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Note: Arrows indicate direction of air movement.
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Figure 3.22 Airflow due to normal and reverse stack I Apgo = 3460(T— - T—)z for SI |
effect. '\_ ________ . !
where
Stairwells Apgn = pressure difference from shaft to the outdoors,
Elevator shafts in. H,0 (Pa),
:Ilu mI:JW?IteII‘SSh f g = acceleration due to gravity, ft/s? (m/s?),
echanica CLE Pum = absolute atmospheric pressure, b/t (Fa),
R = gas constant of air, 53.34 ft-Ibf/lbm-°R
(287.0 J/kg'K),
T = absolute temperature of the shaft, °R (K),
Ty = absolute temperature of the outdoors, °R (K),
z = distance above the neutral plane, ft (m).
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(b) Two openings between spaces Fig. 4 Pressure Difference Caused by Stack Effect
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OUTPUT  Location of Neutral Plan
Fire DATA o = H
Floor n Ts U
1+ ("/r,)
(a) Fire below (b) Fire above (c) Fire above B 305 s
neutral plane neutral plane neutral plane with H, = 23 + 273 1/3 150
smoke in a shaft 1+ (( )/ )
Note: If the smoke from a fire above lhe neutral plane (see note) (=7+273)
has sufficient buoyancy to overcome stack effect, the
smoke can flow into the shaft as in (c) above. Pressure due to Stack Effect
AP = 3460 ( ! 1 >Z
To Ts
AP = 3460 = X 155
((—7 +273) (23 + 273))
AP = 204 Pa (0.8 in.wg)
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Ap = 3460(i—i]h
Iy 1

A

where

Ap = pressure difference, Pa
1, = absolute temperature of surroundings, K
T, = average absolute temperature of fire compartment, K
h = distance above neutral plane, m

_ I(H-H)+ L H;
S H

where
H = floor-to-ceiling height, m
H; = thickness of ceiling jet, m

I; = absolute temperature of ceiling jet, K

Amidiall 4 S (o5l all e plaa 1 ael
Oﬂ_.’j::' ~=§\é)jd_gﬁ£d\5)$.«3c)ééj‘§kﬂc§)l“‘&°

é&\jﬂ\&@“)éﬁ)&j\bp
(5-12%)H —

The thick ness of this ceiling jet flow is approximately 5 to 12
percent of the height of the ceiling above the fire source
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Table 3-13.1 Estimated Delay Time to Start Evacuation

in Minutes
Wi W2 W3 e g8l (38 ey Bagia aSad A2 (e g Jlall al aladialy Bdla cilgsasi | WL
Occupancy Type (min) (min) (min)
Offices, commercial and Industrial buildings, Ad) plaiadly Al OSay 13 Gude Jas allhs aa @l SEVG 5l cilgs o8 ¢ Bl
schools, colleges and universities
(Occupants awake and familiar with the
building, the alarm system, and evacuation Lal) AL e B
procedure.) <A1 3 >4 R —
Shops, museums, leisure-sport centers, and )
other assembly buildings (Occupants awake Jas adlh e cilaglrally (Ape g pdad (a e ol (Baa Uaa) dgage & Aiga Jiluy w2
but may be unfamiliar with building, alarm i
system, and evacuation procedure.) <2 3 >6
Dormitories, residential mid-rise and high- e
rise (Occupants may be asleep but are
predominantly familiar with the building, ) . . . .
alarm system, and evacuation procedure.) <2 4 >5 Ala (63 QN 9 (piligall g (Baoadl I B LAY addiay il U W3

Hotels and boarding houses (Occupants may
be asleep and unfamiliar with the building,
alarm system, and evacuation procedure.) <2 4 >6

Hospitals, nursing homes, and other

institutional establishment (A significant

number of occupants may require

assistance.) <3 5 >8

W1: live directives using a voice communication system from a control room
with closed-circuit television facility, or live directives in conjunction with
well-trained, uniformed staff that can be seen and heard by all occupants
in the space

W2: nondirective voice messages (prerecorded) and/or informative warning vi-
sual display with trained staff

