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Abstract 8 

Scaffolding plays a critical role in construction, offering essential support for workers at various 9 

heights for the smooth functioning of various construction activities. However, it poses significant 10 

safety risks stemming from poor design, material deficiencies, environmental factors, and inade- 11 

quate worker training. This study explores scaffolding safety challenges and proposes strategies to 12 

mitigate risks and improve efficiency. By employing bibliometric analysis of Scopus data and tools 13 

like VOS viewer, it visualizes research trends, identifies critical safety issues, and highlights ad- 14 

vancements in protocols. Key findings emphasize the necessity of certified materials, advanced 15 

design technologies, supervised assembly processes, and robust training programs. Emerging 16 

global research trends highlight interdisciplinary collaboration and the integration of technologies 17 

like automation and deep learning to address scaffolding challenges. The study offers actionable 18 

recommendations for industry stakeholders, advocating for innovation and improved safety prac- 19 

tices to enhance project outcomes. These insights aim to foster safer, more efficient construction 20 

environments through the adoption of advanced tools and best practices. 21 

Keywords: Scaffolding, Construction, Bibliometric Analysis 22 

 23 

1. Introduction 24 

Scaffolding is one of the important part of the construction projects which act as an temporary 25 

structure to support the workers to perform any kind of work at different heights and elevations [1, 26 

2]. It has a key role in every aspect of the building projects including from initial phases to the 27 

maintenance repairs [3]. There are different types of scaffolding and the mostly used in the con- 28 

struction sector with ease are tube-coupler systems, modular scaffolding [4, 5]. The type of scaf- 29 

folding is selected based upon the project requirements. The planning must be done effectively in 30 

order to make a safe environment for the scaffold design and dismantling. Though the scaffolding 31 

is installed with greater care and planning but accidents occur due to lack of training, installation 32 

issues that could leads towards a disaster for the life of on-site workers [6]. Due to the negligence 33 

is safety protocols, fall from the height may occur [7]. In order to avoid some tragic accident scaf- 34 

folding can be done using the strict regulations so that the chance of any unforeseen happen is 35 

reduced [8]. A study proposed semi-autonomous drone system that integrates computer vision tech- 36 

niques to enhance safety protocols in suspension scaffolds which utilizes YOLO-based object de- 37 

tection [9]. In contrast, this study takes a broader approach by examining the challenges and trends 38 

to improve efficiency across scaffolding operations as a whole. In most of the cases there are budget 39 

problems in the project which make concerns regarding safety as contractors try to reduce to cost 40 

of the projects by taking safety at stake [10]. However, if the advanced solutions are taken into 41 
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account then the probability of the unforeseen incidents may decreased, which includes automated 42 

modeling, sensor based modeling [11-14]. These advanced technologies not only play a key role in 43 

improving safety but make a lot in the productivity of the project. By keeping a tough focus on 44 

safety the construction industry can mitigate risks by following the international standards and 45 

providing the safer workplace for everyone [15].  46 

Construction projects always need the scaffolding as there is need to do work on the elevations 47 

and it cannot be done without temporary structures [16]. It is one of the difficult and riskier part of 48 

the project in which any unforeseen event can be happen if the guidelines and proper monitoring 49 

was not done from time to time. Risk issues on construction sites are unexpected and difficult to 50 

control, making them dynamic situations. Injuries or even fatalities may result from certain scaffold 51 

collapses, falls, or collisions with objects that frequently occur in the construction business [17]. 52 

These accidents highlight the need for improved planning and execution procedures as well as 53 

training programs for a safe workplace. Furthermore, the increasing complexity of today's building 54 

projects indicates that a new component is needed to guarantee scaffolding's efficiency and safety, 55 

particularly in design [18]. 56 

The situation of scaffolding safety in the building sector is the main topic of this review paper. 57 

