


Fire Safety
in Residential

Buildings

Fire code issues are
dealt with in the
National Building
Code. It has a
separate document
concerning fire.

It I1s also addressed In
other guides, like
those published by
the Canadian Wood
Council.




Fire Safety
De§lgn in

Thisis a
comprehensive
reference published by
CWC addressing fire
safe design in
buildings.




No. 1: Life Safety
no loss of life
safe evacuation of occupants

No. 2: Protection of Structure
maintaining integrity of building
structure



Non Negotiable

e Fire safety iIs pretty well a fixed, non
negotiable Building Code iIssue

e Building Code is a set of MINIMUM standards
designed to PROTECT the public

e You cannot design for SAFETY below
MINIMUM

e |.e. Just a few dead people rather than
dozens Is not acceptable so that you can
“make your design” more interesting



Figure 3 Annual Fire Death Rate per 100,000 Residents
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Table 1 Fire Losses in Canadian Residential Buildings for 1993-1995 <1

Occupancy Fires Deaths Deaths Injuries *Injuries

per 100 Fires per 100 Fires
1 & 2 Family 51,423 609 1.18 3,999 7.78
Apartment 17,677 181 1.02 2,396 13.65
Boarding 812 23 2.83 193 23.77
Hotel 803 7 0.87 101 12.58
Motel 293 4 1.37 24 8.19
Dormitory 195 0 0.00 6 3.08
Mobile Home 2,326 53 2.28 112 4.82
Miscellaneous 3,784 34 0.90 164 4.33
Total TLol3 911 1.18 6,995 9.05

*Includes firefighters




Table 5 Residential Deaths and Injuries by Construction Type — All Fires 22

Coutiraction deaths per 100 fires injuries per 100 fires

Type 1&2 Family Apartments 1 & 2 Family Apartments

Dwellings Dwellings

Fire Resistive .60 .60 2.90 5.85
Protected Noncombustible - 70 3.45 6.90
Protected Wood Frame ! .70 395 6.32
Heavy Timber .80 D 2.08 4.30
Protected Ordinary .80 n .84 4.37 6.32
Unprotected Noncombustible J1 .83 3.00 5.45
Unprotected Ordinary .92 97 4.01 6.01
Unprotected Wood Frame 95 1.07 P L 5.95
Other Construction Type 1.45 1.91 - 3.88 5.00




Table 4 Residential Deaths and Injuries by Construction Type — When Fire Spreads to Entire Structure 22

Consbustion deaths per 100 fires injuries per 100 fires
Type 1&2 Family Apartments 1 & 2 Family Apartments
Dwellings Dwellings
Heavy Timber 1.70 3.35 2.70 5.68
Fire Resistive 2.08 4.10 4.62 - 18.80
Unprotected Noncombustible 2.23 5.69 4.01 1315
Protected Wood Frame . 2.95 3.28 6.39 13.52
Unprotected Ordinary 2.97 4.00 6.03 13.15
Protected Ordinary 3.00 4.62 6.80 14.30
Unprotected Wood Frame 3.00 4.07 2.31 11.65
Protected Noncombustible Sl 4.62 2.22 21.00
Other 4.01 15.00 5.60 25.00




remove any one of these, and, no
fire...

heat

)

fuel = Building! oxygen
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TIME vs. PRODUCTS of COMBUSTION

-— FLASHOVER

No one survives flashover

FIRE GROWTH

of fire deaths occured UNRESTESINS
in home fires in which
smoke alarms sounded®

Without fire sprinklers, odds of
/mdmﬂpinmw

DISPATCH

7 8 9 10 TIME (in minutes)

Based upon national averages
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Table 2 Annual Fire Loss Record for Single-Family
Dwellings — Items First Ignited 22

ltem First Ignited Deaths Injuries
(list not complete) Per 100 Fires _ Per 100 Fires
Upholstered Furniture o | 9.24
Mattress or Bedding 1.94 7.48
Multiple Forms 1.94 4.47
Gas or liguid 1.47 8.61
Floor covering .32 3.88
Structural Members OLFS 1.78




