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Outline

 Overview of Air Intrusion

 Quantification of Air Intrusion

 Impacts of Air Intrusion



ssvssb

When air enters or leaves from one environmental

condition to the other environmental condition  

through the building envelope assembly, it is 

termed as “Air Leakage”.

Air Movement



ssvssb

When conditioned indoor air enters into a building 

envelope assembly but cannot escape to the 

exterior environment, it is termed as “Air 
Intrusion”.

Air Movement



ssvssb

Field Dynamic Roofing Facility 
(DRF)

Thermoplastic

Field vs. Laboratory Response

Courtesy: Hans Gerhardt
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AIR INTRUSION QUANTIFICATION : DRF-AI 
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MOD-BIT
WITHOUT AIR 

RETARDER
WITH AIR RETARDER

EXPERIMENTAL LAYOUT

Deck : 22 Ga -80 ksi

Membrane

PVC
WITHOUT AIR 

RETARDER
WITH AIR RETARDER

EPDM
WITHOUT AIR 

RETARDER
WITH AIR RETARDER

Self Adhered Film

EXCEPT MEMBRANE (BUBBLE SIZE) ALL OTHER COMPONENTS ARE 

IDENTICAL INCLUDING THEIR  LAYOUT AND ARRANGEMENT

4 ft x 4 ft x 2 in. ISO
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DECK INSTALLATION

36” 36” 24”

Deck Overlap

Edge Seal Along Width

Deck edges on L-channel

Edge Seal

Along Length

Consistent For All 

Assemblies
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AIR RETARDER INSTALLATION

No bending of air retarder

along the length – Flush to

the deck moulds

No  450 bending of air  retarder 

at the corner – Flush to the metal 

plate connecting to the pancake 

cylinders

Consistent 

For All 

Assemblies

Tested with

Air Retarder
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Mechanical fastened 5/board
= 50 fasteners

INSULATION INSTALLATION

10 boards of 48 x 48 x 2 in
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INSULATION INSTALLATION: STAGGERED 
LAYOUT

INSTALLATION OF THE TOP 

INSULATION LAYER

48 in
27 in

21 in

24 in

24 in48 in
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INSULATION INSTALLATION: STAGGERED 
LAYOUT

FASTENING OF THE INSULATION 

50 FASTENERS
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MEMBRANE LAYOUT

MB:  FR = 36 IN  FS = 18 IN.

TP:  FR = 66 IN  FS = 12 IN.

TS: FR = 114 IN  FS = 12 IN. [ ALSO TP ]
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MEMBRANE INSTALLATION

MOD-BIT TP TS
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DRF-AI : INSTRUMENTATION
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TEST PROCEDURE : ASTM WK 23684

Currently it is in the balloting process
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RESULTS – TIME HISTORIES 

Applied Suction

Pressure with in

the range of + 1 psf

of the target pressure
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TIME HISTORIES 
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AIR INTRUSION RATE – REPORTING
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AIR INTRUSION IMPACTS 

ON THE PERFORMANCE OF 

MARS
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WIND UPLIFT RESISTANCE
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2200 cycles

for P

P = Test Pressure

500 cycles

for 1.75P

400 cycles

for 2P

800 cycles

for 1.5P

1100 cycles

for 1.25P
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EXPERIMENTAL APPROACH

22 Ga 

Deck

Fr= 72”

Fs= 12”

Membrane
45 mil -TPO

Air Barrier/Retarder

2” Insulation
8 Fasteners/Board

Asymmetrical Seam
(Plates/Fasteners)

20 ft
8 ft

CSA A123.21
Dynamic Test Protocol
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TIME HISTORY PLOTS
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WIND UPLIFT RATING
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ENERGY PERFORMANCE

With Air leakage – Heat is transferred 

resulting in energy loss

Membrane if constructed properly is 

a perfect air barrier.

With Air intrusion – There is no direct 

heat loss from interior to exterior or 

vice versa. 
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ENERGY PERFORMANCE

Heat exchange can occur from the momentarily 

billowing of the membrane
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CONDENSATION
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CONDENSATION
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ONGOING RESEARCH PROJECT

Roofing Associations

Roofing Manufacturers
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CONCLUSIONS

 Through a new ASTM International test protocol, research 

work at NRC quantified air intrusion rates for mechanically 

attached roof systems.

 Data indicates that systems with wider sheets have higher air 

intrusion rates compared with systems with narrower sheets.

The air retarder installed on the deck creates the first line of 

defence against the air intrusion through the deck joints. As the 

retarder has certain air permeance, and also as its layout 

comprises of seams and fastener penetrations, it cannot completely 

prevent air intrusion but it significantly minimizes the volume of 

air intruding into the WR systems. 

 The reduction in air intrusion contributes directly for the 

improvement in the wind uplift rating.
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CONCLUSIONS

 At present there is an assumption that staggered insulation

layout could minimize air intrusion which leads to design practice of 

eliminating the air retarder component in systems with staggered 

insulation layout. The limited measured data fails to support the above 

assumption and design  practice.

 As the roofing membrane is a perfect air barrier, there is no direct

heat loss across the system due to air intrusion.

 However, there exists a potential vulnerability to moisture laden air

and condensation on the roofing system performance. The question

how much air intrusion can cause destruction to the system

performance is being investigated.
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