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The DCRs structural components shall be
1 Analyze for the instanta- i determined as:

neous loss of a column : 0
for one floor above grade DCR==2
(15t story) located near o
the middle of the short Where

side of the building. m, _
0yp =Acting force determined in component
or connection/joint (moment, axial force,

2 Analyze for the instanta- shear, and possible combined forces)
neous loss of a column

fosrtone B e = Ocx = Expected ultimate, unfactored capacity

(1°" story) located near Plan fth tand/ tion/ioint

the middle of the long e of the component andor connectionfjoin

side of the building. (moment, axial force, shear and possible com-
bined forces)

3 Analyze for the instanta-
neous loss of a column
for one floor above grade DCR < 2.0 for typical structural configurations

(15 story) located at the
corner of the building. DCR < 1.5 for atypical structural configurations
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Table 1: The GSA Guidelines provides strength-increase factors
for various construction materials.

Construclion material Sireng th-increasze faclor
Steel

Tensile strength and yield strength 10610 110"
Reinforced concrete

Concrete compreesive strangth 135

Reinforcing steel (tensie and yield strangth) 135
Conerate masonry unit

Compressive strength 10

Flexural fensde strength 10

Shear strength 10
Wood and light metal framing

All componants 10

“ans Tables 5.2and 5.3 in GSA Geidalines

Load and Resistance

Gravity load = P

A
+ 2P
——e Resistance
Constant
‘ /:L PFr=———>~———" “«— "oad
Remove
this column | >
) Static Maximum
(a) Simple Frame deflection deflection
P (a) Linear Case
+ E-p-p with strength loss
* E-p-p Trilinear
Load and Resistance
P (to be suddenly removed) A /i
1.2P
- )4
(b) Forces Before Column Removal Pr— 7"' i e
0.8P +—
» Time
Elastic
Yielding >
. 1 2 3 4 5
Deflection Deflection A, /A,
(c) Dynamic Response (b) Nonlinear Cases

[A] (0505 o2 59,% oG
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Table 2: DoD progressive collapse design requirements are determined
by building type.

Level of Protection Design Requirement
Very Low (VLLOP) Tie Force (horizontal)
Low (LLOP) Tie Force {horizontal and vertical)
Medium (MLOF) Tie Force (horizontal and vertical)
and High (HLOP) Arernate Path method

Additional ductility requirements
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Ductile Link Brittle Link

T{;:1 L=::—T
Chain with ductile and brittle links
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Deformation profile caused by heating one side of the wall
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1N, =0.161n(z, / x*) — 0.65 ang
and 1, =1.0when x =0. n,=1-0.1 '623‘3?_':"':jr
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E, =

700-T
550

}EE for 1560<T<700°C, where

E_=3320,/f", +6900 MPa for normal
weight concrete,

3V g S el )l gy

T
E, =204/000 1+ Mpa
t T
0(T(600°c [20001”(% 1()())}

E =204/ 000[ ool _%000)} Mpa
~53.5

T

600(T(1000°c
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Axial elongation, A=el
. , oL
Deformation, cantilevered, O =- +8 f{
5
Deformation, simply 5 = o,
supported, T3
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Vo v
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Deformation of walls with fire on one side
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10M, I*

p—deina = ~ 4;}# [1]
and,
[ tL | \ | tL |
M.~ P Pﬁ (8, + 8,sena)+ 0,1, P+LE=| 2]
P=  theaxial load onthe top of the wall,
= thedensity of the concrete,
t=  thewall thickness,
0,= top of wall deflection due to the thermal

gL
gradient, -

B, = rotation of the foundation support.

u

If the foundation support has a rotational stiffness
k4 . the rotation equals,

M,..
E .= JASE [3]
o -'EEE'.
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100 K, 2 4

(P + pgTL)gt
4

Mbase: 2
1+L(P+ PgTLj_ 10L (PJrPgTLj
Kk, 2 24ElI 4
I, =nA.ld-cf + E*'{j—c (6]
N +Af,
and A, = [7]
¥

I=0.75I, [8]

MQ)‘PQ}Q)QM’MWOW

(720-T)
= L 9]
Jor |._~ 470 f

Heoal yo Y S 2 o p3Y (59

M, PA ot
V.":':l'e = =+ + pb
' L L 2

[10]



Where My = the capacity
of the wall at its base

A = the outward movement of
the wall at the top support

P = load on top of wall

9

N --J“h;w.‘

Connection force at top of
wall to prevent outward collapse

)|3.1.> u‘;’:l.:}’) S99 wbm

_27 |pstL’
k El

T

(1]

Where: k=9.87 for simply supported wall, and
K=15.4 for propped cantilevers.

b jexo Jo> 4lg0 (pes

M*=M*, +N*a, [12]
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where:

. s
I,=nA_(d-c) TS [

3
and
N +Af
e = - E [16]
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Out of plane buckling of a wall

due to inplane loads
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N,

|~;le - _p[ —_—
feAg f.

b Z2Me

T LA

where M { is the design moment at the base of the
wall corresponding with = 1.0.