Table 3 Annual Fire Loss Record for Apartment Buildings

1-4 Storeys — Items First Ignited 22

Item First Ignited Deaths Injuries
(list not complete) Per 100 Fires Per 100 Fires
Upholstered Furniture 4.16 19
Mattress or Bedding 2.16 12.21
Multiple forms 1.91 10.00
Interior Wall Covering 1.65 6.03
Gas or liquid 1.56 10.94
Structural Members 1.38 4.94




e occupancy type

e occupant load

e puilding size

e construction type

e exit requirements

e fire resistance ratings
e fire separation




e occupancy refers to the main intended use
for a building or portion thereof

e can be classified for more than one major
occupancy

e most hazardous use determines
requirements for entire building, except if
located entirely on top of one another

e certain occupancies can NEVER be combined



Occupancy Type:

e Group Division Description

1 Production and viewing of performing arts
Not elsewhere classified

Arena type

Open air

Detention occupancies

Care and treatment occupancies
Care Occupancies

Residential Occupancies
Business and Personal Services
Mercantile

1 High Hazard Industrial

Medium Hazard Industrial

3 Low Hazard Industrial
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Risk factors determine where a use falls as well as which
can or cannot be combined in a single building.

TABLE 4.1

Classification Occupancy | Group | Division |

of buildings

Risk Factors

- Examples

Assembly A

Careand | E
Detention

[

Ewvacuation of considerable

number of people, often from

large spaces

= poor lighting conditions can
hinder evacuation

» good lighting conditions

= wall lit

= |ow fire loads

* large open spaces where
smoke can dissipate

* open air assembly area

= fow risk of being trapped

Acute evacuation problems
because of restricted
mobility of occupants

= pccupant movement is res-
tricted by securily measures

* lack of occupant mobility

* require safe area to permit
two stage evacuation

= need to contain fire to area
of ongin

theatres

schools

bleachers

penitentiansas

hospitals




Residential & * people may be sleeping apartments
when the need for emergency hotels
evacuation arises

« significant delays in people
becoming aware of a fire and
evacuating the building

* pccupants must be protected
while preparing to evacuate

Business D * occupants are fully alert offices
* relatively low fire load
* N0 Mar evacuation problems

Mercantile E * high combustible content department
which can result in severe stores
fire with heavy smoke

* pccupants are aware

* no unusual evacuation
problems

Industrial F 1 * highly combustible and flam- distilleries
mable or explosive subslances

2 * medium hazard, no explosive factories
| substances
3 * low hazard, can still have warehouses
high fire load




e |s the number of people is an estimate of the
expected maximum use of a building or floor
area, for the most hazardous use

e provides a basis to calculate the number of
exits required

e can be used as a ‘rule of thumb’ basis for
determining floor area requirements when

designing



TABLE 1

Occupant Load

|

Assembly Uses

Type of Use of Floor Area or Part Thereof

Area

per Person
(m?)

space with fixed seats

space with nonfixed seats

spaces for theatrical performances
space with nonfixed seats and tables
standing space

stadia and grandstands

howling alleys, pool and billiard rooms
classrooms

school shops and vocational rooms
reading or writing rooms or lounges
dining, beverage and cafeteria space
laboratories in schools

Institutional Uses
ireatment and bedroom areas
detention quarters

Residential Uses
dwelling units
cormatories

Business and Personal Service Uses
personal service shops
offices

See Note (1)
075
0.75
0.95
0.40
060
0.30
1.85
9.30
185
1.20
4 .60

10.00
11.60

See Note (2)
4 .60

4.60
9.30

TABLE 1 Occupant Load
Area
Type of Use of Floor Area or Part Thereof per Person
(m=)
Mercantile Uses
basements and first storeys 3.70
second sloreys having a principal
entrance from a parking area 3.70
other storeys 560
Industrial Uses
manufacturing or process rooms 4 60
siorage garages 46.00
storage spaces (warehouse) 28.00
| aircrafll hangars 46.00
| Other Uses
cleaning and repair of goods 4.60
kitchens 9.30
storage 46.00
public corridors intended for occupan-
[ cies in addition to pedestrian travel 3,70

Notes: (1) The occupant load is based on the number of

fixed seats provided.

(2) The occupant load for dwelling units is based
on 2 persons per bedroom or sleeping area.

Source: National Building Code of Canada




Two Primary types of construction:

COMBUSTIBLE: 1.e. materials that burn easily
and provide fuel for a fire (wood...)

NON-COMBUSTIBLE: 1.e. materials that do not
burn or act as fuel (these include steel and
concrete)




Construction materials
are supposed to stop the
spread of fire from one
house/building to the
next.

