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Construction projects can be characterized by their complexity and dynamism, distinguishing 

the construction industry sector as one of the more representative in accident rates. However, 

due to the evidence of accidents, the efficiency of the Safety Planning and Control (SPC) 

process has been questioned. Thus, the need for new approaches to leverage the construction 

safety is noteworthy, such as the application of Resilience Engineering (RE) and visual 

technologies for jobsite planning and monitoring. The RE emerges as a new conceptual 

paradigm for the improvement of safety. This paper presents an exploratory study in order to 

understand the contributions of the concept of Resilience Engineering and the use of Unmanned 

Aerial Systems (UAS) technology to support the SPC process. For this, a case study in a 

construction project was conducted, involving the following steps: (a) Diagnosis of SPC 

process; (b) Development of a safety monitoring protocol using UASs; and (c) Field tests to 

monitor working conditions with UASs. The main contribution of this work is the presentation 

of a theoretical framework explaining how the RE and the UASs can contribute to the SPC 

process, the development of a protocol for safety monitoring with UASs and the identification 

of resilience and brittleness factors influencing the SPC process. 

Keywords: Resilience Engineering (RE), Visual technology, Unmanned Aerial Systems 

(UASs), Safety Planning and Control (SPC), Construction sites. 

 

INTRODUCTION  

Despite advances in construction safety management, shortcomings in the SPC process are still 

evident (Cambraia et al., 2010). According to Guo et al. (2017), the safety planning failure in 

identifying safety hazards and job hazard areas (JHAs) can be justified due to the lack of an 

intuitive method of representing the construction process, highlighting the need for new 

approaches capable of dealing with the complexity and the dynamism faced by the construction 

industry. 

Thus, Resilience Engineering emerges as a new conceptual paradigm for the study of safety, 

which seeks to understand how people, under pressure, deal with the complexity and variability 

of a system (Hollnagel, 2006), considering the interfaces between people, technology and the 

work environment, thus providing an analysis closer to the complex reality (Clegg, 2000). 

Recent research has shown that the use of emerging technologies such as Unmanned Aerial 
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Systems (UASs) can contribute to the monitoring of working conditions at construction sites, 

due to the high potential of visualization through the visual assets (photos and videos) collected 

on the jobsite, providing a more reliable assessment of the risk (Irizarry and Costa, 2016; Melo 

et al., 2017). Therefore, this study has as motivation the use of the concepts of resilience 

engineering and the potential of visualization with the UASs to support the SPC process, 

providing information on risk anticipation and effective process monitoring. This paper 

presents an exploratory study aiming to understand the contribution of the concept of 

Resilience Engineering and the use of UAS technology to support the Safety Planning and 

Control process. This study is part of PhD thesis which aims to develop and evaluate a Safety 

Planning and Control model for construction sites based on Resilience Engineering concepts 

and visual technologies.  

THEORETICAL FRAMEWORK 

Safety planning and control (SPC) is a mandatory requirement under the Safety Standards 

Regulations, in addition to being a practice performed by companies concerned with safety 

management (Cambraia et al., 2010). According to Cambraia et al. (2010), SPC is recognized 

as one of the principal measures for the reduction of accidents, in which safety requirements 

must be taken into consideration in the production planning. Therefore, a more reliable 

workflow can contribute by reducing unexpected events that lead to accidents (Howell et al., 

2002), corroborating with an increase the resilience.  

The resilience, being understood as an intrinsic capability of an organization or system to 

maintain or recover a dynamically stable state, allowing the organization to continue operations 

after unexpected events or in the presence of continuous stress (Hollnagel, 2006). The RE seeks 

to explore and discuss the safety/production trade-offs faced by organizations (Hale and Heijer, 

2006; Woods, 2006), and planning has an important role in the accommodation changing 

demands and risk anticipation, corroborating with the expansion of the safe work limits to 

which workers are exposed (Woods, 2006; Howell et al., 2002; Saurin et al., 2015). According 

to Hollnagel (2010), a resilience organization must develop four essential abilities, being the 

abilities to monitor, to respond, to anticipate and to learn. Those also need to be considered in 

the SPC process in order to achieve efficiency and good performance.  