SrN b ol g ‘;Lél ] 18,1 P

3529 Sy V¢l JoSis Jlml aS >lg jo axmbo jl ) G 4 lgs ol o5 5l 6 S sl 6l
0.05f Ay , .
9 o A 3l e 2900 Tob sl g o)l

_ Cfrf(n. ﬁ[,ﬂlr +2}Lw [2-1]
1700.J¢

m

where o, = 1.0 for doubly reinforced walls and 1.25
for singly reinforced walls; and

=5 for limited ductile plastic regions, these
walls can be singly reinforced.

=17 for ductile plastic regions, note DZ3101 doe

not allow the use of singly reinforced ductile
walls.

k.= 1.0, unless itcan be shown that for long walls:

L, )
fm=l025-00mAL, 0 [22]
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SEMI-DETACHED HOUSE

huudlng area" iz a

deflned term
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defined as storeys
ahove grade
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COMTAINMENT 9.8.2.2.(1) OPTICN #1 30 MINUTE FIRE-RESISTAMCE
RATED SEPARATION PROVIDED
BETWWEEM CWYELLIMG LINITS
AMD ADJCINING ROOMS
(Imuti-level) AMD AREAS

one dvwelling

A wertical and horizortal fire separation
I with & 30 minute fire-resistance rating
iz provided hetween each dwwelling uni,
adjaining rooms and areas that are not
mutti-lesvel) under the control of the occupant of the
one celling dhweelling uni.

Existing weall and ceiling membranes
COMman space

ot other erI:II"I'I consisting of lath and plaster or
gypsum board are deemed to have a
& 30-minute fire-resistance rating.

MOTE: Openings for doors located in
thiz fire separation must be
protected with closures

to Article 9.53.2.3.

5yster plos wilgs o aieds Yo LT culiw Sl o5lolor SKaSS b caSligoasly oS

COMTAINMENT 3.8.2.2.2) OPTION #2 15 MINUTE FIRE-RESISTANMCE
RATED SEFARATION PRONVIDED
BETYWEEN DWWELLING LIMITS
ANDADJOIMIMNG ROOME

=
(rmuti-lervel) AMD AREAS, PLUS THE
o ceeliing IMSTALLATION OF
RRPEEE INTERCONNECTED SMOKE
s ALARMS.
unit || mutti-leved) | G DRer raom
o e elling &, vertical and harizortal fire separation
weith & 15 minute fire-resistance rating
F-- iz provided hetween each dwelling unit,
2 adicining rooms and areas that are not
Lt . under the control of the occupant of the
cvwelling unit.
: : Exizting wall and ceiing membransas
MOTE: Openings for doors located in conzisting of lath and plaster or
this fire separation must be gypsum board are deemed to have a
protected with closures a1 5-minute fire-resistance rating.
to Article 9.5.2.5.

Z  Interconnected smoke alarms
must be installed in accordance
with Article 9.8.4 1. throughout
the detached housze, zemi-detached
house or rovy house.



COMNTAINMENT 3.8.2.2.3) OFTION #3 SPRINKLER PROTECTION M
LIEL OF RATED FIRE
FIRE SEPARATIONS BETYWEERN

T T T OWELLIMG UMITS ARD
o ADJOINING ROOMS ANMD AREAS.
one dvwelling
H- I An unrated fire zeparation constructed

1 \ |_ as & continuous barrier against the

unit ;: =pread of fire located between dwelling
J1one cweling units and adjoining rooms and areas is
_:: permitted where the detached house, zemi-

'_'_'_Jl_-_— o1l detached house or row house is
unit sprinklered.

Il Sprinkler protection is provided
" in accordance with Subsection 9.8.5.

35,5 oo Jbd s35m 5T e 5o 3L S piesns

MEAMS OF EGRESZ9.832. OPTION #1 A DWELLING LINIT MAY BE
SERVED BY OME MEAMS OF
ESCAPE PROWIDED:

[Example door #17
The doar zerves as a means of
escape from only one dwelling unit,
openz directly to the exterior with
direct access to ground level.

[Example door #2)

The door zerves as & means of
ezcape from anly ane dwelling unit,
situated on & second or third storey,
opens directly to the exterior with
direct access to ground level via an
exterior stairvway.

(Example door #3)

The door serves as a means of
ezcape from only ane dwwelling unit
situated belovy grade, opens directly
o the exterior with direct access to
ground level.

oSl ols Glp o2s @00 9,18 4l o,



WMEANS OF EGRESS 9.8.3.3.(1) OPTION #2 A DWELLING UNIT MAY BE

The shared
means of

escape has

dire
accessto
exterior at

ground level.

a Doors located inthe fire separation must

one

chvwvelling

unit

cwvelling
unit

confarm ta Aricle 9.8.2.5.

