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Abstract: The construction industry is responsible for causing a large adverse impact on the
environment. To minimize these impacts, sustainable practices are being sought mainly in the area of
the wastage of and the waste from raw materials. Many obstacles and difficulties are encountered
when trying to implement sustainable practices in civil construction. Thus, a study to identify what
the obstacles are to implementing such practices is necessary. Therefore, the objective of this study is
to present an assessment of the main obstacles to implementing sustainability in civil construction for
which the bow-tie tool is used. Three cases were analyzed: construction material waste, the wastage
of plaster and planning a sustainable construction project. Results showed that the lack of planning
for sustainable construction projects, the lack of compliance with technical standards and the lack
of technical knowledge of the workforce and of standardization are among the main obstacles to
implementing sustainability in civil construction. This study offers a structured methodology to
identify causes, consequences and obstacles related to events that affect the implementation of
sustainable practices. It provides a visualization of the scenario investigated through the diagram
generated, facilitating its understanding and analysis.
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1. Introduction

The construction industry is responsible for making a large adverse impact on the environment,
both by generating waste materials and by producing greenhouse gases, as a result of using energy and
consuming resources. Consequently, all of these induce negative environmental loads on the ecosystem.
In recent years, according to Hossain and Ng [1], the importance of implementing sustainability in civil
construction has been noted. Therefore, selecting materials of low impact, managing waste materials
and reducing wastages in sustainable construction works are gaining more and more space in the
market and in decision making, in order to develop strategies and thereby to transform operations of
traditional activities into sustainable activities [2–5].

Currently, due to the rapid growth in the population and urbanization in various parts of the
world, the amount of construction waste material is increasing and one of the biggest challenges is
managing and reducing this waste to achieve goals that promote sustainability in organizations [6–9].
However, using greener practices in the context of civil construction is still considered by many
entrepreneurs as a burden (on normal practices) that leads to increased costs and reduced profits for
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companies in the sector [10]. Therefore, it is still possible for there to be buildings under construction
for which decision-makers (DMs) have great difficulty in implementing sustainable development in a
strategic and efficient manner.

To tackle this, causes of wastages of materials in this sector need to be identified to determine
actions and factors that contribute to the loss of inputs to reduce and mitigate negative impacts on
the environment [11,12]. Thus, bow-tie analysis has been demonstrated to be suitable for supporting
decision making, as it is used to conduct a scenario analysis of a given event [13]. The first thing to be
done is to seek to identify the leading causes of wastages and then the main consequences, making it
then possible to suggest protection barriers to decrease potential threats or to improve opportunities
linked to the objectives of a construction project.

In previous studies, which present the general relationship between cause and effect, the main
reasons that hinder the implementation of green areas in urban systems have been explored. These include
increased maintenance costs, increased design and construction costs and lack of organization when
creating green areas, in addition to the lack of incentives for DMs [14,15]. Another study identified
employees’ lack of awareness and the rejection and non-compliance with the standards of the construction
project as the main causes of non-conformity in buildings under construction [16].

Yeganeh et al. [17] identified problems and effects in Iranian construction projects. They made
contact with experts in the area, and identified that the justifications for projects not performing
favorably were the public culture and the non-understanding of the implications of some of the
terminology used in construction projects. Seyis et al. [18] identified and classified the types of waste
materials and the root causes of waste and wastage, based on what impact these have on increases in
the elapse of time and costs during the design and construction phases.

Therefore, studies on obstacles to implementing sustainability in civil construction should be
analyzed. They should consider the main causes and consequences of adverse events and the problems
associated with protection. This should be done during the planning stage of sustainable construction
projects, when managing such projects with respect to construction materials, as it is important to
understand the causes and effects to foster implementing environmental, economic and social benefits.

No studies were found in the literature review regarding the identification of protective barriers,
to reduce the effects of the consequences of generating waste material, and preventive barriers, to reduce
threats that can cause an event such as wastage of materials. Thus, we propose the use of the bow-tie
tool to fill this gap in the literature, identifying the main obstacles to implementing green practices in
construction and thus addressing the possible consequences for the organization, besides the protective
and preventive barriers.

In this context, this paper aims to present a structured methodology to deal with the problem of
implementing sustainability in civil construction based on the bow-tie tool. It provides a structured
analysis, with gains in visualizing information and in defining preventive and mitigation actions [13,19].
Previous studies have used bow-tie in other areas, such as to assess accidents at work on oil
platforms [20], in the health sector [21] and in the naval industry [13]. Despite the help that this tool
offers, bow-tie is not widely used in the construction industry, thus reinforcing the relevance of this
study, which is to contribute towards making more assertive management decisions, since DMs will
have a better understanding of the event itself.

