
 



 



 



 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 



 

 

 



 

 



 



 



 



 



 

 



 

 



 

 







































                                    

                                                                            UNIT-4 

                                                 FIRE PREVENTION AND PROTECTION 

 

 SOURCES OF IGNITION 

                    FIRE TRIANGLE:  

       

 

The Fire Triangle is a basic model used to understand how fire starts and continues to burn. It 

shows that three essential elements are required for combustion. If any one of these elements is 

removed, the fire will be extinguished. 

The three elements are: 

1. Fuel 

2. Heat 

3. Oxygen 

2. Components of the Fire Triangle 

🔥 1. Fuel 

Fuel is any combustible material that can burn. It may exist in solid, liquid, or gaseous form. 

Types of Fuels: 

 Solid fuels – Wood, paper, cloth, coal, plastic 

 Liquid fuels – Petrol, diesel, kerosene, alcohol 

 Gaseous fuels – LPG, methane, propane, hydrogen 



                                    

 Fuel must reach its ignition temperature to burn. 

 Smaller particle size → faster burning (e.g., wood dust burns faster than a wooden block). 

 Surface area affects rate of combustion. 

 

 2. Heat 

Heat provides the energy required to raise the temperature of fuel to its ignition point. 

Sources of Heat: 

 Open flames 

 Electrical sparks 

 Hot surfaces 

 Friction 

 Chemical reactions 

 Welding operations 

 Sunlight (in some cases) 

Key Temperatures: 

 Flash Point – Minimum temperature at which a liquid gives off vapors that can ignite. 

 Fire Point – Temperature at which fuel continues to burn after ignition. 

 Ignition Temperature – Minimum temperature required to start combustion without 

external flame. 

 

 3. Oxygen 

Oxygen supports combustion. Normally, air contains about 21% oxygen, which is sufficient for 

most fires. 

Key Points: 

 Fire cannot continue if oxygen level drops below 16%. 

 Some materials (like oxidizers) can release oxygen internally and sustain fire. 

 

 

 



                                    

Working Principle of Fire Triangle 

When: 

 Fuel is present, 

 Sufficient heat is applied, 

 Oxygen is available, 

➡️ Combustion reaction occurs 

➡️ Fire is produced 

➡️ Heat generated sustains the reaction 

This is a self-sustaining chain process as long as all three elements are present. 

 

Principles of Fire Extinguishing –  

1. Introduction 

Fire extinguishing is based on the principle of breaking the Fire Triangle (Fuel–Heat–

Oxygen) or the Fire Tetrahedron (Fuel–Heat–Oxygen–Chain Reaction). 

If any one of these elements is removed or controlled, the fire will be extinguished. 

The four main principles of fire extinguishing are: 

1. Cooling 

2. Smothering 

3. Starvation 

4. Inhibition (Chain Reaction Breaking) 

2. Cooling (Removal of Heat) 

🔥 Principle: 

Cooling reduces the temperature of the burning material below its ignition temperature, 

stopping combustion. 

Working: 

 Heat is absorbed by the extinguishing agent. 

 Temperature of fuel decreases. 

 Combustion reaction slows down and stops. 



                                    

🔥 Common Extinguishing Agent: 

 Water (most effective cooling agent) 

🔥 Suitable For: 

 Class A fires (wood, paper, cloth, rubber) 

🔥 Advantages: 

 Easily available 

 High heat absorption capacity 

🔥 Limitations: 

 Not suitable for electrical fires 

 Not suitable for oil/petrol fires (spreads fire) 

3. Smothering (Removal of Oxygen) 

🔥 Principle: 

Smothering reduces or eliminates oxygen supply to the fire. 

Since combustion needs at least 16% oxygen, reducing oxygen concentration stops fire. 

🔥 Working: 

 A blanket of gas, foam, or solid material covers the fire. 

 Oxygen supply is cut off. 

 Combustion stops. 

🔥 Common Agents: 

 CO₂ extinguisher 

 Foam extinguisher 

 Sand 

 Fire blanket 

 

 

Suitable For: 



                                    

 Liquid fires (petrol, diesel) 

 Electrical fires (CO₂) 

4. Starvation (Removal of Fuel) 

🔥 Principle: 

Removing combustible material stops fire because fuel is no longer available. 

🔥 Methods: 

 Shut off gas supply valves 

 Remove nearby combustible materials 

 Create fire breaks 

 Isolate fuel tanks 

🔥 Applications: 

 Industrial plants 

 Oil refineries 

 Gas storage areas 

5. Inhibition (Breaking Chain Reaction) 

🔥 Principle: 

Some extinguishing agents stop the chemical chain reaction occurring in flames. 

This is related to the Fire Tetrahedron, where chain reaction is the fourth element. 

🔥 Working: 

 Special chemicals react with free radicals in flame. 

 Interrupt combustion reaction. 

 Fire stops rapidly. 

