice).

Table 1. Obstacles to increasing productivity in construction

Obstacles identified in foreign research Obstacles detected in Croatia
- Fragmentation and often contradictory, partial - Lack of construction workers in the labour
interests of construction project participants (in market;
relation to these opposing relationships in - Older workers (as well as the entire population);
contracts) (Horner and Duff, 2001), (Attar et al., - Lower than average wages in construction;
2012); - The need for extended working hours during the
- Instability due to the uncertainty of contracting construction season;
jobs (Green, 2016); - The inadequate school system for craft workers;
- Work-intensive industry (Green, 2016); - Poor education of engineers for knowledge other
- Insufficient focus on the workforce (Attar et al., than technical (Medani¢, 2005);
2012); - Insufficient lifelong education of construction
- Insufficient investment in education/training engineers;
(Adrian, 2008); - Very few large companies - predominantly small
- Lack of baseline productivity data, ie lack of and medium-sized enterprises (Lovrenci¢ and
comparative references (de Araujo et al., 2013); Butkovi¢, 2010) with insufficient human
- Ineffective management (Attar et al., 2012); resources to improve;
- Lack of real commitment to continuous - Insufficient research and inadequate cooperation
improvement (Horner and Duff, 2001), (Attar et between construction operatives and scientists
al.,2012)

An additional aggravating circumstance is difficulty in measuring productivity in
construction (Horner and Duff, 2001), (Attar et al., 2012) and the interconnectedness of
different impacts, which makes it very difficult to precisely quantify certain influences.
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3.1 A review of factors that have been identified to have a critical impact on productivity in
construction

Exploring, identifying, and evaluating issues affecting labour productivity are key for
managers on a project (project managers, site managers, construction company leaders, etc.) in
their efforts to improve labuor productivity. (An example of a model that helps managers in
project management success is shown in Figure 2.) Knowing the factors that most often have
the greatest impact on productivity is essential for preparing a strategy for reducing inefficiency
(Jamadagni and Birajdar, 2015), ie to determine the focus of the required measures precisely to
address critical factors from the initial stages of planning the construction (Gundecha, 2012).

Changes at the investor's request Quality (clarity) of design and tehn. specification
Payment delays Unplanned conditions in the field
| |
Project complexity - Required jobs and their order - Default deadline
Input Method of work - technology Output
Characteristics of workers ‘ Condition of the tools, machines and other equip.
Financ., Organization work and sites - Supervision and instructions - Safety Buildings
materials, Motivation system - Construction managem.- Comunication - Planning and updating (new or
information new habit)
and other Disaster and | l@upply/ quality of materials
resources weather conditions and subcontractors
Location characteristics Economic (market) and political conditions

Figure 2. Influence factors on the system contractor on construction projects

So far, a large number of surveys have investigated the significance of over a hundred
different basic factors affecting labour productivity. In these studies, based on literature and
consultations with experts, the lists of influential factors were evaluated by the competent
persons according to the size of the influence, and sometimes the frequency. The results of the
examinations show that the influential factors differ depending on the region/country, the type
of work required, ie the project (eg. housing or road construction, new building or
maintenance/reconstruction), clients, material suppliers (Green, 2016) and the contractor
company (size of company) and the working group (Halligan et al., 1994).

Table 2 is an overview of the factors that have been ranked among the top five, according
to the results of 17 previous studies in 15 different countries (41% in the EU and USA). The
researches included in Table 2 are arranged chronologically: A - (OStarijas, 1986), Croatia; B -
(Horner et al., 1989), UK; C - (Vavra and Synek, 1994), Czech Republic, rating for medium-
sized companies; D - (Kuykendall, 2007), USA; E - (Rivas et al., 2011), Chile; F - (Gundecha,
2013), USA; G - (Jimoh et al.,2013), Lagos, Nigeria; H - (Robles et al., 2014), Spain; I - (Sherif
et al.,2014), Egypt; J - (Enshassi, 2014), Palestine; K - (Abrey and Smallwood, 2014), JAR; L
- (Durdyev, 2014), N. Zealand; M - (Tahir et al., 2015), Pakistan; N - (Joseph and Shankar,
2015), India; O - (Bekr, 2016), Jordan; P - (Sandeep and Mukesh, 2017), Bhind, India; R -
(Nguyen et al., 2018), Vietnam.

Skills or education and experience are considered to be one of the most important factors
in 59% of this survey, and three times the most important of them is the separate experience
and education both of you. Nearly half of the survey among five of the most important factors
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was the ranking of supplying building materials (availability on site) and supervision workers.
Of the above-mentioned influential factors, the last three are connected to the actions of the
clients or the designer, and everyone else is in the domain of the contractor (ie his management).
Besides, the vast majority of other factors included in the research are among the most
important, but not in the table (less than 18% of the examined studies), results from the
management by the contractor. Some of them can be connected with the factors in Table 2, such
as a low amount of pay (2x) and types of salary payment (1x) with motivation, clear assignment
of daily tasks (I1x) and site layout (1x) with building management skills, while resource
management (1x) with both the management capabilities and availability of materials, tools and
equipment.

Published research results (ranges)

No Influential factors A

vl

MMM K0
"
w

D E F G H 1 K L M N O P R

experience of workers
Supply of constr. materials

X W X X
X

X X

o M=
e
o
b

3 Supervision - control D. ¢ X X X

Incentive program -
Motrvation
Competence and

5  managerial skills (style, X X X X X
communication, etc.)

Availability of tools X X X X

Availability of equipment
and trucks

Safety/ Accidents X X X X
Planning / scheduling and
unrealistic deadlines

10. Payment delays X X X X

© ® 9 o

Changing order during
execution

Clarity of design and
technical specification

11.

12. X X

Table 2. The most important impacts on labor productivity by research published from 1986 to 2018

In a pilot study (2018) of the opinions of site management and supervisors in Croatia all
interviewed, among the most negative influences included clarity of design (insufficiently
elaborate) and technical specification, and most respondents point out the lack of experience
and worker characteristics (including education), poor motivation, poor resource management,
lack of materials and delays paying investors. The regularity of salary, size of the salary and
cash bonuses are one of the five most significant factors affecting labor productivity in Croatia
according to Nahod and Knezovi¢ (2017), which covers only factors related to the motivation
of workers.

4. Measures to increase the productivity of contractors

What measures can be taken

Basically, productivity improvement can be achieved by reducing investment (inputs) to
obtain the same output, increasing the production volume with the same investment or partly
by reducing investment and partly by increasing production (Green, 2016) and it is also possible
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to increase investment by increasing productivity, but to a degree greater than the value of the
investment increase. Nowadays, a more interesting growth in output is no increase in inputs,
which is precisely the definition of technological development, ie, productivity increase (Gelo
and Druzi¢, 2015). Green (2016) in the analysis of the potential for increasing productivity in
UK construction is of the opinion that it is probably the best combination of investment cuts
and increase in product volumes.

In order to improve the labour productivity on the realization of construction projects, a
series of measures can be taken - from work study at the level of work operation to the Building
Information Modeling (BIM) at the project level (covers both managerial and technological
aspects and requires the involvement of all project participants from the initial phase) and Lean
management at the level of the entire company's contractor.

At the project level and/or the company's contractor, measures to improve productivity can
be undertaken by individuals (competent, experienced, with appropriate powers, motivated),
such as site managers and project leaders. These are, as a rule, short-term measures with a rapid
effect, oriented to the realization of particular, ongoing projects (Figure 3). Long-term measures
are being taken at the state/construction industry level (creating conditions for improving
productivity in a variety of ways - through a suitable education system, investment in
construction projects, favorable loans and guarantees, facilitation/ support for employers,
regulations and avoiding their frequent changes, the procedure of issuing permits, linking and
collaborating with the contractors etc.) and at the level of certain companies (implementing a
proper strategy for systematic loss reduction). Some measures can immediately give results,
and some will take longer. For example, proper motivation can very quickly lead to high
productivity growth, but certain motivation measures have a limited duration of effect on
workers. Ensuring the necessary workforce with good qualifications and experience is the result
of a long-term strategy for attracting, training and retaining such workers. However, at the
realization of a particular project, such a workforce can be ensured by fast (but temporary)
engagement of a particular crew of suitable features or subcontractors with high-quality
workforce for the work to be done.

I) Measures at the state / entire construction industry level

IT) Measures at the conractors level
III) Measures at project level

N
\

Strategic, long-term and fast ,-, short-term measur.

4
4

'

Takes the entire company  Takes interested parties are

or individuals in it involved in the proj.

Undertakes:
- Government, Chamber of Commerce, Association of Contractors etc.

- Strategic measures - long-term

Figure 3. Levels of taking measures to increase productivity
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According to the factors identified as the most significant in the impact of labour
productivity, it can be seen that the measures for its increase are mainly geared to the choice,
training, and motivation of the workers, safety at work and quality preparation/logistics and
managing (including planning of works and resources, organization on the construction site,
establishing good relations with workers and communication etc.) and regular, competent
supervision. With skilled, better-trained workers for the job (no sense or being re-qualified),
more work can be done in less time, without jeopardizing the quality of work (Ghate and Minde,
2016). Therefore, one of the biggest challenges facing construction industry in Croatia, like in
many other countries, is the ability to provide-skilled workers (eg, the Construction Industry
Institute noted this problem in the United States (Chapman et al., 2010)).

Evident barriers and negative impacts on productivity indicate that the maximum can only
be achieved by improving the performance of both contractors and clients (insight into high-
quality project documentation - clear, elaborated designs and technical specifications, analyzing
the project solution prior to the realization process in order to avoid subsequent changes,
realistic planning of the budget and payments according to the dynamics of the works the
realistic deadlines, providing all the necessary information in a timely manner, BIM, etc.) and
the appropriate support of the state. Both the client and the state harm the contractor's poor
performance, so it makes sense for their additional engagement in this regard to help the
contractor. The government should consider investing in the training of the workforce required
by construction, and then it may also be sought by the employers because well-trained workers
will be more productive in the company. With a larger range of better skills, workers will have
higher salaries, and with this, they will be able to repay a loan for their training (Dharani, 2015)
and will pay higher taxes and thus return to the state they invested. With higher wages, a worker
will be able to invest themselves in their further professional training, but it can also be done
by the employer by binding them to a contract for their company.

According to Dai and other (2009) surveys, construction workers consider that most of the
negative factors affecting their productivity can be solved by the site management. For example,
appropriate changes in the look of workplaces affect work productivity, so properly deployed
material on the construction site can in some cases reduce up to 50% of the time needed for
execution (Ghate and Minde, 2016). Of course, there is always a need to improve what is flawed
in the particular case and focus on what causes the greatest loss of time. External factors cannot
be influenced by a contractor, but they should be attempted to adapt (implement fundamental
principles of weather mitigation) to minimize their negative impact (Sukumar and Kumar,
2016), (Thomas and Ellis, 2017). Productivity as a result of the actions that cannot be avoided
and the negative impacts that counteract positive measures are illustrated in Figure 4.
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Figure 4. Impacts on productivity of contractors

We should try to identify examples of good practice (de Araujo, 2013) both in our company
and beyond. In addition to considering negative impacts, it is desirable to examine possible
positive impacts and be prepared to use them to increase productivity.

4.2 Measures proposed on the basis of previous research

The ability to increase productivity by the contractor can be categorized into the following
categories (Efimenko, 2008), (Porier et al. Jergeas, 2009):

e organization and management system,

e labor force (socio-economic and social-psychological measures),

e mechanization and automation (more advanced machines and their higher degree
of use),

e new, more suitable materials and techniques.

Many kinds of literature (eg. (Rojas and Aramvareekul, 2003), (Efimenko, 2008) (Adrian,
2008), (Goodrum et al., 2009), (Huang et al., 2009), (Chapman et al., 2010), (Malisiovas, 2010),
(Sukumar and Kumar, 2016), (Porier et al., 2016), (Green, 2016), (Uddin et al., 2017) etc.)
recommended to increase productivity using new, advanced technology (including
prefabrication). However, some authors (such as for example, Rojas and Aramvareekul, 2003)
consider productivity improvements as a matter of management alone, ie. consider that
introducing new techniques or technologies may be necessary but not enough to improve
productivity. If the relative increase in the cost of investing in new equipment and technology
goes beyond the relative saving of labour costs and gains due to higher production it actually
represents a productivity decline (Porier et al., 2016). However, the available mechanization
should be maximally exploited (Efimenko, 2008), (Attar et al., 2012).

Table 3 gives an overview of measures to increase the productivity of contractors by the

authors of previous research.

Table 3. The measures that researchers recommend to increase the productivity of construction work and
the factors they are positively impacting (marked by their ordinal number from Table 2)
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Measures that increase productivity Research in  which they are Factors to which
recommended measures act
Appropriate  training of workers (Rowlinson and Proctor, 1999), 1
(providing training and development) (Horner and Duff, 2001), (Attar et al.,
2012), (Dharani, 2015), (Green,
2016), (Sukumar and Kumar, 2016),
(Buli, 2017)
Managing materials (detailed (Rowlinson and Proctor, 1999), 2
procurement  schedule, automatic (Adrian, 2008), (Attar et al., 2012),
materials tracking) - timely supply (Gundecha, 2012), (Thomas and Ellis,
of material in sufficient quantities 2017), (Shinde and Hedaoo, 2017)
Managing resources and ensuring the (Shehata and FEl-Gohary, 2011), 2,6,7
availability of resources (Ghate and Minde, 2016), (Uddin et
al., 2017)
Enough tools in working order (Dharani, 2015), (Jamadagni and 6
Birajdar, 2015)
Equipment management, ie equipment (Rowlinson and Proctor, 1999), 7
planning in advance (Adrian, 2008), (Attar et al., 2012),
(Sukumar and Kumar, 2016)
Efficient planning and proper time (Horner and Duff, 2001), (Adrian, 2, 6, 7, 9
schedules 2008), (Efimenko, 2008), (Naoum et (and crowded
al., 2009), (Valverde-Gascueia et al., arecas of work,
2011), (de Aaraujo et al., 2012?), mixing work
(Aziz and Hafez, 2013), (Dharani, groups)
2015), (Sukumar and Kumar, 2016),
(Green, 2016), (Thomas and Ellis,
2017), (Sukumar and Kumar, 2016)
Update plans according to the changes  (Valverde-Gascuena et al., 2011) 2,6,7,9
Regular, frequent meetings for (Horner and Duff, 2001), (Uddin et 9
progress monitoring al.,2017)
Timely, competent supervision at the (Rowlinson and Proctor, 1999), 3
place of execution with clear (Goodrum and  Haas, 2002), (and mistakes and
instructions (Valverde-Gascuefia et al., 2011), rework)

Less workers per supervisor

Applying an appropriate leadership
- (use of modern management
socio-techno-

style

techniques such as
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(Efimenko, 2008), (Naoum et al.,
2009), (Gundecha, 2012), (Dharani,

105



managerial approach, friendly 2015), (Thomas and Ellis, 2017),
relationship with workers and etc.), (Buli, 2017)

efficient management system to (Naoum et al., 2009), (de Araujo et 5
communicate, coordinate and control al., 2013), (Uddin et al., 2017)

Motivation through incentives and (Rowlinson and Proctor, 1999), 4 (Motivated
other programs (creating the work (Efimenko, 2008), (Naoum et al., workers are more
environment that can motivate - 2009), (Gundecha, 2012), (Attar et al., active and have a
awarding the best worker etc.) 2012), (Dharani, 2015), (Jamadagni greater output)

and Birajdar, 2015), (Sukumar and
Kumar, 2016), (Buli, 2017)

On time payment to the workers (Attar et al., 2012), (Jamadagni and
Birajdar, 2015), (Sukumar and Kumar,
2016)
Safety program (training and safety (Rowlinson and Proctor, 1999), 8 (Labour feel
work meetings) (Adrian, 2008), (Gundecha, 2012) secured at safe
(Dharani, 2015), (Green, 2016), sites and tend to
(Sukumar and Kumar, 2016) produce more)
Provide sufficient lighting on the (Gundecha, 2012) 8 (Less chance of
construction site and place of work injury and
quality, faster
work)
Keep the cleanliness of the workplace  (Valverde-Gascuefia ef al., 2011) 8 (Less chance of

injury and faster
job search)

Except the productivity increase measures listed in Table 3, authors of previous studies
recommend measures concerning workers and organizations of the construction site: try to hire
as many workers as possible for a longer longer duration (Dharani, 2015), avoiding overtime
(Horner and Duff, 2001), (Jamadagni and Birajdar, 2015) and overlapping work of more than
two crew (different occupations) in the same space, organizing consecutive/cyclical
performance of work tasks (Valverde-Gascuefia et al., 2011), implementing appropriate
measures to maintain work discipline (Attar et al., 2012), (Gundecha, 2012), provide the
necessary contents on site (for workers, waste area etc.) (Dharani, 2015), (Valverde-Gascuefia
et al., 2011) and optimal layout of the site (material easily accessible and close to the building
where it is built) (Attar et al., 2012), (Gundecha, 2012), (Sukumar and Kumar, 2016) etc.

4.3. Increasing productivity by Lean managing contractors

Although designed for factory production, the Lean concept is appropriately adapted to the
application in construction. There is no formula to implement Lean in the company, but it is
necessary to notice the losses and to eliminate them with the help of the appropriate tools
(techniques) (Piskor and Kondi¢, 2010) and accept implementing as a long-lasting process.
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Based on the Cost case study in Poland Nowotarski et al. (2016) found that the costs of
introducing Lean Management were far less than the savings that the contractor achieved with
him.

Lean in contractor companies can bring advantages such as reduced administration,
improved workflow, improved teamwork, reduced inventory, lower material consumption,
better organization of workplaces and space, shorter work time and higher product quality and
through this certainly higher productivity. Swefie (2013), according to twelve research sources
in five countries (US, Brazil, Nigeria, UK, and Sweden), for the period 2001-2013, states that
using Lean approach and Lean techniques in constructions has reduced the project duration of
17 - 79%.

For example, 5S techniques can be successfully used in many construction processes
because to the low financial costs required for its implementation (Nguyen, 2015), and due to
the frequent types of construction losses, Croatian contractors could be very useful Just-in-time
and Gemba and Kaizen's approach.

5. Conclusion

Despite deep-rooted problems and many factors hindering construction productivity
growth, the misconception is that productivity increases cannot be achieved, as evidenced by
documented successful examples (published case studies). By analyzing measured productivity
and detected delays (loss of working hours), appropriate action measures can be designed to
avoid or reduce productivity losses. In order to be effective measures of action, they must
always be customized for each concrete case. (The published results of research by contractors
can only be used as backgrounds and guidelines because within the construction industry there
are great differences.) In order to determine which measures may be most effective and what
needs to be taken primarily, it is necessary to identify impacts on productivity and to rank them
by importance. There is a need to improve what is lacking on the construction site and
companies, but paybacks must be taken into account. It should also be prepared to encourage
and exploit favorable opportunities.

In view of the observed obstacles and factors that have the most serious impact on the
productivity of construction work in Croatia, there is a need for clients and government
involvement in the ability to increase the productivity of the contractor. For this reason, all
participants in the realization of the project should be encouraged to increase the performer's
productivity in the common interest (gives a positive contribution to achieving the goals of both
the clients and the state).

There is a need to invest in appropriate education/training of workers and management, as
they often make the most contribution to achieving the productivity of contractors. It is
recommended cyclical implementation of improvement measures in the contractor's system,
using Lean approach and techniques. If the measures to increase productivity are successfully
implemented, the increase achieved allows for avoiding the need for overtime or excessive
workload and overcrowding (which further reduces worker productivity (Horner and Duff,
2001).) Eliminating unnecessary time losses and increasing productivity reduces the cost of a
contractor, increases its competitiveness and leads to greater investor satisfaction.
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Probably, further improvements and new negative impacts are likely to be possible, and
even after productivity increases, contractors should continue to monitor (measure) productivity
on projects they realize.

References

Abrey, M. and Smallwood, J.J. (2014), "The effects on unsatisfactory working conditions on productivity in
the construction industry", Procedia Engineering, Vol. 85, pp. 3-9.

Adrian, J.J. (2008), "Improving Construction Productivity", ESCIA & CSIA, Seminar, Bradley University,
Adrian International LLC, Peoria, IL.

Attar, A.A., Gupta, A.K. and Desai, D.B. (2012), "A study of various factors affecting labour productivity
and methods to improve it", [IOSR Journal of Mechanical and Civil Engineering, Vol. 1, pp. 11-14.

Aziz, R.F. and Hafez, S.M. (2013), "Applying lean thinking in construction and performance improvement",
Alexandria Engineering Journal, Vol. 52 No. 4, pp. 679-695.

Bekr, A. G. (2016), "Identifying Factors Affecting Labor Productivity On Construction Sites in Jordan",
Proceedings of Annual International Conference on Architecture and Civil Engineering, Singapur, available at:
https://www.researchgate.net/publication/301914198 Identifying Factors Affecting Labor Productivity On C
onstruction_Sites in Jordan (accessed 10 March 2019)

Buli, G.L. (2017), Strategies for Improving Labor Productivity in Construction Companies, Dissertations,
Walden University, Minneapolis, MN.

Chapman, R.A., Butry, D.T. and Huang, A.L. (2010), "Measuring and Improving U.S. Construction
Productivity", Proceedings of W117 - Special Track 18th CIB World Building Congress, CIB Task Group, Salford,
available at: https://ws680.nist.gov/publication/get pdf.cfm?pub id=904100 (accessed 10 March 2019)

Dai, J., Goodrum, P. and Maloney, W. (2009), "Construction craft workers' perceptions of the factors
affecting their productivity", Journal of Construction Engineering and Management, Vol. 135 No 3, pp. 217-226.

De Araujo, L.O.C., Filho, M.C. and Telles, C.H. (2013), "A New Model of Productivity Management as an
aid to Deadline Management", available at: http://www.conference.net.au/cibwbc13/papers/cibwbc2013
submission_167.pdf (accessed 10 March 2019)

Dharani, K. (2015), "Study on Labours Productivity Management in Construction Industry", International
Journal of Latest Trends in Engineering and Technology, Vol. 6 No. 1, pp. 278-284.

Durdyev, S. (2014), Labour Productivity Impprovement - Impact Levels of the Onsite Constraints, Scholars'
Press, Riga https://www.researchgate.net/publication/311517817_ LABOUR_PRODUCTIVITY _
IMPROVEMENT Impact Levels of the On-site Constraints (accessed 10 March 2019)

Efimenko, I.B. (2008), OxoHOMHIKA CTPOUTENBCTBA: yUeOHO-TIPAKT. ocobue, I'poccmenna, Moscow.

Enshassi, A. (2014), "Constraints to Palestinian Construction Craftsmen Productivity", Proceedings of IGLC-
22 (International Group for Lean Construction), 2014, IGLC, Oslo, pp. 1507-1517.

Gelo, T. and Druzi¢, M. (2015), "Ukupna faktorska produktivnost sektora hrvatskoga gospodarstva",
Ekonomska misao i praksa, Vol. 24 No. 2, pp. 327-344.

Ghate, P.R. and Minde, P.R. (2016), "Importance of measurement of labour in construction", International
Journal of Research in Engineering and Technology, Vol. 7 No. 5, pp. 413-417.

Green, B (2016), Productivity in construction: creating a framework for the industry to thrive, Chartered
Institute of Building, Bracknell.

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 108


https://www.researchgate.net/publication/301914198_Identifying_Factors_Affecting_Labor_Productivity_On_Construction_Sites_in_Jordan
https://www.researchgate.net/publication/301914198_Identifying_Factors_Affecting_Labor_Productivity_On_Construction_Sites_in_Jordan
https://ws680.nist.gov/publication/get_pdf.cfm?pub_id=904100
https://www.researchgate.net/publication/311517817_LABOUR_PRODUCTIVITY_IMPROVEMENT_Impact_Levels_of_the_On-site_Constraints
https://www.researchgate.net/publication/311517817_LABOUR_PRODUCTIVITY_IMPROVEMENT_Impact_Levels_of_the_On-site_Constraints

Goodrum, P.M., Zhai, D. and Yasin, M.F. (2009), "Relationship between changes in material technology and
construction productivity, Journal of Construction Engineering and Management", Vol. 135 No. 4, pp. 278-287.

Gundecha, M.M. (2013), Study of factors affecting labor productivity at a building construction project in
the USA: web survey, A thesis for the Degree of Master of Science, North Dakota State University, Fargo, ND.

Halligan, D.W., Demsetz, L.A., Brown, J.D. and Pace, C.B. (1994), "Action-response model and loss of
productivity in construction", ASCE Journal of Construction Engineering and Management, Vol. 120 No. 1, pp.
47-64.

Horner, R.M.W., Talhouni, B.T. and Thomas, H.R. (1989), "Preliminary results of major labour productivity
monitoring programme", Proceedings (a book I) of the 3. Jugoslavenski simpozij Organizacija gradenja, 1989,
Gradevinski institut Zagreb, Cavtat, pp. 17-28.

Horner, RM.W. and Duff, R. (2001), "More for Less: A Contractor's Guide to Improving Productivity in
Construction", CIRIA, London.

Huang, A.L., Chapman, R.E. and Butry, D.T. (2009), Metrics and Tools for Measuring Construction
Productivity: Technical and Empirical Considerations, U.S. Department of Commerce National Institute of
Standards and Technology, Special Publication 1101, Gaithersburg, MD.

Kuykendall, C.J. (2007), Key Factors Affecting Labor Productivity in the Construction Industry, A thesis for
the Degree of Master of Science, University of Florida, Gainesville, FL.

Jamadagni, S. and Birajdar, B.V. (2015), "Productivity improvement in the construction industry",
International Research Journal of Engineering and Technology, Vol. 2 No 8, pp. 1330-1334.

Jergeas, G. (2009), "Improving Construction Productivity on Alberta Oil and Gas Capital Projects", Report
Submitted to Alberta Finance and Enterprise, Alberta, Canada, available at:
http://www.albertacanada.com/files/albertacanada/improving_construction productivity.pdf (accessed 15 March
2019)

Jimoh, R.A., Ijigah, A. E. and, Elegbede, 1. (2013), "Factors affecting job-site productivity of construction
workers in Lagos state", available at: https://www.academia.edu/10846450/
Factors_affecting_jobsite productivity of construction workers in_Lagos State (accessed 11 March 2019)

Joseph, M.G. and Ravi S.S. (2015), "Analyzing the Various Factors that Affect the Labour Productivity in
Construction Industries and Recommending Remedial Measures", International Journal of Engineering Research
& Technology, Vol. 4 No 3, pp. 608-614.

Lovrenci¢ Butkovi¢, L. (2010), "How marketing strategy is important for Croatian construction companies?
— Results of the survey", Organization, technology and management in construction, Vol. 2 No. 1, pp. 112-116.

Malisiovas, A. (2010), "Construction Productivity: From measurement to improvement”, Proceedings of the
5th Scientific Conference on Project Management - Advancing Project Management for the 21st Century, 2010,
Centre for Construction Innovation, National Technical University of Athens, Heraklion, Crete, pp. 1-8.

Medani¢, B. (2005), "Recentna razina i bonitet upravljanja i rukovodenja u hrvatskom gradevinarstvu",
Ekonomski pregled, Vol. 56 No. 9, pp. 684-705.

Nahod, M. and Knezovi¢, M. (2017), "Labour productivity in the Croatian construction industry: Impact
factors from the client’s point of view", Elekronicki ¢asopis Gradevinskog fakulteta Osijek, No. 14, pp. 48-57.

Naoum, S., Dejahang, F., Fong, D. and Jaggar, D. (2009), "A new framework for determining productivity",
CIB Joint International Symposium 2009 - Construction Facing Worldwide Challenges, 2009, Faculty of Civil
Engineering, University of Zagreb, Dubrovnik, pp. 109-121.

Nguyen, D.M. (2015), "A new application model of lean management in small and medium enterprises",
International Journal of Simulation Modelling: Journal of Simulation Modelling, Vol. 14 No. 2, pp. 289-298.

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 109


https://www.academia.edu/10846450/Factors_affecting_job-site_productivity_of_construction_workers_in_Lagos_State
https://www.academia.edu/10846450/Factors_affecting_job-site_productivity_of_construction_workers_in_Lagos_State

Nowotarski, P., Paslawski, J. and Matyja, J. (2016), "Improving Construction Processes Using Lean
Management Methodologies — Cost Case Study, World Multidisciplinary Civil Engineering-Architecture-Urban
Planning Symposium 2016, Procedia Engineering Vol. 161, pp. 1037-1042.

Ostarijas, Z. (1986), "Analiza produktivnosti rada na nekim gradilistima u zemlji i SR Njemackoj",
Proceedings of the 2. Jugoslavenski simpozij Organizacija gradenja, 1986, Gradevinski institut Zagreb, Opatija,
pp. 721-728.

Piskor, M. and Kondi¢, V. (2010), "Lean production kao jedan od na¢ina povecanja konkurentnosti hrvatskih
poduzeca na globalnom trzistu", Tehnicki glasnik, Vol. 4 No. 1-2, pp. 37-41.

Poirier, E.A., Staub-French, S. and Forgues, D. (2015) "Measuring the impact of BIM on labor productivity
in a small specialty contracting enterprise through action-research", Journal Automation in Construction, Vol. 58,
pp- 74-84.

Rivas, A.R., Borcherding, D.J., Gonzélez, V. and Alarcéon, F.L. (2011), "Analysis of factors influencing
productivity using craftsmen questionnaires: case study in a Chilean construction company", Journal of
Construction Engineering and Management, Vol. 137 No. 4, pp. 312-320.

Robles, G.; Stifi, A.; Ponz-Tienda, Jos¢ L. and Gentes, S. (2014), "Labor Productivity in the Construction
Industry -Factors Influencing the Spanish Construction Labor Productivity", World Academy of Science,
Engineering and Technology International Journal of Civil and Environmental Engineering Vol.8 No.10, pp. 1061-
1070.

Rojas, E. and Aramvareekul, P. (2003), "Labor productivity drivers and opportunities in the construction
industry", Journal of Management in Engineering, Vol. 19 No. 2, pp. 78-82.

Rowlinson, M. and Proctor, S. (1999), "Organizational Culture and Business History", Organization Studies,
Vol. 20 No. 3, pp. 369-396.

Sandeep, S. and Mukesh, P. (2017), "A Various Factors Affecting Labour Productivity and Method to
Improve It", International Journal of Engineering Development and Research, Volume 5 No. 2, pp. 621-626.

Shehata, M. and El-Gohary, K.M. (2011), "Towards improving construction labor productivity and projects’
performance", Alexandria Engineering Journal, Vol. 50, pp. 321-330.

Sherif, M.H., Remon, F.A., Enas, S.M., Madeha, M.A. and Eman, K.A. (2014), "Critical factors affecting
construction labor productivity in Egypt", American Journal of Civil Engineering, Vol. 2 No. 2, pp. 35-40.

Shinde V.J., Hedaoo M.N. (2017), "A Review on Productivity Improvement in Construction Industry",
International Research Journal of Engineering and Technology, Vol. 4 No. 11, pp. 210-215.

Sukumar, D. and Kumar, V. Rajesh (2016), "A study of various factors affecting labour productivity in road
construction and suggestions to improve it", International Journal of Scientific & Engineering Research, Vol. 7
No. 4, pp. 98-102.

Swefie, M.G. (2013), Improving Project Performance Using Lean Construction in Egypt: A Proposed
Framework, A thesis for the Degree of Master of Science, The American University, Cairo.

Tahir, M.A., Hanif, H., Shhahid, Z.A. and Hanif, A. (2015), "Factors affecting labor productivity in building
projects of Pakistan", International Journal of Management and Applied Science, Vol.1 No. 2, pp. 37-42.

Thomas, H. R. and Ellis, R. D. Jr. (2017), Construction Site Management and Labor Productivity
Improvement, American Society of Civil Engineers, Reston, VA.

Uddin, A., Ahmad, S.K. and Danish M. (2017), "Types and causes in construction delays", International
Research Journal of Engineering and Technology, Vol. 4 No. 7, pp. 2236-2242.

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 110



Valverde-Gascueifia, N., Navarro Astor, E., Fuentes-Del-Burgo, J. and Ruiz-Fernandez, J. (2011), "Factors
that affect the productivity of construction projects in small and medium companies: Analysis of its impact on
planning", Proceedings of the 27th Annual ARCOM Conference, 2011, Association of Researchers in
Construction Management, Bristol, pp. 879-888.

Vavra, 1., Synek, J. (1994), "Factors affecting productivity in Czech construction industry 1993/4",
Proceedings of the International Conference Investment Strategies and Management of Construction (East Meet
West), 1994, Society of Croatian Construction Managers, Brijuni, pp. 411-416.

Vidakovi¢, D., Marenjak, S., and Nikoli¢, I. (2018), "Negative impacts on the productivity of contractors in
construction projects", Proceedings of the 9th International Natural Gass, Heat and Water Conference in Osijek,
2018, Mechanical Engineering faculty, Slavonski Brod, pp. 273-284.

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 111



Strategic Engagement of Local Communities on Large-Scale
Infrastructure Projects
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Abstract:

It is increasingly important that project managers develop greater capabilities to better
manage the social, cultural, political, environmental and economic impacts on proposed
construction projects. On large-scale infrastructure project, the local community is an important
stakeholder as they are often most direct impacted by a project. Effective and meaningful
engagement of the local community is critical to get them on side and to ensure local buy-in on
the project. While a rich body of research and intellectual frameworks exist in the fields of
urban geography and planning to better understand and manage community concerns during
the pre-development approval stages of new projects, current theoretical frameworks guiding
community engagement during the construction phase are inadequate. Within this context, this
research aims to better understand strategies adopted by the project teams to engage with local
communities so as to capture lessons learnt to apply to future projects. A case study approach
utilizing interviews and documentary analysis of a large-scale infrastructure project in
Queensland, Australia is presented. The findings suggest that proactive, strategic and
meaningful engagement of influential individuals and groups can go a long way towards
building localised support and acceptance of the project.

Keywords: community, engagement, infrastructure projects, impacts

1. Introduction

Engaging the local community on projects that can directly impact them makes good
business sense as it reduces the likelihood of project delays resulting from localized protest.
This is particularly important during the construction phase of large infrastructure projects when
impacts are most pronounced. Good project management practices and most government
planning regulations require on-going community engagement over a project’s entire lifetime,
not just during the planning stages of projects (Cleland and Ireland 2007; PMI 2017). However,
there is a common and problematic assumption underpinning construction project management
literature that local communities have been adequately consulted during the pre-development
approval phases of projects and that no further consultation is required during the construction
phase (Close and Loosemore, 2014; Teo and Loosemore, 2011; Murray and Dainty, 2009). Yet
in reality, residual community concerns from pre-development phases often continue into the
construction stages to develop into costly and long-standing disputes and increasing the
likelihood that the project may not be delivered on time, on budget or at all (Sharpe, 2004; WRI,
2007).
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Engaging communities in an effective manner is particularly important on large-scale
infrastructure projects (Buckley, 2012), which are often built in areas of high urban density.
Large-scale projects often have a large construction footprint, are expansive endeavours, can
take years to build, and have the potential to negatively affect the local community in which the
project is based though noise and dust pollution and other project impacts (Flyvbjerg, 2014).
Effective and meaningful engagement of the local community is critical to get them on side and
to ensure local buy-in on the project, and is one of the key indicators of project success (Toor
and Ogunlana, 2010). The local community is defined in this research as a geographic- or
location-specific sense of belonging or attachment to a place that arises from a commonality of
social experiences or sense of familiarity among people or groups who live, travel, or work in
the area (Cater and Jones, 1989; Stedman, 2003). Smith et al. (2014) suggest that the local
community involvement in a project share a number of common attributes that give them unique
status as a project stakeholder by recognizing that:

e the community’s close proximity to the project accords them social, cultural and
physical ownership of the project;

e the project activities occur on or in close proximity to local community members’
physical domain;

e the project has a disruptive impact on some aspect of the community’s existence;

e communities have to live with both the positive and negative impacts of the project.

Zhu (2015) and Walsh et al. (2017) suggests that as a directly affected stakeholder, local
communities will seek on a fundamental level to exercise some control of their immediate
environment, and have expectations and needs that will need to be managed by the project team,
particularly during the construction process when the impacts are most pronounced. There is an
urgent need for robust engagement processes to guide how the project team can more effectively
engage with the local community for project success. While a rich body of research and
intellectual frameworks exist in the fields of urban geography and planning to better understand
and manage community concerns during the pre-development approval stages of new projects,
current theoretical frameworks guiding community engagement during the construction phase
are inadequate.

Within this context, the primary aim of the paper is to better understand strategies adopted
by the project teams to engage with local communities during the construction phase of large-
scale infrastructure projects. The project will capture community engagement lessons learnt and
contribute towards creating a body of knowledge to better equip building professionals with the
skills needed to better engage with local communities, so as to deliver infrastructure projects
on time and budget, and to facilitate its acceptance within the local community.

2. Community engagement on projects

Community engagement is defined in the context of this research as: ... the process in
which a proponent builds and maintains constructive relationships with local communities
impacted over the life of a project...” (WRI, 2009: 3). Engaging communities on projects is
often a challenging process in the construction phase for a number of reasons. First, as stated
previously, there is an underlying belief that community engagement is not the responsibility
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of the project team, but that of planners (Teo and Loosemore, 2011; Murray and Dainty 2009).
This reluctance to engage was reported in Close and Loosemore’s (2014) research which found
that construction professional with direct responsibilities for community engagement on
projects perceived local communities as a problematic stakeholder, and a liability rather than
an asset to the project. These professionals are more likely to report negative past experiences
of community engagement and a reluctance to engage with communities on further projects.
Provision of information was seen as empowering communities and was only done on a as
needed basis. There was no real intent to consult or engage, and they adopted a reactive rather
than proactive strategy to community engagement.

Dudley (1993) suggests that community engagement processes can be used as both a tool
and a goal. When used as a tool, it has the effective of perpetuating a ‘us vs them’ divide,
whereas when conceived as a goal, it can “transfer power to the community more equitably”
(Dudley 1993: 8). A central tenant here is the concept of power sharing or delegation, and the
extent that community input, concerns and aspirations for the project is genuinely reflected in
project decision making. Nabatchi and Leighninger (2015) suggest that there is often a struggle
for power particularly in the planning phase of a project when key planning and design decision
are made. Indeed, while community engagement is often mandatory as part the project approval
processes, there is very little evidence to suggest that true and meaningful engagement exists
and where communities input had affected project outcomes (Stewart and Lithgow 2015). The
dominant level of engagement is suggested to sit at ‘consultation’ with communities often asked
to approve predetermined plans (OECD 2001; Nelson et al. 2008 as cited in Stewart and
Lithgow (2015). While there is some anecdotal evidence that community engagement is
occurring during the construction stages of some large-scale infrastructure projects (Close and
Loosemore, 2014), it is not clear what these strategies are and their effectiveness, which makes
this research exploratory in nature.

3. Method

A single case study approach was utilized to better understand strategies adopted by project
teams to engage with the local community during the construction stage of large-scale
infrastructure projects. Case studies are the research strategy of choice as they provide a rich,
meaningful and elaborate account of engagement strategies as used by the project team, thereby
allowing for an in-depth assessment of strategies used within the case study context (Yin, 2018).
The use of single case study was supported by Flyvbjerg (2006) who suggests that single case
studies are advantageous in producing rich, context-dependent knowledge that are valuable as
stand-alone narratives of the phenomena under investigation. While a key criticism of the single
case study approach was its lack of generalizability, the greater depth of study achieved through
single case studies improved the reliability of the findings produced. Qualitative research is
compatible with the case study approach because of its flexible nature and inherent openness
that facilitates the deeper generation of insights that complements the exploratory nature of this
research.

The case study was a A$56 million civil construction project located in Queensland,
Australia, and involved design and construction works to convert an existing pedestrian mall
into a vehicular roadway as well as the construction of a new city centre and a public transport
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hub. The project had a 2-year duration and the client was a local government authority. The
project was controversial as construction works had to proceed in a busy and operational city
centre with a diverse range of retail shops, cafes and businesses. Community concerns during
the construction phase ranged widely from loss of business income, loss of tenants, loss of
parking, loss of utilities and services, lack of business and customer access, safe design,
unattractive design, construction-related impacts such noise, dust, obstructions and visual
impacts, and increasingly negative perceptions of the project. The contractor was aware of
significant community concerns and perceived impacts from the planning phase that could
transition into the construction phase and had taken that into account when tendering for the
project, as one of the interviewees stated:

“... it was in the papers a long time... (when) our company was tendering
on it, and it was one of those jobs that I thought would be a very high risk
job....”

Individual semi-structured interviews were conducted with key project team members who
worked on the case study project. Following Blee and Taylor (2002), the interview sampling
was guided by the principle of completeness and refers to the deliberate selection of
interviewees who are knowledgeable or have specific experience of the topic, with new
interviewees added to the sample as needed. As the project is concerned with the strategic nature
of community engagement strategies used on the project, the sampling was limited to a very
small pool of individuals who were senior and key members of the project team who had direct
input in decision making processes relating to community engagement, and the choice of
strategies adoption. Further, key project team members are of interest as they often have the
most direct experience of, and are ultimately responsible for engaging local communities in the
construction stage. The sampling resulted in four interviews conducted with key members of
the project team who held roles such as project manager, community and stakeholder manager
and senior project manager. The small sample size obtained was mitigated by the “information
power” (Malterud et al., 2015: 1753) each interviewee held as a key member of the project
team, such that “...the more information the sample holds, relevant for the actual study, the
lower the number of participants is needed”.

Semi-structured interviews are the tool of choice as they facilitated a guided but flexible
interview process useful for gathering rich, descriptive and detailed data that is suitable to the
exploratory nature of this research. An interview guide in the form of suggested questions was
developed and asked questions relating to the community engagement process, and strategies
used in community engagement. A thorough documentary review of all available published
information on the case study project relating to community engagement was used to produce
a timeline of project events and served as a tool of reference during the interviews and provide
context to the interview analysis. The interviews took approximately 45 minutes to two hours
each and were tape-recorded and transcribed for subsequent analysis.

Interview transcripts and documentary data was analysed using the text mapping software
Leximancer which produces a concept map of key data themes and their relationships.
Leximancer measures the presence and frequency of concepts while structural analysis explores
how identified co-occurrence of concepts as they relate to each other in a body of text
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(Leximancer 2016). The output is displayed on a concept map that provides a bird’s eye view
of key data themes and their relationships. Each map depicts individual concepts that emerged
as important from the data and are represented by individual nodes which are grouped into
themes by circles. Related concepts tend to occur close to each other, with the size of a concept
reflecting its connectedness to others, while similar colours indicate similar themes. An
example of a concept map is shown in Figure 1. Documentary analysis of the case study was
also used to integrate and provide a richness of explanation for understanding the different key
concepts and themes highlighted in Leximancer to reveal key findings and insights.

4. Discussion of Results

The research revealed that community engagement served different functions during the
planning and construction phases of the project, as shown in Figures 1 and 2.

Figure 1. Map of thematic group of concepts for community engagement during the planning phase

In Figure 1, a purposive and exhaustive community engagement process was undertaken
during the planning phase using multiple methods of engagement to ensure effective capture of
community opinions of the proposed project and was used to inform project decision making:

“... we did a big media launch... (had) open project briefings (for) the public... (and)
different briefings for the shop owners... (and) said to them, ‘this isn’t set in stone, we are here
to get your thoughts (on the location of) car parking, loading bays, taxi ranks, post boxes etc.
for businesses... everyone had the opportunity to have their input... so they would come back
with all their points, 95% (of which) we could meet. And so it’s a big win-win.”

“... (in) the planning phase, we sent concept plans to every building and shop owner...
(and held) open sessions (together with) project managers and design team... (to) answer their
questions and go through the designs... So they (owners) had valuable advice for us that we
took on board as well, and they were easy to engage with...”

The robust and inclusive community feedback process adopted gave the project team
important insights into the practical and safe use of the redesigned space, particularly from the
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perspective of affected businesses. The project took on board feedback provided and worked to
incorporate the majority of changes suggested into the design to promote its acceptance by the
community. This was important as the community engagement process revealed a diversity of
community opinions on the proposed project:

“... some of the main concerns (are) of revenue (loss) during (the) construction period...
(and) a lot of people just don’t like change... but you did have a certain amount of people who
were happy to see an upgrade as well... they needed change to get their businesses going
because they were struggling at the time. So, it was probably next to 50-50...”

“I think the community in general was really excited about the project because it (the street)
was really poorly used, unsafe. People didn't want to come down here. So, everyone was keen
to have it done...”

Community sentiments over the proposed project was suggested to be divided equally
between opposition and support, with a section of the community expressing support for a much
needed project to upgrade the city centre. There was however, also some opposition to the
project which as driven in part by a resistance to change among affected businesses who were
concerned about construction-related impacts and business viability during that period.

Figure 2 shows that as the project progressed into the construction phase, the focus of
community engagement was on mitigating the impacts of construction on locally affected
businesses which ranged from noise, dust, customer access and business viability concerns:

Figure 2. Map of thematic group of concepts for community engagement during the construction phase

“... they are pretty much what you would expect... the impacts of construction, loss of
business, the access for customers to their businesses during the project, noise, dust... Plus
specific concerns for specific businesses...”

“One of the big things is the entrance to their shops... we would work at night time to pour
the concrete so they could come back the next morning (and) it wouldn't be interfering with
them... we always showed, that we're trying to work with them, (even though) sometime we
couldn't... (By) talking with them regularly, they would say we need this access at certain
times... so we give them access...”
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While the nature of impacts and concerns raised by affected businesses are those typically
associated with the construction process, individual businesses often had specific needs that
had to be managed on a case-by-case basis by the project team. By genuinely listening to
affected businesses, the project team was able to better understand the underlying concerns and
needs of the business community, for whom a key priority was to ensure potential customers
had on-going access to affected businesses.

Figure 3 shows that across both phases, there was evidence of a proactive and inclusive
community engagement strategy to engage early, meaningfully and frequently with affected
businesses to keep them informed of the project:

Figure 3. Map of thematic group of concepts for community engagement strategies

“... the whole communication strategy was the key to the success of the project... just by
keeping them heavily involved and even if you're giving them too much information. They
always knew where we're going to be working next week, (and) if something changed... (they
would) let them know...”

“(publication: weekly updates) was a combination of two things: the questions and
answers that have come up on the weekly meeting... (and) any events... (or)
particular promotions... And then it would have the two weeks look-ahead for each
section of the construction job... (and) the contact details to get in touch with us.”

“...(at the weekly meetings) an update of where we are at and where we are going and if
there’s been any delays or changes... They were vital because people had an opportunity to ask
questions, air their concerns, and we could answer them on the spot. Also, what happened was
(with) the regular moaners (was that) other people at the meetings would say to them ‘That’s
not true, that’s not happening’, so we built up support for what we were doing that helped with
the community (that did) not support (the project).”

“... once we started construction, the Chamber of Commerce had engaged with all
the shop owners and businesses, and they gave to us a risk profile, and (told us)
some of the issues... they were one of our key stakeholders because they hear from
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all the businesses all the time... We (also) engaged with the community group(s)...
we had great relationships with and their feedback was valuable.”

Strategic and on-going engagement with the affected businesses, utilizing project
publications (weekly updates) and face-to-face meetings, sometimes on a daily or weekly basis,
formed part of a purposive and successful strategy to ensure early and timely delivery of
information in a way that could be understood by them. Over time, the community support that
had built up for the project served as a self-correcting tool to address general misperceptions
about the project. The strategy to engage key community and business groups, who had varying
degrees of interests and influences within the community, was also instrumental in getting the
community on board with the project. A complimentary strategy was also adopted to generate
community goodwill and encourage local buy-in of the project by affected businesses and the
wider community:

“... we (the contractor) really pushed all our staff (during the project) — we had up to 120
people there a day - to shop there and to buy (there)... like if you’re going to buy some clothes
(or) your lunch or anything, you use the shops there. And that gave them that extra (business)
— they might have lost some people but they gained all the construction workers and especially
the food shops; they said it’s the busiest they've ever been.”

“(The contractor) did a big Christmas promotion... in the newly opened section of the
redevelopment and we were handing out dollar vouchers that people could spend in those shops
that were part of the construction area... we printed posters and a brochure that went out to the
whole wider community and it (was) part of the advertising (and) TV ads that promoted this
campaign. The whole thing cost (the contractor) around A$10,000 dollars... (but) the
shopkeepers loved it because people were going to the shops to spend their vouchers and then
spend some more. And they could see that the contractor was giving something back to the
community... (and) they got a lot of brownie points from it.”

