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Abstract

Demolition is an essential phase in the life cycle of the built environment, requiring complex
decisions, regulatory awareness, and carefully managed processes. This paper provides an
overview of demolition practices with a particular focus on controlled demolition and its
role in ensuring safety, efficiency, and minimal disruption. It discusses common procedures,
planning considerations, and the importance of coordination while also addressing the
broader implications of demolition in terms of urban development, environmental impact,
and public safety. Furthermore, the study reviews relevant regulations and environmental
standards that shape current practice and identifies the lack of a unified global framework
or comprehensive roadmap governing demolition activities. By outlining key concepts and
general approaches, this study seeks to support informed decision-making and encourage
further research and professional dialogue in the evolving field of demolition management.

Keywords: circular economy; controlled demolition; debris; management; practices;
procedures; recycle; sustainability

1. Introduction

The transformation of urban environments in the 21st century has brought with it
profound challenges for sustainable development, structural safety, and post-use lifecycle
management. As cities continue to densify and expand, the built environment must adapt,
not only through construction but also through strategic and sustainable removal of aging
or damaged infrastructure. Among the most critical components of this evolution is the
practice of controlled demolition, a process that has emerged as a vital discipline within
civil and structural engineering [1,2].

Controlled demolition refers to the intentional dismantling of structures using precisely
calculated, pre-planned techniques aimed at maximizing safety, minimizing environmental
impact, and preserving the integrity of adjacent structures [2]. Unlike spontaneous or
uncontrolled collapses, controlled demolition utilizes engineering judgment, advanced
modeling, and site-specific strategies, ranging from mechanical dismantling to the use of
explosive charges, to direct structural failure in a predictable and secure manner [2]. This
process is indispensable in a variety of contexts: from clearing land for urban renewal,
removing unsafe or outdated buildings, to responding to post-disaster scenarios where
public safety and environmental preservation are paramount.

The rising frequency of seismic events, such as the 2023 Kahramanmarag [3-9] and 2025
Myanmar [10-12] earthquakes, coupled with the natural aging of critical infrastructure, has
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further underscored the necessity of robust demolition frameworks [13]. In response, the
industry is gradually shifting from reactive demolition practices toward a more predictive,
integrated, and sustainable approach, incorporating high-fidelity numerical models and
strict regulatory oversight. However, despite technological progress, significant gaps per-
sist, particularly in the integration of simulation tools with real-world demolition strategies.
Most prior studies have focused on localized blast effects [14] or simplified progressive
collapse models, often without full-scale validation or emphasis on environmental impact.

Recent research efforts [1,2] have begun to challenge this status quo by introducing
comprehensive, real-scale applications that bridge the divide between theoretical modeling
and field execution [13]. These studies have demonstrated the use of dual-modelling
software platforms to simulate both blast wave propagation and sequential column re-
movals in complex structures such as high-rise buildings and large industrial silos [13].
More significantly, the integration of real-time displacement tracking technologies into
demolition projects has offered new pathways for validating numerical predictions against
actual structural behavior, providing a rare yet crucial feedback loop for engineers and
researchers alike.

Alongside studies related to demolition waste and recycling [14], there is a need for
research focusing on dust, noise, and vibration. In this context, the present study aims to
examine the state of current demolition practices, with a specific emphasis on the planning,
execution, and management of demolition processes and related regulations.

2. Practices in Demolition Methods and Management

The demolition of structures is far from a singular, straightforward operation. It
encompasses a diverse spectrum of methods, each tailored to specific structural forms, en-
vironmental conditions, and logistical constraints. As urban landscapes continue to evolve
and densify, selecting the most appropriate demolition technique becomes not merely a
question of feasibility, but one of safety, efficiency, and environmental responsibility [2].

Among the most widely recognized approaches is explosive demolition, a highly
specialized method in which pre-determined structural elements are weakened using
carefully placed explosive charges. When executed with precision, this technique allows for
the rapid collapse of high-rise buildings or large-scale industrial structures within confined
footprints [1,13]. The effectiveness of explosive demolition lies in its ability to control
the direction and sequence of collapse, thereby minimizing impact on adjacent structures
and infrastructure.