W3: warning system using fire alarm signal and staff with no relevant training

Source: Adapted from Fire Safety Engineering in Buildings, Part 1: Guide to the

Application of Fire Safety Engineering Principles, Table 21, British Standard In- '
stitutue, DD240, London, 1997.
2
‘=) Dr.Eng.Ahmed Hamdi @ +§0130E002§9(;§§é96i552447944 o35 dadual) From :SFPE, Handbook of Fire Protection Engineering,
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TABLE 1004.1.2
MAXIMUM FLOOR AREA ALLOWANCES PER OCCUPANT
FUNCTION OF SPACE OCCUPANT LOAD FACTOR®
Accessory storage areas, mechanical
B 28 gross
| equipment room
Agricultural building 28 gross
Ajrcraft hangars 46 gross
Airport terminal
Baggage claim 1.9 pross
Baggage handling 28 gross
Concourse 9 gross
Waiting areas 1.4 gross
Assembly
Gaming floors (keno, slots, etc.) 1.02 gross
Exhibit Gallery and Museum 2.8 net
Assembly with fixed seats See Section 1004.4
Assembly without fixed seats
Concentrated (chairs only-not fixed) 0.65 net
Standing space
Unconcentrated (tables and chairs) 0.46 net
1.4 pet
Bowling centers, allow 5 persons for each lane inchuding 4.6 m of runway, and for
additional areas 0.65 net
Business areas 9 gross
Courtrooms—other than fixed seating areas 3.7 pet
Day care FLOOR AREA, GROSS. The floor area within 33 oot
Dommitori the inside perimeter of the exterior walls of the
ormitories s . : . 4.6 gross
- building under consideration, exclusive of vent
Eda‘;::; aren shafts and couns,l-mfur corridors, 1.9 st
_ . stairways, ramps, closets, the thickness'of interior )
Shops and other vocational room areas walls. columns or other features. The floor area of a 4.6 net
Exercise rooms building, or portion thereof, not provided with 16 gross
H-5 Fabrication and manufacturing surrounding exterior walls shall be the usable area 19 gross
areas under the horizontal projection of the roof or floor
Tndustrial ateas above. The gross floor area shall not include shafts
Inpatient treatment areas with no openings or interior courts. 22 gross
Outpatient areas FLOOR AREA, NET. The actual occupied area 9 gross
.Sleepmg areas (AOUEREINEIRE unoccupied accessory areas such as 11 gross
K_“‘hm- commercial corridors,  stairways, ramps, toilet rooms. 19 gross
hﬁgmdjng mechanical rooms and closets. 46 et
a r00ms X
Stack area 9 gross
Mall buildings—covered and open See Section 402.8.2
Mercantile
Areas on other floors 5.6 gross
Basement and grade floor areas Storage. stock. shipping areas 2.8 gross
28 gross
Parking garages 19 gross
Residential 19 gross
Skating rinks. swimming pools
Rink and pool 4.6 gross
Decks 1.4 pross
Stages and platforms 1.4 pet
Warehouses 46 gross
& +201007002396 & +966552447944
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A Table 7.3.1.2 Occupant Load Factor A Table 7.3.1.2  Continued
Use (ft*/person)® (m*/ person)* Use (ft*/ person)* (m*/person)*
Assembly Use Sales area on floor a0 28
Concentrated use, 7 net 0.65 net below street floor”
without fixed seating Sales area on floors G0 a6
Less concentrated use, 15 net 1.4 net above street floor”

without fixed seating
Bench-type seating

Fixed scating
Waiting spaces

Kitchens

Library stack arcas

Library reading rooms

ming pools

ming pool decks

Exercise rooms with
equipment

Exercise rooms
without equipment

Stages

Lighting and access
catwalks, galleries,
gridirons

Casinos and similar

gaming arcas
Skating rinks
Business Use {other
than below)
Concentrated Business
Use®
Airport traffic control
tower ohservation
levels
Collaboration rooms,
spaces 450 fi*
(41.8 in area’
Collaboration rooms,
spaces >450 fi*
(41.8 m*) in area’
Day-Care Use
Detention and
Correctional Use
Educational Use
Classrooms
Shops, laboratories,
vocational rooms
Health Care Use
Inpatient treatment
departments
Sleeping departments
Ambulatory health care
Industrial Use
General and high
hazard industrial
Speciakpurpose
industrial
Mercantile Use
Sales area on street
floor™*
Sales area on two or
more street floors®

I person /18

lincar in.