🔥 Agents Used: 

 Dry Chemical Powder (DCP) 

 Halon (now banned in many countries) 

 Halocarbon compounds 

🔥 Suitable For: 



                                    

 Electrical fires 

 Flammable liquid fires 

 Gas fires 

 

FIRE EXTINGUISHERS 

 PORTABLE FIRE EXTINGUISHERS 

 

1.The term portable is applied to manual equipment used on small, beginning fires or used between the 

discovery of a fire and the functioning of automatic equipment or the arrival of professional fire fighters. 

2. Portable extinguishers are classified to indicate their ability to handle specific classes and sizes of fires. 

3. Use Class A extinguishers for ordinary combustibles, such as wood, paper, some plastics, and textiles, 

where a quenching-cooling effect is required. 

4. Use Class B extinguishers for flammable liquid and gas fires, such as oil, gasoline, paint, and grease fires, 

where oxygen exclusion or a flame interrupting effect is essential. 

5. Use Class C extinguishers for fires involving electrical wiring and equipment where the dielectric non 

conductivity of the extinguishing agent is of first importance. These units are not classified by a numeral, 

because Class C fires are essentially either Class A or Class B but also involve energized electrical wiring 

and equipment. Therefore, choose the coverage of the extinguisher for the burning fuel. 

6. Use Class D extinguishers for fires in combustible metals, such as magnesium, potassium, powdered 

aluminum, zinc, sodium, titanium, zirconium, and lithium. Persons working in areas where Class D fire 

hazards exist must be aware of the dangers in using Class A, B, or C extinguishers on a Class D fire. Of 

course, they should also know the correct way to extinguish Class D fires. These units are not classified by 

a numerical system and are intended for special hazard protection only. 

 

Types of Fire Extinguishers 

 1. Water (APW) Extinguishers  

2. Foam Extinguishers  

3. Carbon Dioxide (CO2) Extinguishers  

4. Dry Chemical Extinguishers  

5. Wet Chemical Extinguishers  

6. Class D Extinguishers  

7. Class K Extinguishers 

 

1. Water (APW) Extinguishers Class of Fire:  

• Class A: Ordinary combustibles (wood, paper, cloth, trash, plastics) Mechanism:  

• APW stands for "Air-Pressurized Water." 

 • Uses water to cool down the burning material, effectively reducing the heat of the flames. Advantages: 

 • Simple and easy to use. 

 • Effective for common combustibles. 

 • Non-toxic and inexpensive. 

Disadvantages:  



                                    

• Not suitable for: Class B (flammable liquids) and Class C (electrical) fires, as water can spread flammable 

liquids and conduct electricity. 

  2. Foam Extinguishers Class of Fire 

: • Class A: Ordinary combustibles 

 • Class B: Flammable liquids (oil, gasoline, paints, solvents) 

 Mechanism: • Forms a blanket over the fire, smothering it and preventing re-ignition. • The foam cools 

the fire and seals the flammable vapors. 

 Advantages: 

 • Effective on both Class A and B fires.  

• Prevents re-ignition by forming a barrier between the fuel and the oxygen.  

Disadvantages: 

 • Not suitable for: Class C (electrical) fires, as foam can conduct electricity. 

  3. Carbon Dioxide (CO2) Extinguishers Class of Fire: 

 • Class B: Flammable liquids 

 • Class C: Electrical fires Mechanism: 

 • Displaces oxygen, smothering the fire. 

• CO2 is cold as it exits the extinguisher, which helps to cool the fire.  

Advantages: 

 • Leaves no residue.  

• Effective on electrical fires without causing damage to equipment. 

 Disadvantages:  

• Not suitable for: Class A fires, as it may not displace enough oxygen to effectively cool down the fire.   

 

4. Dry Chemical Extinguishers Class of Fire:  

• Class A, B, and C (multipurpose dry chemical)  

• Class B and C (ordinary dry chemical) Mechanism 

 • Uses a chemical powder to interrupt the chemical reaction of the fire. 

 • Multipurpose dry chemical extinguishers often use monoammonium phosphate. 

 Advantages:  

• Versatile, can be used on multiple types of fires.  

• Provides rapid extinguishing. 

 Disadvantages: 

 • Leaves a residue that can be harmful to sensitive equipment. 

 • May obscure vision temporarily during discharge. 

    

 

 

5. Wet Chemical Extinguishers Class of Fire: 

 • Class K: Cooking oils and fats Mechanism:  

• Forms a soapy foam on the surface of the burning oil or fat, preventing re-ignition. 

 • Contains a special potassium-based solution that reacts with the burning oils/fats to create a layer of 

foam. 



                                    

 Advantages: 

 • Highly effective on deep fat fryers and other cooking appliances 

. • Cools and smothers the fire simultaneously.  

Disadvantages:  

• Not suitable for: Class A, B, C, or D fires.  

 

 6. Class D Extinguishers Class of Fire:  

• Class D: Flammable metals (magnesium, titanium, sodium, etc.) Mechanism: 

 • Uses a dry powder that absorbs heat and forms a crust to smother the fire. 

 Advantages: 

 • Specifically designed for metal fires. 

 • Prevents the metal from reacting with air or water. Disadvantages:  

• Not suitable for: Class A, B, C, or K fires.  

