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Pre-cast construction projects face significant occupational safety challenges due to
high-risk activities, such as lifting, transportation, and assembly, which are often
absent in conventional construction. In developing countries, the lack of a
comprehensive safety framework exacerbates the problem. Most previous research has
focused on traditional construction, leaving a clear gap in addressing the specific safety
requirements of pre-cast construction.

This study aims to develop a specialized occupational safety management framework
for pre-cast construction sites in Syria. A total of 45 occupational hazards were
identified through literature review, expert contributions, and field visits. Data was
collected through a questionnaire and analyzed using SPSS.

The results revealed 9 major hazards, such as falling from a height, falling elements,
crane failures, poor communication, and the absence of safety protocols. Assembly
workers and crane operators were found to be the most exposed, with tower cranes
identified as the most hazardous equipment.

The proposed framework consists of two phases: a proactive phase focusing on
preventive measures, such as the use of fall protection systems, securing the handling
of pre-cast elements, and enforcing strict crane operation protocols; and an
implementation phase concerned with incident investigation and corrective actions.
This framework provides a practical tool to improve safety performance and serves as
a valuable reference for pre-cast construction projects in developing countries.

Keywords: Risk management, Occupational safety, Health, Pre-cast construction, Site,
Tower crane, Syria.

INTRODUCTION Among modern construction methods, pre-cast

construction offers notable advantages in terms of speed

The construction sector is considered one of the most
hazardous industries in terms of occupational safety,
recording significantly higher rates of injuries and
fatalities compared to other sectors. Estimates indicated
that construction accounts for over 40% of the total
work-related injuries worldwide (Al-Maliki et al.,
2019), and in 2012, the highest number of fatal work-
related accidents was recorded (Fard et al., 2017).
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and quality, but it also introduces additional safety
challenges due to its reliance on heavy machinery and
complex lifting and assembly processes (Scott, 2019).
Although pre-cast construction is often promoted as
a safer alternative to traditional methods (Priya et al.,
2018), most existing studies have focused on
occupational safety in conventional construction
projects, neglecting the unique risks associated with pre-
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cast systems. This gap in the literature is particularly
evident in developing countries, where safety
frameworks remain underdeveloped and fail to address
the specific mechanical and logistical hazards of pre-
cast construction (Ahmed et al., 2013; Asibey et al.,
2021).

This study addresses a clear research gap: the
absence of a specialized framework for managing
occupational safety in pre-cast construction projects,
particularly in resource-limited environments, such as
Syria. In response, this research contributes by
developing a two-phase safety management framework
tailored to the specific risks of pre-cast construction in
Syria, integrating preventive and corrective strategies
adapted to local constraints and working conditions.

PREVIOUS STUDIES

The field of occupational safety in pre-cast
construction projects has received limited academic
attention to date. While several studies have addressed
safety in traditional construction contexts, there is a
clear deficiency in developing specialized frameworks
that tackle the unique risks associated with pre-cast
construction. Most existing research focuses on general
methodologies that do not reflect the specific working
conditions in developing countries or resource-
constrained environments.

For example, Shaari et al. (2016) concentrated on the
installation phase of pre-cast concrete elements in
Malaysia, monitoring accidents related to this phase and
offering general recommendations, yet they did not
develop a comprehensive risk management framework.
In the United States, Fard et al. (2017) examined
accident types on both manufacturing and construction
sites, finding that falls from a height and collisions
accounted for the majority of accidents. However, their
study primarily aimed at preventive planning rather than
at building a fully integrated safety framework.

Chopade et al. (2021) identified key causes of
accidents in India and discussed the potential of
emerging technologies such as virtual reality and
sensors, though their applicability in low-resource
settings remains unclear. Similarly, (Ahmed et al.,2013)
developed a general safety framework in Pakistan, but
did not adequately address risk identification and
evaluation tailored for pre-cast construction.
Furthermore, (Othman et al., 2018) focused mainly on
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contractors' perspectives, neglecting other stakeholders
who play a vital role in comprehensive safety strategies.

Additionally, Ketabi et al. (2022) proposed a
strategic planning framework at the feasibility level to
optimize safety-related cost planning, but did not
specifically address the unique challenges of pre-cast
construction. Chen et al. (2022) applied advanced
ontology technology within a BIM environment to
manage safety risks in pre-fabricated building projects,
an important innovation; however, its practical
applicability in countries with limited technical
infrastructure is uncertain.

