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Performance based fire safety engineering design relies on the use of fire engineering principles, 

calculations and/or appropriate software modelling tools to satisfy the intentions of the Fire Code. 

The performance-based approach is unique in that its provisions spell out the intent of the code 

qualitatively but the means of achieving the desired intent of the code is open to the building practitioner.  

  

The course will also review smoke management system basics as required by the local Standards and the 

NFPA Codes. It will illustrate with case studies how these requirements are typically not being achieved in 

the GCC, and will provide information on how to verify existing building system performance and how to 

design functional tower smoke management systems for future projects. 

 

The course will also discuss how design specifications must relate to the fire strategy, applied codes such 

as British or American as well as standards and fire tests. It will point out examples of getting it right and 

what happens when it goes wrong. 

Course 

Description 



Learning 

Objective 

At the end of the this session, participants will be able to: 

Understand basics of Architectural openings specifications as per relative codes and 

standards. 
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Safety Design in Buildings  Office Building fire 
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Safety Design in Buildings  Hospital building fire 
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Safety Design in Buildings  High rise building fire 
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Safety Design in Buildings  Dubai Building fire 
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Safety Design in Buildings  Sharjah and Abu Dhabi 

A fire gutted 17 floors of a 33-storey 

residential building in the Al Nahda area 

of Sharjah 

FRIDAY, JULY 16, 2010 

Massive fire guts Sharjah 

residential building 

 Al Tayer Tower in flames (left) and after firemen have 

controlled the blaze on Saturday morning (right 

ABU DHABI  

Two people 

have died and 

32 more were 

injured after an 

early morning 

fire in the 

Tourist Club 

area of the 

capital. 
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Safety Design in Buildings  Saudi Arabia 
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Safety Design in Buildings  Qatar 

DOHA: A fire at a nursery in a main 

shopping centre in the Qatari capital killed 

19 people including 13 children 
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Safety Design in Buildings  Qatar 

Fire in Villagio Mall , Qatar – in May 2012 ( 19 killed – 13 were nursery kids) 

Horror as toddlers are left trapped in first 
floor nursery after staircase collapses  

Firefighters forced to break through roof 
to evacuate victims 

Relative of one two-year-old victim said 
building did not appear to have fire alarms 
or sprinklers  
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Safety Design in Buildings   

 The Iroquois Theater, was believed to be "absolutely fireproof". 

 Architect Benjamin H. Marshall wanted to assure the public that the 

Iroquois was safe.  

 He studied a number of fires that had occurred in the past and made 

every effort to make sure that no tragedy would occur in the new 

theater.  

 The Iroquois had 25 exits that, it was claimed, could empty the 

building in less than five minutes.  

 The stage had also been fitted with an asbestos curtain that could be 

quickly lowered to protect the audience. 

 Officially, the Iroquois seated 1,600 people. 

 It is believed there was an overflow crowd of nearly 2,000 people 

filling the seats and standing four-deep in the aisles.  

 Another crowd filled the backstage area with 400 actors, dancers and 

stagehands hidden from those in the auditorium 

 Eddie Foy heard the commotion outside and rushed out onto the 

stage to see what was going on. He implored the audience to remain 

seated and calm, assuring them that the theater was fireproof and that 

everyone was safe. 

 Vaudeville show, starring the popular comedian Eddie Foy 

The Iroquois Theater in 1903 
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Safety Design in Buildings   

Collinwood school fire 
The Collinwood school fire, March 4, 1908, was one of the deadliest disasters 

of its type in the United States, resulted in the deaths of 172 students, two 

teachers and a rescuer. 

Fire  

While the Lake View School was built with load-bearing masonry outer walls, 

much of the four story building's floor structure system used wooden joists. It was 

one wooden joist that caught fire when it was overheated by a steam pipe. The 

building’s main staircase extended from the front doors of the building, up to the 

third floor, and had no fire doors. The stairwell acted like a chimney, helping to 

spread the fire quickly. Oiled wooden hall and classroom floors also fueled the 

fire. 