Therefore, to address important aspects in construction, this tool was applied in the analysis
of three scenarios concerning vertical construction works in Recife, Brazil: first, the wastage of
construction materials in general; secondly, the wastage of gypsum from the perspective of the service
provider; and, thirdly, the planning of a sustainable construction site.

The paper is structured as follows: Section 2 describes sustainability in civil construction,
while Section 3 presents the bow-tie tool. Section 4 offers the Materials and Method section. Section 5
puts forward the results of the framework application in the three cases analyzed. Finally, Section 6
engages in analysis and discussion and presents the future directions of the study.
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2. Sustainability in Civil Construction

For the purpose of this study, sustainability will be discussed in the context of organizations.
According to Gilbert Silvius et al. [22], organizational sustainability occurs by adopting business
strategies and activities that meet the needs of the company and its stakeholders today, with regard to
protecting the human and natural resources that will be needed in the future. Martens and Carvalho [23],
on the other hand, defined it as a business approach that creates, in the long term, value for stakeholders
by taking advantage of opportunities and managing risks derived from economic, environmental and
social developments.

Sustainability in civil construction has been the subject of studies in the most diverse areas [2,7,9,24–27]
ranging from selecting materials which have less impact on the environment, reducing the consumption
of energy and the use of water, to reducing costs, etc., throughout the chain. It seeks to ensure that
actions are taken to reduce environmental impacts, enhance economic process viability and provide a
good quality of life for current and future generations, before, during and after construction phase.

The civil construction industry produces a significant amount of waste seen as a sustainability
problem in construction. This problem must be solved by employing a cultural change in cities’
governance models using tools, methodologies and long-term planning to seek innovative and green
solutions to use resources rationally, minimizing the environmental impact [3].

Sustainable construction seeks to follow the premises of sustainable development so as not
to deplete planetary resources and to develop environmentally correct methods of production and
consumption, which guarantee the survival of ecosystems without abdicating the evolution of
technology, to minimize the effects of construction on the environment, without jeopardizing the
natural and technological development [10].

According to previous studies, sustainability in civil construction presents benefits, including
the conscious consumption of raw material, the reuse of waste and the minimization of waste. Thus,
among the main advantages of sound sustainable practices in civil construction are cost reduction,
through process optimization, and tax incentives; more comfort for owners, guaranteed by sustainable
architectural care related to thermal, light and other environmental factors; and a better sales argument,
since the concept of sustainability is well valued in the contemporary world [7,9].

In view of the theme, it was verified in the literature that one of the most challenging phases
in a sustainable construction project is choosing the materials that will be used, because in addition
to their physical-mechanical and technological properties, what is also necessary is to analyze them
economically and socially and to determine the environmental impact that they generate throughout
their entire life cycle. Among the main requirements analyzed when choosing materials, what the
construction industry has given the most consideration to are the sustainability indicators for energy
consumption and CO2 emissions [25,28].

In addition to the concern during the planning and execution of construction works as to
energy consumption, another important concern is with the waste material generated and with
demolition [29,30]. Ding, Wang and Zou [31] showed that about 30 to 40% of the waste generated in
China comes from construction and demolition and that this waste needs to be managed. Their study
showed that appointing a “green” manager and managing the stakeholders are decisive factors for
reducing the impacts generated by waste materials, and thus the authors encouraged the use of
deconstruction technologies and recycling.

Yeganeh, Azizi and Falsafi [17] developed a qualitative study to identify construction project
problems and their causes, to understand how and why the events occur. They conducted interviews
with specialists to identify problems and their causes and make recommendations to solve them [17].
Another study was carried out by Aziz [16] examining the causes and non-conforming impacts that
cause environmental problems. For this, a case study was carried out. The construction plan approval
of the building under analysis was used and the damage to the environment was explored. A detailed
analysis of the possible root causes in terms of lack of awareness, lack of knowledge of building
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regulations, financial profitability, lack of space, strict building regulations and so on was carried
out [16].

Seyis, Ergen and Pizzi [18] explored the causes and consequences of types of waste in the green
construction project delivery process. A systematic literature review and a case study were carried out
for identifying and classifying the main types of primary waste associated with the causes found in the
design phase. This study explored large-scale construction projects by a general contractor, and data
were collected using semi-structured interviews with five members of the project team. The Delphi
method was applied to classify waste and identify primary and secondary causes that were correlated
to assist project managers [18].

Then, the studies presented in the literature are studied for their construction projects’ causes
and their problems; causes and nonconformity impacts that lead to environmental effects; and the
identification of waste types associated with their causes. Therefore, no studies were found that identify
barriers for the implementation of sustainability in civil construction, namely preventive barriers to
reduce threats that can cause an event, and protective barriers to reduce the effects of the consequences
of an event. Thus, we propose the use of the bow-tie tool in sustainable civil construction projects to
fill this gap in the literature, given the relevance of considering a structured analysis for understanding
the causes, consequences and factors that can support the implementation of sustainability in the civil
construction industry.