Use number of
fixed scats

See 12.1.7.2 and
15.1.7.2.

100

100

50 net

50 (water surface)
30
50

15

15 net
100 net

35 net
120

20 net
50 net

240

1 person /455 linear
mm

Use number of
fixed sea

See 12,
15.1.

9.5

9.3

4.6 net

4.6 (water surface)

2.8

4.6

1.4

1.4 net
9.3 net

4.3 net
11.1

1.9 net

4.6 net

7.3

11.1
14

93

NA

o, dadal

VAL

ot es |

Floors or portions of See business use. See business use.
floors used only for
offices

Floors or portions of 00 279
floors used only for
storage, receiving,
and shipping, and
not open to general
public

Mall structures? Per factors
applicable to
use of space”

Residential Use

Hotels and dormitories 200 18.6

Apartment buildings 200 18.6

Board and care, large 200 18.6

Storage Use

In storage occupancies  NA NA

In mercantile 300 279
occupancies

In other than storage 500 46.5

and mercantile
occupancies

MA: Not applicable. The occupant load is the maximum probable
number of cccupants present at any time.

*All factors are expressed in gross area unless marked “net.”

For the purpose of determining occupant load in mercantile
occupancies where, due to differences in the finished ground level of
streets on different sides, two or more floors directly accessible from
streets (not including alleys or similar back streets) exist, each such
floor is permitted to be considered a street floor. The occupant load
factor is one person for each 40 fi? (3.7 m?) of gross floor arca of sales
space.

“For the purpose of determining occupant load in mercantile
occupancies with no street floor, as defined in 3.3.271, but with access
directly from the street by stairs or escalators, the floor at the point of
entrance to the mercantile occupancy is considered the street floor.
“For any food court or other assembly use areas located in the mall
concourse that are not included as a portion of the gross leasable arca
of the mall structure, the occupant load is calculated based on the
occupant load factor for that use as specified in Table
remaining mall concourse area is not required to be
occupant load.

*The portions of the mall concourse not used as gross leasable area are
not required to be assessed an occupant load based on Table 7.5.1.2.
However, means of egress from a mall concourse are required to be
provided for an occupant load determined by dividing the gross
leasable area of the mall building (not including anchor buildings) by
the appropriate lowest whole number occupant load factor from Figure
7.3.1.2{a) or Figure 73.1.2(b).

Each individual tenant space is required to have means of egress to the
outside or to the mall concourse based on occupant loads calculated by
using the appropnate occupant load factor from Table 7.3.1.2.

Each individual anchor store is required to have means of egress
independent of the mall concourse.

Bee A7.3.1.2.

