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The Future of Structural Modeling - How Sensors
and Al Will Transform Building Maintenance in
Florida

By: Greg Batista, PE, CGC, SI
Executive Summary

Buildings across Florida; and indeed across much of the world; are reaching or surpassing their
original design lifespans. For decades, engineers relied on visual inspections, manual testing,
and experience to detect deterioration. However, these methods reveal only what can be seen,
often too late to prevent failure.

This white paper examines the evolution and future of Structural Health Monitoring (SHM): the
use of sensors, artificial intelligence, and data analytics to continuously evaluate the condition
of a structure. By integrating technology with engineering expertise, SHM allows for real-time
diagnostics and predictive maintenance, turning passive buildings into proactive participants in
their own safety.

Drawing from both national research and Florida’s unique regulatory landscape, this paper
explores:

e The historical and technical evolution of SHM systems.
e The current market adoption, costs, and challenges faced by property owners.

e The emerging standards and ethical frameworks guiding data-driven engineering.
e A case study based on real events in Florida, demonstrating how sensors provide

actionable, life-safety information.

e Expert commentary from academia, industry, and government on the direction of SHM
research and policy.

e Practical guidance for condominium boards, engineers, and policymakers to implement
SHM effectively.

Ultimately, this paper argues that structural monitoring is not simply a technological
innovation; it represents a cultural transformation in building stewardship. As codes evolve
and technology becomes more affordable, continuous monitoring will likely become a standard
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of care in Florida’s built environment, ensuring the safety, transparency, and resilience that
residents deserve.

|. Background: From Visual Inspections to
Intelligent Buildings

1.1 The Evolution of Structural Awareness

For most of the 20th century, engineers had little more than their senses and experience to
assess the health of a structure. Building inspections relied on visual cues; cracks, deflections,
corrosion stains, or sounds of distress. While effective in identifying visible damage, this
method was inherently reactive; by the time a problem could be seen, it often had already
progressed to a critical stage.

The development of reinforced concrete in the mid-19th century revolutionized construction
by combining the compressive strength of concrete with the tensile capacity of steel. The first
known use of reinforced concrete is attributed to Joseph Monier in the 1860s in France, with
widespread adoption in the United States by the early 1900s [1]. The material proved
remarkably durable, yet not immortal; especially in aggressive environments like | Florida,
where salt air accelerates corrosion of embedded rebar.

Most reinforced concrete buildings were
designed with an intended service life of
approximately 50 to 100 years, depending
on exposure, maintenance, and design
standards [2]. In coastal environments,
deterioration often begins within the first
few decades if protective coatings or
waterproofing are inadequate. As a result,
thousands of buildings in South Florida;
constructed during the post-war boom of the 1950s to 1980s;are now approaching or
exceeding their design lifespan.
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1.2 Aging Infrastructure and the Consequences of Inaction

Florida’s unique combination of salt, humidity, and hurricane exposure makes structural
degradation both predictable and dangerous. The 2021 Champlain Towers South collapse in
Surfside tragically illustrated the potential outcome of deferred maintenance and undetected
structural distress. In response, the state implemented new regulatory frameworks; such as
Milestone Inspections and Structural Integrity Reserve Studies (SIRS);requiring regular
professional evaluations of building condition and long-term funding for structural repairs [3].

While these measures have greatly improved accountability, they remain inspection-based
snapshots, capturing the condition of a building only at the moment of assessment. Between
these intervals, engineers and residents remain largely blind to evolving changes such as
progressive cracking, deflection, or corrosion activity. Without continuous feedback, early
signs of failure may go unnoticed until damage becomes irreversible or catastrophic.

1.3 Emergence of Sensor and Al Technologies

Advancements in sensing technology, data analytics, and
artificial intelligence have begun to close this critical
visibility gap. Structural Health Monitoring (SHM) systems;
originally developed for bridges, aircraft, and nuclear
plants; are now being adapted for commercial and
residential buildings.

Modern sensors can measure vibration, tilt, strain,
humidity, and temperature in real time. When combined
with Al-driven software, these data streams can identify
anomalies, track deterioration rates, and even forecast
structural failures before they occur. This represents a
paradigm shift: from reactive inspection to proactive
prediction.

In Florida’s coastal high-rise environment, the integration of such systems provides a new level
of confidence for owners, residents, and engineers alike. Buildings can now be equipped with a
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kind of “nervous system”; capable of alerting stakeholders to hidden distress caused by aging,
corrosion, or even nearby construction vibration.

1.4 Toward Predictive Maintenance and Safer Communities

The global trend toward “smart infrastructure” is redefining maintenance strategies. Rather
than relying on calendar-based inspections, buildings of the future will use condition-based
maintenance, where data determine when and where intervention is required.

For Florida, where tens of thousands of coastal structures are entering advanced age, this
evolution is particularly urgent. Proactive structural monitoring not only enhances safety but
also supports compliance with new state mandates and can reduce the financial burden of
unexpected repairs. By embedding intelligence directly into the built environment, engineers
can transform passive structures into active, self-reporting systems that safeguard
communities long before cracks reach the surface.

ll. The Evolution of Structural Monitoring
Technology

2.1 From Manual Inspections to Data-Driven Insights

For much of the last century, structural assessments relied on visual observation, core
sampling, and non-destructive testing (NDT) techniques such as rebound hammers, ultrasonic
pulse velocity, and half-cell potential testing. These methods, while valuable, provided only
snapshots in time. As structures aged, engineers lacked continuous data about their internal
condition between inspections.