Woods (2006), argues that for managing risk proactively, it is necessary in a few moments to 

mitigate the pressure on throughput and efficiency goals, i.e., making a sacrifice judgement, in 

order to maintain an acceptable level of risk (Woods, 2006). The author discusses that the 

monitoring is a key resilience factor. This should lead to interventions to manage and adjust 

the capacity to adapt as the system faces new forms of variation and challenges. Then, the 

monitoring can contribute for the understanding of the work-as-done, meaning what actually 

happens over time in real situations (Hollnagel et al., 2015), due to the constant adaptations 

carried out during the construction phase. 

The study of work-as-done has sought to understand the skills developed by workers when in 

operating limits zone (Rasmussen, 1997). These skills are essential in the adjustment of the 

performance, in order to maintain safe operations and efficiency during expected and 

unexpected situations (Saurin et al., 2014). Thus, it is necessary to use mechanisms to support 

the safety planning, the monitoring of safe work limits and the anticipation of risks. In view of 

this, studies have pointed out the potential use of the UASs as a tool for supporting safety 
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management, contributing to the increase of transparency, improvement in identification of 

problems, agility in the process of decision-making and reduction of inspection time on 

construction site (Kim and Irizarry, 2015; Melo et al., 2017).  

The review of the literature presented in this section seeks to connect the RE concept and the 

use of the UAS technology and their contributions to the SPC process. As a result, a theoretical 

framework is presented in Figure 1. 

 

Figure 1: Theoretical Framework 

METHODOLOGY 

This research used the Design Science Research (DSR) concepts (Van Aken, 2004) as the 

research strategy, according to Figure 2. However, this paper only focuses on the step of 

awareness of the real problem, according to Research Design presented.  
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Figure 2: Research design with emphasis on awareness step 

The study was conducted in a residential project, known as Project 1, from October 2017 to 

March 2018. Table 1 describes the main features of the project. 

Table 1: Features of Case Study 

Description 

 

Residential low-income housing project  

Land Area: 22,800 m²  

Total of 400 units 

Construction time: 16 months  

90 labor workers (at the moment)  

Constructive processes: Concrete wall structure 

Diagnosis of the Safety Planning and Control (SPC) process 

The diagnosis aimed to understand the SPC process in place in Project 1 based on six 

requirements related to the Health and Safety Assessment Method developed by Costella et al. 

(2009). The requirements evaluated were: (1) safety management policies and objectives; (2) 

structure and responsibilities; (3) senior management commitment; (4) management system 

planning; (5) identification of safety hazards; and (6) risk assessment and corrective actions. 

Data was collected based on structured interviews; two interviews totaling 3 hours with safety 

personal and a safety engineer, informal conversations with the safety team, analysis of 

documents, direct observations, visual assets collected with UASs and participation in two 

production planning meetings on site.  

Development of safety monitoring protocol by UASs 

This step aimed to develop a protocol for safety monitoring with UASs (Figure 3) integrated 

into the safety management routine of the Project 1.  
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Figure 3: Safety monitoring protocol by using UASs 

A check list for UASs safety monitoring was developed based on the Project 1 checklist for 

assessment of the construction site safety conditions, containing 294 items (includes 

requirement regardless documentation, as well as internal and external safety requirements) 

which was collected by the safety team on a monthly basis. The checklist adopted included 118 

items, subdivided into 12 categories (Figure 3). 90 of 118 requirements were taken from the 

Project 1 checklist (only external safety requirements), and 28 additional requirements were 

included, based on the checklist developed by Melo et al. (2017).  

Safety monitoring with UASs 

This step aimed to perform tests for monitoring the safety conditions on the jobsite and identify 

the safe work limits through the visual assets collected with UASs. A total of 23 flights were 

performed with an average time of 15 minutes each. A total of 1975 photos and 44 minutes of 

video were recorded. After the flights, feedback with Safety Personnel for the immediate 

assessment was also performed. All visual assets collected during the monitoring were 

available for the project personnel in reports to support their decision-making process.  