Therefore, despite the valuable contributions of prior
studies, there remains a significant gap in the literature
regarding the development of specialized, realistic, and
applicable safety management frameworks for pre-cast
construction projects in developing countries, such as
Syria. This study aims to fill this gap by developing an
occupational safety framework that addresses the
distinct risks, working conditions, and resource
constraints characteristic of this specific environment.

RESEARCH PROBLEM

Pre-cast construction projects involve specific risks
that impact the occupational safety of work crews, due
to activities, such as lifting, transporting, and installing
heavy elements. Despite these challenges, there is a lack
of clear frameworks and effective methodologies to
enhance safety in such projects, while most previous
studies have focused on traditional construction. This
highlights the need to develop a tailored approach to
improve safety in pre-cast construction.

MATERIALS AND METHODS

Theoretical Study

The Concept of Pre-cast Construction: is a
process that involves planning,  designing,
manufacturing, and assembling building elements in a
place other than the actual place of implementation, to
accelerate and support the efficiency of the construction
process at the final site, according to the National
Institute of Building Sciences (Elhsain, 2014).

At present, there are three international systems in
how to pre-build, classified depending on how the
weights are carried, transported, and distributed as
follows (Al-Bayati et al., 2011): (Bearing Walls)-
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(Systems Frame)- (Systems Box).

The Concept of Occupational Safety and Health:
It is a field that aims to protect various categories of
workers from immediate and/or long-term hazardous
health impacts that may result from risks associated with
work, its environment, or conditions by addressing the
environmental, technical and personal factors leading to
these risks and improving the work environment and
conditions, in a way that ensures that workers enjoy
appropriate physical, mental and social health (Zhou et
al., 2022).

Qualitative Risk Analysis: It examines the risks
and arranges them according to their priority, based on
the probability of the occurrence of those risks (P) and
their impact (I) on the project, where the risk is
measured as the probability of a specific unwanted event
and its undesirable consequences, the level/degree of
risk is calculated through Equation (1) (Khayat, 2011;
Saleh, 2020):

Risk level R= Probability (P) x Impact (I)  .......
The Statistical Study

A total of forty-five (45) occupational safety hazards
associated with pre-cast construction sites were
identified and analyzed based on a multi-source
methodology to ensure comprehensive and accurate
results. This included a review of scientific studies and
published research addressing hazards in pre-cast
construction, such as the studies by (Shaari et al., 2016),
(Chopade et al., 2021), (Fard et al., 2017), (Mohandes et
al., 2022), and (Li et al., 2014), which helped build an
initial knowledge base of the most common and
recurring potential hazards.

Additionally, several sessions were held with a
group of experts and professionals involved in pre-cast
construction projects to discuss and evaluate potential
hazards based on their practical experience. This
allowed for the inclusion of hazards specific to the local
context. Furthermore, field visits were conducted to pre-
cast construction sites in Damascus and its countryside
to observe real working conditions and identify the most
critical operational hazards facing on-site teams.

After gathering and analyzing the data, the identified
hazards were classified into six main categories (see
Table 1) based on their nature and impact on
occupational safety. The study also identified the
equipment and machinery most commonly associated
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with these hazards, as well as the work teams most
exposed to them.

The Questionnaire Design

The questionnaire form consists of four sections as
follows:

Section |I: Contains general information specific to
the respondents.

Section 11: Consists of a table of risks (classified into
six groups) that affect occupational safety.

Section _IlI: Identification of equipment and
machinery causing risks affecting occupational safety at
the work site.

Section 1V: Identification of work crews most
affected by occupational safety risks at the site.

- The Likert pentameter was used, which ranges
between 1 and 5.

- The target sample member to answer the
questionnaire are project managers, site engineers,
supervisory engineers, contractors, and technicians
(assistant engineers and technical observers) who are
most familiar with work accidents that affect workers
during the implementation of pre-cast construction
projects. Equation (2) was used to determine the sample

size representing the studied population.

z% % o?
n=—p0— @
It was found that the sufficient sample size should be
greater than or equal to (46) at a confidence level of
(90%), (62) questionnaire forms were distributed within
Damascus governorate and its countryside, (57) forms
were retrieved and two forms were excluded for not
completing the answers, and (55) forms were approved
for the study.

