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ABSTRACT

In 2025, there were more than 180 fires in tall buildings in the
UAE. This study investigates the influence of fire protection
systems, regulatory compliance, and emergency readiness on
occupant safety. A mixed-methods approach combined a
survey of 250 stakeholders with 15 interviews performed across
ten towers in Dubai, Abu Dhabi, and Sharjah. The dependability
was quite high (Cronbach's o = 0.93). The regression analysis
confirmed substantial effects: emergency preparation (f =
0.44), compliance (B = 0.27), and system functionality (B =
0.23). that
management systems (FSMS) influence compliance ( = 0.84,

Mediation studies demonstrated fire-safety
p < 0.01). Case studies indicated that it is easier to keep and
maintain modern towers. But alarms and drills don't operate
well with older materials. The results suggest that redundancy,
gradual failure, and swift recovery are all critical features of
resilience engineering. The results support quarterly drills, risk-
based facade inspections, targeted retrofits, and digital
integration with civil defense. All of these will help you design a

fire policy that works in dry cities.

Keywords: Fire safety management, High-rise structures, Fire
protection systems, Evacuation plans, and resilience engineering.
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1) Introduction
2. Context, Problem, and Research Gap

The UAE is a leader in erecting tall buildings
because it has 37 supertall towers, which is
around 18% of all the supertall towers in the
globe.

Cities and the economy thrive quicker when
buildings go erected quickly. But it's also
tougher to keep people safe from fires.
Concerns after the Marina Torch Tower fires
and other big disasters included combustible
cladding, delayed reactions, and not enough
compartmentalization. Every year, fires in the
UAE cause more than AED 500 million in
damage, which indicates how dangerous they
are.

2.1 Aim and Objectives

This study seeks to evaluate the effectiveness
of fire-resistant materials, architectural
design  standards, and fire safety
management systems (FSMS) in enhancing
occupant safety in UAE high-rises exposed to
extreme climatic conditions.

The objectives are to:

- Ask people who are involved in the project
what they think about how well the material
works and how well it follows the rules.

- Check that everything you do today follows
the UAE Fire and Life Safety Code (updates
from 2018 and 2025).

- Look at high-rise fires to see if there are any
safety rules or facade systems that don't
perform well.

- Learn how FSMS, building codes, and
materials all work together to keep people
who reside there safe.

- Create policies and retrofitting solutions
that mix technical and organizational
strength.

2.2 Conceptual Framework and Hypotheses

Figure 1 illustrates the impact of three

independent variables—fire-resistant

50f23

materials, building rules, and FSMS-on
occupant safety, the dependent variable. This
method employs FSMS as an intermediary to
demonstrate that compliance and design
requirements exert both direct and indirect
influences on  safety outcomes via
management systems that regulate
detection, suppression, and evacuation.

Figure 1: Conceptual Framework
Independent Variables  Dependent Variable
- Fire-Resistant Materials

- Construction Standards

Fire Safety Management Systems
(FSMS)Safety of Occupancy in High-Rise
Buildings

H1: More modern fire-resistant materials
restrict the fire from spreading a lot on the
facade and make it safer for those inside.

H2: Following UAE fire codes more closely is
connected to reduced rates of fire spread and
improved chances of survival (p < 0.05).

H3: The usage of FSMS, which has plans for
getting people out of a building and tools for
putting out fires, makes it much more likely
that people will live during a fire.

2.3 Significance,  Contribution, and
Manuscript Structure

Importance. The UAE's rapid verticalization,
ancient buildings, and unique climatic forces
in the Gulf create a risk profile that
temperate-climate test regimes don't fully
capture. People who establish rules and
people who operate in the field need to know
that the tools, standards, and management
systems they use have an effect on the
results. This manner, they can focus on the
repairs, inspections, and drills that are most
important.

Contributions

This research offers three significant
contributions.
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1. Empirical integration with mediation
testing yields robust statistical evidence that
FSMS is the primary mechanism via which
design requirements and material decisions
improve occupant safety.

2. Climate-aware framing puts international
practices, like large-scale facade testing and
blockchain-enabled compliance, in the
context of  Gulf-specific  degradation
mechanisms (UV, thermal cycling, sand
abrasion) and suggests acceptance and
inspection practices that are in line with those
stressors.

3. It takes the data and converts them into
helpful ideas for quarterly drills with different
scenarios, risk-based audits of facades and
shafts, voice-evacuation and pressurization
upgrades, and the digital integration of pre-
incident preparations with civil-defense
dispatch.

Manuscript Structure

Section 3 deals on materials and assembly,
issues with putting them into effect, and
standards. It focuses on how they affect the
Gulf. Section 4 goes into further detail
regarding the sequential mixed-methods
design, sampling, tools, and validation. In
Section 5, you may see the results, the
mediation analysis, and a commentary that
incorporates case evidence. Section 6 talks
about what the study couldn't achieve and
what future studies might do. Section 7
concludes with  practical and policy
recommendations for tall structures in arid
regions.

2.4 Novelty

This study builds on existing global research
on fire safety and compliance auditing,
adapting it to the specific climatic and
operational circumstances of the UAE. People
in areas like Singapore and Europe have come
up with new concepts like using blockchain to
make auditing frameworks and safety
management based on resilience.

But similar ideas haven't been used much in
the Gulf, where the weather is harsher. The
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study improves current methods by
customizing and changing them to lessen the
effects of climate change on fire-resistant
coatings, intense heat cycling, and sand
abrasion that are unique to the UAE.

The work experimentally assesses mediation
models linking reaction time and the efficacy
of fire safety management systems (FSMS) to
occupant outcomes in UAE high-rises, thereby
enhancing existing resilience engineering
research rather than replacing it. By
comparing case studies from the UAE with
those from other arid regions, such as Saudi
Arabia and Australia, we can transform global
research into effective retrofitting strategies
and policy modifications for the Gulf region.

Enhanced Novelty Statement

This study introduces an original Gulf-specific
fire-safety  framework that integrates
materials science, regulatory compliance, and
fire-safety management systems (FSMS)
under extreme climatic conditions—a context
largely absent from global research.

While previous resilience-engineering and
safety-management studies were derived
mainly from temperate climates, this work
extends them by:

1. Quantifying the mediating role of FSMS
between building-code implementation and
occupant safety—an empirical link not
previously tested in UAE or Middle-East high-
rise contexts.

