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5.7 DESIGN OF THE WALL-WINDOW INTERFACE1 
New developments in window products, construction materials and installation practices are often 

poorly integrated in the manufacturers’ literature. With the fragmentation of construction process, it is 

not surprising that no one claims responsibility for the design and execution of wall-window (WW) 

interface. 

Continuity of the environmental control at the wall-window interface is critical to achieve long-term 

hygrothermal performance of the wall assembly. To this end one must consider interaction of all 

loads, mechanical and environmental. Often, architectural wall-window details are focused on one 

aspect of performance and leave the other aspects to the guess of installer, increasing the probability 

that some functional requirements will not be met.  Furthermore, improvements in installation 

practices are not shared between all involved parties (designers, manufacturers, construction 

workers). The following section develops a blue print for a systematic review of WW interface; we list 

functional requirements and illustrate their application to the actual wall designs. 

5.7.1 Performance requirements for wall-window interface 

Mechanical requirements 

The mechanical performance requirements refer to the positioning and fastening of the window unit 

into the rough opening so that it retains its structural integrity and remains fully operable over its 

service life.  Window units are meant to support their own weight only. Therefore, wind and structural 

loads need to be transferred to the structure of the building. Whether the loads are transferred 

properly depends on the methods used for positioning and fastening the window unit into the rough 

opening.  In addition, one must account for differential movements of materials that occur with 

variations in temperature and moisture content caused by differences in thermal expansion/ 

contraction coefficients. Not taking these differential movements into account may result in stress that 

could lead to a failure of the sealing joint. The critical issue for allowing differential movements is the 

location of shims and anchors.  Furthermore, the width of the joint between the window frame and the 

rough opening should be calculated in accordance with the expected movements, and the selected 

sealant should be able to take this movement. Table 1 summarises mechanical requirements. 

Environmental requirements 

Wall-window interface must provide continuity of the environmental controls. The most important 

environmental factor to control is moisture transport, both from outdoor and from indoor sources 

(exfiltration, condensation on surfaces at a temperature below the indoor air dew point or diffusion). 

To avoid moisture-originated problems, rain ingress, air leakage, temperature and moisture diffusion 

need to be controlled (Table 2).  

Tables 1 through 6 present different performance requirements that should be considered during the 

design of wall-window interface. To illustrate this process, three wall-window details are discussed in 

the next Table 1 

Table 1:  Summary of mechanical performance requirements 

 

                                                 

1 Based on the article by Guylaine Desmarais and Mark Bomberg 
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PERFORMANCE 

REQUIREMENT 

DESIGN ASPECT CONSIDERATIONS 

Transfer of wind and 

structural loads 

- Positioning of window unit into opening - Install window level and straight 

- Fastening of window unit - Transfer loads away from window unit 

(e.g. avoid rigid fasteners at head) 

Allowance for 

deflection and 

differential 

movement 

- Dimensioning of joint between window 

frame and rough opening 

- Account for fabrication and construction 

tolerances 

- Account for thermal and hygric 

movements of each material 

- Fastening of window unit - Ensure that fasteners do not interfere with 

expected movements 

(material and exposure temperatures) 

- Joint between window unit and cladding - Select sealant with adequate movement 

capability for size of joint and expected 

movements 

- Joint between window unit and inner wall - Select material tested to be part of the air 

barrier system 

(Related to air barrier approach) 

 

Table 2:  Summary of requirements for control of rain penetration at the wall-window interface 

 

STRATEGY COMPONENT AT W-W 

INTERFACE 

CONSIDERATIONS 

- Face seal - Weather seal at outside perimeter of 

window frame 

(Sealant is the only line of defence) 

- Applying sealant over backer rod improves and 

durability of joint 

- Select sealant with movement capability for 

expected movements 

- Concealed / dual 

barrier 

- Weather seal at outside perimeter of 

window frame 

-  See face seal 

- Sheathing membrane / Water 

Resistive Barrier (WRB.) 