Ongoing evaluation of the community engagement process through regular survey,
suggested a high level of community satisfaction with the project, and that the engagement
strategies were having a positive effect on changing community perceptions of the project:

“The council, they wanted to be able to evaluate that we had increased awareness and
understanding of the project... (we conducted) a baseline survey at the start and then bimonthly
surveys where (we) went around (to) each shop and we had about six or seven questions and
filled them in. We have a software where we could enter the data and come up with charts. So,
it was progressing to see whether they are happy with the information received, did they
understand it, were we minimising the construction impacts and we asked them (to) rate (our)
performance. So that was giving an ongoing evaluation.”

“So, we’d get the feedback from the stakeholders of how we’re performing... and we had
KPIs on it as well as financial gains or losses... (so) we had an incentive to make sure that
we’re ticking the boxes and we rated very high all through that. We achieved our 100 percent...
(it seemed) to work quite well.”
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5. Conclusion

The aim of the paper was to better understand strategies adopted by the project teams to
engage with local communities during the construction phase of large-scale infrastructure
projects. Very little is current understood about the nature of strategies utilized to engage local
communities, particularly during the construction phase of projects, and their effectiveness.
Through an in-depth single case study of a large-scale civil construction project, the findings
suggest that early, proactive, strategic and meaningful engagement of influential individuals
and groups can go a long way towards building localised support and acceptance of the project.

Overall, a proactive and inclusive approach to communication allowed the project team to
engage early, meaningfully and frequently with affected businesses to identify suitable timings
to schedule construction works, to ensure businesses had on-going access to their shops and
also assisted in minimizing construction and business impacts. The project team utilized a
combination of face-to-face meetings and project publications to facilitate the widespread
dissemination of project updates to affected businesses and beyond. A broad strategy of general
engagement was also adopted to sell the project and to generate community good so as to
encourage local buy in of the project. A concerted effort by the contractor to encourage
employees and subcontractors to buy locally also worked well to boost the bottom line of
affected businesses.

The lessons and implications for project managers are three-fold. Firstly, it is clear that the
benefits of engaging communities outweigh the risk and challenges of doing so through early
issue identification, complaint minimization, and to build trust with community. Secondly, it is
important that engagement efforts be inclusive and utilise multiple outreach methods to ensure
effective capture of community opinions on the project. However, engagement efforts need to
be meaningful and community feedback incorporated into project decision making where
possible to facilitate local buy-in of the project by the community. Thirdly, there was a need to
build community good will to encourage local acceptance of project, build project legacy and
to achieve a good practical outcome for affected communities and beyond. For contractors, the
good will generated can include positive reputation benefits which offered competitive
advantages when bidding for future work, particularly with government organizations.

References

Blee, K and Taylor, V (2002), “Semi-structured interviewing in social movement research” in B Klandermans
and S Staggenborg (Eds), Methods of social movement research, Minneapolis: University of Minnesota Press, 92-
117.

Buckley, A (2012). Best practice community engagement for infrastructure projects: Building community
ties that dig deeper. Public Infrastructure Bulletin, 1 (8).

Cater J and Jones T (1989), Social geography: An introduction to contemporary issues, London & New York:
Edward Arnold.

Close, R and Loosemore, M (2014). Breaking down the site hoardings: Attitudes and approaches to
community consultation during construction. 32: 7-7, 816-828.

Cleland, D and Ireland, L (2007), Project Management: Strategic design and implementation, New York:
McGraw-Hill.

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 120



Dudley, E (1993), The critical villager: Beyond community participation. London: Routledge.

Flyvbjerg, B (2006), "Five misunderstandings about case-study research", Qualitative Inquiry, 12 (2), pp
219-245.

Flyvbjerg, B (2006), “What you should know about megaprojects and why: An overview”, Project Management
Journal, 45 (2), 6-19.

Murray, M, and Dainty, A (Eds.) (2009), Corporate social responsibility in the construction industry. London,
UK: Taylor and Francis.

Malterud, K, Siersma, V and Guassora, A (2016), “Sample size in qualitative interview studies: Guided by
information power”, Qualitative Health Research, 26 (13), 1753-1760.

Nabatchi, T and Leighninger, M (2015). Public participation for 21st century democracy. Jossey-Bass
Project Management Institute (2017). A guide to the Project management book of knowledge (6th Ed).

Sharpe, W (2004), “Talking points: Managing stakeholder relations in PPP projects”, Public Infrastructure
Bulletin, March, 8-15.

Smith, D, Tiwari, R and Lommerse, M (2014), “Navigating community engagement in R. Tiwari et al. (eds),
M2 Models and methodologies for community engagement, Springer Science and Business: Singapore.

Stedman, R (2003), “Is it really just a social construction?: The contribution of physical environment to sense
of place”, Society and Natural Resources, 16, 671-685.

Stewart, J and Lithgow, S (2015). Problems and prospects in community engagement in urban planning and
decision- making: three case studies from the Australian Capital Territory. Policy Studies, 36: 1, 18-34.

Toor, S and Ogunlana, S (2010), “Beyond the ‘iron triangle’: Stakeholder perception of key performance
indicators (KPIs) for large-scale public sector development projects, International Journal of Project Management,
28, 228-236.

Walsh, B, Plank, S and Behrens, P (2017), “The effect of community consultation on perceptions of a
proposed mine: A case study from southeast Australia”, Resources Policy, 51, 163-171.

World Resources Institute (2007). Development without conflict: The business case for community consent.
Washington, D.C.: WRIL.

World Resources Institute (2009). Breaking ground: Engaging communities on extractive and infrastructure
projects. Washington, D.C.: WRI.

Yin, R (2018), Case study research and applications: Design and methods, SAGE Publications, Thousand
Oaks, California.

Zhu, Y (2015), “Towards community engagement: Can the built environment help? Grassroots participation
and communal space in Chinese urban communities”, Habitat International, 46, 44-53.

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 121



Corruption in the Egyptian Construction Industry

Ahmed N. Ibrahim'; Blige Erdogan'; Yasemin Nielsen?
!Heriot-Watt University, United Kingdom

’Heriot-Watt University, Dubai

Abstract:

Construction is one of the most susceptible industries to corruption worldwide. The
presence of corrupt actions within construction undermines project management strategies and
impacts vital project and industry elements, costing the industry billions worldwide. NGO
reports suggested that Egypt has high levels of corruption; however, there is a lack of academic
research in this area which investigates corruption in Egypt, and specifically in Egyptian
construction. Nevertheless, construction corruption studies were carried out in several other
countries, which informed this paper. The paper aims to provide a novel account regarding
corruption in Egypt and its construction industry, focusing on corruption levels in the industry,
the underlying causes and impacts of corruption, and identifying corruption forms within
construction project stages. To achieve this, firstly an extensive literature review was carried
out to present a corruption definition as well as discussing corruption in construction, and
corruption in Egypt. Secondly, 18 semi-structured interviews (40-90 minutes each) were
conducted among Egyptian construction professionals operating at strategic, tactical and
operational levels, who represent contractors, clients and engineers from the public and private
sectors. Thematic analysis of the recorded transcripts revealed corruption has become a part of
the Egyptian culture caused by need, greed and lack of ownership. There is a deeply rooted
corruption problem in Egypt’s construction industry, where public sector projects are the most
vulnerable to corruption. Furthermore, the data suggests corruption impacts are experienced at
the project, industry, and the country levels. Despite its impacts, construction companies
perceive corruption as part of doing business.

Keywords: corruption; construction, Egypt

1. Introduction

As one of the most dynamic industries in Egypt, the construction industry strongly affects
the country's economy; keeping it afloat during times of global recession (Khodeir & Mohamed,
2015). In addition, the industry provides a vast range of job opportunities to millions of
Egyptians (ElGhamrawy & Shibayama, 2008). However, the Egyptian construction industry
was heavily impacted due to the rapid changes the country has gone through following the
political and economic upheaval surrounding the 2011 uprising (Salah, 2011).

One of the main issues that ignited the 2011 uprising was widespread corruption (Abdel
Meguid et al., 2011). Joya (2011) reports that the monopolisation of core industries drastically
increased in the years leading to the uprisings. This includes steel and cement manufacturing,
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which are the foundation of the Egyptian construction industry. However, the fact remains that
Egypt has yet to become less corrupt (Mourdoukoutas, 2017). GAN Integrity (2018) suggests
that corruption in Egypt goes beyond certain political leaders or public officials; it is embedded
in the culture itself. The Egyptian culture has become one of facilitation payments and powerful
connections.

The global construction market is suffering from an increase in corrupt activities (Gunduz
& Onder, 2013; Mukumbwa & Muya, 2013; Le et al., 2014). Corruption can affect the
construction industry on multiple levels; it can damage individual projects, whole companies,
and entire economies (Le et al, 2014). In addition, corruption costs can amount to 10% of the
industry’s global market value (Kyriacou et al., 2015). There is little information regarding
corruption in Egypt, and its construction industry. However, since Egypt possesses high levels
of corruption, and that corruption is an issue facing the global construction industry, it can be
hypothesised that the Egyptian construction industry suffers from high levels of corruption.

This paper aims to provide a novel account of corruption in the context of the Egyptian
construction industry. This is carried out by exploring corruption as a concept, and providing
explanations on the state of Egypt and its construction industry; followed by an investigation
of construction corruption in the Egyptian context with reference to its causes, forms, and
impacts.

The paper is divided into 5 sections with this introduction being the first. The second
section provides a literature review that presents previously published work relating to the
issues raised in this paper. The literature review provides information regarding the
complexities of defining the concept of corruption, corruption in Egypt, the characteristics of
the Egyptian construction industry, corruption in the construction industry, and a conclusion
that summarised the findings from secondary resources. The third section of this paper presents
a detailed description of the primary data collection process. This includes the data collection
method used, a description of the sample used, and how the data was managed and analysed.
The fourth section presents and discusses research findings relating to the identified research
areas. The fifth section concludes the paper, and provides plans for future research.

2. Literature Review

2.1. Defining corruption

The study of corruption as a phenomenon can be a tedious endeavour (Kalinowski, 2016),
not only due to its covert nature, but also because of the complex relationships of
multidisciplinary and multi-dimensional aspects that comprise and revolve around said
phenomenon. Corruption can be seen from a scientific perspective as a political and economic
problem, or from a more ethical perspective of cultural norms, traditions, and individuals’
morals depending on context (Andvig et al., 2000). Consequently, it is difficult to present a
definition of corruption that could cover this range of variables, or to articulate a definition of
corruption that is broad enough to be portable across different cultures. This is because an act
of corruption carried out in one culture may be seen as acceptable or even admirable in another
(Sandholtz & Koetzle, 2000; Chabova, 2017). One example of such practices is gift giving in a
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business context. Eicher (2009) suggests that even though practices such as the exchange of
gifts or favours in a business environment might seem like acts of bribery, they might be
expected in certain nations as a sign of respect, appreciation or gratitude.

Some definitions focus only on the role of governmental or public sector entities in corrupt
activities. These definitions suggest that corruption is the use/misuse/improper use of public
office for private gains (Bardhan, 1997; Sandholtz & Koetzle, 2000; Warf, 2016). While these
definitions of corruption are fit for purpose, they lack the broadness needed to comprehend
corruption as a global phenomenon. The consistent use of the term Public Office narrows the
definition by assuming that those who are politicians, legislators, or other government bodies
carry out all corrupt actions. Eicher (2009) states that the most restrictive definition of
corruption is the one confining it to the improper use of power by a government entity. An
example of which would be to define corruption as the misuse of public-office for private gain
(Sandholtz & Koetzle, 2000). On the other hand, The Organization of Economic Co-operation
and Development (OECD) looks at corruption from two perspectives, one of criminal law,
which does not define corruption but establishes the offences for an array of corrupt behaviour,
and one of policy purposes, which defines corruption as the abuse of public or private office
for personal gain (OECD, 2008).

Brown (2006) reviews the different definitions of corruption by categorising them into
specific groupings according to the perspective from which they are defined (Figure 1). It is
identified that Public office-centred definitions of corruption (abuse of public power for private
gain) remains one of the most persistent, pervasive, and widespread examples of corruption
across many societies, and thus attracts a lot of focus for study and analysis. While this
definition has been interpreted to be broad and covers a vast array of corrupt behaviour, the
reality is that it only focuses on a specific cross-section of corruption.

Figure 1. Taxonomies of corruption definitions [from (Brown, 2006)]

It is clear that the interpretation of corruption is based on the perception of those who are
attempting to define it. Whether researchers or international organizations, the understanding
of corruption will depend on the context in which it is discussed. However, Riley and Roy
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(2016) state that with regards to corruption, societies will always have the potential to be
involved in it, to oppose it, and to continue to debate on its core meaning. For the purpose of
this paper, corruption is defined as the misuse of entrusted power for private gain. According
to Brown (2006), this is considered an intermediate definition under the new primary taxonomy.

2.2 Corruption in Egypt

In order to capture the reality of the Egyptian construction industry and its corruption
related issues, the characteristics of the country as a whole must be reviewed. According to the
2014 UN World Economic Situation and Prospect report, the Arab Republic of Egypt falls
under the category of 'Countries with Developing Economies'. Egypt —with a population of
97.6 Million in 2017 (World Bank, 2017), can be generically characterized as possessing major
aspects that are commonly found in any developing country. Such aspects include a relatively
low level of education, training, and technological advancement, in addition to a high rate of
corruption and political unrest (Othman, 2014). The Egyptian economy has seen rapid changes
throughout the past decade. However, according to the World Bank (2018), economic activity
1s expected to improve and imbalances are projected to narrow further as Real GDP grew by
5.3% in fiscal year 2018, and gradually to increase to 5.6% by fiscal year 2019. One event of
note occurred in November 2016 when the International Monetary Fund and the Egyptian
government signed a $12 billion loan agreement with the aim of addressing macroeconomic
vulnerabilities and promoting inclusive growth and job creation. Said vulnerabilities include an
overvalued exchange rate, foreign exchange shortage, which severely undermined private
sector activity, a severe drop in foreign exchange reserves, large fiscal deficits; and a high level
of public debt (Momani, 2018). This agreement involves many features and steps that must be
taken by the Egyptian government, one of which is the floatation of the Egyptian currency. This
resulted in the steep decline of the Egyptian currency where on the 28th of November 2016, £1
was equals to LE10.91 as opposed to its current value of LE23.56 (HM Revenue & Customs,
2018).

Abdel Meguid et al. (2011) suggests that possessing high levels of corruption was one of
the factors that triggered the 2011 uprisings. However, recent reports suggest that corruption
rates in Egypt have not seen any major changes (Mourdoukoutas, 2017). This is emphasised by
the comparison between Egypt’s CPI ranking for 2010, and 2018. It is found that in 2010, Egypt
ranked the 98™ out of 175 countries. Yet, in 2018 where Egypt ranked at 105" out of 180
countries (Transparency International, 2019). GAN Integrity (2018) highlights how widespread
corruption is in Egypt, warning international businesses to expect corrupt activities when
dealing with the Judicial System, the Police, Land Administration, Tax Administration,
Customs Administration, Public Procurement, Natural Resources, Legislation, and Civil
Society.

Egypt’s Penal Code criminalizes several forms of corruption such as active and passive
bribery and abuse of office, but existing legislation is unevenly enforced, leading government
officials to act with impunity; which is not to say that officials are immune to legal punishment
(GAN Integrity, 2018). In addition, the country is yet to introduce laws to ensure comprehensive
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whistleblowing frameworks across the public, private, and civil society sectors, or to ensure the
protection of whistle-blowers (Transparency International, 2015).

2.3. The Egyptian construction industry

Academic resources describing the mechanisms of the Egyptian construction industry are
scarce. It is understood that construction is considered one of the crucial industries in Egyptian
economy behind agriculture and oil with 4.8% of the country’s GDP in 2015 (Dziekonski et al.,
2018). In addition, it is forecast that the Egyptian construction industry will be valued $5,355.4
million by 2021 (Marketline, 2017). Dziekonski et al. (2018) suggests that Egypt is
encountering a surge in new construction developments with plans including the development
of 1 million affordable housing units and the expansion of the Cairo metro. The non-residential
segment is currently dominating the Egyptian construction industry, accounting for 90.1% of
the total industry value. ElI-Gohary & Aziz (2014) suggest that the most prominent procurement
route used in the Egyptian construction industry is design-bid-build, which means that
operatives are mostly under the management and supervision of the contractor. El-Ehwany
(2009) reports, on average, there are more than 2 million individuals working in construction,
which is 9.6% of the total employment in Egypt. However, this number may not be accurate

because around 86% of the workforce involved in construction work informally (El-Ehwany,
2009).

In order to execute works worth more than LE 50,000, contractors must be registered
members of the Egyptian Federation for Construction & Building Contractors (EFCBC), which
ranks contracting firms according to size. El-Ehwany (2009) suggests that the majority of
construction firms are small in size, and perform small-scale labour-intensive activities. It is
stated that there is are thousands of contracting firms working informally to avoid registration
fees, and taxation.

2.4. Corruption in the construction industry

Construction is considered the most corrupt industry worldwide (Gunduz & Onder, 2013;
Mukumbwa & Muya, 2013; Le et al., 2014). Kyriacou et al. (2015) suggests that corruption
related practices in the industry amounts to an estimate of $340 billion of global construction
costs annually, which can be translated into about 10% of the industry's market value. It is also
stated that corruption in the industry leads to financial issues such as cost overruns, and can
affect the quality of the output. This results in deficient maintenance, and elevated operational
costs. Furthermore, evidence is presented suggesting that many construction-related
catastrophes have been linked to one form of corruption or another. In addition, corrupt
practices taking place in public construction projects can have major negative effects on
countries with developing economies. Le et al. (2014) presents the impacts of corruption on the
construction industry by dividing the different repercussions of corrupt actions on the industry
under three distinct groups that represent the various levels affected; micro (project) level,
moderate (industry) level, and macro (global level).
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Le et al. (2014) suggests that corrupt actions are partly associated with the fragmented
nature of the industry. In addition, several other possible corruption causes in the construction
industry are presented (Table 1).

Table 1. Corruption causes in the construction industry (source: Le et al. (2014))

Source Corruption Cause

(Zarkada-Fraser and Skitmore, 2000; Liu et

ti f unethical decisions.
al., 2004; Moodley et al. 2008) Corruption because of unethical decisions

(Bologna and Del Nord 2000) Corruption worsened by insufficient legal
punishments and penalties.

(Bowen et al, 2012) Lack of positive role models of public figures.

(Tabish and Jha, 2011) Lack of standardized execution in construction
projects.

(Sohail and Cavill, 2008) Over-competition in the tendering process.

Insufficient transparency in the selection
criteria for tenderers.

Inappropriate political interference in cost
decisions.

Complexity of institutional roles and
functions.

Asymmetric information amongst project
parties

Construction corruption is a global issue that does not discriminate according to certain
countries’ economic standing. This is evident from sources such as Gunduz & Onder (2013),
which discusses fraud in the Turkish construction market; Bowen et al. (2015), which discusses
construction corruption from the clients' point of view in South Africa; Brown & Loosemore
(2015), which discuss construction corruption in the Australian market; Mukumbwa & Muya
(2013), which focuses on ethics in the Zambian construction industry.

2.5. Conclusions

After reviewing the literature, it is clear that the study of corruption in the context of the
construction industry is of vital importance. The involvement of many fragmented parties to
achieve a single high capital endeavour (among other aspects) makes the industry susceptible
to corrupt activities. Therefore, it is not surprising that construction has been named one of the
most corrupt industries worldwide. In addition, the scale by which corruption impacts projects,
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the industry, and even entire economies is staggering enough to motivate researchers,
governments, and NGO's to find strategies against this imminent threat.

For a country such as Egypt where the construction industry plays a vital role in the
mechanisms of its economy, the focus on corruption in construction becomes imperative. The
Egyptian construction industry has seen a lot of challenges and changes in the past. The core of
these challenges seemed to have revolved around the economic and political climate in the
country. It is evident that Egypt suffers from high levels of corruption, which caused at least in
part the uprisings of January 2011. However, almost a decade later, it is clear that corruption
issues in Egypt are not being rectified. Therefore, if the construction industry is one of the most
corrupt industries worldwide, and corruption levels are high in Egypt, it can be hypothesised
that the Egyptian construction industry suffers from high levels of corruption. Due to the lack
of resources regarding this specific issue, primary data collection must be undertaken to provide
accurate narrative that represents the state of corruption in the context of the Egyptian
construction industry including its underlying causes, its forms, and its impacts. The following
section provides a detailed account of the methods used for data collection.

3. Research Methods

3.1. Data Collection

Semi-structured interviews were used to collect the required data because they allow
expansive and tangential discussions that delve deeper into the participants’ experience. From
the literature review, 6 main areas were identified to be discussed during the interviews (Table
2). Guide questions were created to explore each individual area. In total, 38 questions were
created to guide the interview process. The first 4 questions were created to develop rapport
with the participants such as their years of experience in their current position, and their
experience in the industry in general. Special attention was paid to make sure there was no
identifiable information collected from the participants.

Table 2. Data collection areas

No. Item

1 Corruption in Egypt

2 Corruption in the Egyptian construction industry.

3 Corruption forms and projects’ lifecycles.

4 Corruption and project size/types.

5 Causes and impacts of corruption

6 The attitude of construction companies towards corruption.
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Sampling

In order to provide a comprehensive picture of Egyptian construction corruption, it was
essential for the sample selected for this fieldwork to cover a wide variety of backgrounds
within the industry. In addition, it was important to cover both private and public sectors, and
to interview individuals who operate at different levels of the hierarchy: strategic, tactical, and
operational. Furthermore, the sample covered individuals who represent all parties involved in
the construction process such as individuals who work in contracting firms, engineering
consultants, and client organisations/real estate developers.

A Snowball sampling technique was adopted to allocate participants. This involved making
initial contact with known and willing individuals, followed by others whom the initial contacts
nominate for participation. Due to the sensitivity of the topic, this chain referral method was
the best method to recruit participants who are willing to discuss the research topic. In order to
avoid identification of later participants, initial participants were asked to nominate multiple
individuals, and were not informed whether their nominations were contacted or not; which
was a close variation of the exponential discriminative snowball sampling technique.

During initial contact with potential participants, a summary comprised of the aim and
objectives of the research was provided via telephone. Upon agreement to participate,
participants were provided with a detailed verbal brief of about 30 minutes, during which
further details regarding the research were communicated. In addition, participants were
informed about how their identities will be kept anonymous, how the interview recordings will
be handled, and how the data will be analysed. Furthermore, participants were informed that
they are allowed to change their minds regarding their participation at any point in time leading
to the final submission of this research.

The total number of interviews carried out for this data collection process is 18. The
duration of the interviews ranged from 40 to 90 minutes, in addition to the 30 minutes initial
brief. They were carried out in the offices of each individual participant. No record of the
participants’ names, job titles, or affiliated companies has been kept due to privacy concerns.
Table 3 provides general descriptions of the participants based on their level, party, and sector.
For example, Case PR-CL-ST-01 was an individual working for a private sector client
organisation —real-estate developer whose role in the company was strategic in nature.

Table 3. Criteria of Data Collection Sample

Interviewee Code Sector Party Level
Cases\\PR-CL-ST-01 Private Client Organisation Strategic
Cases\\PR-CL-ST-02 Private Client Organisation Strategic
Cases\\PR-CL-ST-03 Private Client Organisation Strategic
Cases\\PR-CO-CN-01 Private Contracting Firm Contracts
Cases\\PR-CO-OP-01 Private Contracting Firm Operative
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Cases\\PR-CO-OP-02 Private Contracting Firm Operative

Cases\\PR-CO-OP-03 Private Contracting Firm Operative
Cases\\PR-CO-ST-01 Private Contracting Firm Strategic
Cases\\PR-CO-ST-02 Private Contracting Firm Strategic
Cases\\PR-CO-ST-03 Private Contracting Firm Strategic
Cases\\PR-CO-TA-01 Private Contracting Firm Tactical
Cases\\PR-CO-TA-02 Private Contracting Firm Tactical
Cases\\PR-DS-TA-01 Private Design Firm Tactical
Cases\\PR-EN-ST-01 Private Engineering Consultants Strategic
Cases\\PR-EN-TA-01 Private Engineering Consultants Tactical
Cases\\PU-CL-TA-01 Public Client Organisation Tactical
Cases\\PU-CL-TA-02 Public Client Organisation Tactical
Cases\\PU-CL-TA-03 Public Client Organisation Tactical

Data Management & Analysis

Since the data collection process took place in Cairo, Egypt, all interviews were carried out
in Arabic. Due to the sensitivity of the research’s subject matter, it was highly important to keep
participants’ identity safe. The focus of this paper is on the construction industry, but when
studying corruption, the topic expands itself to cover issues such as politics, economics, and
social issues. All these topics are intertwined with corruption regardless of what context it is
being studied in. The interviews were recorded on a professional audio recorder, and then
transferred to an encrypted hard-drive. The hard-drive was then securely transported from Cairo
to Heriot-Watt University where the audio files were transferred to a secure computer. All
translations, transcriptions, and analysis were carried out on this computer. NVivo 11 was used
as a tool to organise the data, and aid in its interpretation. Thematic analysis was carried out to
provide comprehensive information related to the issues raised in Table 2. Following the
completion of the project, all digital files collected or created for this data collection process
will be destroyed with the aid of the university’s IT department, and any printouts or physical
document will be appropriately shredded.

4. Findings from Data Analysis

By processing the interview transcripts using thematic analysis, two groups of themes were
elicited from the data: one group directly related to the scope of this research, and another group
provided secondary themes, which were deemed of interest. The first group of themes related
to the research areas illustrated in Table 2, which were ‘Corruption in Egypt’, ‘Corruption in
the Egyptian Construction Industry’, ‘Corruption Forms and Projects’ Lifecycles’, ‘Corruption
and Project Size/Type’, ‘Corruption Causes and Impacts’, and ‘The Attitude of Construction
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Companies Towards Corruption’. Themes that comprised the secondary group were ‘Defining
Corruption’, ‘Corruption Confusion’, ‘Rationalising Corruption’, ‘Resistance to Change’, and
‘Freedom of Speech’. This paper will present and discuss themes from the first group.

4.1. Corruption in Egypt

This theme provides an understanding of Egypt’s situation in relation to corruption based
on participants’ experiences and perceptions. All participants agreed that Egypt possesses high
levels of corruption. Within this theme, 3 subthemes were identified, ‘Corruption Normalcy’,
‘Bureaucratic Systems’, and ‘Anticorruption Entities’.

Regarding Corruption Normalcy, PR-CL-ST-02 said “In Egypt, it [corruption] became part
of the culture. It has become the norm”, while PU-CL-TA-03 stated “I can tell you that it
[corruption] is part of the culture now; people twist their actions in order not to feel guilty.
Then, they forget that they have twisted their actions, and it just becomes normal. This is life
in Egypt”. The repetition of terms such as “part of the culture” and “is the norm” in relation to
corruption levels in Egypt was seen across the transcripts.

The mention of Egypt’s bureaucratic systems was also seen throughout the transcripts in a
negative light. Participants connected this to high corruption levels. PR-EN-TA-01 said “It
[corruption] is very common, especially in any governmental institution or establishment”, and
PU-CL-TA-01 stated “The power of a public servant is a stamp or a signature, which is all they
possess. They will use that power to extort money out of people”.

Participants viewed existing anti-corruption establishments as ineffective. PR-CL-ST-03
said “It is not efficient. The laws are there but it is not efficient. It is more political”, and with
regards to reporting corrupt actions to authority, PR-CO-OP-01 stated “They may come forward
and report, but what is going to happen afterward, nothing whatsoever”.

The data confirms corruption is widespread in Egypt. In addition, corrupt actions are part
of the day-to-day life of Egyptian citizens, especially when interacting with public servants.
However, these actions are not limited to bureaucratic interactions but are experienced in all
aspects of society. The data identified three factors influencing corruption levels in Egypt:
corruption normalcy, inefficient bureaucratic systems, and inefficient anti-corruption entities.
These factors have a directly proportionate relationship with corruption levels, and with each
other.

In Egypt, corruption is part of doing business. However, those who participate in such
actions often refrain from referring to them as corrupt. Certain individuals do not view these
actions as corrupt at all, while others acknowledge their illicit nature yet participate anyway
due to social or financial pressures. There exists a degree of misunderstanding regarding
corruption. The term is perceived as an issue relating to those who possess high levels of
political and financial powers. In addition, there is a separation between criminality and
illicitness. Grand corruption forms involving large sums of money or influence are perceived
as corrupt due to their obvious criminality. On the other hand, petty corruption forms such as
facilitation payments are mostly overlooked due to their scale. The normalcy of corrupt actions
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within the Egyptian culture increases corruption levels. In addition, the rise of such normalcy
results in more inefficient bureaucratic systems, and anti-corruption entities.

The prevalent example representing corruption in Egypt lies within its bureaucratic
systems. The interactions between individuals and public servants are infested with corrupt
actions. This paper defines corruption as the misuse of entrusted power for private gain. The
‘gain’ aspect of these corrupt actions may not be illicit in itself. An individual is within their
right to request a certain document from a bureaucratic entity. However, since this entity is not
efficient and thus slow, said individual may resort to facilitation payments to receive their
requested document. The public servants themselves may also instigate this process. The
inefficiency of Egypt’s bureaucratic increases corruption rates. In addition, these systems result
in inefficient anti-corruption entities, and increases corruption normalcy.

The data suggests that while there are laws and regulations that cover a range of corrupt
actions, their enforcement is not optimal. The entities responsible for monitoring and
controlling corrupt actions are not efficient. This relates to the previous point because these
entities operate as a bureaucratic system. In addition, the rate by which these anti-corruption
entities enforce the law and regulations is subjective. Corrupt actions may be discovered
through monitoring, or directly reported to these entities but the decision to enforce the law will
rely heavily on political influence. The inefficiency of existing anti-corruption entities increases
corruption rates. In addition, it allows for inefficient bureaucratic systems, and increases
corruption normalcy.

4.2. Corruption in the Egyptian construction industry

This theme was comprised of two connected subthemes. ‘The Level of Corruption in the
Egyptian Construction Industry’, which identified the rate of corruption in the industry, and
‘Country and Industry’, which explored the connection between the construction industry and
the country. Participants expressed that corruption levels in the industry are high. PR-EN-TA-
01 said “Yes, corruption is very common in the industry; especially with local companies”, and
PR-CO-ST-01 stated “I can spend days telling you about all the corrupt things that happen in
that industry”. In addition, participants expressed that the industry is a representation of the
country.

It is vital to recognise that the construction industry does not exist in a void; the country
and the industry possess a direct relationship. The data suggests that the magnitude of
corruption perceived and experienced in the construction industry is identical to the one relating
to the country. This means that the Egyptian construction industry suffers from elevated rates
of corruption. Similarly, corruption is considered a part of the industry’s culture. It is
understood within the Egyptian construction market that each party involved in a project is
continuously attempting to take advantage of the others. The prevailing attitude that exists
within the industry is one of trickery.

4.3. Corruption forms and projects’ lifecycles

This theme identifies the various corruption forms that occur along the lifecycle of
construction projects, and attempts to detect which project stage is most susceptible to
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corruption. This theme is comprised of three subthemes, ‘Corrupt Actions’, which identifies
corruption forms along different project stages, and ‘Corruption in the Project Lifecycle’, which
examines which project stage is the most corrupt. Finally, the ‘Most Prominent Corruption
Form’, which sought to identify the most recurring corruption form. Corruption forms identified
by the participants are bribery, fraud, collusion, conflict of interest, extortion, bid-rigging,
negligence, embezzlement, and favouritism and nepotism.

Participants expressed that corrupt actions appear in different forms at different stages of
the project. PR-CL-ST-01 said “It occurs along the lifecycle of the project. Each stage has its
own challenges, and each stage allows for corrupt activities to take place”, and PR-CO-OP-03
“The whole project is riddled with corruption”.

Corruption occurs along the lifecycle of a typical construction project. However, it is
difficult to identify which particular stage possesses higher levels of corruption, or which is
more susceptible to corruption. Each participant viewed the areas they are most involved in to
be the most corrupt and the most susceptible to corruption. Each stage possesses its own
vulnerabilities that allow certain corruption forms to occur. For example, participants suggested
that the tendering stage is the most susceptible to corruption because corrupt actions at this
stage will affect all the following stages. Alternatively, other participants stated that the
construction stage is more susceptible to corruption because it involves more individuals, and
typically possesses a longer timeframe. The process of judging which stage is more corrupt will
depend on how corruption is measured. Table 4 illustrates the corruption forms that occur at
each project stage.

Table 4. Corrupt actions along project lifecycle

Project stage Corrupt Actions
Planning Fraud, Collusion, and Conflict of interest.
. Bribery, conflict of interest, collusion, favouritism
Tendering . S
and nepotism, and bid rigging.
. Bribery, conflict of interest, collusion, favouritism
Purchasing . .
and nepotism, negligence, and fraud.
. Bribery, conflict of interest, collusion, favouritism
Construction . . .
and nepotism, negligence, and extortion.
Handing over Bribery and negligence.

Bribery, conflict of interest, collusion, favouritism

Operation & Maintenance )
and nepotism, and embezzlement.

In addition, participants expressed difficulty identifying one prominent form, instead, PR-
EN-ST-01 said “It is the people, really. There is no one type that is more widespread than the
others but people are the common factor”, and PR-EN-TA-01 stated “I do not think that there
is one form of corruption that occurs more than the others, I think all these forms operate hand
in hand; they all work together. It is all about easy money, through any means necessary”.
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The most prominent corruption form in the Egyptian construction industry could not be
identified from the collected data. There was no consensus regarding a specific corruption form.
This leads to the conclusion that the occurrence of each corrupt action depends on the
individuals who carry out this action, and the situation surrounding it.

4.4 Corruption and project size/type

This theme investigates the relationship between the rate of corrupt actions, and the size of
a construction project. In addition, it identifies project types that are most susceptible to
corruption. This theme is comprised of two subthemes, ‘Corruption in Relation to Project Size’,
which explores the connection between corruption rates and project size, and ‘Corrupt Projects’,
which identifies the most corrupt project types. Participants provided conflicting opinions
regarding the relationship between corruption rates and project size. For example, PR-CO-ST-
01 expressed “The larger the project, the more corruption you will find”. Conversely, PR-CL-
ST-01 suggested that “I believe it is an inversely proportionate relationship. The larger the
project, the less corruption you will see”.

The relationship between project size and the rate of corruption is considered subjective.
This is due to the many variables involved in the process. Participants suggested three opinions
relating to this matter:

1) Larger projects possess lower levels of corruption due to the assumption that they often
have better and more efficient control systems.

2) Larger projects are likely to possess higher levels of corruption due to the involvement
of more individuals and larger sums of money within these projects.

3) There is no correlation between project size and corruption rates.

While the first two opinions may be valid in some cases, the data does not suggest that a
generalisation can be made to support either one. This leads to the conclusion that there is no
correlation between project size, and the rate of corruption. Instead, corruption rates depend on
the individuals rather than the scale of the project.

Participants expressed that construction projects that involve repetitive actions, vast
groundworks, and connections to the public sector are the most corrupt. In addition, they are
the most susceptible to corruption. PR-CL-ST-02 said “Public sector projects are the most
corrupt, any type of project within that”, while PR-CL-ST-03 mentioned “Any project where
the elements are hidden, really. Because it is hard to catch what you cannot see. Hidden and
repetitive works”. One agreed upon aspect is that public sector projects are the most susceptible
to corruption. It is concluded that roadworks, groundworks, and infrastructure projects are
considered the most corrupt.

4.5. Corruption causes and impacts

This theme identifies the underlying causes of corruption, and the impact of corruption in
the Egyptian construction industry. The subthemes involved were labelled ‘Corruption Causes’,
and ‘Corruption Impacts’.
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4.6. Corruption causes

Participants expressed that the underlying causes of corruption are need, greed, and lack of
ownership. PR-CO-OP-02 said “Some people’s salaries are so low that they get tempted to take
the corrupt route, and other people just want more money and they will get it in any way
possible”, and PR-EN-ST-01 stated “Most people who act like this do it out of greed, some out
of need, but overall I think it’s because they don’t feel connected to their job. There’s no passion
or self-fulfilment, so they just try to get away with whatever they can”.

Through analysing participants’ comments regarding these three causes, the following was
concluded:

e Need: Individuals may seek acting in an illicit manner due to a failure in providing
financial support for their dependants. This is highlighted by the uneven distribution of
wealth, and the lower minimum wages that exist in Egypt. The need to provide may
force individuals to gain financial or social outcomes through corrupt actions.

e Greed: Individuals may seek acting in an illicit manner regardless of their financial or
social standing. This means that individuals will seek corrupt actions to generate wealth
purely based on the urge of enhancing their possessions.

e Lack of ownership: Individuals may seek acting in an illicit manner due to a lack in
their sense of ownership relating to the position where they operate. This can be related
to a certain task, project, or company. The data suggests that there is a separation
between individuals and their professional environment, which may result in
aspirations of private gains through illicit means.

4.7. Corruption impacts

Participants stated that corruption impacts projects’ time, cost, and quality. In addition, it
creates a mistrustful business environment. PR-CL-ST-02 said “It damages the quality of work,
and it results in a lot of reworks which leads to more money and more time”.

Corrupt actions that occur in the Egyptian construction industry are presented in Table 4.
These actions negatively affect the industry. The data suggests that the presence of these actions
results in a negative perception of the local construction market by the general public. It is also
mentioned that acting in a corrupt manner is key to surviving in the Egyptian construction
market. This means that a party that does not want to be involved in corrupt actions will not be
able to compete in the construction market. This results in an unfair business environment. The
aforementioned corrupt actions also lead to a level of mistrust within and towards the Egyptian
construction industry. These corrupt actions automatically result in a rise in corruption levels
in the industry, and thus elevate corruption rates in the country. This causes a feedback which
enables corruption normalcy. In addition, the quality of materials and construction outputs are
negatively affected. Furthermore, projects tend to be over-budget, and deadlines become
difficult to meet. The result becomes poor quality projects that are cost overrun, and late in
completion. From this information, it is concluded that corruption impacts are categorised into
three levels: the project level, the industry level, and the country level. Table 5 relates these
levels to the identified corruption impacts.
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Table 5. Corruption impacts at different levels

Level Corruption Impacts

Long project duration.
Project Level Increased project costs.
Poor quality end products.
Poor reputation.
Industry Level Lack of trust.
Unfair business environment.
Elevated corruption rates.

Country Level
Increased corruption normalcy.

4.8. Construction companies and corruption

This theme explores the attitudes of construction companies in Egypt toward corruption.
This theme is comprised of two subthemes, ‘Companies and Corruption’, and ‘Survival without
Corruption’. The first revealed that construction companies in Egypt do not seek to minimise
corruption in general. In addition, these companies only react to corrupt actions that would
damage them, while ignoring or even celebrating actions that provide benefit. PR-CL-ST-01
said “If someone is stealing from the company, they will be punished. If someone is stealing
for the company, then they will most probably be rewarded”, and PR-CO-OP-03 stated “They
only care when they lose, but if they are making money off of an employee’s corruption, they
will celebrate that individual”.

Participants highlighted that it is almost impossible to survive in the Egyptian corruption
industry without being involved in at least a minor form of corruption. PR-CO-TA-01
confirmed this by saying “If you are involved in the construction industry in Egypt, you have
to take part in at least a small amount of corruption”.

Egyptian construction companies do not possess regulatory systems that actively manage
corruption. The data suggests that if such internal regulations exist, they only focus on
protecting the companies from actions which could directly victimize them. These actions often
involve large sums of money, and individuals in powerful positons. It must be understood that
these companies operate in an already corrupt environment. Therefore, corrupt actions which
benefit a company are often welcomed, while corrupt actions that damage a company are
punished.

On the other hand, corrupt actions that occur on a smaller scale receive no focus
whatsoever. These actions occur on a day-to-day basis, and are seen as part of the operation
methods. There are no monitoring structures targeting these actions. Instead, the main reliance
is on individuals’ morals. The assumption is that employees know right from wrong. Thus,
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corruption related issues are not communicated to employees. There are no training
programmes, or corruption awareness campaigns provided for individuals who operate in the
Egyptian construction industry.

5. Conclusions

This paper set out to provide a narrative illustrating the state of the Egyptian construction
industry in relation to corruption. By reviewing the literature, six research areas were identified.
Semi-structured interviews were carried out to provide further understanding regarding the
identified research areas. Through thematic analysis, it was determined that corruption is a
prominent aspect of the construction industry in Egypt. Varying corruption forms were
identified in both public and private sectors, and within all construction project stages.
However, public sector projects involving roadworks, groundworks, and infrastructure were
viewed as the most corrupt. The data did not provide any evidence to support a correlation
between project size and corruption rates. The underlying causes of corrupt actions were
identified as need, greed, and a lack in the sense of ownership within the construction industry
workforce. It was concluded that the impacts of corrupt actions were experienced at three levels;
the project level, the industry level, and the country level. At the project level, corrupt actions
result in projects that are over-budget, over-time, and of a poorer quality. At the industry level,
corrupt actions transformed the industry into an unfair environment possessing a negative
reputation and high levels of mistrust. At the country level, the increase in corrupt actions
resulted in elevated corruption levels for the country as a whole, and reinforced the normalcy
of corrupt behaviour. Despite of the aforementioned impacts, it was evident that construction
companies have not identified corruption as a major issue within the industry. Instead,
corruption was normalised, and seen as another aspect of doing business.
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Appendix: Semi-structured Interviews Guide Questions

Introductions — Corruption in Egypt

How long have you been in your current position?

How long have you been involved in the construction industry?

Was your involvement in the industry all in Egypt?

What about your education, did it take place in Egypt?

Can you tell me what the word “Corruption” means to you?

What about “The misuse of entrusted power for private gain”, is that a fitting definition
of corruption?

Knowing this, do you think things like Bakshish (bribes) and Wasta
(favouritism/nepotism), for example, fit this definition?

What other activities that you are aware of fit this definition of corruption (that occur in
Egypt)?

What about [give any missing forms of corruption]?

In your experience, do you think such activities are normal in day to day Egyptian life?
Corruption in the Egyptian Construction Industry

Taking the aforementioned definition of corruption and applying it to the construction
industry: Do you think there are activities in the industry that fit such definition?

In your experience, and with reference to the corruption definition used for this research,
how common would you say such activities occur in the Egyptian construction industry.
Corruption Forms and the project lifecycle

From your experience in the industry, may you provide me with examples of such
activities occurring in the industry as a whole i.e. private and public sector?

What about activities such as [give any missing forms of corruption]?

When do you think these activities occur along a project’s lifecycle.

[Run through each corrupt activity]

In your opinion, which stage in the project lifecycle is the most vulnerable?
Corruption and Project Size/Type

Do you believe there is a correlation between project size and corruption rates?

What types of projects have you been involved in?

Are all these private sector projects, or have been you involved with the public sector
in any of them?

In the projects you have been involved in, did you experience any of the aforementioned
forms of corruption?

What type of project did you witness the most corrupt activities in?

Corruption Causes and Impacts

In general, what do you think motivates people to be involved in corrupt activities?
Regarding the aforementioned projects, do you think said corrupt activities occur
because of the culture of corruption in Egypt, because of the nature of the industry, or
both?

[Discuss this point further according to reply]
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e Out of all the corruption forms we discussed, which form is most likely to occur in the
Egyptian construction industry?

e Are you able to tell me why that corruption form specifically?

e Have you ever witnessed that corruption form yourself?

e [If not] In your experience, has any of your colleagues (in this company or others)
experienced said form?

e In what way do you think this corruption form affects a project?

e How do corrupt actions affect construction companies and/or the industry itself?

The attitude of construction companies towards corruption

e Does the general attitude of the industry towards corruption match the country’s
attitude?

e Hypothetically speaking, if an individual who operates in a construction company is
involved in corrupt activities, but these corrupt activities are beneficial to the company;
how will said company deal with this individual?

e How will a company deal with an individual who is involved in corrupt activities within
the company itself in comparison to corrupt activities targeted at a third party? Whether
beneficial or not.

e Do construction companies in Egypt have any form of internal rules that govern corrupt
activities?

e Do construction companies in Egypt communicate or train their employees regarding
corruption related issues.

e Is there a system in place within construction companies that allow for secure
whistleblowing?

What about the country as a whole, is there a system in place to allow for secure
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Abstract:

Construction industry is characterized by project-based production, both in the design as
well as in the building construction segment. As a consequence, this capital-intensive industry
is highly dependant on people, more specifically on work groups' effectiveness. Generally,
many scholars investigated characteristics of teams and team members in relation to work group
effectiveness. However, it is widely appreciated that these issues are field specific and more
over that they change over time. Since there have been no recent studies regarding work group
effectiveness in construction industry in Croatia, this paper aims to fill that knowledge gap.
After providing an insight into relevant literature review, results of a case study conducted in
small and medium size construction companies shall be presented. Results refer to relation
between work group characteristics and effectiveness. As such, they provide guidance to both
managerial decisions and future academic researchers.

Keywords: project team, performance; work group characteristics

1. Introduction

The use of teams has expanded dramatically in response to competitive challenges and
organizational needs of flexibility and adaptation (Pina et al., 2008). In some business segments
such a trend is even more obvious due to the disposition of activities performed. For instance,
the use of teams in the engineering world has become commonplace (Doolen et al. 2006).

Construction is dominated by project-based production (Vrijhoef, Koskela, 2005). But, due
to prevalence of the “one of a kind” product mix which results from the industry’s project
nature, there are often the complaints about the state of practice (Turin, 2003). The background
of such performance irregularity rises from the fact that determinants of project success are not
always straightforward and unambiguous (Phua, 2004). This significant managerial challenge
has inspired the study presented in this paper — to learn and understand the major determinants
of project team effectiveness in construction industry.

Despite the value of the machinery and equipment, construction industry is a labor-
intensive business, especially its designing segment. That's why it has been said that the
capability of handling the culture-issue within construction processes is a kind of risk-
management tool, because using it reduces the risk of behavioral miscommunication (Tijhuis,
2012).

Behavior is significantly determined by organizational culture, i.e. by the basic values and
assumptions shared by members of a group. As such, organizational culture is the group’s view
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of itself and its environment as well as its way of performing daily activities. In terms of
organizational culture, the group can stand for a nation, an industry segment, a company, a team
or any other relatively stable social construct.

However, this raises additional question: are behavior related issues like project team
effectiveness not only subject but also site specific? The fact is that differences and concurrent
interconnection between organizational (corporate) culture and national culture should be
considered: national cultures differ mainly on the level of fundamental values, while
organizational cultures alter more on the level of perfunctory practices and can be more
manageable. In a bottom line, organizational culture is determined by the national culture
(Hofstede, 1998).

Professor Hofstede and his team have conducted the most comprehensive research
regarding particularities of organizational (national) culture in 64 different countries. They have
described the nature of cultural characteristics within each country by attributing scores
(ranging from 0-100) for six different cultural dimensions (Hofstede et al., 2010).

Additionally, previous findings (Chan, Tse, 2003; Overbaugh, 2013) suggested that culture
dimensions affect economic and business performance at the country level differently, so
nation-specific studies of work group effectiveness are welcome. Building on such conclusions,
this paper presents the case of Croatian construction design segment.

Recent study conducted in Croatia (Sandrk Nukié, Na¢inovi¢ Braje, 2017) revealed that
two of those dimensions are statistically significant predictors of Croatia's competitiveness:
uncertainty avoidance with a negative sign and long term versus short term orientation with a
positive association.

Uncertainty avoidance dimension expresses the degree to which the members of a society
feel uncomfortable with uncertainty, especially the fact that the future is unknown and insecure.
Index scores higher than 50 expose high uncertainty avoidance, which involves avoiding risks
and any changes. Croatia scores 80 in this dimension, meaning that its population is mostly
intolerant of unconventional behavior and innovative ideas, in order to avoid risks.

Long versus short term orientation describes society’s attitude towards past, present and
future. Long-term orientation countries are detected after dimension scores above 50 and
Croatia’s is 58. As a result, Croatian’s value thrift and efforts in modern education as a way to
prepare for the future.

In the case of Croatia, high uncertainty avoidance score undermines the national
competitiveness level. Yet, the increase of long-term orientation improves national
competitiveness. As the relation among organizational culture, competitiveness, effectiveness
and efficiency is straightforward (Gomez-Miranda et al. 2015) these findings are relevant.

Leaning on Hofstede’s culture dimensions, there have been several scholars studying and
constructing typologies of organizational culture. Out of those, Cameron and Quinn’s (2005)
typology has been used for identification of culture types in Croatia’s construction industry
(Sandrk Nuki¢, 2018). The research proved that, although the Croatian construction industry’s
culture type is primarily hierarchy, there are certain differences among the main stakeholders.
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More specifically, designers’ function as predominantly clan type organizational cultures. This
means that such companies are usually friendly place to work in, which are held together by
loyalty and collaboration. Construction design companies in Croatia are mostly family-type
organizations in terms that superiors are considered mentors and peers are considered extended
family members. Such companies are characterized by high commitment to employees, and
above all — participation and teamwork.