3. BOW-TIE

Bow-tie is a technique that combines fault trees and event trees to provide an estimate of the
underlying risk of a selected dangerous event. Fault trees and event trees are linked through a
dangerous event, which is the main event. Thus, a cause and effect model can be obtained for
a dangerous event which is expressed in a diagram in the shape of a bow-tie [19]. It provides a
graphical representation of threats upstream and consequences downstream [21], thus facilitating the
identification of preventive control measures and, if the unwanted event still occurs, contingencies to
mitigate the consequences [32].

The elements of the diagram can be defined as: hazard (an object or conditions with a potential
to cause losses); threat (potential cause of initiating the risk scenario that leads to the central
event); prevention barrier (protective measures to prevent threats that can lead to the risk scenario);
top event (the event that sparks the risk scenario, i.e., the point at which control over the risk is lost);
consequence (possible consequences resulting from the occurrence of the central event); and recovery
measures/protection barriers (measures to mitigate the consequences). Thus, to create a bow-tie
diagram, the top (main) event must be defined; this is placed at the center of the diagram. A main
event can be triggered by one or more causes (threats). The threats are on the left side of the bow-tie
diagram. The top (main) event leads to a series of consequences, which are placed on the right side of
the diagram [21].

4. Materials and Methods

This study sets out to propose a structure to analyze the obstacles to implementing sustainable
practices in construction works in the planning stage of sustainable construction projects, with an
emphasis on the management and construction materials area, using the bow-tie tool. The tool is
used to assess the impacts of these materials, the benefits that can accrue from more sustainable
practices and to make suggestions for organizations in decision making. To this end, a study was
carried out, through the analysis of three cases, in which the data were obtained by interviewing
specialists of each company and undertaking documentary analysis. The cases chosen were those
which have implemented sustainable practices, with indication by the company of specialists that have
had experience of managing sustainable construction projects being required.
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The type of construction works analyzed was vertical buildings and the interview script was
drawn up, with the objective of obtaining the steps for the bow-tie methodology, which consists of
identifying the main event, identifying the causes/contributing factors of this event and establishing
preventive barriers (Table 1).

Table 1. Cases and specialists in this study.

Case 1 Case 2 Case 3

Civil engineer, entrepreneur and
consultant in the construction
industry, with whom there was
discussion about wastages of
construction materials in general,
in accordance with his experience
in the region.

Civil engineer, entrepreneur in plastering
services, with whom there was a more
specific discussion about plaster wastage,
and about the supplier’s point of view.
The company in question adopts plaster
reuse and recycling practices during its
production process.

Civil engineer, construction entrepreneur,
with extensive experience in the area of
sustainability. In this scenario, the planning
activity of a large commercial enterprise
was discussed, which used sustainable
practices during construction, emphasizing
the main event from the point of view of
opportunity, with improvements in the
objective of the project.

These interviewees (specialists) addressed in the study in each case are engaged with sustainability
actions that have been developed in the studied region. As the aim of our study is the proposal of a
structured methodology to identify causes, effects and protection and mitigation barriers associated
with the issue of sustainability in the civil construction industry, we do not seek statistical generalization,
but rather to demonstrate how the methodology can be useful for the problem, addressing three
different scenarios, and how the use of the proposal can be helpful to analyze it. Then, we reached the
face validity, of a non-statistical nature, based on the subjective judgment of the expert. The experts
were involved throughout the research, having a minimum of two iterations [33].

The data were collected based on the steps of bow-tie. For this purpose, a semi-structured
interview script was prepared to gather information and opinions on: the potential risk, the protection
and prevention barriers and the causes and consequences of the risks mentioned. After finalizing
the script, a selection was made of cases to be studied. These were defined based on the company’s
experience of seeking to address sustainability issues and in order to address how best to tackle these
issues in three different types of construction project: a vertical project, another from the point of
view of the subcontractor and the third was a project for a commercial construction. Each of the three
companies nominated an interviewee (professional expert), who provided data that would be used
to apply bow-tie and to construct a diagram of the protection barriers, and to show the causes and
possible consequences of the main event for the company. The interaction among the analyst and the
expert during the bow-tie application was as follows. First of all, an interview with the expert involved
was carried out, defining the main event and collecting the information according to the questions
already prepared for the application of the bow-tie. Based on the answers, the contributing factors
were identified, and in another round, these factors were explained, with the preventive barriers built
together (the expert, the analyst). Subsequently, the consequences were identified, and the protective
barriers were identified. An analyst analyzed the data obtained, complemented with a documental
analysis (some records provided). The final diagram was built using BowtieXP 2.9.6 software (CGE Risk
Management Solution, Leidschendam, The Netherlands). After the expert analysis of the results on the
diagram, adjustments were made, and the final version of the diagram was obtained. This process
was repeated for each company. It identified barriers needed to implement sustainability in the civil
construction industry (Figure 1).
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Figure 1. Framework for identification of barriers to implement sustainability in the civil
construction industry.