S

| b] :?\i_'l'E I

......




e typically light wood
frame construction or
Post and Beam

e only able to be used on
buildings less than 4
storeys and usually less
than 600 m?.

e used on buildings which
require a fire resistance
rating of 3/4 hour or less




used on all other types of
buildings
used for fire resistance

classifications of 374 hour or
greater

unprotected steel can only be
used for ratings of 3/4 hour

1 hour or greater requires the
use of concrete structural
products or protection on
steel products (gypsum,
concrete, intumescent
coatings or other fireproofing)



Figure 5 Steel Loses Strength at
Elevated Temperatures

steel at T'C to the same at 20 C

Ratio of stress or modulus of

200 400 600 800 1000
Temperature T('C)

Source; Fire Engineering Design Guide,
University of Canterbury, New Zealand, 1994
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Intumescent coatings were used on the exterior “legs” at OCAD and on
this truss in the Bloomberg Tower in NYC.




Intumescent coatings

Film of intumescent coating
under a fire condition.



Spray on fireproofing is
used In areas where the
steel will be concealed
from view. It may also be
covered with gypsum
board, which improves its
fire resistance rating.




e a limit on the maximum area and number of
floors based on:
- building use (occupancy type, hazard level)
- construction type (combustible/non)

- sprinklered or not (sprinklering allows for a
doubling of area allowed)

- access for fire fighting (number of streets the
building faces, hydrant location, standpipes...)



Determining Maximum Building Area:

I.e. Maximum Building Area Group C up to 3 Storeys

No. of Maximum Area (m?2
Storeys

Facing 1 Street Facing 2 Streets Facing 3 Streets

1 1,800 2,250 2,700
2 900 1,125 1,350
3 600 750 900



e taller buildings are more difficult to
evacuate quickly so have more
stringent limitations

e the gross floor area of single storey
buildings will be greater than the
g.f.a. of a multi storey building for
the same use on the same site

e tall buildings require internal fire
fighting equipment as trucks and
ladders have a limit to the heights
they can reach (usually 6 floors)




Affects
construction
type (3 storeys
and less vs more
than 3 storeys)

How high can the fire
equipment reach?
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Two firetighters exited
windows on Floor 3 and
escaped over ladders
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Typically,
buildings under
4 storeys can be
constructed of
more
combustible or
“less safe”
construction
due to the ease
of evacuation in
the case of fire.



Fire Drill &<

Schools practice
with fire drills
so have more
lenient
construction
requirements.



Where IS the fire exit sign???



e number and type dependent on occupancy
type and load

e |.e. greater risk, more people, more exits
e every floor area must have 2 exits
e travel distance to the exit is limited

e dead end corridors (more than 6m) not
permitted

e exits must be fire separated from the rest of
the building they are serving



* Low number of people exiting « High number of people exiting
 Door opens in (in case of (pushing and shoving!)

obstruction outside) » Door opens out to prevent crushing

7 /
v I s o .

l

L

Residential/Single Family =~ Commercial/Institutional



[Exl

Exits must be clearly marked with “internationally
recognized” signage.



Fire Stairs

e Must be a safe route

e Minimal glazing allowed
Into the building

e Door opens Into the stair

e Enough space between
door and riser to allow ]
someone to pass by (30cm - People exiting

minimum) into stairwell
e Door opens IN




Scissor Stairs

e Ingenious way to Intertwine two fire
egress stairs | .

Fire Rated Spine et
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' Using Conventional
Formply
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nding Thickness E = Riser Height
lenforcement Size & Spacing F = Floor to Floor Height
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With rare exceptions (like in stand alone
houses), almost all building areas require at
least 2 means of egress.

In buildings over one floor in height this
normally means at least 2 sets of fire safe
stairs.

What is a fire safe stair??? One that is
enclosed. Very little glass (often only a wee
pane in the door). Has doors that open into
the stairwell. Is pressurized so that if the
door is left open no smoke can enter.
Usually provides an exit directly to the
exterior of the building.

I.e. It is really boring architecturally
speaking -- but SAFE.



Fire exit doors need clear
signage, panic hardware
and are also fire rated.
They may only have a
small area of wired glass.




- Fire exit
@ doors and
extinguishers

Keep Unlocked

need to be

kept

unlocked and
Keep Unblocked unblocked.