Building on the above presented body of knowledge, the study presented in this paper
argues that project team effectiveness should appreciate national differences and therefore
examines the Croatian case of small and medium size construction design companies.

2. Theoretical framework

Because of the central role of projects in construction, project managers have an important
role. The project manager has the responsibility for the design as well as the execution, matches
the project and the customer needs, and takes care of the entire production management.

Achieving team effectiveness is an ultimate goal so it is crucial to identify and control factors
in behind of it.

Discourse on factors determining effectiveness is primarily a discourse on competencies.
Competencies are individual characteristics, including knowledge, skills, abilities and other
characteristics (self-image, traits, mindsets, feelings, ways of thinking), which, when used with
the appropriate roles, achieve a desired result. Competencies contribute to individual exemplary
performance that creates reasonable impact on business outcomes (SHRM, 2012; Campion et
al., 2011). In addition, although individual competencies are important, it should be emphasized
that, when analyzing engineering projects, competencies need to be seen in the context of what
a team is required to perform well (Margerison, 2001).

Competency modelling has become indispensable in human resources management since
it is being used for many purposes (Campion et al. 2011):

e hire new employees by using assessment and other selection procedures,

e train employees by creating courses aimed at the development of certain
competences,

e cvaluate the performance of employees,

e promote employees by using the competencies to establish promotion criteria,

e develop employee careers by using the competency models to guide the choice of
job assignments and make other career choices,

e manage employee information by using the competency model to record and
archive employee skill, training, and job experience information,

e compensate employees and structure pay differences,

e manage retention of critical skills,

e support organizational change.

Having in mind the purpose of this paper, authors focused primarily on using competency
model for performance evaluation. But even narrowing the research to team performance
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(effectiveness) models, literature review leads to several different approaches (Gladstein, 1984;
Hackman 1987; Hall and Beyerlein, 2000; Sundstrom et al. 1990).

Generally, the models can be grouped into two main groups (Pina et al., 2008). Models in
the first group are one-dimensional, so they test only objective measures of team performance,
being defined through performance/productivity. The second group includes multidimensional
models whose starting assumption is that teams are complex so their effectiveness must include
several variables, not only productivity.

Since engineering projects always ask for sound technical, quantitative and analytical
individual achievements while at the same time encourage team level-behaviours such as
collaboration and communication (Doolen et al. 2006), authors suggest analyzing team
effectiveness in construction industry by using the multidimensional approach.

Among the multidimensional models, academic literature recognizes different
effectiveness determinants.

In some studies (Pina et al., 2008), determinants are categorized and tested as objective and
subjective. Objective determinants are related to performance and include:

e adherence to budgets,

e adherence to time schedules,

e innovation,

e project quality,

e overall company performance (sales growth, return on equity or change in
profitability),

e outcomes of interactions among team members.

Objective measures are specific to the task and the type of team while subjective measures
are gathered through survey questions focused on perceptions of team members themselves
(internal perceptions) and managers or other stakeholders like customers and investors (external
perceptions).

Regarding subjective determinants, attitudinal outcomes like satisfaction, commitment and
trust in management are usually noted as relevant (Baldwin et al., 1997).

Perhaps the most comprehensive study on objective and subjective determinants of work
group effectiveness has been done by Campion et al., (1993), testing 80 work groups. They
grouped tested determinants (characteristics) into 5 categories and defined effectiveness
through 3 variables, as presented in Figure 1.
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WORK GROUP CHARACTERISTICS

1
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| Self-management Task interdependence Heterogeneity Training Potency

1 Participation Goal interdependence - Flexibility Managerial support - Social support

1 Task variety - Interdependent feedback Relative size - Communication/ - Workload sharing

1 Task significance and rewards Preference for cooperation between - Communication/

1 Task identity group work groups cooperation within groups
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EFFECTIVENESS CRITERIA: Productivity, satisfaction, manager judgements

Figure 2. Work group characteristics (source: authors after Campion, A., Medsker, G., Higgs, C. (1993)
Relations between work group characteristics and effectiveness: implications for designing effective work groups,
Personnel Psychology 46)

The results of the study summarized in Figure 1 concluded that job design and process
variables are slightly more predictive than the others.

Beside studies on subjective and objective determinants there are also studies advocating
for organizational context. The organizational context that surrounds a team has been identified
by researchers (Guzzo and Shea, 1992) as an important consideration in the study of team
effectiveness so those researchers strongly advise to broaden team research in order to look
beyond the processes between team members and to include the relationships between teams
and the organization as well. They articulate that improvements in group effectiveness can be
obtained by changing the circumstances in which groups work.

Considering such a perspective, it should be commented that among significant
characteristics listed in Figure 1 there are indeed objective, subjective and organizational
context variables, additionally supporting the completeness of Campion and his co-authors’
study.

More pragmatic approach including all three types of variables but only in their essence
was offered by Doolen, Hacker and Aken (2006). In their study, organizational context
variables being team processes, team composition and team task have been set as independent
variables. Dependent variables were both subjective (team member satisfaction) and objective
team effectiveness determinants (team performance). Their results validated the importance of
organizational context and proved that team processes can serve a mediating role between
organizational variables and team member satisfaction.

3. Methodology and methods used

In the majority of the cases, team studies use survey as the instrument to gather data (Pina
et al., 2008). The first issue that needs to consider when constructing a survey is the level of
investigation and the other is its content.

Different approaches to level of the analysis have been used for measuring team attributes.
The first type is the surveys measuring team-level data based on assessing individual team
members’ perceptions and then aggregating the responses to the team level. Such research
methods have been criticized because aggregating items that assess individual perceptions of
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confidence in one’s own ability may not necessarily capture the team’s collective sense of its
ability to successfully accomplish team task (Tesluk et al., 1997).

In the second type of surveys, questions are written to capture not individual attributes but
attributes of the team as a whole. However, still individual members are being questioned so
the quality of the research significantly depends on the response rate — the greater the response
rate, the more reliable the survey results (Early, 1999).

And finally, due to the problems with answers aggregation, the consensus method for
gathering team-level data has been proposed (Early, 1999). It implies having all the team
members together and jointly responds to survey items using consensus decision making. From
the researcher point of view, this type of surveys is quite labour intensive.

Kirkman et al (2001) compared all three survey types and concluded that consensus method
might, but not as a rule, be superior to others. Therefore, they recommended any of the types
as adequately informative. Building on that conclusion, study presented in this paper used
individual perceptions aggregated to the team level conclusions.

Regarding the content of the survey, the research presented in this paper belongs to the
multidimensional approach, covering both objective and subjective determinants of team
effectiveness as well as taking the organizational context into account.

In terms of quality management in construction, the attitude tends to be oriented towards
conformance to contractual specifications, primarily getting the work done on time and within
budget (Vrijhoef, Koskela, 2005). Therefore, out of many different team effectiveness
determinants presented in theoretical part of this paper, authors have chosen being on time and
within the budget as objective performance determinants. As for the subjective determinants
and organizational context variables, those presented in Doolen et al (2006) have been chosen
as verified and relevant for the study.

The study was conducted on the basis of surveys completed in small and medium size
enterprises (SME) construction design companies in which activities are based on the
preparation of design documentation. A structured survey consisting of two parts was used. The
first part concerns team members’ attitudes and opinions (team composition - TC, team task —
TT and team process—TP) with a total of 31 questions, while the second part of the survey
consisted of two questions (team satisfaction — TS and team performance - TP). Survey
questions were formulated according to previous research conducted by Champion et al. (1993),
Doleen, and according to guidelines provided by Van der Van and Ferry, after which they were
adapted to the factor analysis examination of opinions and attitudes of team members within
the construction design companies. A five-point Likert scale was used in the survey
questionnaire, whereby 1 signifies “complete disagreement”, while 5 signifies “complete
agreement”, as well as a nominal scale of satisfaction and project performance status. The
adequacy of the final set of survey items obtained by factor analysis was measured by
Cronbach's a. A very good internal consistency (Cronbach, 1951) was confirmed by the
obtained value (0.716).
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Data collection and sampling

The subject study was conducted in March 2019. Directors, designers and associates from
several small and medium construction design companies that mostly cooperate on projects
participated in the study. The total number of respondents is 77, whereby designers comprise
the largest proportion of respondents with a total of 53.2%. Associates account for 35.1%, while
directors account for 11.7% of the total number of respondents. Men (66%) were predominant
among the respondents, which confirms the statistical study conducted by the Croatian Bureau
of Statistics (2011) indicating that men choose to partake in the construction industry to a
greater extent than women. The majority of respondents are of a younger age (25-35 years of
age) and comprise 54.5% of the total number, followed by respondents aged 36-45 (18.2%),
46-55 (14.3%), more than 56 years of age (11.7%), and less than 25 years of age (1.3%). The
majority of respondents work in teams consisting of 2-4 members (39%), while only 1.3% of
respondents work independently.

Methods applied

On the basis of the collected data, the application of factor analysis determined the
variables relevant for the formation of a universal and original model in the form of functions,
on which the correlation between team characteristics (independent variable) and their
effectiveness (dependent variable) shall be determined by applying multilinear regression
analysis. The collected data are processed and calculated using the statistical data processing
software (SPSS).

The team effectiveness dependent variable was formed on the basis of the theoretical part
of the study by the suggested subjective variable of team members' satisfaction and the
objective variable of team effectiveness (completion on time and within budget) according to
the models developed by Hackman (1987), Gladstein (1984), Sundstrom et al. (1990) and
Doleen, Hacker, Van Aken (2006). Independent variables were formed and tested by factor
analysis. The mutual dependence of the dependent variable and the independent variables was
tested by multilinear regression.

4. Results and discussion

Factor analysis

Given that this is a survey with a large number of questions, factor analysis (Principal
Component Analysis — PCA) was performed to determine the factors of correlation between
variables, i.e. to reduce the dimensionality of the original space (Zahirovi¢, 2005). A larger
number of questions (variables) that are mutually covariant is reduced, by means of factor
analysis, to a smaller number of factors (variables) explaining the covariances between the
manifest variables (Fazli¢ & Ponlagi¢, 2016), including factor rotation for the purpose of
obtaining interpretative variables (Kiss, 2011).

Factor analysis is an analysis used for a large number of samples, and the minimum
acceptable absolute minimum of samples should be higher than 50 (De Winter, et al., 2009). In
order to evaluate the psychometric properties of social constructs, such as the subject one,
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appropriate sample size for the principal component analysis amounts to 50-100 (Sapnas &
Zeller, 2002). On the basis of factor analysis, the extracted factors were interpreted by means
of multilinear regression analysis, for which it is defined, as a rule of thumb, that the minimum
number of samples is 50 + 8k, where k is the number of predictor (independent) variables
(Green, 1991), which in this case entails a minimum of 74 samples.

Factor analysis of the principal components for the team characteristics scale (TC, TT and
TP) was performed in this study. Variables that are significant in terms of factor analysis, which
affect the team effectiveness, were determined using factor analysis of characteristics, while
less significant variables were omitted from the analysis. Of the 31 variables, 13 directly
correlated with team effectiveness, and these variables form the basis of the subject study.

During the factor analysis, the Kaiser-Mayer-Olakin measure of sampling adequacy in
relation to team characteristic variables, with the value of 0.567 (prescribed value > 0.5), was
determined, which confirms the adequacy of variables for factor analysis (Kaiser, 1974). The
null hypothesis, with a starting point consisting of the assertion that there is no significant
correlation between the original variables, has been rejected on grounds of the result of
Bartlett’s test of the null hypothesis (sig = 0.000).

In the next step, the factor structure matrix was created, as well as the extracted factors
matrix and the rotated factors matrices. It shows correlations of extracted factors and variables,
as well as factor loadings that highlight the importance of each variable for each factor. The
matrix results suggest that certain variables correlate with several factors. The first factor, which
has the highest value in terms of explaining the manifest variables, has the highest loading,
while the second and the third factor explain a smaller part of the total variance. Three factors
explain a total of 54.48% of the factor variance, meeting the condition of the minimum
acceptable value of variance (50%) in social research (Sarstedt & Mooi, 2014), where
information is often less precise (Hair et al., 1998), while the communality values of
independent variables were acceptable and all variables were included in the analysis.

Given that the matrix does not possess features of a simple structure, factor rotation is
performed by orthogonal rotation of factors applying the "varimax with Kaiser normalization"
method. This method, compared with other rotation methods, is more successful in realizing
the simple structure principle (Harman, 1976) by simplifying columns in the factor structure
matrix (Kurnoga Zivadinovi¢, 2004). In orthogonal factor rotation, the sum of squares of factor
loadings for each individual variable after rotation must be equal to the sum of squares of these
factor loadings before factor rotation, which was realized in this analysis.

On the basis of obtained factor analysis results, three factors were formed, representing the
independent variables required for multilinear regression analysis, and their characteristics are
indicated in Table 1:
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Table 1. Characteristics of independent variables

FACTOR 1 - team task
includes 6 variables and explains 26.16% of the variance

TT 7 Work performed by my team is very important for the society

TT_ 18 Members of my team are willing to share information with other team members

TT 10 Most of the members of my team have an opportunity to learn how to perform new,
different tasks and works

TP 27 My team can take on and finish almost any task

TP 30 Members of my team socialize after business hours

TP 31 The fact that I have an opportunity to support other team members pleases me

FACTOR 3 — team process
includes 3 variables and explains 42.52% of the variance

TP 22 Almost all members contribute equally to work

TP 24 In the event of a disagreement among team members, the problem was resolved by
bringing the problem into the "open" and resolving it through conversation with the
team members involved

TP 25 In the event of a disagreement within the team, the problem was resolved by ignoring
it

FACTOR 2 — team composition

includes 4 variables and explains 54.47% of the variance

TC 3 Team members' level of education

TC 6 Average size of the team in which the team members work

TT 15 The team leader coordinates the performance of tasks that have been assigned to the
team members

TP 20 Every person in my team is doing their part of the job

Multilinear regression

On the basis of the three extracted factors, multilinear multiple regression with three
independent variables (TP, TC and TT) and a dependent variable (TE) was performed in the
study in order to determine the variability between team effectiveness based on the linear
combination of team task, team composition and team process. The Enter method was used
since independent variables were formed using factor analysis.

The accuracy of the model was evaluated on the basis of a descriptive analysis according
to which the criterion variable of team effectiveness was described by standard error (Std.
Deviation 0.388) whose value is acceptable and indicates that the data are very close to the
mean of the set.

The first step determined the correlation relations between the dependent and the
independent variable through the value of the Pearson correlation coefficient ranging from +1
(perfect positive correlation) to -1 (perfect negative correlation). The Pearson correlation
relationship of variables in this study is acceptable and demonstrates a moderately strong
correlation between team effectiveness and team task (49.8%, sig. 0.000), and between
effectiveness and process (37.1%, sig. 0.000), while the correlation relationship between team
effectiveness and team composition is moderate (26%, sig. 0.011). The sig. coefficient is used
to describe the linear relationship between the dependent variable and independent variables,
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with error of the first kind being 0.05, and it demonstrates the statistical significance of
variables. Thus, the obtained values indicate statistically significant linear relationships
between team effectiveness and predictor variables TC, TT and TP.

Table 2. Model summary

Change Statistics

. Std. Error
Model R gquare ’;‘:ﬂl‘ﬂed ROof the R - Sig. F
i f1 2 )
Estimate zcll]l;i:e Change d d Change
2 ,673° ,453 ,430 ,29301 ,068 9,03 1 73 ,004

b. Predictors: (Constant), TP, TT, TC

Using the correlation coefficient R (0.673) a very good relationship between the dependent
variable and independent variables was established (Colton, 1974), while the coefficient of
determination (R2) explained 45.3% of the variability that can be explained by the population
based on the linear combination of three predictor variables whose value is common in social
research (Moksony, 1999). The corrected coefficient of multiple determination explains 43%
of variability of the criterion variable based on the knowledge of variability on predictor
variables, and it is relevant for the subject study.

The standard error of the estimate demonstrates the accuracy of the model, i.e. it
demonstrates how many errors would occur on average when predicting results pertaining to
the criterion variable based on a linear combination of predictor variables, with its value being
0.293 and it is not significantly higher than the standard deviation of the criterion variable of
0.388.

By testing the null hypothesis regarding the coefficient of multiple determination, it is
proven that there is no relationship between the criterion variable and the linear combination of
predictor variables, i.e. it is proven that the coefficient of multiple determination is zero.

Hy:P2=0 1

In this study, the value F is 9.03 with an acceptable corresponding probability value (sig.
0.000), which is less than 0.045, F is statistically significant, the null hypothesis of non-
existence of linear correlation is rejected, and the regression model is acceptable for population
analysis.

Ultimately, the multiple linear regression model for a population is determined on the basis
of:

Yi = Bo + B1Xi1 + B2Xiz + -+ BmXim 2)

where yi is the predicted the value of the criterion variable, while Po, B1, B2, ... Pm are model
parameters (the constant and regression coefficients for m predictor variables).
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Table 3. Coefficients

Unstandardized Standardized 95,0% Confidence
Model Coefficients Coefticients t Sig. Interval for B
Lower Upper
B Std. Error Beta Bound Bound
3 (Constant) 2,818 033 84,397 000 2752 2.885
TT ,193 ,034 ,498 5,748 ,000 ,126 ,260
TP ,144 ,034 371 4,283 ,000 ,077 2211
TC ,101 ,034 ,260 3,006 ,004 ,034 ,168

It has been previously established that there is a linear relationship between the criterion
variable and predictor variables, and the regression model in this study is formed on the basis

of the results indicated in Table 3:

Y = 2,818 + 0,193x; + 0,144x, + 0,101x; A3)
where: x1 — team task, x2 — team process, X3- team composition
Based on the chart in Figure 2, it is evident that the test of normal distribution was

successful.

Figure 3. Dependent variable histogram

By testing the hypothesis of individual variables, their individual impact on team
effectiveness is determined. The hypothesis whether TT exerts a significant impact on the

increase in TE is tested. The null hypothesis is:

H;: X, < B, while the alternative hypothesis is H;: X; > 8, =0 4)
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The null hypothesis is rejected since % = 5,748, and it is concluded that TT is a

significant predictor for increasing team effectiveness, assuming that other predictor variables
do not change. The same hypothesis is used to determine the impact of an increase in TP, or TC

on team effectiveness, assuming that the other variables remain unchanged. The hypotheses are

rejected since for TP % = 4,283, while for TC % = 3,006. By testing the hypotheses, it

is concluded that the team effectiveness is influenced by all three variables.

The 95% confidence interval indicates that, in case the situation regarding TC, TT and TP
in a project team remains unchanged, the interval of team effectiveness ranges between 2.75-
2.88%. For each increase in TT, the 95% interval ranges between 0.126-0.26 of increment units,
for each increase in TP, the 95% interval ranges between 0.077-0.211 units while the 95%
interval for TC ranges between 0.034 and 0.168 of increment units related to team effectiveness.

The predicted value of the dependent variable TE ranges between 2.08 and 3.15 with the
arithmetic mean of 2.82 and its deviation of 0.26, which is an acceptable deviation as the
standard error ranges from -2.82 to 1.25, which leads to the conclusion that the enhancement of
team performance may reach up to 3.14, while a minimum increase with unchanged predictor
variables may reach 2.07.

The chart (Figure 3) indicates that this is a growing linear regression of the dependent
variable of team effectiveness.

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: DEP.VAR

&

0,8

0,6

Expected Cum Prob

0,4 P

0,27 CS:D

0o T T T T
0,0 02 04 06 08 10

Observed Cum Prob

Figure 4. Regression model of team effectiveness

5. Conclusion

The team effectiveness dependent variable presented in the theoretical part of this paper is
described by reference to 33 team characteristics. By factor analysis, the number of collected
characteristics was reduced to 13 characteristics grouped into three factors - team process (TP),
team task (TT) and team composition (TC), and a statistically significant correlation between
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all three variables and team effectiveness was subsequently determined by multilinear
regression analysis, and all three variables were included in the regression model.

Multilinear regression analysis determined that the team task variable had the highest

correlation with team effectiveness (49.8%). More specifically and according to the analysis,
by increasing TT by 1%, with TC and TP being constant, team effectiveness is increased by
0.193% in terms of preparing designs that are characterized by higher quality and within the
prescribed deadlines, as well as overall work satisfaction. By analyzing the constituent
characteristics of the TT variable, the following conclusions have been reached:

The highest correlation factor was determined between team effectiveness and team
members’ awareness of having the opportunity to support other team members
(Pearson coeff. 0.493, sig. 0.000). Support among team members and a team leader is
crucial. A team leader should possess leadership skills, and not only accept
responsibility when issues arise, but also give credit to each team member in case of
successful projects. Such a manner of thinking and acting engenders trust and loyalty
among team members by forming the attitude of the team (Hess, 2018) that each task
can be performed at the highest level.

A very significant correlation relationship was determined between team effectiveness
and the willingness to share information with other team members (Pearson coeff.
0.485, sig. 0.000), i.e. cooperation. In every company, and consequently in teams,
cooperation and communication between team members constitutes a "central feature
of life" of the company and is a key factor for continuous improvements (Vogelsmeier,
2008) and team effectiveness. Cooperation among team members solves complex
problems since each team member shares their perspective (Funk, 2014) on problem-
solving and improving relations between team members.

A significant impact on increasing team effectiveness is also exerted by the social
significance of tasks that the team members perform (Pearson 0.414, sig. 0.000).
When preparing designs that are of great importance for the community and
performing it on time and within the budget, the importance of the members increases,
and consequently their self-confidence and desire for further improvement, learning
and educating themselves and working on improving their team, in order to become
even more ready in the future for preparing such designs, increases as well.
Self-confidence of team members to take on and complete almost every task (Pearson
coeff. 0.271, sig. 0.017) is the next important characteristic. If team members’ self-
confidence is sufficiently developed, they will try to be successful in solving the tasks
and will possess an inner need to avoid failure (Covington, 1984). A low degree of
self-confidence can result in a number of problems that would not have occurred if a
positive attitude and belief in their team had been present, since each group becomes
a team when each member is sufficiently confident in themselves and their
contribution so that it is possible for them to praise the skills of other team members
(Hidle, 2013).

An important characteristic that influences team effectiveness is a friendly relationship
between team members who socialize after business hours (Pearson coeff. 0.287, sig.
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0.011). Socio-emotional relations between team members, as well as a positive
interpersonal environment, improve a team’s creativity (Han, et al., 2019), and this
study has also confirmed the effectiveness thereof.

In addition to TT, the team process variable has been proven to exert an impact on team

effectiveness, and the correlation between them is moderately strong (37.1%). The regression
model indicated that, by increasing team process characteristic by 1% at constant TT and TC,
team effectiveness increases by 0.144%. Through a more detailed analysis of the TP variable
characteristics, the following was established:

The principal characteristic that exerts an impact on team effectiveness is classified
under the sub-category of conflict management, i.e. resolving conflicts by ignoring
them (Pearson coeff. 0.587, sig. 000). It is evident from the result obtained that the
team members hold the manner of resolving conflicts important since conflicts are
certain to arise in performing tasks due to differences in personalities and mindset.
Apart from conflict resolution, it is important to recognize conflicts in time (Turkalj,
et al., 2008), since ignoring conflicts does not contribute to problem being resolved,
but rather to a temporary deferral thereof. By resolving conflicts in time, teams
establish stronger collective identities, discuss difficulties and frustrations, and create
solutions for resolving them for the benefit of the team (Zhang, et al., 2011).

In addition to the manner of solving problems, a significant correlation between team
effectiveness and an equal work contribution of each team member has been
established (Pearson coeff. 0.211, sig 0.05).

The third variable is statistically significant as well as the previous two variables since

increasing it by 1% results in increase of team effectiveness by 0.101%.

The characteristic every person in my team is doing their part of the job contributes
the most to increasing team effectiveness (Pearson coeff. 0.327, sig. 0.004). It is
important for team members that every person does their job conscientiously in order
for the project delays and unforeseen costs not to arise. Furthermore, trusting other
team members to do their job properly facilitates their mutual exchange of information
and insights, and consequently increases the team's self-confidence that the projects
will be executed on time and in a quality manner. Trust among team members is built
steadily, by establishing and developing confidence in each other's competencies and
reliability (Mickan & Rodger, 2000), and therefore it is important to attribute great
importance to this characteristic within the team in order to increase team
effectiveness.

In addition to the aforementioned, the role of the team leader who coordinates the
performance of tasks assigned to team members is very important (Pearson 0.238, sig.
0.037). The role of the team leader is not confined to coordinating the execution of
tasks, and it is complex since they primarily need to know all the team members and
their competences in order to distribute tasks among team members in an optimal
manner and select team members, which is a challenging issue in managing human
resources since it includes different criteria, such as education and work experience
(Caniéls, et al., 2019), as well as sociological characteristics.
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o Average size of the team in which the team members work (Pearson 0.217, sig. 0.05).
Although the statistical correlation between the size of the team and its effectiveness
is weaker, the size of the team should not be omitted as an exploratory factor of team
performance (Guzzo & Shea, 1992) in describing team effectiveness.

Based on the performed analyses, it can be concluded that team task, followed by team
process and team composition exert an impact on team effectiveness the most. These findings
allow for a better understanding of the attitudes and opinions of members and project team
leaders, and provide valuable guidelines to scientists and managers on how to increase team
members’ satisfaction, while simultaneously completing projects on time and within budget,
thus effectively performing project tasks. In further research, it would be interesting to see if
the team members' age and the length of their practice in the company also have an impact on
the results.
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Abstract:

Small and Medium Sized Enterprises (SMEs) make significant contributions to countries’
economy in many ways. For instance, in Europe, 56,8% of total value added and 66,4%
employment has been created by SMEs in 2017. Additionally, SMEs play important roles in
Construction Industry (CI), especially in off-site manufacturing, and assembly and supporting
services in construction sites. Therefore, performances of SMEs are crucial to complete
construction projects successfully. CI has been criticized because of its underperformance and
inefficient working environment. At this point, measuring the performance of construction
companies using precisely developed Key Performance Indicators is a must and effective tool.
However, current KPIs available in the literature have developed either for projects or large
construction companies. KPIs for small and medium-sized construction companies have not
been determined yet. Therefore, this study aims at determining KPIs convenient to SMEs in CI.
Initially, 46 KPIs were extracted by conducting a literature survey and classified under 6
perspectives. Structured interviews conducted with the participation of 20 experts working in
various SMEs for evaluating the determined KPIs. Based on the structured interviews, 12 of
them are eliminated and 10 new KPIs recommended by experts are added. The second list
consisting of 44 KPIs are re-evaluated by 5 highly experienced new respondents. Eventually, a
final list of 37 KPIs is determined. The KPIs proposed in this study can be used by decision-
makers in efforts to measure and boost the performance of their organizations.

Keywords: KPIs; SMEs, performance measurement; construction industry

1. Introduction

The importance of SMEs for the countries’ economies are beyond question since the vast
majority of firms around the world are classified as micro, small or medium-sized enterprises
(SMEs). For instance, 99.8% of enterprises in the EU-28 non-financial sector fall into the
category of SMEs. In addition to this, SMEs have created 56.8% of total value added and 66.4%
of employment in Europe as of 2017 (European Commission, 2018). SMEs are not only crucial
assets for developed economies, but also play important roles for developing countries. For
instance, they are capable of generating new income opportunities as well as employing the
largest percentage of the workforce in developing countries. These enterprises can also be seen
as one of the key factors for poverty alleviation (Singh et al., 2009). In addition, prior researches
showed that SMEs have a great potential to boost the economy of countries. Consequently, the
performance of SMEs is directly related to the performance and pace of nations (OECD, 2005).
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Besides their importance for the macroeconomics of countries, SMEs also take active roles
in the construction industry (CI). Especially, CI heavily relies on SMEs in areas of off-site
manufacturing, on-site production assembly and supporting services (Betts and Wood-Harper,
1994; Carty, 1995; Halpin and Woodhead, 1998; Rezgui and Miles, 2010; Rezgui and Zarli,
2006). Additionally, SMEs are involved in large projects as sub-contractors as well as involving
in small- and medium-sized projects as general contractors (Dlungwana and Rwelamila, 2004).
Therefore, their performance is crucial to ensure that CI showing high performance. However,
the performance of CI is mostly found insufficient by the authorities and researches (Barrett
and Sexton, 2006; Rezgui and Zarli, 2006; Sexton and Barret, 2003). Even CI sadly performs
the worst compared to other industries due to the highest rate of cancelled and challenged
projects (Rounds and Segner, 2011). The problem lies in the fact that firms working in CI
continuously confront with important and unprecedented challenges due to CIs’ complex,
dynamic and constantly changing environment (Davey et al., 2001; Rezgui and Zarli, 2006).

This current performance problems seen in CI calls for effective performance measurement
which gives companies the possibility to manoeuvre in complex and constantly changing
environment of CI. Kagioglou et al. (2001) defined performance measurement as the process
of determining how successful organizations or individual in achieving their objectives.
Therefore, owners-managers of organizations take necessary actions in case they realized that
objectives are not going to be met. Consequently, for construction firms, measuring their
performance and comparing with past performance are must to find out what should be
improved (Gupta, 2004). Therefore, the applicable performance measurement systems should
be developed to overcome the poor performance problems of CI. To design a performance
measurement system, first of all, appropriate Key Performance Indicators (KPIs) has to be
determined (Lin et al., 2011). Later on, conveniently determined KPIs must be measured,
analysed, reported and stored inside the organization periodically (Parmenter, 2007).

In the construction management literature, there are studies conducted to determine the
appropriate KPIs, however these studies focus on either projects or large companies (Chan and
Chan, 2004; Cox et al., 2003; Enshassi et al., 2007; Radujkovi¢ et al., 2010; Tripathi and Jha,
2018). Although small companies are convenient field to study the relationship between the
implementation of specific management practices and organizational performance since they
have more transparent structure (Sommerville and Robertson, 2000), no researcher has
developed a set of KPIs specifically for construction SMEs, yet. Unfortunately, KPIs developed
for large enterprises cannot be implemented on construction SMEs in engineering practice
(Hudson Smith and Smith, 2007; Nudurupati et al., 2011; Turner et al., 2005), since
construction SMEs confront with many unique challenges with respect to large companies.
Those challenges include weak stance against market fluctuations due to limited resources and
lack of experience (Smallbone et al., 2012); limited marketing skills of their owners-mangers
(Callahan and Cassar, 1995; Carson and Cromie, 1990; Harris and Watkins, 1998; Siu and
Kirby, 1998; Tang et al., 2007) and tendency of owners-managers to conventional business
marketing models (Carson, 1990; Tang et al., 2007). Therefore, KPIs specific to construction
SMEs must be developed. Consequently, this study aims at determining a list of KPIs which
can enhance the performance of the construction SMEs which contribute considerably to both
macroeconomics and CI of countries. Similar to the relationship between families and society,
as the smallest units of CI, the performance of construction SMEs should be boosted to
overcome the performance problems seen in CI.
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Remaining sections of this paper are organized as follows. Firstly, relevant studies in the
literature are going to be summarized. The methodology used in this study will then be
presented. This is going to be followed by the Results and Discussion section. The conclusions
are going to be made as the last section of this paper.

2. Literature Review

Performance Measurement Systems have been studied by researchers since the early 1990s
(Yuetal., 2007). Very first systems included only financial indicators. However, these systems
were criticized, since these indicators show only the past performance rather than future
performance. Eccles (1991) proposed that non-financial indicators such as market share,
innovation should also be used to evaluate the companies from a broader perspective. Kaplan
and Norton (1992) introduced a new concept called Balanced Scorecards (BSC) after a year-
long research project with a participation of 12 companies. They concluded that using one
single type of indicators cannot provide accurate results and suggested that managers must use
a balanced presentation of both financial and operational indicators. Therefore, the BSC utilizes
indicators obtained by considering four different perspectives, namely financial, customer,
internal process, innovation and learning.

As stated before, appropriate KPIs should be determined to develop a performance
management system. Cox et al. (2003) defined KPIs as a set of data measures used to evaluate
the performance of organizations. According to Radujkovic et al. (2010), KPIs are useful tools
to monitor and control the performance of organizations. Additionally, KPIs are used to
measure the distance of an organization from achieving its objectives (Morrison, 2016).
Consequently, KPIs play a key role in providing information on the performance of construction
tasks, projects, and companies.

There are studies to determine KPIs. However, construction SMEs have been usually
ignored so far. One of the first studies related to performance management in construction
management literature was conducted by Cox et al. (2003). They developed KPIs for entire CI
which can be implemented in both projects and corporates. To limit the complexity of the
system, the authors used correlations to determine the most commonly used indicators.
However, authors relied more on financial indicators such as Units/MHR, $/Unit, Total cost
etc. and this leads to a variety of shortcomings. Beatham et al. (2004) pointed out the
shortcomings of the traditional performance measurement system by blaming that traditional
models tend to show past performance. The authors classified indicators into two categories
such as lagging (financial) and leading indicators (operational). Main disadvantages of lagging
indicators are that they don’t provide any opportunity to change. Additionally, the authors also
made recommendations to employ KPIs precisely in CI. Chan and Chan (2004) developed a
framework to measure the performance of construction projects. The validity of the proposed
KPIs was tested by three case studies. Shahin and Mahbod (2007) proposed an approach which
assists managers to determine the most relevant indicators with respect to the goals of
enterprises. The proposed method was based on the analytical hierarchy process (AHP)
technique and SMART criteria. The hotel project was used to validate the method. However, it
was stated that the Method is applicable to all sectors. Luu et al. (2008) developed a
performance measurement method for large construction companies in Vietnam by integrating
BSC and strength-weakness-opportunities-threats (SWOT) matrix. Then, the method was
validated through a case study with the participation of the AnGiang construction company.
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Consequently, the authors concluded that the method is also applicable to other developing
countries. Luu et al. (2008) proposed a set of KPIs which can be used for benchmarking of large
construction contractors. The paper provided nine key performance indicators including both
financial and non-financial terms. Another remarkable study which is specific to construction
projects was conducted by Enshassi et al. (2009). The authors aimed to solve performance
problems of construction projects in the Gaza Strip by highlighting the factors which affect the
projects. The initial set of factors were extracted by conducting an in-depth literature review.
Later, the most important factors affecting performance were determined through a
questionnaire survey conducted on 120 experts. The most important factors were identified as
delays due to material shortage, unavailability of resources, low level of project leadership
skills, escalation of material prices, unavailability of highly experienced and qualified
personnel, and poor quality of available equipment and raw materials. Radujkovic et al. (2010)
conducted a very impressive study and investigated the significance, role and types of KPIs for
the CI in South-Eastern European Countries. The authors used a similar methodology as
Enshassi et al. (2009). 37 KPIs were determined through a comprehensive literature review.
After, data gathered from 30 large construction companies and being analysed. Eventually, the
top ten KPIs were determined based on the experts’ view. The top ten KPIs are quality, cost,
number of investor interferences, changes in project support, time increase, client satisfaction,
employees’ satisfaction, innovation and learning, time and identification of client’s interest.
One of the most comprehensive studies conducted by Ali et al. (2013) for large construction
companies of Saudi Arabia. 47 row KPIs were extracted from literature and the most important
ones were determined using relative importance index (RII). Therefore, proposed KPIs can be
implemented either for benchmarking and performance measurement. The latest study was
conducted by Tripathi and Jha (2018). The authors stated that most of the studies conducted in
developed countries. However, construction firms in developing countries were mostly ignored
by the researches. Therefore, the authors determined the most important KPIs extracted from
literature through question survey with the participation of 106 experts. The top six indicators
presented in the paper were profitability and asset management, the satisfaction of key
stakeholders, predictability of time and cost, environment, health and safety.

A deeper look to the literature on performance measurement of construction companies
and projects, however, revealed that there are no performance measurement system specifically
developed for micro, small and medium-sized construction companies. Therefore, this study
aimed to fill this gap.

3. Methodology
The research methodology followed in this study is presented in

Figure 7. At the initial stage of this study, a comprehensive literature survey is conducted
to extract KPIs. However, KPIs proposed for projects were not taken into consideration, since
projects are temporary in nature and have other various differences with respect to construction
SMEs. Based on this literature survey, 46 KPIs were determined and these KPIs and the
references which state these KPIs are stated in Table 1.

At the second stage, KPIs were categorized based on the perspectives proposed in the
BSC, however four main perspectives are considered as insufficient to measure the
performance of the companies (Bourne et al., 2000; Schneiderman, 1999). Especially, when
the complex and constantly changing environment of CI is considered, new perspectives are
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required for CI. Therefore, in this study, two new perspectives were added into BSC to look at
the matter of management from a wider window. The first perspective was determined as
Environment due to the fact that all CI including construction SMEs has a hugely adverse
effect on the environment (Banham, 2010; Zhi, 1995). Therefore, environmental concerns
should be part of their management. Also, this perspective is suggested by Ali et al. (2013).
The second perspective, namely external, was added, because of that it is agreed on that
construction SMEs are weak against changes of the outside environment (Smallbone et al.,
2012). Eventually, KPIs were classified into abovementioned six different perspectives based
on the classifications proposed in the studies stated in Table 1 and this classification is
presented in Table 1.

Identification of all KPIs stated in literature by conducting
comprehensive literature review.

¥

—

Classification of available KPIs into six perspectives such as
Financial, Customer, Internal Process, Learning and Growth,
Environment and External. Consequently, a list including 46 KPIs was

prepared (Table 1)

[Initial 46 KPIs were rated by the experts. Based on the data, the least}

rated 12 KPIs were eliminated and 10 new KPIs suggested by experts
were added (

A 4

[ Second list was rated again by the experts and 7 KPIs were eliminated

(Table 6). Eventually, final list including 37 KPIs was prepared.

—

Figure 1. The research flowchart

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 164



Table 1. Initial List of KPIs extracted from the literature

s

Financial Perspective
Profitability

Reliability of Financial Performance
Growth

Financial Stability

Seamlessly Cash Flow

Capital

Interest Cover

Investment in Development of New Markets
Customer Perspective

Internal Customer Satisfaction
Number of New Customers
Hassle-Free Relationship
External Customer Satisfaction
Quality of Service and Work
Market Share

Value of Money

Competitive Price

Internal Process Perspective
Productivity

Innovation

Safety

Business Efficiency

Managers’ Competency
Effectiveness of Planning

Labour Efficiency

Successful Tender Rate

Resource Management
Technological Capability

Quality Control and Rework
Defects

Research and Development

Staff Turnover

Learning and Growth Perspective
Empowered Work Force
Informatization

Continuous Improvement

Human Resource Training and Development

Organizational competency in HR Management

Investing in People
Motivation

I T T e

b T e e e e e i S SR e T T T e

TR T i e
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Table 1. (continued.)

A B C D E F G H I
Environmental Perspective
Impact on Society - - - - X - - X X
Waste Management - e e - X - - X X
Energy Use - e e - X - - X X
Main Water Usage - e - - X - - X X
Impact on Biodiversity D D ¢
External Perspective
Risk Control . -

Partnership and Suppliers
Changes in Policy or Law

Competitors

XXX

Key: A: (Cox et al., 2003); B: (Bassioni et al., 2004); C:

(Yu et al., 2007); D: (El-Mashaleh et al., 2007);

E: (Nemcova, 2009); F: (Horta et al., 2010); G: (Radujkovi¢ et al., 2010); H: (Ali et al., 2013); I:(Tripathi and

Jha, 2018).

At the third stage of this study, 20 experts working at various level of construction SMEs
were asked to rate KPIs with respect to their importance on a five-point Likert scale. In this
scale, 1 denotes the lowest importance and 5 denotes the highest importance. Data were
gathered through structured interviews. These experts were selected by using judgement
sampling; therefore, the background of each expert investigated deeply. Since this study
focused on construction SMEs, it was crucial to choose experts from construction SMEs. The
demographic structure of experts and their enterprises are presented in Table 2.

Table 2 The demographics of experts participating in the first step of the research

Percent (%) Count

Number of labours worked
in the company

Experience of the companies

(in years)

Yearly turnover of the
company (in Turkish Liras)

Position of the respondents

Degree of the respondents

0-10 employees
10-49 employees
50-250 employees
0-5

5-10

10-15

15-20

Above 20
0-1000000
1000000-5000000
5000000-10000000
10000000-20000000
Above 20000000
Manager

Owner

High school Degree
Bachelor’s degree
Master’s degree

25 5
50 10
25 5
20 4
15 3
25 5
25 5
15 3
15 3
30 6
15 3
15 3
15 3
60 12
40 8
15 3
80 16
5 1
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Table 2. (continued.)

Percent (%) Count

Experience of the
respondents (in years)

0-5

5-10
10-15
15-20
Above 20

40
20
20
10
10

8

[N O S e

Based on the data obtained through structured interviews, KPIs were ranked according to
their mean values by employing a similar methodology as Tripathi and Jha (2018) (see Table
3). Firstly, the lower quartile of the sequence was calculated as 3.09. The KPIs whose means
are less than the lower quartile were eliminated. At the end of the first analysis, 12 current KPIs
were eliminated. Additionally, at the end of each category, experts were asked to add new KPIs
into this category. 10 KPIs stated in Table 4 were recommended by experts, and these KPIs
were added to the final list. Eventually, a second list consisting of 44 KPIs was designed to be
used in the second survey.

Table 3 Ranking of KPIs based on experts' view

p
)

Key Performance Indicators

Mean

O 00 1 &N D B~ W N —

N DN DN NN — = = = = = = e e
WD = O O 00 JN Nk WD~ O

Quality of Service and Work
Hassle-Free Relationship
Safety

Business Efficiency
Effectiveness of Planning
Number of New Customers
External Customer Satisfaction
Productivity

Managers’ Competency
Labor Efficiency

Internal Customer Satisfaction
Reliability of Financial Performance
Continuous Improvement
Partnership and Suppliers
Financial Stability
Empowered Work Force
Changes in Policy or Law
Market Share

Innovation

Resource Management
Research and Development
Growth

Organizational competency in HR Management

Motivation

4.00
3.90
3.80
3.80
3.80
3.75
3.75
3.75
3.75
3.70
3.60
3.55
3.55
3.55
3.45
3.45
3.45
3.40
3.40
3.40
3.30
3.25
3.25
3.25
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Table 3. (continued.)

No Key Performance Indicators Mean
25 Value of Money 3.20
26 Technological Capability 3.20
27 Informatization 3.20
28 Impact on Society 3.20
29 Profitability 3.15
30 Competitive Price 3.15
31 Quality Control and Rework 3.15
32 Risk Control 3.15
33 Defects 3.10
34 Energy Use 3.10
35 Interest Cover 3.05
36 Human Resource Training and Development 3.00
37 Waste Management 3.00
38 Seamlessly Cash Flow 2.95
39 Capital 2.95
40 Investment in Development of New Markets 2.90
41 Successful Tender Rate 2.90
42 Competitors 2.85
43 Investing in People 2.70
44 Main Water Usage 2.70
45 Impact on Biodiversity 2.60
46 Staff Turnover 2.25

Table 4 Eliminated and Added KPIs

Added KPIs

Category

Rate of Return of an Investment

Financial Perspective

Resource Allocation

The Growth rate of annual revenue
Trust relationship with the customer
Customer Loyalty

Employee Satisfaction

Material Planning

Conformity to Standards

Global Developments and Fluctuations
Market Conditions

Financial Perspective
Financial Perspective
Customer Perspective
Customer Perspective
Internal Process Perspective
Internal Process Perspective
Environmental Perspective
External Perspective
External Perspective
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The second survey was conducted by 5 highly experienced experts, and they ranked the
importance of KPIs based on a five-point Likert’s scale, where 1 denotes the lowest importance
and 5 denotes the highest importance. These experts were different from the experts participated
in the first survey, in other words, they did not participate in the first survey. Demographic
distribution of these experts and their companies is presented in Table 5. Similar steps were
followed as it was done in the previous section to determine the most appropriate list of KPIs
for construction SMEs. 44 KPIs were ranked respect to their mean values, and 7 KPIs whose
means are lower than the lower quartile calculated as 3.4 were eliminated. Eliminated KPIs
from the second list and final list of KPIs with their mean values were presented in

Table 6 and

Table 7, respectively. Consequently, a final list of 37 KPIs was determined and this list was
examined by the same experts, and all experts agreed upon the final list.

Table 5 The demographics of experts’ participation in the second step of research.

Percent Count
0-10 employees 40 2
Number of employees 10-49 employees 20 1
50-250 employees 40 2
Experience of the companies 2 20 1
(in years) 10 20 1
12 40 2
20 20 1
Position of the respondents ~ Manager 40 2
Owner 60 3
High school Degree -- --
Degree of the respondents  Bachelor’s degree 60 3
Master’s degree 40 2
2 20 1
Experience of the 4 20 !
respondents (in years) 6 20 1
8 20 1
15 20 1
Table 6 Eliminated KPIs from the second list
Eliminated KPIs
Material Planning Internal Customer Satisfaction
Technological Capability Value of Money
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Conformity to Standards
Organizational Competency in HR Management

Global Developments and Negotiations

Table 7 Final List of KPIs and their mean values

No Perspective Key Performance Indicators Mean
1 Customer Quality of Service and Work 4.8
2 External Market Conditions 4.8
3 Customer External Customer Satisfaction 4.6
4 Customer Customer Loyalty 4.6
5 External Changes in Policy or Law 4.6
6 Financial Rate of Return of an Investment 4.4
7 Customer Number of New Customers 4.4
8 Internal Process Managers’ Competency 4.4
9 Internal Process Labor Efficiency 4.4
10 Environment Energy Use 4.4
11 Financial Financial Stability 4.2
12 Financial The Growth rate of annual revenue 4.2
13 Internal Process Productivity 4.2
14 Internal Process Quality Control and Rework 4.2
15 External Risk Control 4.2
16 External Partnership and Suppliers 4.2
17 Internal Process Safety 4.0
18 Internal Process Business Productivity 4.0
19 Learning and Growth ~ Continuous Improvement 4.0
20 Financial Profitability 3.8
21 Customer Hassle-Free Relationship 3.8
22 Customer Competitive Price 3.8
23 Customer Trust relationship with the customer 3.8
24 Internal Process Effectiveness of Planning 3.8
25 Learning and Growth ~ Empowered Work Force 3.8
26 Learning and Growth ~ Motivation 3.8
27 Environment Impact on Society 3.8
28 Financial Growth 3.6
29 Internal Process Innovation 3.6
30 Internal Process Defects 3.6
31 Financial Reliability of Financial Performance 34
32 Financial Resource Allocation 3.4
33 Customer Market Share 34
34 Internal Process Resource Management 3.4
35 Internal Process Research and Development 3.4
36 Internal Process Employee Satisfaction 3.4
37 Learning and Growth  Informatization 34
© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 170



4. Discussion of Findings

In his book, Parmenter (2007) stated that the number of KPIs which will be used to
measure the performance of companies should be limited to ten. Therefore, the top ten KPIs
presented in Table 7 will be discussed deeply in this section. According to results, at first, it is
realized that 9 KPIs among top ten KPIs were non-financial indicators. This shows that BSC
used in this study is a convenient technique to implement in today's construction SMEs.
If only financial indicators were used in this study, the results would be insufficient from
many aspects. Secondly, external indicators ranked highly important by the experts
participated in this study. Therefore, authors do not hesitate to say that it was the right decision
to add external perspective to BSC.

Customer-oriented KPIs are at the center of almost all performance measurement systems.
Because, at the end of the day, customers are the one who will purchase the product or service
offered by firms. In this study, customer-oriented indicators were also located at the center by
the experts as similar to other studies such as Radujkovic et al. (2010), Ali et al. (2013) and
Tripathi and Jha (2018), Namely, four indicators out of ten were customer-oriented indicators.
It should be noted that, as one of the terms of Iron triangle perspective, Quality of service and
work was rated as the most important indicator by the experts. The reason behind this
tendency of experts is that the main assessment criterion for the construction products or
service is its quality.

Market Conditions and Changes in policy or law were rated as highly important KPIs by
the experts of construction SMEs, however, these indicators were not considered as important
in studies conducted on large companies (Ali et al., 2013; Radujkovi¢ et al., 2010). This was
interpreted as the indication of that dynamics and needs of construction SMEs are different
than large companies. Therefore, the specific performance measurement system must be
developed for construction SMEs. Otherwise, it would be imprecise to implement indicators
proposed by other studies conducted on large enterprises on construction SMEs. Explanation
of this tendency of experts lies in the fact that SMEs are sensitive to macroeconomic
fluctuations compared to large companies (Smallbone et al., 2012). Changes in policy or law
also have an impact on the performance of construction SMEs. This phenomenon was
explained by Smallbone and Welter (2001). Authors concluded that governments may act like
either enabling and/or constraining force through policies or laws. If the governments act like
constraining force, mainly two types of costs arise from these changes. Firstly, direct costs
which fall on the companies such as the cost of employers’ social security and secondly, the
compliance costs which are defined costs of adapting to changes. Main reasons for compliance
costs are dealing with additional paperwork and recruiting extra qualified or unqualified
workforce to carry out additional tasks (Bannock and Peacock, 1989). Consequently, the
authors stated that these costs
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are relatively higher for SMEs than large enterprises due to their limited resources. This may
be the reason why these indicators were not rated as important in other studied conducted on
large enterprises.