It is worth noting that the sample size was relatively
limited, due to field challenges associated with the
security and economic conditions imposed by the war in
Syria, which restricted access to a larger number of
project sites and participants from diverse categories.
The geographical scope of the study was also limited to
Damascus and its surrounding countryside, which may
constrain the generalizability of the findings to other
regions with different operational and regulatory
conditions in the pre-cast construction sector at the
national level. Nevertheless, this limitation was
mitigated by diversifying the data collection methods,
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including literature reviews, expert interviews, and field
visits, which helped enhance the credibility and

comprehensiveness of the findings within the studied
local context.

Tablel. Risks and classifications of occupational health and safety in pre-cast construction projects

Risk Classification Risk Classification
1. Lack of practical experience/skill of 24. Failure to inspect and approve
workers equipment or machinery
2. Lack of practical experience/skill of 25. Tower crane overload
workers on site
3. The physiological state of workers 26. Forklift overturning 2- Risks of the
4. Workers' negligence/workers' fault 1. Workers" risks 27. Connecting the tower crane to the nz_:ltutr/e of tkhe_
facility project/work site
5. Inappropriate use of PPE 28. Failure to take into account the
ability of the boom to cover the site
6. Work in an unfriendly environment 29. Crane rust for a long passage
7. Poor communication when operating the 30. Adverse weather conditions (rain -
crane  (lifting/downloading/installing) wind - high temperatures - fog ...
pre-cast components etc.)
8. Falling from a height 31. Insects and animals 4. Environmental
9. Use of large/heavy pre-cast elements 32. Earthquakes Risks
10. Excessive storage/stacking of pre-cast 33. Topography of the region
components
11. Crash of pre-cast components from a 34. Lack of a safety plan
height 2. Risks of the
12. Electric shock nature of the |[35. Lack of safety education and
project/work site | training
13. Quality defects of pre-cast components 36. Incomplete safety codes and
standards
14. Poor management of on-site traffic 37. Lack of non-safety supervision at
. . 5. Safety
planning the site management risks
15. Incorrect installation and installation of 38. Lack of instructions/safety
components measures
16. Poor permanent connections used 39. Unavailability of tools (PPE)
17. Poor welding of joints 40. Lack of ambulance on site
18. Lack or damaged/non-maintenance of 41. Lack of registration and Inspection
equipment department
19. Not using temporary props 42. Bad organizational climate
20. Drop load lift 43. Poor resource management ) )
— - - 3. Equipment/ - 6. Risks of different
21. . C.oII|5|otr/1 hwllth an object or machinery 44. Not solving problems procedures
gmpmen vehicle hazards .
22. High-tower cranes 45. Unsafe design
23. Dismantling of rings and wires when
lifting material or installation/crane
cable breakage

The Data Analysis and Processing

Using SPSS and Excel to process data, the test was
performed on the studied sample, where the internal
stability coefficient (Cronbach's alpha) was 0.976,
which is greater than 0.7. It indicates high reliability in
the responses of the sample members to the
questionnaire. The external stability of the questionnaire
was calculated by the Spearman correlation coefficient
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and its largest value was 0.85 (greater than 0.75), which
indicates the strong direct correlation between the

studied factors and the high stability of the
questionnaire.
e Section | of the Questionnaire: General

Information about Participants
1- Field of work: The total percentage of (supervision
engineers-site engineers - project managers) reached
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65%, which helps benefit from their experience, as

they are in direct contact with work on the site.

2- Qualification: More than 95% of the respondents
have higher degrees, increasing the answers'
accuracy.

3- Years of practical experience in the field of pre-cast
construction: Approximately 60% of those surveyed
have more than ten years of experience, which
increases the reliability of the answers.

4- Type of sector: The percentage of the public sector
reached 54%, that of the private sector 35%, and that
of the joint sector 11%.

o Section 11 of the Questionnaire: Risk Analysis
The analysis of risks affecting occupational safety

during the construction of pre-cast projects was based on

the following:

- The probability of occurrence of hazards;

- The degree of impact of hazards on occupational
safety;

- The Relativity Importance Index (RII). (Rashid,
2015; Hamada et al., 2021).

In this study, the RII can be calculated for each risk
for all groups included in the questionnaire form using
Equation (3) and its values range from [0,1] (Chopade et
al., 2021).

RII=QI*SI (3)

Ol: Occurrence Index, and SI: Severity Index are
calculated from Equation (4), and the values are
between [0,1].