Figure 1: Simulation Results Showing Number of
Deaths as Room Size and Exit Location Varies

# of death
—_—
L

corner

middle

room =ize

Not all egress systems work equally well. The size
of room and the location of the exit doors can
affect the ability of people to exit safely.



e one of the two exits may pass through
a lobby space IF:

- lobby floor not more than 4.5m above grade
- path of travel does not exceed 15m

- rooms adjacent to lobby are fire separated (ie.
doors and walls)

- lobby is not part of an interconnected atrium
space



Fire escapes are no longer permitted as a means of egress in NEW construction.




e Smaller residential buildings require smoke
detectors on each floor

e Larger buildings (and all buildings over 6 storeys)
must be equipped with fire suppression systems

e Must have sprinkler system
e Must have fire hose cabinets on each floor
e Must have exterior standpipes

e Very tall buildings must have their own water supply
located at the top of the building to be able to use
gravity feed in case of a fire



Extinguishers
and fire
fighting
equipment

Fire alarms

Smoke detectors




SEINS SETdS SSTDdS SSTMdS

A special wall mounted head that has a
deflector to spray water down.

Sprinkler head

have a fusible "CENTRAL'
(melting) link GB
that activates

the water flow PENDENT
and a rotating SHOWN
device to spray

the water.
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The design of a sprinkler system
for fire suppression.




The distance [l gl |
in minutes /
from a fire
station
affects
construction
requirements.




e In addition to having 2 means of egress from each
floor they must also be a certain distance apart

e Depending upon the layout and occupancy,
MAXIMUM travel distances are set by the code

e If a floor plan is “open” with partitions that are not
full height, different rules are applied than when
designing for corridors with individual offices.



TABLE 2 Floor Area and Travel Distance

Occupancy Maximum Maximum
of Floor Area |Travel Distance

Floor Area (m2) (m)
Group A 150 15
Group B 75 () 10 (M
GI‘GUD e 100 (1) (2) 15 (M) (2)
Group D 200 25
Group E 150 15
Group F, Division 2 150 10
Group F, Division 3 200 15

Notes: (1) Single exit is permitted only when such exit is
an exterior door not more than 1.5 m above
adjacent ground level.

(2) See Article 3.3.4.3. for dwelling units.



FIGURE 1 Travel Distance and Separation of Exits

Undivided Floor Area

|Exit\ =
i Travel distance Travel distance from arbitrary points within
a floor area, such as points “P", is measured
along the path of travel to the nearest exit.
The longest travel distance within a floor
P area must not exceed distances listed in
& Subsection 3.4.2. In addition, exits must be
as far apart as practicable. Distance be-

X

Travel distance Maximum tween exits must be 2 the maximum diago-
I - s
‘T‘Exit AP dticn nal dimension of the floor area or 9 m,
: whichever is greater.




Public Corridor Divided from
Floor Area by rated
Fire Separations

P

Travel
distance

o

/
4! \

Travel

d;starnce

B

= B 1

Maximum
— diagonal
dimension

When a floor area has been subdivided by
at least %-hour fire separations to serve
more than one tenant, the travel distance
iIs measured along the path of exit travel
within the public corridor from the door of
the room or suite to the nearest exit. Again,
the longest travel distance must notexceed
distances listed in Subsection 3.4.2. Also,
exits must be as far apart as practicable.
The least distance between exits should
be 'z the maximum diagonal dimension of
the floor area, but need not exceed 9 m.



Public Corridor not Divided from
Floor Area by rated Fire Separations
(e.g., Shopping Mall)

Exit Exit
[ 1
1 | eIl | =
P}.ﬂ" __I.-‘r’:-\.....‘J ﬁ."
. |
. ~
Travel | '
dis-
tance |
J-Pj -
= — im—
passage- Public . i passage-
way ,J _corridor [ | way
I
; -I TTTITNAT : "#
= [ E
i

Exit Exit

When a floor areais not subdivided by rated
fire separations and is served by a 9 m wide
public corridor, the travel distance is mea-
sured along the path of exit travel within the
public corridor from the door of the room
or suite to the nearest exit. The maximum
travel distance in the public corridor is
60 m. Also, if more than one egress door is
required from a room or suite, no more than
"z the required egress doorways may open
into the public corridor. The building must
be sprinklered, and ceiling height in the
public corridor cannot be less than 4 m
above the floor.




FIGURE 2 Exception for Separation of Exits

[ Fire | Distance between exits need not meet
separation _p- requirement of 1/2 the maximum
diagonal dimension of the floor area or
9 m for this case. Fire separation

provides adequate protection.

A
!