 

 7. Class K Extinguishers Class of Fire: 

 • Class K: Cooking oils and fats Mechanism: 

• Uses a wet chemical agent that reacts with the cooking fat or oil to form a foam layer 

• This process, called saponification, cools the fire and prevents re-ignition. 

 Advantages: 

 • Specifically designed for high-temperature cooking oil fires.  

• Effective in commercial kitchens. Disadvantages: 

 • Not suitable for: Class A, B, C, or D fires.  Fire Extinguisher Classes and Symbols 

 • Class A: Green triangle with "A" inside - Ordinary combustibles. 

 • Class B: Red square with "B" inside - Flammable liquids.  

• Class C: Blue circle with "C" inside - Electrical equipment. 

 • Class D: Yellow star with "D" inside - Flammable metals. 

 • Class K: Black hexagon with "K" inside - Cooking oils and fats.  29  Sprinkler and Water-Spray Systems  

 

 

 

 

 

 

 

 

 

Describe the Classification of Fires and Suitable Fire Extinguishing Agents. 
 

Fires are classified based on the type of fuel involved, and  

each class requires a specific extinguishing agent. 

Classification of Fires: 



                                    

1. Class A Fires 

1. Involving solid materials like wood, paper, cloth. 

2. Extinguishing agent: Water, foam. 

2. Class B Fires 

1. Involving flammable liquids like petrol, diesel, oils. 

2. Extinguishing agent: Foam, CO₂, dry chemical powder. 

3. Class C Fires 

1. Involving flammable gases like LPG, CNG. 

2. Extinguishing agent: Dry chemical powder. 

4. Class D Fires 

1. Involving combustible metals like magnesium, sodium. 

2. Extinguishing agent: Special dry powders. 

5. Class E Fires 

1. Involving live electrical equipment. 

2. Extinguishing agent: CO₂, dry chemical powder. 

Proper identification of fire class is essential to avoid accidents and ensure effective fire control. 

 



                                    

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                    

 

 

• There are many types of sprinklers and water-spray systems for extinguishing fires. The type of building, 

operations performed in it, and materials used will help determine the type of sprinkler or water-spray 

system used. Automatic sprinklers are the most extensively used and most effective installations of fixed 

fire-extinguishing systems.  

• There are six basic types of automatic sprinkler systems: wet-pipe, dry-pipe, preaction, deluge, 

combined dry-pipe and precaution, and limited water-supply systems.  

• In the wet-pipe system, which represents the greatest percentage of sprinkler installations, all parts of 

the system’s piping are filled up to the sprinkler heads with water under pressure. Then, when heat 

actuates the sprinkler, water is immediately sprayed over the area below.  

• The dry-pipe system generally substitutes for a wet-pipe system in areas where piping is exposed to 

freezing temperatures. A good rule of thumb is to use a dry-pipe system when more than 20 sprinklers 

are involved.  

• Precaution systems are similar to dry-pipe systems. However, they react faster and hence minimize 

water damage in case of fire or mechanical damage to sprinklers or piping.  

• The deluge system wets down an entire area by admitting water to sprinklers that are open at all times. 

Deluge valves that control the water supply to the system are actuated by a fire detection system located 

in the same area as the sprinklers. This type of system is primarily designed for extra hazard buildings 

where great quantities of water may have to be applied immediately over large areas. 

 • The combination dry-pipe and precaution systems are used on installations that are larger than can be 

accommodated by one dry-pipe valve.  

• The limited water-supply system is used for installations that do not have access to a continual or large 

supply of water. Water-Spray Systems  

• Water spray is effective on all types of fires where there is no hazardous chemical reaction between the 

water and the materials that are burning.   

• Water-spray systems can be designed effectively for any one, or any combination, of the following 

purposes: 

 • extinguishing fire • controlling fire where extinguishment is not desirable, such as gas leaks  

• exposure protection; that is, absorbing heat transferred from equipment by the spray 

 • preventing fire by having water spray dissolve, dilute, disperse, or cool flammable materials.  Dry-

chemical piped systems  

 • have been developed for situations where quick extinguishment is needed, either in a confined area or 

for localized application, and where reignition is unlikely. These systems are adaptable to flammable liquid 

and electrical hazards. They can be operated manually or automatically, or be activated at the system or 

by remote control 

. • Automatic or manually controlled steam jet systems can be used to smother fires in closed containers 

or in small rooms, such as heaters, drying kilns, smoke ovens, asphalt-mixing tanks, and dry-cleaning 

tumbler dryers. However, such systems are practical only where a large supply of steam is continuously 

available. 



                                    

 • However, steam has not been found effective on deep-seated fires that may form glowing embers, or 

in enclosures where the normal operating temperature is not considerably higher than air temperatures. 

Inert gas systems 

 • It can prevent fires and explosions by replacing the oxygen in the air with an inert gas, such as CO2, 

nitrogen, flue gas, or other non-combustible gases, until it reaches a level (or percentage) where 

combustion will not take place. 

 • Preventing the development of explosive mixtures is the best defense against explosions. Equipment 

for handling and storing flammable gases should be designed, constructed, inspected, and maintained so 

that the danger of leakage and of explosive mixture formation is reduced to a minimum. Explosion 

suppression system  

• It can be used to reduce the destructive pressure of an explosion. These systems are designed to detect 

an explosion as it is starting and to actuate devices that suppress, vent, or take other action to prevent 

the full explosive force. 