(Provides second line of defence)  

- Integrate with the flashing or rough opening 

protection 

- Meant to be drainage plane, lapped to avoid 

water penetrate behind the WRB 
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- Flashing membrane 

(Treatment of the rough opening) 

- Integrated with the WRB  

- Cover part of the rough opening 

- Applied over dry substrate to avoid trapping 

moisture 

- Head rigid flashing - Optional but preferred option 

- Need for end dams  

- Sill: rigid or pan flashing on box 

frame 

- Pan flashing with end dams and back up-stand 

is optional 

- Pan flashing impossible with a sill flange  

- Drip flashing provides water shedding 

- Rain screen  - Weather seal at outside perimeter of 

window frame 

- See face seal 

- Sheathing membrane/ Water Resistive 

Barrier (WRB) 

- See Concealed / dual barrier 

- Flashing membrane 

(Treatment of the rough opening) 

- See Concealed / dual barrier 

- Vented and drained cavity - Drain cavity at the bottom to the outside 

- Make inner wall airtight 

- Head rigid flashing - Mandatory to direct water drained through the 

cavity to the outside 

- See Concealed / dual barrier 

- Sill: rigid or pan flashing on box 

frame 

- See Concealed / dual barrier 

 

Table 3: Summary of requirements for control of air flow at the wall-window interface 

 

STRATEGY COMPONENT AT W-W 

INTERFACE 

CONSIDERATIONS 

- Exterior 

approaches 

- Airtight link between main air barrier 

material (can be on outdoor or indoor 

side of assembly) and window frame 

- Continuity is CRITICAL at the wall-window 

junction 

- The material should have been tested as 

suitable to be air barrier component 

- Interior 

approaches
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Table 4: Summary of requirements for control of temperature at the wall-window interface 

STRATEGY COMPONENT AT W-W INTERFACE CONSIDERATIONS 

Glazing in line with 

or on the warm 

side of the 

insulation 

- Low heat conductivity material between 

window frame and rough opening 

- Often related to air barrier component 

Table 5. Summary of requirements for control of moisture diffusion at the wall-window interface 

STRATEGY COMPONENT AT W-W INTERFACE CONSIDERATIONS 

Include vapour 

retarder in 

assembly 

- Vapour retarder - The vapour retarder should be placed on 

the side with the highest vapour pressure 

- Continuity is not critical, as long as most 

of the area of the wall is protected 

5.7.2  An application of requirements to design of the wall- window interface  

A 10 to 19 mm thick, drained wall cavity was enforced in British Columbia, Canada as the out of court 

settlement for the leaky condominium legal case. Although correct in worst case conditions, this 

approach may not be a necessary or practical measure for rain water management in the most of the 

country. We therefore discuss other types of water-managed stucco systems: one with a 3-mm 

drainage mat and one with 2 layers of water resistive membrane. We present three examples to 

illustrate different moisture management and air leakage strategies, types of windows and exterior 

sheathing materials. 

The focus of the following discussion is on three critical environmental requirements: control of rain 

ingress, air leakage and temperature of the window frame and glazing.  Mechanical requirements and 

vapour diffusion are addressed in the following details, but not discussed.  

Example 1: Stucco with drainage mat, box frame window and Airtight Drywall Approach  

The system shown in Figure 1 is drained through a 3-mm wide drainage mat installed between the 

asphalt impregnated building paper and WRB applied directly on the sheathing board. 
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- 19 mm stucco and ribbed,

  paper backed lath

- 3 mm drainage mat

- Wood framing

- 11 mm OSB sheathing

- Trowel-applied WRB

- 89 mm blown insulation

  (through porous mesh)

- 11 mm gypsum board

  (air barrier)

Prefinished metal flashing 

with end dams, extended 

25 mm past window frame

Bead of sealant behind 

prefinished metal flashing

Wood molding at head 

and jambs of window

Neoprene gaskets 

(adhered on one side)

Neoprene gasket 

(adhered on one side)
Prefinished metal 

drip flashing

Sealant over backer rod

- Paint (Vapour Retarder)

Note:

Rough opening wrapped with 

peel & stick membrane.

Refer to flashing sequence.

WRB lapped over 

metal flashing

Polyurethane 

sealant foam

Sloped sub-sill

Bead of sealant under 

prefinished metal flashing

Polyurethane sealant foam

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1: Stucco system with drainage mat, box frame window and airtight drywall approach  

Water that penetrates though the stucco would be drained through the mat.  While the drainage mat 

acts as a capillary break permitting most of the moisture to drain, it will actually retain a certain 
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amount of moisture on its surfaces.  This moisture retention must also be considered in a moisture 

balance of the stucco system. Other elements of moisture management strategy include: 

 Protected rough opening and sloped sub-sill 

The perimeter of the window opening in the exterior sheathing is protected with a self-adhered 

membrane. The membrane does not cover the header because it is unlikely that water would be 

there.  As it is probable that the window frame will eventually leak, the rough sill and the sill-jamb 

corners are covered with the membrane. This implies applying the membrane on the rough opening 

when the wood is dry to avoid trapping moisture behind an impermeable membrane. To direct water 

having leaked from the window frame into the drainage plane, the sub-sill has an outward slope. 