5. Results

Given the above, three case studies were conducted. The first case study was based on vertical
works (Figure A1 in Appendix A), while the second case study was related to specific plaster material,
as it was a generic event (Figure A2 in Appendix A). Finally, the third case study addressed sustainable
practices (Figure A3 in Appendix A). The case studies were conducted in accordance with the steps
described in the diagrams.

5.1. Case 1

This first case was based on the planning stage of a project, to be carried out in Recife, to construct
sustainable vertical buildings, which, on average, will have 30 floors. These are the most commonly
found construction works in the region.

According to the expert of the present study, among the existing risks in the civil construction
industry, that of building materials is one of the priorities, being the one most addressed among the
current studies related to the theme of sustainability in construction works [34,35].

One of the great risks related to materials, when looking for ways to make the work less
unsustainable, is related to wastage [10]. This wastage can occur in two situations, the one most cited
being the waste materials generated at the end of carrying out the service or by rework, or also when
the specifications in the technical standards cannot be met. Thus, the wastage of construction materials
is the main event of this scenario.

Several factors contribute to the wastage of materials at a construction site (Table 2). The threats
listed are mainly linked to points aimed at the construction process, and involve technical issues,
issues related to the manual labor force and issues involved in administering materials. Based on these
factors, some preventive barriers can be introduced. These barriers are a form of prevention to avoid
the factors listed above which contribute to generating the potential risk. For each threat, a barrier was
designed, as shown in Table 2.
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Table 2. Barriers to prevent the wastage of materials.

Contributory Factors Preventive Barrier

Inadequate construction techniques Planning;
mechanization and automation

Lack of mastery of construction techniques Training
Drawing up procedures

Procedures for performing services
inadequate/outdated Investment in quality programs

Inadequate labor Selection and training of manual laborers

Lack of professionals with knowledge in
management and project management Selection and training

Inadequate selection of materials (quality)
Teams with experience about technical questions and management

of procurement
Use techniques for selecting/assessing suppliers

Stock/packaging inadequate within the site Use of pallets
Draw up design of site

Lack of control methods of materials during the
execution of the work Use methods for controlling materials

Non-use of the delivery schedule with the supplier Scheduling of deliveries with the supplier

Delivery by the supplier of the material on site Use inspection of materials techniques in the act of delivery and
establish minimum requirements for acceptance of the material

Inadequate transfer of material between works of the
same company Policies for the adequate storage, control and distribution of materials

Inadequate transport within the site
Distribution of materials (quantity) before carrying out the service as

per estimated consumption
Use of adequate moving equipment

Some measures must be taken if the risk occurs. These measures are called protective barriers.
They serve to neutralize or minimize the consequences caused by the unwanted event. In the case
of wastage of construction materials, the protective barriers are more focused on understanding the
risk and learning lessons for future construction works, thus avoiding this wastage being repeated.
The barriers found were: training, investment in technology, actions of registering and monitoring
services for later analysis (registration of services on checklists, analysis of the appropriations of the
services performed - consumption of material and man-hours) and reuse of material (applying leftovers
in other smaller, associated services), e.g., leftover material from concreting being used to concrete
small parts such as counter beams for masonry.

Every unwanted event has a set of causes, which can generate a set of consequences.
These consequences are the effect that risk brings to the environment or to its stakeholders. In the case of
this study, the main consequences are: increased cost, increased production time, greater environmental
impact, higher expenditure of work for the manual labor force, interference in the final quality of the
work, rework and the impact on the company’s image.

These impacts can directly affect the objectives of the project, especially the costs, since the
extra expenditure on the material used wrongly and the extra cost of the manual labor force cannot
be recovered.

From the point of view of sustainability, the wastage of materials directly affects the three pillars
of sustainability, namely the economic, social and environmental pillars. The increase in costs directly
impacts the economic pillar. The increase in production time and expenditure of energy of the labor
force impacts the social pillar. The impacts on the environment caused by using the materials and
generating waste affect the environmental pillar.

After collecting the data, the BowtieXP 2.9.6 software was used to draw up the diagram.
The diagram serves to make it easier for all members of the team to visualize the main causes
and consequences of a given event, thus facilitating prevention and decision making regarding the
possible controls of this risk. In the figure below, a generic model is presented for the control of the risk
of wastage of materials (Figure A1 in Appendix A).
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It was found that the main causes for wastage are related to factors linked to the construction
technique, management of the manual labor force and materials management. These causes can lead
to increased costs, increased production times and a greater impact on the environment. To minimize
the risk or impacts generated, prevention and protection barriers were suggested.

