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Abstract In many Latin American cities, reinforced
concrete (RC) elements are frequently compromised by
improper embedding of hydrosanitary pipes, particularly in
informal or poorly supervised construction. This study
investigates the structural consequences of such intrusions
in RC beams and columns, emphasizing the disconnect
between architectural design and structural safety. A
mixed-method approach was adopted, including visual
inspections of residential buildings, surveys of
construction professionals, and finite element modeling
(FEM) to simulate various pipe placement scenarios.
Full-scale load testing and ANOVA statistical validation
were used to reinforce the numerical results. The findings
show that pipe embedment in tension, shear, or
compression-critical ~ zones  significantly  reduces
load-bearing capacity and stiffness and may shift failure
modes from ductile to brittle. Visual FEM
outputs—including deformation, shear stress, and axial
force diagrams—revealed localized stress concentrations
and disrupted load paths around embedded pipes. These
structural degradations persist despite existing design
codes, underscoring the lack of enforcement and
interdisciplinary coordination in practice. Although the
case study was conducted in Riobamba, Ecuador, the
configurations and findings represent challenges observed
across Latin America and other urban regions with
prevalent informal construction. This research highlights

the hidden risks embedded in routine building practices
and offers a replicable methodology and policy
recommendations for enhancing structural safety in urban
housing.

Keywords Architectural-Structural ~ Coordination,
Embedded Pipes, Finite Element Modeling, Informal
Construction, Reinforced Concrete

1. Introduction

The structural performance of reinforced concrete (RC)
elements is often compromised by unregulated on-site
modifications, particularly the improper embedding of
hydrosanitary pipes through beams and columns. This
practice is common in Latin American cities, where
informal construction and limited supervision continue to
challenge the implementation of technical standards [1].
Although structural codes prohibit perforations or
insertions in critical stress zones, construction workers and
even design professionals frequently overlook these
guidelines, especially in projects with limited technical
oversight [2].

Decisions  regarding  architectural layout and
hydrosanitary systems are frequently made without
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consideration of structural engineering criteria. This
disconnection is further aggravated by inadequate
construction documentation, limited institutional oversight,
and a prevalent dependence on untrained or uncertified
labor [3]. As a result, pipes are frequently embedded in
tension zones, near supports, or at mid-span of structural
elements, reducing load-bearing capacity and stiffhess.

Previous research has addressed the behavior of RC
members with embedded components or openings [4],
mostly under laboratory conditions or through idealized
numerical models. However, few studies have analyzed the
real impact of such practices in everyday construction,
particularly in informal or partially regulated contexts.

This paper presents a methodological approach
combining visual inspection, professional surveys, finite
element modeling (FEM), experimental validation, and
statistical analysis to evaluate the structural consequences
of pipe embedding in RC beams and columns. The authors
conducted the fieldwork in Riobamba, Ecuador; however,
the structural configurations they examined—including
pipe placements in compression, tension, and shear-critical
regions—reflect common practices observed in many
developing countries.

The main contributions of this study are as follows: first,
it provides a quantitative assessment of the structural
deterioration resulting from improper hydrosanitary pipe
embedment in reinforced concrete elements; second, it
highlights the persistent lack of coordination between
architectural and structural design disciplines; and third, it
proposes a replicable methodological framework for
evaluating similar scenarios in urban construction contexts
worldwide.

2. Materials and Methods

This study employed a mixed-methods approach to
evaluate the structural effects of hydrosanitary pipe
embedding in reinforced concrete (RC) beams and
columns. The methodology combined field inspection,
professional ~ surveys, finite element modeling,
experimental validation, and statistical analysis. The
objective was to simulate common scenarios of pipe
placement within structural members and to quantify their
impact on structural capacity.

2.1. Field Inspection and Documentation

A field survey was conducted in a sample of 30
residential buildings in Riobamba, Ecuador. Each structure
was visually inspected to identify the presence of
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embedded hydrosanitary pipes within RC beams and
columns. The inspection focused on the location,
orientation, and diameter of the pipes in relation to the
structural member’s cross-section and critical stress zones
(tension, compression, and shear regions). Structural
drawings, when available, were compared with on-site
conditions to document unauthorized modifications [5].