Another remarkable point is hidden in

Table 4. Except for the energy use, all environmental-oriented indicators were eliminated
at the end of the first survey due to their low score. Beyond this, any new environmental-
oriented indicators have not been recommended by an expert. To the authors’ knowledge, there
might be two possible reasons for this current preference of experts. The first reason is the
reluctance of owners-managers of construction SMEs to reduce their impact on the environment
due to their tendency to focus on short term profits (Loucks et al., 2010). Secondly, experts
might disagree with the idea that environmental indicators can be a measure of performance.
They might think that their duty over when they meet the requirements of current laws.

5. Limitations of the Study

Just like other studies, this study comprises several limitations such as bias, variance,
timing, or even problems in the research process. Potential limitations of this study are
summarized as follows:

1. This survey was conducted for construction SMEs in Turkey; therefore, the current
socio-economic status of Turkey, such as government policies, regulations, and the
investment environment, had effect on preferences of experts. In addition, some of the
indicators may be specific to Turkey; therefore, some of the indicators can be eliminated
in the studies conducted for different countries, and different indicators could be
potentially added.

2. The number of respondents was another limitation of this study which can lead to bias.
However, the background of respondents was investigated deeply, and their
demographics were presented apparently in this study.

3. Simple statistical methods were adopted in this study. However, the more sophisticated
multi-criteria decision-making (MCDM) methods such as AHP could be used.

6. Conclusions and Recommendations

The construction industry is a very important part of the economy, especially in developing
countries such as Turkey and Croatia. Unfortunately, CI is continuously berated for its
underperformance by government bodies and professional chambers, which, in turn, put a lot
of pressure on both construction companies and academics to find a solution to this problem.
To the authors’ knowledge, at this point, developing an accurate performance measurement
system is a must and vital. By adopting performance measurement systems, firms can measure
their performances and take necessary actions when they think that it is necessary. However,
although construction SMEs are a weighty portion of CI, the matter of their performance has
not been studied yet by the academics. Current studies focus either on projects or large
construction companies. Therefore, to fill this gap, this study aims to determine the list of KPIs
which can be used to measure the performance of construction SMEs accurately. Traditional
performance measurement systems were criticised many times in literature because they
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employed only financial indicators which cause inability to show future performance. However,
the performance measurement system proposed in this study measures the performance of
enterprises from six different perspectives, namely, Financial, Customer, Internal Process,
Learning and Growth, Environment and External perspectives. In other words, two new
indicators were added to those of the BSC. Environment perspective was added due to the fact
that all construction companies harm the environment. Therefore, they must monitor their
environmental impact continuously during their managerial process. External perspective was
added because, in general, SMEs including construction SMEs are prone to variations in outside
of the organization. The methodology followed in this study consists of 2 step questionnaire
survey conducted on various experts working at various levels of construction SMEs in Turkey.
Initially, 47 rows of KPIs were extracted through an in-depth literature review. Later on, these
indicators were classified with respect to 6 different perspectives and eventually, the first list
of KPIs was prepared to be used at the first step of the questionnaire survey. 20 experts
participating in this study were asked to rate KPIs in the first list with respect to their importance
on a five-point Likert scale. After, KPIs were ranked with respect to their mean values and
indicators whose mean is lower than the lower quartile were eliminated due to their low score.
At the third, section of the questionnaire, respondents had an opportunity to offer news KPIs
which they think that it is important. Consequently, 12 indicators were eliminated while 10 new
indicators were added. At the second step of this study, the same methodology as in the first
step was followed, however, at this time, 5 different experts participated, and experts were not
able to add new indicators. Finally, the final list consisting of 37 KPIs were formed.

According to results, it was realized that 9 KPIs out of the top ten were non-financial
indicators. This showed how much the BSCs’ suitable for construction SMEs. Secondly,
indicators were classified under the external perspective obtain a higher score from the experts.
Therefore, authors deduced that the decision of adding external perspective into the BSC
concept was the right decision which was also approved by decision-makers. Unlike the other
studies focusing on large companies, in this study, indicators named as market conditions and
changes in policy or law were rated as highly important by the experts. This shows that
preferences of experts of construction SMEs are different than those in large companies.
Therefore, there is a need for the development of a performance measurement system specific
to construction SMEs. However, the results of this study also show similarity to other studies
focusing on large companies in terms of customer-oriented indicators. For instance, customer-
oriented indicators such as Quality of Service and work rated as the most important indicator
by the experts. Interestingly, most of the environment-oriented indicators were eliminated at
the end of the first questionnaire survey. There are two possible reasons for this tendency
experts. However, likely, this shows owners-managers of construction SMEs unwillingness to
reduce their environmental impact. Therefore, the required laws must be introduced to force
them to act in favour of the environment to protect future generations. Otherwise, decision-
makers of construction SMEs are not seemed to take some initiative.

In engineering practice, this study can be implemented in three different ways by the decision-
makers of construction SMEs. Firstly, owners-managers of construction SMEs who wants to
measure the performance of their enterprises using KPIs can directly use the top ten indicators
proposed in this study. Since prioritization was made based on experts’ view, a consensus was
reached for indicators proposed in this study. Secondly, owners-managers of construction
SMEs can determine their own top ten KPIs using the methodology used in this study. Thirdly,
the proposed indicators could be also used in the Benchmarking of companies.
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Abstract:

Even though linear infrastructure projects have low complexity schedules, they are still not
successful in meeting planned deadlines. The deadlines are mostly based on planning done in
early project development when limited data are available. Developed models for early time
estimations found in literature rely on few variables and, almost in all cases, one of them is
estimated cost. This presents a problem because early cost estimations can significantly deviate
from contract price and thus lead to unreliable time estimation. Most of the models found relates
to high-rise buildings and linear projects are less represented in the literature of early time
estimation. The purpose of this paper is to develop the method for early estimation of
construction time for linear projects with repetitive activities which does not rely on estimated
cost. This research is done on one large sewer system project. In case study we showed how to
determine the small number of leading repetitive activities which stretches along the pipeline
route. Then we elaborated algorithm for time calculation of activities in linear schedule method
(LSM) which directly links durations of activities with quantities and estimated production
rates. Developed method is based on project leading activities and algorithm and we showed an
example of how to estimate the time by using this method. Limitation of this method is that it
can be used only for base estimation. Further research needs to be done to develop method into
a model and to include uncertainties and risks.

Keywords: construction time estimation; linear infrastructure projects; method; deadline;

1. Introduction

Problem with construction time overrun in construction projects is well known (Bromilow,
1974; Bromilow et al., 1980; Chan and Kumaraswamy, 1995; Assaf and Al-Hejji, 2006; Chou
and Tseng, 2011; Mahamid, 2016). One part of the problem lies in the fact that determined
deadlines are based on estimates of project duration made in early phases and those predictions
can be inaccurate (Radujkovic and Car-Pusic, 2006). Topic of early time estimation is not new
in construction and project management literature, but there are only few models of time
estimation and they are mostly based on project cost (Bromilow, 1974; Bromilow et al., 1980;
Chan and Kumaraswamy, 1995). Most of these models are used to record what is likely to be
achievable based on experience with past projects (Czarnigowska and Sobotka, 2014). Those
existing predictive models are based on regression between cost and other project variables and
duration (Bromilow et al., 1980; Chan and Kumaraswamy, 1995; Kaka and Price, 1991; Chan,
2001) and those variables incorporates risks and uncertainties in time prediction. However,
some scholars are pointing on the fact that cost estimates can be very inaccurate (Assaf and Al-
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Hejji, 2006) thus usefulness of the models is questionable. Even though, Hoffman et al (2007)
did prove significant correlation between project cost and time, construction duration of
projects in one business unit of large construction company they examined was lower than
predicted. Authors argued that maybe this could be due to factors such as work ethic, labor and
equipment and others.

Chan and Kummaraswamy (1995) stated that site labor productivity is significant intrinsic
factor affecting the overall construction duration. Some scholars are claiming that construction
activities and their embedded production rates should be more emphasized in time planning and
time estimation (Lucko et al., 2014). During project execution, project activities are subject to
uncertainties meaning that activities may take more or less time than originally estimated
(Herroelen and Leus, 2005), thus if time estimation is based on deterministic time of
construction activities it can be considered only as base estimation e.g. risks are not included.
While early (base) time estimation is not a very highly researched topic in linear projects there
are numerous papers dealing with time planning of linear projects (Arditi et al, 2002, Matilla
and Park, 2003, Duffy et al, 2011, Lucko et al, 2011) which is usually done in preconstruction
and construction phase. There is increasing interest in Linear Scheduling Method (LSM),
chosen by many authors as the best solution for time planning of linear infrastructure projects
and it applies to distance-based (alignment-based) projects, in example pipelines and highways
construction projects (Arditi et al., 2002; Duffy, 2009; Lucko et al., 2014). There are only few
variables needed to calculate the project duration using LSM (Lucko et al., 2014), e.g.
production rate and quantity of work related to construction activities and these variables can
be determined in early phase through preliminary design and bill of costs.

In this paper early time estimation is examined for linear projects with continuous and
repetitive activities. Early time estimation is important for setting the construction project
deadline and enable planning and control for contractors and project managers. There are not
many models for early time estimation available and there is weak evidence of their usefulness.
Field of early time estimation is still being examined by scholars and practitioners and there is
need to expand topic of productivity related time estimation and planning as alternative
approach to existing time estimation models and techniques. Therefore, this paper will present
a method for early base time estimation of linear construction projects based on LSM
scheduling technique.

2. Literature review

2.1. Models for early time estimation

In the construction industry, contractors usually use previous experiences to estimate the
project duration and cost of a new project. The first early estimation of construction time
performance of building projects was given in Australia in the late 1960s. After analyzing the
performance of 329 Australian building projects in 1967, Bromilow et al. (1980) proposed the
relationship between construction duration and the construction cost of the building projects to
be of the formula: T=KCB, where T is the duration of the construction period from possession
of site to practical completion, measured in working days; C is the final project cost in A$
million, adjusted to a price index; K is a constant describing the general level of time
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performance is for an A$ 1 million project; and B is a constant describing how time performance
is affected by project size as measured by cost. The equation describes the mean construction
time as a function of project cost. Chan and Kumaraswamy (1995) tested these relations on a
small sample of infrastructure projects in Hong Kong (table 1). The R value indicates the
coefficient of correlation, which is used as an indicator of the variability of points within each
category and for comparison between categories.

Table 1 Time-cost performance for civil engineering projects in the Hong Kong expanded sample
(Chan and Kumaraswamy (1995)

Project type K B R Total projects
Total civil works 250,5 0,206 0,79 148
Roadworks 251,2 0,225 0,87 57

Other civil works 262,5 0,185 0,69 91

Cost represents a sensitive variable based on overruns caused by higher overhead costs
because of longer work period, higher material costs through inflation, and due to labor cost
increases (Kenley, 2005; Assaf and Al-Hejji, 2006). A study on high-rise projects in Indonesia
found out that cost overruns occur more frequently and are more severe problem than time
overruns (Kaming et al., 1997). Some researchers suggested and developed multiple regression
model of construction duration with more independent variables other than cost to offer more
precise estimates (Czarnigowska and Sobotka, 2013; Hoffman et al, 2007; Walker and Shen,
2002; Gray and Little, 1985). With using CART regression tree as a method for determination
of the wviability of 25 selected project qualities used in formerly developed models,
Czarnigowska and Sobotka, (2014) tested the formerly developed models. This research
showed that actual cost exceeded the range of planned cost but regression tree also showed that
cost is most accurate parameter of all 25 examined variables for time estimation. Czarnigowska
and Sobotka (2014) then elaborated that cost estimates can be a valid parameter for time
estimation but also stated that developed models based on costs are not very reliable and useful
in practice and requires further development.

2.2 Defining the construction project duration through leading construction activities

Models for early time estimation with multiple variables can be split into two groups: those
which are orientated on project characteristics, aforementioned in subchapter 2.1, and those
which are oriented on a set of activities (Radujkovic, 2012). Gray and Little (1985) have shown
that there are several leading phases and processes in every construction project. Nkado (1992)
defined activities for the construction of new buildings and described them through
(independent) variables which are essential for calculating their duration. Peer (1974) suggests
the development of time calculation of activities based on input of fundamental production
variable, e.g., quantities of work, production rates of working group and other production
characteristics. Activities can be categorized into major work packages to form an outline
construction program (Nkado, 1992) presented in figure 1.
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Figure 3: Simplified outline construction plan based on condensed work packages (Nkado, 1992)

Radujkovic and Car-Pusic (2006) analyzed and compared most of early time and cost
prediction models and found some models which are oriented on set of major construction work
packages (activities) along with some other project characteristics. Nkados (1992) master plan
(Fig. 1) shows several leading group of activities (work packages) underlining duration of
construction projects which he presented through traditional scheduling techniques (e.g. critical
path method — CPM, and bar-chart) for determination of construction time. Critical path method
(CPM) and other network planning methods haven’t shown as the most effective planning tool
for linear project with repetitive activities (Hamerlink, 1998; Hamerlink, 2001; Duffy, 2009;
Abbondati et al., 2016). Hamerlink and Rowlings (1998) and Duffy (2009) stated several major
construction activities for pipeline projects that represent most important contributors of project
duration. In both papers, Linear scheduling method (LSM) is used to portray these planned
activities.

2.3 Planning the linear projects with Linear Scheduling Method (LSM)

In recent decades, the problems and limitations of traditional network-based scheduling
techniques (i.e not considering location in which construction activity takes place) for linear
projects have been identified by many studies (Harmelink, 1995; Adeli and Karim, 1997; El-
Sayegh, 1998; Damci et al., 2013a). There are numerous time-location types of linear
scheduling techniques in which one axis represents the time, and other represents the location
which can be seen in figure 2. Two most known linear scheduling methods are Line of Balance
and Liner Scheduling Method (Su and Lucko, 2015) with main difference in graphical
representation of activities (e.g. activity is represented in LSM with one line and in LOB with
two parallel lines) and some related characteristic i.e. time, quantity and slope measurements.
LSM is slightly more well-known (Su and Lucko, 2015) which can be seen from numerous
papers dealing with LSM related topics (Hamerlink, 1995, Harmelink and Rowlings 1998,
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Mattila and Park, 2003, Duffly 2009, 2011). Rowings and the lowa Department of
Transportation developed an algorithm that determines the critical path in a linear schedule
which is also called the linear scheduling model (LSM) (Hamerlink, 1995). It identifies the
critical activities or the controlling activity path (CAP) (Hamerlink, 2001) which can be seen
in figure 2. The CAP identifies which activities are controlling activities and which activities
are non-controlling activities and deals with possible changes of their production rate which is
a major attribute that determines (activity) criticalness (Arditi et al,2002).

I L L L L

Location, Stations

Figure 4 Example of controlling activity path (CAP) in linear schedule (Mattila and Park, 2003)

There is no explicit equation for time calculation in papers dealing with CAP (Hamerlink
and Rowings 1998, Matilla and Park 2003) and controlling path is determined from graphical
representation of LSM schedule. To determine project duration based on CAP, linear schedule
must be fully developed which mostly is not the case in early project phases. However, early
ideas of LOB and LSM are related to production rate of continuous full-span linear activities
which was also called production lines (Peer and Salinger, 1972, Peer, 1974 and Arditi and
Albulak, 1986) and their concept was to develop several major production line (activities) and
based on them calculate the total project duration.

2.4 Using Linear Scheduling Method (LSM) for estimation of project duration

Hamerlink (1995) provided classification of activity types in LSM and there are 4 types of
linear repetitive activities; continuous full-span activities; intermittent full-span linear and two
types of partial-span linear activities. Examining the history of line of balance (LOB) and
related linear scheduling method (LSM), it can be seen that their origin is in manufacturing
industry (Lucko et al, 2014, Su and Lucko 2015) where schedule was represented mostly by
several parallel production lines. Objects of scheduling a repetitive process are: 1. Programmed
rate of completed units, 2. A constant rate of repetitive work is maintained, 3. Labor and plant
move through the project in a continuous manner (Arditi and Albulak, 1986). First examples of
LSM and LOB showed full-span activities with synchronized performance (production rate),
similar to industrial mass production where synchronization means planning a similar targeted
output rate for all activities (Kolhe et al., 2014). Linear projects such as roads and pipelines are
by nature characterized by a set of continuous full-span linear activities, e.g. which carrying out
involves the whole development of the site without interruption (Abbondati et al., 2016). For
this type of linear projects, it is possible to use equation provided in literature (Peer and Salinger
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1972, Peer 1974). Peer and Salinger (1972) defines parameters for total construction time as
followed:

T, =T;+Ts + Ty + AT, — AT, — AT, + AT}, (1)
T, =total construction time

T;, Ty = Preparation time

T, = Basic time

AT,; — AT,= Time increment due to change of direction

AT,= Time increment due to external operations

AT,,= Time increment for small projects

T, =k(n—1)+ XL, ti+kXxm
(la)

m= Number of sections
n= Number of production lines
t;= Waiting interval after line 1, dictated by the production process

k x m= Overall time requirement of the last production line

All variables of the equation 1, except Tb (equation la), are dependent of some project
characteristics of high-rise building projects which are not applicable to every linear schedule.
Parameter Tb considers the main part which includes activities in linear schedule and buffer
time between them. Equation 1a for basic time is very similar to equation 2 for calculation of
total project time in LSM found in Radujkovic (2012) where variables and graphical
representation (figure 3) are depicted plain and simple and therefore easy to understand.
Examining the equation 2 it can be seen that total project time is calculated as a sum of
preparation time, buffer time between activities (e.g. y1 is buffer time between activities Al
and A2) and duration of last activity.
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Figure 3: Graphical representation of the equation of Total project time in LSM (adapted from
Radujkovic, 2012)

Te=t,+X" 'y +mxu,

2)

T, = Total time

t, = Preparation time

y = Buffer time between two adjacent activities

m = Location unit

v, =Production rate

m X v, = Overall duration of the last activity

Time buffers indicates the required time lag between activities that ensure continuity of
work (Kolhe et al., 2014) but it is dependent of the slope of every two adjacent activities. Figure
3 shows that there are situations where the slope of two adjacent activities can be the same or
different. In situations of different slopes, the adjacent activities can converge or diverge. Slope
of activity is proportional to the production rate which can be determined as quantity of work
divided by duration (Su and Lucko, 2015) or if we observe duration (time) as an unknown
variable then we reverse the equation and calculate the activity duration as quantity divided by
production rate of activity work group.

The question is how to determine a set of continuous full-span linear activities and time
buffer (y) between each pair of adjacent activities without the need of developing detail linear
schedule? Put differently, the question is how to use LSM and related formula for time
estimation in early development phase?
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2.5 Research justification

Literature review showed that problem of early time estimation is still not addressed
properly and emphasized the shortage of early time estimation models for linear infrastructure
projects like pipelines and roads. Early development phase of project is characterized by scarce
information and cost is one of them. Cost is part of almost every model for early time estimation
and it has been proven by some scholars that early estimated cost can be unreliable comparing
to actual costs and thus existing models can be inaccurate in their time estimation. We believe
that it is necessary to develop new approach to early time estimation for linear infrastructure
projects. We propose that activity based early time estimation is more reliable since the basis
of estimation is the best prediction of the quantities and production rates which are associated
with the delivery of a given scope of work and scholars are pointing to expand this type of time
estimation and planning. In line with that, LSM technique is proven to be the best scheduling
method for linear project but it is not used for early time estimation. Therefore, some aspects
of LSM will be examined in more depth in order to bring improvements to early time estimation
of construction projects. In this paper we will develop early time estimation method based on
other variables beside estimated costs and thus broaden the field of early time estimation for
linear infrastructure projects.

3. Methodology

In this section we will present methodology containing several steps which resulted with
development of the method for early time estimation of linear projects. Case study is done on
one large sewage system, organized in LOTS, each LOT containing several pipelines. Pipelines
are considered as a linear project, determined by linear repetitive activities. We choose one
pipeline, which represents the most complex situation (e.g. highest number of different linear
repetitive activities), for the development of the method in this case study. We choose this
particular pipeline in order to be able to generalize results on other less complex pipelines in
sewer system project that we studied. After the method was developed on one pipeline project,
we verified it on another pipeline thus showing how the use the method.

Step 1- Project analysis

Sewage system examined in paper is classified as a separate sewer system, which means
that sanitary waste water from the household and wastewater of service-industrial zones is
drained by fecal sewage, while the precipitation water is drained by pre-sewerage, which is
partially built. The system, which was studied consists of 3 LOTS. LOT 1 contains nine pipeline
projects, LOT 2 has seven projects and LOT 3 has six projects. Technical description, bill of
quantity and drafts are given for all projects and this documentation is studied thoroughly.

Step 2- Representative pipeline project

After thorough research of each pipeline project, the most complex one has been identified
and for this project several critical (leading) time (and cost) related activities were detected.
Representative project, that was chosen, included all types of works that can be found in all
other pipeline projects documentation. Few pipeline projects include large engineering
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buildings but these pipeline projects are not considered as normal (other) linear pipeline projects
and should be planned differently and thus they were excluded.

Step 3 - Developing linear schedule with major leading activities

All activities were detected and their production rate were calculated. Leading activities
are taken into account because they are predictive for total project duration because they carry
vast majority of the work. The activities were sequenced in the order in which they are typically
performed. By using software TILOS, a base linear schedule was planned.

Step 4- Identifying important elements for development of algorithm based on LSM related
equation

In the process of schedule optimization, schedule was thoroughly analyzed. Four possible
time-location situations between two adjacent activities were found and classified. Variables
necessary for calculating the duration of an activity were identified. These variables allow us
to calculate the production rate of each leading activity which are presented as a line in LSM.
Based on the production rate dependency between two activities, a minimum buffer y is
determined for all situations and the equation for its determination is given.

Step 5- Developing the algorithm and the method for base time estimation of linear construction
project

The relationships between all adjacent activities were identified and minimum time buffers
were calculated. As buffer y is in dependency with few variables, these variables were extracted
and an algorithm for total duration is developed. This algorithm calculates the project duration
and it give the same result of time estimation as it can be seen from the developed linear
schedule thus but without the need to make one.

Step 6- Verification of the developed method

We used the method on other pipeline project from the same sewer system in which we
first extracted quantities of work and average production rate for major leading activities and
based on these two variables determined activity duration and all other necessary variables for
time calculation based on algorithm. We used the algorithm and variables to provide an
equation for total project duration and calculated the time of this project based on major leading
activities.

4. Results and disscusion — method development and verification

4.1. The set of representative activities as main characteristic of linear pipeline project

With goal of early time estimation for sewer system which contains numerous pipelines
organized in LOTS, technical documentation for all projects (pipelines) was analyzed. One
project was chosen as a representative, since it had all types of repetitive activities (work
groups) that were detected in all other projects. Based on the location, terrain condition,
quantities of work and presumed average machinery are determined. Every representative
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activity was manually planned (composition of labor and number of labor were set and their
performance were determined) and their duration was calculated.

Figure 5: Representative project on LOT1

4.2. The representative activities are:

. Pulverizing and grinding of existing roadway

. Mechanical excavation

. Manual excavation

. Replacement of low foundation material

. Planning and compacting/ Trimming, levelling and grading the landfill base
. Spreading filter pedestrian finishing base

. Installation of manholes

. Lower Pipe into Trench

O 00 13 N L A W N =

. Spreading filter single-size rounded gravel as a protection dam above the pipes
10. Backfill

11. Embankment- Road compacting

12. Base Pavement- Base Course Layer

13. Surface Pavement- Binder and Wearing Course

Every other pipeline project in this sewer system have same or less types of work meaning
that these thirteen activities will be the same for other projects or some projects will have less
activities which means zero duration for some of these thirteen activities. First activity which
consider removing the top layer of ground can be changed in other projects because on some
locations there is soil above the pipeline instead of existing roadway.

Nkado (1992) had a same approach in his model where he defined required major types of
works and major activities for the construction of new buildings. Duffy (2009) applied the
methodology for defining activities comprising majority of the construction effort based on a
pipeline project. Many scholars suggest an approach (Peer, 1974; Hamerlink, 2001; Hegazy
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and Kamarah, 2008) of developing major activities for linear projects which leads the project
duration.

4.3. Detailed linear schedule with major leading activities

Sewer project is characterized by evenly distribution of quantity along a linear path/space
(Dufty, 2009). Since sewer projects typify manholes (physically breaking the project into
spreads), they were used as stations whereby the quantity would be distributed. By using linear
interpolation method, distribution was carried out through project stations for each type of
work, e.g. each representative activity. Result is that production rates of the activities are
uniformed and constant meaning that all activities are converted to continuous full-span linear
activities including manholes which are usually partial-span activity. Duration for every activity
was calculated from the quantity assigned to the activity, and information about workgroup
production rate information input as shown in the following equation (Halpin and Riggs 1992;
Reda 1990).

To =5 3)

UpXn

where Q is the quantity of material, divided by the multiplication of the number of
workgroups (n), and Uy the production rate of one work group per day. Su and Lucko (2015)
observed production rate of activity as quantity divided by duration meaning that duration is
known variable. In this paper focus was on time estimation with known production rate so we
considered activity duration (Ta) as unknown variable. Production rate U, of workgroup was
calculated manual for each work group (average machinery production rate was considered).

4.4. Defining task links and optimizing the linear schedule

After following hard sequence logic, a masterplan was created which is same method of
linear schedule development that Duffy (2009) used in his research meaning that first version
of hard-logic plan must be optimized. In optimization process we analyzed LSM made
schedule. Depending on the production rate between activities e.g. relationship between slopes
of two adjacent activities, appropriate time lags (k) between every two adjacent activities were
set with goal to prevent clashes between activities.

The links between two consecutive activities in CPM method are finish-finish, start-start,
and finish-start (F-S, S-S, F-F). These different types of activity link from CPM can be related
with different relationships of two adjacent activity slopes in LSM plan in the way that based
on slope relation one must choose the proper link type. Time lag (k) should be put either on the
finish or the start of activity, based on link type, in order to have minimal time buffer y. Time
lag (k) is referred to in some papers (Hamerlink 1998, Matilla and Park, 2003) as “least time
interval” (LTI).
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Figure 6 Task links and four possible variations between two activities

When the unit production rate of an observed activity is greater than the unit production
rate of the preceding activity the two activities will tend to converge as the number of units’
increases. This corresponds to a finish-to-finish (F-F) relationship shown in the equivalent CPM
overlapping diagram (figure 4, situation 3) so the time lag (k) should be assigned on the finish
of the preceding activity. When the production rate of an activity's production line is smaller
than the production rate of the preceding activity the activities will tend to diverge as the number
of units’ increases. This corresponds to a start-to-start (S-S) relationship shown in the equivalent
CPM overlapping diagram (Harris and Ioannou, 1998) (figure 4, situation 2) so the time lag
should be assigned on the start of preceding activity. Further shortening of the total time
schedule with the same labor and production rate of the work group would result in overlapping
activities.

4.5. Identifying the key elements in LSM for the development of the total project time algorithm

Construction plan for our pipeline project consists from linear continuous full span
activities where project duration can be calculated through equation 2. The main issue for using
LSM in early estimation is how to determine time buffer y. We determined equation for
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calculation of the slope of the activity which in LSM is represented as angle between activity
and x-asis, (e.g. slope of the activity):

AQ
a= tan‘l(% , 4)

where AQ represents the quantity, Uy, production rate of the activity per day and Al, the

station length at which the activity will be executed. It is important to note that all variables in
equation 4 are known parameters for all of our leading activities.

SITUATION 1. a = SITUATION 2. a < f8
PRODUCTION RATE: task Al and A2 are equal. PRODUCTION RATE: task Al is faster than A2.
RECOMMENDED TASK LINK: (S-S) RECOMMENDED TASK LINK: (S-S)
TOTAL DURATION: T =k + t, TOTAL DURATION: T =k + t,
TIME BUFFER: y = k TIME BUFFER: y =k
SITUATION 3. a > f SITUATION 4
PRODUCTION RATE: task A2 is faster than Al. PRODUCTIONRATE: a > B; a<B; a=p
RECOMMENDED TASK LINK: (F-F) RECOMMENDED TASK LINK: (F-F)
TOTAL DURATION: TOTAL DURATION:

T=k+t,—t, +1t, T =t(4,)+k+t,
TIME BUFFER:
y=k+At=k+t,—t,

Figure 7: The equations for calculation time buffer and duration of adjacent activities

For four situation explained in previous subchapter, we developed the expression for
duration between two adjacent activities and expression for buffer y which we divided on two
parts. Part k is time lag which must be set to prevent overlap of two adjacent activities and part
At read on y-axis which is consequence of finish-to-finish link (figure 4, situation 3). Situation
4 is specific for activities which execution is done only on some part of pipeline and those
activities should have finish-to-start (F-S) relationship with adjacent activities in order to
correspond with situation 4. It could be included in equation of total project duration but in this
case study we observed only linear continuous full-span activities. Necessity for developing
expressions shown in figure 5 (e.g. situations from 1 to 4) is in nature of LSM schedule and
related equation 2 where buffer y is located and read on y-axis. With expressions provided in
figure 5 we can amend equation 2 for calculation of project duration and develop algorithm
which will provide the way to properly develop minimum buffer time y (as it would be in
optimized linear schedule) and calculate the total project duration without need to develop
linear schedule.
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4.6. Developing the variables and the algorithm for base time estimation of linear construction
project

As we already stated for every representative activity quantity (Q) and production rate (Up)
is known and for continuous full-span activities length (Al) is the same. Based on these three
variables the remaining variables can be determined using equations and expressions presented
in aforementioned subchapters and they these variables are shown in table 1.

Table 11: Representative activities of the pipeline project examined in case study

Variables determined from

BoQ
REPRESENTATIVE TASK
ACTIVITIES AQ U, Al t, o, LINK k y
1 Pulverizing and grinding
of existing roadway 2662,807 292,08 920 10 0.009909  F-F 1 6
asphalt or concrete curtain
2 Mechanical excavation 2949,962 669,76 920 5 0.004787  F-F 1 4
3 Manual excavation 737,49 669,76 920 2 0.001199 F-F 0 1
4 Replacement of low 474896 878,40 920 1 0000588 SS 1 1
foundation material
5 Trimming, levelling and
erading the landfill base 1637,047 2927,9 920 1 0.000608 F-F 1 1
6 Spreading filter pedestrian 45 39 878,40 920 1 000030 S-S 1 1
finishing base
7 Installation of manholes 47 2,00 920 24 0.012771 S-S 0 0
8 Lower Pipe into Trench 849,38 36,40 920 24 0.025358 F-F 1 23
9 Spreading rounded gravel 1273,79 878,40 920 2 0001576 S-S 1 1
above the pipes
10 Backfill 2815,45 1152,9 920 3 0.002654  F-F 1 3
11 Embankment- Road 04131 11126 920 1 0000920 SS 1 1
compacting
12 Base Pavement- Base 2344,797 11454 920 3 0002225 S-S 1 1
Course Layer
13 Surface Pavement- Binder 34 794 1145,4 920 3 0.002225

and Wearing Course

Total time 46

Following the equation (2) and expressions from figure 5, with known activity duration
and determined time buffer y, the total duration of project is:

Tt = tCut +k - tMechanical + tMechanical - tManual + tManual +k+k+k+k+k+ tlnstallation +
k— tRounded gravel +k+ tBackfill +k— tSurfacing +k+k+ tSurface (6)

T, =total time
k =time lag
t,, =duration of activity projected on time axis

T;=10+1-5+5+0-2+2+1+1+1+0+1+24+1-3+1+4+1-2+1
+1+3 =146
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In order to define buffer time (y) and determine total project time we amend the equation
2 and developed algorithm which is presented in equation 7 and corresponding mathematical
expressions:

T, =X1"'y+t, @
t, = duration of the last activity

Y.y = represents the sum of all time buffers

Time buffer is determined by the conditions:

a<p,y=k;

a>py=k+At=k+t,—t,=k+ 2 -2
Upr  Upz

AQ1 Q2
U U .
a = tan‘l(ALll); f= tan‘l(Ale) on station Al

a production rate of the precedence activity

B production rate of the succeeded activity

This algorithm provides us with an easy way to determine proper and accurate buffer time
of all construction project activities without the need to develop detail linear schedule and read
the buffer time (y) from time asis (y-asis) and this is shown in table 1. Based on activity buffers
equation for total project time can be easily developed, which is shown in equation 6. With
presented algorithm one only need to know basic activity variables (Q, Uy, Al) which can be
determined in preliminary phase based on technical documentation while with formerly
mentioned equation 2 project duration couldn’t be calculated unless detail linear schedule was
developed and graphically represented.

4.7. Verification of the developed method

Representative activities and their quantities of work can be determined from the technical
documentation and number of location splits can be determined based on location of manholes.
For every activity average production rate of workgroup can be determined from former
projects or standardized norms for production rate of construction operations. Based on these
variables it is possible to define every other variable needed to calculate the project duration
(table 1). There is no need to develop linear schedule and therefore this can be used as rapid
way to provide early base time estimation on other linear projects with continuous linear full-
span activities. In sewer system observed in our case study we picked other pipeline project and
assumed same production rate and working crews as in pipeline projects presented in table 1
and easily determined project duration based on developed method.
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5. Conclusion

In this paper we presented the state of the art of early time estimation models and we found
a small amount of these models with low evidence of their usage especially for linear projects
with repetitive activities. We describe state of the art of project planning and scheduling of
projects with repetitive activities such as roads and pipelines. Linear scheduling method (LSM)
was found as the most useful for planning of these type of projects. To be able to exploit benefits
of LSM for early time estimation we developed method for early time estimation for project
with linear repetitive activities. Main features of this method can be described through three
simple steps; first step is to determine project major leading activities, second to calculate all
important variables of this activities based on two known variables (quantity of work and
production rate) and third is use the developed algorithm and make a calculation of project
duration. We explained process of method development and how it can be used.

First limitation is that presented method can serve only for base estimation because it
includes only major construction activities without risk and uncertainties included in
estimation. The accuracy of base time estimation is not tested, since the method has not yet
been used for early estimation on real projects. Despite these limitations this method can help
practitioners and scholars to easily calculate the project duration and to relate project quantities
of work and average production rates of work groups with total project duration. In process of
verification we showed that this method enables rapid way for early base time estimation of
linear projects. Different variants of work groups and production rates can be tested in simple
manner and thus method can contribute to construction project management related tasks e.g
controlling the speed of contractor works on site activities and equipment utilization versus
contract plan. Algorithm and method developed in this paper represents a basis for creating a
base estimation model for early time estimation of linear (infrastructure) projects oriented on a
set of activities.
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Managing Health and Safety on Construction Sites

Philisa Twabu'; John Julian Smallwood!

Nelson Mandela Univeristy, South Africa

Abstract:

The South African construction industry continues to generate fatalities, injuries, and
disease, and is often non-compliant in terms of H&S. The aim of the study reported on was to
determine current and ideal H&S practices relative to managing hazards and risks on
construction sites. A survey was conducted among general contractor (GC) members of the East
Cape Master Builders Association (ECMBA), and the members and employees of members of
the Eastern Cape Institute of Architects (ECIA). The findings of the survey indicate that: H&S
is important; H&S practitioners have the greatest influence on H&S; leading, followed by
controlling, is the most important management function in terms of managing H&S hazards and
risk; the supply of personal protective equipment (PPE) is the most frequent H&S intervention;
training with respect to the use and wearing of PPE is the most frequent type of H&S training;
communication is a pre-requisite for managing hazards and risks; inadequate H&S training and
inadequate commitment to H&S contribute to a poor H&S culture, and a poor H&S culture
predominates in terms of the cause of hazards and risks on sites. The conclusions arising from
the survey include: respondents perpetuate the industry paradigm of ‘cost, quality, and time vis-
a-vis H&S; managing construction H&S is a multi-stakeholder issue; H&S is an integral part
of construction management; the focus is on the lower end of the ‘hierarchy of prevention’ in
terms of mitigating hazards and risk, and a range of interventions are required to manage H&S
effectively.

Keywords: construction; hazards, health and safety; risk

1. Introduction

According to Alli (2008), measures and methods for the elimination of occupational
injuries and accidents already exist and could be effective if implemented. “Many industrial
countries have extensive and comprehensive systems of occupational safety and health (OSH)
management, and this is demonstrated by consistently reduced accident rates.” (Alli, 2008)

There have been numerous studies conducted with respect to the accidents which occur in
the construction industry, and the findings of these studies have been published. The
information from these findings has revealed the extent and patterns of accidents that occur.
However, although most of the investigations have focused on the occurrence of the events and
the immediate influences; limited research has been conducted relative to the range of
contributory managerial, site, and individual factors (Haslam, Hide, Gibb, Gyi, Pavitt,
Atkinson, & Duff, 2005). Rasmussen (1997) cited in Haslam et al. (2005) argues the need for
an approach that recognises all the contributing factors to organisational and individual
behaviour and dynamic work context, as opposed to merely focusing on the errors committed
when undertaking tasks and acts.

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 195



According to Holt (2001), the causes of accidents can be divided into two categories,
namely primary and secondary causes. The primary causes refer to the unsafe acts and
conditions, and the secondary to the failure of the management system to anticipate. This
includes lack of training, maintenance, adequate job planning and instruction, and not having
H&S systems of work in place. He urges the need for the consideration of secondary causes,
but states that they are harder to seek out and identify.

It has become apparent that consideration and management of the physical aspects are not
enough to reduce accidents. Construction organisations need to address the organisational,
managerial and human contributions as well (Mohamed, 2003: 80).

Given the abovementioned a study was conducted, the aim being to determine current and
ideal H&S practices relative to managing hazards and risks on construction sites, the objectives
being to determine the:

e Importance of six project parameters;

e Extent of influence of various parties on H&S;

e Importance of management functions in terms of managing H&S hazards and risk;

e Frequency of H&S-related actions;

e Frequency of H&S training;

e Importance / Impact of H&S practices on H&S performance, and

e Extent factors contribute to the existence of H&S hazards and risks on construction sites.

2. Review of Literature

2.1.  Introduction

The review of the literature has been presented relative to a range of issues that relate to
the aim and objectives of the study.

2.2, Theimpact of H&S training on H&S awareness

Provision for employee awareness and H&S in the workplace is a requirement for
employers, however, according to Tam and Fung (2008), many workers are unaware of the
potential hazards to which they are exposed in their working environments, and as a result, they
become susceptible to injury.

Leiter, Zanaletti and Argentero (2009) state that perspective is critical in the work setting,
as it has an influence on accident rates. When employees attempt to acquire knowledge and
understanding of their work environment through contemplation, experience, and
comprehension, there is always a possibility of not complying with safe working practices.
There are factors that contribute to an inaccurate evaluation of existing harmful hazards such
as experience of an injury at work, and the quality of H&S training (Leiter, Zanaletti &
Argentero, 2009).

The workers need to be made aware of the fact that accidents are not unavoidable and that
they are caused. They require training to improve the ability to recognise the importance of
compliance, adopt safe work systems, and be proactive in correcting unsafe practices (Holt,
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2001). Provision of H&S information is not training, and should not be used as a replacement.
It is a mistake to make any assumption related to an employee’s past experiences and the ability
to comprehend information. Furthermore, H&S awareness is a result of training (Holt, 2001).

According to Smallwood and Haupt (2005), H&S education and training play a major role
with respect to ensuring the attainment of sufficient levels of awareness. In turn, awareness is
a key component for the achievement of an optimum H&S culture.

Since designers effectively influence H&S, they ought to be aware of this influence and
be prepared to make valuable contributions. However, the necessary tertiary education, which
should include H&S development, is a prerequisite for such awareness and contributions
(Smallwood & Haupt, 2005).

2.3.  Worker use of Personal Protective Equipment (PPE)

The Occupational Health and Safety Act, No. 85, 1993 (Republic of South Africa, 1993)
requires every employee at work to “...carry out any lawful order given to him, and obey the
health and safety rules and procedures laid down by his employer or by anyone authorised
thereto by his employer, in the interest of health or safety.” It is the employer’s obligation to
provide workers with appropriate H&S gear, as it is important to ensure that they begin work
with PPE (Coble, Hinze & Haupt, and 2000).

Regardless of statutory requirements imposed on construction sites, most construction
workers are unwilling to use PPE (Tam, & Fung, 2008). PPE should be worn in order to
minimise exposure to an array of hazards (Schaufelberger & Lin, 2014).

According to Hughes and Ferrett (2011), PPE does not eliminate the hazard, and if the
equipment fails, it can potentially present the wearer with maximum health risks. Hence, as a
control measure it should be used as a last resort. They further state that sound supervision and
enforcement, the availability of the correct equipment at all times, and effective user training
are the components on which the successful use of PPE depends. Holt (2001) also states that it
is not acceptable to rely solely on PPE for risk control. Besides the fact that no PPE is 100%
effective all the time, it is also not always possible to provide everyone who is in danger, with
PPE, as this requires identification of everyone who is at risk first.

This argument 1s further supported by Tam and Fung (2008) who clearly state that PPE
can only be effective if the equipment selected emanates from its intended use, employees are
trained in its proper use, and the equipment is properly tested, maintained, and worn.

2.4.  The impact of H&S training on the H&S culture

A study conducted by various researchers (Christian, Bradley, Wallace, and Burke 2009
cited in Frazier et al., 2013) determined that providing workers with H&S training has a
positive impact on the H&S culture, as it provides them with the related knowledge, which also
increases worker motivation. The frequency and quality of H&S training provided by an
organisation shows the organisation’s commitment to H&S.

H&S education and training play a major role in terms of communicating the importance
of H&S and act to improve the manner in which H&S is viewed with respect to its value and
also the level of consideration it receives (Smallwood & Haupt, 2005). An H&S culture that
pervades in a construction organisation ensures successful safe working. An H&S culture
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cannot be manufactured, but requires the time for it to manifest naturally. The advantage of
this is that workers in the firm do not simply comply with the H&S rules and regulations, but
preferably end up internalising the need for safe working (Fellows, Langford, Newcombe &
Urry, 2009).

H&S education and training is required for designers in order to equip them with the
required knowledge and skill which are prerequisites for assisting the client with the
preparation and provision of H&S specifications and the provision of information that may
affect H&S (Smallwood & Haupt, 2005).

According to Cooper (2000), defining the product of H&S culture is very important to
clarify what an H&S culture should look like in an organisation. He adds that this also could
help to determine the functional strategies required to developing this product, and it could
provide an outcome measure to assess the degree to which organisations might or might not
possess a good H&S culture.

Haslam et al. (2005) argue that individuals with a poor understanding of learning and skill
acquisition, who are given the platform to conduct H&S training in the form of site induction
and toolbox talks, promote unsuccessful training which results in the propagation and
perpetuation of unfavourable habits instigated by workers learning ‘on the job’.

2.5.  The poor H&S culture and H&S commitment

According to OSHA (2003) cited in Frazier et al. (2013), organisations need to view H&S
as an investment in order to achieve success. The intermediate costs do not compare to the
rectification costs that can be incurred at a later stage. It is critical for H&S cultures to include
detection and prevention programmes; these will ensure that costs relating to injuries are
reduced while employee awareness increases (Behm, Veltri & Kleinsorge, 2004 cited in Zohar,
2010).

Dollard and Bakker (2010) cited in Frazier et al. (2013), argue the importance of top
management communicating and displaying the importance of H&S in order to ensure that
positive H&S values pervade an organisation. The leadership should have the same
involvement on the field as a football coach on the touchline (Dollard & Bakker, 2010 cited in
Frazier et al., 2013).

Management should view H&S behaviour and operation goals as mutually inclusive as
prioritising production over H&S encourages unsafe behaviour and a repetition thereof (Frazier
et al., 2013). Smallwood and Haupt (2005) advocate ‘zero accidents’ as a goal for any
organisation striving to ensure an optimum H&S culture, stating belief as the ultimate
requirement for the attainment of such a goal. The goal of zero accidents requires the utmost
commitment from the top down.

An organisation’s existing H&S performance is thought to influence workers’ attitudes
and behaviour given that H&S culture is a sub-facet of organisational culture (Cooper, 2000).
The views of the employees with respect to what and how things should be executed, along
with all kinds of conduct that get attention, are what make up an organisational climate
(Schneider, 1990 cited in Zohar, 2010).

According to Geller (2001a) cited in Frazier et al. (2013), a positive H&S culture is vital
in terms of ensuring the united efforts of management and employees in ensuring a healthy and
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safe workplace. The importance of H&S is an issue that should be continuously communicated
by management. Furthermore, organisations should provide proper equipment along with
appropriate H&S procedures for the employees (Frazier et al., 2013).

2.6.  Ineffective communication

A study conducted by Olanrewaju et al. (2017) determined that primarily, the
misinterpretation of instructions leads to poor communication on sites. Similarly, workers that
demonstrate poor communication skills are unable to express themselves, which can cause
problems onsite. Workers onsite who are not familiar with the signs and symbols used are at a
greater risk of performing the tasks incorrectly. The lack of formal education for most workers
leads to their learning about construction activities onsite. This results in poor communication
styles, gestures and choice of words (Olanrewaju et al., 2017).

Jablin and Putnam (2001) cited in Conrad (2014) argue that from the perspective of
employees, there is a human desire to be heard and for their ideas to be respected. Therefore,
it is vital for managers to possess good listening skills in order to encourage all employees to
identify and solve work-related problems. Conrad (2014) in turn argues that poor
communication is the cause of most work-related problems - either incorrect or incomplete
communication.

Oral communication is the most preferred form of communication on construction sites,
and is the most frequently used. However, it contributes substantially to communication
breakdown (Kerzner, 1992 cited in Smallwood & Venter, 2002). One of the major barriers to
the success of H&S management is the inability for every person in a construction project to
communicate in one common language (Bibb & Bust, 2006). The transfer of information is a
critical component of H&S management, but faces the challenges of high levels of illiteracy
among the workers (Bibb & Bust, 2006).

Conrad (2014) states that communication is the stimulus of an organisation and without it,
matters will deteriorate. According to Drucker (1954) cited in Conrad (2014), there are five
functions of management which are dependent on communication, namely controlling, leading,
organising, planning, and staffing. Unfortunately, organisations and employees often lack the
ability to learn and utilise good communication practices.

3. Research

3.1.  Research method and sample strata

The quantitative research method was adopted, and a self-administered questionnaire
survey was conducted. The sample consisted of 70 GC members of the ECMBA, and the 35
members and employees of members of the ECIA in Port Elizabeth. The questionnaire
consisted of 16 questions, most of which were five-point Likert scale type questions. The
questionnaires were distributed via e-mail and per hand. A total of 29 questionnaires were
returned, which included 18 GC and 11 ECIA responses, which equates to response rates of
26% and 31% respectively, and an overall response rate of 28%.

Limitations of the study include that only two stakeholder groups were included, and then
the study was localised in terms of the City of Port Elizabeth.

3.2.  Research findings
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Table 1 presents a comparison of the responses of the architects and GCs with respect to
the importance of six project parameters to their organisations. It is notable that all the mean
MSs are greater than 3.00, the midpoint, which indicates that in terms of the mean, the project
parameters are more than important, as opposed to less than important.

However, it is notable that all the MSs are > 4.20 < 5.00, which indicates that the
parameters can be deemed to be between more than important to very important / very
important. Quality predominates, followed by schedule (2™%), productivity (3*%), H&S (4™), cost
(5™), and environment (6').

Quality is ranked first and second by the architects and the GCs respectively, and H&S is
ranked fourth by the architects and first by the GCs. The MSs indicate that H&S is regarded as
marginally more important by the GCs (4.89) than by the architects (4.45); it can be argued
that this is because H&S accidents occur on site. Furthermore, only 1/ 5 (20%) architects” MSs
is greater than the MSs of GC.

Table 1. Importance of six project parameters according to architects and GCs

Parameter Architects GCs Mean
MS Rank MS Rank MS Rank

Quality 5.00 1 4.89 2 4.93 1
Schedule (Time) 4.73 3 4.83 3 4.79 2
Productivity 4.73 2 4.78 4 4.76 3
H&S 4.45 4 4.89 1 4.72 4
Cost 4.45 3 4.61 5 4.55 5
Environment 4.27 5 4.35 6 4.32 6

Table 2 presents a comparison between the responses of the architects and GCs with
respect to the influence of 18 parties forming part of the project team in terms of managing
H&S hazards and risks. It is notable that in terms of the mean MS, 14 / 18 (78%) of the MSs
are greater than 3.00, the midpoint, which indicates that according to respondents, the parties
have more than average as opposed to less than average influence in terms of managing H&S
hazards and risks.