Flames quickly blocked escape routes, leaving many students pressed against 

doors that were locked or opened inward. The flammable construction gave only 

minutes for evacuation. Though one fire escape was accessible at the rear of the 

building, not all the children found their way to the exit. Doors to the building were 

equipped with common door knob latches, not the more modern crash bar type 

latch. As panic leading to the crush of a large number of students in stairwell 

vestibules contributed to the death toll, students also died as a result of smoke 

inhalation and the fire itself. Some children died jumping from second- and third-

story windows. Community members watched as victims trapped in the building 

were burned beyond recognition. 

Collinwood school fire 

http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Load-bearing_wall
http://en.wikipedia.org/wiki/Load-bearing_wall
http://en.wikipedia.org/wiki/Load-bearing_wall
http://en.wikipedia.org/wiki/Joist
http://en.wikipedia.org/wiki/Crash_bar
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Safety Design in Buildings  June 1883, Victoria Hall, Sunderland, Great Briton   

Events 
At the end of the show an announcement was made that children with certain numbered tickets would be 

presented with a prize upon exit. At the same time entertainers began distributing gifts from the stage to the 

children in the stalls. Worried about missing out on the treats, many of the estimated 1,100 children in 

the gallery stampeded toward the staircase leading downstairs. At the bottom of the staircase, the 

door had been opened inward and bolted in such a way as to leave a gap only wide enough for one 

child to pass at a time. It is believed this was to ensure orderly checking of tickets. With few 

accompanying adults to maintain order, the children surged down the stairs toward the door. Those at the 

front became trapped, and were crushed to death by the weight of the crowd behind them. 

When the adults in the auditorium realised what was happening they rushed to the door, but could not open 

it fully as the bolt was on the children's side. Caretaker Frederick Graham ran up another staircase and 

diverted approximately 600 children to safety.[1]Meanwhile, the other adults pulled the children one by one 

through the narrow gap, before one man pulled the door from its hinges. 

In his 1894 account of the incident, survivor William Codling, Jr., described the crush, and the realisation 

that people were dying: 

Aftermath 
With the compressive asphyxia of 183 children between 3 and 14 years old, the disaster is the worst of its 

kind in British history.Queen Victoria sent a message of condolence to the grieving families. Donations were 

sent from all over Britain, totalling £5,000, which was used for the children's funerals and a memorial in 

Mowbray Park. The memorial, of a grieving mother holding a dead child, was later moved 

to Bishopwearmouth Cemetery, gradually fell into disrepair, and was vandalised. In 2002 the marble statue 

was restored, at a cost of £63,000, and moved back to Mowbray Park with a protective canopy. 

Newspaper reports at the time triggered a mood of national outrage and the resulting inquiry 

recommended that public venues be fitted with a minimum number of outward opening emergency 

exits, which led to the invention of 'push bar' emergency doors.This law still remains in full force as of 

2013. No one was prosecuted for the disaster;the person responsible for bolting the door was never 

identified. The Victoria Hall remained in use until 1941 when it was destroyed by a German parachute 

bomb. 

183 children, aged between 3 and 14, were crushed to death in a stampede for the 

stage when free toys were offered. The disaster is the worst of its kind in British 

history. 

http://en.wikipedia.org/wiki/Ticket_(admission)
http://en.wikipedia.org/wiki/Prize
http://en.wikipedia.org/wiki/Theater_(structure)#Basic_elements_of_a_theater_structure
http://en.wikipedia.org/wiki/Victoria_Hall_disaster#cite_note-vic-1
http://en.wikipedia.org/wiki/Victoria_Hall_disaster#cite_note-vic-1
http://en.wikipedia.org/wiki/Victoria_Hall_disaster#cite_note-vic-1
http://en.wikipedia.org/wiki/Asphyxia#Compressive_asphyxia
http://en.wikipedia.org/wiki/List_of_accidents_and_disasters_by_death_toll#Stampedes_and_panics
http://en.wikipedia.org/wiki/List_of_accidents_and_disasters_by_death_toll#Stampedes_and_panics
http://en.wikipedia.org/wiki/Victoria_of_the_United_Kingdom
http://en.wikipedia.org/wiki/Bishopwearmouth_Cemetery
http://en.wikipedia.org/wiki/Vandalism
http://en.wikipedia.org/wiki/World_War_II
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Safety Design in Buildings 

When we think of life safety during a fire the first things 

come to our mind are: 

 Smoke alarms,  

Building Compartmentation.  

