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TECHNICAL WHITE PAPER | PROTECTING WHAT MATTERS MOST

When Fire Protection and Cooling Collide
in Data Center Facilities

THE CENTRAL DESIGN QUESTION

How do we preserve fire-resistance and smoke control without compromising the
thermal operating environment that keeps critical equipment online?

DATA CENTER AIRFLOW + FRPS INTEGRATION

Protecting Critical Airflow Pathways. Maintaining Fire Integrity.

FRPS engineered fre-rated products help protect fire w-rabed assemblies white preserving inbentional airfiow
pathways and mainmining the designed cperating environment for mission-critical pquipment.
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Figure 1. Data center airflow + FRPS integration: contained cold aisle, raised-floor supply-air plenum, hot-air return, and representative
fire-rated penetration interfaces. Conceptual illustration; project-specific assembilies, listings, product documentation and AHJ
requirements govern.
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Abstract

Data centers present an unusual building-design problem: the same construction intended to
contain fire and smoke is repeatedly penetrated by the systems required to power, cool, monitor,
connect and maintain information-technology equipment. As rack densities rise and cooling
architectures become more sophisticated, the interfaces among fire-resistance-rated
construction, airflow, pressure relationships, cable infrastructure, equipment supports and
monitoring systems become increasingly consequential.

A small penetration can create disproportionate risk if it interrupts a rated assembly, forms
an unintended smoke path, alters a pressure relationship or interferes with the thermal-
management strategy. This paper examines those interfaces and presents an FRPS strategy
based on early coordination, engineered fire-rated products, vent-flow pathway management

and lifecycle documentation.

DESIGN PRINCIPLE

Protect the required fire- and smoke-resisting construction without compromising
the engineered operating environment.

The Building Is Part of
the Cooling System

In a modern mission-critical facility, the
enclosure does more than separate rooms.
Ceilings, wall assemblies, floors, plenums,
equipment galleries, containment structures
and service pathways influence how heat
moves through the facility. The building
therefore participates directly in the
environmental-control strategy serving

the IT equipment.

ASHRAE TC 9.9 identifies equipment
placement, airflow patterns, thermal
envelopes and equipment heat-load and
airflow requirements as fundamental data-
center design considerations. Current ASHRAE
guidance also treats hot/cold aisle layout,
containment and reduction of bypass and
recirculation as foundational ai-management
practices for efficient, reliable operation.

This means a construction decision that
changes airflow resistance or pressure
relationships can become an operational
decision. Conversely, an airflow opening that
crosses a required rated boundary becomes a
life-safety design issue. The two disciplines
meet at the penetration.

Why Passive Fire Protection
Becomes Difficult at Scale

Data centers concentrate extraordinary
numbers of penetrations: power distribution,
conduit, cable tray, fiber, copper, busway,
controls, cameras, environmental sensors,
detection systems, recessed devices,
mechanical services and containment
supports. Many are repetitive; many

change after turnover.

The code framework is assembly-specific.
The International Building Code addresses
penetrations and membrane penetrations in
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fire-resistance-rated construction, while

UL evaluates complete fire-resistance,
penetration-firestop and joint systems using
defined test methods. A generic note to
“firestop all penetrations” does not establish
whether a particular field condition matches
a tested or listed system.

The design risk is cumulative. Hundreds of
individually minor openings can become a
major coordination and inspection problem
when their protection strategy is inconsistent
or undocumented.

The High-Consequence Failure
is Usually an Interface Failure

Mission-critical failures often occur between
disciplines rather than within them. The
architect defines the rated assembly; the
mechanical engineer defines airflow; electrical
and technology teams define power and
communications pathways; containment
contractors define support interfaces;
fire-protection teams define detection and
suppression. Each scope may be internally
correct while the assembled condition
remains unresolved.

A poorly coordinated penetration can create
several problems simultaneously: diminished
compartmentation, an unintended smoke
route, an airflow bypass, a thermal hot spot,
a noncompliant field modification, or a
condition that cannot be supported by
available listing documentation.