According to the architects, H&S agent, H&S manager, and H&S officer are ranked first,
second, and third respectively, with respect to their influence in terms of managing H&S
hazards and risks. GCs ranked site manager, structural foreman, and H&S officer as first,
second, and third respectively, and based on the mean MSs, H&S agent, H&S manager and
H&S officer are ranked first and joint second respectively. Furthermore, H&S officer (3™) has
a higher MS in the case of GCs than architects, which means that GCs regard it as marginally
more important.

The MS range of >4.20 <5.00 indicates that the influence of the parties is between a near
major extent to major / major extent — H&S agent (1), H&S manager (2"%), H&S officer (3"),
site manager (4", structural foreman (5"), H&S representative (6'), supervisor (71, team
leader (8), contracts manager (9"), and construction project manager (10™). MSs > 3.40 <
4.20 indicate that the influence is between some extent to a near major / near major extent —
workers (111, and client (12™). MSs > 2.60 < 3.40 indicate that the influence is between a near
minor extent to some extent / some extent - structural engineers (13™), civil engineers (14™),
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architectural designers (15%), materials manager (16™), contractor’s QS (17™"), and consultant
/ client QS (18™).

It is notable that 7 / 18 (39%) architects’ MSs are greater than the MSs of the GCs. The
party that reflects the biggest MS difference between the architects and GCs is the client with
a difference of 1.18. The difference is significant as the architects’ MS is in the range of > 2.60
< 3.40, which indicates influence between a near minor extent to some extent / some extent,
and the GCs’ MS is in the range of > 3.40 <4.20 an influence between some extent to a near
major / near major extent.

Table 2. The extent of influence of various parties according to architects and GCs

Party Architects GCs Mean
MS Rank MS Rank MS Rank

H&S Agent 491 | 4.83 5 4.86 1
H&S Manager 4.82 2 4.83 6 4.83 2
H&S Officer 4.73 3 4.89 3 4.83 3
Site manager 4.64 5 4.89 1 4.79 4
Structural foreman 4.64 6 4.89 2 4.79 5
H&S Representative 4.73 4 4.78 8 4.76 6
Supervisor 4.55 7 4.83 7 4.72 7
Team leader 4.09 9 4.78 9 4.52 8
Contracts manager 3.90 10 4.83 4 4.50 9
Construction project managers 4.36 8 4.17 11 4.24 10
Workers 3.73 11 4.33 10 4.10 11
Client 2.82 17 4.00 12 3.55 12
Structural engineers 3.36 12 3.33 13 3.34 13
Civil engineers 3.27 13 3.06 14 3.14 14
Architectural designers 3.18 14 2.83 16 2.97 15
Materials manager 2.82 18 2.94 15 2.90 16
Contractor’s QS 3.00 15 2.67 17 2.79 17
Consultant / Client QS 2.91 16 2.33 18 2.55 18

Table 3 presents a comparison between the responses of the architects and GCs with
respect to the importance of five management functions in terms of managing H&S hazards
and risks. It is notable that all the mean MSs are greater than 3.00, the midpoint, which indicates
that the respondents consider the project parameters as more than important, as opposed to less
than important.

According to the architects, coordination, leading, and controlling are ranked first, second,
and third respectively, in terms of managing H&S hazards and risks. GCs ranked leading,
controlling, and planning as first, second, and third respectively. In terms of the mean MSs,
leading, controlling, and coordination are ranked first, second, and third respectively.

The MS range of > 4.20 < 5.00 indicates that the importance is between a near major to
major / major importance — leading (1°), controlling (2"), coordination (3'), planning (4™),
and organising (5). It is notable that all the MSs of the architects are less than the MSs of the
GCs. The management function with the biggest MS difference is planning with a difference
of 0.74. There is a notable difference as the architects’ MS is in the range of > 3.40 < 4.20,
between importance to near major / near major importance and the GCs” MS is in the range of
>4.20 <5.00, which indicates that the importance is between near major importance to major
/ major importance.
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Table 3. The importance of management functions in terms of managing H&S hazards and risk according to
architects and GCs

Function Architects GCs Mean

MS Rank MS Rank MS Rank
Leading 4.27 2 4.94 1 4.68 1
Controlling 4.27 3 4.71 2 4.54 2
Coordinating 4.36 1 4.59 4 4.50 3
Planning 3.91 5 4.65 3 4.36 4
Organising 3.91 4 4.53 5 4.29 5

Table 4 presents a comparison of the frequency at which actions are performed by the
architects’ and GC organisations on site in terms of managing H&S hazards and risks. It is
notable that in terms of the mean MS, except for one, all the MSs are above 3.00, the midpoint,
which indicates that the respondents consider the actions to be performed frequently, as
opposed to infrequently.

The MS range > 3.40 to < 4.20 indicates that the frequency at which the actions are
performed is between sometimes to often / often - supply PPE (1st), ensure guardrails to
elevated platforms (2"%), inspect the area of operation before commencing (3'), confirm
certification of any temporary structure before operating (4"), identify and use designated
waste containers (5"), identify emergency exits (6™), identify safe access routes (7"), H&S
induction (8'"), clean work areas after completion of a task (9"), conduct HIRAs (10™), toolbox
talks (11", make use of task checklists (12™), refer to SWPs (13'"), check whether hazardous
substances will be used for a task (14"), refer to method statements (15™), and inspect tools
and equipment before use (16™). The MS range > 2.60 < 3.40 indicates a frequency of between
rarely to sometimes / sometimes - check the maximum operation capacity of tools and
equipment used (17™), and read equipment manuals (18™).

It is notable that all the architects’ MSs are less than the MSs of the GCs. The action
performed with the biggest MS difference is relative to toolbox talks, namely 3.08. The
difference is significant as the architects’ MS is in the range of > 1.00 to < 1.80, which indicates
never to rarely and the GCs’ MS is in the range of > 4.20 to < 5.00 - between often to always /
always. The magnitude of the MS difference suggests that these actions are perceived as more
onsite related.

Table 5 presents a comparison between the frequency at which GCs and architects’
organisations provide H&S training for their employees. It is notable that in terms of the mean
MS, all the MSs are greater than 3.00, the midpoint, which indicates that the respondents
consider the training as frequent as opposed to infrequent.

The MS range > 3.40 to <4.20 indicates that the frequency at which the training is provided
is between sometimes to often / often - the use and wearing of PPE (1%), healthy and safe use
of tools and equipment (2"9), and HIRA (3™). The MS range > 2.60 < 3.40 indicates the
frequency is between rarely to sometimes / sometimes — DSTI (4™), and emergency procedures
(Sth).
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It is notable that the use and wearing of PPE is ranked first by both the architects and the
GCs, with a higher MS relative to GCs (5.00) compared to architects (2.45). Furthermore, all
the architects’ MSs are less than the MSs of the GCs, the biggest MS difference of 3.38 being

Table 4. The frequency of H&S-related actions by GCs and architectural practices on site

Action Architects GCs Mean
MS Rank MS Rank MS Rank
Supply PPE 3.18 1 4.78 3 4.17 1
Ensure guardrails to elevated platforms 2.78 7 4.72 4 4.07 2
Inspect thg area of operation before 3.00 ) 461 7 400 3
commencing
Confirm certification O.f any temporary 780 5 467 5 4.00 4
structure before operating
Identl'fy and use designated waste 9] 3 456 9 393 5
containers
Identify emergency exits 2.82 4 4.56 8 3.90 6
Identify safe access routes 2.60 8 4.61 6 3.89 7
H&S induction 245 11 4.82 2 3.89 8
Clean work areas after completion of a task 2.80 6 4.44 12 3.86 9
Conduct HIRAs 2.22 13 4.50 10 3.74 10
Toolbox talks 1.80 17 4.88 1 3.74 11
Make use of task checklists 245 10 4.50 11 3.72 12
Refer to safe work procedures (SWPs) 2.55 9 4.41 14 3.68 13
Check whether hazardous substances will 210 14 444 13 361 14
be used for a task
Refer to method statements 2.40 12 4.24 16 3.56 15
Inspect tools and equipment before use 1.90 16 4.33 15 3.46 16
Check the maximum operation capacity of 1.67 18 382 17 3.08 17
tools and equipment used
Read equipment manuals 2.00 15 3.47 18 2.96 18

relative to DSTI. The difference is significant as the architects’ MS is in the range > 1.80
to < 2.60 - between never to rarely / rarely, and the GCs’ MS is in the range > 4.20 to < 5.00 -
between often to always / always.

Table 5. The frequency of H&S training according to architects and GCs

Training Architects GCs Mean
MS Rank MS Rank MS Rank

The use and wearing of PPE 2.45 1 5.00 1 4.03 1
Hea.lthy and safe use of tools and 155 3 467 ) 3.48 )
equipment

HIRA 1.64 2 4.56 3 3.45 3
DSTI 1.18 5 4.56 4 3.28 4
Emergency procedures 1.45 4 4.28 5 3.21 5

Table 6 presents a comparison of the extent to which the architects and GCs agree /
disagree with statements relating to the importance / impact of H&S practices on a scale of 1
(strongly disagree) to 5 (strongly agree), and a MS with a minimum value of 1.00 and a
maximum value of 5.00. It is notable that in terms of the mean MS, all the MSs are greater than
3.00, the midpoint, which indicates that the respondents agree, as opposed to disagree with the
statements.
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The MS range > 4.20 to < 5.00 indicates the concurrence is between agree to strongly agree
/ strongly agree — communication is a pre-requisite for managing hazards and risks (1%),
effective H&S hazards and risks management is attributable to a positive H&S culture (2"9),
inadequate H&S training contributes to a poor H&S culture (3™), inadequate commitment to
H&S contributes to a poor H&S culture (4™), ineffective communication is attributable to
communication barriers (5, and effective HIRA can mitigate hazards and risks (6™). The MS
range of > 3.40 to < 4.20, indicates the concurrence is between neutral to agree / agree -
communicating in workers” home language is essential for H&S (7), lack of H&S awareness
is attributable to inadequate H&S training (8™), and workers do not wear PPE as it is perceived
as a hindrance (9').

It is notable that 4 / 9 (44%) architects” MSs are greater than the MSs of the GCs. The
statement with the biggest MS difference is ‘Workers do not wear PPE as it is perceived as a
hindrance’ with a difference of 1.06. The difference is notable as the architects’ MS is in the
range of > 2.60 < 3.40 - between disagree to neutral / neutral and the GCs MS is in the range
of > 3.40 to < 4.20 - between neutral to agree / agree.

Table 6. The extent to which architects and GCs agree / disagree with statements relating to the importance /

impact of H&S practices
Statement Architects GCs Mean
MS Rank MS Rank MS Rank
Communication is a pre-requisite for 445 ) 478 | 466 1

managing hazards and risks
Effective H&S hazards and risks management

is attributable to a positive H&S culture 4.45 4 4.61 2 455 2
Inadequate H&S training contributes to a 455 | 450 3 452 3
poor H&S culture

Inadequate commitment to H&S contributes

to a poor H&S culture 4.45 5 4.41 4 4.43 4
Ineffectl\fe c.()mmumcatlon is attributable to 445 3 439 5 441 5
communication barriers

Eiesctlve HIRA can mitigate hazards and 497 6 439 6 434 6
Communicating in workers’ home language

is essential for H&S 4.00 8 429 7 4.19 7
Lack of H&S awareness is attributable to 4.00 7 389 9 303 g
inadequate H&S training

Workers do not wear PPE as it is perceived as 3.00 9 406 3 370 9

a hindrance

Error! Reference source not found. presents a comparison between the responses of the
architects and GCs with respect to the contribution of 16 factors to the existence of H&S
hazards and risks on construction sites. It is notable that all the mean MSs are greater than 3.00,
the midpoint, which indicates that the respondents consider the factors to make a greater than
a lesser contribution.

It is notable that 3 / 16 (19%) architects’ MSs are greater than the MSs of the GCs. The
factor with the biggest MS difference is ‘Communication barriers’ with a difference of 0.64.
The difference is notable as the architects’ MS is in the range > 3.40 < 4.20 - between some
contribution to a near major / near major contribution, and the GCs’ MS is in the range > 4.20
<5.00 - between a near major contribution to a major / major contribution.
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The MS range > 4.20 < 5.00 indicates that the factors make between a near major
contribution to a major / major contribution — poor H&S culture (1%), non-use of safe working
procedures (2"), inadequate H&S training (3"), and inadequate first line supervision (4™). The
MS range > 3.40 < 4.20 indicates between some extent to a near major / near major extent -
insufficient task knowledge (5"), inadequate worker participation (6™), inadequate
management commitment (7"), communication barriers (8"), non-use of PPE (9", job
dissatisfaction (10™), inadequate HIRA (11'), incompetence of management (12'), insufficient
analytical skills (13™), insufficient worker motivation (14™), and insufficient toolbox talks
(15™). The MS range > 2.60 to < 3.40 indicates a contribution between a near minor extent to
some extent / some extent - design of tools and equipment (16™).

It is notable that 3 / 16 (19%) architects” MSs are greater than the MSs of the GCs. The
factor with the biggest MS difference is ‘Communication barriers’ with a difference of 0.64.
The difference is notable as the architects” MS is in the range of > 3.40 <4.20 - between some
contribution to a near major / near major contribution, and the GCs’ MS is in the range of >
4.20 <5.00 - between a near major contribution to a major / major contribution.

Table 7. The extent factors contribute to the existence of H&S hazards and risks on construction sites according
to architects and GCs

Factor Architects GCs Mean

MS Rank MS Rank MS Rank
Poor H&S culture 4.30 2 4.61 1 4.50 1
Non-use of safe working 490 4 456 ) 443 )
procedures
Inadequate H&S training 4.30 1 4.29 4 4.30 3
Inadequate first line supervision 4.20 3 4.28 5 4.25 4
Insufficient task knowledge 3.70 10 4.33 3 4.11 5
Inadequate worker participation 3.80 9 4.22 7 4.07 6
Inadequate management 400 5 406 9 404 7
commitment
Communication barriers 3.60 12 4.24 6 4.00 8
Non-use of PPE 3.80 8 4.06 10 3.96 9
Job dissatisfaction 3.67 11 4.11 8 3.96 10
Inadequate HIRA 3.89 7 3.94 13 3.93 11
Incompetence of management 3.90 6 3.89 14 3.89 12
Insufficient analytical skills 3.40 13 3.94 11 3.75 13
Insufficient worker motivation 3.33 14 3.94 12 3.74 14
Insufficient toolbox talks 3.20 15 3.88 15 3.63 15
Design of tools and equipment 3.20 16 3.06 16 3.12 16

4. Conclusions

Given that two of the three traditional project parameters achieved rankings in the top three
in terms of the mean, namely, quality and time, it can be concluded that the respondents
perpetuate the industry paradigm of ‘cost, quality, and time’. However, it is notable that H&S
was ranked first relative to the GCs, and quality first relative to the architects, which leads to
the conclusion that ‘importance’ is stakeholder specific.

In terms of the influence of the project team in terms of managing H&S hazards and risks,
it can be concluded that most of the team influence H&S hazards and risk to a major, as opposed
to a minor extent. Therefore, managing construction H&S is a multi-stakeholder issue.
However, it is notable that in terms of the architects’ and mean responses, the three H&S
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practitioners are ranked in the top three, whereas in terms of the GCs’ responses, site manager
(1st), structural foreman (2nd), and H&S officer (3rd), are ranked in the top three, followed by
contracts manager (4th). The GCs’ responses reinforce the importance of construction
management commitment to H&S, and that H&S is an integral part of construction
management.

The role of the functions of management work in managing H&S is amplified by the
respective responses, and by the degree of importance — between more than important to very
/ very important. However, notable differences included first ranked leading (MS = 4.94)
relative to GCs versus first ranked coordinating (MS = 4.36) relative to architects.

In terms of the frequency of H&S-related actions by GCs and architects on site in terms of
managing H&S hazards and risks, it is notable that the architects’ practices take the actions less
frequently than the GCs, however, this is attributable to them not being directly involved with
the physical construction process.

In terms of the frequency at which GCs and architects’ practices provide H&S training for
their employees, it is notable that the architects’ practices take the actions lees frequently than
the GCs, however, this too is attributable to them not being directly involved with the physical
construction process.

The finding that the use and wearing of PPE (MS = 5.00) is ranked first followed by healthy
and safe use of tools and equipment (MS = 4.67), and HIRA (MS = 4.56), and DSTI (MS =
4.56) leads to the conclusion that the focus is on the lower end of the ‘hierarchy of prevention’
in terms of mitigating hazards and risk.

The degree of mean concurrence with statements relating to the importance / impact of
H&S practices, and the extent factors contribute to the existence of H&S hazards and risks on
construction sites, reinforces many of the previous findings, and leads to the conclusion that to
manage H&S effectively requires competent management, management commitment to H&S,
optimum H&S training, worker participation in H&S, an optimum H&S culture, optimum
supervision, effective communication, constant HIRAs, and following of safe work procedures.
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Project Management by Modified Gaussian S-Curve

Vladimir Krizai¢!, Drazen Hran;j'
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Abstract:

Project management within the construction company ‘Medimurje graditeljstvo d.o.0’,
based on past data and standard technology of the company, results in gaining S-curve
dispersion. The mathematical definition of the S-curve was dealt with by many scientists such
as mathematicians, economists and constructors. ‘Medimurje graditeljstvo d.o0.0’ mainly
executes high-rise buildings, and has recently specialized in the construction of structures since
they are strong in the formwork and roofing technology. The S-curve designates costs and
revenues by means of a cumulative curve during project duration, and in realization enables
timely regulation of the execution system. Therefore, in addition to the existing S-curve
equations, by using statistical and mathematical methods, a new modified Gaussian S-curve is
created in function of cost and time of realization. Nowadays, finance is an important factor in
project management because if the financial engineering declines there is no realization of the
project. Monitoring the distribution of the existing works on the former projects creates a
picture of the company's modeling behavior during project realization. Therefore, the previous
projects recognize the company's behavior in the given project conditions using financial
indicators. This reduces business risks because by calculating the dispersion of the S-curve
distribution, the behavior of the system on future projects can be predicted in relation to the
contracted amounts and the agreed project implementation deadlines.

Keywords: project management, modified gaussian s-curve, business risks, contracted costs and deadlines;

1. Introduction

The management of a project implemented by a construction industry company is identified
with work order management as a code for a specific project. The project monitoring and
control system so far has proved to be inadequate, especially for projects with high investment
values. Monitoring the project with financial data throughout the facility and per unit of m3,
m2, m', kg and other customizable measures are considered credible, but such experience-based
management creates a misleading picture of the progress of the project. Thus, controls, both
cost or situational and time variables ones concerning the project, are missing as two key factors
in monitoring the status of the project. Therefore, prior project monitoring puts, especially when
large investments, high risk projects and even high losses are implied. Today, scientists are
interested in monitoring deviations from the plan, ie creating intervals of the range of variations
and standard deviations of the observed size. This has created a major precondition for planning
precision and reducing business risk.

Thus, the planned cost curve defines the median S-curve out of the performance S-curves.
Many scientists have addressed these forecasting problems, and mathematical and statistical
formulas for the S-curve have been defined. Statistical data processing has shown that linear
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and exponential S-shaped curves exist in productions (Pause 1988, Vukadinovi¢ 1988,
Newbold and Carlson and Thorne 2010, Ivkovi¢ 1980). However, the intentin and aim of the
research is to develop more precise, flexible and standardized planning models, ie to more
accurately predict the cumulative project curves, ie project situations. The contribution of the
representation of the S-curve by the modified Gaussian curve with respect to the existing
polynomials is able to define the probabilistic statistics arising from the Gaussian curve as the
most common distribution of natural events and thus of construction production.

2. Management in Practice and S-curve Methodology

[1] In construction companies at the end of the last century, software technology, i.e. the
third industrial revolution, reulted in a comfortable way of managing all data of medium-
and giant- sizd companies (Loncari¢ 1995, Vukomanovi¢ and Radujkovi¢ and Alduk 2012)
and today, integrated information systems with BIM systems are inevitable (Krizai¢, 1996, Cui
and Hastak and Halpin 2010, Elbeltagi and Hosny and Dawood and Elhakeem 2014). There
are various software products in the market and all of them feature both advantages and
disadvantages. The process of production planning is the key to managing the project.
Microsoft Project has simplified the critical path method to various graphical views. The
software is rich in various versions and capabilities, so one expert should make good use
of the program to take advantage of all the options. Reports or reports or views in the editor
can be great, but then you need to enter every resource with the respective quantitative
data, see Figure 1.

Figure 1. MP — gantogram and S-curve (source: author)

The simplest variable to follow for the project-monitoring purpose is money or the S-curve.
Various authors have addressed the definition of the S-curve. The given equations from source
(Ostoji¢-Skomrlj and Radujkovié¢ 2012) are shown in Table 1 and Equation (1).
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Table 1. Mathematical scripting of S-curves (source: (Ostoji¢-Skomrlj and Radujkovi¢ 2012) )

Y7 = —0,0643212823 - x; — 0,0278540885 - x; + 0,0016474856 - x; — 0,000023498997 -x; +
0,0000001165 - x¥ — 0,0000000001 - x¢ (1)

For given curves, nonlinearity and curvature of the curves are visible, which is in fact a
characteristic of the S-curve. The problem is the one-dimensionality of that curve, which is a
function of time. The vector observation of a given problem and concentrating the problem on
the deviation of the S-curve from the plan and dispersion of variations, initially in time and then
in the second- financial -variable, creates spatial S-curves.

3. Modified Gaussian S-curve

The assumption is that the plan or realization S-curve can be expressed by means of
statistical distribution equations or multi-dimensionally, i.e. through vector 3D methods. To
define curves over discrete plan data and to realize project situations, the Gaussian least median
of squares method is convenient, see Figure 2.

Figure 2. Gaussian dispersion density function of situation realization versus plan

( source: author, data from Medimurje Graditeljstvo 2016)
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The S-curves are shown as for:

fx - planning

fr - realization

faid — the difference between polynomials fx-frand vice versa

dy — discrete discrepancy ( dispersion) — of the plan and actual state
Gauss — Gaussian density function based on dy

kvGaus — modified Gaussian density function based on dy

sGs — cummulative Gaussian function

kvsGs — cummulative modified Gaussian function

It can be instantly seen from the overview that the dispersion of the realization with respect
to the plan with logical distribution , i.e. with approximate Gaussian distribution. It can also be
seen that the kvsGs is located between fx and fr; the first sGs curve is fairly interesting, which
creates a new idea as an attempt to differentiate the sGs curve from the real ones. Thus, the
constant 2 of the Gauss distribution is replaced by the constant kv (2).

1 —(x—p)?
sGt =——=-¢ kvo

(2)

If several projects are observed, the Gaussian results with kv and Akv constants also either
deviate from reality or it is not equivalent to reality, see Figure 3.

=

Figure 3. Distribution density function — discrete, Gaussian, modified Gaussian (source: author)

Therefore, modifying the ¢ Gaussian density function of the data distribution density, first
with a constant and using the equation of the direction (3) as a functional connection of ¢ with
T, creates a more precise distribution curve that is almost identical to the discrete data.

o= —381-10"%-T 4757 1074 (3)

Leveling and matching of curves, or modification of the Gaussian curve, refers to the
introduction of a constant kv parameter of 10,000 units instead of a constant 2 that multiplies
c. A variable Akv of 0.7 is introduced for projects when the planned exceeds the realized and 3
for the inverse view. All three variables in function are E (t) which represents half of the project.
The modified Gaussian S-curve (4) is much more accurate than the first version and the
realization curves almost overlap, see Figure 4.
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Figure 4. Modified Gaussian curve (source: autor and (Kaka and Lewis 1998)

The Gaussian curve modified in that way is a function of two variables, x = t months of
production time and z = T representing the investment amount whereas the third axis is y =n
represnting the project number.

4. Conclusion

Based on some data from the field, namely the data provided by the Medimurje,
graditeljstvo company d.o.o. dependency of distribution of realization data with respect to the
plan was observed. The dispersion, or scattering, of plan-real difference data has a certain
logical form in the form of a statistical Gaussian equation of distribution of random variables
as a function of the probability of the event probability difference, that is, the deviation of the
realization from the project situation plan (Eun and Kyung 2012). By linking a couple of
projects and linking the main variables within the Gaussian equation with field data or
construction production situations, a new general definition of the S-curve has been created as
a function of production time and project cost or project situation. The given equation is just a
prototype for a real S-curve in function of situation, value of costs or income, and time variable
of investment duration. More field data is needed to study the linear models that are proposed
and to define the coefficients a, b, with as much precision and probability as possible. To
determine the true values, the function skvGr (x, T) is multiplied by 1000 to obtain cost data in
millions, as is the case with projects in practice. This will create a more accurate forecast of
project planning and deviations, i.e. plan dispersion and implementation will have a roughly
identical curves. Defininfg the general equation of the S curve in a multidimensional space
therefore offers the whole set of S curves as the supremum and infimum of the S-curve data set
in a project. This in turn creates a probability area using statistical curves, so better risk
management in the project is possible, that is, it also enables production management to use the
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assumed modified Gaussian S-curve, which opens a new area of research. The limitation of the
curve is that it is favorable for the creation of an ideal or optimal curve of the planning S-curve,
while for realization it must be complemented with the dispersion of deviation of the realization
curve from the planning one. Interestingly, this deviation dispersion is also formed by the
Gaussian function of the event probability density distribution (Barraza and Back and Mata
2004).
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Abstract:

High-rise building has taken greater importance in recent years in Chile, with a sustained
increase especially in residential projects. This situation has generated greater demands for
construction companies regarding project logistics, especially in relation to the planning and
coordination between the contractor and its subcontracts, suppliers and distributors. To face
this, a study was carried out to develop a prototype of a logistic management system that
supports daily work on construction sites. This system reports logistical events to both the
contractor project team and the contractor’s providers of services and/or supplies, to deliver
information in real time about what is currently happening in the project and what is coming in
their future stages. To achieve the above, interviews were conducted with professionals in the
high-rise building sector to identify the most relevant factors associated with the process, to
later develop the prototype. This system was developed using economic elements of easy access
for construction companies, being a good option for small and medium companies that cannot
make large investments in information technologies. This prototype was implemented in a
construction project showing positive results in the logistics planning process, improving
communication and coordination between the construction company and its collaborators and
generating savings in construction costs. Thus, by applying simple tools that focus on the main
weaknesses of the logistics process, it is possible to achieve important changes, opening new
possibilities for development in this area.

Keywords: logistics; high rise building; prototype; logistics planning; communication

1. Introduction

Logistic planning is the ever-constant process of getting the resources to the right place, at
the right time, in a safe manner, and for the least amount of money (Koch, 2015). Having
adequate systems to perform this process can lead to savings of 5% of the total value of the
construction of a project, by reducing the use of materials for losses, minimizing transportation
costs, achieving an early completion of the project by logistics planning, generating less waste
and achieving a more stable work flow (Agapiou and Clausen, 1998). Then, the logistic of a
jobsite is a major influence on the profitability of a construction project (Koch, 2015). Logistics
are related to planning. Unfortunately, regarding this last topic, the industry presents several
problems. In Chile, more than 10 years ago, attention was already being drawn to the general
low communication on construction projects, which strongly affected the way in which
construction works were planned (Corporacion de Desarrollo Tecnoldgico, 2007). The same
authors pointed out the importance of a good management of the logistics department, because
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of the influence it has in the productivity of projects. A recent document again highlights
problems regarding planning, especially at operational planning, where the greatest weaknesses
were found in relation to the analysis and management of the problems on site (Corporacion de
Desarrollo Tecnologico, 2018). This same report recognizes as one of the drivers to face these
problems the logistics and the supply of resources, proposing as a good practice the
establishment of controls of supplies/materials, equipment and machinery with focus on
planning. Regarding information technologies that support the logistics planning process, in
Chile there are different commercially available computer programs, which are mainly used for
administration and control, but which do not support the processes carried out in the field, such
as the delivery, distribution and reception of materials (Mellado, 2015).

To better understand the problem of logistics planning and propose a solution to current
problems, the study presented in this article developed a Contractor-Collaborators Logistics
System Prototype for construction projects. Given the limited research period (4 months), to
define the scope of the study it was determined only to focus on high rise building, since in the
last five years there has been an important advance in the execution of this type of projects in
the country (Céamara Chilena de la Construccion, 2015). By 2018, residential apartment
construction reached almost two-thirds of the total residential construction in Chile (Cédmara
Chilena de la Construccion, 2018). Also, in the last 15 years most projects have been high rise
buildings, with percentage increases ranging from 12.6% to 17.5 % of total housing in the
country (Instituto Nacional de Estadisticas, 2017).

This type of project is often faced with problems to meet the deadlines defined in the
contract. Among the causes of lost time in high rise building are coordination, supervision,
work methodology and the supply of materials (Corporacion de Desarrollo Tecnoldgico, 2013).
Thus, given the significant volumes in sales and investment projections for the next few years,
there is interest in the area to find improvements that provide benefits in the logistics
management processes, since the participation of the logistics area in reference to the budgets
of construction projects can reach between 20% to 30% of the project budget.

On the other hand, it should be considered that the construction industry is one of the least
digitized industries, next to agriculture and hunting (McKinsey Productivity Sciences Center,
2016). Therefore, it is important to introduce new computerized systems and tools in the sector
but given that a large part of the companies that comprise it are small and medium it is necessary
to consider some factors. For example, most construction SMEs lack the budget to invest in
Information and Communication Technologies (ICT) or have difficulties adopting them (Nufiez
et al., 2018). Among the problems faced by these companies are (Dainty et al., 2017): (1) lack
of elementary digital experience caused by lack of interest and inclination to use ICTs, and a
general unattractiveness of the new technology, (2) no possession or access to the relevant
hardware and software, (3) lack of digital skills caused by insufficient user friendliness and lack
of education and training, and (4) lack of significant usage opportunities.

Then, the prototype of the Contractor-Collaborators Logistics System was developed using
economic elements of easy access for construction companies, being a good option for small
and medium companies that cannot make large investments in information technologies. In

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 215



addition, it is simple to use, which makes it easier for all critical participants to use it, reducing
barriers to its implementation.

In the next section of this article, some definitions regarding logistic and supply chain
management are provided, followed by the methodology used in the study. Then, the results
obtained from interviews with construction professionals are shown. The following section
present the prototype system and the results of its implementation in a construction project.
Finally, the main conclusions of the study are presented.

2. Logistic and supply chain management

Logistic is a concept that can be understood in different ways, such as a system of resource
flow from the supplier to the customer, as a philosophy of managing the processes of goods and
information flows or as the efficient transfer of goods from the source of supply to the points
of consumption in a cost-effective way while achieving acceptable level of customer
satisfaction (Sabotka and Czarnigowska, 2005; Said and El-Rayes, 2014). In the construction
industry few companies have adopted logistics management despite the benefits in cost that it
generates, possibly because of the fragmented nature of the industry and the need to integrate
and compile large amount of material logistics data (Said and El-Rayes, 2014).

Logistics is an activity within the supply chain. Supply chain management aligns upstream
and downstream companies to create value for the customer, regulating the material,
information and cash flows among a group of aligned companies (Dallasega et al., 2018). The
planning and management of supply chains require properly specifying the participating
members and identifying the relationships among them (Cheng et al., 2010). In the construction,
the supply chain involves different actors that have different distances to the location of
production, affecting the resulting planning (Dallasega ef al., 2018).

Among construction supply chain activities, material/component procurement is one of the
most demanding tasks, as materials are consumed in large quantities and need to be delivered
to a specific location (Jaskowski ef al., 2018). Also, the cost of materials can constitute 50% to
60% of the total cost of a construction project, therefore its efficient management is essential to
achieving the specified schedule and cost goals (Lu et al., 2018). Regretfully, a considerable
amount of waste produced in the construction industry is caused by poor management of the
material supply chain (e.g. delivery services, inventory, communications) (Irizarry ef al., 2013).
Then, in an environment such as the construction sector with tough competition, adversarial
relationships, and traditionally low profit margins, efficient material logistics is required as it
is a key determinant of project success (Jaskowski et al., 2018). In this regard, the use of
information technology (IT) is suggested to achieve better logistics processes, avoiding delays
and improving the integration process of the construction supply chain management (Irizarry
etal., 2013).

3. Materials and Methods

The results presented in this document were developed in a 4 months investigation carried
out within the framework of a professional master's degree. The research methodology was
structured around 5 major stages: (1) review of literature, (2) gathering of information on site,
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(3) logistic management prototype system design, (4) validation of the prototype and (5)
analysis of results.

The first stage included the review of bibliographic material regarding the areas related to
the subject of study, such as logistics and management of the supply chain, among others. The
second stage was the gathering of information on site in three companies dedicated to the
construction of buildings in Santiago, the capital of Chile. For these purposes, semi-structured
interviews were carried out with workers from construction companies (professionals and
technical personnel) that work on high-rise building projects. Based on the results of stages 1
and 2, the prototype of the logistics management system was designed and built, and later
validated in stage 4. Finally, in stage 5, an analysis of the results of the prototype
implementation was performed to obtain the main conclusions of the study.

4. Results

In stage 2, we visited 3 construction companies, where a total of sixteen workers were
interviewed. The detail of the interviewees is presented in Table 1.

Table 1: Interviewees information (source: Own elaboration)

Years of Work Experience

Company/Position  Project Construction  Site Technical Warehouse  Planner Total
Manager Manager Manager Office Chief Interviewees
Professional
Company 1 15 4 8 5 15 5 6
Company 2 - 3 20 4 4 3 5
Company 3 - 10 10 15 7 6 5

The interview included, in the first place, demographic questions such as level of studies,
position in the company and years of work experience. Then a section was incorporated with
questions aimed at characterizing the logistic management process of these companies, ending
with a third section aimed at identifying possible improvements to the current system. The main
results obtained in this interview process are presented below.

In the three visited companies, the relationship between those involved in the construction
projects are very similar in terms of organizational charts, declaring internal and external agents
that participate in the logistics management process. Among the internal agents involved are
the project management team, the technical office, the warehouse chief and the head office of
the construction company (when the company have a centralized system for procurement),
while external agents include suppliers, distributors and subcontractors.

Regarding the structure of operation, company N°1 has an internal structure oriented to
centralized purchases, but where the quantities and quality of the materials are directly
controlled by the technical office professionals working at the project and the project
management team. Company N°2 has a structure like that of company N°1, but who controls
the quantities and specifications of purchases is the chief of the technical office of the project.
The warehouse chief makes the materials requests that are informed directly to the chief of the
technical office. In both cases purchases are made by the procurement department at the head
office. In company N°3, purchases are made centrally by the department of purchasing and
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logistics at the head office. This department defines the quantities and specifications of the
materials. In this case the concern of the project team is only to request materials.

In the three companies, interviewees considered that there are deficiencies in the
communication between the suppliers and the construction projects, especially in relation to the
coordination of the arrival of materials to the site. This lack of appropriate planning generates
problems at the project, causing the warehouse department to not meet the expectations
regarding the coordination and planning of materials purchases. One possible reason for this is
that the construction companies shows little concern about this topic, as they are worried about
controlling purchases, but not necessarily about the arrival of materials. Because of this, it is
necessary to have people in charge of planning the arrival of materials on site.

In relation to the operation of the warehouse, it is considered that in many cases it has not
been professionalized nor has processes that help to minimize errors and plan on issues related
to minimum stock of materials, requests for dispatches of materials from suppliers and
coordination of timely arrival of materials, among others. In general, warehouse chiefs do not
have professional or technical education, as they usually have been trained informally through
work experience. For example, of the three warehouse chiefs interviewed, only one had
technical education. Also, to manage the warehouse, they use their own notes, without any
systematic methodology, relying on paper calendars and making annotations of the purchase
orders on their notepads. Once the materials have arrived at the site, the sequence of unloading
and use of the storage sectors is often granted to the most urgent orders, not respecting the
previous planning of the orders and its coordination. This shows that there are no clear
methodologies to deal with the large number of arrivals of materials on site, due to a lack of
programming of those who request them, mainly construction project professionals, as well as
the warehouse. In the case of the supply of materials, it is considered that there must be a
strategy to standardize the processes, avoiding diverting the priorities of the participants in
terms of tasks to be done. For this it is considered that there should be a greater participation
and communication between the project manager, the technical office and the site professionals
to avoid hasty requests for materials or requests that do not have consistent and complete
information.

Another critical point to consider is how construction companies control the arrival of
materials to the project. It is important to considered different factors to define a good strategy
for this process, such as speed of unloading, permanence time of vehicles on site to unload
material, planned storage of materials, among others. Also, the distribution of materials within
the projects under construction is highly relevant. Many times, there is no control regarding the
delivery of materials from the warehouse to the jobsite. As a result, this activity is not performed
strictly according to the previously scheduled. One reason for this is that many times these
building projects are executed on sites where almost all the available space is occupied by the
building under construction. On these cases sometimes is difficult to have large warehouses for
storage, and materials are leaving in the open, on the field. Then, construction materials are
directly available to workers, who access them without strict control by the warehouse.

The external participants on this process that have greater involvement in high rise
construction projects according to the interviewees are the suppliers, the distributors and the
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subcontractors. The importance of establishing long-term relationships with suppliers is
highlighted in order to eventually have more committed strategic partners. In addition, it is
mentioned the importance of coordinating the transport of materials with the companies that
distribute them in order to avoid problems of availability of schedules and fleets, among others.
For this, an advance dispatch program must be managed, in order to obtain safeguards and
commitments between the parties. Regarding subcontractors, coordination problems may arise
when materials for them arrive unexpectedly at the jobsite due to failure to timely inform to the
construction company of its arrival, producing different type of problems. For this reason,
permanent communication is necessary during planning meetings to avoid problems that may
have an impact on the progress of the project.

5. Contractor-Collaborators Logistics System Prototype Proposal

This proposal aims to contribute to the improvement of current logistics management
practices through a computational tool to monitor and control the programmed activities
regarding this process, allowing a better communication among the contractor and its
collaborators concerning logistic planning. The central elements of this proposal include the
use of an email account and MS Excel, which requires a low initial investment, since both
mentioned tools are of low cost, unlike the commercial software that exists in the market in
reference to logistic management. For this prototype it was decided to use a Gmail e-mail
account, which allows access to web tools such as Google Calendar, which is a web scheduling
site that manages appointments and/or events with their respective schedules and timely
reminders. This system is free, easy to access and manipulate. This web platform is linked to
the tasks regarding logistics management perform by project participants, aiming to have the
information about these activities on real time, optimizing the processes. Then, internal and
external stakeholders of the project will have updated information about the logistic activities,
providing greater reliability regarding the planned logistic actions on every stage of the project.

The main components of the system are presented below:

* Project Activities Calendar: Having a tool that can inform about the time available for the
arrival of material to all the participants is useful for the logistic management from both internal
and external collaborators and improves the internal communication of the project. In this
proposal construction companies are responsible for updating the schedule for the arrival of
project materials. The person in charge must send a three-week calendar for the activities, that
1s, the current week, plus the consideration of the next two weeks. The communication is
through emails notifications as official means, given the speed of updating and the possibility
of making changes periodically. Having this calendar allows that each participant of the logistic
process can consult about the time available to schedule the arrival of materials in a specific
date.

* Request for Materials and Services Form: The request for materials must be validated by
the professional responsible of its approval before being processed. Because of that, these
professionals must spend more time planning to properly use the methodology for requesting
materials, but as a result they could anticipate possible risks and their impact on the execution
of the project according to their constructive sequences. Figure 1 highlights the form to request
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materials for a construction project. This form includes the following information: project
name; requested by; order number; materials; quantity; unit, observations; name of the
Construction Manager and its sign; approval date; authorization of the cost department and its
sign; request date; and reception date. Each process must have a revision date.

Code: R-PO-01-03
Revision:00 N1
Date of issue: 09-27-2017

REQUEST FOR MATERIALS AND SERVICES FORM

Project name: XXXX | d by: | YYYy | Order number:

PEP SAP MAT N° Materials Quantity Unit Observations

Name of the Construction Manager Signature Approval date Reception date

Authorization of the cost departament Signature Request date Reception date

Figure 1. Request for Materials and Services Form

* Materials Arrival Programming Form: This document provides the necessary information
to feed the web platform (Google Calendar) with materials arrivals requests, avoiding the
scheduling of different activities at the same time with negative impacts on the critical path of
the project. Thus, once the system manager receives the requests for materials, it is possible to
coordinate the dispatch according to the needs of the project. Professionals in charge of logistics
must satisfy critical stocks, granting dispatch planning with different priorities in dates and
times. In Figure 2, an entry form for the arrival of material is presented. The required
information to schedule the arrival of materials to the project include 11 elements: 1) name of
the project, 2) requested by, 3) supplier or subcontractor name, 4) description of the required
material, 5) unit, 6) purchase order, 7) material state, 8) schedule date and time of arrival, 9)
schedule date and time of departure from site, 10) real date and time of arrival, and 11) real date
and time of departure from site. This form is used by the internal participants of the construction
project, where the professional in charge of logistics act as the planner in conjunction with the
field professionals, to give an adequate priority to dispatches. In parallel, there is participation
of companies providing services to the construction company.

» Materials reception form: This form allows the evaluation of the performance of the
activities regarding logistics through an MS Excel spreadsheet that records the data delivered
by the other forms and the schedule developed using the Google Calendar platform. These data
will be processed later by performance indicators.

» Record of reception of materials: It corresponds to the registration of activities through
an MS Excel spreadsheet that contains the data of the previous forms. These data are processed
allowing the analysis of the logistic management processes regarding the level of fulfillment of
the different participants. An example of the information on these spreadsheets is shown on
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Figure 3. This table include information such as ID of the arrival, name of the supplier, contact
person, telephone number, date schedule for arrival, including day, month, year and time, and
date schedule for departure, including day, month, year and time. Other reports created with
this information include a Time for Unloading Report and a Permanence Overtime Report.

MATERIALS ARRIVAL PROGRAMMING FORM

1 Name of the project Date of request:

2 Requested by:

3 Supplier or SC name

4 Description of the required material:

5 Unit of material:

6 Purchase order:

7 Material state:

8 Schedule date and time of arrival:

9 Schedule date and time of departure from site:

10 Real date and time of arrival:

11 Real date and time of departure from site:

Note: Material
SW: Structural Work Name and signature
FS: Finishing stages

Figure 2. Materials arrival programming form

Company information Date schedule for arrival Date schedule for departure

S

Supplier Contact person Telephone number Day Month Year Time Day Month Year Time

ol |N|la|u]s|w|n]-

Figure 3: Example of record of reception of materials form

To use the prototype, the first thing to do is create a Gmail email account where the
username must be the respective project name. Once the email account has been created, it is
possible to deliver the password to the process participants, keeping in mind that there should
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always be a moderator or administrator of the account that must work in the construction
company, ideally a professional from the technical office, to avoid programming problems
among the different requests for arrival of materials. This professional must evaluate the
priorities of the different materials request, according to the needs of the project and
periodically inform the committed dates of arrival of materials to the jobsite.

Also, it is important to conduct an induction session with the members of the project team
regarding how the prototype operates, especially to those employees whose decisions have a
direct impact on the logistic processes of the project, such as site professionals, technical offices
professional, warehouse employees, logistics specialist and construction head office
professionals, among others. In addition, the external participants must be included, such as
suppliers and subcontractors. This should be done in the weekly meetings, in project
dependencies, to become familiar with the new methodology.

The construction company will oversee the implementation of the logistic system.
Therefore, it must have the tools previously indicated to develop the prototype and timely notify
the availability of schedules to both internal and external stakeholders so that they can proceed
with their programming.

6. Prototype implementation

Next, the application of the prototype in a construction company is described, where a
professional recount the experience before and after working with this system. Subsequently,
an application example is described that highlights the benefits in cost due to having a correct
logistic management methodology.

6.1 Situation before using the prototype

To understand how logistics management was carried out before the prototype was used,
an interview was conducted with the Site Manager of one of the construction projects visited,
who agreed to test the prototype. The interviewee points out that in previous projects he did not
control the materials purchased or its arrival to the site, nor the entry of labor subcontracts
and/or general subcontracts. They operated through telephone calls and emails to place a request
for purchase of materials and/or equipment rental that must be authorized by the project
manager. The interviewee points out that this way of work has been used for a long time in
Chile, although in recent years, different information technologies tools have been developed
allowing the improvement of the processes. Throughout his work experience, the professional
interviewed has worked with MS Project to program the structural work and finishing stages of
the construction project, focusing on meeting deadlines and not on the logistics aspects of the
project. Also, the interviewee points out that it is increasingly difficult to control the arrival of
materials in the project, so that fines are often received for excess of trucks parked on the public
road due to the arrival of materials. This leads to unloading of materials by order of arrival or
by urgency, creating problems with supply companies, transport drivers, the community, and
inspection entities, among others.

In general, there was no communication between the people in charge of logistic with
providers of materials to plan the supply, generating problems because the materials were not
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requested in time by the construction company, or because there was no response from suppliers
according to schedule.

6.2  Experience after using the prototype

The professional interviewed points out that the use of the prototype improved the logistic
processes, although at the beginning the implementation of the system was difficult, but through
the fulfillment of weekly meetings, plus the incorporation of a professional from the
construction area to the warehouse management, the logistic area start to receive more relevance
within the project, highlighting the need for good communication between the parties.

When the prototype was incorporated, the original material request forms were modified,
including date and delivery times for validation of the project manager. This allowed for the
regulation of the quantities of materials requested, as there was a debate between the areas of
administration, site and logistics prior to the purchase of the materials. In addition, by having a
system of forms for requesting materials, it was clearly identified who made the order and the
sector of work associated, for example, site professional in charge of underground and exterior;
site professional in charge of the structural work or site professional in charge of finishings,
generating a greater concern for requesting materials on time.

Subsequently, changes were made in the internal coordination meetings. At the weekly
team meeting, a special period was dedicated to the area of logistic management. Initially they
explain the current problem with the arrival of materials and how they were going to implement
a tool to schedule the arrival of materials for contractor suppliers, concrete suppliers, debris
removal, among others. Then began the incorporation of the prototype on the daily tasks,
working also with subcontractors. Planning meetings were held to present this new way of
working around logistic management in the project and present those employees of the
construction company with responsibility on the process inside the project. The supplier
companies recognized the importance of the new process and appreciated the way to present
the information to them, since previous communication was often through telephone and emails
without getting to know the people with whom they been working for a long period of time.

With respect to the subcontractor companies, it was a bit more difficult to implement the
prototype due to their problems to purchase materials from their own suppliers. To solve this
problem, it was requested that the control of the arrival of materials become part of the activities
performed by the subcontractor. That is, not complying with the requested control could cause
questioning during the approval of the documents to give course to the payment.

Contractor professionals emphasize that by having a clear work methodology, positive
changes are generated in relation to the planning of all the participants, both internal and
external. This generates greater concern for the work itself and the relationships among the
work perform on the jobsite and logistics management.

Once the methodology for requesting materials and to schedule its arrival was in place,
better communication was generated among all the participants allowing to use the spaces
according to schedule and generating restrictions to receive materials in project dependencies
known by all. This forced supplier companies to adapt to the scheduled configuration and not
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send materials without programming. For the logistics area the resolution of this issue was
important, since then it allows them to better organize and attend their work with greater
freedom.

Since part of the structural work of the building and the finishing activities are carried out
at the same time and the high number of trucks at the project site becomes complex, this project
considered the reception of finishing materials only on Mondays, Wednesdays and Fridays of
each week. This measure was adopted to give greater emphasis to the reception of concrete on
Tuesdays and Thursdays, with the purpose of not obstructing the days programmed for the
reception of materials of the finishing stage and to avoid congesting the site. The supplier
companies aligned with this decision and the results were favorable over time, as suppliers now
knows that the contractor will not receive materials without programming and even less in the
days where the arrival of finishing materials was prohibited.

Finally, the interviewee highlights the incorporation of tools that can improve the
performance of the planning and programming process, as week after week the compliance of
internal and external collaborators regarding the logistic schedule was presented at planning
meetings. In this case, it was considered that the prototype was useful and that it allows to
perform a more professional job assuming a low financial cost, requiring personal and group
dedication to develop teamwork both within the internal and external participants.