Two analyses were carried out throughout this study. The first one aimed to identify the sources 

of resilience and brittleness of the safety planning and control process, by identifying the 

critical processes from the perspective of monitoring and control. The second analysis aimed 

to evaluate the compliance with the safety requirements through the checklist, according to the 

Brazilian Safety Regulations, highlighting the safe work limits and the conflicts between 

safety/production visualized through the visual assets collected. 

FINDINGS AND DISCUSSION 

This section presents the results obtained from the diagnosis of the SPC process and the safety 

monitoring with UASs. 

Analysis of Safety Planning and Control process 

Concerning safety management policies and objective, the Construction Company which 

develops Project 1 has the safety management policies and objectives documented with pre-
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established targets defined by the top managers, linked to profit participation of the safety team. 

The targets are defined according to the risk management and previous year’s results. The 

safety management policy and objectives are reviewed within 24 months, and so far, this 

paperwork has gone through two reviews in the last five years. The safety policy and objectives 

are communicated to all workers during the admission training, daily safety dialogue, visual 

resources (banners and posters), as well as annual health and safety promotion event. 

Despite this, the Company studied performs well in terms of the safety policies and objectives, 

and it should be noted that the established goals do not lead to continuous improvement because 

the targets are overestimated, and the works are not boosted to achieve better indicators. In 

addition, for the integration between production and safety, the profit participation of 

production team should be linked to the safety targets. Regarding the structure and 

responsibility, the safety management has an independent hierarchy. The functions and 

responsibilities related to safety are explicit and documented. However, conflicts between 

production and safety were observed during the study, caused by the absence of fall protection 

systems designs and the inefficiency of safety/production planning. The safety team of Project 

1 is composed of two Safety Personal, a Safety Supervisor and a Safety Coordinator.  

Top managers are responsible for proposing and evaluating the safety goals and monitoring the 

proactive and reactive safety indicators, showing a commitment to better safety conditions. On 

a monthly basis, reports with the project’s safety compliance indicators are distributed among 

the safety teams for internal benchmarking, providing information for supporting the safety 

team decision-making and also learning from the good practices carried out in construction 

sites. The safety planning is developed based on the master production planning, aiming to 

collect information for Program of Prevention of Accident Risks (PPAR), updated every 12 

months and performed on a weekly basis in order to inform safety team and the workers the 

activities planned for the week. The inefficiency of the planning is reflected in the working 

conditions and accommodation of the demands, where a high potential for improvements in 

order to establish a more reliable workflow was observed.  

The identification of hazards of accidents is carried out in the PPAR, work permit and PCMHO 

(Occupational Health Medical Control Program), where there is a nurse responsible for the 

monitoring of occupational diseases. Factors such as production pressures are not taken into 

account, although there is a high workload and rigid productivity goals in some processes. 

During the construction site monitoring, when situations of imminent accident risk were 

observed, the recommendation is to stop the service until the risk has been reduced or 

eliminated. For low risk non-conformities, a deadline is proposed for correction. After the 

deadline, the Safety Supervisor verifies whether the correction has been carried out and sends 

the results to the Safety Coordinator. Based on the analysis, a set of factors that could influence 

in the resilience or brittleness of SPC process on jobsites was identified (Table 2). 
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Table 2: Potential factors influencing SPC process based on RE 

Resilience factors Brittleness factors 

• internal benchmarking – 

promotion of learning from the 

success experiences; 

• incentive policy (such as profit 

participation) 

• pre-established targets; 

• safety management independent 

from production management; 

• top management commitment. 

• target overestimated (incompatible with safety objectives); 

• deficient visual management (especially during the workers’ 

safety training); 

• absence of critical analysis of the indicators collected; 

• lack of integration between safety and production planning; 

• the identification of risks does not consider behavioral 

factors and production pressures; 

• the operating procedures formulated by engineers and 

technicians without the contribution of workers. 

