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TECHNICAL WHITE PAPER  |  PROTECTING WHAT MATTERS MOST

Avoiding the Next Catastrophe in Prefabricated, 
Modular, and Multifamily Construction
Vent Flow Pathway Management in High-Density Housing Projects

	 A technical white paper for modular manufacturers, prefab multifamily contractors, 
architects, MEP engineers, fire officials, inspectors, owners, and construction quality teams.

CENTRAL WARNING

A modern building is not automatically fire-safe because it is new. If a recessed  
fixture, bathroom exhaust fan, shower valve opening, device box, or MEP penetration 
compromises a fire-rated assembly, the condition must be identified, protected, 
documented, and inspected before cover-up.

Technical illustration: modern 5-alarm fire scenario in a four-story wood-frame multifamily apartment community. The image is used 
to emphasize urgency, not to depict a specific incident.
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Executive Summary
Modern commercial, hospitality, senior living, student housing, and multifamily buildings are 
being delivered faster through modular and prefabricated methods. The speed and repeatability 
are valuable, but they also magnify passive fire protection risk. A single unprotected recessed 
fixture, bathroom exhaust fan, shower valve opening, device box, access panel, or MEP pathway 
can be repeated across hundreds of identical modules or units.

The critical issue is not simply whether a building is old or new. Legacy buildings may contain 
aging or undocumented penetrations. Newer buildings may contain tighter envelopes, synthetic 
fuel loads, dense MEP systems, recessed devices, and repeated factory-built details that can 
create hidden vent-flow pathways if they are not properly protected. A modern code cycle  
does not eliminate the need for field verification, product listing discipline, and inspection  
before concealment.

FRPS POSITION

Every recessed fixture and device installed in a fire-rated wall, floor/ceiling, roof/ceiling, 
or shaft assembly must be verified as part of the complete rated assembly. The rating 
belongs to the assembly, not merely to the individual fixture or device.

Why the Urgency is Increasing
MODERN FIRES DEVELOP FASTER

UL Research Institutes Fire Safety Research Institute (FSRI) fire demonstrations comparing 
natural and synthetic furnishings reported synthetic-furnished rooms reaching flashover in 
minutes while natural-furnished rooms lasted far longer. FSRI and related UL research also 
describe today’s residential fire environment as heavily influenced by petroleum-based and 
synthetic contents that can burn faster and produce rapid fire growth. [1]

VENTILATION AND FLOW PATHS CHANGE FIRE BEHAVIOR

FSRI ventilation research emphasizes that modern residential fires are commonly ventilation-
limited and that ventilation openings, remote intake and exhaust paths, open doors, failed 
windows, concealed cavities, and other flow paths can significantly affect fire growth, heat 
movement, smoke migration, and fire damage patterns. [2]

FIRE LOSS REMAINS CURRENT, FREQUENT, AND SEVERE

NFPA reported that U.S. fire departments responded to roughly 1.39 million fires in 2024,  
causing 3,920 civilian deaths and approximately $19.1 billion in property damage. NFPA also 
reported that a home structure fire occurred every 96 seconds and a home fire death occurred 
every three hours. [3]
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ATF Arson and Fire Research: Modern Fires Require  
Scientific Pathway Control
The Bureau of Alcohol, Tobacco, Firearms and Explosives (ATF) Fire Research Laboratory is the 
nation’s only large-scale fire science research laboratory dedicated to fire and arson criminal 
investigations. ATF states that the laboratory uses scientific methods to measure fire behavior 
data including heat release rate, burning rate, and smoke production. [4]

ATF also describes its Fire Research Laboratory as a facility where scientists investigate fire-
scene phenomena, conduct forensic fire science and engineering tests, and analyze fire growth 
and dynamics questions. This aligns directly with the FRPS position that modern passive fire 
protection must be based on tested, listed, documented, and inspectable systems rather than 
assumption or visual appearance alone. [5]

ATF RESEARCH CONNECTION

ATF fire-science and arson-investigation research reinforces a core life-safety principle: 
once fire growth, smoke production, ventilation, and concealed pathways are involved, 
assumptions become dangerous. Repeated modular details should be scientifically 
evaluated, protected, and inspected before they are concealed.