Because data-center operation depends on
tightly managed environmental conditions,
the consequence of a small interface error
can be disproportionate to the size of the
opening itself.

Vent Flow Pathway Management:
Not Every Opening Should Be Sealed

Vent flow pathway management begins

by distinguishing intended airflow from
unintended leakage. Intended pathways may
serve supply air, return air, pressure relief,
environmental monitoring or other engineered
mechanical functions. Unintended pathways
may result from oversized penetrations,
incomplete construction, abandoned openings
or changes made after commissioning.

The goal is neither to seal every opening

nor to leave every airflow opening unprotected.
The design team must identify which pathways
are operationally necessary, which boundaries
require continuity, and which tested, listed or
engineered protective method is appropriate
at the interface.

This is especially important where a passive-
fire-protection measure could alter pressure,
airflow volume, equipment inlet conditions or
return-air performance.

VENT FLOW PATHWAY RULE
The objective is to protect what must

be protected, preserve what must
remain open, and eliminate unintended
bypass pathways.
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Hot/Cold Aisle Containment Creates
New Rated-Assembly Interfaces

Containment improves thermal predictability
by reducing mixing between equipment supply
air and hot exhaust. It also introduces new
architectural and MEP interfaces. Framing
may terminate at ceilings; supports may
penetrate horizontal construction; cable drops,
lighting, sprinklers, sensors and detection
systems may occupy the same zone.

A containment support passing through a
rated membrane is not merely a hardware
detail. A cable drop through that same
assembly is not merely a technology detail.
Where the construction is relied upon for fire
resistance, these become multidisciplinary
life-safety conditions requiring documented
design resolution.

Smoke Can Use the Same Paths as Air

Airflow systems are designed to move air
efficiently. During a fire event, pressure
relationships and mechanical operation can
also influence smoke movement. NFPA 75
addresses fire protection of information
technology equipment, while NFPA 76
addresses fire protection and service
continuity in telecommunications facilities.
Both reinforce the importance of protecting
sensitive equipment and continuity of service
from the effects of fire and smoke.

An undocumented opening linking plenums,
equipment spaces or adjacent compartments
can therefore be both an energy/thermal
problem during normal operation and a
smoke-migration concern during an incident.

Cable Infrastructure Turns Firestop
Into a Lifecycle Problem

Cable pathways are rarely static. Fiber is
added, copper is removed, capacity grows
and equipment refreshes change routing.

A penetration that matches a listed condition
at turnover can be altered substantially
after repeated moves, adds and changes.

Reenterability, accessibility, allowable
penetrants, fill limitations, identification

and restoration procedures should therefore
be part of the initial design. Mission-critical
fire protection is not only about first-day
compliance; it is also about maintaining

a controllable condition over the life of

the facility.

Field Improvisation is a
Documentation Risk

Complex conditions encourage field-created
solutions: sheet-metal boxes, gypsum pockets,
oversized sleeves, improvised collars or
combinations of products not originally
detailed. Unique conditions can require

a legitimate engineering judgment, but a
plausible-looking field fix is not automatically
equivalent to a tested system.

UL guidance emphasizes the use of tested
and listed systems for penetrations and joints,
with engineering judgments used when an
appropriate tested system is unavailable.
Standardizing recurring conditions before
installation reduces the frequency with

which the project must rely on one-off

field decisions.
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FRPS: Product Engineering
Plus Design Coordination

FRPS approaches the problem as a system-
integration challenge. The objective is to
combine engineered fire-rated products

with application review, vent-flow pathway
coordination, construction-detail development
and lifecycle documentation so recurring
penetration conditions are identified before
they become field conflicts.

Potential FRPS applications may include
compatible recessed devices, service and
cable pathways, horizontal-assembly
openings, vertical wall penetrations and other
recurring conditions. Selection must begin
with the actual rated construction and the
specific device or penetrant—not with

a generic assumption that one firestop
material applies everywhere.