Detection,  

 Sprinkler systems, and  

    Fire extinguishers.  
Suppression 

1. Detection: The first layer of fire 

protection comes from smoke and 

fire alarms that alert building 

occupants to the threat of a fire 

3. Building Compartmentation: 

Fire- and smoke-blocking materials 

such as masonry, gypsum or fire-rated 

glass divide a building into 

compartments. Such “passive” 

components provide around-the-

clock protection and can help slow 

the spread of fire. 

2. Suppression: Strategically placed 

sprinklers and extinguishers can 

help slow or stop a fire from 

spreading. Such components are 

considered “active” because they 

must first be triggered before they 

offer protection. 
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Safety Design in Buildings 

All the three components  

are necessary, 

 

Active Components 

(Need trigger) 

Passive Components 

(Always there) 



Safety Design in Buildings  Codes and Standards 

 Codes and standards establish the minimum 

criteria  for meeting levels of construction, 

performance or quality of a product or process. 

 22 
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Safety Design in Buildings 

 NFPA 80: Fire Doors and Other Opening Protectives 

 

 NFPA 105: Standard for Smoke Door Assemblies and 

Other Opening Protectives to restrict the spread of 

smoke and save lives 

 NFPA 252: Standard Methods of Fire Tests of Door 

Assemblies 

Compliance Standards 

 NFPA  101: Life Safety Code 

 

Architectural Openings 

 ANSI/ICC A117.a: Accessible and Usable Buildings and 

Facilities 

 IBC : International Building Code 
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Safety Design in Buildings 

 BHMA/ANSI A156: Series of Product Standards for 

Builders Hardware. 

  SDI/ANSI – A250: Series of Standards for Steel Doors 

and Frames 

 WDMA 1S.1A/1S.6A:  Standards for Architectural wood 

flush and Stile & Rail Doors. 

Product Standards 

Architectural Openings 
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Safety Design in Buildings Codes and Standards 

 NFPA 80: Fire Doors and Other Opening Protectives 

 

 ADA and ANSI/ICC A117.a: Accessible and Usable 

Buildings and Facilities 

 NFPA  101: Life Safety Code 

 

 IBC : International Building Code 

 BS/EN Standards for Comparison purpose 
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 Fire-Rated door assemblies consist of: 

 Fire-rated frame. 

 Fire-rated door. 

 Tested latching devices (Latch lock) 

 Tested door closing devices. (Door Closer) 

 

 
 Glazed Vision panel in fire rated doors. 

 Only labeled galzing material shall be used. 

 Vision panel size limits for various fire ratings. 

 

Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 
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 Hinges. 

1. Material to be Steel (Ferrous) or Stainless steel 

2. Ball Bearing or Antifriction, 

3. The Number, Size and Thickness of hinge is regulated. 

 

 
No fire test required, 

Need to be as per ANSI/BHMA 

relative standard. 

In BS/EN standards, the 

requirements are different. 

Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 
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 Locks and Latches – LOCK SETS 

1. Fire doors to be latched. 

2. Only labeled locks and latches are allowed on fire doors. 

3. The Throw of the latch to be as per fire door label. 

 

 In BS/EN  

standards,                 

the 

requirements 

are different. 

Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 
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 Locks and Latches – PANIC BARS. 

1. Tested for  both Fire Safety and Fire Protection 

requirements. (Labeled for both Fire and Panic). 

2. Only panic hardware is not allowed on Fire doors. 

 

 

 

 

 

In BS/EN standards, the 

requirements are different. 

Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 
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 Locks and Latches – PANIC BARS. 

1. Tested for  both Fire Safety and Fire Protection 

requirements. (Labeled for both Fire and Panic). 

2. Only panic hardware is not allowed on Fire doors. 

 

 

 

 

 

Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 
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 Locks and Latches – PANIC BARS. 

 

 

 

 

 

Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 

 



 33 

Self Closing – DOOR CLOSERS 

1. Fire doors to self closing and latched  at the time of fire. 

2. Automatic and Power operated allowed. 

3. Spring hinges, if used, to be labeled. 

 

 

 

 

In BS/EN standards, the 

requirements are different. 
ANSI/BHMA A156.4 Door Control-Closers 

Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 
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Safety Design in Buildings 

Self Closing – DOOR CLOSERS 
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 Protection Plates. 