Exit | Exit

Partially Divided Floor Area



O Emergency Exit

/Topological Abstraction

,#” Stairwell Connection

Ay

fs
Al
-

Architects must plan for escape routes that are neither too
long nor too complicated.
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Water towers from
the 50+ storey
Bloomberg Tower in
NYC
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J? Tall buildings require their

own water supply - seen in
the form of water towers.




e separation of buildings to isolate them
from one another and to control the
spread of fire by either:

- physical space between buildings, including
control over openings and finishes

- physical barrier (wall) between buildings
(firewall) or areas within a building (fire
separation)



e Is any wall, partition or floor assembly
designed and built to prevent the spread of
fire by restraining the passage of smoke,
heat, gases and flame between
compartments within one building

e assigned a fire resistance rating as required
by the nature of the adjacent spaces



e are special fire separations -- continuous walls of
masonry or concrete -- that prevent fires from
within one structure from spreading to another
structure

e must allow building to break away in a fire without
destroying the integrity of the firewall

e can be used to divide a large building into smaller
building areas

e fewer and more specially designed openings are
allowed



FIGURE 15 Exterior Wall—Firewall Junctions

Wood
exterior
cladding




FIGURE 15 Exterior Wall—Firewall Junctions
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Masonry veneer

Smoke-tight joint
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FIGURE 15 Exterior Wall—Firewall Junctions
Wall bonded
with exterior
masonry wall
— Exterior
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FIGURE 13 Firewall Without Parapet

Smoke-
tight joint
I Y
b N =
~— Firewall

Reinforced concrete roof slab must have
a minimum of 1-hour fire resistance with
2-hour firewall: 2-hour with 4-hour firewall.




FIGURE 12 Firewall With Parapet

150 mm for
2-hour firewall
and 900 mm

— for 4-hour

1 firewall

Wood roof, non-
combustible roof,
or concrete slab
with less than
required fire-
resistance rating

Firewall -
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The concrete block
firewall between these
units is not long enough
to meet the brick
veneer and stop the
flow of air between the
units.



FIGURE 3 Maintenance of Separation

Use fire cut

Wood beam
Masonry ¢ or joist




FIGURE 14 Wood Joists in Firewall

Firewall

Wood joist fire cut so
that collapse of joist
wall will not cause
collapse of fire wall

Thickness to provide
required fire resistance
must be maintained




FIGURE 4 Rated Wall Construction with
Unrated Ceiling Membrane
(Compartment Extends to Botlom
of Floor Above)

Floor above

Rated
fire
separation

Services i
Dropped ceiling

membrane (no fire
rating—not part of hori-
zontal fire separation)

Rated wall must
extend to floor above

— Fire compartment

-




e Is the time in hours that an assembly can withstand
the passage of flame and heat when exposed to fire
under standard test conditions

e |Is characterized by the ability of an assembly to
confine a fire or continue to perform a given
structural function, or both, when exposed to fire

e these ratings are established by a government or
certified private testing agency after rigorous
testing; often assemblies and products will be
required to have a ULC Rating (Underwriters
Laboratories of Canada)



he fire resistance rating of a strucrural assembly is

determined by subjecting the assembly to a standard
fire, ranging from 1000°F at § minutes to 1700F at one
hour. The assembly, if designed to be loadbearing, must
support the full design load for the duration of the fire
test withour allowing any flames to pass through.

Fire testing of loadbearing and non-loadbearing wood
stud and sheet metal stud wall assemblies protected with
gypsum wallboard show that fire rated wood stud wall
assemblies prevent fire spread through the wall for as
long as, if not longer than, dentical walls built with
sheet meral studs, 23, 24, 25

Figure 4 Wood Stud Wall Assembly After
1 hour Test.



HOW GYPSUM RETARDS HEAT TRANSMISSION

AFTER TWO HOUR EXPOSURE TO HEAT
FOLLOWING ASTM E 119 TIME-
TEMPERATURE CURVE

Vertical line represents plane of calcination at depth of about

2”. Temperature never greatly exceeds 212 F. behind plane
of calcination.

Temperature of exposed surface = 1900 F. (1040C)
Temperature 1" from exposed face = 950 F. (510C)
Temperature 2" from exposed face = 220 F. (105C)
Temperature 4" from exposed face = 180 F. (82C)

Temperature 6" from exposed face (at back surface) =
130 F. (54C)

{Data from Underwriters' Laboratories, Inc.)
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The choice of material for fire separations does

not only depend on what is “permitted” but also,
what will stand up to the pressure of the fire hose.



e an enclosed space within a building that is
separated from other parts of the building by
surrounding continuous construction built as
a rated fire separation

e between row houses or apartments, a one
hour fire separation is required

e openings are allowed in the fire separation,
but are limited in size and must be able to
be closed



FIGURE 1 Fire Compartments

v




Major occupancy — Hotel (Group C)
Subsidiary occupancies

Lobby (Group A-2)

Shops (Group E)

Restaurant (Group A-2)

Dining rooms (Group A-2)

Theatre (Group A-1)

Meeting rooms (Group A-2)

//

Rooms or
Suites

Roaoms

Rooms, theatre and
meeting rooms.