In order to accomplish this, the writers integrate the extant research with an analysis of specific 58 

patterns, obstacles, and prospects that could potentially enhance scaffold safety in the building sec- 59 

tor. By doing bibliometric analyses based on the Scopus data, the goal is to guarantee that the 60 

research is quantitative and methodical. The authors describe other important facets of the disci- 61 

pline, including the visualization of co-authorship networks and keyword occurrence maps, among 62 

others, using the visualization program VOS viewer. These topics help to provide a more compre- 63 

hensive view of the current academic discussion about scaffolding safety, the gaps that still exist 64 

among researchers, and potential fixes and recommendations. In order to improve scaffolding tool 65 

safety and innovation on construction sites, the authors of this study offer policy and practice rec- 66 

ommendations to a range of stakeholders. 67 

  68 
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2. Methodology 69 

By providing a useful framework for bibliometrically examining scaffolding safety in the con- 70 

struction sector, the methodology used in this study fills in the existing void. Since it contains a 71 

vast amount of peer-reviewed journal articles, conference proceedings, and review papers, it begins 72 

by identifying Scopus as the primary database. In addition to providing a comprehensive dataset 73 

for analysis, Scopus also applies a number of filters to help focus the search. The inclusion range 74 

is stated as the years 2000–2025, with the documents being of the journal article, conference paper, 75 

or review article type, and the language being English. In this manner, the dataset includes the most 76 

recent and relevant advancements related to the addressable domain. Following database selection, 77 

a CSV report is exported from Scopus to facilitate data retrieval. This file contains important data 78 

that could be exported, such as abstracts, keywords, bibliographic information, and citation infor- 79 

mation. Finding trends, patterns, and insights in the field is made possible by this metadata, which 80 

also acts as the foundation for additional analysis. VOS viewer version 1.6.20 is chosen as an ana- 81 

lyzing tool following data extraction. One of the most popular tools for visualizing bibliometrics is 82 

VOS viewer, which makes it possible to create co-authorship networks, keyword co-occurrence 83 

maps, and other bibliometric analysis visualizations. It imports a CSV file into the tool to start the 84 

real analysis. 85 

A keyword co-occurrence analysis, which considers keywords that appear at least 10 times, 86 

is one of the main investigations that follow in order to determine the most talked-about subjects 87 

and new themes in scaffolding safety research. A co-authorship analysis that maps the networks of 88 

collaboration among authors who have contributed at least one document comes next. By high- 89 

lighting significant contributors, this aids in understanding the composition of the research com- 90 

munity. The evolution of research effort over time is then demonstrated by analyzing temporal 91 

trends by looking at the number of documents released annually between 2000 and 2025.The quan- 92 

tity of documents produced by each nation is taken into consideration while analyzing the geo- 93 

graphical contribution, and countries that provide at least 10 papers are cut off. This illustrates the 94 

main countries in scaffolding safety studies and shows how the research effort is distributed glob- 95 

ally. In order to identify the major dominating journals and conference proceedings in the subject, 96 

it also examines the number of documents published for each source. All subject areas and docu- 97 

ment types will be analyzed, with a concentration on journal articles, conference papers, and re- 98 

views for their applicability to the study's goals. 99 

Among other types of representation that serve as the foundation for the results section, the 100 

results are further examined for visualizations such as co-authorship networks and keyword maps. 101 

These will significantly aid in identifying important research gaps, collaborative possibilities, and 102 

emerging trends, providing academics, practitioners, and policymakers with a useful viewpoint in 103 

their efforts to enhance scaffolding safety in the construction sector. This study's systematic meth- 104 

odology guarantees thorough coverage of the scholarly literature on scaffolding safety. 105 

 106 

 107 

 108 
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     Figure 1. Methodological Framework for Bibliometric Analysis of Scaffolding Safety 124 
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3. Results and Discussion 136 

