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UNDERSTANDING BUILDING PHYSICS 
A simple explanation of the science behind healthy home building. 

 
Energy experts will tell you that home builders and home owners ask the same questions year after year: 
 

 What is the difference between a vapor retarder and a vapor barrier? 

 When should I install a vapor retarder as opposed to a vapor barrier? 
 
Vapor retarders help slow the diffusion of water vapor through a building assembly. During the winter, a 
vapor retarder on the interior of a wall will slow down the transfer of water vapor from the humid 
interior of the home into the cool insulation cavity. During the summer, a vapor retarder on the exterior 
of a wall will slow down the transfer of water vapor from damp siding towards the cool insulation cavity. 
 
A vapor barrier stops more vapor transmission than a vapor retarder. A vapor barrier is usually defined as 
a layer with a permeance rating of 0.1 perm or less, while a vapor retarder is usually defined as a layer 
with permeance greater than 0.1 perm but less than or equal to 1 perm.  “Permeance” is the property of 
a material that prevents fluids (such as water or water vapor) to diffuse through it to another medium. 
 
A lot more energy is expended to heat and cool buildings if shiplap cladding is used on outside walls and 
the building envelope is not sealed but in this environment, if it is not sealed mould is not a problem.   
 
When Central Europe experienced an energy crisis in the 1980s they started building houses with more 
insulation.   They used dense sheeting such as plywood or OSB on the outside.  Dense sheeting is 
impermeable, there is always moisture behind the sheeting and a poly vapor barrier is required on the 
inside.  As a result, mould developed in the insulation cavity inside the exterior cladding.   
 
You will need to know a little bit more about material properties in order to understand the drawbacks of 
construction methods that require the use of a vapor barrier as part of the insulation.    If you use a vapor  
barrier  you cannot allow any moisture.  With the smallest air gap and a poly barrier on the inside there is 
no controlled diffusion or no way for the moisture to be expelled.  A vapor retarder on the other hand 
enables a controlled release.   First air pressure and then a certain amount of moisture/steam pressure 
will release through the permeable vapor retarder.  This is the natural law of building physics 
 
In Europe they realized that rather than try to circumvent the law of physics, they can be used to 
advantage and this is why a new cladding system was developed for permeability regarding steam 
pressure.  Agepan understood that based on known science, the key is to develop the building envelope 
similar to the way people dress for warmth and insulation in the winter time – in layers so that moisture 
is wicked away from the skin.  For optimum permeability the new system includes: 
 
1. Moisture absorption 
2. A membrane that moisture can “steam” through 
3. Insulation without vapor resistance 
4. A membrane that releases steam but does not allow liquid moisture to penetrate from outside. 
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Here the process is explained through laboratory testing examples  

In this example we use an average winter climate. 

For diffusion control we use a material on the inside that acts as a vapor retarder 
and enables a consistent and equal air pressure inside the envelope. The goal is to 
set up the envelope to create an air pressure curve similar to the temperature 
curve shown above. 

How do we come up with the solution? 

The answer is to use external sheeting that acts as a membrane. The material 
specific characteristics of the Agepan wood fibre board sheeting are shown in 
blue. 
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The resulting air pressure direction and steam pressure direction is clear - from the 
inside towards the outside as indicated by the long arrow. 
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The difficulty with our climate is that the dew point (rel. air moisture exceeds 
100%) is somewhere in the centre of the insulation instead of outside, regardless 
of what materials are in place.  
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Our inside pressure likes to escape towards our insulation cavity! 
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The critical point is where air pressure pushes steam towards the outside resulting in liquid 
moisture 

We know that stick frame building material has an average moisture content around 15% but 
most of the time we use “wetter” material.   