Analysis of safety requirements conformity based on visual assets collected with UASs  

This analysis aims to verify the conformity with the safety requirements through the application 

of the checklist based on the assets collected with UASs (Figure 4). This indicator is calculated 

as the ratio of the sum of the weights of items and the sum of the weights of items checked. 

The weights of the items vary according to the degree of risk. 

 

Figure 4: Results of the conformity indicator 

The results show an improvement in safety conditions during the monitoring between October 

2017 and March 2018. The first two visits presented results below 70%, justified by the period 

of the jobsite layout implementation. From the seventh visit on, a high conformity rate (above 

90%) is observed, representing the fulfillment of the safety standards requirements. There is a 

decline of the results in the last two visits resulting from the non-conformities found in the 

concrete wall process. However, despite the high level of conformity presented in the Figure 

4, a record of three accidents on jobsite during this period were observed, one of them being 

characterized as severe and resulting in 8-month layoff of the worker. By analyzing the 

frequency of items classified as non-conformity (Figure 5), 71% (47 occurrences) are 

distributed among six main requirements. The most frequent requirement was the lack of the 

use of Protective Personal Equipment (PPE) by employees (27% - 17 occurrences), 

representing a recurrent problem in construction. 

62% 63%

84% 89% 87% 89% 90% 91% 96% 97% 100%100%100%
93% 97% 95% 97% 97% 97%

88% 93% 88% 86%

0%

20%

40%

60%

80%

100%

SAFETY CONFORMITY INDICATORS



Proceedings of the Joint CIB W099 and TG59 Conference 

Coping with the Complexity of Safety, Health, and Wellbeing in Construction 

Salvador, Brazil, 1-3 August 2018 

 

20 

 

 

Figure 5: Results of the frequency of safety items non-conformity 

Despite the high percentage of conformity and adequacy of safety standards, some situations 

that go beyond the safe work limits were recorded by the visual assets collected with UASs 

(Figure 6).  

 

Figure 6: Situations that exceed the safe work limit recorded by UASs during the safety monitoring 

Among the hazardous situations identified, the following ones can be highlighted: the 

improvisation of wood cutting benches in the middle of the excavation areas, in order to 

decrease the displacement of workers and to increase the productivity (Figure 6a); the lack of 

isolation of the excavations areas, causing the risk of workers falling into the cesspool (Figure 

6b); the unsafe unloading of the shackles of concrete (Figure 6c); the improper use of the ladder 

(Figure 6 d); scaffolding without an adequate guardrail system (figure 6e); and the process of 

disassembly of scaffolding suspended without fall protection. Also, the process of removing 

suspended scaffold without fall protection (Figure 6f) was observed. Although the worker was 

using a safety seat belt, there were no lifeline systems on the slab to be trussed (Figure 6 g); 

and the openings on the slab without fall protection systems (Figure 6h). 

CONCLUSIONS 

The aim of this study was to understand how the RE and the UASs can contribute to the SPC 

process, based on an exploratory study in a construction project. The findings show that the 

adoption of RE could improve the SPC process through a more reliable workflow, in order to 
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anticipate risks and the better accommodation of the demands, including the changing ones. In 

addition, the UASs monitoring was confirmed to have the ability to provide information 

regarding the identification of risks (such as absence of fall protection) and conflicts between 

safety/production (activities without adequate safeguards to ensure productivity), promoting 

greater transparency. The information collected with UASs can support the short-term 

planning, as well as perform the actual monitoring aligned with what was planned. 

Despite the good practices carried out by the safety management, some opportunities for 

improvement were observed, such as: to propose targets compatible with safety objectives; use 

of technological resources (photos and videos) to facilitate the understanding of safe work 

limits during safety training; to integrate the planning of safety and production into all 

hierarchical levels; to include in the risk identification behavioral factors and pressures of 

production; and to include in the development of operational procedures the workers’ 

participation, in order to plan and control the activities as they are actually carried out. New 

studies are being developed in order to propose a SPC model based on RE and UASs. 
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