The following is an example of improvement when using this prototype. The benefits are
mentioned around planning resources and costs. The construction companies when scheduling
orders for materials to be used in the project's finishing stage contacts their suppliers to schedule
specific dates and times of materials dispatches. At the same time the contractor company can
choose to rent equipment to carry out the unloading of materials (e.g. fork crane and/or tower
crane). The option of using mechanical equipment in the unloading of materials generates a
benefit in the non-use of direct labor, as its use give more speed to the process, and at the same
time making it possible to program the arrival of a greater quantity of materials for the same
day, in order to optimize the use and rental of equipment. About the suppliers, they receive
benefits in the reduction of time of permanence on site. In the case of having a schedule agreed
by both parties (Construction Company - Provider), they can receive significant benefits for
their internal programming routes reducing the cost of transport for excess of permanence on
site, since many times the supplier companies sub-contract the transportation services.

It must be mentioned that both parties have benefits, mainly in planning and programming
resources. The need to seriously comply with the request forms for programming the arrival of
materials is fundamental, given that afterwards a control of the programmed is carried out using
information from the real performance of the process. When analyzing the causes of non-
compliance, the responsibility of the reasons and/or causes of nonconformance can be dealt
with seriously.

Finally, thanks to the recording of reception of materials through the information entered
in the forms, variables such as programming, unloading time, overtime permanence on site,
among others could be analyzed. This allows evaluating the compliance level of the logistics
planning, detecting possible problems, triggering the investigation of the causes of non-

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 224



compliance and at the same time generating the possibility of taking timely decisions to avoid
future complications regarding the logistics management of projects. For example, Figure 4
shows the measures regarding the speed of unloading. This task can be performed according to
the scheduled time or may take longer than expected. With the above it is possible to evaluate
overtime of permanence on site during the arrivals of material, as shown in Figure 5. This
analysis allows the construction company to evaluate the performance of their suppliers,
identifying their main deficiencies. Through a good communication among both parties these
problems could be reduced or eliminated, improving the results of the logistic processes and
reducing undesirables cost such as fines for excess of trucks parked on the public road.

Suma de Tiempo de descarga Proveedores .

Tiempo (Min) .| Escombros Petreos Silcosil Tabiques Total general
7-9-2016 25 103 49 177
8-9-2016 30 77 107
Total general 55 103 49 77 284
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Figure 4. Time for unloading from different suppliers (in minutes)

Figure 5. Overtime regarding material unloading from suppliers (in minutes)
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7. Conclusions

This article presented a Contractor-Collaborators Logistics System Prototype for
construction projects, with a focus on the area of high-rise building. This proposal incorporates
concepts of planning and programming into the logistic management area, where the prototype's
attention is concentrated in the supply of materials. Through the information obtained in the
bibliographic review and the visits made to three construction projects it was possible to
develop a work methodology supported by the prototype. The application of this methodology
generates information for the participants involved in the logistic process that previously was
not available. In fact, it was common to not have information of logistical requirements due to
a lack of planning and programming. Having a web platform such as Google Calendar that is
able to notify the activities to be carried out regarding logistic management through emails and
also having a calendar available for all the participants to scheduling their future jobs, generates
benefits for a construction company, according to the experience described by the construction
site professional that lead the prototype implementation of this system in a construction project.

In addition, the study shows that the participation of external agents is necessary to develop
alliances of commitments (Construction Companies - Providers of Services and/or Supplies)
and establish benefits for both parties, since good communication is a central part of the
proposal.

Finally, with this prototype it is possible to control the planning and programming of
logistic activities and monitor their compliance conditions, through the data gathered in the
different forms included in the system, comparing the results with the original planning of the
process. In addition, the results are easy to present and evaluate in meetings with the
participants, to subsequently improve the processes. In summary, it is a tool that provides
benefits to different areas of a construction project, especially logistic management, with a low
investment, unlike other available logistic management systems that requires higher
investments and maintenance costs, and often do not deliver the expected benefits, given that
those systems do not know the real situation or work practices of the logistic sector of high rise
building in Chile.

This study highlights the importance of the logistic management within construction
projects and the need to develop more studies in the area to improve the processes performance
through logistics management software or tools that helps to enhance the planning and
programming of the logistic activities. Future research could include the development of a
mobile version of this platform using technologies such as cloud computing to allow the access
to the information regarding the logistic process from anywhere and at any time using mobile
devices such as smartphones. Cloud computing is considered very useful for small and medium
size construction companies, as it reduces the need for an in-house IT department and their
associated cost, allowing at the same time the storage of great amounts of data. This is a good
opportunity to improve and professionalize the logistic processes within construction projects.
In addition, it is necessary to emphasize that in this area the participation of qualified personnel
to assume responsibility is vital to maintain the appropriate control of the logistics management
processes.
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The Influence of Trust and Culture upon Western Consultants
Executing GCC Megaprojects
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Abstract:

Western consultants must build trust filled relationships if they wish to successfully engage
with the local project sponsor to manage GCC megaprojects. Initial research indicates a high
staff turnover for senior western consultants in GCC megaprojects. This paper reviews trust
issues contributing to these high levels of turnover and the influence of national culture in this
process. Softer skills such as cultural awareness and trust are often ignored until the issues
become out of control and too late to address. European megaproject research confirms that
culture has a powerful influence on the construction of megaprojects, and cultural clashes
negatively impact their execution. The concepts of culture and national culture are reviewed,
together with cultural guidelines established by Hofstede and others. Established research has
explored typical characteristics exhibited by national culture, offering guidance for differing
attitudes with respect to trust between different nationalities.

This research analyses the experiences of the western consultant’s actively involved in live
GCC megaprojects, using Qatar as a pilot study. Initial findings are provided, which
acknowledges trust as a crucial element to both the megaprojects success and the consultants
continued project engagement. It also considers the cultural expertise available to help unite
parties within these temporary megaproject coalitions and assist with the successful delivery of
future megaprojects. Prominent trust issues in the GCC, such as the concept of face, are
reviewed. The practical and social implications for western consultants’ cultural integration to
the GCC are examined.

Keywords: trust; national culture; G.C.C Megaprojects

1. Introduction

The discovery of vast reserves of oil in Saudi Arabia in the 1930s had a profound influence
on the physical, human, and political geography of the Middle East, and the world economy.
The wealth created by oil in the GCC nations (the Cooperation Council for the Arab States of
the Gulf, known as the Gulf Cooperation Council), has led to considerable inward investment
on large scale infrastructure and other capital construction projects. Many of these projects fall
within the definition of ‘mega-projects’, characterised by a long project duration, a complex
contractual nexus, technical complexity requiring specialist skills, and the need to create a
temporary project organisational coalition for the design, management, execution and delivery
of the project. Such projects require large numbers of professional consultants as part of this
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temporary project coalition. A skills shortage in the professional services necessary for the
volume of projects in the GCC has led to professional consultants mostly being appointed from
outside the GCC - predominantly from Western Europe and North America. Individual
consultants are generally employed on such megaprojects by large multi-national construction
consultancy firms on fixed-term contracts.

National restrictions on land ownership and access to finance mean that in the GCC, the
project sponsors are in every case nationals of the country in which the project is carried out.
This sponsorship has given rise to two related issues. Firstly, that which arises at the national
cultural interface, and secondly that which occurs at the professional/lay client interface. These
are considered separately for this paper, although in practice they are inexorably linked.

Professional groups control a body of knowledge which is applied to specific tasks (Elliot,
1972 p 11). The project sponsors control the land, the capital, the regulatory framework, and
the terms under which the professional consultancy service is provided. This professional/laity
‘power relationship’ (Foucault, 1982) requires a high degree of mutual trust to give this business
efficacy. In addition to this professional relationship, for mega projects, in the GCC there is the
added complexity of the social/cultural interface with western consultants, arising from
differing belief systems, social and cultural norms, and rules and traditions governing status,
interpersonal conduct and business relationships.

At the heart of this is the need for trust at a personal, professional and commercial level.
Trust influences the ability to form stable (working) relationships (IPMA, 2015, p. 72,89) and
it is argued that the presence of a high level of mutual trust is a crucial factor in successful
megaproject delivery. This paper reports on the findings of an initial investigation into trust
issues between GCC Employers and western consultants employed to manage the construction
of GCC megaprojects. Early findings suggest that when trust breaks down, senior western
consultants are often removed from the megaproject — their contract is terminated. These losses
can result in significant disruption and cost to the project from among other things loss of
essential project knowledge, the need to procure and contract with new personnel, and the need
for induction and initiation in the project process and procedures.

The individual experiences of western consultants actively involved in GCC megaprojects
are the subject of this research, which examines the relationships between national and
organisational culture and trust. The study aims to add to the current body of knowledge by
providing an objective and measured contextual analysis of the impact of cultural differences
and levels of trust on the successful delivery of the contractual obligations typically undertaken
for GCC megaprojects.

The paper begins by defining contextual trust and culture and setting this within the context
of the GCC This introduces the concepts of trust and culture and positions the paper about the
existing literature and studies into national cultural influences in the GCC. The paper reviews
current research on European megaprojects and the findings from these which may be replicated
in GCC megaprojects. The process of ‘cultural integration’ is evaluated together with an
examination of the validity and usefulness of the application of conceptual cultural
measurements developed by Geert Hofstede (Hofstede, Geert, Hofstede, Gert Jan, Pedersen,
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2002). Finally, the paper sets out the methodology proposed and applied in for an ongoing
empirical investigation into GCC megaprojects. It is anticipated that this will allow the
discovery of any norms that can be applied to derive focal characteristics of culture and trust
and enhance the existing body of knowledge. The findings to date are analysed and presented
in the form of a narrative with illustrative quotations to strengthen the trustworthiness of the
methodology. The discussion considers possible implications in practice and suggests future
research directions and the limitations of the work to date.

2. Contextual background to Trust issues.

Trust is described as an ‘invisible structure of social reality’ (Seale, 1995), and is
considered an essential component of the relationship between project parties such as employers
and contractors, project managers and stakeholders, consultants and contractors The concept
of trust has been widely studied from a social science, organisational, and social psychology
perspective. Trust is a multi-dimensional concept. For this research, trust is the following
definition provides a useful starting point. Trust is the willingness of a party to be vulnerable
to the actions of another party based on the expectation that the other will perform a particular
action important to the trustor, irrespective of the ability to monitor or control that other party
(Mayer, Davis, & Schoorman, 2014, p. 712). More specifically the research focuses on ‘gaps
in trust’ that exist or arise between GCC project sponsors (typically referred to as the
‘Employer’ in construction contracts), and western consultants engaged in managing
megaprojects in the GCC.

The influence of trust and culture has been explored by several researchers for European
megaprojects (Smits and van Marrewijk, 2014; van Marrewijk, 2007; Van Marrewijk,
Veenswijk, and Clegg, 2014; van Marrewijk, Ybema, Smits, Clegg, and Pitsis, 2016). In Arabic
culture, the trust often centres around existing personal or family relationships. These
hierarchies of trust have been described as being initially to self; then to a kinsman, townsman,
tribesman; and finally to those with a shared religious background (Meyer, 2014, p. 171; Moran,
Harris, & Moran, 2011, p. 260). Lewis, (2016, p. 146) demonstrates the nature of this
relationship hierarchy through a ‘trust circle’, with family at the centre and foreigners forming
the outer perimeter.

Trust varies according to the level of expertise expected from each of the parties. An
example of differing requirements in the level of knowledge demanded from local and western
consultants was highlighted in a recent field interview with a western cost consultant. He
described a contract in which a GCC project sponsor engaged a family member who had
recently acquired a construction company, to perform a minor aspect of a project (the site
accommodation set-up works). The family member’s firm was unable to meet the contractual
standards and instead of then applying the defined contractual remedies - the application of
penalties - a decision was made to nurture and support the family members firm until the project
was eventually complete, disregarding the contractual obligations which would typically have
been applied with a western consultant.

GCC project sponsors contract with large numbers of firms from outside the GCC to carry
out the construction works for megaprojects. The degree to which GCC project sponsor engages
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western consultants to provide professional expertise, knowledge and skills in building is
indicated in Table 1. Table 1 also combines World bank data, (2016) for GDP and estimates of
the native population of the GCC as twenty-six million (data.worldbank.org). In this paper,
Central Intelligence Agency data is used to arrive at the percentages of expatriates active in the

GCC, and the estimated value of construction turnover is derived from a study by international
Cost Consultants AECOM, (2018).

GCC Total Expatriate Expatriates % Expats in GDP Value of
State Population Population | Residents Construction | USD Constructio
Billion n USD,
Billion
1 Qatar 2,639,211 2,111,369 80 % 50% 167.605 46.4
2 | KSA 32,938,213 10,500,000 | 32 % 36% 683.827 109
3 | UAE 9,400,145 7,800,000 83 % 30% 382.575 87.7
4 | Kuwait | 4,136,528 2,895,570 70 % 17% 120.126 12.6
5 | Oman 4,636,262 2,086,318 45 % 31% 72.643 15.2
6 | Bahrain | 1,492,584 666,000 45 % 22% 35.307 7.7
7 | Totals 55,242,943 26,059,256 | 47 % 31% 1,462,083 279

Table 1 — GCC Statistics (AECOM, 2018; Central Intelligence Agency, 2019; World bank
data, 2019) Expatriate Statistics Qatar www.mdps.gov.qa; Oman www.ncsi.gov.om; Bahrain
www.blmi.lmra.bh; UAE www.grc.net; Saudi Arabia ; Kuwait www.ceicdata.com/en/kuwait

This data demonstrates that a significant volume of expatriates employed in the GCC
construction sector, and this ranges from thirty-two per cent in Saudi Arabia to eighty per cent
in Qatar. Construction related personnel account for between seventeen and fifty per cent of all
expatriates. Construction-related activities currently account for nineteen per cent of the GCC’s
Gross Domestic Product. Over nine million expatriate construction staff are employed on GCC
mega-projects, making these projects multicultural (Dulaimi & Hariz, 2011) often comprising
an extensive gathering of culturally diverse hired in expert consultants (Archibald et
al1991)while they draw from a pool of highly qualified resources around the world (El-sabek,
2017). Based on the pronounced cultural differences typical on GCC Megaprojects (by
contracts to European megaprojects which are typically more mono-cultural), this paper argues
that current megaproject management research has not focused on the potential significance
and effects of GCC megaproject cultural differences to date. The aim of this is to provide a
complete understanding of culture and trust influences in GCC megaprojects, and the possible
implications of this for successful project delivery.

2.1  Professional Trust

Western consultants engaged in GCC megaprojects are appointed to provide their
particular professional knowledge and expertise, to supplement or in place of local consultants.
Foxwell, (2019, p. 14) describes the expert in the consultant industry as someone with a
knowledge base, institutionalized training, accreditation, peer control and a code of ethics, and
that the services provided need to be independent, .... free of bias and have the all-important
commitment to the greater good (Foxwell, 2019, p. 214). Wates (2016) argues that
professionalism is as essential in the construction industry as the standards of care provided by
experts in medicine. Expectations of high levels of competence and expertise are not limited to
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the GCC. Two wide-reaching government-sponsored studies into the UK construction industry,
"The Egan Report", (1998) and Latham's "Constructing the Team Report", (1994) highlighted
the confrontational approach typically found in construction projects. A recent study by
Foxwell notes more generally that there is a general breakdown in trust in almost all
institutions, and particularly in the opinion of ‘experts’. (Foxwell, 2019, p. xx10). In positive
settings, the trust generally grows as the parties become more familiar with each other, and as
the professional working relationship develops. Meyer ( 2014, p. 190) describes how a good
personal connection is the single most important factor when doing business in the Arab world.
Familiarity is also described as a precondition for trust (Lewis, David J., Weigert, 1979).

3. Conceptual Background to Culture

Culture has been described as a fuzzy, complex and inconsistent phenomena” (Alvesson,
2002, p. 14; Schein, 2004, p. 12). There are many varied interpretations of culture (see for
example GLOBE, 2004; Schein, 2004; Trompenaars & Wolliams, 2003) and this can range
from ‘culture’ meaning an appreciation of classical music, to culture as a series of systemised
and deep-rooted beliefs and core values held by individuals and nations (Kendall, Gavin,
Wickham, 2001).

For clarity, this research is concerned with the consideration of culture as a set of shared
national or professional beliefs and considers an appropriate description of culture as a set of
norms and skills that are conducive to survival in a given environment, (Inglehart, 2018, p. 16).
Hofstede (1991) defines culture as “the collective programming of the mind which distinguishes
the members of one group or category of people from another”. Culture itself is considered as
both invisible and intangible, and there is considerable complexity in measuring what
anthropologists label as “beliefs” “values” or “dynamic phenomena” (G. Hofstede, 1991;
Koopman et al., 1999; Schwartz, 2012). The ability to capture and define culture leads to this
being a contested term, and critics such as Mcsweeney, (2002, p. 90) suggest that one is
“attempting to measure the unmeasurable”. None the less, anthropologists and others have
provided useful tools that may be helpful at some level in measuring and conceptualising(see
G. Hofstede et al., 2010; Smith, Peterson, & Schwartz, 2002; Spony, 2014).

3.1  Measuring Culture

Waisfisz (2015) suggests that culture only exists by comparison, and therefore, one method
to compare countries is where a benchmark score can be provided to allow comparisons to be
drawn. Although potentially reductionist, to measure ‘culture’ it is often deconstructed into the
essential elements that comprise an overall “culture”, through the identification of unique
features (or sub-sets). The sum of these sub-sets provides a global outlook considered as a
“national culture”. Different scholars have applied different and often unique labels for their
sub-sets, variously describing these as “dimensions” (Hofstede and Pedersen, 2002) or “values”
or “orientations” (Strodtbeck, 1961). Scoring mechanisms are often used (see, for example,
Hofstede, 1991; Inglehart, 2014; Schwartz, 2012; Spony et al., 2014; Trompenaars and
Williams, 2003). As a working proposition for this research, national culture is considered as
“the name we give to that which distinguishes the people of one country from those of another”
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(Hofstede and Pedersen, 2002 pxviii). It is suggested that issues of trust — the presence or
absence of this to degrees - forms an integral component of national culture.

National culture has been identified and explored by researchers including Strodtbeck,
(1961); Hofstede, (1991); Schwartz, (1999); Trompenaars and Woolliams, (2003); GLOBE,
(2004); Ronald Inglehart, (2014), for half a century. Kluckhohn and Strodtbeck (1961) identify
the sub-components of national culture as “value orientations” and identify five possible
descriptions and criteria for these value orientations: (1) human nature orientation; (2) man-
nature orientation; (3) time orientation; (4) activity orientation; and (5) relational orientation
(Kinasevych, 2010 table 1.1). Schwartz identifies ten dimensions as ‘common values’ which
he suggests are universal (Schwartz, 2012). GLOBE acknowledges nine ‘cultural dimensions’
(Shi & Wang, 2011) identify six “dimensions”, similar to those described by Hofstede. To make
such intangible characteristics measurable Spony, Trompenaars, Hofstede and others, allocate
anumeric value to each cultural dimension. In such a contested area it is unsurprising that social
scientists apply different interpretations to the same countries, and that there is no universal or
consistent acceptance of any single model.

For the GCC states, Hofstede measured the Kingdom of Saudi Arabia, the Sultanate of
Kuwait and the United Arab Emirates (Hofstede, 1991). Trompenaars and GLOBE have both
studied the GCC states of Kuwait and Qatar (Baumann, 2013; Shi & Wang, 2011, p. 95). The
World Values Survey (WVS), will complete their current cycle of global surveys in 2019, and
this will include Saudi Arabia and the U.A.E. The WVS updates their models regularly and
map cultural shifts through an interactive map (www.worldvaluessurvey.org).

The set of cultural measurements developed by Hofstede cover eighty-five per cent of the
GCC population, and this provides the most comprehensive current set of measures available
for the GCC. To date, several studies (Beugelsdijk, Maseland, & van Hoorn, 2015a; G. Hofstede
& McCrae, 2004; R. F. Inglehart, 2018) have tested individual dimensional scores from
Hofstede’s original findings, and their results suggest that the data concerning his dimensions
remains valid. For example, Beugelsdijk, Maseland and van Hoorn, (2015) replicated
Hofstede's dimensions for 'individualism’ and ‘indulgence’, and their findings suggest “the
Hofstede dimensions relative to the scores of other countries have not changed very much....and
are generally stable”.

3.2 Cultural Integration and ‘culture shock.’

Lewis (2016, p. 19) describes the individual’s experiences of ‘culture shock’ as an uneasy
feeling in which “precious values and unshakeable core beliefs take a battering when we
venture abroad”. Hofstede describes the process as the visitor in a foreign culture returns to
the mental state of an infant, in which the simplest things must be learned over again. This
experience usually leads to feelings of distress, of helplessness, and hostility toward the new
environment (G. Hofstede et al., 2010, p. 384). Canadian anthropologist (Oberg, 1960) is
generally credited with first describing the concept and coining the term “cultural shock”,
which he describes as the state of anxiety and frustration resulting from the immersion in a
culture distinctly different from one's own.
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Researchers, in many cases, identify “stages” of cultural shock, with the perceived number
of stages fluctuating according to the level of detail recognised. Some suggest a six-stage
cyclical approach comprising 1. Preliminary —2. Spectator— 3. Participation 4. — Shock stage
5. — Adjustment and 6. — Re-entry (Moran, Harris and Moran, 2011 p212-216). The Project
Management Institute (PMI) recognises nine steps (Kay, 2014- p249). It is common to
encounter is a four-stage approach (sometimes with an extra step). The extra step is
reintegration to one’s original culture, or “re-entry stage” (Moran, Harris, & Moran, 2011, p
274).

A typical 4 stage approach is shown in Figure 1.

Figure 1 - abstracted from Hofstede’s ““ Exploring Cultures” (Hofstede, 1991a p385)

In Hofstede’s portrayal of cultural shock, the first journey is a feeling of euphoria, a
honeymoon, filled with the excitement of travelling to a new land; then culture shock occurs
when real life starts, and the new environment kicks in. Acculturation follows as the outsider
slowly learns to function in the new environment, accepting some of the local values, and
integrates (with varying success) into a new social network. Hofstede describes the final
integration as a stable state of mind (from Hofstede, 1991a p384-385). It is interesting to note
that those interviewed to date as part of this research, perceived that the settling in period -
Stages Three and Four (acculturalization and stability) was typically between twelve and
eighteen months.

4. Materials and Methods

The research described in this paper adopts a two-phase approach: firstly through literature
review and secondly through empirical field research. This approach is shown
diagrammatically in Figure 2 below.
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Figure 2— Conceptual representation of the research method adopted from Teo and
Loosemore (2014)

4.1  Phase 1 — Literature Review

The extent to which national culture exerts influence on construction projects in the GCC
has been explored by many including Harrison and Michailova, (2012) Baumann, (2013) At-
Twaijri and Al-Muhaiza, (1996) Newman and Nollen, (2016) Jaeger and Adair, 2013 and Mais
Sartari (2010). Haak-Saheem (2016) outlines specific disparities between GCC and western
culture. Harrison & Michailova (2012) studied the roles of expatriate females living in the GCC.
Baumann (2013) specifically focused on time overruns related to National Culture influences.
At-Twaijri and Al-Muhaiza, (1996) studied the GCC’s oil industry, and Sartari (2010)
conducted specific research examining one particular group of western consultants. Haak-
Saheem (2016) specifically researched the potential introduction of public-private partnerships
in the GCC. Al-hashemi (2016) reviewed the influences of organisational culture on Kuwait’s
construction industry. There are also several cross-cultural studies suggesting differing cultural
approaches to management within the GCC, such as Bakhtari, (1995); Chapman, (2004); and
Jaeger and Adair, (2013).
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Outside the GCC there is extensive research on megaprojects (Smits and van Marrewijk,
2014; van Marrewijk, 2007; Van Marrewijk et al., 2014; van Marrewijk et al., 2016) including
the Panama Canal extension, the OMEGA megaproject in France (a French high speed rail
system), Netlipse (a network associated management of large infrastructure projects in Europe),
Nabucco (a 1300 km pipeline through Turkey, Austria, Bulgaria, Romania and Hungary where
researchers have found that culture and trust are critical to the successful completion of
European megaprojects (Rafindadi, Miki¢, Kovaci¢, & Ceki¢, 2014; Suprapto, Bakker, Mooi,
& Hertogh, 2016; Van Marrewijk et al., 2014). This research has identified cultural issues
amongst the management team leadership/governance as a “significant risk” that requires
“special considerations” and management during the lifecycle of the megaproject (Biesenthal
et al., 2018; Smits & Brownlow, 2017; van den Ende & van Marrewijk, 2015). Merron, (1988)
researched the failure of global megaprojects and concluded that megaprojects are large
bundles of risk compounded at every corner, including political, financial, time and culture and
strongly recommends that that one considers culture within all future megaprojects (Merron,
1988 p vi). However, little attention has been directed to the impact of culture upon GCC
megaprojects, to date. From this literature review, it is evident that there is a current gap in
knowledge explicitly relating to GCC research on the influences of culture in megaproject
management.

4.2 Phase 2 — Research Methodology

This research utilizes the principles of grounded theory as a fruitful way of exploring a
substantive area about which little is known Barrett & Sutrisna, (2009, p. 936) and qualitative
studies involving purposeful sampling is engaged until the juncture where data received reached
saturation point (Barrett & Sutrisna, 2009; Glaser & Strauss, 1967; Prior, 2008; Saunders et al.,
2008). As the research draws on the experience of practising participants, semi-structured
interviews are engaged, in preference to structured or in-depth interviews. The semi-structured
interviews investigate the viewpoints of western consultants by recording their personal
experiences. The research focuses on particular features of GCC culture. It commences with
their social integration (seven specific questions); then their professional integration (nine
issues). It then examines their experiences with culture shock (five issues), and details any
cultural preparations that were made or that they suggested might have been useful (eight
questions) before engagement in the GCC.

The results of the interviews were thematically analysed, and the results collated. The
credibility of such research is, of course, endangered by the potential of bias. In an effort to
mitigate the impacts of researcher bias, findings are triangulated with specialist talent
management (HR) departments. Additionally, participants were requested to review, verify and
endorse a transcript of their interviews.

4.3 Hofstede’s existing GCC Cultural Measurements

The pioneering works of Geert Hofstede Hofstede, 2011; Hofstede et al., 2002) remains
crucial to the understanding of national culture. Hofstede has developed “cultural dimensions”
that measure the cultural tendencies of 82 different countries, 2010, fig. 2.2 excluding
duplicated counties). These dimensions include power distance; individualism; masculinity;
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uncertainty avoidance; long term orientation; and indulgence. Several studies have reviewed
the individual dimensional scores from Hofstede’s original findings (Beugelsdijket al., 2015a;
Hofstede and McCrae, 2004; Inglehart, 2018), and suggest that the original data remains
broadly applicable. For example, Beugelsdijk, Maseland and van Hoorn, (2015) replicated
Hofstede's dimensions for Individualism and Indulgence and their findings suggest “the
Hofstede dimensions relative to the scores of other countries have not changed very much....and

are generally stable”.

Hofstede asserts that there are six dimensions to a National Culture. The Hofstede Institute

describes the dimensions, as shown in table 2.

Power Distance (high versus low)

The extent to which the less powerful
members of a society accept that power is
distributed unequally

Uncertainty Avoidance (high versus low)

The extent to which people feel threatened by
uncertainty and ambiguity and try to avoid such
situations.

Individualism (Individualist versus
Collectivist)

Collectivism: people belong to in-groups
(families, organisations, etc.) who look after
them in exchange for loyalty.

Individualism: people only look after
themselves and their immediate family.

Long Term Orientation (long term versus short
term orientation)

The extent to which people show a pragmatic or
future-oriented perspective rather than a
normative or short-term point of view.

Masculinity (high versus low)

Masculinity: the dominant values in society
are achievement and success.

Femininity: the dominant values in society are

Indulgence (Indulgence versus Restraint)

The extent to which people try to control their
desires and impulses. Relatively weak control is
called “Indulgence”, and relatively strong

caring for others and quality of life. control is called “Restraint”.

Table 2 Source : (Culture ComPass™ Consolidated Report, 2014)

Hofstede has measured the first four dimensions for what he describes as “The Arab
World”, including Saudi Arabia, Kuwait and the United Arab Emirates (Hofstede, 1991). A
comparison of differences in cultural dimensions between the “Arab World” and western
cultures often involved nationalities identified through field research (as Table 3) in supporting
the GCC megaproject. Cultural dimensions associated with several participating nationalities
are set out in Table 3 below.
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Index Scores for Countries and Regions
Power Uncertainty Individualism /| Masculinity /
Distance Avoidance Index | Collectivism Femininity
Index Index Index
Country
Australia 36 51 90 61
Belgium 65 94 75 54
France 68 86 71 43
Great Britain 35 35 89 66
Ireland 28 35 70 68
New Zealand 22 49 79 58
South Africa 49 49 65 63
United States 40 46 91 62
Regions of Arab Countries
80 68 38 53

Table 3 Hofstede’s Cultural Dimensions in Numbers- Figures Abstracted from (G.
Hofstede et al., 2010, pp. 6-20)

Table 3 provides numeric values for the score for each country. Through comparison of the
delta (found by subtracting the scores between the states), cultural differences can be
anticipated. In simple terms, the higher the delta in the scoring, the more significant the culture
gap between the nations. To explain these gaps by example, an indicative difference for
dimensions associated with power distance (which represents the ‘distance’ between the
country’s leader and the public); for the Arab nations, a score of 80 reflects the absolute
monarchies typical of Arab states. Whereas western nations such as Ireland (28) or the USA
(40) have a much lower power distance between the ruler and the public, as would be expected
for an elected and democratic government.

Cultural scoring mechanisms indicate the cultural differences between Arab and Western
cultures in other dimensions.

Differences in dimensions indicate the following trends:

Power Distance: Arab Countries have high power distance tendencies where societies
have more respect for the position, age, status and rank. Conflict and negative talk are kept
private, as raised voices or public humiliation is considered extremely disrespectful.

Individualism: The GCC is a collectivistic society with a close long-term commitment to
the member ‘group’, be that a family, extended family, or extended relationships. Loyalty and
culture are paramount and override most other societal rules and regulations.

Masculinity: There are family and moral values associated with caring for extended family
and caring for others, which may take precedence over the need to be successful.

Uncertainty Avoidance: The GCC exhibits a high preference to avoid unpredictability.
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5. GCC field research

Details of GCC megaproject awards are published in the online construction journal
ConstructionWeekOnline.com, (2017). This journal collects and publishes tendering
information, contract awards, and commercial updates for the GCC construction market. It
provides information related to projects drawn from government reports and through
information obtained from consultants working in the region. In this research, Megaprojects in
the GCC were considered as these in progress between 1999 to 2018. This data was carefully
screened, as several megaprojects were deferred between the years 2015 and 2018, due to the
low price of oil (Deloitte,2016). Each megaproject was analysed to check if it had been
suspended, completed or remained active. Cross verification was applied through consulting
with specific megaproject websites, professional consultants’ websites, newspaper project
announcements and local consultant knowledge. This process identified a total of 185 live
megaprojects, in November 2018 in the GCC states.

After identifying these active megaprojects, the western consultant firms employed on
these megaprojects were identified. This research confirmed that twenty-two firms of western
consultants were engaged with megaprojects in Qatar. In 2016, the GCC introduced a blockade
where access to Saudi Arabia, the UAE, and Bahrain were banned (BBC, 2017). As over half
of all GCC western consultants operated in Qatar in tandem with other GCC states, it was
feasible to consider a case study within the state of Qatar (November 2018), while additionally
seeking clarifications from western consultants for any regional differences in approach
throughout the GCC.

Applying a GCC lens through Qatar

Live megaprojects were considered to ensure that the information would be of benefit to
current practitioners. There were seven live megaprojects identified to form the research
sample, as detailed in Table 4.

. . Value
Name of the project Category Cla§51ﬁcat1on of (USD Status Nov
project Billion) 2018
3 Musheireb Development Building mixed use 5.00 Ongoing
14 Doha Metro Infrastructure Metro 46.80 Ongoing
16 Lusail Development Building mixed use 48.65 Ongoing
17 N?W Doha  International Infrastructure Airports 11.00 Phase. 2
Airport Ongoing
19 The Pearl Qatar Building mixed use 5.00 Ongoing
21 New Doha Port Port Port 7.40 Ongoing
The 7 Stadium for the FIFA ol . .
22 World Cup 2022 Building mixed use 10.00 Ongoing
. Water .. .
23 Qatar Water Reservoirs . Water transmission 4.60 Ongoing
Transmission
Totals 158.45 8 Live
Table 4 Live megaprojects in Qatar at December 2018
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Purposeful selection

Purposeful sampling methods (Hoepfl, 1997; Leedy & Ormrod, 2015) were adopted for
this phenomenological inquiry, which seeks to understand cultural influences in GCC
megaprojects. Sixteen methods of purposeful sampling ranging from extreme or deviant case
sampling to convenience sampling are identified by Patton and others(1990, pp. 169-183)This
research focuses on typical case sampling To ensure an adequate breadth of sampling the
investigation, once completed , will include participation by at least one western consultant
from all live megaprojects in the state of Qatar (Table 4). Differing timelines may distort the
results, so the research was limited to megaprojects which were active in November 2018. In-
depth first-hand knowledge was provided by director-level participants. This research has
shown that GCC construction directors (or equivalent) have a significant span of experience,
generally having between five and twenty years of experience in the GCC and occupy the most
senior position within their organisation in the GCC. The terms of the project contract
contractual generally provide that they are the person empowered to endorse or receive formal
communications and to manage their internal staffing requirements (FIDIC, 1999).

The directors of the consultancy firms interviewed come from differing professional
backgrounds, including architects, cost consultants, project management or claims consultants.
After obtaining ethical consent, directors were approached, and the purpose and requirements
of the interview were detailed. To date, twenty have participated, and three have declined citing
either workload or confidentiality concerns.

Following agreement to participate semi-structured interviews were held typically lasting
for between one and two hours per participant. These interviews allowed the researcher to
observe the participants reactions to questions, which provided a more in-depth understanding
by giving knowledge of the context in which events occurred (Hoepfl, 1997). For higher
reliability, meeting minutes were produced, jointly reviewed and confirmed. The participant
was also requested to take part in a further fifteen-minute cultural aptitude survey, which was
undertaken online with the Hofstede Institute. These results were required to authenticate the
usefulness of existing Hofstede institutes researches.

Initial Results:

There is a wealth of information published to date concerning cross-cultural research ( for
example see Hammerich & Lewis, 2013; Hofstede, 2010; M. Javidan, 2009; Moran et al., 2011;
Trompenaars, 1993). There is also research specifically focused on international management
of projects (see, for example, Archibald, 1991; Minor, 1999; Obikunle, 2002). One objective
of this research is to extend and make more useful the knowledge and information available to
western consultants relating to cultural issues that typically arise on megaprojects in the GCC.
Additionally, this research aims to contribute to both the body of research associated with
megaproject development; and to cross-cultural research in the global multicultural
environment. Findings are presented in the form of a narrative with illustrative quotations to
enhance the trustworthiness of the adopted methodology. Five aggregate themes are provided
as headings 5.1 to 5.5. The response considers existing advice from cross-cultural researchers
to compare the initial findings of empirical research with existing data. for western consultants
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in active GCC megaprojects. The analysis and inherent reasoning behind each of the
propositions is provided and connected to these themes is as follows:

5.1  Proposition I Social Integration: Western consultants should be better prepared for
social integration in the GCC

Some cross-cultural commentators advise that ‘when in Rome, you should do as the
Romans’ (Hammerich & Lewis, 2013; Meyer, 2014). Others suggest reviewing the countries
cultural mindset before engagement, through following a framework such as understanding the
type of culture, understanding the differences with your own, respecting the differences and
enriching yourself through the new (Elena, 2010). National characteristics associated with Arab
nations include suggestions that they are family orientated, conservative, religious, and
consultative - not individualistic (Bakhtari, 1995; Erin, 2014; Moran et al., 2011). Cultural
commentators also warn of the dangers of leaving your home country to escape back home
issues, such as relationship or career issues (Moran et al., 2011)

For this research, participants were requested to provide their regional ethnic background,
from a selection of the Americas / Europe / Asia / Africa & the Middle East / Australia. The
respondents are almost equally split between Europe and Africa and the Middle East. In some
instances, participants addressed this research based on citizenship they had been granted, as
opposed to their place of birth.

Participants from Africa and the Middle East described the least social integration issues
as most had prior links to the community. For others, mainly Europeans, social integration was
restricted with many stating that they felt significant restrictions compared to those experienced
in Europe. The responses of one Quantity Surveyor that the social side “it is not for everyone”,
related to facilities being closed at prayer times, particularly at weekends, the need to wear more
modest clothing, and the fact that Saudi Arabia was considered very restrictive for females.
Most perceived the procedures for getting visas, official permits and any documentation as
highly bureaucratic.

The most common perceived benefits were related to health and a tax-free lifestyle,
although many reported that these benefits, had reduced in recent years. Most participants
recommended the lifestyle. However, a commonly expressed included a perception of increased
spending power “if the money isn’t tax-free,  wouldn’t be here’’). All participants recorded that
primarily, their social engagement was limited to interactions with other expatriates and not
GCC residents.

5.2 Proposition 2 Professional Integration: Western consultants should be advised of
the professional differences to be encountered and the need to build trust between the parties.

There are some aspects to each profession that cannot carry through all regions, so a healthy
dose of particularism is often required (Trompenaars & Wooliams, 2001). From the onset, it is
likely that the consultant will become part of a cultural soup, and may benefit from a framework
to manage multicultural teams (Zein, 2015; Ochieng & Price, 2009). Cross-cultural
commentators advise that nothing happens quickly and trust is paramount (Moran et al., 2011),
and that trust is built up in Arab nations based on relationships (Meyer, 2014, p. 171) There are
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more significant risks associated with cultural miscommunication at professional levels. For
example, a severe cultural mistake would be to embarrass one’s host in public, leading to a loss
of “face”. Despite suggestions that society has become more tolerant over the years, the concept
of face is still prominent within the Middle East and in the Far East (Webb, 2015, p. 262). One
of the easiest ways to cause someone to lose face is to “insult an individual or criticise them in
front of others” (Hammerich & Lewis, 2013, p. 222). Hofstede records that sometimes a “/oss
of face can be felt more painfully than physical mistreatment’.

For differences between professionalism in the home nation in the GCC, the profession of
the consultant seemed to influence his perception. For example, significant architectural
practices indicated that design parameters were similar throughout the world. Likewise, cost
consultants advised that their cost reporting and estimating were identical. While the
presentation and content remained generally consistent, the parties reported notable differences
were related to the highly developed output demanded and to time frames set, which were
frequently unrealistic. They elaborated on the time required to build trust between themselves
and the project sponsor, which they found more difficult than building similar relationships in
their home country. A standard view expressed was that the unrealistic time expectations
resulted in extended working hours leading to a poor work/life balance. An early finding of the
study is that the respondents found professional integration a lengthy process, often requiring
up to eighteen months to feel professionally accepted.

5.3 Proposition 3 Culture Shock: Western consultants should prepare better to reduce
the impacts of cultural shock

An emerging finding of the research was that there were extensive education and project
qualifications, which were a pre-requisite to western consultants’ consideration for engagement
on a GCC megaproject. The New Doha International Airport, the Metro and the new Port all
required a minimum of fifteen years post graduate experience, in addition to specific project
related experience, and a minimum of five years working in the GCC. Despite this requirement
for prior local knowledge, most respondents were aware of megaprojects from which key
personnel had been removed due to cultural differences. Many participants expressed concern
about the threat of project removal. Despite assurances of confidentiality, two firm’s directors
refused to provide an interview due to concerns based on a perceived job endangerment
associated with speaking about such events.

Once key project personnel were removed, respondents cited a slowdown in project
productivity, an increased perception of job instability, and reduced morale, all because of such
removals. One respondent referred to a very high frequency of replacements in three of his
recent GCC megaprojects leading him to suggest. You re no good unless you have been kicked
off at least two projects and it happens every day. More than half of the respondents believe it
was highly dangerous to have of public disagreement with their Arab counterpart, with many
considering this as a critical reason for removal from a project. As part of the on-going research,
a project-specific case study is being undertaken to provide additional information to explain
this phenomenon better.
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5.4 Proposition 4 Preparation for the GCC: Western Consultants should be offered
training before emersion in the GCC

Cross-cultural experts suggest that cross-cultural preparation can offer benefits including
less turnover of staff, resulting in reduced ‘return costs’ and better performances, productivity
and profitability (Moran et al., 2011). This research found that over one-third of participants
had received some form of educational training or preparations in advance of their assignment
in the GCC. This training ranged between a three-day workshop (one instance) to one-to-one
counselling for a duration of between two to five hours for three participants. The participants
felt that this had been useful, and the respondents who had received training suggested that they
had ‘fully acclimatised’ in twelve months, slightly under the average fourteen-month
acclimatisation period described by others. Those that had not received any form of training
suggested that such training would be beneficial. In follow-up questioning, over 60%believied
that this would be best provided by external consultants. Only one participant expressed the
view that you could not prepare in advance.

5.5 Proposition 5 Application of Hofstede’s Cultural Compass: Western Consultants
can be better prepared for the entry to the GCC by reviewing existing national culture traits.

More than half (60%) of respondents completed the Hofstede Cultural Compass survey.
This survey provides feedback to the participant on several aspects of cultural integration.
Firstly, it advises them of the culture dimensions expected from their own national culture.
Secondly, it gives them an individual ranking against their national culture score. The ranking
may indicate that their culture is not in line with the collective position of their home nation.
Thirdly - and most critically - it compares the cultural tendencies inherently acquired through
home cultural behaviour with cultural differences they are likely to experience in the GCC.
During the interviews, participants respond to specific questions related to their attitudes
towards project issues. Topics include working relationships, control levels, punctuality,
change management, and customer orientation. Such questions are designed to derive their
preferences for their work environment, the levels of authority they feel should be applied to
their work, and a series of rules to follow. Respondents were generally satisfied that the data
produced was indicative of their experiences with the GCC to date, except for two participants,
one who queried the value of the data, and another who felt the differences between his host
country scores and his personal culture scores were inaccurate. Feedback from participants of
the survey ranged from “interesting questions” to most commonly a “very useful tool”.

6. The disruption caused by a breakdown in trust

It is suggested (Harrison, 1994, p.18; Lei3, 2013 p.29) that the employer incurs costs for
every premature departure of up to $1,000,000 per employee. The respondents surveyed to date
were not prepared to disclose the actual costs associated with the removal of personnel from
projects. However, it is evident that the financial losses related to such calculations do not
include the intangible costs associated with the early departure of key personnel. Interviews
recorded intangible difficulties faced by the project, including project disruption, lower staff
morale, loss of momentum and loss of reputation. Further research and data collection beyond
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this paper, is required to explain and appreciate the fuller scale of the losses incurred when key
people depart the megaproject.

6.1 Cultural Assistance

Cross-cultural researchers such as (G. J. Hofstede et al., 2002; R. Inglehart & Wayne, 2000;
Moran et al., 2011; Schwartz et al., 1999; Triandis, 1993) have identified the substantial
differences between Western and Arab cultures for decades. They offer their services to decode
other cultures to avoid misunderstanding, needless conflict and ultimate failure (Myer, 2018,
p- 12). There are both organisational levels resources such as the Hofstede Institute
(www.hofstede-insights.com) or Trompenaars THT institute (http://www?2.thtconsulting.com),
and individual experts such as Omar Zein (Zein, 2016) and Karen Smith
(www.crossculturework.com). They aim to assist with analysis, provide bespoke educational
training courses or detailed reports outlining the measures necessary to succeed in the Arabic
culture. They can provide individual or group specialist advice for the preparation required to
acclimatise. Their recommendations often include cultural alignment, cultural collaboration,
acknowledgement of soft skills associated with personnel (Struggles & Heidrick, 2015), and
open cross-cultural communications (Kardes et al. 2013). They promote flexibility by first
understanding your own culture and having a willingness to integrate with other cultures (Elena,
2010; Zein, 2015). This concept is acknowledged by Schein, (2004, p. 7) who recommends
that we “need to see the world through cultural lenses”. Despite the availability of such
professional advisors, those surveyed to date had little to no intercultural training. During semi-
structured interviews, participants acknowledge the need for cultural training and most
respondents foresee a significant benefit to such training. Further research is needed to review
and to test the efficacy of what is available and marketed as cultural consultancy advice.

7. Conclusions

The value of GCC megaproject is estimated at $279 billion or 19% of GCC GDP, as
referenced in Table 1, and an estimated 146 western consultants are active in this market. There
has, however, been limited research to date that examines the experiences of western
consultants active in or entering this market. This research examines the intersection of two
areas in the megaproject construction sector: trust and cultural issues. This research captures
the experiences of western construction consultants operating in the GCC construction sector.

Preliminary findings to date suggest a widespread lack of trust between the parties. These
trust issues can provide a negative effect on the success of GCC megaprojects. As a megaproject
team becomes more cohesive with greater cultural unification of the group, then lessons from
megaprojects such as the Panama Canal (van Marrewijk et al., 2016) shows that this will result
in improved delivery.

Given the high value of megaprojects currently underway in the GCC and recognising the
high replacement costs of a single principal consultant, this research is essential, both in
contributing to improving project cost efficiency and in enhancing project performance.

The early findings of the research suggest that there is a high number of Western
professional consultancy staff regularly removed and replaced. The study identifies that staff
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replacements are in some cases, the result of miscommunication, loss of trust between the
parties, or a failure to appreciate the cultural differences between the parties. This research
revealed a limited number of western consultants in the GCC who were able to successfully
navigate these issues s as evidenced by their longevity of project tenure. The initial findings
support the idea that cultural integration requires the acquisition of soft management ‘people-
skills’ and understanding how people tick (Hillson, 2009). These observations are echoed by
specialised recruitment agencies such as Struggles & Heindrick, (2015) who suggest that a
critical requirement for placing executives in megaprojects is the need for “directors to learn
the soft skills necessary to manage cultural differences”.

7.1  Further researches

This paper reports on an active research project. Although the initial findings are of
considerable interest, and interesting patterns and trends particular to the experience of Western
Consultants on mega projects in the GCC begin to emerge, there is more work to do to test the
validity and applicability of the findings. More data and a complete interrogation of the data is
planned over the next two years.
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Abstract:

This paper aims to determine the most influential factors of typical cost overruns and
schedule delays in tunnel construction megaprojects. Based on an empirical dataset of tunnel
megaprojects built internationally, the authors conduct analyses of variances and linear
regression modeling to infer statistical significance and understand the relationships that are
likely to exist between cost overruns, schedule delays and project, technical, and governance
factors of a sample of tunnel megaprojects. The results suggest that the most significant factors
are those related to the project complexity such as the length of the tunnel, the total length of
the tunnel tubes, the number of cross passage tubes, and the type of project delivery system.
Despite expectations, the type of infrastructure, region, ownership, and funding scheme are not
likely significant factors of cost and schedule performance. Tunnel construction practitioners
can benefit from this research findings in their attempt to help improve the performance of
future tunneling megaprojects and making better technical and managerial decisions. Lastly,
this novel analysis affirms that the size and complexity of tunnel megaprojects are important
determinants of the low performance that is typically measured in such kind of megaprojects.

Keywords: construction management; cost, schedule; megaprojects; project management; tunnel construction

1. Introduction

Megaprojects are most often unsuccessful as they typically fail to meet expected levels of
cost and time performance (Muller and Judgev, 2012). Substantial cost overruns and schedule
delays are usual problems in megaprojects leading to disappointing outcomes (Lehtonen and
Martinsuo, 2006). Megaprojects are characterized by design complexity, number of
stakeholders involved, huge budgets, and long durations so that a small change in the project
input may reflect in a large and escalating effect in the output.

As part of the wider category of megaprojects, large-sized transport tunnel construction
projects show very low cost and time performance, specifically. This is probably due to the
inherent characteristics of tunnels. In fact, multiple design disciplines, diverging interests of a
variety of stakeholders ranging from promoters to local communities and governmental
agencies, resource and capital intensity, tough environmental requirements, technological
challenges, and major uncertainty make it hard to appropriately estimate and manage project
time, cost, and risk so that tunnel megaprojects often result in significant cost escalations and
time delays out of the original schedules and budget targets (Narbaev and De Marco, 2017;
Flyvbjerg et al., 2007).
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Recent studies show that, despite their growing popularity, construction megaprojects often
fail to meet original cost estimations, time schedules and other project outcomes (Van
Marrewijk et al., 2008). As a consequence, the high rate of failure experienced by infrastructure
megaprojects has originated several studies to examine the factors that can contribute to their
success (Joslin and Muller, 2016). Previous works have placed emphasis on project cost
escalation factors (Shane et al., 2009), complexity and risk factors (Creedy et al., 2010; Kardes
et al., 2013; De Marco et al., 2017). With this regard, a founding empirical study to understand
the factors of typical poor performance in transport infrastructure megaprojects is the one by
Flyvbjerg et al. (2003b, 2004). In their work, they analyze 258 large-sized transport projects
developed in 20 nations worldwide and conclude that cost overrun and time delay in
megaprojects are a widespread global reality, without statistically significant difference on
historical period, region, or mode of transport. The conclusions drawn are an average cost
escalation of 45% for rail projects, 34% for fixed link projects, such as tunnels and bridges, and
20% for road projects. Also, they report that cost overrun depends on three main factors: the
length of the implementation phase, the size of the project, and the type of property (Flyvbjerg
et al., 2004). More recently, researchers have started to widen the scope of possible failure
factors and focus more on the structural characteristics of the project context and its impact on
success. According to a study by Asvadurov et al. (2017), infrastructure megaprojects with
budgeted cost greater than one billion US dollars are delayed by one year and exceed the
expected budget of over 30% on average.

