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Abstract

Smoke, not fire, is the biggest killer in buildings. And many incidents become worse because HVAC
systems continue running during early fire stages. HVAC and fire alarm system interlocks are critical
safety measures designed to prevent smoke migration and manage fire hazards, often by automatically
shutting down air handling units (AHUs) or activating smoke dampers during a fire alarm activation.
These small, often-overlooked electrical interfaces (relays/inputs) are essential for life safety, as smoke

inhalation—not fire—is the primary killer in building fires.

Introduction

As per NFPA 72 & NFPA 90A, HVAC units must shut down on smoke detection — and NFPA 92

requires maintaining positive pressure in stairwells and lift lobbies to keep escape paths smoke-free.
NFPA 92 Pressurization Requirement (In Simple Terms):

Pressure Differential Requirements

The required pressure difference is measured between the protected space (stairwell/lobby) and the

adjacent fire floor.
Minimum Pressure (APmin):

Sprinklered Buildings: At least 0.05 in. w.g. (12.5 Pa).

Non-Sprinklered Buildings: Generally 0.10 in. w.g. (25 Pa) or higher, depending on ceiling height.
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Maximum Pressure (APmax)::

NFPA 92 does not set a fixed numerical maximum but instead limits it based on the door-opening

force.

A theoretical maximum of 0.37in. w.g. (92Pa) is often used as a design ceiling to prevent doors from

becoming stuck shut.

Fans, dampers, and air pathways must be automatically controlled by the fire alarm system.

Door Opening Force (NFPA 101)

To ensure safety, the pressure cannot be so high that an occupant cannot open the door. Per NFPA 101,

the force required to open a pressurized door must not exceed:
30 Ibf (133 N) to set the door in motion.

15 1bf (67 N) to swing the door to a fully open position

Lift (Elevator) Lobby Specifics

Lift lobbies may be pressurized independently or in conjunction with the elevator hoistway to mitigate

the "stack effect" in tall buildings.

Lobby vs. Hoistway: Measuring pressure for a lift lobby is done between the pressurized lobby and the

fire floor.

Airflow Considerations: In some designs, if lobby doors are expected to be open, the system must

maintain a minimum airflow velocity—often 200 fpm (1 m/s)—to keep smoke out
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Key Points:

Smoke Control & Containment: Upon alarm detection, fire/smoke dampers (FSDs) are triggered to

close automatically to maintain compartmentation.

HVAC Shutdown & Purge: AHUs are typically shut down to avoid feeding oxygen to a fire, while
dedicated smoke control fans might activate to purge smoke. Automatic HVAC shutdown on smoke

(NFPA 72 / 90A)

Building Pressurization: Systems manage air pressure to prevent smoke from entering critical exit

routes like stairwells and elevator shafts. Fire & smoke damper activation via FACP.

Regulatory Compliance: Interlocks must meet strict standards such as NFPA 90A and NFPA 72,

necessitating regular testing (e.g., FSD testing, often on a 4-6 year cycle)

Elevator Recall & Power Shunt: The HVAC in elevator machine rooms is also monitored. If a fire
occurs there, the system must ensure the elevator doesn't stop on a floor with active fire, often involving

a coordinated shutdown of power to prevent electrical fires or entrapment.

Maximum Pressure (Door Opening Force): NFPA 92 does not set a hard numerical maximum pressure.

Instead, it defers to NFPA 101 (Life Safety Code) which limits the door-opening force:
The force required to set a door in motion cannot exceed 30 Ibf (133 N).
If the pressure is too high, the doors become physically impossible for occupants to open

One missing interlock can turn a small fire into a major smoke event. Prevention is always stronger

than response. Here's an overview:
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Benefits of Integration:

1. Smoke control: HVAC systems can be controlled to prevent smoke spread. Integration ensures
HVAC systems immediately shut down to prevent the spread of toxic smoke and superheated air across
different floors or rooms. Since smoke inhalation is the leading cause of fire deaths, immediate HVAC
shutdown or redirection significantly increases the "tenable" time for evacuation. Shutting down fans

cuts off the supply of fresh oxygen that would otherwise "feed" and intensify a localized fire.

2. Systems can automatically switch to "smoke purge" or extraction modes to clear exit routes and

improve visibility for occupants and firefighters.

3. By maintaining higher pressure in stairwells and lift lobbies, the system physically blocks smoke

from entering these critical evacuation paths.

4. Integration removes the need for human intervention; sensors like duct smoke detectors can trigger
an HVAC shutdown directly through the fire alarm panel in seconds. Detectors located within air ducts
can identify smoke before it even reaches standard room sensors, providing extra minutes for a safe

exit.

