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Graduate Certificate in Design and Analysis of Tall Buildings (Part II)

Fire Safety Engineering for High Rise Buildings

Active Fire Protection (AFP) — Systems that respond automatically to a fire event. Related terms: sprinkler
system, fire alarm. Example: wet-pipe sprinklers discharge water when heat melts a fusible link. Challenge:
ensuring reliable water supply in high rises.

Acoustic Fire Detection — Uses sound signatures of flames to identify fire. Related terms: fire alarm, sensor
technology. Example: microphones detect the “whoosh” of a developing fire in mechanical rooms.
Challenge: differentiating fire noise from HVAC acoustics.

Air-Handling Unit (AHU) Fire Dampers — Devices that close to prevent smoke spread through ventilation
ducts. Related terms: smoke control, compartmentation. Example: a fire damper shuts when a smoke
detector in a corridor triggers. Challenge: maintaining damper functionality after maintenance.

Assembly Area — Designated space for occupant gathering before evacuation. Related terms: egress, refuge
floor. Example: a lobby serves as an assembly area during a fire drill. Challenge: providing adequate capacity
on limited floor area.

Automatic Smoke Control System — Controls smoke movement by pressurizing or exhausting zones. Related
terms: smoke barriers, ventilation. Example: stairwell pressurization keeps smoke out of evacuation routes.
Challenge: balancing pressure differentials under variable wind conditions.

Backdraft — Explosive ignition caused by sudden introduction of oxygen to a fire-filled compartment.
Related terms: flashover, fire dynamics. Example: opening a door to a smoldering room can cause a
backdraft. Challenge: training occupants to recognize and avoid backdraft risks.

Baseline Fire Load — Standardized quantity of combustible material used for fire modelling. Related terms:
fire resistance, fire modelling. Example: 500 MJ/m? is a common baseline for office spaces. Challenge:
accurately estimating loads for mixed-use floors.

Building Code — Legal framework governing fire safety design. Related terms: standards, compliance.
Example: International Building Code (IBC) prescribes fire resistance ratings. Challenge: reconciling multiple
jurisdictional requirements for tall structures.

Building Information Modelling (BIM) for Fire Safety — Integration of fire safety data into 3-D models.
Related terms: digital twin, clash detection. Example: BIM highlights conflicts between sprinkler heads and
structural beams. Challenge: keeping fire data up-to-date throughout construction.

Carbon Dioxide (CO,) Fire Extinguishing System — Uses CO, to displace oxygen and suppress fire. Related
terms: clean agent, suppression system. Example: a server room equipped with CO, flood system. Challenge:
ensuring safe evacuation before activation in occupied areas.
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Compartmentation — Division of a building into fire-resistant sections. Related terms: fire barrier, fire rating.
Example: firewalls separate each floor from the one above. Challenge: maintaining integrity of firestopping
during penetrations.

Concealed Fire-Stopping — Fire-resistant materials hidden within building fabric. Related terms:
penetrations, fire sealants. Example: intumescent wraps around pipe sleeves. Challenge: inspection and
verification after installation.

Construction Fire Protection (CFP) — Temporary measures applied during building erection. Related terms:
fire watch, fire retardant. Example: fire-resistant blankets covering steel beams. Challenge: ensuring removal
before occupancy without compromising fire safety.

Control of Smoke (COS) System — System designed to manage smoke movement for safe evacuation.
Related terms: smoke control, pressurization. Example: exhaust fans activated in a fire zone to extract
smoke. Challenge: coordinating with HVAC to avoid unintended pressure reversals.

Core — Central vertical shaft containing stairs, elevators, and services. Related terms: refuge floor, fire escape.
Example: a reinforced concrete core provides structural stability and fire protection. Challenge: designing
adequate fire resistance while minimizing core size.

Critical Height — Height at which fire safety strategies shift from horizontal to vertical protection. Related
terms: tall building, fire engineering. Example: above 30 m, stairwell pressurization becomes essential.
Challenge: determining appropriate thresholds for diverse building typologies.

Delay Time — Interval between fire detection and alarm activation. Related terms: response time, early
warning. Example: a 10-second delay allows fire to develop enough heat to trigger sprinklers. Challenge:
balancing false alarms with timely response.

Design Fire Scenario — Hypothetical fire used for analysis and design verification. Related terms: fire
modelling, risk assessment. Example: a full-room fire in a kitchen on the 20th floor. Challenge: selecting
realistic yet conservative scenarios for tall structures.