3.1. Challenges in Scaffolding Design and Material Selection 137 

Table 1 explains the challenges and the concerns that are closely related to scaffolding in 138 

construction sector. There are five major identified challenges that represents the durability and 139 

safety of scaffolding. The challenges tackled with a methodological manner will result in safer and 140 

efficient scaffolding. The design and material used for the scaffolding shows the stability of the 141 

structure. The faulty design and poor material usage can lead towards the mishaps and unforeseen 142 

events making the work environment uncomfortable [19]. This problem is crucial since the scaf- 143 

folding must frequently support heavy loads during the operation and may experience a variety of 144 

strains.  Table 1 highlights how employing approved materials and contemporary design tools 145 

greatly lowers these hazards. Increased structural integrity and dependability are guaranteed by 146 

contemporary engineering techniques [20]. The topic of safety compliance is usually always 147 

brought up, and non-compliance with any safety standard conditions is also the primary source of 148 

issues. In addition to endangering personnel, problems including inadequate anchoring systems and 149 

missing rail guards may have repercussions for construction companies, as they may be subject to 150 

legal, financial, or reputational repercussions. The training for the workers and monitoring is the 151 

key for prevention in both of scenarios. For the prevention of the incidents such measures aid in 152 

providing a safer culture and environment for the workers so that the work is done without any 153 

interruption [21].  154 

Overloading and the use of poor assembly system is the main cause of instability for the scaf- 155 

folding system failure which is the big area concern [22, 23]. These typically result from a shortage 156 

of supervising staff and skilled labour, which leads to project delays and structural collapse. The 157 

Table 1 emphasizes careful planning and execution in scaffolding erection, recommending super- 158 

vised assembly and load monitoring to prevent it [24]. This focus on precision and supervision 159 

aligns with the industry's growing recognition of the need to lower risk and improve operational 160 

excellence. The scaffolding system also faces significant environmental problems, such as exposure 161 

to wind, rain, and adverse weather conditions, which can cause temperature changes that might lead 162 

to corrosion [25]. Such corrosion will shorten the scaffolding materials' lifespan and lead to struc- 163 

tural failure. For the improvement in performance and safety the scaffolding systems must used the 164 

weather resistant materials and repellent coatings to get maximum outputs and minimal incidents 165 

[26]. 166 

The lack of training of the workers play a key role in the cause of scaffolding related difficul- 167 

ties. Inadequate training results in incorrect scaffolding assembly and use, which could have major 168 

repercussions for worker safety and project timeline. Comprehensive training programs that would 169 

provide the employees with the necessary knowledge and abilities would come next. Workers will 170 

be fully informed about scaffolding safety procedures thanks to this training, which is crucial in 171 

averting potential mishaps during construction [27]. 172 

Table 1 lists the various scaffolding-related issues in the construction sector and, concurrently, 173 

suggests workable solutions for each. The comprehensive approach to scaffolding system enhance- 174 

ment is highlighted, even as design elements, adherence to safety features, erection procedures, 175 

environmental considerations, and worker training are prioritized. This discussion makes it abun- 176 

dantly evident that technical know-how, regulatory compliance, and worker education funding are 177 

all desperately needed for safer and more effective construction methods. 178 

 179 

 180 

 181 

 182 

 183 

 184 
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Table 1. Challenges, Impacts, and Solutions for Scaffolding in Construction 185 

 186 

3.2. Trends in Scaffolding Safety Research Output 187 

The publication patterns pertaining to scaffolding and safety concerns in the construction sec- 188 

tor from 2000 to 2025 are depicted in Fig. 2. The graph's line of trend indicates that scientific 189 

activity in the examined field has generally increased, indicating that industry and academia are 190 

interested in addressing scaffolding's safety issues. The output was somewhat modest over the 191 

2000–2010 decade, with only 5–10 publications year. Perhaps as a result of isolated instances or 192 

regional issues within the building industry, this era marks the beginning of research interest in 193 

scaffolding and safety. The number of articles suddenly increases from 2010 onwards, and the 194 

graph shows upward trend beyond 2015. It is explained by growing concern for scaffold-related 195 

risks, advancements in efficient construction equipment, and heightened knowledge of workplace 196 

safety. The surge in papers around 2020 indicates that research has been concentrated during this 197 

time, most likely due to increased worldwide construction and more stringent occupational safety 198 

regulations. 199 

There is a notable drop in 2025, though, which might be the result of either a recent change 200 

in the priorities of research or insufficient data for the year. Overall, the data shows the growing 201 

focus on scaffolding safety, indicating a greater understanding of its significance in guaranteeing 202 

worker safety and enhancing project effectiveness. These patterns suggest that further research is 203 

required to capitalize on new opportunities and address outstanding issues with scaffolding safety 204 

procedures. 205 

Category Key Issues Challenges 
Impact on Construc-

tion 
Possible Solutions 

     References 

Design & Materials 

Inadequate design and 

use of substandard ma-

terials 

Structural instability 

and reduced durability 

Increased risk of col-

lapse and accidents 

Use certified materials 

and advanced design 

tools 

[19] 