5.2. Case 2

Since this is a generic event, it is not possible to go into greater detail on the previous diagram.
For this reason, a case study was developed for a specific material—plaster.

Gypsum was selected due to it being easily acquired in the state, as it is a low-cost material and
widely used in construction works in the metropolitan region of Recife. The main event that was
worked on was the wastage of plaster in vertical works in the metropolitan region of Recife, from the
supplier’s point of view. The main way of using plaster in local constructions is in the form of paste
and plasterboard, the paste for cladding being the form that brings about the greatest losses during
the process.

The wastage of gypsum derives from the same contributing factors as dealt with previously,
but preventive barriers are more specific for gypsum, as can be seen in the table below (Table 3).

Table 3. Factors that contribute to and barriers that prevent the wastage of gypsum.

Contributory Factor Description Preventive Barrier

Inadequate construction techniques

Masonry made with poor quality, implies a greater
amount of plaster paste necessary for leveling the
coating due to the lack of plumb lines and squares

on the walls

Training of the manual labor force
Quality management of the masonry service

Modernization/adjustment of the
construction techniques

Lack of mastery of construction techniques Low use of drywall in the region
Need to meet NBR 15575

Modernization of the construction techniques
Incentive to industrialization

Change of the organizational culture
Compliance with NBR 15575, on the performance of

residential buildings

Procedures for performing services are
inadequate/outdated

Preparation of large amounts of paste at one time,
losing the point of sticking on before finalizing the

service, thus generating wastage of material

Training of the manual labor force
POP with instructions on preparing plaster paste

Work order with required quantities per floor

Lack of organization during the service Disorganized and dirty construction site, thus
making the reuse of the material unviable

Clean the area and use plastic tarpaulin before the start
of the service, to collect the leftovers and later reuse

Draw up inspection checklist for freeing area for
the plasterers

Inadequate cutting of plasterboard panels
Plan the service during the project, so that the

cutouts of panels are minimal, thus avoiding losses
in the execution of plasterboard services

Training of the manual labor force
POP with instructions on the cutting out of

plasterboard panels
Work order with required quantities per floor

Reuse of pieces coming from the cut-outs of the panels

Inadequate manual labor force An unprepared and/or untrained manual labor
force generates greater wastage

Selection
Training of manual labor force on the conduct of
services, notions of quality, organization of the

construction site, handling of materials

Inadequate stock/packaging within the
construction site

For powder plaster, the bags must be stacked
horizontally on pallets and panels, vertically,

without contact with the ground
Store so as to protect from the sun and bad weather

Draw up design of site
Technical cards indicating where the materials are

Pallets for the stacking of the material
Training of manual labor force

Lack of methods for controlling
materials during the execution of the work

The lack of a control card does not let the volume
used be monitored Adopt control cards

Non-use of delivery schedule with
the supplier

On average, the validity of gypsum powder is
3 months Adopt delivery schedule

Delivery by the supplier of the material to
the site

Lack of care during handling can cause damage to
the packaging and loss of the product

Adopt the inspection of materials on receipt
Training of manual labor force

Inadequate transfer of material between
construction sites of the same company

Lack of care during handling can cause damage to
the packaging and loss of the product

Create POP for transfer of materials
Create work order

Training of manual labor force

Inadequate transport within the
construction site

Lack of care during handling can cause damage to
the packaging and loss of the product

Use of moving equipment
Training of manual labor force

In the case of the wastage of plaster, the protective barriers are more focused on recycling the
waste, and the barriers found are: training/qualification of the manual labor force, investment in
technology, actions of registration and monitoring of services for further analysis (registration of
services on verification sheets, analysis of the appropriations of the services performed (consumption
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of material and man-hours)), separation of plaster waste, correct waste packaging, recycling of waste,
reuse of material, design of the construction site and a marketing campaign evidencing reuse practices.

Every unwanted event has a set of causes, which can generate a set of consequences.
These consequences are the effect that risk brings to the environment or to its stakeholders. With regard
to this study, the main consequences are: a greater adverse impact on the environment, increased costs,
increased production time, greater expenditure on the manual labor force, interference in the final
quality of the work and image of the company that performs the plaster services.

The impacts generated by gypsum are mainly environmental, because, as it is a low-cost material
and even though wastage is around 10 to 12% per building, the final increase in costs is negligible
when compared to other materials. However, the environmental impacts generated are high, because if
this waste material is not disposed of correctly, as defined by CONAMA resolution 431/11 [36], it can
generate toxic gases and it can contaminate groundwater, amongst other harmful impacts.

The event was assessed by estimating the possibility of the consequence occurring. This was done
using a standard risk matrix, which represents a possible scenario in which all paths and barriers are
shown. This method uses the risk matrix to assess and categorize threats and then a more detailed
analysis is conducted in terms of risk acceptance criteria. Finally, a set of improvement strategies
is proposed which takes account of the existence and effect of contributing factors, the number of
preventive and protective barriers and their effectiveness. In other words, it is a mapping of the
probability and consequence of risk, represented by different colors. This enables the degree of risk to
be graded based on the probability and severity of the consequences [21,37].