 Head drip flashing: 

In a drained system, there must be a drip flashing with end dams to direct water draining from the 

cavity to the outside, as shown in this detail. This drip flashing also protects the head-jamb corners 

and reduces the amount of water flowing on the frame and glazing. A bead of sealant is applied 

behind the top of the up-stand of the pre-finished drip flashing so that water cannot enter between it 

and the adhered flashing membrane. 

 Lapping of the WRB 

The proper lapping of elements is essential to avoid water reaching unprotected materials through 

gravity. At the head, the drip flashing is installed over the adhered flashing membrane. The water 

resistive barrier covers the drainage mat for the sake of stucco application because a trowel applied 

coating acting as WRB is applied to the OSB sheathing. The coating also covers the exposed portion 

of the flashing membrane and at least part of the up-stand of the drip flashing. The next in sequence 

is installation of the drainage mat. 

At the jambs and sill, the water resistive barrier (or WRB coating) also covers the adhered flashing 

membrane. This lapping at the sill is appropriate because the water resistive barrier (coating) 

eliminates the possibility of water flowing between the coating and the flashing membrane.  In 

addition, using a WRB coating allows the sill flashing membrane to be adhered to the rough sill and 

sheathing in one operation.  

 Sill drip flashing: 

A drip flashing is also included at the sill.  Its purpose is to act as a water shedding element. 

 Sealant at cladding-window interface: 

In this case, the sealant and backer rod at the jambs and sill are there to reduce the amount of water 

entering at the window-cladding joint, but they are not the only line of defence.  Should this joint fail, 

water will be drained through the drainage system of the wall.  Using a sealant having a low modulus 

(e.g., silicone or urethane) in combination with a closed-cell backer rod compressed 25% should 

prolong the durability of the joint. 

Control of airflow: Airtight Drywall Approach. 

In this example, the drywall is the principal material of air tightness in the assembly.  This strategy is 

known as the “Airtight Drywall Approach”.  To ensure continuity between the drywall and the window 

frame, airtight neoprene gaskets adhered on one side are required, as shown in Error! Reference 
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source not found..  The foam between the rough opening and the window frame also provides 

airtightness at the wall-window junction. 

Control of temperature: 

 Position of window within the assembly: 

Position of the window is an issue in cold climates, where condensation is a potential problem.  

Nevertheless, as the window in the discussed example is a box frame window, its position can be 

arranged so that the glazing sits over the thermal insulation of the wall.   

 Foam insulation at perimeter of window frame: 

Using sprayed foam insulation at the perimeter of the window frame prevents convection and provides 

some continuity with the wall insulation, maintaining higher frame and glazing temperatures. 

Example 2: Stucco with drainage mat, flange window and airtight exterior sheathing  

The system shown in Figure 2 is drained through a 3-mm wide drainage mat.  The basic moisture 

management strategy and its components are the same as in the previous example.  The window 

type and the strategy for airflow control are, however, different. 

Rain ingress control elements include: 

 Drainage at the sill flange 

To avoid moisture being trapped at the sill by the window flange, strips of adhered membrane, 20-mm 

wide at 150 mm o.c., were applied on top of the first continuous layer of adhered membrane.  This 

creates a 2-mm to 3-mm space behind the window flange through which water can escape. 

 Sealant and backer rod at cladding-window interface: 

Because the exterior sheathing is the main airtightness material, the wind loads are not as strong on 

the joint at the perimeter of the window frame. However, it is easier to leave a wider gap around the 

window from the buildability point of view. 

Control of airflow: Airtight Exterior Sheathing Approach  

In this example, the main air barrier material in the assembly is the OSB sheathing, on the outdoor 

side of the assembly. This strategy is known as the “Airtight Exterior Sheathing Approach”.  This 

strategy requires that OSB is installed vertically, with the 3 mm wide joints between the panels over 

the studs and taped with strips of adhesive elastomeric membrane to reduce the potential paths for air 

leakage. The joints may or may not be filled with elastic mastic to improve the racking strength of the 

assembly. The rough opening is wrapped with a self-adhesive flashing membrane to eliminate air 

leakage between the sheathing and the structural members of the rough opening. The membrane 

also creates a plane that can be linked to the window frame through the application of sprayed 

polyurethane foam.  Since it acts as a component of the air barrier system, the foam should be tested 

as such (Bomberg & Onysko, 2002). 
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Figure 2: Stucco system with drainage mat, flange window and airtight exterior sheathing 