2.2. Professional Survey

A structured questionnaire was administered to 73
professionals involved in building design and construction,
including architects, civil engineers, and construction
workers. The survey addressed their knowledge of
structural design codes, decision-making criteria for pipe
placement, coordination practices between architectural
and structural plans, and perceived risks associated with
improper pipe embedding. The data collected was used to
contextualize field findings and identify patterns in
professional practice [5].

2.3. Finite Element Modeling

Finite element models of RC beams and columns were
developed to simulate the structural behavior of members
with and without embedded pipes. For beams, the model
included a standard 2.40 m length with a cross-section of
15 %30 cm. Columns were modeled with a height of 2.80
m and a cross-section of 20 %30 cm. The reinforcing steel
layout followed typical construction practices, and material
properties were defined based on local construction
standards (concrete: f'c = 21 MPa, steel: fy = 420 MPa).

Figure 1 illustrates the geometric configurations of the
RC beams modeled in this study, including the control case
and ten different pipe embedment scenarios such as lateral,
transverse, and vertical positions. All dimensions are
shown in millimeters (mm).

Figure 2 shows the six column configurations evaluated
in numerical modeling. The cases include a control column
and five pipe embedment scenarios, including central,
lateral (in XX and Y'Y directions), and corner placements.

Modeling parameters and assumptions were based on
recent literature dealing with voids and openings in RC
members using FEM [6], [7]. Pipe diameters of 2 inches
were modeled as circular voids in different critical zones:
near supports, mid-span (maximum moment), compression
zone, and along the stirrup region (shear zone). Load
conditions included dead load and service-level live load
according to Ecuadorian code prescriptions. The output
variables included maximum deflection, stress distribution,
and ultimate load-bearing capacity.
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Figure 1. Geometric configurations of reinforced concrete (RC) beams Figure 2. Geometric configurations of reinforced

analyzed in this study. (a) Control beam without perforation (B-CTRL); (b-d)
Beams with lateral pipe insertions at the top, middle, and bottom heights
(B-LAT-TOP, B-LAT-MID, B-LAT-BOT); (e—g) Beams with transverse pipe
insertions at the top, middle, and bottom thirds of the span (B-TRANS-TOP,
B-TRANS-MID, B-TRANS-BOT); (h—j) Beams with vertical pipe insertions at
the center, mid-span, and beam end (B-VERT-CENTER, B-VERT-MIDSPAN,

B-VERT-END)

2.4. Experimental Validation

To validate the numerical models, full-scale RC beams
with and without embedded pipes were fabricated and
tested under two-point loading. Concrete mix and
reinforcement ratios matched those used in the FEM
simulations. Load-deflection behavior was monitored, and
cracking patterns were recorded. The results were
compared with FEM outputs to assess the accuracy of the
numerical predictions, following protocols similar to those
reported in [8].

2.5. Statistical Analysis

An analysis of variance (ANOVA) was conducted to
determine  whether the observed differences in
load-bearing capacity and deflection among the different

concrete (RC) columns analyzed in this study. (a)
Control column without embedded pipes (C-CTRL);
(b) Column with central pipe embedding (C-CENTER);
(c—d) Columns with lateral pipe embedding in xx and
yy directions (C-LAT-XX, C-LAT-YY); (e-f)
Columns with corner pipe embedding in xx and yy
directions (C-CORNER-XX, C-CORNER-YY)

pipe-placement scenarios were statistically significant. The
dependent variables were the ultimate load and mid-span
deflection, while the independent variable was the location
of the pipe within the cross-section. A significance level of
a = 0.05 was used to evaluate null hypotheses, in
accordance with methodologies found in structural
materials research [9].

3. Results

The following section presents the results obtained from
the field inspection, professional surveys, finite element
modeling (FEM), experimental load testing, and statistical
analysis. Each subsection outlines specific findings
relevant to the evaluation of structural behavior in
reinforced concrete (RC) members with embedded
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hydrosanitary pipes.

3.1. Field Inspection Findings

The visual inspection of 30 residential buildings in
Riobamba revealed a recurring pattern of poor construction
practices regarding the placement of hydrosanitary pipes.
Approximately 78% of the inspected buildings had pipes
embedded directly within structural elements such as
beams or columns. In most cases, pipes were located in
structurally critical zones, including mid-span regions of
beams (maximum moment areas) and the bottom third of
columns (high axial compression). Additionally, drawings
were often missing, outdated, or inconsistent with the
construction as executed. Field inspections were based on
prior work conducted by the authors' undergraduate team,
currently unpublished and held under institutional access
restrictions [10].