The scale was defined from 1 to 5, according to the impact on the objectives of the work, using the
expert’s opinion and based on the study which used the bow-tie methodology in the health context to
improve patient safety, and thus, through specialists in the field, a figure was adapted to the context of
civil construction (Table 4) [21].

Table 4. Scale of impact.

Classification
Objectives Very Low Low Moderate High Very High

1 2 3 4 5

Cost No significant impact Increase less than 5% Increase of 6–10% Increase of 11–19% Increase greater
than 20%

Time No significant impact Increase less than 5% Increase of 6–10% Increase of 11–19% Increase greater
than 20%

Quality No significant impact Few components
affected

Significant impact,
needing client’s

approval for continuity
Unacceptable quality Unusable product

Environmental No environmental
damage

Minimal effects on
the environment

Moderate effects on
the environment

Strong effects on the
environment

Severe effects on
the environment

The consequences were attributed considering the worst possible results. The risk occurrence
scale was scored on a scale from 1 to 5, in which the higher the number, the greater the probability of
occurrence of the adverse outcome (Table 5).

Table 5. Scale of occurrence of wastage.

Rare Improbable Possible Probable Almost Certain

Score 1 2 3 4 5

Score In less than 10%
of the works

In between 10% and
29% of the works

In between 30% and
59% of the works

In between 60% and
89% of the works

In more than 90%
of the works

The impact of waste plaster was calculated. The main objective affected was considered to be
the impact on the environment. The expert considered that waste plaster should receive a score of
moderate risk, since it can generate severe damage on the environment, and can cause moderate
impacts to the physical, biotic or anthropic environments. This requires immediate corrective actions to
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prevent the impact growing into a catastrophe. The possibility of irreparable environmental accidents
is remote. As for the occurrence, the expert ruled that the wastage of plaster is likely to occur in the
construction sites in the region, as it is an event that occurs in most of them.

Risk scores were calculated by multiplying the impact score by the occurrence score, using a scale
from 1 × 1 = 1 to 5 × 5 = 25. As can be seen in the matrix (Figure 2), the risk assessed can be classified
into up to four levels: very low risks (low risk, green part of the matrix); tolerable risks (moderate
and high risks, yellow and orange parts of the matrix, respectively); and intolerable or unacceptable
risks (very high risk, red part of the matrix). In the problem in question, a score of 15 was obtained
(moderate impact scale = 3 x almost certain occurrence scale = 5), one being considered a very high risk.
High risk requires protection barriers to minimize the impact on the environment, and they should be
brought into use as soon as possible.

 

 

 

Figure 2. Risk matrix. Source: adapted from [21]. 

 

Figure 2. Risk matrix. Source: adapted from [21].

With all the steps completed, the diagram was constructed with the aid of the BowtieXP 9.2.6
software. In the diagram below, on the right side, the main causes and prevention barriers to avoid the
risk can be checked. On the left side, the possible consequences and protection barriers, in case the risk
occurs, can be checked.

The main causes of the wastage concern factors related to construction techniques, management of
the manual labor force and materials management. These causes can mainly generate a greater impact
on the environment. To minimize the risk or impacts generated, prevention and protection barriers
were suggested, emphasizing in this case, the importance of the correct disposal of this material,
in addition to reuse and recycling (Figure A2 in Appendix A).

5.3. Case 3

Unlike the previous cases, there are cases of successful sustainable practices in the metropolitan
region of Recife. As a case study, data were collected on a commercial site, where sustainable techniques
have been used ever since the construction works started.

Risks are adverse events that affect the objectives of the project and can be negative, such as
threats, or positive, such as opportunities. In this case, the risk was addressed in the form of an
improvement, i.e., as an opportunity. The main event was called planning. Planning was deemed to be
a fundamental activity, since based on planning, all of the survey is about the demands that must be
met for the construction project.

According to the expert, three factors are fundamental to guarantee the efficiency of a sustainable
project: meeting the demand for technical standards, designing a rational construction site and choosing
industrialized construction systems.
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Some points were thought about and implemented during the planning of the construction work,
namely: compliance with technical norms, building standards, safety measures, safety at heights,
rational project design, use of the BIM platform, management plan for waste materials, design of
energy efficiency, design of appropriate sanitation, plan for managing stakeholders, management
plan for surrounding areas, plan for urban environmental management, quality management of
processes, training the manual labor workforce, demolition planning and area preparation, study of
the soil, reuse of residues generated during demolition and listing of the environmental reserve area.
These were the main causes and preventive barriers which the specialist considered to support the
activity of planning for the site.