- 19 mm stucco and ribbed,

  paper backed lath

- 3 mm drainage mat

- Wood framing

- 11 mm OSB sheathing

  (air barrier)

- Trowel-applied WRB

- 89 mm blown insulation

  (through porous mesh)

- 11 mm gypsum board

Prefinished metal flashing 

with end dams, extended 

25 mm past window frame

Bead of sealant behind 

prefinished metal flashing

Wood molding at head 

and jambs of window

Prefinished metal 

drip flashing

Sealant and backer rod

- Paint (vapour retarder)

Sloped sub-sill

WRB lapped over 

metal flashing

Polyurethane foam tested 

as air barrier component

Bead of sealant under 

prefinished metal flashing

Polyurethane foam tested 

as air barrier component

Note:

Rough opening wrapped with 

peel & stick membrane.

Refer to flashing sequence.

Intermittent strips of membrane, 

2 mm X 20 mm @ 150 mm o.c. 

for drainage at sill flange
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Control of temperature 

 Position of window within the assembly: 

The flange limits the installation of the window to one position within the assembly.  As the flange in 

this particular window is toward the exterior of the frame and the glazing, the window is installed 

toward the warm part of the assembly.  The frame and glazing are at then at a higher temperature 

than if they were installed toward the colder part of the assembly.  This would not be possible if the 

flange were more toward the inner part of the window frame. The glazing is in line with the main 

insulating material. Again, foam is used to ensure continuity of the thermal barrier and reduce 

convection in the gap at the perimeter of the window frame. 

Example 3: Stucco system with drainable WRB, sill source drainage and ADA.  

The system shown in Figure 3 is provided with a double layer of WRB (e.g. 30 min rated building 

paper and spun-bonded polypropylene) installed over 38-mm of rigid foam thermal insulation with a 

prefabricated sill installed under the window. 

Rain ingress control elements include also a prefabricated sill. When the window frame leaks, water 

will be collected and drained through the sloped prefabricated sill. The sill extends past the rough 

jambs to ensure that water entering along the jambs is collected and drained as well. Jambs can be 

provided with a strip of a drainable fill (e.g. mineral fibre filling part of the space between the rough 

opening and window frame) and foam. Alternatively, the rough opening surface can be treated or 

provided with a strip of polymeric WRB prior to application of the foam. 

Reducing the moisture damage risk at the wall-window junction 

The list of requirements (Tables 1 through 5) and the above examples allow one to develop a list of 

considerations for the design of a wall-window junction. 

 To avoid moisture being trapped in the wall, the materials of the rough opening must be dry before 

they are covered with an impermeable membrane. 

 It should be considered that rain will ultimately penetrate beyond the cladding or that the window 

frame will eventually leak. Therefore, redundancy in the measures protecting against water 

ingress is necessary and the following measures were discussed: 

 use of a rigid flashing at the head  

 use of a pan flashing, engineered sill or other drainage mechanism at the window sill  

 use of peel and stick membranes to protect the rough sill and the sill-jamb corners 

 providing means for drainage behind the cladding and protection at rough jambs 

 The required level of redundancy depends on the climate and expected exposure to weather. In 

wet climate with a low drying potential, emphasis should be on preventing rain ingress and 

managing incidental ingress water through drainage and enhanced drying ability of the assembly.  

In cold climates, is also critical to provide airtightness to minimise the potential for condensation. 

 The face-seal design at wall-window junctions does not provide durable protection because of the 

absence of redundancy in the protection against rain penetration. Failure of the seals leads to 

water penetration. Furthermore, in this type of design there are no means to deal with water 

leaking through the window frame or condensation water. 
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- 19 mm stucco and ribbed,

  paper backed lath

- 3 mm drainage mat

- Wood framing

- 38 mm insulating

  sheathing, lapped

- 89 mm blown insulation

  (through porous mesh)

- 11 mm gypsum board

  (air barrier)

Prefinished metal flashing 

with end dams, extended 

25 mm past window frame

Bead of sealant behind 

prefinished metal flashing

Wood molding at head 

and jambs of window

Neoprene gaskets 

(adhered on one side)

Neoprene gaskets 

(adhered on one side)
Prefabricated sill 

(extended past 

window opening)

Bead of sealant

- Paint (vapour retarder)

Polyurethane foam tested 

as Air Barrier component

Bead of sealant under 

prefinished metal flashing

Polyurethane foam seal

- 2 layers 30-min rated

  building paper

 

 

 

 

Figure 3:  Stucco system with drainable WRB, sill source drainage and airtight drywall approach 
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 The selection of the window type is also dependent on the climate, i.e. the expected operating 

temperatures. In cold climates, the window should be selected so that it is possible to install it 

toward the warm part of the assembly.  Windows with mounting collars (flanges) that limit the 

choice of installation place may not be suitable. This issue is important in colder climates to 

minimise the risks for condensation and thermal discomfort, but may not be relevant in temperate 

ones. 