OI=XW/(A*N) 4)

Occupational safety hazards in pre-cast construction
projects were ranked and classified based on the
Relative Importance Index (RII). The results were
presented graphically and arranged in descending order,
as shown in Figure (1). The significance levels were
determined using the probability-impact matrix, based
on the thresholds proposed by Alghonamy (2015), as
follows: Very High: (RII > 0.8), High: (0.6 <RIl <0.8).
Medium: (0.4 <RII <0.6). Low: (0.2 <RI <0.4). Very
Low: (RI1 <0.2).

Accordingly, the risks were classified by their
severity level, as presented in Table 2. It is noteworthy
that none of the identified risks reached the threshold for
a “Very High” importance level based on the adopted
RII criteria. However, several risks were classified as
having “High” importance, such as: falling from a
height, falling of pre-cast concrete elements, and
collisions with equipment.

Although these risks did not mathematically fall
under the “Very High” category, they are considered
critically important from a practical safety management
perspective and thus require effective preventive
measures and prioritization in safety planning. The
significance levels of the probability and impact matrix
(Alghonamy, 2015) were adopted, and the risks were
arranged according to the significance level mark
(severity), as shown in Table 2.

Table 2. Ranking of risks according to significance level markers

Risk

Level of
importance

There isn't any risk

Very high

Falling from a height (1)

Crash of pre-cast components from a height (2)

High

Collision with object or equipment (non-vehicle)/vehicle (3)

Failure to inspect and approve equipment or machinery (4)

Dismantling of rings, hooks when lifting materials and installation (5)

Workers' negligence/workers' fault (6)

components (7)

Poor communication when operating the crane for (lifting/downloading/installing) pre-cast

Misuse or unavailability of personal protective equipment (PPE) (8)

Absence (safety instructions / safety protection measures) (9)

32 Risks

Medium

Non-problem solving (43)

Physiological status of workers (44)

Low

Insects & animals (45)
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Falling from a height 70%
Crash prefabricated components from a height G545
Collision with an object or equipment (non-... 61%
Failure to inspect and approve equipment or... 37%
Dismantling rings and wires when lifting... 56%
Workers' negligence/workers' fault 55%
Poor management of movement planning/poor... 54%
Lack of (instructions/protection measures/use... 53%
Inappropriate use of PPE/PPE unavailability 53%
Forklift overturning 48%
Insufficient awareness of the safe use of... 47%
Lack or damage to equipment/lack of... 46%
Lack of work experience/skill of on-site workers 46%
Load Drop Lift 44%
Bad weather conditions for rain-wind-... 43%
Incorrect installation and installation of... 43%
Unsafe design and poor construction practices 42%
Do not use temporary supports to adjust the... 42%
Crane rust for long passage 41%
Lack of a safety plan 40%
Tower crane overload 40%
Incomplete safety codes and standards 35%
Lack of on-site safety education and training 38%
Topography of the region 38%
Earthquakes 38%
Use of large/heavy prefabricated items 38%
Poor organizational climate 3%
Insufficient site safety supervision/supervision 3%
Poor communication during installation and... 37%
Poor resource management 36%
Lack of Registration and Inspection Department 36%
Tower crane height 36%
Poor permanent connections used 35%
Lack of ambulance on site 34%
Failure to take into account the ability of the... 34%
Work in an unfriendly environment 34%
Electric shock 33%
Poor welding of joints 31%
Quality defects of prefabricated components 31%
Connecting the tower crane to the facility 30%
Excessive storage / stacking of prefabricated... 28%
Mot solving problems 26%
Physiological state of workers 22%
Insects and animals 21%

0% 10% 20% 30% 40% 50% 60% 70% B80%

Figure (1): Ranking of risks according to the significance index
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e Sections Il and IV of the Questionnaires: various work crews are affected by on-site hazards. The
Identification of equipment and machinery Relative Importance Index (RII) was calculated based
causing safety hazards and work crews most on Equation (5) while the standard deviation was
affected by safety hazards at the work site obtained using SPSS program. The interpretation of
A five-point Likert scale was utilized to assess both importance levels followed the classification proposed

the likelihood of equipment and machinery contributing by Algahtany (2021).

to occupational safety risks and the extent to which

Importance factors

Importance factor

5%) N +4*) N, +3* YN, +2%) N, +1*) N,

5*N

®)

