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SCOTT D. WOOD
Senior Building Scientist

YOUR PRESENTER
Scott D. Wood is a member of the VaproShield team, 

providing lab evaluations on competitor and 

V^§ª~Nrskzií« §ª~i¯g®«Î

6k §ª~´sik« ®kgr|sg^z «¯§§~ª® ^|«µkªs|q g~{§^|·í« gzsk|® 

inquiries, and assists in development --updating product 

literature and creating V^§ª~Nrskzií« "7" §ªk«k|®^®s~|«Î

As president of Scott Wood Associates he provides  a level 

I and II Building Science Thermography course. His 

extensive background in building science and infrared 

thermography has supported the excellent presentations 

and papers he has provided domestically and 

internationally.



Course Description

ÅLow permeance vapor barriers, once thought to improve performance, 
may in fact increase interior condensation and trap moisture within the 
wall assembly.  Due to the problems with impermeable water -resistive 
barrier (WRB) installation many architects are now incorporating highly 
vapor open WRB systems in their designs.  But many still believe too 
much permeability is bad for a wall assembly.

ÅStudies show that highly permeable WRB systems increase substrate 
drying, reduce the wet time of absorptive claddings allowing 
permeable WRB membranes to enhance the wall assembly 
performance.  This presentation investigates the current research on 
vapor open systems and discusses how more permeability enhances 
wall assembly performance.



Learning Objectives

At the end of the this presentation, participants will be able to:

ÅDefine what water vapor permeance is and how it is tested

ÅUnderstand wall assembly drying mechanisms using vapor diffusive drying in 
conjunction with air tightness 

ÅShow the benefits of permeable assemblies

ÅIllustrate the differences between vapor tight and highly permeable WRB 
membranes in relation to water intrusion of a wall assembly



Disclaimer

This Presentation reflects the opinion of the author based on 
professional experience.  The author reserves the right to modify 
opinions should additional (factual) information be made available 
that is contrary to the opinions expressed herein.



Overview
Water Vapor Transmittance
ÅWhat is Water Vapor Transmittance?

ÅProcedures: ASTM E96, ASTM E398, ASTM F1249

Water Hold Out Air Tight
ÅWater Vapor Transport but Air Tight

ÅSurfactants

ÅWater Holdout Testing

Energy Loss - Convection

Drying Capacity
ÅVapor Diffusive Drying Test

Vapor Barriers vs. Vapor Open

Cladding
ÅThe Perfect Wall

ÅRainscreen



How Does Water Vapor Move

ÅVapor Diffusion: Through materials

ÅAir Flow: Through holes



Wr^® s« Jkª{k^|gkÕ êV^§~ª ?~´k{k|®ë

ÅMeasurement of water vapor through materials

üWeight of Water 

üPer Time

üThrough a given Area 

üAt a specific Pressure

ÅUS perm:

¿ qª^s| Û r~¯ª Ø p®2 @ 1 inch of mercury

ÅMetric permeance:

|q Û J^ Ø « Ø {É
WATER RESOURCES RESEARCH, VOL. 48, 2012 Pore scale mechanisms for 
enhanced vapor transport through partially saturated porous media



Water Vapor Movement & 
Hygroscopic Material
ÅAdsorption:Gas to liquid

ÅAbsorption: liquid to solid



Adsorption (hygroscopic material)

ÅASHRAE Handbook of Fundamentals

ÅAdsorption provides a Hygric Buffer

Å16-20% correlates to a 80 -90 %RH



ASTM E96 
ÅStandard Test Methods for 

Gravimetric Determination of 
Water Vapor Transmission 
Rate of Materials



100%RH

45-98%RH

ASTM E-96 Water Vapor Transmission 
(WVT)
ÅProcedure A åDesiccant method (Dry Cup)

ÅProcedure B åWater method (Wet Cup )



ASTM E-96 Water Vapor Transmission (WVT)
adopted in 1941
ÅEquipment/Operator Variability
ÅASTM reports 20% lab -to-lab

ÅSize and type of cup

ÅSample sealing mechanism

ÅAmount of water/desiccant

ÅSample distance from desiccant or water level
(Edge effects)

ÅEnvironmental controls

ÅSampling (weighing/plotting)