 Air leakage through the envelope should be reduced and the airtightness plane should be clearly 

identified on the detail drawings. Air leakage brings the risk of condensation and moisture 

deposits, while the WRB wrapping the rough opening may reduce the drying rate.   

 The construction sequence and proper lapping of components are critical to reduce the amount of 

moisture reaching sensitive materials, either from outdoor or indoor sources.  The moisture 

management and airtightness strategies should be selected first and all subsequent choices of 

materials and of procedures should be consistent with them.  Conventional section drawings may 

not provide all the information needed to achieve the proper integration of the components with 

each other. Providing 3-dimensional, sequential drawings could reduce the risk of errors and 

facilitates planning and co-ordination of contributors.  Mock-ups could also help designers identify 

problems and construction crews visualise details before execution. 

 The impact of the choice between box frame and flanged windows is critical for the design of the 

wall-window assembly and needs to be discussed by the designing team. 

 While flanges can help prevent ingress of rain by protecting the joint between the rough opening 

and the window frame, flange at the sill makes the integration of a pan flashing or providing 

drainage difficult.  Removing the flange may affect its window integrity and putting intermittent 

shims behind the flange to create a path for water may pose some levelling challenges.  One 

solution was proposed in Example 2. 

Concluding remarks 

There are standard tests to evaluate performance of windows regarding air and water tightness as 

well as dimensional stability. Nevertheless, no such a method is available for the wall-window 

interface, and the architect is left wondering if the proposed detail will be able to withstand the 

expected exposure conditions. Part of the solution lies in developing an integrated approach which 

answers all performance requirements while taking into consideration the construction process 

realities and buildability of proposed details.   
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5.8 DESIGNING A JOINT BETWEEN TWO PANELS 

Control of rain penetration in panel systems is recognized as one functional aspect on which many 

designs fail after certain period of service. Two different approaches are used in design of joints. One-

stage design has been used in the traditional solid masonry, joining glazing with window sash and 

frame, and in so-called face seal2 approach of stucco or EIFS walls. The difficulty with one-stage 

approach is that it requires perfection not only in the initial stage of installation but also during the 

adverse service conditions that may include UV exposure, thermal and moisture related movements, 

fatigue damage during aging and weathering of sealants or gaskets etc 

The two-stage approach, first introduced in Norway in 1945 by Prof. Holmgren, does not require 

perfect surface sealing and the same joining compounds may be used but the joint comprises of three 

components, called here, for simplicity: 

1) Exterior rain screen (rain barrier) 

2) Air decompression chamber (ventilated and drained air space) 

3) Air seal (or air barrier component), traditionally called wind seal 

Figure 1: Schematic of joint designs: (a) one-stage and (b) two-stage approach (CIB.1968). 

While it is easy to see why is the two-stage approach is much better, one may need some ingenuity 

when brittle materials are joined to achieve a minimum 45-mm  and perhaps as much as 65-mm 

depth of a joint. Figure 2 shows, however, how this can be done. 

 Figure 2:  Example of rain barrier formed by the outer part of joint.  

                                                 

2 A joining compound is used to join two surfaces. It is called sealant if used in exterior applications or 

caulking if used in interior ones.  
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Figure 2 is interesting because of the following: 

 rain barrier is formed by the outer part of the joint,  

 vented, drained space (to highlight the reduction of air velocity, primarily because of geometric 

relations, this space is often called a “decompression chamber”) is formed between all three 

elements of the window, and  

 wind seal (here termed “air seal”) is made as a gasket placed on the inside of the window frame. 

Traditionally weather-tight joints were functioning well when the distance between rain screen and air 

seal was more than 100 mm.  When this distance was reduced, the lack of deeper understanding 

became apparent.  Despite introducing tight gaskets in the windows, rain penetration in lower corers 

between sash and sill could still take place. Therefore, in years 1962 – 1968 Norwegian Building 

Research Institute (NBRI) continued research to develop better understanding of the joint design. 