5. Fire suppression: HVAC systems can be shut down to prevent oxygen supply to fires.

Integration Methods:
1. Hardwired Relay Interface (Dry Contact)

The most common and reliable method is using dry-contact interface relays. In this setup, the fire alarm
control panel (FACP) or a local addressable relay module physically interrupts the HVAC control

circuit.

How it Works: When the fire alarm activates, the relay "opens" or "closes" a circuit, signaling the

HVAC controller or a Variable Frequency Drive (VFD) to stop the fans.

Fail-Safe Design: Systems are often wired so that if the control wire is cut or power is lost, the HVAC

system automatically shuts down.
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Regulatory Note: Per NFPA 72, the interface relay must be located within 3 feet (0.9 meters) of the

component it controls to ensure a direct and reliable connection

2. Duct Smoke Detector Interlock
Duct-mounted smoke detectors are placed directly within the air supply or return plenums.

Local Shutdown: These detectors often have an onboard relay that can directly de-energize the air

handling unit (AHU) even before the main building fire alarm panel is triggered.

Purpose: This prevents the HVAC system from acting as a "smoke conveyor," spreading toxic fumes

from one zone to another.

3. High-Level Interface (Digital Protocols)

Modern buildings use digital communication protocols to allow the Fire Alarm System and the

Building Management System (BMS) to "talk" to each other directly.

BAChnet/IP & Modbus: These are the industry standards for digital integration. A protocol translator
(like a BACnet Gateway) converts proprietary fire alarm signals into a language the BMS understands.

Advanced Control: Unlike simple relays that only offer "on/off" control, digital integration allows for
complex Smoke Control Sequences, such as adjusting fan speeds for stairwell pressurization or opening

specific motorized smoke dampers.

Code Caution: While digital integration is great for monitoring, many local codes still require a
hardwired backup or direct bypass for the actual safety shutdown to ensure it doesn't rely solely on

potentially vulnerable software
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HVAC Functions During Fire:

1. Automatic Shutdown (Containment): AHU/FCU Shutdown, Oxygen Restriction and Damper

Closure to prevent smoke spread.

2. Smoke Management (Dynamic Action): Dedicated fans pump fresh air into exit stairs and lobbies
to maintain a positive pressure. This "pressure barrier" keeps smoke from entering these areas even
when doors are opened. Powerful exhaust fans activate on the fire floor to pull toxic gases and smoke
out of the building. A common high-rise strategy where the fire floor is put under negative pressure
(exhaust) while the floors immediately above and below are positively pressurized (supply) to contain

smoke vertically.
3. Passive Protection: These use a fusible link that melts at a specific temperature (typically

165°F or 74°C), causing the damper to snap shut via gravity or spring tension to maintain the fire rating
of a wall. In critical zones, ducts are built with materials or wraps that resist fire for 1 to 3 hours,

ensuring smoke exhaust paths remain functional during the emergency.

4. Manual Overrides: Firefighters can take control of these functions through Firefighter's Smoke
Control Station (FSCS). This panel has the highest priority and allows personnel to manually start or

stop fans and open/close dampers based on real-time fire conditions

Importance:

1. Life safety: Integration ensures a safer environment for occupants.

2. Code compliance: Integration may be required by local building codes.

3. The "Golden Time" for Evacuation

Smoke inhalation is the leading cause of fire-related deaths, not heat or flames.

Visibility: By stopping the spread of smoke or actively exhausting it, the system keeps exit signs and

pathways visible.
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Tenability: Pressurization keeps exit stairs clear of toxic gases, giving occupants the "Golden Time"

needed to reach safety before oxygen levels drop.

4. Preventing the "Chimney Effect"

In modern buildings, ventilation shafts and ducts act like a network of highways. Without interlocks:
The HVAC system acts as a mechanical bellows, pushing fresh oxygen directly into the seat of the fire.

Smoke is "recirculated" from the room of origin to every other room in the building through the return

air ducts.
5. Structural Integrity & Fire Containment

Fire-rated walls and floors are designed to compartmentalize a fire, but every duct that passes through

them is a hole in that defense.

Damper Closure: The interlock ensures that these "holes" are plugged instantly by fire and smoke

dampers.

Containment: By maintaining the fire-rated boundaries, the system prevents the fire from leaping from

floor to floor via the ductwork.
6. Supporting Firefighter Operations
A coordinated HVAC response provides a safer environment for first responders:

Clearer Staging Areas: Firefighters use pressurized lobbies and stairwells as "bridgeheads" to stage

equipment and plan their attack.