MEANS OF EGRESS 9.8.3.3.(1) & (2)

SERVED BY OME WMEANS OF
ESCAFPE WHERE THE
CWYELLIMNG LIMIT HAS DIRECT
ACCESE TO THE SHARED
MEAMS OF ESCAPE.

The shared means of ezcape does
niot imvalve entering another dwelling
unit and does not contain any
OCCURENCY.

—I The shared meanzs of escape is fire

separated from the remainder of the
building by & fire separation having
& 30-minute fire-resistance rating.

Wigll and ceiling surfaces in the
interior zhared means of escape have
a flame spread rating not

exceading 150,

okl 5 ol kel ) Solieanly ¥ adine
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The shared 4 d\"&ﬁ#mg
means of
escape has =
dire
access to
exterior at
ground level. O

a Doors located in the fire separation must
confarm to Aricle 9.5.2.5.

=
dvwelling
unit

CPTION #2  SPECIAL CASE EGRESS FOR

THIED STOREY

The shared means of escape does
not involve entering another dwelling
unit or contzin ancther occupancy.

The shared means of escape is fire
separated from the remainder of the
building by & fire zeparation having
a 30-minute fire-resistance rating.

Wl and ceiling surfaces inthe
interior zhared means of escape have
a flame spread rating not

exceeding 150.

z  Interconnected smoke alarms must be
inztalled throughout the detached
house, zemi-detached house ar rowvw
house where it serves a dywelling unit
situated ertirely in the third storey as
ilustrated in this example.



MEANS OF EGRESE 89.58.3.4.(2)

OPTION #3 A WWINDOWY MAY SERVE AS A
SECOND MEAMS OF ESCAPE
PROYIDED:

D Two means of ezcape are reguired from
the dweelling unit wwhere ane means of
ezcape is provided through a door
that invalves entering andther dwwelling
unit.

& The sill iz not mare than 1 metre above ar
belove the adjiacent ground level and the

zill iz not more than 300 mm above the
floor ar fixed steps.

The unobstructed open area of the
window iz not less than 0.35 1t with
no dimension less than 460 mm.

Mote: Interconnected smoke alarms must be
installed througholt the detached house,
semi-detached house or rovw house in
accordance with Aricle 9541,
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DETAILS WHERE THE MEANS OF ESCAPE INVOLWVES A WINDOWY WELL

-
the wwincow must
open in without

the use of toals and
nct interfere with
ESCERE

=il i not mare
than 900 mm
aboyve floor or
fixed steps

—

o]

Ceiling

Acceptable here

"Dead Air Space” - NEVER here

Top of detectar
acceptable here

Smioke alarms are to be installed on or near

the cefings and naot within dead air spaces e Wl

mare than 1 metre
below ground lewel

the wincdow well is not
lezs than 1 metre in
frant of the window

the sill is not

(Where a sliding windowvy is used, the
unobstructed open area remains the same.)

nit less than

7F ) |4— L —

100

(minripnTAm) B

|,

Casement window design | not lessthan
1060 mm

The vwindavw apens fram the
inide vwithout the use of fools
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SMOKE ALARM INSTALLATION -- ARTICLE 9.8.4.2.

2 3] [T

@ ShOKE AL ARR LOCATION
kitchenDinette
Living Room/Dining Roam In each dwelling unit install the
zsmoke alarm between each area
containing sleeping rooms and the
remmainder of the dwelling unit,
Foyer

and where the sleeping rooms
@ are served by hallways the
smoke alarms are to be installed
inthe hallways.

Bedroom
Clozeti O Bathroom

storage |-D-| @
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[Y] Cement and concrete association of New Zealand ,Draft and information Bulletin about
“Slender Concrete walls”

[Y] “RELATIONSHIP BETWEEN THE ONTARIO BUILDING CODE AND RETROFIT
PROVISIONS OF THE ONTARIO FIRE CODE “, Y)Y Nov Y« v
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¥- A. ASTANEH-ASL, “PROGRESSIVE COLLAPSE PREVENTION IN NEW ANDEXISTING
BUILDINGS” www.irancivilcenter.com
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A- Graham Powell” Progressive Collapse: Case Studies Using Nonlinear Analysis” RAM
International Carlsbad, California, Y+ +¢ SEAOC Annual Convention, Monterey, August ¥+ + ¢
- General Services Administration, Progressive Collapse Analysis and Design Guidelines for

New Federal Office Buildings and Major Modernization Projects, June Y+ ¥
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VV-Peter Shuttleworth,”FIRE PROTECTION OF CONCRETE TUNNEL LININGS” Rail Link
Engineering. UK

VY- T.T. Lie” Effects of Insulation on Fire Safety” National Research council of Canada August
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