Dry Pipe Sprinkler System — Sprinkler system filled with air under pressure until activation. Related terms:
wet pipe, fire suppression. Example: common in unheated spaces to prevent pipe freezing. Challenge:
ensuring rapid water delivery after activation in high-rise shafts.

Emergency Power Supply (EPS) — Backup electricity for fire safety systems. Related terms: UPS, generator.
Example: diesel generator powers fire alarm and smoke control during outage. Challenge: maintaining fuel
and testing regularly in high-rise installations.

Evacuation Modeling — Simulation of occupant movement during an emergency. Related terms: egress
analysis, crowd dynamics. Example: using Pathfinder software to assess stairwell capacity. Challenge:
incorporating human behavior variability and building complexity.

Fire Alarm System (FAS) — Network of detectors and notification devices. Related terms: detection,
annunciation. Example: addressable smoke detectors linked to a central control panel. Challenge: ensuring
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audibility and visibility throughout tall floors.

Fire Alarm Detection Device — Sensor that identifies fire conditions. Related terms: smoke detector, heat
detector. Example: photoelectric detector senses smoke particles. Challenge: selecting appropriate
technology for diverse environments.

Fire Barrier — Structural element with a specified fire resistance rating. Related terms: fire wall,
compartmentation. Example: a fire-rated concrete wall separating two fire compartments. Challenge:
coordinating penetrations to preserve rating.

Fire Curtain — Deployable barrier that contains fire and smoke. Related terms: smoke curtain, fire
containment. Example: a motor-driven curtain drops across an atrium opening. Challenge: reliable actuation
and maintenance in high-rise atriums.

Fire Engineering — Application of scientific principles to protect life and property from fire. Related terms:
performance-based design, risk analysis. Example: designing a stairwell pressurization system based on fire
dynamics. Challenge: integrating multidisciplinary inputs while satisfying code.

Fire Extinguishing Agent — Substance used to suppress fire. Related terms: suppressant, clean agent.
Example: FM-200 gaseous agent extinguishes fires without residue. Challenge: selecting agents compatible
with building contents and occupancy.

Fire Hazard Assessment — Evaluation of potential fire sources and consequences. Related terms: risk
assessment, fire load. Example: identifying high-risk areas such as kitchens and electrical rooms. Challenge:
quantifying hazards in mixed-use tall buildings.

Fire Isolation — Separation of fire-affected areas from safe zones. Related terms: fire doors,
compartmentation. Example: fire-rated doors automatically close to isolate a fire floor. Challenge: ensuring
door reliability under smoke conditions.

Fire Load — Amount of combustible material within a space, expressed as energy per unit area. Related
terms: fire dynamics, calorific value. Example: a residential floor may have a fire load of 350 MJ/m?.
Challenge: accurately estimating loads for variable interior finishes.

Fire Management Plan (FMP) — Document outlining fire safety strategies and responsibilities. Related terms:
emergency response, fire safety policy. Example: an FMP specifies fire watch duties during construction.
Challenge: keeping the plan current as building use changes.

Fire Modelling Software — Tools for simulating fire growth and smoke movement. Related terms: CFD, fire
dynamics. Example: using Fire Dynamics Simulator (FDS) to predict smoke spread in a stairwell. Challenge:
requiring detailed input data and validation.

Fire Protection Engineer (FPE) — Professional specializing in fire safety design. Related terms: fire consultant,
specialist. Example: an FPE conducts performance-based analysis for a skyscraper. Challenge: staying
abreast of evolving codes and technologies.
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Fire Resistance Rating (FRR) — Duration a building element can withstand fire exposure. Related terms: fire
rating, time-temperature curve. Example: a 2-hour fire-rated wall maintains integrity for 120 minutes.
Challenge: verifying rating in the presence of penetrations.

Fire Safety Management System (FSMS) — Structured approach to fire risk mitigation. Related terms:
SO 45001, risk management. Example: an FSMS includes regular fire drills and equipment inspections.
Challenge: integrating FSMS with overall building management systems.

Fire Sprinkler Head — Component that releases water when activated. Related terms: sprinkler system,
discharge. Example: a pendant sprinkler head discharges a water spray pattern. Challenge: preventing
accidental activation from vibrations in tall structures.