Exposure conditions considered by NBRI  

 Maximum driving rain on a tall building was 15 l/m2 over a full hour, a 10-min maximum was 

3.6 l/m2 

 Maximum run-off at the lower end of 26 m tall column was nearly 60% of the all rain registered 

the column, recalculating to 1 m width one obtains flow of 225 l/m h 

 Concentrated currents of water were noted ? on the sides of low buildings 

The NBRI test program 

Rain testing equipment was improved in stages to include water run-off, wind gusts and concentrated 

water currents together with side winds.  The frontal wind with constant pressure was used for 

horizontal joints. Joints width varied from 0 to 15 mm, slope from 1/9 to 1/3 threshold height from 15 

to 22 mm depth 45 mm plus thickness of the gasket (see Figure 3) 

Figure 3 On the left - schematic design of horizontal joints tested at NBRI, on the right – device 

to regulate air tightness 

5.81. Main findings in NBRI study 

One key finding is that gasket had to be lifted 4-5 mm from the inner edge of the upper joint surface, if 

it was not to be filled with water resulting in water penetration at higher pressures. This requirement is 

translated today as to the minimum 4 to 5 mm height of the back and side dam flashing in design of 

pan flashing of windows. 

Shrinkage and swell of painted wood (moisture related movements) caused a change to painted teak 

and the need to dry out wood as well as repair all seals before each test.  
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Joint width 

To accept 2-mm width one must have water-repellent surfaces.  

Joint width 4 mm is susceptible to water surface run-off and air pressure 700 Pa or more.  Because 

surface run-off can close the opening it is permanently wet – should not be used for wood products 

Joint 6 mm wide - Now the drops can enter into the joint.  Oiled or painted functioned well. 

More than 6 mm – up to 15 mm. Drip is necessary to prevent water coming in contact with the air 

seal, 4 –5 mm distance to the air seal.   

Note that if there was only driving rain and no pressure differentials no drip would be necessary! 

The second key finding is that the concentrated air leakage is dangerous to all joints of 45 mm width. 

Today we talk about continuity of air barrier and require that this continuity is also carried across the 

joint. 

Vertical joints need to have reduced amount of water entry.  This can be achieved by one of the 

means shown in Figure 4 

Figure 4: Different means to reduce water entry into the vertical joint. 

While solutions (a) and (c) may not appeal to an architect, they were studied to determine the 

fundamental relations.  Furthermore several patterns with rain barrier on side and the air seal on the 

other side of the joint were studied.  

Main findings may be summarized as follows: 

 Driving rain 8 l/(m2 h) and evenly distributed surface run-off to 100 l/m h are not dangerous if open 

joints are 3 mm or less and the depth is 45 mm and the decompression chamber is only 10 x10 

mm (10 x 5mm) on each side 

Concentrated water current will cause a leakage unless the joint is ventilated. Note: This will happen 

even when a batten covers the joint.  

 There was no penetration from the concentrated water current when the joint was well vented. 

It is important to understand what happens with this system when a concentrated water current 

comes in contact with a batten.  It was shown that even small amounts of water (15 l/h) would 

effectively seal the rain barrier.  When finding it out, a small copper tube was inserted into the 

decompression chamber, to find it filled with water at greater leakage. 

In effect the overlap requires presence of good ventilation in the decompression chamber. So closed 

joints, as seen in Figure 5 may leak even without wind! 
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 Figure 5: Schematic of some closed joints studied at NRBI 

 Figure 6: Schematic of some joint design in concrete panels studied at NRBI. 

The key findings are as follows: 

 Vertical or slanted groves in the decompression chamber did not show any difference 

 Air sealing ability of mineral fiber with and without plastic foil had a large scatter of results and air 

permeability at least 3 times higher than neoprene gasket.  

 The joint must be protected by a rain barrier, this is independent of the quality of air seal. 

5.8.2 Practical recommendations from NBRI study 

Figure.7 shows an example of a working design. The main point of this design versus one shown in 

Figure 19.3 is that the joint can be built from inside.  The water did not pass, even when a 0.5 to 1-

mm open gap was created between rain barrier and joint surface.  The water managed to come under 

the cross when either the lid or the cover on the gasket in lower panel was too narrow, or as it 

normally happens the local air leakage took place at the cross. 

Figure 7: Example of working design of vertical joint. 

The following figures show a few solutions recommended for horizontal joints.  
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Figure 8: Schematic joint design that was found satisfactory by NBRI. 

Concluding remarks 

One of the critical findings in NBRI study on joint design was finding the importance of the air seal. It 

took us, however, 30 years more to make this requirement to be a  part of codes and standards. 