3.2. Survey Results from Construction Professionals

The survey conducted among 73 professionals
highlighted a severe lack of coordination between
architectural and structural design. More than 60% of
respondents indicated that architectural and plumbing
decisions were made independently of structural planning.
Furthermore, 47% admitted they had previously approved
or executed pipe installations that required cutting or
drilling into RC elements. A significant portion of
respondents expressed uncertainty about code limitations
on such practices, exposing a gap between formal
education and field execution. The professional survey was
developed as part of the same undergraduate research
project and was administered to a representative sample of
local construction professionals. While the full thesis
remains unpublished under institutional access restrictions,
the survey instrument was designed based on relevant
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literature and validated through expert review [10].

3.3. Numerical Modeling Outcomes

The FEM analysis demonstrated that pipe placement
significantly affects structural performance, depending on
the location and orientation of the pipe. Beams with
embedded pipes in the mid-span bottom zone exhibited up
to 38% reduction in ultimate load capacity and increased
deflection by approximately 27% compared to the control
model. In shear-critical regions near supports, load
capacity was reduced by 25%, with stress concentrations
around the voids. Columns with pipes in the compression
zone showed a 19% decrease in axial capacity,
compromising both strength and stiffness. Stress contour
plots revealed crack initiation near the pipe voids and
redistribution of internal forces. Failure mechanisms
shifted from flexural to brittle shear in some beam
configurations, especially when pipes were located near
stirrups.

Figure 3 shows the moment—curvature behavior of the
reinforced concrete beams under different pipe embedment
configurations. Compared to the control beam (B-CTRL),
all pipe-embedded beams exhibited reductions in stiffness
and ultimate moment capacity. The most pronounced
degradation occurred in the B-LAT-TOP and
B-VERT-CENTER configurations, confirming the adverse
impact of embedding pipes in tension and shear zones.

Figure 4 presents the axial load wversus moment
interaction diagrams for RC columns with different
hydrosanitary pipe placements. The control column
(C-CTRL) exhibits the highest moment and axial capacity.
The presence of embedded pipes in central (C-CENTER),
lateral (C-LAT), and corner (C-CORNER) locations
causes significant reductions in structural capacity, with
the lateral and corner configurations being the most
critical.
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Figure 3.

Moment-Curvature Response of RC Beams with Pipe Insertions at Different Locations



3740

Between Codes and Informality:

Structural Consequences of Hydrosanitary Pipe Embedding in Reinforced Concrete Members

1400

1200

1000

800

Axial Load (kN)
' 2

0 10 20 30
-200

-400
-600

Figure 4.

—C-CTRL

— C-CENTER

—C-LAT
C-CORNER

50 60 70 ] 90
Moment (kN-m)

Interaction diagram showing axial load versus moment capacity for RC columns with and without embedded hydrosanitary pipes. The

pipe-embedded configurations show progressive reductions in strength and ductility, particularly in the lateral and corner placements

Figure 5 presents the total deformation results from
FEM simulations for all analyzed RC beam configurations.
The control beam (V-SP) exhibited a uniform deformation
profile, while beams with pipe intrusions showed localized
stress concentrations and increased deflection. The
differences in deformation patterns reinforce the structural
implications of pipe placement observed in the moment—
curvature analysis.

Figure 6 shows the complete and magnified stress fields
for each configuration. The presence of embedded voids
significantly alters the internal stress flow, leading to high
local concentrations that can initiate premature cracking.
These results are consistent with the reductions in capacity
observed in the moment—curvature curves and confirm the
structural vulnerability introduced by pipe penetrations.

Figure 7 illustrates the shear stress distribution (XZ
plane) in all RC beam configurations as obtained from
FEM simulations. The left column shows the global shear
field, while the center and right columns provide close-up
views of critical zones near the embedded voids. Notable
stress concentrations appear around the wvoids in
configurations such as B-VERT-CENTER and
B-LAT-MID, confirming that shear-critical regions are
highly affected by the presence of pipe intrusions.

Figure 8 shows the axial force distribution (Z-direction)

in the RC beam configurations with and without pipe
insertions. The visualizations include both the global
distribution and localized views near the voids. The results
demonstrate a clear alteration in the internal axial load path
in the presence of pipe intrusions, with load discontinuities
and localized reductions in compressive force flow. This
supports the observation that embedded pipes weaken the
capacity of RC elements, particularly under combined
axial and flexural demands.