Another important factor that has been given the attention of researchers is the governance
of megaprojects. This stream of literature identifies the structural characteristics needed for
successful project execution. Project governance is about the use of delivery systems, structures
of authority, and processes to responsibilities and control a project with the objective to support
projects in achieving their cost and time objectives. In this context, some authors have been
seeking to explain the significant performance problems exhibited by many transport
megaprojects and critically examined their suggested governance solutions (Sanderson, 2011).

However, few previous studies are available to explore the factors of low cost and schedule
performance of transport tunnel megaprojects: the literature largely reviews cost and schedule
in transport infrastructure megaprojects, but little mention is given for tunnel projects overall,
and their cost and schedule performance in particular. For instance, Reilly and Brown (2004)
have anticipated that mechanisms to incorporate management and control of risk are an
important factor to mitigate cost escalation in tunneling projects.

In this paper, we carry out a novel empirical analysis on 39 tunnel megaprojects built
worldwide in order to identify the main determinants of cost overrun and time delay. This is an
attempt to help improving performance of future tunneling projects and establishing better
organizational and managerial policies when dealing with such infrastructure megaprojects.

The remainder of this paper is structured as follows. The next section introduces the dataset
collected from the 39 tunnel projects and the research methodology. Then, the paper presents
the exploratory descriptive statistics and the linear regression modeling results subdivided into
project, technical and governance groups of variables that may influence cost and schedule
performance. After that, the main findings are discussed with practical implications and
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limitation of the study. Finally, the conclusions are derived with the summary and future
research directions.

2. Materials and Methods

2.1.Data Collection

This study collected data from tunnel construction megaprojects developed or in progress
over the last 20 years. The minimum budget is greater than $500 million (approximately €400
millions). The authors used the following three sources to collect the data: 1) the second-hand
search in available web-based project databases, scholarly publications, official websites by
governmental agencies, project promoters and general contractor; 2) available studies from the
World Tunnel Congress 2017 Norway Bergen (9-15 June 2017); and 3) the first-hand data via
an online questionnaire administered to the project promoters or sponsors of the identified 39
tunnel megaprojects.

2.2.Methodology

The research approach included two stages. On the first stage, the authors conducted an
exploratory analysis with the purpose to capture the main characteristics of the dataset of tunnel
megaprojects. On the second stage, the study analyzed using an inferential statistics. The aim
was to detect possible relationships, if any, between the identified variables of interest.

The dataset of the project factors was grouped into three categories of variables. The first
category were the project variables such as location, the period when the tunnel is excavated,
durations of the approval period and implementation phase, investment size, final cost overrun
and time delay. The second category of variables includes the technical variables such as the
type of tunnel, physical characteristics of the tunnel, and the excavation method. Lastly, the
third group on the governance variables included factors such as the delivery system, project
ownership, source of funding, and type of relationship between owner and contractor. With this
regard, the authors were interested to determine whether these project, technical and governance
factors may have a statistical relationship with project cost and schedule performance.

For the purpose of this study, time performance was measured as the percent fraction of
actual duration minus the scheduled duration over the scheduled duration. As for cost
performance percent variation, this was measured as the actual final cost minus the original
budgeted cost over the budgeted cost. With this regard, the study applied both one-way
ANOVA and simple linear regression methods to determine whether their differences were
statistically significant.

The null hypothesis of the model was that the means of the samples to be compared were
the same: for this hypothesis to be rejected, the p-value must be less than 0.1. If it was below
0.01, the difference was strongly significant; between 0.01 and 0.05, significant; between 0.05
and 0.1 weakly significant.

The following assumptions of the regression model were tested using the SPSS® software.
In particular, in order to verify the first assumption of homoscedasticity, which is referred as to
the homogeneity of the variances within the layers, the Levene test was used. The Levene test’s
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null hypothesis was that the variances were equal within the layers: if this showed significance
lower than 0.05, the interpretation was that the variances were not homogeneous and therefore
it was necessary to proceed with other tests than ANOVA to verify the equality of the compared
sample means. To test the second ANOV A assumption, which was the normality of a dependent
variable within different groups, the Kolmogorov-Smirnov test was used. Its null hypothesis
stated that the distribution of a variable was normal.

In cases where these two assumptions of the ANOV A model were violated, the authors had
to apply a non-parametric test: the Mann-Whitney's non-parametric test, extending to the
Kruskal-Wallis test for the cases with more than two groups (Kruskal and Wallis, 1952).

3. Results and Analysis

3.1.Projects Exploratory Analysis

Some main characteristics of the projects are reported in this section. Out of 39 tunnel
projects, 7 were still into their design and planning stage, 19 were in progress and 13 were
completed. 18 were announced earlier than the year 2000, 16 from year 2000 to 2010, and 5
after 2010. 13 projects were longer than 10 years, 20 projects lasted from 5 to 10 years, and just
6 were shorter than 5 years. Here the duration was defined as the period from the date the project
was publicly announced by the promoting government to the start date of traffic operations.
The size of capital expenditure ranged from €0.5 billion to more than €4 billion, with 19 projects
less than €2 billion, 6 from €2 billion to €4 billion, and 14 larger than €4 billion. The dataset
includes 56% projects developed in Europe, 28% in Asia, 3% in the North America, 8% in the
South America, and 5% in Australia.

Appendix A presents the list of the projects analyzed in this paper. In particular, with regard
to the type of a project, 19 tunnels were railroad infrastructures only, 9 were used for road
vehicles, and 3 v mixed usage and 8 metro lines. One tunnel was dedicated to freight transport
only, 10 projects were for people transport, while remaining 28 had a mixed-use purpose. 23
projects were alpine base tunnels, 10 projects were urban infrastructures and 6 were in other
non-alpine landscape settings. 23% projects were transnational tunnels.

The collected projects’ data can be subsumed into project, technical and governance
categories of project variables. Table 1 presents some of the project factors of the sourced
tunnels. The average cost overrun and schedule delay of the sample projects were 27% and
34%, respectively. This is consistent with Flyvbjerg et al. (2003b) who record an average cost
overrun of 34% for both tunnel and bridge projects. In particular, the average time delay was
approximately 1.6 years. The average approval period, referred to as the preliminary time period
before the project is initiated, from the date the project is publicly announced to the date it is
formally authorized was 7.8 years with a high standard deviation: it took more than 25 years to
some projects to be initiated.
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Table 1. Main project characteristics

Variable Unit Min Max Mean St.Dev.
Cost overrun % -3 132 27 31
Schedule delay % 0 100 34 29
Scheduled duration Years 2.0 17.0 7.1 4.0
Approval period Years 0.0 25.0 7.8 7.5
Excavation phase delay Years 0.0 6.0 1.3 1.6
Budgeted cost Billion € 0.50 9.61 3.37 3.01
Capex per km Min €/km 10.20 176.6 53.2 32.70

Table 2 reports some of the technical characteristics that may be impacting on the cost and
schedule performance of the tunnel megaprojects. As part of these variables, the physical length
of the project and the type of excavation are expected to influence the project performance.

Table 2. Technical characteristics of the sample projects

Variable Unit Min Max Mean St.Dev.
Infrastructure length Km 5.0 135.0 52.4 393
Tunnel length Km 2.8 85.0 24.6 18.9
Total length of tunnel tubes Km 4.5 230.0 57.2 53.4
Internal diameter of single tube M 5.0 16.0 8.4 2.3
Distance between tubes M 0.0 40.0 29.3 13.0
Maximum altitude M -390.0 4080.0 583.7 1041.2
Maximum slope %o 3.0 72.0 21.7 17.8
Number of cross passage tubes Units 4 268 81 64
Distance b/w cross passages M 100.0 3144.0 461.4 5433
Tunnel Boring Machine (TBM) excavation portion % 0 100 65 35
Number of TMB used Units 1 21 4 4.5
TBM length M 85.0 450.0 170.5 102.9
TBM weight Ton 100 3400 1685 986
TBM diameter M 5.8 13.7 9.2 2.0
TBM average speed M/day 8 26 16.7 6.3
Traditional excavation speed M/day 3.7 6.0 4.7 1.0
Excavated rock volume Min M? 0.1 19.0 6.6 6.3
Excavated rock weight Min Tons 4.0 40.0 17.7 13.4

Finally, several governance issues may be important factors of project performance. To
analyze whether these aspects may influence the project schedule and cost performance, the
dataset included information related to the project delivery system, financing mechanism,
payment scheme, and project management service.

In particular, 51% of projects were directly delivered by the national ministry of

infrastructure or public agency using traditional contracting mechanisms; for 20% of the
projects a state or publicly-owned project company was created; the remaining 19% projects
were developed by a privately-financed project company shared by construction companies,
service operators and other equity investor. The two Chinese projects belonged to this last
category although the shareholders were government-owned. In summary, 39% of projects
were developed by a special purpose vehicle (SPV) that acted either as a Design-Builder (DB)
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only (21%) or as a concessionaire responsible for all project lifecycle stages of design, build
and Operations&Maintenance (O&M) (18%). The concessionaire SPV was either public (10%)
or privately-owned (8%), which led to using a Build-Operate-Transfer (BOT) form of project
delivery system (De Marco et al., 2012).

As per the financing mechanism, 74% of the tunnel projects resulted to be totally funded
with public sources of funding, while remaining projects were developed under a project
financing mechanism so that the SPV was responsible for providing, in part or in total, the
sources of funding. These come under the forms of both equity and debt financing (Finnerty,
2007).

When it comes to the payment scheme, in approximately 70% of projects the contractor
was paid a lump-sum fixed price, for 27% of projects construction contractors were reimbursed
based on a unit price scheme (such as price per km of excavation, etc.), and only remaining 3%
had a cost plus fixed fee payment contract (Villalba-Romero and Liyanage, 2016). A third-party
construction project management company, as defined by De Marco (2018), was hired in 67%
of the projects.

Finally, as far as the O&M service contract was concerned, 20 tunnels were directly
operated by the government and associated governmental bodies, 6 were assigned a specific
O&M service contract, and the remaining 13 projects were operated and maintained by the
same SPV which was also responsible for the design and build phases.

3.2.The Regression Analysis: The Project Factors

The following three sections present various Anova, Mann-Whitney, Kruskal-Wallis tests
and regression analyses to determine the existence of a statistical relationship between the main
project, technical and governance variables, on the one side, and cost overrun and schedule
delay, on the other side.

Influence of Type of Facility. First, the type of facility, namely rail, road, mixed use, or
metro tunnel, did not prove any significant relation with project schedule and cost poor
performance. However, direct comparison of rail tunnel projects versus all other types of
infrastructures as a group showed a little significant difference in schedule delay and can
explain a likely, tough weak, impact on the schedule delay of the sample projects (Table 3). In
particular rail tunnels proved a shorter schedule delay than other facilities. However, this result
may reflect the definition of schedule performance itself, referred here as the ratio of schedule
variance over the original duration, so that a longer duration leads to a smaller percent schedule
delay (Hoffman et al., 2007). In fact, the average duration of rail tunnel projects was 8.6 years,
compared to 6.4 years for road tunnels, 5.6 for mixed use, and 4.7 for metro lines.

Table 3. Relation between rail tunnels and project performance
Performance variables Rail Mean Rail St.Dev. Other Mean Other St.Dev. Significance

Schedule delay 0.242 0.258 0.432 0.305 0.098
Cost overrun 0.379 0.405 0.222 0.263 0.246
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Influence of Region. The influence of the geographical was is not statistically significant
(Table 4). The analysis focused just on Europe and Asia, as the number of observations for the
other regions are not enough to prove significant. This result was in line with the studies by
Flyvbjerg et al. (2003b; 2004) who stated that the cost escalation phenomenon had rather global
diffusion, regardless of the region where the infrastructure was delivered. Similar non-
significant correlation was also found when it came to analyze national tunnel projects versus
transnational projects, such as alpine base tunnels. This indicated that the involvement of
multiple governments was not likely to be a predictor of cost and schedule poor performance.

Table 4. Influence of region on project performance

Performance variables Europe Mean  Europe St.Dev.  AsiaMean  Asia St.Dev.  Significance
Schedule delay 0.370 0.327 0.272 0.245 0.438
Cost overrun 0.317 0.327 0.132 0.123 0.19

Trends over Time. In their studies, Flyvbjerg et al. (2003a) could not detect any cost and
schedule performance improvements in past projects. However, in recent years, construction
technology, as well as project monitoring and control tools have considerably evolved so that
one would expect a possible learning curve effect on schedule and cost performance. To
understand such project performance trends over time, the sample projects were classified into
three clusters according to their start date, referred to as the date the project was formally
approved/authorized by government, namely: those started before year 2000, those initiated
from 2000 to 2010, and those started after year 2010. The homogeneity of distributions for both
schedule delay and cost overrun were measured for both categories using the Kruskal-Wallis
test. Results did not prove significant.

However, a significant linear relationship between the project startup year and cost overrun
was observed (Figure 1): this means that recent projects have been gaining cost performance
improvements. As one would think, the high coefficient of determination (R?) indicates that the
project start date is probably not the only one variable that can explain the cost overrun
improvement trend (Table 5): the concurrence of other factors was likely to influence the
improved cost performance of recent projects, such as, for example, refined project monitoring
and control systems.

Figure 1. Relation between year of approval and percent cost overrun
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Table 5. Linear regression of approval year date versus percent cost overrun

Model Summary Parameter Estimation
Equation R’ F dfl dr Significance Cost. b
Linear 0.200  5.496 1 22 0.028 17.219 -0.008

Estimated Project Duration and Budget. The estimated project duration was also likely to
impact on project cost overruns. Intuitively, it was harder to estimate long-term than short-term
project budgets. This hypothesis was confirmed by the significant linear relation between the
expected duration as the independent variable, expressed in number of years, and the cost
overrun dependent variable (Figure 2, Table 6).

Figure 2. Relation between expected project duration and percent cost overrun

On the contrary, despite intuition that a larger budget could lead to lower project
performance, the project budgeted cost did not show any statistically significant impact on
schedule delay and cost overrun. However, the cluster of those megaprojects with budgeted
cost greater than €4 billion had higher average cost overrun than smaller megaprojects.

Table 6. Linear regression of estimated duration versus percent cost overrun

Model Summary Parameter
Estimation
Equatio R F df df Significanc Cost. by
n 1 2 e
Linear 0.24 6.48 1 21 0.019 0.06 0.02
0 0 0 0

3.3 The Regression Analysis: The Technical Factors

Some of the technical factors identified in Table 2 proved to have significant relationship
with cost overrun, namely the tunnel length, the total length of tunnel tubes, and the number of
cross passage tubes (Table 7).
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Table 7. Statistical significance of the technical factors on cost overrun

Variable R’ Significance Constant Slope
Infrastructure length 0.016 0.655 0.223 -0.001
Tunnel length 0.393 0.001 0.044 0.007
Total length of tunnel tubes 0.376 0.002 0.077 0.002
Internal diameter of single tube 0.041 0.403 0.067 0.015
Distance between tubes 0.070 0.382 0.094 0.003

Maximum altitude 0.002 0.855 0.191 0.000
Maximum slope 0.034 0.475 0.157 0.002
Number of cross passage tubes 0.517 0.002 0.045 0.002
Distance b/w cross passages 0.047 0.437 0.164 0.000
TBM excavation portion 0.001 0.916 0.186 0.014
Number of Tunnel Boring Machine (TMB) used 0.009 0.749 0.180 0.004
TBM length 0.712 0.001 -0.042 0.001

TBM weight 0.151 0.268 0.083 0.000
TBM diameter 0.039 0.515 0.036 0.017
TBM average speed 0.425 0.016 0.048 0.008

Traditional excavation speed 0.036 0.760 0.344 -0.32

Excavated rock volume 0.000 0.994 0.195 0.000
Excavated rock weight 0.893 0.000 -0.017 0.012

Similarly, Table 8 reports the results of the linear regression analysis and proved no
significance of the main technical factors on schedule delay.

Table 8. Statistical significance of the technical factors on schedule delay

Variable R Significance Constant Slope
Infrastructure length 0,399 0,007 0,584 -0,005
Tunnel length 0,095 0,126 0,455 -0,005
Total length of tunnel tubes 0,062 0,251 0,415 -0,001
Internal diameter of single tube 0,030 0,453 0,526 -0,023
Distance between tubes 0,054 0,386 0,491 -0,005
Maximum altitude 0,011 0,637 0,319 0,000
Maximum slope 0,024 0,540 0,282 0,003
Number of cross passage tubes 0,062 0,303 0,429 -0,001
Distance b/w cross passages 0,068 0,297 0,402 0,000
TBM excavation portion 0,096 0,197 0,167 0,262
Number of TMB used 0,016 0,642 0,371 -0,008
TBM length 0,125 0,287 0,508 -0,001
TBM weight 0,002 0,890 0,314 0,000
TBM diameter 0,005 0,797 0,434 -0,010
TBM average speed 0,001 0,912 0,349 -0001
Traditional excavation speed 0,516 0,172 1,316 -0,210
Excavated rock volume 0,117 0,303 0,443 -0,016
Excavated rock weight 0,243 0,600 0,431 -0,005
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3.3.The Regression Analysis: The Governance Factors

Influence of Ownership. Despite expectations, the variables pertinent to the governance
model did not result as predictors of cost overrun and schedule delay. In particular, project
performance was not likely be affected if the project was either managed by a governmental
body, a public-owned project company, or a privately-financed SPV.

Influence of Financing Mechanism. Another influence factor on project performance may
be the funding system. However, also there were some differences, on average, they were not
significant to explain potential cost overrun or schedule delay between the projects entirely
funded by the public sector and privately-financed forms of public-private partnership (PPP)
projects (Table 9).

Table 9. Statistical significance of the financing mechanism

Performance variables Public Mean Public St.Dev. PPP Mean  PPP St.Dev. Significance
Schedule delay 0.333 0.308 0.350 0.263 0.904
Cost overrun 0.264 0.294 0.284 0.376 0.885

Influence of Contracting Mechanism. Another factor was the contracting mechanism
between the promoter and the contractor: differences between the mean values of separated
design versus integrated design contract categories, namely traditional Design-Bid-Build
(DBB) infrastructure procurement process versus integrated Design-Build (DB) contracts,
proved to have statistical significance on cost overrun. No influence on the schedule delay was
observed (Table 10). This can be explained as follows. In a traditional separate DBB delivery
system any change to the original design imposes heavy additional charges on the promoter that
can lead to substantial scope and budget creeping. Conversely, in an integrated DB or
Engineering Procurement Construction (EPC) contract arrangement the final cost increase is
likely to be reduced as the cost estimates are made by contractor (Anderson and Oyetunji,
2003).

Table 10. Influence of the separate versus integrated design on project performance

Performance variables Separate Separate Integrated Integrated Design  Significance
Design Mean  Design Design St.Dev.
St.Dev. Mean
Schedule delay 0.304 0.284 0.420 0.304 0.387
Cost overrun 0.364 0.153 0.361 0.186 0.091

Influence of O&M Factors. Finally, the authors investigated the possible implications of
O&M practices on project cost and schedule performance. The expected model was that the
O&M duty assigned to the same business entity that was involved in the development period
could act as an incentive to finish on time and within the budgeted cost so as to maximize the
project financial profitability. However, the average differences between situations when O&M
was given to the same business entity and those when it was given to a different service provider
were not likely to influence neither the cost nor schedule performance (Table 11).
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Table 11. Influence of the same versus different O&M business entity on project performance

Performance variables ~ Same entity mean  Same entity Different entity Different Significance
st. dev. mean entity st. dev.

Schedule delay 0.340 0.280 0.410 0.300 0.545

Cost overrun 0.290 0.320 0.240 0.320 0.698

4. Discussion

A specific dataset for tunnel megaprojects did not exist and this paper makes it now
available for future research and exploration by scholars in the tunnel engineering and
construction fields. Also, this dataset aims at integrating both technical and management data
with the purpose of demonstrating that project performance likely results from a combination
of proper engineering and managerial decisions, such as the choice of the delivery system.

The results of this study have practical implications for decision makers, public managers,
project managers and designers involved in tunnel construction megaprojects. They can take
some lessons from this study. In particular, it is shown that one of the main drivers of cost
overrun and schedule delay is the complexity of the infrastructure, including the length of the
tunnel, the total length of tunnel tubes, number of cross passage tubes, and delivery system.
Since the length of the infrastructure and similar technical aspects are often constrained by
intrinsic morphology and norms, it becomes essential to improve project delivery. This can
come via using integrated Design-Build contract mechanism, such as EPC or BOT, as well as
adopting associated suitable project estimating, monitoring and control methodologies and tools
to pursue improved time, cost and quality performance goals (Martin et al., 2009; Reilly et al.,
2011; Narbaev and De Marco, 2017).

From the point of view of project governance, although not statistically significant, the
establishment of a project company or SPV seems to improve the project cost and schedule
performance than direct management by government. The results of this work also corroborate
the findings of Turner and Xue (2018) who recently noted that, given the complex nature of
megaprojects, small changes in the input can lead to disproportionate changes in the output.
They noted that time and cost targets defined at the outset of a megaproject construction can
have little validity and are not values that can be used to judge success or failure of
megaprojects.

Due to the reduced number of available observations, the results obtained cannot be
declared of complete statistical significance. However, the aim of this study was to detect
reasons and provide possible explanations for delays and cost overrun of large tunnel
construction projects rather than to assert exact matches. The limited number of projects was
inherently related to worldwide construction of large tunnel infrastructures: it was intentionally
decided to analyze megaprojects only, which number is therefore limited in the world.

5. Conclusion

This paper presents an empirical analysis based on a dataset collected via reports and first-
hand questionnaires submitted to the project promoters and sponsors of 39 tunnel construction
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megaprojects internationally. It examines the statistical influence that the main project,
technical and governance factors may have on cost and schedule performance of tunnel projects.
Analyses revealed that the most significant factors are those related to the project complexity
such as the length of the tunnel, the total length of the tunnel tubes, the number of cross passage
tubes, and the type of project delivery. This study reveales that the size and technical design
complexity may be crucial variables to explain the cost and schedule underperformances that
are typically experienced in tunnel construction megaprojects.

The findings of the current study can be used by construction management scholars to
better understand the main factors that may influence the chronical cost overrun and schedule
delays of large infrastructure projects. Tunnel construction practitioners can benefit from the
research findings in their attempt to help improve the performance of future tunneling
megaprojects and making better technical and managerial decisions.

Future research should aim to extend this empirical analysis to smaller tunnel construction
projects in order to figure out if size could be also a determinant of project performance. In
other words, it would be important to explore whether the size and complexity of the tunnel
infrastructure is a peculiar factors of low performance for megaprojects only, which is a main
theoretical assumption and conclusion of this study or it indifferently applies to all tunnel sizes.
So far, one can conclude that tunnel megaprojects lag behind schedule and overrun cost because
of their large size. However, future research may conclude that this is because of the intrinsic
nature of tunnel construction projects.
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A. Appendix: The Sample of Tunnel Projects

The data on the following tunnel projects are used in this study: the Sydney Metro
Northwest and Southwest&City tunnels in Australia, the Lainzer, Wienerwald, Semmering and
Koralm tunnels in Austria, the Agua Negra Tunnel crossing Chile and Argentina, the West
Qinling tunnel in the Gansu province of China, the New Guanjiao tunnel in the Chinese
province of Qinghai, the Central-Wan Chai Bypass tunnel in Hong Kong, the Toyo and La
Linea tunnels in Colombia, the Yulhyeon tunnel in South Corea, the Cityringen metro line in
Denmark, the FinEst tunnel link from Finland to Estonia, the Bossler tunnel in Germany, the
Fehmarnbelt Link connecting Germany and Denmark, the Seikan tunnel in Japan, the Jaipur
Metro Phase 1 and Phase 2 in India, the Italian Terzo Valico, the TELT Moncenisio base tunnel
from France and Italy, the Brenner alpine base tunnel from Austria to Italy, the Norvegian
projects of Follo Line, Ryfast, Rogfast, and New Ulriken tunnels, the Metro Doha Phase 1 in
Qatar, the Guadarrama tunnel in Spain, the Stockholm bypass tunnel in Sweden, the Ceneri,
Lotschberg and Gotthard base tunnels in Switzerland, the Eurasia tunnel and the Uskiidar
Umraniye Cekmekdy metro project in Turkey the Channel tunnel from the United Kingdom to
France, and the Qamchiq tunnel in Uzbekistan.
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Abstract:

Complexity and risks directly influence the profitability of construction projects.
Therefore, among other success criteria for construction firms, profitability cannot be improved
without managing these project risks. The purpose of this study is to explore interconnection of
project complexity factors and their impact on profitability through system dynamics. A
comprehensive literature review was carried out in which research papers from highly ranked
journals from last twenty years were reviewed. As a result, 98 complexity factors were
identified. Out of them, 19 factors were shortlisted based on their frequency and
interconnectivity. A co-occurrence matrix of order 19x19 was developed and then five factors
having highest co-occurrence were extracted. Finally, an influence matrix of order 5x5 was
formed based on which systems thinking diagram with three reinforcing and one balancing loop
was developed that lead the system dynamic modelling. The findings can be useful for decision-
making of profitability in the complex construction projects. This work is an original attempt
to explore the interconnection of project complexity factors for construction projects and their
impact on profitability. It may be used for further research and development about the risks
associated with the formulated system dynamic model.

Keywords: profitability; project complexity,; construction projects, interconnection matrix; systems thinking; system
dynamics

1. Introduction

Business success is assessed in terms of profitability which is one aspect of financial
performance of companies. Profitability is a key goal for all business enterprises and therefore,
it becomes important for any firm to review the past and current profitability and focus on future
(Khan and Singhal, 2015). Profitability variation has been found across construction industry
(Ossman, 2015). The variation is due to the presence of various risk factors. Construction
projects are inherently exposed to unpredictable and complicated risk scenarios. (Han et al.,
2007a). It is essential to assess risks in construction activities to minimize losses and enhance
profitability. The nature of construction activities, complicated processes, challenging
environment, organizational structure and many other variables generate various kinds of risk.
As a result, construction projects face time delays and cost overruns (Khodeir and Mohamed,
2015). Construction industry becomes more complicated by the involvement of various
specialized contractors making construction projects fragmented (Mohan Kumar et al.).
Keeping it in view, the assessment of profitability becomes difficult. Investigations are required
at early stages to ensure effective planning for construction projects and to prevent failure

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 265



(Tamosaitiené et al., 2011).Construction companies do not make as much profit as they estimate
at the time of project award. Therefore, a protocol to analyze profitability should be developed
to understand the gaps between actual and estimated profits and the origins of loss of profit in
construction projects (Tamer et al., 2012). The profitability and success of construction project
are correlated with risk variables (Han et al., 2007a). When complexity is more, associated risk
management becomes more challenging (Qazi et al., 2016) and it influences profitability
(Chang and Leu, 2006). Contractors can enhance their profitability if they could control input
resources and improve accuracy of estimation and pricing (Ling and Liu, 2005). It is suggested
that it is feasible to estimate a project's profitability before its execution. Key variables in terms
of scope and team can best explain the variation in profitability. In project initiation and
planning phases, these variables effect the profitability (return on sales) (Chen et al., 2013).
Higher risks reduce the profitability of a business overall (Tan and Floros, 2012) and risk-
taking behavior of an organization affects its financial performance. For instance, construction
organizations which are profitable and successful would place more emphasis on risk factors
that affect schedule-cost-quality trio of projects (Ling and Liu, 2005, Tamer et al., 2012).

Additionally, the use of traditional construction techniques, contract types (Isatto et al.,
2013), disputes and claims, differing site conditions (Gosling et al., 2012) and unskilled labor
overrun the scope of projects (Giannakis and Papadopoulos, 2016). Such issues have serious
impact on time, cost and quality which results into dissatisfactory project performance
(Albaloushi and Skitmore, 2008, PMI, 2004). However, project performance and quality can
be achieved by applying the project complexity management (PCM) approach, which would
bring control over the work variations, information flow and project plan accuracy (Vachon and
Klassen, 2002, Gosling et al., 2012, Zsidisin et al., 2004, Kim and Nguyen, 2018).

Construction projects also bring complexity through technical drawings, construction
processes, specialized tools, plants and equipment, etc. Additionally, these projects are initiated
in complex and dynamic environments, resulting in circumstances of high uncertainty and risk
that are compounded by demanding time constraints (Mulholland and Christian, 1999).

(Geraldi et al., 2011) posited five dimensions of complexity comprising of structural,
uncertainty, dynamics, pace and socio-political. Almost all construction projects have these
dimensions of complexity. Dynamics is always a part of construction project complexity
specially when it is in execution phase. To handle the dynamics involved in systems, various
tools and techniques are available. System Dynamics (SD) is one such method to enhance
learning in complex systems and tools that enable a better understanding of the dynamics of a
complex system. It can address complexity involving interactive modelling and serve as a tool
for representation of feedback structure and simulation. SD was developed by Forrester in 1961
to reflect the view that the dynamics of industrial systems result from underlying structure of
flows, delays, information and feedback. Mathematical models of the relations between system
components are constructed and computer simulation can help optimize the system.

SD is interdisciplinary, it is grounded in the theory of non-linear dynamics and feedback
control developed in mathematics, physics and engineering. These tools are applied to the
behavior of human, as well as technical systems. SD draws on cognitive and social psychology,
organization theory, economics and other social sciences to solve important real-world
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problems. SD approach has the ability to create ‘micro worlds’ that present real-world issues in
a manner that is simple, practical, structured and comprehensible. The strength is in the ability
to break down complex systems into comprehendible sub-systems. SD addresses complexity
and process relationships based on non-linear feedback systems. It can help improve
information flow, through collaboration technologies leading to improved productivity.

Therefore, the present study opts to explore the interrelations and connectivity of project
complexity factors influencing the construction projects in terms of their co-occurrence. For
doing so, significant influencing factors of project complexity are identified and their
interrelations and co-occurrence in literature are studied. Further, the frequency of co-
occurrence is analyzed, highlighting the level of interrelation between the influencing factors.
Thus, the obtained results highlight the up-to-date progress, connotation of research and
substantial knowledge gap. The current study will help the professionals and researchers in
comprehensive learning of project complexity factors in the construction sector as well as their
importance toward profitability. The contribution of this work is to refine body of knowledge
and policies relevant to construction project complexity for prediction of profitability. Based
on the gaps identified, this research chooses to analyze the existing literature on project
complexity factors and to develop a system thinking and system dynamics modelling of these
factors.

2. Methodology

Many studies have been conducted on construction projects, in which a variety of factors
have been addressed for project complexity. But still improvement is required to enhance
construction profit keeping in view the construction project complexity and management. This
study considers the literature published on construction during the previous period. The detailed
structure of methodology adopted for the study is shown in the Figure 1.
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Figure 8. Flowchart of Methodology

The core of this synthesis was to analyze the co-occurrence and interconnections of factors
from shortlisted articles. For this purpose, in step 1, all the project complexity factors (98) were
identified as appeared in the selected articles in different years, out of which, 19 factors have
been shown in Table 1. Then, in step 2, those factors were ranked, based on their relative
impacts within their respective articles and total frequency (Ahmad et al., 2018, Ullah et al.,
2016). For this purpose, qualitive scores of relative impact of factors within literature was
assessed on a scale of low to high (top 33.33% factors = High, 5; Middle 33.33% = Medium,
3; Bottom 33.33% factors = Low, 1) and total frequency of each factor was calculated. Further,
relative importance index (RII), followed by the cumulative weightage were calculated and 19
factors having cumulative weight above 50% were selected for further analysis as shown in

Table 2.

Table 19. Ranking of Factors Based on Frequency of Occurrence

S/N  Factors Frequency References

1 14

Design Issues

2 14
Price
Fluctuations

3 13
Shortage of
Resources

(Han et al., 2007a), (El et al., 2015), (Hashemi et al., 2011), (Qazi et al.,
2016), (El-Sayegh and Mansour, 2015), (Kartam and Kartam, 2001),
(Zou et al., 2007), (Cheng, 2014), (Long et al., 2004), (El-Sayegh, 2008),
(Tang et al., 2007), (Igbal et al., 2015), (Lu and Yan, 2013), (Andi, 2006)
(El et al., 2015), (Liu et al., 2016), (Ameyaw and Chan, 2016), (Qazi et
al., 2016), (Kartam and Kartam, 2001), (Zou et al., 2007), (Cheng, 2014),
(Cheng, 2014), (Enshassi et al., 2009), (El-Sayegh, 2008), (Igbal et al.,
2015), (Lu and Yan, 2013), (Andi, 2006), (Andi, 2006)

(El et al., 2015), (Hashemi et al., 2011), (Qazi et al., 2016), (El-Sayegh
and Mansour, 2015), (Kartam and Kartam, 2001), (Sambasivan and Soon,
2007), (Cheng, 2014), (Enshassi et al., 2009), (Long et al., 2004), (El-
Sayegh, 2008), (Assaf and Al-Hejji, 2006), (Igbal et al., 2015), (Andi,
2006)
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10

11

12

13

14

15

16

17

18

19

Planning &
Scheduling

Contractor's
Ability and
Experience

Lack of Co-
ordination and
Communication

Payment Delays

Safety Rules &
Measures

Quality of Work

Contract Related
Problems

Condition of
Host Country

Supplier Issues

Poor Site
Management &
Supervision
Interruptions &
Changes During
Construction

Funding
Problems

Financial
Difficulties

Technology
Issues

Time
Management
Lack of

Qualified
Professionals

12

11

10

10

(Eletal., 2015), (Choudhry et al., 2014), (El-Sayegh and Mansour, 2015),
(Kartam and Kartam, 2001), (Zou et al., 2007, Long et al., 2004),
(Sambasivan and Soon, 2007), (Han et al., 2007b), (Schieg, 2006), (EI-
Sayegh, 2008), (Assaf and Al-Hejji, 2006), (Igbal et al., 2015)

(Han et al., 2007a), (Liu et al., 2016), (Qazi et al., 2016), (Kartam and
Kartam, 2001), (Zou et al., 2007), (Sambasivan and Soon, 2007), (Cheng,
2014), (Enshassi et al., 2009), (Han et al., 2007b), (Long et al., 2004),
(Andi, 2006)

(Han et al., 2007a), (Hashemi et al., 2011), (El-Sayegh and Mansour,
2015), (Kartam and Kartam, 2001), (Hwang and Ng, 2016), (Sambasivan
and Soon, 2007), (Cheng, 2014), (Schieg, 2006), (Lu and Yan, 2013),
(Pheng and Chuan, 2006)

(Eletal., 2015), (Hashemi et al., 2011), (Fang et al., 2004), (Ameyaw and
Chan, 2016), (El-Sayegh and Mansour, 2015), (Kartam and Kartam,
2001), (Han et al., 2007b), (Ling and Hoi, 2006), (Assaf and Al-Hejji,
20006), (Igbal et al., 2015)

(El etal., 2015), (Hashemi et al., 2011), (El-Sayegh and Mansour, 2015),
(Kartam and Kartam, 2001), (Zou et al., 2007), (Tang et al., 2007), (Igbal
etal., 2015), (Lu and Yan, 2013)

(El et al., 2015), (Liu et al., 2016), (Qazi et al., 2016), (Kartam and
Kartam, 2001), (Cheng, 2014), (Tang et al., 2007), (Lu and Yan, 2013)

(Han et al., 2007a), (El et al., 2015), (Qazi et al., 2016), (Adams, 2006),
(Han et al., 2007b), (Long et al., 2004), (Lu and Yan, 2013)

(Han et al., 2007a), (Liu et al., 2016), (Kartam and Kartam, 2001), (Zou
et al., 2007), (Han et al., 2007b), (Long et al., 2004), (Lu and Yan, 2013)

(El et al., 2015), (Qazi et al., 2016), (Zou et al., 2007), (Sambasivan and
Soon, 2007), (El-Sayegh, 2008), (Igbal et al., 2015), (Pheng and Chuan,
2006)

(Hashemi et al., 2011), (Fang et al., 2004), (Choudhry et al., 2014),
(Sambasivan and Soon, 2007), (Long et al., 2004), (El-Sayegh, 2008),
(Assaf and Al-Hejji, 2006)

(Fang et al., 2004), (Qazi et al., 2016), (Kartam and Kartam, 2001),
(Enshassi et al., 2009), (Long et al., 2004), (El-Sayegh, 2008), (Assaf and
Al-Hejji, 2006)

(El et al., 2015), (Choudhry et al., 2014), (Kartam and Kartam, 2001),
(Zou et al., 2007), (Han et al., 2007b), (Igbal et al., 2015), (Lu and Yan,
2013)

(Choudhry et al., 2014), (Zou et al., 2007), (Long et al., 2004), (Tang et
al., 2007), (Assaf and Al-Hejji, 2006)

(El et al., 2015), (Hashemi et al., 2011), (Fang et al., 2004), (Schieg,
2000), (Long et al., 2004)

(Qazi et al., 2016), (Cheng, 2014), (Schieg, 2006), (Pheng and Chuan,
2006)

(Long et al., 2004), (El-Sayegh, 2008), (Lu and Yan, 2013), (Andi, 2006)
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Table 20. Ranking of Factors Based on Scoring and Importance Index

o~
s @
(;J) :’ o o
R & g
Q E [>) n
) @ O L o
g > < S E =
g g 3 £ % g 5 g
g 5 | 2 2., | £ = 2 é
£ o 3 2 o= = A e, N
Q o o0 o} — o
s g E|E|S |83 |82 E E S
1 |Planning & Scheduling |12 1 High 0.4000 [0.05445 0.0544
2 |Design Issues 14 1 Medium 0.2800 |0.03811 0.0926
3 |Price Fluctuations 14 3 Medium 0.2800 [0.03811 0.1307
4 |Shortage of Resources 13 5 Medium 0.2600 |0.03539 0.1661
5 |Quality of Work 7 2 |High 0.2333 ]0.03176 0.1978
¢ |Contractor's Ability and |, 2 |Medium 0.2200 |0.02995 0.2278
Experience
7 |Lack of Co-ordination |, q 3 [Medium 0.2000 [0.02722 0.2550
and Communication
8 |Payment Delays 10 3 Medium 0.2000 (0.02722 0.2822
9 |Funding Problems 6 0 High 0.2000 (0.02722 0.3094
10 |Financial Difficulties 6 1 High 0.2000 (0.02722 0.3367
11 |Technology Issues 5 1 High 0.1667 |0.02269 0.3593
12 [Safety Rules & Measures |8 3 Medium 0.1600 |0.02178 0.3811
3 |Gontract Related 7 I [Medium 0.1400  {0.01906 0.4002
Problems
14 |Gondition of Host 7 2 [Medium 0.1400  |0.01906 0.4192
Country
15 |Supplier Issues 7 3 Medium 0.1400 [0.01906 0.4383
1 |boor Site Management & | ; 0 [Medium 0.1400  |0.01906 0.4574
Supervision
7 |mterruptions & Changes |, I [Medium 0.1400  |0.01906 0.4764
During Construction
18 |Time Management 4 0 |High 0.1333 |0.01815 0.4946
19 [L-ack of Qualified 4 1 [High 0.1333 [0.01815 0.5127
Professionals
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A cross-sectional content analysis of the shortlisted factors was performed to establish the
co-occurrence matrix, where each value in matrix represents the frequency of co-existence with
other factors. For example, in how many articles, ‘Financial Difficulties’ and ‘Price
Fluctuation’ factors have been found together? The result of this analysis in the form of co-
occurrence matrix highlights the interconnection among the factors.

Based on the interconnection found, expert opinion has been taken from field and academic
professionals having experience of 12 years or more at data collection stage-I. The experts were
asked to find the influence of factor Financial Difficulties (i) on Price Fluctuations (f). Whether
the influence exits ‘Yes’ or ‘No’? If i influences j, then the type of influence was also elaborated
in the form of positive or negative with the numerical value. The scale used ranges from 1 to 5
(1 = low influence and 5 = high influence). Finally, the relationship, value and polarity have
been determined. For example, factor Financial Difficulties (i) is influenced by Price
Fluctuations (j), the relationship is ‘Yes’, value is ‘3.56’ and polarity is ‘Positive’. The
influences of all selected factors were calculated in this way. Finally, the influence matrix was
developed which serves as a tool for systems thinking. In systems thinking, causal relationship
diagram of variables influencing construction project complexity, balancing feedback and
reinforcing loops were developed. Systems thinking was done using VENSIM® software.
Based on systems thinking and developed influence matrix, data was collected in stage-II. The
systems thinking was converted to stock and flow diagram. Further, the system dynamic
modelling was done and equations were developed for project complexity and profitability.

3. Results and Discussions

3.1 Co-occurrence Matrix

The detail review of selected literature resulted into identification of total 98 factors
affecting project complexity. Following the previously explained methodology, top 19 factors
having a cumulative score of over 50% were shortlisted. Further, the frequency of co-
occurrence was determined for the formulation of co-occurrence matrix. To establish the cross-
sectional matrix, co-occurrence of all the factors with each other was analyzed such that how
many times two factors have been cited together in the literature. For example, financial
difficulties and price fluctuations appeared together in six articles. By doing so, a 19x19 matrix
having 310 points of co-occurrence between all the project complexity factors is established, as
shown in Table 3.
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Table 21. Cooccurrence Matrix

Highest
F1 F1 FLFLFLFLFLFL| R RN OFC| o
F1|F2|F3|F4 |F5|F6|F7|F8|F9 ol1l213lalslel7!8lo occurrenc occurrenc
es .
F1 (1L [0 0 [0 |3 (2 |0 (0 {1 (1 |0 (4 |4 |1 {2 |1 (0 |1 (0 |10 4
F2 10 (1 (1 12 |12 |3 |4 4 (1 (2 |13 |4 |2 ({1 2 (5 (3 |2 |3 (17 5
F3 10 (1 (1 (1 |0 |1 |3 (1 (2 (2 |2 |1 |1 |0 (1 2 [0 |2 |2 |14 3
F4 10 2 (1 (1 |2 |4 |2 (1 (1 (2 |12 |4 |2 |4 (3 (1 2 |2 |1 |17 4
F5 3 2 |0 2 |1 (5 |1 (0 [0 (1 |2 |5 (6 |4 (3 |2 (1 |2 (1l |15 6
F6 2 3 (1 4 |5 (1 |2 (1 (3 (3 |13 16 |5 (3 |5 2 |1 |3 |2 |18 6
F7 10 4 (3 12 |1 |2 |1 (3 2 (2 |12 |2 |1 |0 (1 |4 2 |2 |3 |16 4
F&8 |0 4 (1 (1 |0 (1 |3 (1 (1 (1 |2 |2 {1 |0 [2 (4 |2 |1 |2 |15 4
F9 |1 (1 2 (1 |0 |3 |2 (1 (1 (4 |1 |3 |1 {1 2 (1 [0 |2 |1 |16 4
F10{1 2 2 12 |1 (3 |2 (1 |4 (1 |3 |5 |2 {3 3 (3 |2 |2 |3 |18 5
F110 3 2 12 |2 |3 |2 2 (1 3 |1 |4 |4 |2 |3 |4 (1 |3 |4 |17 4
F12(4 4 (1 4 |5 |6 |2 2 [3 |5 |4 |1 |6 |5 6 (5 |2 |4 |2 |18 6
F13/4 2 (1 2 |6 |5 |1 |1 (1 (2 |4 |6 |1 |4 |4 (3 |1 |4 |3 |18 6
F14{1 (1 [0 4 |4 (3 |0 [0 (1 (3 |12 |5 |4 |1 2 (3 |3 |2 |1 |15 5
F152 2 (1 3 |13 (5 |1 2 2 (3 |13 |6 |4 |2 (1 (2 |1 |2 |1 |18 6
Fl6{1 (5 2 (1 |2 (2 |4 |4 (1 (3 |4 |5 |3 |3 [2 (1 |3 |2 |4 |18 5
F17(0 (3 [0 2 |1 (1 |2 |2 [0 2 |1 |2 {1 {3 (1 (3 |1 |1 |2 |15 3
F18{1 2 2 12 |12 (3 |2 (1 |2 2 |13 |4 |4 |2 2 (2 |1 |1 |2 |18 4
F190 (3 2 (1 |1 |2 |3 12 (1 (3 |4 |12 |3 (1 (1 |4 2 |2 |1 |17 4
310

F1: Condition of Host Country; F2: Contract Related Problems; F3: Contractor's Ability and Experience; F4:
Design Issues; F5: Financial Difficulties; F6: Funding Problems; F7: Interruptions & Changes During
Construction; F8: Lack of Co-ordination and Communication; F9: Lack of Qualified Professionals; F10:

Payment Delays; F11: Planning & Scheduling; F12: Poor Site Management & Supervision; F13: Price
Fluctuations; F14: Quality of Work; F15: Safety Rules & Measures; F16: Shortage of Resources; F17: Supplier
Issues; F18: Technology Issues; F19: Time Management

The results reveal that, five factors Poor Site Management & Supervision, Price
Fluctuations, Safety Rules & Measures, Funding Problems and Financial Difficulties have
maximum frequency of cooccurrence (6). Also, their number of connections are 18, 18, 18, 18

influence matrix.
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3.2 Influence Matrix

The influence matrix confirms influential relationships of the selected factors as shown in
Table 4. The impact of each influence was solicited from the experts which was then averaged
and normalized for input into the SD model. The field professionals confirmed a total of 55
relationships out of 60. The diagonals show the influence of similar factors are identity. The
normalized impact score with polarity values are shown for the developed influence matrix.
The results reveal that all the factors have strong influence over each other except the
relationship of price fluctuations does not confirm the implementation of safety rules and
measures in construction projects. Further, the price fluctuations slow down the management
at site because of the delayed procurement process.

Table 4: Influence Matrix

Poor Sit
Influence Matri il Price Funding 1\/? o; lfn ot & Safety Rules
venee Matx Difficulties Fluctuations | Problems a agé . ¢ & Measures
Supervision)
Financial
Difficulties 1.00 s 0.636 0.642 0.760
e : 1.00 0.616 -0.584
Fluctuations
Funding
1.00 0.542 0.460
Problems
Poor Site
Management & 1.00 0662
Supervision)
Safety Rules & 00
Measures

3.3 Systems Thinking

Many problems in construction industry are complex in terms of technology, pace, social
and human elements (Van der Lei et al., 2011). These issues are the main source to hit cost,
quality, time and scope (Dangerfield et al., 2010, PMI, 2004). Systems diagram serves as a
structure and provides the conceptualization of complex problems (Khan et al., 2016). Through
systems diagram, identification of issues and concerned factors are highlighted and solved
systematically (Dangerfield et al., 2010, Khanzadi et al., 2012). Systems diagram is used to
study main and sub systems, and key factors which are interconnected and have influences
within a systems diagram (Oehmen et al., 2009, Ghadge et al., 2013). Keeping in view the
construction projects’ complexity and concerned profitability, systems diagrams plays a vital
role (Qazi et al., 2018). Interdependency of factors in project complexity by using this technique
was analyzed by various researchers (Nishat Faisal et al., 2006, Pfohl et al., 2011). A systems
diagram is generated based on the influence matrix. The pictorial view of the systems diagram

of the project complexity factors which are sources to fluctuate profitability is shown in Figure
2.
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The diagram reveals that there are three reinforcing loops and one balancing loop along
with one exogeneous variable. It disturbs the impact of all variables in association either they
are in reinforcing loops (R1, R2 and R3) or in balancing loop (B1).

The reinforcing loop R1 describes the fact that with price fluctuation, project cost increases.
This increased project cost generates project cost complexity, further to slow down and disturb
the site management. By the end, project cost will further increase because more money must
be spent to manage the site effectively. The transfer of effect results into overall increase of the
loop R1.

The second reinforcing loop R2 shows that with the increase of project complexity, more
advance technologies should be used. More consumption of technology ensures the ease in
construction and enhance profit margins. Finally, the project cost will be more, which explain
the increased effect of the reinforcing loop R2.

The third reinforcing loop R3 explain that by the increase in project complexity, the
chances of increase in financial cost of the project are elevated. It will require more funds and
create funding issues leading to financial difficulties of the project. The effect transfer in the
form of more project complexity shows the reinforcing behavior of the loop.