The Prefab / Modular Multiplier Effect
Prefab and modular projects depend on repeatable details. That repeatability is an advantage 
when the detail is correct, tested, listed, coordinated, and inspected. It becomes a liability when 
the detail contains an unprotected opening or an unverified rated-assembly condition.

CONDITION POTENTIAL HIDDEN RISK WHY IT MATTERS

Bathroom  
exhaust fan

Open membrane condition, housing 
cavity, duct pathway, heat transfer,  
or concealed plenum connection

The same bathroom ceiling or  
wall detail may be factory repeated 
across every unit.

Recessed  
LED downlight

Unprotected ceiling membrane 
opening or fixture cavity in rated 
floor/ceiling or roof/ceiling assembly.

A luminaire listing does not 
automatically prove fire-resistance 
assembly performance.

Tub / shower  
valve opening

Gap around valve, trim opening, 
backer board interruption, 
unprotected wall membrane.

Bathrooms are among the most 
repeated rooms in modular 
multifamily projects.

In-wall device  
box or control

Back-to-back cavities, membrane 
interruption, service access opening, 
or concealed void.

Small device details can become 
building-wide deficiencies when 
repeated.

Factory-installed  
MEP pathway

Air, smoke, heat, and fire-product 
movement through concealed route.

Once modules are closed, the defect 
may be difficult to inspect or correct.
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False Security in Modern Construction
Modern buildings may create a dangerous perception problem. Occupants, owners, and even 
project teams can assume that a recently constructed apartment, hotel, student housing facility, 
or senior living building is automatically safer because it was built under a modern code cycle. 
That perception can reduce urgency during an alarm event.

When occupants believe an alarm is a nuisance signal, a low-battery chirp, or another false 
alarm, they may delay evacuation or investigate before taking protective action. Modern fire 
behavior makes delay dangerous. Fast fire growth, heavy smoke, synthetic fuel loads, and 
concealed flow pathways can rapidly change survivable conditions.

ACTION MESSAGE

Newer construction should increase, not reduce, the urgency for passive fire protection 
verification. A post-2000 building can still contain noncompliant or unverified recessed-
device conditions that require correction.

Inspection Before Cover-Up Is the Critical Hold Point
The inspection process must not wait until a module is finished, shipped, set, and concealed 
behind completed surfaces. ASTM E2174 provides standard practice for on-site inspection of 
installed firestop systems and is referenced by IBC Chapter 17 special inspection provisions. [6] 
The 2024 IBC provisions also require inspections of certain penetration firestop systems in 
accordance with ASTM E2174. [7]

ICC/MBI off-site construction standards address planning, fabrication, inspection, regulatory 
compliance, and MEP coordination for off-site construction. ICC has stated that ICC/MBI  
1205-2021 addresses inspection, approval, and regulatory compliance of off-site residential  
and commercial construction components and their assembly and completion at the final 
building site. [8]

Recommended hold-point sequence

	 Identify every recessed fixture, fan, valve, device, access panel, duct, sleeve, box,  
cable, pipe, and service penetration in rated assemblies.

	 Confirm the required rating and tested/listed assembly design for each wall,  
floor/ceiling, roof/ceiling, shaft, corridor, or separation condition.

	 Protect each condition with an appropriate tested/listed fire-rated enclosure, firestop 
system, penetration system, engineering judgment, or AHJ-accepted method.

	 Photograph, label, and document every repeated condition before gypsum, tile backer 
board, ceiling panels, factory skins, or finish surfaces conceal the work.