Predictable Conditions: When smoke is managed mechanically, firefighters can more easily locate the

source of the fire and avoid "backdraft" conditions caused by unpredictable air currents.
7. Financial and Legal Resilience
Beyond life safety, the importance extends to the building's "health" after the fire:

Asset Protection: Automated shutdown prevents smoke from coating expensive electronics,

upholstery, and inventory in areas unaffected by the fire.
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Code Compliance: Failing to maintain these interlocks often results in the immediate loss of a

building's Occupancy Permit and can lead to massive liability claims and denied insurance payouts.

Pre-commissioning checklist

A pre-commissioning checklist ensures that all mechanical and electrical components are correctly
installed and "ready" for live functional testing. It is a critical bridge between installation and full-

system verification.
1. HVYAC Mechanical Readiness

Before the fire alarm system (FAS) can interact with the HVAC, the mechanical units themselves must

be physically complete and safe to run.

Installation: Verify all Air Handling Units (AHUs), Fan Coil Units (FCUs), and fans are mounted

correctly on pedestals with vibration isolators.

Debris Removal: Ensure fan casings and ductwork are clean and free of debris, transit bolts, and

packing materials.
Rotation: Manually check that fan propellers rotate freely before applying power.

Dampers: Confirm all motorized fire and smoke dampers are installed, powered, and in their default

(usually open) position

2. Electrical & Control Wiring
This phase ensures that the "nerves" of the system are connected and labeled correctly.

Continuity & Insulation: Field wiring must be pre-tested for continuity and insulation resistance to

ensure no short circuits exist.

Grounding: Verify that all equipment, control panels, and motors are properly earthed according to

manufacturer recommendations.
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Relay Location: Confirm that interface relays between the FAS and HVAC are located within 3 feet of

the component they control [NFPA 72 requirements].

Labeling: All cables should have tag identification marks (ferrules) for future reference and safety

3. Duct Smoke Detector Verification
Duct detectors are the primary triggers for HVAC shutdown and require specific physical checks.

Airstream Placement: Ensure the sampling tube is positioned in the center of the air stream with holes

facing the airflow.

Seal Integrity: Verify the sampling tube holes are sealed where they penetrate the duct to prevent air

leaks and false readings.

Accessibility: Confirm that an access door is installed adjacent to the detector for future maintenance

and smoke testing.

Differential Pressure: Check that the pressure differential across the sampling tubes falls within the

manufacturer's established limit.

4. Smoke Control & Pressurization (NFPA 92)
For buildings with active smoke management, additional checks are required for fans and sensors.

Sensor Installation: Verify that pressure sensors in stairwell or lift shafts are correctly installed and

calibrated.

VFD Interface: Ensure that Variable Frequency Drives (VFDs) are connected to both the fire alarm

panel and the shaft pressure sensors.

Fire-Rated Integrity: Confirm that all fire-rated ductwork is properly insulated and installed according

to approved drawings
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5. Fire Alarm Control Panel (FACP) Status

Normal Condition: The FACP must be in a "Normal" state with no active faults, trouble signals, or

grounds.
Battery Backup: Measure and record battery voltage to confirm standby power is operational.

C&E: Verify that the zones or "Cause and Effect" or rules programming has been uploaded and that

the address/zone for every HVAC-related device matches the floor plan.

Testing & Commissioning Checklist:

Company deputed individuals performing testing and commissioning. He/ she must be "qualified"

through one or more of the following:

Factory Training: Certified by the manufacturer (OEM) for the specific brand and model (Edwards,
Honeywell, Apollo etc) of the system being installed. Factory trained specialized HVAC equipment

like VFDs for pressurization also required.

Global Certification: Personnel often hold NFPA 72 Online training or Level 3 or higher in Fire Alarm
Systems. Must know ASHRAE Guideline for HVAC commissioning.

Experience: Most vital then Training & Certification. Select person having at list 10yr Handson

experience in various fire panel commissioning. Also need knowledge on NFPA 72, 90A, 92 and 101.

1. Pre-Test Preparation
Before live functional testing, confirm all foundational elements are ready.

Documentation: Verify as-built drawings, cause-and-effect matrix, and approved design reports are on-

site.

Mechanical Integrity: Confirm fans rotate freely, ducts are clear of debris, and all fire/smoke dampers

are in their default open position.
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Electrical Status: Ensure the Fire Alarm Control Panel (FACP) is in "Normal" mode with no trouble

or ground-fault indicators.

Notification: Alert the monitoring station and building occupants that testing is in progress.

2. Airflow & Pressure Measurements (NFPA 92)
Physical measurements must prove the "pressure barrier" exists.

Differential Pressure (AP): Measure a minimum of 0.05 in. w.g. (12.5 Pa) across stairwell doors in

sprinklered buildings.

