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Graduate Certificate in Design and Analysis of Tall Buildings

Fire Safety Engineering in Tall Buildings

Active fire protection — Systems that automatically respond to fire, such as sprinklers and smoke control.
sprinkler system, smoke vent. Example: Wet-pipe sprinklers in a high-rise lobby activate at 68 °C. Challenges
include water damage risk and maintenance reliability.

Air-handling system shutdown — Automatic de-activation of HVAC to prevent fire spread. HVAC isolation.
Used to contain smoke in a tower’s mechanical floor. Requires coordination with fire alarm to avoid
accidental shutdown during normal operation.

Alarms — manual call point — Hand-operated devices that trigger fire alarms. break-glass point. Placed near
exits on each floor of a skyscraper. Must be illuminated and accessible; challenge is preventing vandalism
while ensuring visibility.

Alarms — voice evacuation — Pre-recorded or live voice messages directing occupants. public address
system. Example: “Proceed to stairwell B, floor 10". Provides clearer instructions than sirens, but depends on
language coverage and system acoustics.

Automatic fire detection — Sensors that identify fire conditions without human input. heat detector, smoke
detector. In tall buildings, addressable detectors allow pinpointing the exact zone. Challenge: False alarms
from cooking or construction dust.

Backdraft — Rapid fire growth when oxygen suddenly enters an oxygen-depleted compartment. ventilation
strategy. Example: Opening a fire-door too early in a sealed atrium. Training firefighters to recognize signs
mitigates risk.

Barrier fire rating — The time a fire-resistant barrier can withstand fire exposure. fire-resistance test. A 2-hour
rating is common for stairwell walls in towers. Over-rating can increase cost; under-rating compromises life
safety.

Building code — NFPA 101 — Life Safety Code governing means of egress, fire protection, and occupancy.
International Building Code. Tall building designers reference Chapter 15 for fire-resistance requirements.
Updates may affect existing designs, requiring re-evaluation.

Building code — IBC — International Building Code that integrates fire safety provisions. NFPA 101. Provides
minimum standards for fire-separation distances and sprinkler coverage. Local amendments can add stricter
tall-building rules.

Carbon monoxide detector — Device that senses CO produced by incomplete combustion. gas detector.
Installed in mechanical rooms where boilers operate. Challenge: Differentiating between harmless exhaust
and dangerous buildup.
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Compartmentation — Division of a building into fire-resistant sections to limit spread. fire barrier, fire wall. In
a 80-storey tower, each floor acts as a compartment. Requires tight sealing of penetrations; any breach
reduces effectiveness.

Concrete core — Central vertical shaft containing stairs, elevators, and services, often fire-resistant. structural
core. Provides a protected egress route in tall buildings. Fire-rating must match or exceed floor assembly
rating; concrete cracking under high heat is a design concern.

Control of Smoke - vertical shafts — Use of dedicated smoke shafts with pressurisation to exhaust smoke
upward. smoke exhaust fan. Allows safe evacuation from lower floors while smoke rises. Requires reliable
power backup and careful coordination with sprinkler activation.

Control of Smoke — horizontal spread — Strategies to prevent smoke from moving laterally across floors. fire
doors, smoke curtains. Example: Automatic smoke curtains across atrium openings. Maintenance of sealing
mechanisms is critical.

Design fire load — Assumed heat release rate per unit area for a given occupancy. kW/m? For office spaces,
a typical design fire load is 500 kW/m?. Over-estimation leads to oversized systems; under-estimation risks
insufficient protection.

Design fire resistance — Specified period a component must resist fire exposure. R-value. Stairwell doors
often required to achieve 2-hour fire resistance. Balancing cost and performance is a major challenge in
high-rise projects.

Elevator fire service mode — Special operation where elevators are limited to fire-service use only. phase-|
recall. When fire is detected, elevators return to a designated floor and become unavailable to occupants.
Must be clearly indicated and regularly tested.

Emergency power supply — Backup generators or UPS that ensure fire safety systems remain functional
during outages. standby generator. Required for fire alarm, smoke control fans, and lighting. Fuel availability
and regular testing are ongoing challenges.

Escape route — protected stairwell — Enclosed stairways with fire-resistance rating, pressurisation, and
emergency lighting. means of egress. In a 70-storey tower, two protected stairwells are mandatory.
Designing sufficient width while maintaining core compactness is a spatial challenge.

Fire alarm — addressable system — Digital network where each detector has a unique ID, allowing precise
location identification. zone-based detection. Facilitates rapid response and reduces false alarm impact.
Requires careful wiring and regular software updates.

Fire alarm — conventional system — Analog zones where detectors are grouped, providing only zone-level
indication. addressable upgrade. Still used in some retrofits due to lower cost. Limitations in pinpointing
exact detector location can delay response.