Safety Compliance 
Non-adherence to 

safety standards 

Lack of guardrails and 

proper anchoring 

Increased injuries and 

fatalities 

Regular inspections 

and worker training 

[21] 

Erection Process 
Improper assembly 

and overloading 

Incorrect joining and 

instability 

Structural failure and 

project delays 

Supervised assembly 

and load monitoring 

[24] 

Environmental Factors 
Extreme weather ex-

posure 

Corrosion and instabil-

ity 

Reduced lifespan and 

structural damage 

Weather-resistant ma-

terials and coatings 

[26] 

Worker Training Insufficient training 
Errors in assembly and 

usage 

Higher accident rates 

and inefficiency 

Comprehensive train-

ing programs 

[27] 
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              Figure 2. Publication Trends in Scaffolding and Safety Research (2000–2025) 206 

3.3. Trends in Scaffolding Safety by Journals 207 

The distribution of research articles on scaffolding and safety concerns across journals is 208 

shown in the Fig. 3 with a minimum criterion of six. The overview shows which sources are most 209 

active in scaffolding and safety research because journals are rated for this purpose based on the 210 

quantity of contributing articles. With around twelve articles published in this field, "Automation 211 

in Construction" is the top journal. This illustrates the increasing focus on incorporating automation 212 

and cutting-edge technologies to solve scaffolding-related construction issues. Second in rank, the 213 

"Journal of Construction Engineering and Management" has also made significant contributions, 214 

demonstrating its emphasis on engineering techniques and management tactics that raise safety 215 

standards. In the meantime, "Buildings" and "Safety Science" journals have about equal participa- 216 

tion in the publishing contribution. These publications show a well-rounded emphasis on methods 217 

with reference to safety procedures and architectural issues. Contributing a moderate number of 218 

articles, the publications in "Advances in Intelligent Systems and Computing" emphasize the func- 219 

tion of intelligent and computational systems in scaffolding and construction safety. 220 

Lastly, by offering details on structural elements and how they affect scaffolding safety, "En- 221 

gineering Structures" adds to the body of literature. The interdisciplinary character of scaffolding 222 

research is depicted in the figure, which spans engineering, automation, safety science, and con- 223 

struction management. This distribution emphasizes how important it is for these disciplines to 224 

work together to increase safety in the construction sector.  225 
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 235 

            236 

Figure 3. Distribution of Research Outputs by Journals 237 

3.4  Global Contributions to Scaffolding Research 238 

The study output on scaffolding and related issues in building across different nations is also 239 

highlighted in Fig. 4. It shows a great deal of variance in research output, which is indicative of 240 

academic focus, construction industry priorities, and economic advancement. The United States is 241 

at the forefront of construction-related research, as evidenced by its 78 annual publications. Well- 242 

established academic institutions and significant research funding, as well as an industry that pri- 243 

oritizes innovation and safety, have made this feasible. Next up is China, whose experts have pub- 244 

lished 51 publications in the relevant journals. The country's large development projects and fast 245 

urbanization demand exceptional work. Their high rankings are a reflection of their significant 246 

investments in worker safety and building technologies. Spain and Italy contribute 12 and 10, re- 247 

spectively, indicating moderate activity in the scaffolding industry; Poland provides 26, perhaps as 248 

a result of the country's focus on enhancing scaffolding standards and safety. Even though building 249 

has a long history throughout Europe, certain nations, like Italy, produce relatively little, which 250 

may indicate that more work in this area may be done with greater industry-academia collaboration. 251 

South Korea and Taiwan, two countries in the Asia-Pacific area, contribute 23 and 16, respectively, 252 

demonstrating their strong interest in technology advancement and construction safety. With 11 253 

publications annually, Japan and Hong Kong demonstrate their steady scholarly contributions to 254 

fields including dense urban infrastructure and earthquake-resistant building. With ten publications, 255 