Fire Stopping — Materials and methods used to seal openings to maintain fire resistance. Related terms:
penetrations, fire sealant. Example: mineral wool and silicone sealant around a cable tray. Challenge:
ensuring long-term durability under movement.

Fire Strategy — Comprehensive plan describing fire protection measures. Related terms: fire engineering,
performance criteria. Example: a strategy may combine passive compartmentation with active sprinkler
protection. Challenge: balancing cost, aesthetics, and safety performance.

Fire Suppression System — System designed to extinguish fire automatically. Related terms: sprinkler, foam
system. Example: a wet-pipe sprinkler system provides immediate water discharge. Challenge: selecting
appropriate system type for each building area.

Fire Watch — Personnel assigned to monitor for fire during high-risk activities. Related terms: temporary fire
protection, construction safety. Example: a fire watch is required while welding in a high-rise atrium.
Challenge: ensuring continuous coverage and proper training.

Fire-Resistant Concrete — Concrete mix designed to maintain integrity under fire. Related terms: FRR,
structural fire protection. Example: high-density concrete used in core walls to achieve 4-hour rating.
Challenge: controlling mix proportions and curing conditions.

Flame Spread Index (FSI) — Numerical rating indicating how quickly flame spreads across a material. Related
terms: fire performance, material classification. Example: an FSI of 25 denotes low flame spread. Challenge:
selecting low-FSl finishes for facade cladding.

Flashover — Moment when all combustible surfaces ignite simultaneously. Related terms: fire dynamics,
backdraft. Example: flashover often occurs in a compartment fire after reaching critical temperature.
Challenge: predicting flashover timing in high-rise fire models.

Floor Assembly — Structural composition of a building floor, influencing fire performance. Related terms:
floor fire rating, load-bearing. Example: a composite steel-deck floor with fire-resistant gypsum board.
Challenge: ensuring fire integrity across floor joints.

Foam Fire Suppression System — Uses aqueous foam to suppress flammable liquid fires. Related terms: clean
agent, extinguishing agent. Example: a foam system protects a fuel-oil storage area on a mechanical floor.
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Challenge: maintaining foam concentrate quality over time.

Gas Suppression System — Employs inert or chemical gases to extinguish fire. Related terms: CO,, FM-200.
Example: an inert gas system floods a data centre with nitrogen. Challenge: ensuring safe egress before gas
discharge.

Heat Detector — Device that triggers when temperature exceeds a set point. Related terms: fire detection,
rate-of-rise detector. Example: a fixed-temperature heat detector activates at 68°C in a boiler room.
Challenge: avoiding nuisance alarms due to equipment heat.

Heat Release Rate (HRR) — Measure of energy released by fire per unit time. Related terms: fire dynamics,
fire load. Example: a typical office fire may have a peak HRR of 500 kW. Challenge: accurately modelling HRR
for complex contents.

High-Rise Building — Structure exceeding a defined height, often >75m. Related terms: skyscraper, vertical
transportation. Example: a 60-storey residential tower. Challenge: integrating fire safety systems that
perform over long vertical distances.

Hydraulic Calculations — Determination of water flow requirements for sprinkler systems. Related terms: pipe
sizing, pressure loss. Example: calculating required pressure at the top floor sprinkler heads. Challenge:
accounting for friction losses in tall building risers.

International Fire Code (IFC) — Model code providing fire safety standards. Related terms: NFPA, building
code. Example: IFC mandates fire alarm installation in high-rise occupancies. Challenge: adapting IFC
provisions to local regulations.

International Building Code (IBC) — Comprehensive code governing building design, including fire safety.
Related terms: IFC, life safety. Example: IBC Chapter9 addresses fire protection systems for tall structures.
Challenge: reconciling IBC with performance-based design outcomes.

International Fire Safety Standards (IFSS) — Global benchmarks for fire protection performance. Related
terms: ISO, NFPA. Example: IFSS 2023 includes guidelines for stairwell pressurization. Challenge: ensuring
compliance across multinational projects.

International Standards Organization (ISO) 7240 — Series of standards for fire detection and alarm systems.
Related terms: NFPA 72, fire alarm. Example: ISO 7240-2 specifies performance requirements for fire
detectors. Challenge: integrating ISO standards with local code requirements.

International Standards Organization (ISO) 22007 — Standard for fire resistance testing of building elements.
Related terms: fire rating, test methods. Example: ISO22007-1 outlines the fire endurance test for walls.
Challenge: interpreting test results for complex assemblies.