Ground Lobby, rooms, shops,
Level l dining rooms and restaurant

Structural lire protection requireaments of the most restrictive major occupancy must be applied to the
entire building (Subsection 3.2 2 ) Other occupancies are not counted as major occupancies for pur-
poses of determining structural fire protection when the aggregate of a particular group or division
comprises 10% or less of the floor area of the storey in which they occur. (Group F, Division 1 and 2
oCccocupancies excepted)




TABLE 3 Grade of Fire Separation Required Between Major Occupancies {Hours)

Group A
Division 1
i Group A
Division 2

1 | Group A
Division 3 N
Group A X
1 1 1 Division 4
= *. Group B B
= 2 2 2 H“*x Dhivision 1 % "
r._-_ o,
8 o
Bl o \ Group B B
'% S [ I o Division 2 < %\\T@_‘;.M_
| - = Y ,
| .-:, x N,
L
Sl v v | v | 1| 2 | 2| N\ Grouwc @Q_\" y
\ ™
G < < _f'
n" LY
B 1 1 1 1 2 2 1 . Group D
ﬂ \h

N
2 2 2 2 2 2 213 MR \ Group E

\ Group F %
Ne NP | NP | NP (NP [ NP NP | 3 | 3 Dwimn\ %,

. &

", Group F
t ALLINR IS RN s CLTRN G LU - 2 |11 INRMYINRIY) 2 Nﬂm"\%\ ru%ﬂvi:innk

5
i | '

Mofes: (1) A 1%=hour fire separation 16 reguired when the Group F Dwesion 3 ocoupancy 8 & SIOFAGE Garane
{See Sentence 3376 (11).)

{2} A 2-howr fire separation (& required when the Group F Division 2 ocoupanty i a repair pamge
{See Sentance 3.3 7.6 0104

{3} It tha billding caonlaining & Group E mijor ocoupancy is not ower three aloreys o heght &nd the Group C magor socupancy
dies nOL contain moe Nan wo dwelling umts, only 8 1-hour fire separation iz requined

{4) Mot more than 1 dwealling unit pasmitiea

MF — Mol permitied; profibiled oocupancy comixnation

MR — Mot reguired
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Fire Growth in a Room

To understand the measures outlined in this Chapter, it is useful to describe what
happens when a fire occurs in a room. When an object is burning in an enclosed area,
smoke rises to form a hot gas layer below the ceiling. These hot gases heat the ceiling
and upper portion of the walls and thermal radiation from the hot layer, ceiling and
walls begins to heat all the objects in the room. Given sufficient oxygen, this heating
process can progress until all other combustible objects in the room reach their ignition
temperature more or less simultaneously. At this point, every combustible object in the
room will burst into flames, a state referred to as “flashover” Flashover occurs when
the temperature of the hot upper layer of air in the room reaches 500 to 600°C (need-
less to say, any occupants of the room would have perished long betfore this point).




e the blocking of concealed spaces In
walls, ceilings and floors to slow down
the undetectable spread of fire
throughout the building

e prevents these chaseways from acting
as chimneys



FIGURE 1 Wood Fire Stopping
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FIGURE 2 Coved Ceiling Fire Stopping
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FIGURE 3 Furring as Fire Stopping
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FIGURE 4 Stair Fire Stopping




FIGURE 7 Vertical Shalts
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e any portion of an exterior
building face that does not meet
the fire resistance rating
required for the building face
(ie. windows, doors, vent grilles)

e steel window frames, wired glass
and glass block allow for a
doubling of the OBC maximums

e sprinklering allows for a doubling
of areas
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e limits are based on distance from property lines, as

a % of the building face area
e Jle. for residential (50 s.m. building face):
- less than 1.2m setback allows 0%
- 1.2m setback allows 7%
- 1.5m setback allows 8%
- 2.0m setback allows for 10%
- 4.0m setback allows for 28%