Some measurements performed in-situ e.g., Holmquist and Victorin (1973) in a Swedish hospital 

building on both wall/window and concrete structure and concrete panels showed the leakage about 

200 l/m of the joint and hour.  

Only recently, with introduction of air barrier requirements into building codes, this area becomes 

considered important  

REFERENCES: 

Watertight joints for walls, CIB Report 11, Oslo, 1968  

5.9 A GENERALIZATION OF THE BUILDING PHYSICS APPROACH  

A worldwide change of attitude towards sustainable development, though different in details from 

country to country, brought a shift in the manner in which we build today. In this context a trend 

started 90 years ago by house builders, reinforced by engineers who examined all building failures 

and who from the building pathology were able to create a building science is now becoming an 

academic discipline.   

Today, building physics integrates building expertise with analytical models of an assembly 

performance and offers some capabilities to predict performance of completed buildings already when 

they are designed. This book noted the changing role of building physics in the process of design; 

from explanation of failures in construction to becoming a critical part of the process of avoiding these 

failures. Nevertheless, we decided to write this book because the methodology of building physics is 

different from that of structural engineering because it includes both structural and environmental 

variables in addition to effects related to time. It is also different because of the involvement of people 

in the process of construction and occupancy of the building. Effectively, there is a larger number of 

variables affecting the outcome of performance predictions. 

This book highlights methods of building physics in the context of their applications. In some case e.g. 

durability, one can use the approach of the structural engineering (limit states methodology). In other 

cases, a general principle governs different applications (rain screen principle in design of walls and  

b) 
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two stage joints in design of joints). In yet other cases, it was a long time to realize that one must deal 

with combined effects of mechanical and environmental loads e.g. sealants or wall-window interface 

Note that until today durability of sealants is evaluated without including effects of temperature and 

rate of panel movements (even though the concept of strain envelope that includes stress and strain, 

rate of strain as it varies with temperature in viscoelastic materials) has been discussed in many 

books on composite materials.  

More recently, a new set of variables was added to the scope of building physics, namely the 

parameters of sustainability. In this context one may note that a PhD work of Olie (1996) had the 

following objective: 

To determine the morphological principles of joints that would comply with the criteria of 

sustainable development in buildings 

First he shows a multitude of requirements classified in three categories: A as an intermediary 

(interface) to ensure continuity of several physical and environmental functions; B as an effect of 

construction experience and C as an assembly of separate components (Figure 1)   

From this starting point he develops a logic procedure that includes six steps: 

1. Setting the rules: basic elements of the rules are factor-principles and ecology–hypothesis 

that act as rules for putting pieces together 

2. Analysis of a case, (in his thesis a generalized cavity wall- window interface) 

3. Factor typologies, reviewing each of the critical factors, one at the time 

4. Ranking, to integrate often contradictory requirements and factors we need to develop 

criteria and constrains 

5. Synthesis 

6. Solution and evaluation 

Let us start with the issue of setting the rules. We replace the 9 factors in the category A proposed by 

Olie (1996) by a slightly modified list of factors proposed by Hutcheon (1963) for the performance 

analysis (Table 2) 

Table 2 Principal performance requirements for walls  

1.  Control of heat flow; 

2.  Control of rain penetration 

3. Control of air flow; 

4. Control of water vapour flow; 

5. Control of light, solar and other radiation; 

6.  Control of noise; 

7.  Control of fire; 

8.  Control of insects, vermin, mold 

9.  Provide strength and rigidity; 

10.  Be durable; 
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11. Be aesthetically pleasing; 

12. Be economical. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1: joint as focal point of interface for continuity of different functions (from Olie, 1996) 

.To illustrate use Hutcheon list we provide a detailed analysis of the first two points from the 

Hutcheon list made by Edgar (2003) when discussing performance of EIFS on wood frame 

walls (Table 3) 

Table 3:  Break down of the first two requirements from Hutcheon list. (From Edgar 2003) 

5.9.1  Control of heat flow 

1. Material interface temperature conditions through the wall assembly. 

 Amount of insulation outbound to the wall to overcome the thermal bridges  

 Heat loss through drainage cavity 

 Heat loss through drainage track 

 Heat loss through drained joints including through the window interface 

 Heat loss through metal flashing under window 

2. Surface temperatures of the finish 
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 Impact of texture and color  

 Impact of a night radiation  

3. Impact of air movement behind the insulation 

 Wind wash through non-compartmented cavities 

 Ventilation behind system vented top and bottom 

4. Thermal effects of joints and terminations 

 Thermal performance of vented two stage joints 

 Impact of size of vents 

 Pressure moderation of the cavity vs just drainage only 

5. Thermal effects of penetrations 

 Exhaust ventilation from smoke hoods, bathroom fans, cloths dryers 

 Where does the dew point occur for the exhaust air 

6. Thermal impact of the installation of the insulation. 

 Effect of installation technique on insulation effectiveness. 