Large-Scale Fire Test — Full-size fire experiment to assess fire performance. Related terms: fire testing, fire
dynamics. Example: a full-height stairwell fire test evaluates smoke control effectiveness. Challenge: high
cost and logistical complexity.
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Life Safety Code (NFPA 101) — NFPA standard focusing on occupant protection. Related terms: egress, fire
alarm. Example: NFPA 101 requires two separate means of egress from each floor in a high-rise. Challenge:
meeting code while preserving architectural intent.

Linear Heat Release Rate (LHRR) — Heat release per unit length of fire, useful for corridor fires. Related terms:
HRR, fire dynamics. Example: a corridor fire may exhibit an LHRR of 10kW/m. Challenge: applying LHRR
data to design smoke control.

Mass Flow Rate — Volume of air moved per unit time, critical for smoke control. Related terms: ventilation,
pressurization. Example: a stairwell pressurization system must deliver 0.3 m?/s per meter of stair width.
Challenge: balancing flow against occupant comfort.

Maximum Allowable Floor Height (MAFH) — Height limit beyond which additional fire protection measures
become mandatory. Related terms: critical height, fire engineering. Example: floors above 30 m may require
refuge floors. Challenge: determining appropriate thresholds for mixed-use towers.

Mechanical Smoke Extraction — Use of fans to remove smoke from a fire zone. Related terms: smoke control,
exhaust system. Example: a dedicated smoke exhaust fan extracts smoke from a fire-affected atrium.
Challenge: ensuring fan reliability during power loss.

National Fire Protection Association (NFPA) — Organization developing consensus fire safety standards.
Related terms: code, standards. Example: NFPA 13 provides design criteria for sprinkler systems. Challenge:
keeping designs aligned with frequent updates.

National Fire Codes (NFC) — Country-specific fire safety regulations. Related terms: building code, local
authority. Example: UK's Building Regulations PartB governs fire safety. Challenge: harmonising NFC with
international performance-based approaches.

Negative Pressure Zone — Area where pressure is lower than surrounding spaces, used to contain smoke.
Related terms: smoke control, pressure differentials. Example: a smoke containment room maintained at
negative pressure to prevent smoke escape. Challenge: maintaining consistent pressure under variable wind
loads.

Occupant Load — Number of people a space is designed to accommodate, influencing egress sizing. Related
terms: egress capacity, fire alarm. Example: a conference hall with an occupant load of 500 people.
Challenge: accurately estimating loads for multipurpose high-rise floors.

Passive Fire Protection (PFP) — Fire safety measures that do not require activation. Related terms:
compartmentation, fire barriers. Example: fire-rated gypsum board walls provide passive protection.
Challenge: ensuring firestopping remains effective after penetrations.

Performance-Based Design (PBD) — Design approach where safety objectives are met through analysis
rather than prescriptive rules. Related terms: fire engineering, fire strategy. Example: using CFD modelling to
demonstrate stairwell pressurization meets egress criteria. Challenge: obtaining regulatory approval for
innovative solutions.
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Positive Pressure Zone — Area where pressure exceeds surrounding spaces, used to keep smoke out. Related
terms: stairwell pressurization, smoke control. Example: a pressurized stairwell prevents smoke infiltration
during evacuation. Challenge: controlling pressure without causing door-opening difficulties.

Pressure Differential — Difference in air pressure between two zones, essential for smoke control. Related
terms: pressurization, ventilation. Example: a 50 Pa differential maintains smoke-free stairwell. Challenge:
maintaining consistent differential despite wind and stack effect.

Refuge Floor — Designated floor providing a safe area for occupants during evacuation. Related terms: fire
strategy, egress. Example: a refuge floor located every 12 storeys with fire-rated enclosure. Challenge:
ensuring accessibility and life-safety systems on refuge floors.

Regulatory Fire Engineer (RFE) — Engineer accredited to certify fire safety compliance. Related terms: fire
consultant, certification. Example: an RFE signs off on the fire resistance testing report. Challenge: meeting
stringent documentation requirements.

Reinforced Concrete Core — Central structural element providing fire resistance and stiffness. Related terms:
core, fire rating. Example: a 3-meter wide concrete core with 4-hour fire rating. Challenge: integrating
service shafts without compromising fire integrity.