TABLE 1 Minimum Construction Requirements for Exposing Building Face

25% up to 99%

100%

None required

combustible con-
struction

Minimum
Occupancy Percentage of Required Fire- MiRimTs Mini
Classification Unprotected Resistance Construgtion Clgdgil]:\ng;
of Fire Openings Rating for Requirements Requirements
Compartment Permitted Exposing
Building Face
Group A, B, C, D 0 — 10% 1-hour S
%’7“‘. Gro%p F, — — —r ——{ Noncombustible
s Greater than T Can be combus-
10% up to 25% tible construc-
B tion if building
Greater than SiRotip allowed to be of Can be combustible
e — = ) struction to be of combustible
100% None required | construction
Noncombustibl
Group E, 0 — 10% 2-hour ccﬂstmcﬂl;t RIS
Group F, Division h Noncombustible
1 and Group F, Greater than Can be combus-
Division 2 10% up to 25% ashot tible construc-
= = tion if building == ]
Greater than ) - allowed to be of Can be combustible

if building allowed
to be of combustible
construction




e refers to the distance
between an exposing building
face and the property line or
to an imaginary line between
two buildings on the same
property.

e if the two buildings are the
same (area of face and glass)
the line will be midway; If
they are different, the
distance will be proportional




e |s the area of an exterior wall of a building,
between the ground level and the ceiling of
the top storey, facing in one direction

e where a building is divided into “fire
compartments™, the exterior wall of each
fire compartment becomes an exposing
building face and is calculated separately



High rise fires
require a
different
attitude
towards
designing for ==
structural '
safety to
allow for
evacuation.
Smoke kills
more than
fire.




Standard Methods for High Rise Buildings

e Build a reinforced concrete structure
e Put a fireproof layer on a steel structure
- Spray on fireproofing
- Concrete over top of steel
- Hollow steel filled with concrete
- Layers of fire resistant gypsum board

e Use a hollow steel structure that is filled
with water
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Bush Lane House, London: stainless
steel exterior tube structure filled
with water




Learning from Large High-Rise Fires In
Sao Paolo

e During the '70s and '80s Brazil suffered several high-rise fires with
grave consequences, and unfortunately the problem was only properly
understood after a number of large fires such as the Andraus Building
(16 dead and 375 injured), the Joelma Building (79 Dead and 345
injured), and Grande Avenida Building (17 dead, 53 injured). These
resulted in significant advances in fire safety such as new legislation,
required inspections, codes and standards, public education and
professional development, and statistics and investigations.

e Brazil normally used reinforced concrete for their high rise structures
(not steel)

e most current high rise buildings are designed to last 2 hours in a
“normal fire” (fuel is office furniture) which is principally to allow the

people to escape before the building would collapse



Andraus Building, Sao Paolo:
16 dead, 375 injured







Grande Avenida, Sao Paulo: 17
dead, 53 injured




MGM Grande, Las Vegas:

November 21, 1980:
84 people died and 700 were injured
Up to this point, worst fire death toll in US




Other Fires In Las Vegas:

e Fires shown below are a roof fire at
Caesars Palace and a mid rise
apartment fire




Fire Design in High Rise Buildings:
post 197/0’s disasters

e Structure to last no less than 2 - 3 hours

e remember that most people die from smoke
Inhalation, not fire

e elevators NOT to be used as they can
malfunction due to electrical problems and
shafts can fill with smoke

e stair wells must be fire-safe and pressurized
to keep smoke OUT



Fire Tests for High Rise Buildings:

- Fire resistive products used to protect commercial hi-rise buildings are
tested to ASTM E119

- requires that the fire resistive product protects the steel from reaching a
limiting temperature during the time period required by the building
codes.

- For the structural frame (columns and primary beams) the time period is 3
hours and the limiting temperature is 1200 F at any measured point on the
column.

- For the primary beams the limiting temperature is 1300 F at any
measured point on the beam.

- Floor beams require the same limiting temperature, time period reduced
to 2 hours.

- The test furnace follows a temperature curve so that the test specimen is
exposed to a temperature of 1550 F at 1/2 hour, 1700 F at 1 hour 1850 F
at 2 hours, 1960 F at 3 hours, and 2000 F at 4 hours.



Building height means
that normal fire hoses
and ladders cannot

reach the fire.
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Tests for Hydrocarbon Fires:

 fire resistive products used to protect refineries, petrochemical
plants, etc, against hydrocarbon fires are tested to UL 17009.

» This standard requires that the test furnace reaches 2000 F in 5
minutes. Under this test then, the fire resistive product with a 3
hour column rating has been exposed to a temperature of 2000
F for 2 hours 55 minutes.