From :5BC801, IBC, CH.10
NFPA101, 7.3.1.2
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Estimate Item Table / Figure
Estimate flow dens'g\éc(l?lmt load Table 1004.1.2 (SBC801, IBC)
D= P (Person/ft2) Table 7.3.1.2 (NFPAL01)
corridor area
Speed, Movement VGlOCitV (S) Table 3-14.2 Constants for Equation 2, Evacuation
S=k—akD Speed
. [Pl .=
where Exit Route Element : kl . : kz :
S = speed along the line of travel Cogja‘::r* 'E)ii':rvwa 1275 : 140 :
D = density in persons per unit area Stairs : / R T B
s K ="Constant, as Showr i Table 322 =~ T 77T 7~ > Riser (i) Tead(n) 1
: =ky; and a = 2.86 for speed in ft/min and density in | ;g 1? [ ;?g : |1 :gg:
| persons/ft2 ! 6.5 12 lo29,  h.e
| =ky and a=0.266 for speed in m/s and density in : 6.5 13 L24E ) 'lzg )
\_ _ persons/m> - ’
Specific Flow, (Fg) F,=SD
where
F, = specific tlow
D = density
S = speed of movement
F, is in persons/min/ft> when density is in persons/ft?
and speed in ft/min; F; is in persons/s/m? when density
is in persons/m? and speed in m/s.
Combining Equations 2 and 3 produces
F, = (1 —aD)kD
[ wherekisaslistedinTable3-142. _ _ _ __ "}
“% Dr.Eng.Ahmed Hamdi @ ;k?r?'\t?joﬁgﬁfiigsé(;/2?1?3?32?3;944 o35 dadual) From :SFPE, Handbook of Fire Protection Engineering,
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Estimate Item Table / Figure
Maximum Specific Flow, (Fe¢,, ) Table 3-14.5 Maximum Specific Flow, F,,
Maximum Specific Flow
Take the lower from (Fg,,) and (F) Persons/min/ft of Persons/s/m of
Exit Route Element Effective Width Effective Width
Corridor, Aisle, 24.0 1.3
Ramp, Doorway
Stairs
Riser Tread
(in.) (in.)
75 10 17.1 0.94
7.0 11 18.5 1.01
6.5 12 20.0 1.09
6.5 13 21.2 1.16
Effective Width, (We)  wall | Open
«———— Nominal ———>] side Table 3-14.1 Boundary Layer Widths
stair width |
Handrail I Boundary Layer
centerlines | Exit Route Element (in.) (cm)
e 3.5in. 35in—> ‘ | Stairways—wall or side of tread 6 15
® (8.9 cm) (8.9 cm) e Railings, handrails2 35 9
) Effective , | Theater chairs, stadium benches 0 0
width | Corridor, ramp walls 8 20
sin 6in | Obstacles 4 10
(1 50 cm) (1 50 cm) | Wide concourses, passageways <18 46
I Door, archways 6 15
Area of t)[ead use I aWhere handrails are present, use the value if it results in a lesser effective width.
I Stair tread I
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Estimate Item Table / Figure
Calculated Flow, (F.) - Density (persons/im?)
FC o Pbm{’ 0 5 1 15 2 25 3 35 4
25 I ! ! ! I I I ]
where n Corridor, 120
ramp, ’
F. = calculated flow T o - aislg, Ti00 E
e, _ =
I, = specific flow = L doorway - 3
> . [}
. o = 2
W, = effective width 3 g5 — 080 5
g | 1 2%
i _ FoimWegin) ST _los0 T E
Transitions Fo = Wy (10a) SE 10 1 ge
(73] c
where é - Various stairs — 040 G
F, (o = specific flow departing from transition point g 5 per Table 3-14.5 - 2
F,(.n) = specific flow arriving at transition point — 0.20
W, i) = effective width prior to transition point —
W, (ou) = effective width after passing transition point 0 ! L ' ! ! L 0.00
. . . . 0 05 1 15 2 25 3 3 4
(b) For cases involving two incoming flows and one i
outflow from a transition point, such as that which occurs Density (persons/ft?)
with the merger of a flow down a stair and the entering
flow at a floor, Figure 3-14.5. Specific flow as a function of density.
_ Fan-yWein-1) T Foin2Wein-2)
Foouy = W (10b)

i i i H Table 3-14.3 Conversion Factors for Relating Line of
Conversion Factors for Relating Line of Travel Distance to T s o Vction] Travs) for
Vertical Travel Various Stair Configurations

Stairs Riser (in.) Tread (in.) Conversion Factor
7.5 10.0 1.66
7.0 11.0 1.85
6.5 12.0 2.08
6.5 13.0 2.22
") Dr.Eng.Ahmed Hamdi @ fm?jozloozj_% &é96i552447944 o35 dadual) From :SFPE, Handbook of Fire Protection Engineering,
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INPUT DATA
Number of Floor 9 floors
Floor to floor height 12 ft (3.7 m)

Stair width 44in (1.12 m)
Stair risers and treads

7in:11in (178mm : 279mm)