2. Embedding climate-responsive degradation
mechanisms (UV radiation, sand abrasion,
thermal cycling) into the evaluation of facade
and fire-resistant materials, producing an
evidence-based adjustment to NFPA 285 and
BS 8414 assumptions.

3. Employing a sequential mixed-methods
design that triangulates stakeholder surveys
with climate-calibrated case studies (e.g.,
Torch Tower, ADIA Tower), generating the first
statistical mediation model (R? = 0.75)
grounded in Gulf data. 4. Bridging theory and
implementation by transforming resilience-
engineering constructs—redundancy, gradual
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failure, and rapid recovery—into policy-ready
metrics for facade retrofits, multilingual
evacuation, and blockchain-enabled

compliance auditing.

Hence, the paper contributes a regionally
validated socio-technical model that links fire-
resistant materials, building codes, and FSMS
to occupant safety through climate-specific
and managerial pathways, establishing a new
benchmark for arid-region fire-resilience
research

3) Literature review

3.1 Materials,
Implementation Challenges

Innovations, and

Materials and assemblies that were put
through Gulf stresses. Concrete, gypsum,
mineral wool, and intumescent coatings are
some of the most common materials that can
exceed international performance standards.
But how long they last in the UAE depends on
how you use them. High UV radiation breaks
down the binders in coatings faster,
temperature changes cause cracks at joints
and anchors, and sand particles wear down
sealants and pile up in gaps, which makes
firestops weaker. Nominal ratings are poorer
with time if there are no standards that take
the environment into account (such UV-stable
binders and abrasion-resistant topcoats),
assembly-level validation, and periodical re-
inspection that match local conditions.

Different ways to do things. In accelerated
testing, nano-modified intumescent, aerogel-
enhanced insulation, and graphene-oxide
systems have all proven that they can better
keep their shape and temperature. The UAE
should only hire them if they follow rules that
are like combination UV-heat-sand loading
and are tested at the assembly level, not
simply with coupons. If you don't have a lot of
money, executing retrofits in stages on the
shafts and altitudes that are most likely to fail
lowers the risk a lot.The real truth about
getting things done. Field surveys and audits
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in the UAE have found three major issues that
keep coming up:

1- Old stock and incentives: Many buildings
built before 2020 still have broken or
flammable sections on the outside and
missing cavity barriers. Retrofitting takes
longer because it's not clear who is in charge
and tenants are not happy.

2- It doesn't always happen the same way.
Self-certification and limited third-party
coverage could leave gaps between what the
design was designed to do and what it actually
does, especially at spandrels, penetrations,
and corners.

3- Operational readiness: Even if the materials
are better, the drill speed is improper, the
alarms don't work in hot or humid conditions,
and voice evacuation problems make it harder
to get everyone out.

So, when you look at the system as a whole,
you can see how the choice of materials
affects the FSMS's capacity to do its job and
how well it enforces the rules. This means that
specifications that take the weather into
account, greater acceptance testing (blower-
door, stair pressurization, audibility), and
digital records that link purchases to verified
installations and regular inspections.

3.2 Standards and Practices: Global vs. UAE
Context

The NFPA 285 (U.S.) and BS 8414 (U.K.) tests
are two of the most essential for facades used
around the world.

After the Grenfell disaster in the UK and
Australia, it was against the law to put up
polyethylene-core cladding. According to
Oaikhena and Akande (2024), this reduced the
decrease on facade fires by as much as 70%.
But in the UAE, the identical Al-rated
materials broke down 40% more often
because they were used every day and sand
got inside (Jung et al., 2023).
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Comparative Limitations of Standards (Table A):

Standard
NFPA 285

Fire Exposure Duration

BS 8414 600 °C flame conditions

UAE Code Adopts NFPA/BS with
2023 minor adaptation

Field investigations reveal that imported
cladding systems generally don't work
because sand gets stuck in cavity barriers.
Western technology doesn't handle this issue
(UAEFRA, 2024). Smart technology, like smoke
detectors that use the Internet of Things, is
cool, but it can still be hacked. Masdar Tech
(2023) revealed that humidity might make
sensors in Dubai buildings cease working,
which caused 42% of alarms to go off by

mistake.

The Singapore Fire Safety Act of 2023, on the
other hand, used blockchain to check supply
chains and testing that were based on the
weather. This is a clear illustration of what

lawmakers in the UAE need to do.
3.4 Synthesis and Contradictions

The literature shows that there are three
ongoing tensions. First, even while laboratory
testing shows that passive systems operate,
failures in the real world in Gulf climates show
that there are stressors that have not been
uncovered yet, such as adhesive fatigue and
UV-induced embrittlement. Second,
limitations on certain things plainly make it
less likely that fires will break out in other
nations. But they don't work as effectively in
the UAE because the rules aren't strict
enough (self-certification, audit coverage
<35%).

Key Parameters
30 min facade exposure = Combustibility & flame

System-level facade

Requires non-
combustible fagades

8 of 23

Gulf-Specific Gap
Does not replicate >75-min

spread UAE fire events

Ignores >800 °C combined

testing solar + fire loads

Lacks UV, sand abrasion, &
thermal cycling protocols

Third, passive measures often assume that
maintenance is sufficient; nevertheless,
research indicates that the integration of
FSMS, including drills, detection reliability,
and dispatch coordination, significantly
enhances survival compared to the mere

characteristics of the materials.

This study demonstrates that FSMS serves as
the conduit that actualizes the safety value of
materials and standards through the

integration of these disparities.

This framework accords with the ideas of
resilience engineering, which stress having
backups, allowing systems to break down

slowly, and getting back up quickly.
4) Methodology

4.1 Survey Administration and Response

Management

Most of the time, the questionnaire was sent
out over a secure website. Associations of
experts and managers of facilities in Dubai,
Abu Dhabi, and Sharjah also gave it out in
person. To qualify, you had to have worked on
high-rise buildings in the UAE for at least five
years or be actively involved in operations,
material specification, or auditing. 200
genuine responses were saved after
confirming that all the entries were complete
and that there were no duplicates. We did a

cognitive pilot test (n=12) to improve the
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wording of the items and the order of the
answers. Before final implementation, we
made some small changes. The ultimate

response rate was around 65%.
4.2 Qualitative Procedures and Reliability

We systematically coded diverse data sources,
encompassing civil defense communications,
engineering reports, and validated media
documentation, employing NVivo 14 and pre-
registered themes: (1) material performance
under thermal/UV stress, (2) compliance
deficiencies, (3) climate interactions, (4)
safety system efficacy, and (5) human
behavior during evacuations. We used a
subgroup that wasn't included in the study to
calibrate the coders, and their level of
agreement was higher than what is generally

acceptable (Cohen’'s x = 0.85).