The shift toward continuous structural monitoring began with the aerospace and defense
industries in the mid-20th century, where safety-critical systems required constant oversight.
The same principles later migrated to bridges and dams, especially following catastrophic
failures such as the Silver Bridge collapse (1967) and the I-35W bridge collapse in Minneapolis
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(2007) [4]. These events demonstrated that real-time monitoring could offer early warnings of
distress long before visible damage appeared.

Today, the technology has matured to the point where structural monitoring is both cost-
effective and applicable to private buildings, including Florida’s coastal condominiums and
high-rises.

2.2 Key of Modern Structural Monitoring

A Structural Health Monitoring (SHM) system generally combines three elements: sensors,
data acquisition, and analytics. Each plays a distinct role in detecting, collecting, and
interpreting the behavior of a structure over time.

2.2.1 Sensors: The Building’s “Nervous System”

Modern sensors can capture dozens of parameters, enabling engineers to track not only
damage but also environmental influences that contribute to deterioration. Common types
include:

o Vibration and Accelerometer Sensors: Detect movement, oscillation, and potential
resonance caused by wind or nearby construction.

e Strain Gauges: Measure stress and deformation in beams, slabs, and columns.

o Displacement and Tilt Sensors: Monitor differential movement, settlement, or rotation,
crucial in high-rise towers and bridges.

e Crack Monitors and Acoustic Emission Sensors: Identify the onset and growth of cracks
through sound waves and minute displacements.

e Corrosion and Humidity Sensors: Track chloride penetration, moisture levels, and
temperature gradients; particularly vital in Florida’s salt-laden air.

Collectively, these devices provide a “living” record of the structure’s behavior.
2.2.2 Data Acquisition and Communication

Sensor data are collected via data loggers and transmitted through wired or wireless networks,
often using cellular or Wi-Fi connections. Cloud-based storage allows remote access, enabling
engineers to review information in real time.
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With the adoption of Internet of Things (loT) technology, systems can now be deployed across
large building portfolios. For example, a management company overseeing multiple
condominiums can receive automated alerts if a specific property exhibits abnormal vibration
or displacement patterns.

2.3 The Role of Artificial Intelligence and Predictive Analytics

In earlier monitoring systems, engineers manually interpreted sensor readings; analyzing
graphs, setting thresholds, and identifying deviations. The introduction of Al and machine
learning (ML) has transformed this process.

Al-driven algorithms can now:

e Detect anomalies in
complex data streams,
identifying subtle
deviations that might
precede a crack or
deflection event.

e Correlate sensor inputs
with environmental
conditions, such as
humidity or load changes.

e Forecast deterioration using predictive models that combine past performance with
real-time data, similar to how predictive maintenance is used in aviation and energy
systems.

o Inform “digital twins”; virtual replicas of buildings that simulate stress responses and
deterioration over time [5].

These technologies allow engineers not only to know what is happening but also to anticipate
when and where intervention will be needed.
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2.4 Applicability in Florida’s Built Environment

The adaptation of SHM technology in Florida has accelerated in the years following the Surfside
collapse. Engineering firms are integrating temporary and permanent monitoring systems into
their repair and restoration projects, particularly for oceanfront buildings affected by adjacent
construction, corrosion, and vibration.

Local examples include:

e Vibration monitoring during pile-driving and foundation work near existing buildings.

e Tilt and crack sensors installed in occupied high-rises to detect construction-induced
movement.

¢ Long-term corrosion sensors embedded during concrete repair to monitor future
deterioration rates.

As regulatory frameworks evolve, these technologies are expected to complement statutory
requirements such as Milestone Inspections and SIRS, giving property managers continuous
insight between mandated inspection cycles.

2.5 The Future: From Observation to Autonomy

The convergence of sensor networks, Al, and real-time analytics will eventually allow
structures to operate with a degree of autonomy. Buildings will be able to “self-assess” and
communicate directly with owners, engineers, or even permitting authorities when
maintenance thresholds are exceeded.

Florida’s aging coastal infrastructure stands at the forefront of this transformation. As
technology costs decrease and Al tools become more intuitive, structural monitoring is poised
to become as common as fire alarms or security systems; quietly protecting lives by ensuring
that no sign of distress goes unnoticed.

As the evolution of sensors and Al technologies demonstrates, structural monitoring is no
longer a futuristic concept;it’s a rapidly emerging reality. Yet the degree to which these systems
have been adopted varies widely across regions, industries, and building types. Understanding
the current landscape; including how widespread these technologies are, what they cost, and
how they’re being implemented in Florida; is essential to grasping both their potential and their
limitations.
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lll. Current Landscape: Market Adoption and

Costs

3.1 A National Shift Toward Intelligent Infrastructure

Across the United States, the use of Structural Health Monitoring (SHM) systems has grown

from niche applications in bridges and dams to a mainstream topic in commercial and

residential construction. Federal initiatives such as the Federal Highway Administration’s

(FHWA) Infrastructure Innovation and Technology Program and the National Institute of

Standards and Technology (NIST) Smart Infrastructure Initiative have accelerated research

into cost-effective monitoring technologies for aging infrastructure [6].