Fire alarm — supervised voice — Integrated voice messaging that is monitored for proper operation. voice
evacuation. Alerts are confirmed by supervisory loop; failure triggers a fault alarm. Ensuring clear
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intelligibility throughout tall structures is a design focus.

Fire alarm — mass notification — System that delivers alerts to occupants via multiple media (audio, visual,
mobile). strobe lights, text alerts. Useful for occupants with hearing impairments. Coordination with local
emergency services is essential.

Fire detection — aspirating smoke detector — System that actively draws air through a network of sampling
pipes to detect smoke early. ASD. Often installed in high-value atria where early detection is critical.
Requires regular calibration and power backup.

Fire detection — beam detector — Linear detector that senses smoke across a beam path. optical detector.
Ideal for large open spaces such as atriums. Must be protected from dust and insects to avoid nuisance
alarms.

Fire detection — heat detector — Device that responds to temperature rise. fixed-temperature detector. Used
in areas where smoke detectors may be prone to false alarms, such as kitchens. Requires correct placement
to avoid dead zones.

Fire detection — multi-sensor detector — Combines smoke, heat, and sometimes carbon monoxide sensing in
one unit. intelligent detector. Reduces false alarms while improving early detection. Complexity increases
maintenance requirements.

Fire engineering — performance-based design — Approach that uses fire modelling to demonstrate
compliance with safety objectives rather than prescriptive rules. risk assessment. Enables innovative
solutions for tall buildings but demands extensive documentation and peer review.

Fire engineering — prescriptive design — Use of code-specified requirements without detailed analysis. code
compliance. Simpler to certify but may limit design flexibility and result in over-design.

Fire extinguishing — water mist system — Uses fine water droplets to suppress fire with less water volume.
mist nozzle. Effective in high-rise atria where water damage must be limited. Requires high-pressure pumps
and specialized nozzles.

Fire extinguishing — foam system — Applies fire-suppressing foam, often for flammable liquids. AFFF. Not
common in office towers but may be required in underground parking with gasoline storage. Foam stability
under high-rise pressures is a design issue.

Fire extinguishing — gaseous system — Uses inert or chemical gases to displace oxygen and suppress fire.
FM-200, Inergen. Suitable for equipment rooms where water could damage assets. Requires sealed
compartments and regular leak testing.

Fire safety — integrated design — Coordination of structural, architectural, and MEP systems to achieve fire
safety objectives. collaborative BIM. Early involvement of fire engineers reduces redesign. Complex
communication among disciplines can be a barrier.

Fire safety — life-cycle cost analysis — Economic evaluation of fire protection measures over the building'’s
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lifespan. cost-benefit. Demonstrates value of sophisticated smoke control versus higher upfront cost.
Accurate data on maintenance and replacement is essential.

Fire safety — risk assessment — Systematic identification of fire hazards, evaluation of likelihood, and
determination of mitigation measures. hazard analysis. Forms the basis for performance-based design.
Requires thorough documentation and periodic review.

Fire safety — smoke management plan — Documented strategy for controlling smoke movement during a
fire. smoke control design. Includes pressurisation, vent sizing, and egress protection. Must be approved by
authority having jurisdiction.

Fire safety — evacuation modelling — Simulation of occupant movement during emergency egress.
Pathfinder, EVAC. Helps determine stairwell capacity and exit signage. Accuracy depends on realistic
occupant behaviour assumptions.

Fire safety — fire-fighter access — Design features that allow fire-fighters to reach fire locations quickly.
fire-fighter elevator, roof access. Includes dedicated service lifts and reinforced stairwell landings. Balancing
public egress and firefighter access can be challenging.

Fire safety — fire brigade liaison — Coordination with local fire services during design and construction
phases. pre-incident plan. Provides insight into on-site operations and ensures compliance with local tactics.
Requires clear communication channels.

Fire safety — fire-resistance testing — Laboratory evaluation of components to verify fire-rating claims. ASTM
E119, ISO 834. Test results guide material selection for walls, doors, and structural elements. Test conditions
may not perfectly replicate real fire scenarios.

Fire safety — fire-stop — Materials used to seal penetrations through fire-resistant assemblies. intumescent
sealant. Prevents fire and smoke spread through cable trays, ducts, and pipe stacks. Installation quality
directly affects performance.

Fire safety — fire-sprinkler — Automatic water-based system that discharges upon reaching a temperature
threshold. wet-pipe sprinkler, dry-pipe sprinkler. In tall buildings, sprinkler spacing and water supply design
are critical. Water hammer and pipe vibration are common challenges.

Fire safety — fire-wall — Vertical assembly that separates fire compartments, often extending beyond the
roof. exterior fire wall. Required to limit fire spread across the fagade. Must maintain continuity with floor
assemblies and be fire-rated for the required duration.

Fire safety — fire-resistance rating — Duration a building element can withstand fire exposure while
maintaining structural integrity, insulation, and stability. Determined by standardized tests. Selecting
appropriate rating balances safety and cost.