Importance Index (I1) =

100% .
900/2 88% ano,. ON-site crews

7
80% -
6822 1 58%  56% 58% 58% 57%
50% -
40% -
30% -
20% -
10% -
0% -

Figure (2): Ranking of work crews according to importance

Equipment and machinery affecting occupational safety at the work site

T
60% 51% 59%
0,
28328 32% 34%
2006 11%
10%
0%
@

5 & 5 &
Sl & W 3 <& &
&0 QO& &’@' \)OOO'& QO\\bo QOQ

Figure (3): Equipment and machinery ranking according to importance

The results indicated that assemblers and crane workers. The tower crane, followed by the locomotive
operators are the most exposed to hazards on and trailer, were identified as the most hazardous
construction sites, followed by general construction equipment. These findings point to the high risks
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associated with lifting and handling operations,
consistent with previous studies on pre-cast construction
projects.

They underscore the importance of directing
preventive measures toward the most vulnerable groups
through specialized training, performance monitoring,
and the provision of PPE—contributing to reduced
injuries and improved safety and efficiency on-site.

Development of a Framework for Improving
Occupational Safety in Pre-cast Construction
projects

A framework was proposed to enhance occupational
safety at pre-cast construction sites in Syria. The
framework consists of two main phases: the first
involves proactive measures taken prior to project
execution, while the second is applied during project
implementation. The proposed framework was reviewed
and evaluated by a panel of experts in occupational
safety and pre-cast construction.

Phase I of the Framework: Proactive Measures

Before the commencement of any pre-cast
construction project, it is essential to develop a
comprehensive safety plan and incorporate it into the
official project documentation. This phase comprises
five key components:

i. Regulations, Policies, and Safety L egislation

Effective occupational safety management begins
with the establishment of clear, written regulations and
policies that define responsibilities across all
organizational levels. These policies must align with
Syrian regulations, particularly Decree no. 450 and its
general technical specifications for the execution of
buildings and infrastructure (lssa, 2016). Strict
enforcement, consistent monitoring, and accountability
are necessary to ensure compliance.

ii. Organizational  Structure of Safety and

Responsibilities in the Project

Integrating a dedicated safety unit within the
contractor’s organizational structure is essential to
ensure the effective implementation and supervision of
safety protocols. This unit should be staffed by qualified
personnel with specialized training in occupational
safety. The allocation of safety responsibilities should
be proportionate to the project's scale: in small-scale

projects, the owner or project manager may directly
oversee safety measures, while in larger projects, these
responsibilities must be delegated to safety managers
and supervisory staff (Chopade et al., 2021).

iii. Training and Awareness of Project Workers
Training and raising awareness among workers are
fundamental to fostering a strong safety culture.
Training sessions should cover the identification of site
hazards, proper use of equipment and personal
protective equipment (PPE), first aid procedures, and
regular dissemination of safety updates. Warning and
instructional signage should also be prominently
displayed on-site (Ahmed et al., 2013).
iv.The Most Common Hazards, Equipment/
Machinery Most Impacting Safety and Crews
Most Affected by the Risks
Based on the results of the statistical analysis and the
Relative Importance Index (RII), nine major risks were
identified. The most critical ones include: falls from a
height, falling elements, crane failures, poor
communication, the absence of safety protocols, and
improper use of protective equipment. Assemblers and
crane operators were found to be the most at-risk
workers, while the tower crane was identified as the
most hazardous equipment. These findings emphasize
the need for targeted preventive measures in these
critical areas (Chopade et al., 2021). The framework
recommends conducting detailed risk assessments in
work areas before construction begins.

v. Preventive Safety Measures

In light of the identified hazards, the framework
recommends implementing a set of preventive measures
aimed at avoiding accidents or minimizing their impact.
These include the use of fall protection systems, and safe
handling of pre-cast elements. Strict protocols should
govern crane operations, including regular inspection of
cables, hooks, and lifting accessories, as well as clear
communication among crew members during hoisting
tasks, improvements in working conditions, routine risk
assessments, and the development of emergency
response plans (Fard et al., 2015); (ILO, 2017),
(Chopade et al., 2021).