Universities and private companies are developing wireless, low-power sensor networks

capable of monitoring structural behavior for years without maintenance. These innovations,

once confined to research settings, are now available to building owners through specialized

engineering firms and equipment providers.

While still in the early adoption phase, the national trend is clear: property owners are

beginning to treat continuous structural monitoring not as a luxury, but as a risk-management

tool; a necessary investment for safeguarding life, property, and reputation.

Metric
Inspection
Frequency

Traditional Inspections

Every 10 years (Milestone)

Continuous Monitoring (SHM)

Continuous / Real-time

Average Annualized
Cost

+/- $15,000 (periodic mobilization &
reporting)

+/- $12,000 (subscription + data
analytics)

Data Coverage

Snapshot at inspection

Ongoing trend data

Failure Detection
Time

Weeks to years after onset

Hours to days after onset

Risk of Unexpected
Failure

Moderate to High

Low (early intervention
possible)

Resident Confidence
Level

Variable; depends on visible
evidence

High; supported by transparent
data

Regulatory Alignment
(Florida)

Mandatory Milestone @ 30-40-50
yrs /10 yrs thereafter

Integration with SIRS/40 yr
framework

Figure 3.1 - Lifecycle Comparison: Traditional Inspections vs SHM

G. Batista Engineering & Construction

pg. 10




The Future of Structural Monitoring
September 2025

3.2 Barriers to Widespread Implementation

Despite the technological readiness, several barriers continue to limit large-scale adoption:

o Initial Capital Costs: Even as prices fall, installation and calibration can still be perceived
as expensive compared to traditional inspection-only approaches.

e Lack of Familiarity: Many property managers and associations are unaware of SHM
technology or assume it is only used in bridges or large public works.

o Data Interpretation Challenges: Without qualified engineers to analyze the data,
monitoring results can become underutilized or misinterpreted.

e Fragmented Standards: The absence of uniform federal or state standards for building
monitoring creates hesitation among owners seeking clear regulatory justification.

Nevertheless, industry professionals increasingly view these systems as an investment that can
prevent catastrophic loss, reduce insurance premiums, and streamline compliance with
inspection programs.

3.3 Florida: A Case Study in Early Adoption

Following the Champlain Towers South collapse in Surfside, Florida has become an epicenter
for building safety reform. The implementation of Milestone Inspections and Structural
Integrity Reserve Studies (SIRS) under Florida Statute §553.899 has prompted condominium
boards and engineering firms to explore new ways to detect hidden deterioration between
required inspection cycles [7].

Florida’s unique coastal conditions; salt exposure, high humidity, and hurricane loads; make
SHM particularly relevant. Local engineering firms have begun integrating vibration, tilt, and
corrosion sensors into restoration projects and new developments, especially where adjacent
construction poses vibration risks to existing structures.

Moreover, insurance carriers and lending institutions are increasingly requiring or incentivizing
proactive monitoring as a condition for coverage or loan approval. This financial dimension is
rapidly driving broader market adoption.
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3.4 Cost Dynamics and Value Proposition

While quantitative costs vary widely, the overall economics of structural monitoring are
improving. Early systems required substantial capital outlay for hardware, data servers, and
manual analysis. Today, the availability of cloud-based platforms and subscription-based
monitoring services allows property owners to spread costs over time.

Engineering firms now offer flexible engagement models, including:

e Lump-sum installations with optional data-reporting service plans.
e Annual or multi-year monitoring subscriptions tied to software platforms.
e Project-specific temporary monitoring for construction or repair phases.

The perceived value lies not only in the prevention of structural failure but also in compliance
assurance, reduced liability exposure, and enhanced resident confidence. Over time, as
monitoring becomes integrated with digital twins and building information modeling (BIM), it
will likely evolve into a standard operating feature for coastal structures.

3.5 Emerging Market Trends

The broader market trajectory points to greater integration of SHM systems into:

e Recertification programs (40-, 50-, and 60-year inspections).

e Post-construction performance validation for new developments.

¢ Insurance underwriting models, where monitored buildings may qualify for reduced
premiums.

e Public infrastructure projects, where monitoring is now often specified in design
documents.

As Florida leads this transition, the state is effectively serving as a real-world laboratory for
what the rest of the nation may soon adopt; a convergence of engineering, regulation, and
data science designed to make buildings safer and longer-lasting.

With adoption steadily growing and Florida at the forefront of this shift, the next step lies in
understanding how these systems are standardized, regulated, and governed. Section IV will
explore the evolving frameworks that guide the design, installation, and maintenance of
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structural monitoring systems; highlighting both current gaps and emerging standards that
could soon define best practices across the industry.

IV. Standards, Regulations, and Frameworks

4.1 The Absence of a Unified Standard

While the technology enabling Structural Health Monitoring (SHM) is advancing rapidly, the
regulatory framework guiding its deployment remains fragmented. In the United States, there
is currently no single national standard governing the design, installation, and maintenance of
SHM systems for buildings. Instead, engineers rely on a patchwork of industry guidelines,
research studies, and professional best practices.