	 Require inspection sign-off before module closure, shipping, final site close-in,  
or occupancy reliance.
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Post-2000 Construction: Correct Identified Deficiencies
Post-2000 commercial and multifamily construction should not be presumed compliant merely 
because it was built under a modern ICC code era. Any recessed fixture or device currently 
identified as failing to maintain the required fire-resistance rating of the assembly in which  
it is installed should be corrected.

Correction may require replacement, retrofit protection, tested/listed enclosure protection, 
approved firestopping, an engineering judgment, or another Authority Having Jurisdiction 
accepted method. The central requirement is that the completed installation must support  
the required fire-resistance performance of the complete assembly.

FRPS Product Solutions for Repeated Modular Conditions
Fire Rated Product Specialties Corp. provides engineered passive fire protection solutions 
intended to help project teams manage recurring recessed-device and penetration conditions in 
modern construction. FRPS solutions are designed to support standardization, inspection, and 
documentation in commercial, multifamily, modular, prefab, hospitality, senior living, and student 
housing applications.

FRPS SOLUTION TARGET CONDITION PROJECT BENEFIT

Bathroom exhaust 
fan fire-rated 
enclosures

Fan housings and duct/ceiling 
conditions in rated assemblies.

Supports repeatable protection  
of bathroom fan penetrations  
before closure.

Recessed 
downlighting fire-
rated enclosures

Slimline, canless, wafer, or recessed 
fixtures in rated floor/ceiling or roof/
ceiling assemblies.

Helps address the difference between 
fixture listing and fire-resistance 
assembly protection.

Tub / shower  
gap-fill gaskets

Shower valve and tub/shower wall 
openings through rated assemblies.

Supports a repeatable method to 
address gap conditions at common 
bathroom penetrations.

In-wall fire-rated 
enclosures

Recessed valves, devices, boxes, 
controls, and service openings.

Provides a coordinated protection 
approach for repeated in-wall  
device conditions.

Technical details and 
submittal support

Architectural, MEP, factory QA/QC, 
and AHJ review.

Improves documentation, 
preconstruction coordination,  
and inspection clarity.
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Action Plan for Modular and Prefab Multifamily Teams

ACTION RESPONSIBLE TEAMS DELIVERABLE

Create a rated-assembly 
penetration schedule

Architect, MEP engineer, 
manufacturer, fire protection 
consultant.

Matrix of every repeated  
recessed-device and  
MEP condition.

Adopt factory QA/QC  
fire-resistance  
checkpoints

Factory quality manager,  
production supervisor,  
third-party inspector.

Inspection hold point  
before module close-up.

Standardize product 
solutions

Preconstruction, purchasing,  
product standardization,  
design integration.

Approved tested/listed  
assemblies and product  
details.

Photograph and label  
hidden conditions

Factory QA/QC, superintendent, 
 trade foremen. 

Project record showing  
protection before  
concealment.

Correct identified 
deficiencies

Owner, GC, modular  
manufacturer, AHJ, trades.

Replacement, retrofit,  
listed enclosure, firestop,  
or approved method.

CONCLUSION

The Next Catastrophe Is Preventable
Catastrophic fire loss is rarely caused by one obvious failure alone. It often reflects a  
chain of assumptions, missed details, incomplete documentation, unclear responsibility,  
and delayed action. In modular and prefabricated multifamily construction, the danger is 
magnified by repetition. One unprotected vent-flow pathway can become hundreds of  
identical hidden conditions.

The responsible course of action is direct: identify every pathway, protect every rated assembly, 
document every repeated condition, inspect before cover-up, and correct deficiencies when they 
are discovered. Modern fire behavior leaves less time for assumptions. Modern construction 
requires modern passive fire protection discipline.

FRPS CALL TO ACTION

Do not wait for the next catastrophic event to reveal hidden passive fire protection 
weaknesses. Take action now: audit repeated conditions, verify fire-rated assembly 
protection, and incorporate engineered, tested, listed, and patent-protected FRPS 
solutions where appropriate and accepted by the project design team and AHJ.
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