1. Kick plates, Mop plates to be labeled if more then 16” in 

height from door bottom. 

 Fire rated Louver doors 

1. Only labeled fire door louvers shall be used in fire doors. 

(not allowed in fire escape corridors). 

 

 

 

 

 

 

Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 
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Safety Design in Buildings NFPA 80: Fire Doors and Other Opening Protectives 
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Safety Design in Buildings 

 

NFPA  101: Life Safety Code 
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Safety Design in Buildings 

 In the event of fire or other emergency, occupants must 

be able to vacate a building or space quickly. 

 Architects incorporate certain elements into their 

buildings that provide a protected path of travel from any 

point inside the building to a safe place outside or inside 

the building. 

 

 

 

 

NFPA  101: Life Safety Code 
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 Goal of the Code 

 

 

NFPA  101: Life Safety Code 
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 Goal of the Code 

 

 

NFPA  101: Life Safety Code 
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 Goal of the Code 

 

 

NFPA  101: Life Safety Code 
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 Goal of the Code 

 

 

NFPA  101: Life Safety Code 
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 Classification of Occupancies 

 

 

NFPA  101: Life Safety Code 
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 Classification of Occupancies 

 

 

Prison 

Hospital 

NFPA  101: Life Safety Code 
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Safety Design in Buildings 

 Classification of Occupancies 

 

 Hospital 

Sunday, December 08, 

2013 

Exit Stair 

Enclosure Smoke Barrier Wall 

Smoke Barrier 

Wall 

Exit Stair Enclosure 

Ambulatory Care 

Occupancy 

2 Hour Fire Separation Wall Between 

Occupancies (Horizontal Exit) 

Horizontal Exit Wall Extends 10 

feet Each Way, 1 Hour Fire Rated 

Elevator 

Health Care 

Occupancy 

Double Egress 

door 

NFPA  101: Life Safety Code 

 

In other standards,                 

the requirements are different. 



 49 

Safety Design in Buildings 

When a fire breaks out,  

Rapid, well-protected escape on foot to the outdoors is the 

best life-saving strategy for able-bodied people.  

Two Exits: In any building, a person emerging from a room 

must have two escape routes available in two different 

directions, so that if one route is involved in fire, the other may 

still be used 

Travel Distance: A maximum permissible distance from the 

door of any room to the farthest protected exit is specified; it's 

usually 40m to 60m). Depending on occupancy. 

Signage: Illuminated exit signs must identify these routes, & these signs, together with 

sufficient emergency lights to illuminate the corridors & stairs, must be connected to a 

battery system that will energize them automatically if the building’s regular lighting 

system fails. 

Compartmentation: The corridors & stairs of each escape route must be protected from 

fire & smoke by fire-resistant partitions & self-closing doors.  

Free to exit at any time: The doors along an escape route may not lock against persons 

exiting from the building, & they all must open in the direction of travel from indoors to 

outdoors, to prevent possible interference with the flow of escapees 

NFPA  101: Life Safety Code 

 

Security  

??? 

http://www.compactdynamics.com/220.html
http://www.compactdynamics.com/220.html
http://www.compactdynamics.com/220.html


 50 

Safety Design in Buildings 

Exit doors in buildings that hold large numbers of people, particularly 

schools, theaters, & athletic assembly buildings, must be provided with 

panic hardware that opens the door automatically upon pressure from 

within. 

Break out Sliding and Revolving doors: Sliding and Revolving 

doors must be made so that they fold outward & provide unrestricted 

exitway.  