Organizations such as the American Society of Civil Engineers (ASCE), the American Concrete
Institute (ACI), and the Federal Highway Administration (FHWA) have each developed
guidance documents relevant to aspects of monitoring, though none specifically address
building-scale SHM integration. For instance, ASCE 11, Guideline for Structural Condition
Assessment of Existing Buildings, and ACI 562, Code Requirements for Assessment, Repair, and
Rehabilitation of Existing Concrete Structures, both reference monitoring techniques but stop
short of mandating continuous or sensor-based systems [8].

This lack of codified direction has led to a self-regulated environment, where the decision to
implement SHM systems is typically made by the Engineer of Record (EOR) or the building
owner. As the technology becomes more accessible, however, regulatory clarity will be
essential to define professional responsibilities, liability, and data verification procedures.

4.2 Federal and Professional Guidance

At the national level, several initiatives are laying the groundwork for eventual standardization.
The FHWA'’s Long-Term Bridge Performance (LTBP) Program and NIST’s Smart Infrastructure
Materials and Systems initiative have established methodologies for sensor calibration, data
management, and long-term monitoring of structural performance [9].

Although these programs focus primarily on bridges and transportation infrastructure, their
principles; redundant sensing, data integrity, and threshold alert systems; serve as valuable
templates for vertical construction.
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The Journal of Structural Health Monitoring and ASCE’s Journal of Structural Engineering have
both emphasized the need for standardized sensor validation and data-interpretation
protocols to ensure consistency among practitioners. A 2022 ASCE editorial noted that “the
absence of data-validation frameworks poses challenges for engineers seeking to use SHM data
as legal or regulatory evidence” [10].

4.3 Florida’s Regulatory Context

Following the Champlain Towers South collapse, Florida enacted Milestone Inspection and
Structural Integrity Reserve Study (SIRS) requirements (Florida Statutes §553.899) to improve
public safety and accountability in multi-story residential buildings.

These laws mandate periodic professional evaluations but currently do not require or
reference continuous monitoring systems.

However, as SHM technologies become more commonplace, it is widely expected that future
amendments to Florida’s statutes and the Florida Building Code (FBC) may begin to
incorporate or recommend continuous or periodic data monitoring as a supplemental tool.
For example, an engineer performing a 30-year milestone inspection might rely on two years of
validated sensor data to document the building’s stability, corrosion trends, or crack
propagation; providing an evidence-based foundation for their recertification report.

Some Florida jurisdictions have already begun pilot programs encouraging sensor deployment
near major construction zones, especially in Miami-Dade and Broward Counties, where
vibration and settlement from adjacent work have become recurring safety concerns.

4.4 Ethical and Operational Frameworks

The integration of continuous monitoring introduces new professional and ethical obligations
under Florida’s engineering laws and codes of conduct. Data derived from sensors must be:

e Stored securely to prevent tampering or loss of integrity.
o Validated by licensed professionals, ensuring that automated alerts or Al-based
interpretations are not used as substitutes for human engineering judgment.
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e Archived in a manner compliant with Florida Board of Professional Engineers (FBPE)
recordkeeping standards, typically for a minimum of ten years after project completion.

The National Society of Professional Engineers (NSPE) Code of Ethics** reinforces that
engineers are responsible for “ensuring the integrity of data relied upon for public safety
decisions.” As such, any SHM data presented in reports or used for regulatory compliance must
be traceable, auditable, and reproducible.

In the near future, frameworks similar to those governing Special Inspections (Chapter 17 of
the Florida Building Code) could be adapted for SHM oversight; requiring certification of
sensors, defined calibration intervals, and independent review of monitoring data by licensed
engineers.

4.5 International Standards and Global Context

Beyond U.S. borders, the International Organization for Standardization (I1SO) has established
several relevant standards, including ISO 13374 (Condition Monitoring and Diagnostics of
Machines — Data Processing, Communication, and Presentation) and 1ISO 17359 (Condition
Monitoring — General Guidelines).

Although these were developed for mechanical and industrial systems, their frameworks for
data collection, processing, and diagnostic validation are directly applicable to civil structures
and are increasingly referenced in international SHM research [11].

Countries such as Japan, China, and Switzerland; leaders in SHM adoption; have already begun
codifying monitoring requirements for bridges and high-risk buildings. These international
models may eventually guide Florida and other U.S. states as they move toward a standardized
approach.

4.6 Looking Ahead

The convergence of policy, ethics, and technology is steadily shaping the regulatory future of
SHM. While today’s framework remains largely voluntary, the trajectory points toward formal
integration into recertification laws, insurance standards, and professional liability practices.

As Florida continues to lead national reform in building safety, it is positioned to become one of
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the first jurisdictions in the world to bridge the gap between structural monitoring technology
and enforceable code requirements.

With the regulatory and ethical groundwork now defined, the next step is to understand how
SHM systems are implemented in practice; from feasibility assessments and installation
strategies to operational models and data lifespan. Section V will explore the technical and
operational considerations that determine whether a monitoring system truly fulfills its
promise of safety, reliability, and value.

V. Technical and Operational Considerations

5.1 Evaluating Feasibility and Site Conditions

Before implementing a Structural Health Monitoring (SHM) system, engineers must evaluate
whether the building’s physical characteristics and operational needs justify such an
investment. Feasibility analysis typically includes:

e Structural complexity: Multi-tower condominiums, bridges, and podium buildings
benefit most from monitoring due to their dynamic load paths and shared elements.

e Environmental exposure: Coastal buildings in Florida are ideal candidates because of
salt-induced corrosion, hurricane wind loads, and nearby construction activity.

e Occupancy and risk profile: Structures with high resident density or those undergoing
major restoration warrant continuous observation to protect both occupants and
workers.