3.4. Experimental Load Testing

Full-scale beam tests were conducted by the authors as
part of the undergraduate research project previously
mentioned [10], following standard procedures for
two-point bending tests. These tests confirmed the trends
observed in the FEM simulations. Beams with embedded
pipes failed at lower loads and exhibited earlier cracking
and wider deflection profiles. The control beam without
pipe insertions supported a maximum load of 18.4 kN,
whereas the worst-performing beam (pipe at mid-span
tension zone) failed at 11.3 kN, consistent with the
predicted loss in FEM. The experimental crack patterns
closely matched the areas of stress concentration identified
in the numerical models.
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Figure 5. Total deformation contours of RC beam configurations under identical loading conditions, obtained through finite element modeling.
Including Control beam (V-SP) and beams with pipe insertions at various locations. Localized deformations and variation in maximum displacement
confirm the impact of void placement on global structural behavior. Values shown in millimeters
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concentrations emerge due to geometric discontinuities, particularly in shear and tension zones
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Figure 7. Shear stress distribution in RC beams with various pipe embedment configurations, obtained from FEM simulations. Each row includes:
(left) global beam view; (center and right) zoomed views of critical regions. Local stress concentrations near voids highlight structural sensitivity in
shear zones. Units in MPa
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Figure 8. Axial force distribution in RC beam models obtained from FEM simulations. Left: global axial force diagram; center and right: localized
close-ups of critical zones near embedded pipes. The figures illustrate load path interruptions and axial stress redistribution due to voids. Units in MPa

3.5. Statistical Validation

The ANOVA results confirmed that the differences in
load-bearing capacity across the various pipe-placement
scenarios were statistically significant (p < 0.01). The most
critical difference was observed between the control group
and the mid-span tension zone configuration. Deflection
data also showed statistically significant variations,
reinforcing the conclusion that improper pipe placement
has a measurable structural impact. Post-hoc Tukey tests
further isolated the configurations with the most severe
degradation, supporting the prioritization of design

controls in those regions.

Table 1 presents the results of the analysis of variance
(ANOVA) performed on key mechanical responses
extracted from the finite element modeling of RC beams.
The p-values confirm that pipe embedment significantly
affects deformation, axial and shear stresses, as well as
tensile and compressive axial forces. All analyzed
configurations showed statistically significant differences
when compared to the control beam. These findings
guantitatively support the structural degradation trends
observed in the moment—curvature curves and stress
contours.
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Table 1.

ANOVA results of deformation, stress, and internal force parameters in FEM simulations for different RC beam configurations with

embedded pipes. All cases showed statistically significant differences (p < 0.05) compared to the control

Configuration Deformation (p) Axial Stress (p) Shear Stress (p) Tensile Force (p)  Compressive Force (p)
V-PL-C-Ts 0.0406 0.0017 0.0019 0.0007 0.0031
V-PL-C-Tm 0.0047 0.0012 0.0407 0.0008 0.001
V-PL-C-Ti 0.0426 0.0024 0.0018 0.0032 0.0008
V-PL-Ex-Ts 0.0337 0.0059 0.034 0.0004 0.0419

V-PL-Ex-Tm 0.029 0.0476 0.0057 0.0022 0.0034
V-PL-Ex-Ti 0.0341 0.0277 0.0024 0.0458 0.0006
V-PS-C 0.0466 0.0178 0.0006 0.0034 0.0055
V-PS-EX 0.0372 0.0086 0.0014 0.0218 0.049
V-PS-Tex 0.0487 0.0082 0.0037 0.0025 0.0058

Table 2. ANOVA results for deformation, axial stress, and shear stress in different RC column configurations with embedded hydrosanitary pipes. All

p-values are below 0.05, indicating statistically significant differences

Configuration Deformation (p) Axial Stress (p) Shear Stress (p)
C-CENTER 0.0278 0.0418 0.0048
C-LAT-YY 0.0382 0.0216 0.0077
C-LAT-XX 0.0499 0.0042 0.0354

C-CORNER-YY 0.0456 0.0161 0.0137
C-CORNER-XX 0.0478 0.0036 0.0038

Table 2 summarizes the results of the ANOVA statistical
analysis for the different RC column configurations. The
analysis evaluated whether pipe embedment significantly
influenced deformation, axial stress, and shear stress
values. All configurations showed statistically significant
differences (p < 0.05) compared to the control column.
This confirms that even small interruptions in the
cross-sectional integrity—such as pipes embedded at the
center, lateral faces, or corners—alter the structural
behavior of compression-critical members.