The systems thinking contains one balancing loop B1. Project complexity increases the
difficulties in construction operations and to smooth the construction process, proper
implementation of safety rules and measure at site are necessary. Application of tight safety
rules ensures the improvement in the safety mechanisms and reduced chances of mishaps.
Finally, the construction operation will be smooth and project complexity will be reduced
overall. The transfer effect shows the balancing behavior of the loop B1.

project cost

Profitability

s1te management
+ //(

PrO_]CCt conlplemty’\L

funding problems
safety improved J\ Q
+

price fluctuations

financial difficulties '

safety rules &
measures

Figure 9. Systems thinking diagram of balancing and reinforcing loops

3.4  System Dynamic Modelling

The developed systems thinking is first converted into stock and flow diagram. The stock
and flow diagram and data collection in stage-II from field professionals with Cronbach alpha
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value 0.853 were used for system dynamic modelling. The non-linearity of the variables is
judged for the problem in construction projects. The pictorial view of system dynamic
modelling is shown in Figure 3.

‘/w\ -
/‘project cost Ly X P Profitability
Profitabilty Rate

price fluctuations

site management

h‘safety rules &

. <z Project
o l;ro g Complexity \ measures

a
funding probl¢ms

financial difficulties
safety improved
Figure 10. System dynamic modelling

The simulation represents the time behavior of system about construction project
complexity and profitability over the period of 12 months. The simulation is done for two
specific stocks such as project complexity and profitability. In the first, project complexity
simulation result shows that it is an increasing function. Project complexity is zero at start and
it increases exponentially to a maximum value of 9% over the period of 12 months as shown in
Figure 4. This non-linearity is due to the feedback impact of other variables in the system.

Project Complexity
10

Lewvel of Dilliculty
o

Time (Month)

—— Current

Figure 4: Dynamic Behavior of Project Complexity w. r. t. Level of Difficulty Over Time

The second simulation is done for the second stock profitability. The graph obtained by the
simulation shows that the profitability reaches to the maximum value of 15% for the same
period of 12 months. This also confirms the relationship that with 9% increase in project
complexity results into 15% increase in profitability for the same period as shown in Figure 5.
The increase in project complexity demands the use of more modern technology, since by 9%
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project complexity, profitability is 15% which verifies the exponential growth. The combined
scenario for the both stocks is presented in Figure 6.

Profitability
20

10 VA

Percentage

Time (Month)

—  Cumrent

Figure 11. Dynamic Behavior of Profitability Over Time
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=

0 0
0

Time (Month)

——  Profitability : Current {Percentage)
——  Project Complexity : Current (Level of Difficulty)

Figure 12. Dynamic relationship between Profitability and Project Complexity

4. Conclusions

Project complexity and risks are directly interconnected with profitability of construction
projects since they are inherently exposed to unpredictable and complicated risk scenarios. To
get maximum benefits from projects, a protocol to analyze profitability has been developed to
understand the gaps between actual and estimated profit and the origins of loss of profit in
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construction projects. The results of this study show that the highest frequencies are observed
for design issues (14) and price fluctuations (14). The factors time management (4) and lack of
qualified professional (4) are observed less. The importance index is maximum for planning &
scheduling issues and minimum are for time management and lack of qualified professionals.
In the co-occurrence matrix, the maximum values are 18 for funding problems, payment delays,
poor site management & supervisions, price fluctuations, safety rules & measures, shortage of
resources and technology issues.

The results also conclude that the highest frequencies of cooccurrence is 6 for the factors
financial difficulties, funding problems, poor site management & supervision, price fluctuation
and safety rules & measure. This study also concludes that these factors are the backbone of
complexity in construction projects to predict the profitability. The minimum frequencies of
cooccurrences are observed for supplier issues and contractor’s ability and experience.
Furthermore, the system thinking model shows three reinforcing (R1, R2, R3) and one
balancing loops (B1) for project complexity. Further, the simulation result reveals that for 9%
project difficulty level for complexity generates 15% profitability, which is an exponential
growth. The main reason to get more profit is the smoothness of construction processes due to
adoption of more advanced technology. More use of technology as resources enhance the profits
in construction project.

Based on the results, it is recommended that the factors explored should be handled
carefully in construction projects. These factors may enhance project complexity and hinder the
success of construction projects in terms of their overall profit, cost, quality, time and scope.
Proper mechanisms should be developed from start to end to handle project complexity. These
parameters can be used as a checklist for the implementation of a construction project. Risk
concerned with these factors can be identified from literature and data can be collected to make
a risk-based model as future agenda. The practical implications of this study are that it helps to
forecast and improve the profit margin in construction project as the level of difficulty increases
during construction phases and for decision-making of profitability in the complex construction
projects through effective project complexity management. Project complexities are managed
using modern technology and management techniques. Project management knowledge areas
are very beneficial in this regard.
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Abstract:

This paper presents the results of a preliminary study conducted to determine the
hindrances to the complete utilization of BIM features in the delivery of construction services
in South Africa. The study conducted a questionnaire survey among construction professionals
in Gauteng province, South Africa. Data gathered were analyzed using percentage, mean item
score and Kruskal-Wallis H-test. The reliability of the questionnaire was also determined using
Cronbach-alpha test. This study shows that the major hindrances are training and software costs
increment, organizational culture change, lack of enough employee training and revise
workflow, and a lot of possible legal problems.

Keywords: BIM, hindrances, innovation; South Africa; construction industry

1. Introduction

The construction industry worldwide aims at achieving value for money, cost and time
through technological innovations. Modelling based Information and Communication
Technology (ICT) simulations, and Building Information Modelling (BIM) based ICT (Adwan
and Al-Soufi, 2018) are among such innovations. The building Information model is an
Information and communication technology concept that is for achieving a construction project
right from the inception stage to the in-use stage. However, on a global scale, the construction
industry faces some hindrances in the use of this innovation. Hindrances to the application of
BIM are categorized into a procedure, technology and people factor (Rekola, Kojima and
Mikeldinen, 2010; Succar, Sher and Williams, 2012).

These three categories are common in developed and developing nations. Love, Irani and
Edwards (2004) describes that investment cost is a threat to innovation adoption. Barlish and
Sullivan (2012) stated that understanding of the technology is another major threat. This is
because the scope and definition of BIM are either too broad or unclear (Succar, 2009). As a
result, confusion occurs among users (Succar, 2009). This confusion poses a rejection threat by
industry practitioners as organizational culture is a difficulty to bend to this innovation
(Mitchell and Demian, 2011). There is also a problem of BIM acceptance (Lee, Yu and Jeong,
2013). In general, these barriers are potential threats to BIM adoption. The main purpose of this
study is to address the hindrances to complete utilization of BIM features in South African
construction industry. This knowledge will help better delivery of construction services in
South Africa. The subsequent part of this study reviewed related literature, discussed the
methodology used, results gathered from the study then led to a conclusion.
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2. Literature Review

Numerous studies have been conducted to outline the benefits of BIM. Interoperability is
one of the benefits (Rekola, Kojima and Mékeldinen, 2010; Singh, Gu and Wang, 2011).
However, these benefits are not applicative in some instances. For example, it 1s very difficult
to synthesize the skills of various construction disciplines (Manderson, Jefferies and Brewer,
2015). Cost of implementation of BIM technology may also be expensive (Olatunji, 2011).
These problems are encountered by both public and private sector. Private sectors of South
African construction are mainly Small and Medium Enterprises (SMEs). Hence, investments
into BIM technology and lack of consistent guide are particularly encountered by the private
sector (Wong, Wong and Nadeem, 2009; Rekola, Kojima and Mikeldinen, 2010). Therefore, it
occurs that guideline for the use of this innovation revolves around its adoption.

The activity of the construction industry is governed by standards. BIM implementation
has also been sabotaged by type of contracts used. For instance, the International Federation of
Consulting Engineers (FIDIC), Joint Building Contracts Committee (JBCC PBA) and New
Engineering settlement (NEC), are some standards that govern the use of BIM. These standards
are not too simple for BIM users to apply (Manderson, Jefferies and Brewer, 2015). This makes
procurement and management of contract difficult. Thus, the procurement and management of
creation contracts potentially turn out to be significant challenges with respect to people,
technology, and process (Gu and London, 2010). Consistency is required in the type of contract
attached to BIM complete utilization. This will make the many numerous aims of BIM justified.

Literature points out BIM barriers are categorized into style, technology, and people. This
is supported by the study of (Olatunji, 2011). Developing countries like South Africa have a
small market for construction activities compared to their developed counterpart. The smaller
the market the bigger the obstacles to BIM, and vice versa. For example, in South Africa,
construction companies are small and feature limited resources to achieve and maintaining BIM
software tools (Migilinskas et al., 2013). However, irrespective of size the market and company
size, the Architectural, Engineering and Construction (AEC) industry needed to improve its
workplace behaviors (Migilinskas et al, 2013). This includes work practices, workers’
strengths, company-client relationship, and cultural variation. These can be done by
overcoming cultural barriers, supply chain buy-in, Staff Resistance to ICT Literacy, and cost of
investment (Azhar, 2011; Mitchell and Demian, 2011; Race, 2013). The goal is to achieve
improved accuracy, consistency, integration, coordination and organization. These are all
applicable to challenges to BIM adoption in developed and developing countries (e.g. South
African Construction Industry).

3. Methodology

This study employed a quantitative approach to address the hindrances to the complete
utilization of BIM features in the delivery of construction services in South Africa. The study
population comprised of construction professionals in Gauteng province, South Africa. The
construction professionals were seasoned professionals with experience ranging from less than
five years to above twenty years. They were mainly Quantity Surveyors, Architects, Mechanical
Engineers, Industrial Engineers, Construction Project Manager, Construction Manager, and
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Architect. These professionals were also grouped under contractors, consultants, and
government workers. A total of 55 participants took part in the survey.

The study adopted a questionnaire as the instrument for data collection due to its ability to
provide a standardized opinion of subjects (Brace, 2005). The questionnaire for the study was
designed in two sections. The first section gathered biographical information of the respondents.
The second section harnessed information on hindrances to the complete utilization of BIM
features in the delivery of construction services in South Africa. A five-level Likert scale was
used for scaling responses in this section. 1 represents Strongly Disagree, 2 is Disagree, 3 is
Neutral, 4 stands for Agree while 5 is Strongly Agree.

In analyzing the data gathered, a percentage was used for the background information of
the respondents while Mean Item Score (MIS) was used to rank the different barrier variables.
An MIS value above 3.0 will be focused on as it is will show the significant variables. Kruskal-
Wallis H test was conducted to check the consistency in the opinion of the group of respondents.
Pallant (2016) describes that this non-parametric test is appropriate for testing the significant
difference or relationship existing in the view of two or more groups of respondents. The
internal consistency of the questionnaire used was also tested using the Cronbach’s alpha test
whose values range between 0 and 1, and the higher value, the higher degree of internal
consistency. The Cronbach’s alpha value of 0.743 was derived for the different barrier variables
as the derived value tends to 1.0, the questionnaire is reliable.

4. Results and Discussion

4.1  Descriptive statistics of the population

Analysis of biographical data of respondents shows that there are 55% male and 45%
female. The construction professionals were 24% Quantity Surveyors, 18% Mechanical
Engineers, 9% Industrial Engineer, 7% Electrical Engineer, 7% Construction Project Managers,
16% Construction Managers, 24% Civil Engineers, and 6% Architects. The professionals were
categorized under government workers (25% of the population), contractors (40%) and
consultants (35%). They had educational qualifications of 7% Doctorate degree, 13% Master’s
degree, 15% of them have Honors, 36% Bachelor’s degree, and 29% National Diplomas
holders. These respondents all met the years of work experience required.

4.2 Barriers to BIM adoption in the South African Construction Industry

Table 1 represents analysis showing shows the mean score, chi-square value and significant
p-value derived from Kruskal-Wallis H-test for the variables serving as hindrances. Kruskal-
Wallis H-test was used to ascertain if there is a significant difference in the view of the category
of professionals (Contractor, Consultant and those working for the government). This result
depicts that at 95% confidence intervals, there is no significant difference in the view these
professionals (p-value 0.05) as all the assessed variables have a significant p-value of above
0.05 except Training and software cost increment with a p-value of 0.033. Therefore, the result
from the mean score can be upheld as just one variation exists in the opinion of the respondents.
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Table 1 Hindrances to BIM implementation

Variables MIS Rank Chi-Square P-value
Training and software cost increment 415 1 6.826 0.033
Organizational culture change 4.07 2 2.226 0.329
Lack of enough employee training and revise workflow 4.02 3 1.329 0.515
A lot of possible legal problems 4.00 4 0.201 0.904
The notion that BIM is not always relevant to the project on hand 395 5 1.422 0.491
Lack of client demand 395 5 3.890 0.143
Lack of standard BIM controlling documents 3.85 7 3.783 0.151
Users do not understand the technology 3.84 8 0.969 0.616
BIM skills are too broad and unclear 3.84 8 0.969 0.664
Resistance to change 3.82 10 0.969 0.935
Less knowledge on how to adopt BIM 3.76 11 1.023 0.600
Difficult to align with construction contracts 3.67 12 0.302 0.860
Absence of supply chain buy-in 3.56 13 1.829 0.401

The result from the analysis had the variables ranked according to their mean score. All the
variables have mean value above 3.0. This shows all the assessed variables significantly
hindered BIM implementation in the South African Construction Industry. However, the most
significant hindrances to the complete utilization of BIM features in the delivery of construction
services in South Africa are training and software cost increment, organizational culture change,
lack of enough employee training and revise workflow and lot of possible legal problems. They
have MIS of 4.15, 4.07, 4.02 and 4.00 respectively.

The result of the cost of training staff for the innovation and procuring the software is
expensive. South Africa a developing economy is mostly saturated by small and medium
enterprises (SMEs). The financial status of construction companies in this group will hinder the
expensive training of Staff. This reduces investment for construction innovation idea in
developing counties is low (Alshawi ef al., 2010) . Also for BIM, SMEs believe the investment-
profit ratio is low (Love, Irani and Edwards, 2004) . This agrees with (Azhar, 2011; Migilinskas
et al., 2013; Race, 2013) that cost of investment through training and software cost impedes
BIM implementation.

Also, organizational cultural change impedes complete BIM utilization in the South
African construction industry. Organizational culture is described as the various beliefs,
principles, assumption and norms shared by the members of an organization (Huo, 2012).
Similarly, organizational culture arises when concepts like changes, growth and merging arise
in an enterprise (Khosrowshahi and Arayici, 2012), which influence business the process,
people, and technology. Therefore its effect can either be positive or negative towards the
adoption of an innovation. Studies have described that corporate or group culture (Owen et al.,
2010; Voordijk, 2019), and development culture (Porter, 2019) are most prevalent
organizational culture types. These types of organizational change affect BIM usage and how
the user’s transition to the new method it presents to the workplace.

(Succar, Sher and Williams, 2012) opined that barriers to innovation adoption are people,
technology, and process oriented. In order to be innovative organizational culture needs to
answer to technology, process, and people. Organization cultural change could solve problems
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for an innovative purpose if it is planned ahead and well managed (Schein, 2010). However,
this contradicts (Ogbonna and Wilkinson, 2003) that organizational cultural change even when
planned could be very difficult to enforce in an organization. This is because organizational
culture affects staff differently in an organization. These findings agree with Rekola, Kojima
and Maikeldinen (2010); Mitchell and Demian (2011); and Migilinskas et al., (2013), that
organizational cultural change affects BIM utilization around the world. In addition, the culture
of distrust, and not willing to share BIM information with allied construction stakeholders
relates to organizational culture hindrance to BIM utilization (Stanley and Thurnell, 2014).

The possible legal and contractual problem is another hindrance to full BIM utilization in
South African’s Construction industry. Evidence gathered from literature revealed that common
legal and contractual problems to BIM utilization include design and interoperability errors
(Larson and Golden, 2007) and problems to contractual principles (Glover, 2012). Other studies
support that and copyrighted data sharing, standardization problems, litigation and protocols,
schedule of deliverables interoperability problems are also prevalent legal problems to BIM
utilization (Eadie, McLernon and Patton, 2015; Jo ef al., 2018). These summarize that BIM
users are threatened that design, means of execution of projects and information of projects
Smith (2013), will be at a disadvantage through legal and contractual problems.

Olatunji (2011) opined that a legal framework is necessary for innovation like BIM. A
framework will reduce the occurrences of negative coordination, and errors and risks related to
traditional contractual arrangements (Porwal and Hewage, 2013). However, the framework
used in developed counties like the United Kingdom will not fit into that of a developing
country like South Africa. This is due to the different maturity level of BIM in the regions
(Succar, 2009). In contrast, frameworks are vital tools for BIM implementation, yet are still
faced with non-coherent guidelines and difficulty in aligning BIM with construction contracts
(Succar, 2009). This agrees with the findings of Gu and London (2010); Olatunji (2011); Porwal
and Hewage (2013) that innovation like BIM faces legal problems in its implementation,
especially in developing countries.

5. Conclusion

This study addressed the hindrances to the complete utilization of BIM features in the
delivery of construction services in South Africa. Using a quantitative approach, the study
identified major hindrances to full BIM implementation in the South African construction
industry. Upon these findings, the study concludes that the major hindrances are training and
software costs increment, organizational culture change, lack of enough employee training and
revise workflow, and a lot of possible legal problems. It is, therefore, important to address
measures propose measures on how to proceed, leaning on various models such as BIM
maturity model or step-wise implementation of BIM.

In addition, the study recommends that proper enlightenment should be given to concerned
stakeholders on the investment-profit ratio of BIM. This can be done by proper employee
training and government sensitization. Also, there should be an openness to new innovation as
it affects organizational culture. Legal problems arising from BIM use can be solved by the
government and concerned bodies. This can be achieved on the region’s maturity level on BIM
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use. This study also recommends that further research is done on strategies to overcome these
hindrances especially on the different degrees of BIM use.

This study has been able to contribute to the body of knowledge by identifying factors that
hinder complete BIM utilization in construction activities in South Africa. A proper
consideration of the findings and recommendation will contribute to BIM utilization within the
country. However, this study is limited by the study approach used. It is suggested that a mixed-
method approach be used for further studies. The qualitative approach should interview
pertinent core construction professionals, in order to tackle the problems in-depth and to
prioritise them.
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Abstract:

Systematic model of delivering ready-mixed concrete becomes a prime factor for the
developing infrastructure sectors like India. Generally, the commercial Ready Mixed Concrete
(RMC) plant operators have limited numbers of transit mixers to facilitate the increasing
demand from different construction sites. Hence there is a need to develop the ultimate
dispatching schedule that minimizes the total waiting duration of RMC trucks at construction
sites and increases the productivity of plant as well as sites. This paper aims at developing a
systematic model of delivering RMC that optimizes the schedule of dispatching RMC transit
mixers. This optimization model has been developed based on Genetic Algorithm (GA) that
minimizes the total waiting duration of the RMC truck-mixers. This optimized dispatching
sequence would reduce the waiting of the truck-mixer at the site for dispatching the concrete
and also the site need not wait for the truck-mixer for the concrete to be delivered. The results
of the optimization model reveals the optimized delivery sequence for one commercial RMC
batching plant and three construction sites codified as site 1, 2 and 3. The results also reveal
that for improved and effective delivery of RMC the number of transit-mixers delivering
concrete should be increased from six to eight.

Keywords: batching plants; commercial; dispatching sequence; genetic algorithm,; ready mixed concrete.

1. Introduction

Ready Mixed Concrete (RMC) was introduced into the construction industry in the early
twentieth century and has been ever since widely employed. Because of the rapid hardening
characteristics of the concrete, Transit Mixers were developed for caring RMC to remote
construction sites. Effectively and efficiently delivering RMC to construction sites is an
important task to the RMC batching plant authorities. The RMC batch plant operator has to take
into account time and flexibility to create an effective dispatching schedule of RMC transit-
mixers, that balances the operations at the construction project sites and the batching plant.
Genetic algorithm (GA) was invented by Holland (1992) in the early 1970s and since then they
have been applied to a large number of complex search problems. Holland’s attempt was to
emulate the process of natural selection in a search procedure. To that purpose, he showed that
complex structures can be encoded using simple representations (bit strings). Baker and
Ayechew (2003) demonstrated that GAs is an effective approach for solving the basic VRP
(vehicle routing problem). Although the pure GA that they have developed works reasonably
well, it appears to be better to view the GA more as a means of diversifying their exploration
of the solution space, alongside neighbourhood search. Lu et al. developed new approaches for
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simulation based model for one plant multi-site ready mixed concrete production system, by
real-life data in Hong Kong. Zayed and Minkarah (2004) illustrate the concrete batch plant
example presented as a case study to demonstrate how simulation can be of benefit. Simulation
sensitivity analysis is used to generate useful decision-making tools for plant operation. Feng
et al. (2004) describes the characteristics of the RMC industry and then analyses the factors that
impact the RMC delivery process. Finally, a model that incorporates Genetic Algorithms (GA)
and simulation technique is built to find the optimal dispatching schedule which minimizes the
total waiting duration of RMC trucks at construction sites and satisfies the needs of RMC
deliveries requested by different construction sites.

Cao et al. (2004) developed a replacement approach for concrete plant manufacturing and
delivery process optimization by combining a ready mixed concrete (RMC) production
simulation tool (called HKCONSIM) with a genetic algorithm (GA) based optimization
method. Tang et al. (2005) developed a simulation computer program named RMCSIM to
simulate the operations of a ready- mixed concrete plant serving multiple construction sites
using multiple truck mixers. Surico et al. (2005) introduced a new combination of Genetic
Algorithm (GA) and Ant Colony Optimization (ACO) algorithms for the optimization of a
concrete delivery problems. Feng and Wu (2006) analyses RMC delivering process and then
developed a systematic model based on several supply chain management (SCM) concepts. In
addition, the fast-messy genetic algorithms (fmGA) and also the CYCLONE simulation
technique is integrated together to seek out the best feasible and optimal dispatching schedule
which minimizes the ideal waiting duration of RMC truck-mixers at construction project sites
without delaying the casting operation. Naso et al. (2007) focused on the ready-mixed concrete
delivery problem in addition to find complexity, strict time-constraints of the supply schedule.
After developing a detailed model, they proposed a novel based meta-heuristic approach on a
hybrid genetic algorithm combined with constructive heuristics. The proposed approach was
illustrated with the help of detailed case study derived from industrial data. Reviewing the
available literature, it was observed that there is a need to develop a dispatching sequence model
for effective delivery of RMC from commercial batching plants. The present study aims at
developing a delivery sequence model by application of genetic algorithm for delivering RMC
from commercial batching plants to respective construction sites.

2. Methodology

Real time data has been collected from a commercial batching plant located in Ahmedabad
district of Gujarat state in India. The real time data comprises of number of transit mixers owned
by the plant, dispatching routes from batching plant to respective construction sites, number of
deliveries required on each site, quantity ordered on each site, mixing duration, traveling time
from plant to site & site to plant, pouring time, buffer duration. The capacity of the batching
plant under study is 30 cum / hr and the plant own 08 numbers of transit-mixers out of which
06 are operational. Primarily the data was collected on a daily basis. The analysis was carried
out on a one-day requirement of 3 different sites with the constraints of limited number of transit
mixers. The required numbers of deliveries are decided on a basis of required quantities of
concrete for respective construction sites. The routes are decided by considering minimum
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distances; less traffic congestion with the help of GPS enabled devices installed on each transit
mixer.

The purpose of using GA is to find the most efficient and effective dispatching sequence
of RMC trucks. Since the required number of the RMC trucks can also be determined by
different dispatching sequences. Therefore, the chromosome structure used in this study is
designed so that all permutations can be represented and evaluated.

First, the length of the chromosome is defined as the total number of the RMC trucks that
will be dispatched from the RMC plant. For example, if there are three construction sites that
respectively require three, four and five trucks to deliver RMC in the close period of time, the
total length of the string would be 12 genes, the sum of three, four and five. Secondly, the
random key representation for the genes of the string is used in this study to avoid the infeasible
and illegal solutions generated within the evolution process. For the present study, as the RMC
plant is supplying to 3 construction sites having their specific routes, the required number of
deliveries to each route is 12, 3 and 2 respectively, so the total length of the sequence will be
(12+3+2) i.e. 17.according to eq. (1) for the 17 solution spaces 17 random numbers are
generated and site IDs are assigned.

The total solution space of the dispatching schedules can be determined by the following
equations:

TS =Sum of Required quantity of concrete on each site (1)

In practice, the distance (km) from the batch plant to the construction site can be found by
using the Google Earth. In this study, the average speed of RMC truck traveling from the batch
plant to the construction site is 30 km/ hr. Therefore, the traveling time from the batch plant to
the construction site j (in min) can be computed from eq. (2). The average speed of RMC truck
returning back from the construction site to the batch plant is 40 km/ hr. Therefore, the returning
time from construction site j to the batch plant (in min) can be computed from eq. (3).

Travelling time (Go) =D x 2 2)
Travelling time (Back) =D x 3 3)

D = Distance from the batch plant to the construction site (km).

2.1 Fitness Value (Objective Function)

An efficient dispatching schedule should balance the casting and dispatching processes at
the construction sites and the batch plant also. However, the number of RMC trucks that the
batch plant owns is limited; it is possible that the batch plant cannot dispatch RMC truck
because no trucks are back to the batch plant. In that situation, the requirements of continuous
casting concrete operation and avoiding hardening of concrete constrain the RMC trucks to
arrive at the construction sites within the allowable buffer duration. Different dispatching
sequences could result in the construction sites waiting for the arrivals of the RMC trucks or
the RMC trucks waiting in queue for casting concrete. Therefore, the fitness value of a
dispatching schedule is determined by minimizing the total duration that the RMC trucks wait

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management 291



at the construction sites, which can be determined by the simulation process. The fitness value
or objective function is defined by the following equation, where the minimum of the total
waiting time need to be computed:

Objective function = min (Total Waiting Time)
=min (TDG + WT + CD + P) 4)

Where, TDG = Travel time from plant to site; WT = Waiting time at respective site; CD =
Concrete pouring time and P = Penalty function depending upon the number of obstructions
from plant to site. Travel time from plant to site would depend upon the traffic conditions in
the route and also upon the obstructions in the route like speed breakers and traffic signals.
Waiting time at respective sites may be due to the transit-mixer waiting for the RMC to be
delivered or the site is waiting for the transit-mixer to reach. Concrete pouring time would
depend upon the structure in which the concrete is being poured. Structures like raft slabs would
take longer pouring time due to the large quantity of concrete that need to be poured. Structures
like beams and columns need larger time for concrete to be poured though the quantity of
concrete to be poured is small. Penalty function would depend upon the number of obstructions
in the route of travel like the traffic signals, speed breakers and any other kind of obstructions.

The constraint for this optimization problem is that the maximum permissible time starting
from the batching of the RMC to placing of RMC at respective site is 120 minutes. Thus the
constraint is defined as:

Constraint: TDG + WT + CD + P <=120 (5)

2.2 Analysis

Compute the ideal departing time of each RMC transit-mixer. The ideal dispatching
process of the batch plant is the process that RMC truck leaves the plant as soon as the RMC
truck finishes loading concrete. Therefore, the ideal departing time of each RMC truck is
determined by the following eq.

Ideal departure time of the Ist truck = Departure time of 1st RMC truck + concrete
mixing and loading time (6)

Simulated departure time = ideal departure time, if i <c (7)

Simulated departure time = min@](Retuming time of 1st transit-mixer + Concrete mixing
and loading time),if c <I <N (8)

Arrival time of 1st transit-mixer at site j = Simulated departure time + travelling time
(Go) )

Start time of casting at site j = start casting time at site j (10)

Waiting duration of dispatched transit-mixer = start time of casting at site j- Arrival time

of transit-mixer at site | (11)
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Leaving time of transit-mixer = Arrival time of transit-mixer at site j + Waiting duration
+ Pouring time, if waiting time > 0 (12)

Leaving time of the truck = arrival time of the truck at site j + pouring time, if waiting
time < 0 (13)

Returning time of the 1st truck = leaving time of the 1st truck + travelling time
(backward) (14)

Penalty Function = Number of obstructions for the sequence*60 (15)

Fitness function (Objective function)= Positive waiting duration for the sequence +
Penalty function (16)

Details of the three routes for delivery of RMC from the batching plant are presented

in figure 1.

Fig. 1. Routes and destinations for delivery of RMC from the batching plant

Table 1. Real time data of RMC plant of Ahmedabad, India

Route ID  Site ID Starting time of Traveling time (min) Pouring time
casting at site
Forward way Return way
1 1 09:30 15 10 15
2 09:45 40 30 60
3 3 10:00 50 40 90
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Table 2. Real time data of RMC plant of Ahmedabad, India, Continued

Route ID Site ID  Starting time Buffer Duration Required Required
of casting at (mins) deliveries in each Quantities In each
site route site
1 1 09:30 15 12 80 cum
2 09:45 20 3 15 cum
3 3 10:00 30 2 cum
3. Results

There are 3 different routes assigned to 3 different sites and the real time data for each site
is given in Table 1. With the help of this data the optimized ultimate dispatching sequence of
the RMC transit-mixers were computed. There are 8 RMC transit mixers available with the
RMC plant owner out of which 6 are mostly operational. The real time data for the dispatching
sequence optimization for RMC are presented in Table 1 and 2.

Considering the above-mentioned equations, a code based on GA was written in MATLAB
software. Predetermined crossover probability is 0.5 and mutation rate is 0.1. The population
size 1s 50. The system is run and the output is taken for determining the optimized dispatching
scheduling sequence of RMC transit-mixers from batching plant to respective construction site
with the help of 100 iterations. The starting time of 1st and 2nd site is 9:30 and 9:45, 3rd site is
10:00. So according to eq. (1) the answer obtained is min (9:30 - 0:30) = 9:00, then the ideal
departure time is calculated by eq. (4), i.e. 9:00 + 0:07 = 9:07 and so on.

Simulated departure time is calculated from eq. (5) and (6). In this study the RMC truck-
mixers with the plant owner is limited to six numbers. So 7th dispatching order will be
calculated according to the eq. (6). The 1st RMC truck-mixer arrives earlier and departs for the
7th order sequence at (9:55 + 0:07) = 10:03.

Arrival time of site is calculated by eq. (7) i.e. for site 1 travel time is 15 min so for 1st
truck it is (9:07 + 0:15 = 9:22 and so on. Starting time of casting is calculated by eq. (8) i.e.
starting time of site 1 is 9:30 so the casting time for 1st truck is 9:30 and so on. Buffer time is
the user input time and is different for each site, for 1st site it is 15 min likewise for 2nd it is 20
min and for 3rd it is 30 min. Waiting time is calculated by eq. (9) i.e. (9:30 - 9:22) = § min.
Leaving time from the site is calculated by eq. (10) and (11). For the 1st truck it is (9:30 + 0:15)
= 9:45 and so on. If the waiting time is negative (indicates delay in casting) then use eq. (11)
i.e. for 2nd truck (9:45 + 0:60+0:09) =10:54. Returning time to plant is calculated by eq. (12)
i.e for Ist truck (9:45 + 0:10) = 9:55

Table 3 and 4 represents the final optimized data for scheduling the dispatching sequence
for dispatching order 1to 8 and 9-17 respectively.

Table 3. Final optimized data for scheduling the dispatching sequence (dispatching order
1-8)

Departure time of 1% RMC
truck 9.00

Dispatching order 1 2 3 4 5 6 7 8
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Ideal departure time

Sequence
Simulated departure time

Arrival time at site
Start time of casting at site

Buffer time (min)

Waiting duration (min)
Leaving time from site

Returning time to plant

9:07

9:07

9:22

9:30

15

9:45

9:55

9:14

9:14

9:54

9:45

20
-9

10:54

11:24

9:21

9:21

10:11

10:00

30
-11

11:41

12:21

9:28

9:28

9:43

9:45

15

10:00

10:10

9:35

9:35

9:50

10:00

15
10

10:15

10:25

9:42

9:42

9:57

10:15

15
18

10:30

10:40

9:49

1
10:02

10:17

10:30

15
13

10:45

10:55

9:56

10:17

10.57

11:00

20

12:00

12:30

Table 4. Final optimized data for scheduling the dispatching sequence (dispatching order

9-17)

Departure time of 1% RMC

truck 9.00

Dispatching order 9 10 11 12 13 14 15 16 17
Ideal departure time 10:03  10:10  10:17 10:24  10:31 10:38  10:45  10:52  10:59
Sequence 1 1 1 2 3 1 1 1 1
Simulated departure time 10:32 10:47  11:31  12:28  11:02  11:19  11:32  12:02  12:37
Arrival time at site 10:47  11:02  11:46 1243 11:52 11:34 1147 12:17  12:52
Start time of casting at site  10:45  11:00  11:30  12:30  12:00 11:45 12:00 12:15 12:30
Buffer time (min) 15 15 15 15 30 15 15 15 15
Waiting duration (min) -2 -2 -16 -13 8 11 13 -2 -22
Leaving time from site 11:.02  11:15 11:45 1:43 1:30 12:00  12:15  12:30  1:07
Returning time to plant 11:12  11:225  11:55  2:13 2:10 12:10  12:25  12:40  1:17

4. Results

Now according to Table 3 and 4 the fitness function can be calculated by adding all positive
waiting times i.e 8+2+10+18+13+3+8+11+13 = 86 min with considering number of negative

waiting times having higher negative value than the allowable buffer time. A penalty function
is calculated with the help of eq. (13) i.e there are two obstructions noticed while delivering

concrete, out of which one is of about one minute which can be ignored. The remaining one
would be considered as an obstruction, so penalty would be 1*60=60 mins.

Now the fitness function for the said dispatching sequence “123 1111211123111
1” would be 60+86=146 min according to the eq. (14). As the negative waiting time is more

© Copyright 2019. All Rigths Reserved. Croatian Association for Construction Management

295



than the allowable buffer time for that site-1 in the 17th order sequence, but the overall waiting
time of the sequence is the least and so it is the ultimate optimized dispatching sequence from
the 100 iterations mentioned above.

5. Conclusions

The ultimate dispatching sequence “123 1111211123111 1”comes up, it has been
observed that the waiting time of RMC truck was within assumed allowable buffer duration of
respective project sites, but the waiting time of site was about 7 mins due to late arrival of RMC
truck. Also the waiting time for the above dispatch sequence after validating the model is
8+2+10+18+13+3+8+11+13=86 min. Further, the fitness function after addition of penalty
function for one obstruction is 86 + 60 = 146 mins. This matches with the results obtained after
100 iterations in MATLAB. Tremendous savings in total waiting time can be achieved with the
help of genetic algorithm tool. Required number of iterations completely depends on level of
accuracy needed by the end user. It is recommended that the RMC plant authorities should
increase the number of RMC transit-mixers from six to eight. This would definitely reduce the
waiting duration of the respective sites for arrival of RMC trucks to start their casting operation.
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Abstract:

This paper presents the results of research conducted in B&H, aimed to demonstrate the
possibility to identify the importance of a standardized project management process to the
delivering expected quality. Throughout the interviews (direct participants with different
managerial perspectives in the phase of conception, definition and planning and
execution/execution), 75 construction projects were assessed across different project phases.
Factor analysis yielded three key success factors for the three factors covered ten variables. The
first key success factors R1 - resources covered: planning and control; involvement, teamwork;
expertise, knowledge...; communication; coordination between project participants; the
availability of resources. The second factor R2 - management covered: focus on the customer;
top management support/commitment; continuous improvement; supplier's quality
management. The third factor R3 - quality police encompassed: quality policy, like part of
quality project management process. The factor Q1 - product quality with four variables like
product quality of this phase. These results can help participants in construction projects to
focus on the key quality factors which were marked as important for the phases in which they
participate, and use them as indicators and in that way direct the project towards achieving the
final quality of the product.

Keywords: project management process, quality, factors, product, results

1. Introduction

Project management will not be adopted, without the support of the top management.
Project management for them does not represent almost anything or very little, as a result, there
are shortcomings in projects. Research shows that small and medium-sized companies make up
99.8% of all companies in the EU. They generate 56% of GDP and employ 70% of private
ownership. The results have shown that in small and micro companies there is no tendency to
use known tools and techniques for project management (Turner et al., 2010).

Quality is important for modern organizations because it increases competitiveness and
productivity, reduces costs and ensures long-term cooperation with the customers (Dolacek-
Alduk et al., 2009). One of the researches does not indicate that risk, safety and quality are
direct problems, but they are indirectly created by the organization of time and resources
involved in the implementation of the project (Hoonakker, 2006).

15.7 million new project management roles will be added globally across seven project-
intensive industries by 2020, and construction is one of those industries (PMI, 2013).
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Project management has evolved over the past couple of decades. Traditional project
management skills were developed from the requirements of construction industries to plan,
control and manage large and complex ‘tangible’ projects (Morris, 1994; Bourne and Walker,
2004).

According to Ogwueleki (Ogwueleka, 2013), project management can be improved
through a process of quality management and so through proper project management the
realization of the quality of the project can be improved.

Participants in construction (Investor, Contractor/Subcontractor, Designer, Project
Manager, Consultant), as well as the end users of the project will directly benefit from the
research on the mutual influence of the quality of the project management process on the quality
of the end product, i.e. the constructed structure.

The research methodology for modeling was the following: analysis and synthesis of the
literature overview. Eleven key quality factors (project management process) were identified
and used in further research. The next step was an analysis of the results obtained from the
interviews related to the " quality” of products for each phase of the project, which was also
used as input data for the process of modeling. Afterward, all the measuring variables were
defined in order to be "recorded" through interviews during real projects. Followed by factor
analysis in order to group the factors of quality of the project management process and product,
that are used as an input during the modeling process, a hypothetical - zero and final model was
created after that. Moreover, we have identified the main factor throughout the three phases
which put a new focus to the importance of the linkage between PM and Quality in construction.
The research was conducted in Bosnia and Herzegovina (B&H) on construction projects, which
presents the basis for further research that goes in the direction of forming a model that will be
easily applied in practice, and will show the impact of project management on the quality.

The main aim of the research was to demonstrate how standardized project management
(PM) practices positively influences the end quality at delivery. This would lead to a better
understanding of the importance of PM in the construction industry, but also would provide a
set of key PM factors construction companies could use to predict the quality at delivery and
employ as leavers for quality improvement.

2. Literature overview

2.1. Project, project phase, project management

The project is specified time commitment focused towards the production of a specific
product, service, or result by the Project Management Institute (PMI). It is clearly visible from
this definition that a project is a temporary activity in nature, which means that it has its
beginning and its end, and is existent with the purpose of creating a specific product (PMI,
2013).

The International Project Management Association (IPMA) defines a project as a unique,
temporary, multi-disciplinary and organized endeavor to realize agreed deliverables within
predefined requirements and constraints (IPMA, 2015).
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The project phases are: start/concept, planning/definition, performance/execution,
monitoring and control, project closure by IPMA (IPMA, 2013).

According to PRINC 2 the division of the project into phase is the following: initiation,
start, direction, control, management of delivery and finalization (PRINCE 2, 2002).

Chin (Chin, 2012) shares the project on phases: initiation/concept, definition, planning and
closure.

In this research, the focus is placed on the following phases: start/concept,
planning/definition, performance/execution. The project closure phase is not analyzed, because
it is not highly influenced by quality factors. This paper showed the resultants for the selected
project phases. One of the goals is to show a link between quality factors of the project
management process and the product on the project phase.

A the beginning of project management development, in the early 60’ of last century,
companies and other organizations noticed the significant advantages of work and task
organization, as well as the critical for communication and work integration through various
sectors of the profession. (www.projektura.org) In order to provide benefits required by the
owner, project management is a way of managing and controlling the expenditure of resources
granted to a temporary organization (Turner, 2006).

IPMA (IPMA, 2015) defines project management as planning, organization, monitoring
and control of all the project aspects, including the motivation of everyone involved to
accomplish the project goal through a secure path, within the prearranged time, expense and
performance criteria’s. Project management is performed through processes and includes the
integration of the various phases of the project lifecycle.

2.2. Quality factors

We have found many studies that we're dealing with factor influence of Quality
Management (quality factors, e.g. safety management) in the literature, but we could not have
found any study about explicit quality factors of the project management process.

In the one studies, we found the next quality factors:: program monitoring, employee
involvement, expertise and training systems involved in the project, incomplete or inaccurate
cost estimates, focus on the customer / client, organizational skills, communication, continuous
improvement, interpretation of the expectations of the buyer / customer, quality policy, changes
during the project realization, availability of resources, project environment, implementation of
relationship between time and cost, uniqueness of the project, organizational skills (Ogwueleka,
2013).

Eleven quality factors were identified in previous research like key quality factors of
project management process (planning and control; involvement; teamwork, knowledge;
expertise; customer satisfaction; top management commitment; communication; continuous
improvement; coordination between project participants; quality policy; availability of
resources and supplier quality management) (Ljevo et al., 2017).
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The quality of a product or service is determined by the relation between execution by the
manufacturer, and the wishes or needs of the users. The quality of the products of each phase
of the project, or the project as a whole, it refers to the delivered object.

The research by Flyvbjerg (Flyvbjerg, 2012) shows that as many as 80-90 % of
customers/users are primarily concerned with the quality characteristics of the product. It is not
surprising that is quality is like the most important phenomenon of our age, and the last century
is considered to be a century of quality.

For example the planning phase, the following factors were ranked best by the participants
in the project: complete technical documentation (main project, a study of occupational safety
and other legally required documentation); obtained urban approval and building permits;
planned budget; customer satisfaction at the end of the phase (new processes, methods or
technology).

3. Research Hypotheses

The quality of the project is defined as two dimensions: product quality and process quality
(Turner, 2002). Three criteria or objectives for assessing the success of the project are time,
cost and quality (iron triangle) identify in the literature on project management. The quality of
the project, being the third dimension of the "iron triangle", is much more difficult to define,
assess, plan, and control. For the first two objectives there are a number of exact methods for
planning and control. This represents the backbone of the research the linked of the process
quality on the product quality will be studied in the phase of the project for this paper. Thus in
this research, we have found that one of the hypotheses which we want to prove is:

H: The link between quality factors of the project management process and the product
differs depending on the project phase.

4. Research methodology

Throughout the interviews (direct participants during the phases), 75 construction projects
were studied and assessed in order to define the list of critical success factors that project
managers found important for better delivery of quality and identify criteria of quality at
delivery. In the literature has been identified quality factors as factors of the process (project
management process) and product (deliverables). After analysis and consultation with
university professors, quality factors were selected and adapted. The final list of the factors
and criteria was then used for collecting data from construction projects. After having defined
the key factors of quality management processes, we ran the survey in Bosnia and Herzegovina.
The next step included evaluations (scores) of each individual variable, recorded through
structured interviews and identification of differences in factor analysis of results obtained
through interviews and case studies. A questionnaire consisting of questions about the latent
variables and their constituent variables explained in the preceding sections was designed to
analyze the influence of ‘‘quality of project management processes” on ‘‘quality at delivery®.
The factor analysis was carried out which had suggested the null model of linkage between the
quality of the PM processes and product quality.
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While conducting Confirmatory Factor Analysis (CFA), construct validity should be
satisfied by using content validity and empirical validity tests. Using factor analysis we grouped
factors of the quality of the project management process (variables in new factor) and product
quality that could be used as inputs during the modeling process. Once the measurement model
is validated, the structural relationships between latent variables are estimated (Hair et al.,
2010).

Exploratory factor analysis is a descriptive technique that can detect an overarching
structure that explains the relationships between items in a parsimonious way. Confirmatory
factor analysis differs from exploratory factor analysis by allowing the investigator to impose
a structure or model on the data and test how well that model, and that is the null model for
each project phase.

5. Data analysis and results

In the first step used factor analysis as a useful tool for investigating variable relationships
for complex concepts for data collected from 75 respondents were analyzed using a software
package called SPSS 20. This research applied factor analysis to explore the groups of quality
management process factors and factors of a quality product. After a factor analysis of the data,
the null model suggests the impact of the process quality (project management) on product
quality.

The research analyzed 57 (76%) building construction projects and 18 (24%) engineering
projects. The value of the analyzed projects is shown in figure 1, most of them 34.7% are
between 500.000-2.500.000 €, less the 5000.000 € is 8.00%.

35,00%
30,00%
25,00%
20,00%
15,00%
10,00%
5,00%
= building construction
0,00%
less than 0,5 0,5-1,25 1,25-2,5 25-5 5-12,5 more than ] engineering
milion € milion € milion € milion € milion € 12,5 milion €

Figure 1. The tipe and value of project
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Scale reliability is the internal consistency of a latent variable and is measured most
commonly with a coefficient called Cronbach’s alpha. The purpose of testing the reliability of
a construct is to understand how each observed indicator represents its correspondent latent
variable. A higher Cronbach’s alpha coefficient indicates a higher reliability of the scale used
to measure the latent variable.

Table 1: Cronbach alpha for quality factor

Cronbach alpha
Quality product
Quality project management process factor factor
project phase R1 R2 R3 Q
concept 0,787 0,803 0,738 0,740
definition and planning 0,803 0,787 0,742 0,706
execution 0,906 0,729 - 0,860

After the factor analysis, the following latent success factors were identified: (in concept
phase) factor R1 covered the shared variability of the following variables: planning and control;
communication; continuous improvement; coordination between project participants. Factor
R2 covered: involvement, teamwork; focus on the customer; top management
support/commitment; quality policy, and the factor R3 encompassed: expertise, knowledge ...;
the availability of resources; supplier's quality management. For the concept phase, 62.6%
respondents consider that the key factor of quality is the customer satisfaction at the end of the
phase (compliance of project tasks (scope, concept, structure, etc.) with the business plan),
59.3% state that the key factor is the secured financing and 54.6% sustainable construction plan.

Factor analysis results (in defining and planning phase) are provided below. The first latent
value called ‘‘planning and resources — R1”, includes the following variables: planning and
control, involvement and teamwork, and availability of resources. The second latent value
called ‘‘management — R2”, includes the following variables: the focus on the customer, top
management support/commitment, quality policy, and supplier’s quality management. The
third latent value ‘‘coordination — R3”, includes the following variables: expertise and
knowledge, communication, and coordination among project participants. On the other side of
the model is one latent variable (new factor - Q), which includes four variables manifesting for
this phase: complete technical documentation, acquiring urban and building permits, difference
between predicted and planned budgets, as well as sustainable budget of the building, and
customer’s satisfaction at the end of the phase (the number of new processes, methods, or
technologies that are envisaged at this phase), which constitute a new factor called ‘‘product
quality”. (Ljevo et al., 2017).

After the factor analysis the following latent success factors were identified: (in execution
phase) the factor “resurces — R1” covered the shared variability of the following variables:
planning and control; involvement, teamwork; expertise, knowledge ..., communication;
coordination between project participants; the availability of resources. Factor ”coordination —
R2” covered: focus on the customer; top management support/commitment; continuous
improvement; supplier's quality management, and the factor “quality policy — R3”
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encompassed: quality policy. For the execution phase, 52.7% respondents consider that the key
factor of quality is the customer satisfaction at the end of the phase (client got it what he
expected according to the business plan), 42.6% technical inspection and obtained usage permit,
29.7% handover without errors and 28.4% defects and the difference between the planned and
final construction cost. In first step exploratory factor analysis (figure2).

Figure 2: A null model for the execution phase

6. Conclusion

Factor analysis resulted in three new factors that included eleven variables (quality project
management process), but in the different project phases, a group of variables that make the
factors are not the same. Phase defining and planning: three new factors that included ten
variables (the variable continual improvement was excluded since the measure of sampling
adequacy was less than needed): ‘‘R1 - planning and resources — three variables”, ‘‘R2 -
management — four variables” and ‘‘R3 - coordination — three variables™ like part of quality
project management process and one factor ‘‘product quality” with four variables like product
quality of phase defining and planning. But in phase execution factor ‘‘R1 - resources” included
six variables, ‘‘R2 - management — four variables” and ‘‘R3 - quality police — one variable”.

Therefore, it is necessary (variables) to be controlled, monitored and improved. Variable
planning and control like the part of the factor ‘‘planning and resources” in defining and
planning phase is measured by new methods, techniques, tools and technologies used at this
stage. Without good planning, teamwork, phase defining and planning could not have quality
project management, and that is also the quality end product phase.
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In this research, we have found that the initiative that the link between quality factors of
the project management process and the product differs depending on the project phase.

Above mentioned results can help participants in construction projects to focus on the key
quality factors which were marked as important for the phases in which they participate or are
rated as important for the entire project, and use them as indicators and in that way direct the
project towards achieving the final quality of the product.

Projects case studies in this research are limited by their size (budget) because the most
analyzed project had a value less than 12.000.000 €. The laws in B&H absolutely do not cover
the project management area, so it is left to the companies and direct participants in the projects
to decide whether they will use and apply them or not, and that was the problem in this research.
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