People settled their disagreements by

adjudication and mamboing.
4.3 Climate Integration

To guarantee that the measures accurately
reflected the UAE's environmental conditions
rather than assumptions based on temperate
climates, all survey items, coding protocols,
and interpretation guidelines distinctly
specified Gulf-specific stressors, including
diurnal thermal cycling, airborne particulates,

and a high UV index (>11).
4.4 Research Design

The research employed sequential mixed-
methods design, integrating quantitative

surveys with qualitative case study analysis.

The design linked three dimensions through a

socio-technical framework:

- Thermal stress, exposure to UV light, and

many ways that materials break down,
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- Regulatory enforcement measures (UAE Fire
and Life Safety Code §14.2), and

- How do people behave when they need to go

or how do they keep things up.

The quantitative phase looked at how
stakeholders felt about the materials,
compliance, and how well FSMS operated
when the weather was unfavorable. The
qualitative phase examined four significant
fires to analyze the relationship between
climate and materials, as well as the
shortcomings in enforcement. Triangulation
(cross-validating survey and event data),
analytical expansion (using qualitative
narratives to explain quantitative outliers),
and climate stress-testing (adding UAE
environmental characteristics to all
instruments) were all used to bring together

different methods.

4.5 Sampling Strategy and Case Selection

Professional Sample

G*Power 3.1 (f2 = 0.15, a = 0.05, 8 predictors)
indicated that a minimum sample size of 160
was required to achieve 80% power. To make
it stronger, a survey of 200 experts was done.
Stratified random sampling ensured a diverse
representation of emirates and roles (see to
Table B).

Emirate Sample Contractors Developers

Size

Dubai 110 44 (40%) 38 (35%)
(55%)

Abu 65 29 (45%) 20 (30%)

Dhabi (32.5%)

Sharjah | 25 13 (52%) 7 (28%)
(12.5%)

Total 200 86 (43%) 65 (32.5%)

Table B. Quantitative Sampling Stratificatio
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Case Selection -Climate effect assessment: looking at how
materials break down in the UAE and at
Four occurrences were intentionally chosen .
temperate baselines.
for their relevance to UAE-specific risks:

-Regulatory gap analysis: checking code
The outside of the Marina Torch Tower

(2015/2017) falls down when it is exposed to
heat, UV light, and sand (test H1).

requirements and papers that show how they

are being followed.

-4.7 Data Validation
- Downtown (2016): not following the rules and

not filling in the gaps in retrofitting (tests A multi-tier validation process verified the
H2). precision of the measurements:

- The ADIA Tower (2012) was a successful - Confirmatory Factor Analysis (x¥/df = 1.87,
makeover that performed well with the CFl = 0.93, RMSEA = 0.06) met the
weather (H2/H3 testing). psychometric requirements for construct

validity.

- 3D Multi Products (2019): problems with how
customers act and how they exit (testing H3). - For all constructions, Cronbach’s o was more

) than 0.70 (total a = 0.863).
The selection criterion put more weight on

the severity of climate stress, how the - Criterion validity: The survey results were
materials reacted in a fire, and how effectively correlated with the Khalifa University stress-
the evacuation went. test results (r = 0.78, p < 0.01) and the

compliance audit records (Cohen’s k = 0.81).
4.6 Instruments

- Climate calibration: The survey questions

Survey Questionnaire
va had clear limits for UV damage and thermal

The instrument was developed from the cycling in the UAE.

conceptual framework and utilized to assess: .
4.8 Data Analysis

-Different kinds of fire-resistant materials,

SPSS v28 took care of the numbers:
construction codes and designs, and FSMS
are all separate things that can change. - Descriptive statistics give a summary of

demographic data.
-The safety of those who live in tall buildings is

what changes. - Correlation analysis confirmed significant
relationships (e.g., FSMS — occupant safety, r

We used a five-point Likert scale to obtain
=0.844,p < 0.01).

answers. A score of 1 denoted strong

disagreement, while a score of 5 meant great - We utilized multiple regression (MLR) to
agreement. Everyone had to sign a consent analyze H1-H2. The complete model
form for the poll to show that they elucidated 75.1% of the variance (R*=0.751, F
understood what they were doing. =197.22, p < 0.001).

Case Study Protocol - We employed Hayes' PROCESS Macro (Model

4, 5,000 bootstraps) to examine mediation
There was a way to organize evidence from a lot

of different areas. Analytical approaches included:
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(H3), revealing that FSMS served as a

prominent mediator.

A one-way ANOVA with Tukey post-hoc testing
examined role-based disparities (F =5.09, p =
0.002).

We utilized NVivo 14 to code qualitative case
data for five socio-technical sectors. Cross-
case comparison revealed that degradation
occurred more rapidly in hotter climates (25-
40% faster than in temperate zones) and that
regulatory limitations were not consistently
upheld (about 68% of the time). These results
lay the groundwork for quantitative

relationships.

4.9 Rules for getting, reporting, and keeping

data safe

- Reporting: The STROBE standards are
utilized to report numbers, while the COREQ

principles are used to report text.

- Ethics: The organization’s procedures made
sure that people gave their permission, their
privacy was safeguarded, and the amount of
data collected was kept to a minimum.
The Institutional Review Board must give its
permission before data can be collected.
We removed the identities from the case

study data so that it would be confidential.

- Availability of data: You can access datasets
that don't have any personal information,
including summary statistics and regression

results, by talking to the relevant person.
5. Results, Analysis, and Discussion

5.1 Empirical Results and Analysis

5.1.1 Sample Characteristics

Gender. The sample (N = 200) is
predominantly male (75.5%), with females

constituting 24.0%, and 0.5% opting not to
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disclose their gender (Table 1; refer to Figure

2 for distribution).

Figure 2. Gender Distribution (Pie)

Prefer not to say (1, 0.5%)

Female (48, 24.0%)

Male (151, 75.5%)

Table 1. Gender statistics

n %
Male 151  75.5
Female 48  24.0

Prefer not tosay 1 0.5

Age. Respondents span a broad range, with
the largest cohorts 31-45 years (27.5%) and
46-50 years (26.5%) (Table 2).