* You can see that the severity and speed of a hydrocarbon fire is
much greater than a standard fire. The WTC towers were
exposed to the severity of a hydrocarbon fire.



Concrete vs. Steel Structure??

e Sao Paulo Brazil has the unenviable record of having 3 of the most
severe fires in the western hemisphere.

e These were all reinforced concrete buildings.

e 1/3 of the floor area of the 21 story CESP 2 building suffered a total
collapse from the 215t floor to the ground in 1987.

e The Andraus Building in 1972 and the Joelma Building in 1974,
suffered extensive structural damage.

e The post tensioned concrete roof of the Falabela department store in
the Plaza Vesuvias Mall in Santiago Chile collapsed onto the 2" floor.

e All of these fires were of normal combustibles i.e., furniture, carpets,
paper, etc, that are found in any office building, and none of these
buildings experienced the tremendous impact or the added massive
weight of a jet plane and passengers as the WTC did.

e News videos of the Andraus and Joelma fires show massive portions of

the exterior concrete walls literally exploding apart during the fire.



Normal vs. Hydrocarbon Fires:

e The WTC was exposed to a jet fuel fire. Jet fuel is not a normal
combustible. Itis a “hydrocarbon”, a source of much higher
temperatures that will negatively affect both steel and concrete
much faster than normal combustibles would

e concrete exposed to the temperatures of a hydrocarbon fire will
cause the moisture in the concrete to turn into steam so rapidly that
the concrete will literally and explosively break apart

e when concrete is exposed to the temperature of a normal fire the
concrete can flake apart under intense heat exposing the steel (it is
protecting). Under a normal fire, moisture in the concrete has a
better chance of coming out of the concrete without explosively
spalling

e Under a hydrocarbon fire the moisture in the concrete is heated so
rapidly that it immediately turns to steam and this literally causes the
concrete to explode apart. Once this happens not only is the
reinforcing steel exposed, but the concrete that holds the steel
rigidly in place is gone as is it’s stability and load carrying capacity




WTC Collapse:

e “Each World Trade Center absorbed the
impact of a jet with a shudder as they
were designed to do, and stood.

e Inside, though, 2000-degree infernos
started burning, fed by thousands of
gallons of Jet Fuel™.

= “The south tower collapsed 56 minutes
after impact. The north tower lasted an
hour and 40 minutes™.

e The collapse was due in part by the fire,
but largely because the impact of the jet
took out a significant number of
supporting columns

e The majority of WTC occupant deaths
were the result of the destruction of the
fire stairs below the top floors, at the
point of impact. Most were filled with
rubble, cutting off evacuation access.




WTC Structure:

e The plan arrangement of the WTC is typical of a tubular structure,
columns spaced at 39” on center. Core was made of steel. Spray on
fireproofing. Fire resistant gypsum board to protect the stairwells.
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Point of impact:

Close to the center
and nearly normal
to the building

WTC 1

Point of impact:
Close to the corner
and with an angle

7 floor

About 0,78 H

| WTC 2
WTC 2 Zo|Epsed

99 floor |

93 floor

Abaout 0BT H




WHY THE TOWERS COLLAPSED

The impact of the plane
crash destroyed a
significant number of
perimeter calumns on
several floors of the
buildirg, severely
weakening the entire
system.

s fire raged in the upper
flwars, the heal gradually
alfected the remaining
structure,

The pralanged high
temperatures, fuelled by
the large velumes of
aviation gas, weakened the
steel care struts,

When the fire reached
1,500°F, the weakened
struts collapsed and the
truss system collapsed
vertically.

T

The building's perimeter columns and floor trusses form a
steel lattice, which was designed to act as a wind brace,

thereby keeping disturbance away from the central core.
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Central Core —I Qutrigger System r Central Core

Exterior Tube Frame
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Outer Perimeter

- Box Column

Floor,Joists
Angle Clip /
a—  Clips

\VAVAVAV/A

Inner Core

Part of the blame was
structural, given the
relatively weak hinge
connection between the
floor joists, core and
outer wall.
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Building Load Building Load
From Above From Above
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Madrid Fire: February 2005
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e The Building Code and Fire Code provide
Architects with a set of MINIMUM standards

e to be responsible, we must aim higher

e as the primary team leader in the design
process, we weigh the value of human life
against economics R




Mandarin
Hotel
Restoration:
Oct 2011
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