 

Active vs Passive Fire Protection Systems 

 

 

 

 

 

 

 

 

 

 



                                    

Fire stoppers 

Fire stoppers (fire stopping systems) are materials and assemblies used to seal openings and 

joints in fire-resistance-rated walls, floors, and ceilings to prevent the spread of: 

 🔥 Flame 

 🌡️ Heat 

 💨 Smoke 

 🧪 Toxic gases 

Purpose of Fire Stopping 

 Compartmentation – Maintains fire-rated separations. 

 Life Safety – Allows safe evacuation time. 

 Property Protection – Limits fire and smoke spread. 

 Code Compliance – Required by building codes worldwide. 

Fire Stoppers Are Required 

Fire stopping is required at: 

 🔌 Electrical conduit penetrations 

 🚰 Plumbing pipe penetrations 

 💨 HVAC duct openings 

 🧪 Joints between walls and slabs 

 🏢 Curtain wall perimeter gaps 

 🔥 Cable trays and data cable bundles 

Types of Fire Stopping Materials 

A. Sealants (Fire-Rated Caulk) 

 Flexible 

 Used around small gaps 

 Acrylic, silicone-based 

B. Intumescent Materials 

 Expand when exposed to heat 

 Seal gaps when plastic pipes melt 

 Common around PVC pipes 

 



                                    

C. Firestop Mortar 

 Cement-based 

 Used in large openings 

 Rigid system 

D. Firestop Collars 

 Metal collar with intumescent lining 

 Wrap around plastic pipes 

 Expand to crush the pipe during fire 

E. Firestop Wrap Strips 

 Used around non-metallic pipes 

 Installed inside wall openings 

F. Firestop Pillows / Blocks 

 Removable 

 Used in cable tray openings 

G. Fire-Resistant Foam 

 Expanding foam 

 Used for irregular openings 

 Must be fire-rated (not regular spray foam) 

Advantages of Proper Fire Stopping 

 Saves lives 

 Limits smoke migration 

 Reduces structural damage 

 Ensures legal compliance 

 Reduces insurance risk 

Hydrant Pipes –  

Hydrant piping is a critical part of a fire hydrant system, designed to deliver water at required 

pressure and flow during a fire emergency. 

 

 



                                    

 

Hydrant pipes are pipelines that connect: 

 Fire water storage tank 

 Fire pump 

 Hydrant valves 

 Landing valves / hose cabinets 

 Yard hydrants 

They form part of a building’s fire protection water distribution system. 

Design and installation are guided by: 

 National Fire Protection Association (NFPA 14 – Standpipe & Hose Systems, NFPA 24 – 

Private Fire Service Mains) 

 International Code Council (IBC) 

 Bureau of Indian Standards (IS 3844 – Hydrant System) 

Purpose of Hydrant Pipes 

✔ Supply large quantity of water during fire 

✔ Provide water to firefighters 

✔ Maintain pressure at all hydrant outlets 

✔ Ensure water availability at every floor 

Types of Hydrant Piping Systems 

A. Wet Riser System 

 Pipes always filled with water 

 Used in high-rise buildings 

 Connected to fire pump 

B. Dry Riser System 

 Pipes normally empty 

 Fire department pumps water during fire 

 Used in buildings (up to certain height as per code) 

 

 



                                    

C. Downcomer System 

 Vertical pipe from overhead tank 

 Water flows by gravity 

D. Yard Hydrant System 

 Underground piping 

 Supplies external hydrant posts 

Types of Pipes Used in Hydrant Systems 

1. Mild Steel (MS) Pipes 

 Most common 

 Medium/Heavy class 

 Painted red 

 IS 1239 / IS 3589 compliant 

2. Ductile Iron (DI) Pipes 

 Used underground 

 High strength 

 Corrosion resistant 

3. GI Pipes (Galvanized Iron) 

 Used in small installations 

 Less common for large hydrant systems 

4. HDPE Pipes 

 Used for underground yard hydrant mains 

 Corrosion resistant 

5. Pipe Sizing 

Pipe diameter depends on: 

 Number of hydrants 

 Flow requirement 

 Building height 



                                    

Typical Sizes: 

 100 mm (4”) – Main riser 

 150 mm – Large buildings 

 80 mm – Branch lines 

 65 mm – Hydrant outlet connection 

Fire Hoses & Monitors  

Fire hoses and monitors are water discharge devices used in firefighting systems to control and 

extinguish fires by delivering water (or foam) at required pressure and flow. 

Standards commonly referenced: 

 National Fire Protection Association (NFPA 14 – Standpipe Systems, NFPA 1961 – Fire 

Hose, NFPA 1962 – Hose Testing) 

FIRE HOSES 

• Fire hoses are flexible pipes connected to hydrants. 

• They carry water or foam to the fire location. 

• Made of rubber or synthetic materials. 