4. Discussion

The results of this study provide clear evidence that
embedding hydrosanitary pipes in critical zones of
reinforced concrete (RC) elements leads to significant
structural degradation. Both numerical modeling and
experimental testing confirmed that such practices reduce
load-bearing capacity and increase deflections, particularly
when pipes are placed in tension or shear zones. These
findings align with previous studies that have investigated
voids or openings in RC members under controlled
conditions [11]. However, this study extends the discussion
by highlighting how these technical vulnerabilities emerge
in everyday construction practices within informal or
poorly supervised environments.

One of the key contributions of this research is the
integration of structural performance analysis with field

diagnostics and professional behavior. The survey results
revealed that a substantial portion of construction
professionals are either unaware of, or choose to disregard,
structural code provisions regarding pipe placement. This
disconnect between normative frameworks and real-world
application is not unique to Ecuador, but rather reflective
of systemic challenges across Latin America and other
regions with high rates of informal construction [12].

The lack of coordination between architectural and
structural design was identified as a root cause of the
problem. In many cases, the architectural layout dictates
the location of hydrosanitary elements without considering
the structural implications. On-site improvisation and the
absence of interdisciplinary design review processes
further exacerbate the issue. The situation is worsened by
limited technical oversight during construction, especially
in low- to middle-income housing projects. Similar
challenges have been documented in various construction
contexts, emphasizing the need for improved
interoperability between design disciplines [13].

The moment—curvature diagrams of the RC beams
provided critical insights into how different pipe
embedment locations affect flexural behavior. The control
beam (B-CTRL) displayed a smooth ductile response with
high stiffness and ultimate moment. In contrast,
configurations such as B-LAT-BOT and
B-VERT-CENTER exhibited significant reductions in
initial stiffness and maximum moment capacity, along with
premature curvature increases. These results confirm that
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pipe placement in tension and shear-critical zones
compromises the ductile capacity of RC members and may
induce brittle failure modes. The curves also illustrate a
hierarchy of structural degradation depending on the
insertion location, highlighting the need for strict design
coordination and construction supervision to avoid critical
loss of performance.

In addition to structural modeling and experimental
results, this study highlights the potential role of survey
and monitoring techniques in identifying anomalies related
to improper pipe placement. Methods such as periodic
visual inspections, surface crack mapping, rebound
hammer tests, and non-destructive evaluation tools (e.g.,
ultrasonic pulse velocity or ground-penetrating radar) may
be valuable in diagnosing early signs of compromised
structural behavior in reinforced concrete elements. The
integration of such tools in routine assessments could help
prevent long-term failures and support corrective measures
in both formal and informal construction settings.

Similarly, the interaction diagrams of the RC columns
showed that pipe embedding leads to a significant
reduction in combined axial and flexural capacity. The
control column (C-CTRL) exhibited the highest
performance, while configurations with lateral (C-LAT)
and corner (C-CORNER) pipe insertions suffered
considerable reductions in strength, especially under
biaxial loading conditions. The reduction in the
load-bearing envelope confirms that column behavior is
highly sensitive to even modest interruptions in the
cross-section, particularly near the edges. This highlights
the structural vulnerability introduced by unplanned
penetrations and the need to prevent pipe routing through
compression-critical elements. [14].

The numerical modeling results were further supported
by a series of detailed visualizations that included total
deformation, shear stress, and axial force distributions
across all beam configurations. These figures highlighted
the progressive degradation in structural behavior caused
by pipe insertion in critical zones. Configurations such as
B-LAT-BOT and B-VERT-CENTER exhibited localized
stress concentrations around the embedded voids, which
were clearly observable in both the total deformation fields
and the shear stress contours. These stress anomalies
explain the earlier curvature onset and reduced ductility
observed in the moment—curvature curves, reinforcing the
conclusion that pipe placement in tension and shear-critical
regions significantly compromises load redistribution
capacity.