Australia comes in second, demonstrating its interest in sustainable building practices and work- 256 

place safety. The information also highlights the under-represented regions, which include sections 257 

of the Middle East, Africa, and South America, where there has been little documented research on 258 

scaffolding and construction-related difficulties. This might be the result of smaller building indus- 259 

try, a lack of funding for study, or a lack of emphasis on this topic among academics. These dis- 260 

parities suggest that in order to address the issues of safety and efficiency in building, international 261 

cooperation and information exchange are required. 262 

Overall, the Fig. 4 shows how research output is related to economic development and the 263 

size of the construction industry, emphasizing the potential for established research nations to start 264 

working with under-represented regions while promoting global advancements in scaffolding 265 

safety, technology, and innovation. 266 
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 267 

 268 

Figure 4. Geographical Distribution of Research Outputs on Scaffolding Safety (2000–2025) 269 

 270 

3.5  Visualization of Keywords by VOS viewer 271 

The VOS viewer-generated map illustrates the co-occurrence network of keywords [28, 29]. 272 

The keywords are related to scaffolding in the construction sector, highlighting significant themes 273 

and their connections are shown in Fig. 5. The visualization that follows highlights the interwoven 274 

nature of the themes and identifies a few thematic clusters, each of which represents a specific focal 275 

area in scaffolding research. Since the node is the largest in size and the keyword "scaffolds" is at 276 

the center of the network, it serves as the fundamental component of the subject being studied. This 277 

results in the emergence of several conceptual clusters, each representing a distinct but comple- 278 

mentary field of inquiry. The red cluster has various technological components. The components 279 

encompass "design," "temporary structures," "inspection," and "finite element method." The fun- 280 

damental objective of this research is to enhance the engineering performance and structural integ- 281 

rity of scaffolding systems to ensure their safe and effective use on building sites.  282 

The green cluster prioritizes risk management and precautionary measures. This article em- 283 

ploys terms such as "accident prevention," "occupational hazards," and "construction sector." This 284 

cluster underscores the inherent dangers associated with construction, emphasizing the critical im- 285 

portance of scaffolding for overall safety. The continuous use of these phrases indicates that acci- 286 

dent prevention and occupational health remain critical research domains within the profession. 287 

This category encompasses several ideas, including "human," "procedures," and "article." These 288 

phrases pertain to research examining the influence of human factors on scaffolding usage. For the 289 

mitigation of threats this section explains how the training and compliance with the regulations can 290 

help to get the maximum output results. "Occupational Safety", "Industry Building", and "Occupa- 291 

tional accident", these are the terms which are connected with each other in the yellow cluster. The 292 

standards implementation and the reduction of the accidents becomes the main focus of the inter- 293 

connectivity of these terms. The purple cluster presents various themes  in this study. The most 294 

famous words which have connectivity are  "robotics," "hazards," and "architectural design." For 295 

the enhancement of scaffolding and systems the integration of robotics mainly play a key role which 296 

increases the productivity of the project. For the forecasting in the building the "deep learning" 297 
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integration also play a key role in terms of productivity. Scaffolding Research is extensive, and 298 

much of this could be seen in the structural connections among the concepts in each cluster. It 299 

applies human-centered methodologies together with technology to safety standards. This reveals 300 

a need for collaborative cross-domain research projects and integrated studies toward addressing 301 

many of today's emerging challenges facing construction. 302 

As a result, important topics and priorities have come to light as scaffolding research has 303 

improved. The figure highlights some upcoming technological innovation potential while present- 304 

ing structural improvements and enhancements in safety and human considerations. The usefulness 305 

and contribution of scaffolding research in construction can be further expanded by investigating 306 

more under-represented areas, such as sustainability and cross-regional practices. 307 