 Effect of other deficiencies in the wall 

5.9.2. Control of rain penetration  

1. Water absorption by the surface of the wall during a rain event 

 Effect of texture  

 Mass of the retained water and its effect on a coating 

2. Water penetration through coatings 

 Hydrophobicity of coatings and resistance of crack to water penetration 

   Effect of air pressure difference on water filling the cracks 

3. Movement of water in the drainage cavity. 

 How much water is expected to enter the drainage cavity 

 What is the effect of surface tension 

 What force is required to overcome surface tension 

 How much water is drawn into the board joints by capillary force 

 What effect will the substrate material have on the transmission of water for a given 

WVT of coatings, 

 How is retained water removed from the system 

 Does the retained water dry to outside, to inside or through the drainage cavity. 

4. Movement of water at joints 

 How does water drain through two stage joints 

o How much water will pass a failed sealant joint. 
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o Characteristics of secondary seal  

o To what degree air pressure is modified in a joint; what are the parameters – i.e. how 

much venting for length of joint, separation between outer and inner seal, and location of 

compartments etc. 

o Movement of water in a vented joint if there is an air leak. 

5. Movement of water at penetrations 

 Design penetration (e.g. light fixture) or seal after completion  

 Is it practical to drain a small penetration or is a sealing adequate 

6. Windows 

 How much leakage can be expected around a window 

 How effective is flashing in draining water out of the window wall interface 

 How much venting is needed to achieve pressure moderation in the space around the window 

 What is the relationship between venting and thermal performance 

 How will the position of the window (and drainage) in relationship to the outer plane of the 

wall affect pressure moderation 

 What are the characteristics of a successful window wall interface 

Typical considerations on the environmental side are listed in Table 4. 

Table 4 Considerations in ecological assessment of materials  

 Energy use embedded in the material  

 Potential VOC emission from the material 

 Waste factor 

 Maintenance sensitivity (e.g cleaning) 

 Health sensitivity (nuisance factor) 

 Recycling (reuse) ability 

 Service life  

Table 4 shows factors that can increase severity of the environmental conditions e.g. VOC emission 

or embedded energy, factors that reduce  it e.g., long service life an factors that  may be either 

negative or positive depending on the installation methods e.g. waste factor. Looking at both 

components of the setting the rules one realizes that without carefully selected weighing factors one 

cannot arrive at any meaningful model. 

Olie (1996) requires that “ranking is based on the criterion of improved performance” . Nevertheless 

buildings are constructed in a given sequence i.e., the construction process has some form of 

“dependency”. Olie (1996) also states that “ranking is based on the constraints of dependency”. 

Effectively he formulates the hypothesis that building in general complies more with sustainable 

development when: 

(1) when performance of an object  is such that the requirements of demand are met with the minimum of 

addition of energy/ matter,  
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(2) when the experience of the object is such that we acquire a better understanding of the principles of the 

morphology in relation to the “forces” of ecology. To understand this sentence one must explain that 

morphological method is used to generate concepts and the meaning of forces of ecology is explained 

in section 4.1.4 dealing with environmental agents and environmental actions. 

So the ranking process in lecture of Oli (1996) relates to both types of modeling, namely 

performance and conceptual modeling and the ranking process performs the same function as 

“matching mechanisms” in the lecture of Hens (1992) delivered at the Building Science 

symposium in the USA (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2: Performance analysis system from Hens’, 1992 lecture at Westford, MA 

Finally, there is yet another reason for which Building Physics is becoming a tool in design of net  

zero energy buildings, namely its holistic approach. Building physics deals with the performance 

of the whole building and going down with the hierarchy of the building system. It was proved that 

one can go as low as a component or an assembly but not to the level of materials. So while 

codes and standards deal with materials; in building physics, materials are only the elements that 

contribute to the performance of the assembly. 

As illustrated in Figure 1 selection of materials includes two aspects, their inherent characteristics 

independent of the role in the assembly and their contribution to fulfilling all the demands with a 

minimum use of energy and resources.  

Note that we divided the field of building physics accordingly, volume 1 deals with transport 

phenomena and some materials and volume 2 will deal with the process of design zero energy 

ready buildings. 

 