NFPA  101: Life Safety Code 
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Safety Design in Buildings NFPA  101: Life Safety Code 
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Safety Design in Buildings NFPA  101: Life Safety Code 

 

http://images.google.co.uk/imgres?imgurl=http://www.ilcdoor.com/images/faccess/panic bar 99.jpg&imgrefurl=http://www.ilcdoor.com/access.html&usg=__i5fEOVyvtmvvqthafEkVvF5USrE=&h=193&w=190&sz=15&hl=en&start=17&um=1&tbnid=lw259NhJ1vshSM:&tbnh=103&tbnw=101&prev=/images?q=panic+bar&um=1&hl=en&rlz=1T4GGIE_enAE268AE291&sa=N
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NFPA  101: Life Safety Code 

 High Rise Buildings 

 

THE UNIQUE  

CHALLENGES 

OF HIGH-RISE 

BUILDINGS 

Burj Khalifa, UAE. 
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High Rise Buildings 

 

 What is a high rise? 

 
 NFPA and IBC: 

A building in which the higest occupied floor is over 

75 feet (23m) above the lowest point of fire 

department access 

 

NFPA  101: Life Safety Code 
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High Rise Buildings 

 

 Stack effect 

 Difficulty in Evacuation 

 Difficulty in Rescue operation 

Problems of High rise structures 

NFPA  101: Life Safety Code 
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High Rise Buildings 

 

 Stack effect 

 Difficulty in Evacuation 

 Difficulty in Rescue operation 

Problems of High rise structures 

NFPA  101: Life Safety Code 
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High Rise Buildings 

 

 Stack effect 

 Difficulty in Evacuation 

 Difficulty in Rescue operation 

Problems of High rise structures 

NFPA  101: Life Safety Code 
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High Rise Buildings 

 

 Stack effect 

 Difficulty in Evacuation 

 Difficulty in Rescue operation 

Problems of High rise structures 

Burj Khalifa: 

The building holds about 35,000 people at any one time, so 

transportation as well as evacuation of the building is an important 

consideration. There are 57 elevators, and 8 escalators. The 

observation deck elevators and can carry 42 people at a time and 

travel at 10 to 18 m/sec.  

Fire safety and speed of evacuation were given great importance 

during the design phase of Burj Khalifa. Concrete surrounds all 

stairwells. The building has service/fireman’s elevator with a capacity 

of 5,500 kg. Some elevators are programmed to allow controlled 

evacuation during fire or emergency situations.  

Since it is not possible for people to walk down 160 floors in case 

of emergency or fire, pressurized, air-conditioned refuge areas 

are provided every 25 floors. 

Area of Refuge 

NFPA  101: Life Safety Code 
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High Rise Buildings 

 

 Stack effect 

 Difficulty in Evacuation 

 Difficulty in Rescue operation 

Problems of High rise structures 

NFPA  101: Life Safety Code 
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High Rise Buildings 

 

 Stack effect 

 Difficulty in Evacuation 

 Difficulty in Rescue operation 

Stack effect is caused by the indoor and outdoor air temperature differences. The temperature difference causes a difference in the 

density of the air inside and outside of the building. This creates a pressure difference which can cause a vertical movement of 

the air within the building. This phenomenon is called stack effect.  

The air can move through elevator shafts, stairwells, mechanical shafts, and other vertical openings. The temperature-

pressure difference is greater for fire-heated air which may contain smoke than it is for normal conditioned air. 

When it is colder outside than inside, there is a movement of air upward within the building. This is called normal stack effect. 

Stack effect is greater for a tall building than for a low building; however, stack effect can exist in a one-story building. With normal 

stack effect, air enters the building below the neutral plane, approximately midheight, and exits above the neutral plane. Air neither 

enters nor exits at the neutral plane, a level where the pressures are equal inside and outside the building. 

When it is colder inside than outside, there is a movement of air downward within the building. This is called reverse stack effect. 

With reverse stack effect, air enters the building above the neutral plane and exits below the neutral plane 

Problems of High rise structures 

NFPA  101: Life Safety Code 
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Pressurization 
Pressurization of nonsmoke areas can be used to contain smoke in a fire or 

smoke zone. Barriers are required between the nonsmoke areas and the area(s) 

containing the smoke and fire. For the barrier to perform correctly in a smoke 

control system, a static pressure difference is required across any penetrations 

or cracks to prevent the movement of smoke.  

 

The high pressure side can act as a refuge or an escape route, the low 

pressure side as a containment area. The high pressure prevents any of the 

smoke from infiltrating into the high pressure area. 

Pressurization Used to Prevent Smoke Infiltration. 