Phase 11 of the Framework: Implementation of the
Project Taking into Account the Safety Plan
This phase involves the active implementation of the
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safety plan during project execution and includes the
following components:

i. Safety Inspection Procedures

Regular and systematic inspections are carried out
by a specialized team, focusing on high-risk areas and
activities as indicated by the survey results.
Observations are documented in incident reports, which
serve as critical tools for identifying actual and potential
risks. Immediate action is taken to address hazards that
require urgent intervention, thereby reducing violations
and accidents (EI-Mashaleh et al., 2010).
ii. Accident Investigation

Investigating accidents plays a fundamental role in
identifying root causes, thereby preventing recurrence
through enhanced supervision, modified work
procedures, targeted training, and effective corrective
actions. Moreover, it facilitates timely communication
of specific hazards to workers, increasing awareness and
preparedness on site (Chopade et al., 2021).

iii. Description of Accidents that Occurred in The

Project

Accidents vary depending on the nature of the work
and the equipment involved. Each incident should be
analyzed in terms of its causes, consequences, and the
affected personnel. Necessary adjustments are made
throughout the execution phase, and the safety plan is
updated accordingly. A final quantitative assessment is
conducted based on the numbers and types of actual
incidents, serving as a performance measure for the
adopted safety system.

likelihood of occurrence and severity of impact.
Accident frequency and severity indices are calculated
using the number of injuries, lost workdays, and total
hours worked, in accordance with international
standards (Ali, 2007); (ILO, 2017). This assessment
helps in identifying critical risk points that require
urgent intervention or systematic improvement.

v. Corrective Actions

A corrective action plan is developed to address
deficiencies identified through inspections and
investigations. This plan includes identifying deviations
or changes that contributed to the incidents and updating
the safety plan accordingly. Each adjustment is followed
by a reassessment to determine:

e The adequacy of the initial safety assessment and
preventive measures.

o Any previously undetected vulnerabilities.

o The corrective steps necessary to improve current and

future safety performance (Ahmed et al., 2013).

At the project's conclusion, a final quantitative risk
evaluation is performed, and a safety database is
established to inform future planning efforts. This
provides a foundation for more adaptive and responsive
systems in upcoming projects.

Checking the Proposed Frameworks

The proposed framework was presented to several
experts in this field, to view, verify, and express their
opinions about it with any suggestions or observations
(adding, modifying, deleting) to be improved to reach
the optimal shape of the frame by filling in the required

iv. Risk Level Assessment
Risk levels are assessed based on two criteria:

points. A Likert five-point scale was used, as shown in
Table 3.

Table 3. Evaluation of the proposed framework

Average
expert A middle | neutral| Good ey The idea put forward
good good
assessment
4.75 *% *%k%%k%% | The suitability of the proposed framework for the reality
of pre-cast construction in Syria
3.5 * *% *ok ok Frame clarity and understanding
3.63 kx| okkckkk Applicability
3.625 * * dskdokkok Providing a database to benefit from and refer to in
future projects
4 * dok ok ok *3k Contribution to the completion of the project with the
required quality
4.25 * dokkok *%% | Contribution to the completion of the project in the
required time and cost
4.25 dkdokkok *% Contribution to the improvement of occupational safety
practices on site
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3.75 * * Aok kok ok Assisting safety officials in detecting hazards early
4 * dk ok *% Helping develop safe ways of operating and create a

safer working environment

4.5 dkkok *%%% | Increasing workers' awareness of occupational safety
matters and understand and recognize risks

3.88 *% dkkk ok * Improving resource management (materials-workers-
mechanisms)

4.01 Overall expert evaluation of the ideas put forward

The experts' assessment of the framework was good
and their observations and suggestions were taken into

account to help develop the framework in its final form
(Figure (4)).

| First phase (proactive measures) I

v

Develop a safety plan

v Training and awareness

Systems. policies
and safety legislation

Safety Organizational
Structure and Responsibilities

of project workers

. ———— = mm—————=
I_____[hﬁ '_"1“_‘1"2[1“]_“_”;‘1‘_5_____________' | Teams most : | Equipment/ :
Iworker N -Misuse of personal protective equipment. 1 I affected by | I machinery |
| -Workers' negligence/workers' fault | : risk | : for the most |
-~ T T T T oo ——————— 1) N I safety :
Equi " | -Dismantling the wire loops / breaking the crane cable | | Assembl | 1 impact |
J.” l_'i',“en ' >: -Forklitt overturning. | | eTs : | ’ |
achinery | -Failure to inspect and approve equipment. : | | : |
| -Collision with object/vehicles | ! N | |

______________________________ | C'ranc | Tower
P L S e s 1| i = en '
Project ’I -Falling from a height. | | a“' : | “rane :
Nature : Crash pre-cast components from a height | | tower | | |
| -Poor communication when operating the crane to lift and : : c | : |
| install pre-cast components. | | .Dtl;lstnmc | | :

Safety !