Additionally, axial force diagrams revealed that the
presence of pipes interrupts the internal load flow even in
configurations where the pipe is not directly in the main
stress path. The close-up visualizations confirmed that pipe
voids introduce localized reductions and discontinuities in
the compressive force transmission path. These results
demonstrate that structural performance loss is not solely
due to reduced cross-sectional area, but also to the
disruption of internal force equilibrium. The integrated use
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of FEM output visualizations—deformation, stress, and
axial behavior—provides a comprehensive picture of the
failure mechanisms triggered by inadequate pipe
placement and supports the need for explicit design
prohibitions in high-demand zones.

Statistical ~ validation through ANOVA further
reinforced the structural relevance of pipe embedment
location. All  evaluated configurations exhibited
statistically significant differences (p < 0.05) in
deformation, axial stress, and shear stress compared to the
control cases, both for beams and columns. This confirms
that the observed reductions in load capacity and stiffhess
are not isolated effects, but systematic consequences of
geometric interruption. The use of numerical modeling
combined with statistical methods provides a robust
approach for assessing design vulnerabilities and
highlights the need for stricter guidelines in detail,
especially in informal or unsupervised construction
contexts.

These findings have important implications for
structural design, construction supervision, and code
enforcement. First, there is a pressing need to improve
education and training for architects and construction
personnel on the structural consequences of pipe placement.
Second, interdisciplinary  coordination should be
institutionalized during the design review process,
ensuring that hydrosanitary systems are planned with full
awareness of the structural layout. Third, municipal
authorities and professional associations should strengthen
oversight mechanisms to detect and prevent unauthorized
modifications to  structural elements.  Effective
implementation of building codes has been identified as a
critical factor in ensuring construction quality [15].

While this study is based on a case from Riobamba,
Ecuador, the configurations analyzed—including pipes in
mid-span, near supports, and compression zones—are
common in many urban contexts globally. Therefore, the
methodology and findings presented here can be applied to
assess structural risks in similar housing developments,
particularly in regions with limited enforcement of
building codes.

5. Conclusions

This study investigated the structural consequences of
embedding hydrosanitary pipes within reinforced concrete
(RC) beams and columns—an underregulated practice
commonly observed in residential construction across
Latin America. Through the integration of field inspections,
professional surveys, finite element modeling, full-scale
experimental testing, and statistical validation, this study
demonstrates that improper placement of hydrosanitary
pipes can significantly compromise the structural
performance of reinforced concrete elements.

The results confirm that pipe placement in tension zones,
near supports, or within stirrup regions leads to measurable
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reductions in load-bearing capacity and stiffness. In RC
beams, these intrusions shifted the failure mode from
ductile flexural behavior to brittle shear mechanisms.
Similarly, columns exhibited reduced axial strength and
diminished interaction capacity, particularly when pipes
were embedded in lateral or corner positions. These
outcomes demonstrate that even relatively small
voids—such as 2-inch diameter pipes—can severely
undermine the integrity of RC members when placed in
structurally sensitive zones.

Statistical analysis using ANOVA reinforced these
findings by confirming that all altered configurations
produced significant differences (p < 0.05) in deformation,
axial stress, and shear response compared to the control
cases. These quantitative results were complemented by
detailed FEM visualizations, including total deformation
maps, shear stress distributions, and axial force diagrams,
which revealed localized stress concentrations and
discontinuities around the embedded pipes. This
multifaceted  evidence confirms the mechanical
degradation introduced by voids and underscores the
robustness and replicability of the integrated methodology.

Beyond the structural dimension, the study identified
systemic issues in design and construction processes.
These include a lack of coordination between architectural
and structural disciplines, insufficient technical oversight
on construction sites, and limited awareness or
enforcement of code provisions among professionals.
These conditions have led to the widespread acceptance of
unsafe construction practices, —especially in low- to
middle-income housing projects where informal methods
are commonly employed.

Although the authors conducted the fieldwork in
Riobamba,  Ecuador, they analyzed structural
configurations that reflect common conditions in urban
contexts worldwide. Thus, the methodology developed in
this research—grounded in real-world construction
practices—offers a replicable and scalable framework for
assessing structural risk in informal or poorly supervised
environments.

To mitigate these risks, future efforts should focus on: (1)
institutionalizing interdisciplinary coordination during
design review processes; (2) reinforcing structural design
training for architects, engineers, and construction
personnel; and (3) enhancing municipal oversight and code
enforcement. The integrated approach presented in this
study serves both as a diagnostic tool and a practical
reference for improving structural safety in rapidly
urbanizing regions.
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