 308 

Figure 5. Keyword Co-Occurrence Network in Scaffolding Research 309 

 310 

3.6 Visualization of Co-Authorship Networks by VOS viewer 311 

The latter network, which was created using VOSviewer's co-authorship analysis, depicts a 312 

wide range of established linkages that occur in cooperative activity pertaining to scaffolding and 313 

safety on building sites. Among other things, Fig. 6 illustrates the structure of research networks 314 

and key participants in this type of activity by displaying a variety of clusterings from extremely 315 

cohesive groups of writers working together. The size of the "Park, Chansik" network core node 316 

and its wide range of connections demonstrate a significant degree of cooperation. As a result, this 317 

could identify Park, Chansik as one of the key players in the scaffolding and safety space, serving 318 

as a liaison between several researchers. Other players near the primary node include "Khan, Mu- 319 

hammad" and "Anjum, Sharjeel," whose close ties to Park, Chansik indicate an ongoing partnership 320 

on certain studies or publications. Color clusters represent groups of several collaborators. Assum- 321 

ing that "Lan, Bao Quy," "Baek, Chanwoo," and "Lee, Dongmin" form a cluster, they are most 322 

likely working together on the specifics of scaffolding and the safety component of building sites. 323 
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Examples of international collaboration include "Skibniewski, Miroslaw J." working with "Ding, 324 

Lieyun"; such findings elevate the voices of academics who are likely from different institutions 325 

and geographically distant, in addition to other local and occasionally peripheral voices regarding 326 

construction-site safety. It highlights the connections between research groups, or inter-cluster 327 

links. These connections show multidisciplinary efforts to address some challenging scaffolding 328 

problems, which may involve fusing engineering with cutting-edge technologies and safety proce- 329 

dures. For instance, the connection between "Park, Chansik" and "Khan, Numan" may indicate a 330 

shared interest in scaffolding's safety and technical aspects in building construction. 331 

The network of co-authors generally demonstrates cooperation in studies pertaining to scaf- 332 

folding and safety concerns. In addition to leading the hunt for new areas to advance the science, 333 

some central investigators, like Park and Chansik, have the responsibility of encouraging collabo- 334 

rations. The existence of multiple clusters within the network indicates differences in areas of ex- 335 

pertise, which are connected to pledge to address all facets of difficult scaffolding by pooling safety 336 

knowledge. In addition to highlighting the industry leaders today, this network analysis suggests 337 

future interdisciplinary partnerships that could improve research results even more. 338 

 339 

 340 

 341 

 342 

Figure 6. Co-Authorship Network in Scaffolding Safety Research 343 

 344 

3.7 Distribution of Research Output by Publication Types 345 

The distribution of research outputs from 2000 to 2025 that are linked to the keyword combi- 346 

nation "scaffolding" AND "safety issues" in the Scopus database is shown in the Fig. 7. Only Eng- 347 

lish-language publications in the fields of engineering and environmental science which are divided 348 

into articles, conference papers, and reviews are the subject of the analysis. Journal papers make 349 

up the largest portion, accounting for half of the overall outputs. This dominance highlights their 350 

legitimacy and the academic rigor they offer to the field, as half of the research in this area has been 351 

disseminated through conventional peer-reviewed scholarly journals. 352 

With 42.8% of the research, conference papers are the second-largest category. This substan- 353 

tial proportion demonstrates the topic's dynamic nature, as researchers frequently present their dis- 354 

coveries at conferences for discussion, cooperation, and critique before they are turned into journal 355 

papers. Conferences' immediacy fits in nicely with real-world difficulties and developments in scaf- 356 

folding safety. Reviews make up the smallest percentage of publications (7.2%). Their minimal 357 

presence may indicate a smaller body of literature or a stronger emphasis on original studies and 358 

technical publications in these areas, even though they play a part in summarizing prior research. 359 
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Overall, the data emphasizes the importance of journal articles and conference papers as the main 360 

channels for sharing scaffolding safety research, highlighting the field's practical value as well as 361 

its depth of academic study. 362 

 363 

 364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

Figure 7. Distribution of Publication Types on Scaffolding and Safety Issues 381 

 382 

3.8 Subject Area Contributions to Scaffolding Safety Research 383 

The Fig. 8 shows the general distribution of articles from the Scopus database from 2000 to 384 