The result of the Sd-value calculation reveals that only material with a very high vapor diffusion 
can be used to prevent excessive moisture inside the insulation cavity, 

There are only a few materials that meet these requirements and Agepan is very prominent 
amongst them as shown on the following Material Properties table 
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Material Properties 
 

 Relevant material properties according to Schneider 
 

     

     

     

Material 

 Water Vapor 
Diffusion 

Resistance  

Thermal 
Conductivity 

Density 

  

µ-Value l [W/(m*K)] kg/m³ 

  
      

Concrete mid density outside 
 

100.00 1.35 2,000.00 

Concrete mid density inside 
 

60.00 1.35 2,000.00 

Porous Concrete mid density outside 
 

10.00 0.36 1,000.00 

Porous Concrete mid density inside 
 

5.00 0.36 1,000.00 

Cement Screed outside 
 

35.00 1.40 2,000.00 

Cement Screed inside 
 

15.00 1.40 2,000.00 

Nat. Stone Crystaline (Granite) 
 

10,000.00 3.50 2,800.00 

Nat. Stone Sediment 
 

250.00 2.30 2,600.00 

Nat. Stone Volcanic 
 

20.00 0.55 1,600.00 

Sandstone (Quarzt) 
 

40.00 2.30 2,600.00 

Marble 
 

10,000.00 3.50 2,800.00 

Sand-Lime Masonry  
 

30.00 1.00 900.00 

Brick outside 
 

100.00 0.81 1,800.00 

Brick inside 
 

50.00 0.81 1,800.00 

Insulating Brick outside 
 

10.00 0.19 550.00 

Insulating Brick inside 
 

5.00 0.19 550.00 

Vertically Perforated Lightweight Clay Brick outside 
 

10.00 0.68 1,600.00 

Vertically Perforated Lightweight Clay Brick inside 
 

5.00 0.68 1,600.00 

Solid Clay Brick Masonry outside 
 

100.00 0.96 2,000.00 

Solid Clay Brick Masonry inside 
 

50.00 0.96 2,000.00 

     Ceramic Tiles 
 

300.00 1.20 2,000.00 

Ceramic Tiles 
 

100.00 1.20 2,000.00 

Silicate (Insul.) Plaster outside 
 

20.00 0.20 600.00 

Silicate (Insul.) Plaster inside 
 

5.00 0.20 600.00 

Acrylic Plaster outside 
 

200.00 0.70 1,200.00 

Acrylic Plaster inside 
 

50.00 0.70 1,200.00 

     Gypsum 
 

10.00 0.51 1,200.00 

Gypsum Board inside damp (standard) 
 

10.00 0.21 900.00 

Gypsum Board inside dry (standard) 
 

4.00 0.21 800.00 

     Rubber, Hard (Ebonite) infinite! 1,000,000,000.00 0.17 1,200.00 

Rubber Butyl 
 

200,000.00 0.24 1,200.00 

Rubber Neoprene 
 

10,000.00 0.23 1,250.00 

Carpet 
 

5.00 0.06 200.00 

Linoleum 
 

1,000.00 0.17 1,200.00 

Cork damp 
 

40.00 0.07 400.00 

Cork dry 
 

20.00 0.07 400.00 

     Stick and Peel 
 

90,000.00 0.17 1,500.00 

Porous absorber Plastic 
 

10,000.00 0.10 270.00 

Cork impact sound insulation damp 
 

20.00 0.05 200.00 
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Cork impact sound insulation dry 
 

10.00 0.05 200.00 

     Aluminium infinite! 1,000,000,000.00 200.00 2,700.00 

Steel infinite! 1,000,000,000.00 50.00 7,850.00 

Steel Stainless Steel infinite! 1,000,000,000.00 17.00 8,000.00 

     Poly Foil 
 

100,000.00 0.14 1,200.00 

Solid Plastic 
 

10,000.00 0.23 1,700.00 

     Softwood (likeSPF) 
 

40.00 0.13 600.00 

Hardwood (like Oak) 
 