Safety Design in Buildings NFPA  101: Life Safety Code 

 

One important component of a stair pressurization 

system is achieving a balance between  

1) Keeping smoke out of the stairwell and  

2) Making sure that the pressure inside the 

stairwell is low enough to allow people to open 

the doors!  The code requirement is 30 lbs. of 

door opening force. 

Keeping the pressures at acceptable levels is 

especially challenging in a high-rise building 

due to stack effect.  

 

Maintaining door opening forces and pressures is 

just one part of keeping a building safe. 

At Burj Khalifa refuge areas are provided every 25 floors. 



Safety Design in Buildings   

 The Iroquois Theater, was believed to be "absolutely fireproof". 

 Architect Benjamin H. Marshall wanted to assure the public that the 

Iroquois was safe.  

 He studied a number of fires that had occurred in the past and made 

every effort to make sure that no tragedy would occur in the new 

theater.  

 The Iroquois had 25 exits that, it was claimed, could empty the 

building in less than five minutes.  

 The stage had also been fitted with an asbestos curtain that could be 

quickly lowered to protect the audience. 

 Officially, the Iroquois seated 1,600 people. 

 It is believed there was an overflow crowd of nearly 2,000 people 

filling the seats and standing four-deep in the aisles.  

 Another crowd filled the backstage area with 400 actors, dancers and 

stagehands hidden from those in the auditorium 

 Eddie Foy heard the commotion outside and rushed out onto the 

stage to see what was going on. He implored the audience to remain 

seated and calm, assuring them that the theater was fireproof and that 

everyone was safe. 

 Vaudeville show, starring the popular comedian Eddie Foy 

The Iroquois Theater in 1903 
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Architectural openings and  

Codes & Standards - the missing link. 

Investigators 

examine one of 

the locked 

stairwell gates 

that prevented 

patrons from 

fleeing the 

theater during 

the fire 

The gallery and upper balconies sustained the greatest loss of life as 

the patrons had been trapped by locked doors at the top of the 

stairways. The firefighters found 200 bodies stacked there. 

When it was all over, 572 people died in the fire and more died later, 

bringing the eventual death toll up to 602, including 212 children 

The Iroquois Theater in 1903 
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Architectural openings and  

Codes & Standards - the missing link. 

The investigation discovered that:  

Two vents of the building‘s roof, which had not been completed in time for the theater’s opening, were supposed to 

filter out smoke and poisonous gases in case of a fire. However, the unfinished vents had been nailed shut to keep out 

rain and snow. That meant that the smoke had nowhere to go but back into the theater, literally suffocating those 

audience members who were not already burned to death.  

Another finding showed that the supposedly "fireproof" asbestos curtain was really made from combustible materials. It 

would have never saved anyone at all. 

The owners had decided that sprinklers were too unsightly and too costly and had never had them installed. 

To make matters worse, the management also established a policy to keep non-paying customers from slipping into the 

theater during a performance --- They quietly bolted nine pair of iron panels over the rear doors and installed 

padlocked, accordion-style gates at the top of the interior second and third floor stairway landings.  

And just as tragic was the idea they came up with to keep the audience from being distracted during a show. They 

ordered all of the exit lights to be turned off! One exit sign that was left on led only to ladies restroom and another to 

a locked door for a private stairway. And as mentioned already, the doors of the outside exits, which were supposed to 

make it possible for the theater to empty in five minutes, opened to the inside (Door Swinging in), not to the outside. 

The Iroquois Theater in 1903 
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Architectural openings and  

Codes & Standards - the missing link. 

Codes and Standards 

Authorities 

Designers 

Contractors 

Consultants 

Manufacturers 

Inspections 

Specification 

Owners 

Operators 

Installers 

Suppliers 



Architectural openings and  

Codes & Standards - the missing link. 

 

 

 

Safety Design in Buildings 

Thank you 

This concludes The American Institute of Architects Continuing Education Systems Course 

Please do not hesitate to contact for any queries on life safety in buildings and trainings to your staff. 

altaf@dormagulf.com, 00971-50-5507892 

Altaf A. Afridi, PMP, LEED AP, FDAI 

Riyadh 30 Sep/1 Oct 2013 

mailto:altaf@dormagulf.com