The feasibility phase often includes limited pilot testing; installing a small number of sensors to
capture baseline behavior before committing to a full-scale system.

5.2 Implementation: System Design and Integration

Once a project is deemed suitable, engineers design a sensor network tailored to the building’s
geometry and critical stress zones. A well-structured system typically includes:
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o Sensor Placement Strategy: Key locations such as transfer beams, slab-column
connections, cantilever balconies, and foundation elements are instrumented first.

o Data Acquisition Hubs: Centralized loggers receive sensor signals and transmit them
through either wired connections (for reliability in harsh environments) or wireless
mesh networks (for flexibility and scalability).

e Power and Redundancy: Sensors may be hardwired to building power or battery/solar-
operated where electrical infrastructure is limited. Redundant nodes ensure that the
system continues functioning even if individual sensors fail.

e Connectivity: Florida-based installations often rely on cellular LTE or Wi-Fi bridges to
transmit real-time data to cloud-based dashboards accessible to engineers, contractors,
and property managers.

Modern systems are modular; capable of integrating multiple data sources, including vibration,
displacement, and corrosion sensors. This flexibility allows for phased expansion as funding and
needs evolve.

5.3 Data Operations and Lifecycle Management

What distinguishes SHM systems from conventional inspections is their ability to generate,
process, and interpret continuous data streams. Once sensors are activated, the system
transitions into a data operations phase, which includes:

e Real-Time Monitoring: Data are collected continuously or at fixed intervals, analyzed by
automated algorithms, and visualized in web-based dashboards.

o Threshold and Alert Protocols: Engineers define acceptable ranges of movement, strain,
or corrosion activity. When thresholds are exceeded, alerts are sent automatically to
designated recipients; often including the Engineer of Record and the property’s
management office.

o Data Validation: Raw readings are filtered for anomalies, synchronized with
environmental data (e.g., temperature and humidity), and stored with time stamps to
ensure traceability.

e Reporting: Monthly or quarterly reports summarize key findings and trends, often
forming part of the documentation for insurance renewals, board meetings, or
municipal compliance reviews.

pg. 17
G. Batista Engineering & Construction



The Future of Structural Monitoring
September 2025

For condominium associations, this data-centric model represents a cultural shift; from episodic
“check-ups” to continuous “building health management.” As demonstrated in coastal
applications like those described in Section VI, this operational transparency fosters confidence
among residents and helps engineers make evidence-based maintenance recommendations.

5.4 Business and Financial Models

The adoption of SHM technology often hinges on the financial model used to implement and
sustain it. Florida’s condominium associations, which operate on annual budgets and reserve
funding, typically approach these systems through one of several mechanisms:

e Lump-Sum Capital Project: A one-time installation cost is approved as part of a
restoration or recertification project, with ownership of the system transferring to the
association upon completion.

e Subscription Model: The system is installed and maintained by a monitoring firm that
charges an annual or multi-year subscription fee covering data hosting, analytics, and
technical support.

o Leasing or Pay-As-You-Go Model: Common in smaller associations, the monitoring
equipment is leased for a specific period (e.g., during adjacent construction or major
repairs).

e Bundled Engineering Contracts: Some firms incorporate monitoring as part of larger
engineering agreements; offering reduced rates when combined with recertification,
reserve studies, or repair design services.

In Florida, associations often treat these systems as reserve-funded capital improvements,
justified under the “structural integrity” category now mandated by the Structural Integrity
Reserve Study (SIRS) statute. This allows for predictable budgeting over multiple years while
reinforcing compliance and risk reduction.

5.5 Integration with Engineering and Management Practices

Successful SHM implementation depends not only on hardware but also on operational
integration. Engineers and property managers must establish clear procedures for:

o Data Ownership and Access: Clarifying who owns the monitoring data and who has
authority to share or interpret it (typically the Engineer of Record).
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o Liability Protocols: Ensuring that automated alerts do not trigger unnecessary panic but
rather structured engineering review and documentation.

e Communication Channels: Creating defined reporting hierarchies between monitoring
firms, engineers, contractors, and board representatives.

o Data Governance: Following the ethical standards described in Section IV, monitoring
data should be archived securely, with access logs and periodic audits to maintain
transparency.

These operational practices transform SHM from a technical novelty into a core component of
the building’s maintenance infrastructure, aligning with Florida’s evolving safety and
accountability culture.

The operational principles outlined here come to life when applied in the field. In the following
section, we will examine a realistic coastal scenario; a Surfside condominium undergoing
concrete restoration while neighboring construction introduces external vibration risks. This
case study illustrates how well-implemented monitoring systems provide timely, actionable
intelligence that reinforces both safety and trust.

VI. Condominium Case Study

6.1 Setting the Scene

Along the coastline Florida, an aging oceanfront condominium had entered a critical phase in
its lifecycle. Like many buildings of its era, it was constructed with reinforced concrete during
the 1980s;a period of rapid coastal development when few anticipated the long-term effects of
chloride intrusion, humidity, and salt air on embedded steel.