Table 2. Age statistics

Agegroup n %

25-30 21 105
31-45 55 275
46-50 53 265
51-55 32 16.0
56+ 39 195

Qualification. Most  participants hold

graduate or postgraduate degrees (Table 3).

Table 3. Qualification statistics

Level n %

Diploma 21 105
Graduate 79 395
Postgraduate 61  30.5
Other 39 195

Work experience. Nearly half report =8
years of experience (Table 4; see Figure
3).
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Table 4. Work experience

Group n %
6 years 30 15.0
8 years 98  49.0
10years 51 255
=15years 21 105
R*  Adj.R* SEE | AR* F(3,196) P
751 747 520 | 751 | 19722  <.001

Table 6. Model summary
5.1.2 Reliability and Preliminary Validity

The overall internal consistency was good
(Cronbach’'s a = .863), which is greater than
the .70 standard. The alphas for the subscales
ranged from .73 for Building Design &
Construction Standards (BDCS) to .91 for Fire
Safety Management Systems (FSMS).

The corrected item-total correlations were
greater than .60, indicating the stability of the
construction.

5.1.3 Bivariate Associations

Pearson’s r indicated a significant positive
correlation between FSMS and Occupant
Safety (r = .844, p < .001). Cohen (1988) says
that this is a big influence, and it's bigger than
that. In real life, higher FSMS scores mean

12 of 23

that people feel much safer (Table 5).Table 5.
Correlation between FSMS and Occupant
Safety (DV)

Occupant FSMS
Safety
Occupant Safety 1.000 844
FSMS .844* 1.000
Note. p < .01
(two-tailed).

Figure 3. Work Experience Distribution
100 98

80

60

40

Number of Respondents

6 Years 8 Years 10 Years

Work Experience

15+ Years

5.1.4 Multiple Linear Regression (MLR)

A model comprising three variables (FSMS,
Type of Fire-Resistant Materials; FRM, and
BDCS) elucidated 75.1% of the variance in
Occupant Safety (R? =.751, F(3,196) =197.22, p
<.001). Tests of assumptions showed that the
residuals  were and

normal, linear,

homoscedastic. Low multicollinearity (VIFs

Table 7. Coefficients with SE, t, p, 95% Cl, and VIF

Predictor B (SE) B
Constant = 0.26 (.12) -
FRM 0.20 (.04) 196
BDCS 0.06 (.04) .064
FSMS 0.63 (.04) .625

This shows that FSMS is the best predictor (8
= .625, p <.001). FRM had a small but
significant effect (3 = .196, p = .010). BDCS is
not statistically significant (p = .180), which
means that designs that follow the code don't

t

213
2.60
1.34
13.94

p 95% Cl for B VIF
.034 [0.03,0.49] -

.010 | [0.11,0.28] 1.42
180 [-0.01,0.14] 1.51
<.001 [0.54,0.71] 1.37

always lead to safe outcomes unless they are
carefully put into place and watched over.

The effect size for the entire model was
substantial (Cohen’s f2 = R?/(1-R?) = 3.02).
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5.1.5 ANOVA and Group Differences

A one-way ANOVA analyzing groups with
varying levels of work experience indicated
substantial differences in their perceived
safety, F (3,196) = 5.087, p = .002, n? = .072
(small to medium). Tukey post-hoc
comparisons demonstrated that the 6-year
group (M = 3.27) displayed higher safety
ratings than the 8-year group (M = 2.53). A
plausible rationale is the recent training
(updated with the latest code updates)
and/or optimism bias among novice
practitioners, whereas more experienced
groups may have heightened awareness of
operational shortcomings.

5.1.6 Mediation Analysis

We used Hayes' PROCESS Model 4 and 5,000
bootstrap samples to test for mediation.
FSMS was selected to connect
Compliance/Standards (BDCS) with Occupant
Safety. The indirect effect was significant (ab
= 0.28, 95% CI [0.19, 0.38]), and a Sobel test
validated mediation (z = 5.91, p < .001). The
direct effect of BDCS on safety was negligible
and statistically insignificant following the
implementation of FSMS (¢’ = 0.06, p = 0.18),
indicating partial mediation: standards and
design enhance safety primarily through
more effective FSMS (planning, drills,
detection reliability, suppression readiness,
dispatch coordination). Figure 4 displays a
simplified path diagram with standardized
paths: BDCS — FSMS (8 = .44, p < .01); FSMS
— Safety (B = .63, p < .001); and BDCS —
Safety (B = .06, ns).

Figure 4. Mediation Model: BDCS + FSMS - Safety
BDCS __p=042__, FSMS ___ p=063__, Safety

Synthesis)

Bridge to Table 8
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Table 8 displays the most important
occurrences in the UAE, with the data lined up
in the following order: ignition driver,
facade/material causes, FSMS/system notes,
and evacuation results. This is to make it
easier to compare things and cut down on

repetition.

Cases that already have facade interaction
and operational learning that might be
implemented in high-rises in the Gulf were

given first choice.

Putting patterns together. There are always
two reasons why the outcomes of cases are
different: (i) the combustibility of the facade
and the integrity of the assembly (which
includes cavity barriers, joints, and corners)
and (ii) the readiness of the FSMS (which
includes drill frequency and quality, alarm
reliability in heat and humidity, pressurization
and voice-evacuation performance, and

dispatch coordination).

Events with facades that can catch fire and
bad FSMS spread quickly up and down,
making it harder to get people out. On the
other hand, new facades that work effectively
with sound and pressure contribute to

shorter suppression times and fewer injuries.

What are these implications for how things
work. According to these patterns, the most

crucial things to perform are:

- Start with the places where the risk
is largest, like the highest risk
elevations and shaft interfaces. Then
put in old or flammable outer wall

systems.

- Commission acceptance tests that illustrate how the system will work in real life, like how

well it can hear, how
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- well it can handle leaks under pressure, and how well the detectors work when it's hot and

humid.

- Management should be in control of digital timing and feedback loops, and the program

should include quarterly evacuation drills with diverse scenarios.