FRPS CONSULTING CAN SUPPORT

Design Review - Penetration
Classification - Vent-Flow Pathway
Assessment + A/E Coordination -

Construction Details - Specification
Support - Submittal Planning -
Installation Coordination - Lifecycle
Documentation

What an Engineered FRPS Strategy
Can Deliver

The value proposition extends beyond the
individual product. A coordinated FRPS
program can create repeatable penetration
categories, more consistent details, earlier
coordination between architecture and MEP,
improved inspection readiness and a clearer
path for future maintenance.

For owners with multiple facilities,
standardization can also support campus-
level design criteria, preferred detail libraries,
penetration schedules and consistent turnover
documentation.

Moving Passive Fire Protection Upstream

The conventional sequence is reactive: design
the building, route the systems, create the
openings, discover conflicts, issue RFIs,
develop fixes and then document the installed
condition.

A more resilient sequence is proactive:
identify rated assemblies, map anticipated
penetrations, classify airflow-sensitive
boundaries, establish recurring penetration
types, select tested or engineered solutions,
integrate details into drawings and BIM,
install consistently, inspect and preserve
the records for operations.

Moving passive fire protection upstream is
less visible than a new piece of equipment,
but it can materially reduce rework, inspection
uncertainty and lifecycle risk.
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Features and Benefits by Stakeholder Questions Design Teams Should Ask

ARCHITECT — Clearer rated-boundary Before Construction

details; fewer undefined membrane If this opening is sealed differently in the

conditions; stronger coordination between field, could it change an intended airflow

life-safety plans and installed devices. or pressure relationship?

MEP ENGINEER — Ability to protect rated Does the selected protection method

boundaries while preserving necessary match the actual wall, floor, ceiling or

airflow, pressure relationships, equipment membrane assembly?

access and service routing. Will the condition remain maintainable

GC / TRADES — Repeatable details, fewer field after fut:re cable additions or equipment

inventions, simplified QA/QC, more predictable changes?

procurement and reduced corrective work. Can the project team produce the tested/
listed system or approved engineering

COMMISSIONING / AHJ — Better traceability basis during inspection?

from assembly to penetration type to
approved protection method; cleaner turnover
documentation.

Are containment supports, sensors,
sampling tubes and low-voltage devices
included in the penetration strategy —

OWNER / OPERATOR — Maintainability, reentry not just major ducts and conduits?
planning, campus standardization and a Does the BIM model or penetration
documented pathway for future modifications. schedule distinguish intentional vent-flow

pathways from leakage openings that
must be closed?

RISK LENS

In mission-critical construction, a

small penetration can carry a large
operational consequence.
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CONCLUSION

Engineer the Interface

Data centers are moving toward higher power
densities, more complex cooling architectures
and tighter requirements for availability. As
that evolution continues, passive fire
protection cannot remain an isolated

closeout activity. The interface among
fire-resistance-rated construction, airflow,
equipment operating temperature, cable
infrastructure and penetrations must be
deliberately engineered.

FRPS provides a framework for addressing
that interface through engineered fire-rated
products and consulting services. The
objective is larger than sealing a penetration:
it is to create repeatable conditions in which
fire resistance, smoke control, thermal
performance, constructability, inspection
readiness, serviceability and operational
continuity are designed to coexist.
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Technical / Editorial Note

This article discusses general design principles and potential
FRPS applications. It is not a substitute for project-specific
engineering or code analysis. Product ratings, listings, assembly
configurations, penetrant types, dimensions, vent-flow
characteristics and installation requirements must be verified
against current product documentation, adopted codes,
approved construction documents, applicable tested/listed
systems and requirements of the Authority Having Jurisdiction.

About Fire Rated Product Specialties

Fire Rated Product Specialties Corp. provides engineered
passive fire-protection solutions intended to help preserve
fire-resistance-rated assemblies where recessed fixtures,
valves, fans, lighting products, mechanical systems, electrical
devices and other building-service components interrupt rated
construction. FRPS supports architects, engineers, contractors,
inspectors, authorities having jurisdiction, owners and property
managers with application-specific products, specifications,
CAD details, installation resources and building-code notices.
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