2025 that describe the keywords "scaffolding" AND "safety issues" across various subject areas. 385 

Since the dataset in this instance has been filtered inside the English language and is not subject- 386 

area-specific, it can display a wide range of disciplines that use these terms. As a result, with 51.1% 387 

of all articles, engineering is now the most popular topic area. Given that engineering is directly in 388 

charge of scaffolding design, installation, and maintenance, this abnormally large share may ex- 389 

plain why engineering is actually the primary discipline that deals with scaffolding and safety is- 390 

sues. Engineering research is the primary contribution to this area since it likely focusses on mate- 391 

rials, safety procedures, and structural stability. Environmental sciences make up the second-high- 392 

est percentage (10.7%). This demonstrates the growing consciousness of sustainability and envi- 393 

ronmental issues in scaffolding. Most of the time, researchers in this field would talk about the 394 

safety concerns associated with scaffolding's interaction with natural ecosystems as well as the 395 

ecological effects of scaffolding materials and techniques. The corresponding percentage for math- 396 

ematics is 6.9%, which may indicate that it has done modelling and simulation work related to 397 

scaffolding safety. It would also cover risk analysis, scaffolding design optimization for safety, and 398 

computational techniques for forecasting structural integrity. 399 

Smaller but significant contributions are made by other fields like energy (4.4%), biochemis- 400 

try, genetics, and molecular biology (4.4%), and chemical engineering (4.5%). These disciplines 401 

probably explore specialized subjects like the development of novel scaffolding materials, bioen- 402 

gineering solutions for safety issues, or the building of scaffolding systems that use less energy. 403 

Similar to this, fields that concentrate on the organizational, sociological, and material facets of 404 

scaffolding safety include business, management, and accounting (4%), social sciences (2.7%), and 405 

materials science (2.4%).Other fields make up 2.3% of the total, including physics, astronomy, and 406 

computer science. Technological developments like the use of artificial intelligence or physics- 407 

based simulations for scaffolding safety assessments may lead to their involvement. These contri- 408 

butions demonstrate the broad scope of research addressing scaffolding and safety issues, despite 409 

having smaller shares. 410 



Proceedings of 2nd International Conference on Climate Change and Emerging Trends in Civil Engineering 2025 13 of 15 
 

 

Overall, the Fig. 8 highlights engineering's dominance in this field while displaying contribu- 411 

tions from a variety of disciplines. This illustrates how several viewpoints from technological ad- 412 

vancements to societal and environmental effects are used to address these issues, highlighting the 413 

complex nature of scaffolding and safety problems. 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

Figure 8. Subject Area Distribution of Scaffolding and Safety Research 436 

 437 

4. Conclusions 438 

The efficiency of construction is decided by the two parameters which are safety and stability 439 

of scaffold making the construction risk free. Assurance of safety measures, physical conditions of 440 

scaffolding, and proper supervision during assembly installation must taken into account. Assuring 441 

material certificated, applied advanced engineering tools, required inspections, and supervision of 442 

assembling are useful strategies to enhance the structure strength and overcome the accidental 443 

events. Ensuing that the workers are well trained acts as key steps in promoting safety conscious- 444 

ness as well as reducing the accidents. In light of these findings, future developments in scaffolding 445 

technologies and safety could be and should be sourced from robotics and sensor-based systems. 446 

Over half of the experts stated that automatic design or redesign of scaffolding and using techniques 447 

like deep learning could enhance the determination of risks and the exactness of performance. In- 448 

terdisciplinary research is appropriate when it comes to addressing scaffolding difficulties in their 449 

entirety as well as encouraging innovation. 450 

5. Recommendations 451 

Stakeholders need to ensure they meet standards or look for those that are higher than these 452 

standards, invest in these modern technologies, and work on training programs. Also, progress to- 453 

wards providing more safer scaffolding solutions and means can work to underrepresented areas 454 

improved through shared international learning. Construction professionals, project managers, de- 455 

signers and manufacturers can work together and come up with better scaffolding systems through 456 

collaborations such as technical knowledge, regulatory changes, and workers training to reduce 457 

risks and progress in the construction industry safely. 458 

 459 
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