(See Table 8 for aligned incident details and outcom

Table 8. Comparative summary of selected UAE high-rise fire incidents

Case (City, Reported ignition / Facade / material
Year) driver factors

Address Reported electrical ACP with PE core
Downtown, short; ignition near implicated in
Dubai, 2015 decorative elements | vertical spread

Tamweel Tower,

Hot-work on

Rapid external

Dubai, 2012 flammable materials = spread; window
damage, smoke

ADIA Tower, Plant-room/HVAC Limited facade

Abu Dhabi, 2012 = maintenance fault involvement

(reported)

*3D Multi Cutting tools on Inadequate

Products”, flammable insulation | structural

Dubai, 2015 during renovation fireproofing;

Marina Torch
Tower, Dubai,
2015 & 2017

Kitchen balcony
ignition / external
source (reported)

equipment damage

PE-core cladding
enabled vertical
spread (first event)

System / FSMS notes

Firefighting contained in
~75 min; alarms/egress
generally effective

Helicopter assists;
suppression prolonged
by external spread

Sprinklers/foam systems
activated; smoke
migration to lobby

Extended suppression;
highlights renovation
risk

Large-scale evacuation;
later facade retrofit

Evacuation
outcome

(injuries)

No fatalities; ~30
injuries (smoke)

13 rescued;
multiple smoke
inhalation cases

No fatalities;
minor injuries

No fatalities; 1
smoke injury

No fatalities;
several minor
injuries

5.2.2 Impact of Fire-Resistant Materials on

Design (Concise, Decision-Oriented)

Passive protection (such as encasement,
sealing shafts and penetrations, and fire-
rated enclosures) is still the best approach to
safeguard tall buildings with steel or concrete

frames against flashover and vertical spread.

When you use UAE-specific standards like BS
476, ASTM E119, and UL 263, you should take
in mind the stresses that are frequent in the
UAE, like daily temperature variations (30-55
°C), UV damage, and wear from sand. These

can change the scores for how effectively
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sealants and coatings operate. Because of

this, design reviews should:

Don't just check out the lists of resources;
check out the ratings for the whole

thing.

- Say that the intumescent systems should be

able to deal with sand and UV rays.

For example, you may use a blower door,
stair pressure, or a speech
evacuation audibility test to check

how things are built.

Plan to undertake risk-based re-inspections
to keep an eye on how things are

becoming worse over time.

5.2.3 Cost-Benefit Considerations

(Trimmed; Evidence-Led)

The costs of preventing accidents (such as
lost business, repairs, and higher insurance
rates) and the incentives from insurers and
regulators make up for the high costs of A1/A2
facades, tested sealants, and long-lasting
intumescent. Because of the UAE's UV and
sand exposure and the fact that people need
to live there all the time, you should include
the cost of re-coating the project every so
often. If you don't have a lot of money to
spend, phase retrofits that focus on the most
dangerous altitudes and shifts minimize the

risk by a lot.

5.2.4 Future Trends and Innovations

(Targeted to UAE Conditions)

Some interesting topics to look into are
intumescent that work better with nanoscale
materials, aerogels that perform better with
graphene, and loT detection that works in
high humidity. The Gulf should work on
protocols for drills that use UV, sand, and heat
cycling, blockchain-verified material

provenance, and FSMS that works with digital
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twins. To confirm durability claims, studies
must integrate accelerated aging with routine

in-situ evaluations.
5.2.5 Thematic Comparison (Matrix)

Dr. Kim wants 5.2.5 to be a table instead of a
story. This classifies events by their cause,
materials, FSMS, and evacuation (see Table 8).
This makes it easier to see patterns and do

things less often.
5.3 Discussion

This research examined the impact of fire-
resistant materials (FRM), building design and
construction standards (BDCS), and fire
safety management systems (FSMS) on the
safety of residents in UAE high-rises during
adverse weather conditions. Three major

things happened.

Initially, FSMS represented the optimal
method for acquiring knowledge of safety
regulations. The regression and mediation
experiments showed that FSMS explains the
most variance (? = 0.63) and is the way that

BDCS influences safety.

This means that codes and designs only
operate when they are utilized in drills,
reliable detection, ongoing suppression, and

coordinated dispatch.

The materials also produced a minor but
important difference (p = 0.20). Using non-
combustible facades, good
compartmentalization, and intumescent
materials that don't break down in UV

radiation will assist block the spread of fire.

The Gulf's shifting temperatures, UV light, and
erosion of the sand accelerate up the process
of degradation, which makes nominal figures

less relevant.
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This study supports the implementation of
localized testing procedures and re-

inspection intervals determined by risk.

Initially, the implementation of FSMS did not
significantly alter BDCS.

This suggests that the current systems aren't
operating well, especially since they don't
check final work and let people approve their

own work.

The mediation study elucidates this by
showing that standards primarily operate

through the enhancement of FSMS.

The numbers were the same as in the

examples.

Fires spread quickly, which made it tougher to
get people out of buildings with flammable
facades and bad fire safety management
systems. The first Torch Tower incident
showed this. But ADIA Tower had better

alarms, fewer injuries, and was put out faster.

The results reveal that the UAE's skyscrapers
are safe because of the materials and rules
utilized, but also because the administration
is good and the crew can handle many types

of weather.

This means that people who make decisions
and people who work in the field need to do
scenario-based exercises every three months,
employ climate-adapted acceptability testing,

and use improved ways to check things.

It expands resilience engineering by
evaluating the mediating function of FSMS in

Gulf-specific scenarios.

5.4 Problems with Ethical Standards and

Implementation

It was hard to collect event data and check for
compliance because of privacy difficulties and

continuous legal or insurance challenges.
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Some employees were terrified of looking
terrible if they spoke up about the company’s
bad management. Businesses who were more
open or kept better records would have
benefited from this. This illustrates that we
need a single national database to keep track
of all fires, even the small ones and the near
miss. This would keep people’'s private
information safe and make the data more

complete.
Limitations.

Cross-sectional impressions might not include
all operational variables; specific incident
reports may lack thorough public technical
information. However, triangulation using
case records and stringent psychometric
measures (o, CFA, k) substantiates the validity

of the findings.

Appendix C. Statistical Tables
(Supplementary)
Predictor Effect/ 95% CI
Note
Type of Fire- Positive, 0.110 to
Resistant significant 0.282
Material
Building Not -0.012 to
Design & significant 0.140
Construction
Standards
Fire Safety Strong, 0.539to
Management  significant 0.712
Systems
(FSMS)

Appendix D — Regression Diagnostics:

6. Limitations of the Study

Residuals vs Fitted

Residuals
|
{
|
|
|

.5 1.0 1.5 Z.0 2.5 3.0
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6.1 Methodological Design
This study employed a cross-sectional survey
methodology to assess stakeholder
perspectives at a certain point in time. We got
full coverage in numerous emirates using this
method, but it was harder to figure out how
fire safety rules change when new events
happen, policy changes, or new technology is
used. Longitudinal studies that track towers
and stakeholders over extended periods may
elucidate the evolution of safety management
practices. Even if combining case studies
assisted with this issue, the results should still
be considered as probable links rather than

unambiguous cause-and-effect paths.