• Used by trained personnel for firefighting 

A fire hose is a flexible pipe used to carry water from: 

 Hydrant valve 

 Landing valve 

 Fire engine 

 Monitor outlet 

to the fire location. 

2. Types of Fire Hoses 

A. Delivery Hose (Non-Percolating Hose) 

 Rubber-lined 

 No water seepage 

 Used in hydrant systems 

 Most common in buildings 

 



                                    

B. Percolating Hose 

 Slight seepage through jacket 

 Keeps hose cool 

 Used in high-temperature areas 

C. Suction Hose 

 Rigid and reinforced 

 Used to draw water from tanks 

 Connected to fire pump 

3. Hose Construction 

A fire hose consists of: 

1. Inner Lining – Rubber or synthetic (waterproof) 

2. Reinforcement Jacket – Woven polyester / synthetic fiber 

3. Outer Cover – Abrasion-resistant 

4. Standard Hose Sizes 

Common internal diameters: 

 25 mm – Hose reel 

 38 mm – Small hose 

 50 mm (2") – Standard building hydrant 

 63 mm / 65 mm (2.5") – Industrial hydrant 

Typical length: 

 15 m 

 30 m 

As per Bureau of Indian Standards IS 636: 

 Type A – Non-percolating 

 Type B – Percolating 

FIRE MONITOR: 

A fire monitor (also called a water cannon) is a high-capacity discharge device that delivers a 

large volume of water or foam over long distances. 

 



                                    

Used in: 

 Oil & gas plants 

 Refineries 

 Warehouses 

 Airports 

 Chemical industries 

 

2. Types of Fire Monitors 

A. Fixed Monitor 

 Permanently installed 

 Mounted on pipeline 

 Used in industrial areas 

B. Portable Monitor 

 Can be moved 

 Connected to hydrant outlet 

C. Trailer-Mounted Monitor 

 Mobile firefighting equipment 

D. Remote-Controlled Monitor 

 Electrically or hydraulically operated 

 Used in hazardous areas 

3. Monitor Capacity 

Typical discharge: 

 500 LPM 

 1000 LPM 

 2000 LPM 

 3000+ LPM 

Operating pressure: 

 7–14 bar (depends on design) 



                                    

4. Monitor Components 

1. Inlet flange 

2. Swivel joint (horizontal rotation) 

3. Elevation adjustment 

4. Nozzle (jet/spray/foam) 

5. Control handle 

 

5. Monitor Nozzle Types 

 Solid jet nozzle 

 Fog nozzle 

 Foam nozzle (for flammable liquid fires) 

FIRE WATCHERS  

A Fire Watcher (Fire Watch Personnel) is a trained person assigned to: 

 Monitor areas for fire hazards 

 Detect early signs of fire 

 Take immediate action 

 Raise alarm and initiate emergency response 

Fire watchers are typically required when: 

 🔧 Hot work (welding, cutting, grinding) is performed 

 🔥 Fire protection systems are impaired 

 🏗️ During shutdown or maintenance 

 🚧 Construction activities in occupied buildings 

 

Duties of a Fire Watcher 

✔ Inspect work area before hot work 

✔ Remove combustible materials 

✔ Keep fire extinguisher ready 

✔ Monitor sparks and slag travel 

✔ Stay during work and at least 30–60 minutes after completion 

✔ Know emergency contact procedures 

✔ Maintain fire watch log 



                                    

Fire Watch During System Impairment 

When: 

 Sprinkler system is shut down 

 Fire alarm system is under maintenance 

 Hydrant system is not functional 

A fire watcher must: 

 Continuously patrol affected areas 

 Carry communication device 

 Check exits and escape routes 

 Immediately report smoke/fire 

4. Equipment Required for Fire Watch 

 Portable fire extinguisher (ABC or CO₂) 

 Communication device 

 Flashlight 

 PPE (helmet, gloves, safety shoes) 

 Fire watch checklist/log sheet 

5. Fire Watch Log Details 

 Date & time 

 Area covered 

 Nature of work 

 Name of watcher 

 Hazards observed 

 Corrective actions 

 Signature 

6. Importance of Fire Watchers 

✔ Prevent small sparks from becoming major fires 

✔ Compensate when fire systems are down 

✔ Ensure compliance with safety codes 

✔ Reduce property and life risk 

LAYOUT OF STANDPIPES  

A standpipe system is a vertical piping system installed in buildings to supply water for 

firefighting at different floor levels. 



                                    

Purpose of Standpipes 

✔ Provide water to upper floors 

✔ Reduce need to run hoses from ground level 

✔ Support fire department operations 

✔ Reduce fire response time 

3. Types of Standpipe Systems 

A. Class I 

 65 mm (2½”) outlets 

 For trained firefighters 

B. Class II 

 38 mm (1½”) hose reel 

 For trained occupants 

C. Class III 

 Combination of Class I and II 

4. Wet vs Dry Standpipe 

Wet Standpipe 

 Always filled with water 

 Used in heated buildings 

Dry Standpipe 

 Normally empty 

 Fire department pumps water into system 

 Used in parking garages / unheated areas 

 

5. Basic Layout of Standpipe System 

1. Water Source 

 Underground tank / municipal supply 



                                    