Fire safety — fire-service elevator — Elevator designated for fire-fighter use, equipped with fire-rated doors
and emergency power. phase-Il recall. Must be protected from smoke infiltration. Requires dedicated
control panel and clear signage.
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Fire safety — fire-stair pressurisation — System that maintains positive pressure in stairwells to prevent smoke
ingress. pressurisation fan. Critical for safe egress in high-rise structures. Fan reliability and pressure control
during power loss are key concerns.

Fire safety — fire-strategy — Overall approach combining passive and active measures to achieve life safety
goals. defend-in-place, evacuation-first. Determines selection of compartments, detection, suppression, and
egress design. Must be documented and approved.

Fire safety — facade fire testing — Evaluation of exterior cladding systems for fire spread potential. BS 8414.
Essential after high-profile tower fires. Results influence material selection and required cavity barriers.

Fire safety — flue gas heat recovery — Use of waste heat from fire-exhaust ducts for building services. heat
exchanger. Can improve energy efficiency but must not compromise smoke extraction performance.

Fire safety — floor assembly — Combination of structural slab, finishes, and services forming a fire
compartment. floor fire rating. Design must ensure fire resistance matches code; penetrations require
fire-stops.

Fire safety — fire-load density — Amount of combustible material per unit area, expressed in kW/m? design
fire load. Influences sprinkler spacing and water supply calculations. Accurate inventory of contents is
necessary for realistic assessment.

Fire safety — fire-origin detection — Capability of systems to identify the exact location of fire onset.
addressable detectors. Enables targeted response and minimizes disruption. Requires reliable
communication backbone.

Fire safety — fire-rated glazing — Windows that maintain integrity during fire exposure, limiting flame spread.
tempered fire glass. Used in atria and facade openings. Must be correctly sized to avoid excessive heat
transfer.

Fire safety — fire-resistive steel — Steel members protected with intumescent coating or encasement to
achieve fire resistance. intumescent paint. Allows slimmer structural sections while meeting fire rating.
Coating thickness control is crucial.

Fire safety — fire-suppression water supply — Network of pipes delivering water to sprinklers and standpipes.
sprinkler riser. Must be sized for peak demand and have adequate pressure. In tall buildings, gravity-fed
tanks may be insufficient; booster pumps are required.

Fire safety — fire-ventilation — Mechanical systems that remove smoke and hot gases from a building.
exhaust fan. Coordinated with detection to activate only when needed. Fan failure can lead to smoke
accumulation in escape routes.

Fire safety — fire-water demand — Quantity of water required to control a fire for a specified period.
hydraulic calculation. Determines pipe diameter and pump capacity. Over-estimation inflates cost;
under-estimation jeopardizes safety.
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Fire safety — floor-by-floor evacuation — Strategy where occupants evacuate to a protected refuge floor
rather than descending the entire tower. refuge floor. Reduces stairwell demand and exposure to smoke.
Requires robust refuge area fire rating and life-support systems.

Fire safety — facade insulation — Insulating material applied to exterior walls, which may affect fire
performance. non-combustible insulation. Must meet fire-resistance requirements and not contribute to
flame spread. Installation gaps can create hidden fire paths.

Fire safety — fire-fighter coordination — Planning of interior attack zones, water supply, and access routes for
fire crews. Enhances operational efficiency and safety. Requires up-to-date building information and regular
drills.

Fire safety — fire-proofing — Application of materials that protect structural elements from fire damage.
spray-applied fire-resistive material (SFRM). Common on steel beams in high-rise cores. Thickness control
and adhesion to substrates are ongoing quality issues.

Fire safety — fire-stop system — Assemblies that seal openings in fire-rated walls, floors, and ceilings.
penetration seal. Includes collars, wraps, and intumescent strips. Must be tested as a system, not just
individual components.

Fire safety — fire-suppressing gas — Extinguishing agents that chemically interrupt combustion. CO, system,
FM-200. Used in data centers and control rooms where water could cause damage. Requires sealed
compartments and regular recharge.

Fire safety — fire-tunnel — Horizontal passageway designed to contain fire and smoke, often connecting
service shafts. fire corridor. Provides safe routes for egress and firefighter access. Must be fire-rated and
equipped with smoke doors.

Fire safety — fire-zone — Area of a building monitored by a single fire alarm circuit. alarm zone. Enables
targeted response and reduces alarm fatigue. Zone size must balance detection coverage and false alarm
probability.

Fire safety — fire-ward — Subdivision of a building into fire-resistant compartments. compartmentation. In tall
buildings, each floor may be a separate fire-ward. Requires continuous fire-rating of floor-to-floor
assemblies.

(Oops, cannot use other tags; delete)Active fire protection — Systems that automatically respond to fire, such
as sprinklers and smoke control.

Tall building designers reference Chapter 15 for fire-safety requirements.
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