Landings per floor

4-ft x 8-ft (1.2-m % 2.4-m)
Door width 36in (0.91 m)
Corridor width 8 ft (2.4 m)
Population 300 persons/floor
Example building
typical floors 3-14.6
Office space
150 occupants
y NN I I N NN -
% A A A S —
—
Office space L
150 occupants _
< 300 ft.
; 201007002396 & +966552447944
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OUTPUT DATA

Corridor | Estimate flow density (D)

_ Occupant load

(Person/ft?)

corridor area
150 150

D =300x8~ 1200

= 0.125 Person/ft?
Speed, Movement Velocity (S)

S=k—kaD
Scorridor = 275 — (275 % 2.86 X 0.125) = 177 ft/min

Specific Flow, (F<)

Fg = (1 —aD) kD

Person
Fg =[1—(2.86 X 0.125)](275 X 0.125) = 22 —————
ft X min
Maximum Specific Flow, (Fg,,)
R, = 24 ETSOM Table 3.14.5
ST 2T ft X min (Table 3.14.5)

F¢ used for the calculation, because is less than F ¢,
Effective Width, (We)

W,=8 —(2x05) =8 ft
Calculated Flow, (F,)

FC - FS X VVB
person
F,=22x8=154

min

stairway | Effective Width, (We)
W, =36 —(2x6)=24in (2 ft)

entry
doors
“@ Dr.Eng.Ahmed Hamdi @ +50130Z1002§93 gfé é96?1552447944 3, ikl From :SEPE. Handbook of Fire Protection Engineering,
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OUTPUT DATA

stairway Effective Width, (We)

W, =36 — (2 X 6) =24in (2 ft)

entry | specific Flow, (Fe)
doors F _ Fs_corridor X We—corridor
S—door We—door
F _ 22 X7 _ Person
S—door =5 T " ft X min
Maximum Specific Flow, (Fsy,)
Person

Fg,, used for the calculation, because is less than F ¢
Calculated Flow, (Fr)

FC =FSXVVe
person
F,=24%x2=48

min

stairway Effective Width, (We)
W, =44 — (2x6) =32in(2.66 ft)
Specific Flow, (Fs)

Fs—door X We—door

Fs_stair = W ]
e—stair
F _ 24 X 2 _ Person
S-door ™ 966 ftx min

Maximum Specific Flow, (Fg,)

Person
ft X min
F¢ used for the calculation, because is less than F ¢,

Fom = 185 (Table 3.14.5)

Calculated Flow, (F;)

FC = FS X VVe
person
Fo =18 X 2.66 = 48 ——
min
‘(@ Dr.Eng.Ahmed Hamdi @ f 0130?02;9353é96i552447944 ab; dadual) From :SFPE, Handbook of Fire Protection Engineering,
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OUTPUT DATA

stairway | The travel distance between floors

L1 = Floor to floor height X Conversion Factor
L1=12x1.85=222ft
The travel on each of the two landings

L2 =2 x length of landing
L2=2x8=16ft
The total floor-to-floor travel distance

LT=L1+1L2
L.T=222+16 =382 ft
Speed, Movement Velocity (S)

S=k—kaD
Serqir = 212 — (212 x 2.86 x 0.146) = 123 ft/min
Estimate impact of merger of stairway flow and stairway entry flow on exit flow.

_ (Fs—door X We—door) + (Fs—in.stair X We—in.stair)
Fs—out stair =

We—out.stair
(24 x 2) + (18 x 2.66) person
Fs_out.stair = 266 = 36

ft min
Maximum Specific Flow, (Fg.,)

Person
ft X min
F ., used for the calculation, because is less than F g

Fs, = 18.5 (Table 3.14.5)

Calculated Flow, (F,)

FC = FS X VVe
person
Fr = 18.5 X 2.66 = 49 :
min
‘=) Dr.Eng.Ahmed Hamdi @ +201007002396 & +966552447944 3, dadal) From :SFPE, Handbook of Fire Protection Engineering,
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OUTPUT

. erson
stairway entry doors Fc =48 P — All person evacuate to stair exit at 3.125 min
stairway LT=382ft Time take from floor-to-floor t = SL'T :—‘E‘: =0.31 min
stair