2. Fire Pump 

 Main pump 

 Diesel backup 

 Jockey pump 

3. Vertical Riser (Standpipe) 

 Typically 100 mm diameter 

 Installed in staircases 

4. Landing Valves 

 Installed at each floor 

 Located in fire-rated stairwell 

5. Hose Connections 

 Fire department connection (FDC) at ground level 

6. Isolation Valves 

 At base of riser 

 For maintenance 

6. Standpipe Location Requirements 

As per codes: 

✔ Installed in enclosed staircases 

✔ Within protected shafts 

✔ Accessible to firefighters 

✔ Maximum travel distance limits (as per NFPA 14) 

Usually: 

 One standpipe per stairwell 

 Required in buildings over 3–4 stories (varies by code) 

7. Pipe Sizing & Pressure 

Typical requirements (as per National Fire Protection Association NFPA 14): 

 Minimum 100 mm riser 



                                    

 500–1000 GPM flow (depending on building class) 

 Minimum 7 bar at topmost outlet (varies by hazard) 

Pressure regulating valves (PRV) may be required in high-rise buildings to avoid excessive 

pressure at lower floors. 

8. Standpipe Layout Variations 

Single Riser System 

 One vertical pipe 

 Small/medium buildings 

Multiple Riser System 

 Multiple staircases 

 Large buildings 

Loop System 

 Interconnected risers 

 Improves reliability 

9. Testing & Commissioning 

✔ Hydrostatic test (1.5 times working pressure) 

✔ Flow test at top outlet 

✔ Check PRVs 

✔ Pump performance test 

Fire Station 

• Fire station is a central place for firefighting operations. 

• Equipped with fire trucks, pumps, ladders, and rescue tools. 

• Provides quick emergency response. 

• Includes communication and control facilities. 

 

Fire Alarm Systems: 

 Fire alarm systems are critical for detecting fires early and alerting occupants to evacuate. They 

can also notify emergency services, helping to mitigate damage and ensure safety. Here are the 

main types of fire alarm systems 



                                    

Local Alarm Systems Overview:  

• Local alarm systems are designed to alert the occupants of a building to the presence of a fire. 

Components:  

• Detectors: Smoke, heat, or flame detectors that sense fire.  

• Alarms: Bells, sirens, or flashing lights that notify occupants.  

• Control Panel: Manages the signals from detectors and triggers alarms. 

Operation:  

• Detection: When a detector senses a fire, it sends a signal to the control panel.  

• Alarm Activation: The control panel activates the alarms, alerting occupants. 

 • No External Notification: These systems do not automatically notify emergency services. 

Advantages: 

 • Simplicity: Easy to install and maintain.  

• Cost-Effective: Generally less expensive than more complex systems. 

 • Immediate Notification: Quickly alerts building occupants. 

Limitations:  

• No External Alert: Requires manual notification of emergency services.  

• Limited to Building: Only alerts those within the building 

Applications:  

• Medium to Large Buildings: Suitable for schools, commercial buildings, and industrial 

facilities. 

 

Central Station Systems Overview:  

• Central station systems are monitored by an external central monitoring station, providing 

continuous oversight and immediate emergency notification. 

Components:  



                                    

• Detectors: Smoke, heat, or flame detectors.  

• Alarms: Bells, sirens, or flashing lights. •  

Control Panel: Manages signals and alarm activation. 

 • Communication Link: A connection to a central monitoring station, often via phone lines or 

the internet. Operation:  

• Detection: A detector senses a fire and sends a signal to the control panel.  

• Alarm Activation: The control panel activates local alarms.  

• External Notification: The control panel sends a signal to the central monitoring station. 

 • Monitoring: The monitoring station assesses the alarm and contacts emergency services if 

necessary. 

Maintenance of Fire Trucks 

• Includes engine and pump inspection. 

• Hoses, ladders, and tools are checked regularly. 

• Fuel, battery, and brakes are maintained. 

• Ensures readiness during emergencies. 

Foam Generators 

• Foam generators produce firefighting foam. 

• Foam is made by mixing water, air, and foam concentrate. 

• Used for flammable liquid fires. 

• Common in refineries and airports. 

 

 

 

 

Escape from Fire and Rescue Operations 

 Escape from fire and rescue operations are planned actions taken to save human life 

during fire emergencies. Proper escape methods and organized rescue operations reduce panic, 

injuries, and loss of life. 



                                    

Escape from Fire 

1. Remain calm and raise alarm 
As soon as fire is noticed, the alarm should be raised to alert everyone in the building. 

Panic should be avoided to ensure safe movement. 

2. Use safe escape routes 

Occupants should use staircases and emergency exits and never use lifts during fire. Exit 

routes must be clearly marked and free from obstructions. 

3. Protection from smoke 
Smoke is more dangerous than fire. People should crawl low under smoke and cover their 

nose and mouth with a wet cloth to avoid inhalation. 

4. Closing doors and windows 

Doors and windows should be closed while escaping to prevent the spread of fire and 

smoke. 