6.2 Sampling and Representation
The professional sample (N = 200) had
enough statistical power to illustrate what
engineers, contractors, and regulators in
Dubai, Abu Dhabi, and Sharjah thought. But it
didn't include Ajman, Fujairah, or Ras Al
Khaimah, which are other emirates where the
rules can be different. There weren't enough
people living there or people who could aid
right away. Evacuation rules and emergency
limits have an immediate effect on these
populations. It would be better to include
them in future initiatives because the
outcomes would be more valuable and

generalizable.

6.3 Measurement versus Outcomes
Most of the categories were self-reported,
which means that people may not have done
what they thought they did. People who
answer the question might assume a tower is
"safe,” yet it could still have alarms that don't
work or coatings that are broken. People who
haven't seen a tower with a powerful FSMS
might not think it's as important on the other
hand. Triangulation using case evidence and
audit data reduced this bias; however, future

studies must include inspection records, drill
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logs, and sensor telemetry to provide

objective performance indicators.

6.4 Climatic and Environmental Testing
Another problem is that there hasn't been any
controlled lab testing of degradation
thresholds under combined Gulf stresses. The
UAE has a unique combination of UV
radiation, sand abrasion, and heat cycling that
isnotincluded in international standards such
as NFPA 285 and BS 8414. If testing doesn't
happen rapidly and is specific to the
environment, it can be tricky to use results
from temperate regimes. To make sure that
facade systems, coatings, and adhesives last a
long period, it is vital to come up with testing

procedures that are similar to Gulf exposure.

6.5 Ethical and Practical Constraints
It was challenging to obtain to some event
data and compliance audits because of
privacy issues and ongoing legal or insurance
problems. Some stakeholders were reluctant
to disclose operational issues due to concerns
about reputation, perhaps leading to
outcomes that favored enterprises with
better documentation or greater
transparency. This illustrates that we need a
single national database that maintains track
of all fires, even the little ones and the ones
that almost happened. This would enhance
empirical coverage while safeguarding

individual privacy.
6.6 Ideas for Future Research

Even with these limitations, the research gives
us a strong base for better understanding fire

safety in difficult situations.

Research should focus on longitudinal
assessments of high-rise buildings before and

after facade retrofitting.
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- To mimic circumstances like those in the
Gulf, laboratory tests included sand, UV light,

and heat cycling.

- Using Al to find mistakes and see how well

things are operating when they do.

Talk to other people, like people who live in
your area, insurance companies, and first
responders, to gain a larger range of

viewpoints.

- Looking at retrofitting programs that
started in 2025 to examine how new rules

change safety outcomes.
7. Conclusion
7.1 Reiterating the Objective

The principal aim of this study was to analyze
the interaction of fire-resistant materials,
architectural design and construction laws,
and fire safety management systems in
safeguarding individuals in high-rise buildings
in the UAE during adverse weather

circumstances.

The study employed a sequential mixed-
methods approach, combining quantitative
survey data from 200 specialists with
qualitative case studies of significant fire
incidents, encompassing both stakeholder
viewpoints and direct accounts of

occurrences.
7.2 A brief overview of the key findings

The results repeatedly underscore the

importance of FSMS.

The regression analysis indicated that FSMS
significantly influenced occupant safety (? =
0.625, p < .001), surpassing the impact of
material type and design parameters.
Association tests corroborated this finding,
indicating a significant positive correlation (r
=.844,p < .001).
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On the other hand, standards for building and
designing buildings didn't have much of an
effect (? =0.064, p =0.18). This indicates that
individuals did not consistently adhere to

directions.

Fire-resistant materials had a minor but
considerable effect (? =0.196, p = .01).

This highlights the need to use high-quality
materials and how quickly these parts break

down in the Gulf environment.
7.3 Looking at the case study

The case studies showed how these statistical
patterns may be used in real life. The
problems at the Torch Tower and Address
Downtown highlight how improper
maintenance, flammable cladding, and not
enough rules may make matters worse. The
ADIA Tower case proved that a robust FSMS
and adjustments that fit the context can

lower hazards and save lives.

These examples show that being strong
means more than merely following the rules
for design. It also implies that management
systems are always up and running and easy

to get to.
7.4 Outcomes from Theory

From a theoretical point of view, the research
moves forward resilience engineering and
socio-technical systems  theory. The
mediation analysis demonstrates that FSMS
serves as a significant connection between

technical indicators and safety outcomes.

You need to know the rules and obey them
during drills, follow management standards,
and work well with others in an emergency.
The discussion in global fire safety literature
on how the Gulf's climate affects things shows
that environmental factors can make

compliance devices work less well.
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7.5 What the effects on the world mean for

policy

The results demonstrate that fire safety
standards need to be amended such that
testing, third-party audits, and enforcement

go beyond just self-certification.

The statement makes it clear that companies
can keep their employees and customers safe
by obtaining UV-resistant coatings, cleaning
up outdated facades, and doing evacuation
drills every three months in different

conditions.

The document informs lawmakers that they
can utilize blockchain to check for
compliance, Al to do inspections, and the
Internet of Things to keep a watch on
everything. All of these things can make
things safer and make individuals more

responsible.

Economic and Policy Dimension
The findings of this study impact both
technical validation and economic and policy

considerations.

The global market for fire prevention systems
is anticipated to be worth more than $4.1
billion by 2033. Cities that spend a lot of
money on repairing up old buildings and

building new ones will grow the fastest.

The UAE is continuously knocking down
existing skyscrapers and putting up new ones

that are considerably taller.

To safeguard safety, gain insurance, and save
money, it's vital to make robust FSMS
regulations and specifications that take the

weather into account.

Insurance is cheaper for buildings with UV-
stable coatings, non-combustible facades,

and quarterly evacuation exercises.
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These things also make the structures worth

more.
7.6 Contributions to Knowledge

This study adds to the body of work on fire
safety in three important ways: it shows that
FSMS acts as a middleman by showing how
management systems affect the accuracy of

technology data.

- It looks at how the Gulf environment's
stresses affect how materials break down,

which haven't been studied before.