In contrast, thermic demolition employs high-temperature tools, such as oxygen
lance torches, to cut through steel elements, offering a precise and localized method of
structural weakening. This approach is particularly suited for dismantling heavy steel-
framed buildings or bridges where mechanical equipment may not reach or where noise and
vibration must be minimized. Closely aligned with this technique is chemical demolition,
where expansive chemical agents are introduced into structural components to initiate
cracking and controlled fracture. Though slower in action, chemical methods are invaluable
in sensitive environments where noise, dust, or vibration must be strictly regulated.

While explosive, thermic, and chemical demolitions often serve highly specialized
roles, mechanical demolition remains the most common and adaptable method in urban
practice. Utilizing heavy machinery such as excavators equipped with hydraulic breakers,
crushers, and shears, mechanical demolition provides relatively straightforward means
of dismantling structures. An iconic variation of this method is wrecking ball demolition,
historically associated with the removal of masonry buildings, wherein a large steel ball
is swung from a crane to break apart structural elements. Though visually dramatic, this
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method has largely fallen out of favor due to its limited precision and higher risk profile
compared to more modern techniques [2].

As the vertical growth of cities continues, top-down demolition has emerged as a
critical solution for safely deconstructing high-rise buildings within tight urban sites. In
this method, dismantling proceeds floor by floor, from the roof downward, often using
small-scale equipment brought onto each level.

Another intriguing category involves demolition by pulling or pushing, wherein
cables, jacks, or machinery are used to exert lateral forces to bring down structural elements.
Though relatively simple, this method requires careful analysis of load paths and structural
behavior, especially in asymmetrical buildings or partially damaged structures.

Finally, with the rise in environmental awareness and sustainable construction prac-
tices, selective demolition, also referred to as deconstruction, has gained considerable
attention. Unlike conventional approaches that prioritize speed and total removal, selective
demolition aims to carefully dismantle a building in order to recover, recycle, or reuse
materials. Examples include the removal of only the interior walls or specific stories of a
building; the preservation of historical facades while demolishing the rear portions; and
the targeted dismantling of certain columns or slabs within a reinforced concrete structure.
In essence, selective demolition is based on the principle of “demolish only as much as
necessary, preserve the rest.” This labor-intensive process demands thorough planning
and detailed knowledge of material properties yet offers significant benefits in terms of
reducing construction waste and carbon emissions.

Together, these demolition methods (Figure 1) form a toolkit of possibilities, each
with its own strengths, limitations, and contextual appropriateness. The successful ex-
ecution of a demolition project depends not only on choosing the correct technique but
also on integrating engineering judgment, safety regulations, and environmental consid-
erations into a unified strategy. In an era of increasing demand for resilient, adaptive,
and sustainable cities, mastering these methods is not merely a technical necessity; it is a
professional imperative.

Explosive demolition Mechanical demolition

Thermic demolition ‘ Wrecking ball demolition

PN Demolition
fx (A Methods
[/ /3 (4 0 Chemical demolition | 4 Top-down demolition
0% —— —
ﬁp (4
g ;r’ (A(, ”~ Selective deconstruction ‘ Demolition by pulling-pushing ‘

Figure 1. Methods used in structural demolition and deconstruction.

3. Procedures and Models

Effective demolition is not solely determined by the method employed, but by the
quality of its management across every stage of planning and execution. Robust project
management frameworks are essential to ensure that demolition operations are carried
out safely, within budget, and in compliance with increasingly stringent environmental
regulations. This involves comprehensive risk assessments, stakeholder coordination,
scheduling, and the strategic selection of demolition techniques based on site-specific
constraints. Importantly, sustainability considerations must now be embedded into this
decision-making process, from minimizing noise, dust, and vibrations in urban settings
to maximizing material recovery and recycling. Integrated demolition management that
aligns technical execution with sustainable development goals should no longer be optional;
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it is an ethical and professional responsibility. By adopting a lifecycle perspective and

prioritizing circular economy principles, demolition can evolve from a destructive process

into a regenerative opportunity for urban renewal (Figure 2)

Technique Selection
Selecting methods based on site constraints.

Planning & Risk Assessment
Comprehensive hazard and risk analysis.