After the initial planning, some actions help to improve the results obtained by doing this activity.
These are:

– Development of the Programa Obra Limpa (Clean Works Program)—Plan for Controlling Impacts
on the Construction Site which sets out 88 sustainability strategies, which are divided into 9 distinct
categories (Pollution Control During Construction Activities, Management of Construction Waste,
Rational Use of Drinking Water, Humanization of the Construction Site, Energy Efficiency,
Quality of the Internal Environment for Employees and Future Occupants of the Building,
Responsible Management of Forest Resources, Purchase of Materials of Lesser Environmental
Impact, Indicators of Sustainability of the Construction Work);

– Use of LEED (Leadership in Energy and Environmental Design) certification;
– Use of performance indicators in the different management areas;
– Skills training of manual labor force for the construction stage and for the operation and

maintenance stage of the works.

On using this program, the following results were achieved: decrease in construction costs
of around 8%; decrease in operating costs of around 20%; improvement in the quality of
operations; lesser impact on the environment; less time taken to do the work—gains in productivity;
and enhancement of the company’s image.

Some of the program’s sustainability indexes generated significant numbers. The actions carried
out in this program resulted in savings of more than BRL 1 million and approximately 16,000 tons of
waste was sent for recycling. The waste material that was generated by demolishing the old building
was recycled after it was crushed and then reused as an aggregate in construction processes. This led to
a decrease of more than 3000 truck journeys during the work, this representing a reduction of around
27,000 L in the consumption of fossil fuels and of 88 tons of CO2 emission. In other words, the impact
on the environment was lessened.

The results obtained showed how well-articulated and executed planning brings gains in all of
the design objectives, thereby ensuring rational construction and efficient processes.

After collecting the data, the bow-tie diagram for the planning event was built, using the BowtieXP
9.2.6 software, as shown in the figure below. It is important to note that in the diagram, only the main
points that were dealt with to ensure sustainability in the construction works studied were allocated
(Figure A3 in Appendix A).

Unlike the previous scenarios, scenario 3 brought risk analysis from the point of view of risk as an
opportunity, i.e., to improve the objectives of the project. The event analyzed was the planning activity
of the construction project of a commercial enterprise in the RMR, which used sustainable practices
during construction.

For the specialist, the main factors that influence good planning and ensure sustainable practices are
applied as follows: compliance with the regulatory standards, the design of a rational construction site
and the choice of the construction technique. These factors led to a decrease in the total cost of production
and operation of the project, in addition to lessening the impact on the environment. Prevention and
protection barriers were aimed at facilitating planning and obtaining the estimated results.
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This scenario demonstrated that when they are well-planned and executed, sustainable practices
bring good results for the organization, society and environment.

According to the structure of the bow-tie diagram, it is possible to integrate cause and effect in a
same view and analysis, identifying the main causes of potential problems to implement sustainability
in construction, as well as identifying opportunities to suggest the most sensible and correct use to
improve sustainability practices and assist in decision making. Further, the work served to raise the
main problem that causes obstacles to the implementation of green practices in civil construction and
identify the relevant issues of management and planning for good development and a viable and
practical application, collaborating for the success of the project.

6. Concluding Remarks

According to the results obtained in the study, some points were observed: the main causes and
consequences of the events were revealed and, from these, barriers of prevention and protection were
traced and implemented.

The causes related to the problems of material waste (scenarios 1 and 2), in general, concern issues
related to the choice of construction technique, lack of mastery of construction technique,
general disorganization of the construction site, problems related to labor, and issues related to
material management, such as poor storage, handling problems and lack of distribution control.
These factors, if not controlled, generate increased costs, rework and, consequently, the workforce
spends more energy and takes time to perform the service, in addition to having greater impacts on
the environment. The study by Van Thuyet, Ogunlana and Dey [38] identified some causes related
to material waste problems, making the deadlines correlated and costs exceeding. They justified,
in a function of current projects that are more exposed to risks and uncertainties due to complexity
in planning and design, the presence of various stakeholders (investors, consultants, suppliers,
etc.), doubts about the availability of resources (materials, equipment, funds, etc.), the climate of
the environment and social issues, as well as legal, economic and political factors. Tomovsca and
Radivojevic [39] stated that only sustainable architecture could be achieved by a simple and careful
application of local construction materials and techniques, while in this research, it was seen that the
main barriers were related to the planning of construction techniques and to the use of industrialized
processes in order to reduce the amount of waste generated and save operating time. Another important
barrier concerns the implementation of policies aimed at the organization of the construction site and
quality management. A clean and organized place facilitates the execution of services, generating
greater productivity.