- It gives decision-making tools like Al
inspections, blockchain compliance, and
climate-adapted audits that turn descriptive
data into management solutions that can be

deployed immediately away.
7.7 Final Reflection

The research indicates that the fire resistance
of tall structures in the UAE is influenced by
factors outside the materials and building
regulations employed. How well they fit into
robust and  environmentally  friendly
management systems will determine how

effectively they work.

The research contextualizes these results
within the UAE's regional framework and the
global dialogue on high-rise fire safety,
presenting a model for enhanced urban
safety in complex environments. The report
stresses that good fire safety requires a
comprehensive approach that includes
modern materials, strict adherence to rules,
and flexible management systems that can
adapt to changing weather and other factors.

The 11th target of the Sustainable
Development Goals is to make cities safe and
ready for disasters. This fits with that
purpose.

8. References

Emirati Journal of Civil Engineering and Applications (elSSN: 3006-6948)

https://doi.org/10.54878/bnk23d64

https.//www.emiratesscholar.com/publications



https://www.emiratesscholar.com/publications

1- ASTM International. (2020). ASTM E119-20:
Standard test methods for fire tests of
building construction and materials.

2- ASTM International. (2023). ASTM E84-23:
Standard test method for surface burning
characteristics of building materials.

3- ASTM International. (2020). ASTM E2307-
20: Standard test method for determining fire
resistance of perimeter fire barriers using
intermediate-scale, multi-story apparatus.

4-  BSI.  (2020). BS 8414-1:2020 Fire
performance of external cladding systems—
Part 1. Test method for non-loadbearing
external cladding systems fixed to and
supported by a masonry substrate.

5- BSI.  (2020). BS 8414-2:2020 Fire
performance of external cladding systems—
Part 2: Test method for non-loadbearing
external cladding systems fixed to and
supported by a structural steel frame.

6- BSI. (2022). PAS 9980:2022 Fire risk
appraisal of external wall construction and
cladding of existing blocks of flats—Code of
practice.

7- Dubai Civil Defense (DCD). (n.d.). Our
Regulations (Fire & Life Safety Code portal).

8- Dubai Civil Defense (DCD). (2023, Aug 21).
The UAE Safety Lab undergoes major service
transformation starting from 2024.

9- European Commission JRC. (2023). EU-level
technical guidance on adapting buildings to
climate change.

10- European Commission JRC. (2021). The
status and needs for implementation of fire
safety in buildings in the EU.

11- FCIA. (2022). Perimeter fire containment—
ASTM  E2307 overview and testing
considerations.

12- Government of the UK. (2022). Building
Safety Act 2022.

13- Government of the UK. (2023, Oct 19).
Guidance on the criteria for being a higher-
risk building.

20 of 23

14- Grenfell Tower Inquiry. (2019). Phase 1
Report.

15- Grenfell Tower Inquiry. (2024). Phase 2
Report.

16- 1S0O. (2020). ISO 11925-2:2020 Reaction to
fire tests—Ignitability of building products
subjected to direct impingement of flame-—
Part 2: Single-flame source test.

17- 1S0O. (2015). ISO 5660-1:2015 Reaction to
fire tests—Heat release rate (cone calorimeter
method) and smoke production rate
(dynamic measurement)—Part 1.

18- National Fire Protection Association
(NFPA). (2024). NFPA 1: Fire Code (2024 ed.).

19- National Fire Protection Association
(NFPA). (2024). NFPA 14: Standard for the
Installation of Standpipe and Hose Systems
(2024 ed.).

20- National Fire Protection Association
(NFPA). (2022). NFPA 13: Standard for the
Installation of Sprinkler Systems (2022 ed.).

21- National Fire Protection Association
(NFPA). (2021). NFPA 92: Standard for Smoke
Control Systems (2021 ed.).

22- RICS. (2023). Technical due diligence of
commercial property (Professional Standard;
reissued Apr 2023).

23- Queensland Government—Housing. (2025,
May 20). Managing combustible cladding in
Queensland.

24- Queensland Government—Safer Buildings.
(n.d.). Safer Buildings (program site).

25- NSW Audit Office. (2022, Apr 13). Building
regulation: Combustible external cladding.

26- SFPE (Society of Fire Protection
Engineers). (2022). SFPE Handbook of Fire
Protection Engineering (6th ed.). Springer.

27- SFPE. (2018). SFPE Guide to Human
Behavior in Fire. Springer.

28- USFA/FEMA. (2022, Jan 12). Protecting
people who live or work in high-rises.

Emirati Journal of Civil Engineering and Applications (elSSN: 3006-6948)

https://doi.org/10.54878/bnk23d64

https.//www.emiratesscholar.com/publications



https://www.emiratesscholar.com/publications

29- CTIF-Center for Fire Statistics. (2024).
World Fire Statistics Report No. 29.

30- UAE Ministry of Interior. (2024). 2023 fire
incident statistics (press summary).

31- Dubai Data & Statistics Establishment.
(2025). Health & Safety—Civil Defense services
datasets.

32- ANSI/Intertek. (2023). Overview of ASTM
E84-23 surface burning test (technical note).

33- Intertek. (2020). ASTM E2307 perimeter
fire barriers—Scope and application
(technical note).

34- NFPA. (2021, Nov 18). Standpipe system
design and calculations (NFPA blog; NFPA 14
context).

35-  NFSA  (National  Fire  Sprinkler
Association). (2024, Oct 22). Updates to NFPA
14 (2024 edition) (Technotes).

36- BSI Group. (2020, Apr 30). BSI revises
British Standard test method for the fire
performance of external cladding systems
(BS 8414 media note).

37- Meacham, B. J. (2022). Fire performance
and regulatory considerations with modern
methods of construction. Buildings and Cities,
3(1), 194-214.

38- Huang, X., et al. (2023). Special Issue on
Facade Flammability and Fire Engineering
(Editorial). Fire Technology.

39-Qin, R, Dai, X, Ding, C,, Zhang, Z., Jiao, Y., &
Ren, X. (2024). A study on the impact of
window partition walls on the spread of fire
on building facades. Fire, 7(7), 253.
https://doi.org/10.3390/fire7070253

40- E Paula, D. |., et al. (2024). Performance
fire tests on external walls made of sandwich
panels. Fire Safety Journal.

41- Yang, S., et al. (2025). Study on fagade
flame spread of high-rise buildings under
strong wind. Applied Sciences, 15(3), 1327.