40.00 0.20 800.00 

Chipboard light density dry 
 

10.00 0.08 300.00 

Chipboard light density wet 
 

50.00 0.08 300.00 

Chipboard medium density dry 
 

15.00 0.12 600.00 

Chipboard medium density wet 
 

50.00 0.12 600.00 

Chipboard heavy density dry 
 

20.00 0.18 900.00 

Chipboard heavy density wet 
 

50.00 0.18 900.00 

Oriented Strand Board (OSB) Outside Sheeting 
 

300.00 0.13 680.00 

Oriented Strand Board (OSB) Inside Sheeting 
 

200.00 0.14 680.00 

Plywood Outside Sheeting 
 

400.00 0.15 750.00 

Plywood Inside Sheeting 
 

250.00 0.18 750.00 

Medium Dense Wood Fibreboard (MDF) 
 

40.00 0.14 850.00 

Wooden Softboard 
 

4.00 0.05 180.00 

Wood Wool Lightwght Board > 25mm outside 
 

5.00 0.09 400.00 

Wood Wool Lightwght Board > 25mm inside 
 

2.00 0.09 400.00 

Wood Wool Lightwght Board = 15mm outside 
 

5.00 0.15 570.00 

Wood Wool Lightwght Board = 15mm inside 
 

2.00 0.15 570.00 

Agepan DWD   11.00 0.09 565.00 

Agepan UDP   4.00 0.05 270.00 

Agepan THD   4.00 0.05 230.00 

     Expanded Rigid Polystyrene Foam outside 
 

70.00 0.04 200.00 

Expanded Rigid Polystyrene Foam inside 
 

30.00 0.04 200.00 

Extruded Rigid Polystyrene Foam outside 
 

300.00 0.03 250.00 

Extruded Rigid Polystyrene Foam inside 
 

80.00 0.03 250.00 

Mineral Wool 
 

1.00 0.04 150.00 

Fibre Glass Batts 
 

1.00 0.04 70.00 

Rigid Polyurethane Foam outside 
 

100.00 0.03 370.00 

Rigid Polyurethane Foam inside 
 

30.00 0.03 370.00 

Phenolic Spray Foam 
 

100.00 0.04 10.00 

Phenolic Spray Foam 
 

30.00 0.04 10.00 

PUR Spray Foam 
 

3.00 0.03 37.00 

PUR Spray Foam 
 

1.00 0.03 37.00 

     Blow-in Fibre Glass Insulation 
 

1.00 0.07 30.00 

Foam Glass Heavy density 
 

5.00 0.06 150.00 

Foam Glass Light density 
 

5.00 0.05 100.00 

Exterior membrane like Tywek 
 

100.00 0.05 35.00 

     Floatglas  infinite! 1,000,000,000.00 1.00 2,500.00 

Quartz Glass infinite! 1,000,000,000.00 1.40 2,200.00 

Stained Glass infinite! 1,000,000,000.00 1.20 2,000.00 
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Moisture Protection 

Moisture protection…if it is not respected mould will result 

 

What does mould need? 

• A “good” pH-value: Slightly acidic is best  

• Basic nutrient: Cellulose is ideally suited  

• Moisture: According to acknowledged scientific findings (E DIN 68800) 30% water 
saturation of wood is required  

• Warmth 
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Convection 

To avoid convection, it is most important to have windproof and air tight layers. Convection can 
occur if there are many gaps around windows and doors, a lot of joining elements and no service 
layer. 

Convection and Diffusion 

Building with SIP-Elements requires smaller elements; service joints and moisture protection  
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Most importantly the structural internal and external layers require a poly foil vapor barrier. 

 

 

 

If you have any questions, please contact 5th C Building Solutions: Phone 250 832-2767 or e-mail 
tom.gyimesi@gmail.com 

 

 

BEFORE YOU BUILD - Seeking expert advice in the planning stage is 
essential. 

5th C Building Solutions Inc. can provide the professional expertise you 
need to design and build your healthy home. 
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