Another important consideration is that this study revealed that at each stage of the life cycle,
the amount of waste generated depends on the intensity of the construction activity, the technology used
and the rates of waste and maintenance. In practice, all activities carried out in the civil construction
sector have the potential to generate waste. This research showed that in the production phase,
the primary explanation for the generation of construction waste is that there is a high volume of waste
in construction materials. Further, the production of waste causes significant environmental damage
throughout its life cycle due to the large consumption of natural aggregates, as this same discussion is
also found in the study by Colangelo et al. [40], and the main phase that generates the most significant
amount of waste is in production, but in the activity of the construction site, materials and demolition.

Another study presented a methodology to assist decision-makers in matters involving the
management of materials, demonstrating the need for organization in the sector [41]. It is also
noteworthy that, among the causes of both waste materials and plaster, the vast majority of cases,
directly or indirectly, involve issues related to the unpreparedness of the workforce. Civil construction
still presents in aspects of artisanal manufacture, where the role of the worker is decisive for the quality
of the final product and is directly related to the sustainability of the sector. The level of training and
qualification of manual workers reflects some fundamental issues for more sustainable construction,
such as the rational use of inputs and the control of waste generation [10].
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Many construction companies, contractors and subcontractors do not invest in training their
staff to train their employees in all necessary processes, especially when there is a high turnover of
manual labor, but also in the management of construction and demolition waste [42,43]. In general,
these professionals lack adequate training during the work, but they have little or no knowledge
about the physical, chemical and economic characteristics of each type of material, for example, wood,
ceramic block, masonry block, iron and plaster. This also prevents them from being separated correctly,
reducing the chances of reuse and recycling. Therefore, investment in skills training is fundamental to
change general behavior and investments in changing organizational culture [44–47].

Barriers were also established in the case of waste, in order to neutralize or minimize it. The main
barriers were directed to investment in technology and operations monitoring actions. The use of
performance indicators allows to verify how the process is behaving and, therefore, allows its flaws to
be identified.

In addition, waste management practices were also suggested, with subsequent reuse in the work
or recycling, or at least the correct disposal of the waste. Thus, the area of waste management is
fundamental for ensuring the sustainability of a construction project [48,49].

In scenario 3, an example of the importance of planning for the sustainable project was seen,
where the guarantee of meeting the technical standards, the design of a rational construction site
project and the correct choice of the construction system were the basis for ensuring that costs and
environmental impacts generated were reduced and that the quality of operations was higher. In other
words, the search for the management of all areas related to sustainability, such as waste, quality, energy,
water resources, environmental protection, surrounding areas and the well-being of those involved in
the process, proved to be fundamental to guarantee the results expected. Thus, after implementing
the program, the cost of the work was reduced by around 8% and the impact on the environment,
mainly by improving waste management, resulted in less than 10% of waste materials being used as
landfill. Using the BIM platform for this was also seen as essential throughout the process. The use
of the BIM platform is advantageous since the coordination between participating designers and
contractors is improved and omission errors are significantly reduced. This makes the construction
process faster, reduces costs, minimizes the likelihood of design errors and provides a more efficient
process for the entire project team [50–52]. Some of the sustainable practices adopted in projects were:
waste management policies, reuse of demolition waste, recycling of organic waste and classes A and
B, water treatment station, sanitation station, power generation from renewable sources, installation
of a concreting plant and less use of vehicles for material handling, with less consumption of fossil
fuels. These practices, in addition to reducing impacts on the environment, also contributed to cost
reduction. Several authors have discussed the importance of these practices in the construction system.
Del Rey et al. [49], Bourdot et al. [48] and Barritt [53] presented the advantages of incorporating recycled
aggregates in a different mix of concrete. Hasik et al. [54] showed ways to save energy in the works.
Ding, Wang and Zou [31] discussed the importance of waste management, however, in these studies
there is no application of a tool that explores, in a schematic and simple way, the descriptions and
analyzes the paths of a risk, from its causes to its consequences. In addition, bow-tie’s focus is on the
barriers between causes and risk, and risk and consequences.

Therefore, we suggest that the main obstacles to implementing sustainability in civil construction
are: lack of planning for a sustainable construction project; lack of compliance with pre-established
technical standards; choosing inappropriate construction techniques; little industrialization in
construction systems; lack of technical knowledge of the workforce about operations and services;
lack of standardization and use of specific procedures in operations and services; lack of incentives and
regulations aimed at waste management; and lack of more complete material management (control,
storage and movement).

Thus, the prevention and protection barriers presented in the different scenarios are means to
assist implementing sustainability in the civil construction industry.
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Limitations and future lines of research:
Finally, the research limitations of this paper were that the results discussed refer to the field study

on the practices discussed by specialists in the region studied. These practices may vary according to
the country of study, local organizational culture and specific legislation.

As to future lines of research, it is recommended that evaluation methods be drawn up to measure
in the field the loss of material that originated from wastages, service execution errors, storage and
handling errors and from generating residues, in addition to designing methods on reusing and
recycling materials that have a high adverse impact on the environment.
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