42- Tabatabaei, S. S., et al. (2023). Effect of
facade materials and coatings on urban heat

21 0of 23

island in hot semi-arid climate. Building and
Environment, 243, 110701.

43- Barrelas, J., et al. (2023). Effects of climate
change on rendered facades: Expected
degradation in warmer, drier climates—A
review. Buildings, 13(8), 1958.

44- Athauda, R. S., et al. (2023). Climate
change impacts on facade building materials.
Sustainability, 15(10), 7893.

45- Vakhitova, L., et al. (2024). Improving the
fire-retardant performance of industrial
intumescent coatings: A review. Heliyon, 10,
€10760.

46- HaBler, D., et al. (2024). Durability of
intumescent coatings and recommendations
for long-life test concepts. Fire Safety Journal.

47- Beraldo, C. H. M., et al. (2020). Fire
protection of ultraviolet-aged intumescent
coatings. Progress in Organic Coatings, 149,
105972.

48- Furst, R., et al. (2025). Fire resistance of
steel structures with aged intumescent
coatings. Fire Safety Journal.

49- Piperopoulos, E., et al. (2025). Durability
assessment of eco-friendly intumescent
coatings with cork and waste-glass fillers.
Polymers, 17(12), 1659.

50- Patel, R., et al. (2025). Fire-resistant
coatings: Advances in flame-retardant
systems—A review. Coatings.

51- Ali, M., et al. (2025). Advanced sensor
technologies for early fire detection and loT
integration—A review. Chemosensors, 13(7),
230.

52- AlQahtani, A. A. S., et al. (2025). loT in fire
detection, localization and evacuation: A
comprehensive review and bibliometric
analysis. Sensors, 25(2), 41.

53- Shaharuddin, S., et al. (2023). The role of
loT sensors for indoor fire hazard scenarios in
smart buildings: A systematic review. Internet
of Things, 22, 100803.

Emirati Journal of Civil Engineering and Applications (elSSN: 3006-6948)

https://doi.org/10.54878/bnk23d64

https.//www.emiratesscholar.com/publications



https://www.emiratesscholar.com/publications

53- International Fire & Safety Journal. (2024,
Dec 18). European Commission validates
harmonised facade fire-testing methodology.

54- Financial Times. (2024, Dec 2). UK sets
new deadlines to fix unsafe cladding on tall
buildings by 2029.

D Appendix A — Survey Instrument
Section A: Demographics

1. Gender: OO Male [0 Female O Prefer
not to say

2. Age Group: [0 25-30 [0 31-45 O 46-
50 O 51-55 00 56+

3. Highest Qualification: 0 Diploma O
Graduate [ Postgraduate [] Other

4. Work Experience: [ <6 years [J 6-8
years [19-15 years [ >15 years

5. Role: O Contractor [ Developer O
Regulator [ Facility Manager [
Resident [ Other

Section B: Fire-Resistant Materials (FRM)
(Q1) The cladding and fagade materials in UAE
high-rises are non-combustible and climate-
adapted.

(Q2) Intumescent coatings used in buildings
maintain  fire resistance under Gulf
conditions.

(Q3) Use of innovative materials (e.qg.,
nanocomposites, aerogels) has improved
facade fire performance.
(Q4) In my experience, material degradation
(UV, sand, thermal cycling) reduces safety
significantly.

Section C: Building Design & Construction
Standards (BDCS)
(Q5) Current UAE Fire & Life Safety Code
standards (2018 + 2025 circulars) are
consistently enforced.
(Q6) Compartmentation and smoke control
systems are properly designed and
maintained.

(Q7) Building evacuation routes and
pressurization systems comply with UAE
codes.
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(Q8) Retrofits of older towers align with
updated standards.

Section D: Fire Safety Management
Systems (FSMS)
(Q9) My building conducts regular (quarterly)
evacuation drills.
(Q10) Fire detection systems (smoke, alarms)
are reliable under Gulf climate conditions.
(Q11)  Suppression systems  (sprinklers,
standpipes, foam) are functional and
regularly inspected.
(Q12) Civil Defense coordination and dispatch
times are integrated with building FSMS.

Section E: Occupant Safety Outcomes
(Q13) Overall, | feel safe working/living in UAE
high-rise buildings.
(Q14) Effective FSMS improves the likelihood
of safe evacuation during fire events.
(Q15) Use of fire-resistant materials reduces
vertical fire spread in high-rises.
(Q16) Stronger enforcement of standards
leads to better survival outcomes.

Scale for Q1-Q16:
1 = Strongly Disagree | 2 = Disagree | 3 =
Neutral | 4 = Agree | 5 = Strongly Agree

[} Appendix B — NVivo Coding Book

Theme 1: Material Performance under
Climate Stressors

e Code 1.1: UV degradation of coatings

Code 1.2: Sand abrasion on cladding
joints

e Code 1.3: Thermal cycling and
expansion cracks

e Code 1.4: Nanomaterials and

innovative fire-resistant composites
Theme 2: Compliance and Regulatory Gaps

e Code 2.1: Enforcement gaps in

facade inspections

o Code 2.2: Self-certification and audit
limitations
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e Code 2.3: Retrofit compliance with
2025 circulars

e Code 2.4: Cost-driven non-
compliance practices

Theme 3: Fire Safety Management Systems
(FSMS)

e Code 3.1: Frequency and quality of

evacuation drills

e Code 3.2: Reliability of smoke and
alarm systems

e Code 3.3: Functionality of
sprinklers/standpipes

e Code 3.4: Civil Defense coordination
and dispatch efficiency

Theme 4: Human Behavior and Occupant
Response

e Code 4.1: Evacuation delays due to
poor awareness

e Code 4.2: Resident resistance to
retrofits

e Code 4.3: Training effects on new

professionals

e Code 4.4:; Communication

effectiveness during emergencies
Theme 5: Case Study Insights

e Code 5.1: Torch Tower (2015/2017) —
cladding failures

e Code 5.2: Address Downtown (2015)
— regulatory gaps

e Code 5.3: ADIA Tower (2012) -
successful retrofit + FSMS

e Code5.4: 3D Multi Products (2019) —

renovation-related fire risks

Theme 6: Emerging Solutions and

Innovations

e Code 6.1: Blockchain-based
compliance audits

23 0f 23

Code 6.2: IoT smoke sensors and
false alarms

Code 6.3: Digital twins for
evacuation simulations

Code 6.4: Al-driven degradation
modeling
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