      5.Assembly at safe place 

       After escape, everyone should gather at a designated assembly point for head count and            

Safety confirmation 

Rescue Operations 

1. Search and rescue 
Firefighters search for trapped persons and rescue them safely using ladders, ropes, and 

breathing apparatus. 

2. Evacuation 

Injured and vulnerable persons such as children and elderly are evacuated first. 

3. Fire control and containment 

Fire is controlled using appropriate extinguishing agents to prevent further spread. 

4. First aid and medical assistance 

Immediate first aid is given to victims before shifting them to hospitals 

 

 

 

 

Fire Drills 

Fire drills are simulated fire emergency exercises conducted to train people on how to 

respond during real fire situations. They improve preparedness and safety awareness. 

Importance of Fire Drills 



                                    

1. Training employees and occupants 
Fire drills educate people about evacuation routes, alarms, and safety procedures. 

2. Reducing panic during real fire 
Regular drills make people familiar with emergency actions, reducing fear and confusion. 

3. Testing fire safety systems 
Fire alarms, sprinklers, and emergency lighting are checked during drills. 

4. Improving evacuation time 
Fire drills help in reducing evacuation time and ensuring orderly movement. 

5. Identifying weaknesses : Problems like blocked exits and faulty alarms are identified 

and corrected. 

First Aid for Burns 

 Burns are injuries caused by heat, fire, chemicals, electricity, or radiation. 

Immediate first aid reduces pain, prevents infection, and limits damage. 

Types of Burns 

1. First-degree burns – Affect outer skin layer 

2. Second-degree burns – Affect deeper skin layers with blisters 

3. Third-degree burns – Severe burns damaging tissues 

First Aid Treatment 

1. Remove victim from source 
The injured person should be moved away from fire or heat source safely. 

2. Cool the burn 
The burnt area should be cooled under clean running water for at least 10–15 minutes. 

3. Remove tight objects 
Rings, watches, or tight clothing should be removed before swelling occurs. 

4. Do not burst blisters 
Blisters should not be broken as it may cause infection. 

5. Cover the burn 
Cover the burn with a clean, sterile cloth or dressing. 

6. Seek medical help 

Serious burns should receive immediate medical attention. 

 

 

 

 

 



                                    

 

 

 

 

 



                                                                                    UNIT-5 

                                                                         BUILDING FIRE SAFETY 

 

Objectives of Fire-Safe Building Design 

 Fire-safe building design aims to reduce risk, protect life, and limit damage during a fire. 

The main objectives are: 

1. Life Safety 

1. Protect occupants from injury or death. 

2. Ensure safe and quick evacuation through adequate exits, staircases, and signage. 

2. Early Detection and Warning 

1. Detect fire at an early stage using smoke detectors and alarms. 

2. Provide clear audible and visual warnings to occupants. 

3. Fire Prevention 

1. Reduce chances of fire ignition by proper electrical design, safe materials, and good 

housekeeping. 

2. Separate hazardous areas from occupied spaces. 

 

 

 



4.Fire Containment 

 Limit the spread of fire and smoke using fire-resistant walls, floors, doors, and 

compartmentation. 

 Control smoke movement to keep escape routes usable. 

5.Structural Stability 

 Maintain building strength for a specified time during fire. 

 Prevent premature collapse to allow evacuation and firefighting. 

6.Safe and Efficient Evacuation 

 Provide sufficient number and width of exits. 

 Design clear escape routes, emergency lighting, and refuge areas. 

7.Firefighting Access and Facilities 

 Enable easy access for fire services. 

 Provide fire hydrants, sprinklers, fire lifts, and fire control rooms. 

8.Property Protection 

 Minimize damage to building, equipment, and contents. 

 Reduce economic loss and downtime. 

9.Compliance with Codes and Standards 

 Meet requirements of fire safety codes (NBC, local fire regulations). 

 Ensure legal safety and occupancy approval. 

10.Post-Fire Safety 

1. Reduce toxic smoke and heat. 

Fire Load 

Fire load is the total amount of combustible material present in a building, expressed as heat 

energy per unit floor area. 

• Definition: Total potential heat released if all combustible materials burn. 

• Unit: MJ/m² (or kcal/m²) 

• Formula: 

Fire Load= ∑(W×H)/A 

Where 

W = weight of combustible material (kg) 

H = calorific value (MJ/kg) 

A = floor area (m² 

 



Importance: 

• Decides fire risk level, type of construction, and fire-protection systems. 

 

 

Fire-Resistant Materials 

Materials that withstand fire for a specified time without losing strength or integrity. 

Common fire-resistant materials: 

• Concrete 

• Fire clay bricks 

• Asbestos-cement sheets 

• Fire-resistant glass 

• Vermiculite / perlite boards, Brick masonry and Gypsum board 

 

Fire Testing 

 Fire testing evaluates how long a material or element can resist fire under standard 

conditions. 

Purpose: 

• Determine fire resistance rating (30, 60, 90, 120 minutes) 

• Check strength, integrity, and insulation 

 

 



Types of fire tests: 

1. Fire resistance test – Structural members (walls, beams, columns) 

2. Flame spread test – Surface materials 

3. Ignitability test – Ease of catching fire 

4. Smoke density test – Amount of smoke produced 

Standard testing: 

• Carried out in furnace tests as per building/fire codes. 