Riser — Vertical pipe or conduit conveying water, gas, or other utilities. Related terms: sprinkler system, fire
suppression. Example: a fire-water riser supplies sprinkler heads on each floor. Challenge: sizing risers to
overcome height-related pressure loss.

Risk Assessment — Systematic process to evaluate fire hazards and consequences. Related terms: fire hazard
assessment, fire strategy. Example: a quantitative risk assessment assigns a 1 x 107 probability of
catastrophic fire. Challenge: incorporating uncertainties in occupant behavior.

Smoke Curtain — Deployable barrier that limits horizontal smoke spread. Related terms: fire curtain, smoke
control. Example: a motor-driven smoke curtain drops across an atrium opening. Challenge: ensuring
reliable deployment under high-temperature conditions.

Smoke Control System — Integrated network of fans, dampers, and barriers to manage smoke. Related
terms: smoke extraction, pressurization. Example: coordinated operation of supply and exhaust fans
maintains smoke-free egress routes. Challenge: synchronizing system response with fire alarm activation.

Smoke Detector — Device that senses smoke particles and triggers alarms. Related terms: fire detection,
photoelectric detector. Example: an aspirating smoke detector provides early warning in a high-rise atrium.
Challenge: preventing false alarms from dust accumulation.

Smoke Management Strategy — Plan detailing how smoke will be controlled during a fire. Related terms:
smoke control, fire strategy. Example: a combination of stairwell pressurization and atrium exhaust fans.
Challenge: adapting strategy to changing wind and stack effects.

Smoke Partition — Fixed barrier that restricts smoke movement. Related terms: fire barrier,
compartmentation. Example: a fire-rated glass wall separates a lobby from a stairwell. Challenge:
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maintaining seal integrity around moving parts.

Smoke Pressure Control — Regulation of air pressure to direct smoke flow. Related terms: pressurization,
ventilation. Example: maintaining a 30 Pa pressure in stairwells to keep smoke out. Challenge: balancing
pressure against door operation forces.

Sprinkler System — Network of pipes and heads that deliver water to suppress fire. Related terms: wet pipe,
fire suppression. Example: a wet-pipe system provides immediate water discharge upon sprinkler activation.
Challenge: ensuring adequate water supply to top floors.

Standard Fire Test — Laboratory test performed to assess fire resistance of a material or assembly. Related
terms: fire rating, 1SO 22007. Example: a 2-hour fire test on a wall assembly. Challenge: translating laboratory
results to real-world performance.

Standpipe — Rigid pipe system providing water for fire fighting within a building. Related terms: fire hose,
fire department connection. Example: a 4-inch standpipe on each floor for fire-fighter use. Challenge:
maintaining accessibility and pressure throughout tall structures.

Stairwell Pressurization — Technique of supplying filtered air to stairwells to keep them smoke-free. Related
terms: positive pressure zone, smoke control. Example: a dedicated fan system maintains 0.05in H,O
pressure. Challenge: designing for variable wind and temperature gradients.

Steam Pipe Fire Protection — Fire safety measures for high-temperature steam distribution. Related terms:
fire-resistant insulation, pipe firestop. Example: mineral wool wrap around steam lines to achieve 2-hour
rating. Challenge: ensuring insulation remains intact under thermal cycling.

Structural Fire Protection (SFP) — Methods to preserve structural integrity during fire. Related terms: fire
resistance, fire engineering. Example: applying intumescent coating to steel columns. Challenge: verifying
coating performance under realistic fire exposure.

Supply Air Fan — Fan that delivers fresh air for pressurization or ventilation. Related terms: HVAC, smoke
control. Example: a dedicated supply fan provides filtered air to a refuge floor. Challenge: ensuring fan
operation during power loss.

Thermal Insulation — Material that reduces heat transfer, contributing to fire resistance. Related terms: fire
rating, intumescent coating. Example: ceramic fiber insulation behind fire-rated gypsum board. Challenge:
selecting insulation compatible with structural and fire performance.

Thermal Imaging Camera — Device that visualizes heat patterns to detect hidden fires. Related terms: fire
detection, early warning. Example: using a thermal camera to locate a smoldering fire behind a wall.
Challenge: interpreting images correctly under complex temperature gradients.