Effective and Sustainable,

Demolition from Deconstruction

Stakeholder Coordination
Aligning contractors, authorities, and communities.

to Regeneration

Material Recovery & Urban Regeneration
Recycling, reuse, and renewal.

Environmental Control
Managing dust, noise, shock and vibration.

Safe, efficient implementation and control.

Execution & Monitoring ’

Figure 2. Steps of integrated demolition management framework.

As shown in Figure 3, the demolition of existing structures is governed by a structured

decision-making process that integrates engineering performance assessments, economic

evaluations, and project-specific planning procedures (Figure 3). This process typically

begins with an evaluation of the existing structure in terms of its structural adequacy,

functionality, and compatibility with future development goals. A dynamic structural

performance analysis should be employed to assess whether the structure/infrastructure

meets required safety and serviceability thresholds under both static and dynamic loading

conditions [15-21].

f

Demolition for the construction of a
new building in place of the existing

Demolition for a new roadway or urban
redevelopment plan

one

|

Existing structure

Structural performance
analysis

|

‘ Inadequate

Adequate

‘ Cost analysis

J

‘ Retrofitting ’ ‘

demolition method

Deciding on a suitable J

Figure 3. Management and procedure scheme representing the progressive stages of demolition.

If the structure is found to be adequate, a cost-benefit analysis may lead to a decision

to retrofit the existing building instead of proceeding with demolition, especially in cases
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where retrofitting [22-29] aligns with sustainability goals by preserving embodied carbon
and reducing waste [30-32]. Conversely, if the structure is deemed inadequate or incom-
patible with future development plans, a strategic decision is made to demolish either
progressively [33,34] or at once by mostly using explosives. This may be done either to
enable the construction of a new structure or to allow for infrastructure expansion, such as
the development of new transportation corridors.

Once the demolition decision is confirmed, project managers must determine the
pace and sequencing of the demolition operation. This stage is crucial for mitigating risks,
minimizing disruption to surrounding areas, and ensuring logistical feasibility. For high-
risk or large-scale projects, particularly in dense urban environments or post-seismic zones,
this step requires the integration of high-fidelity numerical simulations—models capable
of capturing non-linear material behavior, failure mechanisms, and progressive collapse
under complex loading scenarios [1,13].

The final and most critical phase involves selecting a suitable demolition method—a
decision that must account for structural typology, proximity to other buildings, debris
management for sustainability [35,36], and environmental regulations. In recent years,
studies such as [37,38] have significantly contributed to this domain by coupling full-scale
demolition case studies with advanced simulation techniques, thereby offering validated
frameworks for method selection and performance prediction. High-fidelity models are
particularly valuable in this context, not only for simulating blast loads and sequential
failures, but also for validating field data through real-time monitoring systems.

Effective demolition management should be viewed not merely as a process of physical
dismantling but as a proactive environmental and safety strategy grounded in compre-
hensive planning and regulatory compliance [37]. Prior to any site activity, a structured
assessment should identify potential hazards such as structural instability, asbestos, or
other regulated materials. International frameworks such as the UK Construction (De-
sign and Management) Regulations 2015 (CDM 2015, Reg. 20) [39] and the EU Directive
92/57/EEC [40] emphasize the preparation of written demolition plans that outline work
sequences, safety measures, and communication protocols. Similar principles can be
applied elsewhere; projects may adopt Demolition Method Statements (DMS) and Risk
Assessments (RAMS) even when not explicitly mandated by law. Despite these established
examples, there remains no universally recognized global standard or comprehensive
roadmap for demolition, and in many countries, practices are still project-specific or guided
by general construction and occupational safety laws.