Structural fire protection 

Designing and protecting load-bearing elements (columns, beams, slabs) so they retain strength 

and stability during fire for a fixed time, preventing collapse and allowing safe evacuation and 

firefighting. 

Objectives 

• Ensure life safety 

• Prevent sudden/progressive collapse 

• Provide adequate Fire Resistance Rating (FRR) 

• Limit fire spread 

• Protect property 

• Follow fire safety codes 

Fire Behaviour of Materials 

• Reinforced Concrete: 

Good fire resistance; concrete cover protects steel; strength loss is slow 

• Steel: 

Very strong normally; loses strength above 550°C; needs protection 

• Timber: 

Combustible; chars slowly; resistance improved with fire-retardant treatment 

Protection Measures, FRR & Benefits 

Structural Fire Protection Measures 

• Fire-resistant construction: RCC, brick masonry, fire clay bricks 

• Member protection: 

• RCC: extra concrete cover 

• Steel: intumescent coating, fireproof spray, concrete encasing 

• Timber: fire-retardant chemicals, protective boards 

 



Fire Resistance Rating (FRR) 

• Time a member resists fire: 30, 60, 90, 120, 180 min 

• Depends on material, size, load, and protection method 

Compartmentation 

• Divide building into fire compartments 

• Use fire-resistant walls, floors, doors 

Advantages 

• Saves lives 

• Reduces damage and loss 

• Gives more evacuation time 

Improves overall building safety 

Structural Integrity 

Structural integrity is the ability of a building to remain stable and safe during fire, 

without sudden collapse. 

Key points: 

• Structure should withstand fire, heat, and loads 

• Prevent progressive collapse 

• Maintain stability for safe evacuation & firefighting 

• Achieved by fire-resistant materials and proper design 

Concept of Egress Design 

Egress design means safe movement of people out of a building during fire or emergency. 

Includes: 

• Exit access (corridors, passages) 

• Exits (doors, staircases) 

• Exit discharge (open safe area) 

Requirements: 

• Clear and unobstructed paths 

• Adequate number of exits 

• Proper signage and emergency lighting 

• Fire-resistant staircases 

 

 



Exit – Width Calculations 

Exit width depends on number of occupants. 

General principles: 

• Width must allow quick and safe evacuation 

• Based on occupant load 

• Stairways and doors should not be narrow 

• Multiple exits preferred to avoid congestion 

• Occupant load = number of persons expected to use the exit. 

• Fire codes specify a minimum width per person/unit to ensure safe and quick evacuation. 

• Total exit width = occupant load × required width per person, distributed among doors, 

corridors, and staircases. 

 

Fire Certificate  

Fire certificate is an official approval issued by the Fire Department stating that a 

building complies with prescribed fire safety norms and regulations. 

Purpose of Fire Certificate 

• Ensure life safety of occupants 

• Confirm availability of fire protection systems 

• Permit occupancy and use of the building 

• Reduce fire risk and property loss 

When is it Required? 

• High-rise buildings 

• Commercial and industrial buildings 

• Educational institutions, hospitals, malls 

• Public assembly buildings 



 

Issued After Checking 

• Fire exits and staircases 

• Exit width and egress design 

• Fire detection and alarm systems 

• Sprinklers, hydrants, extinguishers 

• Fire lifts and access roads 

• Emergency lighting and signage 

 

 

 

 



Validity of Fire Certificate  

• The fire certificate is valid for a specified period (usually 1 to 3 years, as per fire 

authority rules). 

• After this period, it must be renewed through inspection by the Fire Department. 

• Renewal ensures all fire safety systems are in proper working condition. 

 

Fire Safety Requirements for High-Rise Buildings 

A high-rise building requires special fire safety measures because evacuation and 

firefighting are difficult at greater heights. 

Main Fire Safety Requirements 

1. Fire-Resistant Structure 

1. Use of RCC and fire-resistant materials 

2. Adequate fire resistance rating (FRR) for columns, beams, and 

slabs 

2. Means of Escape 

1. Minimum two fire-escape staircases 

2. Fire-resistant, pressurized staircases 

3. Adequate exit width based on occupant load 

3. Fire Detection & Alarm System 

1. Smoke detectors on all floors 

2. Manual call points and audible alarms 

4. Fire Suppression Systems 

1. Automatic sprinkler system 

2. Internal and external fire hydrants 

3. Fire extinguishers on every floor 

5.Fire Lifts 

4. Special lifts for firefighters’ use  2. Operable during fire emergencies. 

   6.Refuge Areas 

1. Safe areas provided at regular floor intervals 

2. Used for temporary shelter during evacuation 



   7.Emergency Lighting & Signage 

1. Illuminated exit signs 

Emergency lighting in corridors and staircases 

  8.Fire Control Room 

1. Central control to monitor alarms, sprinklers, and communication 

  9.Access for Fire Services 

1. Fire tender access roads around the building 

2. Adequate open space for firefighting operations 

  10.Fire Certificate 

• Mandatory approval from Fire Department 

• Periodic inspection and renewal 
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