When civil work began construction adjacent to the property, residents grew concerned. Heavy
equipment, pile driving, and constant vibration from the adjacent area raised fears that their
building; already under significant renovations; might suffer unnoticed movement or cracking.
The condominium board requested that the Engineer of Record evaluate whether real-time
monitoring could provide reassurance and early detection of potential damage.
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6.2 Implementing the Monitoring System

After assessing the structure and nearby construction activity, the engineer designed a
temporary Structural Health Monitoring (SHM) system specifically suited to the building’s risk
conditions. The installation included:

e Tri-axial vibration sensors placed along the foundation and lower columns to detect
potential resonance or settlement during nearby pile-driving operations.

o Tilt sensors installed at strategic points on vertical shear walls and balcony slabs to track
minute angular shifts or deflections.

e Crack gauges applied to selected beams and wall sections that had shown previous signs
of spalling or micro-cracking.

Each sensor was connected via wireless mesh nodes transmitting data to a central cloud
dashboard. Data streams were reviewed daily by the engineering team, and automated alerts
were set to trigger if threshold levels were exceeded.

6.3 Monitoring and Results

Over the next several months, construction next door progressed through its most disruptive
stages. The SHM system continuously collected data and issued weekly summaries to both the
condominium board and the project’s special inspector.

The readings revealed what the team had hoped to find; no significant deviations in vibration
amplitude or tilt beyond the conservative safety thresholds established during the baseline
calibration. Crack sensors recorded only negligible fluctuations consistent with thermal
expansion and normal building behavior.

On several occasions, when residents reported hearing “new cracks” or “strange noises,” the
engineering team used the live data dashboard to confirm that no abnormal structural activity
had occurred during those times. This immediate validation provided a powerful reassurance
tool; transforming subjective concern into objective evidence.
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6.4 Communication and Confidence

The success of the system extended beyond engineering. The condominium’s board began
sharing the monitoring updates in monthly resident meetings, highlighting the building’s
continued stability and transparency in safety management. The general contractor of the
adjacent project also benefitted from access to the same data, which helped coordinate their
vibration limits and construction sequencing.

The project ultimately demonstrated how sensor-based monitoring can foster trust among
stakeholders; engineers, contractors, residents, and regulators alike; by converting fear into
data and data into peace of mind.

6.5 Lessons Learned

This case exemplifies how real-time monitoring enhances decision-making in sensitive
environments. The key takeaways included:

e A modest, well-planned monitoring system can yield a substantial return in safety
perception and liability reduction.

e Integration with local building departments and contractors can prevent disputes and
accelerate compliance documentation.

e Transparent communication, supported by data, strengthens the relationship between
engineers and the communities they serve.

As illustrated here and further developed in Florida’s evolving building culture, structural
monitoring has become not merely a technological tool but a symbol of proactive stewardship
in an environment where aging infrastructure meets modern expectation.

This case study is based loosely on a true story to protect professional boundaries and legal
sensitivities.

The Surfside example demonstrates the practical and emotional value of structural monitoring;
how data, when properly interpreted, can bridge the gap between engineering precision and
human confidence. In the next section, we turn to expert perspectives from leading researchers
and professionals who are shaping the future of SHM systems and defining the standards that
will govern their use.
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VIl. Expert Perspective

7.1 Voices from Academia, Practice, and Public Sector

Dr. Eleni Chatzi, Professor & Chair of Structural Mechanics and Monitoring, ETH
Ziirich

“Our goal is to achieve self-aware infrastructure by fusing physics-based models and real-time
measurements.”

; Eleni Chatzi, ETH Ziirich (paraphrase from her published research and public statements; not a
verbatim quotation) [15] Departement Bau, Umwelt und Geomatik

Commentary: While that statement is a distilled version of themes from Chatzi’s work rather
than a word-for-word quote, her research and public communications consistently emphasize
integrating data-driven approaches with physics-based modeling to enable infrastructure that
can “self-assess” condition [15]. Departement Bau, Umwelt und Geomatik

Federal Highway Administration (FHWA), U.S. Department of Transportation

“Inspections may not always provide a complete picture of structural conditions.”
; FHWA, Effective Wireless Sensor Systems to Monitor Structural Health [16] hbkworld.com

FHWA’s emphasis underscores a central driver for SHM adoption: the need to see beyond
periodic visual inspections and capture internal or evolving conditions that are otherwise
invisible between inspection cycles [16]. hbkworld.com
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Arup (Global Engineering Firm), Digital Twin Practice

“A digital twin is the combination of a computational model and a real-world system, designed
to monitor, control and optimize its functionality.”
; Arup, Digital Twin: Towards a Meaningful Framework [17] Arup

Arup’s definition frames how continuous sensing, analytics, and control loop together;
providing a practical pathway for buildings and bridges to transition from reactive maintenance
to predictive, data-informed operations [17]. Arup

7.2 Synthesizing Expert Insights: Foresight and Realism

Across these voices, several key themes emerge:

o Integration over replacement: Experts agree that SHM should augment; not replace;
existing inspection protocols. Data-driven insight and human judgment remain
complementary.

o Economies of scale: As sensor costs decline, the “fixed-cost barrier” is dissolving,
particularly for mid-to-large structures. Wireless networks, shared cloud analytics, and
modular deployments make SHM more accessible.

o Liability and data integrity: Foremost among expert cautions is the need for robust data
validation, secured archives, and traceable analytics. Data must be defensible under
legal, regulatory, or insurance scrutiny.

e Normative momentum: Regulatory, insurance, and market pressures are converging to
make SHM a normative requirement for higher-risk or aging infrastructure.