From an environmental perspective, demolition operations are significant sources of
dust, noise, and vibration, all of which require continuous monitoring and adaptive control.
Standards such as BS 5228 Parts 1 and 2 [41,42] provide guidance on measuring and mitigat-
ing these impacts, recommending baseline surveys, restricted operating hours, and the use
of low-noise equipment. Turkiye’s Regulation on Environmental Noise Control (2022) [43]
similarly introduces time restrictions, acoustic assessments, and oversight by local au-
thorities. Complementary rules, including the Regulation on Preventing Building Noise
Pollution (2017) [44], reinforce these requirements by establishing acoustic performance
criteria for adjacent structures. Aligning both international and national standards creates
measurable benchmarks for noise and vibration control, thereby enhancing environmental
accountability and supporting sustainable demolition practices. Beyond static controls, the
use of real-time environmental monitoring technologies can further strengthen adaptive
management. Deploying sensors for particulate matter and vibration enables immediate
responses to exceedances, while drone-based LiDAR or photogrammetry supports debris
tracking and exclusion-zone verification. Integrating these approaches within a formal
ISO 14001 Environmental Management System [45] promotes continuous improvement and
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ensures verifiable documentation. Table 1 presents the relevant regulations and standards
concerning demolition management

Table 1. Relevant regulations and standards concerning demolition management.

Regulation/Standard Jurisdiction/Origin Relevant Section/Clause Main Relevance
Construction (Design and Management) Regula.tl'on 20— Requires that demolition work is
R UK Demolition planned, recorded, and executed
Regulations 2015 (CDM 2015) [39] . . .
or Dismantling to minimize danger

EU Directive 92/57 /EEC on Temporary or EU Annex IV Specifies safety requirements for
Mobile Construction Sites [40] sites including demolition

Guidance on measurement &
UK/BSI Part 1—Noise mitigation of noise in
demolition/construction sites

BS 5228-1:2009
+ A1:2014 [41]

BS 5228-2:2009 N Guidance on vibration monitoring

+ A1:2014 [42] UK/BSI Part 2—Vibration & control relevant to demolition

ISO 14001:2015— Provides structure for

Environmental International Clauses 6.1—10.3 environmental monitoring,

Management Systems [45] improvement & documentation

Law No. 6306—Transformation of Areas Lo . Regulates demolition/removal of
Tiirkiye Relevant provisions

under Disaster Risk [46] unsafe buildings and procedures

Establishes permissible noise
Tiirkiye Relevant provisions levels, work hours, measurement
& control rules for sites

Regulation on Environmental Noise
Control (2022) [43]

The management of construction
and demolition waste is
addressed under Article 2 (Scope
and Definitions) and Annex-4 on
waste classification

Article 2 and Annex-4

Waste Management Regulation (2015) [47]  Tiirkiye (waste classification)

In jurisdictions where enforcement mechanisms are still developing, such digital
records can also serve as credible evidence of compliance and transparency. Ultimately, a
demolition framework that unites pre-planning, environmental mitigation, and technologi-
cal feedback aligns with global best practice and promotes safer, more sustainable urban
transformation [47], even in the absence of a universally defined international guideline. In
Ttirkiye, the Law on Transformation of Areas under Disaster Risk (No. 6306) [46] establishes
procedural requirements for the demolition of structurally deficient buildings, including the
90-day rule mandating that risk-designated structures be vacated and demolished within
90 days of official notification. While this provides a clear regulatory timeline, it focuses
primarily on procedural deadlines rather than detailed operational planning, underscoring
the continuing need for site-specific risk assessment and management.

4. Conclusions

This study provides an overview of various demolition techniques and emphasizes
the critical importance of integrating robust management procedures and high-fidelity
numerical models in the planning and execution of controlled demolition projects. By
presenting a structured decision-making framework that combines structural performance
assessments, economic evaluations, and sustainability considerations, the proposed ap-
proach aims to transform demolition from a purely destructive process into a strategic
component of urban renewal. The outlined methodologies highlight the need for dynamic
simulation tools, real-time monitoring, and adaptive planning to ensure safety, minimize
environmental impact, and support circular economy objectives. These insights serve
as a foundation for future research and practical implementations in the evolving field
of demolition engineering. By synthesizing existing methods, relevant standards, and
international regulations, this study reveals that current guidance remains fragmented,

https://doi.org/10.3390/engproc2026125025


https://doi.org/10.3390/engproc2026125025

Eng. Proc. 2026, 125, 25 70of9

with limited comprehensive frameworks or globally recognized roadmaps. The presented
perspective encourages the adoption of structured planning, dynamic monitoring, and
sustainability-driven management to enhance safety, environmental accountability, and
long-term urban resilience.
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