Sstair = 123 ft/min

Number of person evacuate from floor-to-floor in one second = 15 persons

Fc =48 pi:;:l) & Number of person in stair one second = 15 x 8 = 120 persons
TIME EVACUATION STATE TIME EVACUATION STATE
3.125 min All persons have evacuated the 9 floor 21.01 min The end of the flow reach the 3° floor
3.91 min The end of the flow reach the 8" floor 24.14 min All persons have evacuated the 37 floor
7 min All persons have evacuated the 8" floor 24.45 min The end of the flow reach the 2" floor
7.31 min The end of the flow reach the 7 floor 27.5 min All persons have evacuated the 2 floor
10.4 min All persons have evacuated the 7 floor 30 min All persons have evacuated the building
10.71 min The end of the flow reach the 6" floor
13.84 min All persons have evacuated the 6" floor
14.14 min The end of the flow reach the 5" floor
17.27 min All persons have evacuated the 5" floor
17.58 min The end of the flow reach the 4" floor
20.70 min All persons have evacuated the 4" floor
) Dr.Eng.Ahmed Hamdi @ "'5010070023_96 & +966552447944 5, dadual From :SFPE, Handbook of Fire Protection Engineering,
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Al
Table 2.1 v
g ¢ Crowth . Fully-Developed Firg | Decay
Building use Fire growth rate (kW) Species Radiative fraction Peak HRR/ v "
HRR/m? & '
® Flashover
All buildings including storage 0.0469 t2 0.35 -3
. . 20 MW =
with a stack height of less Ysoot= 0.07 ka/kg t @
_ 2(2)
than 3.0 m Yeo= 0.04 kg/kg 500 - 1000 kW/m
250 kW/m?213)
Carparks (no stacking) 0.0117 t2 AHg= 20 MJ/kg 0.35 f
_ i
Capable of storage to a stack 0.188 12 Yeo,= 1:5kalkg 0.35 50 MW Time
i J Y. o= 0.82 ka/kg"" .
gec',ght OS bet"‘;eefrl‘ 3.0mand H20 Figure 5.2 Stages of fire development.
.0 m above the floor
3
Calpable of storage to a stack 0.00068 t° H 0.35 1000-2500 KW/mZ2@ . : :
height of more than 5.0 m 250 KW/ Incubation > Established Y
g "' =
above the floor and car parks /m o Period :‘ Growth
with stacking systems & |
- 1
NOTE: & :
t = timeinseconds o :
H= height to which storage is capable of in metres 8 '
Y - yieldkg/kg v \
AH¢ = heat of combustion E :
(1) As an an alternative to CO2 + H20 yields use generic fuel as CHZO0 = and calculate yields. g '
(2) In a CFD model the fireis intended to be modelled as a plan area where the size is determined from the peak HRR/m?Z. 5 :
A range is provided for HRR/m? to accommodate different HRR and mesh sizes. |
|
(3) Use in a zone model.
0 Time, ¢

(a) Typical HRR curve
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Table 5.1: Heat Release Density of Some Materials