Together, these perspectives provide both visionary direction and sober reminders of the
operational complexities involved in real-world adoption.

Having heard from leading voices in academia and practice, the next step is to explore critical
or alternative viewpoints; including cost skepticism, data reliability concerns, and potential
unintended consequences; so that we maintain a balanced, credible narrative moving forward.
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VIIl. Opposing or Alternative Views

8.1 Financial and Cost Skepticism

Among the most common objections to the widespread adoption of Structural Health
Monitoring (SHM) is the perception of cost. Smaller condominium associations, municipalities,
and even private developers often question whether the capital investment and recurring
service fees can be justified, particularly in the absence of a direct regulatory mandate. In
Florida, where many condominium boards already struggle with reserve funding obligations
under the Structural Integrity Reserve Study (SIRS) requirements, the introduction of a new
technology line item can appear daunting.

However, economic analyses performed in multiple infrastructure studies suggest that SHM
delivers life-cycle value by reducing premature repair expenditures, avoiding emergency
interventions, and preventing catastrophic failures that can exceed tens of millions of dollars in
liability and loss [18]. Cost skepticism tends to wane once stakeholders view monitoring as a
preventive tool rather than a discretionary expense.

8.2 Data Reliability and Interpretation Concerns

A second line of critique centers on the validity and interpretation of SHM data. Engineers who
rely on traditional methods sometimes express concern that sensors may generate false
positives or misleading trends caused by environmental factors such as temperature, humidity,
or transient loading. Moreover, the introduction of Al-based analysis introduces apprehension
about “black-box” decision-making;where algorithms might detect anomalies that lack
transparent engineering justification.

These concerns are legitimate and reflect the need for proper calibration, validation, and
professional oversight, all of which were discussed earlier under ethical frameworks in Section
IV. As more SHM systems are deployed in controlled environments, data-validation techniques
are improving rapidly, including redundant sensor arrays and cross-verification algorithms
designed to eliminate noise and contextualize anomalies [19].
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8.3 Cybersecurity and Data Privacy

With the increased use of wireless communication and cloud-based dashboards, cybersecurity
has become an emerging issue. Critics argue that remote access could expose sensitive
structural data to tampering or unauthorized dissemination. While few cases of malicious
interference have been reported, the risk underscores the need for data encryption, restricted
access, and secure archival protocols; measures already standard in other high-sensitivity
sectors such as energy and transportation.

Professional bodies including the American Society of Civil Engineers (ASCE) and the National
Institute of Standards and Technology (NIST) have initiated preliminary frameworks addressing
cybersecurity in infrastructure monitoring systems, signaling that the industry recognizes and is
proactively managing this challenge [20].

8.4 Human Factors and Professional Resistance

Another form of resistance arises not from technology, but from professionals themselves.
Some engineers worry that reliance on automation may diminish human judgment or shift
liability from professional analysis to software output. Others fear that clients may misinterpret
automated alerts without expert context, potentially escalating unwarranted concern.

These apprehensions mirror those seen in the early days of computer-aided design and
nondestructive testing. Over time, such tools became integral to engineering practice; not
replacements for expertise but enhancements of professional capability. As SHM matures,
engineers are expected to remain the ultimate interpreters of data, ensuring that technology
complements human oversight rather than substitutes for it.

8.5 Integrative Outlook

While objections to SHM technology highlight valid technical and practical issues, the trajectory
of current research and regulation demonstrates that these challenges are being systematically
addressed. Costs continue to decline, data analytics are becoming more transparent,
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cybersecurity frameworks are emerging, and educational initiatives are equipping engineers to
integrate SHM responsibly into their practice.

Rather than signaling a flaw in the concept, these critiques represent the natural evolution of a
transformative technology moving from novelty to necessity. In Florida; where building safety is
now a matter of national attention; these discussions are already shaping policy, funding
strategies, and ethical standards that will define how monitoring becomes embedded in
everyday engineering operations.

Recognizing both the opportunities and challenges of SHM, the next section will provide
practical guidance for stakeholders; offering a step-by-step roadmap for engineers, property
managers, and condominium boards seeking to implement monitoring systems effectively,
ethically, and economically.

IX. Practical Guidance for Stakeholders

The successful adoption of Structural Health Monitoring (SHM) depends not only on
technology but also on collaboration among multiple stakeholders. In Florida, this typically
includes condominium boards, property managers, engineers, and contractors. The following
framework provides a high-level roadmap for each group to approach SHM logically and
responsibly.

9.1 Guidance for Decision-Makers (Boards and Property
Managers)

Step 1: Assess the Need and Risk Profile

Begin by identifying whether your building’s age, location, or condition justifies continuous
monitoring. Coastal properties, structures near active construction zones, and buildings
approaching Milestone Inspection thresholds are ideal candidates.

Step 2: Consult a Licensed Engineer

pg. 26
G. Batista Engineering & Construction



The Future of Structural Monitoring
September 2025

Engage a Professional Engineer (PE) experienced in concrete restoration and inspection to
provide an initial feasibility review. The engineer can determine whether an SHM system will
provide meaningful data based on your building’s geometry and deterioration patterns.