ASTM E398

ÅWater Vapor Transmission 
Rate of Sheet Materials Using 
Dynamic Relative Humidity 
Measurement



ASTM E398

ÅASTM E398 Water Vapor Transmission Rate of Sheet 
Materials Using Dynamic Relative Humidity 
Measurement



ASTM F1249

ÅStandard Test Method for 
Water Vapor Transmission 
Rate Through Plastic Film and 
Sheeting Using a Modulated 
Infrared Sensor



ASTM F1249

ÅASTM F1249 Standard Test Method for Water Vapor 
Transmission Rate Through Plastic Film and Sheeting 
Using a Modulated Infrared Sensor



WVTR Testing E398 and F1249

ÅASTM E398 - Similar to the ASTM E96 Water Method 
100% RH always on the high vapor pressure side

ÅASTM F1249 åSimilar to the ASTM E96 Desiccant Method 
0% RH always on the low vapor pressure side



Comparisons

E96 E398 F1249

Temperature Range room or 15-55°C (60-130°F) 8-50 °C (46-122 °F)

Relative Humidity room or 45-98% 5-90%

Average Run Time 8-24 hours ςdays 6-8 hours - days

Sample Size 30 cm2 5 cm2 - 30 cm2

Number of Samples 1-6 2 per module



Water Tight, Air Tight, Water Vapor Open?

Not leaking water and air?
ÅAir contains:

ÅN2 (3.16 Å), O2 (2.96 Å), H2O (2.7 Å) 

ÅWater vapor in the air is a gas, 
invisible to the eye

ÅWater Vapor Transmission
is measured through solids

US PERM= grains/ft2ωƘƻǳǊωƛƴŎƘIƎ

78% Nitrogen , 21% Oxygen



Water & Air Tight Breathable Membranes

Åê"sªë ÝB2 & N2) is 1.5 times LARGER than H2O

Vapor Escapes



Amount of Vapor in the Air
Åx1023^®~{« ~p ê"sªë s| ¿¶¿ p®2

Åx1021^®~{« ~p êW^®kªë s| ¿¶¿ p®2

80-95% difference



Amount of Vapor in the Air

Åx1023^®~{« ~p ê"sªë s| ¿¶¿ p®2

ÅDependent on relative humidity: 1 -4% is water vapor
Even at that percentage that's a lot of water in the AIR!

ÅAir transported moisture during the heating season 
provides 90 times greater intrusion via air then vapor 
permeance.



Air Barriers and Air Permeability

ÅThe IECC and ASHRAE 
90.1 dictated the air 
leakage rate allowed 
by air barrier materials

0.004 cfm/ft 2 (0.02 L/s m 2) @ 75 Pa 

ÅWhole -building air 
leakage testing is 
becoming a 
requirement in many 
code jurisdictions

0.4 cfm/ft 2 (2.0 L/s m 2) @ 75 Pa



Building Wraps are Hydrophobic

Å*¯® i~k«|í® V^§~ª B§k| ê>k^yëÕ

Å4^sz¯ªk s« ®·§sg^zz· i¯k ®~ f¯zy êzk^y«ë



Building Wraps

ÅSpunbond :

ÅWoven:



Surfactants and Vapor Permeable 
Building Wraps
ÅSurfactants make water more wettable 
Mki¯gk« µ^®kªí« r·iª~qk| f~|is|q ^® ®rk ^sª-water surface



Surfactants

ÅAmphiphilic molecules

ÅAlign at the air -water interface
decreases the surface tension of the water



Water Holdout Tests

Åì*~^® ®k«®í Ý"NP? -ÅÅÇÞ

ÅìJ~|is|q ®k«®í-Canadian Construction 
Materials Center (CCMC 07102)

ÅHydrostatic Pressure Test (AATCC Test 
method 127

ÅHydrostatic Pressure Test EN 20811

ü LƴŘƛŎŀǘƻǊ ƳŀǘŜǊƛŀƭ ƛƴ ŀ άōƻŀǘέ сл Ƴƛƴ

ü нΦр ŎƳ όмέύ ǿŀǘŜǊ ŎƻƭǳƳƴ н ƘƻǳǊǎ

ü рр ŎƳ όннέύ ŎƻƭǳƳƴ р ƘƻǳǊǎ



Water Holdout 
ê""P++ 6·iª~«®^®sg Jªk««¯ªk Pk«®ë
Å550 mm Water Head  

<4 drops at 5 hours



Some Membranes Fail Water Hold Out



Water Vapor Permeable Air Tight?