Heat Release Density

Material Burned Btw/sft2 EW/m?
1. Wood pallets, stacked 1.5 ft (0.46 m) high (6%-12% moisture) 125 1400
2. Wood pallets, stacked 5 ft (1.52 m) high (6%-12% moisture) 350 4000
3. Wood pallets, stacked 10 ft (3.05 m) high (6%-12% moisture) 600 G800
4. Wood pallets, stacked 16 ft (4.88 m) high (6% -12% moisture) 900 10,000
5. Mail bags. filled, stored 5 ft (1.52 m) high 35 400
6. Cartons, compartmented, stacked 15 ft (4.57 m) high 150 1700
7. PE letter trays, filled, stacked 5 ft (1.52 m) high on cart 750 8500
8. PE trash barrels in cartons, stacked 15 ft (4.57 m) high 175 2000
9. PE fiberglass shower stalls in cartons, stacked 15 ft (4.57 m) high 125 1400
10. PE bottles packed in item 6 550 6200
11. PE bottles in cartons, stacked 15 ft (4.57 m) high 175 2000
12. PU insulation board, rigid foam, stacked 15 ft {4.57 m) high 170 1900
13. PS jars packed in item 6 1250 14,000
14. PS tubes nested in cartons, stacked 14 ft (4.27 m) high 475 5400
15. PS toy parts In cartons, stacked 15 ft (4.57 m) high 180 2000
16. PS insulation board, rigid foam, stacked 14 ft (4.27 m) high 290 3300
17. PVC bottles packed in item 6 300 3400
18. PP tubes packed in item 6 390 4400
19. PP & PE film in rolls, stacked 14 ft (4.27 m) high 550 6200
20. Methanol pool, 0.52 ft (0.16 m) diameter 180 2000
21. Methanol pool, 4.0 ft (1.22 m) diameter 35 400
22 Methanol pool, 5.7 ft (1.74 m) diameter 35 400
23 Methanol pool, 8 ft (2.44 m) diameter a7 420
24. Methanol pool, 3.2 ft (0.97 m) square 66 745
25. Silicone transformer fluid pool, 5.7 ft (1.74 m) diameter 8 90
26. Silicone transformer fluid pool, 8 ft (2.44 m) diameter 8 90
27. Hydrocarbon transformer fluid pool, 4.0 ft (1.22 m) diameter 83 940
28. Hydrocarbon transformer fluid pool, 5.7 ft (1.74 m) diameter 80 900
29. Heptane pool, 4 ft (1.22 m) diameter 270 3000
30. Heptane pool, 5.7 ft (1.74 m) diameter 280 3200
31, Work station (four sided) 160 1800

Dr.Eng.Ahmed Hamdi
MSc, PHd, CFPS, LEED

+201007002396 & +966552447944
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Table 11.2.1.2 Summary of Test Data for Automotive Components Tested for NHTSA [21]

ty PHRR,
Part Base Polymer (sec) (kW/m?)

Battery cover Polypropylene 39 297
Resonator structure Polypropylene 64 417
Resonator intake tube Ethylene propylene diene monomer 72 434
Air ducts Polyethylene (A) or polypropylene (B) 68 560
Brake fluid reservoir Polypropylene 270 499
Kick panel insulation Polyvinylchloride 605 205
Headlight — clear lens Polycarbonate 278 385
Headlight — black casing Polyoxymethylene 74 158
Fender sound reduction foam Polystyrene 12 251
Hood liner face Polyethylene terephthalate 29 71

Windshield wiper structure Glass-reinforced thermoset polyester 252 233

resin cross-linked with styrene

Front wheel well liner PP/PE copolymer 66 390
Air inlet PP/PE 48 686
Hood insulator Nylon 6 and phenolic binder (Novalac) 6 21

Radiator inlet/outlet tank Phenolic binder (Novalac) 305 344
Engine cooling fan Nylon 6,6 102 158
Power steering fluid reservoir Nylon 6 129 217
Windshield with laminate Glass with PVB laminate 157 187
Blower motor housing Polypropylene 104 268
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Note: If fans are off, all dampers should be closed.

Fig. 11 Smoke Control System Damper Recommendation
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FIGURE A.4.8.1.1.1 Arrangements of Smoke Control Zones.
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Stair 1

Stair 2

Shaft

~~ Elevator

Notes:

1. In the basic system, each stairwell and
elevator shaft has one or more dedicated
fans that supply pressurization air.

2. In most buildings the basic system does
not perform well, but there are other systems
that have features o improve performance,

. In this figure, the stair pressurization and
elevator pressurization are single injection
subsystems, but they can be multiple
injection subsystems.