Thermal Link — Structural element designed to transfer heat away from critical components. Related terms:
fire protection, heat dissipation. Example: a steel beam with a fire-resistive thermal bridge to limit
temperature rise. Challenge: balancing thermal conductivity with fire resistance.
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Time-Temperature Curve — Graph showing temperature exposure over time during fire testing. Related
terms: fire rating, standard fire test. Example: the ISO 834 curve used for fire endurance tests. Challenge:
applying the curve to complex, non-uniform assemblies.

Tri-Dimensional Fire Modelling — Advanced CFD analysis capturing fire growth, smoke, and heat in three
dimensions. Related terms: fire dynamics, FDS. Example: modelling fire spread in a high-rise atrium to assess
smoke extraction. Challenge: high computational demand and data validation.

Turn-Down Ratio — Ratio of maximum to minimum airflow in a variable-speed fan system. Related terms:
HVAC, smoke extraction. Example: a fan with a turn-down ratio of 5:1 can adjust flow for different fire
scenarios. Challenge: maintaining system efficiency across the range.

V-Vent System — Ventilation system designed to remove smoke vertically. Related terms: smoke extraction,
stack effect. Example: a V-vent exhaust fan located at the roof extracts smoke from a fire floor. Challenge:
coordinating V-vent operation with stairwell pressurization.

Ventilation Smoke Control — Use of natural or mechanical ventilation to manage smoke. Related terms:
smoke control, pressurization. Example: opening operable windows to create a flow path for smoke.
Challenge: ensuring reliability of natural ventilation under fire conditions.

Ventilation Stack Effect — Vertical movement of air caused by temperature differences, influencing smoke
movement. Related terms: pressure differential, smoke control. Example: warm smoke rises and exits
through roof vents, creating a stack effect. Challenge: predicting stack effect magnitude in tall buildings.

Vertical Transportation Fire Safety — Fire protection measures related to elevators and escalators. Related
terms: fire service lift, refuge floor. Example: an elevator designated for fire service use with fire-rated shaft.
Challenge: ensuring safe operation and firefighter access during emergencies.

Vented Fagade — Exterior cladding system designed to allow smoke to escape. Related terms: facade fire
performance, fire barrier. Example: a vented curtain wall with breakaway mullions that open under fire
pressure. Challenge: preventing premature venting from wind loads.

Vapor-Phase Fire Suppression — Use of gaseous agents that interrupt the chemical reaction of fire. Related
terms: clean agent, gas suppression. Example: a Halon-free system discharges FM-200 to protect a data
centre. Challenge: ensuring sufficient agent concentration throughout the protected volume.

Ventilation System Shutdown — Procedure to stop normal HVAC operation during fire to prevent smoke
spread. Related terms: fire alarm, smoke control. Example: fire alarm triggers automatic shutdown of supply
fans. Challenge: coordinating shutdown with pressurization requirements.

Ventilation System Integration — Coordination of HVAC and fire safety systems for cohesive operation.
Related terms: smoke extraction, fire alarm. Example: linking fire alarm signals to HVAC control panels.
Challenge: avoiding conflicts between comfort ventilation and emergency smoke control.

Vibration-Resistant Sprinkler Head — Sprinkler designed to prevent accidental discharge due to building
movement. Related terms: high-rise, sprinkler system. Example: a pendant head with a high-temperature
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bulb and vibration-proof housing. Challenge: maintaining sensitivity while reducing false activations.

Water Mist System — Fire suppression system that releases fine water droplets to cool and smother fire.
Related terms: suppression system, sprinkler. Example: a water-mist system protects a kitchen area on a
high-rise floor. Challenge: achieving sufficient droplet density at great heights.

Wind Load on Smoke Exhaust Fans — Effect of external wind pressure on the performance of exhaust fans.
Related terms: V-vent, pressure differential. Example: high wind speeds can reduce exhaust fan efficiency on
the roof. Challenge: selecting fans with adequate pressure heads to overcome wind variations.

Zone of Refuge — Area within a building where occupants can wait safely during evacuation. Related terms:
refuge floor, fire strategy. Example: a fire-rated enclosure on a mid-rise level equipped with communication
devices. Challenge: providing life-support systems and accessibility for disabled occupants.

Zero-Carbon Fire Safety — Fire protection solutions that minimize carbon emissions. Related terms:
sustainable design, clean agent. Example: using water-mist systems instead of gaseous agents reduces
greenhouse-gas impact. Challenge: balancing environmental goals with performance requirements.
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