Measuring Air Leakage
Pathways in Tall Buldings

py: Colin GEnge:  WWW. retrotec. com
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Myt

Builldings are smoeke-tight

Reallity

10 te 100 x. mere leaks: than expected!
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1995 WITC Garage Bomib

s Smoke on 25t floor inrminutes
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1980 MGM Grand Casino Fire

Smoke deaths on’ 19"
o) 241 fleoers

Noew! reoms tested for
smoeke: tightness
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Why Smoeke MVoves

Pressure across a hole

m Stack Pressures

s HVAC (Heat Vent Air
Conditiening) pressures

m Wind

u Diffusion — slow
a MGWM fire created! 50 to 100 Pa
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Why Smoke

Hole: size. measured with dooer fan
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Minimumn egress time: calculation

Min. Egress Time=V x ¢ x 1.271 / Pa®> / ELA /F

V Volume in m3

C Smoke concentration (1% in our examples)

Constant for flow formula (NFPA2001 Appendix C)

Driving force in Pa

Door-Fan measured leakage area with 0.61
discharge coefficient

Decimal fraction of portion of leaks subjected to
smoke
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sSurprise #1
NEPATL2A and NEPA2001 Clean Agent Standard

Clean; Agent Suppression System

|netfective smoke
parrer

==

IHoles seen fromi inside with lights

out
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Surprise #1

Unnecessany discharge
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sSurprise #2

\Walls leak-over a range: of: 5001

|

Bottom and Teps of smoke barrer walls leak
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sSurprise #2

large hele fier a smallicalnle

Walls Egress

minutes

Extremely poor 1.40
UBC code 6.70

Typical maximum 13.00

Minimum measured . 98.20

Achievable . 600.00

Specific Leakage Areas cm?/m2@ 50 Pa
(=0.5 in?/100ft? EfLA @ 4 Pa) ofi surface area
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sSurprise #3

Staiwvells fill with' smeke: guickiy,

Doors leak
Not re-evaluated
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sSurprise #3

Staiwells il withr smoeke
guickly,

Specific
Leakage
Area

cm2/m?2

typical maximum

minimum
measured

Achievable
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Surprise #4

DaMPErS

With fusible links don't keep
OUL sioke
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sSurprise #5

Slales leakage varies over range of 7501

WES

Extremely poor, est.
UBC code

Maximum measured
Minimum measured

Achievable

Egress

minutes

0.3

0.9

4.0

238.0

280.0

Vertical pipes through slab
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Surprise #6

Elevator LophIeS not
ISelated
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Surprise #7

DUCting eften
danmaged

© Copyright Retrotec 2003




|selating Component Walls

Flow Press Leak

= I'SL, m3/s)  (Pa)  (m2)

0.600 2 0.
the door-fan measures - 2
total leaks

Smoke Barrier Wall

under Test

§3.600 m3/s>

+25 Pa

I
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|selating Component Walls

Flow Press Leak

Neutralized flow: across (m/s) ~ (Pa) | (m?)

cOmpPonent using 22 door- T
0.400 25 0.10

fan Leakage === 0.05

1 / Smoke Barrier Wall

Under Test

0.400 m3/s> o neutralizing flow
<6 <::

+25 Pa +25 Pa

1§
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Test Example

O Sterey. University: Residence
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Building Eeatures

oI Sterey: University.
Residence

Washrooms Hall
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Building Features

Stairwellf #4

Washrooms
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Building Features

Atrium

Washrooms Kitchen
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Building Features

WWashroems

‘Washrooms
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Building Eeatures

0,141 m=/s Supply in
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Building Eeatures

Kitchen

Kitchen
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Building Eeatures

Stanmwell 2
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Bullding Eeatures

This Reduces to...




Bullding Eeatures

. And Simplifies Even More Tao...

Wihere E = E+ E g E,
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Step 1a

Measure Individual Eleor Leakage

Dooer-Ean| Blower #1. pressurizes top; floor

Pressurize E, + D,= .66
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Step 1b

Measure Individual Eleor Leakage

Door-Fani Blower #1. depressurizes top floor

Pressurize E, + D,= .66

Depressurize E, + D,= .44
Average (Eo + Du)/2 = 55
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Neutralize: Dy Sla

Blower #2 added to neutralize fiow: threughr Du
Blower #1. only’ measures E,

from step 1b: E, + D,= .55
From Blower #1, E,= .42

.. BY SUBTRACTION D,= .13

Dys-0M3
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Neutralize: Dy Sla

Blower #2 also measures D, + €,
(B Isineutralized)
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Neltralizer €, Sla

Blewer #38 added
Blower #2 now: only: measures D]
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Neutralize € Slai

Blower #38 measures C, + B,
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Neutralize: B, Slan

Blower #£1. moved! te B floor
Blewer #3i now: enly measures C,
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Neutralize A, Slai

Blower #2 moved to lehblhy
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Another example:

Similar Outdoor leakage but Veny,
gl sian

The previous example’s resulis Were

i A2 # LDEER13

u

Leakage to eutdoors surnprisingly.
similar but leakage toi floer below
very different.
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Measure Ductwerk Leakage

Duct Flow (E,) included in E,: E[.42] = E., + E; + E,




» I\/Ieasu e Ductwork Leaka e
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Measure Ductwerk Leakage

Use Temporary Sealing ter Neutralize' Duct Elow, or
Pressurize Ductwork te 50 RPa




Measure: Staiwell Ceakage

Use Second Blower torNeutralize E;




Measure
Whoele

pUIldIng
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NoW |oek: at: comparatve: results; off ether:
puUIldings.
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Type

Description

Envelope
area

Leakage
Area

Driving
Force

Min Egress
Time

(m2)

(cm2)

(Pa)

)

Hydro Dam

Stairwell

1738

75

0.23

Hydro Dam

Stairwell

2361

0.14

Hydro Dam

Stairwell

5270

0.06

Apartment

Stairwell

140

1.4

Hydro Dam

Elevator shaft

Hydro Dam

Elevator shaft

Office Tower 2" floor

Elevator lobby

Office Tower 2™ floor

Elevator doors

Computer floor

Lower slab and walls

Computer floor

one partition wall

Apartment

8+9" floor, lower slab

Apartment

6+7t floor, lower slab

Office Tower 2™ floor

Slab between 15t & 2" floor

Apartment

4+5™ floor, lower slab

Office Tower 2™ floor

Slab between 15t & 2" floor

Apartment

2+3" floor, lower slab

UBC 905 standard

Floors and roofs
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Examples ofi Tightness
Standards

Envelope Leakage Driving Min Egress
Type Description : area i Area SLA Force Time

(m2) (cm2) (cm2/m2) (Pa) (Min)
UBC 905 standard Walls 25000 10.00 2.5 2.50
UBC 905 standard Exit enclosures 8750 3.50 10 0.61
UBC 905 standard Other shafts 37500 15.00 0.14
UBC 905 standard Floors and roofs 12500 5.00 0.90
Energy Efficient House R-2000 maximum 225 ORCHE SLdu0)
NFPA2001 FM200 protected zone 10000 4.00 0.54

EXISting stanedardssallevw far toe much
leakage.
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Conclusions

10 te 100 times: more
Smeke meveEment !
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Conclusions

Smoke simulation’ pregrams Werk Better with real data?
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CONTAMW: recommenads
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Conclusions

IHelerare Easily
Measured @

1-leUr per: floer

IASpections =
SUrpPrIses
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Conclusions

Correct design: +
Proper materals =
Smeke: tight bulldings
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