4. The stair subsystems are not

compensated systems.

w

Figure 11.1 Basic elevator pressurization system.
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(Vertical Opening) dxwl il cilail)

Mé‘;%"gUTM CURTAIN BOARD
sPAGING  MINIMUM 18 INCHES
15cm TO 30cm Tam]  LOWSELING
6 TO 12 INCHES FROM .
CURTAIN BOARD i i

EXITACCESS
STAIRWAY

Draft Curtain

W, ESCALATOR OR
N STAIRWAY
W, OFENING

L, OPENING

L.; ESCALATOR OR STAIRWAY

A
: FLOOR OPENING CANNOT EXCEED TWICE THE HORIZONTAL =
= PROJECTED AREA OF THE STAIRWAY

THEREFORE L x W, < 2x L. x W,
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Example 143 Steady Smoke Exhaust ||
What is the smoke exhanst needed to maintain a smoke layer height of 36 B(F10 m) with the design parameters Listed below?
Ambient temperature T2.0°F(22°C)
Ceiling height 45 f1(13.7 m)
Convective fraction 0.7
Height of top of fuel 0 fit (0 m)
Heat release rate 2000 Boa/s (2110 EW)
Wall heat transfer fraction 04

Note that the smoke laver depth is 45— 36 =901t (2.7 m), which i 20% of the height of the atriwm ceiling above the fiel This
depth acconumodates the formation of the ceiling jet as m the section ""Mininmen Depth of Smoke Layer'” 1o Chapter 13.

From Equation (14.14), the convective the heat release rate 15
Q = fo" = 0.7(2000) = 1400 Buw's {1480 LW} .
From Equation (14.13), the mean flame heizht is

z, = 0533027 = 053301400 = 978 GO m).

The smoke layer height, z. is 36 ft (11.0 m).
Because 7| is less than z, the mass flow is calculated from Equation (14.10):

/3503 4 571

it =0220,"" +0.00420, = 0.022¢1400"*)(36
From Equation(14,15), the smoke temperatue is

gy Qeon) gy 140001 04) e 4o
o=l e, = P  Tla(oaey T 1T AT

) +0.0042(1400) = 102 Ib's (46.4 kefs).

From Ecuation (14.17), the smoke density is

_ 530 _ 530 3 3
p, = 0.075 7 0.075 === = 0.0702 Iofft” (112 kfm).

From Egquation (14, 18), the vohunetric flow of exhaust gases i

- 0™ = 60102 _ !
F= r;-npp ﬁnﬂ_muz = B7, 200 cfm (41.2 m™ /5).
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i Jad e 8 elsd cau a5 plug holing ga_.ﬁaﬁ\_h

Plugholing of
air into smoke
exhaust

andd R Ca e &Y

Exhaust Inlet Exhaust Inlet
| Ceiling Ceiling \
|
| S
Plugholing of I T_
Air Into Smoke = See Note 3
Exhaust d See 2 ee fote d |
Notes =
o 1 and 2 <
R R e e T S o T R e e
Plugholing Can Cause System Failure Ceiling Mounted Inlet Wall Mounted Inlet
Notes:
1. For a ceiling mounted exhaust inlet with . <2 D,, Y = 0.5. =
2. For a ceiling mounted exhaust inlet with L 2 2 D, P g, ——
3. For a wall mounted exhaust inlet, /= 0.5. ——————
4. d/D, must be greater than 2. o Rectanaular
5. V, must be less than or equalto V.. Round mgrill_e
6. The edge-to-edge distance between inlets must not be Inlet Grille ——
less than S ;...
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GRILLS ) ¢ gl Gl de jur (i) lual

1/2
Ve = 452d*" { Lol j p, =24
e ’ A a+b
1/2 where
V. =416vd”"> [ L1, ] for SI D; = effective diameter of the nlet, ft (m),
- ‘ o a = length of the mlet, ft (m),
b = width of the inlet. ft (m).
where
Vaex = maximum volumetric flow rate without plugholing at 7, cfin (1113;’ s).
1 = absolute temperature of the smoke layer, °R (K).
T, = absolute ambient temperature, °R (K). "
d = depth of smoke layer below the lowest point of the exhaust inlet, ft (m). S = 0.0657,
y = exhaust location factor, dimensionless. S = 0_97/61-’2 for ST
where
Smn = minimum edge-to-edge separation between inlets, ft (m),
v, = volumetric flow rate of one exhaust inlet, cfim (m’/s).

A.L};.‘A *%
(NFPA92A Section 6.3.7 ) ik ¥ e 1Sl (d / D,) A Juals 058 of 2
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Transport Analysis Software
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