Step 3: Align with Regulatory Requirements

Coordinate SHM planning with upcoming Milestone Inspections and Structural Integrity
Reserve Studies (SIRS). Sensor data may eventually support these reports by offering validated
evidence of stability between inspection cycles [21].

Step 4: Evaluate Cost Models and Budget Strategy

Request multiple proposals that outline lump-sum, subscription, or lease-based pricing.
Associations should evaluate whether the system qualifies as a reserve-funded capital
improvement under SIRS, spreading costs across several fiscal years to minimize assessment
impact.

Step 5: Define Ownership and Data Access

Before installation, clarify who owns the data and who can view it. Generally, the association
retains ownership, while access is granted to the Engineer of Record and management team.
Secure data-handling policies should be included in service agreements.

Step 6: Establish Communication Protocols

Define how monitoring reports will be shared with residents, insurance providers, and
regulatory authorities. Regular communication increases trust and ensures data is used
constructively, not reactively.

9.2 Guidance for Implementers (Engineers and Consultants)

Step 7: Conduct a Feasibility and Sensor Mapping Study

Evaluate the structure to identify critical stress points;columns, slabs, shear walls, and areas
previously repaired. Design a sensor placement plan that captures representative behavior
while minimizing redundancy and cost.

pg. 27
G. Batista Engineering & Construction



The Future of Structural Monitoring
September 2025

Step 8: Ensure Data Integrity and Redundancy

Select sensor systems that comply with recognized industry standards such as ASCE 11, ACI

562, and relevant ISO 13374 data-processing principles. Incorporate redundancy through dual

sensors or overlapping networks to ensure reliability even if one component fails.
Step 9: Integrate with Existing Maintenance and Inspection Programs

Synchronize SHM data reporting with established inspection and maintenance cycles. This
alignment allows engineers to use real-time data for validating field observations during
milestone evaluations or post-repair assessments.

Step 10: Interpret and Communicate Findings Responsibly

Maintain professional control over data interpretation. Engineers should translate raw readings

into clear, contextualized insights that boards and residents can understand. Reports should

focus on trend analysis rather than isolated anomalies, emphasizing that SHM data
complements; not replaces;professional engineering judgment.

9.3 Advisory Outlook

Implementing SHM is not a binary decision but a progressive strategy. Stakeholders should

begin with a limited scope; perhaps a few sensors in high-risk areas; and expand as familiarity

grows and costs decrease. The key to long-term success lies in transparency, collaboration, and

education: condominium boards must
understand what data represents,
engineers must guide interpretation,
and regulators must continue
developing frameworks that reward
proactive monitoring.

The gradual normalization of SHM will
likely mirror the historical adoption of
other safety technologies such as fire
alarms or elevator inspections. What
begins as an optional enhancement
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will soon become a standard of care; especially in Florida’s coastal environment, where public
trust in building safety depends on continuous, evidence-based vigilance.

Having outlined the practical steps for successful SHM implementation, the final section will
synthesize the key insights from this white paper; linking technological innovation, ethical
responsibility, and policy evolution; into a unified conclusion that defines the future of
structural monitoring in Florida and beyond.

X. Conclusion

10.1 Conclusion: Building Awareness, Saving Lives

As Florida’s built environment enters its second century of reinforced concrete construction,
the lessons of the past are unmistakable: aging structures require not just maintenance, but
mindfulness. Traditional inspection methods, while essential, capture only moments in time.
The advent of Structural Health Monitoring (SHM) allows engineers, owners, and policymakers
to observe how buildings truly behave; continuously, dynamically, and predictively.

This white paper has traced the
evolution of structural monitoring from
early visual assessments to advanced Al-
enabled sensor systems that interpret
movement, stress, and deterioration in
real time. It has explored the regulatory
landscape, the technical and
operational frameworks, and the ethical
imperatives of data stewardship. It has
also shown, through a Florida-based
case study, how these technologies can
protect both infrastructure and
community confidence.

While legitimate challenges remain; from cost perception to data validation; the industry
trajectory is clear. SHM is shifting from experimental to expected, from optional to obligatory.
As codes and insurance models evolve, continuous monitoring will likely become a core
component of responsible building ownership, especially in coastal regions where exposure
accelerates risk.
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In essence, SHM represents a cultural transformation in engineering practice:

e From reaction to prevention,
e From assumption to measurement, and
e From static documentation to living awareness.

This white paper demonstrates how Florida’s evolving building safety framework—rooted in
Milestone Inspections and SIRS requirements—can be fundamentally enhanced through
Structural Health Monitoring (SHM) systems that integrate artificial intelligence. By
continuously collecting and interpreting data from embedded sensors, Al algorithms transform
building maintenance from a reactive and periodic process into a predictive, data-driven
practice. The result is a paradigm shift: engineers, property managers, and condominium
associations can now detect early signs of deterioration, prioritize repairs with precision, and
extend structural lifespans—all while aligning with Florida’s coastal environmental challenges
and regulatory momentum. In essence, this paper shows that Al-enabled SHM is not just
improving maintenance—it is redefining how we safeguard Florida’s built environment.

By embracing this technology, Florida can continue leading the nation in redefining building
safety; ensuring that our structures, like the communities they serve, remain resilient,
transparent, and alive to the lessons of time.
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