> ack of (<af ‘tions / < . i . . ! workers II |
Manageme Lack of (safety instructions / safety protection measures) | | |
L —————— e

Preventive safety measures

| Second phase (project implementation

-

v
| Safety Inspection Procedures |

— No

Has an accident
arisen?

| Accident Investigation |

¥

Description of accidents that occurred in the project

| Aftected | | Results | Reasons |
Y v
| Accident risk rate | | Accident freauency |
v

Unacceptm—[ Risk Level Assessment

Is the project
tinished?

v |

End of project |

| Corrective actions (plan development and improvement) |

Figure (4): Developing a framework to improve safety within
pre-cast construction projects
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Practical Implementation of the framework

Although the proposed framework is clearly
structured, its implementation faces challenges, such as
the lack of hands-on training for workers and
supervisors (Chi et al., 2020), limited resources, and the
absence of legislative support (Zhou et al., 2022). These
challenges are particularly evident in developing
countries, like Syria, where training programs are weak,
financial capabilities are limited, and specific
regulations for pre-cast construction are lacking. To
overcome these obstacles, it is recommended to develop
short and flexible training programs focused on the most
critical risks identified in pre-cast construction projects,
and to establish partnerships with local unions and
institutions to pilot the framework in the field before
scaling it up. Continuous improvement should be
ensured by gathering feedback from workers and
supervisors and adjusting safety measures based on field
observations, thereby enhancing the framework’s
chances of success and effective integration into the
construction sector.

RESULTS AND DISCUSSION

a. This study identified nine high-risk hazards that
significantly impact occupational safety in pre-cast
construction projects. These include: falling from a
height, worker negligence or lack of experience,
breakage of pre-cast components during lifting,
detachment of rings, hooks, or wires, crane cable
rupture, poor communication during lifting and
installation, absence of safety instructions or
protection measures, misuse or unavailability of
personal protective equipment (PPE), and failure to
inspect and approve equipment.

Among all worker categories, assembly workers and
crane operators were found to be the most exposed
to serious risks due to the nature of their work, which
involves handling heavy components and working
beneath suspended loads. This highlights the need
for meticulous planning, strict adherence to PPE use,
and the application of effective practices to prevent
falls during installation.

The tower crane was identified as the most
dangerous piece of equipment on site, necessitating
strict safety protocols and intensive operator
training.

d. The proposed several

framework  offers
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contributions:

It provides a database of past accidents that can be
referred to during safety planning and evaluation.

It assists implementation companies in updating
their safety policies in pre-cast construction projects.
It is specifically designed for the nature of pre-cast
construction, which differs from conventional
frameworks due to faster execution and the
complexity of coordination between production,
transportation, and on-site assembly. It emphasizes a
proactive phase that focuses on risk anticipation
rather than merely reacting after incidents occur. It
was developed based on the Relative Importance
Index (RI1) analysis of actual field-identified hazards
in the Syrian context, making it more relevant to
local realities. It involved local experts in the
framework evaluation process, which enhances its
practical applicability and credibility.

The findings of this study are consistent with
previous literature, confirming that assembly workers
and crane operators are most exposed to risks,
particularly during stages that require precise
coordination among teams—such as those highlighted
in the study by Zhou et al. (2022). Similarly,
Hasanzadeh et al. (2019) pointed out that the absence of
proactive safety measures and insufficient planning
directly contribute to accident occurrences.

In the Syrian context, unique challenges, such as a
weak regulatory infrastructure and the lack of binding
laws for pre-cast projects, make these risks even more
acute. Therefore, the proposed framework not only
aligns with global trends, but also responds to urgent
local needs, aiming to address the legislative and
regulatory gaps in the Syrian construction market.

Suggestions for Future Studies

How can virtual reality, sensor technologies, and
artificial intelligence improve occupational safety
management and early warning systems in pre-cast
construction projects?

To what extent are specialized training programs
effective in increasing workers’ hazard awareness
and enhancing adherence to safety procedures in pre-
cast construction environments?

What legal, regulatory, and cultural factors influence
the development, implementation, and enforcement
of occupational safety standards in the pre-cast
construction sector within conflict-affected areas?
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