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ABSTRACT

Introduction: Steel erection is known as one of the most hazardous construction activities. From an
occupational health and safety perspective, this process carries high risk. Therefore, this study aims to
conduct a qualitative risk analysis of steel structure assembly and model it using the Functional Resonance
Analysis Method (FRAM).

Material and Methods: In this cross-sectional study, the construction site of a high-rise building steel
structure was first visited to identify the main processes involved. Then, semi-structured and open-ended
interviews were conducted with 33 workers partaking in this process. Data from the interviews and
process identification were entered into FRAM Model Visualiser (FMV) software to investigate and model
complex relationships and interactions between daily tasks.

Results: Of the 19 major system component functions identified, four functions had potential instability
and defects due to complex human, organizational, and technological function interactions. By intensifying
the FRAM graphic model, risks may be imposed on the system if the interactions of these four functions
are neglected. These include coordination with the experienced rigger, preparation of the tower crane,
attachment of parts at the installation site, and execution of the rescue rope.

Conclusion: The findings demonstrate that conducting qualitative risk assessment and modeling the steel
frame construction process using FRAM allows for an in-depth understanding of nonlinear conditions and
dynamics resulting from escalating technical-social interactions. This approach enables a comprehensive
analysis of system safety status.
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1. INTRODUCTION

Dynamism and continual developments are
prominent features of the construction industry.
As one of the most hazardous industries with
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high-risk activities, construction workers face
substantial risks that can lead to serious injuries
and even death. Compared to other industries,
the construction industry has among the most
accidents. According to the U.S. Occupational
Safety and Health Administration (OSHA), one
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in five work-related fatalities in 2016 occurred in
construction. Construction projects often utilize
metal structures, which provide suitable and cost-
effective options over other building materials.
However, erecting steel structures involves complex
and dynamic tasks with considerable uncertainties.
All methods employed to analyze risks in steel
structure assembly are currently traditional
approaches. These fail to capture the nonlinear and
dynamic nature of the work.

Moreover, to our knowledge, very few studies
examine the operational risks of metal structure
construction, especially regarding worker safety
and health. Therefore, this study aims to leverage
the functional resonance analysis method (FRAM)
to analyze risks in the steel erection process. FRAM
can provide a systematic and comprehensive
methodology as a complex socio-technical system.

2. MATERIAL AND METHODS

This descriptive cross-sectional study was
conducted in 2021 at a high-rise construction
project site belonging to a company in Tehran.
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Purposive sampling was used to select participants.
Inclusion criteria comprised at least one year of
experience in various steel structure erection
processes and willingness to cooperate with
researchers. First, field visits and individual and
participatory observations of work tasks were
undertaken in coordination with project managers
and officials to collect initial data. Then, workers’
perspectives and the decision-making team’s (expert
panel) opinions were leveraged to identify and
analyze risks involved in steel structure erection.
For this purpose, a set of questions was designed
as a template for conducting semi-structured and
open-ended interviews. The decision-making team
(expert panel) consisted of members with diverse
attitudes, specializations, and backgrounds in steel
structure erection.

3. RESULTS AND DISCUSSION

All participants in this study were male, with an
average age of 30.6 + 7.6 years. In addition, their
average work experience was 5.6 = 4.2 years, and
over 65% were married. Regarding education,
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Fig. 1: FRAM network steel erection operation
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Fig. 2: FRAM network process of steel erection by applying functional intensification

Table 1: List of functions identified in the steel erection operation

Recognized functions
To fabricate and deliver structure

To receive and unload structure on the worksite
To quality control of the structure

To fit structure at the installation point
To coordinate with qualified persons for lifelines installation

To take the UT test
To prepare welding materials
To fix structure by screwing
To check controller systems
To prepare tower crane

To take torque wrench test

To prepare storing area on the worksite
To shake and sort structure in storing area
To transfer structure on the installation point
To thread lifeline

To prepare screwing materials
To fix structure by welding

To check the load chart
To coordinate with an expert rigger

most participants’ highest level was elementary

processes: pre-workshop operations and workshop
school or high school diploma. The observations, operations. Pre-workshop operations include
site visits, and interviews revealed that the steel structural design, architectural design, scheduling,
structure erection process comprises two main

delivery of structures, procurement of construction
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machinery, and review of execution plans per Iran’s
National Building Regulations. However, this
study primarily focused on workshop operations
consisting of two key processes: loading and
assembly of structures. Four of the 19 major
system component functions identified (Table
1) were found to have potential instability and
failure due to complex human, organizational, and
technological function interactions. The analysis
results of human, organizational, and technological
functions are shown in Figure 1. Intensification
of the systems graphical model indicated that
neglecting interactions across four key functions
can impose risks on the system (Figure 2). These
four functions are coordination with an experienced
rigger, preparation of the tower crane, stabilization
of parts at the installation site, and execution of the
rescue rope.

4. CONCLUSIONS
In total, 19 functions were identified in the

122

steel structure erection process at the workshop
level. The FRAM risk analysis of steel structure
operations showed that four functions can
potentially resonate if interactions between them
are neglected and appropriate measures are not
implemented. This could then impact employee
safety and health. FRAM enables the examination
of a complex socio-technical system as a
combination of various human, organizational,
and technological functions whose variability
poses risks to the system under study. FRAM
provides a promising new approach to analyzing
such system components. The graphical model
obtained from this study can easily identify
intensified functions to guide the implementation
of necessary dampening measures.
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