ÅInfrared Thermography
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Water Vapor Permeable Air Tight

ÅIncreased Heat transfer and Energy to heat and cool

ÅForced Convection



Water Vapor Permeable Air Tight

ÅInfrared Thermography Testing



Water Vapor Permeable Air Tight

ÅNatural Convection (Stack Effect)



Section 12

Warm or Cold
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Energy Loss - Air Leaks

ÅStudies have shown that air barriers can reduce air leakage by 
up to 83 percent 

ÅEnergy consumption for heating & cooling savings of 3 -36%

Seal tight, 
Ventilate right!
Jack Hébert, founder of
the Cold Climate Housing 
Research Center



Energy Savings

ÅAir Flow: Moisture and Heat Movement

êSeal Tight, Ventilate Rightë



Energy Savings and Moisture Transfer Calculator

ÅUncontrolled heat, air, and moisture transfer through the building 
envelope has a significant impact on energy usage.

ÅAir movement accounted for greater energy losses than any other 
component of the building envelope and responsible for over 4 % of 
all the energy used in the United States.

ÅWith the addition of air barrier systems ROI < 5 years

ά{Ŝŀƭ ¢ƛƎƘǘΣ ±ŜƴǘƛƭŀǘŜ wƛƎƘǘέ

https://airleakage-calc.ornl.gov/#/


Energy Loss åAir Leaks

ÅEnergy-cost savings in buildings with an air barrier range from 
3% to 36%

ORNL Energy Savings & Moisture Transport Calculator:
https://airleakage -calc.ornl.gov/#/

Duluth Area:

ÅPrimary School (74,000ft2): $25,912 [82,683 å21,141gal/year]

ÅResidential (20,000ft2): $1,157 [7,000 å2,300gal/year]

ÅRetail (25,000ft2): $14,096 [47,638 å14,084gal/year]



Building Enclosure
Prk f¯szis|q k|gz~«¯ªk r^« p~¯ª êg~|®ª~zzs|që p¯|g®s~|«Î

Heat, Air, Moisture liquid , Moisture vapor

In order of importance, they include:

ÅRain Control

ÅAir Control

ÅVapor Control

Not Vapor Barrier

ÅThermal Control



Prk /¶®kªs~ª êNrkzzë Jª~´sik«Ð

1. Aesthetics 
ÝQqz· f¯szis|q« i~|í® ¯«¯^zz· z^«®Þ

2. Protection from UV

3. Protection from Water
and Heat

But it may leak: 
Heat, Air, Water

Seattle Museum of Pop Culture

Unless maybe a museum?`



UV Stable Vapor Open WRB/AB



Water Resistive Barrier/Air Barrier (WRB/AB)

A sensible line of defense to 

keep out Water an Air.

Vapor Open?

When a Rainscreen design is 
used with a water vapor 
permeable system it provides:

Drying



Vented Rainscreen

Claddings Typically have Low Permeance

ÅEnhances cladding drying
Allows drying to both sides

Minimum 0.5 å1.0 mm (1/ 16ëÞ ςprevents 

capillary suction, allowing draining

7-10 mm or greater (1/4έ-
3/8έύ ςallows venting

ÅMitigates reverse vapor drive

Å Increases drying

Air Gap

Å Insulation åReduces heat transfer from 
the cladding to interior



Vapor Open 
WRB/AB High 
Drying Capacity

Å14 WRB materials were 
evaluated for diffusive drying
Å3 fluid applied WRB

Å11 membranes some with 
primer as per manufacture



Vapor Open WRB/AB High Drying Capacity

Å¿í¶¿í §z·µ~~i «^{§zk« µkªk «^®¯ª^®ki µs®r µ^®kª

ÅWRB/AB installed on ½ of the plywood

ÅSamples placed in drying chamber

50 Air Change Hour (ACH)

21.7 °C (71 °F) ± 5%

54% RH ± 8%