Door Force: Use a gauge to ensure the force needed to open a pressurized exit door does not exceed 30

Ibf (133 N).

Flow Rates: Measure and record airflow at exhaust grilles to confirm they meet the "Rational Analysis"

design values.

3. Functional Performance Testing (The Interlocks)
Simulate fire events to verify the system's "if-then" logic.

HVAC Shutdown: Activate a duct smoke detector and verify the associated Air Handling Unit (AHU)

shuts down within 10 seconds.

Damper Verification: Confirm that motorized smoke dampers close fully and provide a "confirmed

closed" status signal to the FACP.

Smoke Management: In smoke-control zones, verify that exhaust fans ramp up and supply fans (for

pressurization) activate simultaneously.

Elevator Recall: Trigger smoke detectors in elevator lobbies to verify cars recall to the designated floor

and the lobby HVAC adjusts for smoke containment
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4. Integrated System Testing (NFPA 4)
Verify that all systems cooperate seamlessly during an emergency.

Secondary Power: Kill primary AC power and run the test under emergency generator or battery

backup to ensure all interlocks still fire.

Monitoring Link: Confirm that specific signals (Alarm, Supervisory, and Trouble) are correctly

identified by the remote monitoring station.

Priority Over BMS: Ensure fire alarm commands successfully override any conflicting Building

Management System (BMS) comfort commands.

5. Post-Test Closeout
System Reset: Return all devices, dampers, and panels to their normal operating state.

Certification: Complete the integrated NFPA 72, 92, 101 and ASHRE Acceptance Test Checklist and
have it signed by a Registered Design Professional (RDP).

Training: Conduct a walkthrough with the facility staff to review how to identify and reset HVAC-

related faults on the panel.

The Firefighter Smoke Control Station (FSCS), also referred to as the Fire Fighter’s Smoke Control
Panel (FSCP) in the International Building Code (IBC), is the central hub that grants firefighters full

manual command over a building's smoke management systems.
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Per NFPA 92 and IBC Section 909.16, '"Priority 1" refers to the highest level of

control in the system's command hierarchy.
1. The Command Hierarchy (Priority 1)
In a smoke control system, commands are tiered to prevent conflicting signals.

Priority 1 (Highest): Manual overrides from the FSCS for individual components (specific fans or

dampers). These commands bypass all other automated or local controls.

Priority 2: Manual overrides from the FSCS for entire zones (e.g., "Pressurize Stairwell A").
Priority 3: Automatic responses triggered by the fire alarm system (FACP).

Lower Priorities: Daily HVAC operations and weekly self-tests.

2. Specific FSCS Design Requirements

To be compliant, the FSCS must meet strict physical and functional standards:

Highest Priority Override: FSCS controls must override all other building controls, including Building
Management Systems (BMS), local Hand-Off-Auto (HOA) switches, and even safety devices like

freeze-protection sensors or duct smoke detectors.

Graphical Interface: The panel must feature a graphical representation of the building, clearly showing

the location of all smoke control equipment (fans, dampers) and the areas they serve.
Status Indicators (Positive Feedback):

Fans: Must show "ON" or "OFF." Status must be confirmed by positive proof of airflow (e.g., a

pressure switch), not just by a signal being sent.

Dampers: Must show "OPEN" or "CLOSED" status.

Standardised Visual Feedback:

Green: Equipment is in its commanded "Smoke Mode" state (On or Open).

Yellow/Amber: Indicates a Fault or trouble condition (e.g., a fan failed to start).
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"Abnormal Switch Position": A mandatory yellow LED that illuminates if any switch on the panel is

moved away from the "AUTO" position.
3. Critical Functional Controls

Panel Enable Key: Most panels require a key-operated "Enable" switch to prevent unauthorized use.

When disabled, the panel only monitors status; when enabled, it takes Priority 1 control.
Lamp Test: A mandatory button to verify all LEDs are functional.

Manual Purge/Smoke Mode: Switches for each zone must have "AUTO," "OFF," and "SMOKE
MODE" (or "PRESSURIZE") positions.

4. Exceptions to Priority 1
While the FSCS is "Priority 1," it is strictly forbidden from overriding:
Fire Suppression: It cannot stop a sprinkler system.

Electrical/Personnel Protection: It cannot override a motor's internal thermal overload or a physical

emergency stop meant for personnel safety

Applications:
1. Commercial buildings: Offices, shopping centers, and hotels.
2. Industrial facilities: Factories, warehouses, and manufacturing plants.

3. High-rise buildings: Buildings with complex HVAC systems.
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